3.6

(1)

Workshop for Maintenance and Repair - ..
Power Generation Division

Maintenance and management of the power generating facilities is
essential for assuring a:reliable, stable supply of high-quality power
and & mﬁst important area of activity for SENELEC as a commercial
operation. On the premises of the Bel-Air and.Cap des Biches power
stations, SENELEC has mechanical workshops designed to provide the
maintenance and repair backup needed for tlig. regular inspection and

repair of the power generating facilities and the various machines,

Apart from routine inspections and repair on the power generating

r facilities. -these mechanical workshops also manufacture parts: which

ought to be furnished by the manufacturers of the equipment. The main

reasons for the need to manufacture parts in-house are as follows:

a. SENELEC's power penerating facilitles. is old and the

manufacturers thereof have ceased to produce parts for the
equlpment.
b. Imported parts are expensive and also take a long time for

transportation to the site.

As a rasult, parts such as the vanes of :large pumps and fans are
manufactured at SENELEC's in-house workshops which also carry out the
build up welding.

. The following outline descriptions features the Bel-Air and Cap des
: Bisches Mechanical Workshops.



1)

' 2)

Grinder

. Cap des Biches mechanical

available -

Bel-Alr mechanical workshop: and equipﬁent[machinety:aOailable'

Repair Shop 360m? |
Equipment & Machinery

: Lathe Cutting length 3,000mm -

.- Lathe T Cutting length 3,000mm -
Lathe. ~Cutting length 2 ; 500mm
Milling Machine - Bore length 1,000mm
Milling Machine " Bore length " 1,000mmn
Drilling:Machine - Redight 1,800mm
Drilling Machine :Height 1, 500mm

workshop and equipmentfmachinery

Repair Shop 360m?
Equipment & Machinery -

Lathe “Cutting length - - 3,000mm
Lathe Cutting length 2, 500mm
Drilling Machine Height 2,000mm
Drilling Machine Height 1, 800mm
Drilling Machine ~ Height "1, 400mm
Press Machine 49ton
Milling Machine 1,000mm

- Cutting -length.
Sawing machine - '

Grinder

-The above two Mechanical Workshops provide a fair working

environment wilth proper working space, They are well equipped
with machine tools. It is desirable, however, to expand the
availability of speclal tools and essentlal spare parts in the
workshops so that the §ower generating facilitles can be
insﬁected on a regular basls and equipment repaired in a planned

manner and with a rapid response.



(2)

Electrical Division

The Ele¢t¥ical Workshop of SERELEC’'s electrical division is part of the
High-Voltage Department (XHT - -Departement Haute Tension). The

organization chart is as follows:

X7

SEE
l

Maintenance Section -
Electrical Equipment

. |

i |

Maintenance Workshop
Section

SENELEC's most typical Electrical Workshop can be found on the premises
of the Bel-Air power station., Its main works consists of the repalring
of transformers and circuit breakers. The following list gives the
tools, machines, and measuring instruments the Bel-Air Electrical
Workshop has. The machines and measuring iInstruments have aged and
deteriorated, Nor is the working enviconment in the shop satisfactory.
It will therefore be desirable to upgrade the workshop’s equipment

outfit and alsc its working environment.

1) Tools
a. Spanners
b. Rulers, tape measures

c. SF6 has filling unit and testing unit
d. Hydraulic inspecting unit

2)  Machines
a. 01l pump
b. 16.5 ton hoist
c. Boring machine
d. Spares for transformers and clrcult breakers



3)

Measuring instruments

a.

b.

c.

Medium-voltage/Low-voltage transformer testing bench

(capable. of performing the following measurements) .

' Coil resistance measurement _

. Coil insulation resistance measurement
' Dielectric strength test

Transformers

Dielectric strength test set for insulatioh oil
Dehydrating unit for insulation oil

e



Table 3.i-t Specification of Generating Facilities

i. Bel-Air
(1) € : Diesel unit
lten [__unit_ [ a05s | ‘ar0s | | | Remarks
Manufacturer - Mitsubishi '
Rated output | 5. 000 5, 000
Kumber of cylinder - i2 iz
Diamster of cylinder ch
Rated speed rpa 150 150
(2) CB : Steam turbine .
Iten Uit 16101 | 1oz | 6103 | @04 | Rearks
Boiler : : .
Manufacturer - _ Bubcock, Wi lcock o
Normal pressure bar 43 , 43 - A3 43
Yapor temperature G 450 450 450 ;450
Max imum vapor T/ €5 §5 65 65
Turbine : :
Kanufacturer - _ . CEM ]
Output K 12, 800 12, £00 12, 800 12, 800
Inlet temperature C . 425 - 425 425 425 | ¢
Inlet pressure bar 40 40 40 40
Rated speed rpm 3,000 3,000 3,000 3,000
2. Cap des Biches
(1} CH . Steam turbine and gas turbine B
Itex 1 bnit_ | _a0i | G2 | g3 | " Remarks
Boiler :
Wanufacturer - Bubcock
Normal pressure bar 16 15 1%
Vapor temperature C 510 500 500
Haxlmum_vapor T/H 120 120 120
Turbine :
Manufacturer “ | R _
Output : K4 21, 500 30,000 30,000
Inlet temperature C 66 66 66
“Inlet pressure bar 500 500 500
Rated speed rpm 3,000 3,000 3.000
Gas turbine.: ' B .
. ltem Unit_ | a6t | 1ac | [ ] Remarks
Yanufacturer - ‘
utput - kW . 16,650 ) : 20,000
Rated speed rem 5100 5100
{2) CIV_: Diesel unit .
Ltem nit ] cdor | ooz | | [ Remaris
Barufacturer s Pieistick
Rated output KN 20,000.| 20,000
Number of cylinder - 18 18
Diameter of cylinder o 60 60
Rated s;ieed ' rpn 428 1728 _

Source @ SENELEC (August 1994)
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Table 3.3-1 Line Lenzth of 30 kY Distribution Feeders

Qverhead line . Undergrourd Total

 Name of feeders Support ete. | () | Type_of inst. (km} _ {km)
Rufsac ) ' Concrets pole . 10.80{  Conduit 1.45 12.05

(148 sqom aimelec)| - 10.60

Sies Concrete pole $1.40 | - Direct bury - 2.29 13.69
: {148 squn almeles) 10.25
H-steel
{38 ‘sqmm Cu) 1.15
Villa Cop Biches (CHI) 8.03] Direstbury | 117 9.20
' (38 sqmm Cu) 4901 -

(148 sqm aimalec) 3.13
Km 22 H-steel 12.70 ‘ 12.70
' (38 sgum Cu) |- 11.60
(148 sqmn aimelec) 1.10

Rufisque Nord Concrete & H-steel| 100.86 | Direct bury L1s| 102.02

{148 sqmm almeleo) 100. 54 . %
(38 sgm Cu) 0.32
Total Cep des Bihes CII 143.89| 6.07| a6
Amarger ' | | | Direct bury .28 | "21.58
Hann Percheus : Ooncréte pole 5.25 Direc.t bury 19. 45 24, 70

{148 somm almelec)] 5.25

Center Ville ' | Direct bury 8.10 870

Bol-Air : . Diresct 'bury 815 5.75
Hin Patto d'Oie. {owectbury | 40.27|  s0.22
Hann Labo . . '_: . | Direst bury | | .20} - 1.20
Universita Dirsct bury 1ol L
Aeroport Yoff Cirect bury 3.39 8.39
Sopr im : oireotbory | ma3|  nas| X
Total Hamn 525 | owser| . o
Grand Total R . izl o008




