Fig, 7-12 éhoﬁs_the power flow with the tap ratio of Ubungo S§.S. transfox-
mers sét to O.BSIP.U. or 0,90 P.U. and the tap ratio of the Ilala S.S.
transformers changes from 0.85 P.U, to 1.00 P.U, It shows that the ratio
of power flow on both lines largely changes and a reactive cross current

£ lows on the lines.

(5) Tmpedance voltage of new transformers at Ilala S.S.

An adequate fumpedance voltage of the new transformers of Ilala S,5. is 8,0%

at the rated capacity base.

..Hhen'the ;32 kV and 33 kV lines are operated in parallel, the ratio of
power flow on the both lines is affected by the impedance of the lines, the
impedance voltages of Uﬁungo's;s. 132/33 kV transformers (50 MVA x 2) and
Ilala S.S. 132/33 kv transformers (45 MVA x 2), and load ratio between the

Ubungo and Itala subsfatlons. -

If the load ratio between the Ubungo and Ilala substations is set to Lhe
same value as that of the peak value in 1990, the power flow balance of the
both 1ines 1s obtained by setting the impedance voltage of the Ilala S,S.

new traasformers to 8,0%.

Fig. 7-13 shows the power flow when the impedance voltage is set to L0¥ and
8.0%, When the impédance voltage is set to 10%, the Ilala S.S., transfor-
mers reach the rated capacity quicker than the Ubungo $.S. transformers do,
but at BZ,Ithe transformers of two substations reach the rated capacity

almost at the same time.

This makes the difference of supply ability te the two substations 11 MVA,

and setting the impedanée voltage to 8,0% is advantageous,

7.5 OPERATION OF DAR ES SALAAH NETWORK

After replacing transformers at Ilala S.S. and changing the conﬁection of
33 kV lines (See 7.4.2), the power transmission from Ubungo S.S, to Ilala
8.5, éhould be done under the existing method, i.e,, parallel oparation by
means of ‘a 132 kV line and two 33 kv lines, which has the following

advantages:
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~ Reducing voltage drop
= Reducing transpission losses’

= Improving power suppiy-réliability L
At the same time opérétidn of a 132 kv liﬁelonly is SOmetimeslédvahtageoqs

1f a transformer at Ubungo 8.8. or Ilala $.S. is stopped, depending on load
conditions at both substations (Fig., 7-11).
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CHAPTER 8 ' DISTRIBUTION NETWORK REHABILITATION PROGRAM

8.1 SUBSTATIONS

8.1.1 Outliné of_iehaﬂilitation

We have studied the capacity of each transformer to be 1nstalled at each
substation vith the target to acccmplish for the tinme being set to 1990.

As the measurgs toicontrél the vbltage fluétuatioh; thc load tap changer
(L.T.C;) attached to each transformer shall be automatic for the 132/33 kv
transformer at the Ubungo"s S. and all transformers installed at the Ilala
5.5., Oysterbay S5.S8. and Factory Zone I 5.8, Thus adequate measuves for
this will be taken, '

As the measdres to increase the reliability, if a fault occurs at one
substation, the other substations shall be protected from the spreading of

such a failure.

Aqditionélly; measures shall be iaken on the existing equipment, par-
ticularly those now héving problems and those bear near future operational

or safety problems due to deterforation,

Table 8~1-1 shows the reinfprée@ent plan of maln transformers of each
substations and Table 8-1~2 shows the new equipment needed for improvement
of major factlities of substatfons including the mafn transformers, based

onr Chapter 4 and Chapter 6,
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.. Table 8-1-1 . Reinforcement-plan of wain transformers

of substations

Item 29“9“d Transformer
orecast capaoit L
(MVA) capacity 7 Remark
Substation 1983 | 1990 Existing |  Proposed
132/33 kv | - - 20 MVA | | 90 MVA
- ' (LOMVA x 2) | (45MVA 3'2)
Tlala S.S. R R T
33/11 kv | 15.3| 20.2 15 22.5 One t_rar_msfonper
B S (7.5 % 2) C7.5%x'1) éhaﬁge_7.5 MVA
S . (15 x 1)Y{ to 15 MVA
City Centre | 33/11 kV| 20.6|26.1} 30 30
5.5, ( 15 x 2) ( 15 x2)
Oysterbay 33/11 kv | 14,4 20,2 15 30 15 MVA x 1
5.8, ( 5x 3) _ 5 % 3 | sét up to new
‘ I 15 % 1) ] 8.S. '
Factory 33/11 kv | 14.8| 26.1 15 30 15 MVA x | _
Zone I 8.8.| - R ( 5x 3) "5 % 3 | sét up to new
N | Casx1)|ses.
1s 0,85)

(Provided that power factor

8-2




Table 8-1-2 New equipment for improvement of majﬁf facilities of substations

TETGT

Substation naue

Major facilities : : T ——— Factor a— - '
' "~ Ilala _ Oysterbay | City Centre Zone Iy ~ Mikecheni Factory Zone IXII Ubungo
Capacity . 45 MVA 15 HMVA- ' 15 MVA 15 MvA
Number of phases 3 ¢ ‘3 ¢ 3 ¢ 3 9
Fregquency 50 Hz 50 Hz 50 Hz 50 Rz
Rated voltage 132/33 kv 33711 33/11 kv 33/1F kv
Transformer { Connections ' \
’ A s | A KD A KD A AeD
Tap-changling L.T.C. L.T.C. L.T.C. L.T.C.
equipment : ’
Number of units 2 1 1 1
Rated voltage 145 kv 36 kv 36 kv 36 kv 36 kv 36 kv 36 kv
Rated curreént 800 A 1200 A 600 A 600 A 600 A 600 A 600 A
Rated iaterrupting 12.5 kA 12.5 kA 12,5 kA 12.5 kA 12.5 kA 12,5 kA 12.5 kA
current S
Circuit Nuaber of units 1 3 2 3 2 3 1
breaker Rated voltage 12 kv 12 kY 12 kv 12 kv
Rated current 1200 A 600 A 1200 A 600 A
Rated interrupting 25 kA 25 kA 25 KA 25 kA
current
Number of units 1 3 1 5
Rated voltage 145 kv 36 kv 36 kv 36 kv 36 kV 36 kv
Rated current 800 A 600 A 600 A 600 A 600 & 600 A
Disconnect— Number of units -2 2 3 . 3 S5 1
in ftch Rated voltage 36 kv 36 kv - 36 kv 36 kv 36 kv 36 kv 36 kv 36 kv
B sW Rated current 1200 A 800 A 600 A 600 A 600 A 600 A 600 A 600 A
Accesgsorles - - with earth~ | with earth~{ with earth- | with earth- with earth- with earth-
ing blade fng blade iag blade ing blade ing blade ing blade
Number of units 2 2 1 2 2 -2 _ - 1 3 . : 1
Ratad voltage 132 kv 33 kv 33 kv 33 kv 33 kv 33 kv 33 kv 33 kv 33 kv
Insulation level BCT - BCT BCT BLT BCT _ BCT BCT - BCT BCT
Rated current 800/5A,400/5A | 1200/5A,400/5A| 60G/5 A 600/5 A 600/5 A 400/5 A 600/5 A 400/5 A 600/5 A
Instrument | Number of units 1, 2 5, 1 2 3 2 1 3 1 |
transformer | Rated voltage Il kv 11 kv I kv 11 kv 11 kv 11 kv lég-kVﬁLng
- 3 | 73
Insulation level BCT 10A BCT 104 BCT 10A 120
Rated current 1200/5 A 1200/5 A 1200/5 A | 1200/5A,600/5A| 1200/5 A 1200/5A,600/5A -
. Number of units 1 1 1 1, 3 1 1, 5 i
Enclosed
switchboavd | Number of units —-— -— - 6 --







8.1.2 Vay 6f'fhinkihg on reinforcement related to bdbstatién'éqﬁiﬁment

(1) Reinforcement of 132 kVI33 kv transformers at {1gia Substation

Although the Ilala Substatien is located at almost the ceater of the city
and ‘a 132 kV transmission line made of sturdy iron structure is introduced
to it; since only two banks of 10 MVA transformer are connected to the
line, the carryidg capacity 15 limited to 20 MVA. Furthermore, since it is
difficult to obtain the matched impedance.with the' 33 kV transmission line
that is operating in parallel, the receiving power of Ilala Substation is
linited to 49 MVA (20 MVA of 132 kV and 29 MVA of 33 kV). Therefore, while
it is preferéble thét the Oystefbay and Kufasini éﬁbstatidﬁs'receive the
power from the Ilala S. S that 1is near to them, the two substations have no
cholce other than receiving the power from the Ubungo 5.5. thereby creating

disadvantages on the relfability and power loss.

In order to effectively use the reliable 132 kV transsission line, the two
banks of 10 MVA transformer at the Ilala S.S. should be chauged to two
banks of 45 MVA transformer, the recelving capacity at the 33 kV bus of
I}ala S.5. is substantially increased (See Chapter 7), thereby making it a

major secondary substation (maunned substation).

The main purpose of this reinforcament is_needlgss t§ say increase_of the
relliability of ;he-reCeiving'capacity at the Ilala 5.S., and it has the
following auxiliary but important merits.

i) Reduction of heavy load on ;wd banks of 50 MVA transforwmer of 132
 kv/33 kV'at Ubungo $.S.

‘These transformérs are trunk facilities that supply the majority .
of power to the Dar es Salaam distribution system, but they ha&er
the p:oblém of oil leakage and must be overhauled. However, since

they are heavily loaded, they cannot be shut down for the repair,

If the carrylng capacity of the 132 kv line connected with the
Ilala 5,5, increases, the bank-down power flow of these transfor-
mers will decrease and the necessary inspection and repair can be

given then.,
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ii)

Use of 132 kV/33 kV tragéformers remoged'from Ilalg 5.5. at Ruvu
5.8, " | -

Siace the 33 kV Nordic distribution line that supplies power to

.the ‘Ruvu Pump Station is as léng as 80 kn from the Ubungo 5.8, and

since the Ruvu pump motor is a large capacity squirrel-cage induc-

. tion motor, the-ruéh current at the time of starting the motor is

great, causiag a'éharp vdltagé drop, the whole operaﬁidn of Ruvu . |

Pump Station is difficule,

TANESCO is planning to change the supply method to the Ruvu Pump

StatiOn by constructing a new Ruvu Substation to receive the powef_
from the Chaltnrze- Ubungo line that passes in the neighborhood of
the Ruvu S S. The 10 HVA (132 kV/33 kV) transformers removed from
the Ilala Substatfon can be used for this plan.

