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Foreword 

Harza Engineering Cornpanv and The Energoprorntechniha Group Ltd have prepared thls 

report as part of the Joint (Russian-Arnencan) Energy Alternatives Studv tor the Russian 

Federation The objective oi this report IS to identifv pnontv projects tor foreign investment 

which would economic all^ lncrease the electricity generation capacity of Russia through 

hydroelectnc power 

The majonty of the data presented in this report were developed by the Russian "Gidroproject" 

Hydroproject Design Institute of Moscow (under subcontract to Energoprom) who have 

traditionally been responsible tor the des~gn and construction oi hydroelectnc plants in the 

former Soviet Union and now the Russian Federation The data has been reviewed and 

assembled into thls report by Haiza and Energoprom 
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Chapter 1 EXECUTIVE SUMMARY 

This report presents the results 01 a hbdroelectnc power generation assessment tor the 

Russian Federation The jolnt Amencan and Russian Project Team oi Harza Engineering 

Company (Chicago) and Energopromtechnika Group (Moscow) have prepared this report 

under contract with Bums & Roe Company (Washington, DC) 

The objective of the current study IS to Identify financial Investment requirements to malntarn 

and expand the hydroelectnc aspect ot the Russlan electnc generation system to meet the 

objective of the Joint (Russian-American) Energy Alternatives Study (JEAS) which IS to 

economically increase the generation capaclty of the Russian Federation 

1 2 Methodology 

The Project Team has prepared an Inventory of the existing hydroelectnc plants In the 

Russian Federat~on and we have identified pnonty projects for foreign investment For this 

studv, the Project Team looked at four different categones to ldentiiy potential plants for 

Investment to increase the electnc generatlon capacity The tour categories of investigation 

were 

a Exlsting Plants, completion of ongolng rehabilitation reconstruction 

b Ex~stlng Plants new rehab~l~tat~on/expans~on reconstructlon 

c New Plants, completion of ongoing construction 
d New Plants, start construct~on of planned plants 

The goal of the Project Team was to identlfy plants wlth the highest return in electnc 

generatlon capacity for the least investment 



1 3 Results 

The Project Team has identified a total of 16 pnorlty plants wrth a total generation capacitb 

ot 13 744 MW and energy output ot 55 365 bWh for an Investment of $5  79 b~lllon (1991) 

over the penod 1995 to 200 1 

Note that all costs presented hereln are "overnight" construction costs 

estimated bv the Russian counterpart excluding any financing, inflat~on or 

escalation The costs are presented in 1991 United States Dollars at a time 

when one dollar was approximately equal to one Russian Rouble 

Table 1 1 presents a summark ot the Project Characteristics and Table 1 2 presents a 

summary Investment Plan 

The proposed investment plan will provlde a 50-year des~gn llfe extension for seven exlstlng 

plants whlch account for 5737 4 MW and 24 05 b~llion kwh of energy production The 

existlng plants would probably be out of service by 2000 w~thout rehabllltatlon 

The proposed Investment provldes 7206 7 MW and 30 515 billion k w h  ot new energy over 

the next 7 years Several new plants currently under constructlon have been ~dentified as 

pnorlty projects due to the low Incremental cost of new power since much of the inltlal 

mob~lization and Infrastructure lmprovements have already been sunk over a penod of years 

by the government and current plant owners 

The Project Team has ident~fied several new plants currently under design for pnonty 

Investment to start constructlon based on low investment costs minimal env~ronmental 

Impacts and the regional need for power In  the case ot two of the three plants, the new 

plants would be built on exlst~ng sites which had been abandoned due to run-down equipment 

and hlgh operating costs These problems can be removed with Independent Investment for 

new rnechanlcal and electrical equipment, and new controls The third new plant is actually 

a staged expansion of an existlng plant utilizing the construction assets already In place 

DraJ F~nal Repon 
September U I994 



Table 1 1 - Summarj of Investment Requirements 

Characterlstlcs 

Investment 

$ b ~ l l ~ o n  

(1991) :n 0 525 

0 405 

3 240 

0 620 

Project Type 

E x ~ s t l n  Plants 

FINISH Raconstructlon 

Exlstlng Plants 

START Re~onstructlon 

New Plant5 

FINISH Con5truction 

Number 

ot 

Pldnt5 

3 

4 

New Plants 

START Construction 

Totals 

o 686 1 

- 
0 

23 85 

Cdpacltb 

(MW) 

0 860 

55 365 

Output 

(b~ll ions of bWh) 

Ex~stlng 

4 891 

846 4 

3 

16 

Exlst~ng 

21 260 

2. 790 

0 800 

--- 

New 

5 106 

954 

New 

2.3 920 

2 891 

77 694 

0 

6537 4 

833 1 

13744 1 



Table 1 2 - Summarv of Investment Requirements 

Investment Plan 

Plant Tbpt: 

Ex~stlng Plant, 
Fmsh Reconstruct~on 

CashFlow 52 

Investment billion US$ 

Plant Capac~tv MW 

Evlstlng Piant, 

Start Re~onstruction 

CdshFlow % 

Investment b~ l l~on  US$ 

Plant Capd~~ry MW 

New Plants, 
Fin~sh Construct~on 

Cdsh Flow L/c 

Investment blll~on US$ 

Plant Capac~tv MW 

New Plants, 

Start Construction 

Cash Flow % 

Investment billion US$ 

Plant Capd~~ty  M W 

TOTALS 

Cash Flow L/c 

Investment billion US$ 

Plant Capdc~ty MW 

= I Rb) 

7001 

5106 

954 

13% 

540 

6861 

14% 

0855 

823 1 

Total 

100% 

5250 

5106 

100% 

405 

954 

100% 

4 240 

6861 

100% 

0 620 

823 1 

Billion $ ( 

1999 

15 R 

0750 

5106 

9 %  

036 

954 

14% 

5837 

4553 

14% 

0855 

423 1 

13% 

7802 

11036 

1995 

15% 

0800 

4891 

16% 

066 

846 

10 % 

4443 

800 

1 I % 

06 7 

0 

1 1  '5 

6573 

6537 

6255 

199 1 US$ 

2000 

-- 

5106 

954 

13 % 

540 

6227 

14% 

0855 

623 1 

I 1  % 

6255 

12910 

inve5tment 

1996 

21% 

1 125 

3947 

30% 

1215 

883 

17% 

7289 

1000 

17 % 

1105 

0 

18 % 

1 0734 

6830 

1997 

30% 

1575 

5002 

31% 

1245 

920 

17 '5% 

732 

1374 

16% 

1005 

23 i 

19 % 

1 1145 

7319 

Requ~rzment 

1998 

19 % 

1000 

5054 

14% 

05 7 

942 

16 % 

6711 

2653 

14% 

0855 

223 1 

16% 

0 9136 

8872 



1 4 Existing Plants Currentlv bnder Rehabll~tation Reconstruction 

The Project Team has identified three pnoritv h~droelectric plants which are currentlv 

undergoing rehabllltat~on tor financial ~nvestment to complete construction in an expedited 

manner The character~stics ot these three plants - Nizhne-Tulomskava Volzhshaya (named 

aiter V I Lenln) and Volzhshava (named after YYII Congress) - are shown on Table 1 3 

These plants requlre an investment of approx~matelv $525 mllllon over the five vear penod 

1995 to 1999 as shown on Table 1 4 

1 5 Exlstlng Plants to Start Rehabil~tat~on Reconstruction 

The Project Team has ldentlfied a total of- twentv-five hydroelectric plants requinng 

rehabilltation pnor to 2010 Without rehabilitation these plants w~ll  likely have to be taken 

out ot service by the year 2010 The Project Team has Identified four plants tor pnonty 

Investment based on their current condltlon The charactenstlcs of these four plants - 

Kamskaya, Volkhovskaya, Pavlovskaya, and Uglitchskaya - are shown on Table 1 5 

Wlthout rehabllltatlon the tour prlorlty plants will l~kely be out of service by the year 2000 

The estlmated Investment requirement for rehabllltat~on of the four pnorlty plants is $405 

million ( 1  991) over the five year perlod 1995- 1999 as shown on Table 1 6 

Rehabilitation of the selected prrorlty plants will guarantee the supply of energy from these 

plants by extend~ng thelr service lives 



Table 1 3 - Prlorltv Projects to Contlnue Rehab~l~tatloniExpans~on Construetlon 
Characterst ~ c s  

- 
Table 1 4 - Pnonty Projects to Contlnue Rehabil~tatlon/Expans~on Construction 

Investment Plan - 

Llruprer l 1 rer rtmr I~lr~~nrclr~ 

Il~drorlrr 1171 1 ~ J I I ~ I  ( rrrrrullon \ rmnl hrr*~r~r 

Exi4tlng Plnnt 

N~zhne-Tulomskavd 

Volzhskdyd 
(named after Len~n)  

Volzhskavd 
(after XXII Congress) 

TOTALS 

r\\g i \ ~ u d l  E n e r g  
(hllllon hWh) 

Exist~ng Plant 

Nlzhne-Tulorn\kdvd 
Cn\h Flow % 

Investment bllllon US$ 
Plnnt Cdpd~ity MW 

Vol/hskdyd ( n m e d  after Len~n) 
Cdsh Flow % 

Investment hllllon US$ 
Pldnt Cdpd~lty MW 

Volzhskdvd (dfter XXlI  Congress) 
Cd\h Flow '3 

Investment h ~ l l ~ o n  US$ 
Plnnt Cnpn~ity MW 

TOTALS 
Cdah Flow % 

Investment b ~ l l ~ o n  US$ 
Plant Capacity MW 

Draj Anal Repon 

Regon 

Northwest 

M~ddle  
Volga 

Center 

Generation Capaclt! 
(MW) 

Betorc: 
Rehdb 

0 28 

9 30 

10 52 

71 36 

Betore 
Rehab 

50 

1 300 

2 541 

4tter 
Rehab 

0 31 

10 9 

1 1  I 

23 92 

Investment Requirement Blll~on $ (199 1 US$ = 1Rb) 

After 
Rehdb 

57 

2 400 

3 649 

1995 

20% 
0050 
50 

15 % 
0375 
2300 

15% 
0375 
354 1 

15 % 
0 0800 
489 1 

3 891 

1999 

57 

15 % 
0375 
2400 

15% 
0375 
3649 

0 0750 
5 106 

5 106 

Total 

100% 
0250 
57 

100% 
2500 
2400 - 

100% 
25 00 
2649 

100% 
5250 3 

1998 

57 

20 % 
0500 
2375 

20 % 
0500 
2622 

19 % 
0 1000 
5054 

1996 

50 % 
0125 
5 3 

20 % 
0500 
2325 

20 % 
0500 
2568 

21 5% 
0 1125 
4947 

1997 

30 % 
0075 
57 

30 % 
0750 
3350 

30 % 
0750 
2595 

30 % 
0 1575 
5002 



Table 1 5 - Pr~orltv Projects to Start Rehab~lrtatlonIExpans~on 
Characterst rcs 

Table 1 6 - Pr~orrty Projects to Start Rehabrl~tat~onIExpansron 
Investment Plan 

Pldnt hnme 

Kamskavci 

Volkhovskdvd 

Pavlovskdvd 

Uglltchskayd 

TOTALS 

Drafr FIMA Repon 
September X 1994 

Reg~on 

Urals 

Northwest 

U fa1 s 

Center 

Plant Nnme 

Kamskaya Cdsh Flow R 
Cnsh Flow h ~ l l ~ o n  US$ 

Pldnt Cdpd~lty MW 

Volkhavskdva Cd4h Flow R 
Cn\h Flow htll~on US$ 

P l ~ n t  Cdpd~lty MW 

Clurplvr / Lrn iinrr ~iii~inrut~ 1-7 

C d p a ~ ~  t j  

(MW) 
Output 

(billion kwh) 

Before 
Rehab 

504 

66 

1664 

110 

846 4 

Lnvestment Requ~rement B~ll lon $ (1991 US$= 1Rb) 

Betore 
Rehab 

1 760 

0360 

0 500 

0170 

2 790 

After 
Rehab 

552 

96 

180 

126 

954 

After 
Rehab 

1 800 

0410 

0 503 

0178 

2 891 

Total 

100% 
240 
552 

100% 
060 
96 

100% 
020 
180 

100% 
085 
126 - 

1995 

15 % 
03 6 
504 

15 R 
009 
66 

Pavlovskaya Cd\h Flow % 
Cash Flow h~lllon US$ 

Plnnt Cdpdclty MW 

Uglitchskava Cd\h Flow 47c 
Cdsh Flow hllllon US$ 

Plant Cdpdc~ty MW 

1997 

30 % 
072 
528 

35 R 
02 1 
86 

180 

126 

1996 

20 % 
048 
5 16 

35 R 
02 1 
76 

180 

126 

TOTALS 
Cd4h Flow % 

Cd\h Flow billion US$ 
PlantCdpdc~ty MW 

20% 
004 
166 

20% 
017 
1 10 

14 % 
05 7 
942 

1998 

20 % 
04 8 
540 

15% 
009 
96 --- 

100 % 
036 
954 954 

1999 

15% 
036 
552 

96 

16% 
066 
846 

50 R 
010 
173 

50 9c 
0425 
118 

30 R 
006 
180 

30 9c 
0255 
126 

30 % 
1215 
883 

31 % 
1245 
920 



1 6 Yew Plants Currentlk Under Constructlon 

The Project Team has ident~fied SIX prionty new hydroelectric plants whlch are currentlv 

under constructlon tor financial Investment to complete construction In an expedited manner 

The characteristics of these S I X  plants - Aush~gershava, Zelentchuhskaya, Zaramagskava 

Zagorskava- 1 ,  Bogutchanshava and Burevshaya - are shown on Table 1 7 These plants 

requlre an Investment ot approxlmatelv $4 24 billion (1991) over the seven year penod 1995 

to 2001 as shown on Table 1 8 These project w~ll  add b 861 MW and 27 694 b~llion kWh 

of energy when completed I n  aggregate these projects will cost approx~mately $618/kW of 

generation capaclty and $0 15 /kwh of energy produced 

1 7 New Plants to Start Constructlon 

The Project Team has ~dentified three new hydroelectric plants tor financ~al Investment to 

start constructlon The character~stlcs of these three plants - Zagorskaya-2 Zluratkulskaya, 

and Pravdlnskava - are shown on Table 1 9 These plants requlre an Investment of 

approxlmately $620 rn~ll~on ( 199 1 )  over the seven year per~od 1995 to 2001 as shown In 

Table 1 10 

Zagorskaya-2 IS an expanslon of Zagorskaya- 1 Pumped-storage plant located near Moscow 

The other two projects are a revltal~zat~on of plants whlch had been abandoned prev~ouslv 

because ot poor equlpment condlt~on and effic~encv and the cost of replacement 

Revltallz~ng abandoned plants ~ l t h  new equlpment and controls minlm~zes the environmental 

concerns and reduces the overall construct~on costs The c ~ v ~ l  structures at both plant 

locations are reported to be In good condltlon 



Table 1 7 - Prlor l t~  hew Plants to F ~ n ~ s h  Ongolng Construct~on 
Characterist~cs 

Drafr Rml Repon 
September 8 1994 

Plant Ndme 

Aushlgcr~hdvd 

Zelentchukskn~ d 

Zdramdg~kd~d  

Output 
(Bllllon kW-hr) 

R q o n  

North 
Cducaw\ 

North 
Caucasus 

North 
Caucasus 

Betore 
Rehab 

0 

0 

0 

0 800 

0 

0 

0 800 

C d ~ d ~ l t \  
(MW) 

Zdgorskdvd PS I 

Bogutchanskdvn 

Bureyskdyd 

TOTALS 

4tter 
Rehab 

0 236 

0 769 

0 789 

1 200 

17 6 

7 1 

27 694 

Before 
Rehab 

0 

0 

0 

4fter 
Rehab 

57 

363 

342 

1200 

3000 

7-000 

6861 

Center / 800 

Sibend 

Far Edst 

0 

0 

800 



Table 1 8 - Prioritv New Plan t s  t o  F l n ~ s h  Ongo~ng  C o n s t r u c t i o n  
Investment P l a n  

~/lupret 1 L~rd i t r l r t  >runt~run 1-1 0 
Hydroelectric Power Generallon A J J ~ J J ~ I P ~ ~  for Ru\sra 

Plant Name 

Aush~gerskayd 
Cash Flow R 

Cash Flow bill~on US$ 
PIdnt Capac~ty M W  

September 8 1994 I 

(199 1 LS$= 1Rb) 

1995 

20% 
0206 

0 

2000 

5 7 

1997 

30% 
0309 
57 

Investment 

1996 

50% 
05 15 

0 

100% 
0 204 
262 

100% 
0 233 
342 

100% 
100 

1200 

100% 
1400 
3000 

100% 
2 200 
2000 

30 % 
0612 
60 

30 % 
0699 
57 

30 % 
030 

1200 

15% 
210 
0 

15% 
330 
0 

17% 
732 

1374 

20 '3 
0408 

0 

20 % 
0466 

0 

50% 
050 
LOO0 

15 % 
210 
0 

15% 
330 
0 

17% 
7289 
1000 

Zelentchukskdyd 
Cdsh Flow YC 

Cdsh Flow bllllon US$ 
Plant Cdpaclty M  W  

ZdrdRldg~kd~d 
Cdsh Flow '4 

CashFlowb~ll lonUS$ 
Plant Cdpdclty MW 

Zdgorskayd PS - 1 
Cdsh Flow C / c  

Cdsh Flow htlllon US$ 
Pldnt Cnpd~ity M W  

Bogut~hdmkaya 
Cash Flow % 

Cdh  Flow billlon US$ 
Plant Capacity M W  

Bureyskaya 
Cash Flow 7c 

Cdsh Flow h~llion US$ 
Plant Capac~ty M W  

TOTALS 
Cd\h Flow % 

CashFlow blllronUS$ 
Pldnt Cdpac~tj M W  

262 

342 

1200 

15 % 
110 

2666 

15 % 
330 

1700 

2001 

57 

Requirement 

1998 

-- 

5 7 ------ 

10% 
0204 

0 

10% 
0233 

0 

20% 
020 
800 

10% 
140 
0 

10 7% 
220 
0 

10% 
4443 
800 

-- 

262 

342 

-- 

1200 

15% 
210 

3000 

15% 
330 

2000 

Total 

100% 
0 103 

5 7 

Billion $ 

1999 

-- 

5 7 

30 C/c 
0612 
160 

30 % 
0699 
228 

1200 

15 % 
210 
666 

15 72 
330 
342 

16% 
671 1 
2653 

13% 
540 

6227 

10% 
0204 
262 

10% 
0233 
342 

1200 

15 % 
210 

1666 

15% 
330 

1026 

14% 
5837 
4553 6861 



Table 1 9 - Prlor~tv New Plants to Start Construct~on 
Character~st~cs 

Table 1 10 - Pr~or~tv  New Plants to Start Construct~on 
Investment Plan 

Pldnt hdme 

Zdgorskavd PS 2 

Zturatkulskdvn 

Pravdlnskdvd 

TOTALS 

DraJi Rnal Repon 
Seprember 8 1 994 

Output 
(Btilton LW-hr) 

