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A 1 EvaluatIon of EXIstmg SIte CondItIOns and RehabIlItatIOn ScenarIos

a DeSCrIptIon of CHP Plant •
ThIS evaluatIon addresses the performance of electrIcal generatmg faCIlItIes only and does not
mclude assessments or recommendatIOns for Improvmg the process steam or central heatmg
steam systems

DetaIled analyses of the Yerevan CHP facIlItIes have been prepared by Lahmeyer et aI, and are
presented m theIr first report, dated November 1996 entItled "1996 Update of Least Cost
Power Investment Program From that analysIs It has been concluded that extensIve
remedIatIOn IS requIred on all the eXIstmg facIlItIes to Improve theIr lIfe cycles, and only as a
last resort prIor to vIrtually complete replacement m the tIme frame 2001-2005

The plant IS comprIsed of two - 150 MW Power BOIlers and theIr assocIated STG's and surface
condensers plus five - 50 MW bOIlers and STG's, WhICh are operated m a back-pressure mode
to supply dIStrICt heatmg and mdustnaI process steam, as well as addItIonal electnc power
Balance of plant serVIces mclude gas fuel and lIqUId fuel supply coolmg water from natural
draft coolmg towers, demmeralIzed water, Instrument aIr and a 110 kV outdoor sWItchyard
All eqUIpment IS of RUSSIan deSIgn and dates back to the 1960's

b LIfe ExpectatIOn and Future RehabIlItatIOn Program

The most recent reVIew of the CHP plant condItIon IS as follows

EXIstmg UnIts condItIOn (as of February I. 1998)
Turbme Hours Comments
1 184,162 Scrap 2001
2 191,966 Scrap 2001
3 15,000 New turbme 1989
4 152,150 World Bank, 1998 rebuIlt turbme and bOIler
5 173,242 World Bank, 1997 rebUIlt turbme and bOIler
6 157,000 Scrap 2001
7 171,000 Scrap 2001

A least cost evaluatIon has demonstrated that exceSSIve expenses would be mcurred usmg
ongmal manufacturer's replacement parts (If avaIlable) to attempt to extend the serVIce lIfe of
the eXIstmg UnIts It IS also expected that thIS attempt would severely compromIse relIabIlIty
and avaIlabIlIty of the plant

InfusIOn of World Bank fundmg to extend the serVIce lIfe of UnIts 3, 4, 5 has enabled them to
operate m dIstnct heatmg serVIce

•
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Replacement of Umts 6 and 7 would occur through re-powermg, where a gas turbme combmed
cycle power plant whose scope would mclude the rehabI1ltauon of eXlstmg BOP facI1lues
requITed to support these new umts, would be constructed Remediation to support eXlstmg
eHP equipment exclusively IS not withm the Scope of Work

The detailed evaluatIOn of rehabIlItatIOn and remediatIOn are presented m the Lahmeyer Report
PM-04 of August 1994

The followmg table gives a cost summary of the rehabIlItatIOn measures IdentIfied durmg the
techmcal audIt of the plant In May 1994 Urgently reqUITed measures are needed to keep
SectIOn 2 (exIstmg Umts 6 and 7) of the plant In runmng condItIOn through 1998
Recommended measures compnse a partIal overhaul and modermzatlOn of the plant which are
needed to extend Its lIfetIme until 2002 Costs In 1998 US $ would be 12 5% higher than the
costs lIsted m the follOWIng table or $13,460,000 Costs exclude sWItchyard rehabIlItatIOn
ThIS value was not determmed

Cost m 1994 US $
RehabIlItatIOn Measures Local FOreIgn Total

Urgently ReqUired Measures
- Mechamcal EqUIpment 65,000 3,135,000 3,200,000
- Electrical EqUIpment 1,000 10,000 11,000
- Control and InstrumentatIOn 21,000 411,000 432,000
- Miscellaneous Worlcs 1,000 36,000 37,000

Subtotal Urgently ReqUITed 88,000 3,592,000 3,680,000
Measures

Recommended Measures
- Mechamcal EqUIpment 184,000 5,229,000 5,413,000
- Electncal EqUIpment 114,000 2,270,000 2,384,000
- Control and InstrumentatIOn 19,000 382,000 401,000
- Miscellaneous Works 3,000 78,000 81,000

Subtotal Recommended Measures 320,000 7,959,000 8,279,000

Total for RehabilitatiOn 408,000 11,551,000 11,959,000
Measures

c Repowermg Plan

The repowermg plan for the Yerevan CHP IS a component subject of the Development Plan for
Improvmg the enUre Armeman electnc power sector The Development Plan had been funded

S928.QlIA Doc/9I2S/98 A-2



by the World Bank m 1994 and publIshed m 1996 Most of the plans have not been
nnplemented due to lack of mvestment capItal and the non-resolutIon of eXlstmg polItIcal
nnpednnents (1 e relatIOns between bordermg states have not been normalIzed)

Therefore, the conclusIOn that has been reached and WhICh forms the basIs for thIS FeaSIbIlIty
Study IS

"The Least Cost Plan WIthOUt a new nuclear power plant
wIll requITe three - 167 MW combmed cycle power
plants to be added, 2 umts m Yerevan m 2005 and one
urnt m Hrazdan m 2008"

Only the Yerevan rehabIlItatIon IS addressed m thIS report

Absent nuclear plant generatIOn, and at plant annual operatmg factors of 80% or greater, the
Combmed Cycle Gas Turbme (CCGT) re-powered generatmg facIlIty IS the least electncal
generatmg cost optIOn

•
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• A 2 Screemng AnalysIs

a EvaluatIon of the re-use of eXIstmg CHP equIpment

As part of the screemng analysIs, the re-use of an eXIstmg (or refurbIshed) 150 MWI160 MW
K-160 steam turbme generator has been consIdered whereby It would operate on HP throttle
steam from a new Gas Turbme (GT) and Heat Recovery Steam Generator (HRSG)

The K-160 turbme IS a straIght condensmg urnt (1 e , no process or DH extractIon) by deSIgn,
the mam steam and reheat steam temperatures have been derated from 565°C to 538°C so the
urnt has an output of approxnnately 150 MW (mstead of 160 MW) Based on the ongmal
steam turbme heat balance dIagram, the followmg steam condItIons apply

Thts IS an effiCIent steam cycle, as deSIgned, wIth 565 5°C steam temperatures and 8 stages of
feedwater heatmg

Fmal feedwater temperature 228°C•

Mam Steam

Reheat Steam

Flow 121 1 kg/s
Press 127 4 bar
Temp 538°C

Flow 115 kg/s
Press 27 6 bar
Temp 538°C

(436 t/h)
(892 MPa)

(095 X WMS = 414 t/h)
(19 3 MPa) (IP turb Inlet)

•

Because tills turbme IS a reheat urnt WIth 538°C superheat and reheat temperatures, the steam
source must operate at HP steam temperature of about 540°C (to account for temperature loss
from the source outlet to steam turbme mlet) In addItIOn, to account for a pressure drop of
about 6 5 bar m the mam steam pIpmg and m the superheater, the HP drum pressure should be
about 133 9 bar At thIS pressure the saturatIOn temperature IS 333°C

Because of the above steam temperatures and the reheat reqUITed, only HRSGs coupled to
advanced "F" technology combustIOn turbmes whtch have htgh exhaust temperatures to
prOVIde reheat capabIlIty can be consIdered These combustIOn turbmes are

ABB GT 26
GE6FA,9FA
MHI 701 F2
SIemens (KWU) V64 3A, V94 2A
W701F

"G" technology was not conSIdered

5928-OIIAI 000/9125/98
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The sIgmficant parameters of these "Fit technology machmes at ISO condItIons are shown m
Table A 2-1

Table A 2-1

"F" TECHNOLOGY GT PERFORMANCE PARAMETERS AT ISO CONDITIONS
(Open Cycle)

Model Output HR(LHV) Exh Flow Exh Temp

IME [kJ/kWh] [kg/sec] iQ

ABB GT26 251 8910 5627 610

GE6FA 701 10,527 2055 5894

GE9FA 2504 9,862 6464 6094

MHI701F2 2537 9704 6532 5789

SIemens V64 3A 700 9860 1905 571 1

SIemens V94 3A 255 9349 641 8 641 1

W701F 2525 9641 6606 5667

If the eXIstmg heater cycle, mcludmg deaerator IS re-used, then the schematIC cycle dIagram
would be as shown m FIgure A-2 1 There IS no IP drum m the HRSG (as would be the case
WIth a new Western style optllTIlZed cycle) The temperature/area (T/A) dIagram of the HRSG
would sImulate FIgure A-2 2

Based on a pmch pomt of 117°C and an econOlDlZer approach of 417°C, power outputs and
efficIenCIes were estImated at ISO condItIOns assummg that the steam turbme output IS
proportIOnal to mam steam flow for the 2-GE6FA and the smgle GE 9FA cases (whIch are
sImIlar to cases WIth the other combustIon turbmes m thIs group) In both cases, the output
obtamed IS sIgmficantly less than a nommal 400 MW and the cycle efficIency IS less than
deSIred In the case of the 6FA configuratIon, the estImated LHV efficIency IS about 474%
WhICh IS less than the deSIred 50% In the 9FA case, It IS Just about 50% If the aUXIlIary
loads are conSIdered, thIS efficIency WIll further decrease In partIcular, It IS noted that smce
the natural gas pressure at the sIte IS only 18 bar, gas compressors WIll be necessary WhICh WIll
further reduce the efficIency and the net plant output

The 127 bar-132 bar pressure IS about the hIghest pressure for WhICh HRSGs have ever been
bUilt Most HRSG's are desIgned for not more than 112 bar-119 bar

5928-011AI Doc/9/25/98
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It was concluded that re-use of the eXIstmg K-160 steam turbme generator IS not a practical
solution due to

- Low net capacIty and efficIency,

- Problem WIth a contractor assummg responsIbIhty for re-work and performance

- Undue complexIty of mterconnectIon, mcludmg new I&C loops,

- UnavailabIhty of proven HRSG technology at 127 bar steam pressure,

- Unproven "Gn technology record of performance at thIS time

5928-ll1/Al Doc/9125/98
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b EvaluatIon of Combmed Cycle ConfiguratIon

It IS desIrable that the selected combustIon turbmes be such that the resultmg combmed cycle
would yIeld an output of 400 MW (±) and have greater than 50% efficIency A Western
technology steam turbme IS consIdered WIth a cycle m WhICh all feedwater heatmg IS
accomplIshed m the HRSG All turbmes operate at 3000 rpm and generate electrICIty at 50
Hz All technology IS "E" status, and performance parameters are lIsted on Table A 2-2

Three alternatIves were consIdered for mItIal screenmg These can be categorIZed by
configuratIon as

(1) Two sets of 200 MW (±) CC
a) Each set consIstmg of 2 x 1 configuratIOn
b) Each set consIstmg of smgle trams

(2) One set of 400 MW (±) CC WIth 2 x 1 configuratIOn

(3) One set of 400 MW (±) CC WIth a smgle tram

ExperIence dIctates the use of the followmg guldeimes, e g

a) The least cost and hIghest efficIency facIlIty IS the one compnsed of the fewest
eqUIpment Items smce these rnmtm1Ze mechanIcal and thermal efficIency loses, as per
AlternatIve (2) above However, loss of any component shuts down the entIre system

b) For optImum system relIabIlIty, two combustIon gas turbmes and one steam turbme
hIstOrIcally have the hIghest avaIlabIlIty factor, m addItIon one set of combustIon gas
turbme generator spare parts WIll usually suffice for two machmes' mamtenance
outages

ThIS configuratIon, correspondmg to AlternatIve (2) above, IS schematIcally represented m
FIgure A 2-3

In order to determme the combmed cycle output and heat rate at sIte condItIons, and to account
for the mcreased auxIlIary power consumptIon due to a booster fuel gas compressor more
detaIled performance modelmg has been undertaken In addItIon, general arrangements for the
new combmed cycle alternatIves have been developed to ensure the new component
arrangement WIll satIsfy the specIfic sIte constramts

The detaIled performance models at sIte condItIons are represented m Table A 2-3a and -3b
These performances were prepared usmg GT-Pro® software, adjusted to sIte condItIons and
corrected to actual auxIlIary loads For mternatIOnal vendors who can supply equIpment WIth
an extensIve operatIOnal background, the Table mdIcates that the stIpulated net output and
performance effiCIency are best presented by eqUIpment manufactured by (1) SIemens KWU

5928-01/Al Doc/9/25/98
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usmg therr V94 2 machme and (n) ABB usmg therr GT13E2 machme The eventual
recommended selectIon will be based upon comparatIve system costs

Table A 2-2

"E" TECHNOLOGY GT PERFORMANCE PARAMETERS AT ISO CONDITIONS
(Open Cycle)

Model Output HR(LHV) Exh Flow Exh Temp
IMM. [Id/kWh [kg/sec] eQ

ABB-GT13E2 165 1 10074 533 524

GE (PG9171E) 1234 10654 4045 538

MHI-MW701 1306 10623 4459 513

SIemens KWU-V94 2 1590 10433 5145 514

c Fmal System DesIgn SelectIon

The fmal system desIgn has been based upon a combmation of performance, capItal econOIDlCS
and operatmg econOIDlCS Full load performance parameters, withm reasonable accuracy, are
essentIally equal between the SIemens KWU slectIOn and the ABB selectIOn

Process Flow SchematIC DIagrams and energy and materIal balances have been prepared for a
final system desIgn usmg the SIemens KWU eqUIpment ThIS drawmg IS found m SectIon C 2
of thIS FeaSIbIlIty Study, Dwg No M-021

5928-01/Al 00<:/9125/98
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•
INITIAL COMPARISON OF PERFORMANCES

•
Table A 2-3a

•
GTMODEL GE PG9171E MHI MW-701 SIEMENS KWUV942 ABB GT

13E2
CC CONFIG 2[1 x1x1], 1[2x2x1], 2[1x1x1]SS, 2[1x1x1], 1[2x2x1], 2[1x1x1] 2[1x1x1] 1[2x2x1], 1[2x2x1] 1[2x2x1],

3P 3P 3P 2P 2P 3P 2P 3P 2P 2P
PARAMETER NATURAL GAS FIRING
Gross Output [kW] 314046 314,610 315,184 334,618 335,201 396,352 393,920 396,467 394,033 396,877
Gross H R (LHV) 7,070 7,057 7,044 7,361 7,348 7,073 7,117 7,072 7,115 7,046
IrkJ/kWhl
Gross Eff (LHV) [%] 5092 51 01 51 10 4891 4899 5090 5058 5091 5060 5109
Total Aux Load [kW] 11,252 11,255 11,252 10,682 10,686 11,690 11,500 11,692 11 502 12,659
Net Output [k N] 302,794 303,355 303,932 323,936 324,516 384,662 382,420 384,775 382531 384,218
NPHR (LHV) kJ/kWhl 7,332 7,320 7,305 7,603 7,590 7,288 7,331 7,286 7,329 7278
Net Eff (LHV [%] 4909 4919 4928 4734 4743 4939 4911 4941 4912 4946

PARAMETER No 2 FUEL OIL FIRING
Gross Output [kW] - - - - - 432,922 430,294 432893 430,353 425825
Gross H R (LHV) - - - - - 7,413 7,459 7,415 7,458 7,420
kJ/kWhl

Gross Eff (LHV) [%] - - - - - 4856 4827 4855 4827 4852
Total Aux Load rkW] - - - - - 10,692 10,490 10,694 10,493 10,242
Net Output [k N] - - - - - 422,230 419804 422,200 419,860 415,583
NPHR (LHV) kJ/kWh1 - - - - - 7,601 7646 7,602 7,645 7,603
Net Eff (LHV [%] - - - - - 4736 4709 4735 4710 4735

(NPHR Net Plant Heat Rate)

5928 OIlAI Doc/9/25/98
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Table A 2-3b

FINAL COMPARISON OF ALTERNATIVES

GTMODEL SIEMENS KWU V94 2 ABB GT 13E2
CC CONFIG 1[2x2x1]. 3P 1[2x2x1], 2P

PARAMETER NATURAL GAS FIRING
Gross Output [kW] 396,467 396877
Gross H R (LHV) [kJ/kWh] 7072 7046
Gross Eft (LHV) [%] 5091 5109
Total Aux Load [kW] 11,692 12,659
Net Output [kW] 384,775 384,218
NPHR (LHV) [kJ/kWh] 7,286 7,278
Net Eft (LHV) [%] 4941 4946

PARAMETER No 2 FUEL OIL FIRING
Gross Output [kW] 432,893 425,825
Gross H R (LHV) [kJ/kWh] 7,415 7,420
Gross Eft (LHV) [%] 4855 4852
Total Aux Load [kW] 10,694 10,242
Net Output [kW] 422,200 415,583
NPHR (LHV) [kJ/kWh] 7,602 7,603
Net Eft (LHV) [%] 4735 4735

(NPHR Net Plant Heat Rate)
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A 3a CapItal Cost EstImate

The project capItal cost estImate IS the sum of the followmg

• EPC Turnkey EstImate
• Owner's Costs
• PhysIcal Contmgency
• Pnce Contmgency
• Interest Durmg ConstructIOn (IDC)

I EPC Turnkey EstImate

The EPC turnkey estImate as gIven m Table A 3-1 IS based upon the followmg cost
parameters

• Major eqUIpment quoted by mtematIonal vendors
• All foundatIOns and structures rated for maxImum selSIDlC resIstance
• SIte demolItIOn quoted lump sum by Armeman contractor
• Nmety (90%) of all matenals Imported and subject to Armeman duty
• MaxImum utIlIzatIOn of Armeman craft labor
• ThIrty (30) month constructIOn schedule, terIDInatmg m the COD (CommercIal OperatIOn

Date)

II Owner's Costs

Owner's costs are mcurred from the date at whIch the Project Company IS formed, through
project development and financmg and thence untIl constructIOn IS completed Owner's costs
are normally paId from the proceeds of the ConstructIOn Loan

ill Contmgencles and EscalatIon

It IS prudent to allow for phySIcal and pnce contmgencles as part of the capItal cost estImate
As well, an allowance for escalation should also be made unless firm and fixed negotiatIOns
WIth the selected EPC Contractor can result m a pnce mcluslve of cost escalatIOn for the
duratIOn of the project

The followmg factors WIll be applIed to the EPC Cost Estnnate

•
PhySIcal Contmgency
Pnce Contmgency
EscalatIOn
DuratIon

5928 OlB/A3. 00<./9125/98
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IV Interest DUrIng ConstructIOn

Interest durmg constructIon (IDC) IS a functIOn of the form and nature of the constructIon loan
A non-recourse loan, typIcally WIth a debt to eqUIty ratIo of 70-30 and a repayment duratIon of
twelve years after commercIal operatIon, WIll normally mcur mterest rates m the range of 12
18% Country-to-country loans, supported by the SovereIgn Guarantee of the RepublIc of
Armema, would bear much lower mterest rates wIth much longer repayment schedules

V CapItal Cost EstImate Summary

•

EPC Contractor's Cost
Owner's Cost (from Table A 3-2)

Project CapItal Cost escalated to completIon,
exclUSIve of IDC

$1000
223,054

14,440

$237,494

•
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• TABLE A 3-1

EPC TURNKEY CONTRACT COST ESTIMATE SUMMARY
USD 1998

•

CATEGORY

DemolItIOn and SIte PreparatIOn
CIvIl, Structural and ArchItectural
Mechamcal EqUIpment
PIpmg and InsulatIon
Other Mechamcal
InstrumentatIOn and Controls
ElectrIcal EqUIpment
Other ElectrIcal

Total, Drrect Costs
Indrrects and General Expenses

Total, Drrect and Indrrect Costs
Engmeermg SerVIces

Total Drrect, Indrrect and SerVIces
Contmgency at 8 0 %

Total EPC Turnkey PrIce

COST $1000

2,189
8,058

113,213
11,647
3,069
5,250
7,172
1,812

152,410
45,920

198,330
9,050

207,380
15,674

223,054

•
5928-01 B/A3a. Doc/9/25/98

Total Cost per kIlowatt $581

A-13



TABLE A 3-2

OWNER'S COSTS
USD 1998 •

Category Cost $1000
ForeIgn DomestIc Total

Inventory of OperatlOnal Spare Parts 4,240 4,240

Legal and FmancIaI Consultant Fees 600 100 700

Workmg Capital/ImtIaI Inventones 2,090 410 2,500

Permlts and Licenses 25 75 100

SIte Lease* 0 0 0

Owner's Insurance 760 0 760

Owner's Engmeer 4,700 300 5,000

Owner's Staffmg 900 200 1.100 •Total Owner's Costs 13,315 1,085 14,440

* SIte Lease IS an annual operatmg cost

5928..Q} 81A3a 00<.19/25198 A-14
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A 3b EPC Contract Cash Flow Schedule

The DIsbursement Cash Flow Schedule IS graphIcally presented III FIgure A 3-1 It IS shown
on a cumulatIve basIs through a 30 month constructIon schedule wIth a 10% retentIon declmmg
balance untIl COD SIX months later

5928-QIB/A3b Doc/9128/98 A-I5
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A 3c Annual Operatmg and Mamtenance Cost EstImate

Esttrnated annual operation and mamtenance costs and a breakout of fixed and varIable
components are presented m Tables A 3-3 and A 3-4 The estImate IS based on typIcal
manufacturers' recommendatIOns, good utIlIty practIces for a combmed cycle plant of the type,
SIZe and duty antICIpated for the new Yerevan Power plant and the use of local slalled labor to
the maXImum extent possIble All costs are expressed m USD, 1998, unescalated The
followmg key assumptIOns form the bases for the total annual O&M estImate and the
breakdown of fixed and varIable components

1 The O&M estImate IS based on baseload operatIon at an annual capacIty factor of 85 % and
an average urnt avaIlabIlIty of 85 %

2 A permanent staff compnsed of local workers wIll be responsIble for plant operatIOn and
routme mamtenance ForeIgn subcontractors WIll be utIlIZed to provIde speCIalty
mamtenance serVIces for major plant components mcludmg the gas turbme, HRSG, steam
turbme and electrIc generator

3 The permanent plant staff IS assumed to COnsISt of 209 persons, of whom 9 are expatriates

4 Currently wage rates for slalled laborers and speCIalIsts m Armema are average of about
$1100 per year However, It IS acknowledged that current wage rates have not kept up
WIth mflatIOn For the purpose of esttrnatmg permanent staffmg costs It has been assumed
that average annual domestIC wages WIll nse to about $1500 (m constant 1998$) by the
tIme the Yerevan plant IS placed m commerCIal operatIOn

5 A salary burden of 55 % of permanent domestIC staff drrect labor cost IS assumed to cover
socIal costs

6 SpecialIZed mamtenance and overhauls of major plant components WIll be performed by
foreIgn contractors at costs currently prevaI1mg m western countnes It IS expected that
local slalled labor would be used to the maxImum extent possIble LIfe cycle mamtenance
costs are annualIZed

7 Costs for mamtenance matenals and plant consumables WIll be at world pnce levels

8 Costs for mamtenance matenals and major eqUIpment overhauls are dIVIded between fixed
and varIable components

9 Insurance and property taxes are assumed at rate of 0 5% of ImtIaI plant cost

10 Labor costs for the first three years of operatIon WIll be hIgh compared to the remaImng
plant lIfetIme because of the presence of expatriate staff employed as superVIsor and as
Owner's management staff The costs shown are estImated on an annualIZed baSIS from
year three and thereafter
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As can be seen from the Tables, total annual O&M IS estImated to be $7 45M WIth fIxed and •
varIable components of 1403 $/kW/yr and 087 $/MWh, respectIvely
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• TABLE A 3-3
YERBVAN COMBINED CYCLE PLANT

ANNUAL O&M BUDGET
USD 1998, UNESCALATED

Plant Staff
DomestIc Drrect Labor, 200 persons @$660/yr, merged rate
Frmge Benefits
Expatnate SalarIes and Expenses

Subtotal, Plant Staff

Mamtenance MaterIals and MaJOr Overhauls

Consumables
ChemIcals
Matenals
Contract ServIces
Rental EqUIpment
LIfe Cycle Mamtenance

Subtotal, Mamtenance, Matenals, etc

$1000/yr

132
73

830
1,035

423
550
214
530
85

2,734
4,536

• SIte Overheads (excludmg property lease fees and property taxes)

Property and Casualty Insurance
Fees and ServIces

Subtotal, SIte Overheads

TOTAL

•

1,678
205

1,883

7,454
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TABLE A 3-4
YEREVAN COMBINED CYCLE PLANT
FIXED AND VARIABLE O&M COSTS

USD, 1998, UNESCALATED

O&M ITEM TOTAL FIXED COST VARIABLE COST
Non-Fuel BaSIS

Plant Staff 1035 1035 --

Mamtenance 4536 2428 2108
Matenals and Major
Overhauls

SIte Overheads 1883 1883 --

Total 7454 5346 2108

FIxed O&M, -- $1403 --
$IKW/yr

Vanable O&M -- -- $087
$/MWh

•

•
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A 4a Project ImplementatIOn

The project wIll be Implemented m three succeSSIve phases Project Development, Project
ConstructIOn and COmmIsslOnmg, and Project OperatIOn and Mamtenance The prImary
actIvItIes 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

Project finance Management Mamtenance
Phase I • ObtaIns • 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 engmeenng, and for start up
CommlsslOnmg constructIon of the • Trams operators

facility

• Manages start up
actIVItIes

• Oversees
acceptance testmg

PhaseID • 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 finanCIal
closmg These actIvItIes mclude

• Identlfymg key partners and structurmg partnerslup agreements
• Acqurrmg property nghts
• Arrangmg for fuel supply and transportatIOn
• Negotlatmg power purchase agreement
• Applymg for local permIts
• Negotlatmg With varIOus governmental agencies and local plannmg and zonmg boards
• Preparmg a rIgorous technIcal defmItIon of the project
• EstImatmg capital reqUIrements and construction schedules
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• NegotIatmg turnkey Engmeermg, Procurement and ConstructIOn (EPC) contracts
• DIrectmg the analysIs of fmanclal performance under dlffermg assumptIOns
• Arrangmg constructIOn and permanent fmancmg (fmanclal closmg)

PrOject ConstructlOn and commlsslOmng - Project ConstructIOn and COIl11lllSSIOnmg actIvItIes
are spht mto two pnmary areas, project engmeenng and project control The goal of these
actIvItIes IS the commercIal operatIon of the project

Project Engmeermg IS responsIble for all techmcal coordmatIOn and mterface WIth
contractors, consultants, engmeers, vendors, sIte engmeermg, and other departments The
pnmary ObjectIve of Project Engmeermg 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
technIcal speclahsts

• Prepare project techmcal specIficatIOns
• Prepare techmcal mput mto project estImates and budget
• Evaluate contractors' quotatIOns
• ReVIew field problems/requests and approve recommended actIOn
• ReVIew and comment on contractor and vendor documents
• Prepare reports on progress, schedulmg, estImates as needed
• DIstrIbute 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 I and contractors' comphance WIth the project schedule

Project Control IS responsIble for cost control, estlffiatmg, plannmg and schedulmg,
data processmg, and management reportmg systems The overall ObjectIve of thIS group IS to
provIde an mtegrated control system whIch w111 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 outhne of the group's mvolvement m these two key areas follows

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

• Estabhsh a project budget based upon reVIewed and approved estImates
• ReVIew contractors I monthly pro forma mVOlces for accuracy and recommend actIOn to the

Project Manager
• Coordmate and aSSIst m the preparatIon of cash flow forecasts for Project Management

•

•
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• • RevIew all extra work and/or scope change claIms and advIse Project Management of therr
valIdIty from a cost standpomt

• Study constructIOn cost trends and varIances and report findmgs to Project Management
• Orgamze and prepare sIte hIStOrIcal cost data and reports
• Prepare any reports as may be requrred 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 varIances, 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 mterpretatlon of the Master Target Schedule and m the
preparatIOn of therr own workmg schedules

• Mamtam owner's offiCial SIte progress record and hIstOrIcal data
• Analyze excusable delays and adVIse Project Management of schedule Impact
• ProvIde schedulmg mformatIOn and aSSIstance of the OperatIOns Group for proper planmng

of therr mobIlIzatIOn and start-up actIvItIes
• ProvIde mput to the Project Manager for perIOdIC project progress reports as requrred

• Project Operatzon and Szte 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 operatmg 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, envrronmental 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 COmmISSlomng OperatIOn
and Mamtenance actIVItIes will mclude

•

• Staffmg 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
• 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
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• Evaluate operatmg data collected to detemune problem areas
• ProvIde operatIng and mamtenance reports to the plant manager •
• NegotIate local contracts, as requITed
• Meter the electncity sold for bIllmg purposes,
• Conduct all busmess actIvIties relatmg to accountmg, taxes, personnel admInIstratIOn, etc,

and
• MamtaIn worker's quarters

-

S928-0l/A4 Doc/9/25/98 A-23



•

•

•

A 4 b ConstructIOn Staffing Plan

1 ORGANIZATION

The executIOn plan proposed for thIS project IS based on one home office center
of actiVIty for contract executIOn durmg the course of engmeenng, manufacture,
and construction of the project A smgle project management team drrectmg,
managmg, and coordmatmg the consortIUm IS essentIal to the successful
executIon of a large turnkey project Orgarnzation charts are structured to
support thIS phIlosophy

• Durmg the constructIOn phase of the proJect, offices at the project SIte will
be set up for use by all contractors Tlus office wIll perform field
engmeermg, procurement and project control functIons 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 techmcalleader 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

• CoordmatIon, engmeermg, and deSIgn work

- Overall plant engmeermg,

- Supply of baSIC speCIfic data, mcludmg CIvil, mechanIcal, and electrIcal
deSIgn data,

- DefIDltIOn 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

- CheckIng for confornuty between technIcal documents Issued by the
partIes
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• Estabhsh constructIOn labor staffmg reqUIrements

• CoordmatIOn of the plant erectIOn, comrntssIomng, and mamtenance

• Planmng and schedule for the consortIUm

• General engmeenng studIes, defimtIOn of mam charactenstIcs 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
wIthm 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 Important events and to mVIte 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 coordmatIOn of the Contract ImplementatIOn mcludmg bUIldmg-up •
of the detaIled constructIOn schedule and of monthly progress reports

• CoordmatIOn of mstructlons from any other authonty

• AdmImstratIve tasks for the consortIUm I s common mterest

• Conveymg and presIdmg at all consortIUm meetmgs and any other serVIce

2 RESPONSIBILITIES OF KEY PERSONNEL

Outlmed below are the responsIbIhtIes of consortIUm project manager, engmeermg
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 IImlted
to the followmg

5928-011A4 Docl912S198
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•

•

b)

5928-OIIA4 Doc/9125/98

• EstablIshes overall polIcy for executIOn of the work

• Mamtams a workIng knowledge of the consortIUm's contractual oblIgatIons
and ensures that all partIes work wIthm these requrrements

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

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

• Travels, as requIred m order to fulfill the requrrements of the project
mcludmg relocatIOn to the Armenta project JobsIte 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 comnnttee, 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 management 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 w111 momtor the engmeenng and design efforts
of all partlclpatmg engmeermg offices •

• Ensures that the schedule of engmeermg work IS mamtamed and IS
compatible with procurement and constructIOn activities and contractual
oblIgatIOns

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

c) Procurement Manager

The duties and responSlbllItles of the procurement manager will mclude the
followmg

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

• Recommendmg to the consortIUm project manager establIshment of pnontles
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 reqUIsitIOned matenals versus budgeted quantitIes are
received and ensurmg that data on developmg trend IS distributed

• Ensurmg contmuous control of matenal from design through construction

d) QualIty Assurance Engmeer

QualIty assurance w111 be under the guidance of the QualIty Assurance Engmeer
who Will report drrectly to the consortIUm project manager A highly qualIfied
mspectlon 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 drrectlOn Will be controlled from the PMT

Expedltmg, mspectlon, 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 handlIng delIvery of eqUIpment and matenals to the project
of thIS magmtude and complexIty

The consortmm WIll purchase matenals for thl':; project from sources of supply m
varIOUS countnes on a preferentIal basIs whenever quahty, rehabIhty, and pnce are
competitIve For Items financed from ECA I s through the Pnvate Sector Energy
Development Fund, IERD rules for InternatIonal competitIVe bIddIng WIll be used

4 PLANT CONSTRUCTION

a) ConstructIOn Management and AdmlffistratIve Plan

ReportIng to the consortIUm project manager, the constructIon manager IS
responSIble for the overall management of the constructIOn actIVIties The
constructIOn general manager WIll be appoInted early In the engIneerIng phase
and expected to farntI1arlZe hooself In the project management team before beIng
relocated to the field construction office HIS prooary duties and responsIhII1tIes
Include the follOWIng

• ReVIew project data and coordInate WIth staff serVIces to develop detal1ed
constructIOn plans and schedules

• Develop eqUIpment and tool requIrements and schedules In conjunctIOn WIth
the engIneerIng manager

• AuthorIZe start-up of field actIVItIes and approve the selectIon of craft
foremen

• AdIDlffister labor relatIOns In accordance WIth corporate polIcy and dIrectIve
of the consortIUm project manager

• Conduct penodIc progress reVIew meetIngs to coordInate the work of
varIOUS crafts and to Issue the avaIlabIlIty of eqUIpment, matenals, and
manpower

• CoordInate WIth subcontractor representatIve to ensure that constructIon
plans are properly Integrated

• ReVIew and approve constructIOn cost and progress reports

Another key pOSItIOn In the organIZatIon IS the constructIon coordInator The
construction coordInator's pnmary responSIbIlItIes Include the follOWIng

• PartICIpatIon In the development of the constructIon schedule

5928-DIIA4 Docl9125198 A-28



• RevIew of all project specIficatIOns

• PartIcIpatiOn m all estunatmg 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

• Imtiate the constructIon stagmg plan, mc1udmg all office facIlItIes, storage
yards, warehousmg, labor change facIlItIes, temporary roads, dramage, etc

• RevIew constructIOn management staffing 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 unpendmg schedule slIppage or budget
overruns and ImtIate 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 Sktlled expatriate labor Will compnse the remamder

Local labor Will be proVided With the followmg trammg before commencement
of works by admmlstratIon staff or supervisors

•

•
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c)

d)
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• ErectIOn procedure mstructIOn
• Welder trammg and qualIficatIOn

Temporary Construction Infrastructure

The mitIal sIte work w111 consIst of establIshmg the necessary facIlItIes to start
the mam constructIOn actIvIties The temporary faCIlIties wIll mclude laydown
areas, offices for constructIOn contractors, fencmg and secunty system,
eqUIpment mamtenance area, and other facIlIties To support these faCIlIties, the
mfrastructure utIlIties WIll be establIshed The utilItIes WIll mclude the water
supply (for water to be used m constructIOn as well as portable water), dIesel
generators WIth constructIon power gnd work, and to supply power to the craft
shops, samtary facIlIties WIth septIc system, telephone lmes, other
commumcatIOn lInks, etc

Plant COIDIDlssIOnmg

Plant COIDIDlssIonmg consIsts of all tests and checkouts requrred to demonstrate
plant relIabIlIty and capabIlIty These actIvItIes wIll take place upon lllitial
synchromzatIOn of each urnt and wIll last for a perIod of three months for each
urnt Upon completIOn of COmmISSIOnmg, the urnts WIll be certIfied for
commercIal operatIOn and provIsIOnally accepted by the power company

Durmg the COIDIDlssIonmg perIod, the urnts wIll be operated at varIable power
levels m order to complete all cahbratIOns and fmal checkouts Durmg tills
penod, a relIabIlIty run wIll also be conducted on each urnt AddItIOnally, each
urnt wIll also undergo an mspectIOn of the turbme bearmgs

Plant guarantee tests wIll be conducted followmg commercIal operatIOn pnor to
the final acceptance of the urnts
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A 5 - Procurement Plan

InvItatIOn for PrequahficatlOn

InstructIOns to ApplIcants

A-34

A-36

•
1
2
3
4
5
6
7
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General
QualIficatIOn Cntena
Supportmg Data
Jomt Venture or ConsortIUm
ConflIct of Interest
Updatmg PrequalIficatlOn InformatIOn
BId Processmg

ApplIcatIon Forms
EvaluatIOn Cntena (Pass/Fall)
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•
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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 combmed
cycle power plant to be bUIlt at the Yerevan CRP Plant SIte

•

2 The Project will consIst of a nommal 400 MW gas combmed cycle power plant as
descnbed m the BId Package The mam fuel IS natural gas With diesel oil back up
fuel The plant will be located WIthIn the Yerevan CRP Power Plant complex The
steam exhaust from the steam turbme Will be condensed m a crrculatmg water
cooled condenser The diesel 011 Will be stored m eXlstmg fuel 011 storage tanks
which wIll be refurbished The eXlstmg water treatment plant Will process well
water sUItable for boIler makeup and gas turbme water mJectlOn 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

2 It IS expected that InVitatIOn to Bid Will be Issued (later)

3 PrequalIficatlOn IS open to frrms and voluntarily formed Jomt ventures from elIgible source
countnes as defmed m the Loan Agreement between the Government of Armema and the
[later]

4 ElIgible applIcants may obtam the prequalIficatIOn documents by callmg, wntmg, or
faxmg

5 (later)

6 The request must clearly state "Request for Prequahficatlon Documents" for the Yerevan
Gas Combmed Cycle 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 under no CIrcumstances WIll It be held responsIble

• for late delIvery or loss of the documents so maIled
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7 SUbtnlSSIOns of ApplIcatIOns for PrequahficatIOn must be receIved In sealed envelopes,
WhICh must be eIther delIvered by hand or by regIstered mall, to the address mentIoned In
Item 5, and be clearly marked "ApplIcatIOn to Prequahfy for the Yerevan Gas CombIned
Cycle Power Plant Project" One copy m the EnglIsh language shall also be prOVIded to

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

8 JOInt-Stock Company (later) reserves the nght to accept or reject late apphcatIOns

9 Only fIrms and JOInt ventures prequahfied under thIS procedure WIll be InVIted to bId
Apphcants WIll be adVIsed, m due course, of the results of theIr apphcatlons

•

•
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•
Instructions to Applicants

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

1 General

Yerevan Gas Combmed Cycle Power Plant
(later)
(later)

•

•

1 1 PrequahficatIOn IS open to firms and voluntanly formed Jomt ventures from ehgible
source countrIes as defined m the Loan Agreement DomestIc contractors may apply
for quahfication mdependently or m Jomt venture WIth foreIgn contractors

1 2 General mformatIOn on the clunate, hydrology, topography, access to sIte,
transportatIOn, plant layout, expected construction penod, facllitIes, and serVIces
prOVIded by the Employer, and detalls of the works under thIS Contract are gIven m the
Engmeermg, Procurement and ConstructIOn BId Package The Contract w111 be a
"Turnkey Contract" The Turnkey Contractor WIll be obhgated to guarantee the tune
of completion and the performance of the plant

2 QuahficatIon Crltena

2 1 Prequahficatlon wlll be based on meetmg all the mmunum pass/fall cntena regardmg
the Apphcant's general and partIcular expenence, personnel and eqUipment capabIhtIes,
and fmancIaI posItIOn, as demonstrated by the Apphcant's responses m the forms
attached to the Letter of ApplIcatIOn (speCIfic requIrements for Jomt ventures are gIven
under paras, 4 1 and 42 below) The Employer reserves the nght to waIve mmor
deViations, If they do not matenally affect the capabllity of an applIcant to perform the
contract Subcontractors' expenence and resources shall not be taken mto account m
determmmg the applIcant's comphance WIth the qualIfymg cntena

22 ApplIcant shall be an mternatlOna1ly reputable Contractor, Jomt Venture or a reputable
manufacturer of gas turbmes who meets the qualIficatlOn requIrements stIpulated
hereunder Manufacturers of gas turbme means any firm, partnershIp or company
WhICh has developed, desIgned and manufactured gas turbmes of Its own technology
and regularly owns, operates and mamtams a factory or establIshment that produces the
eqUipment, matenals and supphes reqUIred 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 reqUIred
for the Works and shall exclusIvely assocIate WIth the qualIfied manufacturer of gas
turbme The manufacturers of gas turbme m assocIatIOn WIth the tradmg firm are
requIred to be qualIfied m accordance WIth the procedures specIfied hereunder The
tradmg firm shall provIde the COmmItment letter from the manufacturers of gas turbmes
for such exclusIve agreement

2 5 ApplIcant and/or the gas turbme manufacturer exclusIvely assocIated WIth tradmg firm
or Jomt Venture must have completed combmed cycle power block(s) on a turnkey
baSIS havmg generatmg Output more than 400 MW at generator termmal outsIde ItS
dOmICIle country

•

26

27

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

Each ApplIcant shall IdentIfy the manufacturer from whom they mtend to procure the
gas turbme, steam turbme, heat recovery steam generator, 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 SImIlar 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 clfculatmg flUIdIZed bed bOIlers for large mternatIOnal projects of slffillar SIZe

•
2 8 Gas turbmes offered by the ApplIcant shall satISfy the reqUIrements descnbed below

The ApplIcant shall mclude m hIS ApplIcatIOn Form the commerCIal operatIOn record of
the referenced plant(s) duly certIfied by the owner of the plant and the proposed gas
turbme shall be of a slffillar 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 closmg date The
ApplIcant shall prOVIde wntten cOnfIrmatIon, by the Owners, of satIsfactory operatIOn
of the gas turbmes

"The slffillar model" shall mean the one WhICh satIsfies all of the followmg

(a) As for turbme generator same configuratIOn
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•

•

•

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

(c) The turbIne hot gas path metal temperature shall not be greater than that of umts
In operatIon USIng the same blade coolIng system

2 9 Apphcant shall subffilt the follOWIng document

• Expenence and performance on s1ffi1lar or larger SIZed projects

• SupportIng letter(s) from the plant owner(s) regardIng the hours of operatIOn and
operatIng hIstory

• Supportmg letter(s) from the plant owner(s) WhICh confirms comphance WIth the
requITements of 2 5 above

• Expenence and performance of the Manufacturers to be engaged for supplyIng the
major eqUIpment such as combustIon turbIne, heat recovery steam generator, steam
turbIne, electnc generator and power transformer

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

• AudIted annual report for the last five years

2 10 The Employer reserves the nght to cancel the pre-quahficatlon process and to reject any
apphcatlon WIthOUt mfofffilllg the apphcant of the reason why the pre-quahficatlon
process has been canceled or the Tenderer has been rejected Only firms pre-quahfied
under thIS procedure shall be mVlted to bId
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2 11 The ApplIcant must have sUItably qualIfied personnel to fill the followmg POSItIOns
The ApplIcant wIll supply mformatlOn on a pnme candIdate and on alternate for each of
the followmg pOSItIOns, both of whom should meet the expenence reqUIrements
speCIfied below

Total Expenence In slffiIlar Works As Manager of SlffiIlar
(Years) (Years) Works (Years)

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

3 SupportIng Data

The ApplIcant shall annex to the ApplIcatIOn forms the followmg supportmg
documents

(a) A photocopy of the busmess 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 Jomt venture company, such
certIficate must state the scope, the paId-up capItal, the duratIon and the date of
mcorporatlOn of the company and the names of all dIrectors of the board Further,
m case of a Jomt company, the share holdmg structure of the company shall be
stated ),

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

(c) PhotocopIes of completion certIficates Issued by the relevant owners or engmeers of
the projects as lIsted m the partIcular expenence record (ApplIcatIOn Form (3» to
mdicate that such projects were satisfactonly completed by the ApplIcant 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 consortIUms must comply with the followmg requIrements

(a) As rnmtrnum qualIfication requIrements

I 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 m paragraph above

(b) The formatIOn of a Jomt venture after prequalificatIOn, and any change m a
prequalIfied Jomt venture, WIll be subject to the wntten approval of the Employer
pnor to the deadlme for subrrnSSIOn of bIds Such approval may be defiled If (1)
partners WIthdraw from a Jomt venture and the remalll1llg partners do not meet the
quallfymg requIrements, (11) the new partners to a Jomt venture are not qualIfied,
mdlvldually or as another Jomt venture, or (lll) m the 0plll1on 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 subrrntted WIth a copy of the Jomt venture agreement provldmg the
Jomt and several lIablhty WIth respect to the Contract

4 2 The prequalIficatIOn of a Jomt venture does not necessarIly prequahfy 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 prequallfy If they
meet all the prequallficatlon requIrements, subject to the wntten approval of the
Employer

5 Confhct of Interest

5 1 The ApplIcant (Includmg all members of a Jomt venture) must not be affilIated (I e ,
SUbSIdIary, parent or partner), nor have been affIlIated (1 e, subsidiary, parent or
partner) In the past, WIth the consultant or any other entity that has prepared the deSIgn,
speCifications, and other prequalIficatIOn and blddmg documents for the Yerevan Gas
Combmed Cycle Power Project, or that was proposed as EngIneer 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 requrred to update the finanCIal mformatIOn used for prequahficatlon at
the tune of subtnlttmg therr bIds, to confirm therr contmued comphance WIth the
quahficatIOn cntena and venficatIOn of the mformatIOn proVIded A bId shall be
rejected If the Apphcant's quahficatIOn thresholds are no longer met at the tune of
blddmg

7 Bid Processmg

7 1 Only firms and Jomt ventures or consortIUms that have been prequahfied under thIS
procedure w111 be mVIted to bId A quahfied frrm or a member of a quahfied Jomt
venture may partICIpate m only one bId for the contract If a firm subtnlts 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 requrred to proVIde bId securIty 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 w111 be supphed WIth the bIddmg documents BId
secunty 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 requrrements of the
contract as amended,

(b) reject or accept any apphcatIon, and

(c) cancel the prequahficatlon process and reject all applIcatIOns

The Employer shall neIther be hable for any such actIOns nor be under any obhgatlon to
mform the Apphcant of the grounds for them
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•

•

•

7 4 ApplIcants wIll be adVIsed m wntmg by facsnmle or telex, withm 90 days of the date
for SubnnssIOn of ApplIcatIons (para 2 1 above), of the result of therr applIcatIOn, and
the names of the prequahfied applIcants, WIthout assIgnmg any reason for the
Employer's deCISIOn No negotiatIOns wIll be permItted after successful award
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• Letter ofApplzeatlOn

Letter of Application
[letterhead paper of the Apphcant, or partner responsIble for a
Jomt venture, mc1udmg full postal address, telephone no , fax
no , telex no , and cable address]

Date

To

SITS,

(name of Employer)

1 Bemg duly authorIZed to represent and act on behalf of

(heremafter "the Apphcant"), and havmg revIewed and fully understood all the
prequahficatlOn mformatlOn provIded, the undersIgned hereby apply to be prequahfied
by yourselves as bIdder for the followmg contract under (name of Project)

• Contract number
No

Contract Name
(Insert name of Contract)

2 Attached to thIS letter are copIes of ongmal documents defmmg /l

(a) the Apphcant's legal status,

(b) the prmclpal place of busmess, and

(c) the place of registratlOn and the natlOnality of the Owners (for apphcants who are
partnershIps or mdlvldually-owned frrms)

3 Your Agency and Its authonzed representatIves are hereby authorIZed to conduct any
InqUIrIeS or InVestIgatIOns to venfy the statements, documents, and mformatlOn subrmtted
In connectIon WIth thIS applIcatIon, and to seek clanficatIOn from our bankers and clIents
regardmg any finanCIal and technIcal aspects ThIs Letter of ApplIcatIOn will also serve
as authOrIZatIOn to any mdividual or authorIZed representatIve of any mstitutIon referred
to m the supportmg mformatlOn, to prOVIde such mformation deemed necessary and

• /I For applicatIOns by jomt ventures all the InformatIOn requested m the prequalzficatzon documents IS to be
prOVided for the jomt venture if It already exists and for each party to the jomt venture separately The lead
partner should be clearly Identified Each partner m the jomt venture shall Sign the letter
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requested by yourselves to venfy statements and InformatIon provIded In thIS applIcatIOn,
or WIth regard to the resources, expenence, and competence of the ApplIcant •

4 Your Agency and ItS authorIZed representatIves may contact the follOWIng persons for
further InfOrmatIOn /2

General and managenal mqumes
Contact 1 I Telephone I
Contact 2 I Telephone 2

Personnel rnqumes
Contact 1 I Telephone 1
Contact 2 I Telephone 2

Techrucal mqumes
Contact I I Telephone I
Contact 2 I Telephone 2

FmanClal mqumes
Contact 1 I Telephone 1
Contact 2 I Telephone 2

5 This applIcatIOn IS made In the full understandIng that

(a) bIds by prequalIfied applIcants will be subject to venficatIOn of all InfOrmatIOn
submItted for prequalIficatIOn at the tIme of biddIng, •

(b) your Agency reserves the nght to

• amend the scope and value of any contracts bid under thiS project, In such
event, bids Will only be called from prequalIfied bidders who meet the revised
requIrements, and

• reject or accept any applIcatIOn, cancel the prequalIficatIOn process, and reject
all applIcatIons, and

(c) your Agency shall not be lIable for any such actIOns and shall be under no
oblIgatIon to Inform the ApplIcant of the grounds for them

6

/2

Appended to thiS applIcatIOn, we gIve details of the partiCipatIOn of each party, IncludIng
capital contnbutIOn and profit/loss agreements, to the JOInt venture or aSSOCiatIOn We
also specify the fInanCial COmmItment In terms of the percentage of the value of the
contract, and the responSibilIties for executIOn of the contract

ApplicatIOns by Jomt venture should provzde on a separate sheet eqUIvalent mformatlOn for each party to the
applzcatlOn
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• 7 We confIrm 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 Apphcant or lead For and on behalf of (name ofpartner)
partner of a Jomt venture)

SIgned SIgned

Name Name

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

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 Informatlon

Page of Pages

•

•

Allmdlvldual firms and each partner of a Jomt venture applymg for prequalificatIon are requested to
complete the mformatIon m this form NatIOnality mformatIon to be provided for all owners or applicants
who are partnerships or mdlVIdually-owned firms

Where the Applicant proposes to use named subcontractors for cntIcal components of the works, or for work
contents m excess of 25 percent of the value of the whole works, the followmg mformatIon 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 mcorporatlOn I regIstratIOn Year of mcorporanon I registration

NatIonality of owners/1

Name Nationality

1

2

3

4

5

I To be completed by all owners ofpartnershIps or mdlVldually-ownedfirms
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APPLICATION FORM (2)

General Experience Record

Name of ApplIcant 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 InformatIOn In this form The
Information supplIed should be the annual turnover of the Apphcant (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 penod 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

Jomt Venture or Consortium Summary
Page of Pages

•

•

Names of all partners of a .lOlDt venture or consortIUm
1 Lead partner

2 Partner

3 Partner

4 Partner

5 Partner

Total value of annual construction turnover, lD terms of work billed to chents, lD US$ eqUIvalent, covered at
the rate of exchange at the end of the period reported

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

Partner pa2e no

1 Lead
Partner

2 Partner

3 Partner

4 Partner

5 Partner

6 Partner

Totals
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PartICular Experrence Record

APPLICATION FORM (3) •
PartIcular Expenence Record

[ Name of Applt,anl

Page of Pages

To prequahfy, the ApplIcant shall be requIred to pass the specIfied reqUIrements applIcable to thIs form, as
set out m the "PrequalIfication 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 MallIon usn, of a sImIlar nature and complexIty to the
contract for whIch the ApplIcant wIshes to qualIfy, undertaken durmg the last 5 years The value should be
based on the currencIes of the contracts converted mto US dollars, at the date of substantial completion or for
current contracts at the time of award The mformatlon IS to be summarized usmg Form (3A), for each
contract completed or under executIOn by the ApplIcant or bv each partner of a Jomt venture

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 mformatlon m the followmg forms should
also be supplIed for each specIalIst subcontractor

•
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• APPLICATION FORM (3A)

DetUlls 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 Narne of employer

3 Employer address

4 Nature of works and special features relevant to the contract for which the Appbcant Wishes to
prequalIfy

5 Contract role (check one)o Sole contractor o Subcontractor o Partner 10 a jomt venture

6 Value of the total contract (m specified currencies at completIOn, or at date of award for current
contracts)

Currency Currency Currency

7 EQUIvalent value US$

8 Date of award

9 Date of completion

10 Contract duratIOn (years and months)

vears months

11 SpeCified reqUirements 11

1 Insert any specific crtterta requiredfor partIcular operatIons, such as annual volume ofearthmoving,
underground excavatIon, or placing concrete
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Summary Sheet Current Contract CommItments / Works m 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

Narne of contract Value of outstandmg work Estimated completion date
(current US$ eQuivalent)

1

2

3

4

5

6

•
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• Combmed Cycle Plant Data

APPLICATION FORM (5)

COMBINED CYCLE PLANT DATA

IName ofApphcant

Page of Pages

•

•

The ApplIcant shall provIde adequate mformanon to demonstrate clearly that It meets the requrrements lIsted m 3 8
of Instrucnon to ApplIcants A separate Form (5) shall be prepared for each combmed cycle plant

COMBINED CYCLE PLANT DATA
Name of Employer

LocatIon of InstallatIon

Country of InstallatIon

Plant ConfiguratIon

Plant Capacity

Date of CommercIal OperatIon

Gas Turbme Model Number/Supplier

Country of Manufacture

Fuel

Gas Turbme Capacity at ISO MW
ConditIon
Gas Turbme Capacity at Site MW
ConditIOns
Gas Turbme RotatIng Speed RPM

Generator Supplier

Country of Manufacture

Generatmg Ratmg- MVA

Generator Speed- RPM

Steam Turbme Supplier

Country of Supplier

Country of Manufacturer

Steam TurbIne CapaCIty at DesIgn MW
Back Pressure
Steam TurbIne ConfiguratlOnffype

HP TurbIne Inlet Steam Pressure BAR

HP Turbme Inlet Steam Temperature DC
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APPLICATION FORM (5)

COMBINED CYCLE PLANT DATA

IName of Apphcant

Combmed Cycle Plant Data

Page of Pages •
COMBINED CYCLE PLANT DATA

HP Turbme Rotatmg Speed RPM

HRSG Supplier

Country of Manufacture

HRSG HP Superheat Steam Outlet Pressure Bar

HRSG HP Superheat Steam Outlet °c
Temperature
HRSG MalO Steam Flow Kglsec

Plant Reliability

Available Hours Per Annum

Operatmg Hours Per Annum

Scheduled Mamtenance Hours Per Annum

Forced Outage Hours Per Annum •

5928 0IBIA5 DocI9/25/98 A-53



• APPLICATION FORM (6)

Financial Capability

Name of ApplIcant or partner of a Jomt venture

Fmanclal Capability

Page of Pages

•

•

ApplIcants, mcludmg each partner of a Jomt venture, should proVide financial mformation to demonstrate
that they meet the requirements stated m the Instructions to ApplIcants Each applicant or partner of a Jomt
venture must fill m thiS form If necessary, use separate sheets to proVide complete banker mformation A
copy of the audited balance sheets should be attached

Banker Name of banker

Address of banker

Telephone Contact name and title

Fax Telex

Summarize actual assets and lzabilitzes m US dollar equivalent (at the rates of exchange current at the end of
each year) for the prevIOus jive years Based upon known commitments, summarize projected assets and
lIabllltzes m US dollar eqUivalentfor the next two years

Fmanclal Actual Projected
mformatlon ID 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 lIabilities

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
commItments (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
orlgm

•

•
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•

•

LitigatIOn History

APPLICATION FORM (7)

Litigation History

Name of Applicant or partner of a Jomt venture

Apphcant, IncludIng each of the partners of a JOInt venture, should provide mformatlOn on any hlstorv of
litigatIOn or arbitration resultmg from contracts executed In the last 10 years or currently under execution
A separate sheet should be used for each partner of a JOInt venture

Year Award FOR or Name of chent, cause of hnganon, Disputed amount (current value, US$
AGAINST and matter m dispute eqUivalent)
Apphcant
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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
YEREVAN GAS COMBINED CYCLE 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 wIthm the last
five years more than US $500 mIllIon

24 • ExcluSIve agreement between the CFB botler
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 domIctle county

26 • ApplIcant has only one applIcatIOn

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

- Gas Turbme
- Steam Turbme
- Heat Recovery steam generator
- 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 experIence

• The offered model IS "sImIlar" to the machme
WIth 7500 hours of commercIal operatmg
expenence

• Wntten confirmatton of sattsfactory operatton
provIded by the Owners

I'AS Doe19/2S/98 •



• • •
REFERENCE REQUIREMENTS PASS FAIL REMARKS
29 • ApplIcant 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
supplymg the major eqUIpment

- commItment letter from gas turbme
manufacturer

- AudIted annual report
211 • The ApplIcant has qualIfied personnel as

- Project Manager
- Project Engmeer Manager
- SIte Manager
- Manager, Procurement
- Lead MechanIcal Engmeer
- Lead Electncal Engmeer
- Lead Controls Engmeer
- Lead CIvIl/Structural En~meer

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

3(b) • CertIficates by publIc 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)l • The lead partner of the Jomt Venture or

consortIUm meets 100% of the quahfymg
cntena

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

5 1 • The Apphcant does not have any conflIct of
mterest
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• A 6 Project ImplementatIOn Schedule

The Project ImplementatIOn Schedule IS graphIcally presented m FIgure A 6-1

The Schedule contemplates project completIOn 30 months after the NotIce to Proceed,
cOmmlsslOnmg contmues 6 months thereafter untl1 the Commercial OperatIon Date IS attamed

The sIgmficant mdestone dates are as follows

•

•

Date, months after N7P
9
15
20
26
26
28
29
30
36
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Complete SIte Demohtion
Complete FoundatIOn
Complete EqUlpment ErectIon
Complete PIpmg
Complete ElectrIcal InstallatIon
Complete BUlldmg ArchItectural
Complete Startup
Begm COmmlSSlOnmg
CommerCIal OperatIOn Date
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•

•

A 7 Operatmg Plan

1 INTRODUCTION

A power plant must be operated m a safe, effiCIent, economIC and relIable manner
The tasks mvolved m achlevmg thIS goal mc1ude

• StatIOn Staffmg and Labor RelatIOns
• Personnel Trammg
• Procedure Development - mcludmg Budget & Cost Control
• Spare Parts & MaterIals Management
• Management of Irntlal OperatIOn and Takeover
• AdmImstratIOn of the Power Purchase Agreement and Fuel Supply Agreement

2 OPERATING ORGANIZATIONS AND STAFFING REQUIREMENTS

2 1 Owner

The Owner rs AdmImstratIOn Office will be located m Yerevan The staffmg will
requIre two (2) expatrIate and seven (7) bIlmguallocal personnel to fulfill the dutIes and
responsIbIlItIes of the company

The pOSItIOns and natIonalIty for the Owner's AdmmIstratIOn staff are as follows

POSItIon

Contracts Manager
TechnIcal Officer
Sernor AdmmIstrator
Accountant
Accounts ASSIStant
AdmmIstratlve Officer
CashIer
Secretary
Wood Processor Operator

The mam dutIes and respollSlblhnes are

NatIOnalIty

ExpatrIate
ExpatrIate
BI1mgual
BI1mgual
BIlmgual
BI1mgual
BIlmgual
BIlmgual
BIlmgual

•
- Issue mVOlces, obtam payment, dlstnbute to partners,

- adIrnmster the Power Purchase Agreement (PPA) and Fuel Supply Agreement
(FSA) ,

- lIaIson WIth the operatmg plant and Governmental agenCIes,
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- publlc relatIOns coordmatIOn,

- coordmate home office support for techmcal, tralmng, and other serVIces,

- arrange expatrIate recruItment, moblllzatlon, leave, medIcal, housmg, etc , for
operatmg and mamtenance company

2 2 Plant OperatIOns

The sIte staff WIll be composed of full tlffie permanent employees ThIS work wIll be
dIVIded mto four major functIOns

- OperatIons
- Mamtenance
- ServIces
- AdmmIstratlon

Accordmgly, four departments are establIshed to carry out these functIons The head of
each of these departments IS responsIble to the StatIon Manager, who IS fully
responsIble for the operatIon of the power statIon

•

EXlstmg CHP plant personnel WIll be utlllzed smce the GTCC faCIlIty IS mtegrated •
wlthm the entIre sIte GTCC tlffie charges wIll be apportIOned pro-rata as mdlcated by
an (*)

FIgure A 7-1 shows the operatmg company orgamzatlOn, by department and the
number of pOSItIOns under each department SIte staffmg WIll be taken from the
eXlstmg CHP personnel and retramed m new technology, new personnel wIll be hrred
as well

2 2 1 OperatIOns Department

The OperatIOns Department WIll COnsISt of an OperatIOns Manager, Lead Operators for
each shIft, and Operatmg Staff The OperatIons Manager WIll be responsIble for the
effiCIent and safe operatIon of the plant and WIll carry out hIS dutIes through the
operatIOns shIft personnel

ShIft personnel WIll be assIgned to three contmuously rotatmg 8-hour shtfts, each
headed by a Lead Operator Prmclpally, each urnt WIll be operated by Its mdlvIdual
shIft operator, except for servIces common to all urnts where operatmg personnel wIll
be assIgned on the baSIS of multIple urnt operatIon
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• The Operatmg Department staff posItIOns, number of personnel and expected
natIonalIty are as follows The symbols for NatIonalIty are ExpatrIate (XP), BI1mgual
NatIonal (BLN), NatIonal (N)

PosItIons Number NatIonalIty

XP (t)
BLN

XP(+)
N
N
N
N

OperatIOns Manager
OperatIOns Manager
ShIft Lead Operator
ShIft ChIef
Control Room Operator
AuxIlIary Operators
ApprentIce Operators

Total PosItIOns

1
1
4
4
10
20
15
55

ConsIstmg of 5 ExpatrIates, 50 NatIonals

•

•

(t)MobIlIzatIOn and Early Years OperatIOn only

2 2 2 Mamtenance Department

The Mamtenance Department IS headed by the Mamtenance Supermtendent There are
SIX Mamtenance Engmeers each WIth theIr own area of responsIbIlIty, covermg
mechamcal, electrIcal, and InstrumentatIOn and control (I&C) mamtenance,
respectIvely Together they are responsIble for the mamtenance of the complete power
plant mcludmg all generatmg and auxilIary eqUipment, located m butldmgs and adjacent
areas They report dIrectly to the Mamtenance Supermtendent

Work crews are dIrected by foremen who report to theIr desIgnated Mamtenance
Engmeer Except for abnormal condItIOns, most of the mamtenance work IS performed
on a day work basIs A nnmmal mamtenance crew IS retamed durmg the other shIft to
handle emergency repaIrs

Schedule and controls are establIshed for the performance of the mamtenance work A
complete set of files gIvmg the mamtenance hIstory of all eqUIpment WIll be
mamtamed Work orders, work completIon reports, reqUIsItIOns for tools, materIals,
spare parts, etc, WIll all be requIred The Mamtenance Supermtendent wIll be m close
commumcatlon WIth the OperatIons Manager and the office of the StatIon Manager, to
establIsh mutually satIsfactory schedules, pnontIes, budget requIrements, etc

The plant IS expected to be kept m runmng condItIon by ItS own personnel who WIll be
reqUIred to execute mmor changes m eqUipment, addItIOns and replacements as well as
routme mamtenance

Major overhauls WIll need the assIstance of outSIde personnel such as vendors and local
contractors
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A descnptIOn of each group and the skIlls requrred follows

MechanIcal Personnel

ThIS group wIll superVIse overhauls on turbmes, bOIlers WhICh wIll be
carned out by a combmatIon of statIon, manufacturers and contractors staff
The statIon staff WIll carry out preventatIve mamtenance routmes on all
Items of the plant In addItIOn to all planned overhauls, thIS group WIll
perform necessary mamtenance and emergency reparrs m accordance WIth
work orders and pnontIes establIshed by the Mamtenance Supenntendent

A suffiCIent number of craftsmen and helpers are assIgned to thIS group to
assure the presence of at least one craftsman and one helper dunng each
ShIft

- ElectrIcal Personnel

ThIS group WIll perform and carry out preventIve mamtenance routmes on
all electncal eqUIpment of the plant They WIll be responsIble for repaIr and
mamtenance of automatIc control gear, relays and protectIve devIces and all
mstrumentation assocIated WIth the generator, transformers and sWItchgear
At least one electncian IS planned to be on duty durmg each ShIft

- I&C Personnel

ThIS group wIll be responSIble for mamtenance, calIbratIon and reparr of all
mstruments and automatIc control apparatus m the plant ThIS pertaInS to
the boller/turbme cycle and all auxIlIary mechanIcal eqUIpment It may
mclude speCIalIsts for pneumatIc and for electrIcal InStruments at the outset,
however, It WIll be preferable If eventually all members of thIS group
become equally adept m mamtammg, adJustmg and calIbratmg both types

Some of the Instrument TechnICians WIll become thoroughly skIlled m
routme mamtenance procedures of the data loggmg eqUIpment

The Mamtenance Department staff POSItIOns, number of personnel and
expected natIOnalIty are as follows

•

•
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• PosItIOn Number NatIOnalIty

N
N
N

BLN
N
N
N
N
N
N
N

XP
N
N
N
N
N

•

Mamtenance Supermtendent
Safety and EnvIronmental Manager
Mechamcal Mamt Engmeer
Asst Mech Mamt Engmeer
Mechamcal SupervIsor
Mechamcal Craftsmen
ElectrIcal Engmeer
Electncal SupervIsor
Electncal Craftsmen
I&C Engmeer
I&C SupervIsor
I&C/Elec SpeCIalIsts
I&C TechnIcIan
DCS TechnIcIan
I&C SupervIsor
I&C Craftsmen
General Helpers

Total POSItIOns

2 2 3 ServIces Department

1
1
2
1
5
18
2
1
4
2
2
2
4
2
2
20*
25
93

Conslstmg of 2 Expatnates, 91 NatIOnals*

The ServIces Department consIsts of several groups whose functIons are as follows

- ChemIstry
- Plant Performance
- Plannmg
- Improvement
- Trammg
- FIre and SecurIty
- BUlldmgs and Grounds
- VehIcles
- Cleamng

•

POSItIOn
Station Manager
Plant Manager

ChemIstry - StatIOn ChemIst
Lab EqUIpment Operators

Plant Performance - Performance Engmeer
Performance TechnIcIans

Number
1
1
10
10
2
4

NatIOnalIty
XP
N
N
N
N
N
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PosItIOn Number NatIonalIty
StatIon Manager 1 XP •Trammg - TramIng Officer 1 BLN
TramIng ASSIStant 2 BLN

FIre & Secunty F&S Officer 1 BLN
FIre Crew on ShIft 4 N
Secunty Crew on ShIft 3 N

BUIldmg/Grounds - Foreman 2 N
ServIce Trades * N

VehIcles - SuperVIsor * BLN
DrIvers * N

Cleanmg - Foremen * N
Plant/SIte Cleaners * N

Total POSItIOns 31
ConsIstmg of 1 Expatnate
and 30 NatIOnals

2 2 4 AdmmIstratlOn Department

The AdmmIstratlOn Officer will be responsIble for all general office work WhICh IS not
dIrectly related to operatIon or mamtenance of tlIe plant ThIS department wIll reqUIre
suffiCIent office space to accommodate tlIe files contammg all records relatmg to •
personnel, accountmg, purchasmg, correspondence and mternal plant and system
commumcatlOns In addItIon to hIS office m tlIe AdmmIstratIOn BUIldmg, SUItable
office accommodatIOns for ills staff WIll be provIded

The department WIll be responsIble for

- All bookkeepmg actIVItIes, payroll, receIpts and dIsbursements of funds, financial
statements and reports, reqUIsItIons for funds, etc

- All purchasmg and procurement actIvItIes Tills mvolves preparatIOn of purchase
orders and mqumes, obtammg and venfymg reqUIsItIOns for matenals, parts and
serVIces from tlIe Operatmg and Mamtenance Departments, placmg purchase
orders, expedItmg delIvenes, mamtaInmg tlIe mventory m tlIe warehouse and stores
and admlIDstermg contracts when reqUIred for work performed by outsIders

- RecrUItmg staff, mamtammg personnel files and records, enforcement of personnel
polICIes, superVISIon of secretarIes, tyPIStS and clerks, and tlIerr aSSIgnment to otlIer
superVIsors as needed, publIc relatIons, ImplementatIon of promotIons and
termmations upon receIpt of appropnate recommendatIOns from tlIe superVIsors
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• - AllocatIon, procurement and/or reparr of office eqUipment and furmture, telephone,
statIOnary and supplIes and supervIse maIlroom, messenger and canteen servIces as
well as frrst aId, safety and health serVIces

The Adffillllstration Department Staff posItIons, number of personnel and expected
NatIonalIty are as follows

REQUIRED SKILLS AND QUALIFICATIONS

3 N
4 N
2* N

--.Q N
30

Conslstmg of 1 Expatnate, 29 NatIOnals

• 3

PosItIOn

Busmess Manager
AdffillllstratIOn Officer
Adnnmstratlon Clerks
Telephone/ReceptIOmst
SalarIes/Payroll, mcludmg
PersonnellWelfare
Purchasmg Agent
Stores/Warehollsmg ASSIStant
Nurses
Canteen Staff

Total PosItIOns

Number

1
1
6
3
6

NatIOnalIty

XP(t)
BLN
BLN
BLN

N

3 1 Operatmg Company

The operatIOn of a modern steam-electrIc power statIOn requrres competent,
expenenced managers and supermtendents, a group of engmeers, technIcIans and
aSSIstants, and skIlled and unskilled workers

The breakdown of skills and qualIficatIOns of the orgamzatIOn to operate the two-umt
400 MWe power statIon IS as follows

•

Skill Level

Managers & Supermtendents
Engmeers
Operators/Tech /ASSIStantS
Clencal Staff
Skilled Workers
UnskIlled Workers

Total 209, of WhICh
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3
6

9

OuantIty
NatIOnals

5
8

118
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28
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It would be desIrable to recruIt staff already skIlled m power plant operatIons and
mamtenance However, as there IS a llffilted supply of such personnel m Armema It IS
antIcIpated that many staff wIll be recruIted WIth basIc skIlls whIch wIll be Improved by
on-and-off-slte trammg ImtIally many of the key posItIons wIll be filled by skIlled
expatnates who wIll only need famllIanzatlOn trammg, Later, as mcreased expenence
IS accumulated, local staff who have been retamed wIll be used on these tasks and
expatnate staff WIll depart

3 1 1 Managers and Supermtendents

The Managers and Supermtendents are persons who have had extensIve expenence m
thermal power statIon operatIon

The StatIOn Manager, havmg total overall responSIbIlIty for the plant, WIll have to be a
person of stature and competence who has earned the complete confidence of the
Project Company He wIll be a profeSSIonally qualIfied graduate engmeer and have
conSIderable expenence m plant operatIon and mamtenance HIS total power plant
expenence wIll be m excess of 20 years He wIll be well versed on the mdustnal and
utIlIty management commumty m Armema

The ASSIstant StatIon Manager should have the capabIlIty of assummg all of the
responSIbIlItIes of hIS supervIsor and IS expected to do so dunng hIS absence
Accordmgly, he should possess slffillar qualIficatIons

The OperatIons Supermtendent must have at least 5 years expenence m the posItIon of
Charge Engmeer and at least 15 years of work expenence m operatIon of steam electnc
power statIons He should be profeSSIOnally qualIfied and have the managenal abIlIty
to control and motIvate a group of 50 operatIons staff

The Mamtenance Supenntendent WIll be profeSSIOnally qualIfied and have at least 15
years expenence m power plant mamtenance HIS expenence must demonstrate an
abIlIty to manage people of dIverse skIlls agaInst a detaIled technIcal and finanCIal
background He must be able to deal WIth manufacturers, contractors, government and
utIlIty staffs on technIcal and commercIal matters HIS prevIous expenence WIll mclude
progressIvely mcreasmg responSIbIlIty m one or more areas of mamtenance actIvIty

The ServIces Supermtendent must have at least 15 years of work expenence m
operatIon of steam electnc power StatIOns It IS preferable that he be a graduate
engmeer, versatIle WIth specIal mterests m technIcal InnOvatIOns, planmng power
statIon actIvIties and plant procedures He would be expected to have the abIlIty to
manage a team of some 100 staff performmg a WIde range of dutIes such as chemIstry,
planmng, secunty' fire protectIOn and Jamtonal servIces

•

•
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•

•

•

The AdnumstratIve Officer, preferably, should have at least ten to fifteen years
expenence as a plant and office admmtstrator of a large orgamzatIOn WIth a number of
years m a posItIon WhIch places hlID drrectly responsIble to top management He
should have demonstrable capabIlIties and expenence m settmg up practIces and
procedures Implemented by necessary forms, schedules and standard procedure
mstructlons He should have expenence m accountmg and cost control practIce and m
personnel labor relations and office management It IS desrrable that he has a
professIOnal qualtficatlon m a busmess area such as admtmstratIOn or accountancy and
that he has had some paralegal trammg as well

3 1 2 Engmeers

The engmeers should, of necessIty, be a blend of expenence and qualIficatIOns HIgh
techmcal abIltty may be offset agamst lack of expenence where appropnate but
generally a mmtmum of five years expenence m a stmllar post IS desrrable Computer
ltteracy IS absolutely reqUITed

3 1 3 Operators, TechmcIans and ASSIStantS

The Operators must be able to demonstrate that they have an appropnate techmcal
qualIficatIon/ltcense plus at least three years expenence m charge of plants of snmlar
SIZe

The TechmcIans wtll have techmcal qualtficatIOns eIther at degree level or can
demonstrate hIgh competence m the partIcular area and a lesser techmcal qualtficatlon
It IS unltkely that a graduate WIthOUt at least two years expenence would be SUItable for
thIS pOSItIon The person WIth a lesser qualIficatIon wtll have had more expenence,
probably three to five years

The ASSIStant Mamtenance engmeer would have a combmatlOn of qualtficatIOns and
expenence The essentIal aspect IS that they demonstrate at least two years expenence
m the appropnate area WIth graduate or lesser qualIficatIOn

3 1 4 Clencal Staff

ThIS category are office workers such as word processmg operators, receptIOmst,
tyPIStS, clerks for such work as techmcal, purchasmg, stores/warehousmg, accountmg
and other adImmstratIve work

3 1 5 SkIlled Workers

Thts category conSIders foremen and craftsmen of the varIOUS trades such as
electnclans, carpenters, mach1ll1sts, Instrument men, pIpefitters, reqUIred m a steam
generatmg power statIOn
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The personnel, wIll have had a mmunum of 5 years expenence at full competence level •
plus several pnor years of apprentIceshIp

3 1 6 UnskIlled Workers

The work performed by workers m thIS category can be carned out wIthout reqUInng
substantial pnor trammg or expenence

The posItIOns WhIch may be staffed WIth unskilled workers are general mamtenance
helpers, vehIcle dnvers, plant/sIte cleaners, canteen staff and secunty guards

3 2 RecrUItmg Sources

Operatmg Staff

ImtIally all semor operatmg staff, WIll be expatrIates who WIll be recruIted as
expenenced personnel WIth a trammg need only m the area of plant famIlIarIZatIOn
Expatnate staff WIll be used throughout the COmmISSIOnmg program and a trammg
organIZatIon WIll be set up to subsequently tram semor local operatmg staff and the
more jumor staff

The sources of local staff WIll be eIther dIrect entry WIth no power plant expenence •
for tratmng to occupy the jUillOr operatmg pOSItIOns such as OutsIde Plant Operator
or WIth some power plant expenence for trammg as ASSIStant Umt Operator Staff
WIth power plant operatmg expenence wIll be solIcIted from eXlstmg power
companIes Staff from the eXlstmg compames may only be avaIlable m lImIted
numbers If the country's power development program IS not to be JeopardIZed

- Mamtenance/Servlces Staff

Unlike the expertIse of the operatmg staff, the skIlls requIred by the mamtenance
and serVIces staff are WIdely practIced m varIOUS mdustrles ThIS sunplIfies the
problem of recrultmg qualIfied help Nevertheless, the type of eqUIpment and the
degree of relIabIlIty of ItS operatIon are dIfferent m central power StatIOns and It WIll
be deSIrable to have a nucleus of staff who are expenenced m thIS type of work
All mamtenance/servlces personnel WIll partIcIpate m the trammg program except
for the unskilled groups

- Adrntmstratlon Staff

The Admtmstratlon ASSIStant pOSItIOn preferably IS filled WIth the Power company's
present personnel ThIS WIll assure confOrmIty WIth general polIcIes and practIces
prevalent m the company The remammg personnel may be recruIted m country
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related to the expenence and slalls requIred for the varIOus dutIes No pnor utlhty
system expenence IS requIred and no trammg specIfically related to the new plant
appears to be necessary other than an understandmg of the new busmess

Trammg Programs

The Operatmg Company wIll have tralmng programs covenng a wIde range of skIll
requIrements WhICh are modular based The functIOn of the reSIdent trammg
organIZatIon IS to assess the trammg needs of the varIOus groups of people and to
construct courses whIch will fulfill these requIrements

The earhest trammg requIrement IS that of plant famIlIarIZatIOn and thIs IS achIeved by
selectmg a nucleus of the sernor staff and bnefmg them on the plant deSIgn by the
manufacturers ThIS IS remforced by the tImely productIOn of the plant manuals WIth
these two pomts achIeved the baSIS IS laId for constructmg Irntlally plant operatIons
trammg followed later by plant mamtenance trammg These two trammg areas will be
plant speCIfic and WIll enable people to actually operate and mamtam the plant

In addItIon standard trammg modules will be available on such tOpICS as pressure,
temperature, baSIC electrIcal theory, water chemIstry, etc Where speCIalIZed trammg IS
reqUIred thIS WIll be eIther by the use of manufacturers' personnel or SIte staff
speCIfically tramed by the manufacturer Both full-tIme and part-tIme Instructors WIll
be used as It IS benefiCIal for example to have certam aspects of operator trammg
carned out by "hands on" expenenced operators

All tratrnng WIll be carned out m trammg rooms generally separated from the plant and
eqUIpped to make learnmg as easy as pOSSIble Use will be made by the operatmg
company's expertIse m trammg foreIgn natIonals and the varIOUS techmque preVIOusly
used such as self tutor computer based schemes All trammg WIll be assessed and
progress WIll be regularly reVIewed Lecture room work IS supplemented by plant
VISItS and on Job trammg As the needs of mdlvlduals WIll be assessed the power
company possesses offshore trammg facilItIes WhICh will be used If reqUIred These
can take the fonn of managenal courses, plant sImulator, craft skills or a varIety of
other areas

If WIll be necessary to IdentIfy much of the baSIC trammg matenal m advance of
attendance at the power plant SIte but It IS antICIpated that the sernor management team
WIll be on the SIte SIX months before the first urnt IS synchromzed They wIll be m a
pOSItIOn to commence detaIled traImfig m suffiCIent tIme to supply operatmg and
mamtenance staff capable of asslstmg the turnkey contractor durmg the pre- and IrntIaI
COIDrntSSlornng of the fIrst urnt As most of the expatnate operators WIll be recruIted
before the first urnt IS synchrOnIZed they WIll be available to operate that urnt and aSSIst
the full tIme mstructors m trammg the local staff reqUIred for plant operatIon
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The need for maIntenance staff has to be accommodated With the gradual withdrawal of
the vendor's resources when the umts are bullt Self-sufficiency for routIne and basic •
maIntenance must be achieved by the time the last umt is completed

It is generally accepted that Russian wlll be the language of the power statiOn and
Russian language tUition will be provIded However, sufficIent bIlIngual staff wIll be
provIded to enable the traImng to be achIeved at those levels where It IS not necessary
to InSISt on RUSSIan beIng spoken and Armeman can be the common conversatiOnal
language Many operatIng manuals may be In EnglIsh and German, and wIll need to be
translated

•
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• FIGURE A 7-1
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APPENDIX

FIeld Sketches and SIte Drawmgs

The mvestIgatmg team was "m-country" between February 1998 and June 1998 FIeld
sketches have been prepared to outlme pIctonally the eXIstmg system and facIlItIes and are
presented herewIth AddItIonally, plant drawmgs, specIficatIons and data sheets have been
supplIed WhICh form the basIs for the FeasIbIlIty Study BIddmg Documents as presented m the
response to Subtask C These are lIsted below

