'PRESENT CONDITIONS
o PR.POSED L
REHABILITATION OF
~ TRANSMISSION,
SUBSTATION AND
DISTRIBUTION
e FACILITIES



CHAPTER b PRESENT CONDITION‘% PROBLEME; AND PROPOSED REHABILITATION OF

5 1Dar es Salaam

_ TRANSMISSION SUBSTATION AND PISTRIBUTION FACILITIES

CHAPTER S5 PRESENT CONDIT!ONS

PROBLEMS AND PROPOSED
. REHABILITATION OF
-_TRANSMISSION SUBSTATION

| _AND DISTRIBUTION
FACILITIES

: | 5 1 1 Transmlsswn Facmhes |

g Concernmg the exlslmg and planned transmission facilitics in Dar s Sala'lm the

- Study Team, together with engineers of TANESCO, investigated the present conditions, -
‘problems, Operatlon and maintenance, etc. The characteristics of tlansmlssmn facihtics 1n' _
+ the individual 1eg10ns ate described below. - '

m Ex;stmg'transmlssmn llnes

(a) 132 kV transmission lines e

_ The existing 132 kV transmission lines wcre ‘generally in good condition, Some
~of the ‘steel towers do not have concrete protection but have their bottomn members

- coated'with coal tar to prevent corrosion. Since the corrosion-preventive effect of the

- coal tar must have declined due to aging, it is considered necessary to inspect those
steel towers periodically and repair them as reqmrcd All the steel towers in Dar ¢s

- Salaam are of self-supporting type. _
Fable 5.1.1 Spec;ﬁcatlons of 132 kV tr ansmlsszon lines in Dar es Scﬂdam

Ground wire

Self suppbrt

. Leneth | No. of No.of | Conductor
¢ Name J&nr;g]) COC’(I)‘ : Tower Type. insulators size . size

ST .. - | (pieces/phase) (mm?) (mm?)
Ubungo-FZ 11T - 93 1 Yertical 1 ACSR 240 | ACSS55

: o - Self support T .
Ubungo-Tlala#1 | 7.5 | -1 | Horizontal [}y ACSR 150 | Steel 50
g ST 7 _ - | Self support : .
Ubungo-ffala#2 - | 75 | I Vertical 1 ACSR240 [ ACSS5-
o . - Self support o :
_ L o . L Horizontal .
Ubungo-Tegeta 19.5 1 Self support 10 ACSR 150 Steel 50

35 | 1 | Horizontal 10 ACSR 150 | Steel 50

Tegeta~C'fS] o

(b) 33 kV transmlssmn lmes
There are several substations, which are not fully performmg their functlons due

" to a problematic configuration of the lines feeding distribution substations. Also, there
were many superannuated lines, which require urgent repair work. Wooden poles are
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widely used as the support for fransmiission lmes although steel plpe poles are al‘;o
used in some places, The number of insulators is three pleccs/phasc The exlstmg 33
kV transmission lines in Dat es balaam and p:ob]ems in the mdmdual regions are -
described below, o -

T ablc 5.1.233 kV lmnsmmsmn lines in Dal es ?alaqm

Conductor | -
Name Longth | No.of | - size . " Remarks
(km) CCT : N : B
e s _ : (mm?).

Ubungo-wazo - = = . 182 | 1 ACSR 100
Wazo-Tegeta #1 e e 1 . ACSR 100
Wazo-Tegeta #2 o . 1.6 1 | ACSRIi00
Tegeta-Mbezi ] 84 1. .| "ACSR 100
Mbezi-Ubungo - 3 | 8.8 11 ACSR 100 : S
Ubungo-Mikocheni T 83 1. 2 ~ACSR 100 leot 2eonductors
| Mikocheni-Oysterbay 3.3 2 ACSR 100 lcet 2conductors
Oysterbay-Msasani -~ . - g 5.3 1} CACSR100 | .
| Oysterbay-llala *- - . : 6.3 2 | :ACSR 150 ! lcct 2conductors
Ubungo-Tlala #1 5 1.5 -1 ACSR 150 L
Ubungo-llala#2 .~ = = 75 ] 1 ACSR 150
Ubungo-Tandale branch © = | 1 1 | ACSRI100°
Tandale branch-Friendship 0S5 b1 | ACSR 100
Tandale branch-Tandale E 6 -2 .| . ACSR 100
Ubungo-Friendship R ) I | ACSR 100
| liala-Kariacoo =~ - 13 ACSR 100
Hala-FZ 1 N B 5 “2 [ ACSR100 | 7
| Tlala-City Center #1 - 3.9 2 | ACSR 150 | 'lcet 2conductors
| llala-City Center #2 = a 28 1. 1 | ACSR100 | lcct2conductors
City Center-Sokoine . 3 1 CACSRI00 |
llala-Kurasini . - - - 7.1 2 150/100/50 icet 2conductors
Kurasini-Chang’ombe branch - - 2 - 1 "ACSR 120 - :
| Chang’ombe branch-FZ1 - - - 45 | -1 ACSR 120
Chang’ombe branch-Chang’ ombe 1 1 ACSR 50 .
Kurasini-Kigamboni - - |4 1 . | ACSR 100
Kigamboni-TIPER . -~ 0.9 -1 ACSR S50
Kurasini-Mbagala 9.2 1 ACSR 100
Ubungo-TAZARA . - 1.8 1 7] ACSR 100
Ubungo-TAZARA branch -~ - "1 7.5 -1 ACSR 100 -
TAZARA branch-ALAF ' 92 1 JACSR 100
TAZARA branch-TAZARA ~ 0.1 1 ACSR 100 I
Dbungo-FZIF 7 2 "ACSR 120 1cet 2conductor
FZIU-FZ1I . 10 1 - ACSR 100
FZUII-FZ 1 59 1 ACSR 100

(1) Kmondom North RCUIOH

® The Ubungo-Wazo transmission line is open ‘at the Ubung,o 31de because of a
trouble with the oil circuit breaker at the Ubunco side. Since several pole -
transformers are connected to this transmission line, power-is fransmitted from
the Wazo side. There are many rotten supports (wooden poles) which need to be
replaced with new ones. However, the bushes, etc. prevent vehicle access to
them, making it difficult to replace them. TANESCO says that-this transmission
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line cannot be fxboh‘;hcd even in thc, futme since it serves as a bypass for another '

transmission line.
The Ubungo- Mtkochem fransmission line lns a limited (ransmission capacny
since the 185 mm outgoing cable at the Ubungo side hdS failed and a tempomry

~ cable (120 mm’ or 90 mm?) is substituted.
®

The Ubungo-Mbezi S/S {ransmission line is not in use now.
At present, Oysterbay and Msasani are fed from Tlala, Mikocheni from Ubungo,
and Mbezi from. Tegeta. In order to permit Tegeta to feed Mikocheni and

" Msasani so as to improve the rehablhty of power supply, it is necessary to effect
a tap change at Mbezi,- Mikocheni, and Msasani’ because the Icgetaanem
' transmlssmn line is too small for the purpose (ACSR 100 mm® x2).

(11) Kmondom South Reglon .

Rehqblhtatlon of the Ubungo S/S that fecds distribution substatlom in this

_ reglon over a 33 kV transmission ling has been started. It scems, therefore, that -

repair and expansion of the 33'kV interconnecting Imes and dxsmbutlon lines

~ 'will be carried out p1eferent1ally in the future.
© Construction of a new 33 kV interconnecting line involves dlfﬁculty in securing

a line route. Therefore, we consider that TANESCO should avoid this problem
(i.e. dlfﬁculty in securing a line construction site in a densely—populatcd area)
by increasing the capacity of some ex1st1ng interconnecting lines, llke the
Ubungo-llala lme by means of xenewal of ‘;upport‘: conduotors, ete. :

(m) Tlala Reg10n o

The FZ III-FZ | transmissmn hne has a iarge transmlssmn loss due to defectwe _'
condnctor connection, etc. TANESCO says that it wants to donble the conductor -
in the future. The company also wants to change part of the route of the

- transmission line to a route along the Nycrere road. The reason for this is that the .

area around the F7.18/S is so crowded with small houses that 1t prevents vehlclc

_access, making the maintenance work there difficult. |

The llala-FZ I traismission line is difficult to maintain bécause there are valleys
and densely—populated areas on the route.

The Ubungo FZ 1 transmission litie has many trees: ‘;tandmg very close to the

line. - .+

TANESCO says that it W'lntS to double the conductor (ACSR 100 mm* x 2) in
~ the FZ HI-FZ1- Chang ombe section. .

(w) Temeke Region

The Chang’ombe 1Srn0rmally fed by the Ilala via the FZ I, If the FZ 1 is switched

- to the ¥Z III 8/S ‘that has larger supply capacity, a voltage drop occurs. This is

duetoa problem with the 33 kV interconnecting line between the FZ [1I and FZ
The FZ HI that was completed last year with the cooperation of the Japanese
government uses 132 kV and its 33 kV feeder has sufficient supply capacity. -
Therefore, it is time to plan improvement/reinforcement of the 33 kV line
linking the FZ 1II, FZ 1, Chang’ombe, Kigamboni, and Mbagala Substations to
increase its eapacity. (Introducing ACSR 240 mm? should be discussed at the
same time.) : :
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(2) Planned transm:ss:on lines
(a) 132 kV transmlsswn lmes '

(i) Ubungo-New Oysterbay (new lme mltlaliy smgie clrcult then expandcd to
double circuits; condyctor ACSR 240 mm?; line length 8.5 km)

- In Mikocheni Reglon where there are plans to construct Amencan Lmbwssy, . '

hote[s and c;hoppmg centers in the future, it is expected that the demand for electric

power will increase. Because of this, TANESCO has plans to construct i this region
a new substation and a new 132 kV transmission line between the. Ubungo and the
- new substation. Therefore, we conducted a survey. of the Ubungo-New Oysterbay -

" route (plarined by TANESCO) and discussed probiems wé found with TANESCO.
' The outline of the route survey and dlseussxons is given below : : o

(1) 1 Outlme of route survey

TANESCO plans to construct the No 1 sleel tower on the parkmg lot north of .- ,' |

- the Ubungo S/8 and lead the tra11sm1351on Ime out towald the Morogom road
- (regional road) o

The transrmssxon lme Crosses over the Morogoro road between the No: 1 and No i

2 steel towets. The crossover point is near the intersection of the Morogoro road-
and another mam t0ad (S‘tm Nujom'l road) where the pedesluan and wheel
 traffic is brisk. X
- The planned -site for the No 2 steel towel is sxtuated m an area erowded wnth
“small houses. o - :

Between P46 and P45 (: Pomt ot survey) the trammissnon lme crosses over thc

- 8am Nujoma road to the east. Then, it runs along the east side of the Sam
‘Nujoma road up to P41. On the west side of the Sam Nujoma road, ‘the existing
33 kV and 11 kV transmission lines run in parallel w1th the p]anned 132 kv

transmission line route. .
In the section between P45A and P41A the transm1331en line runs over the land

. owned by Tanzania Telecommumcat;ons Company, a cement plant, and many

residential areas.

Between P41A and P33, the t;ansmlssmn Ime Crosses over the Sam Nuloma road '
to the west. : _
The land between pear P33 and near Pl 7 is contro!led by the Tanzaman nuhtary,
hence we were accompanied by a military officer during the route survey. -

Between P32 and P27, the transmlssmn Ime crosses over the Bagamoyo road
(reg;onal road). : :

In the area qround P22, the transmxssmn hne passes over a hlgh grade res;dentlal ;
district.

Between P17 and P14A, lhe transmission line Crosses over the old Bag,amoyo'

road (main road).

In the section between P14A and P8A, the transmlssmn llne passes over a
residential area. _

Then, the transmission line runs in front of the Kmondom North Regional Ofﬁce
to be led into the New Oysterbay S/S,

(1)—2 Outlme of dlseussmns

Concerning the above transmission line route planned by TANESCO the Study

-94.



CHAPTER 5 PRESENT CONDIT!ONS PROBLEMS AND PROPOSED REHABILITATION OF
: ~_ TRANSMISSION, SUBSTATION AND DESTRIBUTION FACILITIES .

Team nnde the followmg comments and presented its 1ecommended route (see Fig,
5.1.1).

® It is necessaly to relocate the ex15tmg commumeatlon antenna 1t the outgomg
point of the Ubungo S/S. L
. ®  Considering the equipment [ayout of the substatlon it is necessory to review ihe
~ 'position of the No. 1 steel tower.
- ®  On the ¢éast side of the Sam Nujoma road between P45A and P41A there are
- many factories and houses, hence it is considered difficult to secure the
necessary site. It is, therefore, neccssary to restudy the route that passes over the
- grounds of the University of Dar es Salaam on the west side of the Sam Nujoma
“road. (IANESCO says that it received a negative reply when it asked the
~ universily if it would be possible to construct a transmission line whleh passes '
. over the university’s grounds. However, details are unknown)
® In the P41A-P32 scction, the transmlssmn line shouid be led direetly 1o P?2
_ _(P33 should be bypassed )] ' :
'@  Since P22 is situated in a high-grade 1esxden’uai area, 1t needs to be moved near
" the river flowing through the east side of the area,
® Since the P12-P8A section passes through a resndennal area, 1t is necessory to
© 1 restudy the alternative route on the coast side. _
© @ The P6A-New Oysterbay S/8 section should be changed to a route passmg the .
SR back. side of the Kinondoni North Regional Office to the New Oysterbay S/S. ;
®  The route of this transmission line should not be decided by distance alone. It is
e necessary to avoid ploblematlc points (in terms of planned s;tes and topography)
- . by arranging angle towers as required.
@ Concerning the route of this transmission line, it was recorded on the minutes
~ that TANESCO would discuss it further giving eons1derat10n to the comments of
_the Study Team and make preparahons for commencement of the construction
work

) (u) I‘Z, III Yombo Mbagala-Kuraelm llala (new hne nutlally single c1reu1t then
expanded to double circuits; conductor ACSR 240 mm?; line length 44.5 km)

. A new 132 kV FZ 1II-Yombo- Mbagala Kurasini- Ilala transmission line shall be

_constructed and a loop shall be formed with the Ubungo-Yombo-Ilala transmission

line to improve the reliability of power supply and contribute to the supply of power

to the southern part of Dar es Salaam. Although a large tract of land for a substation

- has been secured in Yombo Region, the transmission line route has not been decided

' yet.' . RS I

. (111) Ubungo Ilala (addltion of one 01rcu1t eonductor ACSR 240 mm?; line length 7.5
Ckm) -

X The exnstmg Ubungo {lala t13nsm1ssmn line shall be expanded to improve the

- reliability of power supply. Since the existing steel towers are designed to hold double
circuits, only -insulators and conductors need to be procured. Therefore, it is
con31dered that the expansmn work can be carried out easily.