Table 3.3-2 Line Length of § €KV Feeders and Nusber of Distribution Poste

. Ling length (km} Total Nax, demand kind of poste

| __Nome of faeders - Ovethew_ﬁ_mdgm%_lgnﬂth Gad | - (VA Costomer | SENELEC | Wixed | Total
Arsenal 0.00 3.65 3.65 2113 5 4 3 12
Etmaf Fumor 0. 00 29 2.93 230 1 § 0 2
Port Sud 1.83 1.52 9.35 786 ¢ 6 0 15
Dispansaire 10.5¢ 8.39 18.498 3125 85 12 1 68
Dakar Est 0.00 536 .36 2,422 12 6 1 25
Yoff 1.Q2 5.65 12.62{ 1, 50¢ 1 7 1 15
Grand Ozkar - 5.86 4.23 10.09 1. 800 1 9 0 16
Grande Yoirie - 0. 42 6.3% 6. 81 2,183 20 13 F2 35
Talbiae 0.00 435 4.36 - 530 3 4 0 7
Soto : 0.00 113 1.13 1,222 9 3 1 i3
Sileye Guisse 0001 544 5.44 1,312 5 10 0 5
Wzdina 1.20 6. &) 8.00 2,740 § 15 1 2
Consession $.15 5.11 13.32 2,202 28 121 0 40
Total Bal-Air 35,07 13.02 108.09 22, 805 167 102 16 285
Nina Hotel 0.0 6.36 6.36 902|. 12 4 2 8
Rssidanca Cap Vert 0.16 .29 i.45 1.400 | 7 6 4 15
fonciere 20la - 0.30] 2.001 . 2.30 1,500 1 4 4 15
Credit Foncier 0.00 388 3.88 f.218] 10 12 i 23
Nohamed ¥ Carrot 0.00 3N 3.91 1,666 10 2 2 24
8fanchot Lam - Sox QM 5.92 5. 92 1,322 14 91 0 23
Total Centre Yiile 0. 46 23,36 23.82 8, 468 60 47 [k} 118
Fann 0.42 g.84 9.26 1.158 i4 16 1 31
Nermoz 6.63 1.30 7.98 1,540 1t 13 o 24
Point E 3.3 2.45 ~6.75 2,600 g 22 1 32
¥ermoz de Secours 0.00 365 3.65 250 1 2 0 3
Mpass WDao 0.40 185 3.5 1,120 H 6 R 14
lut i 0. 00 2.11 217 800 6 Y] 0 8
Total Universite 0. 80 26.26 31.06 8, 668 43 61 3 112
Batterie Yoff 2.06 9.2% 11.35 1.7128 . 10 16 } 21
Air Senegal - 5.52{ 9.7} 15.26 504 | 8 5 0 13
Terme Sud 5.87 10451 16. 32 2,018 12 9 0 22
' Total Yoff 13.45 29.48 42.93 4, 210 3t 0 i 62
Front de Terre 4.80 3.80 3.60 2.754 t 13 0 14
Sibras 1.61 0.65 226 2,178 31 2 3 36
Hann 6. 6kY sy 0.68 6.39 1,192 ¢ 5 2 16
Puits 12 2.9 a1 1216 3, 40 12 18 3 33
Diauppeul Ecole k4l 2.4 3.82 1,500 ! 10 0 1)
Sodia 2.37 1.13 3.50 1,6i2] 4 11 0 15
Total Usine des Faux j . 25.8% 10.284 3613 12,374 58 59 8 1%
Labo Pacherie a8y 505 1.89 1,364 20 . B 0 28
Yewrbeu! 16.04 | 14.08 130,12 1.321 8 25 0 KK
Route de Rufisque 13.69 0.72 13.81 1,650 21 20 0 47
Dzgoudane Pikine 6.90 0.00 §.90 1.894 | 11 | 13
leotaf 0.00 9.8% 9.59 1,000 0 ? 0 1
Total Thiaroys 38.87 8.1 63. 61 1,228 56 | | 128
Grand Total 124. 54 192. 10 3124 §4, 254 420 310 40 830

Noto : Maximum demand of each feeder is the vatue as of July 1992
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“ Tebie 3.3-3 Nunber of Distribution Poste of 30 k¥ Feedors

: i .iLine Tength fk.m)r . Max..e:‘iau.xa.nd. -' Kind of posts
Nare of feeders “mmgm., L’ﬂ@[ﬂgmd_,__ihk‘iﬁl __Qgﬂsuner|§ENEL£G Mixed_| Tota! |
Rufsac - 1060  1.45) ¢ mooUE | 2 e 9
Siesi __ '.n.4o _ 2.29| A4w) 0 20 2 0 22
Villa Gap des Biches Gm) [ 8.03 SR K Couloal e 32
Kn 22._ | Lo 3 e ol e
Rufisaus Nord ooss| el 5.345:  " 16 i 20f 2 ar
TotaI‘Ca;)‘de_s Biéhes‘ém | 1?3.59 aor|  wom| sl e 2l 1o
Amer:ger : i  ' 21.28 10,082} 8. 2 0 ?55
Hann Pecheurs | Csas| teds| 6.3111 f_ 21 ol o 36
N—— , e0| o0 o 2 of .2y B
Bol-kir | | oen| el 2w o K
Hlw Patte ¢ Ole S RY: RO Y R T ) 10
Han Labo . ' | | - Lol _10.391' 0 o K 0
Universite ; - SRR Coean] x|- 2l o 3
Noropart Yo | Ceml sa00 | o) 2 ,l o o
Soprim - i el am] e L 5
fotel B L 550 weer]c ebdsof wel b ol
Mtoa '1 l sl 3 I L
Grand Total s ea| wssasf  vrsaal w0l 13 2{ 208

Note : Maximum demand of‘géch fecdar Is the valtiie'éé of July, 1992,



Table 3.3-4 Transformers Instailed and Oﬁeratihﬁ.COndition
for Each Distribution Substation

© Number of

Name of - “Quantity ‘Number of
substation ; | overloaded Tv light-foad Tr
(Sats) - - {Sats) - - (Sets)
Aereport 30 o 9
Bel-Air 1o 6] 28
Gap ées Biches 44 I 25
Gentre Vil 52 ol 2]
Hann i 59 9 7
Universite ~ 59 <3 7
Usine des Eaux 58 51 7
Thiaroys _ 66 2 21
Total . 418 21l 126
Table 3.3-5 instailed Number of Transformers and
Bperating Condition for Each Gapacity
Transformer Quantity Number of | Number of
gapacity ' overloaded Tr | light-load Tr
AKYD) . (Sets) {Sats) {Sats)
50 6. - - or 4
100 44 1 21
125 21 2 3
160 135 ? 45
210 i8 3 4
250 198 13 36
400 35 0
630 2 0
_Others 19
Total 478 27 126




Table 3.4-1 Facilities of Each Substation

Feedars

Name Gepacity | - Indoor “ Feeders Year
of of Main or {Recieving) (Sending} of
Substation _{| Transformer - ] Outdoor | 90 kY |30 KV | 30 kv | 6.6 kV |Commissioning
Cap des Biches 33 WA x 27§ Outdoor . b 1965
Hann j 80 MVA x i Outdoor [ 8 1979
40 HVA x 2 ' 6
Bel-Air . {0 MVA % 3 2 1951
{90kY/8. 6kV)
7.075 MVA x 2 2
(30kV/8. 6kV)
20 WA x 2 13
| (6. 6kV/8. BkV)
Usine des 15 WA x 2 | Outdoor 3 1] Oct. 1968
Eaux
Thisroye 7.975 ¥VA x 2 | Outdoor 4 5| Oct. 1969
Aeroport Yoff [} 7.975 MYA x 2 | Outdoor 4 4l oot 1970
Contre Ville 15 WA x 2 Qutdoor 3 6] Jan. 1914
[Universite 15 MVA x 2 | Outdoor 3 6] June 1976

340
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Evolution of Capacity for Generating Facilities

Graph 3.1-1
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Fig. 3.4—1 Single Line Diogroms (3/5)
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CHAPTER 4

PRESENT SITUATION OF EXISTING POWER GENERATING FACILITIES

4.1 Operation of Power Generating Facilities

4.1.1 Operatlional Recozds

SENELEC's power generating facilities, which are all thermal power generating

facilities as described in Section 3.1.2, consist of the steam turbine, the

gas turbine and the diesel unit. The operational records of the facilities in

1993 are described below., Table 4.1.1-1 shows the operational records of

various power generating units at Bel-Alr and Cap des Biches power stations.

Table #4.1.1-2 shows fuel oil price in April, 1994,

(1) Bel-Air Power Station

CI: Diesel unit (G105) {(19%1)

The diesel unit (6105), installed by grant aid from Japan,
started its operation in 1991. The annually possible generated
energy by this facllity, which uses heavy oil and diesel oil as
fuels, is 43.8 GWh in terms of the rated output and 39.42 GWh in
terms of the economical output, occupying about 27 of the
possible generated energy of the RI system. The average output
is 4,023 kW, thus close to the economical output 4,500 kW. This
means that the diesel unit is maintaining almost a constant level

of output, as can be seen from other power generation records.

The comparative short operation time in 1993 is due to trouble of
the fuel supply system. Since the beginning of 1994, however, the
diesel unit has already achieved a long-time operation as a base
load generating facility. As the operation status indicates, the
power factor at the time of survey is full 801 of the rating.
From thls fact, it is understood that, as a power plant close to
the load center, the diesel unit is more like a power generating
facility capable of fine adjustments rather than relying on

coarse tap adjustment of voltages by the transformer.



CI; Diesel unit (G106) (1991)

As with G105, the diesel unit G106 is another power generating
facllity installed with grant ald from Japan. At the time of the
survey, it was being overhauled by SENELEC techniclans-under the
guidance of Japanese technical experts. The two units are based

on the same specifications. The average output is 4,185 kW, thus

- even closer to the economical output 4,500 kW when compared with

G105. As can be determined from other power gemeration records,
this unit is also maintaining almost a constant level of output.
Consideéring its small output scale, this-unit is not used as a

power generating facility for absorbing load fluctuations.
C II: Steam turbine (G1Q1l) (1953)
This is the oldest among SENELEC's power generating facilities.

Its operation was continued more than 40 yéars ago from 1953,
Although its operation was stopped for the past several years,
delay in introduction of new facilitles caused It to restart its
operation at 5 MW against the rated output of 12.8 MW when the
repair work was finished in 1994. This heavy oll fired boiler
has vather small output as a steam turbine. As its service life
and operating time have already exceeded their raspective limits,

the facility should be abandoned as soon as possible,
C I1: Steam turbine (G102) (1955)

This - turbine. 1s the oldest next to G101, With the same
specifications as G101, G102 started its operation in 1955. Its
actual limit output is 9 MW as to the rated 12.8 MW, Its fuel
cost is 18.24 FCPAlkWh - the highest especially because data on
G101 is unclear., : The capacity utilization ratio of the unit is
rather high as 60Z though it is old facility. Both its service
1ife and operating time have eéxcéeded their respective limits,
thus requiring abandonment as :soon as possible. The average

output is 6,378 kW, thus varying from the actual limit cutput of

B



9,000 kW. This shows that the steam turbine is used as the
absorption source of the short period and sustained loads of the

‘toad fluctuation from its response speed.
¢ II: Steam turbine (Gl03) (1959)

With theisame specificétions-as for G101, this power generating
facility started its operation in 1959 with the rated output 12.8§
M¥. :Although thie turbine 1s an aged facility, its actusl limit
output is 11 MW and is still operating causing no major problems.
Its annual generated energy is 35.1 GWh, occupying about 3.91 of
the total energy.  As with G102 unit, its fuel cost of 18.23
FCFA/kWh is rather high among steam turbines. The average output
is 7,316 kW, thus varying from the actual limit output of
11,000 kW. This shows that, as with 6102 unit, the steam turbine
is used as the absorption source of the short period and

sustained loads of the load fluctuation from its response speed.
¢ 11: Steam turbine (G104) (1961)

This turbine is the same facility as G101 which started its

_operation in 1961. As 1993, its output was 5 MW as to the rated

12.5 MW; however, in 1995, it is said to be recovered up to 10
MW. Both the capacity utilization ratio, which is 71,81, and the
generated energy of 47 GWh (5.2% of the total generated enerpgy of
901,2 GWh) show that the facility is highly used. The average
output .is 7,483 kW, thus exceeding the actual limit output of
5,000 kW. - As with 6102 unit, this steam turbine is used as the
absorption source of the short period and sustained loads of the

load fluctuation from its response speed..