1 Yerevan TPP - SIte Plan (M 1 5000 m 5 parts)
2 Yerevan TPP - SIte Plan (M 1 500 m 8 parts)
3 Yerevan TPP - SIte Plan (M 1 2000 m 1 part)
4 Umts 6 and 7 General Arrangement Drawmg
5 Umt 7 Crrculatmg and Techmcal Water DIagram
6 Umt 7 CIrculatmg Water DIagram
7 Umts 6 and 7 Mam condensate feedwater system
8 Umts 1-6 Crrculatmg Water DIagram
9 Yerevan TPP - Techmcal Water dIagram (Mam pumpmg house to machme room)
10 Techmcal Water Supply system (coolmg towers arrangement)
11 Mam Pumpmg House (Isometnc drawmg)
12 Pumpmg House No 2 (eqUIpment)
13 Pumpmg House No 2 (pIpelmes)
14 Umts 6 and 7 IsometrIC Structural Drawmg (turbme hall)
15 Turbme Hall Structural Drawmgs (total of 4 drawmgs)
16 kV SWItchyard Lme DIagram
17 and 35 kV SWItchyards General Layout (total of 3 drawmgs)
18 Major Electncal EqUIpment (2 drawmgs)
19 Umts 6 and 7 Pedestal and BUIldmgs Structural Drawmgs (total of 12 drawmgs)

Other varIOUS matenals were collected for the Yerevan TPS Major data mcludes

• Yerevan TPP - Raw water compOSItIOn analySIS
• Yerevan TPP - Make-up water compOSItIOn analySIS
• Yerevan TPP - MeteorologIcal, SeIsIDlc and Soils Data
• Yerevan TPP - Fuel analySIS for gas and mazut
• Yerevan TPP - CoolIng towers data
• Yerevan TPP - Major electncal eqUIpment data

Attachments
A-I EXIstmg Plant
A-2 EXIstmg Plant WIth new proposed CC System
C Avallable Area
D-l CoolIng CIrculatmg Water Loop SchematIc
D-2 Makeup Water SchematIc DIagram

•

•
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B 1 Fmancmg Plan

A Fmancmg Plan wIll be estabhshed at the appropnate tune when thIS PrOject IS proceedmg •
toward frUitlOn

In order for thIS Plan to be unplemented, the Owner's orgamzatlOn must be estabhshed
Owners wIll be credItworthy mdlvlduals or compames who wIll collectlvely estabhsh a Project
Company by executmg an agreement known as, varlOusly, a PartnershIp Agreement, Jomt
Venture Agreement or Consortmm Agreement ThIS Agreement WIll define the nghts and
responslblhtles (mcludmg COImmtment of eqUity fundmg) of the mdlvldual and collectIve
partIcIpants

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

A major lll1lestone m the development of the Project IS retammg a financIal consultant m order
to estabhsh aval1able loan sources, and retammg a professlOnal mternatlOnal consultmg
engmeermg company m order to closely defme the conceptual desIgn and prepare a hlgWy
accurate capItal cost estImate The partICIpatIon of these entItles WIll result m the creatIon of a
fmancml model utllIzmg the mputs as lIsted m Table B-1

•
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TABLE B-1

Input to FmancIaI Model

($US 1998 basIS)

CapItal Costs

• EPC Capital Cost Estnnate
• Workmg Capital
• ImtIal Spare Parts
• Project ImplementatIOn Schedule, from NTP untIl COD
• Disbursement Schedule durmg ConstructIOn
• Owner IS Contmgency

Owner's Development Costs

• Fmanclal Adviser Fee
• Success Fee
• Attorneys and Tax Accountants' Fees
• Land AcqUISitIOn Costs
• Owner's Insurance Costs
• InterconnectIOn Charges
• Government PermIts

Fmancme 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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Operatml: Costs

• O&M Cost Estunate

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

ElaboratIOn of Fmancmg Plan concepts IS gIVen m the attached sectIOn entitled "AttrIbutes of
Fmanceable Independent Power Projects, prepared by KeIth W Knebel of OrrIck, Herrmgton
and Lltchff LLP, copynght 1997, all nghts reserved It IS reprmted by permIssIon
Supplementary observatIOns have been mcluded

•

•
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•
ATTmrnUTESOFfiNANCEABLE

INDEPENDENT POWER PROJECTS

The followmg IS a bnef outlme of the attrIbutes that an mdependent power project, whether
domestIc or mtematlOnal, typIcally must possess to support debt mcurred on a lIproJect
fmance 11 basIs The outlme sets forth the general prmcIples applIcable to project financmg,
and contams descnptIOns of the pnmary elements of major project contracts project fmance
lenders wIll examme to evalute the ongomg VIabIlIty of a project for WhICh non-recourse (or
lumted recourse) fmancmg IS bemg sought

I PRINCIPLES OF PROJECT FINANCE

A General Concepts
B Assemblmg the BaSIC Deal
C Retammg a FmancIaI AdVIsor

II FINANCEABLE POWER PURCHASE AGREEMENTS

A Power Purchaser
B ElectncIty Pncmg
C Certam Non-Pnce ProVISIOns

• III 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 CharactenstIcs 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 finance" generally IS consIdered to be debt fmancmg 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 electrIc generatmg facIlIty Because lenders wIll not be lookIng 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 counterpartles 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 scenarIOS 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 (mc1udmg fundmg of reasonable reserves) Such arrangements
necessarIly must be m place for at least the scheduled term of the debt, and most lenders WIll
InsISt 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, mc1udmg 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 Assembhng 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 mclude

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 condemnatIOn, 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 authonzatlOns needed from applIcable governmental
entities m order to own and operate the proJect, mcludmg envrronmental permits,
construction permIts, and zonmg/land use authonzatlOns

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
prImary (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 electriCity must be synchromzed to ensure that net
revenues remam suffiCient to cover debt services The elements of financeable fuel
contracts are descnbed m Part III of thiS Section

•

6 OperatIOns and mamtenance contract contract pursuant to which a thrrd 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 provldmg 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 electnclty, 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, provldmg
revenues m the case of busmess mterruptlOn Insurance requrrements generally are
determmed based on speCific attnbutes and nsks of the project

In evaluatmg project documents, lenders look for assurances that all reasonably antiCipated
nsks 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 provlSlons or provIsions that put an Owner's
or lender's mvestment at nsk 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 responsIbIhty of
retammg a fmanclal adVIser ThIS orgarnzatlOn may be sohcIted on a competItIve mqurry baSIS
from the WIde array of mternatlOnal commerCIal banks, pnvate placement orgarnzatlOns, or the
hke SelectIon of the adVIsor WIll then be based upon the expenence level, SUItabIlIty of fee
structures, success fee requIrement and the lIke The adVIsor ultImately becomes responSIble
for creatmg and promotmg the Debt Placement Memorandum WIth WhICh the developer WIll
obtam project fmancmg support from ECA'Sand other credIt supplIers 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 Important project document because It IS the sole or prImary 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 vanable component of the pnce of electnclty should dnve pnce adjustments
under a project's fuel supply agreement), an Owner negotIatmg a PPA can enhance the
financeabIlIty of a project, and SImplIfy ancIllary contracts, by ensunng 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 honorrng contracts WIth mdependent power producers Power purchasers lackmg any of
such traIts create concerns for lenders, and although such concerns are not necessanly
rnsurmountable, they WIll make fmancmg more dIfficult and costly

B ElectriCity Prlcmg

The prototypIcal pncmg structure contamed m PPAs supportrng project fmancmgs 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 bIllmg penod •

1 Capacity payments

CapacIty charges often are payable on a per-kIlowatt-of-capaclty baSIS (regardless of
actual output m a bIllmg penod) and are calculated to be suffiCIent to pay all of the
Owner's fixed costs mcurred to fmance and mamtam the proJect, mc1udmg 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
maXImIZe Its return Lenders, however, WIll want to ensure that the capaCIty charge
IS reasonable and appropnate m comparIson 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
mternatIonal deals, where the purchaser IS a governmental entIty that can pornt to
the natIOnal welfare as JuStIficatIOn for breachmg the contract

CapaCIty payments usually are made so long as the generatmg umt meets certam

performance and/or avaIlabIlIty standards These standards, of course, are heavIly
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•

negotIated, WIth the power purchaser seekIng to Impose strIngent requIrements that
result m reductIons m capacIty payments (or m penaltIes payable by the Owner) for
the project's faI1mg to meet hIgh capacIty factors m short tIme frames, WIth only
hnnted rehef for force majeure, plant or machmery breakdowns, lack of fuel, and
the hke The Owner and the lenders, on the other hand, will want performance
measured over a longer perIod, WIth substantIal rehef for force majeure or other
faIlures not wIthm the Owner's reasonable control

Sometnnes a capacIty component IS factored mto an overall prIce per kIlowatt-hour
of electrICIty dehvered, an arrangement that often IS satIsfactory for must-run, base
load umts not subject to econOIDlC 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
lalowatt-hour of electnclty Energy payments usually are calculated to cover the
varIable 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 WIthm the power purchaser's system),
or to an mdex that reasonably reflects changes m 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

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

Fmally, the PPA's pncmg prOVISIOns also should prOVIde for an adjustment
suffiCIent to cover new or hIgher taxes Imposed on the Owner, eIther through sales
or consumptIOn taxes borne by Owner, or through mcome, wlthholdmg, or s1ID1lar
taxes that would have a confiscatory nnpact on the Owner or the lenders
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C Certam Non-Price ProVIsIons

1 Contract term

The term of the PPA should be for the full scheduled tenor of the longest debt
mstrument used to fmance the proJect, plus at least two years To the extent the
generatmg eqUIpment has a useful lIfe m excess of the base term, but cannot be
easIly and economIcally removed, the Owner should seek the nght to renew the
contract at pre-agreed (or determmable) pnces that provIde a contmued
mcentlve 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

•

2 Performance standards

Performance standards should be reasonable gIven the type of eqUIpment utilIzed
and the degree of control the Owner has m arrangmg supportmg contracts
Ideally, mcentIve payments should be made If performance standards are
exceeded, and penaltIes should be calculated to reflect the power purchaser's
actual costs m replacmg capacIty or energy not provIded by the Owner In
determmmg performance standards, the Owner should be entItled to perform
regularly scheduled mamtenance 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 avallabilIty factors

To the extent the Owner IS reqUIred to post secunty to support ItS performance
obhgatIOns, the CIrcumstances under WhICh such secunty may be drawn must be
clearly dehneated, mcludmg, Ideally, requIrmg a fmal 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 lilltlal amount of secunty
should cap the Owner's up-front exposure (recogmzIng, of course, that
addItional amounts may be payable as damages If a court or arbItral tnbunal so
determmes)

The Owner, m turn, transfers the performance oblIgatIOn to the ConstructIOn
Contractor by usmg the hqUIdated damage clauses as hIS recourse

3 Force majeure

Force majeure proVIsIons should Include all CIrcumstances outsIde of the control
of the party suffenng the force majeure, mcludmg, m the case of the Owner, the
fallure by any suppher affihated 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 In law or mablhty to
renew permIts In mternatIonal proJects, It IS essentIal that changes m law not be
permitted to affect the power purchaser's obhgatIOn to make contract payments,
even If the change Impedes the Owner's abIlIty to operate the project ThIS fIsk

•
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• 4

IS dIscussed m somewhat more detaIl m Part V A supra

Default and termmatlon

Events of default and therr consequences should be carefully defined and
crrcumscnbed The Owner should seek reasonable penods to cure defaults and
thereby forestall PPA contract termmatIOn The lenders, m any event, wIll
requrre appropnate cure nghts exercIsable followmg the removal of the Owner
as operator of the plant The Owner also should seek the optIon to pay
lIqUIdated damages m lIeu of termmatIon, the Owner thus would be able to make
an economIC evaluatIon of the ongomg value of the contract m companson to
current damage payments

•

•

5 Other provIsIons

ForeIgn power projects present a number of nsks that project finance lenders
mSIst be addressed m the PPA Frequently, an OmnIbus "nnplementatIOn
agreement" must be executed WIth the host government These nsks mclude
expropnatIOn, repatnation of funds, foreIgn exchange avaIlabIlIty, and the
structure of commercIal laws (such as those governmg secunty mterests)
Certam of these nsks are dIscussed hereafter m Part V
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III FUEL SUPPLY AND TRANSPORTATION AGREEMENTS

A proJect's fuel supply and transportation agreements should be structured to ensure that the •
project WIll have fuel when and as needed to produce electncity as reqUIred under the PPA To
be fmanceable, fuel arrangements should adequately satIsfy the cntena 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, Ifthe PPA
requrres 600 hours/month avaIlabIlIty, the lenders WIll analyze how much fuel IS reqUIred to
achIeve such levels and requue 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 "workmg capItal"

B Firm Supply

In addItIOn to confirmmg 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

c. Performance by Fuel Suppber/Transporter

Lenders WIll requue that partIes supplymg and transportmg fuel must be capable of
performmg, and be lIkely to perform, theu 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 appropnate econOmIC mcentives For example, a lender to a natural gas-fued
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 hqUIdated damages for faIlure to meet such
oblIgatIOns (1 e , would such damages truly be an mcentive to perform?) S1ID1larly, a coal
supplIer would need to authentIcate proven reserves and a feaSIble mlmng plan

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 fmanceable 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 cucumstances,
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 bIllIng only occurs upon receIpt
at the Owner I s storage faCIlIties TransportatIOn losses are therefore the oblIgatIOn of the

SupplIer

•
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•
D Fuel Quahty

The calonfic content, grade, and other chelTIlcal and heatmg 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
wlthm whIch all fuel supplIed should fall EconomIc and other mcentlves are often
mcorporated mto a fuel supply agreement (such as lIqUIdated damages) for faIlure to supply
fuel wlthm 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 meetmg the
qualIty speclficanons 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 penodlc baSIS for major mamtenance and repaIrs),
and as a matter of prudence m any event, project finance lenders would expect that the fuel
arrangements would contam terms for provldmg, 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 durmg the expected penod of dlsrupnon

• F Revenue SuffiCiency

•

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 Addlnonally, transportatIon costs and the nsk of pnce mcreases
and fluctuatIOns should be mmmnzed or at least ned to the same pnce adjustment mechamsms
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
prIces 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

5928 OlBlB1 DocI9/'5198 B-14



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

TItle to, and nsk of loss of, fuel supphed and transported should vest WIth the
party WIth the most effectIve control of the fuel at each pomt There should be
adequate mdemmficatton provISIons WIth respect to supply and transportatIOn of
the fuel, lenders often requrre that they also be mdemmfied wIth respect to fuel
related actIOns

3 Defaults

A fuel supply or transportatIon agreement generally should contam customary
default and remedy proVISIOns, mcludmg nghts of partIes temporanly 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 termmate the agreement Lenders WIll generally want to ensure that, to
the extent defaults are capable of cure by the lenders, such remedIes and
termmatton 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

4 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 bUIlt to supply the project IS mcluded m
the fuel costs) IS proVIded m amounts and WIth coverages conSIstent WIth
prudent commerCIal standards and may reqUIre that certam types of pohcles
name such lenders as addItIonal Insureds The transportatIon cost component of
any fuel pncmg should mclude for 110% of the value of the fuel replacement

•
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6
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Force majeure

The lenders wIll want to ensure that force majeure provIsIOns do not
unnecessarIly relIeve a party from performmg Its oblIgatlOns 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

ASSignments and transfers

Because the project finance 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 mamtenance ("0&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, financeable O&M arrangements are those that prOVIde a sufficIent level of
confidence that O&M WIll be properly performed, whl1e not allowmg O&M costs to grow to
levels at WhICh repayment of debt w111 be JeopardIZed Such fmanceable 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 determme 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 abll1ty to use the eqUipment
and technology contemplated for the project Because determmmg such abll1ty may be
dIfficult, lenders WIll generally assess whether the operator has employees WIth extenSIve
relevant expenence and a favorable performance record at comparable facll1tles or WIth
eqUivalent eqUipment

Fmanceable O&M arrangements WIll also aVOid glvmg the operator an mcentlve to maxnmze
short-term econOffilC gams at the expense of long-term plant performance, by provldmg
appropnate economIC mcentIves 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 certam amounts for fal1ure by the operator to cause the plant to •
meet a range of speCIfied operating targets (such as guaranteed heat rate or aval1abll1ty levels),
and by the awardmg of bonuses for exceeding (1 e , lffiprovmg) speCIfied operating targets, or
for keeping costs below a speCIfied percentage level of budgeted amounts during a gIVen
operating penod

B Operation and Mamtenance ObhgatIons

Lenders WIll want assurances that the power plant WIll be operated and maintained so that
operating levels (heat rate, electnclty output, capaCIty avallabll1ty) speCIfied In the PPA are
met Fmanceable O&M arrangements WIll contam a schedule of routine and major maintenance
that WIll enable the plant to meet such PPA-speclfied 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 detalled 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 operating such
project, whl1e leaVing amounts suffiCIent to pay all other project costs, mcludIng the pnnclpal
and mterest on the project's debt O&M arrangements should therefore seek to llffilt O&M
costs through an appropnate allocatIOn of O&M-cost fIsk between the operator and the project,
as well as controls to lumt 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 certam levels and

categones of changes III 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

• D PrOject Contracts

•

•

The O&M arrangements should provIde for the performance by the operator of all obhgations
under other project contracts, mcludmg the PPA and fuel arrangements, that are necessary to
operate the project They also should requrre the operator to perform other operatIOnal dutIes,
such as the responsIbIllty under debt lllstruments to provIde penodiC reports concernmg the
operatIOnal status of the project

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 provlSlons mclude appropnate lender cure nghts, that the operator IS
requrred to provIde adequate habIhty and casualty msurance nammg the lenders as addItional
msureds, and, that any force majeure provISIons do not unnecessarIly reheve the operator of
performmg Its obhgatIons 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 receIvmg a lower fee than would be paId to a thrrd 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 mdependent power projects WIll seek to ensure that certam other nsks, •
mcludmg those Identified below, have been addressed satIsfactonly, often through dIrect
arrangements With the government of the host country As mdlcated 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 m which the project IS to be located
Certam nsks (such as expropnatIOn and currency convertibIlIty nsks) also can be addressed
through a polItical nsk msurance provided by OPIC, IFC, and sImIlar entIties

A Change m Law

Lenders will want assurances that changes m 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 m
penalties or loss of mcome under the PPA Change m law Issues can be addressed through the
payment of damages by the government or another creditworthy entity backmg up the project
contract counterparty, andIor through the suspension of the project I s oblIgatIOns under affected
project contracts Where changes m law are of such a nature that completIOn or contmuatIOn 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 expropnatlon are •
adequately lImIted through payment of lIqUIdated damages m 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 relatmg to or delIvered from the proJect, the Owner, any of the
lenders or any contractor to the project Certam types of expropnatIOns that may be
charactenzed as government defaults (1 e , expropnations by the central government), as
opposed to as "polItIcal events" (I e , expropnatlons by a local government that may not be
under the control of the central government), would usually result m higher damages bemg
paid by the central government

C Convertibility and Exchange Rates

Where payments under the PPA are not denommated m the same currency m 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's recelvmg amounts of local currency that are msufficlent 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

FaIlmg the abilIty to proVIde these assurances, the Owner may be oblIgated to purchase hedges
agamst local currency revaluatIOns m 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 chOIce of law and forum that results m the
applIcatIOn 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 famIlIar wIth the law that WIll be applIed and that IS convement to the
partIes WIthOut advantagmg anyone party

E Government Guarantee, Waiver of Sovereign Immuwty

Where the partIes to the PPA and other major project contracts WIll be government-owned or 
controlled entIties or other parastatals, lenders WIll generally requITe that the host government
provIde a dITect guarantee of such contract counterparty' s oblIgatIOns under such agreements
In addItion, where government-owned or -controlled compames or other parastatal entIties are
partIes to the PPA and other major project contracts, or where the host government otherWIse
acts m a commerCIal capacIty, lenders will usually requITe that the parastatal entItles and the
host country government waIve sovereIgn lmmumty agamst lawsUIts WIth respect to such
agreements and actIons

It must be realIZed that thIS arrangement IS nearly always reSIsted by a governmental entity

F CommerCial Law Issues

In addItIOn to the other, sovereIgnty-related rISks 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 lffipOrt restrIctIOns and IIm1ts on the mamtenance of off-shore bank accounts or foreIgn
currency reserves wIll also be of partIcular concern ill analyzmg the VIabIlIty of the project and
Its abIlIty to repay non-recourse debt Lenders may also requITe addItional guarantees or other
compensatmg structures to the extent that the host country's commerCIal law does not proVIde
for clear enforceabIlIty of contracts, or for the creatIOn and enforcement of hens on real
property and other assets of the project

G RelatIonslnps 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 countrIes these relatIOnshIps
become so mtertwmed as to blur the lInes of demarcatIOn ASIan ECA' s are accustomed to
dealmg on thIS baSIS, lenders generally dIscourage mtmatIOns of pOSSIble mSlde dealmg
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H Design and ConstructIOn Contract

The desIgn and constructIOn contract IS lnltIated 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 m the art of deslgmng and constructmg power plants can offer competitive
bIds The contract terms are usually lump sum, turnkey, performance warranteed, hquldated
damages, date certam The contract mcludes desIgn, engmeermg, procurement, constructIOn,
startup and commissIOmng, and IS usually referred to as an "EPC" contract The Contractor
must demonstrate fmanclal stablhty, a hIstory of successful performance WIth no defaults and a
wIllmgness to take some nsks m order to share m the project I s successful completIOn

EstablIshment of the project capItal cost and selectIon of the Contractor constitutes the most
tlffie-consummg portIOn of the development phase of any Project

•
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• B 2 Econorruc and Fmanclal Rates ofReturn

Two methodologIes have been utIlIzed to assess the economIC and financIal attnbutes of the
proposed Yerevan Combmed Cycle Plant The first methodology exarrunes the EconomIc
Internal Rate ofReturn (EIRR) assocIated wIth the benefits to Annema denved from the
proposed Yerevan Combmed Cycle Plant versus the "WIthout Project" scenano The second
methodology exammes electnc tanffs and theIr Impact on the proJect's Fmanclal Internal Rate of
Return (FIRR)

In addItIOn, two major vanants m financmg terms were exammed The first one assumes that the
project WIll be financed through lImIted or non-recourse project finance ThIs vanant exammes
the project as If It were structured as an Independent Power Project (IPP) The second vanant
assumes that the project WIll be financed through a World Bank loan ThIs vanant uses a much
lower mterest rate, a longer loan term and a grace penod on repayment ofpnnclpal

The followmg baselme assumptIOns and modelIng data are common to both ofthe analysIs
methodologIes Other assumptIons whIch are umque to the assessment methodologIes are
descnbed later

(1) All costs are m constant 1998$

Common Base lme EconomlclFmancIaI AnalysIs Input Data and AssumptIOns

• (2) The constructIon schedule for the Yerevan Combmed Cycle Plant IS 30 months and the
commercIal operatIOn date IS January 1,2004

(3) The as-fired pnce of natural gas IS 8 81$/Gcal (LHV basIS) The as-fired pnce ofmazut IS
13 11$/Gcal (LHV basIs) These pnces were proVIded to Burns and Roe by
correspondence from the Anneman office dated August 5, 1998

(4) The total project cost IS the Combmed Cycle Turnkey Contract's cost and Owner's costs
CapItal costs and mvestment cash flows for the purpose of the econorruc and finanCIal
analyses are taken from the CapItal Cost EstImate Summary (See SectIOn A 3a)
EscalatIon has not been consIdered as thIs IS a constant 1998$ analysIs

(6) EstImated Operatmg and Mamtenance Costs for the Yerevan Combmed Cycle Plant
conSIsts of fixed and vanable components of 1403 $/kW/yr and 087 $/MWh,
respectIVely The basIS for the O&M estImate IS detaIled m SectIOn A 3c

(7) The Yerevan Combmed Cycle Plant WIll operate at an average annual capaCIty factor of
80%

•
(8) TransmISSIon lme losses have not been taken mto account and the tanffs used III the

feasIbIlIty study are assumed to be the tanff for the new Yerevan Combmed Cycle Plant
at the plant meters
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(9) No Value Added Tax (VAT) has been assumed for fuel purchases, electrIcIty generated,
etc •(10) Plant capacIty and heat rate degradatIon over tIme have not been consIdered m thIs
analysIs, as theIr effects on overall project finanCIal projectIons wIll be neglIgIble

In addItIon to base case analyses, vanous senSItIvIty analyses have been perfonned to examme
the affects of varymg key parameters on the economIc/financIal results SpeCIfic senSItIVIty
analyses perfonned are dIscussed heremafter

B 2 1 EconomIc AnalysIs-CostlBenefits

An economIC assessment ofcosts and benefits assocIated wIth the proposed Yerevan Combmed
Cycle Plant was perfonned m order to quantIfy the EIRR The proposed project IS expected to
yIeld a number ofbenefits relatIve to the "WIthout ProJect" scenano, mcludmg

(a) Fuel Savmgs - The hIgh efficIency of the proposed Yerevan Combmed Cycle Plant
relatIve to the poor perfonnance of the eXIstIng thennal generatmg unIts m Annema wIll
prOVIde sIgmficant savmgs m pnmary fuel costs

(b) ReductIOn m AIr PollutIon EmIsSIons - The hIgh converSIon efficIency assocIated WIth
the Yerevan Combmed Cycle Plant WIll result m dlsplacmg mazut fired generatIons at
eXIstmg plants ThIs m turn WIll result m reduced emISSIOnS of SOx, NOx, CO2, and
partIculates •(c) ReductIon m RepaIr and Mamtenance Cost - The poor condItIon, desIgn and age of
eXIstmg Yerevan thennal plants wIll requITe sIgmficant capItal expendIture for plant
mamtenance and repaIr The addItIon of the new Yerevan Combmed Cycle Plant wIll
enable Yerevan to retIre older generatmg plants and thereby forego otherwIse necessary
mamtenance

The econOmIC evaluatIon ofcosts and benefits perfonned herem takes mto account only the first
two benefits (a) and (b) above WhIle reducmg repaIr and maIntenance costs represent real
benefits, quantIficatIon m economIc tenns IS subject to conSIderable uncertaInty

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 Combmed
Cycle 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 Yerevan Combmed Cycle Plant at an 80% capaCIty factor, and the fuel
cost whIch would otherwIse be mcurred m the "WIthOUt Project" scenano That IS, the
amount of fuel calculated m each scenano IS the fuel reqUIred for an eqUIvalent number of
kWhrs generated The "WIthout Project" scenano assumes that two ofthe eXIstmg Yerevan
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Plants would operate at 150 MW each WIth a 70% capaCIty factor and, that the balance of
productIOn dIsplaced by the Yerevan Combmed Cycle Plant IS denved from other thermal
plants m the gnd system WIth heat rates SImIlar to the eXIstmg Yerevan Plants It IS assumed
that the eXIstmg plants WIll fire gas/mazut whereas the Yerevan Combmed Cycle Plant WIll
fire natural gas for the maJonty of any operatmg year

3 EnVIronmental Benefits - The new Yerevan Combmed Cycle Plant wIll fire natural gas and
WIll utIlIze state of the art low NOx combustors The evaluatIOn of the envIronmental
benefits IS based on reductIOns m annual emISSIOnS ofNOx , CO2 , 802 , and partIculates
resultmg from the new Yerevan Plant compared WIth that of the eXIstmg thermal plants finng
gas/mazut The economIC benefits are based on valuatIOn factors of 250 $/ton for NOx , 7
$/ton for CO2 , 400$/ton for 802 and 100$/ton for partIculates These values were taken from
the Least Cost Power Investment Program for Armema, Fmal Report dated November 1996
prepared by Lahmeyer InternatIOnal

4 Project LIfe - The project lIfe has been assumed at 25 years for the IPP Fmance VarIant and
35 Years for the World Bank Fmance VarIant

B 2 11 Summaty ofResults - IPP Fmance VarIant (Tables B 2 I-B 2 10)

The results of the Base Case analYSIS, whIch are presented on Table B 2-1, mdicate an EIRR of
14 8% The results of senSItiVIty analySIS to variations m Project Cost and fuel pnces are
presented m Tables B 2-2 to B 2-9 and summanzed m Table B 2-10 As can be seen from Table
B 2-10, EIRR's are found to range from 13 0 % to 163 % These results are conSIdered
reasonably attractive EIRR's partIcularly when one conSIders the benefit assocIated WIth
reductIOns m repaIr and mamtenance costs have not been mcluded

B 2 1 2 8ummaty ofResults - World Bank Vanant (Tables B 2 21-B 2 30)

The results of the Base Case analYSIS, whIch are presented on Table B 2-21, mdicate an EIRR of
15 1% The results of senSItIVIty analySIS to vanatIons m Project Cost and fuel pnces are
presented m Tables B 2-22 to B 2-29 and summanzed m Table B 2-30 As can be seen from
Table B 2-30, EIRR's are found to range from 13 4 % to 166 % Agam, these results are
conSIdered reasonably attractIve EIRR's partIcularly when one consIders the benefit assocIated
WIth reductIOns m repaIr and mamtenance costs have not been mcluded

These results are only margmally better than the IPP Fmance vanant because the only dIfference
IS that the project life has been mcrease to 35 years

5928-01 B/B2 Doc/9125/98 B-24

\\~



B 2 2 Fmanclal AnalysIs - TanffAssessment

The Fmanclal AnalysIs exammes tanffs and theIr affect on project cash flow The tanffs used m
the analysIs are assumed to be the tanff for the new Yerevan Combmed Cycle Plant at the plant
meters

Refernng to table B 2-11, the project cash flow IS defined as annual revenues from electncIty
sales mmus capItal expenses (EPC costs and Owner's costs) mmus operatmg expenses mmus
mcome taxes The mterest and pnncIpal payments shown are for purposes of calculatmg mcome
taxes The Fmanclal Internal Rate ofRetum (FIRR) IS an mdIcatIon ofhow attractIve the
ProJect's cash flow stream WIll be to potentIal mvestors as well as potentlallendmg mstItutIons
DetermImng the threshold FIRR value for a project to be attractIve IS dependent upon many
vanables that are dIfficult to determme For the IPP Fmance vanant, consIdenng the current
posture of mvestors m emergmg market countnes, an FIRR value of at least 16% mdIcates a
reasonably attractIve project For the World Bank Fmance vanant, FIRR values below 10% may
stIll be consIdered acceptable

•

Refernng to table B 2-11, the Debt ServIce Coverage (DSC) ratIo IS defined as annual revenues
from electncIty sales mmus operatmg expenses dIVIded by the loan's pnncIpal and mterest
payments The DSC ratIO IS an mdIcatIOn of the project's abIlIty to repay the loan For the IPP
Fmance vanant (a non-recourse or lImIted recourse project finance loan), 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 the first year or two of an IPP proJect's commercIal operatIon For the World •
Bank Fmance vanant, the same guldeimes generally apply In no case should a project's DSC
ratIO be below 10m any year

Key assumptIOns made m tills analySIS, m addItIon to those prevIously stated, mclude

1 The project IS 100 % debt fmanced

2 For the IPP Fmance vanant, loan repayment assumes a 12 % annual mterest rate, a 12-year
term, no pnncIpal repayment durmg constructIon, and umform pnncIpal payments dunng the
12-year loan penod

For the World Bank Fmance vanant, loan repayment assumes a 4 % annual mterest rate, a
35-year term, no pnncIpal repayment dunng constructIOn, a 10-year grace penod (startmg
from the commercIal operatIon date) on pnncIpal repayment and umform pnncIpal payments
dunng the balance of the 35-year loan penod

3 For the IPP Fmance vanant, straIght hne depreCIatIon over a 25 year plant lIfe

For the World Bank Fmance vanant, straIght hne depreCIatIon over a 35 year plant lIfe
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4 An mcome tax rate of25 % on net profits wIth a 2 year grace penod on Income taxes (the
first two years of operatIon) ThIs IS permItted by the Armeman tax codes

5 Levehzed one part tanff dunng the plant operatmg hfe

B 2 2 1 Summmy ofResults- IPP FInance Vanant (Tables B 2 11 -B 2 20)

Table B 2-11 presents the results of the financIal analysIs based on revenues from the output of
the Yerevan Combmed Cycle Plant at a project tanffof $0 045/kWh As can be seen from thIs
table, thIS tanffresults m a project FIRR of22 1% WhICh IS an acceptable result The resultmg
DSC ratIo of 13m the first year of operatIOn IS margmally acceptable

Table B 2-20 IS the summary of the vanous sensItIVIty cases As can be seen, decreasmg the
tanffto $0 040/kWh yIelds an acceptable FIRR of 185%, but the DSC ratIOS are too low
Further decreases yIeld even worse DSC ratIos Therefore, the conclusIon drawn IS that the tanff
rate for thIs project would need to be m the $0 045/kWh range m order to be funded through non
recourse or lImIted recourse proJect finance

SensItIVIty of the Base Case to (1) 10 % hIgher natural gas pnces and (n) 10 % hIgher plant
capItal costs are presented m Tables B 2-16 and B 2-18, and summanzed In Table B 2-20 As
can be seen, 10 % hIgher natural gas pnces and 10 % hIgher capItal costs WIll result m FIRR's of
20 4 % and 21 0 % respectIvely, whIch are acceptable However, DSC ratIOS m both cases fall to
12m the first two years whIch may be problematIc for lendIng mstItutions

The reported UnIform Armeman tariff at thIs date IS $0 027/kWh based on the contnbutIOns of all
electnc generatIng faCIlItIes m the country Therefore, a project WIth a tarIffm the $0 045/kWh
range may not be acceptable

B 222 Summmy ofResults- World Bank Fmance Vanant (Tables B 2 31 -B 240)

Table B 2-31 presents the results of the financIal analysIs based on revenues from the output of
the Yerevan Combmed Cycle Plant at a project tariff of$O 03/kWh As can be seen from thIs
table, thIs tanff results m a project FIRR of 104% whIch IS an acceptable result The resultmg
DSC ratIos of 1 6 - 3 1 are also acceptable

Table B 2-40 IS the summary of the vanous senSItIVIty cases As can be seen, decreasIng the
tarIffto $0 025/kWh yIelds a low FIRR of 5 9%, and unacceptable DSC ratIOS as low as 0 9
IncreasIng the tanffto $0 0275/kWh yIelds a margmally acceptable FIRR of 8 3 % but an
unacceptable DSC ratIO of I 2 dunng the fIrst year ofpnncipal payments Therefore, the
conclUSIon drawn IS that the tanffrate for tIns project would need to be m the $0 03/kWh range
for World Bank fInancmg

SenSItIVIty of the Base Case to (1) 10 % hIgher natural gas pnces and (n) 10 % hIgher plant
capItal costs are presented m Tables B 2-36 and B 2-38, and summanzed m Table B 2-40 As
can be seen, 10 % hIgher natural gas pnces and 10 % hIgher capItal costs wIll result m FIRR's of

• 95 % and 9 I % respectIvely, whIch are acceptable DSC ratIos In both cases are also acceptable
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Table B.2 - 20

SensItivity Cases

Financial Analysis

Parameter Value FIRR (%) DSC Table

Base Case 221 1 3 - 29 B 2-11
- Tanff = $0 045/kWhr
- Capital Cost = $237 5 MM
- Gas Pnce = $8 81/Gcal

Tanff $0030/kWhr 103 06- 1 3 B 2-12
$0035/kWhr 146 08 -1 8 B 2-13
$0040/kWhr 185 1 0 - 2 3 B 2-14
$0050/kWhr 256 15- 34 B 2-15

Total Capital Cost +10% 204 12- 2 6 B 2-16
-10% 242 14- 3 2 B 2-17

Gas Pnce +10% 21 0 12- 2 7 B 2-18
-10% 232 1 4 - 31 B 2-19

• •



• •
Table B.2 - 40

Sensitivity Cases

Financial Analysis

•

Parameter Value FIRR (%) DSC Table

Base Case 104 16- 31 B 2-31
- Tanff =$0 03/kWhr
- CapItal Cost = $237 5 MM
- Gas Pnce = $8 81/Gcal

Tanff $0 0250 IkWhr 59 09-18 B 2-32
$0 0275 IkWhr 83 12- 2 4 B 2-33
$0 0325 IkWhr 125 19- 3 8 B 2-34
$0 0350 IkWhr 144 22 -4 4 B 2-35

Total Capital Cost +10% 95 1 4 - 2 8 B 2-36
-10% 11 5 1 7 - 3 4 B 2-37

Gas Pnce +10% 91 1 4 - 2 7 B 2-38
-10% 11 7 18- 3 5 B 2-39



B 3 RIsk AnalysIs

PrOject nsk can be separated mto three categorIes

• PhYSICal and techmcal
• EconoIDlc and fmancIal
• Pohtical

RIsk IDltlgatlOn strategIes and actlOns assocIated WIth the development of the new combmed
Cycle Gas Turbme (CCGT) project can be lffiplemented m accordance WIth varlOUS protocols,
agreed m advance between the Owner and the relevant Governmental ffilllistnes

A PhySIcal and Techmcal RIsk

The Project SIte IS withm the eXIstmg Yerevan CHP plant area The area of prlffiary
phySIcal rIsk IS the seiSIDlC ratmg correspondmg to the hIghest degree of actIvIty on the
RIchter scale or Mercalh scale Consequently all new foundatIons and structures must
be desIgned accordmgly

•

Adjacent structures to the Project SIte, mcludmg the eXIstmg outdoor sWItchyard, must
be evaluated for resIstance to seiSIDlC stress and remforced where necessary Remote
structures whose mtegnty lffipacts drrectly on the CCGT plant operatIOn (such as the
coolmg tower and Its appurtenances), slIDllarly must be assessed An evaluatIOn must •
be prepared to determme the nature and extent, and consequent cost lffiphcatIOns of
these remforcements

TechnIcal rIsk analySIS relates entrrely to the certamty of performance of the CCGT
plant ThIS technology IS m advanced stages of rehabuity as IS eVIdenced by hterally
thousands of lllStallatIOns worldWIde Further, usage of natural gas backed up by No 2
dIesel 011 as the fuels of chOIce, pefIDlts the gas turbmes to operate at therr maxlffium
deSIgn condItIOns WIth consequent opturnzatlOn of performance effiCIency m the
combmed cycle mode Plant aval1abuities customarl1y approach 95 % for well
mamtamed mstallatlOns

PhySIcal and techmcal nsks are IDltlgated by selectlOn of hIghly rehable eqUipment
mstalled m an area WhICh has been constructed for maxlffium seiSIDlC load reSIstance

B EconoIDlc and Fmancial RIsk
(ThIS sectIOn IS extracted from World Bank Report No 17018-AM, dated Oct 28,
1997)

Compared WIth countnes WIth a less volatue recent hIStOry and a longer track record of
mdependence and reforms, the nsk IDltlgatlon lllStruments avaIlable to Armema are
qUite llIDlted Therefore, It IS most likely that speCIfic transactIons could only be
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financed by combmmg the avaIlable mstruments m a creatIve manner The mam
aVaIlable mstruments, and the scope of therr applIcatIOn IS dIscussed below

• Export CredIt Guarantees and/or 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 fmancmg 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
Wlule they are lIkely to start opemng for short-term busmess m the near future, thIS
may not be the case for medIUm and long-term fmancmg WhICh would be requrred
for most transactIOns m the power sector Nevertheless, If a specIfic transactIOn
were to mvolve a sIgmficant 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 nsk msurance for foreIgn drrect 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 Insurance covers eqUIty
mvestments and loans WhICh are made m COllJUllction WIth eqUIty mvestment
Coverage IS lImIted to "clasSIC" polItIcal nsks mconvertIbilIty and mabIlIty to
transfer, expropnatlOn, 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 (1) "B-loans", whIch are commercIal loans benefitmg from the
mvolvement of a multIlaterallllStItute (a so-called "A-loan" from IFC or EBRD),
WhICh mvolvement creates a perceIved "umbrella" as commercIal fmanclers
generally expect that loans mvolvmg these InStItutIOns will not be defaulted on, and
(11) Government guarantees WhICh are enhanced by a full fmancIaI guarantee of the
World Bank GIven Armema's llIDlted credIt worthmess, the scope for an A
loan/B-Ioan structure may be lmuted Nevertheless, It could prOVIde part of the
financmg 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 applIed only
as a last resort m order to lImIt Government (and World Bank) exposure

• Fuel Supply

In the case of a thermal power plant, the first nsk mvestors would worry about IS
the relIabIlIty of fuel supply The lack of fuel durmg the heIght of the blockade has
been wIdely publIcIZed, and the frequent payment arrears for gas delIvered by
Turkmemstan exacerbate the perceptIOn of nsk Imtial 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 responsIbIlIty, and all the assocIated nsks, WIth the Government 
It mIght be possIble to create a structure where the mvestor would enter mto a drrect
contract WIth a foreIgn gas supplIer whIle the Government would guarantee only
agamst the nsk of contract frustratIon as a consequence of carefully defined polItIcal
CIrcumstances ThIS would lmut 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 WIll mcrease the perceIved nsk on the part of the
mvestor ThIS nsk could easIly 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 dIrectly his/her share of the proceeds
of a sale by Armenergo to a dlstnbutIOn 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 dlstnbutIOn compames
The smgle buyer IS m fact procunng power on behalf of the dlstnbution 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' s performance under ItS contractual oblIgatIons It
should be noted that generators could contract dIrectly WIth the dIstnbutlon
company, subject to approval by the Energy COmmISSIon As the cntena for
approval are not yet clear, thIS optIOn wIll not yet proVIde effectIve comfort to
mvestors ThiS may change If clear cntena are spelled out m secondary legislatIon
As these oblIgatIOns would be slffiply those of a transmISSIon company (rather than
a long term PPA), thIS guarantee would result m slgmficantly less Government
exposure than a guarantee of Armenergo I s oblIgatIons under a long term PPA

•

•
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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 rIsks can be nutIgated by bIlateral
power contracts WIth dIstnbutIOn companIes or large consumers, a good track
record m the applIcatIOn of clear and stable market rules and good governance
mechanIsms of the power pool

Another element of perceIved nsk for domestIC sales IS the nsk assocIated WIth the
collectIOn performance of the dIstrIbutIOn companIes 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 econonuc
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 hIgWy undeSIrable If the problem were not
solved m substance The guarantee would SImply get called, WIth hIgh ImmedIate
costs to the Government

The better optIon would be to contmue on the present track allow dIstnbution
compames to Improve collectIOns, raIse pnces to econonuc levels, and buIld a track
record of solId finanCIal performance In addItIon, as soon as pOSSIble allow
mvestors m generatIOn to contract dIrectly WIth dIstnbution companIes, so that they
can select those companIes WhICh they perceIve as the strongest ThIS wIll m tum
prOVIde mcentives for the other dIstrIbutIon companIes to Improve theIr
performance

POlItICal RIsk

For electnc power exports, mvestors wIll definItely want to enter mto dIrect contracts
WIth theIr buyers The Energy Law pernuts thIS, but stIpulates that export transactIons
requIre a lIcense from the Energy comnussIOn ThIS allows the comnussIOn to prevent
export m case there are InsuffiCIent 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 requITe a guarantee agamst the fIsk of the Energy COIDmlSSIOn
unreasonably wlthholdmg or wlthdrawmg an export hcense In addItIOn, the mvestor
may requITe a guarantee of Armenergo I s performance m transmIttmg the power to the
border (slIDllar to the case of domestic sales dIscussed above) The transmISSIOn fIsk
on the other SIde of the border would usually be the Buyer's nsk

Investors WIll worry about claSSIC polItIcal nsk GIven the cross-border elements of
power generation transactIOns m Armema, these rISks WIll be of even greater concern to
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mvestors m generatIon RIsk nutIgatlon could be done through a combmatIOn of off-
the-shelf polItIcal fIsk msurance and Government/World Bank Guarantees •

The fIsks are mconvertlbIllty or mabIlIty to transfer currency, expropnatlon (m thIS
case maInly assocIated WIth possIble mterference WIth repatnatlon of profits), and war
and CIVIl dIsturbance Under present cIrcumstances m Armema, It seems unlIkely that
mvestors m the power sector would be prepared to take these nsks WIthout acceptable
nutIgatIOn through guarantees

Based upon mput 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 fIsks BIdders should be mVlted to mdlcate m theIr proposals whIch
rISks they would want to have guaranteed The document should say that precIse rIsk
coverage would be developed durmg negotIatIons between the wmmng bIdder, the
Government and the World Bank BIdders could be mVlted to contact the Government
and/or the World Bank for questIons on the potentIal scope of the guarantees

It may, however, be possIble to nutlgate these rIsks by buymg "off-the shelf" pOlItIcal
rIsk msurance 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 msurance for a transaCtIon mvolvmg a reputable mvestor WIth very strong
expenence m the power sector The U S agency OPIC has already mdlcated ItS
mterest m supportmg such a transactIon, and others nught follow Off-the-shelf
msurance would be a good solutIon, 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 mItigatIOn 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
mtematIOnal arbItration m a "neutral" country, and submIttmg the contract to the exclUSIve
JUrISdIctIOn 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 Armeman law presently does not allow arbItratIon provlSlons as outlmed
above m case the Armeman party to the transactIOn IS a publIc entIty (e g , the Energy
COmmISSIOn, state-owned transmISSIOn company) ThIS apparent prohIbItIOn IS expected to
be removed m 1998 m the context of the reVlSlon of the CIvIl code However, m any case,
Armeman law allows thIs type of arbItratIOn prOVISIons only by default, 1 e , because they
are not explICItly prohIbIted In order to reInforce 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 JUrISdIctIon of foreIgn courts over transactIons
mvolvmg Armeman partIes

3 The Energy Law stipulates "The legal acts of the Energy COmmISSIOn, except the
deCISIons WIth regard to the tarIffs, can be appealed to the court" (ArtIcle 29) It IS
unclear whether thIS effectIvely prohIbItS an mternatIOnal arbItratIOn prOVISIon to protect
the rIghts 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 rIghts and for the credIbIlIty of pOSSIble guarantees In
many cases, a call on the guarantee would not lead to a straIghtforward admISSIon 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 mIght be to mclude solId
arbItratIon prOVIsIons m the contract of sale (or conceSSIOn contract), wInch prOVIsIons
would extend to contract frustratIOn by the regulator A tlnrd SolutIon would be to rely on
a bIlateral Investment ProtectIon Agreement (IPA) - whIch takes precedence over the
Energy Law - to mc1ude m the lIcense arbItratIon prOVIsIons accordmg to the relevant IPA
Armema has concluded 26 bIlateral foreIgn Investment ProtectIon agreements, most of
whIch mclude prOVIsIons on arbItratIon These agreements have the status of mtematlOnal
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 approprIate
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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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THE TAX SYSTEM http //WWW lpanet net/documentsIWorldBankidatabaseslannema/tax htm

SUMMARY OF ARMENIAN TAX SYSTEM

.he followmg taxes and payments are m effect m Armerua

Taxes on Income, profits andproperty

profit tax • on profit oflegat entItles and enterpnses
wIthout the status oftegat entIty,

mcometax • on mcome of mdlvlduals,

property tax • on certam types of property

Taxes and dunes on goods and servIces

eXCIse tax • on spectfied products,

value added tax • on the CIrculatIOn of products and servIces,

Import duty • on goods Imported to or exported from
Armerua

Other taxes, fees and dunes

state dutIes • for legal and other sernces,

land tax • on land,

road fees • for the use of roads, and for advertlsmg of
certam type

natural preservatIOn tax • for the use of natural resources and for
enVIronment

• Taxes on Income, profits and property
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TIIE TAX SYSTEM

Income Tax

http /Iwww Ipanet netidocumentsIWorldBank/databasesiannema/tax htm

Tax IS a tax on a mdlVldual's annual mcome It IS levied at a progressive rate Personal CIrcumstances are taken •
mto account when making the assessment of the amount of tax to be paId, and certam expenses are tax-deductlbl
There are three tax rates 15, 25 and 30 percent

Profit Tax

Profit Tax IS leVIed on the taxable profit oflegal entItles, enterpnses wIthout the status oflegal entIty and
orgarnsatIons Partnershtps are also lIable for the profit tax An Important feature of the profit tax IS so called the
partIcIpatIOn exemptIon, whtch means that a company receIVIng dIvIdends does not have to pay profit tax on
dIvIdends smce the tax has been already paId by the company dlstnbutmg the dIvIdends There are two tax rates
the rate for the first 7 mIllIon Dram of taxable profit IS 15%, the rate for the remalrnng amount of taxable profit IS
25%

Property Tax

Property tax IS paId by the owners of the bUIldmgs and vehtcles on the value of that property The rates for the
buIldmgs vanes from 0 to 0 8 per cent and for vehtcles from drams 50 to 150 per horse-power

Taxes and duties on goods and services

ExCIse Tax

EXCise tax IS leVIed on certam consumer goods, 1 e petrol and some other mmeral ods, tobacco products, and
alcohol and alcoholIc beverages The tax IS paId by all manufacturers and Importers of the goods lIable to excIse •
tax The excIse tax, lIke VAT, IS mcluded m the pnce consumers pay for these goods and It has the same applIanc
both for foreIgn and domestIc persons The excIse tax rates are ranged from 15 per cent to 200 per cent

Value added tax (VA1)

VAT IS general consumer tax mcluded m the pnce consumers pay for goods and servIces (mcludmg Imported
ones) Consumers pay thts tax mdlrectly The VAT paId by one company to the other may be reclaImed from the
VAT to be paId to the Tax and Customs AdmIrnstratlOn There are two rates for VAT general rate of 20%, and
zero rate applIcable mamly to exported goods and servIces

Import duty

Import duty IS leVIed on Imported goods Thts usually amounts to a percentage of the value of the goods bemg
Imported There are two duty rates 10% and zero rate The latter IS applIcable to goods exported from Armerna

The general law on taxes

The Law "On Taxes" adopted on Apn114, 1997, effectIve from May 12, 1997, replaced the former "Law on
Taxes and DutIes", determmes the general taxatIOn pnnclples m Armerna

The Law also defines the concepts of taxes m the RepublIc of Armerna, the types of taxes, the objects of taxatIon -
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and taxpayers, the order of the settlement of controverSies, responsIbIlIty for the vIOlatIOn of the tax legislatIOn

.axpayers

Legal entItles, enterpnses Wlthout legal status and mdIVlduals are taxpayers m the RepublIc ofArmerua

Taxes are paId to the state or the local budgets of the Repubhc of Armerua

Types oftaxes

• Income tax
• Profit tax
• VAT
• ExcIse tax
• Property tax
• Land tax

Taxpayers nghts

Taxpayers have the nght to do the followmg

• famIhanse themselves wIth the acts regardmg the mspectIOn of theIr actiVities,

• present the tax admIrustratIOn bodIes explanations regardmg the calculatIon and payment-of taxes and m
• response to mspectlOn results

Taxpayersobhganons

Taxpayers are obhged to do the folloWlng

• calculate the amount of tax for the relevant accountmg penod (except property tax) In some cases tax
obhgatlon IS transferred to the tax agent (partIcularly, m case ofpersonal mcome tax) Tax agent may be a
legal entIty, enterpnse Wlthout legal status and sole entrepreneur,

• proVlde the Tax AdmInIstration bodies Wlth the documents and Information on calculatmg and paymg taxes
as speCified by legIslatlOn,

• present those documents whtch confirm theIr nght to any tax pnvlleges,

• make appropnate correctIOns to accountmg calculatIons for any amount ofludden or reduced taxable object
whIch was dIscovered as a result of the Tax AdmImstratiOn's InSpectiOn,

• present a wntten explanatIon descnbmg why he/she did not sign the act In the event that the taxpayer does
not agree With the facts of the Tax AdmInIstratIOn InSpectIOn

Taxpayers accept admInIstratIve responsIbIlIty for domg the followmg

• • not calculatmg Income or calculatIng It With gross VIOlatIOns of the speCIfied procedure,

• not presentmg a wntten statement, not presentmg the statement on time, or for usmg false InformatlOn 10 the
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statement,

• concealIng mcome (profit) or concealIng the amounts of other taxable objects,

• refusmg to pay taxes, or aVOldmg paymg taxes

Tax pnv.leges

The followmg tax pnvtleges can be establIshed by the law

• tax exemptIon

• reductIOn of the object of taxatIOn

• reductiOn of the tax

• term pnvlleges of tax calculatIOn and payment

• reduction of tax rate

• compensatIOns to the taxpayer

Umlateral double taxatIon aVOidance

•

The amount ofmcome (profit) receIved by taxpayer outsIde Annema as well as the value of the property sItuated
therem shall be mcluded to the total amount of taxable mcome (profit) or to the value of property sItuated m •
Annema and taken mto account at the calculatiOn of amount of taxes

The mcome or property tax prod by Anneman taxpayer m foreIgn countnes Armema shall be deducted from the
mcome or capItal tax payable m Armema, thereby, the reduced amounts can not exceed the tax amount, payable m
the RepublIc of Armema from the mcome (profit) receIved m foreIgn countnes

PROFIT TAX

In general

The tax year IS the calendar year

The Law "On Profit Tax" adopted on 30 September 1997 and effectIve from 1 January 1998, replaced the former
"Law on Profit Tax"

Taxpayers

Profit tax payers m Armema shall be resIdents and non-resIdents of Armema

a) ReSIdents of Armema are the legal persons and the enterpnses Without legal person status created m Armem1
(state registered) ~
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b) Non-residents of Armerua are the legal persons and the enterpnses Without legal person status created mother
countnes as well as mternatlonal orgarusatlOns, and legal persons or enterpnses Without legal person status created

.,y them outside Armema

ReSidents of Armerua are taxable on their taxable profits from all sources world-wide Armeruan legal entities,
mclud10g those With foreign participatIOn are taxable under the profit tax law on their taxable profits from all
sources world-Wide

Foreign legal entities operat1Og through representations 10 Armema are taxable on the taxable profits denved by
the representatIOns 10 Armerua as well as on mcome mdependently received from Armeman sources

Foreign legal entities receiVIng Income from Armeruan sources other than through a representatIOn (for example,
reCipients ofloan 1Oterest, diVidends, royalties, rentals, service fees and management fees) are subject to tax on the
gross amount of such 1Ocome

The object oftaxation

Object of taxatIOn for reSidents shall be the taxable profit denved 10 Armerua and outSide

Object oftaxation for non-residents shall be taxable profit denved from Armeruan sources

Determmation oftaxable profit

The taxable profit IS positive difference between gross 1Ocome oftaxpayer and deductIOns, envisaged by the
.present Law

Foreign legal entities may pay taxes either 10 drams (the Armeruan natIOnal currency) or 10 hard currency

Elements not conSIdered as mcome

Investments of the partiCipants (shareholders, stockholders, members) 10 the ownershIp capital, positive difference
between allocatIOn pnce and face value of shares, capital combmed for Jomt actiVity shall not be conSidered
mcome

PermItted expenses, cost ofproductIOn

The follOWing shall be conSidered as expenses

a) matenal expenses

b) labour reimbursement

C) penSIOn, unemployment, SOCial secunty payments

d) amortIsation allocations

e) Insurance payments

• 1) taxes, duties, other oblIgatory payments whIch are not subject to compensatIOn (or nettmg)
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g) mterest on loans, or other borroWIngs

h) fee for guarantees, letters of guarantee, Les, and other bankIng sefVlces

1) advertisement expenses

J) representative expenses

k) busmess tnp expenses

1) court expenses

m) reimbursement agamst mcurred losses

n) fines and penalties, unless envisaged otherWIse m trus Law

0) expenses on staff recruitment

p) audltmg, legal, other consolatory, mformatlOn and adIDlnlstratIve expenses

q) factonng, trust expenses

r) negative balance offorelgn exchange revaluation

s) expenses WIthin the prevIous three years found to be shown m a lesser amount

Elements not conSIdered as expenses

The followmg shall not be conSidered as expenses

a) dlstnbutlOn of taxpayer's ownersrup capital among the participants

b) mvestments of taxpayer m the statutory capital ofa trurd person

•

•
c) own shares repurchased by the taxpayer, or negative balance between realisatlOn pnce and face value of shares

Losses

Gross mcome shall be reduced to the extent of real losses (ordmary losses) not exceedmg the rates established by
the Government for property losses, mcurred m the current year

If the losses exceed the rates established by the Government, gross mcome may be reduced to the full extent m the
followmg cases

a) If the losses were compensated totally, or m parts by the person who caused the losses -wltrun the year of total
or m parts compensatlOn

b) If the person who caused the loss IS not found, and cnmmal proceedmgs are suspended - wltrun the current J

c) If the person IS acqmtted or accused - from the effective moment ofthe
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Deductions

• the amount of any losses that are the result ofsellmg or exchangmg property,

b the amount of any bUIldmg or property tax that has already been levIed,

c the amount of any means of transportatIOn tax that has already been levIed, and

d the amount of any other tax or payments whIch have been specIfied by RA legIslatIon

Depreciation for tax purposes ( depreciation offIXed assets)

Gross mcome shall be reduced to the extent of deprecIatIon of fixed assets m cIrculatIon

DepreCIatIOn IS gIven on a straIght-lIne basIs on hIstoncal cost DeprecIatIOn shall be estImated on the basIs of
folloWIng age terms

a) 20 years - bUlldmgs, constructIOns, and transfer devIces

b) 10 years - hotels, resort hotels,

c) 3 years - computers and electroruc eqUlpment, assembly lInes, robot eqUlpment

ed) 5 years - other fixed assets, mcludmg mvestments for groWIng cattle, plants, and land

DeprecIatIon penod ofmtangible assets shall be decIded by the taxpayer on the basIs ofpossIble penod of effectIve
use If It IS ImpOSSIble to determme the penod, It shall be set as 10 years, however not more than the penod of
taxpayer's actIVIty

Loss Carry-Over

Gross Income shall be deduced by the amount oflosses mcurred by the taxpayer dunng the preVIOUS years

Losses from taxpayer's actIvIty shall be transferred to the followmg years' gross mcome WIthout lImItatIOn of the
penod

Foreign tax rebef

Profit tax may be reduced by the amount of corporate Income tax paId In foreIgn countnes The reduction may not
exceed an amount equal to the tax calculated In Armema on the Income receIved abroad

Allowances and incentives (Investment allowance)

Capital gams

CapItal gams are mcluded m the taxable profit and taxed at the applIcable profits tax rate The gam IS the
.dIfference between the sellIng pnce and hIstoncal cost

DIVidends
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The reCIpIents of dIVIdends, whIch are resIdents of Armerua, and m certam cases non-resIdents of Armerua are
exempt from taxatIon m respect of dIvIdends, whether dlstnbuted or not Non-resIdents are taxable m respect of
dIVIdends receIved The amount of tax IS WIthheld at the source - •

Enterpnses wIth foreIgn Investments

If the share of a foreIgn mvestor m the eqUIty capItal of a resIdent (except banks) IS at least dram 500 mIllIon after
January 1, 1998, then the amount of the tax of the resIdent IS deducted by

then the profit tax amount of the resIdent wIth foreIgn
If the above mentIoned mvestment IS deducted by

amount of foreIgn mvestment
IS fulfilled m the year

100 percent m the years 50 percent m the years

1998

I
1999 & 2000

I
2001- 2008

1999 2000 & 2001 2002- 2009

2000 2001 & 2002 2003- 2008

20Q.! 2002 & 2003

I
2004- 2007

I
2002 2003 & 2004

I
2005- 2006

I
2003 2004 & 2005

2004 2005 & 2006

2005 2006 & 2007

2006 2007 & 2008

2007 2008 & 2009

•

If the taxpayer IS lIqUIdated wIthIn the penod mdIcated above, the profit tax IS estImated m total amount for the
f


whole penod ofactivity _
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Rates

.he profit tax rates are as follows

http //WWW Ipanet netidocumentsIWorldBank!databasesiannemaitax htm

Annual taxable profit less than dram 7 ffi1lhon 15% oftaxable profit

Taxable mcome over dram 7 ffi1lllon dram 1,05 ITIllhon plus 25% ofthe amount
exceedmg dram 7 ITIllhon

Profit tax from the mcome denved from orgamsatlOn and the carrymg out lottenes and gambhng games (mcludmg
carned out m casmo) shall be paid at the rate of70%

Partnershzps

Although the partnerships are not legal entities m Armema, for the purposes of taxatlOn they are treated as
corporate bodies and are taxed accordmg to proVisions of present Law

Consequently the mcome of the member of the partnership shall be treated as dividend

Taxation of Non-residents

Income denvedfrom Armenzan sources

.The followmg IS treated as mcome denved from Armeman sources

a) mcome denved by entrepreneurship ofa non-resident m the temtory of Armema

b) passive mcome received by a non-resident from a resident or non-resident of Armema

c) other mcome denved m Armema by a non-resident

The folloWIng IS conSidered as mcome from entrepreneurship m Armerua

a) mcome denved from sales ofgoods and products, performance ofworks and proVISion of servIces m Armema,
Irrespective of the place of payment

b) Income denved from IntermedIary activity m Armema

c) mcome denved from adnurustratlve, financial and Insurance services, Ifpayment of the Income IS conSidered as
expense of the paymg entity

•
Passive mcome IS the Income denved exclUSIvely by a tmrd party from the property or other assets proVIded or
mvested by a non-resIdent wltmn the temtory of Armerua

a) dIVIdends

b) mterest
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c) royalty

http Ilwww lpanet netldocumentsIWoridBanlJdatabaseslannerualtax htm

d) Increase In value of property, or other assets, resulting from ahenatlOn of property, or other assets •
In Armerua

e) adffilrustrative servIces

f) assIstance for the effectIve use of transferred property, or nghts

g) assIstance m mstallatlOn and operatIon of eqUIpment, assembly hnes, mecharusms, and deVIces

h) fee for Insurance, unless envIsaged otherwIse In legIslatIOn of Armerua

1) consultatIon, assIstance, or other servIces prOVIded for any sCIentIfic, Industnal, or trade proJect, or
management ofa Jomt venture

J) consultatIon, and serVIces provIded by foreIgn comparues to theIr subdIvIsIOns operatmg m Armerua

k) freIght ofgoods

1) medIator serVIces provIded to enterpnses for Import and realIsatIOn of goods

PartnershIps

Non-reSIdent member of the partnershIp IS taxable m respect of Income denved therefrom

The tax IS shall be charged at the source of payment by tax agent (gIven partnershIp)

Withholdmg tax
•

Withholdmg tax IS applIcable to dIVIdends, mterest, royalty and some other types of passIve mcome CollectIOn of
tax on profit denved m Armerua by a non-reSIdent shall be done by a tax agent, at the source of mcome In the
case of non-treaty country the rates are determmed by present Law as follows

Type ofIncome Rate

Insurance fees, FreIght 5%

DIVIdends, Interest, Royalty, Rental on lease of property, 15%

Increase of property value,

Other paSSIve Income (except the Income from freIght) as well as
other Income from Armeruan sources
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c) representmg the authonsmg person m Slgrung trade agreements, or performmg purchase orders

SubdIVIsIOn ofnon-resIdent and the place ofbusmess

..subdiVISion of a non-resident IS a separate subdlvlSlon ofthe non-resident registered m Armema

Place ofbusmess of a non-resIdent IS the actual place of entrepreneurslup of a non-resIdent wluch doesn't have a
subdiVIsIOn m Armerua

Place ofbusmess can be an office, agency, plant, factory, workshop, mme, 011, or gas ng, place ofgeological
research ofrrunerals, constructIOn sIte, servIce, assembly, mstallatlOn, supervISIOn ofeqUlpment

If the entrepreneurslup IS carned out through an entrepreneur agent, the place ofbusmess shall be the place of
locatIon ofthe entrepreneur agent

An entrepreneur agent IS a reSident legal person, enterpnse Without the status of a legal person, or physical person,
whose actIVity IS controlled by the non-resIdent through a letter of authonty, or m any other manner, and who
performs the followmg actIvity for the non-resident (authonsmg person)

a) arrangement of purchases, sigrung purchase, or other agreements

b) estabhshment ofcontractual agency relatIOnshIp With a thIrd party, regular accumulatIOn, and
storage ofgoods belongmg to the authonsmg person, dehvery of such goods on behalf of the
authonsmg person

•Tax returns and assessments

The profit tax IS calculated by the payee mdependently, usmg appropnate rates and tax pnVIleges Profit tax payers
shall subrrut tax calculatIOns, and finanCial reports to local Tax Inspectorate on annual baSIS, pnor to Apnl 15 of
the next year

Foreign legal entitles (representatIve offices) should present to the tax authontIes theIr activity reports along With a
declaratIOn on earned mcomes not later than Apnl 15th ofthe year next to the reportmg one

A taxpayer shall pay profit tax to the state budget pnor to Apnl25-th of the follOWing year

Advance payments ofprofit tax, m a manner dependmg on circumstances are enVisaged by the present Law

For certam taxpayers, and groups of taxpayers presumptIve tax IS enVisaged mstead of profit tax

INCOME TAX

In general

• The Law "On Income Tax" adopted on December 27, 1997 and effectIve from January 1, 1998, replaced the
former Law "On Income Tax", detenmnes the taxatIOn of personal mcome of mdlvlduals
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THE TAX SYSTEM

The tax year IS the calendar year

Taxpayers

Income tax payers In Armerna shall be

http Ilwww 'panet netidocumentsIWorldBankidatabasesiannemaitax htm

•
a) IndIVIduals, whIch are resIdents of Armerna ResIdents are hable for Income tax on theIr world-wIde Income

b) IndIvIduals, whIch are non-resIdents of Armerna Non-resIdents are taxable on the Income denved from a hmlted
number of Armernan sources

Pursuant to domestlc leglslatlon an IndiVidual shall be regarded resIdent In Armerna, if

• he (she) has a permanent place of resIdence In Armerna, or

• the person resIdes In Armerna any gIven 183 calendar days or more In any gIven 12 months penod
commencIng or firnshIng dunng the taxatIon year

ResIdents are taxed on their total gross Income, whIch IS the Income from all domestIc and foreIgn sources less the
associated expenses ThIs Income may be further reduced by certaIn deductIOns and allowances not dIrectly related
to a speCIfic source of Income The balance IS the total net mcome ThIs total net Income IS further reduced by the
deductIOns of personal allowances before tax IS leVIed The result IS the taxable amount

Several SOCial categones are automatically excluded (e g , mvallds, veterans, etc)

Tax base (taxable Income)

Object of taxatIOn for reSIdents shall be the taxable Income denved m Armerna and outSide

Object oftaxatIOn for non-reSidents shall be taxable mcome denved from Armernan sources

Exempt Income

•
CertaIn Income IS Income tax exempt m Armerna A bnef summary of exempt Items of Income IS speCIfied below

Tax on Armernan-source Income IS normally paid by deductIOn oftax at source Income from an overseas source
IS assessed on a yearly baSIS

Benefits m kmd are taxable The taxable benefit IS the cash eqUIvalent whIch IS generally defined as the market
'value of the benefit proVided

The follOWIng monetary (In drams offiCially m circulatIOn m the Repubhc of Armerna, as well as In foreIgn
currency) and In-kmd mcomes received by IndiViduals shall be subject to taxatIOn

• mcomes denvIng from ImplementatIOn of labour and clvd and legal agreements,
• authors royalties,
• Incomes denvIng from busmess actiVities,
• Incomes denvIng from leasmg of property,
• Incomes denvIng from share capital partiCipatIOn, secuntles and depOSit payments, as well as
• other mcomes In-kmd (non-monetary) mcomes shall be taxed In complIance WIth the State fixed
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• pnces of the commoditIes, and In the absence of such pnces, In complIance With market pnces,
• pursuant to the order establIshed by the Government of the RepublIc of Armema

acomes In foreign currencies shall be recalculated In drams, officially In CirculatIon In the RepublIc ofArmerua,
baSIng on the exchange rate defined by the Central Bank of the RepublIc of Armema as of the day of receIVIng
such Income

Rates

The Income tax rates are as follows

Annual Income less than dram 96,000 0% oftaxable Income

Annual Income form 96,000 to 216,000 • 15% ofthe amount above dluUI ~~,~~~

Annual Income form 216,000 to 416,000 dram 18,000 plus 25% ofthe amount
above dram 216,000

Annual Income above 416,000 dram 68,000 plus 30% ofthe amount
above dram 416,000

Returns and assessments Payments

•

Ifa taxpayer's only Income IS from employment (whIch IS subject to WithholdIng tax at source), the IndiVIdual IS
not reqUIred to file an Income tax return With the tax authontles

Where there IS a further tax lIabllIty, a return must be filed by taxpayer untll March 1 of the year that follows the
year under conSIderatIOn The Income tax shall be paid untIl May 1 of the year that follows the year under
consideratIOn

Partnerships

Although the partnershIps are not treated as legal entities In Armema, for the purposes of taxatIOn they are treated
as corporate bodies and are taxed accordIng to proVISions ofProfit Tax Law

Non-residents

Some allowances and deductIons are not permItted for non-residents the follOWIng Income of non-residents IS
subJect to Armerua Income tax

Income from employment, compnsIng employment exercised in Armerua on behalf of a foreIgn employer,

Income from Independent servIces,

director's fee,

• Income from Armema regIstered partnershIp,

Income from real estate
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Income from usage of movable property

Social security contributIOns

In general

http //www tpanet netldocumentsIWorldBankldatabases/annema/tax htm

•
The Law liOn oblIgatory social msurance paymentsll adopted on December 26, 1997 and effective from January
1,1998, replaced the former

Taxpayers

Pursuant to the present Law Armeruan employers (legal entitles and enterpnses without the status of legal entity)
as well as employees (citizens of Armerua) are lIable to make contnbutlOns to the social Insurance fund

Taxable base

Any mcome denved from labour relatIOns, mcludmg any monetary payment or matenal value, received by
employee

Rates

The total amount of contnbutlOns, wmch are deductible for profit and mcome tax purposes, IS establIshed as
follows

In respect of employer

Object of taxatIOn per capita Social payments

rates (per cent) tax amount

Up to and mcludmg 8 tlmes the nurumum salary 32 32 per cent of taxable object

For the amount exceedmg 8 times the nurumum 27 40 per cent of the nurumum
salary up to and mcludmg 16 times the nurumum salary plus 27 per cent of
salary taxable object

For the amount exceedmg 16 times the nurumum 22 120 per cent of the nurumum
salary salary plus 22 per cent of

taxable object

In respect of employee

•
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• per cent from the gross amount of salary receIved

The employer IS responsIble also for calculatIon and payment of employees' portIOn of socIal secunty
contnbuttons

In respect of self-employed persons (sole entrepreneurs and mdlvlduals carrytng on mdependent personal servIces)

20 per cent of total annual mcome

The amount of 13 tImes of the mmlmum salary per annum IS establIshed as maXImum monthly contnbutIOn of
employee and employer together

ForeIgn legal entItIes are subject to the SOCIal secunty fund contnbutlOns If they are employmg local employees

Double taxatIOn aVOidance

Taxtreanes

Currently Armerua has effectIve double taxatIOn conventIOns for the aVOIdance of double taxatIon and preventIon
of fiscal evasIon WIth respect to taxes on mcome and on capItal WIth 6 countnes Income tax paId m that countnes
by Armeman reSIdent may be effectIvely offset agamst IndIVIdual Income tax payable In Armerua and VIce versa

elfno conventIon IS applIcable the tax relIef may be obtaIned on the baSIS of the urulateral prOVIsIon ofthe mternal
law for the preventIOn ofdouble taxatIon These Include a famtly home, duratIOn ofpresence In Armerua and some
other The legal prOVISIons stIpulate the pnnclples of determtnatIOn ofthe reSIdence

NatIOnalIty IS not a determtrung factor, but It may be relevant In some cases

Armeruan dIplomats and theIr CIVIl servants servIng abroad remam reSIdents of Armerua ForeIgn dIplomats and the
staff of certaIn InternatIOnal mstltutIons are exempt from Armeruan Income tax

The Income amount receIved by taxpayers ofthe RepublIc ofArmerua outSIde the Republic ofArmerua shall be
mcluded In the aggregate total Income amount subject to taxatIOn In the RepublIc of Armerua, and such amount
shall be taken mto conSIderatIon when defirung the tax amount

The mcome tax amount leVIed In the RepublIc of Armerua shall be decreased by the tax amount, whIch have been
leVIed from the taxpayer of the Repubhc of Armerua In foreIgn countnes In confOrmtty WIth the legIslatIOn of such
countnes

To thIs end, the decreased amounts shall not exceed the tax amounts payable In the RepublIc of Armerua

e Value added tax (VAT)

In general, all busmesses should regIster for VAT purposes before they begIn operatIOns, even If they are m
busmess that IS conSidered as VAT exempt

150f20 06/19/98095403
))



THE TAX SYSTEM http Ilwww .panet netldocumentsIWoridBankldatabaseslannemaltax htm

Accordmg to the Law "On Value Added Tax", adopted on May 14, 1997, VAT shall be charged on any supply of
goods and services or Import ofgoods and services as well as self-consumptlOn performed by a taxable person •

A supply of goods IS a transfer of ownersmp to other person for conslderatlOn to entitle It to dispose the
transferred possession

A supply of services IS a transaction based on acts done by a person for consideration It mcludes transfer (sale) of
any obhgatlOn, nghts or mtanglble assets, as well as lease of goods

Self-consumptlOn Itself IS a supply of goods and services to an entrepreneur, employees or other persons In
addltlOn, self consumption IS compnses non-received part ofvalue, that is below the market value of supply of
goods and services

The VAT paid for active parts of the fixed assets and non-matenal assets may be offset agamst the VAT collected
for the fixed assets when are put mto production and for non-matenal assets after bemg recorded m the accountmg
journals

a) the entire amount If their statutory value does not exceed three hundred times the rntmmum monthly wage,

The VAT paid for the fixed assets that are not for production purposes can not be offset and is mcluded mto the
mstoncal cost of the assets and are subject to depreciation

b) dunng the penod of SIX months m equal parts, If the value exceeds the three hundred times of the rntmmum
monthly wage

Rates

There are two rates ofVAT 20% and 0%

At present the rate of the VAT tax shall be deterrntned

20% oftaxed clrculatlOn ofgoods (labour and sefV1ces) of productive and

•
techmcal sigmficance, which are reahsed at free pnces and tanffs, as well as at stately regulated wholesale pnces
and tanffs,

For goods of productive and techmcal slgmficance mdustnal-techmcal products and services, sold at free-market
pnces and tanffs, as well as state-fixed wholesale pnces and tanffs - 20%

For consumer products, and services sold on state-fixed pnces and tanffs that mclude VAT - 1667%

The same rate of 1667 percent IS apphcable to resale (retaIl ofconsumer goods, catenng, mtermedlary actiVities,
brokerage, etc ), and dehvery of services, the cost ofwmch mcludes the 20 percent VAT

- for those commodities (labour and services), the pnces and tanffs of wmch already mclude the value-added tax at
the rate of 16,67%

Payment and filIng

160f20 06/19/98095'
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In the gIVen penod the VAT due to the budget IS calculated as the dIfference between VAT collected m the same
penod from customers and the VAT paId for row matenals, fuel, works and servIces used for productIOn purposes.n the same penod, as well as the VAT paId for the products (for wholesalers), the VAT paId to other supplIers for
actIve parts of the fixed assets and non-matenal assets

Non-bank loans are mcluded m turnover on whtch VAT must be collected

In partIcular If the place ofproVldmg services IS the Repubhc of Armema, the turnover wIll be subject to VAT
regardless of the resIdence status ofa reCIpIent

The object ofthe taxation and the tax Circulation

A taxatlOn object shall be the clrculatlOn of realIsatIon of all the goods, executed labour or provided services, as
well as

1) the reahsatlOn clrculatlOn of exchange ofgoods (labour or services) With other goods (labour or services)
WIthout cash Identity or the reahsatlOn by partial mdemruty,

2) the reahsatlOn circulatIOn ofthose goods (labour or sefV1ces) withtn the enterpnse, targeted to ItS own
consumptIon, the expenses ofwhtch are not mcluded m the cost of product (labour or services), as well as the
realIsatlOn Circulation ofgoods (labour or services) to the employees of the enterpnse,

3) the realIsation CirculatIon ofgoods (labour or sefV1ces) provided Without mdemruty or at partIal mdemruty to
other enterpnses or CItIzens, mcludmg the employees ofthe enterpnses except the fixed assets and stock which are

•
transferred from a state enterpnse to the balance of other state enterpnse WIthout mdemmty m confOrmIty With the
order estabhshed by the leglslatlOn of the RA

Zero-rated supplies

Pursuant to the Law some groups ofsupphes and sefV1ces, mamly related to the exports, are subject to 0% VAT
rate

IMPORT DUTIES

In general

Customs dutIes are leVied on all legal and other entIties and mdIVlduals Importmg goods to Armerua There are
two rates of customs duties 0 and 10 per cent The Import of goods to Armerua by mdividuais IS taxable over the
amount equal to $ US 500 The customs fee IS equal to 0 3 per cent, WIth the cedmg equal to 600 000 Armeruan
Drams

ExemptlOns from customs duties are as follows

• transit ofgoods through the temtory of Armerua

• • the temporary entry ofgoods on the temtory of Armerua

• the export of goods from Armerua

170[20 06119/98 09 54 03
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The individuals may Import dungs designed for their personal use without payment of customs dutIes

The indiVIduals whIch amve to the Repubhc of Armerua with the intention of permanent hVIng may Import Into the •
Repubhc of Armerua theIr thIngs without payment of customs duties

The citizens of the Repubhc of Armerua may Import Into the customs temtory of the Repubhc of Armema their
mhentance property (received abroad) without payment of customs duties after submIssion to the customs bodies
ofthe Repubhc of Armema the correspondmg documents ofmhentance

EXCISE TAX

In general

Adopted by NatIOnal Assembly on June 23, 1997

All excise goods exported from Armema are taxed at 0 per cent rate

Taxpayers

Producmg/sellmg, and lffiportmg enterpnses, orgamsatlOns, compames, entrepreneurs, and citizens

For the goods (productIOn) whIch are made (produced) withIn the terntory ofArmema from the matenal provided
by the customer who IS not registered m Armerua, the excise tax shall be paid by the manufacturer (producer)

Taxable objects

The excise tax shall be paid from the proceeds received from the sale ofgoods subject to excise tax

The object of taxatIOn for the goods produced m Armema shall be their sale turnover at delIvery pnces (without
VAT)

The excise tax shall be paid on fish caViar, beer, grape wmes, wme raw matenal, alcohol, tobacco, petrol, dIesel,
fur, wool (except mIhtary, and labour Jackets made of sheep wool), clothes from natural leather, crystal, and
porcelam Items, Jewellery, costume Jewellery, vehIcles

Taxed turnover for any payments, exchange, or free prOVISion ofgoods subject to excise taxatIOn shall be
estimated on the baSIS of trade pnces used by the taxpayer (on the baSIS of market pnces, If the these are
unavatlable)

Rates

The followmg excise tax rates shall be effective

•
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•

•

Code Name Rate (%)

160430 100 caVIar 200

2203 beer 50

2204,2205,2206 grape wme, wme raw matenal 50

2207,2208 alcohol 125

2402 cIgars, cIgarettes WIth tobacco, and tobacco 100
substItutes

271000270 petrol 35

2710 00 290

2710 00 320

271000340

2710 00 360

2710 00590 dIesel fuel 10

4203 clothes from natural leather 25

43 01, 43 02, 43 03 natural fur, and Items made of It 25

4303 10300 ofwhIch ffilbtary/labour jackets from sheep wool 0

6911, 7013 31 crystal and porcelam Items

I
25

1

7113, 7114, 7115, 7116, jewellery, costume jewellery D7117

8703 vehIcles 15
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Presumptive taxes may be estabhshed for goods Imported to Armema

Assessment

Tax payers Independently detemune the amount of excise tax that they must pay - taking Into consideratIOn the
volume of products sold that are subject to excise tax.

