5.4 OPTIMIZED SUBSTATION PLAN (LONG TERM/SHORT TERM)

5.4.1 Optimum Power Supply System Plan

(1) Power supply reliability
1) Reliability of power distribution facilities

As for power supply reliability of distribution facilities for
DarlEs Sélaam disttict.such as transmission lines, substations,
~and distribution'lines,‘TANESCO is certainly very much inter-
ested in the development of it-with regard to the distribution
facilities located beyond the substations thus presently making
great efforts to put in order, and analyze the past records

of accidents and scheduled stops for maintenance work, etc. As
an example, 1991 data which is supplied from TANESCO and which
is arranged in order are shown in the following Table 5.4-1.
These data are limited 6n1y to 33 kv and 11 kV facilities
excluding that of 220 kV and 132 kV. '

Table 5.4-1 Records of accidental power failure
and scheduled stop for works

Electric Energy Time
Ko, Item (MWh) - (hour)
33kVY 11kV | Total 33kV 11kV Total
1. | Overcurrent/ 746 11,052 {1,798 | 376.5 617.1 993.6
Grounding. fault
power failure
2. | Scheduled stop
for works 380 757 11,137 | 145.3 498.4 643.7
Subtotal 1,126 1,809 12,935 | 521.8 i,115.5 1,637.3
3. | Scheduled load .
shedding - 637 | 1,282 1,919 154.5 712.4 866.9
Subtotal 637 | 1,282 | 1,919 | 154.5 712.4 866.9
4. | Others
Subtotal
S. | Grand total 1,763 | 3,09 | 4,854 | 676.3 1,827.9 2,504.2

8,760 hfyear
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2}

3)

Index of power supply veliability’
Basic requirements for supply reliability are:

- Adequate frequency
- Adequate voltage
- Continuity of power supply

Since fréquency control must be undertaken mostly by TANESCO and
voltage adjustment is to be discussed in other sections of this
document, only the continuity of power supply, i.e. problems of

power failures, is discussed in this section.’

As an index of supply reliability, MW-min. is used to.measure
the unit amount of lost energy due to power failure. This is
one of the most convenlent methods to manage the reliability if

MW values can adequately be grasped at the time of accidents.
Recently, such indexes as shown below are frequently used:

- Fregquency of power failure/year/consumer

- Total time of power failure/year/consumer

To use these indexes, it ié'nébéssary to imérove and put
facility data as well as consumer data in order so that the
relation between the distribution'faéility and consumers is
clearly known. It is also recommendable for TANESCO to study
the possibility of using this method.

Level of power supply reliability

It is presumed that the lLevel of reliability shown by TANESCO is
rather low. This is because weather:and environment differ
between Japan and Tanzania as well as because of the
characteristics of facilities and restoration measures against

accidents during operation or maintenance.
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4) Enhancement of power supply reliability

‘fo enhance the reliability, the following countermeasures must

be reviewed:

- Countermeasures to be taken to reduce occurrence of accidents
- Countermeasures to be taken to reduce power failure areas.

- Countermeasures to be taken to restore as prdmptly as possible,

(a) To prevent frequent occurrence of accidents, adequate num-
ber of facilities with proper quality must be constructed.

" Since natural conditions and load characteristics differ
from district to district, it is recommended that the study
should be started ‘in respect of establishment of respective
diStricp-specific standards of reliability in&ependently

applicable to each district.

In addition, from the standpoint of reduction in accidents,
. it is also important to adequately conduct preventive main-

tenance services.

(b} To reduce power failure areas, it is basically necessary to
install a large number of section switches for distribution

lines and in addition interconnect the feeders.

{(c) To shorten restoration period, the present state must be

reviewed in detail as to the following:

- Detection of accident-outbreak section

- Urgent detection of accident-cutbreak point

- Prompt restoration works by using maintenance service
vehicles

- Close rﬁdio commuﬁication between service vehicles and

base station

5) Establishment of respective district-specific standards of reli-

ability

Total amount of investment in facilities varies according to the

level of reliability. This needs an enormous amount of invest-
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ment to cover all TANESCO service areas with such a high and
uniform degree of reliability. It might be quite clear that the
style of demand largely differ among the central‘quarters of Dar

Es Salaam city, suburban districts, and farm villages.

In general, it is not realistic to conceive to keep the same
level of reliability merely being bound with the word of

impartiality.

Présently, TANESCO neither possess any'cbopefative facility
standards nor flexibility to dhoose facility construction mate-
rials and equipment to meet the reliability. Latest density of
demand of centrél.quarters of Dar Bs Salaam city.is about 10,102
kVAlcmz whigh is presumed to increase many times more in the
futuré making the difference more larger and the facilities dif-
ficult to construct on the same level of reiiability. it is
recommended that TANESCO establishes district-spécific standards
.of reliability to meet various districts. An ekample is shown

in Table 5.4-2.

To establish district-specific standards of reliability, a chal-
lenge is posed as to what index must be chosen to express impor-
tant_chafacteristics of each district. As An example, it is '
conceivable that population, percéntage of major consumers, gen-
eral ‘standard of living, density. of demand}'etc; can be a
candidate. From the standpoint of utility supplier, the most

favorable selection is the density of demand.

It is recommendable'tO‘divide the.service areas into 3 districts
and establish a district-specific independent standard of
reliability. On this occasion, central qua}térs of Dar Es
Salaam city is temporarily called Area I, surrouhding district
of it Area II, and suburban.district-Area ITI. To determine the
boundéry between I, 11, and TII, it is necessary to fully exam-

ine the actual demand in each district.
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6) Review of facility standards

§§% As mentioned above, TANESCO does not possess any cooperative
good facility standards. Because of non-existence of these
standards, it is certain that in the process of expansion of the
existing facilities, respective adequate facillity improvement

plans were not set out,

It is further anticipated that as Dar Es Salaam city advances
toward a high level large city and encounters inexperienced var-
ious conditional changes, a conservative style of standards are
not able to cope with the situations anymore. In order to rein-
force the facilities while precluding decrease in reliability,
as well as to upgrade the level, these facility standards must

thoroughly be reviewed again.

First of all, it is noted that the distribution substations are
presently provided with 15 MVA x 1 bank or 2 banks with each of
banks consisting of 5 feeders (11 kV) or 3 feeders (33 kV).

These capacities are rather small for Area T but sometimes too

large for Area III. In addition, in respect of reliability, 3

banks are more advantageous than 2 banks.

Secondly, it is necessary to use such materials and equipment as
'ﬁith_more larger capacity; hence wire size, strength of concrete

pole, capacity of switch, etc. shall be reviewed.

Thirdly, the original fability standards set out in the planning
stage must be modified to match the respective district-specific
level of reliability. it is recommendable to adopt previous
three ranking, i.e. I, II, and ITT districts in place of pre-

sent division of networked areas and other areas.

As an eéxample, planning standards in Japan are shown in

Table 5.4-2.

Fourthly, to catch up with advanced technologies, facility stan-

dards must periodically be reviewed and therefore a technical

committee should be established.
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Table 5.4-2 Reliability Standard
- Sample of a Japanese utr!zty

Basic condifions in plannnng power sxstem facilities are described bélow:
Every facility should be planned -to satisfy the condition that service
interruption time shosld not extend bevond the following value at
pccurre nce of fault and at scheduled maintenance interruption.

(1) Enexpeéted interruption time by fault

' Situation Unexpected interruption time
“Facility h ' : -
~of fault A area B .area C area
Transmission ] bank fault Within | - ®ithin- | Within
transformer _ N 15 min 90 min 80 min
Generator 1 unit fault | . No interruption
Transmission - 1 circuit fauit Within Within Early as
line 2 min | 15min | possible
Distribution 1 bank fault | Within | Within Within
_transformer(8§) : 1 30 min 120min 1 480min

Notes : oo - ; .

1. Aareas » » » ¢ « o« » «Towp area of main big city
B arcas + » » » >+« +Town area of other city
Careas » » + » » + + « s Provincial area |

2. Required operafion ' :
No interruption + ».« « ¢ Automatic.recovering
2min + ¢+ = » » + « + « o Trapsfer 1 circuit by circuit breaker
15min ¢ « s o ¢ ¢« » o «Trapsfer 2 circuits by circuit ‘breaker
30min = = <« ¢« » o« «Trapsfer fo another bank of -same substation or

'  of adjacent substation by dlsirlbutlon line

O0min ¢ « » + +« « o« «Trapsfer to spare tarnsformer
120min, 180min e » ¢ « - -Supp}\ by portable tarnsformer

2} E\pected interruption {ime by scheduled maintenance,

'i . ‘Expected 1nterrupt10n time

Facility Condition : —
;A&Barea'; - Carea
Transmission 1 bank eut ' No inter- ! Within'8 hours, but
transformer cruption . important load will be
: Lo L) ; transferred to another
 substation (once a vear)
Generator 1 unit out 5 \Q tnlerruptlon

No interruption

Distribution 1 bank out 'No inter- |Within 4 hours, but
transformer{SS) g “ruption ? important: foad -will. be

i : transferred to another
é ! substation (once a vear)

Transmission lipe | 1 ¢circuit: out”
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7)

8)

System voltage

As an prerequisite to meet the preseht load demand, voltage of
TANESCO system is substantially low at 220 kV bus of Ubungo
substation? Noneﬁheless, the voltége of transmission and dis-
tribution lines beléngs to the groub of very impoftant items to

be reviewed as a matter of present concern.

As a result of analysis of present and future demand forecast,
it is found that the current s}stem voltage is unnecessary to

change for about 15 years from now on.

(1) To supply more:power to match the load demand in the cen-
tral quarters of Dar Es Salaam city, 132 kV incoming trans-

mission system must be reinforced.

{2) To upgrade present 33 kV system for distribution

substations, 132 kV system is scheduled to be used.

(3) 33 kV system is effectlvely expanded so that it can be used
as secondary transmission lines to send power to each dis-

tribution substation.

(4) 11 kV distribution system is not necessarily be stepped up
to 33 kV.

At suburban districts, it is enough to exphnd 11 kV distribution

system as it undergoes right now.
IKL data and establishment of insulation level
{a) Establishment of insulation level

To establish iﬁsﬁlation_level of substation facilities in
connection with determinaﬁion of power sﬁpply reliability,
it is indispensable to obtain IKL'(Isdkeraunic Level) data.
'Iﬁ is pur regret that as is known from the actual results,
TAﬁESCO‘hés neither_possessed any necessary data nor
reviewed-them as stated in the preliminary study report.

However, 1t is found in the present survej that the IKL
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data covering 60 days out of the year is included in one of
the design documents for power facilities supplied in the
past through a foreign aid project. As for the lightning
phenomenon dlrectly related to the lightning- proof design
for substations, a ntimber of Japanese literature is availa-

ble which state as follows:

It is extremely difficult to prevent substation electric
eﬁuipmént frbm'lightniﬁg damage when they are directly
struck by lightning stroke. Hence, as a rule, a shielding
wire or lightﬁiﬂg rod with sufficient lightning prote;tion
nust be_installed_dn the prémises Qf substations to prevent
these electric equipment against‘direct strokes.
Neﬁertheless, certain existing substations are not yet pro-
vided with these shielding devices, and moreover, some
degree of expenses are inevitably needed to actually
install them. Under:the circumstances, the necéésity of
shielding devices must first be clarified herewith by
reﬁiewing the lightning damage risk in dase they are

eliminated.

from the U.S. statistics, it is known that at flatlands
‘with 30 thundery and rainy days, i,e; at IKL 30, ground
discharges take place at a rate of 4 times/km2/year. Fig.
. 5.4-1 shows frequency of lightning strokes per year versus
area of substation with IKL as a variable in a gfaph style
for ease of calculation presumihg direct strokes on the

premises take place at the rate stated above.

For example, a substation with an area of 33,000 m2 (10,000
tsubo) and located in IKL 30 district must be presumed that
it will be struck 0.13 times per yeér, that is, rbughly
once every 8 years by llghtnlng strokes on 1t3 premlses.

In case power facilities of a certain substatlon occupy
almost half its premlse° and MOTeOVer no shleldlng devices
are pr0v1ded then a %erlous a001dent due to direct light-
nlng stroke may surely take place at a rate of once every

16 years,
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It 1s again known from the statistics that such high build-
ings as a microwave steel tower or the like is apt to be
struck more frequently by lightning strokes. Fig. 5.4-2
shows the abdve situation. In the graph, curve (I) indi-
cates frequency of lightning strokes which strikes a high
building located at IKL 30 district, and which is calcu-
lated from U.S5, statistics. Be noted that frequency of
lightning strokes rapidly increases almost in proportion to

the increase in IKL values (or more rapidly).

Curve (II) alsc shows frequency of lightning strokes which
strike é buildiﬁg'under_the conditions that the building
should be regarded as a lightning rod with protection angle
of 45° and that the.ground spaée that is covered by this
protection angle is struck by lightning strokes at the same
raté as Fig. 5.4-1, i.e. 4 times/km2/year and that all
these strokes are absorbed by this building. It must be
noted in the graph that ﬁhe curve (I) which shows frequency
of lightning strokes on a high building is much more higher

as compared to curve (11},

In other words, if a substation is provided with such high
buildings as ﬁicrowave steel tower or the like, total num-
bher of lightning strokes om it is calculated by adding num-
ber of direct strokes on high buildings as shown in Fig.
5.4-1 to that of Fig. 5.4-2. 1In this event, however, the
balance obtained by subtracting curve (I) from curve (II)
in Fig. 5.4-.2 maj safely be used as the number of direct
strokes to be add.
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(b)

Frequency of lightning discharge

An important item to be taken into account at the time of
lightning-proof design is frequency of lightning attacks at

the site where a substation is planned to be constructed.

Presently, data on lightning observation are not provided
in Tanzania. The lightning obsgervation works must bhe

planned in consideration of the future development as well.

To actually observe district-specific frequency of light-

ning attacks, whole Tanzania country must first be divided
into square districts by parting at an interval of 15 min-
utes in both latitude- and longitude-wise as shown in Fig.
5.4-~3 and then the isokeraunic level must be observed at

each district for at least 15 years.

The isokeraunic level is called IKL which is widely known
intefnationally. In addition,; the IKL is also well known
and verified in that it is well correlated with the rate of
putége of facilities due to lightning damage; hence these
study results can be used as a useful index at time of

lightning-proof desipgn.

. It is also necessary to obtain sufficient data on landform

and routes of lightning movement at construction site of
substation and to analyze them since dn outbreak and move-
ment. of the lightning are well affected by localized

situations.
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Fig. 5.4-3 Lightning observation districts
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(c)

IXL forecast

To forecast the isokeraunic level in the vicinity of Dar Es

Salaam, following procedures shall be used.