Plant Name 

Zagorskdyd PS - 2 
Cdsh Flow % 

Cdsh Flow bllllon US$ 
Plant Cdpac~ty M W  

Z~urdtkulshclyd 
Cash Flow 57c 

Cash Flow b~lllon US$ 
Plant Capac~tv 4IW 

Pravd~nskaya 
Cash Flow 5% 

Cash Flow b~llion bS$ 
Plant Capacltv MW 

TOTALS 
Cash Flow 5% 

Cash Flow b ~ i l ~ o n  US$ 
Plant Capaclty h?W 

I Hvdroelecrnc Power Generanon As~essnrenr for Rilss~a 

Regton 

Center 

Urals 

Northwest 

Before 
Rehab 

0 

0 

0 

0 

4tter 
Rehab 

800 

030 

030 

860 

Inve\trnent Requirement Blll~on $ (199 1 US$ = 1Rb) 

Capac~tj  
(MW) - 

Betore 
Rehab 

0 

0 

0 

0 

1995 

10% 
05 7 
0 

20% 
0030 

0 

20% 
007 
0 

1 I % 
067 
0 

After 
Rehab 

800 

10 4 

12 7 

823 1 

Total 

100% 
0 570 
800 

1996 

15 % 
0855 

0 

50% 
0075 

0 

50% 
0175 

0 

17 % 
1105 
0 

1998 

15 C/c 
0855 
200 

1997 

15 C/c 
0855 

0 

30 % 
0045 
10 4 

30 % 
0105 
12 7 

16 % 
1005 
23 1 

10 4 

-- 

12 7 

14% 
0855 

223 1 

1999 

15 % 
0855 
400 

-- 

10 4 

-- 

12 7 

14% 
0855 

423 1 

2000 

15 74 
0855 
600 

2001 

15% 
0855 
800 

-- 

10 4 

-- 

12 7 

14% 
0855 

623 1 

12 l o 4  7 

14% 
0855 

823 1 

100% 

100% pj 
Fl 823 1 



JOINT ENERGY ALERNATTIVES STUDY 
Hvdrnelocrrrc Porver Generarznn Assessmenr for Russla 

Chapter 2 D\ITRODUCTION 

2 1 Terms of Reference 

In September 1993, Russian Federation Pnme Minister Chernomyrdin and United States Vice 

President Gore agreed on a joint effort to examine options for Russia's energy future The 

objective of the study IS  to develop a long-term comprehensive program for the Russian power 

sector The Terms of Reterence [I] for this study state that 

"The Russlan electric power sector wlll requlre major Investments over the 

coming decades The sector's main problems Include the high proportion of 

thermal generating plants which are currently beyond their planned operational 

life spans, doubts about the safety of older nuclear plants, and highly inefficient 

patterns of electricity use In the present state of the Russian economy, federal 

budget financing of power sector development has all but ended while new 

financing mechanisms appropnate to a market economy have not yet developed 

The international community, including the leaders of the G-7 group, attaches 

great importance to joint efforts in helping to solve these problems Fundamental 

conditions of Investment in this most important sector ot the Russian economy 

should be ~dentified on a pnority basis " 

2 2 Hydropower Generation Assessment Objective 

Hydroelectric energy is a s~gnificant component of the energy sector of the Russian Federation, 

representing 170 TWh/year or 17 percent of the total electnc energy output of the country The 

economic potential of hydroelectric power has been estimated at 850 TWh/year, which Indicates 

that substantial opportunity exists to increase current hydroelectnc capacity and energy 

production 

The objective ot the current hydropower generat~on assessment IS to prepare a time-phased 

Draji F m l  Repon 
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Investment plan tor  the penod 1995 to 2000 for  expansion o t  the evlstlng hvdroelectnc energ\ 

production through 

a rehabilitation/modernization of. exlsting piants 

b expansion of existlng plants 

c completion ot partiallv-constructed plants 

d construction of. planned plants 

Improvements In the transmission lntertles between Russia's reg~onal power svstems could also - 
sign~ficantly strengthen the ablllty of the power sector to meet uncertain tuture power and energ) 

demands 

- 2 3 Scope of Current Studv 

The scope of services for the current study were Identified in Harza's proposal to Bums & Roe 

dated 11 -Mar-94 whlch was later informally revised to concentrate on mechanical and electncal - 
equipment assessments to the exclus~on of assessing the future needs of project c~vil works The , 
tollow~ng methodology has been establ~shed to meet the project objective 

I 
a Assess the condition of exlstlng hydropower plants in European Russia (the region 

west ot the Ural Mountains), and Identify the plants requiring mechanical or 

electrical equipment rehabilltation and upgradlng, assess current Russ~an plans 

for rehab~litation and upgradlng, and establ~sh recommended priorities for those - 
plants requiring only mechanical and electrical tacillties - 

Identity and screen plants by reglon whlch are currently under constructlon 

assess current Russ~an plans tor completion and establish prlority projects 
b 
I 

Develop order of magnitude costs, tlme schedules, and capacity and energy 

production estimates for those projects in the hlgher pnoritv categones I 
Analyze operation ot the hydropower stations In the Siberlan Region which are 

scheduled to supply power to load centers ~n European Russia via new or I 
upgraded transmlssion l~nes 

Llucprrr ' Inrri~i~ic iron 2-2 



e Prepare a prei~minarv time-phased investment program tor the penod 1995-2000 

whlch recommends the order and timing to Implement the pnontv projects so as 

to increase hvdroelectrlc energy production at a relat~vely low cost or wlth high 

return 

This report represents the final deliverable product of the hvdroelectr~c generation assessment 

study This report includes a prelimlnarv Investment program tor hydroelectric generation In  

accordance m ~ t h  the stated project objectives 

2 4 Implementation 

The project work plan ~ncluded the eight tasks divided Into three stages as follows 

STAGE 1 

Task 1 Form Joint Russian-American Hydro Study Team 

Task 2 Collect and Review Data 

STAGE 2 
Task 3 Assess Rehabilitation, Upgrade and Modernlzatlon Potential 

Task 4 Assess Needs of Hydro Plants that Require Add~t~on of Electrical & 

Mechan~cal Equ~pment 

Task 5 Evaluate Available Sibenan Hydroelectric Energy 

STAGE 3 

Tash 6 Develop a Hydro Investment Program 

Task 7 Prepare Results and Reports 

Task 8 Revlew Draft-Final JEAS Report 

Draft Futal Repon 
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JOINT ENERGY ALTERNATIVES STUDY 
H~droelecmc Power Generarron Assessrnenr for Russra 

Chapter 3 INVENTORY OF EXISTING HYDRO SYSTEM 

This chapter presents an inventory of hydroelectnc plants greater than 30 MW I n  the Russian 

Federat~on as of 01-January-94 Thls data has been collected for two reasons Flrst, an 
Inventory of all exlstlng projects was necessary to provlde a database of Information for selection 

of plants needlng rehabllltation The JEAS-Worhng Group 5 also needed this data for thelr 

model of the Russ~an electnc generating system 

3 2 General Characterlstlcs of Russian Hydroelectric Production 

The power Industry ot the Russian Federation has developed from the plans initiated by V I 

Lenin which were started In 1920 The plan for the electrification of Russia was the earliest 

lnltlative to build a country's economy and Industry on such a large scale The development of 

hydroelectnc energy played a key role In the earlv development of Russia's energy system In 

1994, hydropower accounts for approximately 42 9 GW of Russia's total Installed capacity of 

177 8 GW,  or about 24 percent of the Unified Electnc Power System (UEPS) 

3 3 Inventory of Ex~stlng Plants 

The Russian UEPS is dlvlded Into seven regions Baslc plant data has been collected for 64 

existing hydroelectnc plants as shown on the Table 3 1 



SEASONAL CAPACITY 
RR Plant\ The seasonal ~apacl tv has been ~omputed  as (Nameplate Capacity)*(Seasonal 
Capa~ltk Factor)*(Annual Capacitv Factor) The seasonal capacltv indicates the average 
~ n d ~ ~ a t e d  ~apac l tv  available cont~nuouslv on a non-dlspatchable basls tor the season The 
winter (Oct-Mar) season shouid be used tor the purposes of reserve margin calculat~on 

- 

PH Plants The seasonal capaclty has been computed as 90%*(Nameplate Capaclty) 
based on U S experience tor pondage hydro plants These vaiues lndlcate the average 
LapaLltv which the plant could be dispatched subject to the constraint o t  seasonal capacltv 
tactors The wlnter (Oct-Mar) season should be used tor the purposes o t  reserve margin A 

~ a l ~ u l a t ~ o n  - 

NOTE Thls lntormatlon may be updated at a later polnt In tlme 

CAPACITY FACTOR The ' Annual capacity tactor has been computed trom data suppl~ed bv - 
our Russldn ~Ounterpdn a\ 

CF = (Avg Multlvear Output kWh)/[(Nameplate Capacity)*8760 hourslyr)] -- 

Seasonal capacity Factors are the percentage (totalling tor 2 skasons) o t  eneigy historicallv 
p rodu~ed  In that season as prov~ded by our Russlan counterpart Data shown in [brackets] was - 
not given theretore Harza has estimated these values based on other projects on the same rlver 
or In the same vlLlnlty and our evperlence The amount of send-out generation (SOG) whlch 
~ o u l d  be produ~ed d u r ~ n g  the per~od can be computed as tollows 

Annual SOG = [Annual Capac~ty Factor] * [Total Plant Capac~ty] * 8760 hourstvear 

I 
Winter (Oct-Mar) SOG = [Winter Capacity Factor] * [Total Plant Capac~ty] * 4380) 
hourrlyedr 
Summer (Apr-Sep) SOG = [Summer Capac~tv Factor] * [Total Plant Capaclty] * 4380 
hour\/yedr 

NOTE This intormation may be updated at a later point in tlme 

O&M (operation dnd mdlntenance) COSTS (1991 US$) No O&M cost data has been suppiled 
by our Russ~an ~ounterpart  Theretore, Harza has estimated these values based on U S 
hydroplant O&M ~ o s t s  ( 'E l e~ t r i c  Plant Cost and Power Production Expenses 1991 ) based on 

I 
the tol low~ng 

Fixed Cost U S dverdge In I991 was $2 89tMWh less than 5% ot thls ~ o s t  IS 

dttributable to Idbor so no ddjustment has been made tor the Russ~an market For each 
I 

project F~xed  O&M ~ o s t s  were estimated as $2 89/MWhX(Avg Mult~year Output) 
Vdrldhle Co\t L' S dverdge In 199 1 wds $3 88tMWh B 

Llraprer 3 Imenron oJ Errrrrng Hvdro J~~ren l  

Hvdroelectnr Power Generarron A ~ r ~ ~ n t e n r f i l r  RIUSUZ 
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Table 3 3 - Inventory and Energy Product~on Aspects of Ehst~ng Plants in the Center Reg~on 

Clropler 3 Intenrorq of Et~sllng l l jdro  S)slrrn 

If>droel~rrtnr 1 otter reneranon for R~tssra 



Table 3 4 - Inventory and Energy Product~on Aspects of Exrsllng Plants In the M~ddle Volga Region 

O&hl Costsf 

Plant Nam ' 

32 VolzhsL?\i 
(named a l t ~ r  Lcnln) 

33 SaratovsLa\ I 

34 T h ~ h o l s a ~ s L a \ r l  

C hllddlc V o l ~ i  R ~ g l o n  
Aggrzgdtc PI lrlt 

Totals 

F I \ L ~  
(SILWI) r) 

1 1  69 

I 0  5 2  

7 06 

) I  

C d p a ~ ~ t y  Fd tor 
Yea1 
F ~ r s t  
Unit 

O n L ~ n s  

1955 

1967 

1982 

 RILL^ 

V o l ~ a  

Vol,a 

Volga 

0 u n ~ t s  
( < 3 0  
hl  W )  

V ? r ~ a b l ~  
($ihJWhr) 

3 8 X  

3 HX 

3 X 8  

(Apl 
Srp)  

54 3 

1501 

I ~ O I  

1501 

(9) 

46 

42 

28 

Plant 

T j p c  

RR 

RR 

PH 

RR I 

(Ocr 
hl  7 r) 

45 7 

1501 

1501 

1501 

Nunihcr 
of 

U n ~ t s  

20 

24 

I X 

Total 
Plan1 

C tpaclt\' 

lh'W) 

2 300 

I 360 

I 404 

0 

5 064 00 

AVLI igc  
hl111t1vea1 

( )utput 
(hllllOn k w h )  

9 3 

J 95 

3 43 

0 

17 6 8  

Seasonal Capac~tv'  

Ww) 
( O L ~  
M a r )  

483 5 

785 6 

196 6 

0 0 

( A ~ r  
Scp) 

574 5 

2x5 6 

196 6 

0 0 









Table 3.8 - Inventory and Energy Product~on Aspects of Ex~st~ng Plants In the Far East Keg~on 

Plan1 NIIIIL' 

63 Z ~ ~ s k a y a  

64 Kol~n~ska)a 

G Far E ~ r t  R~&IOII 
Aggrsgat? Planl 

Tola15 

O&hi CO\I 
A v ~ r  I&L 

hlult~ycal 
()utpul 

(h,ll,on 

4 9 

3 08 

0 

7 98 

FI\LJ 
(%/kWl\ r )  

10 65 

12 36 

RIVLI 

Ze)a 

k o l ~ n ~ a  

0 11nlts 
(<30 
h l  \!J) 

V 11 I 1I)I 

($ hl WIII ) 

3 X X  

3 HX 

C , ~ p  I II\ I I tor' 
YL 11 

Firs1 
U n ~ l  

OnLlns 

1975 

1982 

An~ i~ la I  
(I;) 

42 

49 

Phnl 
TI~L 

RR 

RR 

RRI 

(0 I 

hlal) 

I ~ O I  

1501 

IFOI 

(Apr 
S L ~ )  

1501 

1501 

1501 

NIIIII~LI 
11 

U n ~ t \  

6 

4 

To111 
Plant 

C~pacit)' 

Ol,w 

1 330 

720 

0 

2 050 

SCISC%I~,I~ C 111 ILII\' 

(h lw)  

( 0 ~ 1  
hfar) 

279 3 

176 4 

0 0 

(Apl 
Scp) 

279 3 

176 4 

0 0 



JOINT ENERGY ALERNATIVES STUDY 
Hedroeiecrrzc Power Generarlon Assessmcnr for Russla 

Chapter 4 LMODERNIZATION AND EXPANSION OF EXISTING PLANTS 

4 1 Objectives 

The object~ve of the modernizat~on/expansion program is two-fold First, an increase In 

generation capacity IS gained by installing new (sometimes more efficient) turbines, generators 

and system controls Second, the reliability of the plant is increased bv the new equipment 

wh~ch not only extends the project design life, but also increases the firm energy capacity of the 

plant 

This section of the report identifies hvdroelectnc plants for rehabilitation modernization and 

expansion In the penod 1995 to 2010 Certain plants have been identified for pnonty financial 

investment In the period 1995 to 1999 

Throughout this section, the Project Team has investigated only upgrades to electrical and 

mechanical equipment In the powerhouse It has been assumed that the civil structures are in 

adequate condition 

4 2 Evaluation Crlterla 

Russian counterparts on the Project Team had access to much data collected bv plant personnel 

Several rather standard crltena, discussed below, have been used In the identification and 

prlontization process 

4 2 1 Age 

While age by ~tself is not a good ind~cator of the need for rehabilitation, it  is a good screening 

element and when supported by other crlteria, ~t lends credibility to the identification process 
State standard norm GOST 26945-86 for turb~nes and GOST 5616-81 for generators establish 
a "normal" servlce Ilte ot 40 years for turb~nes and generators 

Dra$ Fmal Repon 
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4 2 2 kinusuailv Large LMa~ntenance Requirements 

Rather demled records are kept ot equipment malntenance requirements including equipment 

outage tlmes forced outages and costs of repars Sufficient data exists to establish mantenance 

norms Data tor individual pieces ot equlpment is tracked and compared to norms to establish 

the need tor more detalled analvsls, such as a feasibilitv report 

4 2 3 Tests 

Standard tests used to evaluate equlpment condit~on are the follow~ng 

Temperature ot the generator and turb~ne bearings 

Vibration of the baslc components of the turbine or generator 

Acoustlc measurements in the runner's chamber 

Turbine efficiency by an absolute method 

Temperature measurement of the front parts of the stay nng by remote 

pyrometers 

Measurement of the stress levels of the unit s baslc components 

Measurement ot the requirement forces by the governing system 

Insulat~on tests of the generator's clrcults and wlndings 

4 2 4 Evaluation by Hvdro Experts 

The above data is reviewed by resident experts familiar with the equipment and system needs 

to determine the appropnate prlority tor Investment and/or the need for additional studv 

4 3 Assessment of Exlsting Plants Currently Under Rehabilitation Reconstruction 

Many Russ~an hydroelectnc plants are currently undergoing some type of rehabilltatlon or 

upgrade as part of the system's long-term operation and maintenance program C e m n  plants 

have been Identified for financlal investment to accelerate the realization of energy benefits The 

plants ~dent~fied by the above process are listed In Table 4 1 These plants are currently 

undergoing some type ot rehabllltatlon construction The requ~red financlal Investment to 

contlnue the rehab~l~tat~onlmodernizat~on program at these plants is shown on Table 4 2 



Table 4 1 - Pr~oritv Projects to Cont~nue Rehabilitat~on/Expansion Construct~on 

Table 4 2 - Prioritv Projects to Continue Rehabil~tation/Expansion Construction 
Investment Plan 

