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1. Introduction

The current phase of the feasibiljW; studyJnolud.es :the evaluation qf.the
I I  '  . \  í j  » v . :  * 3 1 1 1 *i ■ ■ ií * -  l  '  » „  " .  r 1

following three generating plant options:

Option 1: Altemative plan KK-205-1.5, 2 x 35 MW = 70 MW
Optíon 2: Altemative plan KK-205-2.3, 3 x 35 MW = 105 MW
Option 3: Altemative plan KK-205-2.0, 2 x 50 MW = 100 MW

Based on findings outlined in the .Conceptual Design Report, Dec. 1991,
* /  -  K

option 1 was, to date, the recommended solution for power generation in the 
near future. It foresees a run-of-river plant with a small head pond for daily 
peaking during low flow periods.

Peaking capability of the power plant could be enhanced, adding an upstream 
reservoir and increasing the generating capacity, optjons 2 & 3. Option 2

> i  • • » ■  1 • * * -  ■ • *

considers a staged development, 2 + 1 units .= 3 units., while option 3.«. i *
anticipates installing two units of higher capacity in the initial plant facilities. 
An economical evaluation conducted during the Ilb Phase will provide the

I i  * O  * j -  t  - i i JL

* • *

conclusive arguments to decide on the most suitable project option by the end 
of Phase Ilb.

2 .

2.1

2 . 1.1

It is anticipated that option 1 be carried forward as the basic solution, and the 
other options be added for evaluation purpose.

Hydraulic Turbine 

Plant Characteristics 

Number of Generating Units

Lowest equipment cost per kW installed capacity of a hydropower plant, 
adequately designed for the given plant parameters, will be achieved by the 
least number of generating units.

It is assumed that two units be the minimum number to yield an availability of 
at least 50% in case of forced outage or scheduled maintenance. Kukule 
Ganga shall be operated as a run-of-river plant. A small head pond will allow

SR8A -1



Máximum intake water level 
Mínimum intake water level

204.50 masl
203.50 masl

Tailwater level

-  At rió generation 16.00 masl
-  Option 1, one unit operation 18.00 masl

two unit operation 19.50 masl
- Options 2 & 3

• • i * 1
• * » ,  j . „  ■ /  < • * 1

max. plant generation 20.50 masl

Head loss (Hi)

- Option 1 0.00436 Q2
- Option 2 0.00209 Q2
- Option 3

• ,  '  » , * , • i

0.00209 Q2

*■ * * i • . < -

Fóllówing the format óiitlined in subsection (1) above, the head data
■ • ’  i  ,  - i • (

déterminéd as fóllóws:
, <r ,

\ < t

. r

t

Option 1 2 3
Hmax (m) 188.5 188.5 188.5
Hmin (m) 174.1 173.1 173.2
Have (m) ’ 183.7 183.4 183.4

\ " ■ ‘ "" * M ’ * ■« '

The desigri heád was thérefore selected at

Hd(m) =.183.5

for all three options.

2 .1 .3  Flow

The plant flow was derivéd from preceding hydraulic investigations for the 
anticipated three options as foliows:

SR8A - 4



Option 2: .■ : ■' 3
Installed capacity (MW) 70 105.1 100
Net head (m) 174.1 1.73,1,i * 1' 173.2
Overall effíciency 0.86 0.86 0.86
Plant flow(m3/s) 47.7 ,.68.. 8 68.5

The installed capacity is referred {o the transformer termináis. The overall. Ov/
effíciency considers therefore the entire generating equipment including 
turbines, generators, transformers and associated auxiliarles.

2 .2  Turbine Characteristics

2 .2 .1  Type

The type of turbine is generally determined by the head and discharge 
available to generate turbine output. Figure 2-1 reflects the, typical operating

* # J*
range for Pelton, Francis and Kaplan turbines. The graph illustrates that the- - -  ' * ■ ■ .  .  .  '
plant parameters are adequate for Francis turbines.

2.2 .2  Rated Data

The rated turbine data are derived from the plant parameters listed in paragraph
:  . t *

2.1.5. Rated turbine data are referred to design net head. Flow and output 
data were converted using the following conversión formulas; -

Q2 = Q lV Í W l

P2 = Pl (H2/H i )1-5

Option 1 2 3
No. of units 2 3 2
Design net head (m) 183.5, 183.5 183.5
Rated flow (m3/s) 24.49■,, > ‘,i , 23.61 35.25
Rated output (kW) 40,000 38,650 57,715
Max. net head at 
full gate operation (m)

183.9 185.5 183.5

Max. turbine output 40,130 39,280 57,715
(kW, one unit operation)

SR8A - 5
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2 .2 .3 Synchronous Speed

The synchronous speed was selected using statistical data given on Figure 2- 
2, Specific Speed ns versus Design Net Head H(j, and in Table 2-1. The 
graph ineludes Francis turbines designed in 1964-1982.

K = ns VH

W  p I* ''

Specific speed ns = n VP7 H 1-25

n = synchronous speed (rpm)
P = rated turbine output (kW)
H = design net head (m)

The trend of the statistical data recommends a specific speed at or slightly 
above K=2000. The selected speed data is therefore as follows:

Option 1&2 3
n (rpm) 500 428.57

ns 148 152
K 2006 2065

2 .2 .4  Runaway Speed

The runaway speed nf has been estimated

nf = 1.85 n

using the findings in the article, "Modem trends in selecting and designing 
Francis turbines", Water Power & Dam Construction, Aug 1976, as a 
preliminary guide Une.

Option 1&2 3
nf (rpm) 925 800

Runaway speed may be slightly different among turbines of different 
manufacturers. It will be determined by the selected turbine runner design.

SR8A - 7
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Table 2.1 Statistics of Typical Francis Tur bines
(DataplottedonFigure2.2)

No Powerplant Year. Head Turbine
of Output

Design (m) (MW) -

1 Angostura 1974 100.2 214.0
2 BrommatlI 1969 255.0 239.7
3 CaboraBassa 1969 127.0 485..0
4 ElCajon 1982 156.0 : 75.0
5 GrandCouIeelV. 1973 87.0 700.0
6 GrimselII 1974 458.0 106;0
7 HarsprangetV 1974 103.0 469.0
8 Kargamakis 1970 135.0. 137.8
9 Langsan 1972 180.Ó 52.6

10 Miua 1971 203.0 98.2
11 Mosull 1981 66.4 155.0
12 Oldan 1972 252.0 68.9
13 Pradella 1964 .. 494.0 75.0
14 RezaS hah-Kabir 1970 165.0 278.0
15 Ritsem 1973 145.0 330.0
16 Tumut3 1971 161.5 283.0
17 WaJdcckII 1970 336.6 220.0

SR8A - 9



2 .2 .5  Turbine Setting

2 . 2.6

The turbine setting is determined using the Thoma coefficient c  to yield 
turbine operation without unsuitable cavitation.

Ha - Hv - Hs
c  = ---------------

H

Ha = Atmospheric pressure (m)
Hv = Vapor pressure (m) at water temp.
Hs = Difference between turbine distributor center line and tailwater 

elevation as illustrated on Figure 2-3.

The downsurge at the tailrace surge tank, derived from preceding hydraulic 
investigations, has been taken as the reference tailwater elevation to determine 
the turbine setting for reliable operation. The turbine setting will be optimized 
during the tender, design phase when the results of a more elaborated hydraulict
transients analysis are available. Based on the above, the turbine setting will 
be as follows:

Option 1 2 3
D/S down surge (masl) 10.7 11.7 11.7
Turbine distributor centre 
line elevation (masl)

4.5 6.0 5.0

Dim ensions

The turbine runner discharge diameter D3 has been determined using statistical 
data of specific circumferential velocity Ku versus specific speed ns.

Ku — f(n$)

D3 = 84.6 Ku V H /n

The remaining turbine dimensions for the powerhouse íayout, Figure 2-4 and 
Table 2-2, were calculated using ns & D3 as correlated reference daa.

SR8A - 10
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Table 2.2 Francis Turbine Dimensions (m)
( Data are related to Figure 2.4)

Option 1: 2x35MW
Option 2: 3x35MW
Option 3: 2x50MW

Speciftc Speed (ns) 148.23 152.45
Runner Discharge Dia.(D3) 1.56 1.85

Runner
DI 1.62 1.88
H1 0.20 0.24
H2 0.53 0.62

S piral Case
A 1.67 1.98
B 2.29 2.70
C 2.58 3.04
D 2.85 3.36
E 2.20 2.58
I 0.31 0.37
L 1.49 1.76
M 0.94 1.11

Draft Tube
N 4.17 4.93
Q 1.30 1.54
R 2.57 3.05
S 7.99 9.46
Z 3.40 4.03

SR8A - 13



Regulation

The short pressure shaft length between U/S surge tank and turbine inlet 
provides favorable regulating conditions. The pressure shaft is currently 
outlined for a concrete lined design. This limits the water velocity at 4.0 m/s 
and enhances the regulating conditions additionally. The hydropower plant 
would be capable to cope with the forthcoming regulating requirements that 
would inelude speed control at unit start-up and load rejections, and load 
control at operation in the interconnected system. The configuration of the 
water conduit system would allow to accept more stringent regulating 
conditions which could arise in the case of a Steel lined pressure tunnel, and 
therefore a significant diameter reduction, or for operation on an isolated 
system.

Transients

The results of the hydraulic transients analysis are currently not yet available. 
Following common practice to outline hydropower projeets, the following 
transient conditions shóuld not be exceeded:

- Pressure rise 30% above max. static head,
- Speed rise 50% above synchronous speed.

Tiirbine Design

The units will be of the conventional vertical type including three guide 
bearings and a thrust bearing. The thrust bearing will be combined with the 
generator guide bearing above the generator. To ensure an enhanced shaft 
rigidity, the unit shall be designed without an intermedíate shaft between 
turbine and generator. However, the draft tube cone shall be removable to 
allow dismantlirig óf runner and turbine shaft toward the draft tube floor. 
Gate operatihg:rih’g¿, heád cover and wicket gates can then be disassembled at 
the turbirie floór wíthoüt affecting the generator.

The turbirie spáre párts sháll inelude a runner and a set of wicket gates to 
allow'a time effective feplacement of defective parts and repair, that implies 
short turbine dowhtime; The turbine runner will be an integral stainless Steel 
casting with at least 13 percent chromium and four percent nickel. Spiral case

SR8A -14



and draft tube liner will be píate Steel fabricated. The draft tube shall be Steel 

lined up to the draft tube exit to facilítate the. incorporación o f the flap gate.

2 .4  Turbine Installation

Type and dimensions of the turbine should not represent any significant 
installation problems. The spiral case shall be embedded in. second stage 
concrete. It is anticipated that the bridge crane be readily installed before the 
spiral case installation begins.

3 . Governor

Each governor will be comprised of the following main parts:

- Digital governor head, located in one of the control panel sections at the 
machine hall floor.

- Electrohydraulic governor and pressure ,oil supply system, combined in an 
actuator cabinet located at the turbine floor.

- Pressure oil accumulator located adjacent to the actuator cabinet

The governor shall be of the proportional-integral-derivative type (PID) to 
allow optimal setting of the control parameters.

4 .  Inlet Valve

4 .1  Selection of Type

The approximate range of application of spherical valves and butterñy valves 
is given on Figure 2-5. The Kukule Ganga parameters fit perfectly into the 
spherical valve range and are at the limit of application of butterfly valves. The 
butterfly valve would produce a head loss of at least 1.2 m at inflow water 
velocity of 10.8 m/s, while spherical valves have virtually no head loss. 
Spherical valves have been reliably operated at a large number of similar 
hydropower plants and were therefore selected as the adequate type for the 
turbine inlét valves.

^  * 
’ sá®  /

SR8A -15
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Valve Diameter

The valve diameter shall be equal to or slightly larger than the spiral.case inlet 
diameter to avoid discontinuous flow entering the turbine. Considering the 
turbine dimensións outlined in paragraph 2.2.6, the spherical valves shall be 
sized in diameter as follows:

Mechanical Design

The inlet valves will be normally operated under nearly balanced pressure; a 
bypass valve will balance the pressure before opening of the inlet valve. 
However, the valves shall be designed to yield also a safe and reliable 
operation under exceptional transient conditions. Transient conditions will 
inelude pressure transients and valve closing under máximum turbine flow at 
runaway speed. Stresses under exceptional loads shall not exceed two-thirds 
of the material yield strength.

The inlet valve will be provided with a downstream Service seal and an 
upstream maintenance seal. An expansión joint will be located downstream of 
the inlet valve to facilitate alignments and disassembly, and allow that the 
valve can slide on its supports to compénsate axial displacements. It is 
anticipated that the penstock manifold be rigidly anchored in the surrounding 
concrete structure to avoid penstock forces acting on the inlet valves. The 
expansión joint will avoid transferring axial loads onto the spiral case.

The valve will be opened by pressure oil servomotors and closed using 
weight. The valve shall be equipped with a reliable locking device to provide 
adequate safety in case of turbine maintenance and overhaul.

Draft Tube Gate

Closing the turbine exits against tailrace tunnel shall be accomplished using 
draft tube flap gates. A typical example of a flap gate incorporated in the draft 
tube Steel liner is shown on Figure 2-6. The gate leaf can be tumed in angular 
direction using pressure oil controlled servo cylinders. The leaf can be locked

Option
Valve diameter (m)

1&2
1.7

3
2.0

SR8A -17



iri open position to avoid inadvertent closing during turbine operadon. A 
bypass valve would allow to fill the draft tube before opening the gate. A flap 
gate offers the following advantages over a conventional slide gate:

- The integral ñap gate arrangement in the turbine draft tube liner allows a 
simple configuration of the civil structure between powerhouse and 
downstream surge tank.

- Lateral gate slots are not needed.

- Enhanced operability. A lifting device to opérate the gate is not necessary. 
The flap gate can be operated from a control panel in the poweihouse. The 
control oil System could be combined with the govemor oil system if the oil 
pressure would suit the reqúired forces.

- The flap gate control can be effectively interlocked with the turbine inlet 
valve control, to prevent untimely closing of the flap gate or opening of the 
turbine inlet valve.

In underground powerhouse arrangements, draft tube flap gates were installed 
and have been successfully operated in several cases to simplify the structural 
configuration and enhance the operability of the units. Draft tube flap gates 
were, for instance, installed in the following hydro plants:

Gagnano, Italy, 2 x 67.7 MW, 435 m head
Coo-Trois Ponts, Belgium, 6 x 134 MW, 259 m head
Ova Spin, Switzerland, 2 x 3 4 MW, 200 m head
Turlough Hill, Ireland, 4 x 72.5 MW, 282 m head
Agus IV, Philippines, 3 x 5 2 MW, 106 m head
Mosul 3, Iraq, 2 x 112.5 MW, 325 m head

Dewatering & Drainage Systems

Dewatering and powerhouse drainage will be accomplished using two 
sepárate pumping Systems.

SR8A- 18



' /
f/L

; st: v j ! .  ¡ ; n  j ;  ¡

Figure No 2 -6

Typicot exompl# of o Flap Gol* a# 
Turbim  D raft Tuto®

S R R A  - 1Q



(1) The following facilities will have to be occasionally dewatered:

- Headrace tunnel, upstream surge tank and pressure shaft.
- Turbine spiral cases and draft tubes.
- Downstream surge tank and tailrace tunnel.

The upstream water will be generated through the turbine until a minimal 
acceptable water level is reached. The remaining water will be discharged into 
the draft tube.

The spiral case water will be discharged into the draft tube.

The draft tube water and, on rare occasions, the tailrace water will be pumped 
to the downstream using dewatering pumps located in a pressurized sump.

(2) The drainage System will be comprised of drainage pumps and associated 
auxiliaries located in a collector sump. The drainage sump will be located 
below the bottom floor, and be designed to achieve minimal rock excavation. 
An auxiliaiy drainage system will drain the low leveled dewatering gallery into 
the main drainage sump.

Raw & Filtered W ater Svstems

The raw and filtered water Systems will inelude the following subsystems:
- Raw water & fire fighting water system.
- Cooling water & shaft seal water system.
- Potable water system.

Raw water will be taken from the tailrace and pumped to the consumers as 
needed. Strainers and filters will treat the water as necessary. The cooling 
water system will mainly serve the following consumers:
- Generators.
- Generator and turbine bearings.
- HVAC system.

Owing to the run-of-river character of the hydropower project, it could be 
necessary to outline the cooling water system in a two loop arrangement with 
intermedíate heat exchangers to keep generanng components free from

SR8A - 20



sediment loaded water and facilítate regular cleaning without interruption of 
the generation. The adequate concept will be developed at tender design.

The fire fighting water system will be combined with a static reservoir with 
correlated booster pumps to provide safe storage for emergency cases. The 
reservoir shall be integrated in the cable shaft or test adit arrangement.

8 . Comp ressed Air Systems

High pressure air shall be provided to charge the pressure oil accumulators of 
govemors and inlet valve control units. Low pressure air is needed for the 
generator brakes and station supply. Each system will consist of two 
compressors and an air storage tank. The systems will be controlled to 
provide automatic lead-lag operation of the compressors.

9 . Bridge Crane

One overhead bridge crane will be installed in the powerhouse cavem to 
handle equipment as needed for installation and overhaul of the generating 
units. The main hoist capacity is determined by the heaviest erection weight, 
the generator rotor. The powerhouse has been outlined to obtain a relatively 
narrow span, although the inlet valves are still within reach of the main hook. 
For the potential project options, the following lifting capacity and span are 
needed:

Option 1&2
Main hoist lifting capacity (kN) 1,000
Span (m) 11

10. Elevator

Considering that the powerhouse dimensions allow a convenient access to all 
electromechanical facilities, and that the units will be remotely controlled from 
the control room in the Service building it is not anticipated to install an 
elevator in the cavem. Transportation of médium sized loads can be achieved

3
1,400

13

SR8A - 21



1 1 . Workshop Equipment

A workshop shall be provided at the machine hall floor near the assembly 
area. It will be fumished with standard and special tools, work benches and 
tools machines to warrant regular maintenance and repair works. It is not 
recommended to arrange a welding booth in the cavem, but in the vicinity of 
the access tunnel entrance to reduce fonced ventilation for smoke removal.