Also, it is expected that this new setup will be vety effective

measures for the control of voltage fluctuations at’ the consumers

along the Nordic 1ine,

(2) Reinforcement of distribution transformérs

The reinforcement plan of distribution substations shall be studied
based on the demand forecast (See Table 6-5) to thée éxisting trans-

former capacities.

The tablé below summarizes the plan,

N T . j . : (Reference)
Substation Capacity Maximum Demand | Demand Forecast Demand Forecast
in 1983 in 1990 -
in 1992

Ilala 15 MVA 15.3 MVA 20.2 MVA. 22, 4 MVA
City Centre 30 20.6 26.1 29.1
Oysterbay 15 14.4 20.2 S 22.4
Factory Zona I| 15 14.8 26.1 29,3

(Provided that power factor is 0.85)

From the contents of this table, we consider that the'éapaéities of Ilala,

Oysterbay'ahd'Fatéory Zone I substations must be incréased but not the

capacity of City Centre Substatfon,
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When pianﬁing a éépacity'éé#1é of substation, the plan should naturally be
made to tﬁaf.the'normal suppl& power is_greater than the demand. In our
plan; we set the capacity of each suﬁétatibn with some allowance to tﬁe
forecasted demand and to.operaté the power system by flexibly using the
equipment s¢ as not to cause a serious trouble in the supply, for example,
when a.tfansfdrmef'in76pérating is shut down, the transmission line will be

switéhedlto”othér normailleperatihg bank (See 8.1.3 (5)).

(3) _Staﬁdard capaéities of distribution transformers

As descfibed in Item 4.2, the standard capacities of transformers installed _
in distributioh'sdbstaticﬁs of the Dar es Salaam area are 5, 7.5, 10 and 15
MVA, Howevef,'iﬁ view of the power demand scale and its increasing
sitﬁatién;;we consider that 5 and 7.5 MVA are too small, aad we review
these transformers in the capacities of 10 MVA and 15 MVA,

5 MVA 1s a capacity outside of the standards stipulated by the Japanese

Electro-Technical Committee.

(4) Timing of the reinforcement

The timing of the reinforcement shall be-stddied based on the contents of

the following table.

_ Demand forecast/Transformer capacity
' _ {cosh = 0.85)
Substation capacity Year of moxe Year of more
' than 105% than 110%
Ilala s mval 1985 1985
Oysterbay 15 - 1936 1987
Factory Zone L| 15 " 1988 1988




8.1.3 Selection of optimum reinforcement scheme at each substation

(1) 132 kV/33 k¥ transformers at Ilala S.S.

If the power transmissieon from the Ubunge and Ilala substations to each ..
distribution substations is continued as is done at present . (See Table. '
4-1-1}, the loads on each 132 kv/33 kv transformer of the Ubungo and Ilala

substations based on the demand forecast (See Table 6— 5} are as follows. _

(HVA)

Year | | _

o "““-aah____mﬂﬁﬁ*‘ﬁ‘; 1983 1990 1992 _
CItem: S et SRR ___t (Referred)
(Transnitted power from Ubungo S S ) _
Total maximum demand? .:66.4 ' 88.2 |  96.4

Peak load as Blv. factor is 1.04: "63.8 S B84.8 92,7
‘Peak load as Div., factor is 1.312:] . 50.6 67.2 73.5.

(Transmitted powef'ffbm Tilala S.S5.) .
Total maximum demand: 50.7 72.5 - 80.7

Peak load as Div, factor is 1.04: 438.8 69.7 77.6
Peak load as Div, factor is 1.312: 38.6 - 55.3 6.5

(132/33 kV Transf. load, as diversity
factor is 1.04)

Ubungo S.S. | 93.1 126.6 139.3
Iiala S.S. 19.5 27,9 |  3L.0

(132/33 kY Transf. load, as diversity

factor is 1. 312) _ _ _ _
Ubungo S.S. 73.8 100.4 110.4
Ilala S.S. 15.4 22,1 24,6

The power factor applied 1s 0.85. On the diversity factor, we studied
*1.04" as contained in the Electrical Engineering Handbook and "1.312"
selected in Chapter 3.

It seems that the large figure of 1.312 resulted in since there is a dif-
ference 1n the load characteristics betwéen the urban area load and plant
operating load of ALAF, WAZO Hill and Factory Zone I substatfons, and 1f we
take up the diversity factor between distribution substations in the urban
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area ohi&, it would be a value clése'tO'l 04 Therefore, it seéems that use
of a diversity factor tn & range of 1.04 to 1. 312 is good enocugh on the
review of dividing the Ubungq and Ilala substations.

The ratlo of power flow of 132 kv and 33 kV lines from the Ubungo $.5. to
the Ilala $.5. is calculated based on. 132 kV line: 452 and 33 kV ldnes:

55% for current state.

Thezload te the Oysterbay §.S. and Faéto*y Zone i $.5, is suppressed to
13.5 MW (15,9 MVA = 106?) and the remaining load wlll be substituted by the
Mikocheni 5.8, and Factory Zone ITE S.8. (See 8. 1 3 (3)) Also all distri-
bution substations are to veceive the power from substations in the neigh-
borhood, that is, the Mikogheni and Factory Zone III substations are to
recéive from the Ubungo $.S. and the Oysterbay, City Centre, Factory Zone I
and:Kurasini substations are to raceive from the Ilala 8.5. Based on this

plan, the preceding table can be revised as shown below.

The ratio of power flow 1f 132 kV and 33 kV lines from the Ubungo 5.5, to
the Ilala S.S. is caleulated based on 132 kV line: 80% and 33 kv lines.
20% after reinforcement of the Ilala 132/33 kV transforeers.



(MVA)

—_ 1983 1990 | . 1992,
Item (Referred)
(Traasmitted power from Ubungo 5.8.)
"“Total maximun demand: B 66,4 "67.2 _76.ﬁ
Peak load as Div. factor, is l.O&:; . 63.8 646 73.3
peak load as Div. factor {s 1.312: 50.6 51,2 58.1
(Trausnitted from Ilala S.S.),- . . S
: Total maximum demand: ‘ ol 5047 :93.5 100,8
Peak load as Div. factor is 1.04: 48.8 89.9 - 96.9
Peak load ‘as Div, factor is'1,312¢ ‘38.6 “71.3 " 76.8
(132/33 kv Transf, 1load, as diversity
factor is 1.04) RN
Ubungo S.Sl 93.1 82.6 9207
Ilala S.S. 19.5 71.9 77.5
(132133 kV Transf. load as diversity
factor is 1.312) ‘
Ubungo S.S, 73.8 65.5 73.5
Ilala 5.5. 15.4 57.0 61:4

Comparing with these two tables, it is appareat that the operation of

substations is much easier on the plan showa in the second table, and

furthermore which has the follewing merits,

the

(a) The 132 kV/33 kV transformers (existing 50 MVA x 2} of the Ubungo

5.5, require no reinforcement.

(b) Since the 132 kV line between Ubungo and Ilala substations can be

effectively used, 1t helps redqcing the transmission loss and

suppressing the voltage fluctuation,

(c) Each of the 132 kV/33 kV transformers of the Ubuago and Ilala

substations can be'inspecied, while having it shut down,
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(d) The LTC attached to each transformer can be'autbmatiéally operated

so that the voltage fluctuation can be kept within a target range,

(e)' The power to the Oysterbay and Kurasini substations can be
transmitted from the Tlala S.S. and this helps reducing the loss.

(£) The supply reliabslity of the whole system related to Dar es Salaanm

:distribution is increased.,

.For alil tﬁése‘reaSOﬂs, reﬁﬁ#iﬁg the two banks of 10 MVA transformer at the
Ilala S.S. and newly installing two banks of 45 MVA transformer is planned
in consideration of the following points.

- The maximum carrying capacity of the 132 kV ine between the Ubungo
and Ilala substations is 96 MVA,

~ Because of the renovation plan contents reviewed in the above, two

_ banks of 35 to 40 MVA transformer are needed.

.~ The Standards of Japanese Electro-Technical Comnittee set 30 MVA and
.45 MVA as standard ¢apacities,

The construction éeriod is set to 1986 slace as early renovétion as
possible is better in ¢onsideration of the control of Qoltage fiuctuation
on the distribufion network, inspection of the 132 kv/33 kY transforuers of
Ubungo S.S., measures for lrregular operation of transmission lines, and
improvement of the voltagc drop on the Norudic line by using the removed

transformers at the Ruva S.S. (See to 8.6).

(2) 33 kV/11 kV 7.5 MVA at Ilala Substation

The Ilala S. S. and City Centre S 8. are 1ocated comparatively closely, sonme
of the existing ll kV feeders connected to these substations serve as
distribution lines in the same area_of the city, and the transformer of the
01ty Centre S.S. still has some surplus capacity. Therefore, the present
level can be maintalned until closé to 1990 by organic connection or
disconnection of load throughout the entire area served by these two

substations.
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liowever, the following problems are anticipated if the system keeps its .

current configuration,

1

Constructlon of new dtstribution lines will be required, and.

switching—ovcr operation of those lines need a lot of times._

Long distribution lines result in increased loss. This would advcr—

sely affect the voltage fluctuation and the supply reliability.

?he_supply_reliaﬁilitycwould be_adqc;sely.cffected=1f'onc trans-

former get into fault, .

The two banks of 7.5 MVA transformer now being used have been
0perating for over 20 years, which seem severely superannuated as

observed from thelr appearaunce, . ..