A worldwide IKL value chart is included as IKL data in the
attachéd technical materials as Fig. 5.4-4. Draw lines on
allover the whole Tanzania country to obtain Fig. 5.4-5,
from which the necessary values around Dar Es Salaam city

can be found.

‘From the chart, it is known the walue of IKL ranges from 20

to about 60 thus it is decided that IKL 60 can be used to

design power facilities for the time being.
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Fig. 5.4-4 World IKL chart
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(d)

(e)

Frequency of lightning stroke

Frequency of lightning strokes can be obtained from the
graph described in the previous section by assuming the
standard value of IKL in Tanzania to be 60 days!year.and by
presuming'a site area needed for 132/33/11 kV and 33[11 kv

class substations.
1) CASE 1 (132/33/11 kV)

‘Area: 8000 m2 ILALA §/S
Frequency of lightning discharge: 0.05 times/year

or 1 timelZO;years

From the results obtained in the above procedure,:it is
known that Ilala class substaﬁions may'be:struck by direct
lightning stroke Oﬁ¢e every.20 years. It is also inferred
from the_grapﬁ‘that distfibutioh substations (like'Factory
Zoné 1) may be struck by direct lightning stroke once every

40 years.

These figures are not serious at all but since the substa-
tions are of valuable public'facilities, all substations

should be provided'with-ovgrhead ground wires as well as

1007 lightning shielding.

Design concept for lightning arrester

As a rule power facillty equipment of substations shall be

protected by an arrester,

At time of application of an arrester, major items to be
taken into account in respect of lightning-proof design

shall be as shown below:
a) Selection of performance aﬁd rating of arrester

b) Determination of dielectric'strength of equipment and

protection allowance
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(1)

a)

b)

Selection of performance and rating for lightning

arrester

It is regarded that the performance of arresters is in
compliance with the specification performance defined
in the standards of each relevant country except for
certain special occasions. However, performance of
certain existing transformers are now very poor, and
in particular, many of transformers which were pro-
duced before 1945 are presently posing many problems
in respect of coordination of insulation. For that
reason, adequate actions must be taken such as
replacement with new ones after checking by using a

simple type on-site verifier or the like.

Japanese standards JEC-156 was set forth in April,
1963, in which the old arrester allowable end voltage
is revised into rated voltage thus enabled to be
selected irrespective of system voltage, and in
addition, test characteristics which are needed for

switching surge countermeasures are determined,

As an example, nominal discharge current and rated

voltage of arrester are shown in Table 5.4-3,

Design concept for dielectric strength of equipment

and protection allowance

As for dielectric strength of equipment to.be con-
nected to the high-tension bus circuits of substations
which are.séheduled to be constructed hereafter, it is
recommended to take into account the lightning-proof

design under the basic concept as stated below:

One-time breakdown voltage for insulation to the earth
in respect of impulsive voltage shall not be less than

B.I.L during the entire service life of the equipment.

One-time breakdown voltage for insulation to the earth

in respect of switching surge voltage shall not be
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less than 852 of B.I.L during the entire service life

of the equipment,

c)

Protection level of ‘the lightning arrester to be taken

into consideration at the timé of lightning-proof

design in reépect of the above'dieiectric strength

shall have such allowance as of about 20 in impulsive

wave zone and about 157 in switching surge zone.

As to selection.qf IKL division at the time of deter-

mining the protection capacity of the arrester, A dis-

trict is selected to apply to Tanzania from among A

districts = 20 or more, B districts =

10

to 20, and C

‘districts = 10 or less as shown in Table 5.4-3.

Table 5.4-3 .Example of applications for nominal discharge
current (JEC-156 Appendix)
Voltage ihie}d. Lightning damage risk classification**
ranking _C as?1f1- ; . . ; . ;
cation* A district B district C district
‘ 10,000 A arrester] 10,000 A arrester! 10,000 A arrester
Nominal Effective | (Use 10 kA to {Use 5 kA to (Use 2.5 kA to
voltage 140 | shielding | check discharge | check discharge | check discharge
kV line and woltage) voltage) voltage)
extra high- _ 10,000 A arrester] 10,000 A arrester| 10,000 A arrester
tension Ineffectivel (Use 20 kA to | (Use 10 k& to {Use 5 k& to
line shielding | check discharge | check discharge | check discharge
yoltage) voltage) voltage)
10,000 A arrester| 5,000 A arrester | 5,000 A arrester
Effective | (Use 10 kA to (Use 5 kA to (Use 2.5 kA to
Nominal shielding | check discharge | check discharge | check discharge
voltage 100 | _voltage) wvoltage) voltage)
kV line or , . 10,000 A arrester| 5,000 A arrester | 5,000 A arrester
under Ineffectivel (Use 20 kA to (Use 10 kA to (Use 5 kA to
shielding check discharge | check discharge check discharge
: voltage} voltage) voltage}
Where:

a} See respective relevant notes'for.sﬁielding class and

lightning damage risk class which are marked with * and

®K

5 156




{(Note) 1)

2)

E))

by ( ) indicates the refereuce current to be used at the

time of determining discharge voltage.

c) If switching surge freatment is needed, 10,000A arrester

should preferably be adopted.

It is known from the applications shown in Table 5.4-3 above
that.coordination'of insulation becomes generally tight in par-
ticular in case of ineffective shielding in A districts with 140
kV. In thig event, the effective shielding must be used.

In accordance with IEC recommendations, shielding is classified

into next two kindé:
(a) TIneffective shielding

(1) Power station, substation nor transmission lines 1s not
provided with protective shielding against direct light-

ning stroke.

(i1) Power station and substation are provided with shielding

but transmigsion lines are not provided with shielding.

(111} Transmission lines are provided with shielding bhut Power

station and substation are not provided with shielding.
(b) Effective shielding

(i) Power station, substation and transmission lines con-
nected thereto are all provided with shielding. 1In this
case, however, the shiélding for transmigssion lines
shall fully be applied up to a distance of at least sev-

eral km from the power station or substation.
Preventive maintenance

Preventive maintenance of substation faecilities is closely
related with enhancement of reliabiifty and hence a very impor-
tant items The daily operation and maintenance program 1s pre-—

parad by electric power companies in accordance with the safety
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standards set forth by the government. Details of the standards

now generally used are as follows:

{a) Maintenance of substation
(i) General maintenance service

Maintenance service} which belongs to an indispensable
sector of substation works for the purpose of smooth
operation of the substation, mostly includes such facil-
ity maintenance works as inspection of equipment and
devices, simple repair works, perpetual restoration

works from an accident, etc.

At certain electric power companies having many substa-
tions and thus plenty of maintenance works, a dedicéted
organization must be set up to exclusively undertake the
maintenance service. In this event, however, close com-
munication is needed among the substations and the main-

tenance organization. This is needed because the

maintenance service takes care of such equipment and
devices as are already installed and acthally in opera-
tion and moréover the dperatioh of these equipment and
devices must frequently be stopped while the inspection
works are underway to allow maintenance staffs to
approach hazardous points. . To perform maintenance serv-
ice of substations exactly and smoothly, it_is"also nec-
essary to set up a very safety system in addiﬁion te the
improvement‘of technical conténts of the maintenance
works; and for this purpose; therefore, it is necéssary
to clearly separate the maintenance service department
from the operation department so that each depﬁrtment
can surely take its share of the reéponsibility. On
this occasion, however, special attention must be paid
to the folloﬁing points in order to preclude occurrence

of accidents.
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(ii)

a) Details of the works shall be fully and thoroughly
discussed and understood beforehand among the

participants.

b) A responsible person shall be appointed for the
works beforehand thus the communication with the
operation side is limited to single route and no

others,

¢) If needed, a job order shall be prepared for filling
in such important data as duration and range of
power failure, etc. so that both deéepartments can

verify them with each other.

d) Prior to starting maintenance works, such safety
measures as stopping power supply, attaching ground
wire, etc. shall fully be taken, and in addition,

scope of works must clearly be instructed.

Further, during maintenance works, such measures
shall also be taken as appeinting a supervisor who
supervises workers so that they never take independ-

ent nor insecurity action.

:e) At time of completion, carefully finish the works by

reversing correspondingly the procedures for initial

. setup.
Daily patrol, inspection, and repair

In daily patrol, inspection, and repair, substation
equipment are inspected and repaired as necessary while
they are in operation thus mainly visual check of equip-

ment for any abnormalities or out of order is aimed at.

The purpose of daily inspection and repair is to check
thé equipment in operation for any rapid deterioration,
déposit of flying foreign matter, etc., thereby preclud-
ing oéburrence of any accidents, as well as to maintain

facilities in order by lubricating as necessary or
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(1i1)

replace recording paper, etc. - It is hereby noted that

‘prior to starting daily patrol.'inspeétion, and repair

works, & daily check list must be prepared as to major
periodic inspection items for verification of them.
Nonetheless, §ince abnormal condition will not necessar-
ily appear only oh periodic inspéction items, such care-
ful inspébtions'as visual, heafihg,=or feeling check
must practically be conducted:bohcufrently. It is noted
again that to grasp variation of;conditiOn of equipment,
periodic patrol and inspection phbuld be done in such an
ordinary way as is generally adopted that the patrol
time and routes are fixed beforehand but nevertheless
changing the routes sometimes dependiﬁg on the situation
is another recommendable way. Frequency of patrol may

adequately~be.deterﬁined according'to the condition of

operation~or'facilities.- As a particular case, it is

known recently that the patrol is conducted only weekly

at unmanned substations.

Actual daily patrol, inspection, and repair shall be

‘conducted in such a manner that once every 6 months or

so, particular consideration should be given to perform-

ance of a rather dense inspection than usual.
Periodic and temporary inspection of equipment

Periodic inspection is given much weight among mainte-
nance works, the details of which is aé shown in sepa-

rate section of this paper.

To keep substation equipment operating in a stable
condition, various levels of inspection are needed, of -
which the most simple inspection is the'daily patrol and
1nspect10n which is to be conducted as a part of daily
operation works. However, to smoothly operate equipment
for a long tlme, the above mentioned dally inspection is
not sufflcient but further dense inspectlon and careful

repalrs are needed after a laps of predetermlned time.
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(iv)

This inspection is so called a periodic inspection, the
duration or contents of which differ depending on type
of équipﬁent or kinds but in many cases it is usual to
perform at an interval of several years. During the
periodic maintenance service, such adequate measures
must be taken as to repair defective sections or replace
the parts, the service life span of which are found to
be completed., On the other hand, the temporary inspec-
tioﬁ-is to be performed at time of occurrence of an
accident during operation or when certain parts have
reached operating duty. Accordingly, this inspection
can be done mdstly on a priority basis after selecting

inspection points.
Maintenance of major equipment
a) Daily patrol, inspection and repairs

Pay attention to oil temperature, oil level of main
body and bushing, oil leak, dirty bushing and porce-
lain tube, crack, overheat, abnormal temperature,
offensive smell, moisture absorption of desiccant,
nitrogen gas pressure, oxygen scavenger, voltage
reguiator operating condition, number of operation,
cooling device (including cooling oil pump), and
other abnormalities and clean, replace desiccant or
deoxidizer with new ones, re-charge nitrogen gas,

etc. as necessary.

" b) Periodic inspection and repairs

{1) Overall exterior inspection: Once every 2 years

(2) Insulation resistance measurement: Once every 2

years

{3) Insulation deterioration test: Perform during

periodic inspection as necessary

{4) Insulating oil performance test: Once a year for

open type or once every 2 years for type with
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deterioration protective device

{5) Nitrogen gas purity measurement: Once a year

(6) Protective device operation test: Once every 2

years

{7) Measuring instrument error test: Perform during

periédic inspectlon as necessary
(8) Goolihg water volume measurement: -Ditto-

(9) Cooling unit function inspection: Once every 2
years ' B '
{10) Nitrogen gas charging device function

inspection: Once every 2 years

(11) Instfument protection device function

inspection: Once every 2 years

(12) Cdoling control device function inspection: Once

every 2 years

- {v) On-load tap changer

a) Periodic inspection and repgirs (excluding items in
'common with transformers)

(1) Comntrol device function inspection: Once every 2

years

(2) Drive unit function inspection: Once every 2

years

(3) Changeover switch funé¢tion inspection:
Resistance type-70,000/1 time Reactor

type-20,000/1 time or once every 2 years

(4) Insulating oil performance test: Changeover

switch room-20,000/1 time or once every 2 years
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(vi) O0il circuit breaker (Porcelain-clad, tank type, and

water circult breakers, and oil load-break switch)

a) Daily patrol, inspection and repairs

Pay attention to oil level.of main body and bushing,
0il: leak, dirty bushiﬁg and porcelain tube, crack,
overheat, abnormal temperature, offensive smell,
condition of operation mechanism, switching
indicator, condition of signal lights, and other
abnormalities and clean, repair contact of

indicator, replace bulb, etc. as necessary.
b) Periodic inspection and repairs
(1) Overall exterior inspection: Once every 2 years

(2) Control mechanism function inspection: Once

every 2 years

(3) Control circuit function inspection: Once every

2 years

(4) Insulation resistance measurement: Once every 2

years

(5) Insulating oil performance test: Perform during
periodic inspection as necessary. Once every 2

years for porcelain-clad circuit breaker
(6) Trip-free operation test: Once every 2 years

(7) Minimum closing voltage and pressure test: Once

every 2 years

(8} Minimum trip voltage and pressure test: Once

every 2 years

{(9) Switching speed test: Perform during periodic

inspection as necessary Once every Z years for

circuit breaker with high speed reclosing relay
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{10) Instrument errof test: Perform during periodic

inspection as necessary

(11) Lock pressure test: Perform during periodic

inspection as necessary

(vii) Air-blast circuit breaker (excluding the same items as

oll circuit breaker)"
a) Dally patrol, inspection and repairs

Same procedures shall apply.
Drain of air reservoir shall be performed once a

month,
b) Periodic inspection and repairs

(1) Breaker section function inspection: Once every

2 years.

{(2) Disconnection section function inspection: Once

every 2 years

(3) Control and cperation function inspection: Once

gvery 2 years
(4) Lock pressure test: Once every 2 years

{5) Operation pressure fluctuation test: Perform

during périodic'inspECtion as necessary
(6) Disconnecting section switching error test: -Ditto-
(7) Ventilation air volume measurement: -Ditto-

(8) Breaker section resistance test: Once every 2

‘years
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(viii) Magnetic circuit breaker

a)

b)

Daily patrol, inspection and repairs: The same pro-

cedures as oil circuit breaker shall apply.
Periodic inspection and repailrs

(1) Breaker section function inspection: Perform

during periodic inspection as necessary

(2) Arc extinguish chamber withstand voltage test:

Perform during periodic inspection as necessary

(ix) Disconnector

a)

b)

Daily patrbl, ihspectiOn and repairs

Pay attention to dirty insulator, crack, overheat,
abnormal temperature, offensive smell, condition of
operation mechanism, condition of interlock, and
other abnormalities and clean, re-tighten, repair

contact or indicator, etc. as necessary.
Periodic inspection and repairs

{1) Overall exterior inspection: Perform as neces-
sary while item (2) or other related equipment

are not in operation.

