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~  CHAPTER 8
PRELIMINARY DESIGN



"CHAPTER 8 PRELIMINARY DESIGH

8.1 Power Generating Facilities

" The d1ese1 generating plant under this Project is to be installed in the C-I

buildlng at the Bel-Air Power Station, and it will therefore be essential to

“establish an eCOnomically favorable design to assure the maximum possible
'efficiency in its operation in conjunction with the existing facilities at the

Power Station. As the new generators are to cover the base load of the Dakar

Electrlcity Grid System. 1t will be important to deSLgn a power generation
system suited for long-term continuous operation and offering high supply
rellability.

8.1.1 Use of Existing Faciiities

“The main existing fac1lities un1ts capable of being used in the execution of

this PrOJect ‘are as follows. ‘

{1) ‘Power Generation Boilding
The diesel generator set (5 MW x 2) under this Project will use part of
the <C-1 buildings for installation next to the existing diesel
generator set (5 MW x 2) ' '

(2). 4Fuef°SEorage Tank

The existing heavy oil and the diesel oil storage tanks are as listed

below and will be used also for supplying the new diesel plant with

fuel oll.
‘Heavy ofl tank 1,000 m® x 3
Diesel oil tank 30 mdx 1

The ﬁeev}'oil storege capaoity of tne'eristing tanks thus totals
3,000 m®, a amount equivalent to 15 days consumption for the existing
power station, The storage tanks are replenished through a pipeline
from the Senegal 0il Refinery Corporation & Tanks located near the Port

" of Dakar.' There is therefore do problem 1n malntaining a stable supply

‘of ol as the installed tank capacity is £u11y adequate, Consequently,

§-1.



(3)

(4)

(5)

there is no need to build additional new tank installations.
Cooling Water Tank

Cooling water for the new dlesel power generating plant will be
supplied from a newly installed cooling water tank (purified water
tank), built after the removal of the existing one. The existing
purified water tank has a capacity of 235 m per cycle and is capable
of producing 5 m® of purified water per hout. The purified water is
temﬁoraril? stored ih_the(tanks balbw and thence supplied to the

cooling water systém.

Under normal operating conditions, purified makeuﬁiwater is supplied to

the condensers of the existing steam generator plant at a rate of

approximately 3 m*/h. The initial priming volume chafged inte the

cooling water system of the new diesel generator plant is in the order
of 10 m*. This amount will be fed from the purified water tank to be
newly instslled. The purified water requirement under normal operating

conditions is small, amounting to only about 1 mi/day.
Steam
Because of the small steam requirement of only approximately 0. S tf{day,
the steam used for heating the heavy oil feed system to the new diesel
generating unit will be fed from the existing G-II auxiliary 7 kg/cm?
g stean line.
Ancillary Electrical Facilities
1) Substation facilities
Step-up transformers will be instaiied_in the old steam turbine
building (C-II), and connected to 30 kV bus bar through power
cable, 30 kV circuit breakers=and disconnecting switches.

2} Station service power source

Station service power source (AC, 380[220 V) only for this pover
plant will be secured by connecting 8 newly installed tiansformer
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to the 6.6 kV bus bar.

8.1.2 Removal Facilities and New Installation

(1) Removal Facilities Inside of C-I Bullding and Qutside

The existing facilities listed blow shall be removed at the cost and

expenses of SEMELEC prior to the Installation of new facilities. This

removal work will be required as the existing facilities is liable to

obstruct and hinder the installation work for new facilities.

1)
2)
3)
4)

Inside'
Inside

Outside
Outside

. be-mineralized water tank 30 ton 3 Nos.

Pipings, heat exchangers 1 lot
De-mineralized water tank 40 ton 3 Nos.
Residual odl incinerator 1 lot

{2} Installation of New De-mineralized Water Tank

 The de-mineralized water tank{s} with enough capacity will be installed
at the cost of SENELEC.

8.1.3 Preliminary Design Drawings

- Relevant drawings for preliminary design are as follows,

Fig.
Flg.
Flg.
Fig.
Fig.

8.1.3-1
8.1.3-2
8.1.3-3
8.1.3-4
8.1.3-5

Arrangement of C-I building
Removal facilities
Fuel oil system

Steam system

Cooling water system

8.1.4 Prelimiharf Design Conditions

The following conditlons have been established for the design of the diesel

generating faclilities,

(1) Climatic Conditions (Meteorological Office of Dakar €ity 1984 - 1993)

The climatic conditlons at the Project Site (Dakar City) are given as

follows, .



Atmospheric _
temperature: Maximim -
. Maximum (average)
. Minimum

Humidity : Maximum
Minimum
Average

]

Rainfall Annual average .
o ‘Hourly Maxigum
‘Monthly average -

Rainy season

-

38.2°¢C
27.3°¢C

12,6°C

g2

..822
767

369 mm
205 mm
183 mm

June - Oct,

;Wind - . ~Wind direction (in diy.season) . Northwest
Wind direction {in rainy season) Southeast
Maximum wind velocity 30 m/sec

Liéﬁtning:: N . Ave:;ge incidence per year

Sand dust: Incidence in a year

26 days (mainly
in the rainy
season)

60 days (Mainly
in_;he dry season}

' No allowarice needs to be made for seismic abtiviéy:féarthquakes) in the

design,

(2) Fuel Composition

" Tables 8.1,4-1 (1/2 ~ 2!2) show thé composition of fuel currently being

used at the Bel-Air power station.