- To solve these problems, the No. 1 unit of the two banks of 7.5 MVA

trausformer, which is suffering heavy oil leakage and has trouble
with 1ts load tap changer, shculd be reﬁlccedrwltﬁ é 15 MVA cépacity
transformer. As a result of this replacement, the present 11 kV bus
bar will be operated as the section bcs bar. This replacement 1is
scheduled for some time in 1986 for the first unit, and 7 years

later for ihe second cnit.

(3) 33 kV/11 kV transformers at Oysterbay and Factory Zone 1 substatiens

i) The Oysterbay and City Centre substatlons are neighboring and scme

feeders of both substations are distributing the power ia the samc
arca of the city., From the demand forécast, the curfent equipuent
caa supply enough power up to'abOut 1990, but for the ssme reason
as described in the preceding item ané for an additional reason of
the City Centre S.S, being falrly far fron load centre of the
City, it is not advisable to construct a long ll kV line from the
viewpoints of its construction cost ‘and for control of the voltage

fluctuation.

Accordingly, we have determined to increase the capacity of

Qysterbay S.S.
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The capacity of Factory Zone I $.S. is to be increased according

to the demand forecast.,

11) Econdhic evaluation has been made as follows for the selection of

main-transformer capacity of each substation.
‘Factors for economic evaluation:

- Interest rate 8%

- Transformer life 25 years with a 10% residual value
-_Calculationiterm 25 yeats
- Demand forecast bDemand forecast value for this study is

glven in Table 6-5,
- Load power factor 90% for the Oystérhay 5.5,

85% for the Factory Zone I §.,8,

Economie evaluation Annual cost present value comparison

methbd ' method

The following costs have been excluded from the comparative calcu-

lation commonly to all pattecns.
- Iron and copper loss and malntenance cost

~ Prices and installatlion expenses of equipment other than

main- transformers

111) The prices of main transformers are set as follows:
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3Transformet ‘provided with on-load voltage regulator,l,,

33[11 kV 3 phase OQutdoor, oil- filled, self—cooled type :

Capacity {MVA)

;- 15 s

Price (x106 yen)

C 1600

T 25%0

28,0

(5 MVA was' used for’ the calculation

of the residual price.)

iv) Result of econoric evaluation

Construction

_ .HReinforcemqnt
Capacity (MVA) ‘of Existing -~ ‘of New Sub-

_ Substation station

Iten 10 15 10 15
Apnual Oysterbay 70.4 63.3 58.1 52.5
expenditure ‘ _ .
Current price
(xlO6 yen) Factory Zone I | 94.5 83.7 83.5 . 72.8

Based on the above results, we determined to construct new substa-

tions, and the following capacities were determined to be optimum.

- Mikochni S. S. {Near to Oysterbay S.5.)

15 MVA, The first unit to be installed 1n 1987 and the second unit

il years later, .

~ Factory Zone YII $.5, (Near to Factory Zome 1 8,5.)

15 MVA. The first unit is to be installed in 1988 and the second

unit six years later,

(4) Next stage plan

Since it 1s conceivable that full loads will be applied to transformers of

the City Centre, Ilala, Factory

Zone 1, Factory Zone III and Xurasini

substations, which are the major distribution substations in the city, by
1991-1994, a plan for the next stage must be established by about 1990,
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(5) ‘Stuq1e§ §n sténd—ﬁyi#faﬁsformgrs

We have studied installation of stand-by transformers as a method to cope

with faults of transformers, capacity increase work and rapld increase of

new demands.

The transformer to be used as a stand-by may have a capacity of S MVA,

33/11 kV. However, the‘following‘prdblems are anticipated if it does.

(a)

(b)

(C)

However,

(a)

14}

{c)

Maintenance would hardly ever be performed on the stand~by trans-
former, because of the shortage of materials required for such

maintéenance,

Ai;hough it may be better to keép'tﬁe stand-by transformer always
connected to the power systeém in order to protect deterforation
of the equipment itself, it is not recommended censidering effi-

clent operation of the total system,

The transformer requires a large truck whenever it is moved 1a
and out,  However, this truck would usually be idle because the

transforcer is not frequently used.
the stand-by transformer have the following advantages.

The existing facilities can maintain thelr marginal reserve capa—
city by installation of the stand-by transformer, The operating
'temperature of each plece of equipment can also be malntained

adequately,

Change~over capacfty for power transmission and distribution
facitities as well as surplus capacity for eaéh transformer
should be requiréd for both system operatfion and maintenance, In
normal operétion i1t would be better for systen teliabilitylif the

system equipment could be switched over {n a simple manner,

1f the tvausformer to be installed fs completely ancw and free of
trouble, it would be'poséible to remedy any fault in a single
existing transformer by changeover of the transmission or distri-

butfon 1line.



The fault rate of a transformer can be kept to a relatively low

level if adequate maintenance is performed. This would even-

. tually reduce use of the s;andﬁby‘transfo;mér.énlﬁ is, therefore,.

.advisable to continue additionai instqllatiqn;of:;;angfdpmers! if

and when necessary, in accordance with demand forecast.

After geneéral conslderation of merits and demerits, it has finally been

decided to adopt the method of supplying from_anIOPQFatiqg normal bank; and

not to install the stand-by transformer.

8.1.4 Details of substation rehabilitation

(1) Rehabilitation at each substation

"{1) Ilala Substation

(a)

(b)

(c)

The equipnent that must be renewed matching the lncrease of

capacity on the 132 kV/33 kV transformers are as follows:

= Gircuit breakers and disconnecting switches at the low
voltage side of 132 kV/33 kV transformers (because of capa-
city shortage)

- Buses of 132 kV and 33 kV circuit (because of capacity
‘shortage)
= Lightning arresters for 132 kV and 33 kV circuit (for

increase of reltablility)

New installation of a circuit breaker to sectionalize the 33
kV bus coping with the tenewal of 33 kV bus and capacicj
increase of one 33 kV/11l kV transformer from 7.5 MVA to 15
MVA

Installation of a circuit breakef at the‘reéeiﬁlﬁg end of 132

-kV transmission line and removal of the fault throw sﬁiQCh

(FT) in consideration of the fmportant of Ilala Substation
and to iwmprove the existing protection system.

Also, a bypass disconnecting switch will‘be‘inétailed along
with the Iinstallation of c¢circuit breaker at the 132 kv
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(11)

(iii)

recelving circuit so that thé station service power is shut
down at the_tiﬁe of 1nspectiano£_the,ciréuit breaker., A
transfer trip circuit fs lastalled using the pilot wire bet-
"~ ween the Ubungo and Ilala substations as protective measvres
."df the Ilala S.S. during the use of bypass disconnecting
switeh,

Fig. 8-1-1 through Fig. 8-1-3 show the plans of these renova-

tions.,
OYstefbay S.S. and.Factbry Zone I S.S.

Both of the'ﬂystéfbay and Factory Zone I'Suﬁstations will have two

" or more of 33 kV transmission lines: In order to imprbve the pro-

tection system of these lines and to realize effeqtive use of
these 1linés, clrcuit breakers will be installed at the recelving
ends of 33 kV lines and the FT will be removed. Also, the faulty
disconnecting switches for 33 kV line (Ilala §.S8, line) of
Oysterbay 5.5. will be replaced.

Fig. 8-1-4 and Fig. 8-1-5 show the plans of these renovations.
City Centre $.S.

A ¢ircult breaker has already been installed at the high voltage
side of 33 kV/11 kV transformer and FT has been removed, but no
disconnecting switch nor clrcult breaker has been tnstalled to the
recelving end of the 33 kV line.

Installation of a new 33 kV line is.planned between the Gity
Centrerand Ilala substations, and to cope with it, a disconnecting
switches will be fnstalled to the receiving end of 33 kV line for
operation and maintenance. Fig., 8=1-6 shows the plan of this

renovation,
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{(2) Measures Lo voltagé fluctuation

)

(11)

(1it)

Aﬁcamaiic”aﬁéfztibﬁ’of‘Ioéh'fép éhahgér‘KLTC)f

E R

~. The necessgary measures for automatic operation of. the LIC

attached to eéch}transformer wilL be performed. In addition to
repairing the faulty LTC control panel, main unit resistor and
operating mator (See 4.6.1 (3)) 5nd'replacemen§ of LTC insulation

011 will be performed and feviéwg'nill‘ﬁe'mndé-én the toad

dispatching communication system so as to monitor the necessary

information of each subs;atibn at the Ilala S.S;_(See Item 9.7).

Hith these renovations, the sending voltage from substations can

be controlled within +2% of the target value.

Selection of adequate impedance voltage for 132 kV/33 kV new
. trausforamer of Ilala S5.S5. ; ;

Normal sharing oE power Elow even during operation of the 132 kv
and 33 kV lines in parallel is taken 1nto design conslderation by
sélecting the proper 1mpedance voltage for the 45 MVA to be

- 1astalled (Sce 7;4.2).

Proper cantrQl of sénding voltagée from subsiatiﬁns

la order to keep up the recelving end .voltage at a constaat level,

improvements will be done in such a way that the sending voltage

‘cann be mafintained at the level suitable for the magnitude of load.

The best equipment for this fmprovement is the LTC control device
with $ts control circuit functioning as the line drop compensator

ey,

The .LDC functions to keep the teceivlng_ﬁoltage of the consumers
at the suitable level by cOntrolling the set-voltage of the LDC
accoréing to the feeder curreat, since the line voltage drop is in
proportion to_thé sending current as assuming that the ratio of

distributed load in peak time and off-peak tiwme is same,



Distribution transformer tap

beales ) g
r o L . L
1062 9?.596 35 % 92.5%
g o f o
ot o 7~ o FUll 1loag = ° 50L toad =~ M loaoﬁ_. _ R A
o N Tl ' 7771 Receiving
> 100% [ o o, EZI{Zf voltage of
I 7 - 4 ooy Tthe
T o s
3 No load sOTLoad Receiving
voltage of
Fall Joad.| 11 kV line
o . Length of distribution ijne
(Conditions)

- Voltage drop between substétion and consumer should be 12% (full
load time).

Pistribution transformer Tap is 100 97.5 95 92 5%.

Sending voltage from substation is kept up at lOBZ_(full load time),
95% (no load time) by LDC.