{2) Cap des Biches Power Statlon

a.

¢ III: Gas turbine (TAGL) (1972}

When the operating records of the gas turbine TAG1 is looked at,
it can be said that the actual limit output of 15MW, the capacity

~utitization ratio of 61.2%, and the anrnual generated energy of
. 45.6 GWh" {about 52 of the.total generated energy of 901.2 GWh)
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C.

not only play the role of absbrptiOn powey generation facilities
of the.load fluctuation in peak load but as power sources of the
intermediate load band. Fuels include the diesel oil and thé
natural gas; and the fuel cost is 46.4 FCPA/kWh, which is rather
high.

Introducing a new gas turbine with high load following capability
is considered indispénsable in lifting the supply restrictions
from the peak load band. However, it is necéssary to handle the
situation by utilizing the chatacteristics of the turbine if the
rising and trailing edges of the pesak load are drastic while
using the load responsiveness of the diesel facility to absorb
the fluctuating  load . band if its' fluctuation is mild, thus

broadening the range of responses by the gas turbine.
¢ 1II: Gas turbine (TAG2) (1984)

When compared with TAGl unit, it can be saild that its actual
limit output of 19 MW, capacity utillzation ratio of 36.3%, and
annual generated energy of 32.4 GWh (about 3.6% of the total
generated energy of 901.2 GWh) are enabling the turbine to play
the role of absorption power generating facility of the load
fluctuation in peak load.

The unit uses diesel oil as its fuel; and the fuel cost is the
highest among all the power generating facilities. To he able to
respond to load fluctuations throughout the year, one more gas
turbine generating facility is desirable so that when one turbine
has failled as the facility for absorbing the peak load, the other
can take over. As the operation of a new turbiné will start from
1995, it is highly hoped that this will contribute to solving the

problem of supply shortage.
C IV: Diesel unit {G&401) (1990)
The operating records. of diesel G401 unit include its actdal

limit output of 20 MW, capacity utilization ratio of 76.3%,
annual generated energy of 111.5 GWh reaching about 12.3% of the

- total generated energy'bf 901.2 GWh. - Together with diesel G402

4-4
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unit, this diesel boasts -of the lowest .fuel cost of 10,98

"PCFA/kWh. Due to 1ts fuel cost advantage, 1t is given the

highest priority as the base load in generation planning.

The average output is 16,680 kW, varying from the actual limit
output of 20,000 kW. This is to absorb the portion of the load
fluctuation when the gas turbine could not absorb it or when the
gas turbine was out of operation, considering that the diésel
power generating facility has the ability of governing operation.
Especially when the load declines rapidly as with the light load

. during the midnight band (cccurring between 2 a.m. to 3 a.m.),
- this diesel is used as the absorption source of the fluctuated

portion.
C IV: Diesel unit (G402) (1990)

The operating records of diesel G402 unit include its actual
limit output of 20 MW, capacity utilization ratio of 77.3%,
annual generated energy of 117.3 GWh reaching about 13% of the
total generated energy of 901.2 GWh. Together with diesel G401
unit, this diesel boasts of the lowest fuel cost of 10.56 FCFA/
k¥h and thus .is given the highest prilority as the base load in

‘generation planning.

6402's annual generated energy of 117.3 GWh is compared to the
total generated energy of 6102f/103f/104 of Bel-Air. Therefore,
together with its high capacity utillzation ratio, its impact on

other facilities in case of unexpected faults is large.

The average output is 17,318 kW, varying from the actual limit
output - 20,000 kW. As with G401 unit, this is to sbsorb the

portion of the load fluctuation when the gas turbine could not

absorb - it or when the gas turbine was out in operation,
considering that the diesel power generating facility has the
ability of governing operation. -

C IIT: Steam turbine (6301) (1966)

The supply restriction due to shortage in power generation in the
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RI system is judged by viewing G301's operating records. Tts
actual limit output i1s 27.5 MW; its capacity utilization ratio is
B5.6¥, and its annual generated energy of 170.6 GWh has reached
about 18.9% of the total generated energy of 901.2 GWh. Its fuel
cost of 12.74 FCFA[kWh is also the cheapest next to G401/402,

Especially, its annual operation time of 7,497 hours makes it
impossible for the turbine to-afford the annually required 1,344

hours for maintenance including detailed inspection., As of 1993,

~ this power generating facility boasted of the largest output.

Therefore,; together with its high capacity utilization factor,
its Impact on other facilities in case of unexpected faults is

large,

The average output i5 17,318 kW, varying from the actual limit
output of 27,500 k¥. Blessed also by its actual limit output in
1993 being the largest, this indicates that the turbine is being

used as the absorption source of comparatively long-period loads.

C III: Steam turbine {G302) {1975}

Its actual limit output is 20 MW; its capacity utilization ratio
is 990.8X; its annual generated energy of 166 GWh has reached
18.4% of the total generated energy of 901.2 GWh; and its fuel
cost of 13.16 FCFAfkWh is the lowest next to that of G301 unit,
Its annual operation time of 7,954 hours is the longest among all
the facllities, thus making an adequate maintenance work
jimpossible. The actual limit output being 20 MW as to the rated
capacity of 30 MW indicates that the facility is forced to
continue its operation to maintain the power supply. fTherefore,
it is required that a detailed inspection is made and the
operation be returned to the rated output at the earliest

possible time. The average output is 20,867 kW, which indicates

that the ocutput has been almost constant as to the actual limit
cutput of 20,000 kW, : '




i,

s

g ¢ III: Steam turbine (G303) (1978)

At the time of the survey, this turbine was being overhauled for
the purpose of detalled inspection because the actual limit
output was reduced to 15 MW, which is half of the rated output of
30 MW. However, its capacity utiiization ratio 1s 83.6%; its

. annual generated energy of 115.5 GWh has reached 12.8% of the
total generated energy of %01.2 GWh; and its low fuel cost of
13.55 FCFA/kWh is next to that of G302 unit.

After the detailed inspection, the facility is expected to be
recoveréd to its rated output operation. Its annual operation.
time_of 7,237 hpurs indicates 1its capacity utilization ratio is

the highest next to G301 unit.

- The combined generated energy of 451.9 GWh of three C IIT power
generating facilities amounts to 50% of the total generated
energy of 901.2 GWh. Judging from the output scope and the annual

- generated energy, it can be said that their impact on other
facilities is large. The average output is 15,944 kW, which
indicates that the output has been almost constant as to the

actual limit output of 13,000 kV.
4.1.2 Maintenance Performance Records
(1) Standard Maintenance and Operational Criteria

The standard maintenance and operational criteria for both Bel-Air and

Cap-des-Biches power generating facilities are defined in Table 4.1.2-1. As

‘¢can be judged from the operational performance records, they are in a

situation.difficult for routine maintenance partly due to shortage in the

supply capacity.

Such a sityation difficult for regular implementation of maintenance produces

various negative results such as lowering of the power output and acceleration

of equipment deterioration.



(2)

Annual Operating Time and Maintenance

Anhual operating time

For adequate' maintenance and operation of power generating
facilities, it 1is impdrtant to standardize the capacity
utilization ratio for each year, thus avoiding excessive

operation.

“According to Table 4.1.2-1, three cases of operation are assumed

from the standard maintenance and operational criteria. Case 1

applies to cases whose annual capacity utilization ratio is 70%,

thus requiring the least amount of maintenancef{stop. Case 2
applies to cases whose annual capacity utilization ratio is 752,
requiring medium term detailed inspections.' Case 3 applies the
cases ' whose capacity wutilization ratio is 807, requiring

long-term detailed inspections.

Table 4.1.,2-2 shows the number of inspection hours and days
required assuming that inspections are conducted in a series on
the power generating facilities*at Bel-Air and Caﬁ-des-Biches.
According to this Table, case 1 requires the annual operation of
6,132 hours totaling 252 days; case 2 requires 6,570 hours
amounting to 399 days; and case 3 requires 7,008 hours totaling
651 days. If detsiled inspections are delayed as in case 3, it
will lead to situations in which almost two facilities have to be

stop simultaneously for inspection purposes.

According to the performance records  of G302 ‘and G303 of
Cap-des-Biches in 1993, their actual limit outputs are 20,000 kW
and 15,000 kW as against the rated output of 30,000 kW. It
requires about five months to halt the generator-and conduct
repalr work on the super heater. This is "3 months x 30 days x

24 hours = 3,660 hours," thus occupying 591 (capacity

‘utilization ratio) of the operating time of 5,160 hours. The

fact that thelr respective actual capacity utiliZdtion ratio are
90.8% and 82.6% means that they are major facilities for the RI
system. In addition, considering the sizc of the‘impact which
will be caused by stopping facilities of the largest capacity for
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a long period of time, it is understandable that they cannot be
stopped even when thelr actual limit outputs are deteriorated.