{3) Cooling Water Analysis

The cooling water ¢urrently being used at'thé'Bél;Aii power station is

obtained by treating main supply water In a de-mineralizing plant and

has the following analysis.’

gg&
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Cooling water
{Treated Water)

Remarks

ITtem _f}Unit=d
pH -
Electric "ﬁmﬁoiém"
conductivity
M alkali level mgCaCoyfl
coD mgOf1
Total hardnéss < | ‘#gCaCo,yf1
Calcium hardness mgCaCoyfl
Magnesium hardness mgCaCoali‘
F;; ! _mgll :
Qﬁ:" mgllﬁ
S0, mgf1 N
cl mg/l
810, mgll,
Langeria ipdex .. | ;.

7.8 (13.8°C)

17.0 ¢25°C)

2.0

Léss ‘than'1 -

1.75
1.6
d"oiiéi' |
té%s than 0.05

Lgss than 0 05
'Less than 5
Less than 0 4 .

Less than 0 2
3.6

Data Feb., 7, 1995

Calculated wvalue

.«<0: Corrosive water

»0: Water causing
scale deposition

()

Applicable Standards

The following Japanese and international standards shall apply for the

specifications and testing of the performance, materials, and quality

' of the materlalsf

8.1.5

(1)

Japanese Industrial Standards (JIS) _
Japan Electric Industry AssociatiOn Standards (JEM)
Japan Electric Cable Industry Standards (JC8)

Standards of International Electrotechnical Commission (IEC)

Prelim{nar; Rlan

Diesel Generator Power Station Data

The dlesel generator equipment

i)_“' Rated output of power station:

10 MW (5 M x 2)

8

shall be subject to the following

performance. servlce conditions and control methods.




2y - Fuel consumption rate;

193 g!kWh (Power generation end) ' é@?
3) Station servico.consumption rate;
3.51 | B

4) Starting method;

Pneumatic starting system using compressed air.

3) Engine start operatlon. ,
Two start methods available. Manual start by operating a switch
on the control panel and manual start by operating a2 switch on

the local control panel

6) Engine stop'operaiion; ;
Two stop methods avallable: Manual stop by operating a switch on
- the control panel aod manual stop by operating a switch on the
‘local control panel. In addition, automatic emergency stop by
the operation of a protective device and remote emergency stop 4§§

from the control room are possible.

7} Start and stop of ancillary equlpment-
' Two startfstop methods avallable: Automatic start and stop as
" well as manual start and stop by operating a switch on the local

control panel.

8) Supervisory control method;
Remote supervisory contrel from the control panel andfor the

contrel room to monitor failure and operating conditions.

8} Speed control system;
Speed of the engine can be controlled automatlcally or manually

from the control room and local control panel.

10} Cooling method

: While cooling water’ is used for cooling, tho engine itself is gg;
cooled with primary coollng water and the alr coolers, lubricant
coolers and clean-water coolers with secondary cooling water.
The secondary cooling water is recycled through radiators,

oot

8-6



2N

,,

(2}

11)

12}

-13)

Heating of fuel oil; -
Heating with steam

Alr intake;
Outdoor alr intake

- Exhaust method;
"‘Exhaitst to the external atmosphere through exhaust stack fitted

with silencers.

Site and Arrangement Plan

The main equipment will be installed in the existing C-I building and

the adjoining outdoor site.

1)

General arrangement

The land area required for the project and the arrangement of the

main equipment will be as follows.

Land area required ~  Approx. 1300 m' (Indoor)
Approx. 300 m? (Outdoor)
Equipment Arrangement
. In €-I Building: Diésel engine
Generators
Alr compressors
Operating and control panels
Station service transformer
- DC power supply units
Fuel oil facility
Lubricant oll facility

Outdoor ' :
{Outside C-I): . Cooling water faclility

Alr Intake and exhaust facility
_Fuel oil tank )

C-1I Control Room:Remote monitoring panel



2)

Important considerations for equipment arrangement and

installation

Foundations for diesel generators

Underneath the planned locations fof the diesel generator
foundations, a concrete: tunnel. of: approx. 1.5 m depth has
been built underground to release the ash from the existing
boilérs. The tunnel shows signs:of minor amounts of spring
water. It can therefore be assumed that spring water might
rise in those locations if the foundations are excavated to

a greater depth, For this'reason, the diesel generators

- need to be arranged by using:an anti-vibration instasllation

method with a,cémmon,qupporp;plpte;by tpking care that the

@

concrete foundation will not become exceedingly large. -

There are no existing foundations in this locations. The
soil condition at the planned location is marked primarily

- by sandy ground and the plans have to be made on the basis

of a bearing capacity of 10 tons/m?,

Arrangement of diesel generator

To permit the effective utilizgtion'of the C-I building and

the existing overhead travelling crane, it will be
essential to select an optimum arrange by allowing for the
spacing of the support pillars of the building and the

crane position.
Package support plate

In order to reduce the on-site installation work and the
piping work and to shorten the construction period,
installation shall be carried out using a package support
plate, with the fuel cil and lubricant as well as the
cooling ~water equipment packaged on a single integrai
support plate.  The pipés are also to be shipped ready for
installation In the plant precincts.