]

Hatching area shows voltage fluctuation of consumer terminals,

As a result, the consumer can control the voltage within about 77 (LTC +2Z
and LDC +SZ) of the rated voltage. '

However, to determine the optimunm target Voltage, the actual situation of
the following items nust be grasped, and the set-voltage of the control

device must be determined.

- Characteristic of load on transformers
- Minimun and maxfmun values of load
- Increasing tendency of load

- Voltage fluétuatiOn
Typleal set value of the target voltages is shown below.

132 kV: Ubungo 5.S. .4esss 132 kV + 2%
33 kV: Ubungo $.8. .e.uus 33 KV + 2%
33 kv: TIlala S,S, veesse 33 KV + 2%
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1t k¥: each substatiOn' o
Peak time R RN ll|3 k’;li 22
Off peak time .... 11.0 kV + 2%

o

At the time to set a Qaiue of the control device practically;.llt needs to
supervlse a secondary voltage fluctuatioﬁ of the distribdtion transformers
and bus voltage of each substation in first one year, and to correct the

set value for a final fixlng after a fine adjustment.‘

It 1s ha;ﬁ'to"keeﬁ up thé-33'kv bus voltaggjﬁf'ﬁhé'Ilalé_S.S.'at'rétiﬁg_
without condenser duriag peak load time in 1990 (See 7.3.1).

(3) Renewal df'Dé power-source equipment

The DC power source equipment (rectifier and battery) of the Oysterbay,
City Centre and Factory Zone I substations shall be renewed. The ratings
shall be DC output 100V, AC input 230V single-phase and battery capacity 60
A, and which will be installed indoors.

(4) Renovation contents of éxisting transformers

Almost all transféraers operating {in eachlshbstatioﬁ:héyé béén-uéed‘fér 10
to 20 years (some are longer than 20 years), and sineé they aré not in good
conditions any'lbngér, they need detailed inspﬁctIOn of thézinside and
inaulation as well as dissolved gas analysis of 1nsulat1ng oil (See 8.1 5).
On transformers which have the problen of oil leak, the packing must be ”
replaced and the olfl must also be inspected. The tnsulation oil of LTC
shall be replaced with new oil, |

These renovation contents are summarized in the table bélow;
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Withstaend oil

_ Capacity - Interior pressure Change
Transformer x unit fnspection | Dissolved gas | packing
analysis :
220 kV/132 150 x 2 C2 B _ 2
132 kv/ 33 kv 50x 2 2 2 2
Ilala . :
©. 33 kv/ 11 kv 1Sl i 1 1
Oysterbay - : : o
33 kv/ 11 kv . 5% 3 2 3 2
City Centre 1 1 |
-~ 33 kv/ 11 kv 15 % 2 - 2 -
Factory Zone I .
33 kv/ 11 kv 5x3 1 . 3 1

(5) Poteantial transformer .

As mentioned in 4.6.1, instpumeﬁt transfofmer for the 132 kV diréulf; which
is faulty at present, shall be replaced with a new one. Fig. 8-1~7 shows

a'diagram fplated”to this replacement.

(6) Operation of section bus

A sectlon bus shall be operated based on the following concept. When one
bank of transformexs has tripped, it is preferable that the remaining bank
can suétain-the-load and at the saﬁe two banks or more are operated in
parallel on Bothﬁof the primary and secOndary sides, should there be nb_ :
problem on the short-circuit cépacity or induction trouble on'cbmmunicatlon
lines, This 1s the sam¢ concept as parallel operation of multiple trans-
mission lines, and the load can be transferred to a normal bank without

power suspension even if one bank {s shut down.

If there f8 a fear on automatic parallel operation of LTCs or the bank
capacities are different, there {s a merit to make outage range smaller at
a time of shut down with a substation installed with a breaker at the bank

primary side, and operation should be planned as a sectionarized bus.
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For these reasons, we recommend that the Ilala and City Centre substations

are opeérated as sectionarized_buses.

(7) Insulation inspeetion by dissolved gas analysis for: oil-immersed
transformer

Foreséeing inteérnal abhormality-of the pain transformer at as an early.
stage as possible and prevent a fault of the transformer is a very effec-

tive method to inerease the reliability of power supply.‘

Conventionally, electrical inspections, such as, measuring of insulation
resistance and taa 6, have mainly been used for the malntenance, However,
since these require a large anmounts of manpower, time and expenses, we
reconmend the method of insuletion inspection based on analysis of gas con-

tained in the oil,

This analyeis makes use of abnormal phenomenon inside the transferﬁer that
ususlly accompanies heat generation. This heat generatiOn 1s the reeplt of
inSUlating materials used inside the transformer such as paper, oil, press
board and bakelite thermally decomposing into various gases such as CHy,
(methane), Coly (acetylene), CaHy, (ethylene) Cillg (propane) and other low~-
grade hydrocarbon and Hz (hydrogen), co (carbon monooxide) and COg (carbon
acid gas), Most of these gases are solubable into insulation oil. There-
fore, the inspections can be made to check normality or abnormality, type
of trouble and degree by extracting gas from the oil and by analyzing the

type, amount and conmposition of the gas,

Thus, this method can preclisely examine the internal stete of a transformer‘
and it has been nmuch used. Since the method allows inspections'eVen duriag
operatien;'ﬂe'determined to adopt it on large'transtrmets‘of major substa-
tions. It is very ‘desirable that use of this method is standardized in the
check guide. '
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8.2 33 KV SUB-TRANSMISSION LINE

The following rehabilitation prOgram has been worked out upon consideratioﬁ
of the present situation and problems in the facility as stated in Chapter
4 (see Fig. 8-1). ' ' '

{
'
b

8.2.1 ' Countermeasures to be taken in the first staée

(1) Switching-over of Kurasini liﬁe

Power supply to Kurasini S.8. is prescntly made Erom Ubungo S 5. through
Textile NO. 2 line. In this line ACSR 50 |11m2 is used, and the carrying -
capacity will become insufficiént in 1987 Accordingly, switching-over of
the line from Ilala S.S. will be carried out by the end of 1986. However,
the work of rehabflitation of the 132/33 kV transformers in ‘Ilala $.S. must
be completed befotehand. " No new. facilities for outgoing line will be

necessary since the idle facilities can be used.

(2) Replacement of conductors betwcén Ilala.androjstcrbay

Power demand increase in recent years has been remarkable in the Oysterbay
area where loportant loads exist. Since the line from Ugungo 5.5, will
become overloaded in 1988, some countermeasures'will havc to be provided
before that time. To this end, it is effective to rcplace the existing
ACSR 50 mm? lines between Ilaia and Oysterbay substations with ACSR 160 mm
lines, which will- be met power demand until 1993,

8.2.2 Tranaﬁissioh line related to proposed Mikocheni S.S,

The Mikocheni district is currently supplied with power from Oystepbay.
5.5., aud new factory demands are estimated in this"distcict}. Oysterbay
$.S. will become overloaded in 1986, so that a newisuBStation will'bc built
1n the Mikocheni district to correspond with thcrdémaﬁd {n this distiict as
stated in 8.1.3. L o ' ;

Ae the power supply line te the Mikocheni $.S., two ACSR 120 on? 1ines will
be built for 1.0 km by a ~branching wethod from the'existipg line between
Ubungo and Oysterbay. '
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8.2.3 Transmission lines related to proposed Factory Zone III §.S,

(1) Constrﬁctibn of new line between Ubungo and Factory Zone ITT

In the Tabata and Kiwalani districts located in southwest of Dar es Salaan,
factory complexes are belng fapidly deveibped in these years. These
districts afé'Beinghtfaﬁémitfé& power from Factory Zome I S$,S. However, in
Fac;orylZOﬁe'I'S;Q},_itiis extremely difficult to install an additional
substatidn'équibmeht due to the surrounding environmental restrictions.
Accordingly, Factory Zone III S. S., on which details stated in 8.1.3; will

be newly constructed to meet the power demands in these districts,

Power will be supplied to the newly built Factory Zone III $,5., via a 7.0 km
new line frOm Ubungo S.S. in view of the conditions of location, The

transmission line should be two circuits of ACSR 120 mm2 £0 match the
substation's capacity of 15 MVA x 2 (initially 15 MVA x 1). TImitially, the

conductor of ACSR 120 nn? will be provided only one circuit on the wooden
pole designed two circﬁits, and the remaining one_will'be provided when the
second 15-MVA subdbstatien will be built, .

(2) Counstruction of Factory Zone 1I line

Factory Zone II is presently supplied with power from.Ubﬁngo S.8. at a
distancé of 15,2 ko vié TAZARA line, After completion of Factory Zone III
5.5., pover will be supplied to the power supply line of the existing
Factory Zone 11 by 0.6 km of one circuit of ACSR lZO-mm2 line, and thus the
power supply will be done at 13.2 km as shown in Fig., 8. Improvement of
the reliability of power supply can be exbeéted. A disconnecting switch
will be installed at the connection point with the existing 1ine,

(3) 'ConstruétiOn.éf_néw alrport line

At the present time, the new airpﬁrt is supplied with power vla.one tine of
ACSR 100 mmz for S.OIRﬁ, whigh fs branched at the Ubungo-TAZARA line.

After completlon of the Factory Zone IIL §,5., Factory Zone III and
extéting atrport line will be connected by 0.7 km of ACSR 120 mmz line to
permit power supply for 1.3 km, Reduction of loss and improvement of

reliability can thus be expected.
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(4) Construction of Factory Zone I line

Increase of power demand for Factory Zone I 8.8. will be met by Factdry _
Zone III S5.8., and the existing line between Ilala and Factory Zone I will

not be reinforced.

However, with the present system there is no substitute pover supply 1n
case of emergency. Therefore, any trouble and/or failure in respect of
povwer supply in the event of an accident will be serious. Accordingly, the'

Distribution Network Rehabilitation Program intends to newly construct one
line of ACSR ]20 a2 for 1.5 km betﬂeen the TAZARA branching p01nt of the

TAZARA line to the exlsting new airport and Factory Zone I in order to

secure a spare line in case of emergency.