Exemptions

The follOWing shall not be subject to excise tax

• Sale of goods for export (mcludmg export to the CIS)

• Goods Imported by offiCials of foreign embaSSies, and consulates for offiCial use, goods Imported by the
chiefs, diplomatiC personnel, administrative/technical staff of dIplomatIc representatIve offices, consul,
consulate personnel and members of their famthes for personal use

• Goods Imported by individuals, Ifless than the taxed quantity, as defined by the customs law

• Goods on transit through Armema

• Goods Imported to Armema WIthin the framework of humamtanan aSSIstance, and rehef programs

• The temporary entry ofgoods on the temtory of Armema

• Goods Imported to Armema, which were previously temporanly exported

Terms and Procedure ofEstImating the Tax

The amount of tax shall be estImated by the taxpayer, on the baSIS of

1) Taxed turnover, and the excise tax rates fixed for the goods produced In Armema

2 ) Customs tanffs, and the eXCIse tax rates fixed for the goods Imported to Armema,

•

•

of which the tax amount per lItter ofgoods under the code number 2203 shall not be less than dram eqUivalent of
$0 35, per lItter of alcohol under the code numbers 2204, 2205, and 2206 - less than dram eqUivalent of $1 5, per
htter of alcohol under the code number 2207 - less than $1 2, per htter of alcohol under the code number 2208 
less than $3 75, per ton of goods under the code numbers 271000270,2710 00 290,271000320,271000340,
and 2710 00 360 -less than dram eqUivalent of $60, and per ton of goods under the code number 271000 590 ~

less than dram eqUivalent of $15

The eXCIse tax on goods Imported to Armema shall be paid In the Customs House, at the moment of Importing
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Net Planl Capaclly,MW
Yerevan Combined Cycle Plant 381 2
Existing Yerevan Plant (2x150 MW) 300

Capllal Cos! Expendllure Schedule /Iyr
Year 1 000
Year 2 676
Year 3 7297
Year 4 1627

INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost million SUS

CommerCial Operation Date Jan 2004
Plant life years 25

•
911 0196 16 02
H \Etd\CaroIlGoodman\ECOCB4 xIs

•
TABLE B 2-1 BASE CASE

Net Plant Heat Rales. KcallKwh KcaflKwh BtulKwh
Yerevan Combined Cycle Plant 1759 6976
Existing Yerevan Plant 2992 llB66
ExiSting MazuVGas Fired Plants 2992 llB66

EXisting / age of Flrfng on Mazut 12
Existing / age of Firing on Gas BB

Caoaclly Factors. 0/
Yerevan Combined Cycle Plant 60
Exlsbng Yerevan Plants 70

S02 NOX CO2 Part

Emission Values ($Ilon! 400 250 7 100

Emission Rates (kglhrl
Yerevan Combined Cycle Plant 0 117 104167 0
Exisllng Yerevan Plant (2x150 MW) 270 7BO 221476 420

2375

Ratio
1488'/

B61
1311

•

Fuel Prices
Natural Gas $IGcal
Mazut $IGcal

513 232 745 331 12 56 06 03
513 232 745 331 12 5B OB 03
513 232 745 331 12 5B 06 03
513 232 745 331 12 56 06 03
513 232 745 331 12 58 08 03
513 232 745 331 12 56 DB 03
513 232 745 331 12 5B DB 03
513 232 745 331 12 5B 08 03
513 232 745 331 12 58 06 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 DB 03
513 232 745 331 12 5B DB 03
513 232 745 331 12 5B 06 03
513 232 745 331 12 58 08 03
513 232 745 331 12 56 06 03
513 232 745 331 12 56 08 03
513 232 745 331 12 56 06 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 5B DB 03
513 232 745 331 12 5B 06 03
513 232 745 331 12 56 06 03
513 232 745 331 12 56 DB 03
513 232 745 331 12 5B DB 03

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
2026

CAPITAL
COST

$ MILLIONS

00
206
1733
434

WITH PROJECT"
YEREVANCC

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

FUEL COST $ MILLIONS
WITHOUT PROJECT"

OLD YEREVAN OTHER GASIMA2UT FIRED UNITS TOTAL

BENEFITS $ MILLIONS
DIFFERENTIAL AIR EMISSION REDUCTION
FUEL COST NOX C02 S02 Part

NET
BENEFITS

TOTAL $ MILLIONS

00 00
00 20 B
00 1733
00 -434
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411

EIRR(%)= 14 B/



INPUT DATA AND ASSUMPTtONS
Yerevan Capital Cost mJlhon SUS 261 3

Net Plant Capac!!V.M'll'
Yerevan Combined Cycle Plant 381 2
ExIsting Yerevan Plant (2x150 MW) 300

Capital Cost Expenditure Schedule 0/ Iyr
Year 1 000
Year 2 876
Year 3 72 97
Year 4 1827

Commercial OperatIOn Date Jan 2004
Plant LIfe years 25

••

TABLE B 2-2 Capital Costs + 10%

9/10/981603
Net Plant Heat Rates, KcallKwh KcallKwh BlulKwh H IEtdlCarol\GoodmanlECOCB4 xis
Yerevan Combined Cycle Plant 1759 6976
Ex,sbng Yerevan Plant 2992 11866
Ex,sbng MazuUGas Fired Plants 2992 11866

Exlsbng / age of Flnng on Mazut 12
Existing 0/ age of Flrtng on Gas 88

Capacity Factors, 0/
Yerevan Combined Cycle Plant 80
ExIsting Yerevan Plants 70

S02 NOX CO2 Part

EmIssion Values (Sllon) 400 250 7 100

EmiSSion Rates lkglhr)
Yerevan CombIned Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2x150 MW) 270 780 221476 420

FUEL COST S MILLIONS BENEFITS SMILLIONS NET
WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

OLD YEREVAN OTHER GAs/MAZUT FIRED UNITS TOTAL FUEL COST MQ2\ CO2 SQZ Part TOTAL SMILLIONS

00 00
00 229
00 1906
00 -477

513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411
513 232 745 331 12 58 08 03 411 411

EIRR(%)= 134/

RatiO
1488/

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

WITH PROJECT"
YEREVANCC

881
1311

00
229
1906
-477

CAPITAL
COST

SMILLIONS

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

Fuel Pnceji
Natural Gas SIGcal
Mazut $IGcal
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TABLE B 2·3 Capital Costs· 10%

Net Plant Capaclly,MW
Yerevan Combined Cycle Plant 381 2
Existing Yerevan Plant (2x150 MWI 300

Capital Cost Expenditure Schedule %/yr
Year 1 000
Year 2 876
Year 3 7297
Year 4 1827

INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost million SUS

Commercial Operallon Dale Jan 2004
PlanlUle years 25

9/10/991604
H IEtdlCaroilGoodmanlECOCB4 xisNet Plant Heal Rates KcallKwh KcallKwh Btu/Kwh

Yerevan Combined Cycle Plant 1759 6976
Existing Yerevan Plant 2992 11866
Existing MazuUGas Fired Plants 2992 11866

Existing %age of Firing on Mazut 12
Existing %age of Firing on Gas 88

Capacity Factors, /
Yerevan Combined Cycle Plant 80
Existing Yerevan Planls 70

S02 NOX CO2 Part

Emission Values ($/tonl 400 250 7 100

Emission Rates Ikgihrl
Yerevan Combined Cycle Plant 0 117 104167 0
Exlsllng Yerevan Plant (2x150 MWI 270 780 221476 420

2138

RatiO
1488/

881
1311

Fuel Prices
Natural Gas $/Gcal
Mazut $/Gcal

513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 59 09 03
513 232 745 331 12 59 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 09 03
513 232 745 331 12 58 09 03
513 232 745 331 12 59 09 03
513 232 745 331 12 59 08 03
513 232 745 331 12 59 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03
513 232 745 331 12 58 08 03

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

CAPITAL
COST

$ MILLIONS

00
187
1560
391

WITH PROJECT'
YEREVANCC

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

FUEL COST $ MILLIONS
WITHOUT PROJECT'

OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS
DIFFERENTIAL AIR EMISSION REDUCTION
FUEL COST NOX C02 502 Part

NET
BENEFITS

TOTAL SMILlIONS

00 00
00 197
00 1560
00 391

411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411
411 411

EIRR(o/) = 163%



CommercIal OperatIon Date Jan 2004
Plant LIfe years 25

INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost mllhon SUS 237 5

Net Plant Capaclty,MW
Yerevan Combined Cycle Plant 381 2
ExIstIng Yerevan Plant (2x150 MW) 300

CapItal Cost ExpendIture Schedule 0/ /yr
Year 1 000
Year 2 876
Year 3 7297
Year 4 1827

••

TABLE B2-4 Mazut =140% of Gas

9/10/981609
Net Plant Heat Rates, KcallKwh KcallKwh BtulKwh H IEtcf\CaronGoodmanIECOCB4 xis
Yerevan Combined Cycle Plant 1759 6976
Ex.sbng Yerevan Plant 2992 11866
Ex.sbng MazuUGas FIred Plants 2992 11866

ExIstIng / age of Flnng on Mazut 12
Exlsbng / age of FIring on Gas 88

Capaclly Faclors, %
Yerevan CombIned Cycle Plant 80
ExIstIng Yerevan Plants 70

S02 NOX CO2 Part

Emission Values I$/Ion) 400 250 7 100

EmissIon Rates Ikglhr)
Yerevan CombIned Cycle Plant 0 117 104167 0
Exlsllng Yerevan Plant (2x150 MW) 270 780 221476 420

FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL FUEL COST NQX CO2 S02 Part TOTAL $ MILLIONS

00 00
00 208
00 1733
00 -434

508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404
508 230 738 324 12 58 08 03 404 404

EIRR (/) = 145%

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

WITH PROJECT"
YEREVANCC

881 &!J!Q
12334 1400/

00
208
1733
-434

CAPITAL
COST

$ MILLIONS

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

Fuel Pnces
Natural Gas $/Gcal
Mazut $/Gcal



• • •TABLE B 2-5 Mazut = 130% of Gas

Commercial OperatIon Date Jan 2004
Plant lire years 25

Net Plant Capaclty,MW
Yerevan Combined Cycle Plant 381 2
EXlsbng Yerevan Plant (2x150 MW) 300

Capital Cost ExpendIture Schedule /o/yr
Year 1 000
Year 2 876
Year 3 7297
Year 4 1827

881 Rallo
11453 1300/

9/10/981609
H IEld\CaroIIGoodmanIECOCB4 xisNet Plant Heat Rates, Kcal/Kwh KcallKwh BtulKwh

Yerevan Combined Cycle Plant 1759 6976
Existing Yerevan Plant 2992 11866
Ex/sUng Mazut/Gas Fired Plants 2992 11866

Exlsllng / age of FIring on Mazut 12
Existing / age or FIring on Gas 88

Capacily Factors, 0/
Yerevan Combined Cycle Plant 80
Existing Yerevan Plants 70

S02 NOX CO2 Part

Emission Values ($Ilon) 400 250 7 100

Emission Rates (kglhr)
Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2x150 MW) 270 780 221476 420

2375
INPUT DATA AND ASSUMPTIONS
Yerevan CapItal Cost mllhon SUS

Fuel Pnces
Natural Gas $/Gcal
Mazut $/Gcal

502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03
502 227 730 316 12 58 08 03

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

CAPITAL
COST

SMILLIONS

00
208
1733
-434

WITH PROJECT"
YEREVANCC

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

FUEL COST $ MILLIONS
WITHOUT PROJECT"

OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS
DIFFERENTIAL AIR EMISSION REDUCTION

FUEL COST NOX C02 S02 Part

NET
BENEFITS

TOTAL S MILLIONS

00 00
00 208
00 1733
00 434
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395
395 395

EIRR(/) = 142%



CommercIal Operation Date Jan 2004
Plant Life years 25

INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost million SUS 2375

Net Plant Capaclly.MW
Yerevan Combined Cycle Plant 381 2
Ex'5l1ng Yerevan Plant (2x150 MW) 300

CapItal Cost expenditure Schedule %/yr
Year 1 000
Year 2 876
Year 3 7297
Year 4 1827

••

TABLE B2 6 Mazut = 120% of Gas

9/10/98 16 09
Net Plant Heat Rates KcallKwh KcallKwh BtulKwb H IEfdlCarofiGoodman\ECOCB4 xis
Yerevan Combined Cyde Plant 1759 6976
existing Yerevan Plant 2992 11866
existing MazuUGas Fired Plants 2992 11866

ExIsting %age of Fonng on Mazut 12
Exlsllng %age of Flnng on Gas 88

Capacity Factors. /
Yerevan Combined Cycle Plant 80
existing Yerevan Plants 70

S02 NOX CO2 Part

Emission Values IS/lon) 400 250 7 100

EmiSSIon Rates Ikglhr)
Yerevan Combined Cycle Plant 0 117 104167 0
Exlsllng Yerevan Plant (2x150 MW) 270 780 221476 420

FUEL COST SMILLIONS BENEFITS $ MILLIONS NET
WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL FUEL COST t:!QX CO2 S02 Part TOTAL $ MILLIONS

00 00
00 208
00 1733
00 -434

497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387
497 225 721 307 12 58 08 03 387 387

EIRR(%)= 139/

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

WITH PROJECT"
YEREVANCC

881 Bm!Q
10572 1200/

00
208
1733
-434

CAPITAL
COST

$ MILLIONS

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

•

Fuel Pnces
Natural Ga. $/Gcal
Mazut $/Gcal

-



• • •TABLE B 2·7 Mazut = 110% of Gas

Net Plant Capaclty,MW
Yerevan Combined Cycle Plant 381 2
Ex,stlng Yerevan Plant (2x150 MW) 300

Capllal Cosl ExpendIture Schedule %/yr
Year 1 000
Year 2 876
Year 3 72 97
Year 4 1827

INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost million SUS

Commercial Operabon Date Jan 2004
Plant Ule years 25

9/10/981610
H \Etd\Caro~Goodman\ECOCB4 xisNet Plant Heat Rates, Kcal/Kwh KcallKwh Btu/Kwh

Yerevan Combined Cycle Plant 1759 6976
Ex,sllng Yerevan Plant 2992 11866
Existing MazuUGas Fired Plants 2992 11866

Ex,sllng / age of Firing on Mazut 12
Existing / age of Firing on Gas 88

Capacity Factors, 0/
Yerevan Combined Cycle Plant 80
Existing Yerevan Plants 70

S02 NOX ~ Part

Emission Values ($/Ion) 400 250 7 100

Emission Rates (kolhr)
Yerevan Combined Cycle Planl 0 117 104167 0
Ex,sllng Yerevan Plant (2x150 MW) 270 780 221476 420

2375

IMQ
1100%

881
9691

Fuel Pnces
Natural Gas $/Gcal
Mazul $/Gcal

491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03
491 222 713 299 12 58 08 03

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

CAPITAL
COST

$ MILLIONS

00
208
1733
-434

WITH PROJECT"
YEREVANCC

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

FUEL COST $ MILLIONS
WITHOUT PROJECT"

OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS
DIFFERENTIAL AIR EMISSION REDUCTION

FUEL COST NOX C02 S02 Part

NET
BENEFITS

TOTAL $ MILLIONS

00 00
00 208
00 1733
00 -434
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378
378 378

EIRR (I)" 136%



INPUT DATA AND ASSUMPTIONS
Yerevan Capital Cost million SUS 2375

Net Plant Capaclty,MW
Yerevan Combined Cycle Plant 381 2
ExIsting Yerevan Plant (2x150 MW) 300

Capital Cost Expendllure Schedule Ilyr
Year 1 000
Year 2 876
Year 3 72 97
Year 4 1827

Commercial Operalion Date Jan 2004
Plant Llle years 25

••

TABLE B2 8 Mazut = 100% of Gas

9110198 16 10
Net Plant Heat Rates KcallKwh KcaVKwh BtulKwh H IEtdlCarol\GoodmanlECOCB4 xis
Yerevan Combined Cycle Plant 1759 6976
Existing Yerevan Plant 2992 11866
Existing MazuVGas FIred Plants 2992 11866

Existing %age of Flnng on Mazut 12
Existing 0/ age of Flnng on Gas 88

Capacity Factors, 'I
Yerevan Combined Cycle Plant 80
ExistIng Yerevan Plants 70

S02 tillX CO2 Part

Emission Values 1$lton) 400 250 7 100

Emission Rates Ikglhr)
Yerevan Combined Cycle Plant 0 117 104167 0
Exlstln9 Yerevan Plant (2x150 MW) 270 780 221476 420

FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

OLD YEREVAN OTHER GAs/MAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

00 00
00 208
00 1733
00 -434

485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370
485 219 704 290 12 58 08 03 370 370

EIRR(%)= 133%

RatiO
1000%

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

881
881

WITH PROJECT"
YEREVANCC

00
208
1733
-434

CAPITAL
COST

$ MILLIONS

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

Fuel Prices
Natural Gas $IGcal
Mazut $IGcal

--



• • •TABLE B 2·9 Mazut = 90% of Gas

Net Plant Capaclty,MW
Yerevan Combined Cycle Plant 381 2
EXlsling Yerevan Plant (2x150 MW) 300

Capital Cost Expenditure Schedule °/lyr
Year 1 000
Year 2 876
Year 3 7297
Year 4 1827

INPUT DATA AND ASSUMPTIONS
Yerevan Capllal Cost million SUS

Commercial Operalion Date Jan 2004
Plant life years 25

9/10/981610
H IEtdlCarol\GoodmanlECOCB4 xisNet Plant Heat Rates KcallKwh KcallKwh Btu/Kwh

Yerevan Combined Cycle Plant 1759 6976
Existing Yerevan Plant 2992 11866
Existing MazuVGas Fired Plants 2992 11866

Existing 0/ age of Flnng on Mazut 12
Existing %age of Flnng on Gas 88

Capacity Factors, of

Yerevan Combined Cycle Plant 80
EXisting Yerevan Plants 70

S02 NOX CO2 Part

Emission Values ($/ton) 400 250 7 100

Emission Rates lkg/hr)
Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2x150 MW) 270 780 221476 420

2375

Ratio
9001

881
7929

Fuel Pnces
Natural Gas $/Gcal
Mazul $/Gcal

479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03
479 217 696 282 12 58 08 03

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

CAPITAL
COST

$ MILLIONS

00
208
1733
434

WITH PROJECT"
YEREVANCC

414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414

FUEL COST $ MILLIONS
WITHOUT PROJECT"

OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL

BENEFITS $ MILLIONS
DIFFERENTIAL AIR EMISSION REDUCTION

FUEL COST NOX C02 S02 Part

NET
BENEFITS

TOTAL $ MILLIONS

00 00
00 208
00 1733
00 -434
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361
361 361

EIRR(%)= 130%



Table B 2 -10

Sensitivity Cases

Economic Cost I Benefit AnalysIs

Parameter Value EIRR (%) Table

8ase Case
- Capital Cost = $237 5 MM
- Mazut Price =$13 11/Gcal (148 8% of natural gas)
- EXisting Yerevan Plant CapacIty Factor =70%

148 82-1

Total CapItal Cost +10% 134 8 2-2
-10% 163 8 2-3

Mazut Price 140% of Natural Gas 145 8 2-4
130% of Natural Gas 142 8 2-5
120% of Natural Gas 139 82-6
110% of Natural Gas 136 8 2-7
100% of Natural Gas 133 8 2-8
90% of Natural Gas 130 8 2-9

• •



• • •
9/12/98933 TABLE B 211 Sheet 1 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF =$0 0451 KWH

constant 1998 dollars

Net plant oulput (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

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

Trans & dlstr 1055 factor (I ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuet cos! ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Interes! rate (/ ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cosl ($fkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual deprecla!lon (/ ) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

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

REVENUES

Nel plant producllon (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC conlractors cost ($M) 190 1709 332

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

(4) Owne~s cost ($M) 18 24 102

(5) Interest Dunng Construcllon 06 130 275

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 00 00 00 00 491 491 491 49 1 49 1 49 1 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 12 130 275 320 293 265 237 209 181 153 125 98 70 42 14 00 00

Pnnclpal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00

(7) Subtotal (SM) 00 12 130 275 553 525 497 469 441 413 385 358 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS (SM) 00 12 130 275 280 307 335 363 391 419 447 475 502 530 558 586 600 600

(6) TAXES (SM) 00 00 00 00 00 00 84 91 98 105 112 119 126 133 140 147 150 150

AFTER TAX PROFITS (SM) 00 12 130 275 280 307 251 272 293 314 335 356 377 398 419 440 450 450

DEBT SERVICE COVERAGE RATIO. «1)-{6JJ/(7) 13 14 14 15 18 17 18 20 22 24 26 29

PROJECT CASH FLOW. (1)-{2)-{3)-{4)-{6)-{6) 208 1733 -434 711 711 628 621 614 607 600 593 586 579 572 565 561 561

FIRR 2210/
.,/
\1"

5.)



TABLE B 211 Sheet 2 of2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF =$0 0451 KWH

constant 1996 dollars

Net plant output (MW) 38120 36120 36120 36120 36120 38120 36120 36120 38120 38120 36120

Capacity factor ( / ) 6000 6000 8000 6000 6000 6000 8000 6000 6000 6000 6000

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

Tanff rate ($IMWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cost ($/GCAL) 881 881 661 881 661 881 681 881 681 881 861

Loan '"terest rate ( / ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

F,xed O&M cost ($/kW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 087 067 087 087 067 087 067 087 067 087 067

Annual depreCiation (/ ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant producllon (GWh) 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annua' revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M)

(3) Other capItal cosls ($M)

(4) Owne(s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00

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

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 111 1/1 111 111 1/1 111 111 1/1 111 111 111 NOTES VAT IS excluded
12% Interest Rate

PRETAX PROFITS (SM) 600 600 600 600 800 600 600 600 600 600 600 12 Year Term
2 year grace penod on taxes

(8) TAXES (SM) 150 150 150 150 150 150 150 150 150 150 150 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PROFITS (SM) 450 450 450 450 450 450 450 450 450 450 450

DEBT SERVICE COVERAGE RATIO. ((1)-(6»)/(7)

PROJECT CASH FLOW· (1)-{2)-{3)-{4)-{6)-{8) 581 561 561 561 561 561 561 561 561 561 561--.,.
0 • •
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 031 KWH

constant 1998 dollars

Nel plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

capacity faclor ( I ) 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

Tanff rale ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cosl ($/GCAl) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Interest rate (k) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($/kWly) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M coSI ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation (I) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

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 28714 26714 28714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh J 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 801 801 801 801 801 801 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost (SM) 190 1709 332

(3) Other capital costs (5M) 00 00 00

(4) Owner's cost(SM) 18 24 102

(5) Interest Dunng Construction 08 130 276

OPERATING EXPENSES

Fuel cost (SM) 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost (SM) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost (SM) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal expenul (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment (SM) 00 12 130 275 320 293 265 237 209 181 153 125 98 70 42 14 00 00
Pnnclpal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00

(7) Subtotal (SM) 00 12 130 275 553 525 497 469 441 413 385 358 330 302 274 246 00 00

DEPRECIATION ISM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS ISM) 00 12 130 275 121 93 -65 38 10 18 46 74 102 130 157 185 199 199

(8) TAXES (SM) 00 00 00 00 00 00 16 -09 -02 05 12 18 25 32 39 46 50 50

AFTER TAX PROFITS (SM) 00 12 130 275 121 93 -49 28 -07 14 35 55 76 97 118 139 149 149

DEBT SERVICE COVERAGE RATtO c «1)-(8))/(7) 06 06 06 07 07 08 08 09 09 10 11 13

PROJECT CASH FLOW. (1)-(2)-(3)-(4)-(8)-(8) 208 1733 -434 311 311 327 320 313 306 299 292 285 278 271 264 261 281

.r'"
FIRR 1030/
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TABLE B 212 Sheet 2 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 031 KWH

conslant 1998 dollars

Net plant output IMW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor ( / ) 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

Tanft rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cosl ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881

Loan Interest rate (/ ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($IkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087

Annual depreclallon I / ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant producllon (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d'st losses (GWh) 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenue' ISM) 801 801 601 801 801 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Qwne(s cosl($M)

(5) Inlerest Dunng Construcllon

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cosl ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23

(6) Subtolal expense. (SM) 491 49 I 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00

PrinCipal payment ($M) 00 00 00 00 00 00 00 00 00 00 00

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION ISM) 111 11 1 11 1 111 11 1 111 111 111 111 11 1 11 1 NOTES VAT IS excluded
12% Interest Rate

PRETAX PROFITS (SM) 199 199 199 199 199 199 199 199 199 199 199 12 Year Term
2 year grace penod on taxes

(6) TAXES ISM) 50 50 50 50 50 50 50 50 50 50 50 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PROFITS ISM) 149 149 149 149 149 149 149 149 149 149 149

DEBT SERVICE COVERAGE RATIO. ((1)-{6»)I(7)

PROJECT CASH FLOW· (1)-{2)-(3)-{4)-(6)-{6) 261 261 261 261 261 261 261 261 281 261 261

G' • • •
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 0351 KWH

constant 199B dollars

Net plant output (MW) 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120

Capaclly factor (0/ ) BOOO BOOO BO 00 BOOO BO 00 BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO

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

Tanff rale ($/MWh) 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035

Fuel cost ($/GCAL) BBl 881 881 BBl BBl BBl BBl BBl BBl BBl BBl BBl BBl B Bl BBl B Bl BBl BBl

Loan Interest rate (0/ ) 1200 1200 12 00 1200 1200 1200 12 00 1200 1200 1200 12 00 1200 1200 1200 1200 12 00 1200 1200

Fixed O&M cost ($/kW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 14 03 1403 14 03 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 OB7 OB7 OB7 OB7 OB7 OB7 OB7 OB7 aB7 aB7 OB7 aB7 OB7 OB7

Annual depreclallon (I) 000 000 000 000 400 400 400 400 400 400 400 400 400 4 00 400 400 400 400

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 25 00 2500 2500

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant producllon (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 267 1 4 26714 26714 26714

(1) Annual revenues (SM) 935 935 935 935 935 935 935 935 935 935 935 935 935 935

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

(3) Olher capllal cosls ($M) 00 00 00

(4) Owne~s cost($M) 1 B 24 102

(5) Interest Dunng Construction 06 130 275

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable Q&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 00 00 00 00 49 1 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inlerest payment ($M) 00 12 130 275 320 293 265 237 209 lB 1 153 125 9B 70 42 14 00 00
Pnnclpal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00

(7) Subtotal (SM) 00 12 130 275 553 525 497 4B9 441 413 3B5 35B 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROmS (SM) 00 12 130 275 12 40 6B 96 124 152 lBO 207 235 263 291 319 333 333

(8) TAXES (SM) 00 00 00 00 00 00 17 24 31 3B 45 52 59 66 73 60 63 B3

AFTER TAX PRoms (SM) 00 12 130 275 12 40 51 72 93 114 135 156 177 197 21 B 239 250 250

DEBT SERVICE COVERAGE RATIO· «1)-(8))1(7) OB OB 09 09 10 11 12 12 13 15 16 18

PROJECT CASH FLOW· (1)i2)i3)i4)i8)i8) 20B 1733 -434 444 444 427 420 413 40B 399 392 385 37B 372 365 361 361

ARR 1460/

~
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TABLE B213 Sheet 2 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·TARIFF = $0 0351 KWH

constant 199B dollars

Nel plant output (MW) 3B120 3B120 3B120 3B120 3B120 3B120 3B120 3B120 38120 3B120 3B120

Capacity faclor (/ ) BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO BOOO

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

Tanf! rale ($/MWh) 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035

Fuel cost ($/GCAL) BB1 BB1 BB1 BB1 BB1 BB1 BB1 BB1 BB1 BB1 B B1

loan Interest rate (k) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

FIXed O&M cost ($IkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) OB7 OB7 OB7 OB7 OB7 OB7 087 087 OB7 087 087

Annual depreCiation (/ ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant production (GWh) 26714 26714 26714 26714 26714 2B714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 935 935 935 935 935 935 935 935 935 935 935

CAPITAL EXPENDITURES

(2) EPC conlractors cost ($M)

(3) Other capital costs (SM)

(4) Owne(s cost ($M)

(5) Inlerest Durtng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

FIXed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost (SM) 23 23 23 23 23 23 23 23 23 23 23

(6) SUbtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00

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

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIAnON (SM) 111 111 111 111 111 111 111 111 111 111 111 NOTES VAT IS excluded
12% Interest Rate

PRETAX PROFITS (SM) 333 333 333 333 333 333 333 333 333 333 333 12 YearTenn
2 year grace penod on taxes

(8) TAXES (SM) B3 B3 83 83 83 83 83 83 83 B3 83 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PROFITS ISM) 250 250 250 250 250 250 250 250 250 250 250

OEBT SERVICE COVERAGE RATIO. ((1)-{611/(7)

PROJECT CASH FLOW· (1)-{2)-{3)-{4)-{6)-{8) 361 361 361 361 361 361 361 361 361 361 3B 1

6'" • •
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0041 KWH

constanl 1996 dollars

Net plant output (MW) 38120 38120 38120 38120 36120 36120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 36120

Capacity factor ( /0) 6000 8000 8000 6000 8000 8000 8000 8000 8000 8000 8000 6000 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

Tanll rate ($/MWh) 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040

Fuel cost ($/GCAL) 881 881 881 881 881 861 881 881 881 881 881 681 881 881 881 881 881 881

Loan Interest rate ('!o) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 067

Annual depreciation ('!o) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

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 28714 26714 26714 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714

Trans & d,sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1089 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

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

(4) Owne~s cosl($M) 18 24 102

(5) Interest ourtng Construction 08 130 275

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vartable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 12 130 275 320 293 265 237 209 181 153 125 98 70 42 14 00 00
Prtnclpal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00
(7) Subtotal (SM) 00 12 130 275 553 525 497 489 441 413 385 358 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS (SMI 00 12 130 275 146 174 202 230 257 285 313 341 369 397 425 452 466 468

(8) TAXES (SM) 00 00 00 00 00 00 50 57 64 71 78 85 92 99 106 113 117 117

AFTER TAX PROFITS ISM) 00 12 130 275 146 174 151 172 193 214 235 256 277 298 318 339 350 350

DEBT SERVICE COVERAGE RATIO. «1)-{8))/(7) 1 0 11 12 12 13 14 15 16 18 19 21 23

PROJECT CASH FLOW· (1)-{2)-{3)-(4)-(6)-{8) 208 1733 -434 578 576 527 520 514 507 500 493 486 479 472 465 461 461

FIRR 185%
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TABLE B 214 Sheet 2 of 2

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

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor ( / ) BOOO BOOO BOOO BOOO BODO 8000 BO 00 8000 BO 00 BOOO BOOO

Trans & dlstr loss faclor ( /) 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($IMWhl 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040

Fuel cosl ($/GCAl) 881 881 8Bl 881 8Bl 881 881 881 881 B 81 BBl

loan Interest rate (/ ) 1200 1200 1200 12 00 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($IkWlyl 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 087 OB7 087 087 OB7 OB7 OB7 OB7 OB7 OB7 OB7

Annual depreciation ( / ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2018 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net planl production (GWh) 26714 26714 2B714 26714 26714 26714 26714 26714 26714 26714 2B714

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

Energy sales (GWlI) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069 1069

CAPrrAlEXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne(s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost t$M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment (SM) 00 00 00 00 00 00 00 00 00 00 00

Pnnclpal paymenl ($M) 00 00 00 00 00 00 00 00 00 00 00

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 111 11 1 111 111 111 111 111 111 111 111 11 1 NOTES VAT IS excluded

12% Interest Rate

PRETAX PROFITS (SM) 466 466 466 466 466 466 466 466 466 466 466 12 YearTenn

2 year grace penod on taxes

(8) TAXES (SM) 117 117 117 117 117 117 117 117 117 117 117 Tanft IS at plant meters

No T&D losses consIdered

AFTER TAX PROFITS ISM) 350 350 350 350 350 350 350 350 350 350 350

DEBT SERVICE COVERAGE RATIO. ((1)-{8)V(7)

PROJECT CASH FLOW. (1)-{2)-{3)-{4)-{6)-(8) 461 461 461 461 461 4B 1 461 461 4B 1 461 461

-Ci'"" •~ • •
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 051 KWH

constant 1998 dollars

Net planl oulpul (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

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

Trans & d,slr loss factor (10) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050

Fuel cost ($IGCAL) 881 881 881 861 881 881 881 861 881 861 681 681 881 881 881 881 881 881

Loan Interest rate ('/ ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 12 00 1200

Fixed O&M cost ($IkW/y) 000 000 000 000 14 03 1403 1403 1403 1403 1403 1403 14 03 1403 1403 1403 1403 1403 1403

Variable O&M cost ($IMWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation ('/) 000 000 000 000 400 400 400 4 00 400 400 400 400 400 400 400 400 400 400

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

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant producilOn (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

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

(4) Owne~s cost ($M) 18 24 102

(5) Interest Dunng Conslructlon 06 130 275

OPERATING EXPENSES

Fuet cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost (SM) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) SUblota/expenses ISM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inlerest payment ($M) 00 12 130 275 320 293 265 237 209 181 153 125 98 70 42 14 00 00

Pnnc,pal payment ISM) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00

(7) Sublotal ISM) 00 12 130 275 553 525 497 469 441 413 385 358 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS (SM) 00 12 130 275 413 441 469 497 525 552 580 606 636 664 692 72 a 734 734

(8) TAXES (SM) 00 00 00 00 00 00 117 124 131 138 145 152 159 166 173 180 183 183

AFTER TAX PROFITS (SM) 00 12 13 a 275 413 441 352 373 393 414 435 456 477 498 519 540 550 550

DEBT SERVICE COVERAGE RATIO. «1)-{8»)/(7) 15 16 17 16 19 20 22 24 26 28 31 34

PROJECT CASH FLOW· (1)-{2)-{3)-{4J-(8)-{1I) 208 1733 -434 845 845 728 721 714 707 700 693 686 679 672 665 662 662

FlRR 256%
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TABLE B 215 Sheet20f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·TARIFF =$0 051 KWH

constant 1998 dollars

Nel plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor (0/ ) 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

Tanft rale ($/MWh) 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050 0050

Fuel cosl ($/GGAL) 881 881 881 881 881 881 881 881 881 881 881

Loan ,"Ierest rale (0/ ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($/kW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation ('/ ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2011 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net planl production (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336 1336

CAPITAL EXPENDITURES

(2) EPG contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) lnteresl Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cosl ($M) 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00

PnnClpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 111 111 111 111 111 111 111 111 111 111 111 NOTES VAT IS excluded
12% Interest Rate

PRETAX PRomS (SM) 734 734 734 734 734 734 734 734 734 734 734 12 Year Term
2 year grace penod on taxes

(8) TAXES (SM) 183 183 183 183 183 183 183 183 183 183 183 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PRoms (SM) 550 550 550 550 550 550 550 550 550 550 550

DEBT SERVICE COVERAGE RATIO· ((1)o(8})/(7)

PROJECT CASH FLOW· (1)o(2)o(3)o(4)o(8)-{8) 662 662 662 662 662 662 662 662 662 662 662
..--
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & CAPITAL COSTS +10%

constanl 1998 dollars

Nel planl oulpul (MW) 38120 38120 38120 38120 36120 36120 36120 36120 36120 38120 38120 36120 36120 36120 36120 36120 36120 36120

Capacity factor ( I ) 6000 8000 6000 6000 6000 8000 8000 8000 8000 6000 6000 8000 8000 6000 6000 6000 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

Tanff rate ($IMWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cost ($/GCAL) 681 681 881 681 661 881 881 661 681 881 681 661 881 661 681 681 861 881

Loan Inlerest rale ( I ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($IkWly) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 000 000 000 000 067 087 087 087 067 087 087 067 087 087 067 087 087 067

Annual depreelallon (I) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlsl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 209 1660 366

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

(4) OWnefs cast($M) 20 28 112

(5) Interest Dunng Construcllon 07 143 303

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost I$M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) SUbtotale.pensos (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inlenesl paylnent ($M) 00 14 143 303 352 322 291 261 230 199 169 138 107 77 46 15 00 00

Pnnclpal paylnent ($M) 00 00 00 00 255 255 255 255 255 255 255 255 255 255 255 255 00 00
(7) Subtotal (SM) 00 14 143 303 608 577 547 516 485 455 424 393 363 332 301 271 00 00

DEPRECIATION (SM) 00 00 00 00 123 123 123 123 123 123 123 123 123 123 123 123 123 123

PRETAX PROFITS (SM) 00 14 143 303 236 267 296 326 359 390 420 451 462 512 543 574 589 569

(8) TAXES (SM) 00 00 00 00 00 00 74 62 90 97 105 113 120 126 136 143 147 147

AFTER TAX PROFITS (SM) 00 14 143 303 236 267 223 246 269 292 315 336 361 384 407 430 442 442

DEBT SERVICE COVERAGE RATIO· «1J-(8lJ1(7J 12 12 13 14 15 16 17 16 20 21 24 26

PROJECT CASH FLOW· (1H2H3)-(4J-(8)-(8) 228 1906 -478 711 711 637 629 622 814 606 599 591 583 576 566 564 584

F1RR 204%
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TABLE B218 Sheet20f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & CAPITAL COSTS +10%

constant 1998 dollars

Nel plant oulpul (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity faclor ( / / 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

Tanff rate ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cosl ($/GCAl) 881 881 881 881 881 881 881 881 881 881 881

loan Interest rate ( I,) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($/kW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 087 087 067 087 067 067 067 087 087 067 087

Annual depreCiation ( I ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant producllon (GWh) 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2/ EPC contractors cosl ($M)

(3) Other capital cosls ($M)

(4) Owne(s cost ($M)

(5) Inleresl Ounng Conslrucllon

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cosl ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cosl (SM) 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal expenses (SM) 491 491 491 491 491 491 491 49 I 491 491 49 I

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00

Pnnclpal paymenl ($M) 00 00 00 00 00 00 00 00 00 00 00

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 123 123 123 123 123 123 123 123 123 123 123 NOTES VAT 15 excluded

12% Interest Rate

PRETAX PROmS (SM) 589 589 589 589 589 589 589 589 589 589 589 12 Year Term

2 year grace penod on taxes

(8) TAXES (SM) 147 147 147 147 147 147 147 147 147 147 147 Tanff is at plant meters

No T&D losses conSidered

AFTER TAX PRomS ISM) 442 442 442 442 442 442 442 442 442 442 442

DEBT SERVICE COVERAGE RATIO. «1)-{8)]I(7)

PROJECT CASH FLOW· (1)-{2)-{3)-{4)-{8)-{8) 584 564 564 564 564 564 564 564 564 564 564

-:. • • •~
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & CAPITAL COSTS -10%

constant 1998 dollars

Nel planl oulpul (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor ( 10) 8000 8000 8000 8000 BODO 8000 BODO BODO 8000 8000 BODO BODO BODO 8000 8000 BOOO 8000 8000

Trans & dlslr loss faclor (I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 a 00 000 000 000

Tanff rale ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cosl ($IGCAL) 881 881 881 881 881 881 881 881 BBI 8Bl B81 8Bl 881 881 B81 BBI BBI BBI

Loan Inleresl rale (/ ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cosl ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Variable O&M cosl ($IMWh) 000 000 000 000 087 087 087 087 087 OB7 OB7 OB7 OB7 OB7 OB7 OB7 OB7 OB7

Annual deprec'alion ( / ) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net planl produclton (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d.sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M) 171 1538 299

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

(4) Owne~s cosl ($M) 16 22 92

(5) Interest During Conslruclion DB 117 248

OPERATING EXPENSES

Fuel cosl ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cosl ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Variable O&M cosl ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotalexpen581 (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inleresl payment ($M) 00 11 117 248 288 263 238 213 188 183 138 113 88 63 38 13 00 00

Principal payment ($M) 00 00 00 00 209 209 209 209 209 209 209 209 209 209 209 209 00 00
(7) Subtotal (SM) 00 11 117 248 497 472 447 422 397 372 347 322 297 272 247 221 00 00

DEPRECIATION (SM) 00 00 00 00 100 100 100 100 100 100 100 100 100 100 100 100 100 100

PRETAX PROFITS (SM) 00 11 117 248 323 348 373 398 423 448 473 498 523 548 574 599 611 611

(8) TAXES (SM) 00 00 00 00 00 00 93 100 108 112 118 125 131 137 143 150 153 153

AFTER TAX PROFITS (SM) 00 11 117 248 323 348 280 299 317 336 355 374 393 411 430 449 458 458

DEBT SERVICE COVERAGE RATIO· ((iH6/1/(7) 14 15 16 17 18 19 21 22 24 28 29 32

PROJECT CASH FLOW. (1)-(2)-(3)-(4)-(6H8) 187 1560 39 1 711 711 818 612 608 599 593 587 581 574 568 562 559 559
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TABLE B 217 Sheet 2 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &CAPITAL COSTS -10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120
Capacity faclor ( I ) 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
Tanff rale ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045
Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881

Loan Interest rate (") 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
Fixed O&M cost ($IkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403
Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087

Annual depreclalion (I) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant production (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714

(1) Annual ,evenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Qwne(s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414
F,xed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23
(8) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00
Principal payment ($M) 00 00 00 00 00 00 00 00 00 00 00
(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 100 100 100 100 100 100 100 100 100 100 100 NOTES VAT IS excluded

12% Interest Rate

PRETAX PROFITS (SM) 611 611 611 611 611 611 611 611 611 611 611 12 Year Term

2 year grace penod on taxes
(8) TAXES (SM) 153 153 153 153 153 153 153 153 153 153 153 Tanff IS at plant meters

No T&D losses conSidered
AFTER TAX PROFITS (SM) 458 458 458 458 458 458 458 458 458 458 458

DEBT SERVICE COVERAGE RATIO· ((1J-(S))/(7)

PROJECT CASH FLOW. (1J-(2J-(3J-(4J-(SJ-(S) 559 559 559 559 559 559 559 559 559 559 559
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & GAS PRICE +10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 36120 36120 38120

Capacity factor ( 1 ) 8000 8000 8000 6000 8000 8000 8000 8000 8000 6000 8000 6000 8000 6000 8000 8000 6000 8000

Trans & d,slr loss faclor ( 1 ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cost ($/GCAl) 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969

loan Inferest rate (%) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 12 00 1200 1200 12 00 12 00 12 00

Fixed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 14 03 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 067 087 087

Annual depreclallon (I ) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2008 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant producllon (GWh) 00 00 00 00 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annua' revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

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

(4) Owne~s cost ($M) 16 24 102

(5) Interest Ourtng Construcllon 08 130 275

OPERATING EXPENSES

Fuel cost ($M) 455 455 455 455 455 455 455 455 455 455 455 455 455 455
Fixed o&M cos! ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vartable O&M COS! ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) SUbtotal expenses (SM) 00 00 00 00 532 532 532 532 532 532 532 532 532 532 532 532 532 532

FINANCIAL

Interest payment ($M) 00 12 130 275 320 293 265 237 209 181 153 125 98 70 42 14 00 00
Principal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00
(7) Subtotal (SM) 00 12 130 275 553 525 497 489 441 413 385 358 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS (SM) 00 12 130 275 238 266 294 322 350 377 405 433 461 489 517 545 559 559

(6) TAXES (SM) 00 00 00 00 00 00 73 80 87 94 10 1 108 115 122 129 136 140 140

AFTER TAX PROFITS (SM) 00 12 130 275 238 266 220 241 282 263 304 325 348 367 388 40 8 419 419

DEBT SERVICE COVERAGE RATIO' ((1)-(6))/(7) 12 13 13 14 15 16 t7 19 20 22 24 27

PROJECT CASH FLOW' (1)-(2)-(3)-(4)-(6)-(6) 208 1733 -434 670 670 597 590 583 576 569 562 555 546 541 534 530 530

FlRR 2101
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TABLE B 218 Sheet20f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & GAS PRICE +10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

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

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

Tanft rare ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cost ($/GCAL) 969 969 969 969 969 969 969 969 969 969 969

Loan Interest rate (I) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

FIXed O&M cosl ($IkWly) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation ( I ) 400 400 400 400 400 400 400 400 400 400 400

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

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant production (GWh) 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenu.s (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne(s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 455 455 455 455 455 455 455 455 455 455 455

FIXed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23
(8) Subtotal expens.s (SM) 532 532 532 532 532 532 532 532 532 532 532

RNANClAl

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00
PnnClpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00

(7) Subtotal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 111 111 111 111 111 111 111 111 111 111 tll NOTES VAT IS excluded
12% Interest Rate

PRETAX PRORTS (SM) 559 559 559 559 559 559 559 559 559 559 559 12 YearTenn
2 year grace penod on taxes

(8) TAXES ISM) 140 140 140 140 140 140 140 140 140 140 140 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PRomS (SM) 419 419 419 419 419 419 419 419 419 419 419

DEBT SERVICE COVERAGE RATIO. ((1)-(8»)/(7)

PROJECT CASH FLOW· (1)0(2)-(3)-(4)-(8)0(8) 530 530 530 530 530 530 530 530 530 530 530
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & GAS PRICE -10%

constanl1996 dollars

Net plant output IMW) 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120 36120

CapacIty factor (0/ ) 6000 6000 6000 6000 6000 6000 6000 6000 6000 8000 6000 6000 6000 6000 6000 8000 6000 6000

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

Tanff rate ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cost ($/GCAL) 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793

Loan ,nterest rate I I.) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 067 067 087 067 087 067 087 067 087 067 087

Annual depreciation (0/ ) 000 000 000 000 400 400 400 400 400 400 400 400 400 400 400 400 400 400

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

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 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contractor; cost (SM) 190 1709 332

(3) Other capital costs ISM) 00 00 00

(4) Owner's cost ($M) 16 24 102

(5) Interest During Construction 08 130 275

OPERATING EXPENSES

Fuel cost ($M) 373 373 373 373 373 373 373 373 373 373 373 373 373 373
Fixed O&M cost ($M) 63 53 53 63 53 53 53 53 53 53 53 53 53 53
Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 00 00 00 00 449 449 449 449 449 449 449 449 449 449 449 449 449 449

FINANCIAL

Interest payment ($M) 00 12 130 275 320 293 265 237 209 161 153 125 96 70 42 14 00 00
Pnnclpal payment ($M) 00 00 00 00 232 232 232 232 232 232 232 232 232 232 232 232 00 00
(7) Subtotal (SM) 00 12 130 275 553 626 497 469 441 413 365 356 330 302 274 246 00 00

DEPRECIATION (SM) 00 00 00 00 111 111 111 111 111 111 111 111 111 111 111 111 111 111

PRETAX PROFITS (SM) 00 12 130 275 321 349 377 405 432 460 468 516 544 572 600 627 641 641

(6) TAXES (SM) 00 00 00 00 00 00 94 101 106 116 122 129 136 143 150 157 160 160

AFTER TAX PROFITS (SM) 00 12 130 275 321 349 263 303 324 345 366 367 406 429 450 471 461 461

DEBT SERVICE COVERAGE RATIO - «1J-{6))/(7) 14 14 15 16 17 16 20 21 23 25 27 31

PROJECT CASH FLOW -(1J-{2)-{3)-{4)-{6)-(6) 206 1733 -434 753 753 659 652 645 638 631 624 617 610 603 596 592 692

FlRR 232.-
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TABLE B 219 Sheet 2 of2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &GAS PRICE -10%

conslant 1998 dollars

Net planl output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity faclor (%) 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

Tanff rale ($/MWh) 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045 0045

Fuel cosl ($/GCAL) 793 793 793 793 793 793 793 793 793 793 793

Loan IOleresl rale ( / ) 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Fixed O&M cosl ($IkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cosl ($/MWh) 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation ( / ) 400 400 400 400 400 400 400 400 400 400 400

Taxes (k) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

YEARS 2018 2019 2020 2021 2022 2023 2024 2025 2028 2027 2028

REVENUES

Net plant producllon (GWh) 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714

Trans & d'sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202 1202

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M)

(3) Olhercap,lal costs ($M)

(4) Owne(s cosl ($M)

(5) Interest Dunng Conslructlon

OPERATING EXPENSES

Fuel cost ($M) 373 373 373 373 373 373 373 373 373 373 373

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cosl ($M) 23 23 23 23 23 23 23 23 23 23 23
(8) Subtolal expen.e. (SM) 449 449 449 449 449 449 449 449 449 449 449

ANANCIAL

Interest payment ($M) 00 00 00 00 00 00 00 00 00 00 00
Pnnc,pal payment ($M) 00 00 00 00 00 00 00 00 00 00 00
(7) Subtolal (SM) 00 00 00 00 00 00 00 00 00 00 00

DEPRECIATION (SM) 111 111 111 111 111 111 111 111 111 111 111 NOTES VAT IS excluded
12% Interest Rate

PRETAX PRoms (SM) 641 641 641 641 641 641 641 641 641 641 641 12 Year Term
2 year grace penod on taxes

(8) TAXES (SM) 160 160 160 180 160 160 160 160 160 160 160 Tanff IS at plant meters
No T&D losses considered

AFTER TAX PRoms (SM) 481 481 481 481 481 481 481 481 481 481 481

DEBT SERVICE COVERAGE RATIO. «1)-(8))/(7)

PROJECT CASH FLOW. (1)-(2)-(3)-(4)-(6)-(8) 592 592 592 592 592 592 592 592 592 592 592

-..J, • •~ •



• •
Table B 2 -20

Sensitivity Cases

Financial Analysis

•

Parameter Value FIRR (%) DSC Table

Base Case 221 13- 2 9 B 2-11
- Tanff = $0 045/kWhr
- Capital Cost =$237 5 MM
- Gas Pnce =$8 81/Gcal

Tanff $0030/kWhr 103 06-13 B 2-12
$0035/kWhr 146 08 -1 8 B 2-13
$0040/kWhr 185 1 0 - 23 B 2-14
$0050/kWhr 256 1 5 - 3 4 B 2-15

Total Capital Cost +10% 204 1 2 - 2 6 B 2-16
-10% 242 14- 3 2 B 2-17

Gas Pnce +10% 21 0 1 2 - 2 7 B 2-18
-10% 232 1 4 - 31 B 2-19



TABLE B 2-21 BASE CASE

INPUT DATA AND ASSUMPTIONS 9/11/961447

Yerevan Capital Cost million SUS 2375 Net Plant Heal Rates KcallKwh KcallKwh BtuIKwh H \EldlCaro~Goodman\ECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976

Capital Cost Expenditure Schedule /Iyr Existing Yerevan Plant 2992 11866

Year 1 000 Existing Mazul/Gas Fired Plants 2992 11666

Year 2 676
Year 3 7297 Existing / age of Flrlng on Mazut 12

Year 4 1627 Existing / age of Flrlng on Gas 66

Commercial Operalion Date Jan 2004
Plant life years 35 Capacity Factors, k

Yerevan Combined Cycle Plant 60
Existing Yerevan Plants 70

Fuel Prlces S02 NOX CO2 Part

Natural Gas $/Gcal 661 Ratio
Mazut $IGcal 1311 1466/ Emission Values ($Iton) 400 250 7 100

Nel Planl Capacity MW Emission Rates (kglhr)

Yerevan Combined Cycle Plant 3612 Yerevan Combined Cycle Plant 0 117 104167 0

Existing Yerevan Plant (2x150 MW) 300 Exlsllng Yerevan Plant (2x150 MW) 270 760 221476 420

CAPITAL FUEL COST $ MILliONS BENEFITS $ MILliONS NET

COST "WITH PROJECT" "WITHOUT PROJECT" DIFFEREN7/AL AIR EMISSION REDUCTION BENEFITS

YEAR $ MILliONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILliOtj§

2000 00
00 00

2001 206
00 206

2002 1733
00 1733

2003 434
00 -434

2004 414 513 232 745 331 12 56 06 03 411 411

2005 414 513 232 745 331 12 56 06 03 411 411

2006 414 513 232 745 331 12 56 06 03 411 411

2007 414 513 232 745 331 12 56 06 03 411 411

2006 414 513 232 745 331 12 56 06 03 411 411

2009 414 513 232 745 331 12 56 06 03 411 411

2010 414 513 232 745 331 12 56 06 03 411 411

2011 414 513 232 745 331 12 58 08 03 411 411

2012 414 513 232 745 331 12 56 06 03 411 411

2013 414 513 232 745 331 12 56 06 03 411 411

2014 414 513 232 745 331 12 58 06 03 411 411

2015 414 513 232 745 331 12 58 06 03 411 411

2016 414 513 232 745 331 12 58 06 03 411 411

2017 414 513 232 745 331 12 56 06 03 411 411

2018 414 513 232 745 331 12 56 06 03 411 411

2019 414 513 232 745 331 12 58 06 03 411 411

2020 414 513 232 745 331 12 58 06 03 411 411

2021 414 513 232 745 331 12 58 06 03 411 411

2022 414 513 232 745 331 12 56 06 03 411 411

2023 414 513 232 745 331 12 56 06 03 411 411

2024 414 513 232 745 331 12 56 08 03 411 411

2025 414 513 232 745 331 12 58 08 03 411 411

2026 414 513 232 745 331 12 56 06 03 411 41 I

2027 414 513 232 745 331 12 56 06 03 411 411

2026 414 513 232 745 331 12 56 06 03 411 411

2029 414 513 232 745 331 12 58 08 03 411 411

2030 414 513 232 745 331 12 58 08 03 411 411

2031 414 513 232 745 331 12 58 08 03 411 411

2032 414 513 232 745 331 12 58 08 03 411 411

2033 414 513 232 745 331 12 58 08 03 411 411

2034 414 513 232 745 331 12 58 08 03 411 411

2035 414 513 232 745 331 12 58 08 03 411 411

2036 414 513 232 745 331 12 58 08 03 411 411

2037 414 513 232 745 331 12 58 08 03 411 411

2038 414 513 232 745 331 12 58 08 03 411 411

EIRR(%)= 151'1'•

• • •



• cap,tRts +100/. •TABLE B 2-22
INPUT DATA AND ASSUMPTIONS 9/11/98 1451
Yerevan capital Cost million SUS 2613 Net Plant Heat Rates. KcaVKwh KcaVKwh BtulKwh H \Etdlcaro~Goodman\ECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976
Capital Cost Expenditure Schedule Ilyr Existing Yerevan Plant 2992 11866

Year 1 000 Existing MazuUGas Fired Plants 2992 11666
Year 2 676
Year 3 7297 Ex/sling 0/ age 01 F/ring on Mazut 12
Year4 1627 Existing I age 01 Firing on Gas 86

Commercial Operalion Dale Jan 2004
Plant Life years 35 capacity Factors I

Yerevan Combined Cycle Plant 60
Existing Yerevan Plants 70

Fuel Prices S02 NOX CO2 Part
Natural Gas $/Gcal 661 Ratio
Mazut $/Gcal 1311 14661 Emission Values ($/lon) 400 250 100

Net Plant capaclty,MW Emission Rates (kglhrl
Yerevan Combined Cycle Plant 3612 Yerevan Combined Cycle Plant 0 117 104167 0
Exlsllng Yerevan Plant (2x150 MW) 300 Existing Yerevan Plant (2x150 MW) 270 760 221476 420

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST 'WITH PROJECT" 'WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

YEAR $ MILLIONS YEREVANCC OLO YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

2000 00 00 00
2001 229 00 229
2002 190 6 00 1906
2003 477 00 477
2004 414 513 232 745 331 12 56 08 03 411 411
2005 414 513 232 745 331 12 58 08 03 411 411
2006 414 513 232 745 331 12 56 08 03 411 411
2007 414 513 232 745 331 12 58 06 03 411 411
2008 414 513 232 745 331 12 56 06 03 411 411
2009 414 513 232 745 331 12 56 08 03 411 411
2010 414 513 232 745 331 12 58 06 03 411 411
2011 414 513 232 745 331 12 58 06 03 411 411
2012 414 513 232 745 331 12 58 08 03 411 411
2013 414 513 232 745 331 12 58 06 03 411 411
2014 414 513 232 745 331 12 58 08 03 411 411
2015 414 513 232 745 331 12 58 08 03 411 411
2016 414 513 232 745 331 12 58 08 03 411 411
2017 414 513 232 745 331 12 58 08 03 411 411
2018 414 513 232 745 331 12 58 08 03 411 411
2019 414 513 232 745 331 12 58 06 03 411 411
2020 414 513 232 745 331 12 58 06 03 411 411
2021 414 513 232 745 331 12 58 08 03 411 411
2022 414 513 232 745 331 12 58 06 03 411 411
2023 414 513 232 745 331 12 58 06 03 411 411
2024 414 513 232 745 331 12 58 08 03 411 411
2025 414 513 232 745 331 12 58 08 03 411 411
2026 414 513 232 745 331 12 58 06 03 411 411
2027 414 513 232 745 331 12 58 08 03 411 411
2026 414 513 232 745 331 12 58 08 03 411 411
2029 414 513 232 745 331 12 58 08 03 411 411
2030 414 513 232 745 331 12 58 08 03 411 411
2031 414 513 232 745 331 12 58 08 03 411 411
2032 414 513 232 745 331 12 58 08 03 411 411
2033 414 513 232 745 331 12 58 08 03 411 411
2034 414 513 232 745 331 12 58 08 03 411 411
2035 414 513 232 745 331 12 58 08 03 411 411
2036 414 513 232 745 331 12 58 08 03 411 411
2037 414 513 232 745 331 12 58 08 03 411 411
2038 414 513 232 745 331 12 58 08 03 411 411

EIRR(%)= 138/0



TABLE B2-23 Capital Costs -10o/a
INPUT DATA AND ASSUMPTIONS 9/111981451
Yerevan Gapllal Cost million SUS 2138 Net Plant Heat Rates. KcaUKwh KcaUKwh BtuIKwh H \EtdlGaro~Goodman\ECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976
Gapltal Cost Expendllure Schedule 0/ Jyr existing Yerevan Plant 2992 11866

Year 1 000 existing MazuUGas Fired Plants 2992 11866
Year 2 876
Year 3 7297 existing 0/ age of FI~ng on Mazut 12
Year4 1827 existing / age of FI~ng on Gas 88

Commercial Operallon Date Jan 2004
Plant Life years 35 Gapaclty Factors. /

Yerevan Combined Cycte Plant 80
existing Yerevan Plants 70

Fuel Prices S02 NOX CO2 Part
Natural Gas $/Gcal 881 Ratio
Mawt $/Gcal 1311 1488/ Emission Values ($/lon) 400 250 7 100

Net Plant Gaoacllv MW Emission Rates (kglhr)
Yerevan Combined Cycle Plant 3812 Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2x150 MW) 300 existing Yerevan Plant (2x150 MW) 270 780 221478 420

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

~ $ MILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

2000 00 00 00
2001 187 00 187
2002 1580 00 1560
2003 391 00 391
2004 414 513 232 745 331 12 58 08 03 411 411
2005 414 513 232 745 331 12 58 08 03 411 411
2008 414 513 232 745 331 12 58 08 03 411 411
2007 414 513 232 745 331 12 58 08 03 411 411
2008 414 513 232 745 331 12 58 08 03 411 411
2009 414 513 232 745 331 12 58 08 03 411 411
2010 414 513 232 745 331 12 58 08 03 411 411
2011 414 513 232 745 331 12 58 08 03 411 411
2012 414 513 232 745 331 12 58 08 03 411 411
2013 414 513 232 745 331 12 58 08 03 411 411
2014 414 513 232 745 331 12 58 08 03 411 411
2015 414 513 232 745 331 12 58 08 03 411 411
2018 414 513 232 745 331 12 58 08 03 411 411
2017 414 513 232 745 331 12 58 08 03 411 411
2018 414 513 232 745 331 12 58 08 03 411 411
2019 414 513 232 745 331 12 58 08 03 411 411
2020 414 513 232 745 331 12 58 08 03 411 411
2021 414 513 232 745 331 12 58 08 03 411 411
2022 414 513 232 745 331 12 58 08 03 411 411
2023 414 513 232 745 331 12 58 08 03 411 411
2024 414 513 232 745 331 12 58 08 03 411 411
2025 414 513 232 745 331 12 58 08 03 411 411
2026 414 513 232 745 331 12 58 08 03 411 411
2027 414 513 232 745 331 12 58 08 03 411 411
2028 414 513 232 745 331 12 58 08 03 411 411
2029 414 513 232 745 331 12 58 08 03 411 411
2030 414 513 232 745 331 12 58 08 03 411 411
2031 414 513 232 745 331 12 58 08 03 411 411
2032 414 513 232 745 331 12 58 08 03 411 411
2033 414 513 232 745 331 12 58 08 03 411 411
2034 414 513 232 745 331 12 58 08 03 411 411
2035 414 513 232 745 331 12 58 08 03 411 411
2036 414 513 232 745 331 12 58 08 03 411 411
2037 414 513 232 745 331 12 58 08 03 411 411
2038 414 513 232 745 331 12 58 08 03 411 411

EIRR (0/)" 1660/

o • • •



• • •TABLE B 2-24 Mazut = 140% of Gas
INPUT DATA AND ASSUMPTIONS 9/11/98 14 53
Yerevan Capllal Cost million SUS 2375 Net Plant Heat Rates. KcallKwh KcallKwh BtulKwh H IEld\CaronGoodmamECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976
Capital Cost Expend/lure Schedule I/yr exIsting Yerevan Plant 2992 11866

Year 1 000 existing MazuUGas Fired Plants 2992 11866
Year 2 878
Year 3 7297 existing / age of Flnng on Mazu! 12
Year 4 1827 existing 1 age of F/nng on Gas 88

Commercial Operation Date Jan 2004
Plant life years 35 Capacity Fac1ors. 'I

Yerevan Combined Cycle Plant 80
existing Yerevan Plants 70

Fuel Pnees S02 NOX CO2 Part
Natural Gas $/Gcal 881 Ratio
Mazu! $/Gcal 1233 14001 EmIssion Values ($Iton) 400 250 100

Net Plant Capaelly MW Emission Rates {kglhrl
Yerevan Combined Cycle Plant 3812 Yerevan CombIned Cycle Plant 0 117 104167 0
existing Yerevan Planl (2x150 MW) 300 existing Yerevan Plant (2x150 MW) 270 780 221476 420

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

YEAR $ MILLIONS YEREVANCC OLD YEREVAN OTHER GAS/MAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

2000 00 00 00
2001 208 00 208
2002 1733 00 1733
2003 -434 00 434
2004 414 508 230 738 324 12 58 08 03 404 404
2005 414 508 230 738 324 12 58 08 03 404 404
2008 414 508 230 738 324 12 58 08 03 404 404
2007 414 508 230 738 324 12 58 08 03 404 404
2008 414 508 230 738 324 12 58 08 03 404 404
2009 414 508 230 738 324 12 58 08 03 404 404
2010 414 508 230 738 324 12 58 08 03 404 404
2011 414 508 230 738 324 12 58 08 03 404 404
2012 414 508 230 738 324 12 58 08 03 404 404
2013 414 508 230 738 324 12 58 08 03 404 404
2014 414 508 230 738 324 12 58 08 03 404 404
2015 414 508 230 738 324 12 58 08 03 404 404
2018 414 508 230 738 324 12 58 08 03 404 404
2017 414 508 230 738 324 12 58 08 03 404 404
2018 414 508 230 738 324 12 58 08 03 404 404
2019 414 508 230 738 324 12 58 08 03 404 404
2020 414 508 230 738 324 12 58 08 03 404 404
2021 414 508 230 738 324 12 58 08 03 404 404
2022 414 508 230 738 324 12 58 08 03 404 404
2023 414 508 230 738 324 12 58 08 03 404 404
2024 414 508 230 738 324 12 58 08 03 404 404
2025 414 508 230 738 324 12 58 08 03 404 404
2028 414 508 230 738 324 12 58 08 03 404 404
2027 414 508 230 738 324 12 58 08 03 404 404
2028 414 508 230 738 324 12 58 08 03 404 404
2029 414 508 230 738 324 12 58 08 03 404 404
2030 414 508 230 738 324 12 58 08 03 404 404
2031 414 508 230 738 324 12 58 08 03 404 404
2032 414 508 230 738 324 12 58 08 03 404 404
2033 414 508 230 738 324 12 58 08 03 404 404
2034 414 508 230 738 324 12 58 08 03 404 404
2035 414 508 230 738 324 12 58 08 03 404 404
2036 414 508 230 738 324 12 58 08 03 404 404
2037 414 508 230 738 324 12 58 08 03 404 404
2038 414 508 230 738 324 12 58 08 03 404 404

EIRR(%I= 148,{,



TABLE B 2-25 Mazut = 1300/. of Gas

INPUT DATA AND ASSUMPTIONS
9/111981454

Yerevan capital Cosl million SUS 2375 Nel Plant Heat Rates, KcallKwh KcallKwh BtulKwh H IEldlcaronGoodmanlECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976

Capital Cost Expendllure Schedule Ilyr Existing Yerevan Plant 2992 11866

Year 1 000 Existing MazuVGas Fired Plants 2992 11866

Year 2 876
Year 3 7297 Existing I age of Flrtng on Mazul 12

Year 4 1827 Existing I age of Flrtng on Gas 88

Commercial Operation Date Jan 2004
Plant Life years 35 capacity Factors. k

Yerevan Combined Cycle Plant 80
Existing Yerevan Plants 70

Fuel Prtces S02 NOX CO2 Part

Natural Gas S/Gcal 881 Ratio
Mazut $IGcal 1145 13001 Emission Values ($lIon) 400 250 100

Net Plant capaclly,MW Emission Rates (kglhrl

Yerevan Combined Cycle Plant 3812 Yerevan Combined Cycle Plant 0 117 104167 0

Exlsllng Yerevan Plant (2x150 MW) 300 Existing Yerevan Plant (2x150 MW) 270 780 221476 420

CAPITAL FUEL COST SMILLIONS BENEFITS $ MILLIONS NET

COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

YEAR SMILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLiONS

2000 00
00 00

2001 208
00 208

2002 1733
00 1733

2003 -434
00 -434

2004 414 502 227 730 316 12 58 08 03 395 395

2005 414 502 227 730 316 12 58 08 03 395 395

2006 414 S02 227 730 316 12 58 08 03 395 39 :l

2007 414 502 227 730 318 12 58 08 03 395 395

2008 414 S02 227 730 318 12 58 08 03 395 39S

2009 414 S02 227 730 318 12 58 08 03 395 39S

2010 414 S02 227 730 316 12 58 08 03 39S 39S

2011 414 S02 227 730 316 12 58 08 03 395 39S

2012 414 S02 227 730 316 12 S8 08 03 39S 39S

2013 414 S02 227 730 316 12 S8 08 03 39 S 395

2014 414 S02 227 730 318 12 S8 08 03 39S 39 S

2015 414 502 227 730 318 12 58 08 03 39S 39S

2018 414 502 227 730 318 12 58 08 03 395 395

2017 414 502 227 730 318 12 58 08 03 395 395

2018 414 502 227 730 318 12 58 08 03 395 395

2019 414 502 227 730 318 12 58 08 03 395 395

2020 414 502 227 730 318 12 58 08 03 395 395

2021 414 502 227 730 318 12 58 08 03 395 395

2022 414 502 227 730 318 12 58 08 03 395 395

2023 414 502 227 730 318 12 58 08 03 395 395

2024 414 502 227 730 318 12 58 08 03 395 395

2025 414 502 227 730 318 12 58 08 03 395 395

2026 414 502 227 730 316 12 58 08 03 395 395

2027 414 502 227 730 316 12 58 08 03 395 39 S

2028 414 502 227 730 316 12 58 08 03 39 S 39 S

2029 414 502 227 730 316 12 58 08 03 395 395

2030 414 S02 227 730 316 12 S8 08 03 39 S 395

2031 414 502 227 730 318 12 S8 08 03 395 395

2032 414 S02 227 730 318 12 58 08 03 395 39S

2033 414 S02 227 730 318 12 58 08 03 395 395

2034 414 502 227 730 318 12 58 08 03 395 395

2035 414 502 227 730 318 12 58 08 03 39 S 39S

2036 414 502 227 730 316 12 58 08 03 395 395

2037 414 502 227 730 318 12 S8 08 03 39S 39 S

2038 414 S02 227 730 318 12 S8 08 03 395 395

EIRR('Io) = 146'10

~
V •~ • •



• TABLE B 2-26 Mazu.o% of Gas •INPUT DATA AND ASSUMPTIONS 9/11/98 14 54
Yerevan Capital Cosl mlilion SUS 2375 Nel Ptant Heal Rates KcallKwh KcallKwh BtulKwh H \Etd\CaronGoodmanIECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6976
Capital Cost expenditure Schedule /Iyr existing Yerevan Plant 2992 11666

Year 1 000 existing MazuVGas Fired Plants 2992 11666
Year 2 876
Year 3 7297 existing Ioage of FIring on Mazut 12
Year 4 1627 existing 0/ age of FIring on Gas 66

Commercial Operalion Dale Jan 2004
Plant Life years 35 Capacity Faclors /

Yerevan Combined Cycle Plant 60
existing Yerevan Plants 70

Fuel Prices S02 NOX CO2 Part
Natu",1 Gas $/Gcal 861 Ratio
Mazut $/Gcal 1057 1200/ Emission Values ($Ilon) 400 250 100

Net Plant Capacity MW Emission Rates (kglhrl
Yerevan Combined Cycle Planl 3812 Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2.150 MW) 300 Existing Yerevan Plant (2x150 MW) 270 780 221476 420

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

YEAR $ MILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

2000 00 00 00
2001 208 00 208
2002 1733 00 1733
2003 -434 00 434
2004 414 497 225 721 307 12 58 06 03 387 387
2005 414 497 225 721 307 12 58 08 03 387 367
2006 414 497 225 721 307 12 58 08 03 367 387
2007 414 497 225 721 307 12 58 06 03 367 387
2006 414 497 225 721 307 12 56 06 03 367 387
2009 414 497 225 721 307 12 56 06 03 367 367
2010 414 497 225 721 307 12 56 06 03 367 367
2011 414 497 225 721 307 12 58 08 03 387 387
2012 414 497 225 721 307 12 58 08 03 387 387
2013 414 497 225 721 307 12 56 08 03 387 387
2014 414 497 225 721 307 12 56 08 03 387 367
2015 414 497 225 721 307 12 58 06 03 387 367
2016 414 497 225 721 307 12 58 08 03 387 387
2017 414 497 225 721 307 12 58 08 03 387 387
2018 414 497 225 721 307 12 58 08 03 387 387
2019 414 497 225 721 307 12 58 08 03 387 387
2020 414 497 225 721 307 12 58 08 03 387 387
2021 414 497 225 721 307 12 58 08 03 387 387
2022 414 497 225 721 307 12 58 08 03 387 387
2023 414 497 225 721 307 12 58 08 03 387 387
2024 414 497 225 721 307 12 58 08 03 387 387
2025 414 497 225 721 307 12 58 08 03 387 387
2026 414 497 225 721 307 12 58 08 03 387 387
2027 414 497 225 721 307 12 58 08 03 387 387
2028 414 497 225 721 307 12 58 08 03 387 387
2029 414 497 225 721 307 12 58 08 03 387 387
2030 414 497 225 721 307 12 58 08 03 387 387
2031 414 497 225 721 307 12 58 08 03 387 387
2032 414 497 225 721 307 12 58 08 03 387 387
2033 414 497 225 721 307 12 58 08 03 387 387
2034 414 497 225 721 307 12 58 08 03 387 387
2035 414 497 225 721 307 12 58 08 03 387 387
2038 414 497 225 721 307 12 58 08 03 387 387
2037 414 497 225 721 307 12 58 08 03 387 387
2038 414 497 225 721 307 12 58 08 03 387 387

EIRR(%I= 143%



TABLE B2 27 Mazut = 110% of Gas
INPUT DATA AND ASSUMPTIONS 9/111981454
Yerevan capital Cost million SUS 2375 Nel Plant Heat Rates KcallKwh KcallKwh BtuIKwh H IEtd\caro~Goodman\ECOCB4WB xis

Yerevan Combined Cycle Planl 1759 6978
Capital Cosl Expenditure Schedule Myr Existing Yerevan Plant 2992 11866

Year 1 000 Exlsllng Mazu!lGas Fired Plants 2992 11866
Year 2 876
Year 3 7297 Existing ~ age of FIring on Mawt 12
Year 4 1827 Existing / age of FIring on Gas 88

Commercial Operation Dale Jan 2004
Plant Life years 35 caoaclty Factors /

Yerevan Combined Cycle Plant 80
Existing Yerevan Plants 70

Fuel Prices S02 NOX CO2 Part
Nalural Gas $/Gcal 88t Ratio
Mazut $IGcal 969 1100/ Emission Values ($lIon) 400 250 7 100

Net Planl caoaclty,MW Emission Rales (kglhrl
Yerevan Combined Cycle Plant 3812 Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2.150 MW) 300 Existing Yerevan Planl (2x150 MW) 270 780 221476 420

CAPITAL FUEL COST $ MILLIONS BENEFITS SMILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

YEAR $ MILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Part TOTAL $ MILLIONS

2000 00 00 00
2001 208 00 208
2002 1733 00 1733
2003 434 00 434
2004 414 491 222 713 299 12 58 08 03 378 378
2005 414 491 222 713 299 12 58 08 03 378 378
2006 414 491 222 713 299 12 58 08 03 378 378
2007 414 491 222 713 299 12 58 08 03 378 378
2008 414 491 222 713 299 12 58 08 03 378 378
2009 414 491 222 713 299 12 58 08 03 378 376
2010 414 491 222 713 299 12 58 08 03 378 378
2011 414 491 222 713 299 12 58 08 03 378 378
2012 414 491 222 713 299 12 58 08 03 378 378
2013 414 491 222 713 299 12 56 08 03 378 378
2014 414 491 222 713 299 12 58 08 03 378 378
2015 414 491 222 713 299 12 58 08 03 378 378
2016 414 491 222 713 299 12 58 08 03 378 378
2017 414 491 222 713 299 12 58 08 03 378 378
2018 414 491 222 713 299 12 58 08 03 378 378
2019 414 491 222 713 299 12 58 08 03 378 378
2020 414 491 222 713 299 12 58 08 03 378 378
2021 414 491 222 713 299 12 58 08 03 378 378
2022 414 491 222 713 299 12 58 06 03 376 376
2023 414 491 222 713 299 12 58 08 03 378 378
2024 414 491 222 713 299 12 58 08 03 378 378
2025 414 491 222 713 299 12 58 08 03 378 378
2026 414 491 222 713 299 12 58 08 03 378 378
2027 414 491 222 713 299 12 58 08 03 378 378
2028 414 491 222 713 299 12 56 08 03 378 378
2029 414 491 222 713 299 12 58 08 03 378 378
2030 414 491 222 713 299 12 58 08 03 378 378
2031 414 491 222 713 299 12 58 08 03 378 378
2032 414 491 222 713 299 12 58 08 03 378 378
2033 414 491 222 713 299 12 58 08 03 378 378
2034 414 491 222 713 299 12 58 08 03 378 378
2035 414 491 222 713 299 12 56 06 03 378 378
2038 414 491 222 713 299 12 58 08 03 378 378
2037 414 491 222 713 299 12 58 08 03 378 378
2038 414 491 222 713 299 12 58 08 03 378 378

EIRR(%)= 140%

• • •



• • •TABLE B 2-28 Mazut = 100% of Gas
INPUT DATA AND ASSUMPTIONS 9/11/981455
Yerevan Capital Cost mlJlJon SUS 2375 Net Plant Heat Rates KcallKwh KcallKwh BtulKwh H \Etd\Caro~Goodman\ECOCB4WB xis

Yerevan Combined Cycle Plant 1759 6978
Capital Cost Expendllure Schedule / /yr Existing Yerevan Plant 2992 11866

Year 1 000 Existing MazuUGas Fired Plants 2992 11866
Year 2 876
Year 3 7297 Existing / age of FIring on Mazul 12
Year 4 1827 Existing / age of FIring on Gas 88

Commercial Operation Dale Jan 2004
Plant Life years 35 CapacIty Fac1ors. /

Yerevan Combined Cycle Plant 80
Existing Yerevan Plants 70

Fuel Prices S02 NOX CO2 Part
Natural Gas $/Gcal 881 Rallo
Mazut $/Gcal 881 1000/ Emission Values ($/lon) 400 250 100

Net Planl Capacllv MW Emission Rates (kglhrl
Yerevan Combined Cycle Plant 3812 Yerevan Combined Cycle Plant 0 117 104167 0
Existing Yerevan Plant (2x150 MW) 300 Existing Yerevan Plant (2x150 MW) 270 780 221476 420

CAPITAL FUEL COST $ MILLIONS BENEFITS $ MILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" 01 FFERENTIAL AIR EMISSION REDUCTION BENEFITS

YEAR $ MILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 S02 Pari TOTAL $ MILLlO!'§

2000 00 00 00
2001 208 00 208
2002 1733 00 1733
2003 434 00 434
2004 414 485 219 704 290 12 58 08 03 370 370
2005 414 485 219 704 290 12 58 08 03 370 370
2006 414 485 219 704 290 12 58 08 03 370 370
2007 414 485 219 704 290 12 58 08 03 370 370
2008 414 485 219 704 290 12 58 08 03 370 370
2009 414 485 219 704 290 12 58 08 03 370 370
2010 414 485 219 704 290 12 58 08 03 370 370
2011 414 485 219 704 290 12 58 08 03 370 370
2012 414 485 219 704 290 12 58 08 03 370 370
2013 414 485 219 704 290 12 58 08 03 370 370
2014 414 485 219 704 290 12 58 08 03 370 370
2015 414 485 219 704 290 12 58 08 03 370 370
2016 414 485 219 704 290 12 58 08 03 370 370
2017 414 485 219 704 290 12 58 08 03 370 370
2018 414 485 219 704 290 12 58 08 03 370 370
2019 414 485 219 704 290 12 58 08 03 370 370
2020 414 485 219 704 290 12 58 08 03 370 370
2021 414 485 219 704 290 12 58 08 03 370 370
2022 414 485 219 704 290 12 58 08 03 370 370
2023 414 485 219 704 290 12 58 08 03 370 370
2024 414 485 219 704 290 12 58 08 03 370 370
2025 414 485 219 704 290 12 58 08 03 370 370
2026 414 485 219 704 290 12 58 08 03 370 370
2027 414 485 219 704 290 12 58 08 03 370 370
2028 414 485 219 704 290 12 58 08 03 370 370
2029 414 485 219 704 290 12 58 08 03 370 370
2030 414 485 219 704 290 12 58 08 03 370 370
2031 414 485 219 704 290 12 58 08 03 370 370
2032 414 485 219 704 290 12 58 08 03 370 370
2033 414 485 219 704 290 12 58 08 03 370 370
2034 414 485 219 704 290 12 58 08 03 370 370
2035 414 485 219 704 290 12 58 08 03 370 370
2038 414 485 219 704 290 12 58 08 03 370 370
2037 414 485 219 704 290 12 58 08 03 370 370
2038 414 485 219 704 290 12 58 08 03 370 370

EIRR (ok) = 137/



TABLE B2 29 Mazut =90% of Gas
INPUT DATA AND ASSUMPTIONS 9/11/96 14 55
Yerevan Capital Cost million SUS 2375 Net Plant Heat Rates, KcallKwh KcallKwh BtulKwb H IEtdlCarofiGoodmanlECOCB4WB x's

Yerevan Combined Cycle Plant 1759 6976
Capital Cost expenditure Schedule 'Y Iyr existing Yerevan Plan! 2992 11666

Year 1 000 existing MazuVGas Fired Plants 2992 11666
Year 2 676
Year 3 7297 existing 0/ age of A~ngon Mazut 12
Year 4 1627 existing 0/ age of FI~ng on Gas 66

Commerolal Operation Date Jan 2004
Plant Life years 35 Capacity Factors 'I

Yerevan Combined Cycle Plant 80
existing Yerevan Plants 70

Fuel Pnces S02 NOX CO2 Part
Natural Gas S/Gcal 661 Ratio
Mazul S/Gcal 793 90 0/ Emission Values ($Iton) 400 250 7 100

Net Plant Capacity MW Emission Rates Ikglhr)
Yerevan Combined Cycle Plant 3612 Yerevan Combined Cycle Plant 0 117 104167 0
Exlstln9 Yerevan Plant (2x150 MW) 300 existing Yerevan Plant (2x15O MW) 270 780 221476 420

CAPITAL FUEL COST SMILLIONS BENEFITS SMILLIONS NET
COST "WITH PROJECT" "WITHOUT PROJECT" DIFFERENTIAL AIR EMISSION REDUCTION BENEFITS