:gg
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d.  Adr filters’

Because Of'the-cdnéiderabie'pfesence“6f sand and dust in
the air, means will be‘tequired to prevent sand/dust from
entering the engine interior through the ailr supplied for
combustion. iFér this purpose, Inertia filters and oil bath
filter are tb-be lhstalled providing a sandfdust removal
capability in the air intake chamber.

e. Exhaust stack’

Exhaust gases from the engines shall be discharged from

*- exhaust statk fitfed with silencers. The exhaust stack are
to be installed near the site boundary and the exhaust
outlet holes shall fate a direction obﬁosite that of the
ad jacent bulldings.

LI

f. Antl-nolse measures
LThé?maiﬁ'hdise sources of diesel generator are diesel
engine itself and air intake -and exhaust equipment. For
the air intake noise, sair intake silencers and an air
intske chamber are to be provided, For the exhaust noise,
exhaust silencers are to:be used, These silencing units
will reduce the noise to a level not causing any problem.
‘For the noise from the diesel engines themselves, however,
the economically most effective solution would be to raise
the noise barrier wall betﬁeen.the generator bullding and

~ the neighboring houses and to repair the damaged parts of
the existing building.

The present noise level is given as 76 dB in the vicinity
“of the C-i"bodndary,'ﬁall' . After completion of this
project. the noise level is estimated to reach 80 dB. It
will therefore be necessary to adopt suitable measures to
ensure that the _present. noise level will not ‘be exceeded.
This may necessitate the instailation of soundproofed wall,
.the use of sound insulation in the.building and the closing

~of Qrifié??txn
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{3) Dilesel Engine OQutput and Generator Capacity

The ratings for the generators and the dlesel engines driving the é%;

generators are as follows,.

. Generators Rated output - 5,000 kW

"Rated capacity . 6,250 kVA
Rated power factor 0.8 (lag)
Number of generators 2

Diesel engines Rated output _ 7,080 PS
Number of units 2

The calculations for these rated values are as follows.
1) Engine output

Engine output is calculated using the following formula.

P
Engi t 2 T~ (P.S§
ng Fe output: Pe 0.736 x €6 (P.S) %
wheres: -
Generator output: P = 5,000 (kW)

Horse-power conversion: I(P.S.) = 0.736 {kW)
Generator efficiency: EG « 96(1)

5,000
—— A -
Pe 2 47736 x 0.96 4,080 (P.S)

2) Rated capacity of genefator

Rated Capacity of Generator : P; (kVA) is calculated using the
following equation. o

P __5,000

o " h.p " 6250 (kVA)

where the power factor for the generators is: P.f = 0.8 (lag)
(4)  Capacity of Station Service Transformer °§‘

Power for station service is suppliéd through the existing 6.6 kV bus
bar so that it will be necessary to install a new 6.6 kV/380/V/220V

8§ —-10



{5)

station service transformer.

Rated capacity of transformer will be 500 kVA, and this is estimated as

follows.

The station service power consumption for the newly built diesel power
generating'plaht is equivalent to abﬁut 3.5% of the output of the
dlesel genetators. This is based on & total output of the diesel
generator plant of 10 000 kw.

Station service load = 10,000 kW x 0.035 = 350 kW
Station service transformer capaclty = 350 kW + 0.85 = 412 kVA = 500 kVA

{This is based on a power factor of 0.85 for the station service load.)

The values to be considered here should be 500 kVA to allow for

‘adjustment with the existing 750 kVA statlon service transformer
'capacity in C-1 and for slight load variations,

Operating and Control Facilities

Cperating and control facilities will be requireé to operate the dlesel
generator plant of this project in the same power system and to provide
for smooth 1ntegration with the other generators. The following gives

‘the various types of control facilities or control.panels that will be

required,

1) Remote supervlsory control panel

This is needed for remotely monitoring the diesel generator from
the existing C-II contrel room. .The generators will be
controlled under commands from the C-II control room to meet the
demands of the Dakar Electric Power System.

2} Local control panel
This panel is required for controllingfoperating and monitoring
the diesel generators in the generator room directly. Operation

and control for trial operation and maintenance of the generators

is performed in the generator room {itself,

811



(6)

o

3) Protective relays

To ensure the .continued safe operation of the diesel generators, s

" the protective relays will automatically prevent electric faults
andfor minimize the effects of faults if they have occurred.

:4). Battery and D.C. power eupply panel

'This control panel controls the D c. _power {battery) for

operating and controlling the diesel generators and related
. equipment and the D.C. control c1rcuit.' The D.C. voltage shall
“iibe 130 V to coincide with the existing voltage.

5 A.C. poﬁer supply panel

xhis operating panel control the A.C. power source for station

service required for operating the anc1llary equipment. The A.C.

‘voltage shall be a three -phase four-wire 380 V/220 V supply to

coincide with_the,e;isting voltage.

Circpit Breaker

7 ihe circuit breakers are used for connecting and discennecting the

‘.diesel generator with and from the existing power system (grid). They

are used on the 6.6 kv circuit. The circuit breakers shall be vacuum
breaker (VCB)} of an easy- maintenance and high ~reliability type
offering economic efficlency. The circuit breakers shall be mounted in

the same control‘panel as the protective relays.,
Equipment Reouired

The outline specifications and quantities of the equipment required for

the execution of this project are as given below.