Fig. 4.1.2 shows a Annual maintenance schedule.

Annual generated energy

The .relationship between the annual generated energy and the
annual - operating rate is. important. Being equipped with a
necessary reserve capacity is a precondition for operétions at an

adequate capacity utilization ratio. The fact that the actual

-capacity utilization ratio of G301, 6302, and 6303 in 1993 are

extremely high means that the supply restraint on the kW output
in the peak load and the supply shortage in the generated energy

. coexist; therefore, it 1is necessary to improve the present

situation as soon as possible.



4.2

(1)

(2)

Operation of Transmisslon and Distribution Line Facilitles
Transmission Line Facllities -

The transmission capacity is adequate for the S0kV transmission line in
the Dakar region. As there are two. or three routes installed between
the grid substations, it may be concluded that the equipment provides
a high reliability of supply.

The Dakar reglen is’® subject to salt corrosion problems due to air
salinity so that regular cleaning of the insulators on the steel towers
is being implemented once a year. On the transmlssion lines between
Cap des Biches and Hann {one circuit), the overhead ground wire have
been removed, and to protect . the conductors from direct stfokes of

lightning, it is recommended to install the overhead ground wire.
Distribution Line Facilities
a. 30kV distribution network

The distribution lines leaving the grid substations (90/30kV) are
connected to other distribution substation through - section
switches. Practical service operation is on a normally open type
loop basis, The disconnecting point 4igs the distribution
substation.

b. 6.6kV distribution network

Similarly to the 30kV distribution network, service operations
takes place in a normally open type Lloop. For the 30kV
distribution 1ines, the loop 1s formed between different
substations, however, for the 6.6kV distribution lines, loops are
formed not only between different distribution substations but
also between the different distribution feeders run off from the
same distribution substation. The disconnecting point is the
distribution poste.
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Installation of lightniﬁg arresters

The underground cables at the connecting point of the 30kV
overhead lines and the underground cables are protected by gaps
provided on insulator strings. The flash-over characteristics of
these gaps are dependent on atmospheric pressure, ambient

temperature and humidity and are thus not stable. To protect the

_undergrqund cables from dlelectric breakdown of cable insulation

due to _Lightnipg surges, 1t is thus recommended to install
lightning arresters on the connecting point between the overhead

and underground lines,

V:Vthcles for restoration/repair work .

As stated in section 4.6, there is a high incidence of fault
occurring on the distribution lines. To minimize power losses
(éupply restriction energy), it is essential to perform rapid
repair work to restore the power supply service. The main problem
currently faced in the execution of repair work is the lack of
vehicles required for transportihg the maintenance operators and

the necessary materials, Even the early detection of faults and

the availébility_of maintenance staff on standby alert will not

solve the problem and the line cannot be restored to normal

service operation unless the means of transport are avallable to

move personnel and materials. It is the:efqre concluded that it

will be important to expand the vehicle fleet with wvehicles

. equipped with cémmunicatlons equipment used for repairfline

restoration work. ‘This wiil be as important as the power

facilities in resolving the problems currently faced by SENELEC.
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4.3
4.3.1

(1)

Demand and Supply Balance
Quantity of Erergy Consumption
Outline

During the six years from 1975 until 1981, Senegal's power counsumption

‘increased from 362.19 GWh to 519.44 GWh on the RI system at the rate,

expanding proportioﬁally at the annual ratio of 6.2 I on the average.
The power consumption after this period, however, repeated ups and
downs, reflecting the slack especially in the primary industry and
notably in the field of agriculture. In general, during the 18 years
from 1975 until 1993, the'poﬁer consumption increased at the annual
average rate of 3.74 I from 362.19 GWh to 687.0 GWh; and, during the 7
years from 1986 until 1933, which showed a compdratively smooth GDP

growth, the average annual increase was at the rate of 3.16 I from

' 553.16 GWh to 687.0 GWh.

(2)

Power Consumption by Category -

Power consumption by category 1is generally classified into two major
categories in terms of the power types: one is the power demanded for
public livelihood, which consists of the residential, commercial and
the low voltage power; and the other is the power demanded for

- industrial purposes, which consists of the high voltage contract, large

industrial and others. As a way of determlning the trend of the
quantity of the power consumption, SENELEC divides it into the
low voltage demand, the medium voltage ‘demand and the high voltage
demand. Table &.3.1 shows the growth of energy consumption 5y category
from 1975 until 1993 as measured in accordance with this method and is
summarized below. And, Graph 4.3.1, shows the annual evolution of the
low voltage demand, the medium voltage demand, and the high voltage
demand on the RI system as well as those of the low voltage demand and
the medium voltage demand (no high-voltage demand) on the Saint-Louis
and Kaolack systems. As is clearly shown on the gfaph and the table in
the following page, it is understood that the growth of the low voltage
demand on the RI system is remarkably larger than the medium voltage
and high voltage demands. This can also be understood from the facts
that the electrification records of households increased to 23.8 I in
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1991 from 20.3  in 1988 and that 60 2 of the 214,290 households
electrified in 1993 belong to the Dakar area. Furthermore, judging

from the construction situation of new housing estate in the suburbs of

Dakar; it is expected that the demand will continue to grow in the
future. The annual average growth rate of the low voltage demand in
the Thies and Taiba areas Is 9.53 Z in 1975 through 1993 and 8.61 I in
1986 through 1993, exceedlng that of the Dakar area. Hereafter, it is
expected that the low voltage demand will shift its growth from the

Dakar area to¢ regional areas.

The shares in 1993 as well as the annual average growth rates in 1975
through 1993 and in 1986 through 1993 are shown in the table below.

As with the energy consumptidn of the RI system, the energy consumption
by category of RGI system is classified into the low voltage demand,
the mediwn voltage demand and the high voltage demand. And, its growth
from 1975 untii 1993 is summarized below. As with the RI system, the

growth rate of the low-voltage demand continues to be high..

Annual average growth rate

-Voltage élass Share in 1993 | 1975 ~ 1993 1986 ~ 1993
‘Low voltage 37,42  6.312 5.641
Medium voltage 39.32 2.431 _ 1.9éz
High voltage 23.32 5.932 2.271
Total i06.02 3.742 S 3,162

As with the Saint-Louwis and Kaclack systems, the energy consumption is
classified into the low voltage demand and the medlum voltage demand.
As a result, the growth of the energy consumption by category from 1975

until 1993 is'summarizedras follows:

Annual average growth rate

Voltage class | Share in 1993 | 1975 - 1993 | 1886 - 1993

Low voltage . .|. . . . se.8x| . . s.47z| - . 8.142
Medium voltage | - - 43.2% - 13.392 | 8,971

Total B - - 0 100.02 9.871 S 8.217
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4.3.2 Generated Energy

Table 4.3.1 shows the evolution by.yeér of the generated energy since 1975,
together with that of the energy consumption. The generated energy in 1993
was 987.93 GWh throughout Senegal; 901.2 GWh on the RI system; and 947.9 GWh
on RGI system. The RI system, which is being operated ‘in and around Dakar,
occupies 91.2 I of the total national power generation.

According to the power generation records on the RI system in 1993, the total

generated energy was 901.2 GWh, the station service use energy was 61.2 GWh,
and the energy at the sending end was 840 GWh, thus showing that the energy

consumption rate within the power plants was 6.8 Z.
4.3.3 Transmissionf/Distribution Losses at the Sending End

In working out the transmissionfdistribution loss factors at the sending ends
of RGI system, no records wére available on the loss factor of étation use of
the power plant in each year. Therefore, assuming that the loss factor in 19293
is 13.4% based on its performance, the loss factors for 197%, 1981, 1985 and
1989 turned ogt to be 12,72, 9.7%, 11.8% and 18.3% respectively, thus showing
the_trend of annual increase. As of 1994, this factor is assumed to be
somewhere between 13 I and 14 2. Therefore, it is.neceséafy to work for
jmprovement of the transmissionfdistribution network to cope'ﬁith loads which

will increase hereafter.
"4.3.,4 Peak Load

The situation of peak load increase from 1975 until 1983 is also shown in
Table 4.3.1, However, it is evolved by year not as the sending end but as the
generating end., The increase on the sending end of the RI system is 143.2 MW
{148.4 MW on RGI systems) in 1993, assuming that the staticn service energy
consumption rate was 5. The annual average growth rate of the RI system is
4,12 from 1975 until 1993, and 3.7% from 1986 until 1993. On the RGI system,
thé rate 13‘4.32 from 1975 un£11 1993, and 3.5% from 1986 until 1993, As will
be explained in Section 4.4, this is so as result of Influénces by the supply
restraints which started from 1975. The actual peak load values are greater
than those shown on Table 4.3.1. Considering that the peak_ioad restraint

during the summer of 1993'.. a cooperation extended to- SENELEC by the -

fertilizer compahy Taiba - is about 10 MW, the peak load on the RI system is

4-14

L



estimated to range from 155 to 160 MW (from the operational records in 1994,
151.6 MW on the RI system and 156.3 MW on the RGI system are recorded).