YEAR SMILLIONS YEREVANCC OLD YEREVAN OTHER GASIMAZUT FIRED UNITS TOTAL FUEL COST NOX CO2 SD2 Part TOTAL S MILLIONS

2000 00 00 00
2001 208 00 208
2002 1733 00 1733
2003 -434 00 -434
2004 414 479 217 696 282 12 56 08 03 361 361
2005 414 479 217 696 282 12 58 06 03 361 361
2006 414 479 217 696 262 12 58 06 03 361 361
2007 414 479 217 696 282 12 58 08 03 361 361
2006 414 479 217 696 282 12 58 06 03 361 361
2009 414 479 217 696 282 12 56 08 03 361 361
2010 414 479 217 696 282 12 58 08 03 361 361
2011 414 479 217 698 282 12 58 08 03 361 361
2012 414 479 217 696 282 12 56 08 03 361 361
2013 414 479 217 696 282 12 58 08 03 361 361
2014 414 479 217 698 282 12 56 08 03 361 361
2015 414 479 217 696 282 12 58 08 03 361 361
2016 414 479 217 896 282 12 58 08 03 361 361
2017 414 479 217 696 282 12 58 08 03 361 361
2018 414 479 217 896 282 12 58 08 03 361 361
2019 414 479 217 696 282 12 58 08 03 361 361
2020 414 479 217 696 282 12 58 08 03 361 361
2021 414 479 217 696 282 12 58 08 03 361 361
2022 414 479 217 696 282 12 58 08 03 361 361
2023 414 479 217 696 282 12 58 08 03 361 361
2024 414 479 217 696 282 12 58 08 03 361 361
2025 414 479 217 696 282 12 58 08 03 361 361
2026 414 479 217 698 282 12 58 08 03 361 361
2027 414 479 217 696 282 12 58 08 03 361 361
2028 414 479 217 696 282 12 58 08 03 361 361
2029 414 479 217 696 282 12 58 06 03 361 361
2030 414 479 217 696 262 12 58 08 03 361 361
2031 414 479 217 696 262 12 58 06 03 361 361
2032 414 479 217 696 282 12 56 06 03 361 361
2033 414 479 217 696 282 12 56 08 03 361 361
2034 414 479 217 696 282 12 58 08 03 361 361
2035 414 479 217 696 262 12 56 08 03 361 361
2036 414 479 217 696 282 12 58 08 03 361 361
2037 414 479 217 696 282 12 58 06 03 361 361
2038 414 479 217 696 282 12 56 06 03 361 361

E1RR (0/)" 134%

-
~ •1>' • •



• •
Table B.2 - 30

SensItivity Cases

Economic Cost I Benefit AnalysIs

•

Parameter Value EIRR (%) Table

Base Case
- Capital Cost = $237 5 MM
- Mazut Price = $13 11/Gcal (1488% of natural gas)
- EXisting Yerevan Plant Capacity Factor =70%

15 1 B 2-21

Total Capital Cost +10% 138 B 2-22
-10% 166 B 2-23

Mazut Price 140% of Natural Gas 148 B 2-24
130% of Natural Gas 146 B 2-25
120% of Natural Gas 143 B 2-26
110% of Natural Gas 140 B 2-27
100% of Natural Gas 137 B 2-28
90% of Natural Gas 134 82-29



9112196957 TABLE B 2 31 Sheet 1 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF = $0 030 I KWH

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 36120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

CapaCIty factor (0/ ) 8000 8000 8000 8000 8000 8000 8000 6000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,slr loss factor (0/ ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 861 881 881 881 881 861 881 881 881 881 681

Loan .nlerest rate ( / ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

FIXed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 000 000 000 000 087 087 067 087 087 087 087 087 087 087 087 087 087 087

Annual depreCIatIon (0/ ) 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

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant producllon (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d,st losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenue. (SM) 801 80 1 801 801 801 801 801 80 1 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC conlractors cost ($M) 190 1709 332
(3) Other capital costs ($M) 00 00 00
(4) Qwnefs cost(SM) 18 24 102
(5) Interest Dunng Conslrucbon 02 43 88

OPERATING EXPENSES

Fuel cost (SM) 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(e) Sublolalexpen5e5 (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inleresl paymenl (SM) 00 04 43 68 100 100 100 100 100 100 100 100 100 100 98 94 90 86
Principal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100
(7) Sublolal (SM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROmS (SM) 00 -C4 -43 -88 139 139 139 139 139 139 139 139 139 139 141 145 149 153

(8) TAXES (SM) 00 00 00 00 00 00 35 35 35 35 35 35 35 35 35 38 37 38

AFTER TAX PROFITS (SM) 00 -C4 -43 -88 139 139 104 104 104 104 104 104 104 104 106 109 112 115

DEBT SERVICE COVERAGE RATIO· «1)-{8))1(7) 31 31 31 31 31 31 31 31 31 31 16 16 16 17

PROJECT CASH FLOW. (1l-{2)-{3l-{4)-{8l-{8) 208 1733 -434 311 311 276 276 276 276 276 278 276 278 276 275 274 273--~ FlRR 104%

cA- • •



• • •
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF = $0 030 I KWH

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity faclor (/ ) 80 00 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 80 00

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

Tanft rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Inlerest rate ( / ) 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 ($I1<W/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreclallon (k) 286 286 286 286 286 286 266 286 286 288 286 286 288 286 286 286 286 286 286 286 286

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

YEARS 2018 2010 2020 2021 2022 2023 2024 2025 2028 2027 2028 2020 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net plant producllon (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 80 1 80 1 80 1 801 80 1 801 801 801 801 801 801 80 1 801 801 801 80 1 801 801 801

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) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 63 53 63 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal exponsos (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 10 06 02

Pnnclpal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

(7) Subtotal (SM) 183 179 175 171 167 163 159 155 150 146 142 138 134 130 126 122 118 114 110 106 102

DEPRECIATION (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 157 161 165 169 173 177 181 185 189 193 197 201 205 209 213 217 221 225 229 233 237

(8) TAXES (SM) 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

AFTER TAX PROFITS (SM) 118 121 124 127 130 133 136 139 142 145 148 151 154 157 160 163 166 169 172 175 178

DEBT SERVICE COVERAGE RATlD· «l)o(6)V(7) 17 1 7 1 8 1 8 19 19 20 20 21 21 22 22 23 24 25 25 26 27 28 29 30

PROJECT CASH FLOW. (1)0(2)0(3)0(4)-(6)-(8) 272 271 270 269 268 267 266 265 263 262 261 260 259 258 257 256 255 254 253 252 251

.-
ef-
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9/12/98958 TABLE B 2-32 Sheel10f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF = $0 0251 KWH

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

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

Trans & dlstr loss factor (0/) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($fMWh) 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025

Fuel cosl ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Interesl rate ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($/kWfy) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreclalJon ( I ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (0/) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d.sl losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 668 668 668 668 668 668 668 668 668 668 668 668 668 668

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

(3) Other capItal costs ($M) 00 00 00

(4) Owne(s cost ($M) 18 24 102

(5) Interest Dunng Construction 02 43 88

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Foxed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal expenses (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 04 43 BB 100 100 100 100 100 100 100 100 100 100 9B 94 90 86
Pnnc1pal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100

(7) Subtotal (SM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROmS (SM) 00 -04 -43 -88 05 05 05 05 05 05 05 05 05 05 07 11 15 19

(8) TAXES (SM) 00 00 00 00 00 00 01 01 01 01 01 01 01 01 02 03 04 05

AFTER TAX PRoms (SM) 00 -04 -43 -88 05 05 04 04 04 04 04 04 04 04 05 08 11 14

DEBT SERVICE COVERAGE RATIO· ((1)o(8)V(7) 1 8 1 8 1 8 1 8 1 8 1 8 1 8 1 8 1 8 1 8 09 09 09 09

PROJECT CASH FLOW· (1)0(2)0(3)0(4)0(8)0(8) 208 1733 -434 177 177 176 176 176 176 176 176 176 176 175 174 173 172

-:D FlRR 59%
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 0251 KWH

constant 1998 dollars

Net plant oulpul (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor ('/ ) 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 ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025 0025

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Interesl 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 cost ($/kWly) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreCiation ( / ) 286 286 286 286 286 286 286 286 286 286 288 286 286 286 286 286 286 286 286 286 286

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

YEARS 2018 2010 2020 2021 2022 2023 2024 2025 2026 2027 2026 2029 2030 2031 2032 2033 2034 2035 2036 2037 2036

REVENUES

Net plant production (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668 668

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owners cost ($M)

(5) Interest During Construcllon

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Variable O&M cosl ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 10 06 02

Principal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

(7) Subtotal (SM) 183 179 175 171 167 163 159 155 150 146 142 138 134 130 126 122 118 114 110 106 102

DEPRECIATION (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99 103

(6) TAXES (SM) 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

AFTER TAX PROFITS (SM) 17 20 23 26 29 32 35 38 41 45 48 51 54 57 60 63 66 69 72 76 78

DEBT SERVICE COVERAGE RATIO· «1)-(8})/(7) 1 0 1 0 1 0 1 0 11 11 11 11 12 12 12 13 13 14 14 14 15 1 5 16 17 17

PROJECT CASH FLOW. (1)-(2)-(3)-(4)-(8)-(8) 171 170 169 168 167 166 165 164 163 162 161 160 159 158 157 156 155 154 153 152 151

';;)
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·TARIFF = $0 02751 KWH

conSlant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor (0/ ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

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

Tanff rate ($/MWh) 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan mterest rate (0/ ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual deprecIation ( ! ) 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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2008 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & d,st losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues ISM) 735 735 735 735 735 735 735 735 735 735 735 735 735 735

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

(3) Other capllal costs ($M) 00 00 00
(4) Owners cost ($M) 18 24 102
(5) Interest During Construction 02 43 88

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 98 94 90 86
Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100
(7) SUbtotat (SM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 00 .(J4 -43 -88 72 72 72 72 72 72 72 72 72 72 74 78 82 86

(6) TAXES (SM) 00 00 00 00 00 00 18 18 18 18 18 18 18 18 18 19 20 21

AFTER TAX PROFITS (SM) 00 .(J4 -43 -88 72 72 54 54 54 54 54 54 54 54 55 58 61 64

DEBT SERVICE COVERAGE RATIO· «l)o(6)V(7) 24 24 24 24 24 24 24 24 24 24 12 13 13 13

PROJECT CASH FLOW. (l)o(2)o(3)o(4)o(6)-{8) 208 1733 -434 244 244 226 226 226 228 226 226 228 226 225 224 223 222

- FlRR 830/
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 02751 KWH

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

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 & 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 rate ($/MWh) 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275 00275

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Inlerest 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 ($I1<W/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($iMWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreCiation (k) 288 286 286 286 288 286 286 286 286 288 286 286 286 286 286 286 286 286 286 286 286

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

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

REVENUES

Net planI producllon (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735 735

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cosl ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 1 0 06 02
Principal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(7) Subtotal (SM) 183 179 175 171 167 163 159 155 150 146 142 138 134 130 126 122 118 114 110 106 102

DEPRECIATION ($M) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166 170

(8) TAXES ($M) 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

AFTER TAX PROFITS ($M) 68 71 74 77 80 83 86 89 92 95 98 101 104 107 110 113 116 119 122 125 128

DEBT SERVICE COVERAGE RATIO. ((1)-(6))1(71 13 14 14 14 15 15 15 16 16 17 17 16 1 B 19 19 20 21 21 22 23 24

PROJECT CASH FLOW. (1)-{2)-{3)-{4)-{6)-(6) 221 220 219 218 217 216 215 214 213 212 211 210 209 208 207 206 205 204 203 202 201

~
\ I



9/12/9B959 TABLE B2-34 Sheel1 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·TARIFF =$0 03251 KWH

constant 199B dollars

Nel plant output (MW) 3B120 3B120 3B120 3B120 3B120 3B120 38120 38120 38120 3B120 3B120 3B120 3B120 38120 3B120 3B120 3B120 3B120

Capacity factor (01 ) BO 00 BOOO BOOO BO 00 8000 BOOO 8000 8000 BO 00 8000 8000 BOOO BOOO 8000 8000 8000 8000 8000

Trans & dlstr loss faclor (10) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325

Fuel cosl ($/GCAL) 881 881 B81 881 8Bl 881 881 881 B81 881 881 BBI 881 881 8 Bl 881 881 8 Bl

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 ($JkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 14 03 1403

Vanable O&M cost ($IMWh) 000 000 000 000 OB7 087 087 OB7 087 087 087 087 087 087 087 087 087 OB7

Annual depreCiation (10) 000 000 000 000 286 2 B6 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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annu.1 fevenues ($M) 86B B68 868 868 B68 868 868 868 86B 868 B68 86B B68 B68

CAPITAL EXPENDITURES

(2) EPC contraclors cost ($M) 190 1709 332

(3) Other capital costs ($M) 00 00 00
(4) Owner's cost ($M) 18 24 102

(5) Interesl Dunng Construction 02 43 88

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses I$M) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment (SM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 9B 94 90 86
PnnClpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 10 0 100 100 100
(7) Subtotal ($M) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION ($M) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS ($M) 00 -04 -43 -8B 206 20B 208 206 208 208 208 206 206 206 208 212 216 220

(8) TAXES ($M) 00 00 00 00 00 00 51 51 51 51 51 51 51 51 52 53 54 55

AFTER TAX PROFITS ($M) 00 -04 -43 -88 206 206 154 154 154 154 154 154 154 154 156 159 162 165

DEBT SERVICE COVERAGE RATIO· ((1)-(6»/(7) 38 38 38 3B 38 38 38 38 38 38 19 19 20 20

PROJECT CASH FLOW. (1)-(2)-(3)-(4)-(6)-(6) 208 1733 -434 37B 378 328 326 326 328 326 326 326 328 326 325 324 323

FlRR 1250/- • •~ •ro.........
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TABLE B2-34 Sheel2 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$003251 KWH

constant 199B dollars

Net planl output (MW) 36120 36120 36120 3B120 3B120 3B120 3B120 3B120 36120 36120 36120 36120 36120 36120 3B120 3B120 3B120 3B120 3B120 3B120 3B120

Capacity factor (/ ) BODO BODO BODO BODO BODO BODO 6000 BODO BODO BODO BODO BODO BODO BODO BODO BODO BODO BODO BO 00 6000 BODO
Trans & dlslr 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) 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325 00325

Fuel cost ($/GCAL) BBl BBI 6Bl B Bl BBI BBI 6Bl BBI BBI B61 661 BBl BBI BBI BBI 661 BBI BBI B Bl 6Bl 6Bl

Loan Interest rate ( / ) 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 ($/kW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) OB7 067 OB7 067 OB7 OB7 OB7 067 067 067 067 OB7 OB7 OB7 oB7 OB7 oB7 067 OB7 OB7 067
Annual depreciation (/ ) 2B6 2B6 2B6 266 266 266 266 266 266 2B6 2B6 266 266 266 2 B6 2B6 2 B6 2 B6 2 B6 2B6 2B6

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

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

REVENUES

Net plant production (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714
(1) Annual revenues (SM) B6B BBB B6B 666 B6B B6B 66B B6B B6B B6B BBB 66B B6B B6B B6B 66B 66B B6B B66 B66 B6B

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Other capital costs ($M)

(4) Owne~s cosl($M)

(5) Interest Dunng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(8) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) B2 7B 74 70 66 62 5B 54 50 46 42 3B 34 30 26 22 1 B 14 10 06 02
Pnnclpal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(7) Subtotal (SM) lB3 179 175 171 167 163 159 155 150 146 142 136 134 130 126 122 11 B 114 110 106 102

DEPRECIATION (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 224 22B 232 236 240 244 246 252 256 260 264 26B 272 276 2BO 2B4 2BB 292 296 300 304

(8) TAXES (SM) 56 57 5B 59 60 61 62 63 64 65 66 67 6B 69 70 71 72 73 74 75 76

AFTER TAX PROFITS (SM) 166 171 174 177 lBO 163 166 lB9 192 195 19B 201 204 207 210 213 216 219 222 225 22B

DEBT SERVICE COVERAGE RATIO· «1)0(8))/(7) 21 21 22 22 23 23 24 24 25 26 26 27 26 29 30 31 32 33 34 35 37

PROJECT CASH FLOW. (1)12)13)0(4)0(8)0(8) 322 321 320 319 31 B 317 316 315 314 313 312 311 310 309 30B 307 306 305 304 303 302

l,.,\,,,



9/121981000 TABLE B2-35 Sheet 1 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-TARIFF =$0 0351 KWH

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor (0/ ) 8000 8000 8000 80 00 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) 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan mterest rate ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

FIXed O&M cost ($IkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($IMWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation ( I ) 000 000 000 000 286 286 286 286 286 286 286 286 286 286 288 286 286 286

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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & dlst losses (GWh) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual reyenue. ISM) 935 935 935 935 935 935 935 935 935 935 935 935 935 935

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

(3) Other caPital costs ($M) 00 00 00
(4) Owne(s cost ($M) 18 24 102
(5) Interest Dunng Construction 02 43 BB

OPERATING EXPENSES

Fuel cost (SM) 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expon.e. ISM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 00 04 43 B8 100 100 100 100 100 100 100 100 100 100 98 94 90 86
PnnCJpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100
(7) Subtotal ISM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION ISM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS ISM) 00 -ll4 -43 -88 272 272 272 272 272 272 272 272 272 272 274 278 282 286

(8) TAXES (SM) 00 00 00 00 00 00 68 88 88 88 68 68 68 68 69 70 71 72

AFTER TAX PROFITS (SM) 00 -ll4 -43 -88 272 272 204 204 204 204 204 204 204 204 206 209 212 215

DEBT SERVICE COVERAGE RATIO. «1)-(6»)/(7) 44 44 44 44 44 44 44 44 44 44 22 23 23 24

PROJECT CASH FLOW· (1)-(2)-(3)-(4}-(8)-(8) 208 1733 -434 444 444 378 376 376 376 376 376 376 376 376 375 374 373-~ FlRR 144%

~ • • •
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TABLE B2 35 Sheel20f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·TARIFF =$0 0351 KWH

constant 1998 dollars

Net planI output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dls!r loss factor (/ ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rale ($/MWh) 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035 0035

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

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) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation (/ ) 288 286 286 286 286 286 286 288 286 286 286 286 286 286 286 286 286 286 286 286 286

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

YEARS 2018 20111 2020 2021 2022 2023 2024 2025 2028 2027 2028 20211 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net plant production (GWh) 26714 26714 26714 28714 28714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935 935

CAPITAL EXPENDITURES

(2) EPC contractors cosl ($M)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Du~ng Construction

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(8) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 10 06 02
Pnnclpal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(7) Subtotal (SM) 183 179 175 171 167 163 159 155 150 146 142 138 134 130 126 122 118 114 110 106 102

DEPRECIATION (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 290 294 298 302 306 310 314 318 322 326 330 335 339 343 347 351 355 359 363 367 371

(8) TAXES (SM) 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93

AFTER TAX PROFITS (SM) 218 221 224 227 230 233 236 239 242 245 248 251 254 257 260 263 266 269 272 275 278

DEBT SERVICE COVERAGE RATIO· ((1)-{8))/(7) 24 26 25 26 27 27 28 29 30 30 3 1 32 33 34 35 38 38 39 40 42 43

PROJECT CASH FLOW. (1)-{2)-{3)-{4)-{8)-{8) 372 371 370 369 368 367 366 365 364 363 362 361 360 359 358 357 356 355 354 353 352

).'

~



9/1219B 1001 TABLE B2-36 Sheet 1 of2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS.BASE CASE TARIFF &CAPITAL COSTS +10%

constant 199B dollars

Net plant oUlput (MW) 3B120 3B120 38120 3B120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 3B120

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

Trans & d,slT loss factor( I) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) BBI BBI 881 BBI BBI 8Bl BBI 8Bl BBI BBI BBI BBI B81 BBI B81 BBI 8Bl BBI

Loan Interest rale (0/ ) 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 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Variable O&M cost ($/MWh) 000 000 000 000 OB7 OB7 OB7 087 OB7 087 OB7 087 OB7 oB7 OB7 OB7 OB7 OB7

Annual depreClalion ( k) 000 000 000 000 2B6 2 BB 286 2BB 2B6 2B6 286 2B6 2B6 2B6 286 2B6 2B6 2B6

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

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) BO 1 BO 1 801 BO 1 801 BO 1 BO 1 BO 1 801 BO 1 BO 1 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 209 1880 366

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

(4) Owner's cost{$M) 20 26 112

(5) Interest During ConstructJon 02 47 97

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FlNANCIAL

Interest payment ($M) 00 05 47 97 110 110 110 110 110 110 110 110 110 110 108 104 99 95

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 110 110 110 110

(7) Subtotal ISM) 00 05 47 97 110 110 110 110 110 110 110 110 110 110 219 214 210 205

DEPRECIATION ISM) 00 00 00 00 79 79 79 79 79 79 79 79 79 79 79 79 79 79

PRETAX PROFlTS ISM) 00 .ij5 -47 97 122 122 122 122 122 122 122 122 122 122 124 128 133 137

(8) TAXES ISM) 00 00 00 00 00 00 30 30 30 30 30 30 30 30 31 32 33 34

AFTER TAX PROmS ISM) 00 .ij5 -47 97 122 122 91 91 91 91 91 91 91 91 93 96 99 103

DEBT SERVICE COVERAGE RATIO· ((1)-{6»/(7) 28 2B 28 28 2B 28 28 28 28 2B 14 15 15 15

PROJECT CASH FLOW· (1)-{2)-{3)-{4)-{6)-{8) 228 1908 -478 311 311 280 2BO 280 280 2BO 280 280 280 280 279 27B 276

FlRR 95%
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TABLE B2 36 Sheet 20f2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & CAPITAL COSTS +10%

canslant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity faclor ( / ) 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 rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

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 ($fkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreciation (/ ) 286 286 266 286 286 286 286 286 286 286 286 286 286 286 286 286 286 286 266 286 286

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

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

REVENUES

Net plant producllon (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost (SM)

(3) Other capital costs ($M)

(4) Owne~s cost($M)

(5) Interest Dunng Conslructlon

OPERATING EXPENSES

Fuel cosl ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414
FIxed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(8) Subtotal expenses (SM) 491 491 491 491 491 491 49 1 491 491 491 491 491 49 1 49 1 491 491 491 491 491 491 491

FINANCIAL

Interest payment ($M) 90 86 82 77 73 68 64 60 55 51 46 42 38 33 29 24 20 15 11 07 02
Pnnclpal payment ($M) 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110
(7) Subtotal (SM) 201 196 192 188 183 179 174 170 166 161 157 152 148 143 139 135 130 126 121 117 113

DEPRECIATION (SM) 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79 79

PRETAX PROFITS (SM) 141 146 150 155 159 163 166 172 177 181 166 190 194 199 203 208 212 216 221 225 230

(8) TAXES (SM) 35 36 38 39 40 41 42 43 44 45 46 47 49 50 51 52 53 54 55 56 57

AFTER TAX PROFITS (SM) 106 109 113 116 119 123 126 129 133 136 139 142 146 149 152 156 159 162 166 169 172

DEBT SERVICE COVERAGE RATIO. ((1)-(8))/(7) 15 16 16 17 17 17 18 18 19 19 20 20 21 22 22 23 24 25 26 27 28

PROJECT CASH FLOW. (1)-{2)-{3)-(4)-(8)-(8) 275 274 273 272 271 270 269 268 267 265 284 283 262 261 280 259 258 257 258 254 253

.....
~
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9/12198 10 02 TABLE B2-37 Sheet 1 of 2

YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & CAPITAL COSTS -10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity faclor ( I ) 8000 8000 8000 8000 80 00 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

Tanff rate ($IMWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

Loan Interesl rale (I) 400 400 4 00 400 400 400 400 400 400 400 400 400 400 400 4 00 400 4 00 400

Fixed O&M cost ($fkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual deprec,abon (I) 000 000 000 000 288 286 286 286 286 286 286 286 286 286 286 286 286 286

Taxes (I) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 25 00 2500

YEARS 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 801 801 801 801 801 801 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 171 1538 299

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

(4) OWne(s cost ($M) 16 22 92

(5) Inlerest Ou~n9 Construction 02 39 79

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Va~ableO&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 00 00 00 00 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Interesl payment ($M) 00 04 39 79 90 90 90 90 90 90 90 90 90 90 88 85 81 78

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 90 90 90 90

(7) Subtotal (SM) 00 04 39 79 90 90 90 90 90 90 90 90 90 90 179 175 172 168

DEPRECIATION (SM) 00 00 00 00 64 64 64 64 64 64 64 64 64 64 64 64 64 64

PRETAX PROFITS (SM) 00 -04 39 79 156 156 156 156 156 156 156 156 156 156 156 161 165 169

(8) TAXES (SM) 00 00 00 00 00 00 39 39 39 39 39 39 39 39 39 40 41 42

AFTER TAX PROFITS (SM) 00 -04 -39 79 156 156 117 117 117 117 117 117 117 117 116 121 124 126

DEBT SERVICE COVERAGE RATIO· «1H6))I(7) 34 34 34 34 34 34 34 34 34 34 17 16 18 19

PROJECT CASH FLOW· (1H2H3H4H6H6) 187 1560 -391 311 311 272 272 272 272 272 272 272 272 271 270 269 269

~
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &CAPITAL COSTS -10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120
Capacity factor ( / ) 8000 80 00 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

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

Tanff rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030
Fuel cost ($/GCAL) 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881 881

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) 1403 1403 1403 1403 1403 14 03 14 03 1403 1403 14 03 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Variable O&M cosl ($/MWh) 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreCiation ( / ) 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

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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

Trans & diS! 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) 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 80 1 801 801 801 801 80 1 801 801 801 801 80 1 80 1 80 1 801 801 80 1 801 80 1 80 1 801

CAPITAL EXPENDITURES

(2) EPC contractors cosi ($M)

(3) Olher capital costs ($M)

(4) Owne~s cost ($M)

(5) Interest Durlng ConstructIOn

OPERATING EXPENSES

Fuel cost ($M) 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414 414
Fixed O&M cosl ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491 491

FINANCIAL

Inlerest payment ($M) 74 70 67 63 60 66 52 49 45 42 38 34 31 27 23 20 16 13 09 05 02
Pnnclpal payment ($M) 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90
(7) Subtotal (SM) 164 161 157 154 150 146 143 139 135 132 128 125 121 117 114 110 10 7 103 99 96 92

DEPRECIAnON (SM) 64 64 64 64 64 64 64 64 84 64 64 64 64 64 64 64 64 64 64 64 64

PRETAX PROFITS (SM) 172 176 179 183 187 190 194 197 201 205 208 212 216 219 223 226 230 234 237 241 244

(8) TAXES (SM) 43 44 45 46 47 48 48 49 50 51 52 53 54 55 56 57 57 58 59 60 61

AFTER TAX PROFITS (SM) 129 132 135 137 140 143 145 148 151 154 156 159 162 164 167 170 172 175 178 181 183

DEBT SERVICE COVERAGE RATIO. «1)-(6)V(7) 19 1 9 20 20 2 1 2 1 22 22 23 24 24 25 26 26 27 28 29 30 31 32 34

PROJECT CASH FLOW. (1J-(2J-(3J-(4J-(6)-(6) 266 267 266 265 264 263 262 281 280 260 259 256 257 256 255 254 253 252 251 251 250

~
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF &GAS PRICE +10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 3B120 38120 38120 38120 38120 3B120 38120 38120 3B120 38120 38120 38120 3B120 38120 38120

Capacity factor ( I.) BOOO BODO BODO 8000 8000 8000 8000 8000 8000 8000 8000 8000 BODO 8000 8000 8000 BODO BODO

Trans & d.slr loss faclor ( 1 ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanff rate ($IMWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAl) 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969

loan Interesl rate (%) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

Fixed O&M cOSI ($JkWly) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable o&M coSI ($/MWh) 000 000 000 000 087 OB7 OB7 OB7 OB7 OB7 087 087 087 087 087 087 087 087

Annual depreclallon ( 1 ) 000 000 000 000 2B6 286 2B6 286 286 286 2B6 286 286 286 286 286 286 2B6

Taxes I I.) 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

YEARS 2000 2001 2002 2003 2004 200S 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

REVENUES

Nel plant producllon (GWh) 00 00 00 00 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annualreyenues (SM) BO 1 BO 1 BO 1 BO 1 801 801 BO 1 BO 1 BO 1 BO 1 BO 1 BO 1 BO 1 801

CAPITAL EXPENDITURES

(2) EPC contractors cost I$M) 190 1709 332

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

(4) OWners cost($M) 16 24 102

(5) Interest Dunng Construction 02 43 BB

OPERATING EXPENSES

Fuel cost ($M) 455 455 455 455 455 455 455 455 455 455 455 455 455 455
Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses (SM) 00 00 00 00 532 532 532 532 532 532 532 532 532 532 532 532 532 532

RNANCIAL

Interest paymenl I$M) 00 04 43 B8 100 100 100 100 100 100 100 100 100 100 9B 94 90 86
Pnnc/pal payment ISM) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100
(7) Subtotal ISM) 00 04 43 BB 100 100 100 100 100 100 100 100 100 100 199 195 191 lB7

DEPRECIATION (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROmS (SM) 00 -04 -43 -8B 97 97 97 97 97 97 97 97 97 97 99 103 107 111

(6) TAXES (SM) 00 00 00 00 00 00 24 24 24 24 24 24 24 24 25 26 27 28

AFTER TAX PRoms (SM) 00 -04 -43 -88 97 97 73 73 73 73 73 73 73 73 75 78 81 64

DEBT SERVICE COVERAGE RATIO. (1)-(6»)/(7) 27 27 27 27 27 27 27 27 27 27 14 14 14 14

PROJECT CASH FLOW. (1)-{2)-{3)-(4)-{S)-{Il) 208 1733 -434 269 2B9 245 245 245 245 245 245 245 245 244 243 242 241

~
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & GAS PRICE +10%

constant 1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor (0/ ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & dlstr 1055 factor ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Tanff rale ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969 969

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) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 067 087 087 087 087 087 087 087 087 087 087 087 087 087 087 087 067 087 087 087 087

Annual depreciation ( / ) 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

YEARS 201B 2019 2020 2021 2022 2023 2024 2025 2026 2027 202B 2029 2030 2031 2032 2033 2034 2035 2036 2037 203B

REVENUES

Nel plant productIOn (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714
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) 26714 26714 26714 26714 26714 26714 26714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual 'evenues ($M) 801 801 801 801 801 801 801 801 801 801 801 801 801 801 80 1 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M)

(3) Olher capital cosls ($M)

(4) Owne~s cost ($M)

(5) Interest Dunn9 Conslructlon

OPERATING EXPENSES

Fuel cosl ($M) 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455 455
Fixed O&M cosl ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Variable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(6) Subtotal expenses ($M) 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532 532

FINANCIAL

Inlerest payment ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 10 08 02
Pnnclpal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 10 0 100 100 100 100
(7) Subtotal ($M) 183 179 175 171 167 163 159 155 150 146 142 138 134 130 126 122 118 114 110 106 102

DEPRECIATION ($M) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS ($M) 115 119 123 127 131 135 139 143 147 152 156 160 164 168 172 176 180 184 188 192 196

(B) TAXES ($M) 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

AFTER TAX PROFITS ($M) 87 90 93 96 99 102 105 108 111 114 117 120 123 128 129 132 135 138 141 144 147

DEBT SERVICE COVERAGE RATIO· «1)-(8))/(7) 15 15 15 16 16 17 17 17 18 18 19 19 20 21 21 22 23 24 24 25 26

PROJECT CASH FLOW· (1)-{2)-(3)-{4)-(8)-(8) 240 239 238 237 238 235 234 233 232 231 230 229 228 227 226 225 224 223 222 221 220

~
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS·BASE CASE TARIFF & GAS PRICE ·10%

constanl1998 dollars

Net plant output (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120

Capacity factor (k) 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

Tanff rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAl) 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793

Loan .nterest rale ( I ) 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400

FIXed O&M cost ($tkW/y) 000 000 000 000 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Vanable O&M cost ($/MWh) 000 000 000 000 087 087 087 087 087 087 087 087 087 087 087 087 087 087

Annual depreclalion (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 2600 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500

YEARS 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 2017

REVENUES

Net plant production (GWh) 00 00 00 00 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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

Energy sales (GWh) 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 801 801 801 801 801 801 801 801 801 801 801 801

CAPITAL EXPENDITURES

(2) EPC contractors cost ($M) 190 1709 332

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

(4) Owne~s cosl($M) 18 24 102

(5) Interest Dunng Construction 02 43 88

OPERATING EXPENSES

Fuel cost ($M) 373 373 373 373 373 373 373 373 373 373 373 373 373 373

Fixed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53

Vanable O&M cost ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23

(6) Subtotal expenses (SM) 00 00 00 00 449 449 449 449 449 449 449 449 449 449 449 449 449 449

ANANCIAL

Interesl payment ($M) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 98 94 90 86

Pnnclpal payment ($M) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 100 100 100

(7) Subtotal (SM) 00 04 43 88 100 100 100 100 100 100 100 100 100 100 199 195 191 187

DEPRECIATION (SM) 00 00 00 00 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROFITS (SM) 00 -04 -43 ~8 180 180 180 180 180 180 180 180 180 180 182 186 190 194

(8) TAXES (SM) 00 00 00 00 00 00 46 45 45 45 45 45 45 45 46 47 48 49

AFTER TAX PROmS (SM) 00 -04 -43 -88 180 180 135 135 135 135 135 135 135 135 137 140 143 148

DEBT SERVICE COVERAGE RATIO· «1)-{6»)/(7) 35 35 35 35 35 35 35 35 35 35 18 1 8 18 19

PROJECT CASH FLOW. (1)-{2)-(3)-(4)-(8)-(8) 208 1733 -434 352 352 307 307 307 307 307 307 307 307 307 306 305 304

ARR 117%
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YEREVAN POWER PLANT FEASIBILITY STUDY
FINANCIAL ANALYSIS-BASE CASE TARIFF & GAS PRICE -10%

constant 1998 dollars

Nel plant outpul (MW) 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 38120 36120 38120

Capaclly factor ( / ) 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 6000 8000 8000 8000 8000 8000 8000 8000 8000 8000

Trans & d,str toss factor ( / ) 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

Tanll rate ($/MWh) 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030

Fuel cost ($/GCAL) 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793 793

Loan Inlerest rate (/ ) 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 ($IkW/y) 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403 1403

Variable O&M cost ($/MWh) 087 087 087 087 087 087 067 087 087 067 087 087 087 087 087 087 087 087 087 087 087

Annual depreciatIOn (0/ ) 286 286 286 286 266 286 286 286 286 286 286 266 286 286 286 286 286 286 286 286 266

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

YEARS 2018 20111 2020 2021 2022 2023 2024 2025 2028 2027 2028 2029 2030 2031 2032 2033 2034 2035 2038 2037 2038

REVENUES

Net plant productIon (GWh) 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

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) 26714 26714 26714 28714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714 26714

(1) Annual revenues (SM) 801 801 801 801 801 601 801 601 801 601 801 801 801 601 801 801 801 801 801 601 601

CAPITAL EXPENDITURES

(2) EPC contraclors cost (SM)

(3) Other capital costs ($M)

(4) Owne~s cost ($M)

(5) Intemst During Construction

OPERATING EXPENSES

Fuet cost ($M) 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373 373
F.xed O&M cost ($M) 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53 53
Variable O&M cosl ($M) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
(I) SUbtotal expenses (SM) 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449 449

FINANCIAL

Intemsl paymenl ($M) 82 78 74 70 66 62 58 54 50 46 42 38 34 30 26 22 18 14 10 06 02
Principal payment ($M) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(7) Subtotal (SM) 183 179 175 171 167 163 159 155 150 146 142 136 134 130 126 122 118 114 110 106 102

DEPRECIATION (SM) 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72 72

PRETAX PROATS (SM) 198 202 206 210 214 218 222 226 230 234 238 242 246 250 254 258 262 266 270 274 278

(8) TAXES (SM) 50 51 52 53 54 55 56 57 58 59 60 81 62 63 64 65 66 67 68 69 70

AFTER TAX PROmS (SM) 149 152 155 158 161 164 167 170 173 176 179 182 185 188 191 194 197 200 203 206 209

DEBT SERVICE COVERAGE RATIO· «l}-{IJV(7) 19 20 20 21 21 22 22 23 23 24 25 25 26 27 28 29 30 31 32 33 34

PROJECT CASH FLOW· (1}-{2)o(3)o(4)o(I)o(B) 303 302 301 300 299 298 297 298 295 294 293 292 291 290 289 286 287 288 285 284 283



Table B.2 - 40

Sensitivity Cases

Financial Analysis

Parameter Value FIRROO DSC Table

Base Case 104 16- 31 B 2-31
- Tariff = $0 03/kWhr
- Capital Cost = $237 5 MM
- Gas Price = $8 81/Gcal

Tariff $0 0250 IkWhr 59 09 -1 8 B 2-32
$0 0275 IkWhr 83 1 2 - 2 4 B 2-33
$0 0325 IkWhr 125 1 9 - 38 B 2-34
$0 0350 IkWhr 144 22-44 B 2-35

Total Capital Cost +10% 95 1 4 - 2 8 B 2-36
-10% 11 5 1 7 - 3 4 B 2-37

Gas Price +10% 91 1 4 - 27 B 2-38
-10% 11 7 1 8 - 35 B 2-39

• •
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1 1

SECTION 1 0 - GENERAL INFORMATION

Project DescnptIOn •
1 1 1 General

(Later), heremafter referred to as the "Owner" (or alternatIvely "Employer"), mtends
to mstall a gas fired base-loaded combmed cycle power plant at the eXlstmg Yerevan
CHP plant station On sIte are presently two 150 MW natural gas and 011 (mazut) fired
boller umts and a number of 50 MW power plant umts scheduled for decorrumssIOmng
and/or subsequent demolltIOn The locatIOn of the power plant facllity IS as shown on
BRE Drawmg C-lOO, Vlclmty SIte Plan There shall be IDllllIDal mterfacmg to the
eXlstmg CHP plant

The new combmed cycle mstallatIOn WIll occupy approxlIDately 1 63 hectare on the
eXlstmg plant sIte The sIte IS accessIble by rall and hIghway The hIghway connectIOn
IS to Port of Pob on the Black Sea, m the Republlc of Georgia WhICh IS approxlIDately
200 km away from the sIte

The Project Concept descnbed herem IS for a nommal 400 MW combmed cycle power
plant, m a dual tram The plant IS to conSIst of two (2) combustIOn turbmes, two (2)
unfired tnple pressure heat recovery steam generators, one (1) steam turbme and one
(1) surface condenser, three (3) generators, three (3) step up transformers, two (2)
auxIllary transformers and assocIated balance of plant systems

Plant arrangement shall be optlIDlZed by Contractor The technIcal speCIficatIOns
attached hereto proVIde the defimtIOn of the systems and facIllties WhICh constItute the
combmed cycle power plant mcludmg demolltIOn and/or refurbIshment of eXlstmg
faclhtles/eqUipment

The combmed cycle power plant IS depIcted on SIte Plan Drawmg C-102 and General
Arrangement Power Block Drawmgs M-201 and M-202

Project completIOn date for commerCial operatIon shall be approxlIDately 30 months
after notIce of Award of Contract

1 1 2 Fuel

PrlIDary fuel for the combustIOn turbme wlll be natural gas The back-up fuel for the
combustIOn turbme WIll be dIstillate (#2 fuel 011)

5928 OllVol 2 Doc/8 27 98
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1 2 Work to be ProvIded Under ThIS Contract

The Contract shall consIst of deSIgnIng, 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 lImIted to, the followmg work Items

1 2 1 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," "furmsh
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 delIvered to the JobsIte, no matter from WhICh
source, and mcludmg freIght forwardmg and customs clearance

1 22 The power plant umt system shall mclude all Work m place from ImtIaI SIte
constructIon to start-up and testmg as reqUIred for a complete operable umt, mcludmg
electrIcal power for constructIOn actIVItIes

1 2 3 The Work shallmclude Contractor's and Contractor's Vendors serVIces oftechmcal
dIrectIOn as requIred for placmg the power plant mto successful operatIon, and for
trammg Employer's plant personnelm operatIOn and mamtenance of the power plant

1 2 4 Contractor shall coordmate checkout, start-up and perform lDltIal operatIon of plant
eqUIpment and systems m coordmatIOn WIth Employer's plant operatIOn staff
Employer's plant operatmg 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 25 The power plant shall be complete WIth all components speCIfied herem, and Work as
requITed by BId Documents, mcludmg, but not llIDlted to, preparatIOn of the followmg
deSIgn documents astensk (*) denotes submIttal to Employer for approval All other
documents/drawmgs shall be submItted to Employer at tme 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, BUIldmg Drawmgs
*(5) System P&ID's
*(6) Overall Plant Control Block DIagram
*(7) Major EqUIpment and BId SpeCIficatIOns

- CombustIon Turbme Generator
- Steam Turbme Generator
- Heat Recovery Steam Generator (HRSG)
- Condenser
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1 2 6 The Work shall mclude the followmg serVIces

(a)

- Boller Feed Pumps, Clrculatmg Water Pumps, Condensate Pumps
- Fuel Gas Booster Compressor
- RepaIr and Upgrade of EXlstmg Coolmg Tower EqUIpment
- Generator
- Large Transformers (Step-Up, AUXIlIary)
- MV Metal Clad SWItchgear and Motor Control Centers
- DCS

(8) Electncal Smgle Lme Diagrams
(9) Fmal Procurement SpecIficatIOns
(10) DeSIgn StudIes and EvaluatIOns
(11) DetaIl DeSIgn Drawmgs
(12) LOgIC DIagrams
(13) SchematIC Diagrams
(14) Wmng Diagrams
(15) System DescnptIOns
(16) OperatIOn Manuals
(17) PreventIve Mamtenance Manuals
(18) EqUIpment InstructIon Books
(19) InstallatIOn Manuals
(20) As BUIlt Drawmgs

Project management, mcludmg project adrntmstratIon, schedulmg, cost control, and
qualIty assurance

•

•
(b) Engmeenng serVIces, mcludmg, but not lImIted to, the followmg

1

2

3
4
5
6
7

Detal1ed deSIgn of the followmg
- Clvl1 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 & MaIntenance Manuals, Start-up and CommissIOmng Procedure
ReSIdent engIneenng
Startup superVISIon
"Conformed to ConstructIOn Records" draWIngs and documents
PartICIpatIOn In meetIngs
Performance TestIng •5928 01 IV01 2 Doc/8 26 98
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•

(c) Procurement, mcludmg expedItmg and qualIty mspectIOn, for all eqUipment, matenals,
serVIces, and erection of eqUipment and facIlItIes for a complete and operatIOnal
combmed cycle power plant facIlIty mc1udmg, but not lImIted to, the followmg

1 CombustIOn turbmes/steam turbme, generator and auxilIanes, surface condenser
2 Heat recovery steam generators (HRSG) stacks and auxilIanes
3 CT/ST/Generator/bUIldmg enclosure mcludmg structural steel, sIdmg, roofmg,

wmdows, doors, louvers, crane and hOIsts
4 Fuel Supply Systems (gas fuel and dIstIllate)
5 Fuel Gas tIe-m to eXIstmg pipeime
6 SodIUm Hypochlonte System
7 MIxed Bed DemmeralIzer
8 NeutralIzatIOn System (and Waste Water dIsposal)
9 FIre DetectIOn and ProtectIOn System (tIe-m to eXIstmg facIlItIes)
10 Hydrogen Supply (tIe-m to eXIstmg facIlIties)
11 Water Storage Tanks (Condensate Storage Tank and SerVIce Water Storage Tank)

(tIe-m to eXIstmg faCIlItIes)
12 CathodIC ProtectIOn System
13 Circulatmg Water System (tIe-m and rehabIlItate eXIstmg system and replace

pumps)
14 VentIlatIOn and aIr conditIOnmg
15 SIte and bUIldmg lIghtmg
16 Yard utIlIty trenches/covers
17 Roads withm new power plant
18 SIte dramage/SIte samtary (tIe-m to eXIstmg faCIlItIes)
19 PIlmg and foundatIOns
20 Temporary constructIon faCIlItIes
21 Plumbmg (tOIlets and showers) potable water faCIlItIes (tIe-m to eXIstmg faCIlIties)
22 PIpmg
23 Fuel Gas Compressors
24 DCS and aUXIlIarIes
25 Electncal eqUipment and matenals
26 Control and InstrumentatIOn eqUipment and matena1s
27 SWltchyard (extend eXIstmg faCIlIty)
28 ArchItectural matenals
29 FmIsh pamtmg of eqUIpment and matenals
30 SodIUm Hypochlonte bUIldmg mcludmg structural steel, masonry block walls,

roofing, doors and louvers
31 RefurbIshment of eXIstmg fuel 011 tanks and new auxilIanes
32 Water Treatment BUIldmg mcludmg structural steel, masonry block walls, roofing,

doors and louvers
33 Relocation of eXIstmg underground/aboveground serVIces WhIch are run to the

eXIstmg CHP plant
34 DemolItIon of eXIstmg SIte area (Refer to Drawmg C-I01 for locatIOn)

5928 OllVol 2 Doc/8 26 98

CI-4



(d)

(e)

35 Instrument Au and Plant AIr (tie-In to eXIstIng faClhtIes)

Construction serVIces and startup/commISSIOnIng, IncludIng, but not lImIted to, the
folloWIng

1 ConstructIOn management
2 SchedulIng
3 ConstructIon labor, supervlSlon, and tools
4 Construction eqUIpment
5 Safety and loss control program
6 Quahty assurance program
7 Procurement expedItIng
8 Manufacturer's field serVIce
9 EqUIpment and matenals reCeIVIng (IncludIng custom clearance), handlIng and

storage
10 PreoperatIOnal checkout, testIng, and startup
11 Performance testIng
12 Construction closeout and sIte fimshIng
13 ConstructIOn of storage area
14 Fust aId and secunty dunng constructIon
15 PartiCIpate In coOrdInatIOn conferences and other meetIngs as the Employer may

request

Consumables for startup, testIng, and three months of InItial operatIOn, excludIng
make-up water, fuel 011, and fuel gas, but IncludIng chemIcals reqUIred by all water
systems

•

•
(t) LubncatIon 011 for system 011 flushIng and InItial fill-Up

(g) TraInIng of the Employer's operation and maIntenance personnel WIth duratIOns as
stated In SectIon 140 Contractor must employ the serVIces of a translator SInce
tralmng IS to be conducted In the RUSSIan language

(h) CoordInatIng startup and InItial operation of plant eqUIpment and systems WIth the
Employer and Employer's Consultant

(1) DevelopIng detaIled testIng procedures and schedule

(k) All reqUIred tools and test eqUIpment

()) Construction power, water, fire protection, lIghtIng, compressed aIr, telephone, and
samtary faCIlIties (It IS expected that Contractor WIll buy power from the utIlIty and
prOVIde a construction power transformer )

(1) Commlsslomng and startup spare parts •5928 0ltV01 2 Doe/8 26-98
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• (m) Pnced Spare Parts List for 2 years operatIOn (not mcluded m Contractor's pnce)

(n) TechnIcal Support for Owner's PermIttmg activIties

I 2 7 Furmshmg of all office, kitchen and laboratory furmture eqUIpment, mcludmg desks,
chaIrs, fax machmes, copy machmes, VCRlTV for trammg, refrIgerator, 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 secunng all reqUIred local, state, and government permIts (constructIon
permIts, etc ) for constructmg the new power plant

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 well water for use durmg start-up and acceptance
testmg

•

2 EnVIronmental Impact Assessment (EIA)

3 All necessary enVIronmental permIts for constructIon and operatIon of the plant
(Contractor shall proVIde all necessary mformation regardmg the plant

eqUIpment and serVIces m hIS supply to aSSIst Employer and/or others m
obtaImng reqUIred envIronmental permIts)

4 Topography mappmg/surveymg

5 SIte GeotechnIcal InvestlgatIOnlBormgs/FoundatIOn DeSIgn RecommendatIOns

6 ProvIdmg operators and mamtenance personnel for SIte-speCIfic hands-on
trammg by Contractor and for Plant startup, mItIal operatIon, and performance
testmg under Contractor's technIcal drrectIon m accordance WIth mutually
agreeable schedule of aCtIVItIes. talang mto account the other oblIgatIons of such
personnel

7 Electnc power after backfeed for start-up and COmmISSIOmng from 110 kV
transmISSIon lme
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1 4 Techmcal SpeclficatIOn Documents

The TechnIcal ReqUIrements establIsh the baselIne for the combmed cycle power plant
and shall be followed m the Contractor's desIgn of systems and eqUIpment

TechnIcal 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 I s bId
Incomplete data subffilttal 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-I02
and M-201 have been provIded to show the conceptual layout of the combmed cycle
power plant wlthm the layout of the eXlstmg power plant These drawmgs are provIded
for mformatlon only Contractor may use other layouts, as deemed appropnate, m the
optImIZatIon of the plant layout

1 5 Contractor-SupplIed EqUIpment and Matenals

1 5 1 General

All matenals and eqUIpment shall be the latest proven deSIgn, new and the first qualIty
standard product of manufacturers or fabncators regularly engaged m the productIon of
such matenals and eqUIpment

When two or more umts of the same class of eqUIpment are requITed, they shall be the
products of a smgle manufacturer

1 5 2 Arrangement

OnentatIOn of eqUIpment shall be as requITed to ID1ll1mlZe objectIonable nOIse, and to
produce the most SUItable access for mamtenance and operatIons

Arrangement of accessones and appurtenances shall be coordmated WIth faCIlItIes as
reqUIred to provIde an optImum layout and econoffilcal 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
defimtlons 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 provldmg the
substitution IS approved by Employer
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•

1 5 4 Factory Tests and Reports

The Contractor shall arrange for the performance for all the manufacturer's standard
factory tests

The Contractor shall perform all factory tests reqUIred by the applIcable codes and by
these specificatIOns All rotatmg machmery shall be statically and dynarrllcally
balanced

Employer and/or Employer's Consultant will witness, as a mmmlUm, factory testmg of
the followmg eqUIpment

Steam Turbme
CombustIOn Turbme
Generators
Step Up Transformers
DCS
Protective Relay Panels
BOller Feed Pumps
Fuel Gas Compressors
Clrculatmg Water Pumps
Generator CirCUIt Breakers

1 5 5 Manufacture and Assembly

The Contractor shall protect all null fImshes of rron 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 shlppmg faCIlIties and constructIOn requrrements 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 manufacturmg location

The Contractor shall not disconnect factory wmng or tubmg except where reqUIred to
correct errors

For skid-mounted eqUIpment the Contractor shall supply completely assembled umts
With Wire, tube, pipe, pamt, and test at the factory
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1 6 EngIneenng ServIces

The Contractor shall provIde for the detaIl desIgn engIneenng and construction lIaIson
serVIces for the Project The EngIneer/Constructor proposed by the Contractor shall
have expenence In the desIgn and constructIon of sImIlar power plant umts and shall
meet the follOWIng expenence and qualIficatIOns cntena

• Must have detaIl desIgn engIneenng expenence for at least three combIned cycle
power plant umts of a mInImum of 250 MW SIZe over the past five years

• Must have constructed one or more combIned cycle power plant umts of 250
MW SIze or larger WhICh have been In successful operatIOn for one or more
years Histoncal operatIng and avaIlabIlIty records shall be provIded

1 7 Plant Manual ReqUirements

Contractor shall furmsh 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 ThIrteen sets of manuals shall be prInted In RussIan language, two sets m
EnglIsh

1 7 1 InstructIon manuals, mcludIng mstallatIOn procedures, shall be prepared by the
Contractor for all eqUipment The manuals shall mclude the follOWIng

a Data sheets showmg 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 mstallatIOn, start-up, operatIOn, mspectIon, and maIntenance

c DIagrams of any CIrCUIt board cards used m eqUipment

d Parts lIsts and recommended spare parts

e Address of nearest manufacturer-authorIZed serVIce facIlIty

f Data In the InstructIon book shall mclude

1 EqUipment data
2 EqUipment flow diagrams
3 PIpmg and mstrument diagrams
4 Electncal schematics and control diagrams
5 EqUipment tnp and lOgIC dIagrams
6 EqUipment lIsts
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• 7 InstallatIOn manuals shall mclude the InformatIon concermng shIpment,
storage, unpackIng, mstallatIOn, check-out and start-up WhICh IS reqUIred
to momtor the InstallatIOn to msure that the eqUIpment IS Installed
properly

1 7 2 OperatIOns Manuals shall be prepared by the Contractor whIch Include detal1ed
operatIng procedures for all plant systems and eqUIpment furnIshed by the Contractor
The OperatIOns Manuals generally shall Include the followmg withm the procedures

a Detal1ed operatmg mstructIOns for start-up, shut-down, normal operatIon, and
emergency shut-down

b Operator alarm responses for all annunCiator alarms

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 operatIng
statIOns for valves and major eqUIpment

• e

f

Normal process operatmg ranges and set pOInts for all plant eqUIpment

The OperatIOns Manual shall be wntten utllIzmg 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 11sts as follows
1 CombustIOn turbme/steam turbme mspectIOn check 11st
2 Umt start-up procedure and sequence
3 Umt cold start and hot start procedures
4 Generator synchromzmg procedure
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5
6

ProtectIve relays settmg
LV Load Centers CIrcUIt breakers settmg •OperatIOn Manuals shall be wntten m RussIan

1 7 3 A PreventIve Mamtenance Manual shall be provIded by the Contractor WhICh delIneates
preventIve mamtenance of sIgmficant Items of plant eqUIpment and related matters
The PreventIve Mamtenance Manual shall be a compIlatIon of and a cross-reference to
mformatIon contamed m eqUIpment manufacturer and vendor mstructIOn manuals The
general mtent of the PreventIve Mamtenance Manual shall be to develop a foundatIon
and data base WhICh WIll permIt Implementmg a personal computer-based plant-WIde
Mamtenance Management System after commercIal operatIon

1 8 Plant LIfe ReqUIrements

The plant shall be desIgned for a mmImum serVIce lIfe of 25 years

1 9 Codes and Standards

The Codes and Standards specIfied wIthm the techmcal 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 descnbmg the parameters for the plant and eqUIpment
Pressure shall be stated m Pascals and thermal energy shall be stated m Joules
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SECTION 2 0 - PROJECT MANAGEMENT AND PROJECT CONTROL REOUIREMENTS

2 1 Project Management

The Employer's Project Team

The Employer WIll establIsh a project team for thIS combmed cycle 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 reqUired to provIde unrestncted 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 m any of the above are Identified contrary to Contract documents,
these WIll be raIsed dIrectly WIth the Contractor's representatIves If satisfactory
resolutlOn IS not achIeved and dIspute resolutlOn IS reqUired for the purpose of good
faith negotIatlOns, all commUnICatlOns shall be dIrected to the Employer's Project
Manager

Should resolutIon result m 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 pnor 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 admmistration for the project

For the constructlOn and COmmISSlOnIng 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 responsIbIlIty for
all aspects of the project for the Contractor up to Contract Closeout He shall attend as
a mInImum, monthly VISItS at the project SIte for progress meetmgs WIth Employer's
Project Manager
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•

•

Contractor's Project Team

The Contractor shall appoInt a specIfic project team to manage and control all project
actIvItIes

The structure, locatIon and workIng arrangements IdentIfied for the Contractor's project
team shall be documented to Illustrate clearly the workIng relatIOnshIps between
IndIVIdual members and also relatIOnshIps 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 engIneerIng desIgn,
productIon of documentatIon, draWIngs and specIficatIOns, determmatlon of all plant
selectIon and placement of purchase orders In a tImely 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 orgamze and progress the
engIneerIng functIOn

The Contractor shall comply WIth the agreed and documented reqUIrements WIthIn the
Contract Documents to ensure that all deSIgn and plant selectIon actIons are acceptable

Project Contract AdmInIstratIOn

The Contractor shall be responsIble for the satIsfactory completIOn of contract
admInIstratIon actIVItIes and for the development of an overall plan to orgamze and
conduct the contract admInIstratIOn functIOn

Project ConstructIon

The Contractor shall be responsIble for the successful completIOn of all constructIOn,
commISSIOnIng and testIng requIrements The Contractor's project team shall Include a
complete, self-contaIned SIte orgamzatlon WIth suffiCIent resources and expenence to
satISfy all constructIOn reqUIrements

A constructIOn manager shall be appomted to lead the SIte-based team and accept
responsIbIlIty for all SIte related matters
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2 2 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 productIOn of documentatIOn

The Contractor shall utilIze a computer based CPM system for project control
purposes The system to be used must be capable of producmg customIZed reports and
mformatIon on demand ThiS control system shall have been successfully applIed to
SImilar projects and be familIar to the project control personnel selected

InformatIon and documentatIOn submitted to Employer shall be m the same form as
reqUIred by the Contractor No special proVIsions shall be undertaken for preparatIOn
of documentatIOn 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 mformatlOn for control purposes

DocumentatIOn IdentIficatIOn

•

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 tImmg for Issue ThiS plan shall •
mclude, but not be lImIted to, the details of all drawmgs to be produced, plant
speclficatlOn/defimtlOn 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 variety of
selected parameters such as document type, subject descnptlon, 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

5928 OlIVo! 2 Doc/8 26-98

C2-3 •



•

•

•

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 Withm three (3) Workmg
Days of notIfIcation of thIS concern, the Contractor I Sproject 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 productIOn of documentation IS completely In accordance
wIth the project documentatIOn plan and overall project reqUIrements

TIme Schedule IdentIficatIon (Project Schedule)

The Contractor's detaIled tIme-based project management program shall IdentIfy all
actIvItIes, and therr InterdependencIes, requrred for the successful completion of the
project Each actIvIty shall be part of a work breakdown structure and be coded to
enable separate reportIng as eIther an engIneenng, purchasIng/manufactunng,
constructIon or COmmISSIOnIng functIOn AllocatIon of resources reqUIred shall also be
proVIded for each actIvIty to enable resource plannmg to be taken Into consIderatIOn,
WIth IdentIfication of the cntical 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 cntIcal path actIvItIes shall be Identified The tIme schedule shall Include 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 tllTIe schedule control progress reports shall be prepared to record the status on
all actIVItIes These shall be the Contractor's standard progress reports applIcable for
both over-VIew and detaIled reportmg levels The codmg of actIVItIes WIll enable
separate reports to be Issued on an engmeenng, purchasmg/manufacturmg, construction
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and cOImmsslOmng basIs, as well as on contract or systems groupmg AddItIonal
breakdown capabIlIty should be provIded for further detaIl as requIred

SpecIfic "exceptIOn reports" shall be generated IdentIfyIng those actIVItIes WhIch were
scheduled to start but have not, actIVItIeS whIch are scheduled to be completed and are
not or actIVItIes whIch are not progressmg as effectIvely as reqUIred The exceptIon
reports are essential to qUIckly 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 I s project manager

Time Schedule Progress ReVIew

In the event of Employer I s project team members becomIng concerned WIth the actual
progress not alIgmng WIth the progress plamIed, Employer's project manager WIll
Identify thIS concern to the Contractor's project manager WIthIn three (3) Workmg
Days of notIficatIon of thIS concern, the Contractor I s project manager (or hIS nommated
representative) shall commumcate WIth relevant Employer project team representatIves
and provIde detaIls of specIfic actIOns to be lll1tIated to satIsfactonly overcome the
dIfficultIes IdentIfied

•

It WIll be the Contractor's project manager's responsIbIlIty to ImtIate whatever actIOn IS •
necessary to ensure that the rate of progress achIeved IS completely m accordance WIth
the project control tIme schedule and overall project requIrements

Value EngIneermg

From time to tIme, the Contractor may determme that certam deSIgns or constructIon
procedures can be adapted so as to reduce costs and/or Improve Schedule WIthout
compromIsmg work qualIty If thIS can be demonstrated, upon applIcatIon to the
Owner, 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 eXIstmg Yerevan CHP plant m areas as
shown on the SIte Plan Drawmg C-I0l The water table IS approxnnately [Later] m
below the eXIstmg surface

•
3 2 Topography

The plant WIll be located on a presently level area wIthm the eXIstmg plant A SOlIs
bonng plan, survey and geotechnIcal mvestIgatIOn survey WIll be performed by the
Contractor

3 3 ClnnatIc and SIte CondItIOns

SIte ElevatIon

Average AmbIent Temperature Range

Average RelatIve HumIdIty

AmbIent Au CondItIOns (monthly averages)

945 mASL

Summer 30°C
Wmter 6°C

68%

•
January
February
March
Apnl
May
June
July
August
September
October
November
December

Coolmg Water

Source CoolIng Tower

5928 OlNol 2 Doe/8 31 98

Dry Bulb °c
(-) 2
o
6
12
17
22
26
25
21
13
6
o

C3-1

RH%. mornmg
87
86
80
75
75
71
66
66
70
81
86
87

•



DesIgn Coolmg Water temperature• Meteorology

Annual Ramfall

Annual Snowfall

Wmd Speed and PrevaIlmg DIrectIOn

SeISmIC Zone

SpeCial CondItIOns

3 4 SeIsmIC ReqUIrements

450mm

Wmter, heavy snows

[Later]

See sectIon 3 4

Hydrocarbons are present m the
atmosphere, m addItIOn atmosphere
IS dusty

-I

n

•
Yerevan IS located m SeISmIC zone 9 correspondmg to a peak ground acceleratIOn
(PGA) =0 4g, where g IS the acceleratIOn due to gravIty ThIS factor has to be further
corrected based on the dynannc propertIes of the foundatIOn sOlIs In addItIOn, structures,
systems and components located at upper floor elevatIons may be subjected to amplIficatIon
due to flexIbIlIty of the structure Therefore, the structures, systems and components located
at grade, or hIgher, may be subjected to desIgn acceleratIOns m excess of 0 4g

The above mformatIOn IS bemg proVIded for mformatIOn only Contractor shall detefIDllle the
applIcable Federal, State and Local requIrements, and perform the deSIgn accordmgly

The Contractor shall detefIDllle the applIcable SeISmIC deSIgn motion, perform a soIl-structure
mteractIon analySIS, and, determme the deSIgn response spectrum at grade and the varIOUS
floor elevatIOns

35 Water Source

The project utIlIZes a cIrculatmg coolmg water system usmg coolmg towers Make-up water
requIrements are pnmarily for boiler blow-down, steam condenser heat reJectIOn,
demmeralIZer make-up, potable water and serVIce water

3 5 1 Makeup water for the coolmg tower system IS sourced from a flver pump house
through eXIstmg supply mams RIver water analySIS IS as follows, based upon 1997
data
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Temperature °c 19 Summer 14 Wmter
pH 73
Alkahmty, meq/l 4 5
Hardness meq/l 10 2
Chlondes, mg/l 150
Sulfates, mg/l 385
Carbonates, mg/l 8 8
TDS, mg/l 1100
Oxygen, mg/l 0 4-0 6

3 5 2 Makeup water for plant serVIces, demmerahzer makeup, etc, IS sourced from an
eXIstmg twelve artesIan well system through eXIstmg supply mams AnalysIs IS as follows,
based upon 1997 data

•

Temperature °c 32 Summer
pH
AlkalImty, meq/l
Hardness meq/l
Chlondes, mg/l
Sulfates, mg/l
Salt, mg/l
Oxygen, mg/l
System capacIty

3 6 SIte EnVIronment

22 Wmter
69
429
40
48
60
410
024
20001/sec •

Contractor shall be responsIble for protectmg and mamtammg the SIte WhIch shall
mclude but not be hmited to the followmg

a Proper storage and dIsposal of all waste and contammants such as spent bOIler
pIckhng 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's
property

c Contractor shall mamtam the project SIte m a neat and clean condItIon
Matenals shall be protected from damage due to dIrt, debns or the elements
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•
37

Upon completIOn all temporary bUlldmgs, rubbISh, unused matenals, and other
eqUIpment and matenals belongmg to and used m the performance of the work
shall be dIsposed of Durmg constructIon, stormwater and fugItIve dust
emISSIOns shall be controlled by use of proper constructIon practIces or other
means

SIte Secunty

Contractor shall construct a permanent SIte secunty fence, 2 meters (6 5 feet) hIgh WIth
two (2) double swmg entrance gates and two (2) personnel entrance gates

•

3 8 SIte Access

The plant shall be constructed WIthout obstructmg publIc thoroughfares and the access
roads withm the eXIstmg faCIlIty 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

Arrborne EnussIOns

The Contractor shall guarantee that the plant "exhaust emIssIOns" shall not exceed the
followmg

Natural Gas Frrmg

•
42

NOx
CO

DIstillate Fumg

NOx

CO

The above are based on 15 % O2

NOIse Control

__--=2=5__ ppmv
__......:1=5__ ppmv

__~42=--_ppmv (WIth water mJectIOn)

39 ppmv WIth 0 2 wt % Sand
97 ppmv WIth 0 5 wt % S

20 ppmv

48 ms/MJ

•

The Contractor shall guarantee that the resultmg ambIent nOIse level for all eqUIpment
(except the combustIOn turbme and 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 CT Gas
Compressors and ST shall not exceed 90 dBA at a dIstance of one meter from the edge
of the eqUIpment

All measurement of nOIse and testmg shall be done m accordance WIth ANSI B133 8

The Contractor shall make any modIficatIOns necessary, mcludmg the mstallatIOn of
addItIonal and/or Improved sound attenuatIOn eqUIpment as reqUIred to comply WIth the
above stated nOIse CrIterIa

5928-Q1Nol 2 Doe/8 27 98

C4-1



44 SolId Waste

43 LIqUId Streams
(Later)

(Later)

,

•

•
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SECTION 5 0 - OPERATIONAL REQUIREMENTS

5 1 Combmed Cycle Power Plant

The combmed cycle 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 C5 1

PROJECTED OPERATIONAL SCHEME

•

In case of load reJectIon, the power plant shall be capable of sustammg ItS own
auxIlIarIes mdependently to keep the power plant avaIlabIlIty

Hours m year
Operatmg Hours
CapacIty Factor

=
=
=

8760
7500
85%

•
The combustIon gas turbmes shall be capable of at least (Later) cold starts per year and
(Later) warm starts per year Start-up tImes for each umt shall not exceed the
followmg

• Cold start (72 + hours)

• Warm start (more than 8
less than 48 hours)

• Hot start (less than 8 hours)

3 hours

2 hours

1 hour

AddItIOnally, the mam eqUIpment shall be desIgned to achIeve the followmg startups for a
penod of 25 years

Cold startups

Hot startups after a tnp
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6 1

SECTION 6 0 - QUALITY ASSURANCE/QUALITY CONTROL

General

The Contractor shall be responsIble for an mtegrated quahty assurance/quahty control
program mcludmg but not lumted to desIgn, constructIOn, mstallatIOn, matenals,
eqUIpment, checkout, start-up and mitlal operatlon InternatIOnal Standards such as
ISO-9000 senes (ANSI-ASQC Q90 senes m the USA) on Quahty Management and
Quahty Assurance provIde an acceptable program outlme m 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 quahty

A The QA/QC programs of all partIcIpants m the plant desIgn, furnIsh 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 then faCIlItles, data and personnel

C The Contractor shall establIsh a project QA/QC group WIth qualIfied
representatlves for qUalIty momtonng m Engmeenng, Procurement, FabncatIOn
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 Quahty reportmg to Contractor's 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 commumcatlon 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
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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 covenng m detaIl the followmg
tOpICS

QualIty checks performed durmg the month and the results of those
checks

Any deViatIOn from the speCIfied and requITed qualIty standard shall be
prommently noted

CorreCtIon of qualIty deViatIOns noted m preVIOUS month(s) reports shall
be dIscussed

DescnptIOn of QualIty checkmg planned for the commg month

LIstmg of orgamzatIons performmg qualIty 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
Plannmg
Housekeepmg durmg constructIOn
Safety Secunty
Secunty
ReceIvmg, storage and handlmg of equIpment and matenals
Cleanmg of flUId systems
PreconstructIon venfication
InspectIon of earthwork
InspectIOn of pIles and caIssons, If approprIate
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InspectIOn and testmg of concrete
InspectIOn of steel constructIOn
InstallatIOn of eqUIpment
InspectIOn of Mechanlcal/Plpmg Systems
Process control of weldmg, brazmg, etc
VenficatIOn of completed system/subsystems
Preoperational testmg of eqUIpment
Process control of electncal mstallatIOn, cable pullmg, termmatlOn
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 hITe 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 prelImmary Procedure Manual shall be subffiltted 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

644 Contractor shall dlstnbute the Procedure Manual to hIS project staff and enforce
the prOVISIons as they apply to the varIOUS members of hIS orgaruzatlOn

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

DescnptIOn of Plant •
The Yerevan Gas Turbme Combmed Cycle Power StatIOn WIll be a nommal 400 MW
combmed cycle power plant wIth two (2) combustIOn turbmes, one (1) steam turbme and theIr
assocIated generators, two (2) tnple pressure, heat recovery steam generators (HRSG), 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 cuculatmg water coohng system Make-up water to the plant WIll be well
water WhICh WIll be pretreated and then sent to an on-SIte serVIce water storage tank

The combustion turbme IS to be desIgned for dual firmg WIth natural gas as the pnmary fuel
and #2 fuel 011 as the back-up fuel Gas wIll be delIvered to the SIte at ffilmmum 07 MPa
Fuel gas compressors are reqUired to be mcluded m Contractor's scope of work

7 2 SIte Layout and Arrangement

The conceptual site layout for the power plant IS as shown on BRE Drawmgs C-101 and M
201

The combustion turbme shall be deSIgned for dual fuel finng WIth natural gas as the pnmary
fuel and dIStillate fuel 011 as the backup fuel Gas compressors shall be used to boost the
avaIlable gas pressure delIvered to the SIte at 0 7 MPa to the correct operatmg pressure for
fmng wlthm the combustIOn turbme A dIstIllate fuel 011 system shall be prOVIded conslstmg
of a storage tank, fuel forwardmg pumps and associated accessones Two eXlstmg storage
tanks IdentIfied on Drawmg C-lO1 are to be refurbIshed for use as the #2 fuel 011 storage tank
These tanks have been prevIOusly used to store mazut (heavy fuel 011) Contractor's scope of

work IS to mclude cleamng and refurbIshment of thIS system and all appurtenances to make It
SUitable for storage of #2 fuel 011

73 Fuel System •

7 4 Water Pretreatment System

Makeup water to the plant WIll come from wells WhICh are located approxImately 3 km from
the SIte Contractor's mterface pomt for the makeup water WIll be located at (Later)

The eXlstmg water pretreatment system removes uon, 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 demmerahzer and
sodmm hypochlonte systems, m the fire protection system, and for mIscellaneous serVIce
water reqUirements throughout the faclhty
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• 7 5 Makeup Demmerahzer System

Influent to the eXIstmg makeup demmeralIzer system IS pretreated well water from the eXIstmg
serVIce water storage tank The makeup demmerahzer system shall provIde water of
acceptable quahty for makeup to the HRSG An eXIstmg tank wIll be used for dedIcated
storage for the CCGT plant

Performance of the eXIstIng makeup demmerahzer system IS mdicated by the DemIneralIzed
Water AnalysIs as follows

The sodIUm hypochlorIte system shall electrolytIcally generate sodIUm hypochlonte from a
solutIOn of sodIUm chlOrIde and pretreated well water The system shall store sodIUm
hypochlorIte, mJect It mto the rIver water coolmg mtake for macrofoulIng control, and mJect It
mto the wastewater outfall for ffilcrofoulmg control SodIUm hypochlOrIte wIll also be supplIed
to the potable water system

•

Parameter
Hardness
Total alkahmty
SIlIca
Ammoma (range)
pH
Chlonde
Iron (range)
Carbomc aCId

7 6 SodIUm HypochlorIte System

QualIty
1 meq/l
50 meq/l
16 Jlg/I
600-1500 Jlg/I
95
1 Jlg/I
3-12 Jlg/l
5-7 Jlg/I

•

7 7 Wastewater System

Wastewater from the plant WIll conSIst of neutralIZed regeneratIOn waste from the makeup
demmeralIZer system, waste from the pretreatment system, HRSG blowdown, floor drams
from the CT/ST generator bUIldmg, potentIally contammated yard drams from the transformer
area, and sanItary wastewater ThIS wIll be stored and tested m a new tank

Samtary wastewater WIll be treated m a packaged treatment system of the extended aeratIOn
type Floor drams from the CT1ST generator bU11dmg and potentIally contammated yard
drams from the transformer area wIll be treated m OIl/water separators, WIth the clear effluent
gomg to the wastewater storage tank

These and other plant wastewater streams wIll be blended WIth the coolIng water blowdown
and dIscharged to the flver downstream of the pump Intake chamber
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7 8 Hydrogen Generator and Storage System

The eXlstmg CHP plant w111 provide hydrogen cylmders to the GTCC facillty as reqmred

7 9 Electncal Reqmrements

The electncal systems and associated eqmpment shall be designed With flexlbillty and adequate
redundancy to prOVide a rellable source of power for all auxillanes that Will be reqmred for the
new combmed cycle power plant

The design and mstallatlon of the new plant mterconnectlon mto Armenergo electncal system
at 110 kV Will be m accordance With Armenergo reqmrements for system compatibilIty

Armenergo's 110 kV SubstatIOn at Yerevan Plant consists of an aIr msulated SWitchgear
housed m a bmldmg The bus sWltchmg arrangement utIllzes double bus bars radially feedmg
a load or recelvmg generation via a CIrCUit breaker A tie CIrcmt breaker (bus coupler) IS
proVided between the two buses There are fourteen CIrcmt breakers to accommodate thirteen
CIrcmts - five for outgomg transmission lInes, three for transformers feedmg 35 kV system,
one for recelvmg 150 MW generatIOn, one for feedmg the startup transformer of the 150 MW
plant, two for recelvmg generation from old generators 1 and 6, and one for the reserve
transformer feedmg 3 0 kV SWitchgear bus The SubstatIOn Bmldmg IS deSigned to
accommodate sixteen bays or CIrcmts Hence, the two new clrcmts reqmred for additIOn of the
combmed cycle umt can be accommodated In thiS bul1dIng The generators 1 and 6 are
decommissIOned and associated bays can also be reused after modificatIOns DraWIng E0005 
110 kV and 35 kV substatIOns Key One Lme Diagram, depicts the eXistIng configuratIon and
mterconnectlOns to the new combIned cycle power plant umt

The new umt Will be Interconnected With on-site 110 kV Armenergo SubstatIOn to dellver/
receive the output/mput of the plant The electncal 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 gnd
voltage

Three 110 kV overhead lInes Will be proVided from the new umt to the eXistIng 110 kV
substation to tranSmIt generatIOn and receive start-up power

Umt's auxillary loads Will be fed from either the generator output, Via the umt auxl1lary
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 CIrcmt breakers The power Will be dlstnbuted m radial configuratIOn to the
aUXIlIary loads from these MV SWitchgear buses (6 3 kV)

7 10 UtIlIty Servlces/ConnectIons/Tle-Ins

Utlllty connectIOn mterfaces shall consist pnmanly of the follOWIng
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• 1 Make-up water lme (well water) - Contractor's mterface pomt shall be (Later)

2 CoolIng water supply lme/return lme (clrculatmg water) - Contractor's mterface pomt
shall be)Later)

3 Wastewater dIscharge lme - DIscharge shall be to clrculatmg water dIscharge canal after
treatment

4 InterconnectIOns to eXlstmg Armenergo 110 kV SubstatIOn (Later)

5 Fuel gas supply hne - Contractor's mterface pomt shall be (Later)

6 Instrument/Plant aIr - Contractor's mterface pomt shall be (Later)

7 FIre water - Contractor's mterface pomt shall be (Later)

8 LIqUId Fuel Supply Lme - (Later)

•

•

9 NItrogen - (Later)

10 Carbon DIOXIde - (Later)

11 Hydrogen - dehvered as cyhnders from generator m eXlstmg CHP plant

12 Steam - Startup steam for turbme gland seals - Contractors mterface pomt shall be from
eXlstmg CHP header
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8 1

SECTION 8 0 - MECHANICAL TECHNICAL REQUIREMENTS

General Mechamcal ReqUIrements

ThIS sectIon provIdes a descnptIon of the pnmary 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 requIred to support contmuous plant operatIOn
at normal maXImum 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 combmed cycle
power plant shall be based on converSIOn to SIte condItIons for the followmg
deSIgn condItIons and measured at the hIgh voltage sIde of the mam step-up
transformer

outdoor ambIent temperature, 15°C (59°p) dry bulb, relatIve
humIdIty, 60%, barometrIc pressure, 1 01 Bar (14 645 pSI)

0% blowdown

o9 power factor laggmg

avaIlable gas pressure as speCIfied m Table 8-1

LHV and gas fuel analySIS as speCIfied m Table 8-1

Condenser mlet water temperature -31°C

•

•
The conceptual flow dIagram for the combmed cycle power plant IS as shown on M
020 Other SUItable arrangements are acceptable subject to reVIew and approval by the
Employer and Contractor

The speCIficatIOns prOVIded herem are mtended to reflect a mmImum qualIty level for
the mechamcal/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 •
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•

•
83

Amencan NatIOnal Standards InstItute (ANSI)

Amencan SocIety of Mechamcal EngIneers (ASME)

Amencan SocIety for TestIng and Matenals (ASTM)

Amencan Gear Manufacturers AssocIatIOn (AGMA)

NatIOnal FIre ProtectIOn ASSOCiatIOn (NFPA)

Amencan Petroleum InstItute (API)

Amencan WeldIng SOCIety (AWS)

Amencan Water Works ASSOCiatIOn (AWWA)

Manufacturers StandardIzatIOn SOCIety of the Valve and FIttIng Industry
(MSS)

Tubular Exchange Manufacturer's ASSOCiatIOn (TEMA)

HydraulIc InstItute Standards (HI)

Heat Exchange InstItute (HEI)

CombustIOn TurbIne and AuxIliary Systems

•

8 3 1 CombustIOn TurbIne (CT)

Each combustIOn turbIne set shall be furmshed complete WIth all accessones and
aUXIlIary systems reqUIred for start-up and generatIng capabIlIty for combIned
cycle operatIon The combustIOn turbIne generator shall Include fuel fIrIng
systems, best avaIlable technology for NOx control (DLN), turbIne accessones
and aUXIlIary systems The umt shall be located Indoors as shown on DraWIng
M-201 Appropnate component laydown areas shall be proVIded

The combustion turbme shall be deSIgned to satISfy the performance
reqUIrements delmeated m Contractor I s energy and mass balance dIagram
dunng normal operation at a suffiCIent exhaust pressure for exhaust gas flow to
the heat recovery steam generator and ductmg for combmed cycle power plant
operatIon The combustIOn turbIne documentatIon shall Include guaranteed
performance parameters and correspondmg SIte performance correctIon curves
relatIve to output, fuel use, and enusslOns
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The combustIOn turbme IS to be set up for dual fuel operatIon with natural gas
bemg the pnmary fuel and #2 fuel 011 bemg the back-up fuel The fuel
changeover shall be automatIc on loss of gas pressure Fuel changeover back to
gas (pnmary) fuel IS to be manually ImtIated from the CT control panel Table
8-1 tabulates the fuel gas analySIS and Table 8-2, the distIllate fuel analySIS

The CT shall be shop assembled to the maXImum extent pOSSible With mternal
plpmg, electncal wlrmg and cablIng The complete combustIOn turbme
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

Contractor shall proVide a compressor water wash on lme cleanmg system and
an off Ime-water wash system ThiS system shall mclude the necessary pumps,
tanks, nozzles and stamless steel plpmg

Combustion turbme rotatmg and statIOnery buckets shall be coated to enhance
the resistance to corroSIOn

Borescope ports shall be prOVIded at vanous locatIOns m the combustIOn
turbme Stages of the combustIOn turbme mternal components shall have
borescope ports or manway access Access shall be prOVided for the
combustors to allow complete mspectlOn of hot sectIon components, mcludmg
Igmter area

Turbme enclosure shall be deSIgned and constructed WIth sound attenuatmg,
matenal, If reqUIred, to meet the nOIse lImItatIons speCIfied m SectIOn 4 0 The
umt shall be proVided WIth a full floodmg, self-contamed CO2 fire protectIon
system The CO2 system shall be SIZed for "double shot" protectIOn The baSIC
enclosure structure shall be eqUIpped With access doors, mtenor lIghtmg and an
adequate ventIlatIOn system to keep the enclosure mtenor at proper eqUIpment
operatmg temperatures

Separate systems shall be deSigned and proVided to delIver the speCified fuels
A purge system shall be proVided for distillate mamfold plpmg to flush distIllate
from the plpmg and nozzles when not m operatIon The distIllate system shall
mclude fuel forwardmg pumps, fuel govermng electromc controls, and
mterconnectmg pIpmg