(5) Construction of commecting line between Féctory Zone I and.Kurasini
Replacement of power supply method frohluéungé'ﬁitﬁ diiect from Ilala will
meet the iﬁcreaSe of démanh.iﬂ KuraSid{ No ‘shortage of power supply will

be taken place for the time being, as stated in 8 2.1 (l)

Hnwever' one linc Of ACSR 120 mmz for 6.5 km Will be built between Kurﬂsini
and Factory Zone 1 to sccure a sparé line ia case of emergency in view of

the power supply reliability improvement.

8.3 11 XV DISIRIBUTION LINE

8.3.1 11 kV feeder for the proposed sudbstation

(l) Countermeasutes for the Mikocheni S.S..

By withdrawing 3 feeders, Ml, M2 and ¥3 from the Mikochéni $.S. which is .
now planned to be newly constructed and the Ml feeder is to be connected to
the Oysterbay S5.§. 03 feeder and supply pbwer'to“the area where unow served
through the 03 feeder. This makes 1t possible to use the 03 feeder exclu-—
sively for'thé'Hsasaﬁi'area, and since the supply to the.heavy load area of
Msasanl is made thrbugh 2 feeders, 03 and 06, the heaﬁy load problem can be
solved, ' The M2 is connected to the Packérs feeder of the Mbezi §.8. and
the present 03 feeder, which is used for thé offfcial resideance of the
President, The rémaining feeder M3 1s used for the industrialization
scheme in Mtkocheni area (See Fig, 8-3-2),
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The contenis of the plan_are as follows:

(a)
(b)
(¢)
(d)

Underground cable: 0.3 km (11 kV CVTAZY 200 n? X_SC)
Overhead line (truﬁk line): 5.0 km (ACSR 120 mﬁ2) 
Overhead-liné (branch line): 1.0 km (ACSR 58 o)

‘New installation of section switches: 2 units

{2) Countermeasures for the Factbty Zone 111 §.S.

The Heavy‘loéd of the Factory Zone 1 S;S.:will be solved By withdrawing 5 :

feedérs, ¥31, ¥32, F33, F34 and F35 from the Factory Zone I{I S.S. now

blanﬁed to be neﬁly.cohstructed and connectiﬂé the F31 and F32 to the F& -
and F3 of the Pactory Zone I $.S. The F33 and F34 will be used for the new

demand and will be made feadj for the‘advance qf.factories anticipated 1in

the future. The F35 is“connécted to thé Factbry Zone'II:S,S. for reinfor-

cement, The contents of the plan are as follows (See Fig; 8—3—3).

(a)
(»)

(e)

(d)

Underground cable: 0.5 km (11 kV CVTAZY 200 u2 x 3C)
Overhead line (truck 1ine):- 6.5 km (ACSR 120 nm?)

Overhead line (branch lime): 3.0 km tACSR 58 mmz)
New installation of sectfon switches: 6 units

The specific contents of the above (1) and (2) are liétgd in Table 8-3-1.
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" "Table 8-3-1 New feeders for the ptoposed'substatidns

Under—

Iten ‘ Gverhead Line _
ground . Seection '
Line (ka) (km) . Switch Remarks
Feeder 20g $9 ™0 | AcsR 120 | ACSR 58
x
Msasani S.S.
Ml 0.1 1.5 | To be connected
o : with 03
M2 0.1 1.5 1 To be connected
with Mbezi §.S.
M3 0.1 2.0 1.0 2 For new demand
Factory Zoﬁe
III S5.$
F31 6.1 }0.5 1 To be connected
with F4
F32 0.1 1.5 1.0 1 To be connected
with F3
F33 0,1 2.0 1.0 2 For new demand
F34 0.1 2.0 1.0 2 "
F35 a.1 0.5 2 To be connected
) with F,Z2. I1
S5.5.
“Total 0.8 1i.5 4.9 10 |

8.3.2 Countermeasures for system interconnection

In order to minimize the service interruption_atea and interchanged power

during power-off working or faulty period, the system interconncction work

as shown in Table 8-3-2 is to be conducted and the section switches will be

installed.

(See Figs. 8-3-1, 8-3-2 and 8-3-3)

The contents of the plan are as follows:

(a)
(b)
(c)
(d)

Scctlon switches:
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Overhead line linkage: 5.5 km (ACSK 120 mn2) |
Undefgr0und line:_.2.7'km.(ll kv ﬁVTAZV 200 mm? x 3C)
Multi-circuit switch: 4 Qniﬁs .
9 units




Concerning the €5 énd~C6 féeders of the City Centre §.S. whi¢hﬁére 100%
underground iincs, the.Cﬁ wiil be improved and 4 mﬁiti~c1réuif‘éwitéh
boxes will be installed for reinforcement. By doing so, €6 will cover the
Gs sﬁppiy area, The:CS thus bécaie ﬁnnééeésafy will be used for lbad

éharing in the Upanga area'(See Fig. §-3-1).

Table 8-3-2 System interconnaction

Item Underground Ovérhead o
ldine Line Section
FYeeder {kn) ACSR 120 Switch Kemarkes
T 200 sq.um x 3
C5 - C2 0.5 1 Upaﬁga Area
Co6 - D2 0.6 : 1 Indépendence'Av.
C6 - the city 1.6 0.5 _ Multi-circult Switch
: Boxes: 4 unlts
C4 ~ D2 1.5 -2 Independence Av,’
Dl - Port . 0.5 1 Ilaia S.5. -
Feeder - Kurasini §.5.
F2 - Kilwa 1.5 1 F.Z, 1 8,8, -
Feeder Kurasini 5.8,
F5 - D8 ' 0.5 1 F.Z. T 8.8, -
’ . Ilala SoSn '_
05 — 04 0.2 1 | Oysterbay S.S.
Cc2 ~ D10 0.8 1 City €Centre 8.8, -
Ilala §.S,.
Total 2.7 3.5 9

3.3.3 Extension of branch lines

" In step with the new tnstallation of transfqrmers as the countermeasures
for a new demand described in 8,4.2, the extension of the 11 kV branch
lines 1s planned as follows (See Table 8-3-3).

(a) Overhead line: 10.0 kn (ACSR 58 mml)
(b) Underground line: 2.4 km (11 kV CVTAZV 18 o x 3C)

(¢) Installation of section switches: 10 units
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"Table 3-3-3 Extension of branch lines

Iten Underground _Overhéad . :

o _ Line - Ling Section
Feeder 3875qf;$)x 4|  AGSR 58 Switch
ﬁsasani R . 2.0 : 2
ﬂpanga _‘ 2.0 2
Oysterbay o 2.0 2
éity Centré: 2.4 2.0 2
Ilala - ' 2.0 2
. Total 2.4 10.0 10

8.3.4 Replacement of deteriorated overhead conductors

The detefiorated conductors and sméll size conductors will be replaced to
improve the carrying capacity and the defective connection parts of conduc~
tors will be repalred.  Ewven through this plan only, it is considered that
the supply reliability of the 11 kV network in the ¢ity of Dar es Salaam
will be considerably improved (See Téble.8~3-4).

(1) Overhead lines

(a) Trunk line: 58.5 km (ACSR 120 mm?)
(b} Branch line: 21,0 km (ACSR 58 nnl)

(2) Reinforcement of poles: 140 poles {wooden poles 70, steel poles 70)
(3) Reinfarcement of stay wires: 200 places

(4) Instailation of sectlon switches: 25 units

8-41



Table 8-3-4 Replacement of deteriorated overhead condqctofs

T Item Overhead Line L
(km) - : Section
Feedetr | Acsk 120 | acsk sg | Sviteh
Oysterbay S.S. © {14.9) (5.0} (6) .
02 | |
03 5.0 1.0 2
04 ; 7.0° Lo |1
05 2.9 2.0 2
06 | 1.0 1
City Centre S.S. (9;4) .(2.0) (5)$.
c2 5.0 2.0 2
c3 1.8 | 1
c4 1.3 - 1
cs
c6 |
8 s | | 1
Ilala 's.s'. (19.2) (7.0) (8)
Dl 2.0 1
D2 3.8 2.0 2
D3
D8 4.0 2.0 -2
D9 1.9 1.0 1
P10 7.5 2.0 2
F.Z, 1 S.8. (15.0) (7.0) (6)
F2 6.5 2.0 1
F3 1.5 2.0 1
F4 4.5 2.0 2
F5 2.5 1.0 2
Total 58,5 21.0 25
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8.3.5 Countermeasures for thunder

Installation of arrester 60 banks is planned to install at the plaees of li

kv feeder usually open section sﬁitches and trunk line cable .rising placesq

8.4 LOW VOLTAGE ﬁiNE

8.4.1 Repairing of deteriovated facilitfes and improvement of service

volt age

The total number of transformers in the target area of thie project is 285 -
banks (88,775 kVA).: 31 banks for Msasani area, which are improved based on
the emergency materials aid program, are excepted fron 285 hanks. 60/ of
the balance 254 bank} i.e. 153 banks ere-enttrely tepaired.; Especially,
the deteriorated transformer proteetive deviees and electrie wires and
¢able connection places will be repeifed“tolelimiﬁate the éeuses-fer

trouble and at the same time the entire line'will be reinforcea.

(1) Repairing of transformer primary and secondary sides protective
devices and connections

The transformers of 300 kVA or higﬁer ﬁill be proteeted by . the apen fuse
cutout for the primary side and by the distribution pillar for the secon-
dary side. The transformers of lower capacity will be protected by the
presently adopted system, i.e, the open fuse cutout for the primary side
and by the low voltage cutout for theé sec0ndary, and the connections will

also be repalred.

(2) Installation of distribution pillar

Of 153 transformer banks to be'tepeired this tiee,(83'bahks of 300 kVA or
higher will be provided with the distributfon pillar as stated in the above
(1). o . :

(3) Wire replacement and extension

Concerning the transformer 153 banks to be repaired,'the'low voltage.trunk:
line 190 km and branch line 290 km will be replaced and extended. Low
voltage lines of each transformer are modelled as shown in Filg. 8-4-1 and
the necessary volume of electric wire is calculated based on this model as’

follows:
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(a) Trunk tine: HAL-OW 125 an2, 751 knm
(b) Branch line: HAL-OW 55 omZ, 610 km

i(4) Replacement of service line ;

On the basis of the 1ocal sampling survey (see Figs. 4-5-1 and 4-5-2),

Eabout 24,000 service lines will be replaced using the DV wires. The

Erequired volume of wire is 580 km-of DV wire ia totalf

;(5) Support replenishment and Efay relnforcement .