{2) Disconnecting section function inspection: Blade

contact

Copper indoor: Once every 3 years
Copper outdoor: Once every 2 years
Silver indoor & outdoor: Perform during periodic

inspection as necessary

(3) Control mechanism inspection: Perform as neces-
sary while item (2) or other related equipment

are not in operation.
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(4) Control circuit .inspection: -Ditto-

"{5) Insulation resistance measurement: -Ditto-

(6) Minimum closing voltage and pressure test:

Perform during periodic inspection as necessary

(7 Minimum_opening'voltage and pressure test: -Ditto-

(8) Switching operation test: -Ditto-

{x) Compressed air generator

a)

b)

Daily patrol, inspection and repairs

Pay attention to air pressure, overheat, leak,
abnormal piping, and other.abnormalities. Perform
as necessary adjustment of starting pressure, minor
leak repair and drain=dispoéal. and cleaning of each

section.
Periodic inspection and repairs

(1) Overall exterior inspection: Once a year

- {2) Compressed air generator (main body and

accessories) function inspection: Perform dur-

ing periodic inspection as necessary

(3) Main tank, piping, valve function inspection:

Once a year

(4) Control device function inspection: Perform dur-

ing periodic inspection as necessary
(5) Insulation resistance measurement: Once a year

{6) Pressure indicator error test: Perform'during

periodic inspection as necessary

{7) Compressor air charging test: Perform as neces-
sary whenever charging time is substantially

bhanged.
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(8) Safety valve operation test: Once a year
zg% . {9) Pressure relay operation test: Once a year

(10) Leak test: Perform during periodic inspection as

neceséary
(xi)} Transformer for instruments
a) Daily patrol, inspection and repairs

‘Pay attention to oil level, oil leak, dirty bushing
and porcelain tube, crack, overheat, abnormal noise,
of fensive smeil, and other abnormalities. Perform
as nedessary terminal tightening, cleaning of each

section, replacement of desiccant, etc.

b) Periodic inspection and répairs {Frequency of
inspections of BCT shall be the same as main

equipment)

{1) Overall exterior inspection: Once every 2 years

{2) Insulation resistance measurement: Once every 2

years

(3) Insulation deterioration test: Perform during

periodic inspection as necessary

{4) Insulating oil performance test: Once every 2

years
(xii) Power condenser, series reactor, and discharge coil
ay Daily patrol, inspection and repairs

Pay attention to ¢il leak, overheat, dirty bushing
and porcelain tube, crack, abnormal noise, offensive
smell, and other abnormalities. Perform as neces-

gsary cleaning of each section, etc.
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b} Periodic inspection dnd repairs

‘Perform overall exterior inspéction and insulation {gg
resistance measurement at the time of periodic

~ inspection of other related equipment.
(xiii) Lightning arrester
a) Daily patrol, inspection and repairs

Pay attention to dirty porcelain tube, crack, condi-
tion of discharge current récorder, abnormal noise,
6ffensive smell, and other abﬁormalities. Perform
as necessary cleaﬁing and replacement of recording

paper, etc.
b) -Periodic inspection and repairs
(1) Overall exterior imspection: Once a year

(2) Operation indicator function inspection: Once a

year
(3) Discharge current recorder: Once a year
(4) Insulation resistance measurement: Once a year

(3) Leak current measurement: Perform during peri-

odic inspection as necessary

(6) Impulsive discharge'starting voltage test:
-Ditto-

(7) Power frequency discharge starting voltage test:
-Ditto- o
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(xiv) Switchbeoard

(b)

a)} Dally patrol, inspection and repairs

Pay attention to dirty panel face and instruments,
deflection of pointer of instruments, panel back
wiring, condition of each switch, operating condi-
tion of recorder and relay, and other abnormalities.
Perform as necessary cleaning of each section, ter-
minal tightening, ink filling up, and replacement of

recording paper, etc.
b} Periodic ingpection and repairs
(1) Exterior inspection: Once every 2 years

(2) Control and operation device function test: Once

every 2 yeérs

(3) Insulation resistance measurement: Once every 2

years

(4) Rélay characteristics test: Perform during peri-

odic inspection as necessary

(5) Switchboard (overall) coupling operation test:

Once every 2 years including relay

(6) Instrument error test: Perform during periodic

inspection as necessary

Mobilization of maintenance service

In the era when the scale of power Industry is still small
and number of substations is scarce, workers of substations
were. doing both operation and maintenance at the same time.
However, as power systems expand, reconsideration is needed
in respect of adequate organization of operation and main-
tenance staffs, This was the challenge, however, which
could successfully be solved without decreasing service

level at all. This is done because of reduction in dura-
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(c)

tion of maintenance service due to enhancement of reliabil-
ity and practicability of equipment, as well as promotion
of automation at substations thfbugh.advaﬁbed'automated
control techniques which enabled the operation and mainte-
nance staffs to separate out thus allowing a large number
of technical personnel who are specialized in the mainte-
nance techniques to deploy in an intensified form and in

large mobilizable blocks.

Under the circumstances, the'cﬁrrent dperators of substa-
tions are able to dedicate thém.tq only such operation
works as monitoring, reéqrding, operating, as well as daily
patrol, simple inspection and repair works, while the spe-
cialiﬁed maintenance staffs can pErform'periodic patrol,
and periodic inspection and repairs. In addition to the
above, meihods of mainténéncé are also mobilized by adopt-
ing mobile test equipmeﬁt, etc;,'sbme of which are as shown

below for reference:

a) Insulation diagnesis by ETI detector

b) Use of hot-line temperature measuring device

¢) Mobilizatin of hot-line cleaning and filtration service
d) Use of portable relay:test device

e) Use of portable vériable fréquéncy'power soutrce

f) Use of portable'Schefing'briﬁge

g) Use of portable withstand voltage test device
Countermeasures against accidents

As stated in the previous section, such accidents as
results in injury or death like an electric shock, etc.

have more or less something to do with human activities.

Most of these human related causes are due to carelessness

or delusion; hence careful attention of each worker is

‘called for.  In view of it, safety instructions and safety

‘training should be reiterated at every opportunity in order

to intensify worker's safety consciousness and carefulness.

Nonetheless, since there is a limit for human ability to
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concentrate his attention on certain matter, then it is

impossible to expect everything from the workers.

Accordingly, it may be indispensable to take safety meas-
ures as far as practicable for the facilities, as well as
for the workers so that they Can.form a habit to always

observe the specified rules or standards to be set out in
respect of working procedures or the like. As an example,

preventive measures pregently in use are shown as follows:
(1) Safety measures for facilities.
(1) Installation of protection net and guard fence

To be provided at places with charged parts like
power capacitor, lightning arrester, etc. where per-
sonnel are in danger of contact with them while

patrolling or working.
(2) Locking device for disconnector

§§§ Disconnector shall not be actuated to cut load
current. However, to prevent erroneous operation,
it shall be interlocked with such disconnector as is

connected in series.
(3) Use of grounded electric outlet

In order to ground portable type motorized appli-
ances with voltage to the earth of 150 V or over
during operation, electric outlets with earth elec-

trodes shall be provided.
(ii) Safety measures for working spade and handing over

Prior to starting maintenance works, the person respon-
sible for the operation shall take following measures
with attendance of person responsible for the mainte-
nance works and then hand over his duties in respect of

the working place.
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(1) To lock open disconnector, etc.

(2) To attach grounding wire to power cut section

(3) To post a notice to show work space and enclose it

by rope.

(4) To post a danger sign, overhead notice sign, up and

down poilnt sign, passage blockade sign, etc.

In additiom, the duties to be handed over shall by
checked one by one using a safety work order or the

like.
(iii) At start of work
Prior to starting works:

(1) To fully let all workers know the purpose, details,

and condition of working place, etc.

{(2) To check condition of health, working wear, etc. of

workers.

(3) To prepare tools, safety wear and protectors, etc.
and let all workers clearly know them, as well as
perform TBM in order to call all worker's attention

to safety and carefulness. -

In addition, works shall be conducted in accordance
with Work analysis sheets'(séfety and efficient
béha&ior, position, distance, and procedure are

defined in each step of the work).
{(iv) Use of safety wear and protector

To ‘conduct works, such wear as safety cap, safety belt,
insulating gloves, insulating rubber boots, etc., and
3uch-protectbrs as insulating sheets or the like shall

be used without fail for safety and security. The

safety wear and protectors shall ensure to always keep
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normal capability; hence they shall always be maintained

in a good condition.

To verify the capability of safety wear and protectors,
dielectric strength test and electricity leak test shall

be performed twice a year.
10) Standardization plan for power facility
(a) Standards and criteria of power facility

Fig. 5.4-4 shows standards and criteria based on scarce
materials obtained during the local site survey which is
conducted prior to setting out the standardization plan for

power facilities.
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Table 5.4-4 Applicable standards to TANESCO equipment

1. ISOLATOR . JEC-196-1975
B5-5253-1975
1EG-129

2. CIRCUIT BREAKER JEC-2300-1985
BS-116
JEC~56
JEC-181-1975

o e e L L e

4, TRANSFORMER © B8-171-1959
JEC-186-1972
 BS-171-1970
IEC-76
5. FEEDER CIRCUIT B5-116-1952
BREAKER BS-5311-1976

- 7. CONDUCTOR DIN-48204
: DIN-4824
IEC-209
DIN-48200
DIN-48201
ASTM B232-1974
B415-1969
B416-1969
B502-1970
B549-1971

As is shown in the study results, a number of design con-
cepts dre mixedly applied to TANESGCO's substations. This
is because the countries, manufacturers, and consultants,
as well as applicable standards and criteria in respect of
the facilities quite differ from substation to substation

or from facility to facility.

It is also clear that adoption of a wide variety of inter-
national standards such as of Japan, U.S., U.K., or German
will surely cause inconvenience to TANESCO in the future.

For this reason, it is necessary to work out such style of

standards as with IEC standards at its core and as is able

to meet various standards of relevant countries.
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IEC

1 L I |

B.S. DIN ASTM JEC Others

Nonetheless, Japanese standards should basically apply to

" the master plan and feasibility study of this project in
their review stage so that they can match the Dar Es Salaam
transmission and distribution line improvement plan (Phase

I1I), now the construction is underway.
(b) Standardization

. It may perhaps be safely said that the standardization of
design of substation facilities is the most important mat-
ter thus almost always often becomes the topic of the talk

in every countries in the world.

In order to review the sﬁandardization with taking into
account the existing TANESCO's facilities, the major rele-
vant items are defined as follows: These specifications
shall be used as the standards of optimization for substa-

tion facilities to be reviewed hereafter.
(i) Voltage

Table 5.4-5 shows standard voltage to be applied to
TANESCO power facilities.
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Table 5.4~5 Voltage

Nominal Maximum Rated Remark
Voltage (kV) Voltage (kV) Voltage (kV)
220 230 245
132 138 - 144
33 34.5 36
11 _ 11.5 12
400 V
230 V

(ii) Capacity of transformer

As for the capacity of each. transformer to be installed
at substations, it shall be in compliancé with the fol-
lowing standard values which are selected from the rec-

ommended values:

(3 phase transformer)

5,000 kVA
10,000 kVA
15,000 kVA

(iii) Insulation spacing

éapacity'df each transfﬁrﬁer to be inétalled at substa-
tions shall be in compliance with the following standard

values which are selected from the recommended values:

Table 5.4-6 shows standard (recommended) insulation
spacing'of electric wires to be adopted into the design

of substations.
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Table 5.4-8 Standard values

outdoor

Nominal Spacing to ground | Spacing between phases Remark
Voltage {mm) ' {mm)
(kV) Min, Max., Min. Max.
il 150 300 190 600
33 350 500 480 900
132 1,300 1,650
(iv) Insulation design

Table 5.4-7 shows specifications and quantity of insula-
tors which are presently in use at substations in Dar Es

Salaam city.
Size of these suspension insulators is 10 inches.

Table 5.4-7 'Number of insulators

Nominal Voltage (kV)

‘Quantity of suspension

insulator (pieces}

220 : ©1
132
33
11

N oW W oW

These specifications are for lightly polluted districts
(0.02 to 0.045 mgfem2) in terms of equivalent salt
deposit with regard to salt tolerant design. Quantity
of these insulators are the same as that of the trans-
mission lines, and moreover, the quantity of insulators
in use at each substation in Dar Es Salaam city is the
same with each'oﬁher regardless of distances to the

seashore. For reference, respective distances from
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each substation to the seashore are shown in Table

5.4-8.

Table 5.4-8 Distance to Seashore

Name of substation Distance to seashore
(Jem)
Ubungo 9.0
Ilala 1.8
Oysterbay 2.0
City Centre 0.8
Factory Zone I 4.4
Mikocheni 1.7
Mbezi 2.7
Factory Zone 111 6.5
Kurasini 0.5
Factory Zone 11 12.5
Kigamboni 1.2
Wazo Hill 4.5
Msasani 0.4
0.3

Sokoine

(v) Outgoing line from each substation

Capacity and outgoing line of each substation are as shown

in Table 5.4-9, which are obtained from the survey data.

Table 5.4-9 Capacity of substation and number of outgoing circuits

' - Capacity of Number of
gzz:tgiion Substation (kVA) | Outgoing Lines (?&éé?)
{A) (B} :

Tiala ' 30,000 8 3,750
Oyster Bay 15,000 5 3,000
City Center 45,000 ‘8 5,625
Factory Zone I 15,000 4 3,750
Mikocheni 15,000 -5 3,000
Mbezi : 7,500 3 2,500 -
Factory Zone II1 |~ 15,000 5 3,000
Kurasini . 15,000 4 3,750
Factory Zone II - 5,000 4 1,250
Kigamboni - : . 5,000 2 2,500 |
Wazo Hill 15,000 3 5,000
Msasani 15,000 [ 3,750
Sokoine . 15,000 3 5,000
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(vi)

As for the present state of outgoing circuits, some of the
circuits are out of use due to certain reasons. Number of
outgoing lines shall be selected to match the capacity of
respeétive relevant substations. It is presumed that as
capacity of TANESCO’s substations increases, space to
accommodate outgoing lines becomes difficult to secure
since the number of circuits are very much increased if
present capaciﬁy of distribution lines is kept'as it is
until that time. The present capacity is about 5,000 KVA

but it must be further reviewed from now on.
Determination of substation size

Long-term and short-term demand forecasts for Dar Es Salaam

" district are as shown in other section of this paper.