•

•

A water mJectIOn system shall be furmshed for NOx reductIon when operatmg
on No 2 fuel 011 The system shall consist of pumpmg and metermg eqUIpment
for supplymg demmerallZed water to the combustIon chamber for NOx emiSSIon •
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•

•

control wIth mmnnum water mJectIOn by modulatmg the water mJectIOn rate
proportIOnal to fuel consumptIOn Two (2) - 100% capacIty NOx water
mJectIOn pumps shall be provIded The combustor shall allow for the addItIon
of atomIzmg aIr reqUIred for fuel 011 combustIOn and water mJectIon for NOx

control when operatmg on fuel 011

8 3 2 Turmng Gear

An AC motor drIven turmng gear, DC motor drIven ratchet gear or
manufacturer I s standard shall be furmshed for the turbme mcludmg 011 plpmg
and all assocIated hangers, valves and necessary mterlocks The turnmg gear
motor shall have proVISIOns for manual rotatIOn to engage the turmng gear WIth
the mam turbme shaft The turnmg gear shall automatIcally dIsengage when the
turbme-generator speed rIses above the turmng gear speed and re-engage on
turbme shutdown when the turbme speed slows down to preset speed

833 Couplmg

CouplIngs shall be of the fleXIble type and shall have the capabIlIty to
accommodate the maXlffilze permIssIble angular and parallel mIsalIgnment and
end float The couplmgs shall be SIZed usmg a serVIce factor of 1 25 applIed to
the maXImum brake horsepower delIvered by the turbme The couplmgs shall
comply WIth AGMA Standards for bore and keyseat tolerances for mterference
fit

8 3 4 CombustIon Arr Intake System

An aIr mtake system shall be proVIded mcludmg a filter system, an mtake
sIlencer, and all necessary au mlet ductmg

The system proVIded shall be SUItable for condltIOnmg ambIent aIr to the
reqUIrements of Contractor's eqUIpment The system shall conSIst of 3 stages of
filtratIon (1st stage - mertlal filter, 2nd stage - pre-filter, 3rd stage - hIgh
effiCIency filter) The filter shall be proVIded WIth pressure loss sensors and
mdIcatmg mstrument deVIces, WIth scale readmg m mm (mches) water gauge
Compressed au for cleanmg shall be taken from eIther compressed aIr system or
mdependent compressed au system mamtammg the same aIr condItIOns as that
for mstrument au FIlter fabnc shall be non-combustIble

The vendor shall guarantee the nOIse attenuatIon level of the mtake sIlencer
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Table C8-1

FUEL DATA - COMBUSTION TURBINE •
Fuel Natural Gas

Average Heatmg Value (LHV) DesIgn
33,700 kJ/nm3

ChemIcal AnalysIs, % by Volume

Methane (CH4) 9193

C2 385

C3 1 45

C/ 078

c+ 078s

O2 012

N2 003 •CO2 o 15

H2S fill

H2O [Later]

SpecIfic GraVIty at 60°F [Later]

DelIvered Temperature ambIent

DelIvered Pressure 7 kg/cm2(g)
mmlffium
(700 kPa)

•
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• Fuel

Table C8-2
FUEL DATA - COMBUSTION TURBINE

#2 DIesel Fuel 011

Heatmg Value (LHV) 42,600 kJ/kg

SpecIfic WeIght @ 200e 860 Kg/m3

VISCOSIty (kmematIc) @ 20°C 3-5 cSt, range

Elemental AnalysIs, % by weIght

Sulfur (max) a 2-0 5, range

Ash 001

Fuel Bound NItrogen 0015*

Water NIl

Carbon 855

NItrogen a 1

Hydrogen 13 a

• Oxygen 05

* Assumed

•
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8 3 4 Startmg System

A startIng system shall be provIded complete wIth automatic controls, to permIt
startup locally and from a remote location Sequencmg lOgIC and eqUIpment
shall be provIded that shall be capable of safely brIngIng the turbme up to self
sustamIng speed

8 3 5 LubncatIng all and CoolIng System

A self-contaIned pressure lubncatIng 011 and control 011 system shall be provIded
to supply 011 for each combustIOn turbIne to all beanngs, gear boxes, and
contInuously lubncated couplIngs Two (2) - 100% capacIty AC lubncatIon 011
pumps and one (1) DC lubncatIOn 011 pump shall be provIded The 011 system
shall have the capabIlIty of havIng 011 added durIng operatIOn of the turbIne
Two (2) 100% capacIty AC motor dnven vapor extractors and 011 mIst
elImmators shall be provIded

Contractor shall supply a staInless steel 011 reserVOIr and two (2) - 100%
capacIty full-flow heat exchangers The oil reserVOIr shall have sufficIent
capacIty to support the reqUIred retentIOn tune of at least 5 mInutes 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 011 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% of
lube 011 reserVOIr

The lubncatIng 011 system shall be eqUIpped WIth a coolIng system that provIdes
satisfactory lube 011 coolIng at the ambIent extreme temperatures expenenced at
the sIte Temperature regulatIon of the 011 shall be provIded WIth controlled
cooler bypass

The follOWIng system accessones shall be provIded

Pressure sWItches to IndIcate 011 pump status

SolenOId-operated 011 valves

Float operated level mdlcator WIth alarm sWItch

•

•

•
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• Local or remote testmg of hIgh and low 011 level alarm

Integral guarded 011 pIpmg system

Lubncatmg oIl condItIOner (purIfier) and sIght overflow

8 3 6 Exhaust Gas System

The exhaust gas system shall consIst of an expansIOn Jomt and transItIOn duct,
directmg the exhaust gas dIrectly to the mlet of the heat recovery steam
generator

8 4 Generator and ElectrIcal AuxIlIary Systems

Refer to SectIOn 9 0

•

•

85 Fuel Gas System

The eXIstmg pipelme comes from the Abovian underground storage facIlIty
Total length of the pipelme IS about 50 km A 2 MPa pIpelIne goes from the
Abovian underground gas storage to the ReductIOn StatIOn located about 3 Ian
outsIde the Yerevan TPP A 700 kPa pipelme (desIgned for max pressure of 1 8
kPa) contmues to Yerevan TPP Pipelme IS capable ofprovIdmg 160,0000
m3/hr m normal operatmg mode and 240,000 m3/hr maXImum Pipelme
dIameter IS 720 mm

Contractor shall provIde a metermg statIOn WIth relIef valve and flow mtegratmg
meter/calorImeter upstream of the fuel gas compressors The metermg statIon
shall be approved by the fuel gas supplIer All pIpmg IS to be above grade

Contractor shall provIde two (2) - 100% capacIty gas compressors each sIzed to
mcrease the mcommg gas pressure from 700 kPa to the reqUIred operatmg
pressure of the combustIon turbme If a reCIprocatmg type compressor IS used,
then mlet and outlet pulsatIOn bottles (accumulators) shall be provIded Bypass
capacIty control or cylmder unloaders shall be utIlIzed An mlet gas scrubber
wIth a dram tank shall be provIded for each gas compressor umt The Inlet
scrubber shall be deSIgned to remove entramed mOIsture and partIculates and
shall be provIded WIth automatIc dram valves Scrubber vessel shall be
desIgned and constructed to ASME SectIon VIII reqUIrements

Coalescmg filters and gas heater shall be proVIded, If reqUIred, on the fuel gas
forwardmg skId by the compressor manufacturer Two (2) - 100% capaCIty
coalescmg filters shall be proVIded Each compressor WIth ItS aUXIlIarIes shall
be mounted on a structural steel SkId and preassembled for shIpment to the
maXImum practIcable extent
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Gas compressors shall be motor dnven umts Electnc motor enclosures shall be •
based on outdoors hazardous serVIce

The fuel gas compressors and supportmg eqUIpment mcludmg local control
panel shall be protected by a ram cover The fuel gas compressors shall have
remote supervIsory control and momtonng from the plant dlstnbuted control
system NOIse levels shall be analyzed and acoustIC attenuatIon IS to be
provIded If reqUIred

8 6 DIStIllate Fuel 011 System

86 1 General

A dIstIllate fuel 011 system shall be provIded to supply #2 fuel 011 to the
combustIOn turbme as the backup fuel

8 6 2 DIstIllate System

Fuel 011 wIll be delIvered to the sIte by raIlroad tank cars A fuel unloadmg
statIon conslstmg of two (2) - 350 m3/hr capacIty fuel 011 unloadmg pumps WIth
suctIon stramers shall be provIded to pump the fuel 011 from the tanker cars to
the storage tanks

Unloadmg facIlItIes (next to the raIlroad) were ongmally desIgned to handle
mazut below track (open channel dramage system) for 72 tank cars The 12
tanks have automatIc fire suppressIOn system, and are enclosed m dIkes

There are a total of 12 eXlstmg tanks, two of WhICh are reqUIred m new serVIce
The tanks to be refurbIshed by Contractor are IdentIfied on Plot Plan Drawmg
C-102 Each tank has a capacIty of 5000 cu m The tanks were prevIously used
to store mazut (a heavy fuel 011) Contractor shall clean and refurbIsh the tank
and all plpmg by means of a detergent wash to make the sUItable system for
storage of #2 fuel 011 Contractor shall safely dIspose of wash lIqUIds

The dIstIllate system shall consIst of two (2) storage tanks, two (2) - 100%
capacIty fuel 011 transfer pumps, pump suctIon stramers (duplex type) and
controls, mstrumentatIon and plpmg for delIvery of the dIstIllate to the
combustIon turbme fuel SkId WIth excess flow return Plpmg matenals of
constructIon shall be m accordance WIth the recommendatIons of the combustIon
turbme manufacturer Fuel filters shall be provIded

•

•
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•

•

8 7 Heat Recovery System

8 7 1 General

Contractor shall provIde two heat recovery steam generators (HRSG) to recover
the exhaust heat from the two combustIOn turbmes Each HRSG shall be
deSIgned to satIsfy the performance reqUIrements as shown m Contractor's
energy and mass balance diagram

Each HRSG shall mclude the followmg eqUIpment

Three (3) pressure level heat recovery system

EconoIDlZers (HP, IP, LP)

Steam superheaters

BFW preheater

Complete boIler tnm mcludmg relIef valves, stop and check valves and
connectIOns for blowdown, samplmg and chemIcal mJectIOn and drum level
mstrumentatIOn IsolatIOn

BOller natural or forced recIrculatIOn system

Exhaust stack, expanSIOn Jomt, ductwork and breechmg

Necessary pIpmg and mstrumentatIOn

Structural support steel, full access platforms, staIrways and ladders

HRSG pressure parts, mcludmg bOIler external pIpmg shall be deSIgned,
manufactured, mspected, certIfied, tested and stamped per the reqUIrements of
the ASME BOller and Pressure Vessel Code, SectIon 1

The HRSG tubular heat transfer sectIOns shall be deSIgned for a nununum
pressure equal to 125 percent of operatmg pressure Extended surface, finned
tubes may be used for HRSG sectIOns, superheater, reheater and economIZer
The matenal and deSIgn shall be speCIfically SUItable for the maXImum pressure
temperatures that may be Imposed The extended surface matenal and deSIgn
shall proVIde at least a safe margm m gas temperature to preclude OXIdatIOn of
the metal under maXlIDum deSIgn operatmg temperature

Tubes of all heat transfer surfaces (boller, superheater, reheater, economlZer)
shall be adequately supported or deSIgned to prevent tube VIbratIOn due to gas
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flow or gas caVIty frequency resonance The heat transfer sectIon tubes shall be
arranged to lrrmt the flue gas velOCIty In order to protect the tubes from erOSIOn,
slag adheSIon and foulIng

All valves, control devIces, control panels and InstrumentatIOn shall be
accessIble and converuently located from grade or platforms HRSG parameters
are to be controlled from the DeS Interface

8 7 2 EconomIzers

Extended surface, draInable economIzers shall be furrushed as reqUIred to ralse
the feedwater supply temperatures to SUItable drum approach temperatures and
maIntaIn appropnate exhaust gas stack temperatures EconomIZers shall be
arranged for multIpass water' flow Nonsteammg economIZers shall be
prOVIded ProvlSlons for corrOSIOn preventIOn of tubes and fins shall be made
A tube corrosIOn allowance of 1 6mm shall be Included, or alternatIvely,
corroSIOn reSIstant matenals may be used

EconomIZers shall be arranged for accessIbIllty and water washIng

SUItable means shall be proVIded to prevent back end corroSIOn when burnIng
dIstIllate WIth the sulfur content as speCIfied In Table 8-2

8 7 3 Evaporator and Drum

Steam evaporators may be eIther vertIcal tube, natural clfculatIOn type or
horIZontal tube, forced CIrculatIOn type The contractor IS requlfed 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 In large overhangs
SuffiCIent volume shall be proVIded to allow for demand surges from 20%
Increase to 20 % decrease In load per mInute WIthout bOIler water carryover, or
actuatIng hIgh and low water alarms The ratIo of usable drum storage volume
(between normalllqUId level and low-low level) to tube volume shall be a
mInImum of 0 6

•

•

The steam drum, Internal steam-water separatIng punfiers and SIlIca steam
washIng eqUIpment (If requlfed) shall be SIZed and deSIgned to lImIt steam
Impunties at no greater than 0 2 ppm total solIds and 0 020 ppm maXImum
SIlIca In the steam leaVIng the drum at maXImum contInUOUS load or the steam
qualIty reqUIrements for the steam turbIne, whIchever IS more stnngent
MaXImum blowdown rate to achIeve requlfed bOIler water punty shall not
exceed 2 % of maXImum contInUOUS load All Internals shall be Installed to
faCIlItate removal and replacement for cleanIng and maIntenance WIth mInImum •
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cuttmg reqUlred Manways not smaller than 30 cm by 40 cm shall be provIded
on all drum heads

8 7 4 Superheaters

The superheater shall be desIgned to meet the steam flow, pressure and
temperature reqUlrements of Contractor's energy and mass balance diagram
They shall be of the multI-steam pass type, wIth provlSlon for mterstage steam
temperature control by water spray desuperheater Superheater tubes, and also
extended surface fins, If used, shall be of matenals sUltable for the maxnnum
expected metal temperatures and pressures

The superheater shall be dramable and arranged WIth suffiCIent access for
mspectIOn and water washmg Superheater shall be provIded WIth vent and
dram connectIOns, safety rehef valves, steam outlet stop and nonretum valves

8 7 5 Deaerators

Contractor shall provIde an mtegral deaerator for the HRSG to remove the
dIssolved gases and add heat to the boller feedwater system The deaerator umt
shall be deSIgned and fabncated m accordance WIth ASME BPVC, SectIOn VIII,
DivislOn 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 maXImum operatmg condItIons and shall
also be deSIgned for full vacuum at the deSIgn temperature

The deaerator umt 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 maxImum deSIgn feedwater flow At the maxnnum 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

• The temperature of the feedwater , measured at the storage tank outlet to
feedpump suchon, shall equal the temperature of saturated steam
correspondmg to the pressure m the deaerator

• Feedwater oxygen content, measured at the storage tank outlet to feedpump
suctlOn, shall not exceed 0 005 CUbIC centImeters per hter (7 ppb)
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• Free carbon dIoxIde content shall be zero

8 7 6 Casmg and Ductwork

The boller, casmg, and ductwork shall be desIgned for mdoor mstallatlon and
shall be fabncated to result m a totally gas-tIght mstallatIon InsulatIOn and
lmmg shall be provIded and desIgned for durabIlIty, long hfe and mmImum
mamtenance under the antIcIpated operatmg condItIons The msuiatlon shall
lImIt the outer skm temperature to a maXImum of 545°C when the bOIler IS
operatmg at maXImum capacIty Access doors shall be provIded for mspectIOn
of the gas SIde surface and cntIcal 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 msuiatlon covered by a
20 ga mmImum corrosIon reSIstant steel lmmg The lInIng 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 mdIcatIon at each sectIOn of the heat recovery steam generator

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 mstrument ports, and corrOSIOn reSIstant expanSIOn
Jomts The combustIon turbme exhaust flange expanSIOn Jomt shall be deSIgned
to prevent exceSSIve forces and moments on the turbme

The ductwork between the combustIOn turbme and heat recovery steam
generator shall be mternally msulated WIth hIgh-temperature msulatIOn
Refractory Immg shall not be used unless absolutely reqUIred by serVIce
condItIons The mternal msuiatlon (and/or refractory If necessary) shall mclude
a staInless steel plate IInmg to prevent eroSIon or spallIng detenoratIOn The
lInIng shall be Type 304 or Type 316 staInless steel, 10 gauge mmImUffi
thIckness, SUItable for maXImum expected gas temperatures The lmer shall be
supported by pms to prevent damage from personnel dunng mspectIOns and
repaIrs Ductwork shall be subject to VIbratIonal analySIS and remforced
accordmgly

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 msuiatlon thIcknesses
shall lImIt surface temperature to 545°C

•

•

•
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If a forced cIrCUlatIOn vertIcal HRSG mstallatIon IS selected, the HRSG stack
shall mcorporate flap-type dampers to trap the reSIdual heat wIthm the HRSG
durmg outages, as well as to prevent mgress of ram and other adverse
envIronmental condItIons The dampers shall be remote operated and
mterlocked wIth the CT control system as appropnate

Ducts shall be furmshed complete mcludmg all supports

The mlet duct shall be pamted WIth a hIgh temperature pamt

8 7 7 PIpmg and Accessones

Contractor shall furmsh and mstall motor operated vent valves for all drum and
superheater/reheater vents A complete HRSG WIth water filled pressure parts
and chemIcal cleamng system shall be furmshed and mstalled by Contractor,
mcludmg HRSG chemIcal cleanmg supply and dram pIpmg and all reqUIred
valvmg Temporary chemIcal cleanmg pIpmg need not be code rated and may
be removed after use

All connectIons wIthm JunsdIctIOn of ASME SectIOn 1 shall be weld end Weld
end connectIOns 65 rom and larger m SIZe shall be butt weld, 50 rom and smaller
shall be socket weld Weld connectIons shall be at the end of long mpples so
that no stress relIevmg of drums will be reqUIred after pIpmg connectIOns are
made to these connectIons All field welded pIpmg IS to be mspected by code
mspectors and reported to the appropnate msurance company

A mam steam attemperator shall be proVIded Contractor shall also proVIde
steam condItIOmng valves or pressure reducmg valves WIth desuperheaters to
bypass steam to the condenser durmg start-up and turbme tnp condItIOns

Desuperheaters shall be mstalled WIth pIpe and thermal sleeves of ferntIC
matenal of suffiCIent length to prevent droplets of water from commg m contact
WIth the hot wall of the pIpe

Sootblowmg IS not reqUIred Supplementary finng IS not reqUIred

Contractor shall furmsh, as part of hIS work, all engmeermg, deSIgn, labor and
matenals reqUIred to steam blowout the steam system pIpmg Steam blow shall
utIlIze "Sl1entsteam Steam Blow Method" or approved equal Steam blow
acceptance cntena shall be m accordance WIth turbme manufacturer's wntten
cnterIa Contractor shall be responsIble for all reqUIred coordmatIOn to
successfully perform the blowout cleanmg Contractor shall also be responSIble
for dIsposal of pIcklmg/passIvatmg SolutIons after field cleanup/hydro test, and
removal of temporary pIpmg therepfter
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8 7 8 Exhaust Stacks

Each 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 Include the folloWIng accessones and features

• PaInter's trolley
• Galvamzed test platform
• Test ports, sUItably sIZed for EmIssIon Momtonng System (EMS) probe(s)
• GalvanIZed ladder wIth cage from top of HRSG umt to test platform
• Access openmg
• False bottom and draIn
• InsulatIOn for personnel protectIOn at base and test platform level

8 8 BOller Blowdown System

•

A SIngle contmuous bOIler water blowdown system shall be proVIded for each
set of HRSG drums Blowdown from the HP drum shall be dIrected to the IP
drum A contInUOUS blowdown tank shall be proVIded for the IP drum A
separate blowdown tank shall be proVIded for the LP drum (If reqUIred) A
contInUOUS bOIler water qualIty samplIng and Indlcatmg system shall be provIded
as part of the bOIler blowdown system •

Contractor shall guarantee the steam punty at the maIn steam outlet, based on
the steam turbIne manufacturer's steam punty requIrements, and therefore, shall
set the drum water concentratIOn lImIts, WhICh consequently establIsh the
blowdown rate Actual HRSG 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 Inlet connectIOn for the volume of
water assocIated WIth dralll1ng the HRSG shall be pIped to the atmosphenc
blowdown tank

The use of a heat exchanger shall be evaluated for use on unflashed blowdown
between a pressunzed flash tank and an atmosphenc 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 (n) Increase the temperature of the
heat SInk used to Increase overall plant effiCIency

The Blowdown System shall be deSIgned In accordance WIth the NatIOnal Board
of BOller and Pressure Vessel Inspectors, Rules for the DeSIgn, Construction •
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• and Arrangement of BOller Blowoff EqUipment and ASME Code, SectIOn VIII,
DIvIsIOn 1

The atmosphenc blowdown tank shall discharge to sewers or other bodies of
water, where specified The temperature of the dram discharge shall not exceed
60°C SerVIce water shall be used to quench the drams (to lower the total dram
temperature) before dumpmg to waste

Contractor shall mclude contmuous blowdown, mIscellaneous drams and quench
water m the overall sIte water balance dIagram

8 9 Steam Turbme and AuxIlIary Systems

8 9 1 General

The steam turbme shall be a non-reheat, 3000 rpm, condensmg steam turbme
exhaustmg mto a surface condenser cooled by clfculatmg 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, condensmg steam
turbme, mcludmg all steam, dram and vent pIpmg, valves, control system
pIpmg and tubmg, pipe hangers, electncal eqUipment mtegral to the turbme and
assocIated auxIliary eqUipment mcludmg motors, starters, etc, as delmeated,
but not lImIted to, the followmg

1 FoundatIOns, baseplate, foundatIon bolts, and groutmg

2 Fabncated steel cabmet, located on SIde for termmation of all UnIt
mounted electncal deVices

3 Motor-operated turmng gear arranged for automatIc engagement and
dIsengagement mc1udmg Jog SWItch and turnmg gear motor ammeter

4 Exhaust connectIOn to a water-cooled surface condenser

•
5 Exhaust casIng relIef dIaphragms or condenser system rupture dISks, and

vacuum breaker

6 SpeCial tools Includmg slmgs, lIftIng bars for all rotors, and cases
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7 Turbme performance thermal kIt

8 HydraulIcally operated steam admIssIon governor valves system by
Woodward or eqUIvalent, mcludmg

Separate steam stramer WIth removable stamless steel element

Temporary fine mesh stramer screen

ProvlSlon for local testmg of valve whde turbme IS m operatIOn

Dual valve pOSItIOn transmItters to mdlcate valve posItIOn
mcludmg mountmg and wmng to turbme control system

Au 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 fme mesh stramer screen

ProvISIon for local testmg of valve whIle turbme IS m operatIon

Dual valve posItIon tranSmItters to mdlcate valve pOSItIOn
mcludmg mountmg and wmng to turbme control system

AIr operated dram valve for above seat dram

10 HydraulIcally operated bypass valve for steam dIversIOn to surface
condenser mcludmg the followmg

Separate steam stramer WIth 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 mdlcate valve pOSItIon
mcludmg mountmg and wumg to turbme control system

Au operated dram valve for above seat dram

•

•

•
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11 HydraulIcally operated LP admIssIOn valve(s) wIth power cylmder,
servovalve feedback transducers, and steam stramer

12 Gland Steam Seal System

One gland steam seal system consIstIng of, but not lImIted to, the
followmg major components

Gland steam seal supply and leakoff pIpmg mamfolds IncludIng
mterconnectmg pIpIng

Pressure regulator

AutomatIc steam seal regulatmg valves mcludIng motor operated
shutoff and bypass valves

Excess steam supply automatIc dIvertIng or spIllover valves, If
reqUIred, and IncludIng aIr operated shutoff and bypass valves

Two (2) 100% capacIty gland steam condenser exhausters

Gland steam condenser

13 LubncatIOn System

A self-contamed pressure lubncatmg 011 and control 011 system shall be
provIded to supply 011 for the steam turbIne to all bearIngs, gear boxes,
and contInuously lubncated couplIngs Two (2) - 100 % capaCIty AC
lubncatIOn oll pumps and one (1) dc lubncation 011 pump shall be
provIded The 011 system shall have the capabIlIty of havmg 011 added
durIng operatIOn of the turbIne Two (2) - 100% capaCIty AC motor
dnven vapor extractors and 011 mIst elImlllators shall be prOVIded

Contractor shall supply a staInless steel oll 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
mInutes 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 011 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
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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% of lube 011 reserVOIr

The lubncatIng 011 system shall be eqUIpped wIth a coolIng system that
provIdes satIsfactory lube 011 coolIng at the ambIent extreme
temperatures experIenced at the SIte Temperature regulatIOn of the 011
shall be provIded wIth controlled cooler bypass

The folloWIng system acceSSOrIes shall be provIded

Pressure sWItches to mdicate 011 pump status

SolenOId-operated 011 valves

Float operated level IndIcator wIth alarm sWItch

Local or remote testIng of hIgh and low 011 level alarm

Integral guarded 011 pIpmg system

Lubncatmg 011 condItIOner (purIfier) and sIght overflow

14 ElectrIcal EqUIpment

Control devIces, wmng, and cabInets

TermInal boxes, condUIt, and fittmgs

Groundmg network Includmg alllIghtmng and surge protectIon

LImIt sWItches

All AC and emergency DC lIghts as reqUIred for normal operatIOn

AuxIlIary electrIcal power supply

Redundant power supply for the Electro-HydraulIc Control (EHC)

Control and MomtorIng System WIth redundant dIgItal mterface to
the Plant Control System (DCS)

All reqUIred process InstrumentatIOn and Control devIces

•

•
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SWItchboard eqUIpment and Instruments

Protective system to tnp the turbme mcludmg electnc overspeed tnp
test deVIce

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 relIably and contmuously as well as
beIng capable of operatmg In the slIdmg pressure mode ProVIsIOns shall be
made to mInImIZe thermal expanSIon, stresses, dIstortIOn, and VIbratIOn A self
alIgmng 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 f 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 both HRSG' s at deSIgn condItIOns

Shaft VIbratIon shall be measured by 2 proxmllty type (x and y axes) VIbratIOn
detectors (Bently-Nevada or equal) located m each beanng Contractor shall
proVIde adequate shop balancmg to lmut VIbratIOn on the shaft pnor to
shIpment VIbratIOn shall be to ISO 2372 or manufacturer's standards
whIchever IS more strIngent

All other parts of the steam turbme generator and accessones such as pIpmg,
brackets, cabInets, 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 operatIng floor grade whIch requITe InSpectIOn or readjustment

Upper half casmgs and mam bearIng caps shall be prOVIded WIth IIftmg lugs or
eyes

Products whIch contam asbestos are prohIbIted ThIS prohIbItIon Includes Items
such as packmgs and gaskets even though the Item IS encapsulated or the
asbestos fibers are Impregnated WIth bInder matenal
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Intenor recesses and passageways m the turbme m WhICh condensatIOn may be
pocketed shall be adequately dramed

Dram and vent valves WhICh are operated dunng start-up and/or dunng
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 mmumzmg 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 mmumze erOSIOn

2 MOIsture-removal stages as requrred for turbme bladmg m the wet
regIOn

3 Gland seals of a matenal WhICh shall be eroSIOn/corrosIOn resIstmg
under the condItIons prevaIlmg

4 All austemtlc stamless steels shall be furmshed m the solutIOn-annealed,
unsensitIzed 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 condltlons

- overspeed
- hIgh VIbratIOn
- hIgh thrust
- hIgh dIfferential expanSIOn
- low lube 011 pressure

•

•

•
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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 mdIVIdual valves under load shall be
provIded to assure proper functIOmng

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 penod shall be mcluded All
screens shall be removable WIthOut disturbmg the Inlet pIpmg One spare set of
screen nvets shall be supplIed

8 10 Condensate and Feedwater Systems

8 10 1 Condensate System

The condensate system shall delIver water from the surface condenser hotwell
through the gland steam condenser and HRSG boiler feedwater preheater to the
HRSG mtegral deaerator (or LP drum)

The condensate system shall mclude the followmg

• Two (2) - 100% capacIty electrIc motor-dnven condensate extractIOn
pumps

• Two (2) - 100 % capacIty electnc motor-dnven condenser vacuum pumps

• One surface condenser (condenser shall be deaeratmg type If a deaerator
IS not furmshed WIth the HRSG)

• ReqUIred valves, plpmg controls, and mstrumentatlOn 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 mclude a mmlmum
flow lme complete WIth flow control valves and a flow measurmg deVIce m the
dIscharge lme Condensate pumps shall be prOVIded WIth mechamcal seals
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The eqUIpment shall be desIgned and mstalled wIth prOVISIons for easy access
for serVIce and mamtenance

The complete pump and motor assembly shall be an mtegral assembly The
pumps shall be of standard desIgn

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 charactenstics
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 mstrumentation shall be provIded for
safe and satIsfactory operatIOn and momtonng of the plant ThIS system shall be
controlled and momtored by the plant DIstnbuted Control System

8 10 2 Feedwater System

The feedwater system shall supply heated, deaerated water from the HRSG
mtegral deaerator (or low pressure drum) to the HP/IP sectIOns of the HRSG
under all plant load condItIOns

The system shall mclude the followmg

• Two (2) - 100% capacIty electrIc motor-dnven honzontal multistage HP
feedwater pumps WIth mterstage bleed for supply to the IP economIZer

• ReqUIred valves, pIpmg, controls, and mstrumentatIOn for a complete
and operable system

The feedwater pump deSIgn flow shall be set at 110% of the heat balance
guarantee flow to the HRSG to accommodate turbme guaranteed flow, plus 5 %
for surges and blowdown, plus 5% for Impeller wear, systems foulmg, etc

The feedwater pumps shall be deSIgned and mstalled m such a manner as to
provIde for easy access for serVIce and mamtenance

•

•

•
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• The complete pump and motor assembly shall be skId mounted for all pumps
The pumps shall be of standard design

ElectrIc motors shall be complete WIth lubncatmg and coolmg systems, etc, as
reqUIred by the motor manufacturer

The pump bearmgs must be deSIgned to accommodate displacement of the pump
lffipeller due to thermal expansIOn VIbratIOn momtors shall be mstalled as
reqUIred

All rotatmg parts of the pumps shall be statIcally and dynamically balanced

The m1ll1ffium 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

MaterIals of construction for the boiler feed pumps shall be as follows

Stramers shall be mcluded m the suction lmes to protect the pumps from
damage In additIOn, a fme mesh stramer shall be proVided for startup
purposes Boiler feed pumps shall be provided With mechanIcal seals

• Casmg
Impeller
Shaft
Shaft Sleeve

12% chrome
12% chrome
Carbon Steel
Stamless Steel

•

The system control deVices and process mstrumentatlOn 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 turbme cycle Condenser may be a deaeratmg condenser to meet
7 ppb of dissolved oxygen m the condensate If Contractor elects not to furmsh a
separate deaerator on the HRSG's Multipass coolmg water tubes shall be
prOVided

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 turbme supplIer Tube support sheets shall be proVided to mmnnlZe tube
VIbration The condenser shall be prOVided With adequate drammg and ventmg
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Condenser water boxes shall be provIded WIth an automatIc vacuum pnmmg
system for use dunng startup operatIOn Carbon steel water box wIth a surface
corrOSIOn resIstant coatmg 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

The condenser tube matenal shall be alummum bronze or other metal
compatIble WIth the coohng water charactenstIcs and a value of 90 % cleanlmess
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
mstallatIon of a tube cleanmg system usmg foam pIgS

A hotwell havmg a storage capaCIty of 5 mmutes dunng guarantee pomt
condItIons 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 au removal eqUIpment shall conSIst of two (2) - 100% capaCIty motor
dnven hqUId nng vacuum pumps The tlIDe reqUIred to hog the condenser shall
be maXlIDum 30 mmutes Both vacuum pumps may be used for hoggmg,
however only one (1) 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 area
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 lmes and pressure
reducmg statIons shall be prOVIded, and the condenser admtssIOn dIstnbutor
shall be fabncated, such that the condensmg pressure IS permttted 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 drams from the
turbme, steam chests and gland sealmg system The flash box shall be
adequately SIZed to accept all operatmg condItIOns mcludmg warmtng up and
startmg the unit, condensate extractIon pumps on reCIrculation Via the gland
steam condenser, hIgh load runnmg and emergency turbme trIp and shut down

8 11 Circulatmg Water System

•

•

The functIOn of the cuculatmg 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 coolmg water to the plant closed coolmg water
heat exchangers The eXIstmg system proVIdes condenser water to a vanety of •
eqUIpment m the eXIstmg CHP plant
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The eXIstmg system wIll be rehabIlItated and utIlIZed for the new CCGT plant
It conSIsts of the followmg

• Two (2) - ParabolIc natural draft coolmg towers are presently rated at
10,500 cu m/hr each of water flow Each shell wIll be refurbIshed by
shotcretmg as necessary and the old wooden slat fill replaced by modern
plastIC fill to mcrease the capaCIty to 13,000 cu m/hr each The coolIng
towers are labeled "T-4" and "T-5"

• Four (4) - honzontal centrIfugal pumps m a pIt structure approxImately 2m
below fmIshed grade Each tower basm IS connected to two pumps wIth two
dedIcated bUrIed suctIOn lmes There are eXIstmg suctIOn screens and valved
crossovers for mamtenance The pumps wIll be replaced WIth new pumps,
operatmg at mcreased capaCIty, mstalled on eXIstmg foundatIOns Motor
starters and wmng wIll be replaced It IS also expected that all suctIon and
dIscharge pIpmg systems can be re-used as well as chemIcal treatment

• Blowdown system wIll be based on 20% 1 e ,lib blowdown to 5 lb
makeup DeSIgn cntena for the coolmg tower system based on summer
condItIOns, are as follows

Cold water temperature
Hot water return temperature
Steam condensmg 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 CCGT plant Make-up water to the plant
WIll be well 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 demmeraIIzer system

(2) mlet to potable water system

(3) supply serVIce water needs for plant

(4) mlet to sodIUm hypochlonte system
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8 12 2 DemmeralIzed Water

The eX1stmg three-tram 750 T/H water treatment system has 300 T/H extra
capacIty DesIgn capacIty for all seven umts IS 450 TIH Raw water supply up
to 2000 lis IS supphed from 12 deep wells located about 17 5 KIn from the TPP
FlItratIOn IS not reqUlred Demmerahzers are two stage catIOn, amon,
degas1fier, cation, amon trams of typIcal SOVIet deSIgn The Contractor shall
utIhze the eX1stmg Plant demmerahzer system for makeup water to the CCGT
fac1hty

At new demmeralIzed water storage tank system wlIl be provIded for the CCGT
plant It WIll consIst of

• Storage Tank
• 2xlOO% capacIty centnfugal pumps for makeup to the surface condenser

hotwell and for transfer to the NOx feedwater storage tank
• MIxed bed demmeralIzer
• NOx feedwater storage tank
• 2xlOO% NOx feedwater centrIfugal pumps

A mIxed bed demmerahzer WIll be provIded m order to remove excess slhca
from the eX1stmg DW when water IS needed for NOx suppressIOn m the lIqUld
fuel firmg mode for the combustion gas turbmes SIhca IS the smgle trace
component most hkely to cause falIure on the gas turbme blades and must be
carefully controlled Smce the performance duratIOn on hqUld fuel IS expected
to be only occasIOnal dunng the year, and only when natural gas IS curtalIed, the
mIxed demmeralIzer need be only one vessel durmg thIS operatIOn and
regeneration can be accomphshed when convement The vessel shall be
deSIgned based upon a flux rate of 40 cu m per hour of water flow per cu m of
Ion exchange resm RegeneratIOn solutions of sulfunc aCId and caustIc soda WIll
be supphed from the chemIcals storage area Water of the followmg quahty WIll
be produced

•

•

Parameter

ConductIVIty, m1cromho/cm at 25 degrees C
Total dIssolved sohds, mg/l
Total hardness, mg/l as CaC03
Total sIhca, mg/l as SI02
pH
Total suspended sohds, mg/l
Carbon dIOXIde, mgll

Quahty

o 1
004

o
001
6-8
ml
ml

•
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813

Metenng mstrumentatIon shall be provIded to dIfferentIate, for bIllmg pumps,
the DW usage for the CCGT facIlItIes

Closed Coolmg Water (CCm System

A closed coolIng water system shall be provIded for coolIng of plant eqUIpment
and subsystems CCW IS clean, filtered and treated so as not to clog heat
transfer passsages The follOWIng eqUIpment and systems shall be served by the
closed coolIng water system

• CT1ST Generator Coolers

• ST and CGT Lube 011 Coolers

• ST and CGT AUXIlIarIes

• STICGT HydraulIc Power Umt Coolers

• Sample Coolers

• Gas Compressors t Intercoolers and aftercoolers

• BOller Feed Pump Coolers

The closed coolIng water system shall be Interconnected WIth the CIrculatIng
water system Two (2) - 100% capaCIty pumps shall be proVIded to CIrculate
the coolIng water through two (2) - 100% capaCIty closed coolIng water compact
heat exchangers to achIeve close temperature approach to the CIrculatIng coolIng
water The take off connectIons to the coolers shall be downstream of the debns
filter Matenals of constructIon shall be staInless steel Contractor shall
prOVIde all requIred valves, pIpIng, control deVIces and InstrumentatIon for a
complete and operable system ThIs system shall be controlled by the plant
dIstrIbuted control system

A head tank shall be proVIded to maIntaIn pump NPSH, to accommodate
InhIbItor addItIon, and to allow for thermal expanSIOn of the flUId

•

8 14 ChemIcal Imectlon System

8 14 1 General

The cheIDlcal InjectIOn systems conSIst of the HRSG cheIDlcal storage and feed
systems and the CIrculatIng coolIng water cheIDlcal storage and feed systems
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8 142 HRSG CheIllical Storage and Feed System

The HRSG chemIcal storage and feed system shall supply water conditIOnmg
chemIcals to the feedwater-steam-condensate cycle to mamtam the desIred bOIler
water and steam chemIstry, to mmImIZe corrOSIOn and to prevent scale
formatIOn m the cycle

An amme based or other appropnate corrOSIon control chemIcal shall be fed to
the condensate system for pH control An oxygen scavengmg solUtlon 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 desned bOIler water pH and phosphate
resIdual

Separate cheIllical mjectlon umts shall be provIded for the plant as follows

oxygen scavenger chemIcal mjectIOn umt, chemIcal shall be mjected mto the
deaerator storage tank

neutrahzmg amme chemIcal mjectIOn umt, cheIllical shall be mjected mto
the bOIler feed pump suctIOn hne

phosphate based dIspersant cheIllical mjectIOn umt(s), chemIcal shall be
mjected mto each bOIler drum

ChemIcals are proVIded m drums or bulk contamers These are to be stored
mdoors 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,
measunng tank, two (2) 100% capaCIty metermg pumps, level gauge, rehef
valve, controls, and dIstnbutIOn pIpmg Inventory and usage IS momtored by
change m gauge level

8 14 3 Circulatmg Water ChemIcal Feed Systems

The circulatmg water system shall be proVIded WIth a SUItable bIOCIde/chemIcal
mjectIOn system (See SectIon 8 15 for detaIls) and WIth sulfunc aCId mJectIOn
for pH control A local PC shall proVIde proportIOnal feedback control

8 15 SodIUm Hypochlonte Generator, Storage and DIstrIbutIOn System

A sodIUm hypochlonte generator, storage and dIstrIbutIOn system shall be
furmshed by Contractor The functIOn of the sodIUm hypochlonte generator,
storage and dIstnbutlon system IS to manufacture, store and Inject sodIUm

•

•

•
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hypochlonte solutIOn as a bIOCIde m the crrculatmg water system, In the potable
water system and to the wastewater effluents

The system shall utIlIZe the electrolytIc process for the manufacture of sodIUm
hypochlonte The system wIll be configured for salt delIvery to the salt storage
tanks Pumps shall be provIded to pump the salt solutIOn through the generators
to storage vessels at a constant flow rate Matenals of constructIOn shall be
entrrely non-metallIc

The flow dIscharge from the sodIUm hypochlonte generators shall be pIped to
atmosphenc storage tanks and be provIded WIth a system for the safe release of
the hydrogen by-product DIstnbution pumps shall pump the sodIUm
hypochlonte solutIon from the storage tanks to pOInts reqUIred for the InjectIOn
of the bIOCIde A control panel shall be proVIded for automatIC or local control
of the process If requrred by the manufacturer's deSIgn, a hydrochlonc aCId
reCIrculatIOn system shall be proVIded In order to clean the electrolytIc cells
dunng shutdown penods

The system shall be located mdoors except for the storage tanks WhICh WIll be
located In a hydrogen exclUSIOn area Major process eqUIpment shall be non
metallIC or made of matenals that are non-corrOSIve WIth the sodIUm
hypochlonte enVIronment

The area where the hypochlonte generators are located shall be claSSIfied as
"PotentIally Hazardous" as defined by NFPA 70, ArtIcle 500, Class I, DIVISIOn
2, Group B

The system shall be SIZed to proVIde a nommal contmuous dIlute dose to the
circulatmg water systems m order to mamtam a reSIdual of 2 mgll sodIUm
hypochlonte concentratIOn

EqUIpment shall conSIst of the followmg

1 - salt storage and saturatIOn tank

2 - 50 % capaCIty centnfugal salt water supply pumps WIth motors

2 - 50 % electrolytIc cell sodIUm hypochlonte generators

2 -50% capaCIty vertIcal cylmdncal sodIUm hypochlonte storage tanks and
means for hydrogen by-product ventilatIOn, based on five (5) mmute
reSIdence tIme

3 - 50% honzontal, centrIfugal sodIUm hypochlonte dIstnbutIOn pumps WIth
motors
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2 - 50 % SCR controlled, transformer/rectIfiers

1 - Master Control Panel

1 -hydrochlOrIC aCId cleanmg system, If reqUIred by manufacturer's deSIgn

The system shall be arranged to operate at 50% capacIty If one of the two trams
IS shut down The system shall be deSIgned to dIspense chemIcal solutIon on an
as-needed baSIS smce the chemIcal IS unstable and decomposes faIrly rapIdly

8 16 Hydrogen Storage System/C02 System

The functIon of the hydrogen storage system shall be to store hydrogen for fill,
contmuous make-up and purge refill for the two CTG I Sand the one STG
Hydrogen IS manufactured m the eXlstmg CHP plant and storage bottles are to
be delIvered to the CCGT faCIlIty as reqUIred

The workmg pressure of hydrogen storage vessels shall be 14 MPa SIze and
number of hydrogen storage vessels shall meet electrIC generator hydrogen
coolIng system volume and pressure fill reqUIrements

•

CO2 storage bottles shall be provIded, SIZed to permIt two (2) complete purges •
of the CGT EIther hIgh pressure bottles or low pressure (refrIgerated bulk CO2

storage vessel) IS acceptable

8 17 Compressed AIr 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
pressure of 0 862 MPa Arr shall be provIded from a tle-m to the eXlstmg CHP
header Requrred dew pomt IS (-)40°C

8 18 Wastewater System

Wastewater shall be treated to meet applIcable standards (see SectIOn 4 0) for
dIscharge to the Hrazadan Channel The system shall mclude collectIOn plpmg,
waste collectIon sumps, OIl/water separator(s) and packaged sewage treatment
plant The process wastewater mcludes waste streams from regeneratIon waste,
plant oIly waste, samtary 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 reqUIred The plant OIly wastes
shall be treated m an OIl-water separator(s) all and sludge WIll be dIsposed of •
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• off-sIte mterrmttently EfficIency of OIl-water separator shall be 15 ppm (or
better) of suspended 011 m water

Water treatment system regeneratIOn waste, HRSG and gas turbme wash waste,
and eqUIpment and sample drams shall be routed to the waste collectIon sumps
and/or neutralIzatIon tank SanItary waste shall be routed dIrectly to an onslte
sewage treatment plant Pflor to release to the dIscharge canal, wastewater shall
be processed, as requIred to meet the dIscharge effluent standards stated m
SectIon 40

The GTCC area as lIsted below, WIll contam Its own collectIOn and handlIng
systems from WhICh a fmal aqueous effluent WIll be dIrected to the eXlstmg
neutralIzatIOn tank

The eXlstmg CHP faCIlIty mcludes a wastewater collectIon system,
neutralIZatIon tank and pump WhICh dIscharge to the flver outfull

The process wastewater treatment, collectIon, and dIsposal system shall mclude
the followmg eqUIpment/systems

•
•

•

•

Coalescmg type OIl/water separator(s) system mcludmg

011 waste storage tank
Clean water sump and pump
011 water separator

Two lOO-percent-capaclty waste transfer pumps

Steam turbme area sump statIOn

•

• CombustIon turbme area sump statIOn (CGT wash sump SIZed to contam the
volume of waste water produced by washmg the CGT twIce)

• Floor sump or tank to contam fuel/water mIxture rejected followmg aborted
start on fuel 011

• HRSG area sump statIon (HRSG wash sump)

• Water treatment area sump statIOn

• 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 mformatIOn
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8 19 FIre ProtectIOn System

A complete pressunzed 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 GTCC plant fire protectlOn system wIll be from the
serVIce water storage tank and eXIstmg fire pumps and buned pIpe mams

The fire protectlOn system shall mclude the followmg major eqUIpment and
subsystems, as a mmImUffi

• Underground fire loop wIth fire hydrants spaced a maXImum of 75 meters
(250 feet) apart

• One automatIc wet pIpe spnnkler system for office and admmistratIOn areas

• Deluge systems WIth thermal detectors for the step up and auxIhary/start-up
transformers

• A water spray deluge system wIth thermal detectors for the CT/ST lube 011
reserV01r, punfier and 011 tank

•

• CO2 extmgUIshmg agent system WIth automatIc detection for the combustIOn •
turbme compartments, to be supplIed by the GT Vendor

• FIfe walls for transformers (2 hour rated)

• 2 hour rated fire 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 m the control room and
zone panels m vanous remote locatIOns to be momtored at the mam panel
and mcludmg

Momtonng panel and annunCIator plant dIagram at
bUIldmg entrance
One mam control panel for momtormg the status of zones
WIth VIsual mdicatIon, audIble alarm, and test provISIons
Local zone control panels for momtonng the status of
detectors, alarm boxes, suppressIOn systems, and valves
FIfe alarm pullboxes
Smoke detectors for areas III control room, electncal SWItchgear
room, battery room and office areas
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•

Thermal rate of nse detectors for deluge systems/preactlOn
system
Thermal detectors for mamtenance shop/warehouse area

Manual suppresslOn eqUIpment, mcludmg portable hand-held dry chemIcal
and CO2 extmgUIshers, wheeled CO2 extmgUIshers, hose statIons and racks,
hose houses, and fIre hydrants

StandpIpes and hose statlOns shall be provIded m the mtenor of the CT1STI
generator bUIldmg m areas adjacent to or wIthm staIrS and at other pomts not
greater than 23 meters apart m all normally accessIble areas Hose statIons shall
be provIded WIth 23 meters length of 37 5 mm 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, VentI1atmg, and AIr CondItlOnmg CHVAC) System

The HVAC system for the Plant shall be deSIgned for an outdoor deSIgn
comcIdent temperature condItIon as follows

• Summer

dry bulb 31°C
65% RH

Wmter

dry bulb

•

The HVAC system shall prOVIde an acceptable operatmg enVIronment for
personnel and eqUIpment wIthm the plant bUIldmgs The HVAC system shall
conSIst of area coolmg and aIr COndItlOnmg, as reqUIred and shall mclude

• CT/ST Generator HRSG BUIldmg, SodIUm Hypochlonte BUIldmg,
Hydrogen Storage Area (msIde deSIgn temperature maXImum 40°C,
mmImum WoC)

- One lot of roof and wall mounted exhaust fans
- One lot of aIr mlet louvers

• Control Room (msIde deSIgn temperature = 23 SoC)

- Two (2) 100% HVAC capaCIty umts, mcludmg ductwork, msuiatlon and
controls

• Electncal SWItchgear Rooms (maxImum temperature, 40°C, mmImum
temperature W°C)
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- One au-handlmg umt system, mcludmg ductwork, aIr filters and controls •
- Battery room, spark resIstant exhaust fans

• AdmimstratIOn Offices, Locker Rooms, Dmmg Room, etc (mslde desIgn
temperature 23 SaC)

- One splIt HVAC system, mcludmg ductwork, msulatIOn and controls
- One lot of exhaust fans for tOIlet/locker room areas
- Smokmg room wIth oversIzed exhaust fan and hIgh performance filter

• Water Treatment System Control Room/Laboratory Room (deSIgn
temperature, 23 SOC)

- One splIt 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 aIr conditIOmng umts, dampers, and controllers
EnvIronmental condItIons mSIde the control room shall be SUItable for the
electromc eqUIpment located m the room

AIr COnditlOmng shall mclude coolmg of the mlet filtered au AIr velocltles m
ducts and from louvers and gnlls shall be suffiCIently low so to mamtam
acceptable nOIse levels m areas where personnel are normally located

Fans and motors shall be mounted on antlvibratIOn bases to Isolate the umts
from the bUIldmg 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 m such a manner to faCIlItate removal The filter
frames shall be speCIfied so that the aIr bemg handled passes through the filter
WIthout leakage

Ductwork, filter frames, and fan casmgs shall be constructed of mIld steel sheets
stIffened WIth mIld steel flanges and galvamzed Ductwork shall be of the
sectlonal bolted deSIgn type and shall be adequately supported Duct Jomts shall
be leaktlght

Gnlls and louvers shall be of adjustable metal constructIOn

The battery room ventllatIOn shall be deSIgned to prevent dangerous
concentratIOn of hydrogen gas and shallllffilt the accumulatlon of hydrogen gas

•

•
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•
821

to values of not more than 2% of concentration m 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 I s data on eqUIpment heat releases m the
area ventIlated

All outSIde aIr mtakes shall be sIZed to hmlt the face velOCIty to 167 meters per
mmute through the free area of the mtake louvers (mtake louvers to be a
mmImum of 50 percent free area

Thermal msulatIon WIth vapor barner 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 au condItIonmg purposes
shall be msulated, ductwork used for ventIlatIOn purposes shall not reqUIre
msulatIOn

EqUIpment shall be arranged to allow easy removal of components as well as
full access for mspectIon 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
ventIlatIon au shall be based on a ffilmmum of 0 6 CUbIC meters per mmute per
person based on normal room occupancy These areas WIll not be au
condItIOned

General EqUIpment ReqUIrements

•

8 21 1 Vessels and Tanks

Contractor shall deSIgn, procure, mstall and test requued vessels and tanks
CapaCIty requuements shall be per thiS SpecIficatIOn If particular capacItIes are
not stated herem, good engmeermg Judgment and standard mdustry practice
should be followed m deternnmng vessel and tank capacItIes

Contractor shall determme appropnate matenal of constructIon (If not otherWIse
specIfied), reqUIred matenal thIckness and reqUIred lmmgs and surface coatmgs
If any, based on the flUId to be stored and servIced and Code reqUIrements
Matenals for major tanks shall be as follows

ServIce Water Storage Tank - Carbon steel WIth SUItable mtenor and
extenor coatmgs Use eXlstmg tank
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DMW Storage Tank - carbon steel WIth SUItable extenor coatmg and
mtenor phenolIc epoxy coatmg

Wastewater NeutralIzatIon Tank - FRP

Bulk ACId Storage Tank - Lmed Carbon Steel or FIberglass Remforced
Polyester (FRP) wIth SUItable UV protectIon for outdoor locatIOn

Bulk SodIUm HydroxIde Storage Tank - Lmed Carbon Steel wIth NIckel
bayonet heater

HRSG Blowdown Tanks - Carbon Steel

Fuel OIl Storage Tanks - Carbon Steel Use eXlstmg tanks

A 1 6 nun mmunum corrosIon allowance shall be proVIded above the Code or
standard computed mmunum wall thIckness, as appropnate, 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 lIne or combmatlon of mcommg lmes that can sunultaneously fill the
tank

Ladder, platform and walkway deSIgn shall be proVIded for mamtenance and
access and m accordance WIth good safety practIces

When reqUIred by serVIce, tanks shall be deSIgned to full vacuum In addItIon to
the speCIfied or reqUIred deSIgn pressure

All tank JOInts shall be constructed so that opemngs In the shell and shell
remforcements do not mtersect longltudmal or gIrth JOInts

VertIcally mounted tanks shall have supportmg skIrts Supportmg skIrts shall be
deSIgned to permIt access mSlde the skIrt for mamtenance of the tank and skIrt
Honzontally mounted tanks shall be proVIded WIth supportIng saddles

Manholes shall have hmged, bolted flange-type covers complete WIth gaskets,
nuts and bolts, and welded-on hand gnps or lIftIng lugs Manholes shall not be
less than 600 nun 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 dIstrIbutIOn of weIght when hftmg

All steel tanks shall be welded RIveted tanks are not acceptable Weldmg
procedures, welders and weldIng operators shall be quahfied m accordance WIth
ASME BPVC, SectIon IX WeldIng 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 opemngs, weldmg ends and flanged
connectIOns Mamtenance dram connectIOns shall be proVIded for complete
tank dramage

Tanks haVIng a deSIgn pressure m excess of 103 kPa shall be deSIgned and
fabncated In accordance WIth ASME BPV Code, SectIon VITI, DIVISIon 1, and
shall be stamped WIth the ASME Code Stamp Water storage tank and
condensate storage tank shall be deSIgned, constructed and tested to AWWA D
100 Fuel 011 storage tanks shall be deSIgned and constructed to API-610

Tanks and vessels shall be tested and mspected In accordance WIth the apphcable
codes and standards

821 2 Pumps

Contractor shall proVIde requITed pumps, pump motor dnvers and all requITed
acceSSOrIes Pumps requITed to be m contInUOUS operatIOn shall have 100%
spares

Fuel 011 pumps shall be deSIgned to API standards All other pumps shall be
deSIgned to ANSI standards

Pumps shall be SIZed for an addItIOnal 10% flow capacIty, and 20% head
capabIlIty above the calculated process requIrements Full SIZe unpellers shall
not be used

Pumps for the same serVIce shall be IdentIcal m deSIgn, constructIon and
performance and sunl1ar parts of the pump shall be mterchangeable 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 characterIstIc curves on WhICh total
head, brake horsepower, reqUIred net pOSItIve suctIOn head (NPSH) and
effiCIency are plotted as functIons of volumetrIC flow rate between shut-off and
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run-out Total head and pump efficIency shall be defined m accordance WIth
HydraulIc InstItute Standards Standard motor SIZes shall be used

Pumps shall be deSIgned to ensure that there IS adequate margm between NPSH
reqUIred and avaIlable NPSH for operatIon at run-out condItIOns WIthout pump
caVItatIOn

Contractor shall guarantee that all pumpmg eqUIpment shall meet the deSIgn
condItIOns calculated Tolerances on the guaranteed performance shall be m
accordance WIth the HydraulIc InstItute Standards

Pump head curves shall nse contmuously from deSIgn head pomt to shut-off
The pump shut-off head shall be a mmlIDum of 120 percent of the total head at
the deSIgn pomt Motors shall be sIzed for brake horsepower at run-out
condItIons of the selected pump at maXlIDum lIDpeller SIze

Stramers (startup or permanent) shall be mstalled m the suctIon pIpmg of all
honzontal pumps Fuel 011 pumps shall be provIded WIth permanent duplex type
stramers

Honzontal centnfugal pumps shall have radIally fully balanced lIDpellers The
dnver shall be mounted on an extensIOn of the pump bedplate and shall dnve the
pump through a fleXIble couplmg

Where necessary, pumpmg systems WIth vanable flow reqUIrement shall have a
recIrCUlatIOn lIne for pump protectIon The recIrCUlatIon lIne WIll normally be
routed to the source of pump suctIon Modulatmg or two-posItIon recIrculatIon
valves or restnctlon onfices shall be used as appropnate For boIler feedwater
pumps and condensate pumps, modulatmg control valves or combmed
recIrculatIOn/check valves shall be used PrecautIOns shall be taken agamst flUId
overheatmg at hIgh recIrCUlatIOn rates The pump vendor shall provIde the
recIrCUlatIOn pIpmg

Wetted pump parts shall be SUItable for the flUId handled by the pump The
pump matenals shall be selected to reSIst caVItatIon, eroSIon, corrosIon and
other destructIve mfluences

Each component, mcludmg the motor dnver, shall be deSIgned to reSIst all statIc
and dynamIc loads lIDposed on It dunng all modes of pump operatIon The
operatmg modes mclude normal operatIOn m any parallel arrangement, start-up,
shutdown, and reverse rotatIOn at maXlIDum reverse speed

Stuffing boxes, seals and packmg glands shall be provIded, as reqUIred, between
fIxed and rotatmg parts, and shall be deSIgned for mmlIDum leakage of

•

•

•
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lubncatIng water Seal InjectIOn breakdown onfices shall be furnIshed as
reqUIred to reduce pressure and to control InjectIon flow

Pumps wIth mechamcal seals shall be arranged to faCIlItate removal of the seals
Shaft slmgers shall be specIfied to prevent gland leakage water from entermg the
beanng hOUSIngs BOller feed pumps and condensate pumps shall be provIded
WIth mechanIcal seals

Beanngs shall be of ample surface area and, for large pumps, of the Journal
type, splIt for easy mamtenance, and arranged to facIlItate removal of the pump
Impeller for repaIrs All boIler feed pumps shall have thrust bearmgs

Where bearIngs are of the ball or roller type, the Inner face shall be fitted
dIrectly on the shaft and located by a machmed shoulder on the shaft
Intermediate shaft beanngs for vertIcal suspended type pumps shall be securely
connected to the maIn pump support tube

BearIngs requIrIng 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 dIrty water serVIce, bearmgs shall be
grease lubncated

The weIght of the Impeller and shaftmg for vertIcal suspended pumps shall be
carned by a thrust bearmg, ample access shall be provIded for exammatIOn and
mamtenance of the bearmg ProVIsIOns shall be made at each end of the beanng
to contam the 011 or grease withm the bearmg hOUSIng

Bedplates shall be of adequate proportIOns and stIffness to reSIst the loads from
shIpment and serVIce

Pump VIbratIon after field InstallatIon shall meet manufacturer's cntena or ISO
2372 whIchever IS more strIngent

Vent and draIn valves shall be proVIded, where necessary, at appropnate pomts
on the pump casmg Honzontal splIt casIng pumps shall allow for WIthdraWIng
the removable half casIng and Impeller WIthout disturbmg any of the water pIpes
or valves Honzontal end suction pumps shall allow for WIthdrawal of the
Impeller from the motor end WIthOUt disturbmg the motor or suctIOn and
dIscharge pIpmg

Pumpmg UnIts shall be deSIgned for ease of mspectIOn and mamtenance Motor,
casmg and Inner assembly shall be readIly removable WIthout dIsturbIng the
suction or dIscharge pIpIng
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Renewable shaft sleeves shall be provIded at sleeve bearmg pomts and stuffing
boxes to prevent shaft wear

Impellers shall be keyed and nut-locked to the shaft to wIthstand all operatmg
loads Impellers shall be statically and hydraulIcally balanced

Couplmgs shall be provIded to connect motor dnver and pump shafts Shaft
couplIngs shall be the sleeved, keyed type Guards shall be proVIded for motor
pump couplIngs

LIftIng lugs shall be proVIded to facIlItate handlIng dunng mamtenance and
removal

Fuel 011 pumps shall be pOSItIve dIsplacement, screw or herrmgbone gear type
SUitable for operatIon WIth No 2 dIesel fuel 011 Motors for fuel 011 pumps shall
be SIzed for cold start at 30 C

Fuel 011 pump casmgs shall be of hIgh grade cast Iron, ductIle Iron or cast steel,
and constructed to permIt dIsassembly and removal of rotors WIthout breakIng
pIpIng connections

Fuel 011 pump rotors shall be deSIgned to delIver a smooth, pulsatlOnless flow
over the entIre operatmg range

Metenng pumps for cheIDlcal solutIons serVIces shall be pOSItIve dIsplacement
rotary or reCIprocatIng, constructed of 316 SS In contact WIth the process flUld
CapaCIty control may be manual or automatIc

Sump pump shall be vertical smplex or duplex WIth Integral sump cover and
level SWItch In areas of aCId washdown concern, appropnate plastIC matenals
of constructIon should be speCIfied

8 21 3 PIpIng

Contractor shall engIneer, deSIgn, furmsh, mstall and test all pIpIng systems
reqUired

The pIpIng shall mclude all fittIngs, 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 maxmum and mmmum flows associated WIth the
partIcular system and/or eqUlpment beIng serVIced In general, pIpIng shall be
SIzed based on the velOCIty cntena gIven below Pressure drops must be

•

•

•
5928 Ol/Vol 2 Doc/8126/98 C8-41



• calculated mcludmg factors for foulmg and margm and checked to ensure that
exceSSIve pressure drops and NPSH concerns are aVOided

Feedwater Lllles
Condensate Lmes
Pump Suction Lllles (except
Condensate Pumps)
Condensate Pump Suction Lmes
Water Lmes to 10 2 cm
Water Lmes 152 cm and larger
Saturated Steam 0-1 4 MPa
Saturated Steam above 1 4 MPa
Superheated Steam

3-48 mls
1 2-2 1 mls
1 5-2 1 mls

06-09 mls
1 5-1 8 mls
23-36 m/s
1200-1830mlmm
1830-3050mlmm
3050-4570 mlmm

•

all lllles 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 flexIbIlIty to permIt expanSIOn of the
pIpmg WIthout ImpOSlllg exceSSIve forces and moments greater than those
recommended by the manufacturer of the connected eqUIpment PIpmg
segments 65 mm and larger WIth a normal operatmg temperature above 93°C
shall be stress analyzed, as reqUIred by ASME B31 1 Stresses m the pIplllg
systems deSIgned by the Contractor shall not exceed those allowed by the
applIcable code

Generally, pIpmg matenal for the varIOUS plant serVIces shall be as mdicated
below

•

Steam
Fuel Gas

Fuel all
Lube all
Coolmg Water system

Frre ProtectIOn

Condensate, Feedwater
Chlorme solutIOn
ChemIcal feed lInes
Sulfunc aCId,
all concentratIons
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alloy steel, steel
stamless steel (downstream of coaiesclllg
fIlters), carbon steel (upstream of coalescmg
fIlters)
carbon steel
stamless steel, pIckled carbon steel
carbon steel or cast lfon WIth cement lmmg
for buned headers, all other systems carbon
steel
carbon steel, ducttle rron for underground
plpmg, carbon steel or cast Iron for
aboveground plpmg
carbon steel
plastIC pIpe
stamless steel
Alloy 20
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CaustIc, all concentratIOns
Instrument aIr
ServIce aIr
Make-up demmeralIzer
ChemIcal waste

stamless steel
staInless 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 reqUIred, 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

Welded pIpe 65 mm and above shall be butt weld constructIon, 50 mm 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 pIpmg systems rated ANSI Class 300 or less may be flanged m
accordance wIth the Contractor's standard desIgn

PIpmg systems shall be desIgned WIth hIgh pomt vents and low pomt drams

Steam pIpmg 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 dram deVIces and manual deVIces shall be mstalled, where
appropnate, to prevent the accumulatIon of condensate m the pIpmg system

Means shall be provIded to fill and clean loop seals

PIpmg to and from outdoor tanks shall have allowances for tank settlement

Contractor shall provIde detaIled scaled pIpmg drawmgs showmg all pIpmg 65
mm and larger, valves and mstrumentatIOn tap locatIOns Drawmgs may be
Isometnc and plan, or plan and sectIons

PIpe hangers and supports shall be deSIgned m accordance WIth the operatmg
condItIOns of the pipelme bemg supported PIpe hangers and supports shall be
deSIgned and fabncated WIth appurtenances and accessones m accordance WIth
the requIrements of ANSI B31 1, MSS SP-58 and MSS SP-69

•

•
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A detal1ed pIpmg claSSIficatIOn 11st shall be submitted for the Employer's
review The pIpIng clasSificatIOn 11st shall specify all matenals for pIpe, fittIngs
and accessones for all pIpIng systems WithIn the plant, and pertInent InformatIOn
for each class (e g , pressure, temperature, serVIce, etc)

Steam plpmg shall be proVIded With low pomt dram statIOns and/or steam traps
Steam traps shall be proVIded WIth upstream straIner, 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
workmg pressure and temperature of the steam plpmg to which they are
connected Traps shall be piped to dram collectIOn tank(s), floor drams, or
sumps and returned to the cycle If practlcable

Contractor shall proVide documentatIOn venfymg successful completIOn of
reqUIred testIng and comp11ance WIth safety codes (as app11cable) for plpmg
systems

PipIng system shall be pressure tested m accordance With the requIrements of
ANSI B31 1

8 21 4 Valves

Contractor shall proVide, mstall and test reqUired valves, appropnate valve
operators and accessones to allow the plant to operate safely, efficiently and In
accordance WIth all app11cable codes

Contractor shall place special emphaSIS on ease of facl11ty operatIOns and
mamtenance, when determmmg necessary valve and appropnate valve operator
locatIOn and type

Control valve sIZe and charactenstlcs 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 operatIng conditIOns At the mmImum flow condltlons, the
valve pOSitIOn shall be a mlll1mum of 10% open, so that the valve seat and plug
shall not be susceptIble to damage (wIre draw, etc)

Valves 65 rom and larger shall be deSIgned so that It shall be pOSSIble to replace
all packIng rmgs With the operator and yoke In place

Weld connectIons for steel valves 65 mm and larger m nOffilnal SIZe shall be butt
welded Weld connectIOns for steel valves 50 mm and smaller m nommal SIZe
shall be socket-welded Weldmg end preparation shall be m accordance WIth
ANSI B31 1 and ASME BPVC Section 1
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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, consIstIng of a worm gear and worm In 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 operatIon WIth portable aIr
wrenches Manual operators shall reqUIre an Input force of no more than 27 Kg
to develop the reqUIred operatIng torque A mechamcal type pOSItIon IndIcator
shall be Integrally mounted on each manual gear operator Electnc motor
operated valves are to be prOVIded where speCIfied by the EngIneer

Operators shall transmIt the torque reqUIred to seat or unseat the valve agaInst
the maXImum dIfferentIal pressure

Gate valves and globe valves shall be eqUIpped WIth renewable, Integral type
hard faced seats SeatIng surfaces of plugs and dISCS shall be hard faced Gate
and globe valves shall be arranged for back seatIng, WIth surfaces hard faced, to
permIt repackmg under full lIne pressure WIth the valve open

A detaIled valve speCIficatIon lIst shall be submItted for the Employer's reVIew
The valve lIst shall specIfy the matenal for all valve components and accessones
for all pIpIng classIficatIOns

Valves shall be legIbly marked In accordance WIth MSS SP-25 Each valve
shall have a durable metal tag attached to the valve yoke by staInless 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 dryIng WIth clean, OIl-free compressed aIr
Immediately after testIng

8 21 5 InsulatIOn

Contractor shall Insulate mechamcal eqUIpment, tanks, vessels, pIpIng, fittIngs,
valves and other In-lIne pIpIng appurtenances as reqUITed for thermal
conservatIOn, personnel protection or anti-sweat purposes

The Insulation shall form a system of prefabncated umts, engmeered as
Integrated assemblIes to fit the surfaces to be Insulated WIth due allowance for
pIpe supports, thermal expanSIOn, contraction and eqUIpment deflection

The msulatlon for plpmg 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

•

•

•
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PIpmg, weldmg fittmgs, flanged fittmgs, bodIes of valves and the entIre surface
of screwed fittmgs shall be covered WIth msulatIOn slffillar to adjacent pIpe
msulatIOn The msulatIOn shall be carefully cut to fit and firmly WIred m place,
and all vOIds filled WIth msulatmg cement

Valves shall be msulated up to and mcludmg the bonnet, but not the bonnet
jomts At all temperature measurement locatIOns, the thermowell mstalled m
the process lme shall extend beyond the outer face of the msulatIOn

Hot lInes (desIgn temperature greater than 60°C that are not msulated
throughout theIr entIrety, such as mIscellaneous 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 staITS At no place should a heated lme
be left umnsulated where personnel may come m contact WIth It dunng normal
plant operatIOn and mamtenance

Contractor shall provIde SUItable means of supportmg msulatIon on vertIcal pIpe
runs and flat surfaces to prevent saggmg and openmg

InsulatIon shall be contmuous through floors, walls, pIpe supports, anchors,
gUIdes and hangers At steel plates, hanger rods, stIffeners or other
mterruptions m the InsulatIon, the msulatIOn shall be sealed WIth msulatmg
cement and the jacketmg for outdoor msulatIOn shall be flashed and sealed to
provIde a waterproofJacketmg

Where operatmg temperatures make It necessary, Contractor shall prOVIde
sUItable expanSIOn jomts m the msulatmg matenals

The prImary msulatIOn for pIpmg systems and eqUIpment, WIth operatmg
temperatures up to 650°C, shall be asbestos-free calcIUm SIlIcate, conformmg to
ASTM C533

The alternatIve msulatIon, for mdoor pIpmg systems under 20SoC, may be
fiberglass-preformed msuiation or mmeral wool InsulatIOn, conformmg to
ASTM CS47

AntI-sweat msuiatlon 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
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8 21 6 LIftmg and HandlIng Systems

Contractor shall desIgn, furmsh and permanently mstall 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 m addItIOn to the pnmary full
capacIty hOlst

In addItIon to the above mam overhead travelmg crane, Contractor shall provIde
specIfic IIftmg and handlIng capabIlIty for components requmng
mamtenance/replacement, when the lIfts are heavIer than can be made by
personnel WIthOUt mechamcal aSSIstance

BUIlt-m structures and deVIces should be provIded for lIfts that are made on a
frequent baSIS BUIlt-m structures coupled WIth standard lIftmg gear (e g , cham
fall, etc) should be provIded for less frequent lIfts or relatIvely lIght loads For
very mfrequent lIfts, the deVIces may be completely portable (e g , travelmg
gantry, truck mounted "cherry-pIcker", etc)

Use of bUIldmg structure as an anchor pomt for lIftmg deVIces IS acceptable only
If such applIcatIon IS duly consIdered m deSIgn calculatIons

Mechamcal deSIgn for overhead travelmg crane shall conform to all the
reqUirements and recommendatIOns of CMAA 70 Crane shall operate under
pendant pushbutton control

Brakes shall conform to SectIOn 2-1 0 of ANSI B30 2 Brakes for stoppmg
motion shall be of sufficIent SIZe to stop the trolley or bndge withm a dIstance,
m meters, equal to 10 percent of full load speed, m meters per mmute, when
travelmg at full speed WIth full load HOlSt holdmg brakes shall have a torque
ratmg of not less than 125 percent of maXImum hOIstmg 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 furmsh emergency shower and eye wash statIons near all
chemIcal handlmg areas and battery storage areas These shall be of the hands
free deSIgn WIth buned drams for freeze protectIon

•

•

•
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822 Pamtmg

Except as otherwIse specIfied, all eqUlpment and unmsulated pIpmg shall receIve
Its manufacturer's standard shop fmIsh

The HRSG shall be shop-pnmed WIth a zmc-nch pnmer, and shall be touched
up after mstallatlOn to a level eqUlvalent to the shop-apphed fimsh Outdoor,
unmsulated tanks, pIpmg, the HRSG exhaust duct, and the HRSG exhaust stacks
shall be pnmed WIth zmc-nch pnmer and fimsh pamted WIth a compatIble
mdustnal grade acryhc fimsh pamt Fimsh colors shall be selected from among
the pamt manufacturer's standard colors, subject to the Employer's reVIew and
approval

Concrete surfaces, pavIng, curbs and sumps In chemIcals handlmg areas shall be
paInted WIth an appropnate reSIstant coatmg system ACId-proof bnckmg shall
not be used except by specIfic EngmeerIng requIrements

8 23 Lubncation

The types of lubncation specIfied for the Plant eqUlpment shall be sUlted to the
operatmg condItIons and shall comply WIth the recommendatlOns of the
eqUlpment manufacturers

For the turbme generators and any other turbme auxIhary eqUlpment, the ImtIal
charge of flushIng 011 for startup shall be provIded by the eqUlpment
manufacturer Subsequently, such flushmg 011 shall be sampled and analyzed to
determIne whether It can also be used for normal operatIOn or It must be
replaced In accordance WIth the eqUlpment suppher's recommendatIons

Rotatmg eqUlpment shall be splash lubncated, force lubncated, or self
lubncated 011 cups shall be proVIded as necessary

Where automatIc lubncators are attached to eqUlpment, proVISIOns for
emergency hand lubncatlOn shall also be speCIfied

LubncatlOn fillmg and dram pOInts shall be located In accessIble locatIons and
pOSItIons

Manual lubncatIon prOVISIons shall be external to guards WIth machmery m
motIOn

•
824 Mechamcal Testmg

Contractor shall proVIde all reqUlred testmg of mechamcal eqUlpment and
systems to ensure that all eqUlpment and systems are operatmg satIsfactonly and
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m accordance wIth the reqUirements 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 llffilted 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 VIII and API standards

- runmng performance tests for pumpmg equIpment m accordance wIth the
Hydrauhc Institute Standards or API standards as apphcable for the
followmg major pumps

(1) BOller Feed Pumps
(2) Condensate Pumps
(3) Cuculatmg Water Pumps
(4) Closed Coolmg Water Pumps
(5) FIre Pumps

- non-destructive exammatIOn tests m accordance WIth ASME and ANSI
Codes

Tests may be wItnessed by the Owner, msurance or code mspector, or others
upon request

A 100% radIographIc exammatIOn of all weld Jomts shall be provIded for the
gas fuel hnes Spot radIOgraphy of hIgh energy steam pIpmg shall be performed
as reqUired by the apphcable codes

825 Turbme Steam By-Pass System

A turbme steam by-pass system WIth steam conditIOmng valves or pressure
reducmg valves WIth desuperheaters shall be prOVIded to by-pass steam to the
condenser dunng startup and shutdown modes and for turbme tnp

8 26 Make-Up Water Supply System

Well water w111 be dehvered to the SIte by eXIstmg well water pumps, storage
tank and transfer pumps Contractor shall route the well water supply to the
vanous CCGT plant uses

•

•
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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 maXIDlUm 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

110 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

CntIcal mstruments are those reqUITed for contmued plant operatIon and those
that provIde eqUIpment protectIon

Generator manufacturer to determme exact voltage In 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 carned out by Armenergo

Armenergo's voltage vanatIOns shall be accommodated by specIfymg 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 operatIon of the statIon servIce transformer on-load tap changer

NOmInal system frequency IS 50 Hertz Normal operatmg frequency may range between 49
Hertz and 51 5 Hertz ExcursIOns 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 Yerevan 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 CIrcUIt
breaker

Backup protectIon operatIon

Breaker faIlure operatIon

5928 OIlY01 2 Doc/8/31/98

C9-2

20 kA (rms sym)

20 kA (rms sym)

60ms

lOOms

160ms
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• 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 aIr msulated substatIOn extensIve/modIficatIon to the eXIstmg sWItchyard as
mdicated on the conceptual drawmg

The rated currents (at 40°C ambIent) for the 110 kV SubstatIOn shall be as follows

•

Operatmg voltage kV (rms)

MaxImum desIgn voltage kV (rms)

Lightmng Impulse level kV

Power frequency wIthstand voltage, kV rms/mm

9 2 1 4 Rated Currents

Generator lme and bay connectIOns

Startup lme and bay connectIons

Busbars (Mm)

CIrCUIt breaker short-CIrcUIt
breakmg current

9 2 2 DeSIgn Cntena

115

121

550

260

1,200A

1,200 A

3,000 A

20kA

•

The deSIgn cntena for configuratIOn, SIZe and ratmg of components of the auxlliary power
dIstrIbutIon system from the statIOn serVIce and eXCItatIOn 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 There are a total of
three (3) generatmg umts, two dnven by gas turbme and one dnven by a steam turbme

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
actIVIties 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 urnt The faIlure of a statIOn serVIce
transformer may cause the loss of the generatmg urnt untIl such tIme as the faulty statIOn
serVIce transformer IS Isolated and the urnt can be restarted from the second statIon serVIce
transformer

d) Loss of a sWItchgear bus sectIon normally fed eIther dIrectly or mdlrectly from the statIon
serVIce 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

The combmed cycle plant (CCP) or statIOn conSIsts of two gas turbme dnven generatmg urnts
and one steam turbme dnven generatmg urnt (total of three generatmg urnts) Two StatIon
SerVIce Transformers (SST's) shall be proVIded, each capable of supportmg the total auxlhary
load of the plant

The steam turbme IS dIrectly connected to ItS step-up transformer VIa Isolated phase bus ducts
(urnt connected) Each of the gas turbme generator IS proVIded WIth a true generator breaker
m the connectIon between the generator and ItS assocIated step-up transformer Isolated phase •
bus ducts prOVIdes the connectIOn between generator, generator CIrCUIt breaker and step-up
transformer The statIon serVIce transformer and IsolatIon/excItatIOn transformer are tapped
off the Isolated phase bus connectmg the generator CIrCUIt breaker to the step-up transformer
ThIS configuratIOn permIts each GT generator to support plant auxlhary load partIally or totally
VIa ItS SST

Dunng startup of a gas turbme, ItS generator WIll be Isolated from the 110 kV system by means
of Its true generator CIrCUIt breaker The Step-up Transformer assOCIated WIth the gas turbme
WIll be energIzed from the 110 kV UtIlIty gnd VIa hIgh voltage (110 kV) CIrCUIt breaker, WhICh
m turn WIll supply power to the IsolatIon /ExcltatIOn transformer (lET) and StatIOn SerVIce
Transformer (SST) and to the medIUm voltage (MV) dlstnbutIon system GT aUXIlIarIes and
combmed cycle aUXIlIarIes WIll be energIZed VIa MV dlstnbutlon system

The GT generator WIll be started as a synchronous motor WIth a vanable frequency dnve
(StatIC Startmg DeVIce also known as LCI) The GT set WIll be accelerated WIth the startmg
deVIce untIl the turbme IS Igrnted and self sustatrnng speed IS reached The GT governor WIll
take over and accelerate the GT set to synchronous speed The eXCItatIon system powered
from the EXCItatIOn Transformer WIll raIse the generator voltage Once the generator
frequency and voltage are closely matched to Armenergo's system, the generator WIll be
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•

•

•

synchromzed to the grId across Its true generator breaker Only one StatIc Start System IS
enVISIOn for the both gas turblOes The plant dIstrIbutIon system allows the sWItchmg of thIS
starIng system to each GT

The steam turblOe wIll be brought to the synchronous speed 10 a normal mode by receIvlOg
steam from the HRGS's Once the ST generator frequency and voltage are closely matched to
Amenergo's system, the generator WIll be synchromzed to the grId across the HV CIrcUIt
breaker

In normal shutdown of the plant, the last GT urnt WIll be ramp down to no load VIa ItS control
system and then ItS true generator breaker WIll be open The GT auxIlIarIes and plant
auxIlIarIes WIll remam energIZed through the step-up transformer and statIOn serVIce
transformer

In case of a gnd faIlure (loss of outsIde power) the steam turbIne WIll be tnpped and HV
ClfCUIt breaker WIll be opened The HV ClfCUIt breaker assocIated WIth each gas turbme wIll
be also be tnpped, however, the gas turblOe generators can contInue proVIdIng power for
Island operatIon of the plant

In case of the total loss of AC power In the plant, the essentIal safe standby loads (shutdown)
of the power plant and the admm1stratIOn faCIlItIes, as applIcable, shall be supplIed by a dIesel
generator

In the case of a fault withm the zone of protectIOn of a GT generator, the protectIve relay109
shall Isolate the generator by tnppIng ItS true generator breaker A fault WIthIn the zone of
generator CIrCUIt breaker, the generator step-up transformer (GSUT), IsolatIOn/excItatIOn
transformer, or SST, the protectIve relay109 shall Isolate the urnt by tripplOg the generator
CIrCUIt breaker, assocIated 110 kV ClfCUlt breaker, eXCItatIon field breaker and medIUm voltage
(6 3 kV) SWItchgear bus malO breaker and fast transfer the aUXIlIary loads to the second SST
by clOSIng the appropnate tIe breaker If the fault IS withm generator, generator CIrCUIt
breaker, GSUT, VET or ItS Isolated phase bus, the urnt wIll be shut down untIl the proper
repaIr work IS performed In case of a faIlure of a SST, the transformer WIll be Isolated and
the urnt wIll be brought back on the lIne at full capaCIty USIng the other GT urnt SST as a
backup to the faulted SST