SR8A - 22



THE DEMOGRATIC SOCIALIST REPUBLIC OF SRILANKA

MINISTRY OF POWER AND ENERGY

CEYLON ELECTRICITY BOARD

KUKULE GANGA HYDROPOWER
PROJECT

f

FEASIBILITY STUDY

SR8B Electrical Works

Joint Ventare Kukule Ganga

Nippon Koei CoM Ltd.
Electrowatt Engineering Services Ltd. 
Lahmeyer International Gmbh

Counterpart Engineers
^ ^   ¥ 

Central Engineering Consultancy Bureau 
TEAMS & RDC



FEASIBILITY STUDY 
OF

KUKULE GANGA HYDROPOWER PROJECT

SR8B ELECTRICAL WORKS

TABLE QF CONTENTS 

CHAPTER I. GENERAL........................................
Page 

SR8B - 1

1.1 Main Components  ...............................................................  SR8B - 1
1.2 Design Standards and Basic Data ..................................  SR8B - 1
1.3 Restriction for Transportation ........................................ SR8B - 2
1.4 Electrical Equipment in the Powerhouse ........................  SR8B - 2

1.4.1 Generators and accessories ......................................  SR8B - 2
1.4.2 Médium voltage equipment in the powerhouse.....  SR8B - 3
1.4.3 Busbar ducts .......................................................  SR8B - 4
1.4.4 Auxiliary transformers .............................................  SR8B - 4
1.4.5 Low voltage equipment in the powerhouse............  SR8B - 5

1.5 Additional Equipment in the Powerhouse A rea....................  SR8B - 6
1.5.1 Electric power system ...............................................  SR8B - 6
1.5.2 Telephone and staff-locator system ......................... SR8B - 6
1.5.3 Fire fighting equipment for generators ....................  SR8B - 6
1.5.4 Emergency diesel ......................................................  SR8B - 6
1.5.5 13.8/132 kV unit transformers ................■................  SR8B - 7
1.5.6 Fire extinguishing equipment ............................. SR8B - 8

1.6 Interconnection between 132/13.8 kV Transformers
and the 132 kV Switchyard ...................................................  SR8B - 8
1.6.1 132 kV switchgear (outdoor).................................... SR8B - 8
1.6.2 132 kV equipment ..................................................... SR8B - 9
1.6.3 Auxiliary Services - service build ing ................... SR8B - 9

1.7 Additional Services .........................................................  SR8B - 10
1.8 Electrical Equipment for the Water Intake A rea....................  SR8B - 10

SR8B - i



CHÁHEERIL-
FROM THE CONCEPTUAL DESIGN 
R E P0R T....... ...................................... SRSB-12'

2.1 Desramic» nfSingfs Lm& Diagmm..................................... SRSB-1 2
2.2 Localizador of E q isp isn i ............................... *— — SRSB - 13

2.2.1 Uraí BEQsbniisís...................................................  SRSB - 13
22*2 SF6 Equiprnem ............. ..................................  SRSB - 14
2*23  üm í control oand  *.......................................... *. SRSB -1 4

JZ

2 2 .4  Médium anáLow VnfaageFqmpmsm:................. . SRSB - 15
2.3 Adfjnkraaj Services and/or hm2Mzúons .................. ...........  SRSB -1 6
2.4 132 kY-On^oor Swiídiysid...............................................  SRSB - 17
2.5 Refiabüny of Power Sopply ío tfie Cavern..........................  SRSB - 18

SRSB - ii



I

Table 1.

Figure 1. 

Figure 2.

Figure 3. 

Figure 4. 

Figure 5.

Figure 6 .

LIST OF TABLES

\

Comparison of SF6 Switchgear versus 
132 kV Outdoor Switchyard............... ...........................  8B - T - 1

LIST OF FIGURES
i

Relationship of Generation Cost and Operation H our__  8B - F - 1

Layout of 132 kV Outdoor Switchyard
with Double Busbar .........................................................  8B - F - 2

Service Building, Type A .................................................  8 B - F - 3

Service Building, Type B ................................................  8B - F - 4

Single Line Diagram of SF^ and Outdoor Switchgears .. 8B - F - 5

Single Line Diagram........................................................ . 8B - F - 6

SR8B - ni



CHAPTER I. GENERAL

1.1 Main Componénts

The electrical equipment required for the Kukule Ganga Hydropower Project 
comprises the following main componénts which are described in detail in the 
subsequent sections.

- Electrical equipment in the power house
- Unit-transformers
- 132 kV-switchyard
- 132 kV-transmission Une to the grid substation at Matugama
- 132 kV equipment for the extensión of the Matugama substation
- 33 kV-transmission Une to the diversión weir site
- Telecommunication system for the Kukule power plant

The layout and design of the electrical equipment to be installed in the Kukule 
power plant will be based on the following standards and basic data.

1.2 Design Standards and Basic Data

Standard I.E.C.

Service voltages under site conditions:

Generation 
Transmission 
Sub-transmission 
Auxiliary Services

13.8 kV ±5% 
132 kV 
33 kV
400/231 V-AC . 
125 V-DC 
50 HzRated Frequency 

Neutral of Generator Grounded through protective reactance

Insulation Level
The site conditions do not require any special measures with respect to the 
insulation level because the elevations of the power house and its other
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facilities do not exceed 1,000 m above sea level. The tropical climate and the 
high humidity rcquirc anti-fog type insulators for the open air installation.

Restrictions for Transportation

%

For the transportation of the electrical equipment practically no restrictions are 
to be expected, taking into consideration that stator and rotor can be divided 
into several parts for transportation to reduce the dimensions and weight.

These possibilities will have to be considered for the design of the following 
components:

- Unit transformers 132/13.8 kV
- Generator rotor
- Generator stator

The dimensions of these parts and their transportation weight will have to be 
checked carefully during the final design stage together with local authorities 
for the entire route of transportation to make sure that all bottlenecks can be 
passed without problems; e.g. bridges, narrow roads in villages.

Furthermore, the availability of the corresponding handling and transportation 
facilities, i.e. cranes, trucks and trailers of respective capacities has to be 
verified during that stage.

Electrical Equipment in the Powerhouse

G enerators and Accessories

The generators will have an upper combined thrust and guide bearing and a
lower guide bearing which corresponds to type W 41. The rotor itself will
probably be of the laminated rim tape. The stator can be subdivided into two
parts for transportation. The cooling will be effected by a closed Circuit
system with heat exchangers, cooling the circulating air with water from the 
river.

The main technical data of the generators will be:
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1.4 .2

a) OptionlandII b)
- Rated output 46 MVA
- Rated. voltage 13.8 kV±5% -
- Power factor 0.85
- Rated frequency 50 Hz
- Rated speed 500 rpm
- Nominal runaway speed 925 rpm
- Flywheel effect 520 tm^
- Torque moment 90 mt

at 3-phase short cir. 500 tm
at 2-phase short cir. 650 tm

Approximate dimensions and weights:

- Inner diameter of stator 2.92 m 3.57 m
- Outer diameter of stator 4.86 m 5.76 m
- Depth of generator pit 1.95 m 2.56 m

- Weight of complete rotor 103 t 1461 (approx)
- Weight of complete generator 1501 2101

For reasons of quick exciter response static exciter equipment shall be
installed. This equipment has proven in the past its functional reliability.

Médium Voltage Equipment in the Powerhouse
*

The médium voltage equipment in the powerhouse cavem comprises:

- the 13.8 kV - cubicles for the circuit-breaker of the generator and its 
neutral.

- the bus-ducts between the terminal of the generator and the circuit-breaker.
- the bus-ducts between this circuit-breaker and the bushings of the unit 

transformer as well as to the termináis of the auxiliary and excitation 
transformen

- the interconnection in form of bus-ducts between the termináis of the 
neutral of the generator and its corresponding cubicle for the. installation of 
potential transformers and earthing transformer required for the protection

Option III 
66 MVA 
13.8 kV±5% 
0.85 

50 Hz 
428.57 rpm 
792 rpm

1,100 tm2(approx.) 
150 mt
830 tm (approx.) 

1,080 tm (approx.)
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of the stator.

> ■ .

13.8 kV - equipment for the generators and auxiliary including the main
connections between generator and 13.8 kV switchgear

c

I

Based on a rough calculation and on preliminary data for the equipment of the 
Kukule Project, the 13.8 kV equipment will have to withstand an initial short- 
circuit of approximately 785 MVA, if units of 46 MVA would be installed 
which corresponds to a máximum short-circuit current of approximately 
110 kA at peak, and a three pole short-circuit current of approximately 40 kA. 
These valúes will increase in 3 units, each one 46 MVA to 920 MVA, 1$ -123

i

kA (peak) and Ik” = 48 kA. In the case of 2 units with 132 MVA together sk” 
= 1064 MVA = 142 kA (peak) and Ik" = 56 kA. The 13.8 kV switchgear 
will be metal ciad draw-out type in which the circuit-beaker of the generator 
current-transformers, potential transformer, lightning arresters will be 
installed. The Circuit breaker is operated by a DC-motor. lt is planned to erect 
it in a sepárate gallery on the same level as the generator floor. Each generator 
is equipped with its own circuit-breaker as shown in the single line diagram, 
Drawing No. 23 in Volume 2.

1 .4 .3  Busbar Ducts

The busbars are fully phase insulated and capacitor controlled. The insulation 
is in direct contact with the bar or tube conductors, with capacitive control 
provided by cónducting layers at its end. The covering layer at earth potential 
is fully embedded in the insulation.

The bars aré connected to the apparatus rigidly or flexibly, using screw or 
plug type joints. Standard supporting structures and clamps are able to 
withstand the short-circuit forces, if any.

1 .4 .4  Auxiliary Transformers

As it can be seen on the single line diagram, Drawing N,o. 23 in Volume 2,
- V 4

>

each unit is .equipped with its own auxiliary transformer so that the drives, 
motors and all other apparatus belonging to this unit are fed in by this 
transformer to have the two units independent to each other.
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The capacity of each transformer will be 750 kVA. These will be connected 
directly to the above-mentioned bus-duct. The transformers are dry-type 
(cast-resin transformers). Core and windings are not contained in an 
insulating liquid. The heat losses are dissipated directly to the ambient air, 
henee the transformers shall have a large surface area and low current density. 
Accordingly these transformers can be installed in any place without requiring 
special measures.

The transformer will have the following nominal data and characteristics.

Rated power
Rated voltage high voltage winding
Rated voltage óf the low voltage side
Tap changers: on the high voltage side, off-load2
Winding connection
Impedance voltage
cooling

750 kVA 
13.8 kV 
400/231 V 
2 x +2.5%
Dy5
6%

nature air cooled 
(AN)

These transformers are equipped with an over temperature protection, having 
2 steps; one for waming and the other one for tripping.

1 .4 .5  Low Voltage Equipment in the Powerhouse

Each unit will be equipped with its own and independent low-voltage panel, 
installed in the electrical gallery cióse to its corresponding unit auxiliary 
transfonner. It is equipped with two incoming feeders, which are interlocked 
mutually, and all the outgoing feeders for the turbine generator unit.

This panel is equipped with draw-out units, and is divided into equipment 
compartment, busbar compartment and cable compartment, To ensure the 
requisite are resistance, partitions are essential between the equipment and 
busbar compartments.
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1.5 Additional Equipment in the Powerhouse Area

1.5.1  Electric Power System

In addition to the illumination therc will also be an electric system in the 
powerhouse arca. It will be a three phase installation with four conductors for 
400 V with power plug sockets on all floors to which electrical tools, welding 
transformers for repair and maintenance can be connected. This electric 
power system will be supplied from the low voltage panel provided for the 
common auxiliarles.

1 .5 .2  Telephone and Staff-locater System

The telephone system should be completely automatic allowing direct dialling. 
Direct connection with the public telephone system of the región is not 
envisaged. The installation should provide for 40 intemal connections and 2 
extemal lines for the connection to the carrier ffequency system.

A staff-locater system should be installed covering mainly the cavem and the 
132 kV switchyard to allow the direct calling of a limited number of persons.

1.5.3  Fire Fighting Equipment for Generators

The installation consists of a gallery for gas cylinders, a system of pipes and 
val ves inside the generator pit. The gas content in the cylinders can be 
checked and monitored by means of balances, which give an alarm as soon as 
any gas losses are detected.

1.5 .4  Emergency Diesel

Although each unit has its own auxilian' transformer which supplies power to 
the LV panels of the turbines as well as to the LV panel for the common users 
of the powerhouse, it is recommendable that an emersencv diesel senerator set 
be installed for the supply of the most important auxiliaries such as air- 
condition, illumination and so on during a complete blackout of the plant, 
although a backup power supply is available via the 33 kV svstem throuah the

w

double circuil 132 kV transmission line.
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T he fea tu res  o f  this em ergency diesel are as show n below :

- Rated output
- Rated voltage
- Nominal power factor
- Rated frequency
- Rated speed

750 kVA 
400/231 V±5% 

0.8
*

50 Hz 
1,500 rpm

03

_  i ¿ AU6 7íim
y  3

The excitaron and voltage regulation will be of the automatic self-regulating 
type. This eijiergency set will not be installed in the cavem.

1.5 .5  13.8/132 - Unit Transformers

This will be a three-phase oil immersed transformen located on the down- 
stream side of the cavem in boxes near the units on the level of the machine- 
hall floor. It will be equipped with an on load tap-changer as well as with all 
the protection devices required for this type and size of power transformer and 
comply with the JEC-76 standard.

Main Data Option I & II Option III
- Rated output 46MVA 66MVA
- Rated low voltage 13.8 kV 13.8 kV
- Rated high voltage 132 kV 132 kV
- On-load tap-changer +16% in+9 steps +16%in+9 steps
- Connection group Yd5

\

- Impedance voltage 11%
- Shipping weight 65 ton 75 ton

The cooling method will be ONAF1, which means oil natural circulation air 
forced circulation.

The bus-links on the 132 kV side are executed like SF6-filled pot-heads for 

the outgoing 132 kV cables.

The above-mentioned valúes for rated high voltage and the percentage for 
tapping are preliminary. The final valúes will have to be determined during 
the elaboration of the final desigri, taking into consideraron the real valúes of 
the transmission line.
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1 .5 .6  Fire Extinguishing Equipment
i

For the protection of the unit transformers a so called “sprinkler-system” will 
be installed.

The water acts as a cooling agent so that the temperatura in the buming 
material does not remain high enough to sustain combustión. With the high 
pressure water jet system, the oil surface is bombarded, thus forming an 
unstable mixture of oil and water. At the same time the coid water cools the 
oil so that the vapourization rate is reduced.

Water spray or mist also cools the oil and in addition uses the water’s latent 
heat of evaporation for cooling. The water vapour also dilutes the air and 
reduces the oxygen feeding the fire. With the use of water there is no danger

r

of re-ignition. For the generators water cannot be used, because it will create
corrosión in the stator and poles and can enter into the bearing.

<

1.6 Inter Connection Between 132/13.8 kV-Transformers and the
132 kV-Switchyard

The space requirements in the cavern will not favour its installation in the 
power house.

Nevertheless, if it is installed in the powerhouse, a distance between the unit- 
transformers and the pot-heads of the transmission line will be long.

If these cables are placed in the access tunnel, the length of each cable will be 
about 950 m. It is recommended that an inclined shaft be provided from the 
top of the transformer boxes directly to the 132 kV outdoor switchyard. In 
this way the distance between the two places will be shortened to about 
350 m, which is an advantage as far as the costs of the 132 kV cable are 
concemed. In the attached cost estimation this difference is shown.

1.6.1  132 kV Switchyard (outdoor)

Its final design will depend on the number of units, two or three, and if there 
will be only one outgoing transmission line or two.
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1 . 6.2 132 kV Equipment

According to preliminary calculations the short-circuit level at 132 kV will be 
supposed to be not higher than 2,500 MVA. For the final design the short- 
circuit power provided by the 132 kV network and its foreseeable increase has 
to be taken into consideration.

The rated valúes for the 132 kV equipment will be:

- Rated voltage

- Máximum operating voltage

- Rated current for instrument 

transformers

- Rated tensión for p.t.

- Rated current for Circuit breakers 
and disconnectors

132 kV 

145 kV

400/1/1/1 A

132 / 0.110 /  0.110 kV

VJ V? VJ

400 A

1.6.3 Auxiliarles Services - Service Building

The auxiliary Services necessary for the proper functioning of the 132 kV 
equipment shall be housed in a Service building, located cióse to the 
switchyard. The main components will be:

- Protection panels for the switchyard as well as for the outgoing 
transmission line

- Low voltage panel for the power supply of the Service building and for the 
power supply of the cavem in case of emergency

- D.C. panel with batteries for the power supply of the Circuit - breakers and 
disconnecting switches

- Control panel for 33 kV switchgear for power supply to the intake arca.
- Control panel for remote-control of the turbine-generator units.
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1.7 Additional Services
4

In this section such additional Services are described briefly which are 
necessary for the proper functioning of the power plant as a whole and which 
have not yet been mentioned elsewhere.

This equipment comprises:

- Electrical installation required in the intake area
- 33 kV transmission line to the intake area
- Electrical facilióes for the power supply of a housing area and construcdon 

camp.

Due to the lack of information, onlv the following can be suggested at this 
stage:

- 4 feeders with circuit-breakers and equipment necessary for 33 kV 
overhead lines or cable routes.

Any further equipment required must be determined during the final designa

1.8 Electrical Equipment for the Water Intake Area

This area should be fed in through a 33 kV overhead line. Therefore, it is 
needed to provide a 33 kV incoming feeder.

- Oneoil-immersed three-phase transformer
- One low voltage panel for the supply of all electrical apparatus being 

necessary for the proper function of this area.

The three-phase outgoing feeders will be equipped with fuses and contactors 
where required, or with fuse disconnectors.

The single phase outgoing feeders will be equipped wit-h miniature-automatic 
circuit-breakers. The number and rating of the outgoing feeders will; be 
determined during the final design stage of the project... .
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- One D.C. distribution board vvith rectifier and battery .
- One diesel-generator for emergency supply with a capacity of 150 kVA
- One qarrier frequency equipment for data transmission and communication 

to the control room.

?2T)CS:

•

%
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CHAPTER II. GENERAL REMARKS AND/OR DEVIATIONS
FROM THE CONCEPTUAL DESIGN REPORT

2.1 Description of Single Line Diagram

Provided that the 132 kV transmission line is energized, the 132 kV circuit- 
breaker of the line itself as well as the 132 kV Circuit-breaker of the unit can be 
closed. Via the auxiliary transformer for the LV panel of the couesponding 
unit (1BFT01-2BFT01) by closing the LV circuit-breaker of this panel, all the 
auxiliaries of the turbine can be commissioned. All the remaining facilities can 
be supplied through the interconnection between the turbine-panel (1BFA or 
2BFA) and the LV panel for the general purpose (OBFA). As soon as the 
turbine has been started and reached the correct speed and voltage, it can be 
synchronized by means of the circuit-breaker between the unit transformer and 
the generator (1BAC, 2BAC). A svnchronization on the 132 kV is also 
possible.