4.3.5 Seﬁding Ead Load Factor

In working out the sending—end load factor on the RI system, records are not

available on the yearly peak load of the sending end as was described in

section 4.3.4.  ~Therefore, ‘assuming that the station service use kW

consumption rate is.51 and the kWh energy consumption rate is 6.51 based on
its operational performance in 1993, the load factors for 1997, 1981, 19835,
1989 and 1993 turned out to be 68.5%, 67.3%7, 66.6%1, 66.07 and 68.0%
respectively. Combined with the influence by the supply restraint which
started from 1981, the sending end load factor became lower than 1993°s
performance value of 687 as can be understood from the *annual load duration
curve® in para. {3) of Section 4.3.6. As of 1994, this sending end load
factor is assumed to be-about 672 as long as the supply restraint continues.
In reality, however, as thée peak load increases more than the average power
increase (in the state where the supply restraint is lifted), this figure is
expected to lie between 61 and 62Y. As the load factor gets smaller, it has
become harder to adjust loads during the peak time zone, thus making it more
and more inevitable for the RI system, which 1s not blessed with the
hydroelectric power supply, to rely on generating facilities of better

responsiveness. -
4.3.6 Load Pattern
(1) ‘Daily Load Curve

Tables 4.3.6-1(1) to (5) show the maximum daily géneration records on
the RI system. Graphs 4.3-6-1(1) to (3) show their trends. In additien
to the Influences by the power supply restraint which started from
1981, it is necessary to pay attention to the fact that the peak load

part 1s not the same as the original record.

According to SENELEC's operational policy on its power generating
facilities as described in Section 4.1, the power generation cost
(FCRA/KkWh)  are used for application to the base load, the intermediate
load, or the peak load, Although they are basically as shown below,
decisions are made at each time in cases of maln;enanbe and fault, ete.
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Power generation cost (1993 performance records: FCFA[kWh)

G105 G106 G1o2 G103 G104 TAGH TAG2 G401 G402 G301 Gaoe G303
6.3 145 18.2 13.2 182 46.4 58.0 09 108 12.7 31 135
a. Base load : ‘ y c
Entered in order of the higher fuel efficiency: G401 -> G402 ->
G301 -> G302 -> G303 -> G105 -> G106
b, Intermediate load

Entered in order of G101 -> G102 -> 6103 -> G104

c. Peak load
TAGY, TAGZ?

A tendency of the energy consumption is detected from the daily load
duration curve of the RI system (RGI system). Two. peak loads appear:
the first one (daytime peak) normally occurs between 10 a.m. and 12

noon; the second one (evening peak) occurs between 8 and 9 p.m.

There is the tendency that the evening peak is higher than the daytimé
one. However, according to the performance records in Octpber, 1990,
the daytime peak is higher. The evening peak 1s characterized by two
points. One is that, judging from the performance records of May, 1993,
its rising edges are sometimes extremely acute. Another polnt is that,
if the system consists of heat engine generating facilities,
ad justments to maintain the system frequency within the allowable value

are difficult to make at the time of the peak load when the frequency

 fluctuvates most vielently, in a paging system where the load

dispatching operator relies mainly on telephone_commuhications and
manual operations for output adjustment and start-stop, etc. of each
facility accompanying the fluctuation iIn the width between a day's peak

load and lowest load,

Acpo:ding to the operational récords in Tables 4,3-6-1(1} to (5), the
ratio of the lowest load of the RI system as to the peak load is 69,51
as of October.19, 1990; 72.4% as of October 30, 1991, 62.5% as of
October 22, 1992, 55.92 as of May 3, 1993, and 69.6 1 as of October 18,
1993, Together with the operating characteristics of each power
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'generating facility, the above figures have resulted in looking for

- adjustment rescurces in ‘dlesels which ‘are excelleat in output

responsiveness to maintain the system frequency for the following

reasons, thus also resulting in putting a strain on the facilitles.
Operating charactéristics of steam turbine:

&, Lowest output
- Thé lowest output of a once-through boiler is 20 to 30 7 as to
the rated output. '

b. Output change
2 to 31 per minute in the high load band.

C. Operation when the system frequency has dropped
Decrease in the .system frequency during operation is caused by
the resonance of the rotor:bladé of turbine and the decreased
output of the auxiliary equipment. The threshold frequency which
allows a continuous operation is # decline by 1.0 to 1.5 Hz (49.0
~to 48.5 Hz). |

Diesel:
a. Lowest output
No 1ess than about 40 1 of the rated output, considering the

change caused by the load factor of the fuel consumption rate.

b. Output change
‘Tt is possible to make governing operation on a system whose

'frequency does not change so rapidly.

Gas turbine:
a. Lowest output
Varies in accordance with the load fluctuation from the zero

output to the peak rating (SENELEG's short-time rating).

b. Output'chahge
The gas turbine can fully cope with the frequency change on the
RI system. As the gas turbine is used for short-time intermittent
operations for peak lqad. thus resulting in many start-ups, it

ot Lot - Co e .
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{2)

requires Inspectlion and maintenance services ({(with increased
maintenance costs) different from those operated continuously., A
mild load fluctuation up td the base rated output does not affect
the life span of parts too much, However, . a drastic and
frequently load fluctuation gives an impact similar to that of &
start-stop :and shortens it .remarkably,. thus raising the

maintenance costs.

When the load is at its lowest,; the operation of the equipment must be
continued with a low output, considering that it d1is safer and
econcmically desirable to do so. However, the following table shows the
ratio (I) as to the rated output of the minimum load on the day which

recorded the largest power generation in each year.

mor | Gios | Gios | o2 | Gioz | Gros | Gaoi | oavz | Gaod | Gaor | Gaoe
10189 | - - fsas | - | wa | wo | s23 | 700 | 755 | ses
w9 | soo | - w00 | 376 | - | w0 | s00 | 700 | s25 | 910
to2202 | 440 | - | 300 | 458 | 300 | 436 | 433 | s00 | s40 | 40
05033 | 460 { 580 | 312 . 300 | 400 | 533 | 500 | 740 | 470
o3 | - §so0 | - | 270 | 200 | 163 | s66 | a3 | 215 | 220

The table above shows the day in each year which recorded the largest
of power generation, Although it may be necessary to do research on
data records other than these, it is undefstood that the ratios of the
minimum loads of G401 and G402, which are major power generating
facilities on Cap des Biches in the RI system, as to the peak load are
going down year by year. They have already gdne below the
safety-operation oﬁjective 46: of the load factor, thus raising the
fuel consumption rate and causing the concérn that the generating
facility may be affected. Graph 4.3.6-2 shows a trend in the evolution
by year of tne maximum dally power generation, The trend in October of
each year does not show any major diversity. However, the power
generation curve on ﬂay 3, 1993 shéws noticeably that the ratio between
its minimum and peak loads lé large and the rising edge of the power
generation between 19:00 and 21:00 o’'clock is very steep.

Mdnthly Load Duration Curve

Table 4.3.6-2 shows the evolﬁtion by year of the maximum and minimum
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" monthly loads (generating end), starting from 1989. According to the

tdble, the monthly péak occurs in October of each year except in 1993
when it occurs in May. SENELEC's statistics show the percentage of each
month as to the annual total power generation and: as to the annual peak

as follows:

Jan Feb | Masi | Apr May | Jun Jul Aug | Sep Oct | Nov § Beo

76 |72 |79 |77 |8t |85 |93 |89 |8s 95 {88 }80

858 |878 |oa1 [o15 [923 o3z |es4 |oas |923 | 1000 [954 [s00

Note: The upper row of the table above indicates the percontage of each

month as to the annual total: and the lower row indieates the

percentage as to the annual peak.

According to the power and peak trends of each month in the table
above, the occurrence of the maximum power and that of the
maximum peak coincide with each other in October; however, this

relationship does not contlnue in other ‘months.

Annual Load Puratlon Curve

Fig 4.3.6 shows the annual load duratlon curve on ‘the RI system in 1991
and in 1993, B ' '

The peak load does not reflect the reality due to the supply restraints
starting from 1981, However, the records of 1993 ‘show that the
electrlc energy by supply restraints was 4.4 GWh, amounting to 157 days

or’ accumulated 442.8 hours. Considering that it is concentrated in the

peak time zone, the relationship between the peak load and the sending

end load factor of the annual load duration curve is summarized as

follows with the statlon service loss factor fixed at 5I, generated

energy at 947, 9 Gwh.

Supply Peak load .| . Peak load . | Sending end
restraint {generating (sending end) | load factor
capacity |- end)

10MW 166.2W | F asTuemd o | Te3.er

R N I L T I R A B TR PRI T T

20MVW 176, 2MM 167, 4MM 60.3%
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~ The sending end load factor is yery low in the summary above, which indicates
that the rising/trailing edges of the peak; load are steep. However, the
situation is expected to improye-wi;h‘the increased mean power along with the

easing of supply restraints in the future.
4.3.7 Diversity Factor

As the ratio of the peak load in RGI system of the RI systcm {Rufisque, Thies,
Dakar areas: RI) is about 972, it was dec1ded in this project, not to
consider the peak loads cccurring at different times from ares to area of RGI
systems,

£.,3.8 ?atforﬁance Recorda_qf:pcmand-and Sapply Balance
Table 4.3.8 1ndicatcs the demand and aupply balance from 1975 until 1993 under
' the following condltions.