In the case of a fault wIthm the zone of protectIOn of a ST generator, the GSUT or assocIated
Isolated phase bus, the protectIve relaymg shall Isolate the generator by tnppmg the assocIated
HV CIrCUIt breaker The ST umt WIll be shut down untIl the proper repaIr work IS performed
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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 applIcable reqUirements of IEEE 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
dIstnbutIOn system desIgn These studIes shall mclude the followmg

• 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
capabIlIties The auxIlIary electncal systems shall then be deSIgned to mamtam voltages
withm establIshed ranges

• Short-clfcUIt studIes WhICh model the auxIlIary 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 optlIDlZed based on the voltage cntena lIsted 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 slIDllar scope and detaIl as the short-cIrcUit studIes shall be utilIzed
to determme voltage profiles at vanous buses under expected plant operatmg modes

• Groundmg studIes for the SubstatIon and plant connected together, m accordance WIth
IEEE 665-1995 and IEEE 80, and based on the maXlIDum contrIbutIOns from Armenergo

• InsulatIOn coordmation studIes for the 110 kV and generator voltage systems The studIes
shall be performed usmg the BonnevIlle Power AdmmistratIOn's Salford Alternate
TransIents Program (ATP), the Electromagnetic TranSIents Program (EMTP), Mamtoba
HVDC Research Center's (MHVDCC) PSCAD/EMTDC, or slIDllar 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)
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•

• Motor startIng studIes for selected worst-case arrangements to determIne the voltage dIpS,
at each voltage level durIng motor startIng, shall be done DC motor startIng voltage drop
studIes shall be done for all dc motors

• Battery slZmg calculatIOns In accordance WIth IEEE 485 and dc system short-CIrcUIt
calculatIOns DC voltage drop studIes shall be done for all de motors and other de loads

• The aUXIlIary electncal system shall be deSIgned so that the 400 volt motor starter
contactors do not drop out dunng motor startIng at any voltage level StudIes of bus
voltages dunng startup and sWItchyard VariatIons shall be conducted

• Cable slZmg calculatIons shall be based on the reqUIrements defined In SectIOn 9

• CathodIc protectIOn calculatIOns In accordance WIth NACE InternatIOnal standards for
Items WhICh requITe cathodIc protectIon

• LIghtIng calculatIOns for all areas

• Transformer loadIng and SlZIng calculatIOns for each transformer

• Medmm voltage motor surge studIes shall be performed by the SWItchgear or motor
controller supplIer, or shall rely on the SWItchgear or motor controller manufacturer's
recommendatIons

• UPS slZmg calculatIOns

• Emergency dIesel generator (EDG) SlZIng calculatIons

9 2 2 3 SynchronlZmg

A synchronlZIng check relay shall be proVIded on every CIrCUIt breaker WIthIn the new power
plant where there IS a pOSSIbIlIty of parallelIng 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 gnd, across ItS
own aSSOCiated 11a kV CIrCUIt breaker, located on the hIgh SIde of the generator step-up
transformer m the plant 110 kV substatIon
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Each GT generator shall be deSIgned to be synchromzed WIth the Armenergo gnd (110 kV), •
across ItS true generator CIrcUIt breaker, located on the low voltage sIde of the step-up
transformer m the plant In emergency GT generator are capable of operatmg Isolated from
the gnd (110 kV CIrcUIt breaker open), whde supplymg the plant auxIlIanes Hence, the
provIslOns shall also be made m the deSIgn such that the GT generator can be synchromzed
WIth the gnd across ItS own HV CIrCUIt breaker when needed

When selected, each generator shall be automatIcally synchromzed to the 110 kV system by an
auto-synchromzmg and separate mdependent synchromzmg check relay Each generator shall
also be capable of bemg manually synchromzed to the 110 kV system at the power plant WIth a
permISSIve sIgnal proVIded by a separate synchromzmg check relay The auto-synchromzmg
relay shall utdlZe two mdependent channels for speed and voltage matchmg For each
generator two synchronlZmg check relays shall be mstalled to venfy the correct operatIon of
the synchronlZmg system One synchronlZmg check shall be m operatlOn to superVIse, WIthOut
exceptlOn, 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 mime WIth that of
the system

• One automatIC voltage matchmg deVIce WhICh shall proVIde control mstructlOn to the •
generator voltage regulator to bnng the generator voltage m lIne WIth the system voltage

• Two channels of synchronlZmg checkIng deVIces WhICh shall check the synchronlZmg
condItlOn and mItIate the closmg command WIth breaker closure tlme compensatIon

• One selector SWItch for selectlOn of synchrolllZmg SIgnal from Channell (frequency) or
Channel 2 (voltage), or Channels 1 and 2 m senes

• One automatIc synchronlZmg check relay

• AuxIlmry relays and all accessones

Each generator I s synchronlZmg system shall be prOVIded WIth aUXIlIary contacts to allow
recordmg of all faded synchronlZmg attempts m the plant DCS and dIgItal fault recorder
(DFR)

All 6 3 kV medIUm voltage aUXIlIary SWItchgear buses requIrIng synchronlZatlOn shall be
proVIded WIth completely separate deVIces from those used for synchronlZatIon of the generator
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•

and hIgh voltage CIrCUIt breakers The medIUm voltage bus synchronIzIng scheme shall be
proVIded wIth automatIc transfer capabIlItIes to safely allow fast transfer, m-phase
(synchronous) transfer, or reSIdual voltage transfer

Where two sWItchgear buses are synchronIzed manually, the cloSIng of the CIrCUIt breakers
shall be mterlocked usmg a synchronIZmg check relay The synchronIzmg check relay shall
contmuously mOnItor the voltages on eIther bus, and shall not reqUIre the use of any
synchronIzmg sWItches The synchronIzmg check relay shall have two mstantaneous
undervoltage COlIs to allow for dead lme and dead bus closmg, as reqUIred, 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 synchronIZIng check relays These relays shall be rated for contmuous energIZatIOn and
shall not reqUIre the use of any synchrOnIZIng sWItches

923 PrImary Termmal Pomts

All work associated WIth mterfaces between the power plant and Armenergo 110 kV faCIlItIes
shall be proVIded by the Contractor, Includmg all reqUIred support structures, eqUIpment and
systems InstallatIon by Contractor shall mclude prOVISIOn of power supplIes, cablmg,
commUnICatIOn mterfaces, marshalmg boxes, hIgh voltage CTs and VTs and necessary testIng
and commissIOnmg supplIes Fmal connectIOns to Armenergo's system shall be performed by
the Contractor under superVISIon 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-WIred control deVIces from the electncal
control panel located m the plant mam control room SuffiCIent hard-WIred controls, metenng
and mdlcatlons, mcludmg a system "mIffilC" dIagram, shall be prOVIded on the electncal
control panel to aId the operator The breakers shall also be controlled and mOnItored by the
plant DCS system Control and momtormg of the balance of the aUXIlIary electncal dIstrIbutIOn
system breakers shall be by the plant DCS system

All alarms and addItIOnal metenng, momtormg, recordmg, and mdlcatlons, as reqUIred, shall
be by the plant DCS systems as applIcable Controls of electrically operated CirCUIt breakers
and starters servmg motors and other process related systems or eqUIpment, shall be by the
plant DCS system as applIcable
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9 2 5 MIscellaneous Electncal Reqmrements

Space heaters for electncal and other eqmpment shall be rated at tWIce the operatmg voltage,
WIth heater wattage sIzed as reqmred to mamtam the enclosure mternal temperature above the
dewpomt

All electncal eqmpment for outdoor 10catlOns shall be smtable for operatIon m an mdustnal
envuonment

Unless otherwIse mdicated m the specIfic sections descnbmg the vanous electncal eqmpment,
and as apphcable for the 10catlOn, electncal eqmpment 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

Enclosed gas compressor areas shall be claSSIfied to be hazardous locatIons m accordance WIth
the requuements of NFPA 70

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 SectlOn 1 0 References to manufacturers, trade names and catalog types descnbed
herem are to estabhsh a general level of quahty Other eqmpment may be proposed for
approval

• AntI-FnctlOn Bearmg Manufacturer's AssocIaton (AFBMA)
• Amencan NatIonal Standards InstItute (ANSI)
• NatlOnal Electncal Manufacturers ASSOCIatIOn (NEMA)
• InstItute of Electncal and Electromcs Engmeers (IEEE)
• NatlOnal FIre ProtectIon ASSOCiatIOn (NFPA)
• Underwnters Laboratones (UL)
• Amencan SOCIety for Testmg and Matenals (ASTM)
• Amencan SOCIety of Mechamcal Engmeers (ASME)
• Insulated Cable Engmeers ASSOCIatIOn (ICEA)
• NatlOnal ASSOCIatIOn of CorroslOn Engmeers (NACE)
• ASSOCiation of EdIson Illummatmg Compames (AEIC)
• DIesel Engme Manufacturers ASSOCIatIOn (DEMA)
• Illummatmg Engmeenng SOCIety (IES)
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9 3 MaIn Generator and ExcIter

The folloWIng descnption IS applIcable to each of the three facIlIty generators

9 3 1 Generator

The maIn generator shall be honzontal, fully enclosed, Indoor type wIth water or hydrogen
cooled stator, and hydrogen cooled rotor conductors Conductors for both stator (armature)
and rotor (field) wIndmgs shall be made of copper and shall be msulated wIth Class F
msuiation Wmdmgs shall be msulated for the full rated voltage to ground, wIth no gradmg of
msulatIOn

The generator capabIlIty ratIng shall be based on carrymg contmuously, at rated voltage and
frequency, the maxlffium output of the turbme Machme performance and temperature
classificatIOns/nses shall be deSIgned m accordance wIth ANSI C50 13 standards NeIther the
rotor nor the stator shall exceed Class B temperature nses and observable total temperatures
when the generator IS operatmg at any power factor from 0 85 laggIng to 095 leadmg, at the
speCIfied short CIfCUIt ratIo, and at the speCIfied mlet water temperature The generator shall
be sUItable for operatmg In parallel WIth slffillar generators, and other electncal generatmg
umts of dIfferent SIZes and charactenstics located on Armenergo' s power gnd

Generator lIne 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 relaymg
accuracy CTs, for a total of eIghteen CTs per generator, shall be prOVIded Termmal bushmgs
desIgnated for external phase connectIOns shall be appropnately 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 bushIngs The termmal studs shall be deSIgned to
accept fleXIble connectIOns from the bus ducts The generator neutral termmals shall be
connected together, and shall be mounted In an enclosure (Isolated from lme termmals) WIth
proVISIons for SIngle-phase bus connectIOns to the neutral groundmg transformer

The generator housmg shall be prOVIded WIth hydrogen cooler sectIOns The coolers shall be
of sectIonalIzed deSIgn, WIth cooler tube sectIOns accessIble from the outSIde to permtt cleanmg
WIthout the loss of hydrogen pressure The coolers shall be deSIgned under normal operatmg
condItIOns WIth mlet coolmg water at 41°C The coolers shall be sectIOnahzed so that the
generator shall be capable of delIvermg at least 66 percent of Its rated capaCIty whtle at or
below the generator temperature Class B InSUlatIon llffilts as speCIfied In ANSI C50 13 , WIth
one cooler sectIOn out of serVIce If the stator IS water-cooled, the stator coolers shall be
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deSIgned such that when one cooler IS removed from serVIce, the generator shall be capable of •
dehvenng at least 66 % of ItS rated capaCIty

932 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
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
mmlmum WIth a ceIlmg voltage of 200 percent mmImum and shall be of the hIgh mitIal
response ratio type

The eXcitatIOn transformer (E7) and/or IsolatIOn/excitatlOn transformer (lET) 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 requrrements of ANSI C57 110 and C57 12 00 (for 011
filled type) or C57 12 01 (for dry-type), as apphcable The transformer shall be able to
WIthstand, mechanIcally and thermally, the level and duratIon of the avaIlable fault currents
smce It wIll have no prImary mterruptmg deVIce

The transformer shall be able to wIthstand the effects of harmomc currents assocIated WIth the
connected eXCItatIOn system and static start system A ffillllffium of 20 percent extra spare
capaCIty (kVA) shall be allowed to wIthstand the effects ofharmomc currents The wmdmgs •
and conductors shall be made of copper, and the bushmgs (for OIl-filled type) shall be
porcelam The pnmary 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 suppher 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 transformer IS dry-type, It shall be cast coIl, rectIfier duty, and shall be deSIgned,
constructed, and tested m accordance WIth ANSI standards Smce the transformer shall be
deSIgned for the speCIfic harmomc content Inherent to the rectifier apphcatIon, the transformer
shall meet the apphcable IEEE 519 reqUirements as they pertam to the transformer core and
coIl losses, and heatmg caused by harmomc loads The transformer shall have a temperature
nse of 80°C (dry type) or 65°C (011 filled), and a mmImUIn hfe expectancy of 20 years

The transformer shall be proVIded WIth the manufacturer's standard accessones The
followmg shall also be mcluded
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• Embedded wmdmg temperature RIDs, one m each phase, to provide signals for high
temperature alarm morntormg m the plant DCS system

• Two sets of three high-voltage CIs The CT ratio shall be determmed durmg detailed
design

• 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 failure, Without lIDpactmg other excitatIOn system
eqUIpment The failure of a smgle fan or rectifier bndge shall not reduce the urnt output
ratmg, and the conditIOn shall be alarmed locally and remotely by the DCS system

The power rectifiers shall be au-cooled With fully filtered au Unless dIctated otherWIse by the
excitatIon 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 electncal IsolatIon from both ac and dc CIrCUIts for
mamtenance when under full load, unless dictated otherwIse by the eXCitatIOn system
manufacturer's standard deSign

9 3 2 I EXCitatIOn System Control EqUIpment

All eqUIpment and deVices requued for the momtormg, control, mdlcatlOn, operatIon, and
protectIon of the excitatIon system and ItS components, shall be prOVided The control and
protectIon deVIces shall be proVided as an mtegral part of the exciter, and shall be controlled
tlrrough the DCS operator's console VIa the turbme control system EqUIpment, deVices, or
functIOns to be furrnshed shall mc1ude, but shall not necessarily be hmited to, the followmg

• One automatic voltage regulator

• One backup regulator, eIther automatIc or manual type

• AutomatIC VAR or power factor control

• ReactIve droop compensatIon

• EXCItatIon llIDiters, both mlllilllUm and maxlffium
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• Dual level volts/Hz protectIon

• MaIn field and excIter ground detectIon systems WIth local and DCS alarms

• ExcItatIon system mOnItorIng and superVIsory control shall be hard-wIred or data-lInked to
the DCS, to be finalIzed dunng detaIled desIgn Normal control of the generator excItatIon
shall be InItIated from the plant DCS and performed In the excItatIOn control system

• Operator Interface statIOn for remote mountIng, If avaIlable as part of the vendor's standard
package

9 3 3 StatIc Start System

One common static start system WIll be shared between two gas turbInes The static start
system utIlIZes the generator as a startIng motor (synchronous motor mode) for the gas turbIne
The components of the common statIC start system enVISIOned are lIsted below

Converter (AC to DC)
DC LInk Reactor (If reqUIred)
Inverter (DC to adjustable frequency, adjustable voltage AC)
AC Reactor wIth fused contactor or fuses

The follOWIng components shall be provIded Independently for each gas turbIne

MotorIZed Generator DIsconnect SWItch (In-lIne between AC reactor and feed to the
generator stator)
Motonzed Neutral DIsconnect SWItch (Isolates generator neutral from the ground
durmg startup sequence)
IsolatIOn/ExcItatIOn Transformer (power source to statIc start system and eXCItatIon
system In eIther startups and runnmg mode)

The converters and mverters shall be prOVIded WIth sufficIent thynstor (SCR) cells m senes to
N-l operatIon (contmued operatIon WIth one cell faIled) The mIcroprocessor based controls
(SIngle not redundant) shall be prOVIded for performmg functIOns as reqUIred to startup a gas
turbme (e g finng logIC, sequencIng, acceleratIOn ramps, field eXCItatIOn durmg startup,
dIagnostIcs, etc) the converter, mverter and control system shall be assembled m a NEMA 1
enclosure for an Indoor mstallatlon The coolmg eqUIpment (redundant fan mmImum) and aIr
filters as reqUIred by components In the assembly shall also be proVIded The Contractor shall
Include In hIS bId the reqUIred spares (control cards, SCR bndges, etc) for the common StatIC
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• Start System such that the repairs can be performed at the sIte and downtlme IS less than eIght
hours

The power dIstrIbutIOn system shall be arranged such that the converter can receIve power
from eIther GT IsolatIon transformer and send Inverter output VIa AC Reactor module to either
GT generator

9 3 4 Component DeSCrIptIOn

DesIgn parameters of each generator/excIter system shall be as follows

•

•

Generator Power Factor
Speed
Normal Frequency

Frequency Range

The generatmg umt shall be capable of operatmg
withm the followmg system frequency range
parameters
Frequency Range
>49 Hz::; 515Hz
>485 Hz::; 49 Hz
~475Hz ::; 485Hz

Termmal voltage
Voltage regulatIOn tolerance
Hydrogen pressure

Short CIrCUIt ratIO

Neutral ground

ExcIter

Static Start System

C9-15

o85 laggmg to 0 95 leadmg
3000 rpm
50Hz

Contmuous, no tIme lImItatIOn
Up to 5 mmutes per mCIdent
Up to 5 seconds per mCIdent, WIth a
total accumulatIon of up to 20 mmutes
dunng the turbme lifetIme

10-18 kV range
±5 percent
Manufacturer's standard deSIgn, but not
exceedmg 0 03 MPa
~ 050

ReSIstance loaded smgle-phase neutral
groundmg transformer
Manufacturer S deSign

Manufacturer's deSign



94 AuxIlIary Power System •9 4 1 General DeSCrIptIon

Durmg normal operatIon, power for startup or shutdown of any umt shall be provIded by the
statIOn serVIce power transformers

Two statIon serVIce transformers shall be provIded, and each shall be capable of carrymg the
plant total auxIlIary loads These transformers receIve power from theIr assocIated GT
generators or from the Armenergo 110 kV grId

One statIon serVIce transformer shall serve as backup for the other statIon serVIce transformer
In case of faIlure or maIntenance The secondary wmdIng of each statIon serVIce transformer
shall be connected to an mdependent 6 3 kV sWItchgear bus usmg nonsegregated phase bus
duct VIa mam breaker The electncal dlstnbutIOn system shall then be fed radIally from the
above two 6 3 kV umt buses (See Key One-Lme DIagram E0036) In general, bus
mterconnectlons shall be proVIded between medIUm voltage buses and low voltage buses of
each generatmg umt, as shown on the prelunmary Key One-Lme DIagram E0036, to provIde
an alternate feed to the bus m case of loss of Its normal feed

Fault current calculatIons shall be based on the maxunum avaIlable per-umt contnbutIOns, and
maXImum system voltages Voltage regulatIon calculatIons shall be based on the mmunum •
avaIlable per-umt contnbutIOns, and mmunum system voltages Conductor unpedances for the
short CIrCUIt calculatIons shall be assumed to be zero, and the proper conSIderatIons and
adjustments for the maxunum X/R ratIO at each fault locatIOn shall be Included POSItIve
tolerance to the transformer unpedance shall be used for voltage calculatIons, negatIve
tolerance shall be used for short CIrCUIt 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 dunng all modes of operatIons All
voltage vanatIOns on the dlstnbutIOn system shall be hmlted as follows

Under steady-state condItIons, voltages at the motor termInals shall be maIntaIned between the
range of 90 percent (mInImum) and 110 percent (maXImum) of rated motor voltage Under all
plant operatmg condltlons, the steady-state voltages on any motor termInal shall not exceed 110
percent of ItS rated voltage
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Dunng startmg of the largest motor, the mmimum 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 CIrCUIt 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 operatIng load reqUIrements Will be maIntaIned WIth contmuous
supply (Without dropout) to all reqUIred motors and eqUIpment In the plant

9 4 3 Bus Voltage

The bus voltage ratIngs shall be selected so that they meet the voltage regulatIOn cntena above
Breakers and motor controllers connected to the buses shall have mterruptIng CapaCItIes that
exceed (by 5 percent) the maximum avaIlable fault current calculated for that system

9 4 4 Bus Transfers

AutomatIC transfer shall be Imtiated for a plant 6 3 kV SWItchgear bus when the normal statIon
service transformer (SST) power source IS automatically Interrupted (loss of source caused by
a generator or power transformer lockout relay tnp) Such a lockout relay tnp may be the
consequence of a scenarIO which does not Involve an electncal short CIrCUIt The automatic
bus transfer scheme shall 1llltIate a fast transfer to energIZe that bus from the second statIOn
service transformer power source (standby alternate source) If the fast transfer attempt falls
(becomes blocked), then the transfer scheme may InItIate an m-phase (synchronous) transfer or
allow a reSidual voltage type of transfer to occur SelectIve sheddIng of some nonessentIal
SWitchgear buses may be necessary to ensure that a reSIdual voltage type transfer Will be
successfully completed The transfer scheme for each umt shall be proVIded With a "Normal 
No AutomatIc Transfer" selectIon, Via the DCS operator's console, to permit or block transfers
of the 6 3 kV SWitchgear buses An alarm shall be proVIded when the transfer scheme IS not In
the "Normal" pOSItIon

An undervoltage condItIOn (approxImately 50 percent of normal voltage, or less) on any bus,
after an appropnate tIme delay, shall tnp all feeder breakers supplyIng motor loads from that
bus Undervoltage relaymg shall allow suffiCient time to ensure that voltage dips due to
momentary external faults do not tnp motor loads

Manually imtIated transfer of loads from the mam control room DeS operator s console to
and from the umt aUXIlIary transformer shall be synchromzed transfers WIth momentary
parallelmg of the two power sources
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The tIme that the power sources are paralleled shall be kept to a mmlmum because the short •
CIrcuIt mterruptmg capabIlItIes ot the sWItchgear breakers are exceeded durmg that tIme An
alarm shall sound m the mam control room dunng the tIme that any two transformers are
connected m parallel

9 4 5 Support Drawmgs and Documents

Drawmg No

E0005
E-0006
E0035
E0036

9 5 Generator Bus

95 1 General

GT Generator Metermg & Relaymg One Lme (TypIcal)
ST Generator Metenng & Relaymg One Lme
Overall 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, generator CIrcUlt breaker (as
applIcable), excItatIon transformer, generator voltage transformers, surge protectIon
eqUlpment, and generator neutral groundmg eqUIpment •

9 5 2 System DeSIgn DeSCrIptIon

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
termmals, generator ClrcUlt 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 15 kV and above and 110 kV BIL for the
generator rated below 15 kV

At rated load and 40°C ambIent temperature, allowable temperature nse of bus conductors
shall be 6SoC, allowable temperature nse of bus enclosures shall be 40°C

b) The mam generator buses shall be self-cooled, totally enclosed, contmuous bus of
mmlmum external magnetIc flux deSIgn The contmuous current ratmg shall be determmed
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based on the maXImum generator current at five percent undervoltage and a five percent
safety margIn

c) Bus tap connectIOns to the UnIt aUXIlIary transformer and excItatIOn transformer shall be
self-cooled, and the contInUOUS current ratIng shall be determIned from the full-load
current (hIghest MVA ratIng) of the transformer tImes an overload factor of approxImately
I 25, or from the mInImUm current ratIng reqUIred by the bus duct manufacturer to meet
the reqUIred momentary ratIng of the taps, whIchever IS larger The momentary current
ratmg of the UnIt aUXIlIary transformer and excItatJOn transformer bus taps shall be
determIned assumIng a three-phase bolted fault on the tap, WIth all power sources In
serVIce

d) The momentary current ratIng of the bus between the generator and the generator CIrCUIt
breaker (If proVIded), 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, whIchever IS larger CalculatIon of faults on the generator SIde of the
transformer shall be based on USIng zero system unpedance on the hIgh SIde of the step-up
transformer, and WIth the generator umt on lme

e) The momentary current ratmg of the voltage transformer and surge protectIon cubIcles bus
taps shall be detemnned 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 umt on hoe

f) Outdoor bus duct deSIgn shall be such that the removal of a transformer reqUIres mImmum
dIsassembly of the Isolated phase bus, WIthout lDvolvmg bus duct welded sectIOns
FoundatIOns shall be deSIgned to lImIt dIfferentIal settlmg SupportIng structures shall be
steel, hot - dIpped galvanIZed after fabncatlon 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 m accordance WIth the reqUIrements of
ANSI C37 24 where exposed to solar radIatIon

I) 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, termmals, bushmgs and dIsconnect lInks for
InspectIon mamtenance and testmg
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A flexIble JOlnt shall be provIded where the bus passes from generator support to bUlldmg
support ProVIsIons shall be made to accommodate VIbration and temperature changes and
to permIt ahgnment Allowance for mIsalIgnment 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 aIr-tIght barners, shall be prOVIded to prevent flow
of aIr 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 Turbme BUlldmg wall penetratIOns The penetratIons shall be of weatherproof
deSIgn and shall have a fire ratmg eqUlvalent to the fire ratmg of the adjacent wall (two
hours)

9 5 2 2 AncIllary EqUlpment

•

a) A generator neutral groundmg transformer and groundmg 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 dIstnbution 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 sIzmg (ratIng)
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 hmIt

• Overvoltages dunng arcmg ground faults, and

• Ground fault currents to values WhICh sIgmficantly lImIt damage at the pomt of fault

The generator shall be mstantaneously tnpped on a ground fault

b) Disconnectmg means shall be proVIded at power transformers and at generator lme
termmals to permIt dlelectnc testmg of these eqUlpment, or to remove a umt auxIhary
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 lImItmg fuses
In pnmary WIndIngs 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) If a true generator CIrCUIt breaker (GCB) IS mcluded, then a voltage transformer With
double secondary shall be proVIded per phase on the bus connectmg GCB to ItS step-up
transformer The voltage transformers pnmary wmdmg shall be proVided WIth a current
IImItmg fuse and shall be connected m a wye configuratIOn One of the secondary
wmdmgs shall be proVIded WIth standard fuses and connected m the wye to proVIde
momtonng and control functIons The remammg secondary wmdmgs shall be connected m
a broken delta configuratIOn to detect an madvertent ground on any eqUIpment connected to
the prImary Side of the voltage transformers

t) Generator surge protectIOn capacitors and lIghtmng arresters shall be proVided, WIred
phase-to-neutral, and located m the generator voltage transformer and surge protectIOn
cubIcles

9 6 Power Transformers

9 6 1 General

All transformers shall be SUItable for outdoor mountamous enVIronment

Each generator step-up transformers shall be dIrectly connected to Yerevan 110 kV substation
through dedicated mdependent 110 kV breakers

9 6 2 System DeSIgn DescnptIon

9 6 2 1 Generator Step-up Transformer

Each generator step-up transformer (GSU) shall be a SIngle tank three-phase two WIndIng
umt OA/FA/FOA (ONAN/ONAF/OFAF) cooled, WIth a 6SoC (l49°F) ratIng
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Each step-up transformer capacIty shall be selected on the basIs of delivenng to the hIgh
vOltage system at top FOA ratmg 6SoC rIse, the rated generator output less the step-up
transformer losses

The low voltage ratmg of the step-up transformer shall be 10-18 kV the same as the generator
output voltage The hIgh voltage ratmg shall be 121 kV nommal WIth a manually operated no
load tap changer, consIstmg of two 2 SOT fully rated taps above and two 2 SO % fully rated
taps below transformer pnmary rated voltage

The low voltage wmdmg shall be delta connected, and the hIgh voltage wmdmg shall be wye
connected, solIdly grounded

The transformer Impedance shall be approxImately 13 3 % nommal on the top FOA rated MVA
base Impedance vanatIOn shall be speCIfied to be constant over the tap range

The hIgh voltage wmdIng shall have an msulatIOn WIth a mmImum BIL of SSO kV at the Ime
end The msulatIOn shall be graded to a ISO kV ElL ratmg at the neutral end, to be confirmed
through the use of the InSUlatIon coordmatlOn study The neutral end shall be brought out
through a bushmg rated at mInImum ISO kV BIL and connected to the statIOn groundIng gnd

•

The low voltage wIndmg shall have mInImum of ISO kV BIL msulatIon and shall be supplIed
WIth mInImum ISO kV ElL bushmgs for wmdmg rated IS kV and above •

The voltage wmdmg shall have mmlIDum of 110 kV BIL msuiation and shall be supphed WIth
mInImUm 110 kV BIL bushmgs for wmdmgs rated below 15 kV

Four 33-113 % capaCIty coolmg 011 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 12 00 and CS7 116

9 6 2 2 StatIon ServIce Transformer

Each StatIon ServIce Transformer (SST) shall be a smgle tank, three-phase, two-wmdmg
OA/FA/ONAN/ONAF cooled UnIt WIth a 65° C ratmg

Each transformer shall be sIzed such that the aUXIlIary load of the plant (plus 5 percent for load
growth) IS no greater than 25 percent above the OA ratmg of the transformer hIgh VOltage
wmdmg
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PrImary voltage shall be 0 975 per umt of the generator termmal nameplate voltage
Secondary voltage shall be 6 3 kV nommal for each wIndmg UAT shall be capable of
operatmg at 10 percent overvoltage contmuously

The deSIgn Impedance of the transformer shall be selected to OptImIZe the electrIcal system
The Impedance shall be large enough to lImIt the mterruptIng duty on the switchgear to withIn
approXImately 90 percent of Its ratmg, and small enough to ensure that \\t hen 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
runmng, and the utilIty system voltage shall be assumed to be normal As manufactured
Impedance tolerance WIll be ± 7 5 percent for the two wmdmg transformer The voltage
profile of the plant under full load condItlons shall be In accordance WIth subsectIOn 9 4 2 2,
Voltage RegulatIon

Each SST shall be eqUIpped WIth automatIc/manual on-load tap changmg eqUIpment, with
twenty-one full capaCIty tap posltlons eIther on the hIgh voltage SIde or on the low voltage
SIde It IS antICIpated that thIS WIll conSIst of SIX 1 percent above nommal voltage ratmg, and
fourteen 1 percent below nommal voltage ratmg However, the actual tap voltages reqUIred
shall be detenmned dunng detaIled deSIgn Impedance vanatIon shall be constant over the tap
range

Load-tap changmg (LTC) eqUIpment shall conSIst of vacuum or hqUId-trnrnersed tap SWItches,
or a tap selector and an arcmg SWItch, a motor-dnven mechanIsm, and the necessary control
deVIces, LTC utIhzmg hqUId-trnrnersed deVIces shall be prOVIded WIth a separate OIl-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, OIl level mdicator, a breather to vent SWItchIng gases, and a dram
valve Manholes at the top of the LTC diverter sectIOn shall be prOVIded for InSpectIOn The
use of a booster or senes transformer In the LTC CIrCUItry IS not acceptable Supphers of the
LTC shall be Remhausen or Jansen, or approved equal

The SST pnmary wmdmgs 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 wmdmgs and bushmgs shall be rated 95 kV ElL

The hIgh voltage wIndmg shall be delta connected and each low voltage wmdIng shall be wye
connected

The low voltage wmdIng neutral shall be grounded through a reSIstor to hmIt ground fault
current to a value reqUIred for relaymg (600A-1200A)
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The transformer shall meet the reqUIrements of ANSI C57 12 00 and C57 116

The prImary voltage wIll be 110 kV, and the secondary voltage shall be 6 3 kV nommal

The desIgn Impedance of the transformer shall be selected to OptImIZe the electrIcal system
The Impedance shall be large enough to lImIt the mterruptmg duty on the sWItchgear to WIthm
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 system voltage shall be assumed to be at the mmlmum level As
manufactured Impedance tolerance WIll be + 7 5 percent for the two wmdmg transformer
The voltage profile of the plant under full-load condItIonS shall be m accordance WIth
SubsectIon 9 4 3, Voltage RegulatIon

The SUT shall be eqUIpped WIth automatIc/manual on-load tap changmg eqUIpment, WIth
twenty-one full capacIty tap pOSItIOns 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 nommal
voltage ratmg However, the actual tap voltages reqUIred shall be determmed dUrIng detaIled
deSIgn Impedance VarIatIOn shall be constant over the tap range

•

The hIgh voltage wmdmg shall have graded msuiation from 550 kV BIL at lme end, to 150 kV •
BIL at neutral end The transformer shall be proVIded WIth 550 kV BIL lme bushmgs The
hIgh voltage neutral end shall be brought out through a 150 kV BIL bushmg and connected to
the statIOn ground grId 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 gnd 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
condltlon 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-unmersed tap SWItches
or a tap selector and an arcmg SWItch, a motor- dnven mechamsm ,and the necessary control
deVIces LTC utIlIzmg lIqUId-Immersed deVIces shall be prOVIded WIth a separate Oil-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 dlverter sectIOn shall be proVIded for mspectIOn The
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• 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" posltlon and remote manual or automatic control m the "
Remote "pOSitiOn ElectrIcal end-Imut switches shall be part of the motor drIve and not part
of the local pOSItlOn mdicator FaIlure of the hmit 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
aval1able from the LTC manufacturer The load-tap changer control cabmet doors shall also
have water-tight gaskets

The automatIc tap-changer deVIce shall mamtam the voltage of the medIUm voltage system
constant withm preselected hmIts The locatIon of the transformer automatIc VOltage regulator
(AVR) umt shall be determmed dunng detaIled deSIgn

•

•

An "INCON" load tap changer pOSItIon mdicator shall be proVIded for the transformer, WIth
ItS remote mdicator umt to be mstalled m the Plant Control Room on the electncal control
panel, acceSSIble to the operator

9 6 3 Common ReqUirements for all Transformers

LIftmg eyes or lugs shall be proVIded for hftmg the core and colls The transformer COlIs shall
be copper wound

Two 400 volt AC, three-phase auxIhary power sources shall be prOVIded for each transformer
auxIhary load WIth automatIC transfer (no fault transfer) m the event of loss of the normal
supply

Lightnmg arresters (MOV type) shall be located on each of the GSU transformers tank or on
separate steel pedestals as reqUired by deSIgn The arrester rating shall be Sized for 121 kV
system voltage (maxImum), and shall be selected to proVIde adequate protectlOn WIth an
apprOXImate 20 percent safety margm between the transformer msulatIon WIthstand voltage
capabihty and maXImum expected surge voltage from llghtmng stnke and/or sWItchmg surge
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voltages supenmposed on power frequency voltage In accordance with the applIcable IEEE •
standards

BushIng current transformers shall be provIded for all transformers as reqUIred by relay
protectIon and meterIng schemes

All RoutIne and Other tests IdentIfied In ANSI C57 12 00 shall be peformed on all
transformers, except the front-of-wave Impulse, sWItchIng surge, and short-cIrcUIt capabIlIty
tests are not reqUIred

Each transformer (GSU and SST) shall be provIded wIth an InCIpIent fault momtor, Hydran
Type 201 TI, havIng an Isolated 4-20 rnA output sUItable for the plant DCS

9 7 ElectrIcal System ProtectIon

97 1 General

The protectIve scheme shall be set up such that It shall qUIckly clear a fault wlthm Its zone of
protectIOn, and provIde backup protectIOn for the adjacent eqUIpment

• The protectIve devIces shall be selected as to mll1lIIllZe the Impact of a fault on the
Armenergo system, and on the plant They shall provIde preventIon or lImItatIon of •
damage to electncal eqUIpment by selectIve tnppll1g of the affected eqUIpment They shall
also provIde alarm notIficatIOn to operators of abnormal condItIons enhancmg servIce
contmUlty and personnel protectIon Control room alarms shall be supplemented wIth local
mdlcatlon (such as mdIcatmg lIghts) to provIde IdentIficatIon of each alarm source to
enhance response tIme, and personnel safety

• The protectIve relaymg system shall be powered exclusIvely from a secure dc system (125
VDC) SImIlarly, the energy source for tnp releases, eIther sWItchgear or control
eqUIpment (except 6 3 kV and 400 volt motor control centers and below, and m 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, SST and excItatIOn transformers protectIve relays and systems for all
umts shall be Installed m plant control room or an aIr-condItIoned electncal room as
applIcable A dIgItal fault recorder for the plant shall be mstalled In the plant control
room
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• • Unless otherwIse noted, each Item of the plant's electncal system shall be provIded wIth
backup protectIOn that IS responSIve to reasonably expected faults to allow IsolatIon of the
faulted Item m a timely manner, m order to mmmnze 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 applIcatIon shall be
subject to approval by Employer

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

•
DeVIce No
64GP

87G
870A
60G

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 InhIbIt trIppmg 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 from external faults constitutes the backup protectIOn and shall mclude the
followmg

•

DeVIce No
64GB

59G
21G
46
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ProtectIOn
Stator ground fault backup relay for protectIon agamst ground faults
when machme IS off-lIne 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
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40-1,40-2 Loss of excItatIOn •The excItatlon system shall be provIded wIth the manufacturer's standard control, protectIon
and momtonng scheme The generator shall also be provIded wIth reverse power protectlon
(32) usmg two 3-phase type, mdependent, defimte tIme-lag relays

ProtectIOn of the generator shall mclude protectIon agamst madvertent energlzatlon from the
utIlIty system when at standstIll or dunng startup pnor to synchromzIng

Out-of-step protectlon (78) shall be provIded for loss of synchronIsm from the utllIty system

The generator and Its prune mover shall be protected from over- and under-frequency
operatIon In accordance WIth ANSI C37 106 and meetIng the reqUIrements of SectIon 9 3 3
(frequency range)

Generator protectIon shall conSIder the follOWIng

1) The ground fault protectIon shall protect the generator durmg both on-lIne and off-lIne
operatIon

2) Dlfferentlal protectIon shall not operate for magnetIZmg 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 faIlure relay
systems

4) Interlocks assocIated WIth hIgh voltage generator CIrcUIt breaker faIlure scheme shall be
used as applIcable

5) Cntena for the InItIatIon of eIther generator or turbme tnp, as a consequence of the
actuatIOn of the generator protectIve relays, shall be based on the turbme generator
manufacturer's recommendatIOns

6) The vanous tnppIng methods, such as "SImultaneous tnp," "sequentlal tnp," etc, shall
be gIven proper conSIderatIon and shall be appropnately applIed

9 7 2 2 Power Transformers

ProtectIOn for all power transformers shall meet the applIcable gUIdelmes of ANSI C37 91 As
a mlmmum, the followmg protectIon shall be provIded for each of these transformers

5928 OI,Vol 2 Doc/8/31/98

C9-28 •



•

•

•

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, coolIng eqUlpment power loss, low voltage
for coolmg eqUIpment, coolmg eqUIpment power automatIc no-fault transfer from
the normal source to the standby source, gas detector relay operatIon, and pressure
relIef deVIce operatIon, as applIcable AnnunCIator shall be prOVIded m local
transformer control cabmets as well as contacts for remote DCS alarms

3) The transformer fIre detectIon and protectIOn shall be actuated eIther manually or
automatIcally, and the transformer shall be de-energIZed SImultaneously through the
transformer lockout relays Any transformer lockout relay tnp shall also tnp the
transformer coolIng fans and pumps

4) Phase Instantaneous and tIme overcurrent protectIOn (50/51) on the hIgh voltage
termmals of the transformer ThIS protectIon shall coordInate WIth the thermal
capabIlIty of the transformer, as well as WIth the tIme overcurrent protectIOn
prOVIded at the downstream breakers The InStantaneous overcurrent relayIng shall
trIp for hIgh magmtude fault contrIbutIOns from the tranSmISSIOn system to faults In
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 and StatIon SerVIce 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 (5IN) m the neutral of the 110 kV wmdmg ThIS
relaymg shall coordmate WIth the neutral ground overcurrent protectlon proVIded at
the sWltchyard
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b StatIOn SerVIce Transformer (SST)

1) Phase dIfferentIal protectIon (87) The zone of protectIOn shall extend from the
hIgh voltage termmals of the SST to the CTs located at the umt 6 3 kV sWItchgear
mam mcommg breakers

2) Neutral ground overcurrent protectIOn (SIN) on the low voltage wmdmg neutral
leg ThIS protectIon shall coordmate wIth the neutral ground tIme overcurrent
protectIon provIded at the umt medIUm voltage sWItchgear mam IncomIng breakers

3) Phase overcurrent protectIon (SO/51) on the hIgh voltage WIndIngs

4) Three SIngle-phase mstantaneous overcurrent relays (50), on the hIgh voltage
termmals of the transformer, as part of the umt (step-up transformer and generator)
overall dIfferentIal scheme shall be provIded

•

5) An "INCON" Load Tap Changer POSItIon IndIcator shall be provIded on the
transformer WIth ItS remote mdIcator umt mstalled m the plant control room on the
electncal control panel and shall be drrectly accessIble to the plant operator's VIew

97 2 3 MedIUm Voltage (6 3 kV) DIstnbutIon System

1) The mcommg feeders (mam breakers and tIe/reserve breakers from the SST) to the
umt 6 3 kV sWItchgear buses shall be provIded WIth very mverse tIme phase
overcurrent protectIon (51), and ground tIme overcurrent protectIOn (5IG) usmg
zero sequence sensor (rectangular type) current connectIons

Settmgs for the phase tIme overcurrent relays shall be coordmated WIth the
respectIve SO/51 relays provIded on the hIgh voltage SIde of the SST's to ensure
selectIve tnppmg and backup protectIon

Ground tIme overcurrent protectIOn shall be proVIded WIth the tIme overcurrent
relay 5lG usmg 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 SST

In addItIOn, these DeVIce 51 and 51G relays for the mam and reserve breakers shall
m turn be set to coordInate 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
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2) Feeders to load center transformers and to IsolatIon transformers assocIated WIth
vanable speed dnves (If used) shall be provIded wIth very mverse tIme phase
overcurrent relays (51) wIth mstantaneous elements (50) ApplIcatIon of these
relays shall ensure coordmatIOn and seleCtiVIty m accordance WIth IEEE 242 In
addltIon, 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 outgOIng feeder cable(s) and
shall be located at the sWItchgear

3) Each urnt 6 3 kV sWItchgear bus shall be provIded WIth redundant (2/2)
undervoltage relay protectIon Loss of an upstream aUXIlIary power supply
(tnppmg of GSUT, SST, or eXCItatIon transformer) to a bus shall lead to tnppmg of
the normal aUXIlIary power source maIn breakers, and shall IrntIate 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 mItIate tnppmg of all motor loads WIthIn approxImately 1 to 2 seconds tIme
delay (the final tIme delay shall be determmed durmg detaIled deSIgn) to aVOId
overheatmg of the motors and to prevent connectIon of all the motor loads
SImultaneously 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 MultI1m
SR469 Motor Management relays shall be used for motors 1120 kW (1500 HP) and
above Multllm relays power supply shall be 240 volts ac, SIngle-phase, 50 Hz,
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 reqUIred
ThIS specIal feeder protectIOn shall be reqUIred anytIme CT pnmary ratIO tImes 20,

for a gIven feeder breaker, IS less than the prospective fault current at the termmals
of the breaker
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9 7 2 4 400V DIstnbutIon System

1) 6 3 kV/400 volt secondary umt substatIon (USS) transformers shall be provIded
with wmdmg temperature detectors r contacts for DeS 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 tnpped 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 SUS tIe
breakers shall be prOVIded from the DeS operators console m the mam control
room A DeS alarm shall be generated any tune 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 (approxunately 50% volt) shalllmtIate tnppmg of all
motor loads withm a tIme delay that shall be determmed dunng detaIled deSIgn

Each double-ended USS shall be prOVided With synch-check relays, one for each of
the mam breakers, and one for the tie breaker

In addltlOn, 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 tune 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 realIgn
the power sources to the USS by removmg the paralleled transformer condltlon,
because under thIS conditIOn the short CirCUIt capabIhty of each mam and tie breaker
has been exceeded
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4) The 400 volt secondary umt substatIon mam and tIe breakers shall be provIded WIth
solId-state trIp (SST) deVIces WIth long-tIme (LT) and short-tIme (ST) trIp elements,
and shall be set to coordmate WIth each other The SST trIp elements shall also
coordmate WIth the transformer upstream 6 3 kV feeder breaker protectIon, and
WIth the 400 volt USS feeder breakers, In accordance WIth IEEE 242 AutomatIc
(fault) trIppmg of any maIn and tIe breaker by the SST trIp deVIce shall mamtam
trIppmg and block closmg of the assocIated breakers untIl manually reset by the
operator, and provIde a local IndIcatIon and an alarm In the plant DCS

5) The cnterIa 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 solld-state overcurrent deVIce havmg LT and
Instantaneous (IT) characterIstIcs

6) Each double-ended SUS shall be proVIded WIth dIsconnectIng llnks at one end of the
tIe breaker for IsolatIOn The tIe breaker and dIsconnectIng 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 durIng motor InrUsh condItIons

• AVOId loss of MCC on LT tnp dUrIng 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
consIstmg 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
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97 2 5 Automatlc 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 dunng the followmg events

• Actuatlon of any lockout relays assocIated WIth generator, generator step-up transformer,
umt aUXIlIary and excitatlon 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-acceleratlon torques dunng the transfer

9 7 2 6 DIgItal Fault Recorder System (DFR)

One DIgItal Fault Recorder System, as manufactured by Hathaway Power InstrumentatIon,
Type DFR IIB 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 mdicated on Generator Metermg and Relaymg Drawmgs, thIS sectIon and •
sectIon 9 15 of thIS specficatIOn, mcludmg the supportmg faCIlItIes shall be provIded

The acceptable manufacturers of these relays are ABB, BeckwIth, FUJI, GE/Multllm, Alstom,
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

Test sWItches shall be proVIded for each lockout relay associated WIth generator and 6 3 kV
systems On 63 kV systems where a smgle CIrCUIt breaker IS normally tnpped, test sWItches
shall not be reqUIred SolId-state relays shall be provIded WIth on-Ime self-dIagnostIc alarm
capabIlIty whenever avaIlable A separate 125 volt dc power supply (same battery but separate
dc dIstnbutIOn panelboards) shall be utilIzed for prImary and backup relay schemes (the only
exceptIon bemg where dc power avaIlabIlIty IS ImpractIcal)

The Multllm 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 III SectIOn 9 15 The specIfic style numbers and ranges
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associated wIth the vanous relays shall be IdentIfied by the Contractor and venfied by the relay
coordmatlon study to ensure theIr adequacy to perform theIr mtended functIon

DIgItal multIfunctIOn meters shall be used, where applIcable, and shall be Type DMMS 300
Plus, as manufactured by Electro Industnes, or acceptable equal

9 8 MedIUm Voltage SWItchgear and 400 V Load Centers

9 8 1 General

Motors 2612 kW (3501 HP) and above shall be fed from the umt 6 3 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 63 kV SWItchgear, If requIred by the deSIgn of the mstallatlon

9 8 2 System DeSIgn DeSCrIptIon

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 63 kV bus lmeup shall be metal-clad SWItchgear rated 72 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 7 2 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 CIrCUIt breaker type All medIum voltage motor controllers shall be 3-pole, smgle
throw, vacuum drawout type, and electrIcally held (motors shall trIp on loss of voltage to coIl
CIrCUIt) All SWItchgear shall be from the same manufacturer The 6 3 kV SWItchgear shall be
SUItable for "SImultaneous fast" transfer duty

Each 6 3 kV SWItchgear assembly shall conSIst of one or more vertIcal sectIons, each of whIch
shall have a mam bus comparunent and two vertIcally stacked eqUIpment cells ("twO-hIgh"
type constructIOn) The cells shall be arranged for Clfellit breakers, or aUXIlIary deVIces, or
shall be blank as reqUIred
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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 auxlhary deVIces
or blank as reqUlred A back-to-back stackmg arrangement shall not be utlhzed

Switchgear phase busbar matenal shall be msulated copper bar All Jomts shall have sllver-to
SlIver contact surfaces WIth minImUm contact reSIstance

An umnsulated copper ground bus shall be furnIshed 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 electncal 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 lmntmg pnmary fuses and secondary
fuses, mounted With pnmary fuses on a drawout type removable umt designed to Isolate and
ground the potentIal CIrCUitS when the umt IS m the fully Withdrawn positIOn

The medIUm voltage sWitchgear shall be located m enclosed areas of the Turbme Bulldmg and
possibly other areas m order to be as local as possible to the systems requIrmg power such as •
cIrculatmg water pumpmg structure electncal bUlldmg, etc)

Non-segregated phase bus ducts shall be used for connectIOns from StatIOn Service
Transformers to the sWitchgear

Nonsegregated phase bus duct shall be proVided as a complete assembly of ngld supported
msulated conductors housed In a 3-phase enclosure WithOut barners between the phase
conductors The buses shall be copper With sIlver-plated Jomt connections

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 operatIOn from the DCS or PLC system as apphcable

Contractor shall provide spare equipped feeder ClrcUlt breaker each rated 1200 amp and 2000
amp (total of two) and one 400A rated motor controller Installed In the lineup

The test station shall operate from the same type of power supply (dc or ac) that controls the
SWItchgear The test statIOn per SWitchgear type (dc or ac controlled) shall be prOVIded at each
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area of the plant where such sWItchgear lIne-ups are located If reqUlred for DCS control
mterface, two mterposmg relays shall be proVIded mSIde the DCS I/O termmatlon cabmets or
at the sWItchgear, one for trIppmg functIOn, and one for closmg functIon Breaker closmg
shall occur only when the trIp 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 8 2 2 Low Voltage Load Centers (Secondary Umt SubstatIOns)

Indoor sWItchgear assemblIes shall have NEMA I enclosures, and outdoor assemblIes shall
have NEMA 3R walk-m type weatherproof enclosures

SWItchgear phase busbar materIal shall be copper bar All Jomts shall have sllver-to-sllver
contact surfaces WIth rmmmum contact reSIstance

An umnsulated 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

The power CIrCUlt breakers m metal enclosed cubIcles shall be 3-pole, smgle-throw aIr CIrCUlt
breakers of standard drawout type deSIgn

The mterruptmg ratmg of the SWItchgear shall be deterrmned m accordance WIth ANSI C37 13

USSs shall be located m the Turbme BUlldmgs, ElectrIcal BuIldmg at coolmg tower pump
structure, or m other locatIOns determmed durmg detaIled deSIgn where eqUlpment loads
reqUlre power from an assocIated USS USSs shall be located as close as practIcal to the
loads

If reqUITed for DeS control mterface, two mterposIng relays shall be prOVIded InSIde the DeS
I/O termInatIon cabmets or at the USS, one for tnppIng functIon and one for clOSIng functIon
Breaker clOSIng shall occur only when the breaker tnp source IS avaIlable
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AutomatIc tnppmg by the sohd state tnppmg deVIce of any 400 volt breaker shall be mdicated •
locally at the breaker solId state tnppmg deVIce, and shall mitIate an alarm m the plant DCS
system

Double-ended USSs WIth 100 percent redundancy shall be supplIed 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-cnticalloads 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 lIneup, or smgle lIneup, SUS Blank spaces shall be fully
equIpped to accept CIfCUIt breakers

Load centers shall be provIded WIth 6 3 kV1400 volt, three-phase, 50 Hz dry-type
transfonners, WIth 95 kV BIL ratmgs for 63 kV prImarIeS Transfonners m double-ended
Imeups shall be SIZed to accommodate the nonnal operatmg loads (USS tIe breaker open) at the
AA ratIng of the transfonners, and shall be capable of carryIng at the FA ratIng, the addItIOnal
operatIng loads transferred from theIr paIred load center In the event of trouble or maIntenance
of the other transfonner (USS tIe breaker closed)

Transfonner pnmary wmdIngs shall be delta connected and the secondary WIndIngs shall be
wye connected, and the neutral shall be solIdly grounded •

USS transfonners shall be eqUIpped WIth manual no-load tap changers WIth four 2-112 percent
full capaCIty taps on the hIgh voltage SIde, two taps above and two taps below the nOmInal
voltage ratIng

The USS transfonners shall be ventIlated dry-type WIth Class H 220°C VPI InSUlatIOn system
The hIgh voltage and low voltage WIndIng conductors shall be hIgh conductIvIty copper and
shall be fiberglass cloth, mylar, or Nomex tape wound The InSUlatIOn system shall be
nonexplosIve, fire reSIstant, aIr msulated, and cooled by convectIOn The hIgh and low voltage
wIndmgs Insulation system shall be enhanced by two cycle vacuum pressure ImpregnatIOn
process of hIgh temperature polyester varmsh WIth final resm coatmg The deSIgn temperature
shall be 40°C and allowable wmdmg temperature rIse shall be 115°C

An aIr Insulated termmal chamber for hIgh voltage connectIons, large enough to proVIde
workmg space for field fabncatIOn and contamment of stress cones withm the chamber, shall
be proVIded as a gasketed enclosure mounted on the SIde on the transformer and furmshed wIth
bolted covers The dry-type transfonners shall be closely coupled to the USSs
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• Each transformer servmg double-ended USS' s shall be provIded wIth a complete forced-aIr
coolIng system, mcludmg wmdmg temperature thermostatIc controls, fan power supply
transformer, CIrCUIt protectIve deVIces, and control panel Bussmg shall be SIzed for the
maXImum FA ratmg Each transformer shall also be furmshed wIth standard acceSSOrIes
mcludmg a dIal or dIgItal type wmdmg 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 coolIng control for DCS alarm

9 9 400 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, 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 mstalled withm NEMA 3R non-walk
In type weatherproof housmgs, wIth a front and rear hmged door for easy access MCCs In
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 enVIronment

As much as possIble, the motor control centers shall be dIstrIbuted throughout the plant m
close proxnruty to therr assocIated electncalloads

Motor starters shall be full voltage (non-reversmg or reversmg as reqUIred), cOmbInatIon plug
m type umts WIth molded case magnetIc only tfIP 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 mto the operator housmg AmbIent compensated thermal magnetIc
molded case CIrCUIt breakers located In the MCCs shall be used to feed motor operated valves
and dampers The CIrCUIt breakers for feeder CIrCUIts 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 contInUOUS current carryIng capaCIty of each starter
contactor shall be as lIsted In NEMA ICS 2, for that SIZe contactor Starters shall be NEMA
ICS 2 SIze 1 or larger IEC starters rated for the applIcatIOn WIth a 12 amperes mInImUm
ratmg shall be acceptable for the motor operated valves and damper operators
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The CIrcUIt breaker shall have mterruptIng ratIng hIgher (preferably 10% hIgher) than the
calculated maXlffium avaIlable short-CIrCUit current on the source SIde of the CIrCUIt breaker
All MCC CIrCUIt breakers shall have the same Interruptmg ratIng governed by the maxrrnum
reqUIred short CIrCUIt duty for ease of mterchangeabdlty

Manual CIrCUIt breaker operatmg handles shall be furmshed on the access doors of starter umts
and feeder tap units to operate the CirCUit breakers Each operatmg handle shall IndIcate when
the breaker has tnpped AddItIOnally, the access doors shall be mterlocked With the operatmg
handles to prevent opemng the doors normally when the CIrCUIt breakers are m the closed
posItIon

Each starter/contactor urnt shall be eqUIpped With a control transformer, adequately SIZed to
support the load The mmunum control transformer sIZe shall be 100 VA Both the prrrnary
leads and one secondary lead shall be fused, whIle the other secondary lead shall be grounded
The contactor coIl shall have a pick-up voltage of 85 percent or lower, and a drop-out voltage
of approxrrnately 60 to 65 percent of the rated voltage of the COlI

The contmuous current ratmg of each mam MCC bus shall be SIZed as reqUIred for the
maxrrnum demand load on the bus, mcludmg apprOXImately 10 percent unused spare capacity
for future loads

MCC phase busbar matenal shall be copper or alummum All Jomts shall have sIlver-to-sIlver
contact surfaces

An umnsulated copper ground bus shall be furmshed through the entIre length of each motor
control center

Each vertical sectIon shall accommodate no more than SIX SIZe 1 or SIZe 2 combmatIOn
magnetic starters All mdIvldual umts shall be Isolated from each other by barners
Vertical section space heaters shall be prOVided and shall be controlled by an adjustable
thermostat

Each MCC shall be proVided With approxunately 20 percent spare starters and breakers

MCCs shall be m accordance With the applIcable NEMA requirements for Class I, Type B
MCCs
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• 9 10 Emergency DIesel Generator

9 10 1 General

ThIS sectIOn establIshes the cnterIa 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 aUXIlIarIes 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 supplIed by the EDG shall mclude the
followmg, as applIcable, and WIll be conSIdered as a deSIgn gUIde
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Control Room Arr CondItIOnIng System
Turbme turmng gear (3 turbmes)
Turbme mam bearmg lube ac 011 pump (3 turbmes, mterlocked selector SWItch)
Vapor extractor from 011 reserVOIrs
Arr seal 011 pump (If applIcable)
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 IIghtmg (50 % mmmlUm)
DIesel generator fuel oIl pump (If requrred)
Stack obstructIOn hghtmg
Electromc room emergency ac lIghtmg (20%)
SWItchgear rooms emergency ac lIghtmg (20%)
ElectrOnIC EqUIpment CondItIOnmg System
UPS area emergency ac IIghtmg (10%)
Plant commUnICatIOns
Ten percent spare capaCIty
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For the eqUIpment hsted 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 WIre, 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

•

• DeVIce 25 EG SynchronIzmg relay package

• DeVIce 27/59 EG Undervoltage/overvoltage relay

• DeVIce 32 EG Reverse power relay

• DeVIce 40 EG Loss of field relay

• DeVIce 51 VEG Voltage-controlled, mverse time overcurrent relay,
three smgle-phase relays, as reqUIred

• DeVIce 24 EG OvereXCItatIon relay

• DeVIce 86 EG AUXIlIary 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 DCS

• Underfrequencyalarm

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 apphcable The Contractor shall establIsh the maXImum duratIOn of any smgle mCIdent
(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
permIt the selectIOn of eIther "local (EDG)" or "remote (control room)" modes of operatIOn
When thIS SWItch IS m the "local" pOSItion, startmg and stoppmg of the dIesel generator shall
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• be possIble usmg only local controls The status of the SWItch In 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 receIvmg 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 engIne 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 prOVIdIng power to the essenttalloads
When the normal power sources become available agaIn, 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 engIne

All transfer and retransfer operatIOns between the dIesel generator and the SUS power source
shall be checked for synchromzatIOn USIng synchrornzIng check deVIces ProvlSlons shall be
made for synchromzIng and parallelIng the emergency dIesel generator WIth the 400 volt
essentIal serVIce for exerclSlng and load testIng Under the case of load testIng, the short
CIrCUIt ratIngs 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 reqUIred All lOgIC govermng the control, momtonng,
and sequencmg of loads on the essentIal serVIce SWItchgear or MCC electrIcally operated
breakers as well as the ImtIation of the EDG autostart command, shall reSIde m the Umt DeS

The dIesel generator shall be capable of meetmg the voltage regulatIon CrIterIa descnbed m
SubsectIOn 9 4 2 2 and shall be m accordance WIth the applIcable recommendatlOns of IEEE
446
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9 11 DC Power System

The de power system for the plant shall consIst of an mdiVIdual 250 volt de system to supply
power to statlon de power loads mcludmg emergency 011 pumps and unmterruptlble power
supply (UPS), and a 125 volt dc system to supply power to control, protectIOn, and mstrument
loads

Each battery shall be SIZed m accordance WIth IEEE 485, shall be based on the emergency duty
load cycle and a 20 year lIfe, and shall mclude a reasonable deSIgn margm An agmg factor of
1 25 shall be used for battery sIzmg calculatIons

The emergency duty load cycle shall conSIst of the dc load requIrements followmg a umt tnp
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 final voltage of 1 75 volts per cell In
preparmg the duty cycle, all loads expected dunng the duty cycle shall be calculated usmg theIr
antICIpated startmg and shutdown tImes

•

The statIOn battenes shall be deSIgned for full float serVIce and shall have a hIgh dIscharge
rate, low detenoratIOn rate, long lIfe, and low mamtenance for control and aUXIlIary power
requIrements Battenes 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 supplIed from the
ac system usmg the chargers

DIstnbutIOn of dc power shall be accomplIshed by the use of CircUlt breakers III 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 CIrCUlt breakers

In addItIOn, two dc panelboards, as a ffilmmum, shall be proVIded WIth CircUlt 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
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• Two 100 percent battery chargers shall be provIded for each battery, one supphed from the
normal ac system, and the other supphed from the emergency dIesel generator ac system The
battery chargers shall be capable of chargIng theIr 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
apphcable requIrements of IEEE 484 wIth the follOWIng exceptIOns and additIOns

(a) Battery chargmg eqUipment, ac and dc sWItchboards and
panels, I1ght sWItches, etc, shall not be
mstalled m the same room WIth the battenes

(b) Floor drams shall be mstalled m the room
(c) A shower and eyewash statIon shall be

proVIded
(d) No unrelated power or control WIrIng shall

be routed through the battery room
(e) StatIon phone shall be extended Into the battery room

The dc power system and battenes shall comply WIth the apphcable reqUirements of IEEE 946
and IEEE 484

• 9 12 EssentIal (UPS) ac System

An essentIal ac power system shall be proVIded to supply contInUOUS regulated ac power to
InstrumentatIOn and cntlcalloads The essentIal ac power system shall provIde 230 volt ac,
smgle-phase, 50 hertz, 2 WIre umnterruptlble power WIth a grounded neutral

The UPS system shall Include two full-capacIty dc-to-ac StatIC mverters, one voltage regulated
bypass ac alternate source power supply WIth 400 volt SIngle-phase transformer, two full
capacIty statIC sWItches, one manual mamtenance bypass sWItch, a set of surge protectors, as
reqUired, and other accessones and deVIces necessary to provIde umnterruptIble power The
baSIC components of the umt UPS system are shown on the Key One-Lme Diagram, E00036

•

Normal power supply to each UPS shall be from the dc system power source through the
mverter and static sWItch to the umnterruptlble bus If the mverter 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 Usmg
the dual redundant system, the mverter shall be SIZed to carry the total combmed load on both
dIstnbution panels Redundant loads that are powered from each dIstrIbutIon bus WIll need to
be added only once when sIzmg the mverter
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The static and manual bypass swltches 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 Unit I S manual bypass sWItch shall be used to Isolate the static SWltch from ItS load and
alternate source power supply, and to take It out of serVIce wlthout power InterruptIOn 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 contInuous dunng swltch
operations The manual bypass SWItch shall be rated 600 volts, SIngle-phase, 50 hertz, and
shall have a contInUOUS ratIng equal to the contInUOUS full 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 determIned by the Contractor based on the essentIal
loads to be served, such as

Dlstnbuted Control System (DCS)

TurbIne Generator Control System (TGCS)

MaIn Control Room Recorder Chart Dnves (If any)

ContInUOUS EmISSIOns MOnItormg Systems (CEMs)

FIre DetectIOn

Each UPS shall have a mInimUm 10 percent mstalled, unused spare capaCIty

Loads such as DCS, turbme control system, etc, consIdered to be cntical to the operation of
Unit 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 condltlonmg components at the cntlcal load shall be able to automatIcally SWItch the
loads to the alternate UPS source In case of faIlure of the normal UPS source NoncntIcal
loads such as plant commUniCatIOn systems, fire detectIon systems, etc, and systems WhICh do
not adversely affect the contmued operation of the plant, shall be powered from enher UPS
source Operator's consoles WIth multIple eqUIpment and CRTs, each capable of performIng
the same functIOns, shall essentIally have half the eqUIpment powered from one UPS source
and the other half from the second UPS source
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• 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 CircUlt for mamtenance usmg CircUlt
breaker for each branch CIrCUIt devIces

Each UPS shall be proVIded wIth complete surge protectlOn m accordance WIth manufacturer 's
standard practlce

9 13 Motors

9 13 1 All motors shall be desIgned m accordance WIth NEMA MGI, 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 ratIng of the ac motors WIll be as follows

• All motor-operated valves 380 volts, 3-phase, 50 Hz

• Motors below 0 37 kW (1/2 HP) 220 volts, SIngle-phase, 50 Hz

• Motors 037 kW (1/2 HP) through 380 volts, 3-phase, 50 Hz
75 kW (100 HP) (fed from MCCs)

• Motors 90 kW (120 HP) through 380 volts, 3-phase, 50 Hz

• 190 kW (250 HP) (fed from load centers)

• Motors 191 kW (251 HP) and above 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 WIndIng types as reqUIred for the applIcatIOn, and shall be SUItable for operatIon on
the DC power source selected

AC motors 0 37 kW (l/2 HP) and larger In 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 (l/2 HP) m SIze shall be of the capaCItor start, InductIOn run type, rated for operatIon
on the SIngle-phase power source selected

•

MedIUm voltage motors and low voltage motors shall be deSIgned to start fully loaded as
reqUIred by the dnven eqUIpment, and to accelerate theIr connected loads to rated speed, WIth a
mInImUm of 80 percent (medIUm 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 Impractical
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Starting current at full voltage shall be specified not to exceed approximately 630 percent of •
the motor full load current for alternating current motors with ratings greater than or equal to
40 kW, and shall be specIfied not to exceed approxImately 800 percent of the motor full load
current for motors rated less than 40 kW Starting current for dc motors shall be lImited to
approximately 500 percent of rated full load current

All motors shall have torque characterIstics sUitable for the drIven load, and shall be able to
start fully loaded as reqUIred by the drIven eqUIpment, and shall be able to accelerate theIr
connected loads to rated speed WIth only the mlmmum percent of motor rated voltage at the
motor terminals

All motors shall be specIfied to have a safe stall tIme, WhICh IS equal to or greater than the
maximum accelerating tIme, whIle under mlmmum startmg voltage conditIons For medIUm
voltage motors, If due to the specIfic nature of the drIven eqUIpment safe stall time IS less than
the acceleratIOn tIme, the solId-state protective relay shall be programmed to lImit the amount
of acceleratIOn tIme allowed, and to shift the overload curve, durmg startmg, to mamtam
proper motor protectIon whIle startIng and runnIng

Motor wIndmgs shall have a Class F Insulation system, suitable for power plant serVice,
conformmg to the reqUIrements of NEMA MG1 The temperature rIse shall not exceed lunIts
for Class B msulatIon The stator InsulatIon shall be of the vacuum pressure ImpregnatIon type
for medIUm voltage motors The msulatIon system for low voltage motors shall Include one •
extra dIp and bake of varmsh All motor stator conductors shall be copper

All medIUm voltage motors above 560 KW (750 HP) shall have copper or copper alloy rotor
cage materIal MedIUm voltage motors rated 560 KW (750HP) or below may have alummum
rotor cage matenal

MedIUm voltage motors drIVIng high InertIa loads as defined by NEMA, regardless of motor
ratmg, shall have copper or copper alloy rotor cage materIal

All medIUm 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, smgle-phase

Motors shall be selected to accommodate dnven eqUIpment Without benefit of service factor
rating
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•

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 apphcable

AlumInum frames for motors shall not be used Each motor shall be furmshed with a
groundmg connector attached to the motor frame mSIde the motor power lead termmal
hOUSIng

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, platInum type (alpha
= 0 00385) RTDs WIth a nommal reSIstance of 100 ohms at O°C as follows Antlfnctlon
beanng RTDs - one for each bearmg, Wmdmg RTDs - two for each phase When sleeve
beanngs are furmshed on medIUm voltage motors, each sleeve beanng 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 mmuruze temperature dIfferentIal and tIme lag

All motors shall be supphed WIth connectIOn boxes of suffiCIent SIze to accommodate rated or
overSIZed power lead termmations MedIUm voltage motor termmal boxes shall be large
enough to accommodate stress cones on connectmg power cables Motors rated 1120 kW
(1500 HP) and larger shall have termmal boxes large enough to accommodate current
transformers for motor dIfferential protectIOn

On medIUm voltage motors, accessory connectlon boxes shall be supplIed separately from the
power termmal box The mstrumentatlon accessones, such as RTD's and thermocouples, shall
be grouped m a separate box from the box WhICh contams other accessorIes, such as space
heaters and CT secondary wmng

Each motor shall be proVIded WIth a corrOSIon reSIstant nameplate contammg mformatlon m
accordance WIth NEMA MGl

Motors shall be SUItable for electrIcal power supply systems usmg automatlc "Fast" transfers

Motors located In hazardous areas, such as m the gas compressor areas, shall meet the
reqUIrements of the applIcable area claSSIficatIon
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9 14 Power, Control and Instrument Cables

9 14 1 General

The selectIon of cables and the InstallatIOn of cables shall be In accordance with IEEE 422
All conductors shall be copper except for thermocouple WIres

9 14 2 System DeSIgn DescnptIOn

9 14 2 1 General

Power cable ampacltles shall be determIned USIng ICEA P-46-426, ICEA P-54-440, and NFPA
70 (NatIOnal Electncal Code)

ICEA P-46-426 shall be used to determme ampacltles for cables Installed In exposed condUIts,
embedded condUIts, and underground ducts The use of NFPA 70 shall be permItted for cables
mstalled m underground ducts For condUIts In aIr where the spacmg between condUIts IS less
than the condUIt dIameter, the correctIon factors gIven m ICEA P-46-426 TABLE IX shall be
used

•

The ampacltles of cables In condUIts embedded m concrete floors shall be determmed by usmg •
the tables for underground ducts

Ampacltles for power cables Installed In trays shall be determmed In accordance WIth NFPA
70 or ICEA P-54-440

NFPA 70 TABLE 310-16 corrected to 40° 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° C WIth ampaCItIeS based upon thIS
temperature, except that temperature hmItatIOns for termInatIons at molded case breakers and
other low voltage deVIces may reqUIre 60°C or 75°C ampacIty values to be used All
ampaClties 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 au temperature IS known to be greater than 40°C ampaclty correctIon
factors shall be apphed

The ampaCItIes 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
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(RHO) of 90 For areas known to have an ambIent earth temperature greater than 20 0 C,
ampacny 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 determIned from the maXlITIUm
kVA ratIng of the transformer

Cables whIch are routed through envIronmental condItIOns that dIffer along the cable run shall
be selected USIng the envIronmental condmon that results In the largest cable SIze

MedIUm voltage cables shall have a rated conductor temperature of 90 0 C, the mInImUm
conductor SIze shall be such that the conductor temperature does not exceed 250 0 C whIle
carrymg the calculated maXImum system three phase short CIrCUIt current, assumIng no faIlures
of the prImary protectIve deVIces, and there shall be no damage to the msulatIon dUrIng the
tIme 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 dUrIng normal operatIOn (excludmg
mrush) Voltage drop In feeder cables to motors and StatIC loads shall not exceed 3 percent of
rated voltage dUrIng normal operatIOn of the load (excludmg mrush)

The full load current for feeder cables to motor control centers, power panels and sl1TIIlar
eqUIpment shall be deSIgned to equal the bus ampere ratmg 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 permItted, WIthout exceptIon

9 1422 MedIUm Voltage Cable

Voltage claSSIficatIon for medIUm voltage cables shall be 8 kV WIth 100 percent InsulatIon
level (115 mIls InSUlatIOn) 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 shIeldIng, InsulatIon and Jackets shall be In accordance WIth the
follOWIng
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I) All cable msulatIons and jackets shall be sUItable for a maXimum 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 msulatlOn compounds shall not be used

5) Conductors shall be of soft-drawn, commerCIally pure copper conformmg to ASTM B3

6) Pnmary msulatIon for all cables shall be a thermosettmg matenal, or compounds
meetmg the reqUirements of AEIC CS6

7) InsulatIon shIeldmg tapes for 8 kV cables shall be non-magnetic and shall be tinned
copper of 5 mIls (0 127 mm) mlmmum thIckness Uncoated copper may be provIded If
the msulatIon and jacketmg matenal wIll not corrode the copper and the msulatlOn and
jacketmg matenal are free-stnppmg

•

8) Matenals for jacketmg shall have long-term reSIstance to sunhght, mOIsture, oIls, and
chemIcals, and shall also be reSIstant to abrasIOn, shall have good flexIblhty, and shall •
neIther support combustion nor propagate flame when tested Jacketmg matenal shall
be thermoplastIc chlonnated 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 ffillllffium

9 14 2 3 Low Voltage Power and Control Cables

Voltage classificatIon for low voltage power and control cables shall be 600 volts

Conductor Size for 600 volt power cables shall be a mmImum of 4 0 mm2 (12 AWG) In
general, multI-conductor cables shall be used for SiZes up through 50 mm2 (1/0 AWG)
Conductor Size for 600 volt control cables shall be a mlmmum of 2 5 mm2 (14 AWG)
All matenals used for conductors, shIeldmg, msulatIon, and Jackets shall be m accordance WIth
the followmg

I) All cable msulatIon and Jackets shall be sUItable for a maXImum conductor operatmg
temperature of 90 0 C
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2) Conductors shall be of soft-drawn, commercially pure copper conformmg to A5TM B3,
havmg Class B standard strandIng

3) PrImary InsulatIOn for all power and control cables shall be thermo-settIng matenal or
compound meetmg the reqUIrements of ICEA 5-19-81, 5-66-524 and 5-68-516 as
applIcable

4) PVC based prImary msulatlOn compounds shall not be used

5) FIllers used III the assembly of multI-conductor cables m order to achIeve a CIrcular
cross-sectIon shall be of nonhygroscopIc, flame-retardant matenals that shall neIther
support combustIOn nor propagate flame when tested Jute fillers shall not be used In
any cable constructIOns

6) 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 polyVInyl chlonde

7) Representatlve cables shall pass the vertIcal flame test m accordance WIth IEEE 383
USIng the nbbon gas burner 17640 kg/cal (70,000 Btu) mInlffiUm

9 14 2 4 InstrumentatIOn and Thermocouple ExtenSIOn Cables

Voltage classIficatIOn for InstrumentatIOn and thermocouple extenSIOn cables shall be 300 volts
where permItted

The conductor SIze for low level SIgnal wmng shall be 1 5 mm2 (16 AWG), and Includes
tWIsted shIelded SIngle paIr thermocouple cable, SIngle paIr, tnads, and multIple paIrs
InstrumentatIOn cable The conductor SIZe for four-paIr and greater tWIsted shIelded
InstrumentatIon and thermocouple cable shall be a mInlffiUm of 1 0 mm2 (18 AWG) Multlple
paired cables shall be used wherever pOSSIble and practIcal

All matenal used for conductors, shIeldmg, InSUlatIOn and Jackets shall be m accordance WIth
the followmg

1) Instrument and thermocouple extenSIOn cables shall be manufactured m accordance WIth
UL 13
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2) Conductors, excludmg thermocouple extension Wires, shall be of soft-drawn, •
commercially pure copper Copper conductors shall conform to ASTM B3 and ASTM
B33 Copper conductors, shleldmg tapes, shIeldmg braids, commUnIcation Wires, and
dram Wires used with rubber or rubber-lIke msulatIon shall be tmned Uncoated copper
may be provided If the msulatlOn and Jacketmg matenal Will not corrode the copper and
the msulatIon and Jacketmg matenal are free-stnppmg

3) BasIc msulatmg matenals shall be hIghly resistant to mOIsture and flame, and shall
mamtam dimensIOnal stabIlIty m service

4) Jacketmg matenals shall have long-term resistance to mOIsture, OIls and chemicals, and
shall be flame resIstant With self-extmgUIshmg charactenstlcs

5) Pnmary msulatlOn for all mstrumentatlOn and thermocouple extensIon cables shall be
polyvmyl chlonde meetmg the reqUIrements of UL 13

6) FIllers used m the assembly of multi-conductor cables m order to achIeve a cIrcular
cross-sectIOn shall be of non-hygroscopIC, flame-retardant matenals 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 paIr or tnad of msulated
conductors, and an addltlonal 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 a 82 mm

8) Each paIr of thermocouple extenSIon WIres shall conSIst of msulated conductors of
chromel-constantan or chromel-alumel as reqUIred Conductors of each paIr shall be
matched and shall be calIbrated 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 m accordance WIth IEEE
383 usmg the nbbon gas burner 17640 kg/cal (70 000 Btu) mInImUm
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9 14 2 5 Lightmg and High Temperature Cables

Wire for lIghtmg branch CircUIts shall be smgle copper conductor, stranded, 600 volt Type
XHHW with mOIsture and heat resistant cross-Imked synthetic polymer msulation, rated for
90°C (dry) and 75°C (wet) copper temperature

WIre for lIghtmg fixtures and for hIgh temperature, nonlightmg applIcations, shall be smgle
copper conductor, stranded, 600 volt Type SF-2 Silicone rubber msulatlon, 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 ANSIIIEEE
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 (l,500 horsepower and larger shall be provIded WIth
Multtlm SR469 motor management relays WIth alarm capabilItIes, WhICh shall provide the
followmg protectIve functIons

SR469 (IdentIfied as MPRI on one-bne dIagram)

FunctIon No

49
51
50
48
46
27/59
47
86
87*
SOG

DescnptIOn

Machme stator temperature by embedded RTDs
TIme delay phase overcurrent
Instantaneous phase overcurrent (short CIrcUIt), mechamcal Jam
Locked-rotor (mcomplete sequence)
Phase current unbalance
Undervoltage/overvoltage
Phase reversal
Lockout
Motor dIfferentIal
Instantaneous ground fault - zero sequence

* Input prOVIded from three donut type current transformers (flux balancmg) one III each
phase located at the motor
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The control power supply for the relay shall be 125 VDC

MedIUm voltage motors 191 kW (251 hp) through 1,119 kW (l,499 hp) shall be provIded WIth
Multilm 239 motor protectIon relays, with alarm capabIhtIes, WhICh shall provIde the
followmg protectIve functIons

MultIlm 239 (IdentIfied as MPR on one-hne diagram)

•

FunctIOn No

51
SO

48
46
86
SOG

DescnptIon

TIme delay phase overcurrent
Instant phase overcurrent (short CIrCUIt),

mechanIcal 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 reqUIred surge protectIOn shall conSIst of the
SWItchgear manufacturer's standard surge suppreSSIOn deVIces

Motor CIrCUIts served from the 400 volt load centers (USSs), WhICh are controlled by power
CIrCUit breakers, shall have sohd-state trIp deVIces WIth long-time, mstantaneous and ground
characterIstIcs

Motors served from 400 volt motor control centers shall be protected by motor CIrCUIt
protector (MCP) combmatIon motor starters consIstmg of molded case breakers With adjustable
magnetIC only tnp deVIces and magnetic starters havmg thermal overload relays ApplIcation
of MCPs shall be m accordance WIth the applIcable gUIdelmes of ANSI C37 96

Selection and apphcatIon of the thermal overload relays m motor control centers shall meet the
applIcable reqUIrements of ANSI C37 96, and NFPA 70 (National Electncal Code)
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9 16 ConduIt, Cable Trays, and Duct Banks

9 16 1 General

Raceways shall be desIgned and Installed In accordance wIth IEEE 422

9 16 2 CondUIts

All exposed condUIt, except for lIghtIng and commUnIcatIons CIrCUIts In Indoor office areas
shall be ngId steel hot-dIp galvamzed InSIde and outSIde, In accordance WIth UL 6 and ANSI
C801

CondUIts for structures pumpIng water, such as structures for CIrculatIng water pumps, shall be
PVC, PVC coated steel or rIgId alumInum PlastIC condUIt for aboveground applIcatIOns shall
be sunlIght reSIstant, hIgh Impact, schedule 80, polyvmyl chlOrIde and shall be Carlon Plus 80
rIgId PVC nonmetallIc condUIt as manufactured by Carlon ElectrIcal Products or acceptable
equal PlastIC condUIt for aboveground lIghtIng and commumcatIOn applIcatIOns shall be
sunlIght reSIstant, hIgh Impact, schedule 40, polyvmyl chlOrIde and shall be Carlon Plus 40
rIgId PVC nonmetallIc condUIt as manufactured by Carlon ElectrIcal Products or acceptable
equal

CondUIts for lIghtIng CIrCUIts and commumcatIOns CIrCUIts In Indoor office areas (concealed
condUIts) shall be electrIcal metallIc tubIng (EMT), galvamzed outSIde for corroSIOn
protectIon, In accordance WIth UL 797 and ANSI C80 3, and shall be furmshed WIth
compresSIOn fittIngs EMT shall not be used In any other area