Second wav to start-up the plant, when the transmission line is energized, is 
via the auxiliary transformer (OACTO 1-OBFB) which feeds the panel for 
general purposes. In this way all the facilities of the cavem can be energized. 
By closing the interconnection between this panel and any LV panel of a 
turbine, the auxiliaries of the turbine can be put into operation and the unit can 
be started. The unit can be synchronized with the 13.8 kV circuit-breaker as 
soon as the 132 kV circuit-breaker is closed or vice versa. The turbine will 
deliver- all electrical power for the power house and the auxiliary transformer 
will be switched off.

If the generator should trip at any mechanical or electrical fault, the 13.8 kV 
circuit-breaker opens. The auxiliaries of the turbine and the powerhouse, 
however, continué to work without any interruption. If the unit trips due to a 
fault in the unit-transformer, the power supply will be maintained either by the 
other unit or through the transformer for local supply (0ACT01). These 
operations will be controlled automatically.

A third way to start the plant, when the transmission is not energized, can be 
_ realized by operating the emergency diesel, black-start. In this case the diesel

SR8B - 12



takes the function of the auxiliary transformer and the procedure is in principie 
similar to the second possibility; emergency diesel, busbar OBFC, panel 
OBFB.

\ >

2.2  Localization of Equipment

2 .2 .1  Power House/Transformers

For the localization of the unit transformers various considerations were 
made.

First of all olí the unit transformers are to be installed on the level of the 
machine hall floor. The reasons leading to this decisión were the following:

a) Easy transpon of the transformers to their corresponding box.

b) Easy access to the transformers even when the units are running, so that 
inspections can be done at any time without interruption of the 
corresponding unit operation, less complicated maintenance, checking of 
oil leakage or change of oil if necessary.

c) Higher protection against extemal influences.

d) The ventilation of the transformer boxes can be realized much more simply 
by installation of ventilation channels on top of the boxes.

e) Higher efficiency of the fire fighting system.

f) More space will be available in the box for erection of the transformer 
which will be shipped without bushings, radiators and oil.

g) Last but not least, simple installation of the outgoing 132 kV cables, which 
will be installed also on top of the boxes.

The width of the transformers is approximately 3.5 m and requires a width of 
the box of about 5 m. This allows a walkway width of 0.75 m each on both 
sides, which meet the standard réquirements for security. The width of the 
transformers requires a mínimum clearance between wall of the transformer
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boxes an d  the  ou ter caver o f ihe generators.

Each transformer can be moved by msans of toe powerhouse ciaiie to its 
individual box, in front of which a temporary supporting device has to be 
íncrallffd in order to draw the transformer in its definite posiíion by means of a

winch.

SF6 - Switchgear

In the conceptual design repon an installation of this switchgear inside the 
cavem was suggested. This is possibie in principie but according to the 
prevailing standards a sepárate and closed room is necessarv fox this kintí of 
equipment. The mínimum depth required for the installation of this 
switchgear will be 7.5 m. This dimensión wili disturb the straight front view 
formed by the transformer chambers since switchgear has to be located 
adjacent to the last transformer box.

In the room for the SFó switchgear a crahe has to be instalied. having a 
capacité' suitable for the heaviest componente.

SFó installations musí also inelude provisión for disposal in the event of 
leakage or defeets. According to VDE data sheet, natural ventiladon is 
sufficient for equipment rooms abovegrounc. provided 50% of the air cross - 
section is cióse to floor level. Beins instalied undersround. forced-flow 
ventilation is necessarv as SF6 gas can accumulate in dangerous quantities. 
The ventiladon svstem must entrain SF6 laden at floor level.

Rooms situated below such installations and in connecdon with them must 
also be well venrilated or be included in the ventiladon svstem.

Another importan! point is the cosí for this kind of equipment which is 
generally twice higher than an outdoor equipment, and as appearins on a later 
page, an outdoor switchyard should be taken into consideration.

XJnit Control Panels

Each unit will have its own and independent control panel instalied on the 
machine hall floor. The components and/or elements which will be instalied
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in it are mainly:

- unit protection system
- turbine govemor
- instruments, signalling system, switches and push-buttons for local 

operation of the unit.

Cióse to this unit control panel will be installed a so called ‘‘remóte input- 
output panel” necessary for the remóte control and transfer of all informations 
and instructions to the control building to be located outside the cavem 
(Service Building at switchyard).

i

A localization of this equipment cióse to each unit in the cerner of the machine 
hall floor seems not recommendable. Being equipped with sensitive and 
important elements, the unit-control panels with their corresponding interfaces 
should be located in a sepárate cabin, adjacent to last transformer box 
maintaining the same line as in the boxes.

2.2.4 Médium and Low Voltages Equipment

On the generator floor level all the electrical facilities required for each unit 
will be installed. These facilities cónsist of:

- 13.8 kV generator circuit-breaker (2 cubicles)
- neutral point of the generator (1 cubicle)
- excitation transfonner
- excitation system
-. low voltage panel for the power supply of all auxiliary drives for turbine 

and generator
- One auxiliary transformer for the power supply of the above-mentioned 

low voltage panel.

The equipment above will be installed for each unit to be independent to each 
other.

For the power supply of common consumers such as crane, air-condition, fire 
fighting, pumps, illumination etc., a sepárate low voltage panel will be 
installed on the same level. Also the battery will be installed on this level as
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w ell as the  C O 2 ■ fíre protection equipm ent for the generators.

The interconnection between the termináis of the generator and circuit-breaker 
of the generator as well as the connection between the circuit-breaker and the 
termináis of the unit-transformer and auxiliaiy transformen» will be realized by 
means of fully phase-insulated, capacitor-controlled busbars.

Additional Services and/or Installations

The intake and spillway gates at the diversión weir site require electricity 
supply for its operation. This power will be supplied from the Kukule power 
plant. The distance between the outdoor switchyard beside the powerhouse 
cavern and the diversión weir site is about 5 km. For this distance a 
transmission voltage of 6 kV would be sufficient. However, to adapt to one 
of the standard voltages used by CEB as well as to connect this line to the 
existing 33 kV line in the región, the voltage of the transmission line from the 
switchvard to the weir site is selected to be 33 kV.

This transmission line may be used also for the transfer of data between both 
places by means of a carrier frequency system. An outdoor transformer of 
132/33 kV (0ACT01) should be installed, so that this 33 kV line can be— 
energized via the 132 kV line and can supply energy to the intake area.

For the other consumers in the vicinity such as construction camp and/or 
housing area, the same 33 kV line can be used. During the erection period, no 
temporary power supply system like diesel would be necessary but these 
demands can be supplied by constructing a 33 kV line branching off the 
existing 33 kV line running near the Mipagama Bridge.

Having 33/0.4 kV transformer the line can supply energy to the Service 
building of the substation and to the cavern, which can be used also for the 
erection works to be done in cavern, so that in the cavern too no temporary 
generating units are required. Another advantage of the implementation of this 
transformer is the possibility to serve as ‘a third leg’ for the cavern. Normally 
the entire powerhouse and its consumers are supplied via the unit transformers 
and the corresponding auxiliary transformers; feeding in this way the 
áuxiliaries of the units as well as the common consumers such as pumps, 

.lighting, compressed air, air-condition etc. The busbar for the common
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or transformer 0ACT01.

2 .4

If, however, by any reasons the unit transformers are not available, the 
common consumere remain without energy. In this case thé ‘third leg’ can 
resolve this shortage by feeding in this busbar for the common consumere, 
and allows to execute tests also for the auxiliaries of each turbine, if desired.

switchyard. No additional cavem is necessary and there will be no problems 
in its exhaust gases. Maintenance can be done aboveground to keep it in a 
good condition fór the start in case of emergency. Having a 132/33 kV 
transformer and a 33/0.4 kV transformer and an emergency diesel outside the 
cavem, in case of an inundation of the cavern, electricity is still available for 
the drainage pumps and even in the worst case of two failures occurring 
concurrently; blackout in the 132 kV network and an inundation of the 
powerhouse. Installation of the emergency diesel in the outdoor switchyard 
or its vicinity is recommended.

132 kV - Equipment

The localizaron of the 132 kV equipment tums out to be an important issue.

When a SF6 - switchgear is installed inside the cavem as shown in Figure 5, 
there will be no power supply readily available for the Service building and the 
intake. Consequently a transformer of 132/33 kV with a 33 kV switchgear 
has to be installed additionally with its own transformer box and oil sump. 
Also required are another transformer of 33/0.4 kV, and a corresponding low 
voltage panel, to cover the LV power demand of the Service building. From 
this switchyard 33 kV busbar there shall be outgoing feedere tó the intake and 
other facilities such as housing area, construction camp and so on. The diesel 
can be installed in the vicinity of the Service building.

The same procedure was done for an outdoor installation of the 132 kV 
equipment. Besides the economic viewpoint, the technical aspects are to be 
taken into consideraron.

It is recommended that an emergency diesel be installed in the outdoor
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2 .5 Reliability of Power Supply to the Cavern

To ensure a power supply to the cavem in case of emergency, let's say with 
emergency supply, from the attached scheme it can be leamt that various 
components are necessary.to get this emergency supply onto the termináis of 
the low voltage panel which shall supply the common consumers such as air- 
condition, lighting etc.

The following components must be available:

- low voltage panel in the Service building
- transformer 33/0.4 kV
- the 33 kV switchgear in the Service building
- the cable interconnection onto the 33/132 kV 

transformer in the cavem (0BAC01)
- the SF6 switchgear
- at least one unit transformer
- the corresponding auxiliary transformer
- the corresponding LV panel of the unit

It is evident that the reliability of this Circuit is less than that of the second 
versión as it can be leamt from the attached sketch.

In case of emergency this Circuit is like a bypass and its availability depends 
on:

OBFC
0BFT01
OACA

AEA/AEB
1BAT01 or 2BAT01 
1BFT01 or 2BFT01

- the low voltage panel in the Service building, OBFC
- the cable interconnection between this low voltage panel and the panel 

OBFB in the cavem for A.C. etc.

This comparison process shows that not only cost-wise but also from 
technical viewpoint, the outdoor switchgear should be adopted.
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Table 1 (2/2) Comparision of SF6 Switchgear versus 132 kV Outdoor Switchyard

»

Possibility No. of 
Units

No. of 
T.ML.

DM 10*6* 
46 MVA

• i
DM 10*6 * 
66 MVA

Al 2 1

\

32.3 38.8
A2 2 2 34.7 41.2
A3 3 2 47.7 -

B1 2 1 28.6 35.1
B2 2 2 29.1 35.6
B3 3 2 41.8 -

C1 2 1 31.1 37.6
C2 2 2 32.7 38.6
C3 3 2 45.3 -

DI 2 1 32.5 38.9
D2 2 9 33.4 39.9
D3 3 2 47.2 -

El 0 1 29.9 36.4
E2 2 2 30.5 36.9
E3 2 43.7 -

A = SF6 in powerhouse, cable in access tunnel 

B= 132 kV outdoor, cable shafi + Service Building, Type A 

C= SF6 in Service Building, Type B, cable in shaft 

D= SF6 in Service Building, Type B, cable - access - tunnel 

E= 132 kV outdoor, cable in tunnel, Service Bldg., Type A 

* Incl. CIF + erection
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CHAPTER I OPTIMIZATION STUDY OF TRANSMISSION
^  LINE SYSTEM

To deliver the power out of the power plant and into the 132 kV CEB Grid 
System, as previous investigations already show, there are two nearest points 
of the 132 kV grid which have to be considered: Matugama S/S, about 27 km 
SWW from the future hydro plant Kukule Ganga and Pannipitiya S/S, about 
52 km NNW from the plant. The existing 132 kV Matugama Substation is 
connected to the Grid System by a 132 kV double Circuit Une which begin at 
132 kV busbars Colombo - Pannipitiya. This existing Une is about 48 km 
length and is equipped with main conductor type "GOAT" (ACSR, 324/76 
mm^ per.phase, acc. BS 215/70). According to the load forecasting worked 
out by CEB, the Matugama load centre will need in year 2001 (date in which 
the Kukule Ganga P.S. is provided to go in commercial operation) a total load 
of 37.4 MVA.

Taking into account on the apparent power (in MVA) which has to be 
transmitted from Kukule Ganga P.S. in the CEB Grid System in various 
options (see the enclosed Table 1.1.1) and under the assumption that this P.S. 
will be interconnected with the a.m. grid in Matugama S/S, the apparent 
power which can not be consumed in Matugama should be transmitted on the 
existing 132 kV double Circuit Une from Matugama S/S to Colombo (see these 
power valúes in the enclosed Table 1.1.2).

The site and design particulars for the electrical equipment and for the 
transmission Une are given in the Table 1.1.3.

1.1 Introduction
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1.2 Interconnection of Kukule Ganga P/S to 132 kV CEB Grid 
System

Comparison of Various Variants
The apparent power which has to be delivered from the Power Station Kukule 
Ganga in the CEB Grid System in all three options of the P/S are indicated in

The delivery of these power in the CEB 132 kV Grid can.be made (in each 
one of the above mentioned options) in the following variants:

VARIANT "A": Deliveiy from Kukule Ganga P/S to existing Matugama S/S 
through:

- altemative A l, one O.H. transmission lirie, 132 kV, double Circuit, about
27.2 km length or

- altemative A2, two sepárate 0,H. transmission lines 132 kV, single Circuit 
line, each of about 27.2 km length.

VARIANT "B": Delivery from Kukule Ganga P/S to existing Colombo- 
Pannipitiya S/S, through one O.H. transmission line, 132 kV, double Circuit, 
about 47 km length (see also the enclosed figure No: 1.2.1).

The evaluation of the investment costs for all three interconnection variants of 
the Kukule Ganga P/S are given below (for each equipment option of the P/S) 
in the following tables:

- Table 1.2.1 Investment costs for the interconnection in Variant "A", 
altemative A1.

- Table 1.2.2 Ditto for Variant "A", altemative A2

- Table 1.2.3 Ditto for Variant "B"

Table 1.1.1, i.e. :

Option 1 
Option 2 
Option 3

91 MVA 
132 MVA
131.8 MVA

SR8C - 2



The comparison of investment costs in the Table 1.2.4 shows that for all 
options to equip the Kukule Ganga P/S the most advantageous solution is the 
variant "A", altemative "Al".

I

As the operational costs (fíxed and variables) are also mínimum in all options 
for the Variant "A" altemative A l. we retain this solution for the 
interconnection of the power plant to the CEB Grid System.

Transmission Line Voltage and Number of Circuits

As rated voltage for the transmission line firom Kukule Ganga P/S to the CEB 
Grid System the standard valúes of 132 kV (double Circuit) or 220 kV (single 
Circuit) can be considered.

The transmission load o f  the line should be per Circuit in the vicinity o f  the 

surge im pedance load. As known the design o f the line for this valué o f  the 

load per Circuit assume the most economical conditions for the transmission.

In Table 1.3.1 the surge impedance load for different rated voltage of the 
transmission circuits are presented.

We note that the recommendable rated voltages for the transmission of the 
power given in Table 1.1.1 (from the power station to the CEB Grid) are 
related to the above considerations both voltages 132 kV (two circuits) and 
22G kV (one Circuit). Taking into consideration also that:

a) the most proximate connection point to the CEB present day Grid System 
is the 132 kV Matugama S/S

b) two circuits solution offer a bigger reliability and more elasticity in 
operation (By a failure in one Circuit the second can transmit, under the 
thermal limit, the entire power of the power station)

c) two circuits solution improve the transient stability conditions of the CEB 
Grid System in comparison to the one Circuit solution
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d) the two circuits solution give better possibilities to repair or to execute the 
maintenance work on one of two circuits.

We propose the solution for Two circuits at rated voltaje 132 kV to be 
retained for the transmission line from the Kukule Ganga P/S to the CEB Grid 
for all three equipment options of the power station.

Type of Tower

After the lay-down of the transmission line voltage and the number o f circuits, 

a type for line tower has to be selected.

The comparison should be worked out between the following Solutions for 
132 kV transmission lines:

- Two sepárate single lines and
- One double Circuit line

í

We propose to take the decisión for a double Circuit line for the following 
reasons:

- The investment costs are smaller with about 30% (reduced cost for supply, 
transport and.erection)

- Smaller maintenance cost
- Smaller right-of-way and tower estáte arca costs
- Reduced environmental (visual) impacts in the picturesque landscape of the 

región

With regard of the type of the tower for two circuits line, we propose the
solution of tower provided with three cross-arms (for the main conductors) 
because:

- Necessitate smaller place
- Necessitate smaller width for the line route
- To conform with the CEB experience in the design and maintenance work 

of other double Circuit lines in Sri Lanka.
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Taking into account the relative high valué for the isokerannic level in Sri 
Lanka and of CEB experience in this country we propose that the double 
Circuit line shall be protected against atmospherical over-voltages accordingly 
by design of the line with two earth-wires.

1.5 Cross Section and Type of the Main Conductors

1.5.1 General

Selection of the main conductors should be made taking into account of the
following:

- Apparent power which has to be transmitted on each Circuit (continuous 
load in normal operation and excepdonal load by failure of one Circuit), as 
perTable 1.1.1

- Site conditions and design particulars
- Economical current carrying capacity
- Surface voltage gradient and corona losses
- Mechanical stresses in operation
- Conductor under thermal short Circuit strength. To deliver the power out 

of the plant and into the CEB Grid System, as previous investigations 
already show, a double Circuit line of 132 kV should be recommended. 
This line shall take off from 132 kV busbar of the Kukule Ganga 
switchyard and shall terminate at the existing 132/33 kV Matugama S/S. 
The length of this line will be about 23 km.

For this line which has to be erected in a relatively fíat terrain we select ACSR
conductor with steel/aluminium ratio of 1:6.