8—-12 .
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1) Materials for facilities

a. Procurement from Jaban (sbmg itéms'frqm‘sgrépej
Teem Specification _ 1 Qrey
> K i
A. Diesel engine and related equipment
1, Diesel engine Type 4 cycle, Diesel 2 sets
engine with air
cooler
Rated output 7,080 p.s
Engine speed . 750
Medium-speed
Over load capacity 102
Starting method Compressed-ajr
__________________________________________________________ starting . o dooaeo-]
2, Attachments to | Lubric¢ation oil pump Gear type 2 sets
a diesel
engine Governor 2 sets
Super-charget 2 sets
PN I Air cooler - - . |Water cooling . | 2 sets |
3. Fuel oil' Heavy oil transfer pump ? 5 m*fh 1 set
device ‘ . '
Heavy oil buffer tank :* 5 @ 1 set
Heavy oil filter-. 2 sets
Heavy oil service tank sm 1 set
piesel oil transfer pump 3.5 m*/h 1 set
\Diesel cil service tank 2.5 m? 1 set
AU & ¥uel oil supply pump | 3.0mh L 2_sets |
4. Lubricating ' | Sump tank 5.0 m 2 sets
0il devi o \
avice Priming pump 20 m¥/h 2 sets
Cooler tube type 2 sets
Filter 2 sets
IR B Transfer pump . . . .} 3.0mYh ks 1 set ]
5, Cooling water Cooling water tank 500 { 1 set
device ) __ -
Cooling water pump 65 m3/h 2 sets
Cooler Tube type 2 sets
Radiator 240 o*fh 2 sets
Secondary ‘cooling water = | 240 m*/h 2 sets
pump r
Chemical lnjection ngice with 50 ¢ tank 2 sets
Feed water pump 1 m?/h 2 sets

8%—13"-




Rated capacity 3

Neutral grounding:

Voltage t
Frequency :
Connection = %

Ttem Specificafion Q'ty
6. Compressor air | Alr compressor 25 kglcn? 2 sets
device
IS Pressure air tank | 800 4 ) 1 set
7. Alr intake, Exhaust duct 2 sets
exhaust device _
' - | Bxhaust expansion 2 sets
Exhaust silencer
Intake duct 2 sets
Intake sllencer 2 sets
 ©eeocieeomeooa | Intake filter 1 oil bath type I 2 sets |
8. Waste‘oil Sludge tank 300 ¢ 1 set
gzﬁizzent | $ludge pump 0.5 m3/h 1 set
| | Sludge separation tank - 3 nd 1 set
Oll-water pump 1 m¥h 1 set
Oil-water separator 1 m¥fh 1 set
Waste oil tank 1m 1 set
et mneae {Maste odl pump . | 0} S R 1set
| 9. Plpe and valve | Steel pipe, valve otc, | 1 1 set |
10. Material for. Steel materlal - F1 set
construction:
B. Generator and related equipmént 7
1. Generator Type .8 3 phase alternative 2 sets
horizontal synchronized
_generator
Rated output -3 5,000 kW continuous :
Rated capacity @ 6,250 kVA continuous
Voltage t 6.6 kv
Power factor 1 0.8 (lag)
Frequency - - -3 50 Ha.
Insulation class : F
Exciting method : brushless
PR X Cooling method ey coolteg |
2. Transformer Type v Oiléfilled, self-cooled, 2 sets

with on load tap changer
7,500 KVA '
30 kV/6.6 kv

50 Hz;
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Item Specification Q'ty
3. Circuit Type t Vacuum type 2 sets
breaker - - :
' Yoltage t 36 kv
"Rated current 1 1,250 A
Rated breaking
current - - t 25 kA
_______________________ Usage 3 Connect to 30 kVbus | ]
4, 30/6.6 kV Type : Indoor self-standing 1 set
supervision ‘ * ‘
board
oo | Vsage 1 30 KVISLO KV ]
5. Clrcuit Type : Indoor enclosure self- 2 sets
. breaker board standing
Circuit breaker : Vacuum circuit breaker
Rated wvoltage s 7.2 kV
Rated circuit 4 1,200 A
__________________________ Usage  __________ 3 Gemerator clrewit 1 ]
6. Station Type : Indoar, 3 phase, oil 1 set
service filled self-cooled
transformér | C '
Rated capacity 1 500 kVA
Voltage 1 6.6 kV/[3isov/220V
Frequency - t. 50 Hz
Connection t+ AfY, 3 phase 4 line
..} Neutral grounding: Solid grounding . |
7, Neutral Type : Indoor, enclosed type 1 set
grounding self- standing
- device board NGR 1001, 100A, 30 sec.