(b) 33 kY transmlssmn lme _
For the 33 kV transmission line expanswn plan in Dar es s Salaam, see 7.2.3 4]

; (aj.
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_5 1 2 "Subqtatlon Fac:|||t|es

_ B'\&imlly, the present condxtlons and problems of suquuons in lfm,mnm are nearly '
the same in Dar es Salaam, Arusha, and Moshi, - : = _
On the whole, substations and substation equlpm&,nt which were consuucted or
justalled before 1990 have perfmmance problems.
‘ In particular, quite a few of those which were constructed bcfote 1970 have serious
ploblems on usual daily operation to be performed smoothly. : .
. - Before making a detailed evaluation of the substation facilities in tho individual
reglons of Dar es Salaam, we shall describe below the items, method, and bases of
ev'liuatxon of eqmpment and the mcthod of scoung the 111d1v1dua1 facilities.

' (1) Evaluataon of detenoratlon of substatlon facuhﬂes in Tanzama
: In the study for rehabilitation of the distribution facilities in the principal cities Of '
Tanzania, we shall deﬁnc bases and ‘method of evaluahon of the relevant substation
facilities. : .
- In order to dlagnose and evaluate the detcrlozanon of substatlon facﬂmes 1t isan

‘essential prerequisite that there exist data which .indicate the trends of deterioration
quantitatively. For example the remaining life of a given device can be esumated with .
- reasonable accuracy only as long as the device has been inspected and maintained
.. periodically and the inspection record is well kept. However, for the substation facilities
- under cons1derat10n such data are almost nonexistent. Therefore, we should say that
. estimating the remammg l1fc of cach 1nd1v1dual dewce accurately involves consulemble

dlfﬁculty ’

- The evaluation pohcy and ba‘;m criteria we adoptcd in the prescnt study takmg the -
- above snuauon mto consideration are described below.

(2) Eva!uation pohcy o
On the whole, the substation facxilties in Tanzania are msufﬂcwnt in telms of both
installed capacity and reliability.” Therefore, the existing facilities should be used as
effectively as possible. Namely, the substation facilities shall be evaluated on the premise
that they continue to be used as long as possnble :
-+ Thus, the major premiscs arc: :
._ Prevention of fires and other disasters
. ®  Prevention of breakdown of devices -
® Prevention of long—time forced outage due to shortage of Spare parts or substxtuﬂon
‘ parts . :
* And the basic evaluatlon pollcy is:
X I Expectmg as Iong a remammg life as possible.

- (3) Method of deter:orat;on evaluat:on and base of judgment
For each device or each type of device (if there are two or more e types of device),
' the fo]lowmg base of judgment of deterioration shall be used

(a) Transformer _ -
(1) Method of deterioration evaluation :
- The transformer gradually deteriorates due to the effects of not only oxygen,
moistute, etc. which reside in it in the manufacturing process but also oxygen and
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monsture whroh g:,et mto 1t during a loug perlod of opor ation, = _
In addition, the transformer insulating material g gradually deteri torates and ages

~ on insalation due to the effects of mechanical vibration, temperature rise; etc. duting
transformer operation.” Furthermore, a combustible gas generated inside the
transformer accelerates the deterrorat;on in performance such as the deteri 1orat10n of

msulatron and the increase in mechanical vibration. C _

- As the transformer performance detetiorates to a certatn degiee the danger of
transformer breakdown caused by an abnormal voltage due to a lightning, switching

- surge, cte. or by an clectrical/mechanical stress, such as the electromagnetlo force ‘
during an external shott circuit, begins to tncrease sharply.

o Normally, the transformer life refers to the period from the time when the

transformer is put into- operatron till the time when the above danger increasés so

- much that the transformer no longer meets its bagic performanee speCIﬂcatlons suoh

as the initial withstand voltage. : .

* However, even when an overall- evaluatlon is made of the results of perlodlcal'
inspections and such data as propertics of insulating oil, dissolved gas in oil, etc.
collected for a long period of time, itis extremely difficult to predlct the transformer
life accurately unless they reveal some marked frends. - - : :
' Besides, concerning the transformers under consideration, there are:- no data :

' about their internal 1nsulation such as results of analysxs of insulating oil propertres

+ dissolved gas in oil, etc., since the time when they were put into operat1on although

~ these. data are consrdered vitally nnportant wheén it comes to- estimating the
transformer life. Therefore, it is impossible to evaluate transformer deterroratton that
compared with in light of some quantitative base of judgment BT :

Aside from the actual years of operation of the individual transformers the only :
available information that is considered useful for the evaluation of transformer -
deterioration is the record of whether or not the tlansformms have experrenced an
overload opemtlon ' : :

In view of the above oondmons we deolded to assume the transformer lrfe to be

_the life that can be expected of an ordinary power fransformer, consider critical
matters related to the transformer internal insulation on the basis of the present - -
condition of transformer’ operation at “TANESCO, set a base of deterioration
‘evaluation, evaluate the transformer deterlmatlon on that base, and complle the -
results of evaluation.

Concretely, as descrlbed below we ﬁrst esttm'lte the transformer 1nternal o

. deterioration from the Operatmg environment and actual operating condltron of each
of the transformers under consideration, and then estimate the life expectancy of the )
transforimer taking into consideration the transfonner external condition.

¢ - All the transformers under consideration were manufactured in accordance with
the IEC or equivalent standard. lhcrefore we assume that eaeh of them has a
certain life. ' : : ‘ C
® [n estimating the life of each transformer we measure the drfference between the
operating condition specified by the standard and the actual operatmg condition
“of the transformer.
® [n addition, we evaluate the actual operatmg condltlon of the transformer to
determine whether or not it affects the life expectancy of the transformer. .
® We make an overall evaluation of the degree of transformer detenoratlon from
the appearances of the transformer proper and accessories. : '
@ Then, we evaluate the deterloratron in performance from the presence or absence
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of oil leak from the tmanouncx plopm/'wccssoues and discoloration of the
msuldtmg oil. :

- (if) Fvaluatlon items and base of evaluation - _
The oil-immersed tansformer is divided largely into an inter nal part and an
external pfnt The internal part consists mainly of a core, coils, lead wires, and a tap -
© changer (diverter switch). These components are made of conductors and insulating
~‘materials, such as insulating oil, msula’ung paper, and pressbomd T he extemal part
consists of an iron tank and accessories.
- The deterioration of cach of those components shall be cvaluatcd by the rnethod
- described above, and the degree of deterioration shall be judged in light of the base of
~evaluation. If the degrec of detenoratlon ofa component has reached a certain limit, it
s Judged that the component can no longer be used for a long time,
. The transformers under consideration must have been manufactured in
accordance with the IEC or equivalent standard and must have p‘issed the tests
"~ specified by the standard. :
Therefore, it can reasonably be cxpected that these transformers w1ll have a life
. of at least 25 to 30 years as long as they are opeiated under the specified working
_ condition and w1th1n their ratlngs and given proper maintenance (e. g purlficatlon of
the msuldtlng oil). . '
However, if the actual working. condmon has been unusually severe due 1o
_harsh weather conditions, ctc. or the transformer has been subjected to an ove;load
1epeatedly, the transformer life naturally becomes shorter. -
) . Table 5.1.3 shows the evaluation items, deterioration phenomena contents of
" faults which can ‘occur when deterioration phenomena develop, and bases of
deteuoratlon evaluatlon : :
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' lable S 1 3 Transformcr evaluation ttems and bases of detenomt;on avaluatmn

Nu. l*vnh!anon Classifica - Deterioration phenonenon Ultirnate Base of deterioration evaluation, etc,
item - tion Type . Effect résult
Applicadl ! T
pplicable . : :
i standard in Entire TR | — . 251630 years ofhfc 1FTR is opcratcd
- manufactur | : undcr stand’lrd opcrauon CDndlllOﬂS
e . - S
- - -Increase in amount
o Annual average fem, in Tanzania is 25
- o g?t?:rr[i]:;:atinn (it gfldassolvcd gﬂs in s deg, \\hergﬂs standard average amiual
Awmbient i N Er s TR : coe | templis 20 deg. - However, we assume
2 femperature Entl.rc ™) ;;T;E::;Iﬁ]fglp 18 pigf;:fxg,:gon : Shorter life 1fhal this d!fferelnccbls ncgllg:b!? becziuse
L : : there is a time ag between load peak
standard vnluc). : gi%;crc qumiatmg and temp. peak, -
o -Inereasc in amount ) . R e
Thermal of dissolved gas 1n : It cnn ke considcrcd that 30% overload
Overload L deterioration (if oil -« | lasting for. about 3 hours will nol affect
3| onesation Entire TR | ambient temgp. is -Decrgase in - Shorter life | TR lite. . 50% overload lasting for
iy ) higher than polymerization - .| about 3 hours reduces ’I‘R life by aboui 3
i standard value) dégree of insulating chys each tinie.
- paper -
. -Increase in
- R I vibration o :
4 - | Core Int. Parts égz?l];?!m oni _-Local heat-up Shorter life }:Jor:gs;:(l”;:)lrauonfnomc may mdicaic
. : Co = -Increase in amount : y ‘
i of gas in oil : L ]
o ] e -lrll)ur_casc in e CO&E detc{:orahon is! %’xtremely difficult
: S o -Thermal vibration - Lontrin - | todetect by cxtemal diagnosis. It needs
5 Coil Int. Parts | -deterioration -Local heat-up bDrf::kecdtc:iﬁn -10 b¢ evaluated bascd on results of -
: -Partial discherge -Itpcrease i amount aitalysis of msulatmg oll propemcs and
] B of gas in oil ‘pasinoil. -
: o =Increase in . Cofl deferidration 1s exlremcly diTioult
_ e - ~Thermal - vibration . Diclectric to defect by exteinal diagnosis: It needs
& Lead wire trl. Parts | deterioration -Local heat-up ‘breakdown | ¢ be evaltatéd based on cesults of -
S - -Partin discharge .-}{x_ncre&sc clynl amount " nna!,}s:gﬂof msuhtmo oil properlws and
i ‘| ofgasinoi pas in
Thermal -Decline in dle!cclm Insulating oil deierlorauon is extremei ’
TR - . detestoration strength o | difficult to detect by external analysis, li
7 fstlatin Insulating | oo o discharge : -Occurrc_nce of Dielectri¢ -~ | needs 16 be evaluated based on resnlis of
oil g material Moistire 7| partial discharge breakdown | analysis of insulaling oil properties, -
: e ¥ -Generation of E measurement of moisture in oil, and
absorption combustible gas ._|_analysis of dissolved gas in oil. '
-Roughening of - R ;
On-load tap ] Wear - contact surface ;ﬁ%ﬁhm Electncal Itfe of tap changer is 100,000
8 changer int. Parts | -Corrosion (silver | -Iicrease in contact Dicleelrié {6 201,000 operations at best, and same
3 : suffide) n:sm!ann:l?f breakdown | 1S frue ofllt‘c ofauullary devices.
: -Heat-up/fusion :
If hot line 01! filtor £ ot installed oris
-Thermal sﬁ:gg?lf in dleleclrlc inoperative, insulating oil must be
Tap changer .} deteijpration “Oceurrence of Diclectric replaced 01 cleaned. Even if oif cleaner - -
9 iqlsulatmg Int. Parts -rlz:[ulial discharge partial discharge breakdown' | 1% n‘g?mai, it is ;1ccc€saw fo check
of -Moislure oo : performance of oil by analyzing its
absorption cgﬁrlfgg:;gll; ;is ’ withstand voltage, degree of oxidation,
) : and moisture content. :
P R o -Oil leak
Tank and . ;Eﬁg:z”g;gn due -Decline in elasticity | -Insulating [ 1foilis leaking, gasket h[‘e has already
10 | gasket Ext Part | o oy on due | -Deformation/ gil | expired. Gasket life is s normally 15 to20
- . cracking clerioratio years
to aging . it :
: n
-Thermal . . .
o -Decling in sm.nuth | Deteriocatio N :
1 gﬁg;ﬁ Ir:g_?lr Ace f'éﬁﬁg:fé:g" -Cracking nof When appearance is normal, check
, ‘ ¥ o -Oxidation of insulating insutating oil properties.
type) deterioration : Hon o 1sulat 511k 0
. —Fatigue insulating oil oil Lo S
) -Contantination . : .
. -Damage caused Decling in inswlation | Dielectric Bushing \\hmh has becn badly d'lmaged
12 | Bushing Acey. by sorne foreign performance breakdown | needs to be replaced
) objeet, cle : :
Cooling -Rusting - N Oil temp. Couter wh:ch has been badly damaged
13 device Acey. ~Cracking Temperature rise rise needs to be repaired,
Pressure f ’
. ' -Cracking ; . . If device is leaking oil, if needs to he
14 Etgglaséng Accy. Breakdown Qi leak Qil leak replaced. i _
) : : Inability Lo
; ! : Inability to measure | protect CT \\hlch is mcapable of measuring
5 1 CT Accy. D'Sa_bled function current TR/monitor | current noeds to be rcp‘\m_d
: : cuerent
. s - Inability to 7
-MNo operation -Inability to monitor
16 | Instruments | Accy. -Inability to -Inability to issue grasp TR [nstruments \shtch are not functioning
indicate values alarm opegqt!on need Lo be repaired.
condifion
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K (111) Scormg mcthod _
Each of the above items shall be checked by the appropriate base of evaluation,
“and the life expectancy of each transformer shall be ranked based on the result of an

“overall evaluation of those iteras, Then, the emelgency of rehabilitation oi‘ each
_ transfomler slnll bc evaluated. :

Table 5.1 4 ludg,ment of tramformer deterloiatlon

Yo | uem Degree of superannuationfaging deterioration/performance declmc (pts Remarks
5 4 -3 2 1 0
Do More o . TRs which have been
1 Years in thait 30 25030 Wto25 ] ) - in operation for less
use cars years years than 15 years ate lefi
yei . . out of consideration,
More : Less -
. o than 55% - 40%-50% i 20%-30% than " { More than 50% OL
9 | Overload |-and/or OL for 30%-40% OL for | o0 6ad for about | 26% OL { con cause insulating
| opeeation | Lhe .| about3 about 3 hrs 3 hirs - ! for paper to chenOralc
o excepl . hrs . about 3 markediy. :
accident . ) : hrs -
S S Unusml sound may
3 l:)rbt[l]sdua_! Yes - No indicate serioys int. .
: : : defect. :
o e No Unusual vibration
4 Vibration - --- - Unusual vibration -- vibration indicates serious
: - R ‘ internal defect,

.| Leakof Large amount of | (~ypcigerable Oil leak from TR

. ™ - il teak from two amount of oil No oil upper part indicatcs

3 insufating ?_r 1111%1"?]])91!;1{15, leak, but not from | leak strong possibility of
oil l:;fplc!r Ipagr( TR wpper part : moisture abserption.