The double Circuit line shall be sized in various options of the Kukule Ganga
P/S as follows:

- Option 1: 2 x(3 x 240/40 mm^) ACSR, (outer diameter of the
conductor 21.8 mm) acc. to DIN 48204

- Option 2: 2 x(3 x 300/50 mm 2) ACSR (outer diameter 24.5 mm)
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- Option 3: as per option 2

The checking of these chosen conductors has been made as follows:

1.5.2  Máximum Current-Carrying Capacity

The Máximum caiTying capacity has been calcuiated for all options according 
to "‘ALCOA’ Conductor Engineering Hand-book”, considering the site 
condidons and design pardculars indicated in Table 1.5.1.

The chosen conductors can carry, under normal condidons, the apparent 
power per Circuit indicated in Table 1.5.2 and in emergency case (one Circuit 
from two disconnected), the total output of the power station mentioned in 
Table 1.5.1.

1.5.3 Económica! Cross Section of the Main ACSR Conductors

The economical cross section of the main ACSR conductors has been 
calcuiated for all options according to the methodology presented in 
"SIEMENS" book "Starkstromtechnik II", considering the same site and 
design pardculars as indicated above as well as:

- Interest of investment : 10% per year
- Depreciation of line : 3% per year

Cost of maintenance works : 1 % per year (from investment costs)
- Ratio between minimum and máximum load: 0.25, respectively 0.18 for 

the Options 2 and 3
- Operation time of the max. load: 4479/3500 h/year
- Cost of energy (in year 2001): about 12.5 Pf

As per Table 1.5.2 the results of calculations indicate the following 
economical cross section of the ACSR conductors:
Option 1 at máximum transmitting power of 91 MVA, the cross

a

section of 203 mm- aluminium per phase.

SR8C - 6



Qpfions 1 & 3 at máximum transmitting power o f  132 M V A , the cross
^  ̂  _

section of 260 mm^ aluminium per phase

Conclusión The cross sections of the selected conductors are in the
\

vicinity of the calculated economical cross section.

Surface Voltage Gradient

The calculations of the surface voltage gradient for both chosen conductors 
(see Table 1.5.3) show that the valúes are far from the máximum voltage 
gradient (18 to 21 kV/cm) admitted for the line in normal operation conditions. 
The calculated valúes of the surface voltage gradient are:

- For 240/40 mm^ ACSR : 11.9 kV/cm
- For 300/50 mm2. ACSR : 10.8 kV/cm

Thermal Short-circuit Strength

The thermal short-circuit strength has been calculated according to Siemens 
book “Kabel und Leitungen Fur Starkstrom”, para 30.2. The calculation of 
the minimal cross-section of aluminium which has to be thermal stable by 
short circuit strength has been worked out under the following conditions and 
data:

- Three phase short-circuit power
- Disconnecting time of the failure
- Initial temperatura of the 

conductor before short-circuit
- Máximum temperature under 

short-circuit conditions
- Initial symmetrical short-circuit 

current
- Peak short-circuit current

: 2500 MVA 
: 0.5 s

: 80 OC

: 160 OC

: I”k=10.94 kA. r.m.s. 
: I s =27.9 kA peak

The calculation under the above mentioned conditions give a valué for the 
minimum cross-section aluminium of Smin=46.5 mm^
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Conclusión: The cross-section of the chosen conductors are
substantially bigger as the calculated mínimum of aluminium cross-section.

1.6 Transmission Line Route

1 .6 .1  Soil Conditions

The geological conditions along the envisaged alignment altematives are 
characterised by the presence of gneissic rock types including biotite gneiss, 
gametiferous, quartz-feldspar gneiss and chamockite. The rock mass is 
generally covered by weathering producís of the parent rock. In low lying 
areas alluvial deposits are accumulated. Therefore, foundation conditions that 
will be ericountered along the transmission line can be broadly divided into 3 
groups:

- foundations on fresh and slightly weathered rock
- foundations on overburden ( residual soil/ highly weathered rock)
- foundations on alluvial deposit (sandy, silty, clayey soils of up to 5 m 

thickness).
’  -  —

. , .  Currently, no landslides or general foundation instability conditions have been
• «  •  / M  .  .  . i " . .  L r l " * * 1 *•identified. . . . .  -

* »  i
i  „  *

t  *

1 .6 .2  Selection of the Line Route

The proposed transmission line routing has been selected from the studies of a 
series of 1:63,600 and 1:10,000 topographic maps. The terrain between 
Kukule Ganga P/S and Matugama S/S is situated in a hilly región with a lot of 
paddy field cultures in the valleys. The altitude over sea level vary from 320 
m to 170 m in the vicinity of the Service buildings of the power station and at 
about 100 m o.s.l. in the vicinity of the Matugama S/S.

The line route should be as cióse as possible to the access roads and basically 
follow the crests of the hills for better foundation conditions.
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1 .6 .3 Description of the Line Routes

The chosen route No. 1 begins at the 132 kV switch-yard of the power station
Kukule Ganga. After it traverse the Peleng River it continúes in the región of 
Maha Pattu North passing near the village Omatta. Beyond a paddy ñeld arca 
beside the village from Yatiyana it continúes north of the village of Matugama 
and comes to the switch-yard 132/33 kV Matugama (see drawing No. 21). 
The total length of this route is 27.2 km.

The chosen route No. 2 (see also the same a.m. drawing) run after the 
outgoing from the Kukule P/S about 11 km parallel to the route No. 1 but 2-3 
km to the north of this route. The route No. 2 deviate to the north of the 
village Pantiya down to the switch-yard and Matugama. The length of this 
route is 28.1 km.

By comparison of the two line routes No.l is chosen as the line route for the 
transmission line 132 kV Kukule Ganga P/S - Matugama S/S which is shorter 
by about 1 km compared with the line route No. 2.
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CHAPTER n  PROPOSED TRANSMISSION LINE &
SUBSTATION

I

2.1 Introduction

The power station Kukule Ganga shall be connected to the CEB Grid System 
by an 132 kV, O.H. double Circuit transmission line.

This line shall take off from 132 kV busbar system of the P/S Kukule and 
shall termínate at the existing 132/33 kV S/S in Matugama. The length of this 
double circuí i line will be about 27 km and the conductors shall be sized 
various options of the power station Kukule Ganga (see Table 1.1.1) as 
follows:

Option 1 : 2 x(3 x 240/40 mm2 ACSR), for the power of 45.5 MVA/
Circuit

4

Option 2 : 2 x(3 x 300/50 mm2 ACSR), for 66.0 MVA/circuit

Option 3 : 2 x(3 x 300/50 mm2 ACSR), for 65.9 M VA/circuit

The design construction and protection criteria given in the following
paragraphs 2.2.1 to 2.2.6 shall be applied for the different components of this 
transmission line.

2.2 Transmission Line 132 kV to Matugama S/S

In the follow ing w ill be presented the most important com ponents o f  this 
double Circuit line.

2.2.1 Towers

The towers for the transm ission line shall be o f the self-supporting, 
galvanized, lattice Steel frame type with square base.
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All structural Steel including grillage footings shall be galvanized after 
manufacturing galvanized by the hot-dip process (with 600 g/m^ coating of 
zinc, at mínimum, according to relevant D/N or ASTM standards).

The double Circuit towers will be designed with three cross-arms for the main 
conductors. Two earth-wires of ACSR conductor, each of cross section 
95/15 mm^ has to be also provided in the top of the tower.

The conductors of each three phase Circuit shall be in vertical position of the 
left or on the right of the centre line of the tower.

A diagram of a similar suspensión tower for a double Circuit line 132 kV is 
indicated in the Fig. 2.2.1.

Foundations

The tower foundations should be normally of mass concrete or reinforced 
concrete. The foundation of each tower shall consist of four footings. In 
good soil conditions for suspensión tower, the grillage footings can be used. 
Where the foundation type are not applicable other form s of foundations such 
as raft or pile foundations should be used.

Rock anchor foundations can be used for areas where footings may be 
secured to solid bedrock by means of tensión members grouted into rock. 
The foundations will have a factor of safety against uplift greater than 2.0 in 
the case of normal loading conditions.

Grounding of Tower Structures

The grounding of tower structures shall be made as required by soil 
conditions and according to earth resistance at each of the tower location. 
Two (or more) ground rods per tower should be installed according to the 
requirements of the measured earth resistance.

SR8C - 11
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For tower locations where rods can not be used due to soil conditions, ground 
strips should be installed.

The ground ohmic resistance of each tower structure, measured prior to the 
installation of the overhead earthwires, shall not be greater than 15 ohm.

2 .2 .4  Conductors

As per above ítem 2.2.3 the conductors for the 132 kV double Circuit line to 
Matugama have been proposed, in the different options for the construction of 
the Kukule P/S as given in the table 2.2.1.

The cross section of the main conductors have been determined (see above 
para 1.3) taking into consideration:

- the máximum current-carrying capacity (thermal current rating)
- economical cross-section (at económica! current-carrying capacity)
- the outer diameter to avoid corona effect (at mínimum 18 mm)

2.2 .5  Insulator Strings

Insulator strings should be composed of individual insulator units type 255 x 
146 mm, according to IEC 383/1983 (or 10 x 5 3/4 inches, according to 
ANSI, C.29.1), consisting of glazed porcelain (or toughened glass) shell and 
metallic caps and pins with ball and Socket ñttings.

The number of units per string shall be as follows:
- for suspensión strings (vertical positíon) * 10 units
- for tensión strings (horizontal position) : 11 units

According to IEC publication 383/1983 the insulator string should be tested 
by folio wing voltages:

SR8C-.12



Suspensión
String

Tensión String

Power Frequency Dry 510 550
Withstand Voltage 
(kV r.m.s.) Wet 375 410
Lightning Impulse 
Withstand Voltage 800 880
(kV peak)

All insulator stríngs should be equipped with arcing rings or homs. The 
design of the arcing rings shall be such as to reduce as far as possible damage 
to the conductor, clamps, insulator stríngs and arcing homs themselves under 
all flashover conditions.

2 .2 .6  Calculations of the O.H. Transmission Lines

The complete calculations of the proposed transmission lines are enclosed in 
the annexes 8C. 1 to 8C.4.

2 .3  Supply of the Auxiliary Services in Intake Area

In normal operation all electrical consumers in the INTAKE arca should be 
supplied from the power station through:

- a 11 kV O.H. single Circuit line, equipped with conductor 3 x 50 Alu and 
of about 7.5 km total length, on galvanized lattice Steel frame towers and over.
- a pole mounted substation 11/0.4 kV (beside the INTAKE) equipped with 
one three-phase transformer of 160 kVA rated power.

The route of this O.H. line shall begin at the Service Building of the P/S, go 
along the construction road to Tunnel Adit No. 2 (about 4.5 km) and shall 
ñnish over a tract of land (from about 3 km) to the INTAKE place where the 
above mentioned pole mounted substation 11/0.4 kV shall be erected.
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2 .4 Extensión of Matugama S/S

For the connection of the two circuits 132 kV, coming from Kukule Ganga 
P/S, the extensión of Matugama S/S with two incoming bays as well as the 
erection of a 132 kV busbar system are necessary. The extensión of this S/S 
with the above mentioned components rcquire the enlargement of the existing 
132 kV switchyard area in width of about 2 x 9 =  18 m (i.e. the width of two 
newincoming bays).

The related valúes for the new electrical equipment (with which the S/S has to 
be extended) should be:

- Ratedvoltage
- Highest system voltage
- Rated current for the Circuit breaks 

& disconnectors
- Short circuit capacity, at minimum
- System fault level (initial a.c. 

component)
- Short-circuit peak valué

132 kV .
145 kV

800 A 
2500 MVA

I”k = ll kA r.m.s. 
Is =28 kA peak

2.5  Power Line Carrier System

• i  •

The Communications from Kukule Ganga P/S to Matugama S/S and further to 
Colombo - Pannipitiya S/S shall be realized by means of a multipurpose
power line camer (PLC) in interphase system on the 132 kV transmission 
line.

The transmitted signáis from Kukule Ganga P/S to Matugama S/S shall be 
carried further from Matugama S/S to Colombo - Pannipitiya S/S through the 
existing multipurpose PLC link.

The proposed PLC equipment covers speech, data and protection signalling 
for both lines. The line traps and coupling capacitors are sepárate. The PLC
link is based on a double channel speech transmission, one 600 baud data

1

channel and protection signalling equipment for each 132 kV transmission 
circuit (seé enclosed sketch in Fig. 2.5.1).
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The PLC system has to be very reliable in operation. The transmitting band of 
PLC channels should be coordinated (put-in of the transmitting frequencies in 
the national frequency plan) with SRILANKA TELECOM.
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I £
Tajble 1.1.3 Site and Design Particularsi

SITE CONDITIONS
The site conditions are assumed to be as following:

Condi tions

Altitude of Site
(above Sea Level) : 160 masl

Ambient Tempera tures
Máximum : 40°C
Mínimum : 15.5 °C
Average : 32° C

i

Seismic Acceleration : 0.1 g (horizontal);
see RANDENIGALA H.P. Project

Isokeraunic Level : 70

Relative Humidity
Máximum : 91 %
Mínimum : 67 %

Rainfall
Average Annual 4500 mm/year, in Kukule Ganga P/S area 

3800 mm/year, in Matugama S/S area

ELECTRICAL PLANT DESIGN CRITERIA - (132 kV PART OF S/S)

General

- Nominal system voltage
between phases kV r.m.s.; 132

- Highest system voltage
between phases kV r.m.s.: 145

- Lightning impulse withstand
voltage (1.2/50.|is) kVpeak : 650

- Power frcquency (1 minute)
withstand voltage kV r.m.s.: 275

- System frcquency Hz 50

- System earthing •
• Solidly grounded

- System fault level (I”k) kA r.m.s.: 11.0

- Peak short Circuit valué kApeak : 28.0

8C-T - 3
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Table 1.3.1 Surge Impedance Load For Difíerent O.H. Lines

Rated
Voltage(kV)

Number of Circuits Surge Impedance 
(ohm)

Surge Impedance 
Load (MW/circuit)

132 Single Circuit 380 46

Double Circuit 340 51

220 Single Circuit -370 131

8C-T - 8
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Table 1.5.2 Economical Cross-Section of the ACSR Conductors at Economic
Current-Carrying Capacity

(acc. to the methodology from SIEMENS book "Starkstromtechnik II”)

Max. transmitting Current per Economical Economical cross
power phase cunent density section (Ala) of

Option (pertwo 132 kV 
circuits)

(per Circuit) (calculated) ACSR conductor

(MVA) (A) (A/mm2) . (mm2 Alu/per phase)

1 91 199 0.98 203

2 & 3 132 289 1.11 260

t
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Table 1.5.3 Surface Voltage Gradient of the Main Conductors

Option Outer diameter 
of the 

conductor 
mm

Capacitive 
reactance of the 

Circuit
10*5 ohmxkm/phase

Surface voltage gradiant

No.
Conductor

size
mm2 ACSR

Máximum
kV/cm

Calculated
kV/cm

1 3x240/40 21.8 3.34 18 11.9

2 3x300/50 24.5 3.28 18 10.8

3 3x300/50 24.5 3.28 18 10.8
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Table 2.2.1 132 kVDouble Circuit LineToMatugama
Cross section of ACSR conductor (per pilase)

Option Apparent 
power per 

Circuit 
(MVA)

Proposed cross- 
section of tbe main 

conductor (per phase) 
(mm2)

Outer diameter 
of the conductor

(mm)
No. Installed power 

(MW)

1 2 x 35 MW 45.5 240 ACSR 21.8

2 3 x 35 MW 66 300 ACSR 24.5

3 2 x 50 MW 65.9 300 ACSR

t

24.5
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V A R I A N T  “ A ”

Alternatives A, and A 2 

(Delivery of power to Matugama S/S)

132 KV

132 KV

28 km

Kukule Ganga P/S

To Pannipitiya 

(Colombo)

v___________)

Matugama
S/S

132 KV

1 3 2 /3 3 KV 
2x3l-5MVA|

33 KV

V V  V

Total 37 MVA (in y. 2001)

V A R I A N T  " B "

(Delivery of power to Pannipitiya S/S)

132 KV

132 KV

47 km

Kukule Ganga P /S

KUKULE GANGA HYDROPOWER PROÍECT
Government of Sri Laika 

Ministry of R m cr and Energy
Ceyhm E h ctr iclty Board

Jo in t V en tare  K ukule G anga 
NK, EW 1A  U

CECB, TEAMS. RDC
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O.

J

132 KV

*
Pannipitiya S/S 

(Colombo)
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Delivor y of Power
Variante A
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93 50

TRANSVERSAL FACE *®<5©3) ^

ALL 0IMENSI0NS ARE IN CM.