"In order to replace the deteriorated poles, total 600 poles, 300 poles each.

‘of 9 n steel polés and wooden polés are estimated. Also estimated are the
. stay materials to neet about 2 000 poles to secure the mechanical strength

‘of the lines,

8.4.2 Countermeasures for new demand

‘In order to cOpé with the future démand'increase described in Chaptex 6 anﬁ

.the general demand increase for the new feeders to be withdrawn from the
‘substations to be newly c¢onstructed as described in 8.1.3, the new

11n3tallation of transformer 35 banks (8,500 kVA) is plénnéd as follows:

:(l) Transformers td be newly installed

(a) 100 kvA: - 10 units (1,000 kVA)

(b)Y 200 kVA: 10 units (2,000 kVA)
(c) 300 kVA: 10 units (3,000 kVA)

(d) 500 kVA: = 5 volts (2,500 kVA)

Total: 35 units (8,500 kVA)

(2) Protective devices

(é)"Pfimaty side open fuse cutout: 35 sets
(b) Secondary side low voltage cutout: 60 pds. '
(c) Distribution pillar: 15 units {for 300 kVA or higher)

(3) Low voltage lines to bc newly installed

" (a) Trunk line t 36 km (HAL—ON 125 mmz) .
(b) ‘Branch line: &3 km (HAL-OW 55 wm?)
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(4) Service Itnes to be newly installed: 5,700 lines
(5) Support

(a) Steel poles : 860‘ﬁ01és ‘-
(b) Hooden poles: .1,600_p01e$

8.5 VEHIGLES AND TOOLS USED FOR THE CONSTRUCTION WORK
8.5.1 Vehicles

The number of vehicles which TANESCO has at present is very tivited.
1herefore, they are not enough for daily maiatenance work and/or emergénCy
duty work including accident treatment, restoration work, ete, Especially,
the vehicles used for the work of construction are nostly of an old type,
and because of iﬁperfect maintenance or shortage of spare parts, the opera-
tional'efficienciés of fhé construction team and accident treatment &

restoration work team are at a very low tevel,

The:smgil;éized'veﬁiéies'used for the eonstruction work are seldom pro-
vided. Thefefore; even for the construction work in the city center and/or
in:thé:héusihg area where houses are'closely.built, the large-sized
vehicles are obiiged to be uséd. Such environmental ¢onditions 1nterferes
for workers to take the swift and prompt activities, 1In addition, there-
fore, the daily inspection drive which should be carried out as the basic

duty has never taken p1ace.

Based on these facts which have been ‘made clear by the survey conducted at
this timc, it seems to be 1mpossible that the construction work shall
proceed only by the vehicles owned by TANESCO. Accordingly, the vehicles
which are shown in Table 8- 5 1 are necessary to be pr0vided for this
construction project, The greater part 'of thig plan-is the restoration
construction work of the cxisting facilities. Therefore, this restoration
construction work includes the factors of serious occurrency of the

disasters due to the service interruption work; lead switching, etc.

Therefore, when actually Operated all the c0nstruction sites and all the
working groups communicate closely with each other to secure: the safety, to
shorten the service interruption time, and to carry out the correct and

efficient construction work,
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To accomplish this, the VHF transcetvets are to be'provided for all the

vehicles to be used as shown in Table 8-53-1.

At present, Tanzania suffers also from the chronic shortage of spate parts
for tﬁe vehlicles, As a result, the life time of a vehicle is very shért.
Many vehicles ave ‘driven under poorT conditions, leaving the troubled
situations as they are., Accordingly, such a situatfon seriously influences
the occurring of vehicles aCCidents especlally accidents under the

construction operatfons,

In order to remove thetc dangers and fnsure the safely constructtén'wﬁrk;
sufficient cgﬁsiderations concerning the supply of spare parts; wear aund
tear parts;.etc.5 must take ﬁiace and tﬁe détisidh of 5p§toﬁtiate parts
selections and their quantities must also be made. These“déCisions aré

indispensably necessary.

Table 8-5-%
Team | Construc— Hate— o Cbbfdi—' Hanage— ’
Vehicles tion rials Desiga nation { ment Total
1, 6 ton craiie T - R D _ S
truck L | . _ e
2. 6 ton truck _ 2 2 - .- - 4 (4)
3.3 ton craune . ' _ _
" treck . & | 1 | . . o 5
4, High place éper—. 6 : 1" - P
- ation vehicle , : o
5., Pick-up truck 6 1 - - - 1@
6. 4WD wagon - - .2 2 2 6 (6)
7. Motorgytle:. S - 10 o | 10 10y
8. Forklift &ruck - T R I -1 2
(Note) 1. The figures shown fa () are the supply quantities based on
the emergency vaterlals aid, | S
2. Transceivcrs are provided except for Nos 1, 7 and 8.

8,5.2 Todls and measuring inétrumenta'

The tools and meaaurlng instrumenta which have been prepared for TANESCO'
construction team and for the accident restoration team are extremely deff~

cient and daily inspection work is imposslble for execution. Even‘rubber—
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made dielectric gloves, voltage detectors, etc. which are indlspensable
necessary for the securing of safety operational work have not been PYO™
vided. Such environmental couditidns largely depresses the moral of the
workers and influences to induce a bad quality construction level which are
maiu factors to cause serious accidents. In order to overcOme these pre-
sent difficul;igs as well as to dgvelop a safely and stable work, ;he
following tools are-iqdispénsébly needed. - .

{a) Portable tbois'for'indlﬁidual workér such as cutting'pliérs;

spanners, knives, etc.

- {b) Safety protection devices such as voltage detectors, low-tension

rubber-made gloves, etc.

{(c) Tools provided for each team such as drilling and cutting tools,

‘tools for électrié ﬁifé'éonneétiqns; tools for stringing, ete.
(d)' Tools for cable opefatidn
{e) .S;fefyrmarklng aﬁd'indiéatiﬁg.toqls
:'(f). Aéﬁetér and ﬁoltmeter for live liée
{g) Recording ammeter and voltmeter
(h) Others

The necessary tralning regarding how to use the teols and how to maintaln

these tools must also be carried out,

8.6 OTHER SUPPLEMENTARY FACILITIES

(1) Electrie¢ power supply monitoring communication systen

The communicat{on network shall be constructed between 1) the Ilala Manned
Substation and 2) the Oysterbay Substation, the City Center Substation, the
Pactory Zone 1 Substation,.which have becn surveyed at this time, and 3)
the planned Mikocheni Substation, Factory Zone Il1l Substation.

There are two communication methods, 1.e., 1) the éxisting wire method and
2) the wireless method using VHF. In case of the cxisting communication
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systenm utilizing a pilot wire, destruction of the utility poles have
occurred relatively many times eaused by automobiles, etc.r Their main- _
tenances ate difficult due to the shortage of poles and related materials,

therefore, TANESCO is expecting the wireless method.

On the other hand, in case of VHF it-is pOSSible to keep high reltability
and the providing period is short wlth a low conStructiOn eost.

Accordingly, as the communication method between the‘Ilala Substation and
each of the substations, we have adopted:the VHF eethpd,

(2) Countermeasures for voltage drop at the Ruvu ‘Substation

As mentioned 1n 4-6-1 (5), as the countermeasures for voltagé ‘drop at the
Ruvu Substation, after two units of 132 kV/33 kV transformer (10 MVA) will
be dismantled from the Ilala Substation,,they will be. used for the Ruvu
Substation, The Ubungo—chalinze 132 kV transmlssion line passes through
the adjacent area of the Ruvy Substation. In this’ area, the new Ruvu
Substation (132 kV/33 kV 10 MVA x 2 units) will be constructed in order to
solve the voltage drop problems. This might be the best solution.

Since this matter 1s not tncluded in the scope of this stedy conducted at
this time, the method of execution will be discussed in another way,
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CHAPTER 9  CONCEPTUAL DESIGN

9.1 DESIGN CONDITION

The conceptual désiga for'diétribution'facilities which are going to
construct ia this-prbjéct has béen made based on the existing design cri-
" ‘terfa of TANESCO snd also based on Japanese standard design practice.

As f0r'the.s£ahdards fbr_thé materialﬁ‘and equipmént which are going to be
procured with foreign currency, mainli JépaneSE'standards, ANSI and BS

standards.as:weil for some items have been employed.

(1) Meteorological condltion
" (1) Elevation: less than 1,000 m above the sea level
~ (ii1) Temperature

Maximum 40°C

Mininum 10°C
Meéan . 32°¢

(2) Safety factor

In accordance with Japandese standards following figures are employed.

Items Safety Factéry
SuppOrté ' 3
Foundation : 2
.Condﬁctﬁf ’ 2.5

Insulater 2.5
Crossarm 2.5
Guy wire = 2.5

(3) Conductor temperature

Allowable temperature rise:  90°C



{(4) Wind load

From TANESCO design criteria, maximum wind veloeity is 28 m/s, the wind

load on the wire and wooden pole has been estimated 50 and 40 kg/m

respectively.,

(5) Vertical clearance of ovérhead 1line: """

According to TANESCO critetla,_minimum,yertical_élearaQCe-has been gmﬁloyed
as follows. For low tension voltage line, however,'Jaﬁanese standards have

been enployed.

.LT.(intludiné?.
neutral line)

Description 33 kV Line | 11 kV Line
Ordinary place 5.0 m . 4,8 m 4.0 m

Road crossing

Vehicle passable 6.7 6.0 6.0

Vehicle 1lmpassable 6.0 4.8 4.0
Rallroad crossing 9.0 $.0 9.0
Télecommunication line : - :
crossing 1.8 1.8 1.2

9.2 INSULATION DESIGN

{1} Insulation design

In order to protect lines and equipment from an_inrﬁﬁh of lightning surge
and low frequency abnormal voltage, the design was made,by'putting a coor-
dinated insulation level among them and employed'fﬁllowing criteria,

(1) Por internal abmormal voltage (switching surge, persistent power
frequency voltage etc.), a protection is made by insulation of

equipment fitself,



(11) For extetnal abnormal voltage (lightning surge), a protection is

made by an arrester.