' Large amount of | : . . PR
.| Qi léak oil leak from Lwo Considerable Oil leak from TR
from on- . amount of oil upper parl indicates

5 | load tap ?;c?b%riflp?r'gls’ leak, but not from strong possibility of -
changer upper pa%t | TR upper part moisture absorption.

. i Hot linc il filter
g;%[iﬁmes is absent or in
load ta trouble, cansing
7 clllang‘c‘; ‘insulating oil -
Cnsulatin deterioration  Oil
oil - B property test is
required, :
Conservat Conservator has : : Abnormal conscrvdtor
8 o been damaged of | Normal * | can cause insulator oil
condition : : doés not function, deterioration,
Bushin Bushing has béen | Bushing has been Abnonnal bushing
9 Cﬂﬂdiﬁgli badly damaged. partly damaged. Normal Ean iz(liusc diclectric
: L . reakdown.
Cooling Largo amount oF | ¢opgiderable Oil leak from TR
N A t of oil upper part indicates -
10 | device of more poinis, armou MNormal . rTih
| condition including TR - !lg}_a{k, but not from stiong pusii_bxhl%f of
" upper part upper part moisture abSorption.
| Pressure . .

1 l rclcpsiug Device has been Normal é;lzl[;gr;sggl!?\?i‘:c%ﬁan
device damaged. "1 Geterioration.
condition '

- Protective and
oT CT has been -+ | measuring circuits fail
i2 con dm on damaged or does Normial  { to function and device
not function. safety cannot be
: secured.
Insirumen Enstrument has . Device condition

LEI I S been damaged or | Normal | cannot be grasped

condition does not function. quantilatively.

(b) Circuit breakers

- (i) Method of deterioration evaluat:on

" The circuit breaker plays a number of critlcally important roles m eIcctrlcal
“equipment operation, such as switching the load current, interrupting a fault current

caused by a lightning stroke, and disconnecting a failed device from the circuit during
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a short-circuit fault so as to prevent breakdown of the devxce :
-Therefore, a defective circuit breaker can cause not only a vcxy serious troublc
in equipment opc:alxon but also a breakdown of even sound equipment as a result of
an accident with some dewcc Thus, it cannot be left unrepaned even f01 a shmt
period of time, : : :
The detcrioration of a circuit breaker is mamly deteuoxanon in elocmcal
: 'pezfmmance such as a decline in the mtcnpolc insulation performance against the
~ ground withstand voltage in a steady state or in a lightning stroke accident or against -
- the transient recovery voltage during elimination of an accident. (thls is the principal
__role of circuit breaker) or a decline in the conducting performance caused by wear of -
the’ breakmg part due mainly to a thermal stress from 1011g -time conductlon or arc
- energy produced during climination of an accident. , _
: In addition, for ¢conomical reasons, the arc- extmgulshmg part of a CllCUlt'
. breaker that consists of contacts for interruption, an arc-extinguishing chamber which
-~ controls the insulation medium’ by a combination of the contacts, etc. is normally
made as small as the clectrlcal perfblmance requirement permits. Because of this, the
interrupting ‘contact operating speed is requned to be very fast, and the mechamcal
- force required of the mechanism that operates the interrupting contact 1nstantaneou°»iy B
s very large. This is the principal factor in the mechamcal dcterloratmn of a c1rcu1t :
~ breaker which is used for a long period of time, - PR g
' As the electrical deterioration of a circuit breaker develops an overhcat ,
'mterruptlon failure, dielectric breakdown, etc. can oceur in the worst case, pleven’ung :
the circuit breaker fmm functioning properly. This in turn can cauee a vexy sericus
acmdent such as a fire or a breakdown of sound equipment. - -

The mechanical deterioration of a circuit breaker may be a decline i in Operatmg o

speed due to insufficient mcchamcal force of the opetating mechanism, a decrease in -

- operating stroke, etc, In this case, the mechanical force required to operate the -
interrupting contact’ properly cannot be obtamed As‘a result, like (he electrical
deterioration, the mechanical deterioration can cause a very serious accident, i

The phenomene that indicate electrical or mechanical deterxoratmn of a cm,ult -
breaker are shown in F1g 5. 1 2.

Dielectric

breakdown |
Deterioration in electrical o p| Overheat .
performance - o R : /fusion
T . : o . —» In'tcffuption
Deterioration in mechanical L Defectgve L failure
performance . -1 Operation o

Fig. 5.1 2 Deterioration of circuit breaker - -
‘ . There are seVéral types of circuit breakers: the air blast circuit breaker that uses
complessed air as the insulation medium, the oil circuit breaker that uses insulating

oil, the gas circuit breaker that normally uses hexavalent sulfur fluoride (8F,), etc. In
addition, there is the vacuum circuit breaker that uses a vacuum valve in the
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interrupting part. Accordmg to the insulation mcdlum used, circuit brcak_crs_wadely
vary in interrupting method, mechanism of interrupting part, and structure.
“Accordingly, different types of circuit breakers show different deterioration
phcnomena and differcrit deterioration rates. :
" In the present study, deterioration of oil circuif breakers and gas circuit blc'lkcns
- which are widely used in TANESCO’s power supply system shall be evaluated. '
- During factory shipinent, every circuit breaker is subjected to basic
" perforthance tests—dielectric strength test, interruption test, and conduction test. In -
. addition, the swﬂchmg operation characteristic of each circuit breaker is measured to
~“confirm the operations of the operating circuit, drive unit, and mterluptmg unit,
However, as circuit breakers are used for a long period of time, they are subject (o
aging deteﬂo:ation due to the thermal stress during conduction, the wear of
interrupting contacts, the mechanical deterioration of the operating mechanism, etc.
. Therefore, it is necessary to routinely check the circuit breakers for abnormal
conditions (appearance inspection) so as to maintain their performance To diagnose
- their functions, including the function of the interrupting part, it is necessary to carry
~out internal inspection‘and operation tests every 6 years or so. Based on the results of
inspections and tests, defective components must be rcplaced to ensuré that the cm;mt
: :breakers always function propérly, - : :
‘Nevertheless, the above mspectiom have not been cartied out sufﬁmently, and
records of inspéction results and fault current interruptions are not kept. Therefore,

“whether it is safe to” continuic using cach of the individual circuit breakers in the future

shall be determined mainly from the pcnod of use of the cireuit breaker, estimated
* numbers of times of load switching and interruption, appearance of the circuit breaker,
~and condition of the operating mechanism, with consideration given to the ease of
- replacemcnt/zepatr of inferrupting contacts and’ the avazfabrhty of replacement parts
for consumable mechamccil parts '

e (11) Eva!uatlon items and bases of cvaiudtion
g The circuit breakeis under consideration must have been manufaciured in
“accordance with the IEC or equwa]ent standard and have passed the tests qpemﬁed by
the standard. - :

. T herefore it is safe to say that those circuit breakers havc a life of at least 25 fo
30 years as long as they are used in the specified working condition and within their
ratings and subjected to the specified mspectmn and replacement of parts.

‘However, as the circuit breakers are used for a long period of time, their life

o wﬂl decrease due to: (1) contact wear caused by fault current interruption, (2) contact

~wear caused by load current interruption, (3) gaskbt fatigue caused by temperature
stress, and (4) deterloratlon of the operating mechamsm caused by aging and

operation. .
" For each type of circuit breaker the bases of evaluatlon of the above items are
' shown below : :

glgn_ tﬂgt hf@ dg_tgrm; ggl by m current in Igl;mplmn

- 1t is the contact of the circuit breaker that poses a serious problem when it
. wears and is damaged whlie in use. The contact life is mﬂuenced most by the amount
of its wear.
- The amount of contact wear can be calculatcd by using the followmg equation.
The calculated value agrees weli w1th thc measured va[ue
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V=0r-!ﬂ-t

where V denotes the amount of wear o and B constants determmed by -
“contact materials, etc.; and (, arcing time. The value of B is approxrmately 1.6.

~ The contact life determined by contact wear varies according to the type of

cirouit breaker. Generally speaking, the number of times of current interruption that .

causes the critical amount of contact wear is as shown below. At the time when the

~ critical amount of contact wear is reached the contaet shall be subjected to mterml -

. dmgnosrs and repldced as requlred '

Crrtrcal number of trmes of 1nterruptxon of rated mtermptmg current for gas
 cirouit breaker: 10 .
< Critical number of times of mterruptlon of rated mtenuptmg current for oil
_mreurt breaker 4 ' c .

It should be notcd however that for the olroult brefikers under consrderatron
- the actual fault current relative to, the rated interrupting current that needs to be .
o consrdered is not more than 50% for al132 kV crrcurt and not more than 40% fora33 -
- kV circuit, :
lherefore ‘the actual crrtrca number of times of fauit current mterruptron is
calculated as (rated 1nterruptmg current/actual mterruptmg current) f3. Thus

, Actuai crltrcal number of times of fault current 1nterruptron for gas circuit

- breaker: Approx. 30

' ~ Actual critical number of times of fault current mtenuptron for 01] gas errcurt
breaker; Approx. 12 '

@mmm&hmwmﬂpum
Approx. 1,000 to 2,000 times of intetrruption for gas circuit breaker
Approx. 500 to 1,000 times of interruption for 011 01rcu1t breaker .

Q_as_etiu:
- The gasket has a life of at least 20 years. It should be noted however that a
gasket which is le.;kag olI needs to be replaced wrthout delay

The operatrng meohanlsm has a lrfe of at least 5 000 trmes of operatlon as Iong
as worn parts are replaced and the specified parts are lubricated every 3 to 6 years, - -

For each type of circuit breaker, the evaluation items and bases of detertoratlon
evaluation arc shown below. :
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“Table 5. 1 5 Evalmtlon items and bases of Judgtmnt for gas circuit breaker

No Fvaluation "} Classifica Delerioration phenomenon Ulimate Base of deteriogai tati "
! itemn tion Type Elfect result asc of delerioration cvaluatton, clc.
' Q?ﬁéﬁ‘:}’:ﬁ ' CH can be used for 25 to 30 years as
l ml'mut"lclur Entire CB | ——— e e long as it is operated under specificd
_ c( i R . conditions, . .
Ambient | oo e | Thermal : There are no problems under working
2 temperature Entire CB -deterioration Overheat Bumout condition of CB under consideralion.
i : : : . s There are no special problems since
3 8;;{!3?{11 Enlire CB :!rg‘érr‘:{‘;?}m - Overheat Burnout there is difference belween rated currcnt
- : ¢ : : . and actual opemung current,
-Hleat-up due to -Oveeheat .
| e | EEE o | Dol | bt ene
o [ menvpting | b | eerohaiiig | conduminly perfonang | Guren infrruption has exceeded 30,
) unit - art ) Dectine in o> Overall inspection is required if
part intercunti eumudative number of Limes of rated
. pling [ntcrmpuon ST
L pcrl‘ormancc failure load switching has exceeded 1000.
. Operating . aAgmg Defoct -Slow o - ‘
: o Y, Diélective opcralmn P _ - : :
5 Et;({:‘chams:.n Int/Ext, (I\n':vg‘rl:rora_tmn -I;:cclme in fi‘l‘l':g’]“"g -Hidge by operating speed, defective
interrupting Parts “Bumout . l?\)figl":ﬁglr:{%c -Operation q)cratiﬂﬂ, and qpcrutlon failure.
whit} -Lubricant runout - [ P failure
- - N P -Gas leak : : .
Insulating - E-Contamination i PP Diclectric Judge by presence or absence of
6 tubes Ext. Pats -Damage igﬁ&'&fnon m breakdown damage/gas leak.
- : LT Decline in Judge by presence or absencc ofg'ls
7 Tank - Ext. Parts | Corrosion airtightriess Gas leak leak,
1 L Decling in . Judge by presence or abscncc ofg'ls
8 Gaskets_ .| Bxt, Parts Cu_rrosmn airtightricss Gias leak leak,
Operating v ]
mechanism -Aging o Slow : SR : : :
.| (linking R delcnom_llon -Defective operation switching -Judge by presence or absence of leak of
9 mechanism, “Ext. Parts Wear -Decling in - specd driving compressed aitfoperating oil.
; operating e -Burnout inferrupting (p) cration | ~Judse by switching spced and opcntmg
air, spring, -Airfoil leak performance Tailure condmon i
oroil -Luh jcant ruuont C ! . :
COmpressor)
o | sAging ~Defective operation ;?Jic{‘:;,ing -Judge by inspection réaults :
10 gl‘r’(‘:"ltlf:" Ext. Parts ?Bté’rre‘gm‘é“" lgzg:l'l‘i.::‘g Sicj)cp%dratio -J u(i!g:: by operating speed and operating
- : : A > - 0 | condition.
: elcctrical circuit performance failure
Table 5.1.6 Evaluation items and bases of judgment for ail circuit breaker