Starting from the reference year of 1992, short-term plan
covers the period until 1997 while long-term plan until
2007 and the maximum demand is shown in kW yeaf by year on
a time series basis.' From these values as well as in
accordance with the facility standards previously stated,
capacity of transformers can be obtained from the

following:

1) Maximuﬁ power demand (kW) is in consideration of load

factor, demand factor, and diversity.factor.
2) Apparent power kVA or MVA is obtained at:
{1/power factor x 1Iefficiéncy) = 1,25

3) Table 5.4-10 indicates overload limit guidelines.
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Table 5.4-10 Overload limit guidelines for substation facility

Plannine Aspect

1. Overleoad operation shall be avoided in the reghlarIOperation;

2. Overload operation to an extent as shown below is allowed at
the time of occurrence of an accident but it shall be Limited
only to a short time. Nevertheless, the load of each
facility shall finally be made fallen into the normal load
range of 1007 or less by means of system changeover,
switching to standby transformer or otherwise providing
mobile transformer.

oo ewoo

As a rule, the above policy shall strictly be observed,
However, under. certain particular circumstances, the above
policy may not be applicable. In these events, respective
adequate values which are determined at the time of setting
out those plans may be used instead.

“ 0 H=O
W

Distribution transformer (Single Rating)

Transmission
transformer

Supply to:
Center of large
cities

Supply to:
Other places than
center of medium

HoERO Mo P @M

: : cities
. Center of medium
cities

[T I o B o O T o ]

Ordinary cities and

others
1502 150X

30 min.

{1202
90 min.[ 100

Continuous

1¢ min.

L1202 :
20 min.[ 1007

240, Continuous | 902

1302

' 4 hrs. |1002

902 | Continuous

e ot 0 BT PO

Operating Aspect

i. As a rule, the overload operation shall be avoided as far as
practicable in the regular operatlon. However, if the overload
operation must ineVLtably be performed, it shall be done in
accordance with the procedures set out with taking into account
equipment characteristics, ambient temperature, load factor, etc.

2. Load of each facility shall not exceed 100Z even at the time of
occurrence of an accident by means of prompt system changeover,
switching to standby transformer, or otherwise providing mobile
transformer or the like. 1In this event, however, it . shall still be
allowed but shall be limited only to a short time that each facility
may be operated in a overloaded condition to an extent that the
design policy of the above planning aspect is fully met.
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(2} Plans and optimum plan for substatibn facilities

1) Long-term and short-term plans

{a)

{b)

Long-term plan

out of the plural plans for substation facilities, i.e.

‘Plan A, Plan B, and Plan C, which are proposed by TANESCO,

inferred from the results of demand forecast, and obtained
with taking into account the results of system analysis,

the optimum plan is to be finally worked out.

The traditional style of review is to first prepare a num-
ber of plans with regard to possible locations of the sub-
station and then work out after making comparison
respecfive optimﬁm plan for each of them. However, since
the land acquisition.is well'uhderwéy with TANESCO and
moreover location of the site of the substation for the Dar
Es Salaam city power service expansion plan is almost
decided by now, the above mentioned comparison will not
particularly be applicable. Instead, expansion and

improvement of existing substations are taken up to make a

.plan in . such a way that the certain specific substations

are added with incoming lines or GIS. Accordingly, all
stations to be newly established hereafter should be pro-

vided with conventional tension bus type faciiities.

According to the above concept, specifications for all
substations to be constructed from the reference year of

1992 onward for 15 years are set out.
Short-tefm plan

To establish the short-term dptimum plan, 5 years are taken
out of the 15 years for long-term plan, which also starts
from the-refefence year (1992) in order to define the
period of short-term, during which time a.further review
should be done in detail as to the scale of the substation,
as well as a practical plan to facilitate a detailed site

survey prior to preparation of pre-feasibility study.
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2)

Comparative review

(a)

~ O L s WM e

Grade-up introduction of 132/33 kV '

As a result of demand forecast and system analysis, the

incoming voltage of distribution substations is plénned to

be upgraded from conventional 33 kV to 132 kV.

The concept of upgrading substations is proposed this time
by TANESCO as shown in Table 5.4-11, This‘plan aims at
upgrading Tegeta first and then finally Mbagala in 2006.

- Table 5.4-11

Yéér SﬁbStation ' Capacity (MVA)
..1996  Factory‘zéne IIT 45 x 2
2600. Qyéter Bay 45 xri
2000 Yombo | _ 45 x 1 depending on the Gas Project
2002 Kurasini 45 x 1 |
2004 City Centre 45 x 1
2004  Mbezi | 45 x 1
2006 Mbagala 45 x 1

To perform comparative review of the influences of 33 kv
and 132 kV power receiving types upon the distribution
substations, it is necessary tc study in detail a lot of
items beforehand . and moreover to set out a long-term power
service upgrading plan beforehand aiming at improving power
supply to the whole Dar Es Salaam district. As may élearly
be known. from the present state of existing facilities,
this plan should include such measureé as eipanéionIOr
installation of branches in the 132 kV one circuit which
extends from Ubungo grid substation to ZAnzibar and Ilala
sécondary substations. In addition, two other measures
shoﬁld further be included in the above plan, which are as
foilows: one is to establish new distribution substations
and the other is to upgrade existing 33 kV.substations

through modification. However, these measures should never
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be taken as easy matter. This is because there still remain

such challenges unsolved as lack of space on the premises

of substation, influences on environment and resultant

effects on surrounding buildings and residents, etc.

Table 5.4-12 shows advantages and disadvantages due to

upgrading of 7 substations offered by TANESCO:

Table 5.4-12 Advantages and disadvantages due to upgrading

Receiving voltage. .- Result of review Remark
{kV) Advantage Disadvantage
132/33 kV
1. Factory Zone III | Voltage, improvement | Negotiation of site
of loss acquisition
Lack of space
2, Oyster Bay Voltage, improvement | Lack of space
' of loss
3. Yombo System reinforcement
4. Kurasini Voltage, improvement
' of loss
5. City Centre Voltage, improvement | Lack of space
of loss :
6. Mbezi Voltage, improvement
of loss
7. Mbagala System reinforcement

As a result of technical review, it is known that the best
plan among others is to expand the facilities in such a
manner that the power, which starts from Ubungo grid sub-
station and proceeds to Yombo and Mbagala via Factory Zone
11T, is made finally supplied to the center quarters of Dar
Es Salaam city from the southwest side of it. This plan is
superior to the plan to expand the transmission line beyond

Ilala secondary substation.
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(b)

Type of distribution substation (Tension bus type, GIS
type, underground type)

All of the existing distribution substétions are exclu-
sively equipped with tension bus type. Despite it, a spe-
cial review is still needed in this master plan with regard
to expansion and improvement as to adoption of GIS type
into City Centre and Oyster Bay substations since they are
located in the center of Dar Es Salaam city thus space is

limited on the premisés.

There are no substations to which underground type must be
applied. Hence, the previous two'plans-are shown in the

following comparative table.

No. | Name of Comparison Remark
Substation Tension bus GIS

1. | City Centre | Expansion and improve- Not necessary
ment are possible
including 132/33 kV
grading up

2. | Oyster Bay | Expansion and improve- Not necessary
ment are possible
including 132/33 kV
grading up

(c)

It is known from the table that expansion and improvement

of these substations can be attained without using GIS

type.
Incoming line to substation (Overhead and underground lines)

Overhead incoming lines which are mostly used for the
existing demand-end substations and two circuit power
receiving substations should be used to lead 33 kV trans-

mission line into the substation premises,

If, however, the overhead line is not alidﬁéd because of
surrounding conditions at the substation, then underground

lines to be led from a nearby pole may be used.
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(d)

(e)

(£)

As for upgrading in the future, it is impossible to lead an
overhead 132 kV transmission line into the substations

regardless of expansion or improvement. In this event,

underground lines led from such an end point as is possible

to construct the transmission line should be adopted,
Rehabilitation of existing facilities

Rehabilitation of existing éubstations shall be conducted
in accordance with expansion and improvement construction
plan and in such a way that the facilities of obsolete or
damaged substations must be replaced with new facilities as
far as practicable thereby enhancing the reliability of the

relevant substations.

Sites already acquired by TANESCO and possibility of fur-

ther acquisition of land

As stated in the survey report, the sites which TANESCO has

-already acquired include a 30m x 40m plot for the Tandale,

a 40m x 30m plot for the Chong’ombe, a 40m x 20m plot for
the Kunduchi, a 40m x 50m plot for the Karjaoko, a 40m x
80m plot for the Mbagala, a 35m x 30m plot for the Tébata,
and & 30m x 30m plot for the Mburahati substations. In
addition, it is most probable that possibility of land
acquisition for Kunduchi and other substations is high

gince TANESCC has so far been making positive efforts.
Construction costs

Construction costs should be evaluated in terms of other

typical construction cost.

As shown in other section of this paper, the construction
costs for substation facilities included in this master
plan must be calculated using the similar procedures as
used in Dar Es Salaam distribution and distribution line

network (Phase II1) improvement plan which is now underway.
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3)

Optimum'pian

In general, the optimum plan is consequently worked out through

such evaluation processes as (1) Power demand forecast, (2)

Power system expansion plan, (3) System analysis, (&)

Construction costs and system losses, etc.

Taking into account the above procedures, the plan presently
offered by TANESCO is fully reviewed with paying attention to

various aspects. Summary of the review results in respect of

‘each substation 1s as shown below:

Table 5.4-13 gives the priority.order for the new construction
and expansion of substations planned from 1994 and Fig. 5.4-1
shows the power grid as it will exist by 2007 under the Optimum

Supply Plan.
(1) Ilala S/S (Scheduled for Expansion) 1994

The Ilala Substation is due to be expanded with the addi-
tion of one 33/11 kV 15 MVA'transfbrmer_and the installa-

tion of all related equipment.
{2) 1Ilala S/sS (Scheduled fof Expapsion) léék

‘The 132 kV power line to'be_ereeted between Ubungo and

“Tlala will require the exécution of expansion and improve-
‘ment construction to upgrade the substation capacity, see-
ing that the power line is to be laid from ehe substation
In addition, it will also be.necessary to carry out expan-
sion work on the 132/33 kV 45 MVA transformer at the same

time.
(3) Ubunge.SlS {to be expanded) 1994

The 132 kV power 1ine to be erected between Ubungo and
Ilala will requlre the executlon of expan31on and improve-
ment conetruction to upgrade the substatlon capac1ty, see-
ing that the power line is to be lald from the substation
In addition, it will also be necessary to install all

related equipment and facilities at the same time.
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(4)

{5)

(6)

Tandale S/S (to be newly constructed) 1994

The Tandale region is situated in a comparatively remote
location from any of the substations. It has thus experi-
enced a number of problems such as voltage drops. The sit-
uation has been examined and the findings have already led
to the decision to erect a new substation with 15 MVA
transformer capacity on a 30m x 30m plot already prepared
by TANESCO. The incoming 33 kV single-circuit line is run
off through a T junction from an intermediate location of
the Friendship line between Ubungo and Ilala and connected
to the substation. To ensure the correct power supply
capability for the substation, provision has also been made

for the installation of five 11 kV feeder circuit lines,
Chang’ombe $/S (to be newly constructed) 1994

The Chang’'ombe region has a large nﬁmber of factories,
including National (manufacturing radios and batteries),
tobacco factories, and Radio Tanzania. Demand forcasts
have led to the decision to build a 15 MVA distribution
substation. It is possible to secure a comnstruction site
wiﬁh adequate space fbr the éubstation. The incoming 33 kV

power line is rumn off through a x junction from an interme-

~diate point between the Factory Zone I and Kurasini substa-

tions and connected to this substation. The substation

will héve for 11 kV feeder circuits.

Kurasini'S!S'(newly constructed) 1994

The existing equipment at the Kurasini substation consists

of a 3311 kV 15 MVA transformer.. In view of the poor con-
dition of the feeder equipment for the incoming 33 kV line,
repair work will be carried out on the existing feeder unit

which will also be expanded with the new construction of

‘one more bay.
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{7)

{8)

(12)

(13)

Mbezi §/8 (newly constructed) 1994

The existing equipment at the Mbezl substation consists of

a 33/11 kV 7.5 MVA transformer. In view of increased
demand and as a result of the obsolescence of the existing
transformer, the decision has been taken to add one more 15
MVA transformer as well as to expand and improve the equip-
ment on site and the bus bars. The schedule also includes
for the exﬁansion-of the existing substation house and the
construction of-new'cubiéles_in'thé house and the necessary

construction work for the re-siting of equipment.

Oyster Bay S$/S, (9) Factory Zone I S/S, (10) Msasani S/S,
and (11) Sokoilne S/8 '

The expansion and'imprcvemeﬁt construction-ﬁork_for the (8)
Oyster Bay S/8, (9) Factory Zone I §/S, (10) Msasani §/S,
and (11) Sokoine 8/§ 1s being executed under Phase III.

Kunduchi S/S (to be newly constructed) 1996

Located northwésp of Msasani, the Kunduchi region has some
cement factories and a large number of tourist hotels along
its coast. The region is also scheduled for urban develop-

ment so that there will be a significant increase in power

.logd in the future. For thé'region, this will entail the

most serious voltage'drops“and losses. To dimprove the

situation, a new distribution substation is to be built in

an optimum location in_élose_vicinity to the 132 kV Zanzibar

line. The construction work at the substation will include
the erection of a 15 MVA transformer, the laying of the
incoming 33 kV line and all necessary equipment. .The 33 kV
transmission line will receive power from the 132/33 kV
Tegeta substation to Be built under a different prqjectQ

Factory Zone III §/§ 132/33 kV (to be newly constructed)

1996

The existing equipment capacity at the Factory Zone III

substation consists of a 15 MVA transformer. In view of
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(14)

(15)

its potential for supplying the whole of Dar Es Salaam with
electricity in the future, the program envisages the expan-
sion of the 132 kV outer line in the southwestern direction
with Ubungo 8/S in the center. This line expansion work is
to be carried out prior to the expansion of the substation
itself. The upgrading of the substation to a 132/33 kV
capacity system will involve improvement and_modification
work on the.exiéting equipment and the erection of two new
45 MVA transformers for 132/33 kV operation. The incoming
132 kV line will enter the substatibn from the nearest

tower in the form of an underground cable.
Ubungo S/S {to be expanded) 1996

Construction work on the new 132 kV power transmission line
between Ubungo and Ilala will involve the addition of a bay
using the space available on the site of the two

substations.

In connection with this study, construction is scheduled to

extend and modify the related equipment.

Kariakoo §$/S (to be newly constructed) 1996

The Kariakoo region is that of a commercial town with a

high_level of power demand. The role of the substation is
therefore crucial in assuring an adequate alternative power
supply. In view of the need for these improvements, the
decision has been made to build a new distribution substa-

tion in the Kariakoo region.