:(2) Insulator tyﬁe énd number of discs connected

The principal idea of insulation design, as mentioned above, flashover may
not occur against an=inte¥dal abnormal voltage. As to 1nterﬁél abnormal
wvoltage, according to the practice employed to transmission line so far,

:following values are employed.

Hultipljing factor on diréct grounded system

For persistent aﬁnormél power fréqueﬁcy voltage: 0.8 Unm

For swi;éhing surge abnormal voltage ¢ 2.8 Um
where Um stands for allowable maximum system voltage

‘In deciding an fasulator, a flashover charactéristiés {a wet condition of
fthé insﬁlator for switching surge, and the same for commercial frequency

‘are employed.

-The required insulation stréngth against internal abnormal voltage and the
‘electrical characteristics of the ingulaters are shown in the Eoliowing
‘tables ((i) - (111)).

.(1) Design for sﬁitching surge

Nominat Voltage N (kv)] 132 3j 11

Allowable Max, . : j

Voltage Ua (kV) | 144 36 12 x 12/11

Peak Voltage to _ .

the Ground (kv) | 118 | 29.4]| 9.8] Um x 2/3
Switching Surge ,

Multiplying Factor n 2.8 2.8] 2.8} Direct grounding
Switching_Surge o |

Voltage - (kv) | 330 82.3] 27.4 xn
Correcfion'FaétOI o (kg) 1.2 1.2 1.,2] Elevation & othors

Reqﬁlred Bith-
atanding Voltage 396 99 33 % 1.2




(1), Design for power frequency at abnorcal condition

Noninal Voltage

Allowable Max..
Voltage

Hultiplying Factor '

‘for Low Frequency

Peréistent Abnor&al'

Voltage
Correction Factor

Required With-
standing Voltage

'Um.(kv)

N (kV)

(kv)

(kV)

132 |33 [0
1;%... 56‘_ '1é'f
_‘9;8 0.8 0.8
115 | 28.8 9.6

2| nel 12
138 |35 |12

‘Direct grounding’

(i1i) Electrical characteristics 6E_inéh1§i6ré

Critfcal - 8Switching Surge - " Power Freq. :
Impulse '} (wet ) (wet)
. . Withstand ; Wichstand
50% FOV | 50% FOV Voltage FOV Voltage
{kV) (kV) (kv) | (kv (kv)
250 mm Suspension, | : :
1 pc 140 85 . 75 45 40 -
250 pm Suspension, _
2 pes 240 170 155 80 70
250 nn Suspension, | | o , , . _
3 pcs - 330 245_ 220 115 105
250 mn Suspension, 1
9 pcs 815 - 645 580 335| - 300
33 kV Pin Type 290 - - 95 -
11 kV Pin Type 130 - - 35 =

Note!

a, Characterié¢tics of 250 om suspensiOn”insulator s based

on "The Insulation Design Manual for Overhead Trans-
mission Line ~ Ottober 1966” issued by The Japanese
Electrotechniéal Commfttee (JEC). :
b. Characteristics of 33 kV and 11 kV Pin Type insulators
are based on BS 137 and ANSI C29.5 respectively, '
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(iv)

Number of insulators to be installed

' Comparing an insulation tolerance of Insulators 1n Table (iii)

with required withstanding voltage in Tables (i) & (11) kind and

“quantity of insulator have been selected as following table,

Live .

33 kV Pin

11 kV Pin

250 mn

Voltage | TangEnt/Angle ' Type’ _Type Suspension
o Tangént 1 pc - -

33 kv | |

: Angle or Deadend - = 3 pes

- , Tangent - 1 pe -

11 kY

: Angle or Deadend - - 12 pes

{(3) Standard insulation cléa;ance (phase to ground)

Standard 1asulation cleaianée is épecified as equivalent rod to rod gap in

which the 50% flashover wouid be taken place uader the imposition of eriti-

cal lwmpulse.

Nominal Voltage
| o, of 250 mﬁ Insulators (pcs)

50% Impulse FOV on
Insulator Strings

'Corresponding Rod to
Rod CGap '

‘Standard Insulation
Clearance

(kv)

* (kV)
* (ém)

(em)

33

330
52

55

240
36

35

il

* Based on ”The Insulation Design Manual for
Ovetrhead Transmission Line - October 1966"
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(4) Minimum insulation clea;aqceir.; L

CoRi o,

Minimuq insulatiOn clearance is specificd as the gap which withstands both

swltching surge and abnormal power frequency voltage. " o

Nominal Voltage - vl 33 | 1
iAllowable Max. Voitage“ (kﬁ)'? 36' : 'lf?*‘ iE%%'“‘

Peak Voltage te Ground.  (kV) |, 29.4% 9.8 ® == _y-j
| . 4 ! I R

Switéhing Surge

Hulttplyipg Factor _:' 7 o 2;$:Hﬁfé:%j éircctlgrcunding
Swicchiﬁgfsurge peak (V)| 82.3| 27.4 i=2;8._-t
chnircd %ithscanding : : ; TR B

Voltage - N o (kv) ‘90.5_ 30.1 x 1.1

Required Clearance (cm) 15.3 3.8 |

Minimum Insulaticn
Clearance o (em}|- 15 5

% Based on "The Insulation Design Manual for Overhead
Transmission Line - October 19%66"

{5) Insulation clcaranCe in abnormal condition

When the maxirum wind flow is considered, the clearance shall be checked by

allowable maximum line voltage under the wet condition.

Nominal Voltage » (kv) | 33 1

& ' N B ¥
Allowable Max. Voltage (xv)| 36 2 x93y
Allcwable Max. Voltage : . _
(to Cround). - (kv) | 20.8} 6.92
Required W1th3tand1ng R I R B
Voltage (kV) | 22.9] 7.62|x 1.1
Clearauce at Abnormal
Condition A {em) 9 3

* Baged on “"The Insulatfon Design Manual for Overhead
Transmission Line - October 1966"
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(6) ‘Hinimum ?hase clearance .

Nominal Voltage - (x| 33 11

Allowable Max. Voltage (V)| 36 12 XF%%

'Peak Voltage to Ground : (kV} 29,4 9.8 x-%% o
_Switching Surge Phase- B

to-Phase Multiplying o _ ‘
Factor : - 4.5 4.5 | Pirect grounding

Switching Surge Voltage (kV) 133 | 441 | x 4.5

Required Withstanding :
Voltage : _ (kv) | 146 48.5 | x 1.1

Required Clearance * (cm): 26 8

* Based on "The Insulation Design’ Manual for Overhead
Transmisslon Line - October 1966"

. (7) ‘Basic lightning4impﬁlse insvlation level (BIL)

Employed BIL classes are HNo. 120 for 132 kv syétem, No. 30A for 33 kv
system and No, 10A for 1l kV System respectively, The reason of sald deci-
sion is described below.

Since shiel&lng.effect of_ovcrhead grbund wires and protection by arrester
has been anticiﬁated; the BIL shall be selected so as to cope with a
switching surge as well as lightning surge, by coordinating with the pro-

tection devices of arresters,

Namely, assuming that the protection tolerance of arrester and protecteéd
equipnent against lightning surge to be 20%, BIL should be selected to be
of more than 1007 sparkover voltage and 1.2 times of restricted voltagcs.
Next table showa the process of decision of BIL according to voltages
:claSSified.
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Substation Distribution
Line
VY TR T 11 kv
Arrester
‘Nominal Voltage . . Gv)f 126 | 42 | . 14
~ Nominal Discharge ' o Lo . '
. Current ; (kA) |- o | 10 | .5
1 100% Sparkover Voltage = (kW) | 401 135 50
Restricted Voltage avy . 422 10° | s
Required BIL
'Restricted Voltage x 1.2 (kV) | 507 168 60
LIghtning—iﬁbﬁlse. ' ' ' |
Withstanding Voltage - (kV) .55 ] 170 .. 60
Requived BIL Class 100) (308) f._:(GA)
Decided BIL Class * | a2y | @Goeay | (1oa)

* ‘The values was decided conforming to TANESCO's exlsting
facilities, .

(8) lgghfning protection design

In the field study of this Project, accurate observation reéérd onVIKL

{Isokeraunic Level) 1In Dar-es-Salaam area were not obtained.

In substations there are installed arrestérs,'and'fdr'sbb9£étiﬁﬁs, 33 kv

lines and ll kV lines overhead ground wires are fnstalled,

Though few frequency of lightning 1s expected in this area, in order to
protect the facilfties from the external abnormal voltage including light—
ning, installation of arresters for substations and 11 kv distribution '
transformers and overhead ground wires for the inside of substations and 33

k¥ lines have been scheduled.



9.3 SUBSTATION

(1) Selection of pfopo#g&ﬁgufgféfidntéité

Since prbﬁoééd-substétidné ére'cdhsttﬁctéd in urban ateas,.the following
factors wexre considered on sélécting their sites; '

- harmony witﬁ the exiéting facilities

proximity to the area with potential power demand

ldéation‘tojflexibly dealing'with the increasing demand

location which permits smooth installation of transmission and

distribution lines
And the following sites were selected,
(1) Mikocheni $.5. site’

The site is located midway between Oysterbay $.5. and Mbezl S.S.
In the city plan for Dar es Salaan, the area 1s expected to
bécOme an 1ﬁdusttial dlstrict._ Several factories near the site
are aiready asking fof power supply. Also, the site s situated.
relatiyel} close to Msasanil Peniasula, 1.4 km from the ceoast.
_ The site is grass land at preseant, The required site area is 660
' squer (30 @ x 22 m),

{1i) Factory Zone 11X 5.8, site

The site is lecated nmldway betweén Factory Zone I 8,5, and
Factory Zone 1I 5.5., near New Alrport $.S. Im the area, several
factoties are being constrﬁcted. and some moOre are scheduledlin
the future, The site iélélfuated 8.0 km fromithe coast;‘grass
land at present, The requifed site area is 1,080 sq.m (36 o x
30 @),

(2) Unitléing the substation facilities

In consideration of ecénomy and maintainabllity, the new substations ave
designéd as a unlt type automatic substation which consists of 33 kV equip-
ment to be installed outside, and 11 kV £quipment te be accommodated in

cubicles, whereby eliminating indoor space requirement,

9-9



The unit type substation has the following.advantages;
~ design process ¢an be easily standardﬁzedrand simplifigd.