airtightness

Mo, | Evaluation Classifica Detetioration phenomenoh Uttimate Base of deterioration cval 1i6. ét
No. | e " tion Type Eifect result ase of deterioration gvaluation, etc.
) Qggcl":ﬁjbfﬁ : o : CB can be vsed for 25 (o 30 years as
1 manufactur EntireCB | ———— m— — long as it is opcrated under specﬁ'cd
s . o conditions, .
: Ambient " Therma! There are no problems under working
2. femperaiure Entire cB delerioration Overheat Bumout condition of CB under consideralion.
. T o : : There are no special problems since
3 (?V;ggﬂﬂ Entire CB égzrg:faﬁ on Overheat Bumout there &s difference between rated current
pera . : : ) : and actual operating current.
_ &Efégm% ?:g(n:ll;a :gxg;it:‘?{n | Internal inspection is required if
L Wear by arcs -Decline in interrupting cumulative number of times of fault
4 Interrupting Int, Parts | -Wear of slidmg conductivity performanc current interruption has exceeded 12.
unit art -Decline in &> Gveralt inspection is required if
P L ' interrupting Intersuption cumulative nomber of times of rated
performanes failure toad switching has excecded 500.
] -Agin g ;)l;l:{glasﬂ?]:g ?!Tf;': o -For CB which has been used for long
s | Insulating | oo | deterioration of oxidation, and Dictectric tc':l’:feﬁ‘t" “)‘;hs'f:i't'c’ﬂ‘zé"g:l"g:l‘f f?i‘:]?es
oil : -Decompaosition amount of sludge --> | breakdown e instlatine oil délerioml)i{on by
caused by arcs Decline in' insulation J ? - & cries ¥
: performance analyzing ils properiics.
. . -(Gas teak . : .
Insulating -Contamination T Diefectric Judge by presence or absenee of
6 Ext. Pasts -Beterioration in ; P !
tubes -Damage insulation breakdown | 'damage/oil leak.
7 Tank Ext. Parts | Corrosion g:;ﬂgl'&gs | Qil leak fudge by presence or absence of oil leak.
8 Gaskets Ext. Parts | Corrosion Decline in Oil leak Judge by presence or absence of oil leak.
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Evaluation | Classifica Dcwrmmlion phcnomcm}n . Dltanate PR "
No. e tion Typo T Tffect resull Base of deterioration evaluation, etc.
Operating : . Lo ; :
mechanism -Aging S -Slow .
(fink B detorioration :ngfﬁ::;vﬁ.wmnm switching Ejttldgu b) spring comprcssoropcra!mg
9 2;?%?;"'3“1' Lxt. Parts :g?::{ou'l interrupting f(%cﬁgmion -Judge by opeérating spccd und opcralmg
compressot, | - . -Lubricant runoy; | Performance failure conditien. .
eie) : .
: : . -Slow .
L Control : d?&l::grwtlon _ :gggg;\rﬁlopcrallml switching —Judge by mspcehou results.
10 cireait Ext. Parts Defective intertupting h speed -Judge by operating speed and 0pcr'11mg
ST elestrical cirenitt | performance f;)l l?rré“'on. condition.

(111) Scori mg method :
- Deterioration of eaeh of the mrcult bleakers under conmderauon shall be
~evaluated item by item by the bases of judgment shown above, and the life
expectancy of each circuit bxeaker shall be ranked based on the fesult of overall
deterioration evaluation. Then the emergency of rehablhtanon of each cncmt breaker '
shall be evaluated

Table 5.1.7 Judgmerit "of deterioraﬁo’h of gas circuit breaker

o, Itein ;)cg,ree ofs_up:rann_uatlon{ngsmg deter|orat|?onfperl‘mman;:e decline (ps) o Roinarks .
- . " 7| s Which fiave been m
i Yeass in use %O;‘;;gm _Egalrc; 3(_) ) 23;;; % L - - ‘operation for less than 15 yrs
¥ ¥e : | ‘arc left out of consideration.
No.of times : o
of fault : . SRR I T R : ; Vo
: € _ _ . o ! Lo Judgment based on :
2 _?&gﬁﬁt},ﬁm - - e -%orc than 301040 111030 - : estimated number of times
{contaci - . : _ . A B L offaull current intcrruption._
B condition) o : : .
N - _ : : _ ] J Judgment based on :
: yfo!-ogg times . o o : o . " estimated number of times
3 switching o . More than | 500 to o of load switching: One time
(contact _ C | 1,600 1,000 ) of make-break operation
condition) . o . ) : shall be assumed as one time
o : ) : of Ioad sw1tchmg
o : . Switching No
: Stohi Switching .| operation . : Switching o eration f'utures
4 g"ﬁ:ﬁ:}g‘r‘g operation | --- - | failure T g&f‘:ﬁ:ﬁf .| and record thereof are
per impossible B occurred e ERE ) Gnportant matters,
. in the past. Operalion A AR
o me?;::gtll?ti ' [ Na [ncomplele: conduction due
5 Conduction o due 10 | - defective | to defective ontact between
condition defective o - { switching | fixed and movable contacts
contact: N _ . operation | is a serial problem.
Internal : Not . j N d
inspection of Not done | ‘Not done - | Not done . Internal inspeetion geeds (o
6 intesrupting - - in24 yrs in 18 yrs in 12 yrs - ] bedoneat intervals of at
unit ar more of more or nore | least12yrs.
Inspeetion of . - | Not done Not done | Net done Lubricant needs o be -
7 operating | --- ) in k8 yrs in 12 yrs in6byisor | ~-- replenished at mtenrais of at
mechanism : . oF more or mere nore : least 6 §18. :
. There is I . . | Gasleaked | No pas Gas leak is a serious
8 Gas leak gas leak, 1T T inpast. ) leak - prablem. -
9 S?E:Tfl R o Abnormal | - e Mormal :
Availability . . Unavailabl . . ln case of stop of pmduumn
1¢ of spare parts R e Available | Normal - of spare parls, efc. -
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. Table 5.1.8 Judgment of deterioration of oil ciruit breaker

0 ati ing deferigration/performance decli {s) -
No. ltem lsjcgru, 0[‘sup:{ramrum10n/ag3mg non;) perfon rﬂl:A( ine {p 93 Remarks
: . ' . CBs which have been in
L 2 5 : A
1 Yoms in use 2@(};‘51‘:‘;" 33;&30 _ 32{2#;2 R - - .| operation for tess than 15 yrs
! ‘ : are left out of consideration.
No.of times :
of fault - ' :
‘ . o . a . Judgment bascd on
2 - fltlt:rcrtlrlion e : - L %0“' than . 13w20 . | 10t 12 cstimated number of tincs
(conmét o ) S : of fault current interruption.
condition) - ' L
o Judgment based on
. ﬁN{g){.Oggtoncs ) . h e?im;:}lcd number of {imes
etk o o .| More than ' . of load switching. One time
3 f;‘g;?m?g . - . 500 400 to 500 . of make-break operation
condi‘tion) ' o : ‘ shall be assumed as onc time
: e . : of load switching. :
. . s Switching ] . : No - : . .
S iinh i Switching IR gperation C : Switching operation failures
4 2‘}8“:::;3:]3 operation | --- - . | Failure e I gﬁgﬁ#ﬁf and record thereof are
. | operatio impossible | - | occurred. : opcratiof important matters.
) - in the past. . . - .
R i"i%‘;‘:gll]ec.‘n B T . | Ne Incomplete conduction due
5 Conduction | S " S | oo oo - defective . § to defective contact between
cofdition detective ) 0 C i switching | fixed and movable conlacts
i contact operation is a scrial problem,
. fﬂ;e?é:{m of - . . .7 | Netdone | Notdone | Noidone o " | Tntemal inspection necds to
13 lntgml tin - van 2] in 24 yis in 8 yis in 12 yis .| be done at intervals of at
1. unit pting ) © 0 | ermore - | or more oF more least 12 yrs. R
| Inspectionol | .- ) } . | Notdone | Notdone | Notdone : Lubricant néeds to be -
7 operating - * | - - | in 18yrs inl2yrs | nGysor | - " | replenished at intervals of at
. | mechanism - . s of more o1 More more - - least 6 yrs. -
. . B : o There is - Ne oil Oil Icak is a serious
8 O" leak. | - o - oil leak, e leak problem,
9 g‘:&g?l I ERE Abnormal - | == L e Normal ' ) :
Availability . o s - | Unavailabl R In case of stop ofproducnon
19 ofspa:'c parts . : [ . | Avaifable | Mormal of spare parls, etc.

(c) Instrument transformers : _
' The instrument transformer of a subst'ttlon is mst’llled near the Sthchmg devrce _
to ‘measure voltage, current, and electric power. Like the transformer, the current
‘transformer with protective relay for clearing fault in power system. The instrument
transformer is so constructed that its insulation is secured by insulating oil and
insulating paper: However, the current transformer has a relatrvciy simple construction

~and many of the troubles w1th 1t are caused by dcter:omtron in a1rt1ghtness or 011

scaling. .
_ Generally speakmg, the ratmge of current transformers have a comparatwely
large allowance - for their workmg conditions and in many cases, their thermal

. deterioration that is the major factor in their internal deterloratlon is less severe than the

thermai deterloratron of transformers _
In view of the facts mentioned above, the necessny of renewmg a partlcular
instrument transformer shall be judged. by evaluatmg the followmg items. _
®  Whether or not it has been used for more than about 25 years (Like many other
. electrical devices, instrument transformers manufactured in accordance with the
IEC or equrvalen‘t standard can normally be used for 25 to 30 years.)
. Presence ot absence of damaged insulator having, etc.
® Presence or absence of marked oil leak
® Rccords of accidents and faults of i instrument transformers of the same type.
Many of the current transformers that have been used for a long perrod of time
incorporate a circuit breaker. Basrcaliy, therefore, they shall be renewed at the same
that therr mrcult breakers are renewed. -
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' (d) Stecl structures and buses : : :
_ The outdoor bus consists of a steel suucturc coppet or alummum wires, and
tension insulators and - station-post insulators which insulate the wires and fix the
~ tension bus. These outdoor bus components normally have a semi pcrmanent life unlcsq'
" they are subject to extreme salt damage and air pollution.
Namely, as long as the current capacity of the bus is not exceeded, 1t is poss1blc to
“continue using the bus ‘without any problem unless it is subjected to mechanical
damage caused by superannuatlon ot soIne other cxtemal factor, Therefore thc bascs of
~ - judgment for the outdoor bus are:
@ - Presence or absencc of some serious dcfcct of the outdoor structure causcd by -
~ natural conditions or some other external factor, :
® Presence or absence of marked corsosion of thc outdoox structure caused by salt _
~ damage, air pollution; etc. :
® Presence or absence of wires havmg msufﬁmcnt C'ipacrty _
- ® Presence or absence of wires which have deteriorated in natural cnvnonment etc.
* Presence or absence of damaged msulators elc.
. Therefore, except when the appearance of the bus has detcrnorated mdrkcdly, the
bus shall be renewed at the time when some change is made to the main cxrcmt
speclﬁcatlons or dewcc layout {e.g., msfaliatlon of addltlonal c1rcmt braakers).

(e) Transmlssmn hne protectlon pane! dcvnce pmtectmn panel and control pancl >
_ The t1ansm1ssron protection panel, device protection panel, and control panel are
3 dcsrgncd in such ‘a way that they suit the transmission line systcm conﬂguranon
* substation main circuit conﬁguratlon and devices installed in the main circuit, -
Therefore, those pancls (indoor devices) shall be rencwed at the same time that
the transmission line, main devices, switching dewccs main c:rcult componcnts of =
mstmmcnt transformcr ctc are renewed. '

(f) Enclcsed smtchboard for outgomg out drstr:butmn hne (11 kV cublcle)

* Most of the enclosed switchboards that were: mstalled before 1970 are of the
same type as those which have frequently caused serious troubles, such as ‘burnouts,
Since the production of those switchboards has already been stopped, it is no longer -
possible to obtain replacemcnt parts. It 13 thereforc neccssary to renew thc ex;stmg
switchboards as early as possible. -

_ If a burnout occurs with an enclosed swnchboard it can spread to the ad}accnt
switchboards and other switchboards installed in the control room, causing damage to a
large extent. Uniess the troubled switchboard is repaired 1mmed1atciy, it wilf have to bc
shut down for a long period of time.

Thus, the enclosed switchboards under con51dcrat10n need to bc rencwcd as carly
as possible. Since the spcc1ﬁcat10ns of those switchboards are closely related to those
of the main outdoor equipment, it is necessary to decide speclﬁcatlons of the new
switchboards giving consideration to those of the main outdoor equipment.

Basically, therefore, the enclosed swﬂchboards shall be rencwcd at the same time
that the transformer and other main devices are rcncwed ' :

" (g) Power supply for control (DC pewer supply battery) -
The power supply for control is used mainly for control opcratlon of outdoor
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circuit bleakels and, enclosed swdchboards
_ The control power supplics installed before 1970 are as old as the outdoot circuit
: bleakers and enclosed switchboards, hence most of them have deteriorated markedly.
~ Therefore, the control power supplies that have long been used need to be
replaced with new ones as eatly as possible. ' Lo
However, since the:output voltage and current-time capaclty of a eonhol power
~ supply are determined by the speuﬁmtmm of circuit breakers, enclosed switchboard,
ete. of the supply side, the control power supply shall, as a rule, be renewed at the same
1me that the elremt breakers, ete are renewed :

{h) Other eqmpment : : '
= If there is. a substation which has some umque ploblem a repalr plan for tl
- substation shall be formulated with focus on that unique problem. - :
_ However, if there is the possibility that the above problem should also occtir w;th
) other substations of the same type, the problem shall be solved by eooperatlon among
' the substatlons eoneemed : '

(i) Relatlonshlp wnth expansmn work : S
. If any of the substations to be expanded has equlpment whlch is planned to be
" rehabilitated, the bus configuration bus capacity, and main circuit configuration shall be
‘planned and designed based on the number of outgoing lines, capaexty, etc. reqmred of
the substation from a Iong range viewpoint. o '
o Namely, the expansion plan and the rehabxhtatlen plan shall be well coordmated
~. from the viewpoint of reliability, economy, and operation of the power supply system,

' dnd a ratmnal work plan shall be formulated

(4) Present condttlons and probiems of substataons in Dar es Saiaam
L Concerning the present conditions of the substations in Dar es Salaam, the
substation devices that were put into operation before 1980 are generally in the

~ conditions described below, aitheugh they more or less differ from one substatlon to

another. :
@ Most of the transformers are more of less leakmg 011 Some leak a hrge amount of '
« o oil from several parts of the gasket and others have the leaked 011 mostly in the tap
changer.
& Many of the mrmut breakerc; Wthh are the most important outdoor sw1tehgear are
' not functlonmg as such because of defective contacts of the mterruptmg unit (011
~ circuit breaker) and a superannuated operating circuit.
® Concerning the current transformers, their present eond1t10ns are not-clearly known
since at the substations employing circuit breakers, the current transformer is
- normally built in the circuit breaker bushing, However, from the conditions of the
circuit breakers proper, their operating boxes, indoor protectwe panels, etc., it is
~ estimated that they have not the required precision.
® Concerning the steel structures and buses, there are several buses which ate not
properly maintained as substation buses (e.g., remains of dismantled facilities were
found at places). However, the bus configuration and structures are elmple and
none of the buses and structures need immediate rehabilitation,
® It seems that the transmission line protection panels, device protection panels and
"control panels have become superannuated. There ate a number of meters which are
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not working accurately. Most ofthe'pancls need tQ be renewed as early as possible,
Many of the substations have experienced a fire caused by electrical trouble with a
11 kV indoor cubicle. Besides, like the case of indoor circuit breakers, the

 interrupting units have badly worn contacts, and many of them need to be replaced.