KUKULE GANGA HYDROPOWER PROJECT
Govenunent o f Sri Lanka 

Ministry of Power and Energy
Ceylon E lectric! ty  B oard

Jo in t V en ían  Kukale Ganga 
NK, EW I & LI

CECB, TEAMS. RDC

No. ■■ 2 . 2 . I

Doubte Circuit lin* 132 W  
Suspensión Towsr
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ANNEX-8C.1

*■

132 kV TRANSMISSION L IN E  
KUKULKE -  MATUGAMA 

SR I LANKA

O r d e r : 
D a te  : 
A n n e x :

ZICKMAN 
5 . 3.1992 

Tonne/ 1

0 V E R H E A D  P O W E R L I N E

A c c o rd in g  t o  D IN  VDE 0210 o r  e q u iv a le n t
s ta n d a rd s

C a lc u la t io n  o f  i t s  c h a r a c t e r is t ic s

B a s ic  d a ta

Ñame o f  th e  l i n e  : 132 KV -  D b .c i r c t  l in e  SRI LA3 O p t 1

H ig h e s t  v o lt a g e  o f  l i n e  
N orm al span le n g th  
Number o f  s u b c o n d u c to rs  
D is ta n c e  o f  s u b c o n d u c to rs  
Number o f  e a r t h  w ir e s  
Ñame o f  c o n d u c to r  
Ñame o f  e a r t h w ir e  
Tow er shape 
Tow er t y p e  
F o u n d a tio n  t y p e  
I n s u l a t o r  ty p e

145 KV 
320 m 

1
0 mm 
2

240/40 -  A l / S t  
95/15 -  A l / S t  

Tonne 
S 
A 
L

C l im a t ic  zone T

In d e x  e x p la n a t io n s  :

Tow er t y p e  S
F o u n d a tio n  t y p e  A

S

I n s u l a t o r  t y p e  L
K

C l im a t ic  zone E
T

L a t t i c e  S t e e l  to w e rs
Pad & chim ney fo u n d a t io n ,
c o n c re te d  t o  u n d is tu rb e d  s o i l
Pad & chim ney fo u n d a t io n ,
c o n c re te d  t o  s h u t t e r in g
L o n g ro d  in s u la t o r s
Cap and p in  ty p e  i n s u la t o r s
Ic e  lo a d in g  a re a
T r o p i c a l  a re a

C a lc u la t e d  b y :  LAHMEYER INTERNATIONAL
C o n s u lt in g  E n g in e e rs  
Head O f f i c e
D—6000 F r a n k f u r t (M a in )71

Programm N r . : 0105010E

8C.1 - 1



132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D ate  : 5 . 3.199

1 SRI LANKA A n n e x : T o n n e / ’

T e c h n ic a l  d a ta  c o n d u c to rs in p u t

Ñame o f  c o n d u c to r  
R e la t io n  o f  c r o s s  s e c t io n  
S t a n d a r t
T o t a l  c r o s s  s e c t io n  
C o n d u c t iv e  c r o s s  s e c t io n  
C o n d u c to r  d ia m e te r  
W ire  d i a .  o u t e r  l a y e r  
T o t a l  w e ig h t  
N o m in a l b re a k in g  lo a d  
Ohmic r e s is t a n c e  
R e s i s t i v i t y
C o n t .c u r r e n t  c a r r y in g  cap. 
a t  35/80°C u .  0 . 6  m/s Wind 
v e l o c i t y
P e r m is s b l . m ax. w o rk . s t r e s s  
A v e ra g e  t e n s i l e  s t r e s s  
U l t . l o n g  te rm  t e n s . s t r e s s  
E f f e c t .  m o d . o f  e l a s t i c i t y  
C o e f f . o f  th e rm a l e x p a n s ió n  
Round c o n d u c to r

240/40 -  A l / S t
6

DIN48204
282.50 
243.05 

21.80 
3.45 

0.9850 
86460.00 

0.119 
0.029

645.00
120. 00 

56.00
208.00 

7 . 700E+04 
1 . 890E-05

mm2
mm2
mm
mm
kg/m
N
Ohm/km 
0hm*mm2/m

A
N/mm2
N/mm2
N/mm2
N/mm2
1/K
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132 kV TRANSMISSION LINEKUKUÉKE - MATUGAMASRI LANKA
Order: ZICKMANDate : 5. 3.1992Annex: Tonne/ 3

T e c h n .d a t a  f o r  c á l c u l .o f  c o n d u c t . t e n s i l e  s t r e s s e s  and s a g s - in p u t

E v e r y  d a y  s t r e s s  : ' 18.00 % o f  n o m in a l b re a k in g  lo a d
15% -  18% w it h o u t  a n t i v i b r a t i o n  d e v ic e  
>18% -  21.5% w it h  a n t i v i b r a t i o n  d e v ic e

C o n d u c to r  te m p e ra tu re s  oC
T I  ( E D S ) : 20.00 T 2 ( h i g h )
T 4 ( I c e )  : - 5 . 0 0  T 5 ( l o w )

F a c t o r  o f  v e r t i c a l  a d d i t io n a l  lo a d  
F a c t o r  o f  h o r i z o n t a l  a d d i t io n a l  lo a d

75.00
5.00

1. 00 
1 . 00

T3 0 . 0 1

W in d lo a d  f a c t . l o n g term  t e n s . lo a d  : 2.00

D yn a m ic  w in d
•

p r e s s u r e  and a e ro d y n a m ic a l d ra g  c o e f f . a c c . VDE

H ig h t o f  th e H e ig h t  o f  th e D ynam ic C o n d u c to r D ra g
p o w e r l i n e su s p e n s . p o in t w in d d ia m e t .d c o e f f
a b o v e g ro u n d above g ro u n d p r e s s u r e q c f
m m N/m2 mm

0 b i s 20 <= 15 440 <= 12.50 1.20
0 b i s 200 <= 20 530 <= 15.80 1.10

<= 40 530 > 15.80 1.00
<= 100 680
<= 150 860 no ro u n d  c o n d u c t. 1 .30
<= 200 950
> 200 950
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D a te  : 5 . 3.19

SRI LANKA A n n e x : To n n e /

B a s ic  d a ta  f o r  to w e r shape c o n s t r u c t io n  -  in p u t

Ñame o f  to w e r shape 
Tow er shape Ín d e x  
W id th  in c r e a s in g  Ín d e x  1) 

U p p e r p a r t  to w e r body 
Low er p a r t  to w e r body 

C rossarm  t i e  i n c l i n e  
L e n g th  d i f f e r e n c e  o f  c ro ssa rm , 
L e n g th  o f  s te p  b o l t s  
S t r in g  le n g t h ;
H e ig th  o f  m e t a lp a r t s  s t r in g  
V D E -c le a ra n e e  c o n d u c t . -g ro u n d , 
A d d i t io n a l  g ro u n d  c le a ra n c e  
P r o j  e c t io n  p r o t e c t . f  i t t i n g s  
P r o je c t io n  a c c e s s o r ie s ;  
L ig h t n in g  p r o t e c t io n  a n g le  
o f  e a r t h  w ir e
A d d i t io n a l  c ro s s  arm le n g th  
H e ig th  o f  s u s p . s w i v e l  c le v is  
o r  v - l i n k s
A d d i t io n a l  to w e r h e ig h t  
W id th  o f  to w e rb o d y  a t  to p  
VDE-M inim um  c le a ra n c e

Tonne
A
G

5.00
7.00

15.00 D e g re e
0.10 m
0.20 m
2.04 m
0.40 m
6.23 m
0.10 m
0.00 m
0.05 m

30.00 D e g re e
0.20 m

0.30 m
0.10 m
1.31 m
0.93 m

F o o tn o te :
1) W id th  in c r e a s in g  in d ic e s

G i n  D e g re e  ( I n c l i n i n g  o f  one le g  member)
..M i n  mm/m ( i n  r e l a t io n  to  h a l f  w id th  o f  to w e r  b o d y )

1
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132 kV TRANSMISSION LINEKUKULKE - MATUGAMASRI LANKA
O rd e r
D ate
Annex

ZICKMAN
5. 3.1992Tonne/ €

B a s ic  d a ta  f o r  e l e c t r i c a l  c a lc u la t io n

N o m in a l v o lt a g e
A m b ie n t te m p e ra tu re
P erm . m ax. te m p e ra tu re  c o n d u c to r
Máximum c o n d u c to r  te m p e ra tu re
a t  s h o r t  C i r c u i t  c u r r e n t
W ind v e l o c i t y
H ig h t  o f  l i n e  above sea le v e l  
D e g re e  o f  l a t i t u d e  
C u r r e n t  d e n s i t y  
Cos p h i  a t  l i n e  end 
F recp ien cy
A d d i t io n  t o  c o n d u c to rs  c a p a c it y  
due t o  to w e rs

— in p u t

130 KV
40.00 °C
75.00 °C

160.00 °C
0.00 m/s

1000.00 m
23.50 O

1.01 A/mm2
0.90

50.00 Hz

1.04 p . u .

<%)

i o (  ' < m
i o \

l'N
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132 kV TRANSMISSION LINEKUKULKE - MATUGAMASRI LANKA
O rd e r
D a te
A nnex

ZICKMAN5. 3.1992Tonne/ 7

S p e c i f ic  in v e s tm e n t  d a ta in p u t

D e l iv e r y  o f  m a t e r ia l

G a l v . l a t t i c e  s t e e l  c o n s t r ú c t
Pad & ch im ney fo u n d a t io n s
C o n d u cto rs
E a rth  w ir e s
S u sp e n sió n  s t r i n g s
T e n s ió n  s t r i n g s
B undled c o n d u c to r  s p a c e rs
A n t i v i b r a t i o n  d e v ic ie s
E a rth  w ir e  a c c e s s o r ie s
E a r th in g  m a t e r ia l
S m a ll p a r t s
C o r r e c t io n  f a c t o r  C1 f o r  
s t r in g s  up t o  s m a ll  p a r t s  
C I F -C o s t s - f a c t o r

E re c t io n  o f  l i n e

Tow er e r e c t io n  
F o u n d a tio n  e r e c t i o n  
S t r in g in g  o f  c o n d u c to rs  
S t r in g in g  o f  e a r t h w ir e s  
E a r th in g  w ork  ón  to w e rs  
S m all p a r t s  e r e c t io n  
T r a n s p o r t a t io n  
S u p e r v is ió n ) r e la t e d  t o  
P la n in g  ) e r e c t i o n  h o u rs  
Man c o s t s / h  in c lu s .e q u ip m e n t  
E n g in e e r in g  c o s t s  p e r  h o u r

P r o f i l e  f a c t o r s

R e la t io n  s u s p e n s . / t e n s . to w e rs  
A ve ra g e  span  le n g t h  
A ve ra g e  e x t e n s ió n  o f  to w e rs  
P r o f i l e  d i f f i c u l t i e s  f a c t . C 2

E s ta te s  and r i g h t  o f  way c o s ts
? ^  ̂  ̂  ̂  ̂  ̂

C o sts  o f  to w e r  e s t a t e s  :
C o sts  o f  r i g h t  o f  way :

3000.00 DM/t
400.00 DM/HT3

2300.00 DM/t
2300.00 DM/t

912.69 D M / s tr in g
1216.92 D M / s tr in g

0.00 DM/Set
400.00 D M / s tr in g
120.00 DM/Set
881.52 DM /tower
705.21 DM /tower

1.00
1.05

27.72 h / t
5.46 h/m~3

337.76 h / k m c ir c u it
154.95 h/km

10.00 h / to w e r
10.00 h / to w e r

5.00 h / t
0.05 p . u .
0.03 p . u .

70.00 DM/h
120.00 DM/h

6.00 T/A
288.00 m

1.00 m /tow er
1.00

0.00 DM/m2
0.00 DM/ia2
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN J1 KUKULKE -  MATUGAMA D a te  : 5 . 3.1993
SR I LANKA A n n e x : Tonne/ i

W orking t e n s i l e  s t r e s s e s  and sags r e s u l t s

L in e  ñame
Norm al span le n g th  
C o n d u c to r ñame

EDS
A ve ra g e  s t r e s s  
Perm . m ax. t e n s . s t r . 
Longterm  t e n s . s t r .

132 KV -  D b .c i r c t  l i n e  SRI LA3 O p t  1 
320.00 m 
240/40 -  A l / S t

18.00
56.00

1 2 0 . 0 0
208.00

% o f  nom 
N/mm2 
N/mm2 
N/mm2

Load case  
a c c . VDE 
0210

4 . 1 . 2 . 3

4 . 3 . 1
4 . 3 . 2

4 . 1 . 2 . 1  
1 • 2 .1

A d d i t io n a l
lo a d

C o n d u c to r T e n s i le  
te m p e ra tu re  s t r e s s  

TS a t  TS

w ith o u t(E D S ) T I  20.00 

w it h o u t  T2 75.00

W ind
1 . 0 0 - f o l d

E x c e p t io n a l w in d  
lo a d  c a s e 2 . 0 0 - f o í d

T5

T5

5.00 77.59

C o n d .a n g le  o f  d e v ia t io n  
S t r in g  a n g le  o f  d e v ia t io n

•5.00 109.89

44.92 D egree 
39.64 D egree

b re a k . lo a d

S u p p o rt
t e n s i l e
s t r e s s

N/mm2

79. 18

1 1 2 . 6 8

Sag a t  
TS

m

8.11
10.03

8.13

9.07
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D a te  : 5 . 3.1992

SRI LANKA - A n n e x : Tonne/ 9

Moments and fo rc e s  a t  to w e rs  
and fo u n d a t io n s

r e s u l t s

To w e rs

N orm al moment s u s p e n s ió n  to w e r 
N orm al moment t e n s ió n  to w e r

F o u n d a tio n

Leg member fo rc é  s u s p e n s ió n  to w e r : 
Leg member fo rc é  t e n s ió n  to w e r :

828.28 kNm
1924.94 kNm

56.94 kN
147.31 kN

8C.1 - 9



-

132 kV TRANSMISSION LIN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D a te  : 5.. 3.1992

SRI LANKA A n n e x : T o n n e /lc

E l e c t r i c a l  d a ta  o f  th e  h ig h  v o lt a g e  power l i n e  -  r e s u l t s  
s e le c t e d  m ain d a ta  r e la t e d  t o  th e  nom inal v o lt a g e

N o m in a l V o lta g e  
L in e  c h a r a c t s . R e s is ta n c e R l 
In d u c t .R e a c ta n c e  X I

C a p a c ita n c e  C l
S u rg e  im pedance Z
M a x .v o lta g e  g r a d ie n t  
a t  (s u b -)c o n d u c t o r  s u r fa c e  
R a d io  in t e r f e r e n c e  l e v e l  
a c c . t o  CISPER 
N o is e  l e v e l  

d r y  
w et

T h e rm a l c u r r e n t  r a t in g  a t  
40/75oC and O.OOm/s W ind 
S u rg e  im pedance lo a d  
M a x .th e rm a l lo a d  r a t in g

Load r a t in g  a t
1 . 0 1  A / n m ^
Ohm ic l g s s e s . a t
1.01 'A/mm2 
C a p a c it iv e  lo a d  .
S h o r t  C i r c u i t  c u r r e n t -  
r a t i n g

(B u n d le d -)c o n d u c t o r  
E a r t h w i r e ( s )

V o lt a g e  d ro p . ' 
and
V o lta g e  d i s t o r s i ó n  
a t  1.01 A/mm2 
and eos P h i = 0.90

C i r c u i t
I / I I ,

130
0.13
0.40
9.61

362.92

( I I I / I V )
KV
Ohm/km
Ohm/km
nF/km
Ohm

11.89 KV/cm

30.34 dB

32.54
42.54 

122.26

dB(A)
dB(A)
A / c o n d u c to r

46.57
27.5,3
55.06

M W / c irc u it  
M V A / C irc u it  
M V A / lin e

55.27
23.23

0.04
51.00

M V A / c irc u it  
kw/km C i r c u i t  
%/km
kVar/km  C i r c u i t

17.62
16.74

0.0944

kA
kA
%/km

0.0010 degree/km
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D ate : 5. 3.1992

SRI LANKA A nnex: To n n e / 11

E s t im a te d  in v e s tm e n t  c o s ts  p e r  km pow er l i n e  -  r e s u l t s

P ow er l i n e  d a ta :

Num ber o f  c i r c u i t s  
Num ber o f  s u b c o n d u c to rs  
Ñame o f  c o n d u c to r  
A v e ra g e  sp a n  le n g th  
T o w e r sh a p e  
T o w e r t y p e

In v e s t m e n t  c o s t s  :

c i fM a t e r ia l  c o s t s  
E r e c t io n  c o s t s  
T r a n s p o r t  c o s t s  
S u p e r v is ió n  and p la n n in g  
T o w e r e s t á t e  a re a  c o s ts  
R ig h t  o f  w ay c o s ts

T o t a l  in v e s t m e n t  c o s ts

2
1
240/40
288.00
Tonne
S

A l/  S t  
m

97330.12 DM/km 
106518.93 DM/km 

7015.37 DM/km 
15570.42 DM/km 

0.00 DM/km 
0.00 DM/km

226434.83 DM/km
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D ate  : 5 . 3.1992

* -1*' SRI LANKA A n n e x : T o n n e / 12

C a lc u la t io n  o f  g u a n t i t ie s  p e r  km pow er l i n e  -  r e s u l t s  
r e la t e d ^ t o  th e  a vera g e  span le n g th  and e x t e n s ió n  o f  to w e rs

W e ig h t s u s p e n s ió n  to w e r 
W e ig h t t e n s ió n  to w e r 160 o 
C o n c re te  vo lum e fo u n d a t io n  

S u s p e n s ió n  to w e r 
T e n s ió n  to w e r

3.74 t  
4 . 26  t

4.34 m~3
10.90 m~3

k i l o m e t r i c a l  to w e r w e ig h t 
k i l o m e t r i c a l  c o n c re te  volum e 
k i l o m e t r i c a l  c o n d u c to r w e ig h t  
k i l o m e t r i c a l  e a r t h  w ire  w e ig h t

13.23 t  /km 
18.32 irT3/km 

6.03 t  /km
0.78 t  /km

Numbér o f  s u s p e n s ió n  s t r in g s  
Number o f  t e n s ió n  s t r in g s  
Number o f  s p a c e rs  
A n t i v i b r a t i o n  d e v ic e  
E a r t h  w ir e  d e v ic e  
Tow er f o o t  e a r t h in g  d e v ic e  
D i f f e r e n t  s m a ll p a r t s

17.86 str/ k m  
5. 95  str/ k m  
0.00 set/km  
0. 00  set/km  
7.94 set/km
3.47 set/km
3.47 set/km

R ig h t  o f  way
Tow er base  a re a  p e r km
A re a  o f  r i g h t  o f  way p e r  km

32.24 m 
221.23 m2/km 

26161.81 m2/km

8C.1 - 12
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ANNEX-8C.2
132 kV TRANSMISSION L IN E O rd e r : ZICKMAN

KUKULE -  MATUGAMA Date : 14. 2.1992
SRI LANKA A n n e x: DREIECK/ 1-

O V E R H E A D  P O W E R  L I N E

A c c o rd in g  t o  DIN  VDE 0210 o r  e q u iv a le n t
s ta n d a rd s

C a lc u la t io n  o f  i t s  c h a r a c t e r is t ic s

B a s ic  d a ta

Ñame o f  th e  l i n e  : 132 KV -  S in g le  C i r c u i t  l i n e  SRI LA2

H ig h e s t  v o l t a g e  o f  l i n e  
N o rm a l span le n g th  
Num ber o f  s u b c o n d u c to rs  
D is t a n c e  o f  s u b c o n d u c to rs  
Num ber o f  e a r t h  w ir e s  
Ñame o f  c o n d u c to r  
Ñame o f  e a r t h w ir e  
T o w e r shape 
T o w e r t y p e  
F o u n d a t io n  t y p e  
I n s u l a t o r  t y p e

C l im a t i c  zone

In d e x  e x p la n a t io n s  :

145 KV 
350 m 

1
0 mm
1 .