1)-. Rese;ve capaclty_(l)

A reserve capacity required for achieving adequate maintenance is
found based on the following formula, assuming that the largest
unit and the second unit are shut down. ‘

Pemand and supply balance = Actual limlt capacity - Total of 1ist

and 2nd unit capacities

ﬁ) Reaerve capacity (2)
The reserve capaclty shall be 202 of the beak load.
Demand and supply balance = Actual limlt capacity - Peak load -
201 of the peak load _ ,
The larger of the above two reserve capacities is selected.
The demand and supply balance in 1993 showed a shortage of about
26 MW. 1f the adequate reserve capacity is included, the shortage
is assumed to be about 40 M. )

3)  Sploning reserve capacity

Tﬁe spinnlng reserve capacity ls based on the following since no
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actual data by SENELEC is available. ' In view of the fact that
the load fluctuation is considered to be proportional to the

‘root-mean-square value of ‘the system capacity, the proportional

constant of the standard deviation’ (op) ‘of the load fluctuation
volume shall be 0.3, ‘ o
The adjusting‘cepacity required for the load erQuEncy'control is

‘determined ‘aimed at adjusting QSI (equivalent to 20p) of the

total load fluctuation.

'

; Required adjusting capacity Q= 2(0p - K AF)
K = System constant (IZMWJO 1Hz) ‘

AF = Frequency allowable devxation (1 Ha from ShNbLEC standards)

‘According to the performance records 1n 1993, the above can be

absorbed by operating TAGZ as the power generation facility of

the loed fluctuation.
Selection of unit capacity

Deterﬁiue'e.unit'capecity'allowebie for the SENétEC’e system.

Peak lcad band
For the frequency decrease caused by being dropped out of the
maximum unit in the peak load band 27 $ MW of G301 is selected

as the relevant unit, The frequency decrease at the time of
drop out in 1993 1is about 1. 8 Hz (the actual value is slightly
smaller than this due to self- regulation characteristics) And,
if the allowable unit capaclty 1s suppressed within the target
frequency at the normal condition, the unit capacity is about 15

MW;’if,ihowever,_measures such as load restraint and system

~ separation can be'taked within a short period of time, it becomes

about 37 MW, considering that the frequency can be allowed to

~decrease by 2.5 Ha,

Non peak load band

“In the. case of a off peak load band the frequency is decreased
by 2.2 Hz and the allowable unit capaclty is. about 18 MW,

assuming thet:cgbl's operating capacity is reduced to 607.



4,5 Supply Restraints

The power generation project to copé with the .ever-increasing demand in
 $ENELEC's electric power system, especially in its RI system, was drafted
early. However, up to 1992, starting thg_opération of power generating
facilities amounting to about 60 MW was delayed. . This led to a situation
rgﬁuiringjrestraints on power'supply. It causes problems, on the supplying
.side, ruchuaé extensibn of the interval bf the required inspection, resulting
reduction in the dependable capacity, increase 1n fuel consumption rate, and
accelerated deterioration of facilities. On the consumers' side, there are
many cases of complaints on deterioration in refrigerated products due to
service 1nterrupt10n, operational failure of electrlcal appliances, and

_accelerated equ1pment degradation

The operational statuses of power génerating facilities at the time of survey

(from August until September, 1994) G303 (rated 30 MW) and G402 (rated 20 MW)
are being overhauled and TAG1 (rated 16.5 MW) is out of order, thus showing
the sign of a shortage of power generatlng facilities.” Therefore, shutting
down more of the presently operating facilities would give a grave impact to

the electric power system.
4.4,1 History oflsﬁpplyrRéstraints

The restraints on power supply were started in 1981 The amount of the supply

restrlction energy 15 as follows on the demand end.

Unit: GWh

81 a8z 83 84 85 86 a7 | .88 89 90 ¢ ].962 93 94

06 {082 156 | 377 ]| 156 | 043 | 028 | 24 | 051 ] 082 | 037 | 027 4.42 5.24

Since no actual records are available, the figures above regarding the amount
of the supply restriction energy are only estimate. This is because the time
zone when the restriction occurs is the peak time, and tﬁe load is limited at
the point when the frequency has started to go below the default value as to
the allowed generated power, thus making it impossible to clearly grasp the
figures on the’ actual’ Limiting load capacity -

In 1993, the supply restraints was implemented for 157 days, amounting to
accumulated total of 442.8 hours, At the time of field survey in 1994, this
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was found to occur once every two weeks on the average. According to a reply
by the staff of the load dispatching center, the implementation of the supply
restraint is definitely becoming more and more frequent.

_4.4,2 Supply Restraint by SENELEC
(1) Supply Restraint Frequency

. The basics of the .pperating frequency for SENELEC's system operation
.. are as follows: ST , :
.. Usual -allowable frequency: 2 I (4% to 50 Hz)

First stage load limiting frequency: 48.5 Hz
Second stage load limiting frequency: 48.0 Hz
Third stage load limiting frequency: 47.5 Hz

. _Fourth stage load limiting frequency: 47.0. Hz

That the usual allowable frequency is allowed to decline by as much as
-1 Hz has forced.the frequency adjustment to be  dependent on the
frequency response of the gas turbine, not only because all the power

generating facilities are based on "heat engine but because the

automatit\frequency control system is not.installed. Further reasons
- are .assumed to inclﬁde the difficulty of operating the gas turbine
throughout the year in view of the cost per kWh; few large load of the
. unit capacity which affect on the system frequency; and manual

ad justment. of the frequency, etc..

_The relationship between the frequency fluctuation and the  generated
output .is determined with the system constant. As of 1993, this
constant at the load dispatching center is 1I MW/0.l Hz and the peak
generated output of the RI system is 150.7 MW, thus corresponding to 15
MW per cycle.

As shown in the annual maintenance schedule of Flg. 4.1.2 established
by SENELEC for fiscal 1995, the rehabilitation work on the existing
power generating facilities, inclyding . the . G302 and G303 units
currently at.Gabﬂdes Biches Is belng carried out, and it is seen as
unavoidable that the 'system frequency in (he peak load time band should
be within the permissible frequency range for normal opgration (49 -

50 Hz) and in some cases it may also be necessary to continue operation
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(2}

{3)

(4)

at 'one cycle'lower,
Priority in Supply Restraints

According to the supply restraints, the ordet of shutting dovm the
target clrcuits is determined from the viewpoint of security: first,
general consumers, then, commercialfindustrial constimers, ~ public
facilities, military facilitles, and lastly hospltals. Fach poste

" determines beforehand the. target cirédits for supply restraint, based

on the combined data on the frequency detection, the configuration of

the circuit selected for shutoff, and the'reindte control circuit, etc.
Implementation of Supply Restraints-

1f the implementation ‘of ' the supply- restraint iis ‘automatic, the
relevant circuit ©breaker i1is automatically opened by frequency
detection. If the shutoff was forced by the' load dispatching center,
the relevant circuit breaker 1s opened from:the distribution control
- centét as instructed by the load dispatching center. Automatic load
shutoff cases are limited to where a special frequency decline has

" octurred. In most of the cases where a fréquency decliné has occurred

or is expected to occur, the load shutoff is implemented manually as
instructed by the staff of the load dispatéhing ceénter.

In the caseé of 90/6.6 kV Poste Hann, the circuit breakers for *Soprim®
and "Hlm P. d’'0ie®* are opened by the first-stage frequency detection;
the circuit breakers for "Universite® and "Bel-Air" are opened by the
second-stage frequency detection; and the .circuit breakérs for *Hann
Pecheur” and *Aeroport Yoff® are opened by the fourth-stage frequency
detection. - In the same manner, other postes decide on the circuits to

"be shut off and consider the priority,
Contact with Consumers

Supply restrains are enforced without a priotr confiirmation with the
consumer ; apparently for lack of time, éspecidlly becailsé the frequency
fluctuation at peak "load occurs in -4’ drastic manner: In the same
‘manner, 1ifting' the iestraints 1is done without "4ny mnotice to the

i consumer. '




{(5)

(6)

()

" There are few cases of automatic supply: restraints. As the frequency

‘decliné 'cdn be ' Judged beforehand, normally the relevant circuits are

“mahually shut down by the load dispatcher..
Time Zone for Supply Restraint Occurrence

The supply restrdaints occur during the peak load time zone. The yearly
‘peak for ‘1993 occlrred -in May, while in other years the peak normally
‘occurs  in October. THis is estiridted to be the result of the supply
festraints‘being‘mdre*concentrated in Qctober than. in other months.
(The 'difference bétween October’s 149,2 MH and May's 150.7 MW is mere
1.5 MY.) Y

Annual Output Fluctuation and Supply Restraints

As a ‘tesult of implementing the supply resttaint measure,-the ratilo of
the peak load of each month as to the annual peak load has varied less
compared with thé ratios in the past. This indicates that the value of
-peak load does not vary so much throughout the year. In other words, it
indicates that the supply restralnts need to be implemented not in the
"month whose peak load is the. largest but in the peak load time zone
throughout the year. Therefore, it is urgent for SERELEC to return to
an operation system of power generating facllitlies which are equipped

with an adequate reserve capaclty.-
‘Supply Restraint’ Capacity

“As ‘was described in the previous section, it is impossible for even a

" toad dispatcher to know the supply restraint: capacity accurately.

Therefore, the supply restraint capacity is based. on an assumption,
The time zZone requiring-supply restraints is at peak load. As the
~amount’ of the elettric ‘energy is not so large during this time as was
previously described,: restriction. of the- peak .output can cause
ptoblems, In addition; since ‘the restriction on':the peak output is
applied throughout the year within the power capacity generatable at
the moment, it may be hard to determine the supply restrazint capacity

in a sweeping mainnec.: -



-Accordingly, judging from the demand forecast based on actyal demands,
it is considered that. SENELEC's power .gepnerating facilities equipped
with & required reserve gapacity are sufficient for operation of its RI

system.