However, because of lack of the necessary spare p'u"ts the parts of a stand—by line -
arc used when repair becomes nccessaty. ‘Those ‘parts are also running shmt'
preventing effective operation and maintenance of the eqlupment _ S -
Concerning “the control power suppliés, they are as old as the outdoor 01rcu1t

~ breakers or 11 kV cnclosed switchboards, and many of the batteries are not

Iunctlomng it looks as though the oulput of the charging unit were connected

" directly to the control power supply There is concern that the ripple mlght,

adversely affect the device. ‘
The “study - results - show  that the substatlons in Dar es Salaam that ficed

lehabihtatlon are the Mbezi 8/S, Oysterbay S/8, FZ 1L /8, City Center S/S, Ubungo S/S,
Kurasini 8/8, and FZ I S/S.
using the bases of deterioration evaluation mentioned earlier are described below. It is
considered that the tramformeis and c1rcu1t bieakers whose score is hlgher than 10 need

The results of an evaluation of these substations we made 3

(a) Mbez: S/S

-'1mmed1ate renewal

(i) Bryce (made in England) 33 kV/ 11 kV, ratcd capamty 5 MVA made m 1963

Iable 5 l 9 Rcc;ult of judgment of transformer deteuoratlon in Mbezt SlS

I . N
No. Ttem s egrcc ::f supcramlu;tlonla ing dclcngrauonfperfunmncc dlcclme {pts S " Result of Judgment
. v More - . .
| 3’;,5!3 ) e 30 Zgatr(; 30 22 atr‘; 25 e - - 5
years ¥ ¥ :
More o : Less )
. than 55% 40%-50% S 20%-30% than I
3 Overload | and/or OL for 30%-40% OL for | ¢ e:[ oad ‘}0 fabout | 20% OL | 1(Overload operating
g operation | lhe ;\]bout 3 about 3 hrs 3 hes f%r power unknown)
: except s o about 3 . .
B accident hrs .
Unusual : : -
3 sound - - --- Yes - No 0
4 Vibration | --- - - Unusual vibration | -— \I?igration 0
Large amount of -
l.eak of Arg Considerable
) oil leak from two . .
5 ™ - OF OFE points, ameunt of oi No pil 9
insulating including TR leak, but not from | leak - B
oil upper part TR upper part
- Large amount of e
| G ol fom o | Considrale o
6 | 1oad tap g:;mﬁﬁg?ligs_’ leak, but not from 2
changer upper part TR_ upper part
Properties Hot line o1l {ilter
of one isabsentorin
. load tap trouble, causing
changer insulating oil 1
insulating deterjoration Qi
oil - propesty lest ts
required, -
Conscrvat Conservator has L
8 or been damaged or | Normal 1]
con(li]mon ) does not function. o
Bushing Bushing has been Bushing has been
? condition badly damaged. partly damaged. Normal 0
Cooling Large amount of | Censiderable
10 1 device oil leak from two | amount of oil - Normal Ty
condition OF MOFe points, leak, but not from
TR upper part

including TR
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Depree of superammauonla

No, Ném sing dclcnoratlondp‘grl(xrmancc_ decline (ps 1 Result of Judgment
| S 4 3 : 2 | 0
: -- upper park
Pressuee
releasing Device has hceu
1 device d'umocd Normal 0
condition
or CT has been N : )
12 i daraged or docs orma 0
cqndlnon not finction, - :
Instrimen : Instrument has ]
13 ]t e been damaged or | Nornmal H
-| condition toes not function.
14 | TOTAL 14.

(11) Hak Bndgc—Hewntlc fmd Easun LTD (made in Indla) 33 kV/lI kv, 1ated
mpamty 5MVA, made in 1972 ‘

Table S 1, 10 Result of Judgment of ttansformc; deterloratlon in Mbe:ﬂ S/S

. 3 ¥/ T
| No. Ttem : Degree gf supcmnnu ;tlon aging detcngrailom'pcrfommncc dleclmc (pts ; Resuft of Judgment
T [ Morc -
! ‘_‘{';:cars in than 30 22::; 30 223!;; 254 - 4
yoars yes ¥ : :
| More el ] . E.ess
: than 55% 40%-50% - : 2094-30% - than _
2 COverload | andfor OL for 30%-4G% OL for 'ovc:h-)a d ‘;. boul 20% 0L [ [{Overload operating
operation | Lhe - aboitt 3 about 3 hes 3 hirs orabout 1 por power unknown)
o except hrs S . about 3 . ,-
o accident g hrs
Unusual : : w
3 | sound - - - Yos . - | Ne 0
. : ) T o No
4 | Vibration” | - - - Unusual vibration | --- _ vibsation 0
Large amount of i .
R e oilleak fomivo. | (OREE | o )
insulating ‘i’"c;udmg.r'ﬁ + | Ieak, but fiot from | leak .
oil upper part TR upper part
: Large amouit of idu
: ggnl]cgi_ oil leak from two gﬂgﬁﬁfg}b&ﬁ
6 | load tap o1 mofe POUIS, | foak, but not from 2
’ chanper upper pagn i 1 TR-upper padt
. ) Hot line oil filter o
g‘rq(z);:‘c‘rtles is absent or in
: trouble, causing
load tap oL, LAl
7 chanper insulating oil 1
msulﬁtm deterioration  Oil
ol B property test is
required. o
Consérvat Conservator has :
8 tor - ) been damaged or | Normal 0
condition C | does not function.,
9 Bushing Bushing has been | Bushing has been Normal 0
condition badly damaged. partly damaged.
S Large amount of .
Cooling oil feak trom two a(lnqullﬁe;t}‘blgzl
10 | device . OF INOTE points, leak: but Dt]f - Normal 2
condition including TR TR 4 ot to
L upper part upper part
- | Pressure R .
releasing Device has been
11_ device damaged. - Noma! 0
condition o
: CT ET has gecnd .
12 amaged or does MNormal 0
condition not function. : :
| Instrumen : Instrument has
13 ]t been damaged or | Normal i
condition does not function.
14 | TOTAL 13
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(111) SF6 gas, (‘ncult blcakol for 33 kV (madc in anhnd)

Table 5.1,11 Result of _Judgment of delcriotation of gas cireuit breaker in Mbe.a S/S

No. Her Depree of sup:mnnuauon/ag;ng, deicr|or,a_1;onfperformmTc decline (ptsé " Result of I dgment
. More fhan | 251630 | 20023 -
L Vears in use 30 years years years . - | - - 4
No.of times i
‘I of fault M | : N :
current ore than :
2| interruption - 40 - w40 - | 1030 Sl ¢
(contact ) .
condilion) -~
No. of times ] S
3 gtt"vli?gliliu - - - Morc than | 500t . | o
(ccmmg : : 1,000 1,000
condition) . : -
. e Smtclung No
A | Switching operation .
4 St.-.:::::g:]g operation | - failure e . g&fctgﬂn\;ﬁg 0 -
| | operation impossible oceurred i o
: N in the past, -operalion )
! . Incomplet N
5 | Conduction © conducti : defective :
H on dueto { --- --- —- — eLtLy 0
condition defeclive switching
: contact ) operation
[nfernal . Not déi :
[RLIIRL otdone | Notdong | Not done :
g | imspectionof | in2dys |inl8ys |inlayes |- 3
i Pne offmore - | ‘ormore | or more :
Inspection of ‘Notdone | Notdone | Notdone N
7 .| operating - am inl8yis - | inl2yis inéyrsor |- 3
mechanism I or more ormore . | more - T | - L
: " There is . S Gias Icaked | No gas
8. ) Gasleak . gas leak. - - in past. lealk 0.
9 Cnir’l civeuit - | - : - Abnormial | - - Mormat 1
10 i‘g’;‘;};’;‘ggm H“a"“"“b‘ Available | Normat - 2
1| TOTAL 12

(w) Instrument transformels

Of the instrument transformers, the current ‘uansformel is built in the gas circuit
breaker. Like the circuit breaker, it has become supeiannuated and is not fully
performing its function. Therefore, the current transformer shall bc replaced w1th a
new one when the circuit breaker is renewed. o

The other instrument transformers have been used for sorae 30 years W1th their
gaskets having deteriorated in functlon they also need to be renewed in the near -
future.

(v) Outdoor structure and bus . , : :

We consider that the mechanical performance of thc outdoor structure and the
electrical performance of the bus cable and disconnecting switch have no problems.
However, in consideration of the change of device layout needed to cope with -
super’mnuatmn of the main devices, the shortage of bus capacity after equipment
expansion in the future, efc., it is wise to replace them during rehabilitation of the
substation, ' ' L '

(vi) Transmission line protection pane'l device protection panel, and control panel
A fire which was apparently caused by the entry of a snake into one of the

panels completely destroyed the equipment that had been installed in the building.
As aresult, all the functions of the equipment were lost.
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(vii) Enclosed switchboard for leading out distribution line (11 kV cubicle)
Like the transmission line protection panel, device protection panel, and control

| 'pan'el the entire e'quipme'n't was destroyed by the fire,

(viii) Control pOWCl suppiy (DC power supply: bftttery) :
Like the transmission line protection panel, device protection panel and control

: penel thc entire equnpment was destroyecl by the fire.

o (1)() Substation transformer md hghtmng arrester .

* The substation transformer has become so supemnnuated that it needs to be

" renewed logether thh the mam dcv1ces

(x) Summary : -
Transformers Smce the transformers have become supelannuated they sha]l be
renewed as early as p0551ble _
~ Circuit breakers: Since the cireuit bzeakels have beeome superannuated they -
shall also be renewed as early as poss1ble R
L Current transformer: To be renewed together with the circuit breaker,

- ® Instrument transformer: To be renewed together with the main devices.

o Outdoor ‘structure and bus: To be renowed when the devu:e layout and bus_
configuration are changed to adapt to new main devices.

. @ Transmission line/device protection panels and eontrol panels To be renewed B

. together with the main devices.

@ Tinclosed switchboard for leadmg out chstnbutlon Ime (11 kV euble]e) To be
- renewed together with the main devices. -

® Control power suppl_y (DC power supply: bqttery) To be renewed together with
" the circnit breaker. _
@ Substation transformer and hghtmng arrester: To be renewed togethe1 w1th thc

' mam dewces ' - : :

(b) Oysterbay S/S

(i) Transformers: Bryce (made in England) 33 kV/11 kV, rated capaelty 5 MVA,

" made in 1963 and 1967

Table 5.1.12 Result of judgment of transformer (I:Ieterioration in Oysterbay S/S

Ho. Item ; Degree gt superennugnon/a ing delengrauonlpcriornlance dicc!me (pts - Result of Ju dgmenl
. More . :
1 l‘f:;::rs in than 30 2231:; 30 2231; 25 n i 5
years ¥ Y -
More : Less
- than 55% 40%-50% o | 20% -30‘V | than :
2 | Overfoad | and/or OL for 30%-40% OL for ov c:load OfOI' about 20% OL | EOverload operating
operation { 1hr about 3 about 3 hrs 3 hrs ‘ for power unknowr)
cucept hrs about 3 '
.. accident . hrs :
Unusual .
3 sound - --- Yes - No 0
N I No
4 Vibzation - - Unusual vibration | --- vibration i
" Large amount of N
Laskar o ok fomwo | Somsietle |,
5 insulating ?;{ cﬁ%ﬂ%g%‘a‘s' leak, but not from | leak 1
il upper part TR upper part
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e ; Afonraging deterioration/pe ﬁ)rl. i I
No. Tten Degree of superanmis ng de atiow/per formance decling {pts | Result of fudgment
B 5 4 3 2 l. - 0 :
oyt : Large amourt of . : “
Oil Teak oit feak from two | Considerable
6 from on- 0F MOTe points amount of oil 1
!?ad tap including TR 'll?lak’ bt not from
changer upper part R upper part
. R Hot Hie oil filter
Eg‘:}l’f_ﬂl“ is absent or in
Joad ta {rouble, causing -
7 C]l(fm sc‘r’ insulating oil 1
; nsul%tin e deterioration  Qil :
oif property test is
. required. )
Conscrv‘at Conservator has I
8 for been damaged or | Normal ¢,
condition . docs not function, i ‘
- | Bushing Bushing has been | Bushing has becn ;
4 condition - badly damayed, parily damaged. Normal 0
E Large amount of ek o
Cooling oil eak from (wo acrﬁgf:gfg'ftg;’, :
10 | device .OF more points, leak, bul not fror MNormal 1
. condition incleding TR Tf{ > to 1 S ;
- uppeE part upper par
-Pressure :
| releasing Dcwcc has bccn -
f device - damaged, Nomial 0.
condition : - )
C".[' CT has been
12 Cn damaged or docs ~Normal 0
s condxémr_i not function. : '
Iistramen : lnstmment has : S
B e - veen damaged or - | Normal i
K condition does not function. : :
i4 | TOTAL: 11

(11) 011 circuit breakerS' (fakaoka) rmdc in Japan 36 kV 600 A 12 5 kA,
© made in 1987

'lable 5 ] 13 Result of Judgment of detcnorat:on of oil c;rcmt breaker in Oysterbay 5/S

Degree of suptrdnnuauon!agmg dclenorallomperformance decline (pts)
No. - Ttem 3 3 3 3 1 o Result of Judgment
: More than | 251030 201025 _ :
1 Years in usc. 10 years vears years - --- - 0
Mo.of times : :
of fault : . . -
current - More than ' . I{Estimate from fauli
2 interruption 20 - 131020 101012 o records)
(contact
condition)
No. of times .
of load ) - '
3 switching - - - I;"lj%rc than 40010 500 | - 0
- {contact :
condition) :
o Switching No
4 | Switching | Switching | gneration 1 . defective 0
operation operalic switching
. impossible occurped oralti
8 g i the past. opeation
Incomplet
: . No . -
5 Conduction gnc?i?iu?:,l -, . . o defective 0
condition defecti ) swilching
efective p
cantact operation
Internal -
: : Not done Not done Not done
6 :2:@’:’3‘%‘:‘ of 1 . - m24yrs Jinlgys | ini2ys | - !
o PAng ormore - | or more ot more
Inspection of Neidone | Not done Not done
7 pperating - - in 18 yrs in 12 yrs inéyrsor | - l
mechanism or more Of more more
1 leale . There is . No oil
8 Oil leak oil leak. - leak 2
9 g'i‘r’;‘.{:" .- - Abnormal |--- - Norinal 0
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Ne. ‘ Hem ls)cgrce ol‘supﬁrannuatlmﬂag;ng dclenorﬁt;}m’pui‘or.mnnfc decling (pts& Result of Judgment
Availabifit B ) Unavailabl . ]

16 of spare pﬁ)r’ls R : ¢ ! Available | Normal 0

1 | TOTAL ' : 5

(iii) Instl ument transformers

Of the instrument 1ransfouhexs (he emrent llfmstorme{ is bu]lt in the bushing of

a circuit breaker, Since the current transformer hde not been opelated so long, it may
. be S'lld that it is eubjeot to very small stress.