240/40 -  A l / S t  
95/15 -  A l / S t  

D re ie c k  
S 
A 
L

T o w e r t y p e  S
F o u n d a t io n  t y p e  A

S
i

I n s u l a t o r  t y p e  L
K

C l im a t i c  zone  E
T

L a t t ic e  S t e e l  to w e rs
Pad & ch im ney fo u n d a t io n ,
c o n c re te d  t o  u n d is tu rb e d  s o i l
Pad & ch im ney fo u n d a t io n ,
c o n c re te d  t o  s h u t t e r in g
L o n g ro d  in s u la t o r s
Cap and p in  t y p e  in s u la t o r s
Ic e  lo a d in g  a re a
T r o p i c a l  a re a

C a lc u la t e d  b y :  LAHMEYER INTERNATIONAL
C o n s u lt in g  E n g in e e rs  
Head O f f i c e
D-6000 F r a n k f u r t (M a in )71

Programm N r . : 0105010E

8C.2 -1
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULE -  MATUGAMA D a te  : 14. 2.1992

SRI LANKA A n n e x : DREIECK/ 2

T e c h n ic a l  d a ta  c o n d u c to rs in p u t

Ñame o f  c o n d u c to r  
R e la t io n  o f  c ro s s  s e c t io n  
S ta n d a rt
T o t a l  c ro s s  s e c t io n  
C o n d u c t iv e  c ro s s  s e c t io n  
C o n d u c to r d ia m e te r  
W ire  d ia .  o u t e r  la y e r  
T o t a l  w e ig h t  
N o m in a l b re a k in g  lo a d  
Ohmic r e s is t a n c e  
R e s i s t i v i t y
C o n t .c u r r e n t  c a r r y in g  ca p . 
a t  35/80°C u .  0 .6  m/s W ind 
v e l o c i t y
P e r m is s b l . m ax. w o rk . s t r e s s  
A ve ra g e  t e n s i l e  s t r e s s  
U l t . l o n g  te rm  t e n s .s t r e s s  
E f f e c t .  m o d . o f  e l a s t i c i t y  
C o e f f . o f  th e rm a l e x p a n s ió n  
Round c o n d u c to r

240/40 -  A l / S t
6

DIN48204
282.50 mm2
243.05 mm2

21.80 mm
3.45 mm

0.9850 kg/m
86460.00 N

0.119 Ohm/km
0.029 0hm*mm2/m

645.00 A
120.00 N/mm2

56.00 N/mm2
208.00 N/mm2

7.700E+Q4 N/mm2
1 . 890E-05 1/K
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132 kV TRANSMISSION LINEKUKULE - MATUGAMASRI LANKA
OrderDateAnnex

ZICKMAN14. 2.1992DREIECK/ 3

T e c h n . d a ta  f o r  c a l c u l . o f  c o n d u c t .t e n s i le  s t re s s e s  and s a g s - in p u t

E v e ry  d a y  s t r e s s  : 18.00 % o f  nom in a l b re a k in g  lo a d
15% -  18% w ith o u t  a n t i v i b r a t i o n  d e v ic e
>18% -  21.5% w it h  a n t i v ib r a t io n  d e v ic e

C o n d u c to r te m p e ra tu re s  oC
T I  ( EDS) :  20.00 T 2 ( h i g h )  :
T 4 ( I c e )  : - 5 . 0 0  T 5 ( l o w )  :

F a c to r  o f  v e r t i c a l  a d d i t i o n a l  lo a d  : 
F a c to r  o f  h o r i z o n t a l  a d d i t io n a l  lo a d : 
W ind lo a d  f a c t . lo n g  te rm  t e n s . lo a d  :

60.00
5.00

1.00 
1.20 
2.00

T3 0.01

D ynam ic w ind  p r e s s u r e  and a e ro d yn a m ic a l d ra g  c o e f f  . a c c . V D E  0210

H ig h t  o f  th e  
pow er l i n e  
above  g ro u n d

H e ig h t  o f  th e  Dynam ic C o n du ctor
s u s p e n s .p o in t  w ind  d ia m e t.d
ab ove  g ro u n d  p re s s u re  q

D ra g
c o e f f
c f

m m N/m2 mm

0 b is 20 <= 15 440 <= 12.50 1.20
0 b i s 200 <= 20 530 <= 15.80 1.10

<= 40 530 > 15.80 1.00
<= 100 680
<= 150 860 no ro u n d  c o n d u c t. 1 . 30
<= 200 950
> 200 950
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132 kV TRANSMISSION LIN E O r d e r :  ZICKMAN
KUKULE -  MATUGAMA D a te  : 14. 2.1992

SRI LANKA A n n e x : DREIECK/ 4

B a s ic  data  f o r  to w e r shape c o n s t r u c t io n  -  in p u t

Ñame o f  to w e r shape 
Tow er shape Ín d e x  
W id th  in c r e a s in g  Ín d e x  1)

Upper p a r t  to w e r b o d y  
Lower p a r t  to w e r b o d y  

C rossarm  t i e  i n c l i n e  
L e n g th  d i f f e r e n c e  o f  c ro s s a rm , 
L e n g th  o f  s te p  b o l t s  
S t r in g  le n g t h ;
H e ig th  o f  m e ta lp a r ts  s t r i n g  
V D E -c le a ra n c e  c o n d u c t . -g r o u n d , 
A d d it io n a l  g ro u n d  c le a ra n c e  
P r o j  e c t io n  p r o t e c t . f i t t i n g s  
P r o je c t io n  a c c e s s o r ie s ;  
L ig h t n in g  p r o t e c t io n  a n g le  
o f  e a rth  w ir e
A d d it io n a l  c r o s s j a r r o  le n g th  
H e ig th  o f  s ú s p . s w i v e l  c l e v i s  
o r  V - l i n k s
A d d it io n a l  to w é r h e ig h t  
W id th  o f to w e rb o d y  a t  to p  
VDE-Minimum 'ó ie a ra n c e

D re ie c k
B
G

5.00
7.00 

15.00
0.10

D egree
m

0.20 m
2.04 m
0.40 m
6.23 m
0.10 m
0.00 r o

0.05 m

30.00
0.20

D egree
m

0.30 m
0.30 m
1.31 m
0.93 m

F o o tn o te :
1) W idth in c r e a s in g  in d ic e s

G in  D egree  ( I n c l i n i n g  o f  one le g  member)
M in  mm/m̂  ( i n  r e l a t i o n  t o  h a l f  w id th  o f  to w e r b o d y )

8C.2 - 4
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULE -  MATUGAMA D ate  : 14. 2.1992

' SRI LANKA A n n e x: DREIECK/ 6

B a s ic  d a ta  f o r  e l e c t r i c a l  c a lc u la t io n  - in p u t

N o m in a l v o l t a g e 130 KV
A m b ie n t te m p e ra tu re 35.00 °C
P erm . m ax. te m p e ra tu re  c o n d u c to r 60.00 °C
Máximum c o n d u c to r  te m p e ra tu re  
a t  s h o r t  C i r c u i t  c u r re n t 160.00 °C
W ind v e l o c i t y 0 . 60 m/s
H ig h t  o f  l i n e  above sea l e v e l 1000.00 m
D e g re e  o f  l a t i t u d e 1 . 0 0 O
C u r r e n t  d e n s i t y 1 . 00 A/mm2
Cos p h i  a t  l i n e  end 0.98
F re q u e n c y 50.00 Hz
A d d i t io n  t o  c o n d iic to rs  c a p a c it y  
due t o  to w e rs o•H

p . u .

8C.2 - 6



132 kV TRANSMISSION LINEKUKULE - MATUGAMASRI LANKA
OrderDate .Annex

ZICKMAN14. 2.1992DREIECK/ 7

S p e c i f ic  in ve s tm e n t d a ta in p u t

D e l i v e r y  o f  m a te r ia l

G a l v . l a t t i c e  s t e e l  c o n s t r u c t .
Pad & ch im ney fo u n d a t io n s
C o n d u c to rs
E a r t h  w ir e s
S u s p e n s ió n  s t r in g s
T e n s ió n  s t r in g s
B u n d le d  c o n d u c to r  s p a c e rs
A n t i v i b r a t i o n  d e v ic e s
E a r t h  w ir e  a c c e s s o r ie s
E a r t h in g  m a t e r ia l
S m a ll p a r t s
C o r r e c t io n  f a c t o r  C1 f o r  
s t r i n g s  up t o  s m a ll p a r t s  
C I F -C o s t s - f a c t o r

E r e c t io n  o f  l i n e

To w er e r e c t io n  
F o u n d a t io n  e r e c t io n  
S t r in g in g  o f  c o n d u c to rs  
S t r i n ^ i n g  o f  e a r th w ire s  
E a r t h in g  w ork on to w e rs  
S m a ll p a r t s  e r e c t io n  
T r a n s p o r t a t io n  
S u p e r v is ió n )  r e la t e d  t o  
P la n in g  ) e r e c t io n  h o u rs  
Man c o s t s / h  in c lu s .e q u ip m e n t  
E n g in e e r in g  c o s ts  p e r  h o u r

P r o f i l e  f a c t o r s

R e la t io n  s u s p e n s . / t e n s . to w e rs  
A v e ra g e  span le n g th  
A v e ra g e  e x te n s ió n  o f  to w e rs  
P r o f i l e  d i f f i c u l t i e s  f a c t . C 2

E s t a t e s  and r i g h t  o f  way c o s t s

C o s ts  o f  to w e r e s t a t e s  :
C o s ts  d f  r i g h t  o f  way :

3000.00 DM/t
400.00 DM/irT3

2300.00 DM/t
2300.00 DM/t 

912.69 D M / s trin g
1216.92 D M / s trin g  

40.00 DM/Set
400.00 D M / s trin g
120.00 DM/Set 
881.52 DM/tower 
705.21 DM/tower

1.00
1.05

27.72 h / t
5.46 h/m~3

337.76 h / k m c ir c u it
88.99 h/km
10.00 h / to w e r
10.00 h / to w e r

5.00 h / t
0.05 p . u .
0.03 p . u .

70.00 DM/h
120.00 DM/h

6.00 T/A
315.00 m

0.00 m/to w e r
1.00

0.00 DM/m2
0.00 DM/m2

j a n e a r

:

•9 $  • 9 :8C.2 - 7
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132 kV TRANSM ISSION L IN E O r d e r :  ZICKMAN
KUKULE -  MATUGAMA D ate  : 1 4 . 2 .1992

SRI LANKA A n n e x: DREIECK/ 8

W o rk in g  t e n s i l e  s t r e s s e s  and sa g s - r e s u l t s
■■■■■■ ■■ ■■ ■ — ■■■ — ■ ■ —■-------------- — — =========

L in e  ñame 132 KV -  S in g le C i r c u i t l i n e  SRI LA2
N o rm a l span le n g th 350.00 m
C o n d u c to r ñame 240/40 - A l / S t

EDS 18.00 % o f  nom. b re a k . lo a d
A v e ra g e  s t r e s s 56. 00 N/mm2
P erm . m ax. t e n s . s t r . 120.00 N/mm2
L o n g te rm  t e n s . s t r . 208.00 N/mm2

L o a d  case A d d i t io n a l C o n d u c to r T e n s i le S u p p o rt Sag a t
a c c . VDE lo a d te m p e ra tu re s t r e s s t e n s i l e TS
0210 TS a t  TS s t r e s s

° c N/mm2 N/mm2 m

• . 4 . 1 . 2 . 3 w it h o u t ( EDS)
i T I 20.00 55.09 9 . 7 0

4 . 3 . 1 w ith o u t T2 60.00 47.88 1 1 . 1 7
4 . 3 . 2 t

"4.  r .  2.  i W ind T5 5. 00 83.04 85.13 9 . 8 9
8 . 1 . 2 . 1 1 . 2 0 - f o l d

E x c e p t io n a l  w ind T5 5.00 122.98 126.82 1 1 . 0 3
lo a d  case2 . 0 0 - f o l d

C o n d .a n g le o f  d e v ia t io n • 49. 3 9 Degree
S t n n g  a n g le  o f  d e v ia t io n : 43. 6 9 Degree

8C.2 - 8



132 kV TRANSMISSION LINEKUKULE - MATUGAMASRI LANKA
OrderDateAnnéx

ZICKMAN14. 2.1992DREIECK/ 9

Moments and f o r c e s  a t  to w e rs  
and fo u n d a t io n s

r e s u l t s

Tow ers

N orm al momént s u s p e n s ió n  to w e r : 
N orm al moment t e n s ió n  to w e r :

715.76
1107.17

kNm
kNm

•

F o u n d a tio n

Leg member f o r c é  s u s p e n s ió n  to w e r : 
Leg  member f o r c é  t e n s ió n  to w e r :

49.56
83.84

kN
kN

8C.2 - 9



132 kV TRANSMISSION LINEKUKULE - MATUGAMASRI LANKA
OrderDate
Annex

ZICKMAN
14. 2.1992DREIECK/10

E l e c t r i c a l  d a ta  o f  th e  h ig h  v o lt a g e  power l in e  -  r e s u l t s  
s e le c t e d  m ain d a ta  r e la t e d  t o  th e  n o m in a l v o lta g e

N o m in a l V o lta g e  
L in e  c h a r a c ts .R e s is t a n c e R l 
I n d u c t . R eactance X I

C a p a c ita n c e  C l
S u rg e  im pedance Z
M a x .v o lta g e  g r a d ie n t  
a t  (s u b -)c o n d u c t o r  s u r fa c e  
R a d io  in t e r f e r e n c e  í e v e l  
a c c . t o  CISPER 
N o is e  I e v e l  

d r y  
w et

T h e rm a l c u r r e n t  r a t in g  a t  
35/60oC and 0.60m/s W ind 
S u rg e  im pedance lo a d  
M a x .th e rm a l lo a d  r a t in g

Load  r a t in g  a t
1.00 A/mm2 
Ohm ic lo s s e s  a t
1 .00 A/mm2 
C a p a c it iv e  lo a d  
S h o r t  c i r c u i t  c u r r e n t -  
r a t i n g

(B u n d le d -)c o n d u c to r  
E a r t h w ir e ( s )

V o lta g e  d ro p  
and
V o lta g e  d i s t o r s i ó n  
a t  1.00 A/mm2 
and eos P h i = 0 . 9 8

C i r c u i t  
I / I I , ( I I X / I V )

130 KV
0.13 Ohm/km
0.41 Ohm/km
9.26 nF/km

375.35 Ohm

11.46 KV/cm

24.43 dB

24.88 dB(A)
34.88 dB(A)

434.70 A / c o n d u c to r

45.02
t M W / c irc u it

97.88 M V A / c irc u it
97.88 M VA/line

54.73 M V A / c irc u it
22.32 kW/km c i r c u i t

0.04 %/km
49.16 kVar/km c i r c u i t

19.34 kA
8.58 kA

0.0663 %/km

0.0012 degree/km

8C.2 - 10
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132 kV TRANSMISSION L IN E O r d e r : ZICKMAN
KUKULE -  MATUGAMA D ate  : 14. 2 .1992

- - SRI LANKA A n n e x : DREIECK/12

C a lc u la t io n  o f  q u a n t i t ie s  p e r  km pow er l i n e  -  r e s u l t s  
r e l a t e d  t o  th e  a ve ra g e  span le n g t h  and e x te n s ió n  o f  to w e rs

W e ig h t  s u s p e n s ió n  to w e r 
W e ig h t  t e n s ió n  to w e r 160 o 
C o n c re te  volum e fo u n d a t io n  

S u s p e n s ió n  to w e r 
T e n s ió n  to w e r

k i l o m e t r i c a l  to w e r w e ig h t  
k i l o m e t r i c a l  c o n c re te  volum e 
k i l o m e t r i c a l  c o n d u c to r w e ig h t  
k i l o m e t r i c a l  e a rth  w ir e  w e ig h t

Num ber o f  s u s p e n s ió n  s t r in g s  
Num ber o f  te n s ió n  s t r in g s  
Num ber o f  sp a c e rs  
A n t i v i b r a t i o n  d e v ic e  
E a r t h  w ir e  d e v ic e  
T o w e r f o o t  e a r th in g  d e v ic e  
D i f f e r e n t  s m a ll p a r t s

R ig h t  o f  way
T o w e r base  a re a  p e r  km
A re a  o f  r i g h t  o f  way p e r  km

3.37 t
2.65 t

3.80 m~3
6.29 nT3

10.40 t  ./km
13.06 nT3/km

3.01 t  /km
0.39 t  /km

8.33 str/ k m
2.38 s t  r  / km
0.00 set/km
0.00 set/km
3.57 set/km

* 3.17 set/km
3.17 set/km

33.48 m
204.01 m2 /km

25857.88 m2 /km

8C.2 - 12
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Annex-8C.3

T.L. Calculation Sheet
for

Option 2 & 3 (double cct.)