SR with 2 disconnecting
................................................. switches ]
8. Power fuse Type : Indoor, enclosed type, 1 set

board _ self-standing
Component : Demand switch, power fuse
etc.
kated voltage P 7.2 XV
Rated current : 100A
Usage : Power source for station
_______________________________________________ serylce
9, Exciting Type : Indoor, enclosed type, 1 set
device board self- standing
IR W Usage i Brushless type |
10, AC. voltage Type : Indoor, enclosed type, 1 set
‘;po§rd_ o ‘self-standing
' Usage : Motor control

815



Ttem Speciflcétion : Q'ty
11. DC power Type ] Indoor, enclosed type, 1 set
source board self- étanding e
Usage ‘:'Power‘source for control
: .. ;circuit of power plant
Rated voltage  : DC 130V
_________________________ ;E?EPEE!_SP_E?P_{EZ_E-;%9-1‘.*1[?59:-_--_--________-___-__-_--______.
12. Supervisory |} Type ':-Indoor, enclosed type,
control board L self standing
' Usage : Contrbl, protection 1 lot
{a) remote supervlsory control; .
board 1 set
{b) = generator control board 2 sets
{c) station service transforme1 ‘
_____________________ ol comtrolboard . . G rset |
13, Power cable. Type + Cross-linked polyethylene 1 lot
(1) B insulated vinyl sheathed !
type |
‘Voltage :33. kY
Conductor size : g
o)) Usage 233KV
14. Power cable Typé : Cross-linked polyethylene 700 m
{2) insulated vinyl sheathed
“type
‘| Voltage i 6.6.kV
.Conductor size —..: 500 mm? x 1 core x 6 Nos.
Accessory 1.1 lot, including 12 sets
of cable termination
materials
IS Ussge _______=_Eee_e_téEar._f_ﬂé_%f:_s_i.r.ce_is _________________
15. Power cable ' Type 1+ Cross-linked: polyethylene {1 800 m
(3) - insulated vlnyl sheathed ;
_ type -
Voltage : 600 V
Conductor size t 600 mm? x 1 core
Accessory T 1 lot
Usage ¢ Station service
' transformer secondary
WU IR S L 2.3 .1 S I
16. Control cable § Type + Vinyl insulated i set
-{ voltage 1 600 V
$lze t 22y - 2 om?
. 10 core - 2 core
‘Usage :{Supervisory control
_____ a:‘.."...'-'.';.'.-’.".'.'....'..._-._..---_---------_-_.........-...._9%r.?.u.j.'.s......_';.:..-.i.:-'_.l..._:..._..u. PR
17, Wiring‘? ! | cable connecting material, pipes supports, | 1 set
material . - . | etes ST IO !
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b, .. Progurements in Senegal
Item Specification Q'ty
1. Sand "~ " River sand 120 m}
2, Gravel Basalt 240 m?
3, Cement o el ,“‘.,Portland cement 140 t
4, Reinforcing bar - ' . 13 mmd 40 t
2) , . Maintenance equipment

Essential for assuring the long ~term performance and availability

of the diesel generators under this ‘project. is to ensure that

; adequate stocks of spare parts, consumables, and tools are kept

to meet the needs for repairing or replacing in case of equipment

wear, deterioration. aging and failure. These probability of

Y such problems occurring increases proportiohally w1th the time of

plant service (operation) and 1s related to the operating and

' maxntenance skills and know how of the plant management and

‘control personnel

As stated in section 3. 6 (1), there are no problems in terms of
the 1eve1 of . operating sndL maintensnce know haw, The
requirementsrfor spare parts,,consumables and tools and the

relevant quantiﬁies;of;the stocks to be kept are given below.
a. Requirements

‘i) ° To malntain power services, a fast response is needed
* to remedy equipment fault and it is therefore
neceSSsry to keep a constant stock of spare parts in

view of ‘the structure of the equipment,

ii)- Because of the geographical location of the project
site, it would be difficult to obtain the necessary

parts in-an emergency.

1ii) Becausé of the economlc reason of the party managing

“the plant, it would be difficult for the plant

operator'td'arrahge for the keeping of major stocks

'of spares;‘boﬁsdﬁsbles and tools immediately from the
start of  operhtioh.
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b. Main stock items and quartities

i) . Items wearing and’ deteriorating at a rate ég;

proportional to the service time (number bf hours of

‘operation}) of the equipment,

Cylinder cover related parts

Packages, O rings,
etc.

2 generators

Suction valve related parts

Roto-caps, valves,
springs, etc.

g

2 generators

Exhaust valve related parts

4

Valve stems,
sleeves, valves,
springs, etc.

2 generators

Fuel injection valve related:
parts . :

Nozzle caps, O rings

‘2 generators

Piston related parts .

Piston rings, oil
rings, etc.

2 generators

Connecting rod related parts

Crank pin bearings,
bolts

2 generators

Main bearings

20 sets

Fuel injection pump related

Valves injection

2 generators

parts _ pumps, etc.