- We consider that 1t can contmue to be uscd eai“ely untll lenewal oF the circuit
breaker o : : :

' .(IV) Outdem stracture and buq

It is considered that the mechanical pclfounance of the outdom shuctme and
the electrical performance of the bus have no problems. However, the disconnecting
switch has a mechanical defect. It is wise fo 1eplace the dlsconnectmg switch when .

N the device layout i is changed to adapt to new main dewces or when the equ1pment is

'sub_]ected to remforcement or renewal (e.g., lead-out of a new lme)

o (V)'Transnnsslon lme protection pan_el, _de'vme pl‘otectlon panel, and control panel

~The "panels - have -become  obsolescent, excepting those for the 15 MVA
txansformer It is judged wise to rcnew the obsoleqeent panels at the same time that

'the mam dGVICCS 31”8 rencwed

) anlosed Switchboard for leadmg.ou.t distribﬁtidﬁ line (I1kv cublele)

The 11 kV eub1ele has become super'mnuatcd Besides, the repair parts are

: lackmg Itis Judged necessary to renew it as early as possxble

(vn) Coutlol power supply (DC power supply battery)

. The -control power supply needs to be renewed when an additional outdoor _

' ;‘ clrcult breaker is metalled 'md the 11 kV eublcle is renewed

' (vm) Subslatl()l’l transfmmcr |

Like the other transformers, t.he sﬁbstatlon transformer has become obsolescent

' hence it needs to be renewed together with the main devices,

. (ix) Summary -

®  Transformer: Thc two 5 MVA transtmmers that have become obsolescent shall
" be renewed as early as possible. . :
® - Circuit breaker: The cucult bredkers that are ledkmg 011 from the 011 level gauge
" need repair. . : :
Current transformer: No problems
Instrument transformcr Need to be rencwed together with the main devices.
* Outdoor structure and bus: Need to be renewed when the device layout and bus
configuration are changed to adapt to new main devices. o
® Transmission line/device protection panels and control ‘panel; Need to be
" renewed together with the main devices.
® [Enclosed switchboard for leadmg out distribution line (11 kv eub1cie) Needs to
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bc 1encwed together Wlth the main devwes
Control power supply (DC power supply battery): Necds to be Ienewed together
with the circuit breaker. :
Substation tmnsformer Neec!s to be renewed together w1t11 the main dev1ces

(¢) FZ 11 878

(1) Transformer' Bryce (made in Lngland) 33 kV/H kV rated capa(:lty 5 MVA '
madc in 1967 ' '

Tdble 5 I 14 Result of 1udgment of trdnsformer deterloratlon in FZ II S/S

No. tem |- Degree of siperannuationfaging deterioration/performance dcclme (pts = - Result of Judgmént
5 4 3 2 : 0 :
. : More : ’
i I;:grs in than 30 . ggatrcs’ 30 ig;;; 25 . " i 5
: years . i . o
MOFCSS‘? - j . Less - :
: . than 55% 40%-50% it “than -
.| Overload | and/or OLfor . | 30%-40% OL for 20%-30% - 20% OL )

2 ’ ) overload for about 0
operation | The about 3 -about 3 hrs 13 hr for - .
s except hes - : 5 - | about3 '

. accident : Jas
L - . . B . . No
4 Vibration | - Unusual vibration » _ vibration 0
) Large amount of Lo : o
- | Leakof . ot teak from two Considorablo In il - :

5 w or inofe points, amount of oil. " | No oil- 2
insulating inely dmp'lR leak, but not from | leak . - i
oil _ upper pa%l _ TR upper part ) :

. Large amount of .
. Oil {eak LArge s : Considcrable -
froni on- oil leak from two 4o ol :
6 load tap (i)r _1?1(211‘_0 p‘.’r'ﬁts' leak, but not from 2
changer u[;:p:r :}':l%l : TR upper part
. - ) Hot line oil filter . :
2;‘:)1?3“05 isabsentorin - :
: trouble, causing s
7.luadlap iseulating oil -
changer msulating oil - 1
insulatin -deterioration  Oil
il & property fest is
required. ]
Conservat Conservalor has . :
8 or . been damaged or | Normal 0 -
i cem':l:unn L does not funetion. o L
Bushing - Bushing has been - | Bushing has been
9 condition badly damaged. partly damaged. Normal 0
Large amount of . :
Cooling oil leak from two (ﬁgiﬂcz‘b(}% . )
10 | device Of More poims, i - | Normal ]
>, : L~ UL cak, but not from .
condition including TR =R .
: upper part upper part
Pressure - : o o .
releasing Device has been :

1 Gevice damaged. Normal ) 0
condition i .

CT LT has been . : :

12 condition damaged or does Mormal 0

not function, :
Instrumen : Instrument fas S .

13§t been damaged or | Normal 1
condition ‘| does not function. )

14 | TOTAL ' 12

(11) it c1rcu1t breaker
No circuit breaker has been mstalled on the transfonner prxmary 31dc

(iii) Instrument transformer L
No current transformer has been msta]led in the 33 kV circuit.
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(iv) Outdoor c;tructut‘e and bus
There is no outdoor structure that comprlqes a bus.

(V) [‘tansmlsSlon line pxoteetton p'mcl device ptoteetlon pdnel and control panel
"[he panels are not performing then functlons

(v1) Pnelosed <;w1tcnb0a1d for leadlng out d1str1but10n lme (11 KV cubiele)
- The 11 kV cubicle has become markedly obsolescent. Besides,. it has
experienced a fire. Furthermore, the repair parts are laekmg Because of all th1s it
' needs to be renewcd as soon as pOSSlble

' (vu) Control power supply (DC powe1 supply battery) :
.. The control power supply needs to be rencwed when an additional outdoor
Cll'CLllt breaker is mstalled and the 11 kV cubte]e is renewed.

: (vm) Substatton transformer : :
_ Like the other transformers, the substatlon transfmmer has become obsolcscent
- and | needs to be renewed togethex with the main devices. C

. (1x) Summaty : -
7 Transformer: It is. Judged neeessary to renew the tr'msformcr since it has
. become obsolescent, However, it might be possible to. put off renewing it by '
distributing the substation load to another substation and distribution system. '
® Circuit breaker: Installing an additional circuit breaker shatl be discussed.
® Current transformer: A current transformer shall be built in the circuit breaker or
installed when an additional circuit breaker is installed. :
® Instrument transformer: Installing an mstrument transformer shall be dmeussed
* when additional main devices arc installed.
@ Qutdoor structure and bus: Shall not be installed.
- ®  Transmission line/device protection panels and control panel: Installmg the
 panels shall be discussed when additional main devices are installed. '
' ® Enclosed switchboard for lcading out distribution line (11 kV cublcle) ‘Needs
immediate renewal, '
® Conirol power supp]y (DC pewer supply battery) To be renewed together w1th
the circuit breaker,
@ Substation transformer: Renewai of the substation transfmmer together with the
. main dev1ces shall be dlscussed '

(d) City Center S/S

(i) Transformers: Product.of Bonar Long & Company (Engiand), 33 kWII kV, rated
capacity 5 MVA, 2 units, made in 1979
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CHAF’TER 5 PRESENT CONDITiONS PROBLEMS AND PROPOSED REHABILE'IATION OF
'l RANSMISSION SUBSTATION AND DISTRIBUTiON FACILITIES -

No. ltem Degres of supcrannurtion/nging deterioratiow/performance deciing (pts Rcsut t of Judgment
5 4 -3 2 1. 0
et | More . -
! YEAars o
More : . . Less
: than 55% A40%-50% . C 20%_30;,/ than
9 Overload | andfor OL for 30%-40% OL for | 0 4 0d ;‘0} about | 20% OL l(i"xpcncmc ovcrlmd
operation { Thr about 3 about3hrs - 3 hrs for opcr‘mon in the past)
o except brs - oo > about 3
: accident hrs L
Unusual - .
3 sound - - -- Yes - No 1]
- . . 3 No s :
] Vibration 1- - - Unusoa! vibration | ---. vibration 0
- Large amount of e . o

ot ol leak from two || ORI © o .
insulating el dingp ™ leak, but not from. Ical_( o
oil " upper part TR upper part |

S Large amount of -

o | fomon- ol sk from o | iChroron X
T | load tap ?ncludmg TR leak, but fiot from BS

changer upper part TR upper part ™

e . Hot line oil filter

g;%%_c‘mcs . is absent or in

load tag : frouble, causing L
7 | chan ': msulahng oil 1

. 1nsul§fm “deterioration Ol
oil aling ‘property test is
Tequired, -

Tonservat Conservator has . .

g Jor been damaged or | Normal 0
condition : -] docs not function. . o _
Bushing . Bushing has been | Bushing has been . .

9 condition badly damaged. partly L%amaged Normmal 0 |

: Large amourit of
« | Cooling . oil leak from two gggz‘gfﬁ-bolﬁ . :
10 { device O more points, leak, but not fom Normal |
[ condition fiteluding TR - TR wpner part
- ) uppcr part pper p
Pressure ] : .
-teleasing Dcvmc has bc\,n '

n device damaged. Mormal 0
condition :

L r CT has gcend . 0

2 i damaged or does MNormal .
condition not fmzcuon - S : -
: Instrument has : )
13 if;;'::;“:t beén damaged or. | Normat 1
Aoes not function. )
M| TOTAL C 11
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(11) 0il c1reu1t breakcr Made in South Wﬁles 36 kV 600 A, 12.5 kA

Table 5.1.16 Result of Judgment of deteumatlon of o1i enemt breaker in City Center $/S

- Degree of superanation/aging deterioration/performance deeline {plsy . )
.No. llcm ™3 4 3 R i T o Result oleulgmeni
< Morc than - | 25030 20t025 . : .
! Yoarsinuse | 5 years years years - 4
No.of imes . - :
of fault : = s
_current More thai oA - 1{Estimale from fault
2 |'interruption - - 20 (31020 101012 4 - records)
{contact : ’ ’
condition) e
No. of times
- | ofload. - 1l ' X
3 |-switching -- - - l's\f(l]%m lhsp 400 to 500 | - 0
= | (contact :
‘condition) S
PR S Switching No
4 | Switching | ;‘,’“i‘,‘flf}g}?, ?’E?G?Emn : B defective 0
operation - | dweraiion” 4. alts switching e
- impossible occurred operation
PR in the past. per
: K Incomplet ' N )
. A o .
5 [ Conduction | cﬁ?}g”g“ B o . N defective 0
condition on o - switching
. defective oneration
- contact . . pere
. | Internal . g .
Not dane | Not done - | Not done S
6. :Efgfﬁ“ﬁ?l of | . - in 24 yrs in 18 yrs in12 yrs - 3
anit pling, ".{ ormore Or MoEe” -+ | or more : :
: Inspestion of Not done | Nof done | Not done I
7 -operating - - wmn in 18 yrs in 12 yrs inGyrsor { - 3
. { mechanical - or more or more more_ R
’ \ ’ | Thereis - ‘Mo oil
8 jOitleak . 7f - voil leak, | ™ leak 2
9 = g?é'g?i - --- Abnormal '7--- o i Ndrmal . 0
| Availability | | - ] Unavailabl | , - : :
10 of spare parts | ™ - e e - ‘ /‘_\vmlable Noemal 2
11 TOTAL 15

(m) Instrument transfm mers

Of the instrument transformers the current transformer is bullt in the oil circuit

“breaker, henece-it is corisidered that the amount of stress is small. However, any of

those current transformers- which have long been used and which are used with a -
transformer circuit breaker needs to be renewed when the circuit breaker is renewed.

(w) Ouldoor structure and bus

‘1t is judged that the mechanical pertormance of the outdom structure and the

- electrical performance of the bus cable have no problems However considering the"

renewal of obsolescent mam devmes o be carried out, it is necessary to renew the bus
cable

(v) TiransmissiOn line protection panel, device protection panel, and control panel

- All the panels that are installed in the new building and one ‘panel installed in
the olcl building can continue to be used safely. However, the other panels have
become obsolescent and are now unusable because of the effect of a ﬁre It is judged
wise to renew these panels together w1th the main devu:es

(vi) Enclosed switchbo_ard for lea_d_ing out distribu_tion line (1'1 kv cubiclc)

The 11 kV cubicle has become superannuated. Besides, it can hardly be used
safely because it has been damaged by a fire caused by an electrical trouble. Jt is
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Judged necessary to renew it as SO0N as possrble .