ANNEX-8C.3
132 kV TRANSMISSION LINEKUKULE - MATUGAMASRI LANKA

O r d e r :  ZICKMAN 
Date. : 5 . 3.1992
A n n e x : Tonne/ 1

O V E R H E A D P O W E R L I N E

A c c o rd in g  t o  D IN  VDE 0210 o r  e q u iv a le n t
s ta n d a rd s

-  C a lc u la t io n  o f  i t s  c h a r a c t e r is t ic s  -

B a s ic  d a ta

Ñame o f  t h e  l in e  : 132 KV -  D b .c i r c t  l in e  SRI LA3 O p t 2/3

H ig h e s t  v o l t a g e  o f  l i n e  
N orm al sp a n  le n g th  
Number o f  s u b c o n d u c to rs  
D is ta n c e  o f  s u b c o n d u c to rs  
Number o f  e a r t h  w ire s  
Ñame o f  c o n d u c to r  
Ñame o f  e a r t h w ir e  
To w er sh a p e  
To w er t y p e  
F o u n d a t io n  ty p e  
I n s u l a t o r  t y p e

C l im a t ic  zo n e

145 KV 
320 m 

1
0 mm 
2

300/50 -  A l / S t  
95/15 -  A l / S t  

Tonne 
S 
A 
L

In d e x  e x p la n a t io n s

Tow er t y p e  S
F o u n d a t io n  ty p e  A

I n s u l a t o r  t y p e  

C l im a t ic  zo n e

L
K
E
T

L a t t i c e  S t e e l  to w e rs
Pad & chim ney fo u n d a t io n ,
c o n c re te d  t o  u n d is tu rb e d  s o i l
Pad & chim ney fo u n d a t io n ,
c o n c re te d  t o  s h u t t e r in g
L o n g ro d  in s u la t o r s
Cap and p in  t y p e  in s u la t o r s
Ic e  lo a d in g  a re a
T r o p i c a l  a re a

C a lc u la t e d  b y : LAHMEYER INTERNATIONAL 
C o n s u lt in g  E n g in e e rs  
Head O f f i c e
D-6000 F r a n k f u r t (M a in )71

Programm N r . :  0105010E

8C.3 -1



132 kV TRANSM ISSION LIN E O r d e r : ZICKMAN
KUKULE -  MATUGAMA D a te  : 5 . 3.1992

SR I LANKA A n n e x : Tonne/ 2

T e c h n ic a l  d a ta  c o n d u c to rs in p u t

Ñame o f  c o n d u c to r  
R e la t io n  o f  c r o s s  s e c t io n  
S ta n d a rt
T o t a l  c ro s s  s e c t io n  
C o n d u c tiv e  c ro s s  s e c t io n  
C o n d u c to r d ia m e te r  
W ire  d ia .  o u te r  la y e r  
T o t a l  w e ig h t  
N om in a l b re a k in g  lo a d  
Ohmic r e s is t a n c e  
R e s i s t i v i t y
C o n t .c u r r e n t  c a r r y in g  c a p . 
a t  35/80°C u .  0 .6  m/s W ind 
v e l o c i t y
P e r m is s b l . m ax. w o rk . s t r e s s  
A ve ra g e  t e n s i l e  s t r e s s  
U l t . l o n g  te rm  t e n s . s t r e s s  
E f f e c t .  m o d .o f e l a s t i c i t y  
C o e f f . o f  th e rm a l e x p a n s ió n  
Round c o n d u c to r

300/50 -  A l/ S t
6

DIN48204
353.70 mm2
304.26 mm2

24.50
3.86 mm

1.2330 kg/m
105090.00 N

0.095 Ohm/km
0.029 Ohm*mm2 /m

740.00 A
120.00 N/mm2

56.00 N/mm2
208.00 N/mm2

7 . 700E+04í N/mm2
1 . 890E-05 1/K
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132 kV TRANSMISSION L IN E O r d e r : ZICKMAN
KUKULKE -  MATUGAMA Date : 5 . 3.1992

-
SRI LANKA

\
Annex: Tonne/ 3

T e c h n .d a t a  f o r  c a l c u l . o f  c o n d u c t. t e n s i l e  s t r e s s e s  and s a g s - in p u t

E v e r y  d a y  s t r e s s  : 1 8 . 0 0 %  o f  n o m in a l b re a k in g  lo a d
15% -  18% w it h o u t  a n t i v i b r a t i o n  d e v ic e  
>18% -  21.5% w it h  a n t i v i b r a t i o n  d e v ic e

C o n d u c t o r  te m p e ra tu re s  oC
T I  (EDS)  : 20.00 T 2 ( h i g h )
T 4  ( I c e )  : - 5 . 0 0  T 5 ( l o w )

F a c t o r  o f  v e r t i c a l  a d d it io n a l  lo a d  
F a c t o r  o f  h o r i z o n t a l  a d d i t io n a l  lo a d

80.00
5.00

1.00 
1.00

T3 0 . 0 1

W in d lo a d  f a c t . l o n g term  te n s . lo a d  : 2.00

D y n a m ic  w in d p r e s s u r e  and a e ro d y n a m ic a l d ra g  c o e f f . a c c . VDE

H i g h t o f  t h e H e ig h t  o f  th e Dynam ic C o n d u c to r D rag
p o w e r l i n e s u s p e n s .p o in t w in d d ia m e t .d c o e f f .
a b o v e g ro u n d above ground p r e s s u r e q c f
m m N/m2 mm

0 b i s 20 <= 15 440 <= 12.50 1.20
0 b i s 200 <= 20 530 <= 15.80 1.10

<= 40 530 > 15.80 1.00
<= 100 680
<= 150 860 no ro u n d  c o n d u c t. 1.30
<= 200 950
> 200 950
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132 kV TRANSMISSION L IN E O rd e r : ZICKMAN
KUKULE -  MATUGAMA D ate : 5 . 3.1992

SRI LANKA A nnex: Tonne/ 4

B a s ic  d a ta  f o r  to w e r shape c o n s t r u c t io n  -  in p u t

Ñame o f  to w e r shape 
Tow er sh ape  Ín d e x  
W id th  in c r e a s in g  Ín d e x  1) 

U p p e r p a r t  to w e r body 
Lo w e r p a r t  to w e r body 

C ro ssa rm  t i e  i n c l i n e  
L e n g th  d i f f e r e n c e  o f  c ro ssa rm  
L e n g th  o f  s te p  b o l t s  
S t r in g  le n g t h ;
H e ig th  o f  m e ta lp a r ts  s t r in g  
V D E -c le a ra n c e  c o n d u c t . -g ro u n d  
A d d i t io n a l  g ro u n d  c le a ra n c e  
P r o je c t io n  p r o t e c t . f i t t i n g s  
P r o je c t io n  a c c e s s o r ie s ; 
L ig h t n in g  p r o t e c t io n  a n g le  
ó f  e a r t h  w ir e
A d d i t io n a l  c r o s s  arm le n g th  
H e ig th  o f  s u s p .s w iv e l  c l e v i s  
o r  V - l i n k s
A d d i t io n a l  to w e r h e ig h t  
W id th  o f  to w e rb o d y  a t  to p  
VDE-M inim um  c le a ra n c e

F o o t n o t e :
1) W id th  in c r e a s in g  ín d ic e s  

G i n  D egree  ( I n c l in i n g  
M i n  mm/m ( i n  r e l a t io n

Tonn e
A
G

5 . 0 0
7 . 0 0

15.00 D e g ree
0 . 1 0 m
0 . 2 0 m
2.04 m
0. 40 m
6.23 m
0. 10 m
0. 00 m
0. 05 m

30.00 D eg ree
0.20 m

0.30 m
0.10 m
1.31 m
0.93 m

o f  one le g  member)
t o  h a l f  w id t h  o f  to w e r b o d y)
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132 kV TRANSMISSION L IN E O rd e r :  ZICKMAN
KUKULKE -  MATUGAMA Date : 5 . 3.1992

-

SRI LANKA A n n e x : T o n n e / 6

B a s ic  d a ta  f o r  e l e c t r i c a l  c a lc u la t io n  - in p u t

N o m in a l v o l t a g e 130 KV
A m b ie n t te m p e ra tu re 40. 00 °C
P erm . m ax. te m p e ra tu re  c o n d u c to r 80.00 °C
Máximum c o n d u c to r  te m p e ra tu re  
a t  s h o r t  C i r c u i t  c u r r e n t 160.00 °C
W ind v e l o c i t y 0 . 0 0 m/s
H ig h t  o f  l i n e  above sea l e v e l 1000.00 m
D e g re e  o f  l a t i t u d e 23.50 O
C u r r e n t  d e n s i t y 1 . 10 A/mm2
Cos p h i  a t  l i n e  end 0.90
F re q u e n c y 50.00 Hz
A d d i t io n  t o  c o n d u c to rs  c a p a c it y  
due t o  to w e rs 1.04 p . u .
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132 kV TRANSMISSION L IN E O r d é r : ZICKMAN

KUKULE -  MATUGAMA D ate : 5 . 3.1992
SRI LANKA A n n e x: Tonne/ 7

S p e c i f i c  in v e s t m e n t  d a ta

D e l i v e r y  o f  m a t e r ia l

G a l v . l a t t i c e  S t e e l  c o n s t r u c t .
Pad & c h im n e y  fo u n d a t io n s
C o n d u c to rs
E a r t h  w ir e s
S u s p e n s ió n  s t r i n g s
T e n s ió n  s t r i n g s
B u n d le d  c o n d u c t o r  s p a c e rs
A n t i v i b r a t i o n  d e v ic e s
E a r t h  w i r e  a c c e s s o r ie s
E a r t h in g  m a t e r i a l
S m a ll p a r t s
C o r r e c t io n  f a c t o r  C1 f o r  
s t r i n g s  u p  t o  s m a ll  p a r t s  
C I F - C o s t s - f a c t o r

E r e c t io n  o f  l i n e

in p u t

To w er e r e c t i o n  
F o u n d a t io n  e r e c t i o n  
S t r i n g i n g  o f  c o n d u c to rs  
S t r in c j in g  o f  e a r t h w ir e s  
E a r t h in g  w o rk  on  to w e rs  
S m a ll p a r t s  e r e c t i o n  
T r a n s p o r t a t i o n  
S u p e r v i s i ó n ) r e l a t e d  t o  
P la n in g  ) e r e c t i o n  h o u rs  
Man c o s t s / h  in c lu s .e q u ip m e n t  
E n g in e e r in g  c o s t s  p e r  h o u r

P r o f i l e  f a c t o r s

R e la t io n  s u s p e n s . / t e n s .  to w e r s 
A v e ra g e  sp a n  le n g t h  
A v e ra g e  e x t e n s ió n  o f  to w e rs  
P r o f i l e  d i f f i c u l t i e s  f a c t . C 2

E s t a t e s  a n d  r i g h t  o f  way c o s ts

C o s ts  o f  t o w e r  e s t a t e s  :
C o s ts  Ó f  r i g h t  o f  way :

3000
400

2300
2300
1017
1357

0
400
120
881
705

00 DM/t 
00 DM/m~3 
00 DM/t 
00 DM/t 
78 D M / s trin g  
04 D M / strin g  
00 DM/Set 
00 D M / strin g  
00 DM/Set 
52 DM/tower 
21 DM/tower

1.00
1.05

27.72
5.46

365.82
154.95
10.00
10.00

5
0
0

00
05
03

70.00
120.00

h / t
h/irT3
h / k m c ir c u it
h/km
h / to w e r
h / to w e r
h / t
p . u .
p . u .

DM/h
DM/h

6 . 0 0
288.00

1.00
1.00

T/A
m
m /tow er

0
0

00 DM/m2 
00 DM/m2

1 L  A 1)6 ? m
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* 132 k V  TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D a te  : 5 . 3 . 1 9 9 2

SRI LANKA A n n e x : Tonne/ 8

W ork ing  t e n s i l e  s t r e s s e s  and sags -  r e s u l t s

L in e  ñame : 132 KV -  D b .c i r c t  l i n e  SRI LA3 O p t 2
Norm al span le n g t h :  320.00 m
C o n d u c to r ñame : 300/50 -  A l / S t

EDS 18.00 % o f  nom. b r e a k . lo a d
A ve ra g e  s t r e s s  : 56.00 N/mm2
Perm. max. t e n s . s t r . : 120.00 N/mm2
Longterm  t e n s . s t r . : 208.00 N/mm2

Load case A d d i t io n a l C o n d u c to r T e n s i le S u p p o rt Sag a t
a c c . VDE lo a d te m p e ra tu re s t r e s s t e n s i l e TS
0210 . TS a t  TS s t r e s s

• °C N/mm2 N/mm2 m

4 . 1 . 2 . 3 w ith o ú t (E D S )i T I 20.00 53.48 8 . 3 5

4 . 3 . 1 w i t h o u t / T2 80.00 42.95 10.40
4 . 3 . 2 • f
4 . 1 . 2 . 1 W ind T5 5.00 72.51 74.04 8.27
8 . 1 . 2 . 1 1 . 0 0 - f o l d

E x c e p t io n a l w in d T5 5.00 100.84 103.40 9.08
lo a d  case2 . 0 0 - f o l d

C o n d .a n g le o f  d e v ia t io n  : 41 .83 Degree
S t n n g  a n g le  o f  d e v i a t i o n : 37 .19 D egree
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132 kV TRANSMISSION L IN E  
KUKULKE -  MATUGAMA 

SR I LANKA

Order:Date :Annex:
ZICKMAN 

5 . 3.1992 
Tonne/10

E l e c t r i c a l  d a ta  o f  th e  h ig h  v o lt a g e  pow er l i n e  -  r e s u l t s  
s e le c t e d  main d a ta  r e la t e d  t o  th e  n o m in a l v o lt a g e

N o m in a l V o lta g e  
L in e  c h a ra c ts .R e s is ta n c e R l 
I n d u c t .  Rea c t  anee X I

C a p a c ita n c e  C1
S u rg e  im pedance Z
M a x .v o lta g e  g r a d ie n t  
a t  ( s u b - ) c o n d u c to r s u r fa c e  
R a d io  in t e r f e r e n c e  l e v e l  
a c c . t o  CISPER 
N o is e  le v e l  

d r y  
w et

T h e rm a l c u r r e n t  r a t in g  a t  
40/80oC and O.OOm/s W ind 
S u rg e  im pedance lo a d  
M a x .th e rm a l lo a d  r a t in g

Lo a d  r a t in g  a t
1 . 1 0  A/mm2 
Ohm ic lo s s e s  a t
1 . 10  A/mm2 . •
C a p a c it iv e  lo a d  ¡
S h o r t  Circuit current- rating

( B u n d le d -)  c o n d u c to r  
E a r t h w ir e (s )

V o lt a g e  d ro p  
and
V o lt a g e  d is t o r s ió n  
a t  1 .10 A/mm2 
and eos P h i = 0 . 9 0

C i r c u i t  
1/11/ ( I H / I V )

130 KV
0.10 Ohm/km
0.39 Ohm/km
9.81 nF/km

355.84 Ohm

10.85 KV/cm

28.34 dB

30.99 dB (A )
40.99 dB (A )

190.96 A / c o n d u c to r

47.86 , M W /C ircu it
43.16 M V A / c irc u it
86.33 M VA /line

75.65 M V A / c irc u it
34.44 kW/km c i r c u i t

0.05 %/km
52.49 kVar/km c i r c u i t

21.31 kA
16.74 kA

0.1164 %/km

0.0014 degree/km
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132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
■ KUKULKE -  MATUGAMA D a te  : 5. 3.1992

SRI LANKA A n n e x : Tonne/11

E stim a te d  in v e s tm e n t  c o s t s  p e r  km power l i n e  -  r e s u l t s

Power l i n e  d a t a :

Number o f  c i r c u i t s  
Number o f  s u b c o n d u c to rs  
Ñame o f  c o n d u c to r  
A vera g e  span le n g t h  
Tow er shape 
Tow er t y p e

2
1
300/50
288.00
Tonne
S

A l / S t
m

In v e s tm e n t c o s t s  :

c i fM a t e r ia l  c o s t s  
E r e c t io n  c o s t s  
T r a n s p o r t  c o s t s  
S u p e r v is ió n  and p la n n in g  
Tow er e s t á t e  a re a  c o s ts  
R ig h t  o f  way c o s t s

T o t a l  in v e s tm e n t  c o s ts

106561.52 DM/km 
112249.23 DM/km 

7800.53 DM/km 
16463.97 DM/km 

0. 00  DM/km 
0. 00  DM/km

243075.25 DM/km
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ANNEX-8C.4
132 kV TRANSMISSION LIN E  

KUKULKE -  MATUGAMA 
SRI LANKA

O r d e r : ZICKMAN 
D ate  .:  5 . 3.1992
A n n e x : D re ie c k /  1

O V E R H E A D P O W E R L I N E

A c c o r d in g  t o  DIN VDE 0210 o r  e q u iv a le n t
s ta n d a rd s

-  C a lc u la t io n  o f  i t s  c h a r a c t e r is t ic s  -

B a s ic  d a ta

Ñame o f  th e  l i n e  : 132 KV -  S g .c i r c t  l i n e  S R I LA2 O p t 2 ¡ 3

H ig h e s t  v o l t a g e  o f  l i n e  
N orm al span le n g t h  
Number o f  s u b c o n d u c to rs  
D is ta n c e  o f  s u b c o n d u c to rs  
Number o f  e a r t h  w ir e s  
Ñame o f  c o n d u c to r  
Ñame o f  e a r t h w ir e  
To w e r shape 
To w e r t y p e  
F o u n d a tio n  t y p e  
I n s u l a t o r  t y p e

C l im a t ic  zo n e

145 KV 
320 m 

1
0 mm
1

300/50 -  A l / S t  
95/15 -  A l / S t  

D re ie c k  
S 
A 
L

In d e x  e x p la n a t io n s

To w er t y p e  S
F o u n d a tio n  t y p e  A

I n s u la t o r  t y p e  

C l im a t ic  zo n e

L
K
E
T

L a t t ic e  s t e e l  to w e rs
Pad & chim ney fo u n d a t io n ,
c o n c re te d  t o  u n d is t u r b e d  s o i l
Pad & chim ney f o u n d a t io n ,
c o n c re te d  t o  s h u t t e r in g
Lo n g ro d  in s u la t o r s
Cap and p in  ty p e  i n s u l a t o r s
Ic e  lo a d in g  a re a
T r o p ic a l  a re a

C a lc u la t e d  b y : LAHMEYER INTERNATIONAL 
C o n s u lt in g  E n g in e e rs  
Head O f f ic e
D-6000 F r a n k f u r t (M a in )71

Program m  N r . : 0105010E
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..... 132 kV TRANSMISSION L IN E O r d e r :  ZICKMAN
KUKULKE -  MATUGAMA D a te  : 5 . 3.1992

-

SRI LANKA A n n e x : D re ie c k /  2

T e c h n ic a l  d a ta  c o n d u c to ra in p u t

Ñame o f  c o n d u c to r  
R e la t io n  o f  c r o s s  s e c t io n  
S t a n d a r t
T o t a l  c r o s s  s e c t io n  
C o n d u c t iv e  c r o s s  s e c t io n  
C o n d u c to r  d ia m e te r  
W ire  d i a .  o u t e r  l a y e r  
T o t a l  w e ig h t  
N o m in a l b r e a k in g  lo a d  
Ohm ic r e s is t a n c e  
R e s i s t i v i t y
C o n t .c u r r e n t  c a r r y in g  cap. 
a t  35/80°C u .  0 . 6  m/s Wind 
v e l o e i t y
P e r m is s b l . m ax. w o rk . s t r e s s  
A v e ra g e  t e n s i l e  s t r e s s  
U l t . l o n g  te rm  t e n s .s t r e s s  
E f f e c t .  m o d .o f  e l a s t i c i t y  
C o e f f . o f  th e rm a l e x p a n s ió n  
Round c o n d u c to r

300/50 -  A l / S t
6

DIN48204
353.70 mm2
304.26 mm2

24.50 mm
3.86 mm

1.2330 kg/m
105090.00 N

0.095 Ohm/km
0.029 Ohm*mm2/m

740.00 A
120.00 N/ram2

56.00 N/mm2
208.00 N/mm2

7 . 700E+04 N/mm2
1.890E-05 1/K
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.........132 kV TRANSMISSION L IN E O r d e r : 
D ate :

ZICKHAN 
5 . 3.1992KUKULKE -  MATUGAMA

SRI LANKA A nnex: D re ie c k /  4

B a s ic  d a ta  f o r  to w e r shape c o n s t r u c t io n  -  in p u t

Ñame o f  to w e r  shape
To w e r sh a p e  Ín d e x  ........... .*•
W id th  in c r e a s  in g  Ín d e x  1) 

U p p e r p a r t  to w e r body 
L o w e r p a r t . to w e r body.. 