Characteristics 

Exlstlng Plant 

Nlzhne-Tulomskava 

Volzhskava 
(named after Len~n) 

Volzhskaya 
(after XXII Congress) 

TOTALS 

Cluprer 4 Madern~nt~on and Erpons~on of trulmg Plants 4- 3 
H\droele~mc Power Genrrallon A ~ ~ m ~ n r e n l f o r  Kiusu 

Existlng Plant 

Nizhne-Tulomskaya 
Cash Flow % 

Investment b~lllon US$ 
Plant Capacity MW 

Volzhskaya (named after Len~n) 
Cash Flow % 

Investment blllion US$ 
Plant Capduty MW 

Volzhskaya (after XXIl Congress) 
Cash Flow % 

Investment b~ l l~on  US$ 
PlantCapac~ty MW 

TOTALS 
Cash Flow % 

Plant Cdpaclty MW 
Investment bllllon US$ 
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Regon 

Northwest 

Mlddle 
Volga 

Center 

- 
Investment Requirement B~ l l~on  $ ( 1991 US$= 1Rb) 

1995 

20 % 
0050 
50 

15 % 
0375 
2300 

15 % 
0375 
2541 

15% 

4891 
0 0800 

Generation Capacltb 
(MW) 

Before 
Rehab 

50 

2 300 

3 541 

4 891 

Avg Annual Energv 
(billion kwh) 

1996 

50 % 
0125 
54 

20 % 
0500 
2325 

20 % 
0500 
2568 

21 % 

4947 
0 1125 

Atter 
Rehab 

5 7 

2 400 

2 649 

5 106 

Before 
Rehab 

0 28 

9 30 

10 52 

21 26 

After 
Rehab 

0 31 

10 9 

11 1 

23 92 

1997 

30 % 
0075 
57 

30 % 
0750 
2350 

30 % 
0750 
2595 

30 % 

5002 
0 1575 

1998 

-- 

57 

20 % 
0500 
2375 

20 % 
0500 
2622 

19% 

5054 
0 1000 

1999 

-- 

57 

15 % 
0375 
3400 

15% 
0375 
2649 

Total - 
100 % 
0250 
57 

100% 
2500 
2400 

100% 
2500 
2649 

100% 

5 106 5106 
0 0750 



4 4 Assessment of Ev~stlng Plants to Start Rehabllitat~on Reconstruct~on 

In addition to those plants currently under rehabilitation the Project Team has identified twentv- 

five (25)  plants for rehabilitationiexpansion in the penod 1995 to 2010 as shown on Table 4 3 

These plants have been selected based on the evaluation cntena presented above It should be - 

assumed that without rehabilltatlon these plants wlll be out ot service by the year 2010 The 

twenty-five plants account tor 5 718 75 MW Installed nameplate capacltv w ~ t h  an annual average 

energy product~on of 19 90 bllllon k w h  t 
L- 

Table 4 3 - Projects to Start Rehabllltat~on/Expansion Before the year 2010 I 

Cluprer 4 hfodernr,a~ron and Exparuron ot kruring Planu 4-4 
H ~ d r o e l n ~ n r  Pokrer Crnerarron 1 ,~e~)n l rnr  for R l u ~ l a  

- 

Plant Name 

N~va  3 

N~zhrne Svtrshaya 

Lesogorshava (Rauhhiala) 

SvetlogorsLaya 

N~va  3 

Y antshosl~ 

Verhhna Sv~rskaya 

MatkozhnensLava 

Narvskaya 

Rayashosl~ 

Ondshava 

V~gostrovskaya 

Verhhna Tulornshaya 

Volhhovslaya 

Ugl~t~hskaya 

R~b~nshaya 

N~zhegorodshava 

SaratovAaya 

T s ~ n ~ l ~ a n s l a v a  

Beloret~hen\Laya 

Reg~on 

north we\^ 

Northwes~ 

Northwest 

Northwest 

Northwest 

Northwest 

Northwest 

Northwest 

Northwes~ 

Northwert 

Northwest 

Northwest 

Northwest 

Northwest 

C ~ n t e r  

Center 

Center 

Center 

Nonh Cau~asus  

North Cau~asu\  

R~ver 

N ~ v a  

Svtr 

Vuohsa 

Vuohsa 

N~va 

Paz 

S v ~ r  

vlg 

Marpva 

Pnz 

vlg 

vig 

Tulorna 

Volbov 

Volga 

Volga 

Volga 

Volga 

Don 

Belava 

Maxlrnum 
Head 
( m) 

38 5 

13 8 

17 8 

17 1 

79 

22 2 

17 

23 6 

35 

19 8 

29 2 

I4 1 

62 

12 

16 

18 

17 

15 

26 6 

52 7 

Exlsung 
Capac~tk 
ch.i W 

60 

I01 7 

I08 

100 5 

155 5 

30 45 

160 

63 

135 

43 2 

80 

40 

268 

66 

110 

330 

520 

I 360 

304 

48 

Avemee 
Vultivear 

Output 
(b~lllon LWh) 

0 42 

0 46 

0 64 

0 61 

0 89 

0 21 

0 53 

0 36 

0 58 

0 32 

0 36 

0 22 

0 80 

0 36 

0 17 

0 9 

I 41 

4 95 

0 56 

0 26 

Reservoir 
Storage 

lm~l l~on  rn') 

13 

0 023 

0 006 

0 01 

0 0015 

0 004 

12 7 

0 017 

2 

11 008 

5 14 

0 002 

3 86 

)7 ) 

800 

16700 

2 78 

1 75 

10 

0 01 



Table 4 3 - Projects to Start Rehabil~tat~on/Expans~on Before the year 2010 

In  reviewing the circumstances ot these twenty-five plants requlrlng rehab~l~tatlon, four plants 

have been identified for pnorlty investment In the per~od 1995-1999 as shown on Table 4 4 

Without rehabilltation these plants w~ll  be out of service by the year 2000 The requlred 

financ~al investment for the rehab~litatlon/modernizat~on of these plants is shown on Table 4 5 

The following sections present a further dlscuss~on of the four pnorlty plants for rehabil~tat~on 

Reservo~r 
Storage 

(mllllon m') 

0 0007-3 

0 095 

9200 

900 

3 7 

Clurprrr 4 , M d e r n ~ u ~ r o n  und I-rpunsron o/ I ruanp Plant.\ 

Il\drorle~ mi A ~ a e r  ( enrrurron A\\r~\nrrnr lor K r u ~ w  

Average 
Multtvear 

o u t p u ~  
(hllllon AM) 

0 26 

0 1 

1 76  

0 5 

2 37 

19 90 

Plan1 Namt 

Ezm~nslavd 

E,aorl~hskava 

Kamsiava 

PavlovsAdyd 

Volh~n\kaya 

TOTALS 

R ~ g l o n  

North Caucasu\ 

Nonh Cau~asus  

Urak 

Urals 

Urals 

Rlv t r  

Terrl  

Nev~nnom~ssL 
Canal 

Kama 

Ufa 

h a  ma 

hiaxlmum 
H ~ d d  

ln) 

170 

31 8 

15 5 

32 9 

23 

Erlst~ng 
C a p a ~ ~ ~ b  
(MW) 

45 

3 0 

>04 

166 4 

1 000 

5718 75 



Table 4 4 - Pr~ority Projects to Start Rehabll~tatlon/Expansion 
Characterlst lcs 

Plant Name 

Capacitk 1 (MW) 
Output 

(Billion k w h )  I I 
Region 

Kamskaya 

Volkhovskaya 

Paviovskaya 

Table 4 5 - Pr~oritv Projects to Start Rehabll~tat~onJExpanslon 
Investment Plan 

I 

Ugl~tchskaya 

TOTALS 

Plant Name 

Urals 

Northwest 

Urals 

Kamskaya Cdsh Flow 5% 
Cash Flow billlon US$ 

Plant Capacity MW 

After 

Center 

Volkhovskaya Cash Flow R 
Cash Flow billion US$ 

Plant Capacitv MW 

Before Before 
Rehab 

504 

66 

1664 

Pavlovskava Cash Flow R 
Cash Flow billion US$ 

Plant Capacity MW 

4fter 

110 

846 4 

Ugl~tchskdya Cash Flow R 
Cdsh Flow billion US$ 

Plant Capdclty MW 

TOTALS 
Cash Flow 76 

Cash Flow billion US$ 
Plant Capacity MW 

Rehab 

552 

96 

180 

I Investment Rrqvlrernenr Billion $ (199 1 US$= IRb) 11 

126 

954 

1995 1 1996 1 1997 1 1998 1 1999 11 Total (1 

Rehab 

1 760 

0 360 

0 500 

Lltaprer 4 Modem~urron und Erpururon o/ Errtnnp Plunr;, 4- 6 
Htdroeler mc Pouer ( rnrrurron Aur\\ntmf Pjr RIL\\IU 

Rehab 

1 800 

0 410 

0 503 

0 170 

2 790 

0 178 

2 891 



4 4 1 Kamskava Plant 

The Kamskaya Hydroeiectnc Plant located on the River Perm, is one of the four plants of the 

Kamskry cascade The plant controls loads during 24 hours a dav The plant's construction 

began in  1948 and was completed In  1958 The first unit bas commissioned in 1954 

The Kamskaya Plant 1s operated bv the Jo~nt-Stock Companv (JSC) "Permanargo" The 

equipment data and the design energy indicators for Kamskava plant are presented in the Stage 

1 Report (Appendix A) The plant's structure Includes a combined hydroelectnc plant a bed 

dam and a flood-lands dams, and a six-chamber-two-line lock 

The plant's comb~ned spillway/powerhouse structure was the first of its lund This type of 

structure together with numerous relativelv small units, afforded mlnimum depth of the 

structures base which was extremely important because of complex geological conditions of the 

dam slte and a sufficiently wlde spillwav front 

4 4 1 1 Exlst~ne Condition The powerhouse structure is in good cond~tion The bed- and 

flood-lands dams have a total length of 1828 meters and are made of gravel-type so11 and fine 

grained gravel, ma~nly of limestones and argil, hydraulically depos~ted The dam's slopes are 

anchored by relntorced concrete slabs and crushed rock and crushed stones The land structures 

of the hydroelectric scheme are in satisfactory condition 

The plant's equipment has been in  service for some 40 years and is requlnng more and more 

maintenance espec~aily because the powerhouse is combined with a splllway The results of 

fieid tests show that, glven the existing regimes of the units usage (as far as the capaclty and the 

head are concerned), the turbine's ratings do not measure up to an optimal work mode at a 

universal performance As a result of severe cavltatlon eroslon, the runners and the cases were 

clad many times with stamless plates and stamless wire was depos~ted by welding on them that 

changed completely their original shape Pieces ot the case s inner side were pulled out and 

there were cracks Runner blades are broken in many places The process of crack format~on 

IS accelerating Due to detormat~ons and wear of. the penstocks the turb~ne absolute efficiency 

level 1s less than that guaranteed by the manufacturer All the components of the turbine and 

auxiliary equipment show extensive wear 

Llurpler 4 Mcdrrn~urro~n und ~ p u r u r o n  ol t m n n g  / ' h h  
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The babbitt surfaces of the generator s thrust bemng segments have cracks and some dents The 
thrust bearing tank gaskets are not ar-tight and let oil vapors escape During prevlous 

maintenance perlods all oil and alr coolers were changed and the generator's exciters were 
- 

replaced 

An overall lnspectlon of the mechanical equlpment revealed numerous detects and deslgn flaws - 

In several structures The use ot repalr gates designed for turblnes In case of an emergency is 

hlndered by the lach ot heatlng and by the worn out condition of the support and runnlng 

components (that IS a characterlstlc feature of other gates, too) The turbine gate seal is not a 
I 

tlght fit and tor thls reason cannot be used for repalrs The gratings are the cause of blg I 
dltterentlais and are Inconvenient (some have already been replaced wlth new ones) 

The gantry cranes manufactured in the former German Democratic Republlc (GDR) show 

extenslve wear and are iinrellable The same IS true for the electncal equlpment of the rest oi 

the cranes All the plant's locks are of slldlng actlon The support rails and slides have been 

poorly made of wood according to an obsolete deslgn that results In taster wear and tear of the 

runners 

4 4 L 2 Transrnlssron The plant s energy output IS transrnltted by 3 power llnes ot 220 kV j 
and 10 power lines of 1 10 kV 

4 4 1 3 Rehabllltat~on The following sections descrlbe the planned rehabllitatlon measures 
I 

4 4 1 3a Bas~c and Auxlllarv Eaul~rnent The tollowlng describes the basic and 1. 
auxlllary equlpment to be replaced as currently planned 1 

1 Replacement of the old runners wlth new ones wlll not only decrease unplanned 

outages of the turblnes but wlll also Increase thelr theoretical and actual efficiency 

by some 3 to 4% and augment a unit's capaclty to 24 8 MW and Increase the 
I 

energy output as well The replacement of runner blades will be done as a major 

repair 
I 

2 Replacement ot the runner cases lines 
3 Replacement of turbines' governors with more modern ones capable of providing I 

the control requlred by modem power systems 

Lllnpler 4 M d e m ~ a n o n  u d  hpamron (1 Fzurmp Hanu 4- 8 DraJi F d  Repon 
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Replacement of turb~ne gulde vanes wlth steel vanes and cladding trunnions w~th 

stalnless steel 

Replacement ot pumps and pressure tanks of the oil-pressure set w~th new ones 

Installation of additional alr cooler sets, replacement ot oil cooling of the 

generator bear~ngs and replacement of thelr sump tanks 

Replacement of the babbitt segments of the generators thrust beanng with new 

ones 

Replacement ot the equipment reinforc~ng bars and Rater pipe lines of the water 

supply system tor technical purposes 

Replacement ot the equipment and reintorc~ng bars ot the pneumatic facilities ot 
the plant and (39993 1 
Replacement of the technical system of dnv~ng the hydraulic units into a 

synchronous condenser regions 

Replacement ot the equlpment reinforcing bars and water pipe lines of the 

drainage system of the water passages with new ones 

Complet~on ot the ( f a c ~ l ~ t i e s ~ ~ ~ ~ ~ )  with 011 refining devlces for a degassing and 

011 drying 

4 4 1 3b Electr~cal and Techn~cal Euulpment The following descnbes the electncal 

and technical equlpment to be replaced as currently planned 

1 Replacement of the generator's stay nng winding with thermosetting insulation 

wlnd~ng In accordance w~th the project deslgn that provides tor a generator s 

capacity Increase by 15% (the selt-contamed transtormers have been already 

redesigned and thelr certificate capaclty can be increased up to 60000 KWA) 

2 Replacement ot mach~ne excitation of the generators by a thyr~stor one 

3 Replacement of a trame and connection insulation of a rotor poles 

4 Replacement ot a ventilation system ot hydroelectnc generators 

5 Replacement ot a generator d~stnbution device 

6 Replacement of generator lead wlres 
7 Replacement ot automatic equipment panels, protection and generator excitation 

panels 

8 Replacement ot protection panels of the self-contamed transformers, 110 kV and 

220 kV 



9 Replacement of some of the power panels 

10 Laying power and control cables 

1 1  Partial removal of the existing power and control cables 

4 4 1 4 Rehab~l~tat~on Cost and Enerev Im~rovements 

In  the rehabilitation process ~t IS  planned to replace parts and components ot a basic and 

auxiliary equipment so that the efficiency of units and their individual capacitv could be 

increased After the rehabilitation, the plant's design capacity will increase from 504 MW to 
I 

552 MW and the energy output will be 1 800 billion kwh compared to 1 740 billion hWh of 

original design capacltv The energy output of the plant will be higher because of a higher 

etficiency ot equipment and reduction ot idle discharges to the plant's tailwater 

Bv 1994 the servlce life ot the plant s basic equipment was 36 to 40 vears A capacitv Increase 

of plant after the rehabllltation will become possible thanks to its augmented design Increase and 

to an Improvement of. functioning of the basic equipment which 1s in a dangerous state 

1 
r 

The Kamskaya Plant rehabilitation cost IS estimated at $240 3 million (1991) as shown in Table 

4 6 

4 4 1 4 Econom~cs The etficiency of the Kamskaya Plant rehabilitation has been determined 

by companng the amount of the investments needed for rehabilitating the plant with the net 

profit derived from the rehabilitated plant The energy rate for the plant's output has been 

calculated on the capacity and energy basis The economic effect is assessed on the basis of an 

increased capacity and the energy output tahng into account its dvnamics by years The internal 

rate ot return tor the project is estimated at 16 2% 
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Table 4 6 - Estimated Rehabilitation Costs for the Karnskaya Plant 

Draq? F m l  Repon 
September 8 I994 

Est~rnated Cost 
$million 
(1991) 

0 17 

12 96 

126 98 

44 95 

23 14 

208 20 

29 45 

2 65 

240 30 

Item 
Number 

1 

7 - 

3 

4 

5 

Descnptlon 

MobilizationiDemobilization 

Powerplan t 

Turbine and Generator 

Aux~liary Electrical System 

Miscellaneous Mechanical Equipment 

SUBTOTAL DIRECT COST 

6 

7 

Con t~ngency (Clvll Electrical and Mechanical) 

Administrat~on, Engineering and Construction Sew~ces 

TOTAL CONSTRUCTION COST 



4 4 2 Volkhovskava Plant 

The Volkhovskava Hvdroelectnc Plant IS located in St Petersburg Province about 197 5 km 

from the place the Riker Volkhov onginates flowlng out of the Lake Ilrnen and 26 5 hrn from 
the place ~t flows into the Lahe Ladechaleova The construction of the plant began in 1919 and 

was fin~shed In 1926 (according to the GOELRO plan - State Electrificat~on ot Russia) The 

Plant IS operated bv the JSC "LENENERGO" 

The equipment data and the design energy ind~cators for the plant were prov~ded in the Stage 

1 Report which IS attached as Appendix A 

The plant's structure ~ncludes the powerhouse, a spillway dam, a floodgate an Ice protection 

wall a one-chamber lock and one lock for fish passage The foundation of the plant's structures 

lays In limestone The powerhouse 1s of a bed type (founded on rock) The structures' status 

ot the plant meets the present-day demands for using the plant 

The splllway dam 1s located between the left bank of the Rlver Volhhov and the powerhouse 