CondUlt sizes shall be determIned In accordance With NFPA 70, Chapter 9, Table 4
Mlmmum condUIt size shall be 20 mm nonnnal diameter, except for lIghtIng fixture stems
which may be 12 5 mrn nomInal diameter, and for embedded condUIt which shall be mInimum
25 mrn nommal diameter

LiqUId-tIght fleXIble condUIts shall be used on all motor connectIons and all other connectIons
subject to VIbratIOn Length of lIqUld-tIght fleXible condUIt shall be hmned to maximum of 1 °
meter

Cast fittmgs for alummum and steel condUIt shall be of copper-free alummum alloy corroSiOn
reSIstant WIth standard ANSI threaded connectIOns FIttmgs shall have gasketed covers
Copper-free alummum alloy shall contam no more than 4110 of 1 percent copper
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Pull boxes, JunctIon boxes and termmal boxes for use m mdoor locatIOns shall be of steel m •
accordance wIth UL 50, rust-proofed after fabncatlon 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 termmatIOn boxes shall be hmged and fastened wIth latches

Pull boxes, JunctIOn boxes and termmal boxes for use m outdoor locatIons shall be of steel m
accordance with UL 50, epoxy coated mSIde and outsIde after fabrIcatIon wIth gasketed cover,
mountmg lugs, and condUIt hubs

Indoor or outdoor prefabrIcated pull boxes, JunctIOn boxes, and termmal boxes shall be NEMA
rated or IEC rated for the mstallatIon locatIOn

Pull sleeves shall be ngId steel, hot-dip galvanIzed after fabrIcatIon m accordance wIth ASTM
A123

9 16 3 Underground Ducts

As and when requIred 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 applIcatIons shall be sunlIght reSIstant,
high Impact, ngid nonmetalhc utIhty duct and shall be Carlon P&C Duct Type DB conformmg •
to NEMA TC 6 as manufactured by Carlon ElectrIcal Products or acceptable equal

Duct banks shall be mstalled WIth a mmImum slope of 150 mm per 30 meters to proVide
proper dramage

Duct bank routes shall be IdentIfied at 30 meter mInImUm mtervals by means of a 10 cm by 10
cm concrete marker set flush WIth grade, and WIth the letter "E" and an arrow cast m the top
Markers shall not be phySIcally connected to the duct bank

Duct banks shall be assembled usmg nonmagnetIC saddles, spacers and separators as
recommended by the duct manufacturer Separators shall proVide 7 5 cm mmimum concrete
between the outer surfaces of the condUIts

Jomts or couplmgs for the duct runs shall be of the same materIals as the ducts

Underground ducts which are less than 6 meters m length between ends, and all elbows and
rIsers shall be rIgId galvanIzed steel condUIt
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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
Imposed

Galvamzed steel conduIt In any underground constructIon, whether as a sIngle duct or In duct
banks, shall be encased In a mInImUm of 5 cm of concrete for protectIon agaInst corrosIon
ApproXImately 20 percent spare duct capacIty shall be provIded for future expanSIOn

9 16 4 Cable Trays

Cable trays for power, control and Instrument cables shall be ladder type wIth 23 em rung
spacIng, wIth WIdth and depth as reqUIred

Ladder type cable trays shall also be used for mstrumentatlon and "low level" sIgnal cables
However, where spacmg cannot be maIntaIned to lImIt magnetIc nOIse, shIeldIng of the
InstrumentatIOn and "low level" SIgnal trays shall be prOVIded

SolId covers shall be prOVIded on all outdoor trays and on Indoor honzontal 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 gratmgs or access platforms, or parallel to walkways, and m close proxImIty
thereto, shall be provIded WIth covers Trays under gratIngs and walkways shall have these
covers extended apprOXImately 1 meter beyond the extremIty of the walkway or gratmg On
multI-tIer cable tray mstallatlons, the foregOIng reqUIrement applIes only to the top tray
Where power cable trays are reqUIred to be contmuously covered by solId covers for more than
2 meters, the covers shall be raIsed approxImately 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
provIde safety and protectIon to the cables at floor levels The covers shall extend
approxImately 2 meters above the firushed floor

Separate cable trays shall be Installed for the followmg cables, and If follOWIng the same
routmg, from top to bottom as follows

Medmm voltage power level (6 3 kV, top tray)

Low voltage power level (400 volt ae 240 volt ae 230 volt ae 125 volt de and 250
volt de)

Control level (240 volt ac 125 volt dc, and below)
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2Smgle power conductor cables smaller than 50 mm (1/0 AWG) shall not be mstalled m ladder
2type trays Multi-conductor cables smaller than 50 mm (110 AWG) may be mstalled m ladder

type trays

Llghtmg system wmng, commumcatIOns wmng, and fire detectlon wmng shall not be mstalled
m cable trays

Cable trays shall be sUitable for use as eqUlpment groundmg conductors m accordance wah the
reqUIrements of NFPA 70

Flfe stops of fire-retardant matenals shall be used mdoors at floor and wall penetratlons of
enclosed areas With solid walls and floors to prevent passage of air from one area to another
Flfe 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 reserV01r 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 •
electncal eqUIpment and metallIc structures (above and below ground) IS provIded herem
Application of thIS cntena shall be coordmated WIth the cntena for Lightnmg 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

SolI reSIstIVIty and thermal reSIstance (RHO) test data shall be obtamed from the sIte by
conductmg site solI survey(s) pnor to the begmmng of the plant groundmg system and ground
gnd deSign

The deSIgn of the groundmg system shall be to achIeve the followmg obJectlves

1) Provide a low Impedance ground-fault current return path

2) Mamtam safe step and touch potentials withm statIOn structures dunng electncal
transients
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3) Mlmmlze ground potential nse and nOIse Interference In Instrumentation systems to
ensure safe and Integrated ground gnd for the entIre plant

4) MInImIZe the effect of lIghtmng surges on eqUIpment and structures

5) ElImInate or render safe any transfer of potentlal between the ground gnd area and
outsIde pomts

9 17 2 System DeSIgn Descnption

9 172 1 Ground Gnd

The statIon shall be proVIded WIth a ground gnd COnsIStIng of bare copper cables buned
beneath grade to llffilt step and touch potentIals to safe values under fault condItIOns and to
dISSIpate lIghtnIng mduced surges to protect plant sensItive electromc eqUIpment The deSIgn
and analySIS of the statIOn ground gnd, mcludmg transformer yards, shall be based on the
procedures and recommendatIons of IEEE 80, and 665 as applIcable EvaluatIon of step and
touch potentIals based on the geometry of the gnd shall be m accordance WIth IEEE 80 SoIl
reSIStIVIty of the plant facIlItIes shall be measured by the Wenner method descnbed m IEEE 80
and 81 After the ground gnd potentIal profile analySIS has been determmed, the tolerable step
and touch potentIals shall be checked m accordance WIth IEEE 80 procedures

The ground gnd shall be deSIgned such that, after It has been mstalled, the entIre statIon
reSIstance to remote earth shall be less than 1 0 ohm as measured usmg the slope method, a
vanatlon of the fall-of-potentIaI method, deSCrIbed m IEEE 81 The ground gnd shall be
tested whIle Isolated from any Armenergo faCIlIty and before any ground gnd tIes to
Armenergo facIl1tles are mstalled

The groundmg system deSIgn shall mmmuze transfer of potentIals from the ground gnd to
remote pomts VIa commumcatlOn CIrCUItS, pIpmg, low-voltage neutral WIres, raIlroad spurs,
etc SUItable means (such as plpmg msulated flanges, msulated Jomts for raIlroad track) shall
be prOVIded to prevent undeSIrable potentIals on the ground gnd durmg ground faults from
bemg transferred between the ground gnd and remote pomts

FoundatIOn reInforcement 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 mmimum copper
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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 EqUipment and Structures

Each bUlldmg shall have a groundmg conductor mstalled around the bUlldmg penmeter The
conductor shall be used to tie the bUlldmg 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 bUIldmg steel

Major eqUipment and tanks shall be connected to the mam ground gnd PhySIcally large
eqUipment shall be connected to the mam gnd m two places on OpposIte SIdes

Metalhc structures and eqUlpment, such as motor frames and/or motor power leads termmal
housmg, sWItchgear, umt SubstatIons, motor control centers, panelboards, lIghtmg cabmets,
condUits, cable trays, crane ralls, staus, handratls, and ral1road spur tracks, shall be
permanently and effectIvely grounded

EqUlpment and structures welded or adequately bolted to bUlldmg steel, or sohdly connected to
butldmg steel by means of SUItable groundmg cables, shall be consIdered effectIvely grounded
However, eqUIpment contamIng an electncal ground bus shall have a separate cable connectIng
the bus to the plant groundIng system

Metal stacks and above grade tanks shall be grounded duectly to the ground gnd

The ground gnd shall be deSIgned to dISSIpate and/or dIsperse power voltages and hghtmng
caused current flows WIthout damage to the plant's electrOnIC eqUIpment, mcludmg but not
lImIted to the Dlstnbuted Control System (DCS), UPS, PCs, etc of the plant

Groundmg WIre that penetrates grade shall be a mtnlffium SIZe of 95 mm2 (4/0 AWG)

RaIlroad spur tracks shall be Insulated at a ffitnlffium of two pomts m each of the ralls and each
msulatmg pomt shall be adequate to WIthstand the ground potentIal nse of the station durIng
the maXImum fault The ralls shan 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 eXlstmg raIlroad at the SIte shall be connected to the plant
groundmg system, but shall be Isolated when leavmg the site
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9 17 2 3 Groundmg Below Grade

The design and mstallatlon of the station ground gnd and station cathodic protection shall be
coordmated to mItIgate cathodIc protectIon problems DeSIgn and layout of the ground gnd
shall be coordmated WIth the cathodIc protectIon reqUIrements for buned tanks, piles, and
pIpmg Based on the cathodIc protectIon survey, If these systems are to be grounded they shall
be made electncally contmuous by bondmg across pIpe JOInts 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 WIthIn the plant boundarIes, shall be connected to the ground gnd
2

at approxnnately 10 meter Intervals Two 95 mm (4/0 AWG) (mmnnum) bare copper buned
cables, approxnnately 50 cm below grade and 75 cm from the fence, each laymg on eIther SIde
of the fence, shall be Installed for the ground gnd connectIOns

9 17 2 5 Circulatmg Water Pumps Structure

The eXIstmg ground gnd at the cIrculatmg water pump structure shall be checked for
adequacy The eXIstmg grId shall conform to thIs requIrement Ground gnds shall be made of
all copper matenals and shall be Installed under the concrete of the mtake water structure and
connected to the statIOn ground gnd by ground cables laId to the SIde of the duct banks or
water pIpmg The SIZe of the connectIng ground cables shall be calculated based on carrymg
full ground current, assummg a double phase to ground fault m the power feeders The
potentIal dIfference between the remote grId and the statIon gnd shall be deSIgned not to
exceed 300 volts, and 95 mm2 (4/0 AWG) copper cable shall be the mmnnum SIZe used

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 mstrumentatIOn groundmg system shall be proVIded for all low level, analog, and
dIgItal (data communIcatIons) CIrCUIt shIelds as reqUIred by the eqUIpment system supplIers
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The maJonty of these buses wIll resIde m the plant DeS cabmets Instrumentatlon groundmg •
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
mstrument ground bus to the statlon ground gnd at a smgle locatIOn The DeS system
groundmg shall be m accordance WIth the reqUlrements of DeS system supplIer Removable
lInks shall be proVIded to the mstrument ground to test andlor to detect for the presence of
common mode nOlse m the senSItIve mstrumentatlon clrcUlts Groundmg of mstrumentatlOn
ClrcUlts 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 wmdmgs (110 kV) of each generator step-up transformer and
start-up transformer shall be deSIgned for operatlOn on a sohdly 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 medlUm voltage system shall be grounded through a reSIstor to hmlt the ground fault
current to a value reqUIred for proper relaymg

The dIesel generator neutral pomt shall be hIgh reSIstance grounded

The neutral of the 400 volt wmdmg on all umt substatIOn power transformers shall be solIdly
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 DeS alarm

The Essentlal ac (UPS) System neutral pomt shall be sohdly grounded

9 17 2 9 110 kV TransmISSIOn Lme ShIeld WIres

All shIeld wues assocIated WIth 110 kV transmISSIon hnes between the generator step-up
transformers and start-up transformer and the plant sW!tchyard shall be extended to the ground
gnd at each end usmg two 95 mm2 mmmlUm (410 AWG) ground gnd tles per each Ground
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gnd connectIons shall be capable of conductmg maXImum steady-state current flow, hIgh
currents mduced by faults, sWItchmg surges, and lIghtnmg stnkes

9 17 3 System Operatmg CharacterIstIcs

The groundmg 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 grIds shall be
completed prIor to the mstallation of bUrIed metalliC systems or special eqUIpment associated
WIth the cathodiC protectIOn system to the extent practicable

9 17 4 Component DescrIptIOn

All underground or embedded groundmg connections shall make use of exothermiC
connectIOns exclUSively

One 95 mm2 (410 AWG) bare copper cables shall be mstalled With each underground electrical
duct run laid outside the duct concrete envelope

All sWitchgear, load centers, motor control centers, and control cabmets shall be furnished
With a hOrIzontal ground bus The ground bus m sWitchgear, load centers, and MCCs shall be
connected to the groundmg system With one 95 mm2 (410 AWG) (mmunum) copper ground
cable at each end

The ground bus m control cabmets shall be connected to the groundmg system With 95
mm

2
(410 AWG) (mmunum) copper cable at each end The enclosure of motors and

mstrument transformers shall be connected to the groundmg system

Patterns of ground grId Installed for lIghtnIng protectIOn of concrete or masonry chImneys Will
vary With the type of footmgs to be used, but typically would consist of a 95 mm2 (4/0 AWG)
(mmImum) cable bUrIed below and Just beyond the perIphery of the base, mterconnected at two
diametrIcally OppOSIte pomts to the plant sub-structure ground grid At least two 95 mm2 (4/0
AWG) copper cable rIsers would be proVIded at dIametrIcally OppOSIte pomts on the grId for
contInUatIOn above grade

The mInImum conductor used for eqUIpment groundIng shall meet the reqUIrements of IEEE
142, and the mInImum conductor SIZe selected for ground grId and connectIons to the ground
grId shall not be less than 95 mm2 (4/0 AWG)
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Ground connectIons from the sub-structure ground grId 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 establIshes 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
groundIng 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

CntIcal areas for consIderatIOn shall Include

• Underground and submerged structures and pIpmg

•

• Intake structures (drum screens, trash racks, Intake pumps, screen wash pumps and mtake
pIpmg) The eXIstmg structure shall be checked for complIance •

• Condenser water boxes

• Underground or submerged structural support members

9 19 LIghtmng ProtectIOn

LIghtnmg protectIOn shall be provIded for the plant to protect the eqUIpment and structures
from the damagmg effects of lIghtmng The lIghtnIng protectIOn deSIgn shall be coordmated
WIth plant ground gnd deSIgn to dISSIpate all lIghtnIng caused surges and protect the plant
electncal and electromc eqUIpment from hazardous overvoltages

The need for lIghtmng protectIOn shall be determIned based on complIance WIth the gUIdelInes
covered In IEEE 665, IEEE 142, and Chapter 7 of IEEE 141 Where lIghtmng protectIon IS
needed, It shall be deSIgned and Installed to meet the reqUIrements of ANSIINFPA 780, IEEE
665, and IEEE 1100 to afford adequate zones of protectIon
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• Some structures are mherently protected such as steel frame bUIldmgs, assocIated metal plpmg,
spnnkler systems, ductwork and other conductIve metal components Each structure shall be
evaluated for theIr electncal contInUIty as descnbed In ANSI NEPA 780, to ensure adequate
electrIcal 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 electrIcal eqUIpment shall be protected from IIghtmng eIther by shIeld
WIres proVIded as part of Incommg lInes from the sWltchyard, or by masts

9 20 Plant Llghtmg

•

•

The lIghtIng system shall proVIde personnel WIth IllummatIOn for plant operatIOn under normal
COndItIOnS, a means of egress under emergency condItIOns, and emergency IIghtmg In control
room to perform manual operatIons durmg a power outage of the normal power source

The power supply for the IIghtmg system shall generally be from 400/230 volt three phase 4
WIre solIdly grounded IIghtmg panelboards The 230 volt power shall be used to supply
convemence outlet receptacles and lIght fixtures

The lIghtIng system shall be deSIgned to mamtaIn the foot-candle level of illummatIOn
recommended m IES Llghtmg Handbook for the varIOUS areas m the power plant Table 9-1
illumInatIOn levels shall be used as a gUIde

Three types of lamps shall be used for the lIght sources m the lIghtmg system fluorescent,
hIgh pressure sodIUm (hIgh mtensIty dIscharge), and mcandescent Generally, fluorescent
lamps shall be used m mdoor enclosed areas, hIgh mtenslty lamps shall be used outdoors and
m hIgh and medIUm bay areas, and mcandescent lamps shall be used for emergency lIghtmg
Recessed fluorescent fixtures WIth parabolIc louvers shall be used In office areas (suspended
ceIlIngs)

Plant Internal roadway and area lIghtIng shall be deSIgned USIng hIgh IntenSIty dIscharge lIght
sources LIght fixtures shall be mstalled on hot-dIpped galvamzed steel street lIghtIng poles or
precast concrete poles

The emergency egress dc hghtmg system shall be supplIed from self-contamed battery lanterns
located to permIt orderly egress from the plant dunng an emergency In general, egress
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emergency hghts shall be provIded m plant access walkways, staIrways and platforms, m •
control rooms, access corndors, and other areas where hIghly rehable Il1ummation 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 hghtmg shall consIst of general area, emergency, and mtenor control panel
hghtmg Control room general area hghtmg shall be provIded by usmg recessed fluorescent
fixtures WIth reflective parabohc louvers and lamp dummng ballasts The mtensIty of the
general area llghtmg shall be controlled by fluorescent dIIDmers The fixtures shall be
powered from the plant 220/400 volt rellable ac source backed up by the standby dIesel
generator Incandescent hght fixtures for emergency lIghtmg shall be mstalled The
mcandescent emergency hghtmg 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

Aviation red obstructIon lIghtmg or a hIgh mtensity lIghtmg system shall be proVIded on the
stacks m accordance WIth the InternatIOnal Standards and Recommended PractIces of the
InternatIOnal CIvIl AVIatIOn OrganIZatIOn (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 hghts per level shall
be based on the requrrements of ICAO or the Department of Transport, Armema, whIch •
controls all matters pertalDIng to arrcraft 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 bUIldmg 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 bUIldmg or areas that are
conSIdered wet shall be protected by ground fault mterruptmg (GFI) CIrCUIt breakers GFI
CIrCUIt breakers shall be 230 volt, smgle-phase, 50 hertz, 30 mllhamp electro-mechanIcal
reSIdual current type WIth 30 ml1hsecond tnp

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 mtensIty dIscharge lamps shall be of the hIgh power factor
type All fluorescent lamp ballasts shall be rapId start HIgh mtenSIty dIscharge lamp ballasts
shall be of the core and COlI regulatmg type
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• Dry type transformers shall be class AA, 3-phase, 400 volts delta pnmary, 416 Y/240 volts
secondary wIth full capacIty taps above and below normal Dry type transformers shall have
220 degrees C msulatlOn system In accordance wIth NEMA ST20, wIth 150 degrees C nse
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 9 I
REQUIRED ILLUMINATION LEVELS

Plant Locations Maintained
Lux (Foot candles)

CT/ST Generator HRSG 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 Dllumer 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

Battery Room 300 (30) I

Comdors 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 HypochloTlte Butldmg 200 (20) HlF

Relay Rooms 500 (50) F

EleclTomc EqUIpment Rooms 500 (50) F

CIrculating Water Pump Structure Electrlcal BUlldmg 300 (30) F

Cooling Tower Mamtenance Platfonns 50 (5) H*"

Sewage Treatment Plant Area 20 (2) H

Catwalks 20 (2) H

OIl storage tanks 10 (1) H"*

Boder platforms staIrwells 100 (10) H

Roadway

Between or along butldlngs 10 (1) H

Not bordered by butldmgs 5 (0 5) H
Fence 20 (0 2) H*
Plant Entrance Area 50 (5) H

Parkmg Areas 20 (2) H

Transformer and Swltchyards
(vertIcal task) 50 (5) H....
(hoTlzontal task) 20 (2) H

H = HIgh Intensity DIscharge (HID)
F = Fluorescent
I = Incandescent
*Fence lighting average maintained Illutnlnatlon
"* EXIsting areas to be checked for adequacy
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• 921 CommUnICatIOn System

9 21 1 General

ThIS sectIOn establIshes the cntena for the commUnICatIon system consIstmg of a plant
commUnICatIons system, and a Pnvate AutomatIc Branch Exchange (PABX) telephone system
of dIgItal eqUIpment support type

9 21 2 System DesIgn Descnptlon

9 21 2 1 Plant CommUnICatIOn

1) General

The commumcatlon system wIthm the power plant and outlymg structures shall
be a multIparty system WIth one page channel and five party channels sunIlar to
Galtromcs, or approved equal

•
2)

3)

Pagmg

Each handset statIOn shall be eqUIpped to broadcast speech over all system
speakers sunultaneously by pIckmg up the handset, depressmg the sWItch on the
handset and speakmg 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

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 conversatIOn

•

4) The plant commUnICatIon system shall COnsIst of Industnal type handsets
handset! speaker amplIfiers, speaker amplIfiers, speakers, and lIne balance
assemblIes Handsets shall be Installed 1 37 meters above the floor In the
VICInItIes of personnel traffic ways and areas such as the control room,
sWItchgear bay, and mamtenance areas Speakers shall be mstalled a mInImUm
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of 2 5 meters above the floor throughout the mam plant bUIldmg and m
outlymg structures to provIde for personnel pagmg All hardware shall be
mtrmslcally safe

9 21 2 2 Telephone System

I A PrIvate AutomatIc Branch Exchange (PABX) telephone system shall be
provIded to facIlItate commUnICatIon 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 usmg the publIc address party lme eqUIpment

Speaker phones for Plant Control Room, SupervIsor's Room, and Office Areas
shall be proVIded

•

2 The mam dIstrIbutIon frame (MDF) and cable tenmnatmg 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 peelmg, cuttmg, solderIng, or wrappmg the
cables

3 A tnmmlum of eIght (8) outsIde lmes will be provIded from Local Telephone
Company The lmes shall be dedIcated as follows

LocatIOn Lmes DeSCrIptIOn

Control Room 1 DedIcated for operator use, totally
separate serVIces usmg unlIsted
numbers

AdmmistratIOnJ 4
VVorkshopfVVarehouse
BuIldmg
Dlfect TIe to Yerevan CHP 1
Control room
Future ExpansIOn 2
Total 8

•
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• 4 ASSOcIated reqUirements

a Telephone utIlIty connectIOns, that are Installed totally Independent of one
another, shall be provIded The total number of telephone lInes shall be dIVIded
equally between the two feeder cables to create an acceptable level of
redundancy

b If copper cables are mstalled (connectIOn to utIlIty), the cables shall contam
suffiCIent spare capaCIty (generally 30 to 50 percent) for growth as well as for
replacement of faIled or detenorated cable paIrs

5 The follOWIng features shall be Included for the telephones

a All phones servIng the MaIn Control Room and
AdffilillstratIOnlWorkshop/Warehouse BUildIng, shall have capabIlIty for RedIal,
Hold, Transfer, Call Forwardmg, and Three-Way conference

b All phones shall have class of serVIce capabIlIty (abIlIty 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 pnonty to mamtam
serVIce durmg 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 requIre modems e g , facsImIle deVIces, FAX
servers, modems In PCs, etc, analog telephone lInes shall be reqUired

f A "Do Not DIsturb" feature shall not be provIded for any telephone lme, to
allow access dunng an emergency

g Emergency by-pass lmes and relays shall be mstalled at the plant to proVIde
emergency telephone serVIce when the plant PABX falls The by-pass relay WIll
lInk cntIcal telephone mstruments to the central office trunks, for call out only

6 The followmg Personnel Pohcy 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
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b All phones with restncted access shall be routed through the Plant Telephone
operator (receptionIst) to obtam access to outside hnes •

7 Any telephone lmes (Pubhc Phone) entenng the plant area shall be adequately protected
by the Contractor agamst hazardous voltages from the plant electncal systems

9 21 2 3 Clock System

The DCS, two fault recorders, and any other slave clocks shall be synchronIzed with a master
clock Mmute pulses from thIS master clock shall be used to synchronIZe 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 128kHz Will be receIved at Yerevan

9 21 2 4 OperatIOnal CondItion

Direct telephone commUnICatIOn from the CHP Control Room to the CCGT plant control room
shall form the baSIS for dispatch directIOns

9 22 Revenue Metenng

9 22 1 General

ThiS sectIOn estabhshes the cntena for the revenue metenng system that Will be used to record
power transfer occurnng between Yerevan 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 comphance
With Armenergo requrrements The 110 kV revenue metenng currents and
potentials shall be measured at each termmal lIne connected to the 110 kV
SubstatIOn

b) Each energy meter shall compnse kIlowatt-hour meter and kllovar-hour meter
mtegrally combmed m the same enclosure Each energy meter shall be three
current element, smgle tanff, solId state, and Import and export energy
registratIOn type Each meter shall have the accuracy class 0 2S for the kIlowatt
hour meter and class 0 5S for the kllovar-hour meter Each energy meter shall
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•
c)

be flush mounted, back connected, dustproof, fully tropIcalIzed, sWItchboard
type and located m the 110 kV substatlOn control bUlldmg Each meter shall be
eqUlpped WIth pulse devIces for retransmIttmg the measured actIve and reactIve
energy to the UnIversal telecountmg mstrumentatIon

Each unIversal telecountmg mstrument shall be of the flush mounted, back
connected, dustproof, fully tropIcalIzed, sWItchboard type and located m the 110
kV SubstatlOn control bUlldmg Each mstrument shall be pulse operated and
statIC type deSIgn Each Instrument shall compnse Input umts, summatlOn
deVIce, dIsplay umt, timer and necessary components to mterface WIth the
energy meters

9 22 3 System OperatIng Charactenstlcs

The revenue meterIng system shall be capable of dIsplayIng, transmIttmg and contmuously
recordIng the follOWIng parameters MW (out/m), MWh (out and In), Mvar (lead/lag) and
Mvarh (lead and lag)

9 22 4 Component Descnptlon

• a) The 110 kV revenue metenng system eqUlpment shall have the follOWIng ratmgs

C T RatIO (later) SIngle ratio, 2 x thermal ratIng

C T accuracy MeterIng +1-0 2 %, IEC Types

P T RatlO 115,000 V/115 V, 115 V
~3 I ~3 ~3

P T accuracy +1-02%

Revenue Meters (Prunary
and Backup) +1-02%

•

9 23 WeIdmg Receptacles

9 23 1 General

Weldmg receptacles shall be proVIded and located throughout the plant, m the areas and
quantltIes as mdicated m the table below
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The power feeds to the vanous receptacles shall use thermal magnetIC CIrCUIt breakers and
shall be rated 70 amperes tnp, 400 volts, 50 hertz, 3-phase, 3-wire Each feeder breaker can
support a maXImum of four receptacles The receptacles shall be dalsy-chamed where
applIcable

9 23 2 System DesIgn DescnptIon

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 In Table 9 2

For each weldIng receptacle the assembly and hOUSIng shall be Crouse-HInds Type AR642, or
acceptable equal Angle Adapters (Crouse-HInds Type AJA6, or acceptable equal) and Back
Boxes (Crouse-HInds Type AJC57, or acceptable equal) shall also be furmshed for proper
mountmg and field cablIng of the receptacles A total of five (5) Crouse-Hmds Type APJ6485,
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 Quantlty LocatIon
Turbme Bldg 4 To be determmed m DetaIl DesIgn

by Contractor
HRSG Ground Floor 2
HRSG Upper Levels 2
Circulatmg Water Structure Electncal Bldg 1* InSIde eqUipment bUIldIng

*eXIstmg facl1Ities to be confirmed

9 24 110 kV SubstatIOn

9 24 1 General

Armenergo I s 110 kV SubstatIOn at Yerevan Plant conSIsts of aIr msulated sWItchgear mstalled
outdoors The eXIstmg bus sWItchmg arrangement utIltzes two mam buses and transfer bus
scheme The two mam buses radIally receIve generation or feeds a load VIa a CIrCUIt breaker
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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 facIhtate
mamtenance of anyone ClTCUIt breaker WIthout mterruptIOn There are twenty-five eXIstmg
CIrCUit breaker bays to accommodate twenty-three CIrCUIts - mne for outgomg transmISSIOn
hnes, seven for receIvmg eXIstmg seven generators, two for the eXIstmg startup (or reserve)
transformers, one for bus coupler, one for bus transfer and five for spare or reserve The
eXIstmg generatmg umts 6 and 7 (150 MW each) wlll be demohshed and the HV CIrCUIt
breaker bays WIll be utIhzed for two GT generators of the new combmed cycle power (CCP)
plant The spare CIrCUIt breaker bay (ClTCUlt 27) WIll be utllized for the new ST generator of
new CCP plant Drawmg E0035 - Overall One Lme Diagram - depIcts partially the eXlstmg
110 kV substatIon SIngle hne and shows InterconnectIOns to the new combIned cycle power
plant

When the new combIned cycle power plant IS added, the Contractor shall as a mmImum
replace eXIstmg three ClTCUlt breakers of the bays bemg planned for reUUhzatIOn The
Contractor shall also venfy the adequacy of any eqUlpment that IS bemg planned for reuse
Contractor's bId pnce shall Include 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

924 2 110 kV SWItchyard SubstatIon Parameters (eXlstmg)

•

Operatmg Voltage
MaXImum DeSIgn Voltage
BIL WIthstand Voltage
Rated Short ClTCUlt Current
System Frequency
MmImum Clearances, metal - metal *

Phase - Phase
Phase - Ground

Bus DeSIgn Clearance*
Phase Spacmg (centerhne to centerlme)

MamBus
Branch Bus
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1l0kV
123 kV
550kV
20kA
50Hz

1400 mm
1100 mm

2500 mm
2250 mm



Phase Height Above Ground
MamBus
Branch Bus

Mam and Branch Bus*
Mam Bus
Branch Bus

6100mm
4600 mm

125mm
75mm

•
* Recommended values to be venfied by Contractor

9 24 3 110 kV SWltchyard Substation Major EqUlpment Ratmgs

924 3 1 110 kV ClrcUlt Breakers

The power ClrcUlt breakers shall be m accordance with the followmg

Operatmg Voltage
Maxunum DeSign Voltage
Type
FrequencyIPhase
Contmuous Current Ratmg (As ReqUired)
BIL Impulse Withstand
Low Frequency Withstand
Maxnnum Symmetrical Interruptmg Ratmg
Mmnnum Leakage Distance
Number of Tnp CoIls
ApplIcable Standards

9 24 3 2 Disconnect SWitches

110 kV
123 kV
SF6 Dead Tank
50 Hz/3 phase
1200/2000/3000A
550kV
260 kV
40kA
3,075 mm
Two
ANSI C37

•
All disconnect sWitches shall be alummum, three-pole, manually operated type All disconnect
sWitches shall be honzontal center break type Disconnect sWitches shall be provided WIth
three pole manual group operated groundmg attachments to facIlItate mamtenance of the
connected eqUlpment All beanngs for use on the disconnect sWitches shall be sealed stamless
steel type

Operatmg Voltage
Maxnnum DeSign Voltage
Contmuous Current Ratmg (As ReqUlred)
Momentary Current Ratmg
BIL Impluse Withstand
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110 kV
123 kV
1200A/2000A/3000A
64 kA
550 kV



• Mmimum Leakage DIstance
Insulator Type
Apphcable Standards
Groundmg Blades

9 24 3 3 Surge Arresters

3,075 mm
StatIon Post
ANSI C37
Per Drawmg E0035

The surge arresters for 115 kV system shall be statIon class, metal oXIde vanstor type wIthout
senes gaps, smgle-pole, outdoor type Voltage ratmg of the arresters shall be confirmed from
system msulatlOn coordmation studIes

Voltage transformers shall be hIgh accuracy, 011 filled, SIngle bushIng type umts The ratmgs
of the CVTs shall be as follows•

OperatIng Voltage
MaxImum DesIgn Voltage
Duty Cycle
MaxImum Contmuous Operatmg Voltage
MInImum Leakage DIstance
DIscharge Counter
ApplIcable Standards

9 24 3 4 CapaCItor Voltage Transformers (CVT)

OperatIng Voltage
MaXImum DeSIgn Voltage
Rated Frequency
BIL Impulse WIthstand
Accuracy Class
Apphcable Standards

9 24 3 5 Current Transformers

Current transformers shall be In accordance WIth the folloWIng

Type
Operatmg Voltage
MaXImum DeSIgn Voltage
Pnmary Current
Rated Frequency

115 kV
123 kV
lOkA
90 kV L-N
3,075 mm
one per arrester
ANSI C62 11

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
50 Hz
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BIL Impulse WIthstand
Mimmum Leakage DIstance
Ratio
Accuracy Class

ApplIcable Standards

9 24 3 6 Insulators

Support msulators shall be m accordance wIth the followmg

StatIOn Post

550 kY
3,075 mm
MultI-ratIO
C 800 (relaymg)
o 2S (revenue metenng)
ANSI C57, IEC 44-6

•

ANSI Techmcal Reference No *
BIL Impulse Withstand
50 Cycle WIthstand-Wet
MlD1Il1um Leakage Distance
Cantilever Strength
TensIle Strength
TorSIOnal Strength
CompressIOn Strength

SuspenSIOn Type*

ANSI Class
MInImum Leakage per Insulator Bell

286
550kY
230 kY
3,075 mm
To be determIned durIng detaIl deSIgn
To be determIned dunng detaIl design
To be detenruned dunng detaIl deSIgn
To be determIned dunng detaIl design

52-3
430mm

•
SuspenSIOn msulators used to termmate the IncomIng hnes shall be deSIgned In accordance WIth
the follOWIng mInImum leakage dIstances speCIfied below

Vertical Insulator Strmgs*
45 degree Insulator Stnngs*
Honzontal Insulator Strmgs*

5,100 mm
4,575 mm
4,100 mm

*denotes recommended values to be venfied by Contractor

Clamps u~ed WIth suspenSIon msulators shall be compressIOn type galvamzed steel, usmg
stamless steel nuts, bolts, cotter pms and washers
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• 9 24 3 7 GroundIng and ShIeldIng

The substatIon groundIng and dIrect stroke shIeldmg systems shall be m accordance wIth the
followmg

SWItchyard Groundmg

The protectIve relaymg systems assocIated WIth the 110 kV InterconnectIon to the umt shall be
desIgned In accordance WIth the reqUIrements of Section 9 7

•

DesIgn Standards
Ground Gnd Conductor, mmimum
Ground Gnd ConnectIOns
Depth of Ground Gnd Below Grade
Ground Gnd ResIstance
Ground Fault Current
DesIgn Fault Duration

SubstatIOn ShIeldmg

Method
Type

9 24 4 ProtectIve Relaymg Systems

IEEE 80, IEEE 81
95 mm2

ExothermIc Type
o5m
05 ohms
40 kA
05 sec

Overhead Ground WIfe
7 No 8 Alumoweld

•

9 24 4 1 Breaker Tnp CIfCUIt SupervIsIon

Each CIrcUIt breaker tnp CIfCUIt shall be eqUIpped WIth a tnp CIrcUIt superVISIon relay Each
CIrCUIt breaker shall have two tnp CIfCUItS Each tnp CIrCUIt superVISIOn relay shall be
desIgned to supervIse the electncal contmUIty In the tnppmg CIrCUIt for breaker open and for
breaker closed, and the assocIated wmng

9 24 4 2 OperatIonal CondItIOn

DIrect telephone commurucatlon from the CHP Control Room to the CCGT plant control room
shall form the baSIS for dIspatch dIrectIOns
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9 25 Generator CIrcUIt breaker (medIUm voltage 10-18 kV)

9 25 1 General

ThIS seCtion establIshes cntena for the generator CIrcUIt breaker If provIded, to Isolate the
generator from ItS assocIated step-up and auxIlIary transformers

9 25 2 System DesIgn DescnptIon

9 25 2 1 Generator CIrcUIt Breaker

The CIrCUIt breaker shall comply wIth the reqUIrements of the ANSI Std C37 013

•

The CIrcUIt breaker shall be of three-smgle pole, SF6 self-extmgUIshmg mterruptmg smgle
throw, desIgn type, WIth a pneumatIc or a pneumohydrauhc hIgh speed operatmg mechamsm
and mechamcal lInkages to open and to close all three-poles of the breaker m synchronous
operation Load current carrymg contacts shall be sIlver plates copper, mterrupter contacts
shall be tungsten copper alloy or graphIte Interruptmg and msulatmg medIUm shall be gas
(SF6) capable of mterruptmg all currents between 0 and 100 percent of rated mterruptmg
capaCIty The breaker shall be capable of at least two close-open operatIons at rated short
CIrCUIt current or at related reqUIred capabIhtles Gas mterrupters shall be self-extmgUIshmg

~ •
The CIrCUIt breaker and Its assocIated dIsconnect SWItch and groundmg SWItch, CT's and PT's
shall be of Isolated phase constructIOn, WIth each pole contamed m a separate alummum
enclosure deSIgned to be connected to the alummum Isolated phase bus enclosures, to mamtam
the Isolated phase mtegnty and prOVIde a phySIcally and electncally contmuous enclosure from
the generator to the step-up transformer Enclosures shall be able to carry current equal to the
phase current m the conductor Enclosures shall be msulated from support structure The
flow of coohng aIr for the Isolated phase bus shall not be Impeded by the generator CIrCUIt
breaker, If reqUIred

The CIrCUit breaker shall be capable of at least 3000 no-load operatIons, 10 years of serVIce or
6 mterruptIOns at rated short-CIrCUIt current, WIthout mamtenance It shall be naturally cooled
with maXImum temperatures not exceedmg the values speCIfied m ANSI C37 04 The CIrCUit
breaker shall have separate contact systems for load current carrymg and arc mterruptIons

Instruments shall be prOVIded to momtor the SF6 gas pressure and alarm on low pressure
Lo\\' pressure relays shall be proVIded to
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•

•

•

• Tnp the breaker when the pressure reaches a value below whIch full mterruptmg
capacIty cannot be obtamed

• Open the closmg CIrCUIts of the breaker If pressure m the tank IS msufficient for a close
open operatIon

• Low SF6 pressure alarm

• Other alarms as deemed necessary

The capacitators shall be provIded on the transformer SIde and/or generator SIde, If needed for
the control of tranSIent recovery voltage

The pneumatIc and/or pneumohydraulIc operatmg mechamsm of the breaker shall be
mechanIcally and electncally trIp-free and non-pumpmg DrIve mechamsm shall have local
pOSItIon mdicator

The CIrCUIt breaker shall be provIded WIth auxlliary sWItches such that a mInImum of ten
mdependent contacts are avaIlable for Owner's use, m addItIon to those reqUIred for the
Contractor's control system

QUIck-dIsconnect fittmgs shall be provIded for SF6 gas handlmg on each pole

One (1) temperature compensated SF6 densIty momtor shall be provIded

Loss of SF6 pressure shall not reduce the breaker's current carrymg capabIlIty or ItS abIlIty to
WIthstand normal system voltage wlnle the breaker IS m the open pOSItIon

The operatmg mechamsm functIOnal and control requIrements shall be m accordance WIth
ANSI C37 11

The operatmg mechanIsm shall be proVIded WIth two electrIcally mdependent trIp COlIs and all
necessary CIrCUIts mcludmg pressure SWItches and reset deVIces to permIt tnppmg of the CIrCUIt
breaker Each CIrCUIt shall be mdividually fused m both legs and shall be capable of operatmg
normally WIth or WIthout any voltage on the other CIrCUIt

Tnppmg and closmg control ClfCUlt mechanIsm shall each have nOmInal mput DC voltage of
125V, 140V maXInmm and 105V mInImum

The operatmg mechanIsm shall be mounted and enclosed m a weatherproof housmg
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Space heaters wIth adjustable thermostats and protectIve devIces shall be provIded

9 25 2 2 DIsconnect SWItch

DIsconnect switch shall be proVIded on the step-up transformer SIde of the CIrCUit breaker
DIsconnect switch shall have a VISIble aIr gap WIth vIewmg ports DIsconnect SWItch shall be
gang-operated, motor dnven, eqUIpped WIth aUXIlIary SWItches, and a pOSItIon mdlcator
Manual crank handle shall be proVIded for operatIon WIthout electfIc power DIsconnect
SWItch shall be key mterlocked with the breaker

A dIsconnect SWItch associated WIth the statIc start system (Gas Turbmes) shall be prOVIded on
the generator SIde of the CIfCllIt breaker eIther as an mtegral part of the CIrCUIt breaker or
separately WIth the statIC start eqUIpment

9 25 2 3 Groundmg SWItch

•

Groundmg SWItch shall be proVIded on the generator SIde of the CIfCUIt breaker Groundmg
SWItch shall be gang-operated, motor drIven, WIth vlewmg ports Manual crank handle shall e
prOVIded for operatIOn WIthOUt electrIC power Groundmg SWItch shall be key mterlocked WIth
the breaker Groundmg SWItch blades shall rotate 90 degrees and make SImultaneous contact to
the conductor and the ground enclosure WIth sIlver plated sprmg loaded contacts •

9 25 2 4 Current Transformers and PotentIal Transformers

CIrCUIt breaker shall be furmshed WIth (torOIdal type) current transformers and potentIal
transformers as requIfed by Contractor's deSIgn

The accuracy classes and standard burdens for current potentIal transformers for metenng and
relaymg shall be m accordance WIth ANSI C57 13

All current transformer taps shall be WIfed to acceSSIble short CIrCUItmg type termmal blocks
located m the control cabmet All current transformer WIfIng shall be No 10 AWG stranded

9 25 2 5 Control Cabmet

The CIrCUIt breaker shall be proVIded WIth a control cabmet for housmg all electncal,
pneumatIC or pneumohydrauhc control functIons reqUIred for the CIrCUIt breaker operatIon
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• All external secondary wmng shall be mstalled m a weatherproof metal condUIt system at the
manufactunng facIllty Control cabmet and condUIt system shall be proVIded WIth the
necessary seals, drams and breathers to prevent the entrance of mOIsture and to prevent
condensatIon All external wmng shall be arranged to enter the control cabmet from the
bottom Top entry IS not acceptable

Voltage to control devIces requmng manual mampulatIOn shall not exceed 230V ac or 125V
dc

All secondary and control wIrmg shall be IdentIfied WIth WIre markers located at each end All
WIres shall be termmated usmg rmg-tongue type termmal lugs TermInal blocks shall be
barner type WIth marker stnp and termInal cover Termmal pomts shall be permanently
marked and shall be sIZed to allow a mmImum No 8 AWG WIre SIZe for the Owner's
connectIons All aUXIlIary contacts and control wmng shall termmate on acceSSIble termInal
blocks All control WIre shall be fleXIble, stranded, tInned-copper, type SIS, rated 600 volts
MaXImum of two WIres shall be termmated on any termInal POInt MInImum SIze of control
WIre shall be No 14 AWG

•

•

Control cabInet shall be a NEMA 4, gasketed, completely enclosed, weatherproof enclosure
VertIcal hInged doors wIth a lockIng deVIce shall be prOVIded to hold the door(s) In the full
open posItIOn Door(s) shall be prOVIded WIth prOVIsIons for padlockIng In the closed pOSItIOn
Door hInges and latchIng deVIces shall be corrOSIOn reSIstant Control SWItches and IndIcatIng

deVIces shall be mounted on a hInged panel located InSIde the control cabInet

Control cabInet shall be prOVIded WIth a gasketed condUIt area cover plate m the bottom of the
enclosure When breathers are proVIded to prevent condensatIOn, they shall be located m the
bottom of the enclosure and shall be SIZed to prohIbIt the entrance of Insects

The four-dIgIt operatIOn counter and breaker pOSItIOn IndIcatmg deVIces shall be proVIded and
VISIble from platform level WIthOUt openIng the front door(s)

A mechamcal CIrCUIt breaker pOSItIon mdIcator deVIce to show the open or closed pOSItIon of
the mam contacts shall be proVIded

All deVIces located m the control cabmet shall be acceSSIble from the elevated structure
prOVIded by Contractor

Control cabmet shall be furmshed WIth the followmg accessones and controls, m addItIon to
those speCIfied herem
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Key operated Local-Remote Breaker Selector SWItch •
Breaker Control SWItches arranged for Local Control
Fused Tnp CncUlts (two)
Fused Close CIrCUlt
Control Power FaIlure Relays for Tnppmg and Closmg CIrCUIts for Remote
AnnunCIatIon
Thermostatically Controlled Space Heaters rated 440V AC and operated at 220
VAC
Ground Fault Protected Duplex Receptacle rated 230V, AC, 20A
Intenor Incandescent LIght FIxture
Indicatmg llghts for each alarm condItIon

The key operated Local-Remote Breaker Selector SWItch shall be proVIded WIth key removable
only m the "Remote" pOSItIOn The key shall be kept WIth the Plant Control Room Operator
The "Local" pOSItIon of the Local-Remote Selector SWItch shall be annuncIated m the plant
DCS The local Breaker Control SWItch shall only be able to exerCIse the Cl!CUlt breaker when
the Local-Remote Selector SWItch IS m "Local" and the dIsconnect SWItch on the transformer
SIde IS m the open pOSItIOn

CircUlt breaker control SWItches shall have pIstol gnp handle, target type escutcheon, be rated
600 V, 20 amp contmuous duty. WIth an mterruptmg ratmg over the full range of control
voltage (105-140 Vdc)

The red and green mdlcatmg llghts WIth reSIstors SUItable for operatIOn over the entIre range of
control voltage (105-140 Vdc) shall be furnIshed Green lIghts shall be powered from the tnp
CIrCUIt to momtor tnppmg voltage pnor to clOSing the breaker Red lIghts shall be connected
to momtor tnp coIl contmUlty Each trIp coIl shall have a separate red lIght

9 25 26 Mounting Structures

Contractor shall deSIgn and supply an elevated steel structure to enable Cl!CUlt breaker to be
mstalled m-Ime WIth the Isolated phase bus duct Contractor shall also prOVIde an access
platform to span all three phases, and ladder(s) for personnel access to platform(s)

Structural steel for the elevated support structure shall conform to ASTM A36

All connections shall be welded or hIgh-strength bolted Weldmg shall be m accordance WIth
AWS D 1 1 HIgh strength bolts shall be In accordance WIth ASTM A325
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• The elevated support structure shall be desIgned to wIthstand the WInd and seIsmIC loadIng
applIcable to the sIte

All access prOVlSlons shall be In accordance wIth OSHA reqUIrements, as specIfied In 29 CFR,
SectIOn 1910

9 25 2 7 Nameplates

A staInless steel nameplate shall be affixed to each pIece of eqUIpment furmshed by the
Contractor It shall bear the ratIng and other essentIal operatIng data and shall mclude
reference to mstallatlon and operatmg mstructIOns

Lammated plastic nameplates shall be proVIded for all deVIces located mSIde the control
cabmet Each nameplate shall be 3/32 Inch mmunum thIckness, 1 mch hIgh and 3 mches
WIde The plate shall be whIte WIth mmunurn 3/16 mch hIgh engraved black lettermg Each
nameplate on the extenor of the cabmet door, or mtenor of control cabmet shall be fastened
WIth a nnmmum of two staInless steel screws

•
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SECTION 10 0 - INSTRUMENTATION AND CONTROLS TECHNICAL
• REQUIREMENTS

10 I General RequIrements

The desIgn of all mstrumentatIOn and control systems shall proVIde maXImum seCUrIty
for plant personnel and eqUIpment whIle safely and effiCIently operatmg the plant under
all condItIOns wIth the hIghest pOSSIble avaIlabIlIty

•

•
102

The deSIgn of the control system for the plant shall utIlIze a mIcroprocessor based
dIstrIbuted control system(DCS) m combmatIOn WIth proprIetary controls furmshed
WIth the CT's and ST CRT control consoles shall be used for the prImary plant
operator mterface The CRT console shall contam four CRTs, a mmnnum of two
keyboards, and cursor controls and m general allow the use of two plant operators
The thIrd party control systems supplIed WIth the major plant components shall be tIed
mto the DCS WIth redundant senal commumcations lInks and hardWIred SIgnals for
cntical control SIgnals Those remammg control and mOnItormg SIgnals for Balance of
Plant (BOP) applIcatIOns and the HRSG's and therr assocIated system/components shall
be brought drrectly mto DCS I/O cabmets CRT dIsplay graphICS shall proVIde the
operator WIth control, momtormg, recordmgltrendmg, 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 utuIZe the system
data hIghway m lIeu of the mstallatIOn of large quantitIeS of mstrumentatIOn and control
cablmg

The mstrumentatIOn and control deVIces utIlIZed shall be standardIZed to the greatest
extent practIcal

The large rotatmg machmery on thIS project, namely the CombustIOn Turbmes/Steam
Turbme/Generators (CT/ST) and the boIler feed pumps shall be eqUIpped WIth VIbratIon
mOnItorIng sensors A Water and Steam Samplmg Panel shall be reqUIred for
mOnItonng 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 DIstrIbutIon System shall be controlled from the ElectrIcal DIstnbutIon
Control Panel (EDCP) as well as from the DCS Electncal eqUIpment status and
alarms shall be sent to the DCS VIa communIcations lmks and/or hardWIred mputs
The generator breakers shall be controlled VIa the automatIC synchrOnIZatIOn provlSlons
m each turbme generator control system

Codes and Standards

AmerIcan Natlonal Standards InstItute (ANSI)
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Amencan SOCIety of Mechamcal Engmeers (ASME)

InstItute of ElectrIcal and Electromc Engmeers (IEEE)

Instrument SOCIety of Amenca (ISA)

NatlOnal Electncal Manufacturers ASSOCIatIOn (NEMA)

NatlOnal FIre ProtectlOn ASSOCIatIOn (NFPA)

10 3 Overall Plant Control and Momtonng

10 3 1 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
momtonng the plant AddltlOnal 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 Electncal
Dlstnbutlon System shall be normally controlled from the hardwrred EDCP which has a
ffilffilC of the system In additIOn, thiS electrical eqUIpment has Its status displayed and
performance momtored by the DCS •

The Turbme BUlldmg shall have a dedicated, envrronmentally controlled area that will
serve as a central locatIOn for plant control and momtonng The operators' consoles
and aSSOCiated pnnters 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 wlthm thiS area to ellffiIDate any distractions to the operators
The DCS engmeers workstation and Its pnnter and the CT's and ST control system

pnnter shall be located m an area adjacent to the pnmary plant control faCIlIties but not
duectly m that Isolated area Furthermore the control/electromcs area shall house DCS
mput/output and electromcs cabmets and other ffilscellaneous plant control and
momtonng hardware Remote DCS 1/0 and Electromcs cabmets shall be located m
environmentally controlled enclosures to mmnmze the effect of ambIent conditIOns on
the senSItIve hardware

Refer to Control System Block DIagram, Drawmg No IC-l for conceptual layout of
the control system ThIS drawmg IS for IllustratIon purposes Vanations due to site
condltlons, vendor conventions and deSign development must be Incorporated In
Contractor's deSign

•
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•
10 3 2 Plant Control and MOnItonng PhIlosophy

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 CT1ST up to speed along WIth HRSG warm-up
and mcreasmg steam productIOn Alternate, selectable start sequences shall be
avaIlable when restartmg from a warm or hot condItIOn The loadmg of the generators
shall be accomplIshed manually by the plant operator m response to the electncal load
demand The control system shall also be capable of automatIcally shuttmg down the
plant m an orderly manner Although each of these major plant components have theIr
own autonomous control system, the DCS shall be the control and mOnItorIng focal
pomt for combmed cycle operatIOn

The plant's steam cycle shall be deSIgned to prevent the mductIOn of water mto the ST
and Its related components ASME Standard TDP-I addressmg thIS subject shall be
complIed WIth

• 104

The CT's, ST, HRSG's and GCS shall be complete WIth mstrumentatIOn proVISIOns to
perform performance testmg m accordance WIth the reqUIrements of the ASME
Performance Test Codes

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 therr assOCIated components
The CombustIOn Turbme (CT), Steam Turbme (ST), Gas Compressor(GC), Water
Treatment System(WTS), and SodIUm HypochlOrIte System (SHS) shall each have a
thIrd party control system

These control systems, except for the CT and ST, shall be constructed of mdustry
standard programmable lOgIC controllers (PLC) or approved equal The control
systems for the CT's 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 CT's and the ST for cntical
SIgnals The DeS IS reqUIred to support the mtegrated operatIon of the major thIrd
party control systems Interlocks between these control systems and the DCS that are
CrItIcal to contmued 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 auxIhary panel m the operator's area) shall also be
hardwIred wIth an CT/ST emergency manual stopltnp sWItch The GC control system •
shall utIhze a smgle commUnIcatIons lInk. to the DCS for supervIsory control and
mOnItonng, however, thIS system shall be normally operated locally The WTS and
SHS control systems shall utIlIze a smgle COmmUnIcatIons lInk. to the DCS for
momtonng only and wIll be operated locally The GC, WTS and SHS controls shall be
powered from a smgle power source

The CT's and ST control systems shall have a local operator statIOn located wIth the
system processors m the turbme electromc 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 unauthonzed or unsupervIsed
operatIon IS not avaIlable The control system for the STG shall comply WIth
reqUIrements of IEEE Standard 122

ThIrd 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 FITst generatIOn software shall not be prOVIded A mmunum of 2 years field
expenence With the proposed software release IS requITed The system configuratIon
shall be retamed on commercially avaIlable magnetIc or optICal dIsc and shall be
mstalled vIa the system's workstation ThIS workstatIon shall have the capabIlIty to
make changes to the system configuratIOn whIle the plant IS on-lme Advanced
software releases shall be made avaIlable to the Owner as they become commercially •
avaIlable

The GC, WTS and SHS control systems shall have local control panel to fully support
the operatIon and mamtenance of the system The panel shall be located m an area
Immediately adjacent to the eqUIpment served and shall have a means for preventmg
unauthonzed operatIOn These local operators panels shall utilIze mdustnal grade,
envITonmentally hardened, CRT(s) for control, momtormg, and alarmmg A hardwued
trouble alarm shall transmItted to the DCS m the event of any control system trouble
mcludmg loss of commUnIcations to the DCS The GC, WTS and SHS control systems
shall be fully capable of operatIon mdependent of the DCS

ThIrd party control systems that mterface WIth the DCS shall have a response tlIDe to a
control system mput or command SIgnal through that commurucatIons pathway m two
seconds or less Control system hardware shall be capable of on-lIne replacement of
components and have a full lIbrary 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 mterface of these thIrd party control systems to the DCS shall utIlIze mdustry
standard commUnIcatIons hardware and software These commUnICatIons faclhtIes shall •
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be the eqUIvalent of the comrnumcatIons facIlIties m the DCS and functIon m a manner
as to not compromIse the safe and relIable of the plant nor the DCS

All thIrd party control systems 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 The commurucations mterface wIth the DCS shall
also be tested to confirm lmk operabIlIty and systems mtegratlOn The test shall be
performed eIther wIth the actual DCS or the Employer's approved eqUIvalent All tests
shall typIcally mclude the sImulatIOn of system mputs and momtonng of outputs to
venfy the system's functIOnalIty

10 4 2 DIstnbuted Control System

A mIcroprocessor based DCS shall be the prImary 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 Implement both closed and open loop control to bnng the plant from
cold start, up to the desrred operatmg condItIOn, and back to cold shutdown After
synchromzatlOn 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 DeS shall also morutor, dIsplay, and record process data receIved from field
sensors and through commurucations lmks ThIs mformation shall be used for general
process superVISIon, executIon of plant and eqUIpment performance calculatIOns,
histoncal recordkeepmg/trendmg mcludmg sequence of events recordmg, and
dIagnostICS for management and mamtenance of the plant

The DeS 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 Des hardware
and software shall be of a product lme and release WhICh have a mIrumum of 2 years
field applIcatIOn expenence m slffillar InstallatIOns

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 IndIcatIon of component faIlure at any level of the
system operatIOn System trouble shootIng and mamtenance shall be normally be
performed from the engIneer's workstatIOn

DCS remote cabmets contammg system I/O modules, control processors,
commumcatIons modules and thIrd party control system comrnumcations lInks, shall be
located at strategIC areas throughout the plant to reduce hard cablmg 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 DCS shall utIlIZe redundant control processors that are physIcally mdependent yet
IdentIcal m control programmmg 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 control/monItonng capabIlIty be placed mto serVIce
on the faIlure of the pnmary processor and an mternal DCS alarm shall be InItIated
Upon correctIon of the faulted condItIon, the two processors shall automatIcally resume
theIr 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 DCS shall be capable of acceptmg the followmg mput and output SIgnal types, as a
mlmmum

• Analog Input 4 - 20 rnA

• Analog Output 4 - 20 rnA

• DIgItal Input 24 VDC or 125 VDC or 120 VAC

• DIgItal Output 24 VDC or 125 VDC or 120 VAC

• Thermocouple Input Type E or Type K mV

• RTD Input 100 Ohm Platmum or 10 Ohm Copper

Analog mputs (4-20 rnA) and dIgItal mputs and outputs shall be capable of powenng
dIrectly from the DCS 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 DCS 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 a Sequence of Events (SOE) pomt thereby
requmng that that pomt be gIven a hIgh tune resolutIOn, status alarm These SOE

•

•

•
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pOInts shall be tIme stamped to wIthIn a resolutIon of one mIllIsecond for post tfIP
analysIs A mmllnum of one hundred (l00) pOInts 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 dlstnbuted 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 mterface ports shall be provIded for commUnICatIOns
between DeS cabmets and components Both data hIghways shall operate
slffiultaneously so that m 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 agamst false data tranSmISSIOn, allow for error
detectIon, faIlure detectIOn/recovery as well as automatIC sWItchover to the redundant
hIghway Those thIrd party control systems havmg redundant commUnICatIons lInks
shall have automatIC and bumpless sWltchover to the backup lInk m the event of a
faIlure An mternal DeS alarm shall be lnItlated upon the detectIon of a faIlure of the
data hIghway and/or a commUnICatIOn lInk to a thIrd party control system

The mterfaces to thrrd party control systems shall be mdustry standard commUnICatIons
configuratIOns The hardware to mterface these systems to the data hIghway shall
resIde m the DeS system cabmets

10 4 2 4 DeS Power SupplIes

The DeS components whIch are VItal to the system's contmuous operatIOn shall receIve
power from two mdependent power sources One power connectIon shall be from the
plant UnmterruptIble Power Supply (UPS) and shall act as the prunary whIle the other
shall act as the backup The backup power connectIon shall automatIcally be placed
Into serVIce bumplessly on the loss of the prunary power and an mternal DeS alarm
shall be InItIated Upon the resumptIon of power to the prunary 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 prmters and engmeers '
workstatIOns, shall be fed from a smgle source of Umnterruptible Power

The power supplIes to the DCS shall be fed through separate CIrCUIt breakers and
SUItably condItIoned to protect the DCS from supply system tranSIents
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The DCS shall provIde redundant Internal power supplIes to power system electromcs
and also support powenng of both analog and dIgItal I/O An Internal DCS alarm shall •
be InItiated on the loss of pnmary power supply

The mterrogatlOn voltage for field control devIces shall be 24 VDC or 220 VAC
DIgItal I/O pOInts shall also be capable of receIvIng/transmIttIng 220 VAC and 125
VDC The DCS shall proVIde the 24 VDC power to operate all analog loops

10 4 2 5 Hardware ReqUIrements

The DCS and Its components shall be desIgned to operate under all normal and
potentIally abnormal condItIons These abnormal condItIons shall Include the loss of
envIronmental conditIOnmg, under and over voltage tranSIents, power supply nOIse, and
RFI mterference The DCS eqUIpment shall be deSIgned m accordance WIth ANSI
Standard C37 90 1 and C37 90 2

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

Hunudity

239°C Normal
4SoC Loss of HVAC

60 Percent Normal
95 Percent Loss of HVAC •

Outdoor Areas and Process Areas WIthIn BuIldmg
Temperature 3°C - 43°C

HumIdIty 100 Percent

Remote DCS cabmet(s) shall be housed m aVaIlable envIronmentally COndItIOned
bUIldmgs wherever pOSSIble or envIronmentally condItIOned, walk-m control
enclosure(s) These control enclosures shall be prOVIded by the plant contractor The
COndItIOnmg eqUIpment m these bUIldmgs or enclosures shall maIntam the DCS
hardware wlthm the manufacturer's prescnbed operatIng 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 theIr 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 tImely 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 umt
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 Slll11larly, 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 pnnter shall be
located m an area adjacent to the prImary plant control area

Three prmters shall be prOVIded for the operators use One color pnnter shall be
operator selectable for generalloggmg or trendmg Another color prmter shall be used
for alarm loggmg mcludmg SOE pomts The thrrd color prmter shall be an operator
selectable, VIdeo prmter capable of reproducmg DCS graphIcal dIsplays A color
pnnter 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 commumcation mtegnty

10 4 2 6 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 resettIng as well as for
the testIng of the alarm system In the DeS An adjustable, audIble warmng 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-lIne 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 IUnIts and vanable rate of change that alarm when exceeded

10 4 2 7 CRT GraphIcal DIsplays

The DeS graphIcal dIsplays shall as a mInImUm conSIst of the follOWIng types

• SelectlOn (Menu)
• OverVIews
• Alarm LIStIng
• Process/Systems
• RecordIng/Trends
• X-Y Graph
• Controller (Group and DetaIl)
• Hand SWItch (Group and DetaIl)

SelectlOn display(s) shall prOVIde the system operator WIth a means of eaSIly naVIgatIng
between all the other pOSSIble dIsplays The Contractor, Owner and Vendor shall
deCIde upon the presentatIon colors for each dISplay Text shall be In RUSSIan

OverVIew graphIC dIsplays of the plant and major eqUipment shall be prOVIded as a
means of SUmmarIZIng the operatIOn of the plant and ItS eqUipment

The Alarm LIStIng dIsplay shall mclude all actIve alarms In the order they were
receIved and WIth the latest alarm appearIng at the top of the 11st New alarms shall be
dIsplayed In the b11nkmg 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 11stmg

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 varIables,
eqUipment status, and alarms The graphICS shall also mclude operator's selectIon
pomts or hot spots that request a hand SWItch or controller dIsplay graphIC faceplate
These control faceplates are used to ImtIate a control functlOn

Recordmg/TrendIng dIsplay graphICS shall be CRT presentatIons of recorders for
process vanable recordmg or trendmg A mmxmum of eIght parameters shall be
momtored on each graphIC dIsplay screen

x-Y Graphs shall be prOVIded for plottmg one parameter as a functlOn of another
parameter Real tIme process data shall be mdicated on thIS dIsplay

•

•
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Controller graphIcal dIsplays shall be furmshed for each analog control loop The
dIsplay shall mImIC a typIcal PID controller faceplate wIth the assocIated parameter
mdlcatlons and selectIOn/adJustment capabIlItIes

Hand SWItch graphIcal dIsplays shall be furmshed for each dIgItal control CIrCUIt The
dIsplay shall mImiC a typIcal hand sWItch wIth means to select the control status of the
eqUIpment bemg controlled The actual status of the component shall be mcluded m
thIS dIsplay

1042 8 Loggmg

The DCS shall have the means to produce a vanety 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
• Penodlc operatmg parameter logs

10 4 2 9 Histoncal Storage and RetrIeval

The DCS shall have the facIlIty for histoncal storage and retneval of plant data After
scanmng and mput to the system, all variables, both analog and dIgItal, shall be stored
m a non-volatIle short term memory At a predetermmed tIme, thIS data shall be
capable of bemg downloaded to a long term storage medIa Short term memory shall
have a mInImum capaCIty of SIX months storage of all data Long term data storage
shall be Implemented m a manner whIch prevents the pOSSIbIlIty 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 tIme of the Factory Acceptance Test FIrst generatIOn software shall
not be used m the Des The system configuratIOn shall be retamed on commerCIally
avaIlable magnetIC or optIcal dISC and shall be mstalled from the engmeers workstatIon
ThIS workstatIon shall have the capabIlIty to make changes to the system configuratIon

WhIle the plant IS on-lIne System hardware and software shall mclude securIty
prOVISIons to prevent unauthorIzed configuratIon changes The system configuratIon
shall be retamed m non-volatlle memory whIch shall not be affected by temporary
external power mterruptIons Durmg the warranty penod, the DCS contractor shall
prOVIde notIficatlon and mstallatIon of all software upgrades as they become avaIlable
Each upgrade shall be subject to the Employer's approval pnor to mstallatlon
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10 4 2 12 System Testmg

The DCS 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 mclude SImulatIOn of system mputs and momtormg of
outputs to venfy the system's functIonalIty The SIte Acceptance Test (SAT) shall be
performed to demonstrate all the capabIlItIes of the DCS mcludmg a venficatIOn of the
system's operatIOnal avaIlabIlIty The DCS shall have an operatIOnal avaIlabIlIty to
perform all control and momtormg 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 Avallabillty IS defined as the
duratIOn of the test mmus the accumulated system downtIme dIvIded by the duratIOn of
the test tunes one hundred FaIlure of a component shall not be counted agamst the
aval1abillty If the faIlure IS alarmed and the redundant component performs the control
functIons WIth no loss of performance

10 5 Process InstrumentatIOn and Control DeVIces

•

InstrumentatIOn and control deVIces shall be used to sense, mdlcate , transnut, and
control process varIables as requrred for safe, effiCIent, and relIable operatIon of the
plant and ItS systems and components All I & C components shall be standardIzed Ie,
manufacturer, model number, fanuly, 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 requrrement shall be apphed to thrrd party system
deVIces as well as BOP deVIces Transnutters workmg WIth the DCS shall be used
whenever pOSSIble to replace process type SWItches for control applIcatIOns All
electromc deVIces shall be deSIgned for lffiffiumty to EMI mterference and nOIse m
accordance WIth IEEE Standard C37 1

Process mstrumentatIOn and control deVIces shall be shown on the Contractor's system
Plpmg 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 mstrumentatIOn 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 m NEMA Standard
ICS 1 and the speCIfic requrrements stated m NEMA Standard ICS 2

10 5 1 FIeld InstrumentatIOn ReqUirements

10 5 I 1 The wetted parts of process mstruments shall be constructed of matenal(s) that are
compatIble WIth the process thereby provldmg long lIfe Movements shall be fabncated from
stamless 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 reqUIred 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 pressurelflow applIcatIOns, and
chemIcal dIaphragm seals for corrosIve/hazardous applIcatiOns All connections to the process
lme 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 hne, etc All deVIces that are
dIrectly connected WIth the process hne or vessel shall comply WIth ANSI Standard B31 I

10 5 1 3 Instruments I ranges shall be selected based on the calculated process condItIon WIth
the normal operatIon condItIOn bemg at less than eighty(80) percent of full scale and the
maXImum operatmg condItIOn bemg at less than nmety five(95) percent of full scale
Instruments WIth an mtegral setpomt shall have theIr actuatIOn pomt at approxImately 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 facIhty and shIpped ready for mstallation
Instruments shall be capable of withstandmg sustamed overpressunzatIOn to one hundred
fifty(l50) percent of the maXImum 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
requIrements stated m NEMA Standard ICS 6 Instruments not dIrectly attached to a process
lme or vessel shall be mounted on a local mstrument rack or on a SUItable mstrument support

10 5 1 5 A non-corrodmg metal IdentIficatiOn name plate shall be pennanently 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 sWItchmg 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 PolyvmylcWonde 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 reqUIre 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 unit 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 eqUlpment that can affect the process temperature Ie, large pumps, heat exchangers,
coolers, etc Thermowells shall be mstalled m all locations requmng temperature test pomts
Thermowells shall be also be mstalled at locatIOns to support the requrrements for ASME
performance testmg

10 5 1 11 Flow test pomts shall be prOVided as requrred to support system flow balancmg and
ASME performance testmg AveragIng type PltOt tubes shall be used for flow balancmg

10 5 1 12 The plant mstrument arr system shall be deSigned to provide the pneumatic
InstrumentatIOn and control deVices With high qualIty arr ISA Standard S7 3 shall be used m
the deSign and lffiplementatlOn of the mstrument 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 requrred accessones
needed for accurate and relIable process control Control valves shall be either globe,
butterfly, eccentnc disc/plug, or ball type The actual valve type selected and the
control valve trlffi charactenstlc shall be selected based on the service conditIOns of
each speCific control apphcatlon Control valves shall be SIZed usmg the equatIOns
speCIfied m ISA Standard S75 01 Control valve slZmg shall conSider range of
operatIng conditIOns Ie, mInlffium, normal, maXlffium, to ensure SUitable valve
capacity, trlffi selectIOn, and process rangeablhty 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 requuements Control valves shall be
hydrostatIcally tested In 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 agaInst maXlffium system shutoff differential pressure
Valve actuators In lme sIZes of 100 rom or higher shall have a manual means for
operatmg the valve Ie, handwheel Control valves shall move to the pre-determmed
faIlure pOSItIon speCIfied on a loss of air supply, Ie, open, doe, or mamtam last
pOSitIOn •
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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 repeatabilIty of 0 1 percent or better

10 5 5 Pressure and DIfferentIal Pressure Instruments

a Pressure and DIfferentIal Pressure IndIcator Gauges

•
b

Pressure and dIfferentIal pressure mdlcators shall have a 150 mm (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 mdicators 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 mdlcator shall have a gear and pmIOn movement and
shall be adjustable for calIbratIon WIthout removal of the dIal The accuracy of
Bourdon tube type mdicators shall be +/- 0 5 percent of full scale and the accuracy of
bellows type mdlcators shall be +/- 1 0 percent of full scale Furthermore, dIfferentIal
pressure mdlcators shall not be damaged m the event that the process pressure to any
one SIde of the sensmg element IS lost

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 +/- 0 5 percent of full
scale or better and shall have a repeatabIlIty of 0 5 percent or better The effects of
ambIent temperature, mechanIsm deadband, and external VIbratIon on the swItch's
performance shall be mmuDlzed

•

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, ulllversal head, bImetallIc type
The head shall be a 100 mm dIameter dIal WIth black graduations and pomter on a

")28 (II \ III 2 Dlle 8 26/98 ClO -16



whIte face wIth a plastic lens The accuracy of the local temperature mdlcator shall be
+/- I 0 percent of full scale or better

Temperature Sensors

Thermocouples and resIstance temperature detectors (RTD) shall be used for
mOnItonng eqUIpment and process temperatures Thermocouples shall be grounded
type and shall conform to ANSI Standard MC96 I Actual element materIal selection
shall be based on apphcatlOn Cold Junction compensatlOn shall be prOVIded at the
SIgnal receIvmg end RTDs shall be three WIre 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 +/- 04 percent of
full scale or better

TIp-senSItIve RTD's shall be mstalled m the beanng metal of all rotatmg machInery
rated m excess of 75 kW RTDs shall be mstalled III the stator wIndmgs of all motors
rated m excess of 75 kW Temperature sensors for bearIng and motor wmdmg shall be
duplex elements

10 6 Contmuous EmISSIOns MOnItonng System

•

The Contmuous EmISSIons MOnItonng System (CEMS) shall analyze, mOnItor, and
record the concentratIOns of vanous substances that are present m the exhaust gases for •
the mam 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 approprIate flow measurIng capabIhty for quantifyIng the
emISSIons release rate of each measured constItuent A permanent, envIronmentally
controlled bUIldmg shall be proVIded to house all the system components Each stack
shall have emISSIOns mOnItonng capabilltles that IS conSIstent WIth the operatIonal usage
of that stack

The analyzers for S02, NOx, 02, and CO shall be eIther dIlUtion extractIve or pure
extractive type The smoke densIty or opacity (partIculate) mOnItor 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 mputtIng
to the DCS Actual concentration of effluents shall be transmitted to the operator VIa
the DeS as reqUIred for adminIstratIve control functIons Ie, modulatlOn of eTG water
mJection rate when finng lIqUId fuel to control NOx emISSIons The analyzers and
assOCIated eqUIpment shall be powered from the plant unmterruptIble power supplv •
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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 AcqUIsitIOn 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 eqUlpment shall be supplIed

The CEMS shall accurately measure and report m appropnate UnIts, the emISSIOns
products/release rates of the plant m complIance WIth the requIrements of all national
codes and standards

10 7 Water and Steam SamplIng System

The Water and Steam Samplmg System(WSSS) shall mOnItor chemIcal concentratIons
of the mdicated substances for the followmg process pomts to mmImIZe 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 mlet - pH, SpeCIfic ConductiVIty, CatIon Conductivity, Hydrazme
BOller water (each pressure level) - pH, CatIOn ConductIvIty
Saturated steam - CatIon ConductIvIty, Sochum
Superheated steam - grab sample only
Condenser hotwell (each sectIOn) - CatIon ConductIvity
Clrculatmg water - Chlorme ResIdual, pH

•

Samples shall be withdrawn from the above sample pomts and transported via staInless
steel lInes to a condItIOnIng 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 dlstnbute the process flUlds
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 hardWired 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 boIler feed pumps shall be eqUipped wIth sensors and associated hardware that •
supports a VIbratIOn momtonng scheme ThIs scheme as applied to the these machInes
shall consIst of standard hardware that can be mtegrated together to provIde the plant
operator wIth accurate Vibratlon measurements and the plant staff wIth a means of
assessIng the mechamcal condItIOn of thIS rotatIng machmery The Informatlon receIved
and/or processed by thIS system shall be used for the development of a preventatlve
mamtenance program

The CTs/ST shall be eqUIpped wIth a comprehensIve bearIng vlbratlon, shaft posltIon
and dIfferentIal expansIon momtonng system WhIch provIdes contmuous momtonng for
eqUipment protectIOn as well as mformatlon for preventlve maIntenance

Each sensor shall mput to a field mounted or centrally located rack of momtors that
Interface WIth the DCS VIa a senal commUnICatIons lInk and also wIth hardwIred
cntlcal control and status sIgnals The VIbratIOn momtonng system shall IdentIfy
bearIng condItIOnS that may lead to catastrophIc machme faIlure and tnp the effected
machIne before such a faIlure can occur

10 9 Instrument InstallatIOn

FIeld mounted InstrumentatIon and control devIces shall be located In areas that are •
freely accessIble for mamtenance/calibratIon WIthOUt ImpIngIng on the access to other
plant eqUIpment These locatIons shall be free of mechanIcal VIbratIOns and WIdely
varyIng envIronmental condItIOns IndIcatIng Instruments that are dIrectly connected to
process lInes or vessels shall be clearly VIsIble from the adjacent operatIng area
Components that are not lme or vessel mounted, shall be mounted on local mstrument
racks or IndIVIdual supports and connected to the measurement source WIth staInless
steel tubIng 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 In a manner to consolIdate multIple devIces m the same plant area to a
centralIzed locatIon for cable routIng and to facIlItate eqUIpment servIng The locatIons
chosen for these racks shall also consIder the length of Instrument Impulse lIne and the
subsequent effects on mstrument response tIme(s) In those SItuatIOns where It IS not
appropnate to use thIS rack mountmg concept 1 e , one or two deVIces present, then a
structurally sound, local mstrument floor stand or wall mounted support shall be used
Supportmg matenals used for Instrument Impulse tubmg or pIpIng and racksllocal
supports shall be constructed of welded structural steel members that are coated WIth a
corrOSIOn InhibItmg pamt or galvamzed

Instrument Installatlon shall be deSIgned for proper sensmg of the mtended process
vanable Taps on process lInes shall be located In such a manner that the Impulse lInes
for water servIces are free from entrapped aIr and Impulse lInes for aIr or gas serVIces
are free from lIqUid Impulse lInes for steam serVIces shall be Installed so that they WIll •
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•

•

•

collect water or allow the lIne 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 hnes to the hIgh temperature process hnes shall have provlSIons
to allow for the thermal growth of the process hne and also the Impulse lIne

All process hne takeoffs for InstrumentatIOn apphcatIons IncludIng test provIsIons shall
have a sUItable IsolatIon valve or two for hIgh temperature/pressure InstallatIons Each
mstrument shall have ItS own IsolatlOn valve(s) In close proXImIty to the mstrument
An addmonal valved connectIon shall be provIded between the m~trument IsolatlOn
valve and the Instrument for testmg/m-sItu cahbratIon DIfferentIal pressure mstruments
shall have a three valve mamfold and test connectIons m close proXImIty to each
mstrument

Instrument Impulse hnes shall use seamless staInless steel tubmg WIth a 13 mm 0 D
and compresslOn type tube fittmgs such as Swagelok or an approved equal Only one
manufacturer's fittmgs shall be used throughout the plant

Instrument aIr shall be dIstnbuted to mdivIdual or groups of pneumatIC deVIces VIa
header/sub-header constructed of copper tubIng and sweated fittmgs Sub-headers from
the mam Instrument aIr header shall have ball IsolatIon valves Instrument aIr supply
hnes SIZes shall be suffiCIent to fully serve the mtended apphcatlOn(s) PneumatIc
deVIces shall have an IsolatlOn valve Installed m the mstrument aIr supply lme to that
deVIce upstream of the aIr set or filter/regulator

10 10 CombustIble Gas DetectlOn System

A CombustIble Gas DetectlOn 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 at
the fuel gas supply mterface to the CTG The actual quantIty of detectors shall be
determmed after mstallatIon of the gas hnes but pnor to system operatIon Each
detector shall ImtIate a local VIsual and audIble alarm on the detectIon of the fuel gas
All detectors shall be WIred to the DCS to InItiate 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 calonmeter shall be prOVIded to momtor the energy content of the fuel gas
receIved by the plant The analyzer and Its associated hardware shall be suItably
housed to WIthstand ambIent condltlons and protected agamst the potential accumulatIOn
of combustIble gas(es) The system shall be complete WIth cahbratIon system and
computer and pnnter for data reductIon and reportIng
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10 12 Ambient Momtonng Systems

10 12 1 Ambient Au Momtormg

One ambient au momtonng system (AAMS) shall be provided to measure ambient
levels of particulate matter, SO,. and NO,. outside the plant boundary The AAMS
statIon shall be complete with reqUIred samplIng system, analyzers and data acqUISItIon
system for collectmg and loggmg concentratIon data as well as meteorological data such
as wmd speed and duectIon, temperature and humidity

The statIon shall be housed m an environmentally conditIOned, walk-m shelter complete
with lIghtmg and convemence receptacles Fmal locatIon of the statIon shall be
determmed based on envlfonmental permit reqUIrements

10 12 2 Atmosphenc and Meteorological ConditIOns

Meteorological cOnditions shall be contmuously sensed and recorded from an outdoors
enclosure Signals shall be transmItted to the DeS for plant performance control where
reqUIred ConditIOns to be momtored are temperature, humidity, ramfall, snowfall,
atmosphenc pressure, wmd velOCity, wmd directIOn

•

10 12 3 Seismic Warnmgs

A Richter scale mdlcator shall be provided to warn of potential seismiC events which •
could result m plant shutdown

•
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SECTION 11 0 - CIVIL/STRUCTURAL/ARCHITECTURAL
REQUIREMENTS

11 1 General

ThIS Sectlon provIdes a descnptlon of the mam bUlldmgs, auxIlIary structures
and other cIvIl/structural work that wIll compnse the plant, as well as the
architectural features, layout, and the general cntena upon whIch theIr deSIgn
WIll be based CIvIl and structural work shall mclude geotechmcal exploratlOn,
demohtlOn, sIte preparatlon, excavation and gradmg, storm dramage and
dewatenng, underground utIlmes, outfalls, mtakes, pavmg, road work, gravel
surfacmg, and the deSIgn and constructlOn of the plant structures mcludmg theIr
foundatlons

11 2 DeSIgn BaSIS

The deSIgn shall be based on the followmg Umted States Codes and Standards
except where recogmzed eqUIvalent local regulatlOns are apphcable

•

Plant deSIgn shall adhere to the Umform BUIldmg Code (UBC) for architectural
and structural deSIgn reqUIrements In additlOn the followmg reference
standards shall be used as apphcable

• Amencan Concrete InstItute (ACI 318) •
• Amencan Instltute of Steel Constructlon (AISC)

• Amencan SOCIety for Testmg and Matenals (ASTM)

• Amencan AssociatIon of State HIghway and TransportatIon OffiCIals
(AASHTO)