Supercharger related parts Bearings 2 generators
Alr cooler related parts Packings 2 generators
Starting air valves Packings =~ 2 generators
Other valves, pipes, bearings PackingS""f 2 generators

These quantities of parts are required for

-replacement at the overhaul performed after the

diesel generators have completed their initial 8,000

hours of

~ operation).

operation

(approximately 1

year's

ii1) TItems required for repair or replacement due to lack

.of functional performance as a result of long-term

operation

Pressure switches

for 2 generators

Temperature switches for 2 generators f§§‘

Thermometers for 2 generators
AVR {Automatic voltage repulator for

~the generators) 1.set
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Control eéquipment related parts,

relays, timers, coils, etc. 1 set

ii1) TItems with a fixed service life and requiring replacement
at the time of regular inmspection '
Fuses for control circuits and
indicator clircuits ' T 1 set

Display lamps for indicator circuits 1l set

iv}  Tools required for disassembling and assembling of machines

and for replacement of parts

- Machineryfequipment related tools:

Spanners 1 set
Screw drivers 1 set
Wrenches . 1 set
Pliers 1 set
Suspending fixtures 1 set
o Tools for installing and removing valves 1 set
i;: Tools for installing and removing bearings 1 set
Tools for installing and removing '
piston rings 1 set
“Tools for installing and removing
connecting rods 1 set
Tools for cylinder liners 1 set
Tool boxes 1 set
Gauges, plncers etc. 1 set
- Power equipment related tools:
Tools for checking breakers 1 set
Plugs for testing relays : 1 set
Measuring equipment for testing relays 1 set
HMeasuring equipment for testing control
units L | 1 set
Hooks _ | 1 set
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8.2 Distribution Line Facllities .
8,2.1 Baslic Items %
(1) Applicable Standards,ﬁ

For the design of the:distribution facilities hereunder, the following
standards shall essentially apply,

.= Japanese Industrial Standards (JIS).

- Standard of the Japanese Electrotechnical Committee (JEC)

- Japan Electric Assoclation Code (JEAC)

-~ . Japanese Cable Makers Assoclation Standard (JCS)

- Standards of the International :Electrotechnical Commission (IEC)
- Normes Francalses (NF)-: . .

- Electricite de France {EDF).

- Union Technique de 1'Electricite (UTE)

(2)  Ambient Conditions
Ambient climatic c;nditions are as.stéted in section 8.1.4.
a.  Height above sea level :i =‘1,000 m or less

(3) Conductor Height

Minimum conductor height above ground of overhead distribution lines
shall be as follows.

30 kv ' 5.6 kV Low voltage
Ordinary ' 6.0 M * 6.0 mn 5.0 m
location IEE g s
Across road 8.0 m T 8.0 m 6.0 m

{4) Wind Load

The wind loads on strung wires and supports shall be as follows.



{3y

(6}

L €. Stay

~a. v .Strung wires 480" (Pa)

50 (kgim?)
b. Supports "~ 480 (Pa) (Round shape)
K 50 (kgfmz} \
Note:' (kg/m? =:9.80665 Pa) = '

Safety Factor’

The safety factors for the materials concerned shall be as follows.

4

a. Supports
.+ '‘Wooden poles : : 23,0 {at the time of erection)
- Concrete poles 2.0

itos: Steel-pipe poles: - 2.0

“b. . conductors.' : - 1 2.5

b
W

Insulation Design

While it is not possible in practice to exclude the risk of flashover
completely due to lightning, the principle to be applied shall be that
"flagshover shall not take place as a result of internal overvoltage

generated in the system".

1} Required dielectric strength of insulators for switching surge
a. Nominal voltage (kV) 33
"-b. Maxifmum allowable voltage (kv) 36
¢. Voltage to ground peak value (kV) 29.4
d. Switching surge muitiple R 3.3
e. Switching surge peak value (kV) 97.0
f£. Insulation drop coefficient = - 1.1

'g. Required dielectric strength of insulator (kV) 106.7
2) Minimum insulation clearance: "

The minimum insulation c¢leardncée is the one which can withstand
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3)

4)

both switching surges and short-time overvoltage,

a. Nominal voltage (kV) . - 33

b, Maximum allowable voltage (kV) 35
¢. Voltage to ground peak value (kV). - 29.4
d. Switching surge multiple ' 3.3
e. Switching surge peak value (kV) 97.0
f. Required withstand voltage (kV) 106.7
g. Required clearance {cm) } ; 18
h. Minimum insulation clearance (cm} 20

Insulation clearance in abnormal conditions

Insulation clearance in abnormal conditions is checked for
maximum allowable voltage of the system by applying the
commercial frequency wet withstand voltage characteristics of
standard rod gap at the presumed maximum wind velocity. The
required clearance, known as the "Insulation Clearance in an.

Abnormal Conditlon’ is as follows.

a. Nominal voltage (kV) 33
b. Maximum allowable voltage. (kV) o 36
¢. Maximum allowable voltage to ground (kV) 20.8
d. Required withstand voltage (kvV) : ©22.9

e, Insulation clearance In an abnormal

conditions (cm) : ' 9
Minimum insulation clearance between phases
The minimum insulation clearance between phases is the one which
can withstand switching surges occurring between phases, whose

values are as follows,

a. Nominal voltage. (kV) k]

b. Maximum allowable voltage (kV) : . 36

C. Voltage to ground peak value (kV) 29.4
d, Phase to phase surge multiple . . 5.3
e, Phase to phase surge peak value (kV) 156
f. Insulation drop coefficlent.. . ... 1.1
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8. Réquired withstand voltage between

phases (kV) ' - : 171.4
h. Minimum insulation clearance between
phases (cm) 30

8.2.2 Replacement oﬁ Circuit Breakers

(1)

(2}

(3)

- Substations Due for Replacement

The oil ¢ircuit breakers which has now become obsolete will be replaced

‘wlth gas (SF6) circuit _breakeré at the following distribution

substatlions. In this connectionh, c¢onsideration shall also be given to
the need for the removal of the existing equipment in the substations
and for the modification of the installation site.