(vii) Control power supply (DC power Supply batter y) :

_ The control power supply has been’ damaged by afire; It needs I be rencwed
when an additional outdoor crrcmt breaker is mstalled and the 1] kV eubrcle 1s
renewed. :

' _(vm) Substatron transformer - : - o
o Like the other transformers, the substatron transfmmer has become obsolescent ;
and needs to be renewed togethel with the main devices. : '

(1x) bummary : : : : : ' L
. Transformers Although the transfor mers have ot been opemted for much more
' than 20 years, the bodies and tap. changers have deteriorated badly due probably
o an overload operation inthe past, They néed immediate renewal. ~ ..
@ - Circuit breakers: The transformer circuit breakers need to be renewed as early as
- possible, - - - :
® Current transformers Need to be renewed when the crreurt breakers are
o renewed.” . :
® Instrument trdnsformers Need o be renewed together wrth the mam devrces
® Outdoor structure and bus: Need 6 be renewed when - the device layout and bus '. '
configaration are changed to adapt to new main devices. ISP
® Transmission line/device protection panels and control p'me}s To be renewcd _
- together with the main devices. - L
® Inclosed swrtohboar(i for lcadmg out drstrlbutlon hne (11 kv cubrcle) Need to o
be renewed as early as possible. . o
® Control powet supply (DC powcr suppty batter y) Needs to be renewed together
. with the circuit breaker. '
® Substation transformer Needs to be renewed togethcr wrth the maln dev1ces

(e) Ubungo S/S ' o
The Ubungo S/S is the iargest substation in Dar es balaam It is the only
substatlon that leads in a 220 kV transmission line. However, since this substation has
been operated for some 30 years, the main devrces have detcrrorated markedly The
typical examples are given below. .
@ The two transformers (132 kV/33 kv, 50 MVA X 2), made in Indn are leakmg
large amounts of oil. The gasket seals have become completely meffeetrve :
making it necessary to replenish msulatmg oil as it leaks, .
® The contacts of the 132 kV oil circuit breaker have become loose. As a result an
explosion has or,curred The 011 cncurt breakers are being replaced wrth gas mreurt :
, breakers. ' -
@ The switches and transformcrs of the 33 kV cneurt have deterlorated markedly,
preventing stable power supply notrceably

Under those eondltlons TANESCO ‘with the f'mancrat ard of Sweden is
executing a major rmprovement work on the above transfomlers and 33 kV circuit.

- When the work is completed, the Ubungo S/S, as the main substatron in Dar €s
~ Salaam, will become capable of stable power supply agam '
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Since the project fo nmprovc the Ubungo S/S is already under way, mhablhtatlon
~of this substatton %hall be left out of consideration in the preqenl study.

(t) Klll“lSllll 5/8
(i) Transformer: Ploduct of Bonar Long & Comp'my (l* ngldnd) 33 kV/ ll kV, rated
capdmty 5 MVA made in 1979

”lable 5.1, 1’7 Result of Judgment of ttansfmmm dete1101at1011 in Kurasinj b/&

No. Tem - < chrcc :::f buper'mnugtmnh ing detcngr'\lnonfptrlurimnuc dcchne (pts - Result of Judgment
. More .
years - )
More - - . . - Less
T 1 than $5% 40%-50% | ’ 200%-30% - than e
o | OQverload | andfor OL for 30%-40% OL for foad for about | 20% OL | I(Experience overload
operation- | L about 3" . | about 3 hrs gvhcho« ore for . operation in the past)
except hrs - . r about 3 .
- |- accident hrsg
Unusual : . . :
3 sound - | - = Yes S - No 0.
4 | Vibration § --- - -- Unusuat vibeation | --- No 0
Large amount of -
Ij’{“‘ of oil l%:ak from two ?on_mder:}blp-l No oi
5 oF more points amt?unl of oi 0 oil !
.| insulating including TR~ leak, but not from | leak
I 5 TR upper part
ol upper part m
Large amount of i, IR
t(")ll leak ail feak from two Considerable :
6 rom on- or more points amount ol oil 1
| load tap including TR * leak, but not from
- chianger upper part. - TR upper part
S o Hot linc oil filler
g;_%;:inies is absent or in
load ta trouble, causing
7 h‘ ,‘p insulating oit 3
icn&“ﬁ‘eiz‘ deterioration  Oil o
oil ¢ properly festis -
required.
- | Conservat Consetrvator has :
& . |or - . been damaged or | Normal 0
condition : does not function,
N Bushing Bushing has been | Bushing has been Normal 0
condition badly daniaged, paitly damaged.
Large amount of : .
“ 1 Cooling oil leak from two acnggf:gfgarb;icl .
10 | device 01 mose points, Teak. but not from Normal i
| condition including TR Tl({ * art .
i . upper part upper pa
Pressure ; has
releasin Device has been
| Gevice damaged. Normal 0
condition :
2o | CT e Gamaged or Normal 0
: L amaged or does orma
condition not function, :
| Instrumen Instrument has ]
i3 e been damaged or | Normal 1
conditicn does not function. |_-
14 | TOTAL 9
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(11) Oll circuit break_er: Made in Seuth Wales, 36_ kV, 600 A, 12.5kA -
Table 5,1.18 Result of judgment of deterioration of oil circuit breaker in Kurasini S/S

No, Jem ?eg‘rcc of s_up:mnmmt;onla%mgdc!enorauzonlnc:f‘ommml:cdcc!me (pts())  Result of Judgment
: I Morethan | 25 1030 W05 i . .

I} Yesinuse | 303ens | years yems |77 : R O v 1
No.of tines R R )
of fault DR o o : }.(F .f f |
current - - | . R More than | 14 ;- . - Hbstimate from fault

z intcrruplien SR 131020 e 101012 records)
contact : - :
condition) o
No. of times
of foad . . C L ! ‘ : : . :

3| switching =~ | -~ - |- - %%m“m" 40010500 | — - : 0
(contact : . . : ‘ ) .
condition) - L . -

. : - | Switching - Mo ]
T Switching operation | - ) o - e
4 g“grlgnghg o toperation | - - | failure - f&fﬁgﬁ;ﬁ B 0
~ope . impossible | - .- - | occurred : i : fi 2
. ' o in the past, operation
| Incomplet N i
: . ¢ canducti : - : e L

s | Sonduction | o dug 1o | - fw 0 fe [ defetive S0
. defective o : . switching
. E contact operation
Internal - 3 i : : ' .

: . © ] Notdone: | Notdone - | Not done o .

6 .:g?g;;“g'; of | ... ) - in2dyrs . JinlByrs . | ini2yrs o ) ‘ 3
it Phing S 7 { ormore or more  { OF more :
Juspection ef . RN Notdone | Not done. [ Not done T Y

7 operating w0 b o L in 18 yrs L] InE2 yas in6ysor | - : . 3

| mechanisn - - or more - | Of mote meTe :

: Wtk | o o Ll Thereds o Nooil -~ S

8 | Oitleak - - o Noitleake | | leak 2

o gl ol || Abnomal | -l T I

10 é;g];l:gg;};qg NI R e : gnavailab] Available | Mormal | . - 2

11| TorAL L o 3 R T _ G

(m) Instrument transformers

- Of the instrument transformers the eurrent transformer is bullt in an 011 circuit -
breaker, hence the amount of siress is considered small. However, the current -
transformer whleh has long been used and which is used with the transformer circuit
breaker needs to be renewed when the circuit brcaker is renewed

(iv) Outdoor structure andbus . : '
It is judged that the mechanical performance of the outdoor structme and the
electrical performance of the bus cable have no problems

(v) ’I‘ransmission line proteetien pa‘nel deviee p'rotec'tion panel and control panel
The panels are in good condition compared with those of the other substations.

Renewal of them shall be discussed when the substation voltage is ralsed to 132 kV in -

the future.

(vi) Enclosed switchboard for 1eedin'g' out disrtfib'u{ien iine (H kv eubiele) e

. The cubicle is in good condition compared with those of the other substations.
Renewal of it shall be d1scussed when the substatlon voltage is raised to 132 kV in
the future.
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(vn) Control power Supply (DC pOWCi supply batler ¥) '
_ " The control power supply is in good condition compared with those oi the other
. substations. Renewal of it shail be dlscusscd whcn the subslation voltago is raised to
- 132kV in the futute :

(vm) Subst'mon transfon mer :
Like the other transformers, the substaﬂon tiansfoxmm has become obsolescent
'and nceds to be renewed together w1t11 the main devices.

(m) Summary - ' -
‘Transformer: Compared thh the transformcls of the Clty Centel S/S that were
made by the sam¢ manufacturer at the same time, the transformer of this substation is
in fairly good condltlon probably because it has not been operated under very severe
“condition, although it is leaking a simall amount of oil. The transformer shall be re-
evaliated when the substation voltage is ralscd to 1’32 kV in the futurc and rcnewal -
of it shall be discussed at that time. - o
® Circuit breaker: The citcuil breaker is ot the samc type that has expcuenced a
~ number of faults. Besides,. spare parts are no longer avatlable Thexefore it is
: ncccssary to renew it as early as possible. '
.- ® Current’ transformor Neéeds to be renewed when the mrcmt breaker is rencwcd _
. ® Instrument trafisformers: Renewal shail be discussed when the main dewces are
" renewed or the substation voltage is raised in the future, : K
® Outdooi strocture and bus: Renewal shall be discussed when the main dewces )
" are renewed or the substation voltage is raised in the future.
® ‘Transmission hneldewoe protection panels and control pangl: Renewal shall be
. discussed when the main dcv1ces are renewed or the substatlon voltage is raised
in the future. :
'@ Enclosed switchboard for lcadmg out dlstmbut:on line (11 kV Lublcle) Rencwal
shall be disciissed when the main devices (txansformer eto) are renewed or the
~ substation voltage is raised in the future,
® Control power supply (DC power supply: battcry) Renewal shall be discussed
-when the main dev1ceb are renewed or the substatlon voltage is raised in the .

future.
® _Substation transformer Needs to be rencwcd when the main devices are
' ' 1enewed ' :
- (g) FZIS/S

Many of the devices of the FZ I S/S are comparatwely new since 1mprovement of

- the adjacent sw1tchyard and mstallatlon of the substatlon transformer have been
completed recently. - :

' However, some of the enclosed sxmtohboards for leading out a distribution line
(II kV cubicles) burned out in an electrical accident. Since their spare parts are no
longer available, they need to be renewed as carly as possible. _

At the same tlme it is necessary to renew the control panois and control power

supply.

(h) Summary of rehabilitation plan for substations in Dar es Salaam
Table 5.1.19 shows the rchabilitation plan for substations in Dar es Salaam. It
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CHAPTER 5 PRESFNT CONDITIONS PROBLEMS AND PROPOSED REHAB!L! TATION OF
TRANSMISSION SUBSTAFION AND DISTR!BUT!ON FACiLiTiE% :

ieﬂeots the 1esultf; of deterioration evaluat;on of the ox1stmg equlpment and the
addmon of circuit bxeftkels etc. wh1ch important substatlons must be plowded with,

: T'tble 5.1. 19 Rehdbllltatlon phn foz substatlons in Dar es Salaam

Protection | Control

Namc of 85 | Tr Bus _33/3ka 1 lkV eontrol powet -

. : . s - B . (B S ! .

L e . : : : panels supply
IMbezi - | x x X % X X
Oysterbay . X X X X X X
FZ 11 ! o e X _X. X X
City Center X 0 X L X X X X
Ubungo* - X X X X X X

Kurasini - ' o : X oo O P .

FZ | . X X - Coxc

. The Ubungo S/S is- left out of consxderatlon in the present study smce a pro;ect to .
. rehablhtate the ,substatlon 1s already under way S '

5 13 Dsstnbu’uon Facahtaes o
'(1) Current Condltlon and Problems of Each Offtce

. The distribution network of Dar es Salaam is divided into- four reg1ons for the
purpose of controlling it effectively. In-each of the four regions, ‘there is'a TANESCO's

regional office. Each of the offices is responsible for oonstructlon ahd maintenance of - N
dlstubutxon facilities, colleotion of power bills; etc, in its region. T he plesent ‘conditions

and problems of the dl‘;tributlon facrhtles in the mdmdual reglons are desoribed below.

N (a) Kinondoni North Reglon - ' : .
' In the Mbezi area, oonstrucuon of general homes is csmcxaliy acttve and hence _
various stores’ have been increasing in number Recent]y, therefore, the demand for
electric power is increasing so rapidly that the expansion of distribution facilitics to

 increase the supply oapa01ty cannot catch up with the demand. As a result, the problem o

of voltage drops has arisen in this arca. With the aim of accurately grasping this
- problem in the area, the Study Team installed a voltage recorder in a private house in
the arca where TANESCO has received .many complaints about voltage drops, and
" measured the degrees of voltqge ﬂuotuatlon The measurement results are shown in hg
" 5.1.3.
This sort of vollage prob]bms can easﬂy be solved by extendmg 1I‘he 11 kv
distribution line and installing a pole transformer at the load center. Actually, however -
this measure has not yet been taken because the budoet is insufficient to secure the
materials required.

The Mikocheni /S that was constructed in }986 w1th the cooperatlon of the
Japanese govemment has been operatmg properly without any major frouble. Recently,
however, it is under an overload since more and more factories have been constructed
in the neighborhood, causing the lmd to increase sharply It is, therefore, necessary to
plan installation of an acldltlonal main transformer in an empty space on the grounds of
the substation.

In this regxon the 1llegdl act of drawmg the msulatmg ml off from pole
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: TRANSMlSSION SUBSTATION AND DISTRIBUTION FACILITIES

' tlansfmmers has been commltted more ﬁequently than in any other region, This year
alone, mote than 30 pole transformers have already suffered damage. TANESCO

. welded the drain valve at the bottom of each pole transformer trying to prevent the
: insulating oil from being stolen. This measure turned out to be ineffective: the robbers

~ seem really cunnmg dullmg a hole in the plpe ‘at the root of the pole transformer, and
50 on, _

: ~The supply of power to the distribution substations by the 33 kV network is -
- normally done this way: from the Ubungo $/S to the Mikocheni S/3, from the Ilala S/S
-+ to'the Oysterbay S/S and Msasani S/S, and from the Tegeta S/S to the Mbezi $/S. When
 the Ilala S/S feeds the Mikocheni S/S too, the circuit breaker can trip during the peak
" demand, When the Tegeta S/S fed the Msa‘;am S/S via the Mbe21 S/“; once, a voltage '
drop occurred in the Msasam area. :

o (b) Kmondom South Reglon _ :

' In this region, many old, low—voltagc dlS’[I 1but10n lmes constructed in the 19605
reinain, calling for immediate rehiabilitation. Since the existing distribution network

- does not have any difficult technical problems, it should be possible to rehabilitate

“many of those distribution 11110.) easaly if the necessary materials can be procured.