• Amencan Weldmg SOCIety (AWS)

• Amencan Water Works ASSOCIatlOn (AWWA)

• UBC - Latest EdItlOn (1997)

• Underwnters Laboratory (UL)

SIte chmatlc parameters are gIven m SeCtlon 3 of thIS SpeCIficatIon
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•
113

114

Geotechmcal

The Contractor shall perform addItIonal sIte specIfic geotechnIcal mveStIgatIOns,
as reqUIred, and as a basIs for all desIgn work

SIte CIVIl Work

•

•

11 4 1 DemolItIOn

The Contractor IS to note that an area wlthm the eXlstmg CHP plant SIte IS to be
demolIshed to make room for the CCGT facIlIty SUItable precautIons are
reqUITed to Insure for the safety and IsolatIon of thIS SIte from the operatmg
areas m the adjacent plant, both dunng the demolItIOn and the constructIOn
phases These precautIons extend to fencmg and SIte secunty, burn permIts,
eqUIpment erectIon durmg hIgh wmd condItIons, fire watch, and each and every
thmg to separate the operatmg dunng constructIOn

The Contractor IS to Implement demolItIon usmg a local subcontractor The
Scope of thIS Work IS proVIded m the AppendIX to thIS Section

Underground electncallmes, as well as underground and aboveground gas
pIpelIne eXIst m the area of the new plant and shall be removed and temporanly
relocated out of the way of constructIOn actiVItIes to mamtam operatIOn of the
eXIstmg CHP power plant adjacent to the proposed SIte The temporary Ime
shall remam m operatIon until the new gas pipeime IS Installed and m operatIOn
Care shall be taken WIth all underground work smce eXIstmg underground

utilItIes may eXIst but are not documented The Contractor shall coordmate all
demolItIon and matenal salvage and/or dISPOSal WIth the Employer ThIS
mcludes eXIstmg matenals and abandoned eqUIpment laymg around the project
SIte area

11 4 2 Earthwork

Contractor shall perform all necessary excavatIOn, backfill, dewatenng, and
final gradmg as reqUIred for mstallatIOn of underground utIlItIes, foundatIOns,
support structures, dramage, and final gradmg as reqUITed Fmal sIte gradmg
shall be as follows

final plant elevatIOn shall be taken as (Later) whIch shall be conSIdered
as hIgh pomt of pavmg (HPP) and be conSIstent WIth the eXIstmg plant
HPP
FmIshed floor elevatIon for enclosed bUlldmgs withm paved areas shall
be a mmimum of 150mm above HPP
FmIshed floor level for enclosed bUIldmgs m unpaved areas shall be a
mimmum of 150mm above the adjacent fimshed grade level
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Waste matenals shall be dIsposed of m accordance wIth Employer's dIreCtiOn
FIll matenal shall be clean mmeral soll, free from orgamc or other deletenous •
matenals and stones havmg any dlffienslOn greater than 74 mm PlastiCIty Index
for fill matenals shall not exceed 10 as determmed m accordance WIth ASTM
D4318 Fill matenals shall be placed m a controlled manner, llfts shall not
exceed 200 mm m thIckness, and shall be compacted to 95% of the maXImum
dry denSIty as determmed m accordance WIth ASTM D1557

Porours fill matenal shall be placed beneath all slabs on grade, and shall be
graded m accordance WIth the reqUlrements for SlZe Number 8, as speCIfied m
ASTM D448 Mmunum thIckness of porous fill shall be 150 mm

Site fimshed grade shall conSIst of crushed stone surfacmg, not be less than 150
mm m thIckness Stone shall be well graded WIth maXlffium particle SiZe not
exceedmg 37 mm

11 4 3 Dramage and Sewers

Storm dramage shall be prOVIded to convey runoff water away from the
eqUIpment and bUlldmgs Dramage system shall consist of area drams, plpmg
network, manholes, catch basms and, If reqUIred, a retentlOn or detentlOn pond

Dramage deSign shall be based on a 25-year, 24-hour ramfall (see SectlOn 3 0) •
WIth a mmunum tune of concentratiOn of 10 mmutes Manholes shall be used at
all changes m pipe dIrection Storm dramage shall discharge towards the
eXlstmg plant dramage system

Storm dramage plpmg shall be 200 mm diameter mmunum and shall be
constructed of precast concrete pipe or galVanIZed corrugated steel pipe All
manholes, catch basms and area basms shall be constructed of precast concrete,
cast-m-place concrete, or masonry

Samtary sewer system shall be prOVided from all bathroom and locker utIlltIes
the CT/ST/Generator/HRSG BUlldmg and connected to a new sewage treatment
plant Samtary sewer treatment plant shall be SiZed for a mmunum of [Later]
hters per day With a sewer lme slope to proVide a mmunum flow velocity of 0 6
meters/sec Mmunum pipe SiZe shall be 100 mm SanItary sewer clear effluent
shall be tied mto the eXlstmg CHP plant sewer system

11 4 4 FoundatlOns and Sheet Pilmg

Foundation systems may be concrete spread footmgs, mat foundatIons, and/or
pIle foundatlOns PlIes used for pile foundations shall be concrete filled pIpe
plIes, steel H-plles, precast concrete piles, or augured concrete plIes Wood •
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•

•

plIes are not acceptable Pl1e capacIty shall be determmed by further
geotechnIcal mvestigatlon and shall be venfied by not less than two compressIOn
load tests, one uphft load test and one lateral load test PlIes may be fnctlon
plIes or end-bearmg plIes

Sheet pIlmg for dewatermg, constructIon m water, or trenchmg shall be steel or
wood, If temporary, and removed upon completIOn of constructlOn Only steel
sheet pllmg shall be used If pllmg IS to be left m place after constructIOn

11 4 5 Roads and Pavmg

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 determmed 'k' value for soIl Pavmg wlthm
10m of the CombustIon Turbme/Steam Turbme/Generator/HRSG bUIldmg shall
be deSIgned for an axle load of 31,750 kg to permIt use of cranes

Roads shall have a mmIffium one way lane WIdth of 3 5m and a two way total
WIdth of 6m All roads shall have 20m shoulders MmIffiUID radIUS of
curvature shall be 200m All roads shall have a 20 mm1m slope from the
crown All other paved areas shall pItch not less than 10 mm1m to drams

Areas around eqUIpment not mdicated as paved shall be compacted crushed
stone m accordance WIth the reqUIrements for earthwork

•

115 Structural DeSIgn

Structural deSIgn shall be based on Amencan InstItute of Steel ConstructIOn
CAISC), Amencan Concrete InstItute CACI), and UBC Codes DeSIgn loads,
load factors, and allowable stresses shall be m accordance WIth the codes and
specIfic modificatlons noted EqUIpment weIghts shall be manufacturer's hsted
operatmg weIghts MmIffiUID safety factors shall be

Overturmng 1 5*
Shdmg 1 5*
Buoyancy/Wmd UplIft 1 5*
Impact 1 25

*Reductlon to the S F of 1 25 may be used for temporary, controlled
constructIon loadmg

ErectIon loads shall be determmed by the Contractor m conJunctlon WIth vendor
mformatIon
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All structures, eqUIpment anchorage, pIpIng, 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
restraInt

DeflectIOn llIIDtatIOns shall be m accordance WIth AISC recommendatIons
DIfferential deflections, or settlements, shall be llIIDted to the maXImums stated
In ACI More stnngent reqUIrements are requrred for supports for dynamIcally
loaded eqUIpment DeflectIOns shall not exceed manufacturer's reqUIrements

Bndge crane capacIty shall be based on crane SIZe needed to 11ft SIngle largest
part reqUIred for repaIr of eqUIpment, WIth an addItIOnal 10% reserve capacIty

SubmIttal of calculatIons to Employer IS reqUIred for all concrete, steel, and
masonry elements and seIsmIC analysIs CalculatIOns shall contam element
IdentificatIOn, loadIng, and assumed support condItIOns, as well as fmally
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
subIDltted WIth the calculatIOns The deSIgn shall be certIfied by a lIcensed
professIonal engmeer

11 6 Structural Matenals

• Concrete - shall have an ultnnate compressIve strength of 21 0 MPa at 28 days
and a IDlnllTIum 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 IDlnnnum compressIve strength of 27 5 MPa at 28 days
Cement shall conform to ASTM C150, Type II (unless Type V IS reqUIred to
meet SUbSOIl condItIOns)

• Concrete mIX deSIgn shall be m accordance WIth the reqUIrements of ACI 318
MaxlIDum water/cement ratIO shall not exceed 045

• RemforcIng Bars shall be deformed bars complymg WIth ASTM A615, Grade
60 Welded wrre fabnc remforcement shall comply WIth ASTM A185

•

•

•
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11 7 CT/ST/Generator/HRSG BUIldmg

The conceptual layout drawmg for the CT/ST/Generator/HRSG BUIldIng IS as
shown on BRE DrawIngs M-200 and M-201

The CT/ST/Generator BUIldIng shall contaIn the combustIon turbInes, HRSG's,
steam turbIne, generator, and assocIated auxIlIary eqUIpment, IncludIng
condensers, vacuum pumps, closed coolmg water heat exchangers and pumps,
condensate pumps and and offices, control room, electncal SWItchgear room,
battery room, dmIng room, lockers and shower and tOIlet areas, and a
mamtenance and shop area

Spaces WIthIn the personnel area shall be temperature and hUIIDdity controlled
Wall InsulatIon shall be prOVIded

NOIse levels for the control room and office areas shall not exceed 45 dbA

Intenor buIldmg clear heIght along the turbme generators shall be controlled by
the overhead serVIce crane and Its abIlIty to remove all necessary eqUIpment
parts BUIldmg 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 requrrements VentIlatIon shall be as
deSIgned to 11ID1t temperature m operatmg areas as speCIfied In SectIon 8

SpeCIfic structural deSIgn crIterIa for the bUIldmg are as follows

•

EqUIpment Loads
SpeCIal LIve Loads
Ground Floor Slab General -

Tank Load
PIpe Loads

Cable trays

Vendor supplIed operatmg weIghts
Turbme laydown - 3000 Kg/m2

1500 Kg/m2 (300 pst)
or 9T fork 11ft wheel load
110% full capaCIty
Mm1Il1um 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

until actual loads are
known
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11 8 Turbme/Generator Pedestals

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 dynamIC 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
determme the response frequenCIes of the pedestal to ensure non
resonance WIth the rotatmg eqUIpment

The entIre pedestal shall be modeled, IncludIng the mat foundatIOn and
supportIng plIes (If applIcable) The statIC portIon of the analySIS shall
Include

1) Beams, grrders, and columns shall be modeled as pnsmatIc
members representIng the charactenstlcs of the real structure
Members shall be located at the centerlInes of therr sectIons
SectIon propertIes shall be based on uncracked sectIOn

2) Shear and torSIOnal effects shall be conSIdered In the analySIS and,
accordmgly, care shall be taken m speclfymg member propertIes
and loads to accurately account for these effects

3) The mat shall be modeled usmg sprmgs to represent the plIes (If
applIcable) and soll-structure InteractIOns SoIl and plle
parameters shall be based on recommendatIOns of the
GeotechnIcal 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 Tills may be done by
program command or by modelIng "lmks" or connectIng
segments WIth relatively hIgh stiffness

5) EqUIpment weIghts, locked rotor load, and VIbratIon loads shall
be prOVIded by Vendor

The dynamIC analySIS shall mclude

•

•

•
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1) The dynamIc loadmg shall be m accordance WIth manufacturer I 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 Included

4) Degree of dampIng shall be as recommended by the
manufacturer

11 9 CombustIOn TurbIne/Steam TurbIne AccessorIes

Each CT aIr Intake filter shall be located on an Independent foundatIon mat
Isolated from the turbIne mat

CombustIon turbIne/steam turbme support modules such as the accessory
module, lIqUId fuel atOlD1Zmg 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 mm above grade Dynannc analySIS IS not reqUIred

11 10 Heat Recovery Steam Generator (HRSG)

Each HRSG, IncludIng Its stack, shall be erected on one contInUOUS mat
foundatIOn Mat shall be a mmImum of two meters larger (In each dIrectIOn)
than the plan dImensIOns of the HRSG, and a mmnnum of 300 mm above grade

Thermal loads due to eqUIpment expansIOn and contractIOn (hOrIzontal fflction
loadmg) must be conSIdered

Boller feed pumps shall be mounted on a combmed mat (pIle supported, If
applIcable) Mat weIght should be not less than 9 tImes the weIght of the
pumps

All concrete shall have a 28 day ultimate compressIve strength of not less than
27 5 MPa

11 11 Gas Compressor/Scrubber

The gas compressors and scrubbers are to be located outdoors, on one
contmuous mat foundatIon Mat SIze shall be a mInImUm of 1 Om larger all
around the plan area of the eqUIpment Total mass of the mat shall be not less
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than 9 times the weIght of the rotatmg parts and 4 5 tImes the weIght of the
eqUIpment Top of concrete shall be 300 rom above the fimshed grade

11 12 MIscellaneous Yard EqUIpment and Tanks FoundatIOns

Tanks and transformers shall be on mat foundatIons (pIle supported, If
applIcable) 300 rom above fimshed grade Mats shall be a mmunum of 500 rom
larger than the tank dIameter Support mats shall be deSIgned for wmd loads on
empty tanks to resist overturmng

MIscellaneous transfer pump pads shall be supported on concrete foundatIons
FoundatIons shall be deSIgned so that the natural frequency of the soll/
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 rnm high curbed area to contam leaks or
spills Dramage shall be piped to an oll/water separator for discharge mto storm
system

11 13 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
mmunum 40 rnm SIZe, and shall be not less than 500 rnm thick If supported on
steel gratmg above the bottom of the Pit Overall basm sIZe shall be detetmlned
m accordance With the followmg cntena

a) Basm sIZe shall be establIshed so that any 011 spill Will be directed wlthm
the confmes 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 fIghtrng
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 handlmg

Retention basm and transformer support shall be on a concrete mat foundatIon,
pIle supported DeSIgn load shall mclude weights of transformer, rock, 011, and •
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fire water There shall be no water overflow mterconnectIOns between
transformer foundatIOn basms

11 14 Cable Duct & Trenchmg

Yard electrical power, control, and commumcatIon cables shall be routed m
remforced concrete underground duct banks or pre-cast cable trenches For
type of system, refer to ElectrIcal DesIgn CrIterIa, SectIon 9 0

The cables shall be routed m plastIc ducts encased m remforced concrete (duct
banks) or pre-cast cable trenches placed m excavated trenches and properly
backfilled ElectrIcal manholes shall be prOVIded at changes m dIrectIOn, and
elsewhere, as reqUIred, for mstallatIon and mamtenance of the cables

CrIterIa for Excavatmg and Backfillmg

a) Trenches shall be excavated to the depths reqUIred to proVIde a mInImum
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 InStallatIOn and backfill

b) Backfill shall consIst of granular matenal or morgamc SIlt or clay WIth a
lIqUId lImIt less than 50 The first lOOmm above the cable shall be sand
Placement of backfill shall be m 150mm lIfts CompactIOn of
cohenslOnless sOlls shall be to 95 percent maXImum dry denSIty and 90
percent for coheSIve SOlIs

c) A bnghtly colored (red) plastIc warmng tape shall be placed over the
cable approxImately 300mm below grade as a "dIg-m" warmng
mdlcatlon Tape shall be mscrIbed WIth word "Electnc" m RUSSIan

CnterIa for Concrete Duct Banks

a) Where mdlcated, plastIC ducts shall be encased m red dyed concrete
Each smgle duct shall be completely encased m a mInImum of 75mm of
concrete Between adjacent power and commumcation ducts prOVIde
lOOmm of concrete

b) Top of concrete shall be a mmImum of 750mrn below grade or pavmg

c) Mlmmum remforcement for shrInkage shall be proVIded throughout At
road crossmgs and under pavements, remforcement shall be adequate for
Imposed loadmg
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d) Duct banks shall be sloped towards manholes at a slope no less than
100mm m 30 meters

e) Encasement of ducts shall be monolIthIc ConstructIOn Jomts shall be
watertIght to prevent mfiltratIOn of water mto 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
agamst the sIdes of the trench Backfill to 300mm above the duct bank
shall be free of stones larger than 50mm 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
flexIbIhty requITed to wIthstand relatIve movement due to seIsmIC
loadmg

d) Each manhole shall be furmshed WIth a submersIble sump pump WIth a
cast Iron grIlle-type frame and cover

e) A cable pullmg Iron shall be mstalled m the wall opposite each duct lIne
entrance

Structural DeSIgn Loads shall mclude the followmg, as applIcable

1) Dead load of structure and eqUIpment

2) Overburden due to soIl backfill

3) Lateral loads due to SOlI assummg an at rest condItIOn

4) Hydrostatic loads due to presence of groundwater •
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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 apphed

7) Manholes shall be founded on natural subgrade or compacted fill
Allowable sod pressure shall be

a) On natural subgrade - to be deternuned 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 15 Coolmg Water System

The auxIhary pumphouse, m WhICh the pumps for umts 6 and 7 were located,
shall be re-utIhzed for the CCGT plant Old pumps shall be removed and
replaced m kInd WIth hOrIzontal centrIfugal pumps EXIstmg mamtenance hfts
shall be used

11 16 Yard PIpmg SUIWorts

All pIpIng shall be supported above grade on cast-m-place concrete sleepers
(pl1e supported, If apphcable) PIpmg shall be supported over roadways on steel
pIpe racks WIth a mmImum road clearance to undersIde of structure of 4 5m

Sleepers shall have top of concrete a mmunum of 300 mm above grade and be
deSIgned for pIpe forces determmed by pIpe stress analySIS

Elevated supports shall be steel framed racks on concrete caps or spread
footmgs (pile supported, If apphcable) Racks shall be deSIgned for pIpe forces
plus wmd loads or SeISmIC forces, whIchever IS greater Steel shall be
fireproofed WIth applIed gumte If passmg over areas where flammable matenals
can accumulate

FIre water Imes 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
o 6m The pIpe shall be supported on 150mm of granular beddmg matenal
compacted to 95 % maXImum dry denSIty Backfill matenal shall be controlled
fill placed In two 150mm hfts compacted to 95 % maXImum denSIty The
balance of the fill shall be controlled fill placed In 150mm hfts
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11 17 ArchItectural DesIgn CnterIa

11 17 1 DeSIgn ConsIderatIOns

ArchItectural deSIgn shall be based on establIshIng functIonal bUildIng and space
relatIonshIps

11 17 2 ApplIcable Codes and Standards

For constructIOn, fire protectIon, and lIfe safety standards, the reqUirements of
the folloWIng codes or standards shall govern

a NatIOnal FIre ProtectIon ASSOCIatIon (NFPA)

b UBC - Code for Class B4 Occupancy

11 17 3 ArchItectural DeSIgn

BUIldmg floor plans shall be determmed m accordance WIth the eqUIpment
general arrangement SuffiCIent area for eqUipment laydown, repaIr, part
removal and personnel eXItIng shall be mc1uded m all plans All occupIed non
operatIOnal areas shall have a mmunum sound msulatIOn meetmg STC of 36

All normally occupIed areas shall be prOVIded WIth two means of egress m
complIance WIth NFPA 101, LIfe Safety Code

ConstructIOn materIals and/or systems selected shall have a mmunum useful hfe
of 25 years m the enVIronment m whIch they are used

11 17 4 General Above Grade ConstructIon

ConstructIon of bUIldmgs shall be as mc1uded m Table 11 1 Color WIll be selected by
Employer at a later date

TABLE C 11 1

•

•

BUildmg
CT1STIGenerator/HRSG
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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 mInImUm thIckness
of 0 70mm Sheet shall conform to ASTM A653SQ Grade 33 WIth
coatmg deSIgnatIOn G90 The panels shall have an epoxy base coat on
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 Immmum msulatIOn value of the total panel
assembly shall be 0 04 cal/hr/sqcmJ°C

SubgIrts Preformed from metal sheets WIth a mmImum thIckness of 1 2
nun Sheets shall conform to ASTM A653SQ Grade 33 WIth coatIng
deSIgnatIon G90 The depth of sectIOn shall be adequate to wIthstand
Imposed loadIng

LIner Tray Factory preformed metal panels WIth a mmunum 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 coatmg

FIre ReSIstance FIfe reSIstance of the core combmed WIth face and lmer
panels shall have a flame spread ratmg of 25 when tested In accordance
WIth ASTM E84

11 17 6 Unmsulated Metal Wall Panels

Umnsulated metal wall panels shall conform to the same reqUIrements as
speCIfied for face sheets of msulated metal wall panels, m paragraph 11 18 5,
except that the factory applIed fIDlsh coatmg shall be applIed to both SIdes

11 17 7 WIndows and Louvers

Louvers, to be Installed m metal wall panels, shall be of the same matenal as the
metal sidmg panels

In general, louvers shall be of the fixed weatherproof type, prOVided With mSide
alummum bIrd screen and not less than 50% free area

Wmdows shall be glazed WIth tInted glass to reduce solar load
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11 17 8 Extenor Doors

Personnel Doors - Extenor personnel doors shall be hollow metal constructIOn,
m pressed steel frames mInImUm SIze 1m by 2 1m wIth panIc hardware
Weather-stnpPIng, weatherproof saddle and door closures shall be proVIded

ReqUIred number of eXIt doors shall be determIned by code reqUIrements of
NFPA 10I-Life Safety Code and UBC

RollIng Steel doors - Rolhng steel doors shall be of standard Industry
constructlon, motor operated, WIth hood baffle, weatherstnppIng and bottom
seal Doors shall be deSIgned to WIthstand the WInd velOCIty gIven In SectIOn 3

11 17 9 Roof ConstructIOn

Roof areas for bUIldmgs lIsted m Table 1, and other finIshed areas shall have a
roof system cOllSlstmg of an outer weather sheet, thennal msulatIOn, subglrts,
and an mtenor lmer tray DeSIgn of the roof system shall be adequate for the
loads speCIfied m the UBC code mcludmg heavy snow load Roof slope shall
not be less than 10 degrees Matenal reqUirements shall be as follows

• Outer Weathermg 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 applIed coatmg conslstmg 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 purlInS by
self-tappIng screws, or smular fasteners, adequate for Imposed 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 cm/°C

• Subglfts

The subglrts shall proVIde support for the outer weathenng sheet and
shall be sectlons fabncated from steel sheets WIth a mlmmum thlckness
of 1 2 mrn conformIng to ASTM A653SQ Grade 33 wlth coatmg
deSIgnatIOn of G90 A factory applIed coatmg shall be apphed to the
exposed surface LIner shall be fastened to purIms WIth self-tappmg
screws

•

•

•
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• Fasteners

Fasteners shall be stamless steel self-tappmg screws wIth washers wIth
bonded gaskets or mtegral self sealmg washers

11 17 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 fmIsh

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

CeIlmgs m office areas, control room, conference room, laboratory,
lunch room, locker room, and fimshed corndors shall be suspended,
acoustIcal, lay-m type ceIlmg panels WIth exposed grId TOIlet rooms,
JanItors' closets, and shower rooms shall have a suspended metal lath
and cement plaster ceIlmg Alternate shall be ceramIC faced acoustIcal
lay-m panels

•

• Column Enclosures

In office areas, all steel columns shall be enclosed WIth gypsum board on
turnng
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• StaIrs

Exit staIr constructIon m office areas shall be steel pan construction with •
concrete filled treads and platforms wIth non-slIp 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,
JanItor's closets, tOIlet and locker rooms, etc Where reqUIred by code,
doors shall be appropnately fire rated

Door hardware shall, generally, be cylmder type locksets, key m knob
type WIth steel butts Closers shall be proVIded at all extenor doors and
fire doors PanIC type eXIt hardware and other specIalty types shall be
provIded as requITed

• Intenor Fllllshes

Gypsum board wall surfaces shall be pamted ToIlet rooms, JanItors'
closets, and shower room walls shall be covered, full heIght, WIth
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 m control room, corrIdors,
locker rooms, lunch room, and other personnel areas Control room
floor shall be statIC conductmg type

CeramIC mosaIC floor tIle shall be proVIded m lavatones, shower rooms,
and jamtors' closets

Sheet vmyl floormg shall be proVIded m laboratory

Except for areas fimshed m ceranuc tIle, bases shall be vmyl CeramIC
tile bases shall be used WIth ceranuc floor tile

Plaster ceIlmgs shall be pamted

•

•
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11 17 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

11 17 12 FIfe Walls

FIre walls of a mmlffium 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

Separate turbme generator lube 011 storage tanks from the plant operatmg
areas

All penetratlOns, such as cable, cable tray, pIpes, HVAC ducts through the fire
walls and floors shall be fire stopped WIth approved matenal In order to
maIntaIn the Integnty of the fire rated barner

5928 011\ 01 2 Doc/8131198 ell-18
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1# DESCRIPTION PRlCJi:S UNrr Q-n' UNIT &-RlC£ WORKS PRlCE
JUSTIFI TOTAL INCLUDING TOTAL INCLUDING
CATION

matn eq-menl main rq-ment
salary use ~tary use

J 2 J 4 5 6 7 8 9 10 11
1 Pipes and metal constructions dismounting, 9-163 t 108.4 91,14 5,65 18,OS 64.:164 4002 12787

Metal frame, hlP roof, bOiler dIsmounting, TSM pll
TGM-94

(59.6 1J,31165-36 hO j 12 2xO S) x
I.O.86xl~Oa+j25K {I,OS6xl.08·1)""

2 LIft wet! (up til 40 m) and . 9 190 t 39,8 100,23 11,3 2J,4 3989 450 852
enclosure hamsters TSMpll

(1S,I-22,6xO,5~42~8xO.S-97x0»5) x
J.OB6x1,08+J25x (1,086" 1,08-')=

3 Metal constTUchon gates and 949 t 22.1 113,3 11,2 21,6 2583 255 629
wmdow tross casement TSMpU

(103 22,4 x O,S - 5:l,2 x 0,5 25,4 x 0,5) x
J,086 x I,08+306x (1,086x 1,08-1)

4 D.smounrmg ofdrums \\ uh SSRCTt) to 97,1 18,99 5,92 ',99 1&44 575 193
Internal devISe and supports p JI P 2020

9-J53
5 Low and hIgh prcs~ure plpehnes 12-26 • 316 64,95 62,7 2,07 20524 19813 654

dIsmounting K""l,l
K"'O,5

6 Waler economizer dlsmounung 12-2-4 t 204 10)84 9845 2.93 20715 20084 597
(213,4-9,72) X0,5 - 196,9)( 0,5 "" 5,8S x K.'=I,I

0,5 "'" K=O,S
7 Suspen~lon pIpes, fumance saeeD and )2-2-8 t 283.! 41,S8 34,32 1,32 })8S6 9716 2072

bOiler pIpe drsmountmg K"=),l
(81,01-3,34) x0,5 68,64 I( O,S "" 14,63 x K=O,S

0.5 '"



8 Auheater and condensation deVIce 9-163 t 215) 21.01) 5,92 13,99 6018 ]689 3991
dlsmounlmg TSMand

IInole
9 Wmches installation and VrYer p 8 15,89 7589 - 607 607 ~

dismounting OP S t 25-18
10 Wtnches (51) use STSEMp ShIft 960 9,14 - 9,14 8174 - 8714

0626
23-07

J1 RelRforcemenl dmnounllng 1-085. t 22.9 49.5 36,15 8,38 1134 842 192
12-191-U

K';O.5
12 Fumance dlSmounnng accordmg t 102,3 101,84 98,45 2,93 )0413 ro071 300

12·2-4
K=l,1
K::={).S

13 Transportation expenses accordlllg , 2086 2.:> 0,44 2.63 5215 918 423:>
Total for It. pall 158301 '9021 35276

InmlaboB dlsmountmg
14 Sltammote bnck msulatlon dismountIng 26-8 m! 3S.5 4.11 4.19 0,38 169 149 IJ

(13,5-],96) xO,~ K-0.5
8.37 xD,S 0,77 x0,5

IS Sovellte plates mutation dismountlll8 26-11 mJ 249 16,1S 10,45 0,16 4021 2601 40
K=O,S

16 Mmeral water Insulation dlS1Dounlmg 26-11 mJ 320 39,45 31,4 0,015 12624 10[)48 24
K9>.S

11 Thuma! JnsulalJon concrete dlsmountmg 46-95 mJ 340 8,2 6,3 1.9 278& 2142 646
18 Refractory ooncrele dIsmounting 46-18 m) 230 29.8 13 16,8 6154 299l> 3&64

note
19 Weather smp dlsmountmg 469S mJ 80 8,2 6,3 1,9 656 504 l52
20 Rtl11forcmg fabnc dlsmountmg # 2D-l.6, 1# 26-85 m1 1421 0,57 0,56 0,01 4230 4156 74

5.5 - 10/265 " 10 K-=O,S
nole

21 CMstruttJon garbage loadmg on tnlCks TSMM t 1980,S 1,28 0.44 0,1 2535 871 IS84
and Its mobJlaallon on the distance 11 kin
Total II part 33871 13462. 6391

20 JI1 C4:lnsnuctlon part 46-18 m) 284 29,3 13 16.8 8463 3692 417l
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• • •
Concrete masses and foundatIOns
dlSmOUntlng

21 ConSl:rucllOn garbage loadmg on trucks TSMM t 624,8 1,2& 0.44 O,S 800 275 500
and liS moblhzatlon on Ihe dlsranu J J km
Total JJl put 926.3 3967 527J

22 Iv Eleeble tn~tallatlo" works Accountan Calculated form the UOTEP esllJl1ale 11400 5640;, 10340
Electro-Ihstallatlon works pnce takmg mto , books
account K=O.s ror dismounting
Total parliV 71400 56405 10.340

79052

79052

68741

57284
]1457

210941

30571
210941

11134271
52856

272841
42018

314869
362100
60092

422092
33767
455859 110941 79052

(362100210941-79052) x I, '66 x 1 08 - 90617

TOlal parts I~IV

20% of salory and equipment use for
conSbolol circumstances
Total
TOlal K== 1,15 (orreconSlJUCIIOn

Overhead expenses 16,6%
Total
Planned accumulanons
TOlal estunate In pnces of 1984
Includmg matcnals (eleclTode, oxygen,
carllldc-calclUm pflces)
Appendix In pnr.es of 1998
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ESTIMAn: # J

MATERIALS ESTIMATE
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Mafeflab pnces (m pnCCS 1984) C(lnSlit 90802 rub
the same In pnces of ]998 - 90677 x 530 => 48058810 drams

2 Satar)' ~Sllmale

Salary tn pnccs of 19M consist 210941 tub, the umc m the pnccs of 1998 210941 lC J,25 x 15 J,5 =399469.32 drams

3 EQUipment operatl£'n
Eqllipmel't operatton pnces of 1984 - consISt 79052 rub, the same In the pnces ofl99B - 79052 x J.7 x 443 "" 59534061 drams

4 Overhead clCpenses In the prtces of 1984 IS 60092 r. the same m the pnces and Dorms of 1998 - 60092 x 1,34 It 92,J =7416194 dram
j Lubrlcallon malenals

5 1 Ma[enals - 48058810
52 C;alary - 39946952
53 EqUipment operation 59534061
54 Overhead expenses -7416194

TOTAl - b4956011
S S Unforeseen works

K= 1,25 193695021
56 Planned accumulallons - 19369(}2

Total for boUer J - 2J3064523
Total for two boden 426129047
VAT 20% - 85225809
Total esllmate Sl 13;4856 or $1022710, exchange rate!5 $1 SOD drams

AppendIX MethDdoJogy of MmlSUy OftOWD planmng ofRA 15 used (November 1996) In tbese estImates preparation
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SECTION 12 0

ELECTRICAL MATERIALS INSTALLAnON

OmItted at thIS tIme
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CONSTRUCTION •
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SECTION 13 0 - CONSTRUCTION

13 1 General

Contractor shall plan, orgamze, and control work to construct the plant
Contractor shall provIde constructIon, erectIOn, and InstallatIon serVIces
necessary for the completIOn of the plant In a safe and orderly manner The
scope shall mclude, but not be lImIted to, labor, supplIes, matenals, eqUIpment,
tools, transportatIOn, and each and every thIng reqUIred to perform the reqUIred
constructIOn

Contractor shall purchase, expedIte, Inspect, 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, faCIlItIes and serVIces necessary for potable and non-potable water,
sewage, waste dIsposal, and electrIc power

Contractor shall secure applIcable constructIon permIts reqUIred for the conduct
of the reqUIred constructIon scope PrIor 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 MaterIals shall be protected from damage due to dIrt, debns, or the
elements Upon completIon of the Plant, Contractor shall dIspose of all
temporary bUIldmgs, rubbISh, unused materIals, and other eqUIpment and
matenals belongmg to and used m the performance of the work Contractor
shall be responsIble for the dISpOSItIOn of any contammatIOn caused by
Contractor

•

132 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 offsIte faCIlitIes
(e g warehouses, storage yards etc)

<;1)28 01 \ 01 2 DOL 8 2(,/98 13-1



b Construction Power and DlstnbutIon

Contractor shall be responSIble for all electrIc power tie-ms at the SIte •c Temporary commUnICatIOn system

d Temporary IIghtmg system

e SIte dramage, sedImentatIon control, and dewatermg systems

f Temporary roads

g FIre protectIOn serVIce (untIl turnover)

h Constructlon samtary facl1Itles mcludmg constructIOn offices

Temporary water supply and dIstnbutlon (potable and non-potable)
Potable water shall be hIgh qualIty bottled water

J Parkmg FaCIlItles

Contractor shall furmsh adequate parkmg faCIlItIes to accommodate all
constructlOn work forces

k SIte Secunty •
Contractor shall be responsIble for provIdmg the fencmg, guardmg, and
watchmg the SIte as necessary for protectIon durmg constructlon (untIl
Fmal CompletlOn)

ConstructlOn testmg serVIces (e g weld NDE, hydrotestmg, megger
testmg, concrete strength and placement compactlon testmg, etc)

m ConstructIon Matenals

Contractor shall supply all the eqUIpment, tools, consumables,
mstruments, etc, necessary for the constructIon and erectIOn of the
plant The supply of the constructIon eqUIpment shall mclude fuel
lubncants, spare parts, and any other elements or serVIce reqUIred for
operatlon and mamtenance

n SIte envIronmental complIance and protectlon

•
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13 3 Safetv

FIrst AId ServIces

Contractor shall provIde onsIte first aId serVIces m conjUnctIOn WIth
arrangement for offsne first aId transportatIOn and treatment as necessary
durmg the constructIon of the plant

Contractor shall prepare and Implement a SIte Safety Plan that wIll mclude fire
protectIOn, emergency sItuatIOns, procedures and hazardous matenal control
Subcontractors and vendor-supplIed serVIce orgamzations WIll each be requIred
to Implement a safety program commensurate WIth the work to be performed
and In complIance WIth Contractor's SIte Safety Plan A copy of the SIte Safety
Plan shall be provIded for InformatIon to Employer

13 4 Secunty

•

•

135

136

137

Contractor shall prepare and lIDplement a SIte Secunty Plan Contractor shall
cooperate WIth Employer on all secunty matters A copy of the SIte Secunty
Plan shall be provIded for InfOrmatIon to Employer

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 dIrect

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 carryon such actIVItIes under supervlSlon of ItS properly qualIfied
personnel Contractor, at Its expense, shall repair any damage caused by ItS
handlmg transportmg storage and use and shall be responsIble for obtammg
permits as applIcable

Waste Disposal

Contractor shall be responsIble for removal and lawful dIsposal of all bOllout
and pIcklmg waste water, dIscarded matenal, debns rubbISh, unusable
excavated matenal and waste IncludIng hazardous substances If any
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generated by Contractor and Its subcontractors and supplIers dunng construction
of the plant Contractor shall not be lIable for nor reqUIred 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

13 8 AdJOInIng UtIlIties

Contractor shall make necessary efforts to protect any and all parallel,
convergIng, and Intersectmg electnc hnes and poles, telephone hnes 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 hablhty for and
shall at hIS expense repaIr, rebuIld or replace any property damaged or
destroyed In the course of Its performance of the work

•

•
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• SECTION 140

SCHEDULING AND PROGRESS REPORTING

SectIon

•

14 1

142

14 3

General

Schedulmg

Project Progress Reports/Meetmgs
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SECTION 14 0 - SCHEDULING AND PROGRESS REPORTING

14 1 General

Contractor shall Implement a program that wIll mclude momtonng the Project
Schedule and Its cntIcal paths and supportmg schedules to manage the progress
of the work

14 2 Schedulmg

The Project Schedule sets forth the overall tIme frame for work executIOn,
antIcIpated dates for achIevement of sIgmficant Contractor mIlestones, 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
duectly tied to the Project Schedule The IntermedIate Schedule WIll be a
computer generated schedule utIhzmg the CntIcal Path Method (CPM) It shall
proVIde addItIOnal actIvIty breakdown necessary for detaIled work planmng An
mtrmsiC aCtiVIty codmg structure shall allow the Intermediate Schedule to be
summanzed to the Project Schedule MIlestones

The monthly progress report shall, by the sIte mobIhzatlOn date, also mclude a
dIagrammatIc summary of the Intermediate Schedule to a sImIlar level of detaIl
as the Project Schedule AdditlOnally, Contractor shall supply, at Employer's
request, detaIled mformatlOn on Employer furmshed serVIces and Items and
those actIVItieS dIrectly related to them ThIS additlOnal mformatIon shall
conSIst of the baSIC dIagrams and reports generally used m CPM analySIS

Contractor shall reVIew detaIls of the Intermediate Schedule WIth Employer

14 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 Authonzed 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 Kev Personnel

•

•

•
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• SECTION 150

COMMISSIONING AND TRAINING

SectIOn

•

15 1

15 2

CorrumssIOmng

Trammg

C15-1
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SECTION 15 0 - COMMISSIONING AND TRAINING

15 1 Startup

15 1 1 General

Contractor shall perform system cleamng, 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

15 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 admmIstratIOn, schedulmg, safety taggmg and
clearance, release for test, work Item trackmg and progress reportmg,
loggmg of lIfted WIres and Jumpers, chenucal cleanmg, flushmg, steam •
blows, energlZatlOn, and perfonnance testmg

b Interface and coordmate WIth Employer, eqUIpment/systems supplIers,
regardmg startup reqUIrements related to flushmg, electrIcal
mterconnectIon, testmg and operatIOns of the Plant

c CalIbrate mstrumentatlOn, meters, relays, transnutters, SWItches, etc
PrOVIde wrItten records of field tests, calIbratIOn actIVIties, and fmal
settmgs of varIOUS control deVIces

d EnergIze, test, and adjust analog and dIgItal controls and control loops

e Run m, VIbratIon test, and balance (If reqUIred) major plant eqUIpment,
proVIde wrItten records of InItIal rotatmg eqUIpment VIbratIOn tests and
levels for all eqUIpment 20 KW (25 HP) and greater

f Perform and record megger and hIgh voltage msulatlOn testmg and
prOVIde WrItten records of test results

g Remove and remstall OrIfice 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 InItIal fill and flushes of lubncants, reSInS, water and chemIcals

k ProvIde techmcal gUIdance and dIrectIOn to Employer operatmg and
mamtenance personnel In startup, testmg, maIntenance, and operatIon
untIl turnover

Prepare and sublmt system turnover packages to Employer

m Perform steam blows USIng SIlent Steam Blow Method

152 TraInIng

15 2 1 General

Contractor shall plan, manage, and conduct a trammg program for Employer
assIgned operatmg and maIntenance personnel Such personnel WIll be capable
of bemg tramed m the specIfic requrrements of the plant

Contractor shall conduct the trammg program for not more than 25 personnel
deSIgnated by the Employer The program shall commence approxImately three
(3) months pnor to plant Performance TestIng, 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 traInIng WIll be conducted In the RUSSIan language

15 2 2 TraInmg FaCIlItIes/AIds

Contractor shall proVIde furmshed trammg facIlItIes for the trammg classes
These facIlItIes wIll be as near as pOSSIble to the plant and have adequate
classroom space (each trarnee'S work area should proVIde space for the trammg
lesson text and the aSSOCIate set of drawrngs) Contractor shall also make
avaIlable whiteboards, mOVIe screen, overhead proJector, podmm and flIp
charts for lectures and showmg of trarnrng aIds

15 2 3 Trammg 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 famIlIarIzatIon and
observatIOn of the mstalled eqUIpment and systems EqUipment supplIer classes
shall be mtegrated mto the overall Contractor program •

The program curnculum shall present the theory of operatIon, desIgn, flow
paths, mtegrated operation overVIew, system mterface, and control of plant
components, eqUIpment, and systems The curnculum for the mamtenance
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 descnptIons (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 mformatIOn 30 days
pnor to commencmg the trammg program The lessons shall generally be
structured m the followmg format system descnptions, plant component
descnptIOns, flow path and controls, pnncipies 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 mechanIcal and electncal systems

DESCRIPTION

Fuel Gas Supply System
Fuel OIl Supply System
MedIUm Voltage Power System
Low Voltage Power System
Instrument and Umnterruptible Power System
DIrect Current Power System
Mam Generator Output Power System
Heat Recovery Steam Generator - Mam Steam Systems
Heat Recovery Steam Generator - Vents and Drams
Closed CoolIng Water System
Condensate and Feedwater Systems
Circulatmg Water System
ChemIcal Injection Systems
Makeup DemmeralIzer System
SamplIng and Water QualIty System
FIre ProtectIOn System
SerVIce Water System
Instrument/Plant AIr Supply Systems
Combustion Turbme System
Raw Water Pretreatment System

•

•
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•
Steam TurbIne Systems
Plant EnvIronmental Control System
SodIUm Hypochlonte System
TurbIne Buddmg EnvIronmental Control System
Wastewater System
Hydrogen System

1524 Suppher Trammg Programs

Contractor shall arrange for, schedule, and momtor selected eqUIpment suppher
trammg programs TraInIng 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 tramIng
programs shall be provIded for the followmg components and systems

On SIte
Trammg

a CombustIOn Turbme 4 weeks
b Steam Turbme 4 weeks
c Heat Recovery Steam Generator 2 weeks

• d DIstrIbuted Control System 4 weeks
e CEM 1 week
f Gas Compressors 2 weeks
g Make-up Demmerahzer and Water 4 weeks

Pretreatment Systems
h CombustIOn Turbme Control System 2 weeks
I Steam Turbme Control System 2 weeks
J SodIUm HypochlorIte System 2 weeks
k Overall plant and systems operatIOn 3 weeks

mcludmg reVIew of P&IDs

The above classroom mstruction may be adjusted, as reqUITed, however, total number
of hours for trammg shall not be less than as specIfied above

•
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• SECTION 16 0 - PERFORMANCE TESTING REQUIREMENTS

16 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 followmg ASME Test Codes, as applIcable

•

ASME - PTC 22

ASME - PTC 4 4

ASME - PTC

ASME - PTC 6

ASME- PTC 33

ASME - PTC 3 1

ASME- PTC 9

ASME - PTC 19 1

ASME - PTC 46

16 2 Performance Tests Acceptance Cntena

Gas Turbme Power Plants (1985)

Gas Turbme Heat Recovery Steam
Generators

CoolIng Towers

Steam Turbmes

Gaseous Fuels

DIesel and Burner Fuels

DIsplacement Pumps and Compressors

Measurement Uncertamty, Instruments
and Apparatus (reaffirmed 1990)

CogeneratIon and Other Thermal Power
Plants

•

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
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16 3 Performance Tests

The followmg tests shall be performed

1) Net Power Output

2) Net Plant Heat Rate

An eIght hour test shall be performed to demonstrate the net electncal power output and
net plant heat rate when firmg the specIfied gaseous fuel m the combustIon turbme
CollectlOn of data wIll be for four (4) hours dunng the eIght hour test (every other
hour)

Net ElectrIcal Power Output IS defmed as the average electncal output of the Plant as
measured at revenue meters, usmg the Plant's permanent metenng devIces, adjusted to
the Guarantee Performance CondItIOns, dunng 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
heatmg value, adjusted to Performance Guarantee CondItIons Data shall be taken at 10
mmute mtervals (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 m
AppendIX 15-1 contamed m thIS sectIOn

16 4 EmIssIons Tests

EmIssIon tests shall be conducted to confirm that the plant emISSIons are withm 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
EmIssIons tests shall be conducted durmg performance tests speCIfied m SectIon 15 3

Dunng the performance and functIOnal tests, arrborne emISSIOns as measured by the
Plant's permanent Contmuous Momtonng System (CEM) speCIfied m SectIOn 10 shall
be withm the guaranteed maxImum stack gas emISSIOns The CEM wIll be mstalled,
calIbrated, tested and mamtamed m complIance WIth the reqUirements of the procedures
and speCIficatIons of the USEPA The emISSIons test shall be conducted WIth the
combustIon turbme(s) first finng fuel gas and then the back-up dIStIllate fuel
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• 16 5 Performance Test CondItIons

16 5 1 General

Contractor IS responsIble for overall plannmg and coordmatIOn of the Performance
Tests Contractor may use the serVIces of eqUIpment supplIers and outsIde contractors
for assIstmg m these tests

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, mstrumentation cahbration reqUIrements, and correctIOn factors and curves as
reqUIred to adjust the performance data from actual test condItIons to the Performance
Guarantee CondItIons, and shall defme methods to assure the qualIty of fuel samplIng
and testmg, performance data collectIon, and data reductIon Contractor shall employ
mstrumentatlOn, 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 011 samples WIll be collected by Employer
durmg the Performance Tests A mutually acceptable mdependent testmg laboratory
shall be used for analySIS of fuel gas and 011

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, withm the tIme lImItatIOn of the Contractor for PrOVISIonal
Acceptance The Performance Tests shall be run concurrently In the event of a
shortfall m any Performance Test, determmatlOn 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
Te<;t Contractor shall gIve at least 10 busmess days' pnor WrItten notIce of scheduled
commencement of each Performance Test to Employer and other persons deSIgnated by
the Employer
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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 delivered 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

Completion of the performance tests, emISSIons tests and functlOnal tests are a
prereqUlSlte for Issuance of the Employer's ProvIsional Acceptance CertIficate (PAC)

16 5 2 DeViations from Guarantee ConditIOns

The results of the Performance Tests shall be corrected for deViatIOns from the
speCified Guaranteed Performance CondItIons set forth m SectIOn 8 1

If the Combmed Cycle Power Plant performance tests are started With less than 240
fired hours of operatIon 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 Combmed Cycle Power Plant •
Performance Test commences 240 fired hours after Inltial combustIOn turbme
operatIOn, then a correctIOn to the test data may be made based on the mutually agreed
upon plant performance test procedures Includmg the combustion turbme
manufacturer's degradation predIctIOn curves

Where applIcable, corrections shall be based on mutually agreed upon performance
curves or data supplIed by the applIcable eqUIpment manufacturer(s) and otherWise m
accordance WIth methods agreed upon In the applIcable test procedures

DeViatIOns In the results of any Performance Tests that are caused by varIatIOns m the
performance fuel (fuel gas or fuel 011) wIll be a cause for an adjustment m accordance
With the proVISIons herem

If, at any tIme pnor to or dunng any Performance Test, any of the contammants and/or
charactenstlcs of the actual fuel supplIed 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 VarIatIon range,
then the affected Performance Guarantee(s) as speCIfied herem shall be adjusted In
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•

•

•

such event, Employer and Contractor shall assess the sItuatIon WIth regard to any
potentIal damages that may be caused to the combustIOn turbIne and other auxIlIary
eqUIpment by the use of off-specIficatIon fuel, and agree on a mutually acceptable
adjustment to the affected Guarantee(s)

UncertaInty In Performance Test results shall be determIned In accordance WIth
mutually agreeable apphcatlon of Instrument uncertaInty In accordance WIth the
methodology of ASME PTC 6 or ASME PTC 19 1 Test results WIthIn the band of
uncertaInty shall be deemed to have met the guarantees Test eqUIpment shall be
calIbrated pnor to testIng In accordance WIth ASME PTC 19 1, 19 2, and 19 3, and
ASME PublIcatIOn flUId Meters, Part II - InterIm Supplement 19 5 on Instruments and
Apparatus, SIxth EdItIOn, 1971

No Increase In guaranteed heat rate due to agmg of steam turbIne wIll be allowed

16 5 3 Performance Test InterruptIOns

Data from the tIme penod In whIch a Performance Test InterruptIon 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
Include, but not be llIDlted to, Force Majeure events, unavaI1abl1Ity of fuel or water,
and operatmg and dIspatchIng deCISIons outSIde Contractor's Control

When a test InterruptIOn occurs, Contractor will notIfy Employer To the extent
practIcable, test mterruptIOns WIll be compensated for by extendIng the test penod by
an amount of tIme equal to the mterruptIOn mcludIng tIme to return to steady state
operatIOn Data from the mterrupted penod w111 be excluded from analysIs, but data
collected before the test mterruptIon may be used by the Contractor m the analysIs of
the Performance Test data and results

16 6 Plant FunctIOnal Tests

Contractor shall prepare test procedures and perform FunctIOnal Tests as descnbed In
thIS SectIon

16 6 1 AvaI1abIhty Test

Contractor shall perform a 120 hour avaIlabIlIty test to demonstrate a mInImUm
capacIty of 95 %
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16 6 2 Fuel Transfer Test

Contractor shall demonstrate that the plant can automatically transfer from fuel gas to
dIstIllate upon loss of fuel gas WhIle operatmg at full load on fuel gas, loss of fuel gas
pressure shall be sImulated on the combustion turbme, WhICh shall transfer to dIstl1late
wIthout sIgmficant loss of load (10 MW) for more than 5 mmutes
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•

•

•

AppendIX 16-1

Method of Calculation of Net Plant Heat Rate

Net Plant Heat Rate

where
NN - electncal power output (KW) as measured at hIgh SIde of step-up
transformer

QmGT - fuel mput to combustIOn turbme -ML (LHV)
hr
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FIRING NATURAL GAS
STREAM FLUID FLOWRATE PRESSURE TEMPERATURE

(kg/hr) (m3/hr) (MPa) (deg C)
1 Fuel 011 0 - - -
2 Nat Gas - 81,552 183 961
3 HP Steam 378,840 - 838 5278
4 IP Steam 93,894 - 1 17 2506
5 LP Steam 17,636 - 031 1906

6A Clre Water Supply - 12,021 - 31
68 Clre Water Supply - 12,021 - 31
7A Clre Water Return - 12,021 - 41
78 Clre Water Return - 12,021 - 41
8 Clre Water Supply - 1,683 - 31
9 Clre Water Return - 1,683 - 41
10 Condensate - 4964 - 40
11 Make-up Water - 147 - 156
12 Condensate Make-up - 147 - 156
13 NOxWater - 0 - 156
14 NOx Water - 0 - 156
15 Flue Gas (per stack) 1,584,000 - - -

FIRING FUEL OIL
STREAM FLUID FLOWRATE PRESSURE TEMPERATURE

(kg/hr) (m3/hr) (MPa) (deg C)
1 Fuel 011 74,462 044 156
2 Nat Gas - 0 - -
3 HP Steam 403,334 - 838 530
4 IP Steam 98,792 - 117 250
5 LP Steam 18,289 - 031 1906

6A Clrc Water Supply - 12,794 - 31
68 Clre Water Supply - 12,794 - 31
7A Clre Water Return - 12,794 - 41
78 Clre Water Return - 12,794 - 41
8 Clre Water Supply - 1,791 - 31
9 eire Water Return - 1,791 - 41

10 Condensate - 529 - 433
11 Make-up Water - 1007 - 156
12 Condensate Make-up - 147 - 156
13 NOxWater - 745 - 156
14 NOx Water - 745 - 156
15 Flue Gas (per stack) 1627,200 - - -



EQUIPMENT

PUMPS FLOW HEAD MOTOR CASING
(mI\3/hr) (m) (kW) MAT'L

BFP-1A11 B, 2A12B 258 1089 902 Cast Iron
P-3A13B 114 31 15 StaInless Steel
P-4A14B 82 46 15 Stainless Steel
P-5A15B 82 468 150 Stainless Steel
P-6A16B 518 71 143 Cast Iron
P-7Al7B/7C/7D 6440 28 702 Cast Iron
P-8A18B - - 50 Cast Iron
P-9A19B 102 520 21 Cast Iron

TANKS VOLUME PRESS SHELL
(m1\3) (MPa) MAT'L

T-1 757 Atm Stainless Steel
T-2 654 Atm Stainless Steel
T-3,4 5,000 Atm EXisting

EXCHANGERS DUTY TUBE
(kJ/hr) MAT'L

HE-1 1,094,200,920 Stainless Steel
HE-2A12B 76,594,064 StaInless Steel

COMPRESSORS FLOW INLET PRESS OUTLET PRESS MOTOR
(mJ\3/hr) (MPa) (MPa) (kW)

NG-1A11B 81,552 080 1 83 3,356

•

•

•
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•
EQUIPMENT LIST
Yerevan CHP Repowermg Project

• •
ITEM NUMBER EQUIPMENT QTY PUMP SERVICE DESCRIPTION (each Unit)
CGT 1 2 Combustion Gas Turbine Generator 2 100% Conltnuous 130 MW
HRSG 1 2 Heat Recovery Steam Generator 2 100% Contrnuous 3-PRESSURE
STG-1 Steam Turbine Generator 1 100% Continuous 130 MW
8FP 1A118 2A128 HP liP Feedwater Pumps 4 CH 2 em 100% 2 Spare 902 kW (258 mA 3/hr em 1 089 mTDH)
HE·1 Steam Condenser 1 100% Contmuous 1 094,200,920 kJ/hr
HE 2A128 Closed Cooling Water Heat Exchangers 2 1 @ 100%, 1 Spare 76 594 064 kJ/hr
NG 1A11B Natural Gas Booster Compressor 2 1 @ 100% 1 Spare 3356 kW (81 552 nm"3/hr @ 1 81 MPa Disch)
P-3A138 Condensate Transfer Pumps 2 CH Intermittent 15 kW
P-4A148 Demln Water Transfer Pumps 2 CH 1 @ 100% 1 Spare 15 kW
P 5A158 Demln Water Injection Pumps 2 CH IntermIttent 150kW
P 6A168 Condensate Extraction Pumps 2 CV 1 100% 1 Spare 143 kW (518 m"3/hr @ 71 mTDH)
P-7Al78/7C/7D C,rculaling Water Pumps 4 CH 4 100% 702 kW (6,440 m"3/hr @ 28 mTDH)
P 8A188 Closed Cooling Water Pumps 2 CH 1 100%, 1 Spare 50 kW
P-9A198 Fuel 011 Transfer Pumps 2 PH Intermittent 21 kW
T-1 Demineralized Water Storage Tank 1 757 mA3 (82m DIA x 146m H)
T-2 Demln Imechon Water Storaoe Tank 1 654 mA3 (76 m DIA x 146m H)
T-3 4 EXISTING Fuel 011 Tanks 2 Clean and Reuse 5,000 m"3
T-5 6 Boller Slowdown Tanks 2
V 1 Mixed Bed Demlnerallzer System 1 Standby 871 m"3/hr
CT-4,5 EXISTING Parabolic N D Cooling Towers 2 Replace Fill and reuse

Chemical InJection System 1
Building Sump OlllWater Separator 1

PUMP LEGEND
CH - HOrizontal Centnfugal
CV - Vertical Centrifugal
PH HOrizontal PosItive Displacement
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D 1 a

Subtask D
Prehnunary EnvIronmental Assessment and EvaluatIon

IntroductIon •
The ObjectIve of thIS PrelImmary Envlforunental Assessment IS to provIde the Goverrunent of
Armema and the IFI(s) mvolved wIth an analysIs usable m later preparatIOn of a full
envirorunental assessment of the proposed project

ThIS proposed project, the Yerevan Gas Turbme Combmed Cycle Umt w111 have a nommal
capacIty of 400 MWe The umt WIll by fired by two (2) combustIOn turbmes exhaustmg to two
(2) heat recover steam generators (HRSG) WhICh produce steam (3 pressures) to dnve a smgle
steam turbme generator

The umt wIll replace two (2) eXIstmg 150 MW gas/mazut fired umts at the SIte that have
reached the end of thelf useful lIfe and that would reqUIre major rehabl1ItatIOn The two umts
(Yerevan 2-6 and 7) wIll be demolIshed and the new umt w111 be bul1t on the SIte A Least
Cost Power Investment Program InvestIgatIon by Lahmeyer InternatIOnal IdentIfied the need
for the umts to begIn operatIOn In the year 2005, to offset the loss m capacity due to the
decommISSIOnIng of the 440 MW Medzamor nuclear umt at that tIme

The umt wIll be constructed m accordance WIth Government of Armema envIronmental
standards and regulatIOns and wIll meet all envlfonmental reqUIrements of the World Bank •

•
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1

DescnptlOn of the Proposed Project

PrOject Background

•

•

lINeed for the Project

A Least Cost Power Investment Program InVestIgatIOn by Lahmeyer InternatIOnal (November
1996) IdentIfied the need for two (2) 167 MW combmed cycle plants to be added In Yerevan,
to begm operatIOn m the year 2005 The umts were to offset the loss m capaCIty due to the
decommissIOmng of the 440 MW Medzamor nuclear umt The analysIs mcluded the
assumptIon that a new 300 MW umt, Hrazdan 2-5, would be completed and would be In
operatIon by the year 1999 Smce constructIOn actIVItIes on thIS umt have ceased and no
addItIonal work IS planned, the need for the combmed cycle project IS even greater

It should be noted that the Plan also IdentIfied the reqUIrement for an addItIOnal 167 MW
combmed cycle umt to be constructed at Hrazdan, to be m operatIon by the year 2008

1 2 Fuel AvailabIlIty

Natural gas IS presently available by pIpe1me at the sIte m suffiCIent quantIty to operate the
proposed two-umt combmed cycle plant In fact, the greater effiCIency of the combmed cycle
umts WIll reduce natural gas consumptIOn by approxImately 40 %, assummg the same power
productIOn When pipeime gas IS not available, the combmed cycle umt may be fIred WIth low
sulfur dIstIllate (No 2) fuel 011 WhICh IS stored on SIte for such emergency Use of dIStillate
fuel 011 Instead of the mazut normally fired when natural gas IS not available, WIll have a
pOSItIve Impact on aIr qUalIty

2 Proposed PrOject

2 1 EXlstmg FaCIlIty

The Yerevan Thermal Power Plant (TPP) IS located m the Industnal zone of Yerevan CIty
The power plant IS of the combmed heat-and-power (eHP) deSIgn and conSIsts of two sectIOn
The fIrst sectIon has 5x50 MW umts WhICh began operatIOn m 1963-1965 The second sectIon
conSIsts of 2x150 MW umts mstalled m 1966-1968 The umts m the first sectIOn are
connected to a common header delIvenng steam to the turbmes as well as supplyIng process
steam and dIstrIct heatIng to the CIty The umts In the second sectIon are stand-alone (block
umts) connected to IndIVIdual steam turbmes

All umts are of the conventIOnal steam type WIth coolIng towers and are eqUIpped for dual fuel
firIng (gas and mazut) Natural gas IS supplIed to the plant by pipeime whIle mazut IS
delIvered by raIl and stored on-sIte In fuel storage tanks Natural gas IS the fuel of chOIce but
In perIods of natural gas shortages, mazut IS fired In the bOIlers (10-15 % of annual heat mput)
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Yerevan TPP IS an outdoor type power plant wIth all major components exposed to ambIent
chmatIc cOnditIOns The second section umts have reached the end of theIr useful hfe and
rehabl1ItatIOn costs are consIdered wasteful smce exposure to the elements has caused exceSSIve
agmg of crItIcal components The Least Cost Power Investment Program recommended that
these two umts should be operated wIth absolute mmimum mamtenance untIl there IS a major
breakdown and that the umts should then be removed from serVIce and scrapped The
Program suggested that the two umts be scrapped no later than the year 2001, and the area
utIhzed for the constructIon of replacement power generatIOn facl1Ities

2 2 Plant DesIgn

The Yerevan Gas Turbme Combmed Cycle Umt wIll have a nommal capacity of 400 MWe
The umt wIll by fired by two (2) combustion turbmes exhaustmg to two (2) heat recover steam
generators (HRSG) WhICh produce steam (3 pressures) to dnve a smgle steam turbme
generator

Coolmg water for the steam turbme surface condenser w111 be from a circulatmg water coolmg
system Make up water to the plant wIll be from eXIstmg wells located withm 3 km from the
SIte An eXIstmg water pretreatment system w111 provIded potable and serVIce water for the
facIhty An eXIstmg demmeralIzer WIll provIde water of acceptable qualIty for makeup to the
HRSG

•

Wastewater produced durmg plant operatIon wIll be treated m an oIl/water separatIon system •
and dIscharged to the nver along WIth the coolmg water blowdown stream SanItary waste WIll
be treated m a packaged treatment system pnor to dIscharge

MaXImum utIlIzatIOn of serVIces and manpower WIll be supplIed from the eXIstmg CHP plant

•
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D 1 C DescriptIOn of the Project Environment

1 AIr Quahty EnVironmental Basehne Data

AIr qualIty momtorIng at selected locatIons In the vlclmty of the power plant IS reqUIred In
order to establIsh background values for speCific pollutants In an EnVironmental Assessment
of the Armeman Energy Sector (USAID, September 1997), It was determIned that Armema's
ambient aIr momtonng system had detenorated slgmficantly In recent years Seven ambient
air momtonng stations In Yerevan were Identified but only three were In operation Samples
were collected three tIme dally and sent to the laboratory of the Mlmstry of EnVironment for
analysIs Pollutants analyzed Include NOx, S02' chlonne and CO, among others LocatIon
of the operatIng momtonng stations and momtonng data was not made avaIlable at the tIme of
the Investigation

A program of baselIne air quality measurements wIll be requIred pnor to the Implementation of
the project Momtonng locatIOns Will be selected on the baSIS of therr senSitivity to arr
emiSSions due to therr position In relatIOn to the plant and prevaIlIng WInds Parameters to be
momtored Include S02' NOx and suspended particulate matter (dust) Information collected
Will be compared With ambient arr quality gUIdelInes

2 NOIse Basehne Data

A program of baselIne nOIse momtorIng Will also be conducted With momtorIng locatIOns
selected based on sensitivity and proxImlty to the site Particular consideratIOn Will be gIven to
any reSidential location near the site

3 Water Quahty Basehne Data

Penodlc checks of discharge water qualIty have been made In the past but quantitative
InformatIOn IS not avaIlable Water discharge from the operatmg plant Will be sampled and
analyzed AnalySIS Will be compared With water discharge qualIty reqUIrements to determIne
whether present plant operatIOn conforms to eXlstmg regulatIOns If necessary, a techmcal
evaluatIOn Will be carned out to determme what modificatIOns to the eXistIng system are
reqUIred to achieve discharge IImlts

Groundwater qualIty Will also be determIned by appropnated samplIng and analySIS to
determme whether the eXlstmg faclllty has resulted m contammatlon
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PotentIal Impacts of the Proposed Project

Impacts Durmg ConstructIon •
1 1 OverVIew of Impacts Durmg ConstructIOn

ConstructIOn actIVItIes may cause Impacts assocIated wIth matenal and eqmpment transport,
sIte demohtIOn, foundatIons, eqmpment mstallatIon and cOImmssIOnmg operatIons The
constructIOn SIte IS located withm an eXIstmg thermal power statIon m a hIghly mdustnahzed
area ConstructIon actIVItIes are expected to have no permanent lffipact on the envuonment

1 2 Au Quahty

Durmg constructIOn, arr quahty m the VIC1ll1ty of the faCIlIty 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 of dust generated by vehIcular traffic depends upon a
number of vanables mcludmg the denSIty of traffic and the solI condItIons

ConstructIon actIVItIes, such as foundatIOn excavatIOn have the potential to release sigruficant
quantItIes of fugItIve dust The operatIOn of pile-dnvmg eqmpment, If necessary, would
generate gas/partIcles and nOIse emItted mto the ambIent air These activities are of lInllted
and mtemuttent duratIOn and any negatIve Impact on arr quahty Will be of a 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 of fugitIve
dustmg WIll be accomplIshed through the use of spray water on open constructIOn areas

Dunng the course of the demohtIOn of the eXlstmg uruts, It IS hkely eqUIpment contalnIng or
msulated With asbestos contammg matenal (ACM) may need to be removed or modIfied
Removal of ACM WhICh IS or whIch can readIly become fnable, by untramed personIlel and
Without the use of proper procedures and eqUIpment could result m the release of asbestos
fibers mto the enVIronment The ablhty of asbestos to pose a senous long-term health hazard
lffipact has been estabhshed

OperatIOn of constructIon eqUIpment on-SIte and the mcrease m vehIcular traffic dehvermg
eqUIpment 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
sIgmficant negatIve Impact on au qualIty

In general, the Impact of constructIon actIVItIes on ambIent aIr quahty m the vIcimty of the sIte
IS expected to be temporary and of mmtrnallffipact None of these potentIal sources of
emISSIons IS expected to present any sIgmficant aIr qualIty problems dunng constructIOn

•
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1 3 NOIse

Durmg constructIon there wIll be nOIse from mcreased 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 SInce the sIte IS located In a
heavIly IndustnalIzed area, there should be no sIgmficant Impact on local resIdents

1 4 Water Quahty

Impact of the project constructIon on surface water and groundwater qualIty IS expected to be
mInImum The project WIll be constructed at an eXIstIng power generatIon sIte and wIth the
exceptIOn of potential SIlt erosIOn runoff mto the nearby Hrazdan RIver dunng heavy
raInstorms, there should be no negatIve Impacts on water qualIty

1 5 DISPOSal of ConstructIon Wastes

A sIgmficant amount of demolItIon of eXlstmg eqUIpment/facIlItIes WIll occur at the sIte In
order to prepare for the mstallatlOn of the new facIlIty ConstructIon waste generated dunng
demolItIOn may mc1ude

• Debns from demolIshed buIldmgs, structures, concrete foundatIons, rebar, etc
• Contammants such as pIpe laggIng, orgamc solvents and OIls, PCBs, etc
• Bncks, cement, pipework, electrIcal fixtures
• Asbestos contalll1llg wastes

In addItIOn, waste soIl materIal WIll be produced durmg the excavatIon of eqUIpment
foundatIOns All waste materIal WIll be transported off-SIte for dIsposal at a SUItable sIte

1 6 Socio-eCOnomIc

The eXIstmg sIte and surroundmg mfrastructure are more than suffiCIent to accommodate thIS
project WIth mImmalImpact to the eXIstmg populatIon An Increase m employment
opportumty IS expected to have a posItIve Impact on the local economy A substantIal skilled
workforce IS contemplated to construct the project and the need for Imported labor must be
conSIdered WhIle transport actIVItIes III the form of transport of constructIOn materIals and
eqUIpment may have a small Impact on people's convemence and health, the potential Impact
whIch could occur because of these actIVItIes IS expected to be mInImal
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2 Impacts Durmg Operation

2 1 AIr Quahty •
Operatlon of the proposed gas fired combmed cycle umts w111 result m the emISSIon of
combustlon products mto the atmosphere When firmg natural gas the compOSltlon of flue gas
eXItmg the umt has been estImated as

Flue Gas Component Volume % WeI~ht %
N., + Argon 755 748
O2 131 147
CO2 35 54
H,O 79 50
NOx 25 (vppmd) -
CO 10 (vppmd) -

The World Bank (PollutlOn PreventIon and Abatement Handbook) proVIdes speCIfic NOx
emISSIOn lumts for combustIon turbme umts These are as follows

Fuel NOx EmIssion LlmIt*, mglNmJ EmISSion LlmIt*, expressed as ppm
(Dry) (Dry)

Natural Gas 125 61
DIesel Fuel 165 80
Fuel OIl 300 146
VarIance 400 (where water IS not avaIlable 195
(max) for water mJectlOn»

*EmiSSIon llIDlts are expressed at 15 percent oxygen
The document contams no emISSIOnS llIDlts relatIve to CO

It IS clear that the proposed combustlOn turbme easl1y meets World Bank emISSIon lImItS
whether firmg natural gas or dIesel fuel State Standards of the RUSSIan Federation (GOST
29328-92) prOVIde that for new gas turbme umts, NOx emISSIOnS should be lImIted to 50
mg/Nm3 (25 ppm) for gas fuel and 100 mg/Nm3 (50 ppm) for hqUld fuel (@15 % 02) The
proposed combustIon turbme wl1l achIeve these more restrIctIve emISSIon lImitS as well

Mass emiSSlOns are an Important consideratlOn when estImatmg the Impact of the umt on
ambIent aIr qualIty World Bank GUIdelmes for ambIent aIr qualIty may be summanzed as
follows

•

•
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World Bank GUldelme for AmbIent
AIr ConcentratIOn LImIt, J.lg/m3

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 gUldelmes for concentratIon of pollutants m ambIent aIr have been
publIshed by the World Heath Orgamzatlon, USEPA and the EU Values vary somewhat and
the World Bank recommends that mdlvldual countnes should consIder WhICh standards are
most applIcable

The predICtion of the lffipact of emISSIOns from the proposed plant on ambIent aIr qualIty must
be establIshed by an aIr 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 DlffiensIOns of Surroundmg Structures

At base load, estlffiated ermSSIOns from the 395 MWe (Gross) combmed cycle umt have been
estlffiated as

Dust
S02
NOx
CO
CO2

EmISSIons from Proposed Umt.
grams/MWh

310
754

273,410

EmISSIons from Proposed
Dmt, tonnes/day

28
07

2500

•
Dunng penods when natural gas IS not avaIlable, the gas turbmes are eqUIpped to fire No 2
fuel 011 Although NOx emISSIOns WIll be controlled by water mJection dunng fuel 011 firmg
emISSIons are projected to be somewhat hIgher WIth NOx emISSIons mcreasmg from 25 vppmd
to 42 vppmd In addItIon, sulfur present m the fuel 011 (0 2 to 0 5 wt %) WIll result m the
emISSIOn of small quantities of sulfur dIOXIde
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By contrast, emISSIons from eXIstmg umts operatmg at the statlon are conSIderably greater
SpeCIfic emISSIon rates for Yerevan Umt 2-6, when finng natural gas/mazut, IS reported to be •
as follows

Dust
S02
NOx
CO
CO2

EmISSIons from Yerevan Umt 2
6, grams/MWh

1,400
900

2,600
Not Reported

738,254

It IS clear that operatIon of the new combmed cycle umt m place of the eXIstmg umts WIll
sIgmficantly reduce pollutant emISSIons

Other reqUIrements for dIspersIOn modelmg mclude detaIled meteorologIcal mformation
mcludmg WInd speed and dIrectIon and ambIent temperature ThIS mformatIOn IS usually
obtaIned from data recorded at a meteorologIcal statIon In the area where weather InfOrmatIOn
IS contmuously recorded at a mmtrnum of one elevatIon

A number of dIsperSIOn models are presently m commercIal use and an appropnate model WIll
be selected and applIed as part of the plant EnVIronmental Impact AnalySIS The modelIng
WIll predIct the Impact of aIr pollutants dIscharged from the stack on the concentration at a
number of IdentIfied ground level receptor locatIOns PredIctIOns WIll be compared WIth the •
WorId Bank ambIent aIr gUIdelme values

22 NOIse

NOIse WIll be produced by operatIOn of plant eqUIpment EqUIpment to be purchased for thIS
project wIll be speCIfied to meet speCIfic sound pressure ltrnlts However, It IS expected that
nOIse level m certam operatIng locatIons (combustIon turbme and steam turbme) WIll exceed 90
dB(A) and may reach as hIgh as 95 dB(A)

World Bank lImIts for nOIse address sound pressure lImIts at receptors located outSIde the
project property boundary, as follows

Maxunum Allowable Leq (hourly),
dB(A)

Receptor ClaSSIfication Daytnne Nighttime
ReSIdential, InstItutIOnal, 55 45
EducatIOnal
Industnal, CommerCIal 70 70

•
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Where the eXlstmg ambIent level exceeds Leq 45 dB(A), the maXImum mcrease 10 the ambIent
• nOIse level IS to be lmuted to 3 dB(A)

The proposed SIte IS located m an Industnal zone and background sound measurement
mformation has not yet been collected It IS antIcIpated that nOIse from operatmg eqUIpment
wIll have lIttle Impact on the nOIse level beyond the property boundary

Another potentIal source of nOIse IS the release of hIgh pressure steam WhICh occurs when
safety valves m the plant are vented to the atmosphere WhIle thIS nOIse can be quite loud,
occurrence IS rare ReplaCIng eXlstmg steam power generatmg 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

2 3 Water QualIty

Water dIscharges from the Yerevan statIOn mclude coolIng tower blowdown, regeneratIon
waste water from the demmeralIzer and pretreatment system, boIler blowdown, bUIldmg and
yard drams and sanItary watewater At present, these waste streams are dIscharged to dramage
canals WhICh flow to the rIver DIscharge qualIty IS claImed to be acceptable

•
World Bank standards for effluents from thermal power plants, to be achIeved dally WIthout
dilutIOn, are as follows

Parameter
pH
Total Suspended SolIds,
mg/l
all and Grease, mg!l
Total ReSIdual Chlonne
ChromIUm (total), mg!l
Copper, mg/l
Iron, mg!l
Zmc, mg/l

Maxnnum Value
6-9
50

10
02
05
05
1 0
1 0

•

Data IS not avaIlable to determme whether these dIscharge lImItS are presently achIeved

2 4 SocIO-econoIDlc

OperatIOn of the proposed facIlIty wIll have only mmor SOCIal Impacts on the local regIOn The
new umts WIll be mstalled withm the property boundary of the eXIstmg statIOn and the eXIstmg
workforce WIll be tramed In 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 wlthm a bUIldmg whose appearance WIll be esthetically
pleasmg
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Managerial Plan to MItIgate NegatIve Impacts

Air EmISSIons and EmISsIOn Controls •
Exhaust emISSIOns for combmed cycle plants are generally low due tot he hIgh efficIency of
combustIon, especially when the combustIOn turbme IS finng natural gas NItrogen oXIdes
(NOxO IS the major pollutant of concern NOx IS formed m the combustIOn process eIther
from thermal combustIon of mtrogen m the combustIon aIr (thermal NOx) or as a combustIOn
product of fuel bound mtrogen compounds Smce natural gas typIcally contams no fuel bound
mtrogen compounds, NOx emISSIons are almost exclusIvely produced by the thermal NOx
mechamsm

The combustIOn turbmes selected for thIS applIcatIon WIll be eqUIpped WIth dry, low NOx
combustors (DLN) WhICh lImIt NOx emISSIons to less than 25 vppmd corrected to 15 % O2

when firmg natural gas

NOx emISSIons could be further reduced by the mstallatlon of a selectIve catalytIc reductIon
(SCR) system WhICh utIlIZes mJected ammoma as the reductIOn reagent Smce the DLN
technology meets or exceeds all target emISSIOn standards, SCR technology has not been
consIdered for the desIgn

NOx emISSIOns may be lImIted to 42 vppmd when fmng dIstIllate fuel, but thIS reqUIres the
IllJectIOn of water Into the combustor to lImIt NOx productIon The proposed combustIon •
turbmes WIll be eqUIpped WIth water mJectIOn capabIlIty and a source of hIgh punty water WIll
be made avaIlable for use dunng penods when dIstIllate fuel IS fired

Sulfur dIOXIde (502) emISSIons from natural gas fired turbmes are extremely low because
natural gas typIcally contams almost no sulfur When fIrIng dIstIllate fuel, 502 emISSIons are
controlled by lImltmg the sulfur content of the fuel 011

PartIculate emISSIOns from natural gas fired turbmes are also qUIte low because the gaseous
fuel typIcally contams no partIculate matter and generates no sooty reSIdue When finng
dIstIllate fuel, partIculate emISSIOn control IS accomplIshed by proper desIgn and mamtenance
of the combustor

As mdicated prevIously, It IS lIkely that eqUIpment contaInmg or Insulated WIth asbestos
contammg matenal (ACM) may need to be removed or modIfied as part of the constructIOn
actIVItIes and specIal conSIderatIon WIll be gIven to thIS actIVIty Pnor to commencement of
any constructIon, a prelImmary survey WIll be performed on eqUIpment and appurtenances
mvolved m the project to IdentIfy asbestos contammg matenal (ACM) ThIS survey IS
necessary to IdentIfy where ACMs are located m the plant, what IS the phySIcal COndItIOn of
the ACM, estImate the quantIty of ACM WhICh WIll be removed and the amount of tIme and
cost necessary to complete the removal, and prepare for proper dIsposal of the ACM The
ACM survey WIll be performed by personnel tramed to recogmze ACM, and evaluate Its •
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• COndItIOn The actual removal of the ACM wIll be performed by personnel tramed m the
appropnate work practlces for asbestos abatement WhICh wIll mvolve

• IdentIficatIOn of sources and locatIon of ACM to be removed
• The use of respIratory and protectlve clothmg by workers and mspectors
• Isolatmg the work area where ACMs are to be removed from the surroundmg

areas
• OperatIOn and maIntenance of hIgh efficIency partIculate aIr filtratIOn

eqUIpment
• Packagmg ACMs for proper dIsposal as a hazardous waste
• Abatement area InSpectIons and aIr samplIng to assure complIance wIth

acceptable lImItS

Rules and regulatIOns for asbestos abatement have been adopted by many government
authontles and such rules wIll be Incorporated Into the constructIon reqUIrements for thIS
project Contractors or others responsIble for the constructIon actIVItIes wIll be reqUIred to
comply WIth these regulatIons ThIS wIll ensure that this work wIll have no sIgmficant Impact
on the enVIronment or populatIon

2 NOISe

EqUIpment to be purchased for thIS project WIll be speCIfied to meet speCIfic sound pressure
lumts Sound pressure IImlts at receptors located outSIde the project property boundary WIll be
IDlnImlZed by enclosmg major eqUIpment Items WIthIn bUIldmg deSIgned to proVIde sound
attenuatIon No addItIOnal IDltIgatIOn measures wIll be reqUIred

3 Water Quahty

Waste water produced dUrIng the opeatlon of the new umt conSIstIng of filter backwash, water
treatment system regeneratIOn waste, HRSG and gas turbme wash water waste, blowdown and
eqUIpment and sample draIns WIll be combmed and dIrected to the eXIstmg pH adjustment
faCIlIty and then dIscharged to the dramage channel OIl/water separatIon deVIces WIll be
proVIded to reduce pollutIOn
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D 1 f EnVIronmental Momtormg Plan

The purposes of envIronmental mOnItonng are

• to mOnItor the constructIon and operatIon stages of the project m accordance WIth
the recommendatIons of the enVIronmental Impact assessment (EIA)

• to note any changes compared to pre-project baselme condItIOns, complIance wIth
regulatory reqUIrements and, If any sIgnIficant changes occur, to evaluate the need
for corrective actIon

1 AIr Quahty Momtormg

AmbIent aIr momtonng statIons wIll be mstalled at sensItIve locatIons well m advance of the
operatIOn of the system to develop baselIne aIr qualIty mformatlon These statIons WIll
mOnItor for S02, NOx, partIculates (dust) and CO AmbIent aIr mOnItormg WIll be conducted
through the lIfe of the plant to IdentIfy any sIgmficant change m aIr qualIty

Each combustIon turbme dIscharge stack wIll be eqUIpped WIth a contmuous emISSIOn
momtonng system (CEMS) WhIch wIll momtor S02, NOx, O2 and flue gas dIscharge
temperature Stack testmg wIll be performed penodically to certIfy that the emISSIOn
momtormg system IS accurate

2 NOIse Momtormg •
NOIse momtonng wIll be conducted at the boundary of the SIte and at any speCIfied locatIOns
outSIde the fence Momtormg WIll be conducted WIth portable eqUIpment at least tWIce a year
whIle the umt IS m operatIon

NOIse momtonng WIll also be conducted wlthm the plant operatmg area where nOIse levels are
close to or exceed 85 dBA Ear guards WIll be proVIded to workers contmuously exposed to
nOIse levels exceedmg 85 dBA

3 Water Quahty Momtormg

The pH and temperature of the waste water dIscharges WIll be momtored contmuously to
ensure complIance wIth World Bank GUIdelmes Water dIscharge WIll be samples and
analyzed perIOdIcally to ensure comphance WIth reqUIred dIscharge standards Should
emISSIon lunIts be exceeded, mdividual waste streams wIll be sampled and analyzed to
determme the source of the problem and to help IdentIfy actions to correct the problem
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