The demand forecast for power generating facilitles of the RI system in
1994 is. estimated as 183,7  MW. The current. supply capacity of power
. generating facilities as against this figure is 187 MW in terms of the
actual limit capacity, thus their.difference being 3.3 MW, If the
‘required reserve capacity (as the sum of the outputs of. the first and
second largest facllities: 47.5 MW).is added to this; the power
generating facilities required for a sound operatlon smounts to about
45 M.

Many years of supply restraints have brought about the following three

‘problems from the viewpoint of power system msnagement.

1. . Shortage in power generating facllity output:
The - shortage in -power generating facility output is being
expressed in the form of supply restraints at peak ioad, thus
leading to lack of reliability between the power supplier and the

. conswner.

2. Decrease in the generated energy ‘

The shortage in the power generating facility outputs naturally
results in more operation of facilities except those . being
inspected or fault stoppage, thus inviting a substantial increase
in the annual operating time. As is described in Section 4.1
*Operation - of Power Generating Facilities*®,. the capacity
utilization ratio of Cap des Biches CIII power generating
facilities G301, G302, and G303 have reached 85,61, 90.8%, and
82.61 respectively. In addition, these three power generating
facilities generate.50% of -the totsal generated_eﬁergy of the
Dakar -system, -thus reflecting a high level of : dependence. In

- this regard, it is desirable that these facilities are allowed to
return to thelr rated outputs as soon_as‘ppssible;:; |

3. Increased workload for load dispatchers

The shortage in power generating facility outputs came to be felt
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in‘the form of - increased workload of load dispatchers, thus

‘sometines - making excessive operations inevitable due to the

limited number ‘of facilities. Up to 1992, the construction of
almost 60 MW power generating facilitles are not realized though
these were scheduled to construct, 1In this regard, to make the
management of the electric power system a healthy one, the

following methods are suggested,

To introduce power generating facilities such as dilesel
allotted with the base load, aimed at a larger operating range
as the spinning reserve capacity of the gas turbine. This is
also necessary for shortening the operating time of power'
generating facilities whose capacity utilization ratio is high
and power generating facilities G301 to G303 of Cap-des-Biches,

To use the exlsting power generating facilities currently in
operation for the base and intermediate load parts and to
introduce facilities with satisfactory frequency response such
as pas turbines for the peak load part, aimed at lifting supply
restraints at the time of peak load. According to the
operational records of 1993, the capacity utilization ratio of
gas turbine power generating facilities TAGL and TAGZ are 61.21
and 36.3% respectively; and their amount of generated energy
are 45.5 GWh and 32.4 GWh respectively totaling 77.6 GWh, thus
amounting to 8.67 of the total power generation 901.2 GWh.
This indicates that the newly introduced facilities not only
respond to fluctuations at peak load but contribute to
increased volume of the generated energy, thus making it
possible to cope responsively with drastic load fluctuations
at risingl/declining edges and reduce the load fluctuation

portion of other power generating facilities.

To introduce power generating facilities coping with base load
and those coping with peak load, aimed at increased operating
range of the spinning reserve capacity and relaxed supply

restraints at the time of peak load.

It is important to apply the methods suggested above to put the
maintenance plan of existing facilities back on track, thus
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lifting the restraints currently being applied to the actual
limit capacity se¢ that - operations approaching those based on

. the rated capacity.are possible as soon as possible by putting

- the maintenance plan of existing facilities back on track,
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4.5

Power Supply from Private Enterprises

“4,5.1 Existing Large:scale Private Companies

Private companies, of which electric power facllities may be connected to RGI

system; in and around the Dakar area include:

- Taiba Phosphoric Acid Factory

(1)

Sococim Cement Pactory
. 1C8 Chemical Industry Company
GSS Sugar Refinery Compary’
Sonacos Senegal Edible 01l Company -

Taiba Phoshoric Acid Factory

In its competition with other phosphoric acid exporting countries, the
power consumption by the Taiba. Phosphorié Acld Factéry in 1993 was

‘reduced by about 21 -Z as compared with that In the previous year.

Although its annual production capacity is 2,200,000 tons, the company
is currently producing 1,500,000 tons.

The power demand by the Taiba Company is large from the viewpoint of
its power management: 99.07 GWh as of 1993, From 1995, its production

. will be recovered to 2,000,000 tons and its$ powet deémand will also be
© 126.8 GWh, thus occupylng about 13 to 14% of the forecasted value of
- the entire RGI systems.

Therefore, this company, whose maximum demand is about 20 MW, has a big
impact on the total demand.  Theé’ company ‘also has a fecord of having
complied with the peak load cut about 10 MW in 1993, which was
requested by SENELEC, ialthough it is saying that no asstrance can be
made to a-simildr request from 1994." .

The Taiba Company is considering installation of non-utility generating
facilities by 2,000.



(2)

(3)

(%)

- (5)

Sococim Cement Company. .

The production capacity.of the Sococim Cement Company is 800,000 tons,
However, 1its current production is estimated to be 650,000 tons. The
power  demand - in 1993 .was 60.9 GWh,.which is.expected to: continue

hereafter,

ICS Senegal Chemical Industry Company

This is one of the companies. . equipped. with non~utility: generating
facilities. It has also a contract. on putual “power -interchange with
SENELEC. The amount of power. supply was 6.1 GWh in 1991, and 3.7 GWh in

1992,

€S8 Sugar Refinery Company

‘Like ICS, this company also .is equipped. with .non-utitity power
. generating facilities and has a contract on mutual. power interchange

with SENELEC. Its amount of power supply was 1.6 GWh in 1991, and 0.87
GWh in 1992.

Scnacos Seregal Edible Qil Company .

Like ICS, .this  company also is equipped .with' non-utility power

generating facilities and has a contract on mutual power interchange
with SENELEC. Its amount of power supply was. 0.99 GWh in 1991, and 0.9
GWh in 1992, ‘

4.5.2 Newly-emerged Large-scale Private Enterprises

'

At the time of field survey of this project in 1994, no large company other

than the existing large consumers above was exchanging contracts on receiving

of power from RGI systems or mutual power interchange with SENELEC.
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" Service Interruption Due:to Faults

Medium Voltage Distribution Network

Tables £.6-1 ~ -6 shows the energy subject to supply. restrictions and
the fault records by cause for the WO medium voltage distribution
networks.‘i e, the 30 kv and 6.6 kV distribution networks. Tables

4,67 ~ -12 give the fault records broken dewn by equipment. . - The main

factors for supply restriction due to! faults in ~the distrihution

‘netmorks are thus broken down by the fault causes and by -thei types of

equipment affected by the faults.? The follcwing examination will

assess these ceu$a1 Eactors and the equipment faults in somewhat fuller

-ldetail.

1) %eeuses'of Fault

The main causes of fault in the 30 kV distribution network are as

 follows.

;a: Equipment failure

b.  Rain _ _
c. Protection system
6, Homidity

The following table gives a breakdown of the frequency of faults
‘ae they'occurreq Siﬂ;léQZs‘1993z apd 1994) as a result of the
above four mainrcauses as well as for *unidentified causes" and

"miscellansous causes". .-The table also glves the share of these

causes in the energy subject to supply restriction.



1962"" Tr1693 T 1994

Ne. of Supply No. of Supply No. of Supply

faules Jestrletion, | fauvlts - xesiriction . | fawits | restricrion

1 ‘energy (1) ) ) energy (%) {1} enexgy (1)
Equipmnent 13.31 34.39 7.45 35.64 11.01 24.93
fallure. ' Cory ' B BRI SR
R&in - 6.5 " 4.99 .33 15.40 8.99 19.12
Protection 12763 | 7.66 ) 9.22 7,99 | 16.70 10.91
system i . : i . -
‘Humidity - . 5i80 15,92 3.00] - 1,49 10.09 11,57
Subltotal 36.18 ©52.96 |  28.01 60.52 | 46.79 66.53
Unidentified ‘| * 47.10 4.83 | 54.08 20.65 ' '29.56 9.13
causes . P . ' ‘
Miscellaneous 16.72 42.21 17,91 18.83 |1 23.67 24.34
causes
Total 100.00 100.00 100.00 | .. 100,00 100.00 100.00

I€ 1s estimated that equipment fallure and faults due

to problems

with the protection system are due Eb‘thé obsolescence of the
various types of equipment concerned. Faults due to rain occurs
primarily in the underground cables whose insulatlon materials
have deteriorated as a result of ag1ng. Faults caused by
humidity affects primarily the insulators which are damaged by
the leakage current resulting”ffgm salt contamination.
on the 6.6 kV medium voltage distribution network, the main

causes “of faults are due to:

a, - Equipnent failure
b Raid .
c. Protection system

d. Accidental shock

The following table again gives a breakdown of the frequency of
faults as they occurred (in 1992, 1993, and 1994) as a result of
the above four main causes as well as for "unidentified causes’
"miscellanecus causes"®.

and The table also glves the share of

these causes in the energy subject to supply restriction.



v 3 A - RS TN Ty e Tt

i ‘ - 1992 o 1s93 1994
v .B;. ..of Supply ‘ Nt-. otl S.u‘pply . o No. of Supply
R faults: /! | resteietion | ‘faules - restriction faults restriction
x) energy {X) (X} energy {1} (1) enexgy (%}

| Equipment L 9.43 18.64 8.29 | . 20.58 16.05 |- 37.79

| failure I : N : :
Rain o o) ass0 | 10.19|  27.24 5.79 | 24.64
Protection .60 10001 782 o 17.42f 10.79] 4.5k
system || b
Accidental | 252 | 1z.82| 39| 20| 237|536
shock‘ P R L 7 do \
Sub-total ' 29.56 | 60.27] 30.09f  72.54 | 35.00|  72.33
Unidentified sa.72 | 11,48 s4.27 14.20 | 36,38 - 7.79
causes ‘ : e : . f L . .;
Misceliandous | .15.72| = 28.24'| 1s.64|  13.26| 28/42| . 19.88
causes ' | N R N R AR I
Total . | 100.00| 100.00| 200.00 100.00 | 100700 | 100.00

The f§u1t§‘nQue, to‘ equipment' failure and problems with the
ig; protection systems are attributed to the obsolescence or aging of

the equipment. similarly to the 30 kV distribution system.
Faults caused to the underground caﬁle by rain are believed to be
‘the' result’ mainly of the deterioration of the insulation
ﬁétériéls.‘ While there have been incidents of accidental shock
also on the 30 kv distzibution network the cause of such
accidents is belieVed be due to vehicles colliding with the

supports of the overhead lines.
2) Equipment Fallure

'Faults on the 30 kv distributlon network are believed to be due
mainly to the following:

a.""bﬁﬁgégrbﬁnd:cébiéé
b. Medium/ Jow Qbitagé’tfanéfnrmets'
c. Conductors

il? d. Insulators

The following table presents a breskdown of the frequency of
faults as they occurred (in 1992, 1993, and 1994) as a result of
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the above four maip tausal aveas as well as for wlthout damage"

and 'miscellaneous causes" The table also gives the share of

these cauées in the energy subject to supply restriction.