Onginally the dam was des~gned and bu~lt for a tree spillway of lncreaslng flow of water over 

the dam crest 

In  1970- 1971 piers were bu~lt and gates were placed and then a br~dge was built over the piers 

tor a gantry crane and pedestr~ans 

4 4 2 1 Exlst~ng Cond~tion The Volkhovskava Plant became operat~onal In 1926 and agan 

atter i t  was restored In 1942-1945 The results of a technical study made in 1972 showed that 

the basic hydraulic power and mechanical equipment as well as some of the electncal equipment 

were obsolete and outdated and had to be replaced 

At the request of the Fuel and Energy Ministry of 1 1 -Jan- 1985, the Leningrad branch of the 

"Gldroproject" Inst~tute made In 1985-1987 a design for the Volkhovskava Plant rehabilitation 

and named for V I Lenln 

DraJ Fvlnl Repon 
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3 4 2 2 Rehabrl~tat~on The tollowlng sectlons describe the planned rehabil~tation measures 

4 4 2 2a Hvdraul~c Turblnes There are 8 main rad~al-axls turbines In servlce at the 

plant 8 MW capacity each with a head of 13 meters and 2 auxiliarv turblnes 1 MW each (the 

latter worh for the plant itself) 4ccord1ng to the plant's rehabilitation des~gn the man turblnes 

and generators, glven thelr wear and tear, have to be replaced but parts of the old foundations 

would be used All worlung parts, and governors of the turb~nes need to be replaced 

The aux~l~arv unlts are completely worn out and should be decomm~ss~oned 

In accordance w~th the request because ot the replacement ot the generators and usage ot a 

closed-c~rcuit cooling svstem the rehabilitation deslgn ot the plant has to provide for a new water 

supply svstem for technical needs A replacement of a compression equ~pment tor technical 

needs ot the plant and charglng or turb~nes is provided tor too 

The crane in the powerhouse cannot be used any longer and should be removed At present a 

new, standard crane has been ~nstalled 

4 4 2 2b Hvdraul~c Generators There are 8 baslc generators In service with a rated 

capacity 8 M W/8 75 MVA and a voltage of 1 1 kV each There is a separate electnc mach~ne 

excitation svstem tor the generators equipped with electnc motors TGTM- 12716 and GM-302 

exciters According to the results of a technical lnspectlon of the plant that was supported later 

bv the aforementioned stud~es the basic generators and the~r excltatlon svstem are to be replaced 

LPEO (Leningrad) "Electrosl~a" suggests a des~gn tor the Volkhovskaya plant that provides for 

8 generators with a rated capaclty ot 16 MW, a rated voltage of 10 5 hV and thyr~stor excitation 

system 

4 4 2 2c Electrical and Techn~cal Eau~pment All the obsolete and worn out 

equipment ot (3PY) and (OPY) of 110 kV, that is 011 breakers, current and voltage transformers, 
has been replaced dur~ng overhauls wlth modern 011 breakers made by "ASEA" company and 

w~th current and voltage transformers made in th~s  country The d~sconnects were left In place 

and there are no plans to replace them 
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I t  1s env~saged to el~m~nate dur~ng the rehabilitation the new open part located on top ot the 

power-house roof on a metal trestle Thls (OPY) of 110 k V  has changed a unique architectural 

torm of the Plant s power-house I 
4 4 2 3 Rehabllltat~on Cost and E n e r ~ y  Imurovernents After the turbines are replaced bv 

new ones the plant's capacitv dunng maximum loads in the guaranteed (by the head) conditions 

will be 72 MW A runner Increase of the generators capacity makes it possible not to limit the 

I 
turbine's capacity at Increased heads and to get an additional energy output that will be 13 I 
million k w h  (an increase from 392 m~llion k w h  to 405 k w h )  at an Increased capacity up to 96 

MW (an ult~mate head for thls klnd ot turbine) I 
The plant's rehabilitation will take 5 vears, because dunng the process i t  1s supposed to be In 

servlce and no more than two unlts can be out at any one time while dunng flood penods all I 
eight units have to be in operation (the existing and the newly installed ones) I 
The total rehabilltation cost ot the plant 1s $60 million (1991) as shown in Table 4 7 

I 
4 4 2 4 Economics The etficlency ot the Volhhovskaya Plant's rehab~litation has been 

determ~ned by comparing the amount of Investments needed tor rehabil~tating the Plant w~th a 

net profit denved from the energy sold The energy rate for the electncity sold directly from 
I 

the Plant's wlres has been calculated on the capacity and the output basis I 
The economic effect is estlmated on the basis of an increased capacitv and energy output talung 

into account ~ t s  dvnalnlcs bv years The ~nternal rate of return to the project is estlrnated at 

September 8 1994 
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Table 4 7 - Estlmated Rehabllltat~on Costs for the Volkhovshava Plant 

Clwplrr 4 Modrrnr,alron und t rpan.\rnn ol 1 runns Plun~\ 
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Est~mated Cost 
$million 
(1991) 

0 020 

0 068 

10 590 

39 330 

0 900 

1 400 

52 308 

Item 
Number 

1 

2 

3 

4 

5 

6 

Description 

Mob~l~zation/Demobilization 

Reservoir and Dams 

Powerpiant 

Turbine and Generator 

Auxiliary Electrical System 

M~scellaneous Mechanical Equipment 

SUBTOTAL DIRECT COST 

5 060 

2 632 

60 000 

7 

8 

Contingency (Civil, Electrical and Mechanical) 

Administration, Engineering and Construction Services 

TOTAL CONSTRUCTION COST 



3 4 3 Pavlovskava Plant 

3 4 3 1 Basic Data The Pavlovskava Hvdroelectnc Plant is located on the Uta River 
The I plant is operated by the JSC 'Bashlurenergo" The construction began In 1950 and was finished 

i n  1961 The first unit was commissioned in 1959 The equipment data and the deslgn energy 

ind~cators for the Pavlovskaya Plant were provlded dunng the work Stage 1 (Appendrx A) I 
The scheme's structure includes a powerhouse combined with a spillway, a bed- and flood-lands 

dams and (OPY) of 110 kV and 35 bV The powerhouse IS a combined with four surface 

spillways equipped w~th work and repair flat wheel two-chamber gate a water-intake structure 

w~th trashracks and repalr gates installed ahead of the turbines The comb~ned 
I 

splllway/powerhouse of the plant has an efficient and well planned layout I 
Adjacent to the powerhouse is a one-chamber shipping lock that can be used tor water discharge 

at a design flood ot 0 1 % of the supply A considerable part of the equipment which has been 

In operation for a long tlme, has become obsolete and very worn It has been discontinued and 

I 
there are no spare parts available I 
4 4 3 2 Exlstlne Condltlon Dunng the operation perloci of the plant a considerable amount ( 
of turblne research has been done that makes it possible to Improve thelr performance New 

stainless (39?) 5011075 runner blades have been designed for the Pavlovskaya Plant that make 

~t possible to increase the efficiency at maxlmum output bv 2% and by 3% at the design point 
I 

output The new blades also offer an increased turbine capacity -from 42 5 MW to 52 MW 

(with a hlgher generator's power tactor) - at a maxlmum head ot 32 m The runner cases have 

considerable cavitation wear There were cases when the line(939) was pulled out 

I 
I 

The demountable part of the runner's case was not used for the design purposes and at present 

reduces the runner's case reliability The lignumvltae bushings of the blades bemng of the 

guiding device are considerably worn out The governor PK-160 is obsolete There are no 
I 

turbine meters in the measurement system at a unit, the cross-head meters are out of servlce 

The upper gasket ot the generators bearing oil tub is not a tight fit The support bolts of the 
I 

thrust bearings are outdated The brakes shoes are old "ferrado" type pads 
the i generators were in use they were modernized and reequipped The existing worn-out and 

obsolete generators excitation system needs to be replaced by a thyristor one I 
Lluprrr 4 M ~ x l r r n ~ u o r ~ n  und trpunnrun o/ kruunp Plunk, 4-1 6 
H\drorle~ Inc P o ~ e t  ( mrfultorr A ~ ~ ~ r \ ~ n r u n l  /or Hru~ra  



4 4 3 3 Rehab~lltatlon Cost and Ener~v  Im~rovements The Pavlovskaya Plant rehabllitat~on 

plans provide for a replacement of parts and components of the bas~c as well as the aux~liary 

equlpment in order to increase unlts efficiency by 2 to 3% and thelr lndlvldual capac~ty from 

41 6 MW to 45 MW The plant's capacity wlll lncrease after the rehabllltatlon trom 166 4 MW 

to 180 MW that is bv 17 6 MW whlle the energy output wlll lncrease trom 0 500 bllllon kwh 

(the design figure) to 0 503 billion k w h  The energy output growth IS ensured by an lncrease 

In the equipment efficiencv and bv a reduction of idle discharges to the Plant's tadwater 

By 1994 the service life of the plants' baslc equlpment was 35 to 36 years A capacity lncrease 

of the plant after the rehabiiitatlon is ensured by an lncrease In the plant's design capacity and 

by an lmprovemenr ot the tunctlonlng of the baslc equlpment whlch is In an emergency state 

The major rehabilitation work at the Pavlovskaya Plant is planned to do In 4 vears 

The Pavlovshava Plant rehabllitatlon cost is estimated at $20 mlll~on (1991) as shown In Table 

4 8 

4 4 3 4 Economics The Pavlovskaya Plant rehabilltat~on effic~ency has been determined by 

comparing the amount of the investments needed for the plant's rehabilltatlon w~th the net profit 

ensured by the rehabii~tation The energy rate for the plant s output at its wires has been 

calculated on the capacltv and energy basis The economic etfect is assessed on the bas~s of an 
Increased capacity and the energy output talung into account its dvnamics by years 

The internal rate or return tor the project IS estimated at 20 4 %  

Dra$ Ftnal Repon 
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Table 4 8 - Estlmated Rehabilltation Costs for the Pavlovskaya Plant 

Lluprrr 4 Modern~unr~n und L r p u n ~ u ~ n  01 Lrnune Planano 
flvrlrt~rfet lnc Power ( mrtulr i~n I r  \ r ,$nlrn/  lot Ktr\~w 

Drafr F m l  Reporr 

Estimated Cost 
$million 

(1991 US$) 

0 030 

0 980 

6 900 

7 350 

15 260 

2 950 

1 790 

20 000 

I tern 
Number 

1 

1 - 
3 

4 

September 8 1994 

I 

Descnpt~on 

Mobilization/Demobilization 

Turbine and Generator 

Auxiliarv Electrical System 

Miscellaneous Mechanical Equipment 

SUBTOTAL DIRECT COST 

5 

6 

Contingency (Civil Electrical and Mechanical) 

Adm~nistration, Eng~neenng and Construction Servlces 

TOTAL CONSTRUCTION COST 



4 4 4 Ugl~tchskava Plant 

4 4 4 1 Baslc Data The Uglitchshaya Hvdroelectnc Plant is located on the Volga fiver The 

plant is operated by the JSC "Yarenergo" The first unit was commissioned in 1940 The 

equipment data and the design energy indicators for the Plant were provided in the Stage 1 

Report (Appenduc A)  

The scheme's structures include a powerhouse a spillwav dam, a bed-earth dam a shipping loch 

and (OPY) of 220 kV and 35 hV 

4 4 4 2 E x l s t ~ n ~  Cond~t~on There are two units with 7333-9 1-900 turbines and CB-12501170- 

96 generators of 55 MW capacity The units were commissioned in 1940 and 194 1 but are still 

in a worlung condition, although significantly worn There are accidents of cone breakage and 

blades destruct~on rnultiple damage ot the runners cases cavitation destruction of worlung 

heads, oil leakage through the blades seals, wear of the turbines beanngs and blades' beanngs 

of the guiding devices The design and performance data of the runners are obsolete The 

systems of the turbines governing and the generators excitation are obsolete also and do not 

comply with the worlung requirements ot the current energy system 

The mechanical equipment of the Uglitchskaya Plant has been in operation for more than 45 

years and has not been under a major repar Its composition and layout do not comply fully 

with necessary standards that match the present-day design standards On a request of the Fuel 

and Energy Mlnistrv the Kuyb~shev branch ot the "GIDROPROJECT" made in 1988 a 

teas~b~lity study entitled "Technical Reequlprnent and Rehab~litation of the Uglitchskaya Plant 

on the Volga River" 

4 4 4 3 Rehabil~tat~on Cost and Energy Imurovements Rehabilitation of the plant including 

new equipment will allow preservation a significant energy source in the system, make the plant 

more reliable and increase its energy output 

A replacement ot the bas~c technical equipment wlll make it possible to increase the plant's 

design capaclty from 1 10 MW to 1 17 MW and the energy output from 168 million kwh (the 

design figure) to 178 million kwh The energy output growth is ensured by an increase in the 

equipment efficiency and by a reduction of idle discharges to the plant's mlwater 

LIupter 4 Modern~aoon and trpamron of Grrnng Planu 4-1 9 
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Bv 1994 the service lite of the plant's basic equipment was 53 to 55 years A capacitv Increase 

of the plant after the rehabllltatlon 1s ensured bv an Increase In t he  deslgn capacitv and bv an 
- 

Improvement of the tunctlonlng of the baslc equipment in  an emergencv condition 

The Uglitchskava Plant rehabllltation cost is estimated at $85 714 million (1991) as shown in  
- 

Table 4 9 

Table 4 9 - Estimated Rehabilitation Costs for the Uglltchskaya Plant I 
Estimated Cost 

$ m ~ l l ~ o n  
Item 

Number 

1 

3 - 

I 
Description 

3 

4 

5 

6 

Mob~l~zation/Dernobil~zat~on 

Reservo~r and Dams 

by companng the amount of the Investments needed for the plant's rehabil~tat~on with the net 

profit ensured by the rehab~litation The energy rate for the plant's output on ~ t s  wires has been I 

Powerplan t 

Turbine and Generator 

Auxiliary Electr~cal System 

M~scellaneous Mechanical Eaui~ment 

SUBTOTAL DIRECT COST 

8 

calculated on the capacity and energy bas~s I 

(1991 US$) 

0 114 

13 900 

70 364 

13 860 7 

The economic ettect is assessed on the basis of an increased capaclty and the energy output 

talung Into account ~ t s  dynamics by years The computed internal rate of return for the project B 

I 
1 

5 000 

30 120 

15 390 

I 
Contingency (Civil, Electrical and Mechanical) 

Adminlstratlon Engineenng and Construction Servlces 

1s estimated at 13 1 % 

I 

1 490 

TOTAL CONSTRUCTION COST 

DraJi Anal Repon 

5 840 

4 4 4 4 Econom~cs The rehabllltatlon effic~ency of the Uglltchskaya Plant has been determined 
I 

85 714 
I 



4 5 Summary and Concius~on 

The Project Team has Identified three prionty hydroelectnc plants which are currently 

undergoing rehabll~tation tor financial ~nvestment to complete construct~on In an expedited 

manner These three plants - Nlzhne-Tulomskaya, Volzhskaya (named after V I Lenin), and 

Volzhskaya (named after YYII  Congress) - requlre approximatelv $525 million over the five year 

period 1995 to 1999 

The Project Team has Identified a total of twenty-five hydroelectnc plants requlnng 

rehabilitation prlor to 2010 Without rehabilitation, these plants ident~fied in Table 4 3 wlll 

likely have to be taken out of service by the year 2010 The Project Team has identified four 

plants - Kamskaya Volkhovskaya Pavlovskaya, and Uglltchskaya - for prlonty financial 

investment for rehabllitat~on since these projects are in  the most cr~tlcal condlt~on Wlthout 

rehabilltation the tour pnorltv plants will l~kely be out oi service by the vear 2000 The 

estimated investment requlrement tor rehabilitat~on of the tour prlorlty plants IS $405 million 

Rehabilitation of the selected pnorlty plants will guarantee the supply of energy from these 

plants by extending thelr servlce l~ves Rehabilltation wlll also Increase the nameplate capaclty 

approx~mately 322 6 MW (from 5737 4 to 6060 MW) and average annual energy production 

by approximately 2 761 billion kwh (from 24 05 to 26 81 1 bill~on kwh) as shown in Table 
4 10 The total investment requlrement for rehabil~tation/expansion of existing plants is $930 

mllllon over the perlod 1995 to 1999 as shown in  Table 4 11 

Clmprer 4 Mndem~unnn und krpan\~nn rg Itrumn~ P ~ u  
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Table 4 10 - P r i o r ~ t ~  Projects for Rehabllltat~on/Expanslon Reconstruction 
Characterlstlcs 

Note Plant Status Defin~t~on 
" 1" = Ex~sting plant currently under rehab~l~tat~on Investment requlred to complete 
ongolng constructlon 

"2" = Existing plant with rehabilitation work under design Investment required to start 
rehab~litation constructlon 

Lllopler 4 Mcdern~anon and kparuron of fxurrne Plants 4-22 
Hvdroelecmc Power Generaaon A ~ ~ e ~ ~ r n e n l  for Rrosra 

Existing Plant 

Nizhne-Tulomskava 

Volzhskaya 
(named after Lenin) 

Volzhskaya 
(atter XXII Congress) 

Kamskava 

Volkhovskaya 

Pavlovskaya 

Ugiitchskaya 

TOTALS 

4vg Annual Energj 
(b~ll ion kwh) Plant 

Status 

1 

1 

1 

2 

2 

2 

2 

Regon 

Northwest 

Mlddle 
Volga 

Center 

Urals 

Northwest 

Urals 

Center 

Betore 
Rehab 

0 28 

9 30 

10 52 

1 760 

0 360 

0 500 

0 170 

24 05 

Aker 
Rehab 

0 31 

10 9 

11 I 

1 800 

0 410 

0 503 

0 178 

26 811 

Generat~on Capacitv 
(MW) 

Betore 
Rehab 

50 

2 300 

3 541 

5 04 

66 

166 4 

110 

5737 4 

After 
Rehab 

5 7 

3 400 

2 649 

552 

96 

180 

126 

6060 0 



Table 4 1 1  - Pr~orit\ Projects for Rehabil~tation/Expansion Construction 
Investment Plan 