- Centre Ville
Universite

i

Aeroport Yoff
Thiaroye

Required Quantities

The required quantities of the circuit breakers in the individual

" substations concerned for the each rating shall be listed below, Table

8.2.2-1 gives the ratings for the circuit breakers in the substations

for each feeder.

. Name of Substation 7.2 kv} 7.2 kV/} 36 ky/ Total

630 A 1,250 A C 630 A
Centre Ville 5 - 2 7
Universite 5 - 2 7
Aeroport Yoff 1 2 5
Thiaroye 2 - - 2
Total 13 2 6 21

Circuit Breakers
The circuit breakers to be used for the replacement work under the

present schedule shall comply with the following specification summary.
The specification of 22 kV clrcuit breskers is shown in the following
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as reference because :22 KV cefrcuit - breakers are installed in the
existing 6.6 kV system as seen in the.Table 7.4.1-1,

a. Rhted voltdge’ | xkn) | n2| 1.2 24 2| 36
b. Insulation level (kv) | 60| s0] 125 1251 170
c. Rated frequency | (Hz) 300 50 30| 50 50
d. Rated cuirrent (A) 630 | 1,250 30| 1,250] e30
e. Rated breaking . | (kp) |. 12,5} 12.5] 12,5 -:12.5| 12.5
current

f. Rated recovery | k) 12 12 '“41 41 62
' yoltage SR N D
's. Rated making (xa) | o e. X 2.5

~icurrent .+ AT

h. Operating seéquence | = © 0 923min-CO-3min-CO

8.2.3 Improvement of Medium Voltage Pistribution Lines -

(1)

Outline of Work

Figs. 7.4.2-1 and -2 show the sections due for improvements on the
feeders. The overhead distribution: lines thus selected shall be
improved to enhance the reliability of power' supply from the
distribution facilities and provide the conditlions necessary to meet
the demand of the consumers for s stable and high-quality electricity
supply. The followings is an ocutline of the construction work,

Construction work for the Iimprovement of existing 6.6 kV overhead
distribution line with 30 kv underground cable.

824"
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Lire Length - Postes to Postes to

(m) be newly bz wodified
cool : ‘gonstructed
“a. Peeder Dispensaire 2,150 B : 5
b, Eeqderrbag. Pikine _ '800 1 2
c. Feeder Fann _ 350 1 1
d. - Feeder Rte de
Rufisqqe‘(;) ; 5,800‘ 2 2
e, Feeder Rte de . N '
~ Rufisque (2) o - 6,300 T4 4
f. Feeder Dag. Pikine 1,700 2 3
g.  Feeder Batterie Yoff 2,000 ' 2 2
h. ' Peeder Labo Pocherie 2,900 “ 6 7
1.7 Feeder Yeumbeitl (1) " 3080 A | 2
. 3+ .. Feeder Yeumbeul (2) .. . 750 . . : 1 2
Total 23,050 25 30

(2) Routes

Fig. 8.2.3-1 (1/3 ~ 3{3) show the distribution line routes due for

improvement work covering the foliowing feeders.

-  Feeder Di#ﬁensii;e
- 'Eéeder ?dnn“ _
. : Fee@ef,Battgrie.Yoff

(3} .Distfiﬁution Lihéé aﬁd Circui£ Configurétion

All of the existing overhead distribution lines selected under this
project shall be replaced with underground cabiés..-ﬁt the improvement
work of distribution lines, mw-connection shall be employed for the
'leéh-iﬁ ;6 the distfib@tion poste, as a rule. ‘Dépending on the route
sélected atd on économié reaééns. iﬁ.méy bé possible fhat T-connection
will be chosen. The choice of T-connection will necessitate, however,

the installation of cable junction boxes at the junctions.
{4) Underground Cables

Generally, tbe principle shall be that the same type of cables shall be
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(5)

(6)

used as those that are currently being employed on the existidg

- facilities. In this context, it is anticipated that the Torsade csbles

with aluminum conductors shall be used according to the EDF (HN 33 §
23) specifications. The outline specifications and allowable current

for the cables considered for use on this project are presented below,

3x35+25 3Ix150425 32240425

a.  Voltage (kV) “12{20  12/20 12/20
b. Outer diameter of -
" conductor {mm) 11.9 14.8 19.0
C. 0.D. aft%r twlstings
together . {mm) 74.5 81.5 90.0
d. . Welght (kgfm) 3.7 4.6 5.9
e, Allowable current (A) 230 . . 295 i85

{(Conditions for calculating the allowable current)
- Soil temperature ' t 30 °C 4
- Thermal resistivity of soil: 100 °C +» cm/W