“Rehabilitation of the low-voltage network should be started soon since TANESCO can -~
do it for itself. Actually, however, the available funds are msufﬁclent to secure the

' materiais requlred f01 the 1ehab111tat1on ' :

_ Because of the increasé in 1oad in the Magomem area, the Tandale S/S ( 15 MVA)
L has already recorded peak loads exceeding 14 MVA. It is, therefore, necessary to
- construct a new substation or install an additional main transformer before the load
. reaches the rated capacity of the Tandale $/8. Accor_ding to TANESCO's plan, a new
* substation - Magomeni S/S - will be constructed in this area with the financial aid of
Kfw. TANESCO expects that the new substauon will dlssolve the overload of the
_ ex:stmg substatlon

' (c) Ilala Regmn o
The FZ III /S is feeding the Tabata area over the old Ubungo-l YA hne This
line has suﬁ"ered a ground fault frequently. One way of solving this problem is
1nsta111ng an auto-recloser or sectionalizer. In the areas where construction of new
houses is bnsk mcludmg the Tflbata area, a voltage drop occurs very often.

The FZ 1.FZ III hne is mcapable of opeiatlng to capacny, since part of the line

" has become obsolescent and there are many points of defective connection. When the

- FZ T §/S feeds the Chang’ombe S/S, a voltage drop occurs, The FZ 111 $/8 introduced

© 132 kV last year with the cooperation of Japanese government and the 33 kV side has

suflicient supply capacity. Therefore, TANESCO should plan to make existing line
double circuit so as to permlt the F7 11 SfS to safely feed the Chang’ ombe area too.

_ The IIala FZ 1 llne is now in such a condltlon that it cannot be 1epa1red easﬂy
" houses have clustered in the area under the line, preventing vehicle access to the site.
Since this line needs not only repair but also replacement of conductors, it is necessary

to discuss seIectmg another route and usmg conductors of farger su.e fo increase the
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Ime eapacrty

(d) Temeke Regron ' _
The Mbagala S/S feeds the Buza and landrka areas, as well as the Mbagala area,
; hence it is under an overload. Buza and Vituka, which must be fed by the Mbagala 8/8,
are: receiving power from the F34 feeder of the FZ III S/S because the 11 kV
distribution line from the Mbagala'SfS'does not reach those areas. If the 34 fecder is
put under an excessive overload, however, those areas are severed by manual operation
of pole- -mounted switches. Therefore, it is necessary to constr uet a new drstnbutlon lmo

.'- whtoh is led out from the Mbagqla S/‘S : : :

L In the Krgambom area, many of the wooden poles for the drstrrbutron lines have -
“rotted and the wire size is small. Therefore, it is necessary to rehabilitate them as soon -

- as possible. TANESCO have a plan to introduce a 33 kV distribution line in this area.

- When this plan is materialized, the situation will be improved significantly srnco it will -
o beoorne unnecessary to use the obsolescent Klgamboru S/S and 11 kV line. S

_ The low-voltage network in the Chang ombe area has suf‘fered a lme fault often :
because of - obsolescent eqmpment and’ moomplete repait ‘work. Although a
rehabrlrtatron plan for the entire Chang’ombe area has been- formulated, 1t has not yet

o been started smce all the materrals requrred are strll unavailable. R

_ In the Yombo area, the problem of voltage drops has arisen. The main reason for
_this is that the 11 KV distribution lines from the drstrrbunon substation have not been
fully extended to the load center and that the number of pole transformers  is
insufficient for the number of consumer. As a result, TANESCO- has received- many
“complaints from the consumer. The Study Team measured voltages in'this area and
found that the voltage can drop below 150 V during the peak time at night. The results
~ of the voltage measurement are shown in Fig 5.1:3. A typrcal exathple of a low voltage

* circuit which causes the low-voltage problem in the area is shown.in Fig. 5.1.4

In Dar es Salaam, the Study Team measured the loads of the Mikocheni S/S and

Tandale S/S The resulls of the load measurements are shown in Frg $5.1.5 and 5.1.6. .

- (2) Current Condmon and Problems of Dtstr:butlon Equfpment -
The present conditions and problems of the drstrrbutron facrlrtres in the areas under'
conslderatron are analyzed below.

(a) ngh—voltage dlstrrbutmn lmes ' : '
The high-voltage distribution line is nomlally ll kV, 3-phase 3- conductor lmo
* and the system configuration is a tree type with the loop points normally open. In some
suburban areas, 33 kV is also used in case of long-distance distribution linc. to prevent -
voltage drops.In Dar es Salaam, most of the 11 kV feeders led out from the individual _
~ distribution substations are as short as 3 to 7km. Thisis a characteristic of distribution
lines in urban areas. : :

. Most of the dlsmbutlon lines consist of overheqd lines and underground cables 3

are rarely used. Even in the capital city of Dar es Salaam, underground cable lines are
very few. Many of the cable lrnes that were formerly used are found in Dar es Salaam.
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Because of inoomplete t1_'eatment of the u:_tderground cables as tlte _termlnatmns or
insufficient protection, they have suffered accidents and are left unused. In those places,
an overhead distribution line has been constructed to supply power, Thus, at present,
cable lines are seldom used fot the trunk sections of distribution lines. Undetground
cables are used mainly at the outlets of substations, the inlets of service lines for large
©consumers, the road orossmgs and the pomts where an overhcad llnc can hardly be
brcmohed to a load

(1) Support and assembly
- Inthe central part of the city of Dar es Salaam steel poles are w1dely used as
the suppotts for overhead lines. Elsewhere, wooden poles Whlch ate subteoted to
cortosmn—preventtve trcatment by creosote are used. '
o (,oncernmg support assembly, various methods are empioyed - honzontal
o arrangement trtangular arrangemont double hortzontal alrangement doublé vertical
amangement : :

(i) Insulator ' o - :
_ For stralght line poles pm type msulator or line post msulator is used For angle
Cand termmal poles, the sirings of two 250 mm diskinsulators made of- porcelam or .
. glass are used. The same manner is applied even W1th 33 kV lmes except that the :
o strmgs of three dlsk msulators are used e

- '(m) ere and cablo - _ L - e
" Most of the wires used for overhead lmes are ACSR 100 mm?, For blanoh lmes '
“and some of obso]ebcent lines, ACSR 50 mm? is used. However, many of the lines

' _usmg ACSR 50 mm” are subject to a significant voltage drop.
"For undergtound lmes various types of cables are used 35 mm?, 70 mm?, 90
- mm’, 120 muy’, 185 mm’. The most commonly used cable-end treatment is of heat
- shrmkage type. A casting type is used for some obsolescent: facilities, Cables are
dlrectly embedded in the ground, except under road crossings. There the cable is put -
~ ina conduit for protectmn smce 1t is sub}ected to larger load.

' (w) Distributton transformer o ' -
... -The distribution transformers that TANE‘%CO employs are of three phases, with
“their capacity ranging from 20 kVA to 1,000 KVA. Most of the transformers that are
actually instailed have a comparatively large capamty 200 kV or more. Transformers

of about 300 kVA or less ar¢ normally instailed on the transformer ‘oase of an H-pole,
- whereas transformers having a larger capacity are installed on the ground. Most of
these large- capaotty transfonners are of cabie box type havmg the charged part
covered :
The standard transformer protecnon system.is open fuse cutout at the primary
side, fuse cutout at the secondary side. For ground transformers, a low-voltage switch

- panel is mstalled to protect the secondary slde

(v) Sectton sw1tch :
In Dar es Salaam the lmes are prowded w1th sectlon sthches However the
" number of section switches installed is insufficient to allow for efficient load
-~ interchange. Besides, those section switches are used for disconnection or load
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- shedding durmg an ovelload not f01 therr prlmaly purpose that is, the sw1teh1ng o
opelatron for load mterehangc ' : -

(b) Low-voltage dlstrlbutwn line -

" - The distribution system-is a 3-phase, 4-wite system Wlth neutral pomt gr ounded e
The voltage vsed is single phase 230 V or three~phase 400 V The lmc type isa ’3-—phase :
4-w1re ot luphfise, 2—w1re tree. :

" (1) ‘Eupport and assembly : S
“In the urban areas of Dar es Salaam, steel poles are used as the supports In the °

* other areas, wooden poles are used. The pole assembly is vertlcal ariangement
.Horlzontal arrangement is used only at speclal places : - :

' (n) Wire and cable _ - S
: PVCucovered aluminum wire is w1de1y used., The main sizes are” 100 mm?, ,50 _
- mm?, and 25 mm®. However, at obsolescent facrhtles varrous types of W1re havnng B
many points of connection, meludlng Al 25 mm’, Al 30 mm’; Cu 25 mm?; and Cu 30 -
- mm?, are used, Many. of these wires - even msulated wires = have iost then' msulanon
'performanee and corroded at their connections, - : s
" Since the distribution transformers connected to the drstnbutron network havea
. large capamty, there is a tendency that long low- -voltage hnes aré used. This is {he .
main- factor in voltage drops. Besides, many . accidents and extreme’ voltage
fluctuation caused by obsolescent wires with rnany pomts of conneetlon have been
reported ' P

.(c)'Problems R
(1) W:re and cable connection : : e i
"~ In the high- and low-voltage dlStI‘lbLtthH networks the “defects 'in wire

~ connections and cable-end treatment are especially noticeable. Defective connection -

~ has caused such accidents as fusing of the wire and burnout of the msulator, resultmg
in an abnormal voltage.In addition, many of the low—voitage distribution lines have
xmproper ‘wite connections, such as using drfferent wn'es for dlfferent phases or
jointing different kinds of wires together. - -
" Needless to say, the wires and cables used for drsmbut:on hnes st be surtable :
ones, When it comes to connectmg wires or subjecting a cable to termmal treatment
it 1s necessary to use a Smtable method and suitable matenals :

(ii) Drstrrbutxon transfomler : : : o - -
' Since the distribution transformers 1nstalled have a large eapacrty, there is a
tendency that low-voltage lincs are extended too long. This has caused the problems
of voltage drops and voltage fluctuation. It js: considered that most of the voltage
drops about which many consumers complain are due o the excessive extension of
low-voltage lines through use of large-capacity: distribution transformers, although
some voltage drops are really ascribable to the higher-voltage power supply system.

- (iit) Transformer protectwe dev1ces

There are many transformers whose proteetwe swrtch has been damaged or
which are not provided with a fuse e.g. copper wire is _substrtuted in the fuse link.
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"Those tlansformels show traces of overheat and burnout. Since defective protective
- devices can cause serious damage to the cqulpmcnt and an electric shock, they should
be carroctod as So0n as pombie

(iv) System confi gmatlon : :
- In Dar es Salaam, the power supply system is in such a condltlon that it docs
not atlow for sufficient load interchange. The reason for this is that the section
switches which iner-connect the 11 kV feeders are installed in the wrong places and |
that the number of section switches is insufficient. As projects to construct new
~ distribution: substatlons and expand existing ones within the city have been carried on,
the number of feeders is increasing. It is, therefore, necessqry to reinforce the existing -
power supply system and install the section switches i in the right places and thereby -
' .1mpnove the rehablhty of power supply ' :

(v) quupment plan : - :

: Although the distribution facilities have been expanded ina planncd way, the

“expansion plans are not well coordinated with the plans to construct new substations

and expand ‘existing ones. Besides, ncither an expansion policy nor guidelines for
- expansion have been established, hence the individual regional offices catry out
- . expansion prOJec,ts by their own way. At present, only a few projects are carried out

-as scheduled since the materials cannof always be procured as needed because of
~shortage of funds. _As a result, some of the facilities are kept under an overload. In the -
o WOrst case, ' _devices have beoome useless due to overheating, burnouts, etc. :

(v1) Fqulpment mamtenance _
At present, toutine equipment mspectlon and maintenance is seldom done
_unless some trouble occurs with the eqmpment Since the distribution facilities are
- normally installed in public places, it is necessary for them to assure the public safety
and stable power supply. In this respect, inspection and maintenance of the
~ distribution facilities is one of the basic requirements. The inspection and
" maintenance of oveérhead distribution lines is generally classified as shown below It
s strongly desued that TANESCO should build an organization which ensures
- execution of these basic types of inspection and maintenance.
- @ Patrol mspecuon for early detecting any equipment defect and ehmmatmg it
"~ before it causes an accident
L Measurement for maintaining optlmum voitage utilizing equipment effectively,
_ and ensuring positive operation of protective devices
- ® Restoration and remedial measures when an accident oceurs or some dangerous
factor is detected : 7
-8 Supply of datafmformat;on about eqmpment for expansmn/improvement
o plannmg _
® Implementatlon of other matters rehtmg to any of the above items
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Voltage Record-1 (Residential house near Mbezi S/S)

i
150 -

e s

i Sep.3, 2p0_1:. is.;ad_; shrta L
o ' ~ Fig. 5.1.3 Measured Voltage Records




-1£1-

I .o"'o-o-o-

keY
Transforner
- Wocden Pole ‘

Stay -

SCALE .
€ .80 100 150m

Master Plan Study on the Power Sector for Major
Towns in the United: Republic of Tanzania

Low Voltage Line Sampling

Yombo Area

NG, O,

ERPDC

Fig.5.1.4 Mésuring Iﬁoint {Yombo Area Low Tension Line)



CHAPTER & PRESENT COND!T!ONS PROBLEMS AND F’ROPOSED REHABH [TATION OF
TRANSM!SSION SUBSTATlON AND DISTRiBUTION FACILIT!ES -

6.00

' 5.00

. Load (MVA)

" 1.00

'0.00

Load (MVA)

3.00

MIKOCHENI SS M4 FEEDER LOAD
' (Sep 5 to 7 2001) '

4.00

2.00

N
,\Q

Fig.5.

16.00
14.00
12.60
10.00

8.00

6.00
-~ 4.00
2.00
0.00

QQ

r\rpff-’b"cﬂ’-‘ S\Q‘DN\@@'{\@mwd\’bgé\_@\\{b@

o Time

1.5 Measured Load Record of Mikacheni /S M4 Feeder (11kV)

~ TANDALE SS LOAD
(Sep. 27 to 29, 2001)

eoooooooeeeeo O OO D OO SR
LuF PP L P PP P S geeeneeego.gg
»\'\r{b@(\é’*mq,eQ"’é”é\@\’\r{b»f’i\*@mf?%“e’bé”é\@

Time

~ Fig5. 1 6 Measured Load Record of Tandale S/S

-132-



	CHAPTER 5  PRESENT CONDITIONS, PROBLEMS, AND PROPOSED REHABILITATION OF TRANSMISSION, SUBSTATION, AND DISTRIBUTION FACILITES        
	5.1  Dar es Salaam
	5.1.1  Transmission Facilities
	5.1.2  Substation Facilities
	5.1.3  Distribution Facilities