Clwp~rr ? Mcdemr u!lm und t xpun~~e~t~ J/ I rr\/rnq Plan!, 4-23 

E x ~ s t ~ n g  Plant 

N~zhne-Tulomskdyd 
Cdah Flow 5c 

Investment bllllon US$ 
Plant Capacltv M W  

Volzhskayd (named after  Lenln) 
Cdsh Flow '2 

investment blll~on US$ 
Plant Cdpac~ty MW 

Volzhskava (after  YXII Conprrss) 
Cdsh Flow 7c 

Investment b ~ l l ~ o n  US$ 
Plant Capac~ty M W 

K m s k a v a  Cash Flow R 
Cash Flow b1111on US$ 

Plant Cdpac~ty MW 

Volkhovskdya Cash Flow % 
Cdbh Flow b~llron US$ 

Plant Capac~ty MW 

Pavlovskaya Cash Flow R 
Cash Flow bill~on US$ 

Plant Cdpac~ty MW 

Ugl~tchskaya Cdsh Flow C/c 

Cdsh Flow h~lllon US$ 
Plnnt C d p a c ~ t ~  MW 

TOTALS 
Cd\h Flow % 

Cash Flow h ~ l l ~ o n  US$ 
Pldnt Cdpduty M W  

1995 

20% 
0050 
50 

15 R 
0375 
3300 

15 5% 
0375 
254 1 

15 % 
036 
504 

15 R 
009 
66 

30% 
004 
166 

30% 
017 
1 10 

16 5% 
146 

5737 

Investment 

1996 

50 % 
0125 
5 4 

20 "0 
0500 
2325 

20 % 
0500 
2568 

20 R 
04 8 
516 

35 % 
02 1 
76 

50 % 
010 
173 

50 % 
0425 
118 

25 % 
234 

5830 

Requ~rement 

1997 

30 % 
0075 
5 7 

30 % 
0750 
2350 

30 % 
0750 
2595 

30 9c 
072 
528 

35 R 
02 1 
86 

30 % 
006 
180 

30 96 
0255 
126 

30 % 
282 

5922 

1991 US$ = 

1999 

57 

15 % 
0375 
2400 

15 % 
0375 
2649 

15 % 
036 
552 

96 

180 

126 

Blllion $ ( 

1998 

-- 

57 

20 470 
0500 
2375 

20 % 
0500 
2622 

20 R 
04 8 
540 

15 % 
009 
96 

180 

126 

17% 
157 

5996 

1Rb) 

Total 

100% 
0250 
57 

100% 
2500 
2400 

100% 
2500 
2649 

100% 
240 
552 

100% 
060 
96 

100 % 
020 
180 

100% 
085 
126 

100% 

6060 6060 



JOINT ENERGY XTERNATIVES STUDY 
Hvdroelecrnc Power Generarron Assessment for Rirssru 

Chapter 5 COMPLETION OF NEW ] P ~  

Several hydroelectric projects were under constructlon at the time ot the breakup oi the tormer 

Soviet Unlon In 1991 Almost ~mmed~ately, federal fundlng of these projects was halted 

However, constructlon has continued at some of these projects at a very slow pace utlllzlng the 

financial resources of local ownerloperator Joint Stock Companies (JSC) wh~ch were formed to 

operate and malntain the Russian hydroelectric plants 

5 2 Assessment of New Plants Currentlv Under Construction 

Several hydroelectric power plants are currently under construction In the Russian Federation 

The Project Team has ~dentlfied SIX pnorlty plants tor investment In the period 1995 to 1999 

In selecting pnonty plants for Investment, the Project Team considered polltical, technical, 

environmental transmission l~nes, and economical factors of each project Plants whlch are 

currently under construction have the advantage that much of the labor and construction 

equipment moblllzation costs have previously been sunk Therefore, the remaning costs to 

complete these projects are attractive cons~dering the h~gh return in generation capacltv and 

energy production potential 

Dunng Stage 1 ot this assignment, the Project Team analyzed three plants currently under 

constructlon These plants were Aush~gerskava Plant (57 MW), Zelentchukskaya Plant (262 

MW), and the Zaramagskaya Plant (342 MW) These three plants are all located in the 

Northern Caucasus Reglon Aushlgerskaya In the Republic of Kabard~no-Balkana, 

Zelentchukskaya in  the territory of the Laratchaevo-Tcherkessia Republic, and Zaramagskay in 

the temtory of the Republic of Severnaya (North) Osetia Demled ~nformation on the 

equipment and characterist~cs ot these plants 1s glven in the Stage 1 Report attached as Appendlx 
A 

During Stage 2, three other plants currently under construction were ldent~fied as pnonty 

L1lapk-r 5 Conlplenon o j  NPN Planu 
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projects for completion The projects are the Zagorskava-l(Stage I )  Pumped-Storage Plant 

(1200 MW) in the Center Reg~on near Moscow the Bogutchanskava Plant (3000 MW) in  

Sibena and the BurevsLava Plant (2000 MW) In the Far East 

All six projects are currentlv under construction at a slowed pace due to lack of financing Of 

these SIX projects onlv Zagorskava- 1 IS currently generating power w~ th  four ot SIX unlts on-line 

(800 MW out ot 1200 MW) Table 5 1 shows the project characteristics ot the SIX prlorltk 

plants Table 5 2 shows the Investment requirements to complete constructlon ot these plants 

The follow~ng sections present a discussion of the basis for seiectlng these six plants for pnontb 

Investment 

Table 5 1 - Pr~ority New Plants to Finlsh Ongoing Construction 
Characteristics 

Plant Name 

Aush~gerskaya 

Zelentchukskdyd 

Zdrdmdgskdyd 

Zdgorskd~d PS I 

Bogutchanskayd 

Bureyskayd 

TOTALS 

Output 
(billlon kwh) 

Region 

North 
Caucasus 

North 
Caucasus 

North 
Cducasub 

Center 

Sibena 

Far East 

Before 
Rehab 

0 

0 

0 

0 800 

0 

0 

0 800 

Atter 
Rehab 

0 236 

0 769 

0 789 

1 200 

17 6 

7 1 

27 694 

Capac~tv 
(MW) 

Before 
Rehab 

0 

0 

0 

800 

0 

0 

800 

After 
Rehab 

57 

262 

342 

1200 

3000 

2000 

6861 



Table 5 2 - P r ~ o r ~ t v  New Plants to F~nlsh Ongo~ng  Construct~on 
Investment Plan 

Plant Name 

Aush~gerskayd 
Cash Flow % 

Cash Flow b ~ l l ~ o n  US$ 
Plant C d p a ~ ~ t v  MW 

Zelentchubkdva 
Cash Flow % 

C ~ i s h F l o w b ~ l l ~ o n U S $  
Plant Capacltp MW 

Zaramapskava 
Cash Flow R 

Cdsh Flow b~ lhon  US$ 
Plant Capac~ty MW 

Zdgor~kdyd PS - I 
Cdsh Flow C/c 

Cdsh Flow blll~on US$ 
PlantCdpac~ty MW 

Bogutchanskayd 
Cash Flow % 

Cash Flow billion US$ 
Plant Capaclty MW 

Bureyskava 
Cash Flow 7c 

Cash Flow hllllon US$ 
Plant Cdpd~ltp M W  

TOTALS 
Cdsh Flow % 

Cash Flow blll~on US$ 
Plant Capacity MW 

(1991 US$= 

2000 

-- 

5 7 

-- 

262 

3 42 

-- 

1200 

15 % 
210 
2666 

15% 
330 
1700 

13 % 
5 40 
6227 

1Rb) 

2001 

-- 

5 7 

-- 

262 

342 

-- 

1200 

15% 
210 
3000 

15% 
330 
2000 

13% 
540 
6861 

Total 

100% 
0 103 
57 

100% 
0 204 
262 

100% 
0 233 
342 

100% 
100 
1200 

100% 
1400 
3000 

100% 
2 200 
2000 

4 240 

i 

1995 

20% 
0206 
0 

10% 
0204 
0 

10% 
0233 
0 

20% 
020 
800 

10% 
140 
0 

10% 
720 
0 

10% 
4443 
800 

1997 

30% 
0309 
5 7 

30 % 
0612 
60 

30% 
0699 
5 7 

30 5% 
030 
1200 

15 % 
210 
0 

15% 
330 
0 

17% 
732 
1374 

Investment 

1996 

50% 
0515 
0 

20 % 
0408 
0 

20 % 
0466 
0 

50 5% 
050 
1000 

15% 
210 
0 

15% 
330 
0 

17% 
7289 
1000 

Requirement 

1998 

5 7 

30 R 
0612 
160 

30% 
0699 
7-28 

1200 

15 % 
210 
666 

15% 
330 
3 42 

16% 
671 1 
2653 

Billion $ 

1999 

57 

10% 
0204 
262 

10% 
0233 
3 42 

1200 

15 % 
210 
1666 

15 5% 
330 
1026 

14% 
5837 
4553 



5 2 1 Aush~gerskava Plant 

The Aushigershava Plant is located on the River Tchereh in the Kabardrno-Balhana Republic or 
the North Caucasus Reglon of the Russlan Federation The planned desrgn capacltv of thrs plant 

is 57 MW with an average annual energy production ot 0 236 billion hWh This project is 

designated as Pnorlty No 1 tor investment of the "plants currentl~ under construction" tor the 

following reasons 

a The Kabard~no-Balkar~a Republic has a current energy deficit, 

b There 1s overwhelming political support for this project from both the Republic's 

government and the President of Russia, 

c The plant IS located near existing transmission line svstems, 

d The estimated $103 milllon (1991) project costs are attractlve for foreign 

Investment and 

e The project has a attractive rate of return for the required investment 

5 2 1 1 OwnerIOr~erator The Aushigershava Plant is owned by the JSC "EeC Poccuu" The 

energy produced by the plant will be sold to the JSC "Kabbalkenergo" to supply power to the 

Kabardino-Balkana Republic Currently, the Kabbalkenergo power system lacks power to 

supply energy to the Republic The Republic's existing hydroelectnc plants can supply only 7% 

of the region's required energy The deficit power is transmitted to Kabbalkenergo from JSC 

Starzopol Region 

5 2 1 2 Pollt~cal Aspects In all of Russia the polit~cal administration of the Kabardino- 

Balkana Republic is the most interested in construction of hydroelectnc schemes in general and 

in completing the Aushigershaya Plant construction in particular This is because there are no 

fossil fuel resources in the Republic and the construction of hydroelectnc schemes, including the 

Aushigerskaya Plant, is viewed as a basis of the Republic's energy sector development and its 

tuture social and economic development 

The selection of the construction slte for the Aushigerskava Plant was approved by the Council 

of Ministers of Kabardino-Balkazra on 10-Julv- 1980 The deslgn ot the Aushlgerskaya 

Hydroelectric Plant was approved bv the Order No 190, paragraph C of Mrnistry of Fuel and 

Energy of the Russian Federation on 10-June- 1992 

Clwpler 5 Lonrplerron I>/  Nrrr Plun~r 
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A decree of the Presrdent ot Russia on social and economlc development of the Republic ot 

Kabardino-Balkana was issued [on (date9999 )] in which considerable attention was paid to the 

development ot the hydroelectnc energy sector and most ot all to the construction of the 

Aushigerskaya Hydroelectric Plant According to the Presidentla1 Decree the Nizhne- 

Tckerkesshy cascade of the hydroelectric plants should become tully operational in the vears 

1997 to 1999 The Aushrgerskava Plant should be the first plant to be put into service tollowed 

by the Sovletshava Hvdroelectric Plant located 10 km upstream of Aushigershava 

5 2 1 3 Technical Aspects Together with the planned Sovietshaya Hvdroelectnc Plant, the 

Aushigerskaya Plant will use the fall in the River Tcherek in the section between the place of 

confluence of the Tchereh-Balkazsky River and Tcherek-Bezengiyskyt Rivers and the settlement 

of Aushiger The Aushigerskaya Plant has a design capacity of 57 MW under normal operating 

head of 89 4 meters The reservorr area will be approximately 1 17 km' with an active storage 

volume of 0 22 millron m '  

The Stage 1 Report (Appendn A) presents a detailed summarv of the technical aspects (energy 

ind~cators and equipment data) ot the Aushlgerskaya Plant 

5 2 1 4 Env~ronmental Aspects There are no current envrronmental objections aganst the 

construction of the Aushigerskaya Plant 

5 2 1 5 Transmlss~on Llnes As designed, the power from the Aushlgerskaya Plant wlll be 

transmitted by six power lines of 110 kV two of them to the downstream Sovietskava Plant and 

tour to other nearby substations A total of (9993) km of 110 kV lrnes are required The 

construction of these lines has not yet begun 

5 2 1 6 Econom~cs The shares of capital investment in the construction ot the Aushigerskaya 

Hydroelectric Plant are estrmated at $1,807/kW or $0 44lkWh (1991) The internal rate of 

return (IRR) of the A~ishigerskaya Hydroelectric Plant, according to the amended design, 27% 

When determining th~s  IRR, i t  was assumed that a JSC would be formed for the construction and 

operation of Aushigerskaya Plant It  was taken into account that the electricity would be sold 

at whole scale prices on the plant's transmission lines The energy w~l l  be bought by the JSC 

"Kabbalkenergo" that supplies energy for the terntory of the Republic of Kabardino-Balkana 



The ~olume of capltal investment to complete the constructlon IS estimated at $103 m111ion 

(1991) as shown In Table 5 3 The design of the plant and estimated costs were updated In 

1993 so the cost data are tairly rellable 

Table 5 3 - Estimated Costs to Complete Construction of the Aush~gerskava Plant - 

5 2 1 7 Construct~on Status As of Januarv 1994, excavations had already begun on diversion 

canal w~th about 5 %  of the work completed No other structural work had been started Table ) 
5 4 presents a summary of the constructlon scope of actlvitles requlred to complete this plant 

I 

Estimated Cost 
$mill~on 

(199 1 US$) 

3 1 

5 1 

28 6 

48 2 

1 5  

86 5 

12 9 

4 0 

103 4 

Item 
Number 

1 

2 

3 

3 

5 

Lturprer 3 Lmlplertm o/ Nrir Plunu 

Il~droelel rrzr Poner ( rneruaort / o r  Ktu~ru 

Descnpt~on 

Mobil~zat~on/Demobtl~zation 

Reservo~r and Dams 

Waterways 

Powerplant (including Turbine Generator and other 
Mechanical Equipment) 

Auxiliary Electncal System 

September 8 1994 

I 

SUBTOTAL DIRECT COST 

6 

7 

Cont~ngency (C~vll Electrical and Mechanical) 

Administration Engineenng and Construction Services 

TOTAL CONSTRUCTION COST 



Table 5 4 - Scope of WOI k to Complete Construct~orl of the Aush~gerskaya I'lant 

Clmpl~r  5 Cotttplenon of Nerc Plants 

til)droelecmc Po~ter Generahon for RIISSUI 

Type of Work 

Excavation of soft so11 
(thousands of rnJ1 

Excavation of rock 
(thousands of rn3) 

Fl l l~ng wlth loamy so11 
(thousands of nl3) 

Fllllng wl th gravel 
(thousands of rn3) 

Fllllng w ~ t h  rock 
(thousands of rnJ) 

Dra~nage and fllters 
(thousands of m3) 

Mass Concrete 
(thousands of rn31 

Reinforced Concrete 
(thousands of m3) 

Precast Concrete 
(thousands of rn3) 

Slte Grout~ng 
(thousands per rn run) 

Assembly of penstocks 
(thousands of tons) 

Assembly of hydraulic 
and rnech equlprnent 
(thousands of tons) 

Temporary 
Structures 

10 6 

3 9 

Earth Dam 

4 0 

44 0 

5 0 

1 0  

0 8 

77777 

8 0 

3 0 

0 1 

8 0 

0 05  

0 15 

Maln 
Intake 

6 0 

3 0 

0 1 

3 0 

0 086  

Open 
Canal 

3300 0 

84 0 

1841 0 

5 6 

65 0 

Reservoir 
Area 

941 0 

1 4  

24 0 

0 275 

Turblnel 
Penstocks 

1 1 9 0  

2 0 

19 0 

2 0 

Power 
house 

154 0 

6 0 

2 0 

18 0 

0 46 

Total  

5791 0 

84 0 

282 6 

1897 0 

3 9 

5 0 

11 2 

138 0 

0 0 5  

0 8 

2 0 

0 947 

Dtverslon 
Canal 

1263 0 

Protection 
Dam 

268 0 



Table 5 4 - Scope of Work to Complete Construct~on of the Ar~sh~gerskaya Plant 

Protect~on 
Dam 

Dlverslon 
Canal 

Total 

0 82  

0 38 

10 6 

Reservo~r 
Area 

Open 
Canal Type of Work 

Assembly of  hydraulic 
power equlpment 
(thousands tons) 

Assembly of electrlc 
equlpment 
(thousand tons) 

Cofferdam Construction 
(thousands of m3) 

Turblnel 
Penstocks 

Temporary 
Structures 

10 6 

Power 
house 

0 8 2  

0 3 3  

Earth D a m  77777 Maln 
Intake 



( 5 2 2 Zelentchukskava Plant 

( The Zelentchuhskava Hvdroelectric Plants are located on the kuban River in  the [Karatchaevo- 

Tchergkessia correct9] Republic ot the North Caucasus Region ot Russia The project consists 

) ot two plants - the Zelentchukshava Plant and the Vezhne-Kzasnogorsl, Plant - with a total 

design capacitv ot 262 MW and an akerage annual energy production ot 0 769 b~llion hWh 

This project is designated as Prloritv No 2 for investment ot the "plants currently under 1 con~truction'~ tor the rollowmg reasons 

a The Karatchaevo-Tchergkessia Republic has a current energy deficit 
b There IS overwhelming political support for this project trom both the Republic's 

government and the President of Russia 

c The plant 1s located near existing transmission line svstems 

d The plants would supply potable water to the Republic's population and 

enterprises 

e The plants would provlde some degree of flood control to protect the downstream 

inhabited areas trom the destructive floods of the Bolshoi River and Maliy- 

Zelentchuh River Basins, 

t The estimated $203 7 million (1991) project costs are attractive for foreign 

Investment, and 

g The project has an attractive rate of return tor the required investment 

( 5 2 2 1 Owner/O~erator The Zelentchuk Hydroelectric Plants are owned by the JSC "Eec 