The construction work at the substation will include the
erection of a 15 MVA transformer, the laying of the incom-
ing 33 kV line and the installation of all necessary
equipment. The 33 kV transmission line will receive power

from the Ilala Secondary S/S.
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(16}

(17)

(18)

Ilala 5/8 {to be newly éxpanded) 1996

Scheduled for construction in 1994 were facilities given in

No.l and No.2 above, with additional busbars having been

“installed to meet the expansion of the transformer capacity

and all necéssary equipment modification and expansion hav-
ing been completed. In connection with the new construc-
tion of ﬁhe Kariakoo diétfibution substation which forms
the study impléﬁented nex;_item_No.lS above, work will be
undertﬁkéd to expand lay tﬁé iﬁcoming 33 kV transmission
line and expand_the‘iine cépacity. with simﬁltaneous expan-

sion and modification work on all related equipment.
Mbagala S/S (to be newly constructed) 1996

The Mbagala region supplies power ffom Kurasini to the res-

idential areas along the Kilwa Road and to the industrial

zones. The problem, however, is that the transmission dis-
tance 1is éxtremely long sc that voltdge drop and loss prob-
iems are at their worst. This has led to the decision to

build & new distribution substation in this region.

The construction work at the substation will include the

erection of a 15 MVA transformer, the laying of the incom-
ing 33 kV line and the installation of all necessary
equipment. The 33 kV transmission line will receive power

from the Kurasini S5/S.
Kurasini S5/S (to be newly erected) 1996

The construction'ﬁork scheduléd for 1994 and referred to in

section item No. 6 above, envisages the addition of one

more transmission bay for the Chang’ombe substation to pro-

vide the line equipment for the 33 kV line. The construc-

tion work to be implemented under this section (No,18)

consists of the,further_additiqn:of one more line bay for
outgoing lines té the new Mbagala S/S. At the same time,
the work will include:expansion and modification work to

upgrade all related equipment.
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(19)

(20)

(21)

(22)

Tabata $/5 (to be newly constructed) 1996

The Tabata district supplies electricity from the Ubungo
substation., Long-term demand forecasts suggest that this
region is likely to regisﬁer further increases in power
demand. This has prompted the decision to build a new sub-

station to meet increased demand in this area.

The construction work at this substation will include the
erection of ‘a 15 MVA transformer and the laying of the
incoming 33 kV transmission line in conjunction with the
installation of all necessary equipment. The 33 kV trans-
mission line receives power through a = connection from the
existing 33 kV transmission line between Ubungo and Factory

Zone IIT1.°
Mikocheni S/S 33/11 kv {to be expanded) 1998

The existing facilitles at the Mikocheni 5/S consist of a
33/11 kV 15 MVA transformer. Demand forecasts suggest a
significant increase in demand which is to be met with the
addition of one more 15 MVA transformer. The two incoming
33 kV lines connect the Ubungo and Oyster Bay substations.
Tﬁere are five existing 11 kV feeder circuits, and the

expansion study will add another five feeder circuits.

Kigamboni §$/5 (to be expanded) 1998

The existihg equipment at the Kigamboni.substation consists
ofrg 33/11 kv S MVA transformer. Démand forecasts,
however, entail ﬁhe need for thé additional construction of
a 5 MVA transformer, There are two 11 kV feeder circuits.
The incoming 33 kV power line will connect to the Kurasini

substation.

Temeke S/S5 (to be newly constructed) 2000

. The Temeke region has public housing estates on its fringe,

~and demand foreéaéts for the region have led to the deci-

sion to build a new substation to meet increased demand.
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{(23)

{24)

(25) -

At present, TANESCO is in the process of negotiating the
acquisition of a 30m x 30m plot for the construction of a
15 MVA capacity.distribution substation. The incoming 33
kV power tfansmission line will be connected to the Yombo
substation to be buiit. The number of 11 kV feeder cir-

cuits will be five.
Mburahati §/S 33/1il kV (to be newly constructed) 2000

The Mburahati region ig a general residential zone and the
demand fdrecaété for this reglon have led to the decision

to build a new substation at the cormer of the Elementary
School Precincts. 'Af'present, TANESCO is in the process of
negotiating the acquisition of a 30m x 30m.plot'for the
construction of a 15 MVA capacity distribution substation.
The incoming 33 kV power transmission line receive power
through a T conneciion.from the transmiséion line between the

Ubungo and Ilala suhstations,
Kitunda S/S (to be newly constructed) 2000

The Kitunda region has an oil—pipeline for oil transport to
neighboring Zambia and haS'primafily_a large number of gen-

eral residential ‘housing estates.

Demaﬁd forecasts antiéipate further growth in power con-
sumption which is to be met by construction of new 5 MVA
distribution substation. The incoming 33 kV circuit line
is conmected to the Yombo substation which will algso be
constructed new. The number of'il.kv feeders is given as
two. o |

Yombo §/S 132/32 kV (to be newly constructed) 2000

The Yombo region is scheduled to have a new gas-turbine
thermal power station to be built at some time in the
future and is earmérked for extensive cqnstruction of pub-

lic utility facilities so that it will play a major role as

the base fbr laying an outer linelfor the power grid. As a
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(26)

(27)

(28}

(29)

secondary substation, the Yombo substation will be equipped
with a 45 MVA transformer. There will be three 132 trans-

mission lines, connected to the Factory Zone III, Kurasini,
and Mbagala substations, respectively. There will be three
33 kV transmission lines, connected to the Kurasini and

Mbagala, and Kitunda substations, respectively.
Factory Zone YII 5/8 (to be expanded) 2000

In connection with the erection of the new Yombo
substation, the plan is to construct additional line capac-
ity for the 132 kV transmission line in the Factory Zone
III substation.

Factory Zone II §/S (to be expanded) 2000

The existing equipment at the Factory Zone 1T substation
consists of a 33/11 kV 5 MVA transformer. Tc meet the
forecast increase in electricity demand, however, the plan
envisages the additional construction of a 5 MVA capacity
transformer. The 33 kV incoming transmission line connects
with the Factory Zone IIT substation. The existing feeder
capacity consists of four 11 kV feeder circuit which are to

be supplemented by & further two lines.
Oyster Bay S§/§ (to be expanded) 2000

Under the expansion program, the Oyster Bay substation is

scheduled for a capacity upgrading study to achieve a

132{33 kV ﬁype substation. The 132 kV line will be run off

from the Ubungo substation and brought to the Oyster Bay
substation from a nearby transmission tower through an
underground cable. The plan envisages the new erection of

a 45 MVA transformer.

.Ubungo SfS (to be expanded) 2000

" In cohjunétion with the ﬁﬁgrading study at the Oyster Bay

substation to 132 kV, expansion will be required at the
Ubungo substation with the creation of an additional outgo-

ing line bay for the 132 kV line.

5—193



(30)

(31)

(32)

(33)

(34)

Kariakoo 5/8 (to be-expaﬁded).ZOOZ

The existing facilities aﬁ_the.Kariakoo substation consists
of a 33/11 kV 15 MVA transformer._ To meet forecast
increaseé in electricity deﬁand, the plans envisage the
additional construction of a 15 MVA transformer. The 33 kV
line connects to tﬁe Ilala substation. .The existing 11 kV
feeder capacity consists of five lines which are to be sup-

plemented by a further five lines.

- Kigamboni §/S .(to be expanded) 2002

The éxisting equipment capacity aﬁ the Kigamboni substation
consists of two 33/11 kV 5 MVA transformers. As this will
not be adequate to meet the anticipated increase in elec-
tricity demand, the need has arisen for an additional 5 MVA

transformer to be erected.
Kurasini 8/8 (to be expanded) 2002

In accordance ﬁith the ekpﬁnéion prdgram fhe Kurasini sub-
station is earmarked for an upgradlng study due to create a
;32[33 kY substation. The 132 kV transmission line is to
connect to the newly bullt Yombo_substatlon. The plans

envisage the erection of a new 45 MVA transformer.
Yombo S$/S (to be expanded) 2002

In conjunction with the upgrading study for the Kurasini
substation to create & 132‘kV_1ine,:it'will be necessary to

build an additional substation for the 132 kV line.
Oyster Bay S/S (to be éxpanded) 2003

The existing facilities at the Oyster-Bay substation con-
sists of a 132/33 kV 45 MVA transformer and a 33/11 kv
transformer, giving a total capacity of 25 MVA. To meet
forecast increases in electr1c1ty demand the plans envis-

age the addltlonal constructlon of a 15 MVA transformer.

,There are one 132 kV and two 33 kv lncamlng lines.. The
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(33)

(36)

{37}

(38)

existing 11 kV feeder capacity consists of five lines which

are to be supplemented by a further three lines,
Mbezi $/S (to be expanded) 1998

The ekisting facilities at the Mbezi substatidn consists of
a 33/11 kV 7.5 MVA transformer. To meet forecast increases
in electricity demand, the plans envisage the additional
construction of a 15 MVA transformer. The two 33 kV
incomming lines connect to the No.l and No.2 of Ubungo
substation., The existing feeder capacity consists of three

lines which are to be supplemented by a further five lines.
Mbezi S/S (to be newly constructed) 2004

In accordance with the expansion program, the Mbezi substa-
tion is earmarked for an upgrading study due to create a
132/33 kV substation. The 132 kV transmission line is to
be fed from the newly built Zanzibar line through a T
connection. The plans envisage the erection of a new 45

MVA transformer.
Mikocheni 8/S (to be expanded) 2004

The existing facilities at the Mikocheni substation consist
of two 33/11 kV 15 MVA transformers. To meet forecast
increases in electricity demand, the plans envisage the
additional erection of a 15 MVA transformer. The two 33 kV
incoming lines connect to the Ubungo and Oyster Bay
substations, respectively. The existing 1) kV feeder
capacity consists of ten lines which are to be supplemented

by a further line.
City Centre 5/8 (to be expanded} 2004

In connection with the expansion program, the City Centre
substation is scheduled for capacity expansion with the
erection of an additional 132/33 kV 45 MVA transformer and
the necessary modification work to upgrade all related

equipment.
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{39) Ilala S/S (to be expanded) 2004

In conjunction with the upgrading scheme for the City Centre
substation, additional line capacity will be constructed for the

132 kV Iine at the Ilala substation.
(40) Upanga 8/8 (to be newly coﬁétrubted) 2004

The Upanga regilon has major power users in its bounds, and
to meet the forecast increases iﬁ electricity demand, the
plans envisage the construction of & new 15 MVA substation
with the.creation of new 11 kV feeder capacity consisting

of five lines.
(41) City Centre $/5 (to be expanded) 2004

The 33 kV line equipment at the City Centre substation
needs additional incoming line facility for the 33 kV line
in conjunction with the construction of the new Upanga

substation. The expansion program also includes the erec-

tion of all necessary related equipment.
(42) Factory Zone IIY $/8 {to be expanded) 2005 .

-The existing facility at the Factory Zone III substation
consists of one 132/33 kV 45 MVA transformer and one 33/11
kV 15 MVA transformer. To meet forecast increases in elec-
tricity demand, the plans enviéage the additional erection
of a 15 MVA transformer. The two 132 kV incoming lines
connect to the Ubungo and Yombo substations, respectively.
Tﬁe existing 11 kV feeder'capacity:consists of five lines

which are to be supplemented by a further five line.
(43) Msasani §/§ (to be expanded) 2006

The existing facility at. the Msasanl substation consists of
a 33/11 kV 15 MVA transformers. To meet forecast increases

in electricity demand, the plans_envisage the additional

erection of a 15 MVA transformer. The 33 kV incoming line

connects to the Oyster Bay substation. The existing 11 kV

§5—196



(44)

{45)

feeder capacity consists of four lines which are to be sup-

plemented by a further two lines.
Mbagala 5/5 (to be newly constructed) 2006

In accordance with the expansion program, the Mbagala sub-
station is earmarked for a capacity upgrading study due to
create a 132 kV substation. The existing installations
consists of a 33/11 kv 15 MVA transfo:ﬁer, and to achieve
the upgrading study, an additional 45 MVA transformer is to
be erected. The 33 kV (11 kV operation) incoming transmis-
sion line is to be connected to the Kurasini substation.

To connect the line required for the upgrading study, an
additional substation will be built for comnection to the

Yombo substation.
Yombo §/8 (to be expanded) 2006

In conjunction with the upgrading of the Mbagala
substation, the Yombo substation will be expanded with the
construction of an additional line for incoming 132 kV

line.

‘Figs. 5.4-8-1 through 5.4.45-2 of the revised version of

Volume TIII show the single-line diagrams and equipment
arrangement plans for the new and expansion study and the

existing equipment at the substations concerned.

Fig. 5.4-6 shows the newly constructed and expanded substa-
tion under the Power Supply Expansion Program for the City

of Dar Es Salaam, based on the target year 2007.
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Table.5.4-13 A List of the Substations to be planned in the after 1994