Cable-Burying Method

Fig. 8.2.3-2 shows the cable-burrying method. If the cables are to be
laid underneath pedestrian walkwafs (pavements). the cables shall be
buried directly in the ground. If thé.cabies are to be laid underneath
roads or road crossings the cables shall be laid in conduits to protect
the cables against the load acting upon them from above as a result of

vehicular passage.
Transformer Capacity

Expect where the existing tfansformers .are to be used, the newly
erected medlumflow voltage transformers shall have the following

capacities.
- 160 kVA
- 250 kVA
- 400 kVA

e



Distribution Postes

(7)
Same type of distribution poste currently used by SENELEC will be
employed, and pole-mounted poste is not considered. Fig., 8.2.3-3 shows
the typical type of existing distribution poste.
8.2.4 Expansion of the Low Voltage Distribution Network
{1) Outline of Work
The low voltage distribution network at the following locations shall
be expanded to provide power supply to consumer which are currently not
served with electricity.
Land Area 30 %Y ﬁisttlbutlon Distritution
Concerned Undargrourd Lines Fostes
(ha) Cadle (ko) {ka) (Nos.)
a. Madieng-Khary-Dieng 40 1.2 .10 2
b.  Route de Boune . . 50 . 0.6 12,5 1
c. Route de Marine | 40 0.8 10 2
‘d.. ‘Route de Maliks 40 3.0 10 2
¢. Malika - 50° 0.5 12.5. 1
 fotal 220 6.1 | - ss.0 8
Flg. 8.2.4-1 shows the housing estate construction plan for Madieng-
Khary-bleng. '
(2) Distribution Lines

a.  Medium voltage distribution lines

_ Theiunﬁefg:ound cabies_wiil‘befemplbyed for the medlum voltage
distfiﬂution iines thch. will supply the power to the
distribution poste 1n-the locations scheduled for the expansion

'1 of the low voltage distribution lines. It is presumed that

 Torsade cables will be used similarly to section 8.2.3. Their

size will be 95 man? and the voltage of distribution lines will be
30 kV.



b. Low voltage distribution lines -

The low voltage distribution lines running from the distribution
-postes to the individual consumers use preassembled cables (in
- The
supply voltage to the individual -consumers is B2 {380f220 V)

other words, - insulated cables) for the:overhead 1lines.

“system. * In the project.atea, the following two types of cables
are specified: the main lines with a cross-section of 70 mm? and

the branch lines with one of 35 mm?.

23 x 354 1'x 54.6 + 1 x 16 ... (&)
e 3w 7041 X 54.6 +-1 x 25 Syl (D)

The preassembled cables conform to the following outline
description.
Outer diameter (mm)- Resistance athO deg C
Conductor Iosulated" Weight: (ohm{ km)
conductor . | (kgl/km) _
Conduc- | Light- Condu?— Light- Condu¢ | Light-
‘tor ing tor; ing . -tor: ing
(a3 | 6.8 4.6 10.2 7.1 713 | 0.868 | 1.91
by | 9.7 6.0 | 13.3 8.7 | 1,102 | 0.423 | 1.20
(3) Supports
1) Selection criteria

The concrete poles, wooden poles aﬁd'H;ééccion steel are employed
as supports of existing overhead distribution lines. The effects
due to salt’ contamxnation are taken into account, it is assumed
hére that the employment of tubular steel poles 1s censidered.
The following comparison critically assesses the various types of
poles. that 1s. ‘the wooden. concrete and steel poles. In this

comparison, the’ wooden poles ‘form the basis of reference.

&
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Wooden Poles | Concrete Poles | Steel Poles

2 3

Life ] o1 ~ Approx. 2.5 Approx. 2

b

Salt res;spanée Satisfactory Superior Satisfaclory

C.

Weight. 1 Approx. 2 Approx. 0.7

2}

2.3

Notei_(ﬂoddgn,poles s Treated polés)
: {Tubular steel poles: - Hot-dip galvanized)

It'ié clear from the above. combarison tﬁat the weight of the
steel poles is lower than that of the woo¢en poles and it would

'therefore be possible to erect them without the use of special

“:yehicles. They also offer -a sgervice life equal to that of the
, distribution lines themselves so that it would not be necessary

Lo 'replace phé _supports during the service 1ife of the

dist:ibution lines. For the reasons, it hae been assumed that

steeL poles’ will also be used.

The f}ttiqgs (including in particular, tension clamps, suspension

‘clamés, and connectors} shall be equivaleht to those currently
being used by SENELEC.

Standard span length

The standard span length of low voltage distribution lines will
be 40 m.

Length of supports .

To keep the minimum clearance above ground and considering the
common stringing of telephone lines on the supports, two kind of
supports such as 10 m for trunk lines and 9 m for branch lines
will be employed. The design load shall be considered as being
300 kg and the angular load shall be supported by the stay.
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4) Specifications

The tubular steel poles are planned for employﬁent as supparts €%§
and are required to meet the following specifications.

9 m. 10 m

a&. . Overall length ' (mm) 9,000 10,000

b, Welght - (kg) 160 216

(Top materials)

c.  Length ey | 4,830 | 5,330

d., Outer diameter (mm} | 140 165

e, Thickness {frm) 4.5 . 4,5

(Botiom materiais)'

C. Length_ {tm) 4,500 5,000
d. Quter diameter (mm) 165 190
e.  Thickness {mm) $ 5.3 @

(4) Number of Feeders

The number of feeders of distribution postes will be 3 - 4 as standard.
(5) Miscellansous

The underground cables and the burrying method in-the ground, the

distribution postes and the mediumf/low voltage equipment shall be in

accordance with Section 8.2.3.
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