Poccuu Russia" The energy produced will be sold to the JSC "Kartcherenergo" for distribution 

with~n the Republlc The current energy produced bv the hydroelectric projects ot the 1 Kartcherenergo system satisly about 5 %of the Republic's needs The deficit energy is supplied 

by transfernng power from JSC "Stavropolenergo" 

5 2 2 2 Pol~t~cal As~ects  The design ot the Zelentchuk Hvdroelectnc Projects (the first phase) 

( was made in consultation with GOSPLAN ot the USSR (in an established order) by Letter No 

2373-11 of 23-December-1970 and approved by the Ministrv ot Fuels and Energy ot the USSR 

( (Resolution No 07-4 1 ot 28-May- 197 1 ) 

Cluprrr 5 Lornplaron of New Planu 
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5 2 2 3 Technical As~ects The project Includes the tollow~ng aspects 

a The Zelentchuk-Kuban canal, 

b The Zelentchuh Hvdroelectnc Plant, and 

c The Vezhne-Kzasnogorsk Hvdroelectrlc Plant 

The construction of the first phase ot the Zelentchuk Hvdroelectrlc Plants began according to - 
the t~tle glven on the basis ot the Dec~slon No 940, 1975, ot the Council of Ministers of the - 
USSR 

The Zelentchukskava Plants have a combined des~gn capacitv of 262 MW under a maximum 
I 

normal operating head of 240 meters The reservoir area will be approximatelv 2 45 hm' with 

an active storage volume of 1 8 mllllon m3 

5 2 2 4 Environmental Aspects Slnce its onginal design the Zelentchuk Hvdroelectnc Plants 

have been redesigned several times (most recently In 1991) as more emphas~s was made on the 

I 
protection of the environment The design modifications also reflected the concerns of the local 

population to protect the nearby health resorts ot Teberdi, Dombai, Arhiza and reserves and 
I 

national parks of Stavropol and Karatchaevo-Tcherkessia reglons 

5 2 2 5 Transmiss~on Llnes The project is located near exlsting transmission lines [EFT to 

verify999] B 
5 2 2 6 Economics The original estimated cost of the Zelentchuk plants is $304 5 million 

(1991) as shown in Table 5 5 This corresponds to an investment share of the construction at 

I 
$1 162/kW or $0 40lkWh The expenses already made amount to $385/kW or $0 13/kWh (199 1) 

Therefore the estimated remaining construction costs of the Zelentchukskaya Plants is $203 7 
I 

million (1991) or $778/kW and $0 26/kWh B 
5 2 2 7 Construct~on Status The costs Incurred through Januarv 1994 are shown on Table 
5 5 In general construction I S  approximately 35% complete 
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I 
I Table 5 5 - Est~mated Costs to Complete Constructton of the Zelentchukskava Plants 

I 
rn 
I 
I 
I 
I 
I 
I 
n 
I 

I tern 

Number 

I 

2 

3 

4 

5 

Description 

Mob~lizat~on/Demob~l~zat~on 

Reservoir and Dams 

Waterways 

Powerplant (including Turbine, 

Generator and other Mechanical 

Equipment) 

Auxiliary Electrical System 

COSTS - US$ M~llion (1991) 

Est~mated 

23 1 

36 7 

48 9 

132 7 

15 6 

257 0 

32 1 

15 4 

304 5 

SUBTOTAL DIRECT COST 

As ot 

Jan-94 

4 9 

9 4 

41 1 

35 4 

3 4 

94 2 

0 7 

5 9 

100 8 

6 

7 

Remaining 

18 20 

27 30 

7 80 

97 30 

12 20 

162 80 

31 40 

9 50 

203 70 

Contingency (Clvll, Electrical, 

and Mechanical) 

Administration, Engineenng and 

Construct~on Servlces 

TOTAL CONSTRUCTION COST 



5 2 3 Zaramagskava Plant 

The Zaramagskava Hydroelectric Plant IS located on the River Ardon in the temtorv ot the 

Republic of Severnaya (North) Oset~a ot the North Caucasus Reg~on of Russia The plant has 

a total design capacltv ot 342 hiW and an average annual energy production of 0 789 b~llion 

k w h  This project 1s des~gnated as Pnonty No 3 for Investment of. the "plants currentlv unaer 

construct~on" for the following reasons 

a The Severnaya (North) Osetla Republlc has a current energy defic~t 

b There 1s polltical support for thls project from both the Republic s government 

and the President of Russ~a, 

c The plant 1s located near existing transmission line systems and 

d The estimated $333 3 million (1991) project costs are attractive for tore~gn 

Investment 

5 2 3 1 Owner The Zaramagshaya Plant 1s owned by the JSC "EeC Poccuu" The energy 

produced will be sold to the JSC "Serkavkazenergo" for distnbutlon wlthln the Republlc The 

current energy produced by the hydroeiectnc projects of the Seravkazenergo system satisfies 

about 20%of the Republic s needs The deficlt energy IS supplied by transferring power from 

JSC " Starzopolenergo" 

5 2 3 2 Pol~t~cal As~ects The Ministry of Energy of the USSR ordered the design of the 

Zaramagskaya Plant 1 on the Rlver Ardon In 1978 

5 2 3 3 Technical Aspects The maln des~gn ot the project betore its approval was made in 

consultation w~th the Interested inst~tutlons of the Republic ot Severnaya Oset~a 

5 2 3 4 Envlronmental Aspects The or~ginal Zaramagskaya Plant design Included a 

seasonably regulated reservolr In 1989, the State Committee on Envlronmental Control rased 
B 

a question of terminating the construction of the Zaramagskaya Hvdroelectrlc Plant 1 on the 

ground that the reservolr storage would destroy the depos~ts of carbonate mineral water In Tibsk 
1 

and Zaramag R~vers Due to the fact that the question ot continuing the construction of 

Zaramagskava Plant i 1s related malnly to the floods produced by a seasonablv regulated B 
reservo~r some changes were made In the design In 1991 The amended deslgn envlsages no I 
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seasonablv regulated water storage 

# A commlsslon expert on ecological analysis ot the State Committee on Env~ronrnental Control 

of North Oset~a gave its consent tor the continuation of the project without a seasonablv 

I regulated water storage and with a dam up to 15-meter high 

5 2 3 5 Transm~ssion Lines The power of the hydroelectnc plants will be transmitted bv two 1 single-circult power transmission lines ro a remote subrtat~on near Umal settlement and further 

1 
into the energy system by power transmission l~nes of 330 kV "Umai-Tchezmen" 

5 2 3 6 Economics The est~mated cost to complete the Zaramagskaya Plant is $233 3 m~l l~on  

( (1991) Thls corresponds to $250/kw for the 400 MW of remanlng capaclty to be installed 

5 2 3 7 Construction Status The Zaramapskaya Hydroelectric Plant 1 has been under 

construction slnce 1976 As ot January 1994, approximately 20% of the construction work has 

n been completed 

B 
I 
u 
a 
8 
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5 2 4 Zagorskava (Stage 1) Pumped Storage Plant 

The Zagorskava Hvdroelectric Pumped-Storage Power Plant IS located in the Central Reg~on 

near the Town of Serglev Posad (formerlv Zagorsk) about 67 km trom Moscow at the River 

Kunva This plant is the first pumped-storage plant in the Russian Federation 

The current plant IS the first stage of a planned two-stage construction project While the, 

construct~on of Stage 1 approaches completion, Stage 2 can begin immediatelv if funding is, 

avalabie Stage 1 construction labor and equipment can be used for Stage 2 if there is no delay 

ot work between the stages I 
5 2 4 1 Owner/O~erator The Zagorskava Plant is owned and operated by the JSC 

I' Mosenergo" 

5 2 4 2 Pol~t~cal Asoects The Zagorshava Plant has been des~gned to take up peak loads of 

the power demand cycle, to serve as a quick-actlvat~on load and emergency standby generation 

I 
source, and to take part in regulating system voltage 

5 2 4 3 Technleal Asoeets The exlsting Stage I project conslsts ot an upper reservoir formed( 

by a nng embankment dam, a lower reservoir formed by a dam on the Kunya River, 500 kV 

switchyard, and upper reservolr intake structure The Stage 1 powerhouse includes SIX 200 MW 

unlts (Francls Pump/Turblnes) Four units (800 MW) are currentlv operational Fiananclng is 
I 

required to br~ng on-line the remaining two units (400 MW) rn 

I 

The 7 5-meter dlameter penstoch conslsts ot eighteen 40-meter long major segments connecting 

the upper reservolr Intake structure and the lower reservoir powerhouse The penstock 1s steel- 

lined (10 m m )  reinforced concrete (40 cm) Each 40-meter long major segment is constructed 
I 

wlth ten 4-meter long pieces welded together Expansion jolnts are used between 40 metern 

major segment - 

5 2 4 4 Env~ronmental Aspects There are currently no environmental problems associated 

wlth either the design or construction of the Zagorskava Plant 
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5 2 4 5 Transmission E~nes The transmlsslon lines tor the Stage 1 plant are now complete 

I 
5 2 4 6 Econornlcs It IS estimated that $100 rn~ll~on IS requlred to complete construction oi 

the Stage 1 plant 

1 5 2 4 7 Construct~on Status Four 200 MW units are currentlv in normal operation, Unit 5 

is used as a synchronous condenser to stab~l~ze system voltage since the power penstoch is not 

( yet complete (about 50%) Unit 6 rnechan~cal and electrical equipment is in  final assemblv - the 

penstock has not yet been started 

I 
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5 2 5 Bogutchanskaya Plant 

The Bogutchanskava Hydroelectnc Plant is located on the River Angara in the Krasnoyarskv 

Region of Siberia Thls plant represents the tourth stage of the Angarskv cascade ot 

hydroelectnc plants (after Irkutskava, Bratskaya, and Ust-Il~mshava plants) The plant has an 
Initial design capacitv of 3000 MW and an average annual energy production ot 17 6 billion 

k w h ,  the project has been designed to allow expansion to 4000 MW and 17 8 billlon kwh 

This project is designated as a prionty for investment under the category of "plants currently 

under construction" tor the following reasons 

a The construction of Bogutchanskaya plant IS important tor the energy svstem of Russia 

as well as tor a social and economic development of the Nizhnee-Priangarie (Downstream 

Angara) region rlch In natural resources 

5 2 5 1 Owners In  (99399), the State Committee of the Russian Federation tor the 

Management of State Property gave its permission to the production association 

"Bogutchangesstroy" to be transformed lnto an open joint-stock company (OJSC) on the 

condition it hands 49% of the stocks of its statutory capital over to the statutory fund ot the 

Russian Jolnt-Stock Company of Energy and Electrlficatlon "Yedinaya Energosystema Rossll" 

(Unified Power System ot Russla) 

Bv a decision of the Regional Committee for Management of State Property the state enterpnse 

"Bogutchangesstroy" was transformed lnto an OJSC wlth statutory capital of 1,475,288,000 

Roubles and registered by the Kezhemsky District Administration, Krasnoyarsky Region of 

Sibena The permission for reglstratlon and initial issuance of stocks of the OJSC 

"Bogutchangesstroy" was confirmed by the Territorial Department of the State Committee on 

Ant~monopoly Policy and Support for New Economic Structures 

The regional Administration executed a state registration of the issued stocks and on the 5th of 

November of 1997 included them in the roster of securities 

5 2 5 2 Polit~cal Aspects The construction of the plant began by an order n798-p of 30-Apnl- 

1980 of the Council of Ministers of the USSR 
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) 5 2 5 3 Technical Aspects The project's turbines are Francrs type with a rated capacitv ot 340 

MW rhe diameter of the runner is (99999) and the speed oi rotation is 90 9 RPM The 

( maxlrnum head is 69 3 meters The units are designed top operate at an initial head of 40 

meters to allow energy production at an Intermediate construction level The first stage project 

(. will have a total of 9 unlts with a comblned gross generation capaclty oi 3000 MW The 

expanded project will have a total up to 12 unlts with a gross generation capacitv ot 4000 MW 

The generators have an a r  cooling system and a rated capacltv oi 333 MWl370 MW The rated 

voltage 1s 15 75 kV 

Depending on the level of financing avalable, there are three basic alternatives tor 

comrnlssioning the first-stage units as shown on Table 5 6 

1 - 
Table 5 6 

I Alternative T ~ m e  Table of Making the Bogutchanskaya Plant Fully Operational 

The Bogutchanslaya Plant has been designed to begln generating revenue as soon as possible 

Several of the unlts will be commiss~oned at an intermediate water level mark in the reservoir 

of 178 meters under a minimal operating head of 40 meters The Bogutchanskaya reservoir wlll 

I be gradually filled with water as the civil structures continue to be rased dunng construction 

and the reservoir area becomes ready This readiness is determined, on one hand, by the level 

8 of readiness of the installations of the head front, and, on the other, by the fact that the reservoir 

can be filled with water only when there is no navigation since the River Angara is the exclusive 

provider of the minimal nav~gational depths of the River Enisei 

Scenano 

Number 

1 

2 

3 

Years of Comrmss~on~ng Unlts 

Flrst Un~ts  

C o m s s ~ o n e d  

1998 

2000 

2002 

Making the Plant 

Fully Operational 

200 1 

2002 

2005 

The Sequence ot Comrmssionlng Units 

by Years 

2+3+3+1 

2+3+3+1 

2+3+3+1 



5 2 5 4 Environmental As~ects There are currently no environmental objections to elther the 

deslgn or construction ot the Bogutchanshava Plant 

5 2 5 5 Transmlsslon Lines The Bogutchanskava Plant is belng constructed within the - 

Krasnoyarskava Energosvstema (energy system) whlch IS part ot the Un~fied Energy System of - 

Sibena (UESS) The latter IS composed of 10 smaller energy systems (ES) from the Omshava - 

ES in the west to the Tchltinskay ES In the East The poss~bll~t~es of uslng the output ot the 

Bogutchanskava plant w~thin the UESS are determined by the three major factors 

a The torecast ot the energy consumption In the UESS, 

b The schedule ot mahng the units operat~onal at the Berezovshaya local fuel plant- 
u 

1 and 

c The schedule of making operational the Bogutchanskaya plant unlts I 
It should be noted though that with all the d~fferent comblnat~ons of the three aforementioned 

factors there IS a certaln possibil~ty of transmitting the excess energy produced by the 

Bogutchanskaya plant in the UESS to the European Energy System (EES) or to Chlna 

5 2 5 5a Transmlss~on to the Euro~ean Energv Svstem Due to a lim~ted transmlsslon 

capacity of the Transmiss~on Power Line (TPL) it  was poss~ble to transmit In 1993 from the 
I 

UESS to the EES two to three billions of kwh (actual consumption of energy by the UESS was 

0 6 blllion k w h )  An upgraded transmission capacity of the TPL Sibena-Kazakhstan-Urals to 
I 

the EES would make ~t possible to transmlt 9 0 billion k w h  ot energy and 2 to 3 5 mllllon kW 

ot capaclty by the vear 2000 The pattern ot connecting the Bogutchanshava plant to the EES 

is the same In all forms ot energy usage in  the specific areas (Table 5 7) 

I 
I 
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1 Table 5 7 - Transrn~ss~on Lines Requlred for the Bogutchanskava Plant 

As far as the 500 kV Bogutchanskaya-Kansh high voltage line (HVL) 1s concerned, a feasibility 

1 study has been made and approved and work drawings have been prov~ded tor possible 

beginning ot the constructlon A feasibilitv study has been made and approved tor the Itat- 

( Kansh HVL ot 1150 1V but no drawings have been done A construction of a single HVL of 

500 kV up to the city of Kansh would not allow the city to receive the energy output of the 

Bogutchanskaya plant because l t  would lead only to the Kransnoyarskaya energy system which 8 has an excess ot energy That's why a constructlon of an itat-Kansk HVL of 1150 kV is 

Power installations to be constructed 

a 500 hV Bogutchansha~a-Kansh high-voltage line 
(2  networks) 

b 1150 kV Itat-Kansh high voltage line 
(with a substation ot 1150 kV at Kansk) 

Total Distance 

1 
needed 

Performance Data 

900 hm 
(2 x 450 hm) 

550km 

1450km 

In order to be able to transmlt the output of the Bogutchanskaya plant to the European part of 

I Russla the constructlon of the Itat-Bamaul-Elabastuz-Koktchetav-K~~tana~-T~heliabnsk HVL of 

1150 kV must be completed The work that has to be done includes a completion of the 

construction ot the ltat-Barnaul HVL of 1150 hV, construction ot a substat~on ot 1150 kV in 

Tcheliabinsk, installation of equalizers at substations and adjustment of the whole HVL tor the 

B design voltage 

5 2 5 5b Transmission to China The energy output of the Bogutchanskava Plant can 1 be transmltted to Chlna in  two directions Alternative number one (Eastward) the distance 

I 
trorn the Bogutchanskaya plant to the Russian border IS about 3000 km The capaclty to be 

transmitted is of 1200 MW and the energy should be transported through Irkutshava, Bunatskaya 

and Tchitinskaya energy systems 

I - 
Alternative number two (Westward) the distance from the Bogutchanskaya Plant to the border 

C of Russia IS 1500 km The energy should be transmltted through the networks of the 
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Krasnovarskv Khakasskv and Altalskv regions 

In all alternatives of energy transrnlssion there is a need to have a 500 hV HVL ot alternating 

current w~th a possibil~tv of lnstalllng some sectlons ot dlrect current at the border w~th  Chlna - 

5 2 5 6 Economics I t  IS est~rnated that $1 4 bill~on ( 1991) are required to complete the 

construction of the Bogutchanshava Plant Thls is based on the 0 1 -January- 1994 level of - 

complet~on as shown in  Table 5 8 - 

- 

Table 5 8 - 
Completion Level of Construct~on of the Bogutchanskaya Plant as of 01-Jan-94 

5 2 5 7 Constructlon Status The construction status of the Bogutchanskava Plant as of 01- 

January- 1994 is as follows I 

i n d ~ ~ a ~ o r \  

Total Construct~on 

BREAKDOWN 
Product~on i a ~ ~ l ~ t ~ r s  
Settlement 
Resewolr 

a The Angara river has been dammed w 

b The industrial installations tor produc~ng a concrete mix grading gravel to size 

producing an asphalt and concrete mix and crushed stone have been constructed 1 
c Almost all production bases needed for a timely comrniss~on of unlts have been 

Est~mated Construct~on Cost 
(1991 USS = Rouble) 

constructed, 

Est~mated 
Co\ts 

2601 

1637 
3 5 5  
609 

d The transport infrastructure has been built and become operational, 
e The clty of Kodinsk has been bu~lt for 16 thousand inhabitants and has a secured 

supply of energy, water and heat, 

Percent ot Total 

t A forest survey ~n the reservoir zone is 80% complete, 

g A concrete dam along the whole head line, manly at 161 m mark, has been I 

. 