C ro s s a rm  t i e  i n c l i n e  
L e n g th  d i f f e r e n c e  o f  c ro s sa rm , 
L e n g th  o f  s te p  b o l t s  
S t r i n g  le n g t h ;
H e ig t h  o f  m e ta lp a r ts  s t r in g  . 
V D E -c le a r a n c e  c o n d u c t . -g r ó u n d , 
A d d i t i o n a l  g ro u n d  c le a  ran ee  
P r o j e c t i o n  p r o t e c t . f i t t i n g s
P r o j e c t i o n  a c c e s s o r ie s ;  ..........
L ig h t n in g  p r o t e c t io n  a n g le  
o f  e a r t h  w ir e
A d d i t i o n a l  c r o s s  arm le n g th  
H e ig t h  o f  s u s p .s w iv e l  c l e v i s  
o r  V - l i n k s
A d d i t i o n a l  to w e r h e ig h t  
W id th  o f  to w é rb o d y  a t  to p  
VD E-M inim um  c le a ra n c e

D r e ie c k
B
G

5 . 0 0
7 . 0 0

15.00 D egree
0 . 1 0 m
0 . 2 0 m
2. 04 m
0 . 4 0 m
6.23 m
0.10 m
0 . 0 0 m
0. 05 m

30.00 D egree
0 . 2 0 m

0. 30 m
0. 10 m
1.31 m
0.93 m

F o o tn o t e :
1) W id th  in c r e a s in g  ín d ic e s

G i n  D egree  ( I n c l í n i n g  o f  one le g  member)
M i n  mm/m ( i n  r e l a t i o n  t o  h a l f  w id th  o f  to w e r b o d y)
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132 kV TRANSMISSION L IN E  

KUKULKE -  MATUCÁMA
SRI LANKA ............ ............ ............. ..

O rd e r :  ZICKMAN 
D ate : 5. 3.1992 
A n n e x: D r e ie c k / 5

B a s ic  d a ta  f o r
• i . . 'V'

e s t im a t io n  to w e rs  a . fo u n d a t ió n in p u c

D yn a m ic  w in d  p re s s u re  and a e ro d y n a m ic a l d ra g  c o é f f i c i é n t  
a c c .  VDE 0210 f o r  to w e rs , c ro s s a rm s  and in s u la t o r s

H ig h t  o f  th e H ig h t  o f  th e DYnaflíic
p o w e r l i n e com ponents w in d
a b o v e  g ro u n d above g ro u n d p r e s s u r e  q
m m KN/m2

0 u p to  20 <= 15 0 . '550 - M"
0 u p to  200 <= - 20 0 i 700 ' •

<= 40 0 ■ :7j0 0rJ - ■
<= 100 0.900;  \
<= 150 1.150
<= 200 1.250
> 200 1.250

T o w e rtyp e

.. i

T o w e r c a l c u l a t i o n

T r o p i c a l  lo a d  case

F a c t o r  o f  c o r r e c t io n  r e f e r r i n g  t o :  
W e ig h t o f  su s p e n s ió n  to w e r 
W e ig h t o f  te n s ió n  to w e r

C a l c u l a t i o n  o f  fo u n d a t io n

F a c t o r  o f  c o r r e c t io n  r e f e r r i n g  t o :  
Le g  member f o r c é )  S u sp e n sió n  to w e r

) T e n s ió n  to w e r 
C o n c r e t e  vo lum e fo u n d a t io n

S
B ,H

D rag 
C o e f f . 
c f

2 . 8
0.7

1.00
1.00

1.00
1. 00
1. 00
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132 kV TRANSMISSION L IN E  
KUKULKE -  MATUGAMA

O r d e r :  ZICKMAN 
D a te  : 5 . 3.1992

- SRI LANKAl A n n e x : D re ie c k /  6

B a s ic  d a ta  f o t  e l é c t r i c a !  c a lc u la t io n i n p u t

N o m in a l v o l t a g e  " T '
A m b ie n t te m p e ra tu re  
P erm . m ax. te m p e ra tu re  c o n d u c to r 
Máximum c o n d u c to r  te m p e ra tu re  
a t  s h o r t  C i r c u i t  d ü r r e n t  
W ind v e l o c i t y
H ig h t  o f  l i n e  ab ove  sea le v e l  
D e g re e  o f  l a t i t u d e  
C u r r e n t  d e n s i t y  
Cos p h i  a t  l i n e  end 
F re q u e n c y
A d d i t io n  t o  c o n d u c to rs  c a p a c it y  
due t o  to w e rs

130 KV
40.00 °C
80.00 °C

160.00 °c
0.00 m/s

1000.00 m
23.50 O
1.10
0.90

A/mm
50.00 H z

1.04 p . u .
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132 kV TRANSMISSIÓN LIN E 
KUKULKE -  MATU.GAMA . . 

SRI LANKA

O r d e r :  ZICKMAN
_H a te  ..i.....5.. _ 1.1992

A n n e x : D re ie c k /  7

S p e c i f ic  in v e s tm e n t  d a ta in p u t

D e l i v e r y  o f  m a t e r ia l

G a l v . l a t t i c e  S t e e l  c o n s t r u c t
Pad & ch im ney fo u n d a t io n s
C o n d u c to rs
E a r th  w ire s
S u s p e n s ió n  s t r in g s
T e n s ió n  s t r i n g s
B u n d le d  c o n d u c to r  s p a c e rs
A n t i v i b r a t i o n  d e v ic e s '
E a r th  w ir e  a c c e s s o r i e s  
E a r t h in g  m a t e r ia l  
S m a ll p a r t s
C o r r e c t io n  f a c t o r  C1 f o r  
s t r i n g s  up t o  s m a ll  p a r t s  
C I F -C o s t s - f a c t o r

E r e c t io n  o f  l i n e

Tow er e r e c t io n  
F o u n d a tio n  e r e c t io n  
S t r in g in g  o f  c o n d u c to rs  
S t r in c j in g  o f  e a r t h w ir e s  
E a r t h in g  w ork  on to w e rs  
S m a ll p a r t s  e r e c t io n  
T r a n s p o r t a t io n  
S u p e r v is ió n ) r e la t e d  t o  
P la n in g  ) e r e c t i o n  h o u rs  
Man c o s t s / h  i n c l u s . e q u ip m e n t 
E n g in e e r in g  c o s t s  p e r  h o u r

P r o f i l e  f a c t o r s

R e la t io n  s u s p e n s . / t e n s . t o w e r s  
A ve ra g e  span le n g t h  
A v e ra g e  e x t e n s ió n  o f  to w e rs  
P r o f i l e  d i f f i c u l t i e s  f a c t . C 2

E s ta te s  and r i g h t  o f  way c o s ts

C o s ts  o f  to w e r e s t a t e s  :
C o s ts  o f  r i g h t  o f  way :

. 3 ,00 0 
400 

. 2300 
2300 
1017 
135.7 

40 
. 400 
120 
881 
705

.00 DM/t 

.00 DM/m~ 3 
,00 DM/t - 
. 0 0 . DM/t 
.78 D M / s trin g  
.04’ D M / s trin g  
.00 DM/Set 
.00 D M /stri'ng  
.00 DM/Set'  .,. 
.52 DM'/tower' 
.21 DM/tower

1.00
1.05

27.72 h / t
5.46 h/nT3

365.82 h / k m c ir c u it
88.99 h/km
10.00 h / to w e r
10.00 h / to w e r

5.00 h / t
0.05 p . u .
0.03 p.  u .

70.00 DM/h
120.00 DM/h

6.00 T/A
288.00 m

0.00 m /tow er
1.00

0.00 DM/m2
0.00 DM/m2

8c<^ ^
•

8C.4 - 7



t

.1.32 kV TRANSMISSION L IN E  
KUKULKE -  MATÜGAMA 

SR I LANKA

O r d e r
D a te
A n n e x

ZICKMAN 
5 . 3.1992 

Tonne/ 8

W ork in g  t e n s i l e  s t r e s s e s  and sags -  r e s u l t s

L in e  ñame . : 132 . KV -  S g .c i r c t  l i n e  SRI LA2 O p t 2
N orm al sp a n  le n g t h :  320.00 m
C o n d u c to r ñame : 300/50 -  A l / S t

EDS 18.00 % o f  nom. b r e a k . lo a d
A ve ra g e  s t r e s s  : 56.00 N/mm2
Perm .m ax. t e n s . s t r . : 120.00 N/mm2
Lo n g te rm  t e n s . s t r . : 208.00 N/mm2

Load c a se A d d i t i o n a l C o n d u c to r T e n s i le S u p p o rt Sag a t
a c c . VDE lo a d te m p e ra tu re s t r e s s t e n s i l e TS
0210 - TS a t  TS s t r e s s

°C N/mm2 N/mm2 m

4 . 1 . 2 . 3 w ith o u t (E D S ) T i 20.00 53.48 8 . 3 5

4 . 3 . 1 w it h o u t T2 80.00 42.95 _ _ _ _ 10.40
4 . 3 . 2

í

4 . 1 . 2 . 1 W ind T5 5.00 77.80 79. 50 8.43
8 . 1 . 2 . 1 1 . 2 0 - f o í d

E x c e p t io n a l  v in d T5 5.00 112.59 115.65 9.40
lo a d  c a s e 2 . 0 0 - f o l d

C o n d .a n g le  o f  d e v i a t io n  : 47. 05 Degree
S t r in g  a n g le  o f  d e v i a t i o n : 41. 32 D egree
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132 kV TRANSM ISSION L IN E O rd e r : ZICKMAN
• KUKULKE -  MATUGAMA D ate : 5. 3.1992

é

t

SR I LANKA A n n e x : T o n n e /10

E l e c t r i c a l  d a ta  o f  th e  h ig h  v o l t a g e  pow er l i n e  -  r e s u l t s  
s e le c t e d  m ain  d a ta  r e la t e d  t o  th e  n o m in a l v o lt a g e

N o m in a l V o lt a g e  :
L in e  c h a r a c t s . R e s is ta n c e R l :
I n d u c t . R e a c ta n c e  X I  :

C a p a c ita n c e  C1 :
S u rg e  im pedance Z :
M a x .v o lt a g e  g r a d ie n t  
a t  ( s u b - ) c o n d u c to r  s u r  fa c e  : 
R a d io  Í n t e r f e r e n c e  l e v e l  
a c c . t o  C ISPER  :
N o is e  l e v e l

d r y  :
w e t :

T h e rm a l c u r r e n t  r a t in g  á t  :
40/80oC and O.OOm/s Wind 
S u rg e  im pedance lo a d  :
M a x .th e rm a l lo a d  r a t in g  :

4 *
i 4 -  #

Load r a t i n g  a t .
1 .10 A/mm2 :
Ohm ic lo s s e s  a t
1 .10 A/mm2 :
C a p a c i t iv e  lo a d  :
S h o r t  C i r c u i t  c u r r e n t -  
r a t i n g

(B u n d le d -)c o n d u c t o r  :
E a r t h w i r e ( s ) :

V o lt a g e  d ro p  :
and
V o lt a g e  d i s t o r s i ó n  :
a t  1 . 10  A/mm2
and eo s  P h i = 0.90

C i r c u i t
1 / 1 1 , ( I I I / I V )

130 KV
0. 10 Ohm/km
0. 40 Ohm/km
9. 50 nF/km

366.67 Ohm

10.46 KV/cm

22.57 dB

23.46 dB (A)
33.46 dB (A)

190.96 A / c o n d u c to r

46.09
t M W / c irc u it

43.00 M V A / C irc u it
43.00 M V A / lin e

75.36 M V A / c irc u it
34.44 kW/km C i r c u i t

0.05 %/km
50.43 kVar/km  C i r c u i t

21.31 kA
8.37 kA

0.1190 %/km

0.0014 degree/km
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13 2 kV TRANSMISStoN L lN E O r d e r :  ZICKMAN
KUKULKE -  MATtJGAMA D ate : 5. 3.1992

SRI L A N K A '-------* ................ A n n e x : Tonn ’e / I I

E s t im a te d  in v e s tm e n t  c o s t s  p e r  kmj'pfciWei - l i n e  1 'r W s u lt s  1

Power l i n e  d a t a :

Number o f  c i r c u i t s  
Number o f  s u b c o n d u c to rs  
Ñame o f  c o n d u c t o r  
A ve ra g e  sp a n  le n g t h  
Tow er sh a p e  
Tow er t y p e

In v e s tm e n t  c o s t s  :

M a t e r ia l  c o s t s  c i f  
E r e c t io n  c o s t s  
T r a n s p o r t  c o s t s  
S u p e r v is ió n  an d  p la n n in g  
To w er e s t á t e  a re a  c o s ts  
R ig h t  o f  w ay c o s t s

T o t a l  in v e s t m e n t  c o s t s

1
1 ' "
300/5l0 -  A l / S t  
288.00 m' 
D re ie jc k
S • - :'

: 70558.74 DM/km
: 63361.23 DM/km
: 5286.20 DM/km
: 9414.51 DM/km'
: 0 .00 DM/km'
: OvOO DM/km-

: 148620.68 DM/km

I

i
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- 132 kV TRANSMISSION L IN E  
KUKULKE -  MATUGAMA

O r d e r :  ZICKMAN 
D a te  : 5 . 3 . 1992

SRI LANKA A n n e x : Tonne/1 2

C a l c u l a t i o n  o f  q u a n t i t ie s  p e r  km pow er l i n e  -  r e s u l t s  
r e l a t e d  t o  th e  a verag e  span le n g t h  and e x te n s ió n  o f  to w e rs

W e ig h t  s u s p e n s ió n  to w e r 
W e ig h t  t e n s ió n  tow er 160 o 
C o n c re te  vo lum e fo u n d a t io n  

S u s p e n s ió n  tow er 
T e n s ió n  to w e r

k i l o m e t r i c a l  to w e r w e ig h t  
k i l o m e t r i c a l  c o n c re te  vo lum e 
k i l o m e t r i c a l  c o n d u c to r w e ig h t  
k i l o m e t r i c a l  e a rth  w ir e  w e ig h t

Num ber o f  s u s p e n s ió n  s t r in g s  
Num ber o f  t e n s ió n  s t r in g s  ~ 
Num ber o f  s p a c e rs  
A n t i v i b r a t i o n  d e v ic e  
E a r t h  w ir e  d e v ic e  
To w e r f o o t  e a r th in g  d e v ic e  
D i f f e r e n t  s m a ll p a r t s

R ig h t  o f  way
To w e r b a se  a re a  p e r km
A re a  o f  r i g h t  o f  way p e r  km

3.24 t
2.62 t

3.71 m~3
6.41 irT3

10.94 t  /km
14.23 m~3/km

3.77 t  /km
0.39 t  /km

8.93 str/ k m
2.98 str/ k m
0.00 set/km
0.00 set/km
3.97 set/km

, 3.47 set/km
3.47 set/km

31.52 m
212.81 m2 /km

24778.86 m2 /km
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ANNEX-8C.5

TECHNICAL SPECIFICATIONS 

COMMON TF.CHNICAL SPECIFICATION

Contents

1. General Technical Requirements
1.1 Standards
1.2 Design and Standardisation
1.3 Galvanizing
1.4 Aluminium and Aluminium Alloys
1.5 Labeis
1.6 BoltsandNuts
1.7 Cleaning and Painting
1.8 Corona and Radio Iñterference
1.9 Drawings
1.10 Tests
1.11 Sparc Parts
1.12 Erecdon Marks
1.13 Packing of Material
1.4 Shipping Marks

Site and Design Particulars 
. 1 Site Condidons
. 2 Electrical Plant Design Criteria
.2.1 General
.2.2 Substadon Equipment 
.2.3 Insulators

3. Work Tests
3.1 General Requirement
3.2 Overhead Line Equipment
3.2.1 Conductors
3.2.2 Tensión Clamps and Joints
3.2.3 Insulators
3.2.4 Pole Steelwork

4. Technical Requirement for Transmission Lines
4.1 Access, Wayleaves and Land
4.2 Protection of Real Estate
4.3 Power, Telegraph and Telephone Lines
4.4 Inteifeience with existing Installations
4.5 Manufacturing Progxess Information
4.6 Release for Shipment
4.7 Shipping Documents
4.8 Transpon to Pon of Embarcation, Loading & Unloading
4.9 Overseas Transpon
4.10 Local Transpon
4.11 Receiving cum Damage Reports
4.12 Legal Claim of the Plant
4.13 Project Management
4.14 Program Charts and Site Reports
4.15 Performance of Erecdon
4.16 Unloading and Storage at Site
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TECHNICAL SPECIFICATION 

DESCRIPTION OF 132 KV LINE

Contents

General

Scqpeof Works

Design 
Design Spans 
Design Loads 
Standards
Documents to be Submitted with the Tender

Towers
General
Types of Towers 
Material 
Design 
Construction 
Bolts and Nuts
Conductor and Earthwire Attachments
Ann-climbing and Steps
Woikmanship
Galvamzing
Plates

Insulators and Fittings 
Insulator Umts 
Porcelain Insulators 
Toughened Glass Insulators 
Marking of Insulators 
Metal Components 
Cement
Insulator Fittings 
Insulator Stnngs

Conductors, Earthwires and Accessones
General
Standards
Surface Condiüons
Conductor Grease

Accessones 
General 
Armour Rods 
Vibration Dampers 
Conductor Accessones 
Earthwire Accessones
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Foundation s 
General
Types of Foundation 
Solid Charactenstics 
Calculation 
Tower Grounding

Inspection and Tests 
General 
Towers 
Insulators
Conductora Earthwires and Accessones 
Foundations

Packing, Marking and Handlmg
General
Towers
Insulators
Conductors
Spares

Erecüon Work
General
Access
Tower Site Survey
Retaining Walls
Cleanng of Right-of-way
Installauon of Foundation
Erection of Towers
Installauon of Grounding
Installanon of Insulator Stnngs
Installaoon of Conductors, Earthwires & Accessones
Connections to Substations
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