; - I : s IR IR !
Po19s2 : 1993 7 1994
: R No. of Q\fpplyg - No. of Supply’ ) No. of Ef- "Sfupply
: faults, restriction Faults; restrittion faults restrictlon
N : (1) ¢ o energy: (%) .| (X3 . .| energy. (X) 't : e“nergy (1)
Gable | 7.17 16.60 | 5,87 16.45 [ 2 96| | 17.36
Mr/sr | z.05 | 19023 1.42 184 | 2, 94; L 6.32
transformer L ) . N %
Gonductor .‘f' 6.48] . s.e8| 6.56|  10.35 1’—£j59 SR
. : R 5 ! Y .
Lnsulator 3 4.781 © 3.51 1.08 1.84 3,12 | | 873
sub-total’ | 20.48| a3.02| 1471, s0.48| 13.59|,0 36.72
without ; 71.67 46.51 | 77.88 s1.69 | 67,06 | 1 32.39
damage . e b b
Miscellaneous | = 7.85 10.47 7.45 | 28.03| 19.25 30.89
causes
Total™ - | 100,00 |~ 100.00 | 100.00 | = 100.60 | 100.00 [ 100.00

£,
ey

It s estiméted thot the foults occurring‘in the cables as stated
—in the table above were encountered mainly in rainy conditions in
the underground cables _ whose .insulation materials had
deteriorated because of aging and that the cause. Faults in the
mediumllow voltage equipment were in all probability caused by
direct lightning stroke or overload affecting the transformers
installed on the poles.

Faults occurring in the Insulators are believed to be the result
of corrosion of hardwares or damage caused to the insulators by

flashover due to salt contamination.

On the 6.6 kV medium voltage distribution network, the main

causes of problems are due to:

a. Insulators
b. Conductors g%
c., Underground cables



“fHé "following - table presents a breakdown 'of the frequency of
faults as they occurred (in 1992, 1993, and 1994) as a result of

the above three main causal areas as well ds for *without damage®

and "miscellanéous causes®. The table also gives the share of

these causes 'in the enérgy subject to supply restriction.

19z | 1993 1994
No. of Supply Ho. of Supply I No. of Supply
favlts f | restrietlon faults restéletion - § faults restriction
1) | eneray {n (i) energy {1} § (%) energy (1)
Insulator a.08| 26.3¢| 2. 84| 20041 4.74 14.31
Conductor 4,42.] . 15.97| . 9.00}. 13.36 5.53 13.24
Underground .. Jw4.08_ 8.24 - 3,321 .22 4.74 16.19
cable o
Sub-total 12.58 50.535 15.16 41.99 is.o1 43.74
1 Without | 7s.s1| . 31.s0) .71.56| . 30.01( 68.68 31.08
damage » : : .
| Miscetlaneous | 11.91 17.95| 13.28 28.00 | 16.31 25.18
causes ‘ ' b ' o ' )
Total 100.00 | 100,00 | 100.00 100.00 | 100.00 100.00

It is estimated that the faults associated with the insulators as

“stated above, are due to corrosion of .the pins of pin insulators

or damage caused to the insulators by flashover resulting from

.salt,gqptamination.

The above data _suggest that the following problems are

encountered with the presént‘equipmenh.

& ‘:Erequent.fault,due to the aging of equipment

b. Operational errors. of the protective systems due to the

aging of the protection system

LG Deterioration of . insulation of.underground cables due to

N aging and overload _

d, Conductor failure due to materjal deterioration as a result
of defective installation and/or overload.

e, ;P;n_corrgsiqn,of;;pgulators_cqqsed by salt contamination,

reduction of dielectric strength due to salt.



. From-a different viewpoint. the.above problem can be classified
“into those due to, gquipment and/oxr mate:ial.aging'(deterioration)

.and - those .due to  ambient conditions (salt contamination).
Electrical equipment fault causes disruptions of the electricity
supply directly—to”the_consumers.

iThis means that it has a direct effect on the life of the
'inhabitaﬁts of. Dakar anduthé‘businessfactivitlesf As SENELEC
does have h séaﬁutbry obiigation to. offer to its conaumers a
reliable high quality supply of power, such disruptions in power
supply are violation of this obligation.‘ Power equipment failure
,also causes damage to SENELEC  in reducing its revenue from
'electricity charges because of the supply restriction energy they
?cause‘

tA‘reliable; stable ﬁower supply is of cfitical importahée to the
maintaining of ordinary standards of life for the general public
and to assuring dynamic business activities. This involves the
need to find an early solution to the above problems.‘lt will
therefore be necessary to take the followlng actions on an urgent

basis.

‘a. Replacemernit of aged equipment

-b. Replacement 6f’aged protéction System

c. Replacement of aged and “overloaded overhead lines and
underground cables
In contrast to overhead lines, fault in underground cables
are difficult to identify and take a longer time to repair
and restore, Repairs of underground cables involve service
interruption ’ to  consumers ‘and are highly disruptive to
ordinary public life. °

"di " Replaceiient of overhead conductors and insulators
Problems associated with irnsulator include the destruction of
‘insulator due to pin corrosisa, flash-over due to salt
' contamination and conductor déstruction due to £lash-over. To
‘prevent such Failt on insulators’it Is necessary to select

“insulator with & sultable’ leaksge distance.
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Supports
Breakdown on supports have been reported -only once on the 30
kV:and once on the 6.6 kV networks.” Fatal:breakdowns leading

to the destruction of the supports are very serious not only

- :because of: the considerable time required to restore the

power system to service but also because of thedr lmmediate

-threat to:the safety of the civilian population and traffic.
. As Is'stated in. Chapter 12 "Enyironmehtal Assessment" the
‘supports on the medium voltage distribution lines in the

Dakar region present the following problems.

- - H-section steel corrosion due to salt contamination

-~ Cracks in the 'concrete poles

It is conceivable that these supports may break or collapse

‘conpletely, with the risk of the conductors falling. In view

of the immediate threat to the safety of civilian life and
traffic- this would cause, it: is considered essentizl to

ensure the early replacement of the above supports.

Tables 4.6-13 ~ -15 present itemized records of fault on the low
voltage distribution network for the periocd 1990 - 1992 relating to the

- Low Voltage Distribution Network -

various:types of equipment. - These fault records can be summed up as

-.follows.

Breakdown = ‘7 1990 ° 1991 1992
Share (X} Share () Share (%)

‘Consumer-related facilities 30,8 | 72,4 76.9

Digﬁ:&hu;ion.postgsﬁ;‘ . .. 3.2 2.4

Distribution lines 10.2 - -21.1 20.2

Others 57.0 W 2.5

Total ' 100.0 100.0 100.0

The Table above Indicates that the item "Others®

proportional share of all fault in fiscal 1990, The reason is that
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this item includes a 44Y load shedding. ' .The majority of all faults
cccurred on consumer-related equipment. This wunderlines the
. desirability to improve consumer-related. facilities. On SENELEC
facilities, however, most faults occur on the distribution lines. The
largest share of these problems is due.to fault on the connectors and
underground cables. . The most likely causes of fault in the connecting
peint include incorrect installation, connector deterloration, and the

use of improper materials due to material shortages.

The main causes of fault in the -undetground cable include the
detérioration of the insulation due to aging (Insulation aging is
.accelerated .by high . -temperatures due to overload.), dielectric
breakdown of. insulation due to! the. ingress of water, mechanical
destruction of the insulation during excavation work.

-.In the distribution poste,. fault due. to fusing of low voltage fuse,
cthis means. the overloaded condition . of low wvoltage distribution
feeders. It was observed that copper wire was inserted instead of fuse

- #lement.

It is necessary to use the.specified fuse to protect the distribution

feeders (underground cable, overhead line) from overloaded operation.

Fault in  the consumer-related facilities occurs primarily on the
connecting point and fuses. - Fault at. the connecting point in the
consumer-related facilities may be due to the same causes as those
listed for SENELEC's cases above, and the fusing of fuses may be due to
overload on the low-voltage distribution lines, .

i . ) ! :
To resolve thgse problems, the following actions may be taken:

< Connection of underground cables ahd conductors wlth the proper
'materials

- Replacement of aged:underground cables

- R actiéities-for eécavation work
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