Completed 

123 1 

79 5 
206 
230 

built, 60% of concrete has been placed at the installations needed tor the 

Liuipler 5 Con~pienon 01 New Pknu 5-20 I 
Draji F m  

- 

u 
1 
I 

To he 
Completed 

52 7 

51  4 
42 0 
62 2 

To be 
Completed 

1370 

842 
149 
3 79 

Ert~mated 
Cost\ 

100 

100 
100 
100 
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Completed 

47 3 

48 6 
58 0 
37 8 



operation 01 the plant and 

h The construction of a rock-filled dam has begun 

The data on the volume of work done In the construction of the m a n  ~nstallahons of the 

Bogutchanskaya plant IS shown on Table 5 9 

Table 5 9 
Construction Status of the Ma~n  Installations of the Bogutchanskava Plant 

I t f ~ d ~ ~ r l r c  tnl f'mter Grnerarron Jor Husw 
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Completed 
as of 

01 Jan 1994 
% 

97 0 

96 3 

70 6 

74 1 

32 4 

40 9 
10 8 

27 0 

24 9 

20 8 

0 

0 

- 

Type ot Work 

Ex~avationlson~ng or wtt 
soils 

Excavationlsoning of rocks 

Excavat~on of r o ~ k s  

F~lllng w i h  son soils 

Filling w ~ t h  rocks 

Con~rete and ranforced 
Loncrete ~ n ~ l u d ~ n g  
underground 
asphalt and concrete mlx 

Grouting 

Dramage wells 

Metal Structures and 
devices 

Assembly of the hydraulli 
power equlpmcnt 

Assembly ot Electn~al and 
techni~al equipment 

Measure 
U nit 

Millions oi m' 

M~llions ot m' 

Million\ of nT' 

Million\ ot m' 

Millions of m' 

Mtllions ot m' 

Thousands per 
meter run 

Thousands per 
meter run 

Thousand\ 
tons 

Thousand\ 
Tons 

Thousand\ tons 

S ~ o p e  ot Work 

Toul  

3 952 

3 862 

0 017 

4 621 

24 954 

2 315 
0 139 

113 460 

18 539 

33 41 1 

29 007 

10 000 

Completion 
as of 

01 Jan 1994 

3 835 

3 721 

0 012 

3 425 

8 098 

0 947 
0 015 

30 672 

4 622 

6 953 

T o  Be 
Completed 

0 117 

0 141 

0 005 

1 196 

16 856 

1 36 
0 12 

82 78 

13 91 

26 45 

29 00 

10 0 



5 2 6 Burevskaya Plant 

There is a acute need of electnc energy in the Far East energy system of the Russian Federation 

However the Bureyshava Hvdroelectric Plant's construction has been contamed by the lack of 

financing 

5 2 6 1 Owners The State Committee of the Russian Federation on the Management of State 

property gave permission to the "Zevagesstroy" production association to transform it into an - 
open joint-stock company on the condition i t  gives 49% of its authonzed capital to the registered 

tund ot the Russian Joint-Stoch Company on Energy and Electnfication "Yedinaya 

Energosystema Rossii" (Unified Energy Svstem of Russia) 

Bv a decision of the Regional Comm~ttee on State Propertv Management the state enterprise I 
Zeyagesstro~" was transformed into a JSC and registered as such bv the Amursluv region 

Administration 8 
5 2 6 2 Pol~tical As~ects The Bureyskaya integrated hydraulic scheme on the River Bureya 

is supposed to supply energy for the developing industnal region of the Far East composed of 
fl 

the Amurskaya province, Khabarovshy and Pnmorsluy region and South Yakutiya as well as 

to control floods in the water-meadow of the River Bureya and in the middle stream of the River 

Amur 

5 2 6 3 Technical Aspects The main structures of the Bureyshava plant include I 
a Grav~tation cement dam, 

b Powerhouse adjacent to the dam, and 

c Surtace notches comblned In with the dam and equipped w~th flat wheel gates 

The total length of. the dam along the crown in 765 meters and the maximum height is 139 

meters Along its length the dam is divided Into the following parts I 
a Right-bank part 244-meter long, 

b Powerhouse part 180-meter long, and 

c Left-bank blank part 197-meter long 

L Iurl?li r J Lor?rplrlrc>n iof Nnt Pldnb 

H\riroele~lnl Power (~eneralron tor HIUAW 



The piant s scheme includes 

a Powerhouse with an assembly slte and a transter cargo slte 

b Open distribution devices (ODD) of 500 kV and 220 kV 
c Cable tunnel and a shaft that connect the control room wlth the ODD to 500 hV 

and 230 kV and 

d Powerhouse area with breast-walls 

The powerhouse has SIX blocks according to the number of units that have to be assembled in 

the plant The bas~c energy data tor the Burevskaya Plant are shown in  the Table 5 18 

Table 5 10 - Basic Energy Data for the Bureyskaya Plant 

I Indicators Factors 

Des~gn capaclty, MW 

Number of units and capaclty of each unl t  

Average Mult~year Energy Output, billion k w h  

I The deslgn solutions and the layout of the Bureyskaya plant man structures allow a 

commisslonlng of the first two unlts with a lower than the design head using changeable runners 

in order to replace temporary runners with permanent ones If financing becomes avalable the 

commissioning of the first uni t  is planned for the beglnnlng of November oi 1998 

Design head, meters 

To secure the nmely commissioning ot the first uni t  in 1998 in the event of an insuffic~ent water 

lnflow (95% of water supply) i t  is necessary to begin to till the reservoir in  May of 1998 

103 

The draw-downs durlng the navigational period (from May through October) have to be not less 

( than 600 m3/s , the draw-downs should be lim~ted by the flow rate of influx only in the event 

the latter IS less than 600 mi/sec During wlnter-time (from November through Apnl) the 

( sanltary draw-down to the downstream wall should not be less than 100 mlsec 

Llruprrt :, Conrple!ron ol Nrw Planr, 

I / i \ d t~c l e~ tn i  Power Generation for Rusu  
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The separable runners ot the first two unlts are to be replaced wlth permanent ones I n  June and 
- 

August of 2002 when the head tront is completely secured The tlme-table ot commissioning 

the Bureyskaya plant ilnits I S  shown in  the Table 5 11 

Table 5 11 - T~me Table of Comm~ssioning of the Bureyskaya Plant Un~ts 

The Bureyskaya Plant design includes six radial-axial turbines of PO1401846 type with a runner I 

Years 

1998 

1999 

2000 

2001 

2002 

diameter of 6 15 meters which each have a capacity of 342 MW at a des~gn head of 103 meters 

and a rotatlon frequency ot 125 RPM The turb~nes are des~gned for operatron at heads of 97 5 
up to 122 meters 

* Comm~ss~oning of units number 1 and 2 with Separable Runners, 
** - Replacement of the separable runners of the units member 1 and 2 

by the standard one 

Un~t Number 

The hydro turblne IS connected to the three-phase generator CB- 13 151255-412 ot an umbrella 
i 

type which has a rated capac~ty ot 372 2/335 MVAIMW, a voltage of 15 75 LV and a rotation 

frequency of 125 RPM with a static thyristor excitation system 

6 

5 2 6 4 Environmental As~ects The env~ronmentai aspects of the Bureyskaya Plant are I 

November* 

August* 

July November 

Junex* August*" January May 

5 

unknown at this tlme 

1 

Cluprrr 5 Lumpletton of Nun f'lunu 
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5 2 6 5 Transmlss~on Lines The output or the Burevskava Plant will be transmitted to the Far 

East Unified Energy System (FEUES) For th~s to occur i t  will be necessarv to 

a To build a high-power line (HPL) oi 220 kV trom the Burevshava Plant to the 

Zav~tinskava Substation 

b To rehabilitate Zav~tinshava Substat~on oi 220 hV and install tho transformers 

c To connect "Svobodiv-Khabarovsk" HPL of 500 kV to Bureysbava Plant and 

d To build Bureyskaya Plant - Komsomolsk HPL of 500 kV (through Urgal - Start) 

- dunng the first stage ~t IS recommended to use th~s  HPL at 220 kV 

The capacity output circuit design envisages connecting Svobodniv-Khabarovsk HPL of 500 hV 

to the wlres of the ODD of 500 kV the third HPL ot 500 hV with the destination to 
Komsomolsk Substation and a projected fourth HPL of 500 hV The ODD ot 220 kV is to be 

connected to two-circult HPL of 220 kV ulred to Zvit~nskava Substation in order to supply 

energy tor the construct~on of the hydroelectric scheme and also connected temporaniy to the 

220 kV wires of Urgal-Start HPL of 220 kV 

Table 5 12 shows the electric network that has to be built to transmit the output of Bureyskaya 

Plant 

Table 5 12 - Requ~red Electric Network Structures 

Structure s Name 

1 Zavitin\kavd-Burevskdyd 220 hV Suh5tation 

2 Zd~ltln5kd~d Sub5tdtion 

3 Conne~tion5 ot Svohodiv-Khnhdrov5knvn Suh5tation 500 hV HPL 
at Bureyskava Plant 

4 Bureyskaya Plant-Komsomolsk 500 kV HPL 

Length of HPLs km 
Substations Capacitv 

MWA 

2 x 79 km 

2 K 25 MWA 

60 + 60 km 

780 km 



- 

At the Burevshava Plant the generators are to be divided among the wlres 01 220 kV ana 500 

kV transmission llnes as follows 
- 

a 2 Generators for wlres of 220 kV 

b 4 Generators for wlres of 500 hV 

- 

There is a study under ibav of the possib~lity of transmitting a considerable part oi Burevskava 
R 

Plant output to China No feasibll~ty studv for route selection or the voltage of the HPL has 
1 

been done yet 

5 2 6 6 Econom~cs Table 5 13 shows the cost data which illustrates the level of completion 

of the Bureyskaya Plant construction as of 0 1 -January- 1994 1 
Table 5 13 

Analysls of Cornplet~on of the Bureyskaya Plant Construct~on as of 01-Jan-1994 1 

Lluprrr 3 Completion of Nt?r Planls 
I2wi1orle~mc Power Grnerarron for K1u3m September 8 

I 

A 

Construction Cost Estlmate 

Total Project 

BREAKDOWN 
- industnal objects 

- housing and civil structures 

- reservoir 

Total 

$million 
(1991) 

2,776 

2,142 

32 1 

213 

% 

100 

100 

100 

100 

Completed 
as of 

01-Jan-1994 

$million 
(1991) 

588 

495 

45 

48 

Remanlng 

% 

2 1 2  

33 1 

14 0 

22 5 

$million 
(1991) 

2,188 

1 647 

276 

165 

% 

7 8 8  

76 9 

86 0 

77 5 



( Table 5 14 presents dara on the level of complet~on ot the Burevshava Plant s man structures 

Table 5 14 
Construct~on Status of the Burevskava Plant Maln Structures as of 01-Jan-1994 

5 2 6 7 Construction Status The construction of Bureyskaya Plant began in 1976 As of 01- 

January-1994, that is dunng 17 years, out of the total estlmate cost, only $543 million (1991) 

have been spent, including $433 milllon for construction and assembly works, that is 22 1 % and 

8 23 3 % out of total budget estimate costs approved by the order N5917C of the Ministry of Fuel 

and Energy of 1 1 -December- 199 1 

1 

Construct~on Cost Estlmate 

Total, Man Structures 

BREAKDOWN 
- Dam 

- Plant Scheme 

- Cofferdams (and removal) 

- Auxlllary Structures 

As oi 01-January-1994 out of the amount ot investments assigned ior a permanent settlement 

I together with social and cultural structures (section B of the combined estimates) onlv $45 0 
million ( 199 1)  were spent or 14% ot amount approved in the aforementioned order 

Completed 
as of 

0 1 -Jan- 1994 Total 

Dra* Fmal Repon 
September 8 1994 

Remanlng 

$million 
(1991) 

9 9 6  

6 2 1  

1 2 4  

1 6 7  

8 4  

$m~ll~on 
(1991) 

683 5 

384 4 

2581 

17 9 

2 3 1  

Lluplrr > Coniplet~on of Nen Piano 

$rn~ll~on 
(1991) 

5839  

3223  

2457 

1 2  

1 4 7  

% 

1 4 6  

1 6 2  

4 8  

9 3 3  

3 6 4  

% 

100 

100 

100 

100 

100 

I H~d>oele  mc Power Generaftor2 for Klu~w 

% 

8 5 4  

8 3 8  

9 5 2  

6 7 

6 3 6  



5 3 Assessment of New Plants to Start Construction 

Many hydroelectric power plants are currently under deslgn in the Russian Federat~on where no 

construction has started The Project Team has identified three pnontv plants tor tor investment 

In the penod 1995 to 2001 In  selecting these plants the Project Team cons~dered political - 

techn~cal environmental transmlsslon lines and economical factors tor each project 

The three pnonty plants currentlv under des~gn which have been identified for Investment -- 
include the Zagorskava Pumped-Storage Plant - Stage 2 (800 MW) In the Center Reglon the 

- 

Z~uratkuiskava Plant (10 4 MW) in the Urals Region, and the Pravdinshava Plant (12 7 MW) 

in  the Northwest Region Table 5 15 shows the project charactens~tcs of these three pnontv 
I- 

plants Table 5 16 shows the investment requirements tor construction ot these plants 

toliowing sectlons discuss the charactenstlcs ot each of these plants The I 
Table 5 15 - Prior~ty New Plants to Start Constmctlon 1 

C Irccprt I > Contplnror~ 11/ Nrn Hano 
I l \ d r o r l n t n ~  Po)rrt ( rnrrumon /or Ktu~ur 

Pldnt Name 

Zagorskayd PS 1 

Zluratkulskaya 

Pravdlnskava 

TOTALS 

Reglon 

Center 

Urals 

Northwest 

Capac~tv 
(MW) 

Betore 
Rehab 

0 

0 

0 

0 

Output 
(Bllllon kW-hr) 

Atter 
Rehab 

800 

10 4 

12 7 

823 1 

Betore 
Rehab 

0 

0 

0 

0 

Atter 
Rehab 

800 

030 

030 

860 



Table 5 16 - F r ~ o r ~ t v  New Plants to Start Construct~on 
Investment Plan 

Clluprr~ 3 Lum~ler~on ul New Plunh 

Plant Name 

Zagorskaya PS - 2 
Cash Flow 5 

Cash Flow brll~on US$ 
Plant Capac~t) MW 

Z~uratkulskaya 
Cash Flow '3 

Cash Flow billion US$ 
Plant Cdpacltv MW 

Prdvdlnskdya 
Cdsh Flow '3 

Cdsh Flow b ~ l l ~ o n  US$ 
Plant Capacity MW 

TOTALS 
Cash Flow 5% 

Cdsh Flow billion US$ 
Plant Cdpdclty MW 

Investment Requirement B~ l l~on  $ (199 1 US$= IRb) 

Total 

100% 
0570 
800 

100% 

0 4 1  

100% 

Fl 823 1 

1995 

10 % 
057 
0 

20% 
0030 

0 

20% 
007 
0 

I 1 %  
067 
0 

1997 

15 54 
0855 

0 

30 % 
0045 
10 4 

30 % 
0105 
12 7 

16 96 
1005 
23 1 

1996 

15% 
0855 

0 

50 % 
0075 

0 

50 % 
0175 

0 

17% 
1105 
0 

1998 

15 74 
0855 
200 

10 4 

-- 

12 7 

14% 
0855 

223 1 

1999 

15 C/c 
0855 
400 

10 4 

12 7 

14% 
0855 

423 1 

2000 

15 % 
0855 
600 

10 4 

- 

-- 

12 7 

14% 
0855 

623 1 

2001 

15% 
0855 
800 

-- 

12 7 

14% 
0855 

823 1 



5 3 1 Zagorskava (Stage 2) Pumped-Storage Plant 

The Zagorskava Hvdroelectric Pumped-Storage Plant is located some 80 km from Moscow The 

Plant regulates generation capacitk at peal\ hours and falls of electncitv loads at "Mosenergo" - 

and other energy svstems of the central reglons of Russia The Stage 1 construction ot 1200 , 
MW is near complet~on As ot 1994 tour out of SIX unlts are in  service - 

There are a series ot conditions favorable tor an expansion ot the Zagorsbava Hvdroelectnc 

Storage Plant lnclud~ng the availability of trained construction workers w~th normal llving 

conditions, the existence of a production base and a minimum requirement ot additional land 

The most appealing aspect of th~s  project is that the constructlon labor force (including the Town 
I 

of Bogorodskaye), production facllit~es, and heavy equipment are already In place due to the 

ongolng Stage 1 constructlon The presence of these factors greatly reduces the mobll~zatlon 

cost tor Stage 2 

For the Stage 2 construction 338 hectare ot land are needed including 100 hectare tor 

temporarily stnpplng Out of total allocated land are 16 hectare are arable land and 288 hectare I 
are woods 

5 3 1 1 OwnerIO~erator The Zagorskaya Plant 1s owned and operated by the JSC "EeC 
S 

Poccuu" Energy IS sold to the JSC "Mosenergo" for dlstnbution 1 
5 3 1 2 Polltical Asuects The teasibilitv scudv for the Zagorskava Plant was analvzed 

according to a standard procedure and the C~tv  Sovlet 01 People s Deputies ot Seguiev- Posad 

by it dec~sion No 68/10 ot 16-Julv-1992 found ~t advisable to make a tull scale des~gn tor Stage 

I 
2 

5 3 1 3 Technical Asoects The baslc energy and equipment charactenstics of the Zagorskava ( 
Hydroelectric Storage Plant (Stage 2) are shown in the Stage 1 Report (Attachment A) The 

scope of work required to complete Stage 2 is shown on Table 5 17 B 
For the second stage of the Zagorskaya Hydroelectnc Storage Plant an upper storage reservoir 

would be constructed adjacent to the existing reservoir on its southern part wlth a common part 

of the dam that divldes both water storages Separate ~ntake and powerhouse structures would 