Capacity (Newly/Expansion

No.| Year Name of Substation Voltage capacity) Classification Installed Capacity (MVA) | Total Capacity (MVA) | Remarks
111994 | Ilala Secondary Substation 33/11 kv 45 MVA {15 MVA x rx.) Expansion 15 x 2 = 30 15 x 3 = 45
2 Ilala -ditto 132/33 kV | 135 MVA (45 MVA x 1 Ex.) ditto 45 x 2 = 90 45 x 3 =135
3 Ubungo Grid Substation 132 kv switchyard (1 bay.Ex.) ditto - -
4 Tandale Distribution Substation 33/11 kv 15 MVA {15 MVA x 1) Newly Installation - 15 x1 =15
5 Chang *ombe ditto 33/11 kv 15 MVA (15 MVA x 1) ditto - 1S x 1 =15
6 Kurasini ditto 33 kV Switchyard (1 bay Ex.) Expansion - - :
7 Mbezi ditto 33/11 kv 22.5 MVA (15 MVA x 1 Ex.) Expansion 7.5 x 1 = 7.5 72.5x 1 + 15 = 22,
8 Oyster Bay Distribution Substation | 33/11 kV { 25 MVA (15 MVA x 1 Ex.) | Expand by Phase III 5 x 3 =15 Sx 2+ 15 = 25 -3
9 Factory Zone I ditto 33/11 kv 25 MVaA (15 MVA x 1) ditto 5 %23 =15 5 x 2 + 15 = 25 -5
10 Msasani ditto 33/11 kV 15 MVA (15 MVA x 1) Construct by Phase III - 15 x1 =15
11 Sokoine ditto 3s3/11 kv 15 MVA (15 MvVA x 1) ditto - 15x 1 =15
12 | 1996 | Kunduchi Distribution Substation 33/11 kv 15 MVA (15 MVA x 1) Newly construct - 15 x1 =15
13 Factory Zone III | Secondary Substation 132/33 kv 90 MVA (45 MVA x 2) Newly construct - 45 x 2 90
14 Ubungo Grid Substation 132 kv Switchyard (1 bay Ex.) Expansion - -
15 Kariakoo Distribution Substation 33/11 kv 15 MVA (15 MVA x 1) Newly construct - 15 x 1 =15
16 Ilala ditto 33 kv Switchyard (1 bay Ex.) Expansion - -
17 Mbagala ditto 33/11 kV | 15 MVA- (15 MVA x 1) Newly construct - 15 x 1 = 15
18 Kurasini ditto 33 kV | Switchyard (1 bay Ex.) Expansion - -
19 Tabata ditto 33/11 kv 5 MVA { 5 MVA x 1) Newly censtruct - Sx 1 = 5
20 | 1998 | Mikocheni Distribution Substation | 33/11 kV | 30 MVA (15 MVA x 1 Ex.) Expansion 15 x 1 =15 15 x 2 = 30
21 Kigamboni ditto 33/11 kv 10 MVA { 5 MVA x 1 Ex.) ditto 5x1= 35 5x 2 =10
22 [ 2000 | Temeke Distribution Substation 33/11 kv 15 MvVA {15 MVA x 1)} Newly construct - 15 x1 =15
23 Mburahati ditto 33/11 kV | 15 MVA (15 MVA = 1) ditto - 15 x1 =15
24 Kitunda ditto 33/11 kV 5 MVA (5 MVA x 1) ditto ~ 5x1 = 5
25 Yombo Secondary Substation 132733 kv 45 MVA (45 MVA x 1) ditto - 45 x 1 = 45
26 Factory Zone 1II ditto 132 kv Switchyard (1 bay Ex.) Expansion - -
27 Factory Zone II Distribution Substation 33/11 kv 10 Mva ( 5 MVA x 1 Ex.) ditto 5x%x 1= 5 5 x 2 10
28 Oyster Bay: Secondary Substation 132/33 kv 45 MVA (45 MVA x 1) Newly construct - 45 x 1 45
29 Ubungo Grid Substation 132 kV. Switchyard (1 bay Ex.) Fxpansion - -
30 | 2002 | Kariakoo Distribution Substation 33711 kv 30 MVA {15 MVA x 1 Ex.) Expansion 15 x'1 15 15 x 2 = 30
a1 Kigamboni ditto 33/11 kV | 15 MVA (5 MVA x 1 Ex.) ditto 5x 2 =10 5x3 =15
32 Kurasini Secondary Substation 132/33 kV ] 45 MVA (45 MVA x 1) Newly construct - 55 x 1 = 45
33 Yombo ditto 132 kv Switchyard (1 bay Ex.) Expansion - -
‘34 | 2003 | Oyster Bay Distribution Substation | 33/11 kV | 35 MVA (15 MVA x 1) Expansion Sx 2+ 15x1 =25 Sx1+15x 2 =35 -5
35 | 2004 | Mbezi Distribution Substation | 33/11 kV | 30 MVA (15 MVA x 1 Ex.) Expansion 7.5x 1+ 15 x 1 = 22.3 15 x 2 30 ~-7.5
36 Mbezi Secondary Substation 132733 kV | 45 MVA (45 MVA x 1) Newly construct - 45 x 1 = 45
37 Mikocheni Distribution Substation 33/11 kv 45 MVA© (15 MVA x 1 Ex.) Expansion 15 x 2 = 30 15 x 3+ 5 =45
38 City Centre Secondary .Substation 132133 kV | 45 MVA - (45 MVA x 1) " Newly construct - 45 x 1 = 45
39 Ilala ditto 132 kv | Switchyard (1 bay Ex.) Expansion - -
40 Upanga Distribution Substation | 33/11 kV [ 15 .MVA (15 Mva x 1) Newly construct 15x 1 =15
41 City Centre ditto 33 kv Switchyard (1 bay Ex.) Expansion - -
42 | 2005 | Factory Zone III | Distribution Substation | 33/11 kV.| 30 MVA (15 MVA x 1 Ex.) Expansion 15 x 1 = 15 15 x 2 = 30
43 | 2006 | Msasani Distribution Substation | 33/11 kV [ 30 MVA (15 MVA x 1 Ex.) Expansion 15x 1 =15 15 x 2 = 30
&b Mbagala Secondary Substation 132/33 kV | 45 MVA (45 MVA x 1) Newly construct - 45 x 1 = 45
45 Yombo ditto 132 kv Switchyard (1 bay Ex.) Expansion - -
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5.5 OPTIMIZED DISTRIBUTION LINE PLAN (LONG TERM/SHORT TERM)

{1} Determination of power supply reliability for long-term and

short-term plans

1

Reliébility of power distributiom facility

Improvements on distribution lines are substantialy

being promoted owing to an increase of gratuitous aid over 4
times as that from Japan in the past. However, for the most
part they are still left as they are in a time-worn state and
therefore, further establishment of marginai.supply
capability, enhancement of reliability, and promotion of

safety are urgently needed.

As for the actual conditions of the worn-out facilities,
service level or degree of reliability of repairs which have
been performed up to now in respect of distribution
facilities, target points are not available yet, even now.
This is because the measures have been taken on a priority
basis, thus in such a style as was only urgently needed to

repair certain ruined facilities,

In order to improve and expand the power supply facilities so
that a stable supply is obtained hereafter, target points
must first be sét up in detail as to the service level and
degree of reliability prior to setting out on the long-term

and short-term plans.
(a) System formation of 11 kV distribution line

Formation of the system must be performed in such a man-
ner that the system is divided into a number of sec-
tions to limit the range of power failure due to
transmission lines to certain districts and
interconnection lines are to be provided among these
sections. The standard number of sections and
interconnection lines are to be taken in 3 divisions and
3 intercomnection lines in consideration of reliability,

economical efficiency, and ease of maintenance service.
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Example of interconnection line setup

™2 Main line switch

= Interconnection line swii

® Scerion switch

(b) Establistment of power supply reliability standards and

review thereof

Target restoration time for an accident shall be as

shown in the following table:

Reliability division

Maximum duration
of power failure

Service ranking A
Service ranking B
Service ranking C

Service ranking D

60 minutes
90 minutes

150 minutes

‘180 minutes

Note: Service rankihg A: Importdnt.government and municipal

offices and important installations

Service ranking B:.Qrdihary-governméntal and municipal

offices and industrial parks
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2)

Service ranking €: Bustling streets and shopping quarters
Service ranking D: Residential districts and other

places other than mentioned above
Planning of 11 kV distribution lines

Repairs must be conducted in such a way that heavily loaded

or excessive voltage drop distribution lines shall be sepa-

rately assigned to the feeders of newly established or rein-

forced substations, in short, the system must be changed

over.

In addition, small size wires included in the main line sec-

tions shall be replaced with large size wires and then more

-switches shall be added to the 3 division and 3

interconnection line distribution system thereby enhancing
reliability by effectively interchanging power and limiting
the power failure areas to certain districts at the time of

an accident.

Standard capacity and voltage of distribution line shall be

as follows:
{a) Capacity of distribution line

Standard capacity of the distribution line shall be as

shown in the following table under the conditions of:

Standard transmission capacity: Nominal 3,000 kVA/cct

Maximum 4,000 kVAfcct

Main line capacity

Normal service capacity 2004

Short time service capacity 3004

{b) Maintenance of voltage

Voltage drop limit for 11 kV distribution line
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Standard voltage drop limit for 11:kV distribution line
shall be as shown in the following table:

District

division Voltage drop limit (V)
Normal District A 500
SeIVice | pigyrict B| - 1,000
At an District A 800
accldent | n:cvrict B 1,900

(Notes) A dlstrlcts. Important governmental and munici-
" pal offices and important installa-
tions

B districts: Other districts than mentioned
above:
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(c) Summary of distribution facility expansion

Under-
Feeder Overhead line Switch  ground Remark
New distance (km) New wire {New/expanded
Year {cot) New Replace {pieces) New(km) substations)
1994 11 11 7 33 1.1 Newly established:

1996 14 14 4 42 1.4
Short term

~total 25 25 11 75 2.5
(For 5 years) :

: 2 places
Expanded: 2 places

Newly established:
4 places

gy

Newiy estalished:
6 places

- Expanded: 2 places

1998 4 & 12 0.4 Expandéd: 2 places
2000 10 10 30 1.0  Newly established:
3 places
Expanded: 1 place
2002 5 5 15 0.5 Expanded: 2 places
2003 3 3 9 0.3 Expanded: 1 place
2004 9 9 27 0.9 Newly established:
1 place
Expanded: 2 places
2005 3 3 9 0.3  Expanded: 1 place
2006 2 2 6 0.2 Expanded: 1 place
Total Newly established:
10 places

15 years 61 61 11 183 6.1

Expanded: 12 places

(Notes) Where;

Newly establiSHEd overhead wire (distance): 1 km/cct

_Répiacemen; of overhead wire (distance): at applicable places

Newly established switches: 3 unitsfcect

Newly established underground wire: 0.1 kmfcct
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1. Detaills of each substation

Newly established substation Bank additional installation/
related matters - expansion related matters
Name of | Distribution line Name of Distribution line
Year | substation under plan subgtation under plan
Tandale Ilala 1 cct New
- 15MVAx1 4 cct New (15MVAX2) 2 cct
1994 | Chan’gombe 15MVAx1 replacement
15MVAx1 4 cct New Mbezi between banks
(7.5MVAX1) with new ones
15MVAx] 2 cct New
Kunduchi
15MVAXL 4 cct New
1996 | Kariakoo
15MVAx1 4 cct New
Mbagala
15MVAx1 4 cct New
Tabata '
SMVAx1 2 cct New :
Mikocheni
(15MVAxX1) o
1998 15MVAx1 3 ¢cet New
Kiganboni
{ SMVAx1)
SMVAx1 1 _cct New
Temeke : F2-I1
15MVAX] 4 cct New { 5MVAx1)
2000 | Mburahati SMVAx1 2 cct New
SMVAx1 2 cct New
Kitunda
SMVAx1 2 cct New
Kariakoo
(15MVAX1)
2002 - 15MVAx] 4 cet New
' Kigamboni
- ( SMVAx2) _
SMVAXI 1. cct New
Oyster Bay
'15MVAx1
2003 O siyax2’ _
5MVAx1 Ex.| 3 cct New
to 15MVA - ' i
Upanga _ Mikocheni
15MVAx1 4 cct New (15MVAx2)
‘ : 15MVAx1 3 cct New:
2004 Mbezi -
7.5MVAx1, -
( lSMVAxl)'
7.5MVAx1 Ex.| 3 cct New
15MVAX]
FZ-1II
2003 (15MVAX1) : .
15MVAx1 3 cct New
Msasani
2006 (15MVAX]1)
5MVAx1 2 cct New
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3) Low-voltape distribution line

4)

Voltage drop and fluctuations at a customer’s location is
mostly due to largely widened low-voltage service areas
caused by the usage of large capacity transformers and small

size wires and setup over a long distance.

As a radical countermeasure, reduction in low-voltage service
areas by using small capacity transformers and systematic
replacement of small size wires with large ones must be

urgently conducted.

In addition, in view of safety on the electric facilities and
humanbody, such repairs as application of insulation to all

lines including incoming line must also be conducted.
Limit of voltage drop

Standard limit of low-voltage distribution line voltage drop

‘shall be as shown in the foilowing table, and in addition,

the voltage at service points shall be 230V+15V for lighting
and 402Vi40V'for'low-voltage power.

Classification Voltage drop limit (V)

Lighting 15

Low-tension power 40
Maintenance and operatiocn techniques

Since it is difficult teo conceive that systemﬁtic maintenance
services are underway now, and in consideration of the pre-
sent conditions, i.e. time-worn distribution lines, an
organization must be set up in respect of comprehensive main-

tenance service and operation.
(a) Establishment of management organization

To conduct maintenance service preciously, management
organization and staff setup are needed. In addition,

in order to establish perpetual countermeasures in suc-
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(b)

(c)

(d)

_systematized. In particular, it.is indispensable to

,secure mobilization vehicles, mobile and portable

cession to the emergency measures, a stock of construc-
:cf i
tion materials and equipment and also a budgetary é@%

backing must also be secured.
Impleméhtétion of périodic patrol and inspection

To preclude an accident resulting in injury or death or
damage to facilitiés, periodic inspection and patrol
must be systematized. '

Applicable
Classification district Interval Remark

Inspection  All districts Once a year

Patrol Urban district Once a year To be alter-
nated with
inspection

(Note) For an urban district, either inspection or
_patrol shall be conducted alternately at inter-
vals of every 6 months.

Execution of periodic measurement of voltage and current

To grasp and mahagé'the'voltage and condition of distri-
bution line in operation precisely, voltage and current
must be measured periodically to keep in hand adequate

data.
Phase control of 11 kV distribution line

A phase control chart must be prepared to secure ease of
operation and safety for line changeover, adjustment of
unbalanced lqad,'etc.

Improvement of accident reétoratipn setup

To conduct prompt restoration work at the time of an

acéident, accident téstbraﬁion procedures shall be

~ radios, tools, and construction materials and equipment.
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(2)

Standardization of distribution facility

As for standards of the distribution facility, a number of stan-
dards are in use for the facility equipment such as Japanese
standards_(JIS) of Japan, the recent aid granting country, local

standards (NS), British standards (BS), etc.

In order to expand facilities on a long-term basis, unification
of specifications, a challenge to be solved in the near future,

is needed.

As for the uﬂificétion of specifications, it is conceivable that
commonality should be made with Japanese standards at its core so
that a series of aid can be continuously furnished from Japan
hereafter. Howe#er, to promdte it, it is necessary to review the
technical assistance with attendance of relevant associated mak-
ers although there are still many problems to be solved such as
commonality of spécifiéations.in respect to the locally manufac-

tured electric wires, cables, transformers, etc.
1) 11 kV distribution line

To recommend that the accidental power failure due to contact
of trees and vines with distribution lines and in considera-
tion of the security of the facility, insulated wires must be
exclusively used for the distribution lines intended part to

be newly constructed or répiaced'with new (large size ) ones.

Applicable type: OE-ACSR 120 mm? (for main line)
OE-ACSR 32 mm2 {for minor branches)

{(a) Problems to be posed by adoption of insulated wire

When struck by a lightning bolt, dielectric breakdown
caused by the indirect lightning bolt surge induced in
the distribution line causes a pin hole in the insulated

wire covering.

If the above flashover takes place at 2 phases or more

at the same time, these two phases are short-circuited
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via the arm to mgke the dynamic current start to flow

from the powerafreqﬁenéy voltage side, which makes the
insulated wite frequently fused by arc heating before

operation of the éubstation relay.

on the'other-hanq. the bare wires_are often protected
against disbonnection-by opération'of'the sﬁbstation
relay. This is .because the points.of current flow-in or
flow-out do not remain the same at one point are moving
for the bare wire thus giving enough time for substation

relay to work.

It is‘known“frbm the'aboﬁé disconnectién mééhgﬁism for
the insulated wires that the insulated wires are apt to
increase occurreqcé-of disconnection when struck by a
ligﬁﬁning bolt. This is a disadﬁantageous point for the
insulated wireg. Nevertheless, the inéulated'wires are
to bé used. This is because the insulated wires are

much more advantagéous in that they can preclude power

failure due to contact with trees or vines and,

moreover, they are superior in various security aspects.

It is also conceivable to attach a discharge clamp to
prevent disconﬂection, howevér, this method should be
left as a technical challengé to be solved hereafter
since the'relevant research and developmeht may take a

very long time.
Section switches for transmission lines

The following type shall apply both to normally open and nor-
mally closed switches: Air break switch 300A

Countermeasures for.lightniﬁgfproof.and salt teolerancs.

 Distribution lines shall be provided With groundiﬁgZWires,

and in addition,fall poles ‘equipped with switches shall be

provided with.lightnihg—arresters.: Insulators shall be of
the anti-pollution type. (Class 10A)
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4) Review of insulated wire usage

As for 11 kV distribution lines (ACSR 50 mm2 and 100 mm2 bare
aluminum wire with partial 25 mm2 bare hard copper), they are
presenty already substantially worn out. Concerning this
fact, an incéption report (January, 1993) and Optimum power
service plan {March, 1993) were issued to recommend usage of

insulated wires from the standpoint of accident prevention.

At the time of setting out the long-term and short-term
plans, usage of insulated wires must be included so that the
bare wires can be replace with them gradually in addition to
the establishment of new feeders to meet the added new sub-
stations and replacement of small size wires with large size

ones.
(a) Problems ﬁo.be posed by insulated wire usage

It is concelvable that insulated wire usage are surely
necessary from the point of view that they can preclude
feeder poﬁer failure due to contact with foreign matter
aﬁd'moreover they are satisfactory in various security
aspects. However, they still poses the following prob-

lems in respect to.lightning bolt:

If an indirect lightning surge, which is induced when a
tree or building near & distribution line is struck by a
lightning surge, happens to exceed the insulation level
' (Class 10A), the flashover due to the dielectric break-
down may sometimes cause an accident to the distribution

line.

From the lightning damage generation mechanism with
respect to an electric wire, it is anticipated that the
frequenéy of accidents to the insulated wire, i.e. dis-
connection of the wire may jincrease as compared to the

bare wires, thus posing a problem,
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i)

Disconnection of insulated wire

a) Dielectric breakdown due to a lightning surge in
insulated wire that is connected to pin
insulators, causes an flashover and resultant
large lightning discharge. However, since the

" lightning discharge takes place only for a very
short time; it merely makes a pinhole in the
insulated covering but does not cause disconnec-

tion of the wire.

bj buring the incident mentioned in a) above, the
distribution line and the earth is short-
circuited to make the lightning discharge, i.e.
ground fauit current flow. In this event,
however, since the current is not large, the wire
is séldbm disconﬁeéted but often.recovered with

insulation capability in a sho:t time.

c) leew1se during the inc1dent mentioned in a)
above, 1f the flashover takes place at two phases_
or more concurrently, a dynamlc current starts to
flow at the'time of b) and then continues to flow

until substation relay is actuated.

On the ofhef_hand, in the case of the bare wires,
the flow-in and flow-out points are moving as.men~
tioned previously'thus.giving ehoﬁgh time for the
substation rélay to.work. Aécordingly, the bare
wire is often protected againsf disconnection of the

wire.

Since the flow-in and flow-out points in the case of
insulated wires are the same as that of'the'pinhole,
the insulated wire is often disconnected due to arc

heétiﬁg before the'substation feléy'starts to work.
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5.6 OPTIMIZED TELECOMMLUNICATION PLAN (LONG TERM/SHORT TERM)

5.6.1

5.6.2

Long-term Telecommunication Plan

- The power service system for Dar Es Salaam city which is & part of

the planned areas, consists of 10 distribution substations with
Ilala substation at its center and the telecommunication facility
necessary for the system is also set up with SCADA system as its
core. Since this SCADA system still has allowance in its capacity,
it can cope with additional construction and expansion of
substations. However, it is also clear that only 1 circuit of the
present load dispatChiﬁg telephone line is not at all enough as the
new substations are édditivély constructed. The lack of circuits
must therefore be coped with by an increasing number of circuits by
digitizing teleCommﬁnication equipment or the like. It is again
important'that‘the opef&tion works at Ilala load dispatching office
must be upgraded, analogue information must be inputed, and measure-
ment and recording must be automated in order to precisely grasp the
power supply and demand at Ilala and Ubungo substations thereby rad-

ically improving SCADA system.

As for the mobile radio facility, the number of portable radios must

'be increased as well as new allocations of frequency and enhancement

of supply capability must be considered since the maintenance serv-
ice areas are on the increase as the new distribution lines are

constructed.
Short-term Telecommunication Plan

From the short-term point of view, the expansion of the power serv-
ice system can fully be copéd with by increasing the number of seat-
ing or remodeling software by making good use of the existing SCADA
system. By taking this opportunity, however, it is also important

to increase.the number of standby seatings and enhance the reliabil-

ity of maintenance service,

As for the mobile radio facility, the existing facility can cope
with the present basic system. However, the increase in the number
of portable radios must also be considered to match the actual situ-

ation of the future maintenance service for the transmission line.
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5.7 OPTIMIZED PROTECTION PLAN (LONG TERM/SHORT TERM)

(1)

Long-term protection plan

For the expansion of existing, and the creation of new power
transmission/distribution lines and transformers, the same pro-
tection methods as -those which are currently being used shall be

employed.  The protection systems currently. in use as follows:
220 kV Power Transmission Lines

Power line transportation system

Main protection: 'Shoftécircuit, remote rélays, ground
“connection, directional relays:

Rear equipment _
protection : Short-circuit, overcurrent relays
(three-phase), ground connection, ground con-
nection ground current relays

132 kV Power Transmission Llnes

Main protection: Short-circuit, remote relays, ground
connection, directional relays

Rear equipemnt . :

protection :+ Short-circuit, overcurrent relays
(three-phase), ground connection, ground con-
nection ground current relays

33 kV-Powér Transmission'Lines

Overcurrent relays (three-phase), ground conmection, ground con-
nection ground current relays

11 kV Power Transmission Lines

Overcurrent relays (two-phase), ground. connection, ground
connectlon ground current relays

Transformers
Voltage: 220/132 kV

220 kv d#eféu;fent relays (three-phase), 132 kV dvercurrent
relays (three-phase) .

Ratio differential relays (three-phase).

132 kV overcurrent relays (three-phase). 33 kV overcurrent
relays (three-phase)
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(2)

Ratio differential relays (three-phase)

Voltage: 33/11 kV, 7.5 MVA or larger capacity
11 kV overcurrent relays (three-phase), 11 kV ground connec-
tion overcurrent relays,
11 &V circuit ground connection overcurent relays
{three-phase}, 11 kV overcurrent relays, ratio differantial
relays (three-phase)

Voltage: 33/11 kV, 5 MVA or smaller capacity
11 k¥ overcurrent relays {(two-phase), 1l kV ground connection
overcurrent relays,

it kv circuit ground connection overcurrent relays
(three-phase), ratio differential relays

Short~term protection plan

The above protection systems shall be used.
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CHAPTER 6 POWER SYSTEM ANALYSIS

8.1 PURPOSE AND CONDITIONS FOR CALCULATIONS

6.1.1

(1)

6.1.2

(13

Purpose

Power systems shall always be improved by means of addition of the
glectric power fzcilities and frequent technical reviews as the

demand increases. This system analysis should be performed on a

time series basis with regard to the technlcal review of the expan-

sion plan (described in Chapter 5) which is set out to cope with
estimated power demand for TANESGO power system over 15 years here-

after until 2007.

As for method of review, the power flow calculation is adopted to

extract problemé which are included latently in existing power sys-

- tems (at time of 1993)., In addition, in respect of medium- and

long-term system expansion plans, a review was conducted with empha-
sis placed on supply reliability of power distribution facilities.
The extracted problems are proposed as the procedure to set up opti-

mum system plans in the near future.
Conditions for Power System Calculation

Various conditions necessary to carry out power system calculation

are set out as shown below:

Applicable year to calculation

-Appliéablé'year to calculation is selected as follows, where appli-

cable time is the end of respective years.
1) 1993

To extract problems included latently in existing power systems

and consider improvement plans.



2) 1994

To verify effectiveness of power system improvements which will

be conducted after completion.df'the reinforcement of power dis-
tribution network in Dar es Salaam (Phase III) to be implemented

in 1994,
3) 1997

Out of 15 years during which time this master plan must success-
fully be completed, this year is taken up to perform a review

aiming at 1997 which is the final year of the recent 5 years.
4) 2002

This year is taken up to perform a review aiming at 2002 which
is the 10th year of 15 years during this master plan being

implemented.

5) 2007

With'regard to 2007, the final ?ear of this master plaﬁ. a
review is performed aiming ét'éetting up a long-term power sys-
tem plan to match future scale of power demand. . The obtained
results are used for procedure at time of sett expansion plans

to be promoted hereafter.
(2) Applicahle systems

Applicable systems to calculation are 220 kV, 132 kV, and 33 kV.
Although the main theme of this master plan is the tfansmission and
distribution networks of Dar Es Séiaém city, all power systems of
the whole country comprising both 132 kV system used in Kilimanjaro
district and 220 kv system in the districts beyond Kidat@ powef sta-
tion are included in this calculation because of the fact that the
Kilimanjaré and Kidatu systems exert a large influence on the Dar Es

Salaam system.
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(3} Detalls of calculation and check points

1) Power flow calculation

(a) Existence of any facilities on which overload is imposed.
In other words, transmission lines and transformers are

normally operated or not.

(b) Capability to maintain adequate system voltage, i.e. capa-
bility to adjust the system voltage by tap changer of
“transformer, generator power factor, and adequate distribu-

tion and balance of reactive power,

(¢) Supply reliability of distribution facility in terms of
power demand and power flow caleulation is fully met or not

- with regard to system accidents to be taken into account.
2) Power system stability calculation

The target year of the power system stability calculation is

presumed to be around 2007 in the state of that the natiomal

pbwer grid is loaped via Ubungo, Kidatu and Killimanjaro.
33 Shorf-circuit current’ calculation

Three-phase short-circuit current is calculated aiming at the
- power system in arround 2007, which is helpful to designing

electric power facilities.
(4) Conditions for operation of power system facilities

To verify capability of maintaining adequate system voltage, condi-

tions for operation of power system facilities are set out as follows:

System voltage to be maintained i 95 to 105%
Operating voltage of generatotr : 100457

Operating power factor of generator: 0.80 or more

Tap ratio for transformer : 1.000.1
Power factor of load : 0.95

' Loading time ' : At peak



(3)

(6)

(7

In order to maintain the above voltage,; static condensers (8.C) and
shunt reactors (Sh.R) for voltage compensation are installed at ade-

quate power stations.
Operating conditions for Uhungo poﬁer'stéﬁion

To review Dar Es Salaam pbwar system as to capability to maintain
system voltage, it is indispensable to know whether'ﬂbungd power
station is in oﬁeratidn or not. This is because the:operation of
this power'statioh-produces a certain amount of effedtive'pbwer and
reactive power and hence power_flo& between Kidatu.énd Ubungo 1s

reduced thereby restricting voltage drop of it.

In order to obtain more strict conditions for calculation of voltage

" maintenance, it is assumed in this study that Ubungo power station

is only in operation when needed to keep demand and supply balance

in respect of the dutput.
Power system stability calculation

In power system stability calculation of the 220 kV primary network,
a three-phase ground fault is épplied as the system disturbance and
then the fluctuations of generators are verified. 1In this.study,
the fault resistance is taken for zero, and the high-speéd reclosing
of the faulty transmission line is not assumed. The fault séquence
to apply to these transmission lines is illustrated below.  The
fault clearing time is taken for 0.10 seconds assuming that the pro-

tective relays operate normally.

(Fault) . (Clear)
CB on

CB off ' -
: 0 0.10 (sec) ' CTime

Short-circuit current calculation.

The short-circuit current is calculated ;ﬁ'the-state of that all
generators of the power system, including the'planned power stations

in addition to the existing generators, are in operation. For




Ubungo power station, additional generators are considered for a

marginal impact in the future, the total output of 150 MW (i.e 180

MVA) is presumed.

reactance (Xd') is wused.

(8)

Capacity of transmission line

Regarding a generator constant, the transient

To check overload of tramsmission line, allowable current (A) and

transmission capacity (MW) of 220 kV, 132 kV and 33 kV transmission

lines are determined as shown in Table 6-1,

Table 6-1 Allowable current and transmission capacity

Kinds of conductor Allowable *1 Transmigsion capacity (MW) *2
(mm? ) current (A) 33 kV 132 kV 220 kV
Rabit ( 53) 223.2 12 - -
Dog (105) 345.6 19 75 -
Wﬁlf (158) 453.0 25 98 -
Bison (381) 771.9 42 168 279
Blue Jay (564) 983.8 - - 356
Cacsk 120 | 3.6 | U R
ACSR 240 605.7 - - 219
Notes) *l: Calculated under conditions of ambient temperature of 40°C,

L

conductor temperature of 90°C, and wind velocity of 0.5

mfs.

See Table 5.3.1 (1) for details.

Transmission capacity (P) is calculated from following
formula:

P = /3 VI Cosd (MW)

Where; V

: Transmission voltage (kV)

1 : Allowable current of conductor (kA)
Cosf: Power factor of power flow (0.95 on average)



6.2 RESULTS OF ANALYSIS

6.2.1 Power Flow Calculation
(1) Summary of transition of system characteristics

Pable 6~2 shows transition of characteristics of Dar.Es Salaam power
system which are obtained from power flow calculation. In the
table, reactive power balance that exert an influence on Qoltage
maintenanée, transmission loss rate, and heavy flow compensating

facility are shown.
1) Reactive power facility

Improvement of system voltage (i.e: ﬁising of bus voltage) is
characterizéd'by operation of the S5.C of 18.3_MVA, ﬁhiéh has
been installed at Ubungo aﬁd Ilala respectively in 1993, By
1997 the dupllcatlon program of Morogoro -Ubungo 220 kV llne and
‘the construction of Shlngida Arusha 220 kV line will be com-

pleted and the national power grld is linked with 220 kV and 132

kV transmission lines. These transmission line. expansions will

bring more improvement of the system voltage level.

In 1997 demand and supply balance of reactive power is kept by
that supplied from 220 kV and 132 kV line charging capacitors
and it is not necessary to operate the $.C for a few years. By
the around 2002 the system voltage will be maintained at a nor-
mal level with supply -0f reactive power from the S.C (18.3 MVA,

2 sets) and the generators ‘of Ubungo.