~lluprur > Lo~nplrtrun NCH plan& 5-30 
B 
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be constructed Both hvdroeiectric plants share the lower reservoir which has alreadv been 

designed to accomodate the Stage 2 water 

1 
The existing Stage 1 construction base is used for constructing Stage 2 I t  is planned to begin 

the work on baslc structures dunng the first vear with pit excavation tor the Stage 2 powerhouse 

excavations tor penstocks building ot the dam of the upper reservoir and evcavatlon ot sod for 

a water intake structure At the end of. the first construction year the fill of a cofferdam that I lirnlts that plant's p ~ t  r d l  begin A pi[ tor barges is under construction at the lower reservoir 

Dunng the second construction vear ~t IS planned to finish the fill of the plant's pit cofferdam 

and begin anchonng the lower reservoir with rocks that will be brought bv dump-trucks and 4 barges 

Dunng the their and the tourth vears all the Stage 2 structures will be completed 

I At the end of the fifth year the commissioning of the first unit 1s planned 

The works on the upper reservoir are due to finalize by the middle of the sixth year before I cornmtssloning of the second unit  The cement placing for the nevt units of the plant will be 

done In accordance with the tlme table of the units supply tor assembly and installabon of 
( hydrauilc power equipment 

) 5 3 1 4 Envlronmental Aspects Currently the feasibility study is on an expert evaluabon in 

the State Envlronmental Expertise bodv ot the Ministry ot Nature of Russia 

5 3 1 5 Tmnsrnlrslon Llnos For the transmlision of power produced by the Lagorskaya 

Hydroelectric Storage Plant 2 i t  is envisioned to build an additional transmission power line of 1 500 kV 

I Ihdruelc L r n t  Porrer I cnerallon Jor R I ~ J W  
Drafr F m l  Report 
Seprember 8 1994 





5 3 1 6 Economics The results or a teasibilitv studv show that the construction or the 

Zagorshava Hvdroelectnc Storage Plant is the most etficient uav of solvlng the problem or 

Irregular loads tor "Mosenergo" energy svstem The recoupment period of. additional investments 

compared to the construction ot alternative steam and gas plants is trom 6 to 8 wars 

The construction cost ot the Zagorsbava Hvdroelectnc Storage Plant (Stage 2) are est~mated at 

$570 million (1991) as shown on Table 5 18 The investment shares of the construction ot 

Zagoskava Hvdroelectrlc Storage Plant 2 are estimated at $711 IhW (199 1) 

Table 5 18 - Estimated Constmctlon Cost for the Zagorskava-2 Plant 

Estimated 
Cost 

$million 
(1991) 

9 1 

147 6 

71 3 

107 8 

86 3 

41 9 

5 3 

469 3 

89 5 

11 2 

570 0 

Number 

1 

2 

3 

4 

5 

6 

7 

Descnption 

Mob~l~zation/Demob~l~zat~on 

Reservoir and Dams 

Waterways 

Powerplant 

Turbine/Generator 

Auxiliary Electncal System 

Miscellaneous Mechanical Equipment 

SUBTOTAL DIRECT COST 

8 

9 

Contingency, Civil, Electncal, and Mechanical 

Administration and Engineering and Construction 
Services 

TOTAL CONSTRUCTION COST 



5 3 2 Ziuratkulskava Plant 

The Ziuratkulskava Hvdroelectrlc Plants N1 and N3 were constructed In 1942-195 1 Thev are 

located In the Sathnsh d~str~ct  oi the Chellablnsh region on the nver Bolshava Satka In 1978 

the Mlnlstrv of Energv decided to take the plants out of operation and the equipment uas 

dismantled It  is proposed to reactlviate these plants wlth modem equlpment and controls 

5 3 2 1 OwnerIO~erator The Ziuratkulskaya Plant IS owned and operated bv the JSC "EeC 1 
Poccuu" Energy is sold to the JSC "Tchellabenergo" for distribution 

5 3 2 2 Polit~cal As~ects i n  1993, the Russlan Federation made a teaslbilit~ studv for 

Investments wlth the purpose of rehabll~tating the Ziuratkulskava Hvdroelectrlc Plants 

phase scheme of rehabilltatlon was recommended 

The energy of the Ziurathulshava Hydroelectnc Plant will be used by JSC "Tcheliabenergo" 

Dunng the last 5 years the Tchellab~nsh Power System has deficit of capaclty and power as well 

The system is located at the end of the General Power System of the region of Urals and 

insufficient l~ne  (from the polnt of vlew of transmlsslon capacity) with the neighbonng power 
I 

systems, whlch are redundant, malnly with those ot the JSCs Sverdlovsh and Bazhhz As a I 
result, there have been cermn penods when the "Tchellabenergo" had to cut power used by 

consumers 

5 3 2 3 Techn~cal Aspects The main energy and equlpment charactenstlcs ot the 

Zluratkulshaya Hydroelectnc Plant are shown I n  the Stage 1 Report (Attachment A) @ 
Due to the tact that the plant slte has been already developed the scope ot work for reviving 

this plant 1s relatively small as shown on Table 5 19 The existing road network allows 

s~multaneously access to all parts of the construction site allowing equlprnent to be easily moved 

from one place to another Slnce all essential construction work can be executed dunng one 

warm season, there will be no need to build auxlllary facilities The precast concrete, metal- 

work and basic equlpment can be assembled practically upon delivery 

Llupvr 5 Lonrple~ron oJ N e i  f'lanu 
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Table 5 19 - Scope of Work for Rehabllltat~ng the Ziuratkulskava Plant 

Cl~upir~ - Lun~plettun ol Nrw Piano 

Tvpe or Work 

1 Wood-cuttinglCleanng 

2 So11 excavdtlon ln~ludlng 
sott so11 
rock 

3 Flll lncludlng 
soft \oil 
rock 

4 Fill ot penstock 

5 Solld remtorced ~oncrete  

6 Precast retnforced ~oncrete  

7 Flnlshlng works 

8 Terntorv ldyout 

9 Metalwork 

10 Reservo~r 

1 1  Demol~t~on bnck and cement structures 

12 Rebar steel 

13 Rodd work (covenng sltes and roads w ~ t h  asphalt) 

14 F~xing ot sloop\ w ~ t h  dnchor~ng roch 

15 Disdssembi) ot metal works 

16 Stamp removdl 

17 Anchoring slopes w ~ t h  grass 

18 Assembly ot rnechdnlcai eclillpment 

19 Assembly of hydrduli~ power equipment 

Draji F m 1  Repon 
September 8 1994 

Measurement 
U n ~ t  

Hectare 

rn 
rn 

mJ 
m3 

m3 

m 

rn 

rn ' 
m 

Ton 

m 

m ' 

Ton 

rn 

rn 

Ton 

m 

m 

Ton 

Ton 

Quantltv 

9 84 

23020 0 
4300 0 

52400 0 
4120 0 

14200 0 

746 0 

172 6 

1400 0 

42150 0 

881 6 

1000 0 

1104 0 

10 0 

10530 0 

430 0 

7-5 0 

460 0 

9500 0 

38 7 

133 3 



The rehabllitation work should begin i n  januarv m i t h  wood-cutting to clear the open tlow canai 

zone Dunng a warm penod the basic worhs beg~n that is excatailon or soil and rock cement 

plac~ng and assemblv In all structures The rest of worh has to be done before hlnter time and 

the basic equipment has to be assembled bv the Year end 

5 3 2 4 Environmental Aspects The rehabllitation of the Ziurathulshata Hvdroelectnc Plant - 

w~ll Increase the recreational ~ a l u e  ot the surrounding terrltory which is an important factor 

because it  1s a rest area wlth many valuable places and 1s one ot the least polluted places in the 

region The rehabilitation or the Ziuratkulskava Hydroelectric Plants w~ll  not change the 
I 

parameters of the Ziuratulskv reservoir and thus will not effect the ecologv I 
5 3 2 5 Transmrssion L~nes The output of the Zlurathulshava Hvdroelectnc plant is 

transmitted bv the existing power transmission line ot 35 h V  "Satka-Tiaga-Zibratkul" 

5 3 2 6 Economics The estimated construction costs IS $15 mlllion (1991) The internal rate 

of return that determ~nes the efficiency of the investments needed for rehabllitat~ng the I 
Ziuratkulskaya Hydroelectric Plant IS est~mated at 10 6 % 



( 5 3 3 Pravdlnskava Plant 

1 The Pravdinskava Hvdroeiectnc Plant 3 was built in 1922-1925 and is located in Kallmngrad 

reglon on the nver Aalle I t  is not In servlce at the present time The teas~bll~ty study tor a 

( rehabilitation and reconstruction ot the Pravdlnshava Hvdroelectnc Plant 3 was made in 1989 

5 3 3 1 Owner/Operator The Pravdlnskaya Plant is owned and operated by the JSC "EeC I Poccuu Energy produced by the Pravdinshaya Hydroeiectnc Plant 3 IS used br the JSC 

5 3 3 2 Pol~tical Asuects The Joint-Stoch Company "Kal~mingradenergo" on the temtory of 

whlch Pravdlnskaya Plant is located has found itself lsolated from the other energy systems ot 

Russ~a because atter the disintegration of the former Soviet Union The Kallningrad region has 

( turned Into a Russian enclave surrounded by forelgn states The Pravdlsnskava Plant rehab~lita- 

tion 1s extremely Important for securing a reliable energy supply Independent of the neighbonng 

P states 

5 3 3 3 Techn~cal As~ects  The main energy charactenstlcs of the Pravdlnskaya Hydroelectnc 

16 Plant are shown in the Stage i Report (Attachment A) 

5 3 3 4 Environmental Aspects 

5 3 3 5 Transm~ssion Lines 

5 3 3 6 Economics The Investment shares ot the construction ot the Pravidinskaya 8 Hydroelectnc Plant 3 are est~mated at $2756 !kW (1991) The haslc cost lnd~cators for the 

Pravdlnskaya Hydroelectric Plant 3 are shown In Table 5 20 



Table 5 20 - Estimated Construct~on Cost for the Pravalnshava Plant 

- 

Clrup~ur 5 Lomplellon o/ Nnr Planh 

H\rlrut.lrllnr Power ( enrrulion lor Kicr~ru 

Estimated 
Cost 

Smill~on 
( 199 1) 

0 1 

4 8 

-- 

2 3 

17 4 

1 4  

2 2 

28 2 

2 8 

0 5 

31 5 

Number 

1 

2 

3 

4 

5 

6 

7 

Descnption 

Mobilization/Demobilizat~on 

Reservo~r and Dams 

Waterways 

Powerplant 

TurbineIGenerator 

Auxlllarv Electr~cal S vstem 

Miscellaneous Mechanical Equipment 

SUBTOTAL DIRECT COST 

8 

9 

Contingency, Civil, Electrical, and 
Mechanical 

Admlnlstration and Engineering and 
Construction Servrces 

TOTAL CONSTRUCTION COST 



5 4 Surnmarv and Conclus~on 

1 The Project Team has identified slr ( 6 )  prlontv new hvdroelectr~c plants which are currentlv 

under construction tor financlal investment to complete construction in an expedited manner 

These six plants - Aush~gerskava Zelentchukskava Zaramagskava Zagorskava- 1 

Bugutchanskaya, and Burevska~a - require approxlmatelv $4 24 bill~on (1991) over the seven 

year period 1995 to 3001 These project w~ll  add 6,861 MW and 27 694 billion k w h  oi energy 8 when completed in aggregate these projects will cost approximatelr 66 18AW oi generation 

I 
capacity and $0 15 /kwh of energy produced 

The Project Team has also identified three (3) new hydroelectnc plants for financ~al investment 

I to start construction These three plants - Zagorskaya-2, Ziuratkulshaya, and Pravdinskaya - 

require approximatelv $620 mill~on (199 1) over the sevn year perlod 1995 to 2001 Zagorskava- 

I ? is an expansion ot Zagorskava- 1 Pumped-storage plant located near Moscow The other two 

projects are revitalizations of plants ~ h i c h  had been abandoned previously because of poor 

equipment condition and efficiency, and the cost of replacement Revitalizing abandoned plants I with new equipment and controls mlnimlzer the evironrnental concerns and reduces the overall 

construction costs The civil structures at both plant locations are reported to be in good I condition 

I The completion of these nine new hydro plants wlll provlde add~tonal capaclty to the Rurrlan 

Federation starting almost immediatelv with the completion of the Zagorshaya- 1 Plant Large 

increases in capaclty will be realized as the two projects east ot the Urals come on line about 

1998 to 2000 These new plants wlll increase the system's nameplate generation capacitv by 

approximately 6884 MW (from 800 to 7684 MW) and average annual energy production by 1 approximately 27 754 b~llion kWh (from 0 8 to 28 554 billion kwh) as shown in Table 5 21 
The total investment requirement tor new plants IS $4 86 billion over the period 1995 to 2001 

I. as shown in Table 5 22 

Clwprrr 5 Lornplruon <v New  plan^^ 
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Table 5 21 - Pr~orlty New Plant Construct~on 
Character~st~cs 

Note Plant Status Definition 

"3" = New plant currently under construction Investment required to complete ongoing 1 
constructlon 

"4" = New Plant under deslgn Investment required to start construction 

Exlst~ng Pldnt 

Aushlgerskdvd 

Zelentchukskdvd 

Zdramagskayd 

Zagorskava PS I 

Bogutchdnskavd 

Bureyskayd 

Zdgorskaya PS - 2 

Ziuratkulskaya 

Pravdlnskayd 

TOTALS 

Avg Annual Energy 

Clwprt r 3 Llmiplenon oJ Nen Phn&\ 

f i ~ t l r o ~ l e ~ ~ n i  Power Grnerafron /or  HIUAUI 

Region 

North 
Caucasus 

North 
Caucasus 

North 
Caucasus 

Center 

S ~ b e n a  

Far East 

Center 

Urals 

Northwest 

Pldnt 
Status' 

3 

3 

3 

3 

3 

3 

4 

4 

4 

(hil l~on 

Before 
Rehab 

0 

0 

0 

0 800 

0 

0 

0 

0 

0 

0 800 

kwh)  

4tter 
Rehab 

0 236 

0 769 

0 789 

1 200 

17 6 

7 1 

800 

030 

030 

28 554 

Generat~on Capacltv 

Betore 
Rehab 

0 

0 

0 

800 

0 

0 

0 

0 

0 

800 

(MW) 

Atter 
Rehclb 

57 

262 

342 

1200 

3 000 

2000 

800 

10 4 

12 7 

7684 1 



Table 5 12- Prlorttv hew Plant Construct~on 
Investment Plan 

I 
Cl~upret 5 Lon~plefron oJ N w  Planu 

I Il\dtorlr~mc Powrr C ~ n ~ r a o o n  tor KIUJIU 

1 

Plant Name 

Aushlgerskdyd 
Cdsh Flow % 

Cdbh Flow bllllon US$ 
Pldnt Cdpa~rtk MW 

Zelentchukskavcl 
Cash Flow % 

CashFlowb~ll lonUS$ 
Plant Capacltv MW 

Zaramagskava 
Cash Flow % 

Cash Flow b~l l~on  US$ 
Pldnt Cdpacltv MW 

Zdgorskd~d PS - 1 
Cdsh Flow ?C 

Cdsh Flow blll~on US$ 
Plant Cdpd~ttv MW 

Bogutchanskaya 
Cash Flow '5 

Cash Flow bllllon US$ 
Plant Capac~ty MW 

Bureyskaya 
Cdsh Flow '3 

Cash Flow blll~on US$ 
Plant Capac~ty MW 

Zagor~kaya PS - 2 
Cash Flow % 

Cdsh Flow b~ l l~on  US$ 
P l a t  Cdpdcltv M W  

Zluratkulskaya 
Cash Flow % 

Cash Flow b~ l l~on  US$ 
Plant Capacltv MW 

Prdvdlnskdya 
Cdsh Flow % 

Cash Flow blllion US$ 
Plant Cdpacltv M W  

TOTALS 
Cdsh Flow % 

Cdsh Flow h~lllon US$ 
Pldnt Cdpdclty MW 

1995 

20% 
0206 

0 

10% 
0204 

0 

1 0% 
0233 

0 

20% 
020 
800 

10 % 
140 
0 

10% 
220 
0 

10% 
05 7 
0 

20% 
0030 

0 

20% 
007 
0 

10% 
3443 
800 

= 1Rb) 

2001 

-- 

5 7 

262 

342 

-- 

1200 

15% 
210 

3000 

15% 
330 

2000 

15% 
0855 
SO0 

-- 

10 4 

-- 

12 7 

13% 
540 

6861 

Total 

100% 
0 103 

5 7 

100% 
0 204 
262 

100% 
0 233 
342 

100% 
100 

1200 

100% 
1400 
3000 

100% 
2200 
2000 

100% 
0 570 
800 

100% 
0 015 
10 4 

100% 
0 035 
12 7 

El 4 240 

investment 

1996 

20% 
0515 

0 

20 55 
0408 

0 

20 % 
0466 

0 

50 % 
050 

1000 

15 % 
210 
0 

15 % 
330 
0 

15 % 
0855 

0 

50 % 
0075 

0 

50% 
0175 

0 

17% 
7289 
1000 

Blll~on $ (199 1 US$ 

1997 

30 7c 
0309 
5 7 

30% 
0612 
60 

30% 
0699 
5 7 

30% 
03 0 

1200 

15 '5 
210 
0 

15% 
330 
0 

15% 
0855 

0 

30 % 
0045 
10 4 

30 % 
0105 
12 7 

17% 
732 

1374 

1999 

Requirement 

1998 

5 7 

3055 
0612 
160 

30% 
0699 
228 

1200 

15 % 
2 10 
666 

15 % 
330 
342 

15 % 
0855 
200 

10 4 

-- 

12 7 

16 % 
671 1 
2653 

2000 

5 7 

10% 
0204 
262 

10% 
0233 
142 

1200 

15 5% 
210 

1666 

15 % 
330 

1026 

15 7c 
0855 
500 

10 4 

12 7 

L 4 % 
5837 
3553 

5 7 

-- 

262 

3 42 

1200 

15 % 
210 

2666 

15 % 
330 

1700 

15% 
0855 
600 

-- 

10 4 

12 7 

13 55 
5 40 

6227 