In around 2007, it is'necessary to add a new.s.c of of about

20 MVA for Dar Es Salaam power ‘system. This is not owing to Dar
Es Salaam power system itself but caused by heavy power flow in
the 220 kV transmission line beyond Ubungo which makes Ubungo
220 kV bus voltage substantially drop.




2) Transmission loss rate

The transmission loss rate on Dar Es Salaam power system remains

to.be 2Z. The loss rate after 1997 decreases remarkably com-
pared with that before 1994. The reason for keeping such loss
rate at low level for a longer period of time is attributable to
uneven power flow occuring at present which will be caused by
addition of 132 kV and 33 kV transmission lines and power

stations.

As for the transmission loss rate on nationwide systems, it will
drop to 2.90 in 1997 which is about half 6.50% and 6.287 in 1993
and 1994 respectively. This decrease in loss rate will be
obtained by improvement on uneven power flows after the comple-
tion of Singida-Arusha 220 transmission line. In 2007 the loss
‘rate will be iﬁcreased to 7.04% caused by heavy power flow

between Kidatu-Ubungo 220 kV lines.

It should be noted that the transmission loss rate described

here excludes those caused by 11 kV distribution lines and 33 kV

transmission lines other than that of Dar Es Salaam city.
3} Power flow of transmission line and transformer

'Ubungo-Ilala 132 kV transmission line and Ilala 132/33 kV trans-
former are presently (1993) operated in the heavy power flow
condition. In the near future, additional installation is

indispensable for those facilities.
(2) Power systems in 1993 (Refer to Fig; 6-1})

Powgf flow calculation in 1993. Ubungo power station is stopped and
Kidatu power station is operated in almost rated output. In reac-
tive power balénce, supﬁly capability becomes 72 MVar which consists
Of 36 MVar received from 220 XV and 132 kV power systems, and 36
MVar from S.C. On fﬁe other hand, 47 MVar of which is for demand
and 25 MVar for loss. .

Secondafy voltaée of distribution transformers (33/11 kV) can be

" maintained 100Z or mofe'by supplying the above reactive power and by

adjusting transformer tap changer.



(3)

(4)

Ubungo-Ilala 132 kV transmission line and Ilala 132/33 kV trans-

former are the facilities being operated in heavy power flow condi-

“tion which reaches about 77 MW. Since capacity of 132 kv

transmission line is 98 MW and that of transformer is 90 MVA (45 MVA
x 2 units), failure of transmission line or any one of the trans-
formers can cause a large écale power failure (eﬁuivalent to 35 to
40 MW demand). For that reason, additional installation is indis-
pensable for fhose'faciiities in the near future. As for 33 kV
transmission line, there are no.sections in operation with heavy

power flow.

Power systems in 1994 (Refer to Fig. 6-2)

Judging from the power demand and supply balance in 1994, it is

known that the operaiion of Ubungo power station is needed to avoid
lack of supply capability. The operation is therefore performed to
output 31 MW. In reactive power balance, supply capability becomes
69 MVar which consists of 31 MVar received from 220 kV and 132 kV
power sjstems,'and 2 MVar supplied from the generator of Ubungo. Cn
the other hand, consumption is 74 MVar, of which 49 MVar is for

demand and 25 MVar for loss.

As for Ubungo-Ilala 132 kV transmission line and Ilala 132/33 kv
transformer, they are still in the state of heavy power flow condi-
tion equal to that of 1933 thereby posing a latent problem in
respect of supply reliability As for 33 kV transmission line,

there are no sections in operation with heavy power flow.
Power systems in 1997 (Refer to Fig. 6-3)-

Judging from thé_power demand and supply balance in 1997, it is
known that the operaﬁion'of'Ubungo_pqwer station is needed to avoid
lack of supply capability. The oﬁération is therefbre peffcrmed to
output 50 MW, 1In reactive power balance, supply capabillty ‘becomes
75 MVar which consists of 68 MVar received from 220 kV and 132 kV
power systems, and 7 MVar from the generator of Ubungo. In this
case it does not need to operate the §.C. On the_othe: hand,

59 Mvar of which is for demand'and 16 MvVar for losé.




(3)

Since expansion of Ubungo-Ilala 132 kV transmission line and Ilala
132/33 kV transformer are scheduled to be completed until this year,
the problem posed bj the heavy power flow latently existing after
1993 system can be solved., In addition, Singida.Arusha 220 kV
transmission line is scheduled to be newly constructed in 1995.
After completion of this line, nationwide system is looped through
220 kv and 132 kV lines.

As a result, the power supplied to Kilimanjaro districts via
Morogoro in the past is sent this time via Singida, thereby
restricting voltage drop of Ubungo 220 kV bus and then facilitating
maintenance of voltage of Dar Es Salaam system. Owing to this
effect, the balance of reactive power is kept with that supplied
from 220 kV and 132 kV power systems and the generators of Ubungo.
As for 33 kV transmission line, there are no sections in oberation

with heavy power flow.
Power systems in 2002 (Fig. 6-4)

Ubungo power station is operated with its output of 50 MW same as
the calculation of the 1997 power system. In reactive power
balance, supply capability becomes 94 MVar which consists of

49 MVar received from the.power system, 36 MVar from the S$.C and
91 MVar from the generatérs of Ubunge. On the other hand, 77 MVar

of which is for demand and 17 MVar for loss.

Expansion of 132 kV transmission line of Dar Es Salaam is scheduled

to be completed until this year which exerts following influences:

- Reduction in transmission loss due to improvement on uneven

power flows..

- Enhancement of supply reliability in terms of facilities

because of added allowance in transmission capacity.

- Reduction in voltage drop thus facilitating easy maintenance

of system voltage.



(6)

Power systems in 2007 (Refer to Fig. 6-5)

Judging from the power demand and supply balance in 2007, it is
known that the operation of Ubungo power station can be stopped.
However, if supply qapabiiity relies-onlf on Kidatu and other
hydroelectric power stations after stoppingfdperation of Ubungo, it
becomes difficult'to maintain the voltage'bf Dar Es Salaam system at
an adequate level., The operation of Ubﬁngo is thefefore performed

to output 535 MW,

Reactive power receiviﬂg from the 220 kV and 132 kV ﬁ0wef systems
decreases to 20 MVar and it iIs impossible to expect to receive more.
It is characterized by the increase in reactive power losses due to
heavy power flow of Kidatu—Ubungo 220 kV lines. Aﬁout‘ZO‘MVA of §5.C
is needed to compensate a lack of reactive power. 1In this
calculation, 10 MVA of S5.C is added to Ubungd and City Centre

respectively.
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Table 6-2 Transition

of Characteristics of Dar Es Salaam System

Year 1993 1994 1997 2002 2007
1. Power démand (M)
Whole country 329.8 348.5 413.8 543.6 708.5
Dar Es Salasm 142.1 150.2 179.3 236.0 307.6
2. Reactive power balamce | | | | |
(1) Supply (MVar) 72 69 75 94 137
Required 5.C. 36 36 90 36 93
Line capacitor 36 31 68 49 20
Output of Ubﬁngo Ge 0 2 7 9 24
(2) Consumption (Mvar) | 72 | 6o | s | o | 137
Demand 47 49 59 77 101
Losées 25 20 15 17 56
3. Tramsmission losses | | | | |
(1) Dar Es Salaam system
Losses (MW) 2.6 2.7 2.6 3.0 4.7
Loss rate () 1.80 1.77 1.43 1.26 1.50
{2) Whole network
Losses‘(MW) 23.2 23.6 12.5 23;1 54.3
Losé-rate (2) 6.50 6.28 2.90 4,03 7.04
Output of
Ubungoe Ge (MW) 0 31 50 50 55
4. Heavy load facilities &) | | | |
Ubyngo-Ilala Line 76.5 68.3 95.1 65.9 85.8
{98 MW/cct) (2 cect) (2 cct) {2 cct)
Ilala]132{33_kv Tr. 75;7 67.8 94.5 65.7 56.5
{90 MVA/2 banks) ' (3 banks)| (3 banks)| (3 banks)
Ubungo. 220/132 kV Tr.| 155.7 141.9 119.8 184.9 260.9
(3003MVA12 banks)
Ref. Power flow diagram | Fig. 6-1 |Fig. 6-2 | Fig. 6-3 | Fig. 6-4 | Fig. 6-5
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6.2.2 Power System Stability Calculation

(1}

(2)

The resﬁlts'of the power system stability calculations are shown in
the form of genefator swing curves and voltage fluctuation curves,
Fig, 6-6 through Fig. 6-9. Mode of the disturbance is that applying
a 3-phase-ground faﬁlt ég Kidaty - Morogéro 220 kV line closest to
Kidatu and then opening one of the two circuits of the said line.

Power system in 2007

Fig. 6-6 shows'the generator swing curves after the disturbance.
Each of the generators can maintain its stability and the generator

swings are absorbed in 2 or 3 seconds after the fault is cleared.

Fig. 6-7 shows the 220 kV bus voltage fluctuations ofobuth.'

'Morogoro and Kidatu. It is known that the voltage drop of Ubungo

and Morogoro is large, éspecially that of Ubungo drops- by about 10%
from the initial level. The large voitage dfdp_is caused by that
the major power stations are very far from the lead center. It is
impossible to maintain the bus voltage lével at above goz-of the

rating after the cone of 220 kV two circuits is opened.

. Power system situation in 2007 the trouble of the voltage drop will

-arise but the generators can maintain their stabilities.

Power System after 2007

The peak power déménd of Dar Es Salaam is estimated at 308 Mﬁ in
2007. Power s&stém calculation is carried out under the condition
of that the sald peak.pOQer demand will increase by 100 MW reaching
about 400 MW. -In this power demand scale the major power stations

must be operated with their rated capacities.

Fig. 6-8 shows the generator of Ubungo steps out in 3.6 seconds

after the disturbance. But the rest can maintain their synchonism’

‘with each other, but their swings are spreading or mot converging.

Fig. 6-9 shows the bus voltage fluctustions. Those of Ubungo and
Morogoro are very large since these buses are far from the major .

power stations.
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6.2.3

6.2.4

(1)

As the result of the calculation, transmission line expansion
between Kidatu and Ubungo will be required to maintain the power
system stably corresponding to the enlargement of power demand

scale.
Short-Circuit Current Calculation

Short-circuit current in the 2007 power system is shown in Fig.
6-10. The top-three bus short-circuit currents of the substations

selected from the Dar Es Salaam System are listed below.

(a) 220 kV Bus
Ubungo 2.1 kA (985 MVA)

(b) 132 kV Bus

Ubungo 3.5 k& (790 MVA)
Ilala 3.2 kA (736 MVA)
Oyster bay 3.1 kA (706 MVA)
FZ-III 3.1 kA (702 MVA)
{c) 33 kV Bus
Ubungo 14.3 kA (816 MVA)
Tabata 9.0 kA (513 MVA)
Ilala 6.6 kA (380 MVA)
(d) 11 KV Bus
Ubungo 25.2 kA (479 MVA)
Ilala 10.9 kA (208 MVA)
Mbezi _ 9.9 kA (189 MVA)

Long-term Plan for Network Formation
Problem posed by present network formation

Dar Es Salaam system présently poses foliowing two problems in

respect of supply reliability:

{(a) Presently, all power supply'to Dar Es Salaam city and Zanzibar
entirély relies on Ubungo 132 kV bus. Scale of concentration
of power on this bus is 150 MW in 1994 and 180 MW in 1997
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(2)

respectively. In 2007, it may reach as high as 310 MW. These

power account for about 40% of total demand in Tanzania.

(b) Up to now, the reinforcement of Dar Es Salaam system has been
performed in respect of supply routes of Ubungo-Ilala 132 kV
transmission line. As a result, the power flow in these routes

already (1993) exceeds.SOZ pf total deménd.of Dar Es Salaam

city.

These two points are seif—explanatbry that power supply capability
is concentrated on Ubungo and Ilala substations and that failure of
either of the buses of these subs;atiqns'or Ubungo;Ilala transﬁisn
sion line causes total losé'ér at leést 507 loss of the power to Be
supplied to Dar Es Salaam city. This implies that supply reliabil-

ity is éubstantially on the decrease.
Countermeasures to be taken

As for network improvement -plan to enhance sﬁpply reliability, fol-

lowing measures are conceivable:

(a) To reduce power flow of Ubungo—Iléla route by constructing new
and separate 132 kV transmission lines from Ubungo in addition

to existing Ubungo-TIlala 132 kV transmission line.

(b To add a new bus to double each of the existing single bus of
Ubungo and Iiala substations thereby avoiding fisk of acciden-

tal failures inherent in the present single bus system.

(c) To establish a new substation in order to share the power com-

ing from Kidatu power station with Ubungo substation.

Among the improvement plans shown above, first priority must be
given to (a) Establishment of new transmission lines of 132 kV.
Measures'(b)'is'rathér siﬁple rembdeling'WOiks of each substation

thus can be taken up at any time. These works must be set to work

~ one by one in the near future. Measures (¢) is for improvement of

primary system'(zzo_kv system) but it -should be considered only
after dimprovement of the secohdaryisystem.(132:kv system) since the

latter is much more immature presently.
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(3)

Implementation plan

1)

2)

Network formation

Measures (a) above 1s taken up as the implementation plan to be

reviewed in the following manner:

In measures {a), two routes are newly constructed to meet the
demand in additipﬁ to the existing Ubungo 132 kV'outgoihg trans-
mission line. Oﬁé route is going in the east direction to
Oyster'Bay-sﬁbstation and second route is in the south direction
to Kurasini substation via factory Zone III. Fig. 6-11 shows
this long-term improvement plan and the expansion plan of Dar Es
Salaam system which is scheduled to be implemented in near

future.
Power flow

Fig. 6-12 shows power flow diagram of the system in the year of
2007 after the ab0vé mentioned improvement plan has been
applied, The power flow between Ubungo-Ilala 132 kV transmis-
sion line, which was 76.5 MW (1 circuit) in the 1993 power flow
diagram and which equals to 597 of total demand (excluding
Zanzibar) of bar E¢ Salaam city, becomes 85.8 MW (2 circuits) in
the 2007 power'flow diagram and the percentage is 33%, i.e. 16%
per 1 circuit. The power flow of other two routes,
Ubungo-Oyster Bay and Ubungo-Factory Zone III, ar9737 MW (142)
and 54.6“MW (21%) respectively.

From the results, it can be said that the power flow distribu-
tion is uniformized thus risk of wide range power failure due to
132 kV transmission line is much reduced and moreover improve-

ment of supply reliability is prominently seen.

Fig. 6-13 shows power flow diagram when loop network of Dar Es

‘Salaam system is completed through installation of 132 kV trans-

mission line. According to the diagram, power flow of Oyster
Bay-Ilala, Ilala-Kurasini, and Yombo-Mbagala transmission lines

are not heavy at all but light; hence these transmission lines
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