_ _f>small slte area 1is required since no building is needed for accom— '

modating power distribution panel and equipment.

- secondary side of transformers can be made compaét in size and less

cables are réqulred to'reducerchtrol cable required.,

- the‘construct period can be shortened because of streamlined

_ installation of equipment.

~ running cést can be veduced on account of sivple opératioﬁ and main-—

tenance,
- the constructipn cost can be reduced.

{3) Connection_systcm

Connection system in the substations was designed to stmplify the connec~

tion without losing efficiencies in power supply, while aiming to satisfy;
- systen operation requirements

designed frequency of inspection and OQCUtfenCE of.troubles

(reliability of cables and transformers has been improved)

- power supply requirements

f

-required site area

As a result, Mikocheni S. S. and Factory Zone 11T S.S. wlll have the connec-
tion system shown in Fig. 9- 3 1 and Eig. 9 3-2 respectively. '

Plans and sections of these substations ave presented iIn Figs. 9-3-3,
9-3-4 and 9-3~5.



(4) Desiga for salt contamination

(1)

Classification of salt contamination

'_ To set out appropriate desigﬂ criteria to compensate for effects

of salt cqntamination, ioccal weather conditions and distance fronm
the coast are important factors to be considered. The main
feature of weather in the area is a monsoon, as is typhoon or
seasonal wind in Japan.-.Thé monsoon usually generates much raiu,
which washes away salt adhered to the eqﬁipment and facilities,
Therefore in this respect the weather condition in the area is
more suitable for substations than in'Japan,-although cofona
sometimes increases iﬁmédiaﬁely before and after the monsoons.

It is understandable that no washing equipmeﬁt is provided 1nm

substations, in spite of localed less than_lO km from the coast,

Since weasuring data of sait contamination are not avallable for
the area on long term basis, establish an accurate design cri-
teria is difficult,

contamination for design criteria is tentatively established as

Nevertheless, the classification of salt

follows:

Contamlna-~
tion degree
(equivalent
salt)

(mg/sq.ca)

Application
section

Tanzania

© Japan

Dar es Salaam
area

Distance from

scashore (km)

Against
typhoon

Against
seasonal wind

8,03

General

©

More than SO

More than 10

0.06

Light salt
contamination

16 - 50

3-10

0.12

Medium salt
contaninat{ion

.3 - 10

-1 -3

0.35

Heavy salt
contanination

0:3"‘3

Oll-l

(11) Withstanding voltage against contanination

The sound phase to ground voltage (V) at any one phase grounded is

deseribed below.



C{ii)

Y = qE
where q: Rising factor of V (- l 2)

Eﬁr Maximum system voltage

15, i
“{ lNoyina; voltage # _l.l) % ?§—
-Fbt I32“EV'system
. -1.15_ 1 SRS
Vo= 1.2 % 132 x +~———' —— = 95.6 (kv
{§ 6 (kV)
Fdr‘33 kv sjstem H
15..‘ 1
V=1.2% 33 = 23,9 (kv
f§ (kv)
For 11 kV systenm
_ ) . 1.15 1 e, . :

Number of insulator to be installed

A standard withstanding voltage ¢f one 250 mm suspensien Insula-

tor against contamination classified are shown in the next table.

‘Equivaleht salt _ o S :
contaminétion . 0.01 0.03 | 0.045 0.06 | 0,12
(mg/sq,cm)
Withstanding voltage Yo o 1 - 4
vy 16.1 | 12.0 11,0 | 10.4 9.0

Numbet of 1nsulators required for each system voltage and con-

tamination are shown in the next table.



(Piecéi

Equivalent salt

0.03

contamination 0.045 0.06
(mg/sq.cm) |
Nominal voltage (kv) | Existing
132 8 (8.00| 9 (8.7 |10 (9.2 9
33 2 (2.0)| 3 (2.2) | 3 (2.3} 3
11 1 0.3 1¢0.7) | 1 ¢0.8) 2

Note: The figurés in the parentheSis show a calculated value.

The.nUmber of insulators installed in the éxisting faciiities are
based on 0,03 ngfsq.cm of equivalent amount of salt adhered, -
ihcluding one extra insulator.  Since they can actually withstand
0.045 to 0,06 wg/sq.cm of salt, the present insulation is con-

sidered approptiate.

(1v) Vithstanding voltage against contamination for station post
insulators

The withstanding voltage of station post insulator, studied in

this report, agalnst salt contamination are shown in the table

below.
Equivalent
~contamination 0.03 0.06
ng/em? =
Leakage
_ Mean diameter distance
Insulator type (kV) (kv} (mun) (zm)
SP~10 18 15 89 360
sp-30 . . 37 30 115 830
SP8GOA + SP850B 108 97 152 3,240
{Reference)
250 mn 2 pes. 24 20.8 159 560
- 3 pcs. 36 31.2 159 840
" 9 pes, 108 | 93.6 159 2,520




(5) Minimun insulation elearance

The ainitum insylation clearance should be maintained or shown below:

'Minimum‘;nsﬁlation cléarance, phase to ground and phase to phase in the

table are determined from air gaps correspoﬁd to 50% flashbver voltage for

Nominal voltage ' (kV)

' 132  uA_

337::

phase to phase (nin) (cm)

i1
Insulation level  (Class) 120 30 10
BIL (kY) 650 200 90
Insulation clearance
phase to ground (min) (emy| 130 35 15
Insulation ¢learance : 165 48 19

120% and 150% of BIL, respectively,

(6) Operation control system

(i) The operation and control of the bropdsed substatiqn wilIAbé done

(i1)
(i11)

(1v)

“tions.

in Japan, and operators are sent from a station to a substation,

as required, for monitoring, checking and operation the equipment.

For operation of on-load tap controlling devices, see 8-i-4 (2).

by simple monitoring system, which is used in the exiéting gubsta~

This system {s used for substations of less than 100 kV and 10 MVA

When the simple monitoring system is used, 1t is preférable to

have various warming indicated at Ilala $.8. which serve as the

operator's station, The communication between the substations

wili be provided by VHF system.
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(n Protection system

(1)

(11)

Existing substations

" As ététe&‘in AQGZi "Shbstétiqﬁs":tﬁe'eméfgéhéy'power cut-off in

the éubsféfiohs is made by circiit breakers of the substation

located on power soutce side.

A protection system should be selected in accordance with criteria

such as minimization of shut down area, coordinatiOn with main
circuit systems, and reliability, and beside the protection system
should fit into the present conditions of TANESCO's power

transmission/distribution networks.

When plural incoming transmission lines are provided-at the
substations and have possibility subject to reverse power fiow,
the substatlon should be protected by breakers at 1ntakés, as 1if
fhey were outgoing linmes, to take 1nto consideration self side

ptoteétion and possible current inflow from eother lines.

The equipment to be'protefted'in this way are Ilala 132 kY line
(one breaker), Oysterbay 33 kV line (two breakers), Factory. Zone I
33 kV line (three breakers).

When thié improvement is made, the existing F.T. closihg circuits
can be used as it is to make the breakers trip. Nevertheless,
Ubungo and Ilala substations should be checked as to whether

setting values and times for interrelated protection relays ave

 properly coordinated and as to whether the back up protéctivé

devices for main equipment can be.operated in good condition.

Froposed substations

Protective devices for power transmission/distributibn Iines, bus
bars and transformers in the proposed éuﬁstations, employﬁent of
same syétem as in the existing ones is preferable, which is also
used by electric power companies in Japan, Electromagnetic

relays, used in the existing substations, will be employed with

‘consideration of malnteinabllity.



(8) §pecia1 specifications of transformers

(1) Grdunded_neutral gystem

. As discussed in 4, 2 (5), neutral points of the transformers are
;directly grounded for 311 circuits of 220 kV 132 kV 33 k¥ and 11
V.

_ For the proposed substations, grounded neutral systems will be
employed with consideration oE protective system and equipment
configuration which are, designed under same principle as existing

facilitles.
{11} Connection systenm

To permit diversion which might be necessary in the future,
grounded system of circuits and phase differénce between primary
and secondary coils of transformers in the proposed substations
will be made equivalent to thOSe"in'the ex{sting substations, and
the transformers will be deeigned of A-A-A connection (tertiary
coils will be built -in type).

(i1i) L.T.C.

L.T.C. to be attached to_the new transformers will be set at the
range of existing one¢, and will be installed on high voltage side,
to be wére economical. " This arrangement will allow a parailel

" operation with existing transsformers in future.

(9)-'§pecif1cat1on of principal equipment .

Outline of'specification of.principal equipment should be shown as follows:



(1) Main transformer

Applicable standard

JEC 204-1978  Transformer

JEC 186-1972 On load tap changer equipment

- 15,000 kvA

Capacity 45,000 kVA

Rating Continuous ratiné ~ Continuous rating
Number of phases 3 3

Frequency 50 Hz - 50 Hz.

Type of cooling

Oil-immersed self-
cooled type

Oil#iﬁmersed self-
cooled type

Rated voltage

ment

(ley/2ndary) ] 132000V{33000V 33000V/11000V
Tap voltages (HV) T;Z%a;ISZ '%;Oiap
Insulation level ; -
(Class) 120/30A 30A/10A
Connection -
Privary A A
. I ) /LCI';
Secondary A Tertiary Tertiary
») (A)
Angular displace- 0° . 0°
ment '
Polarit Subtractive Subtractive
é é y . polarity polariey
Indpo; or outdoor Cutdoor Outdoor
service : .
Tap changer equip- L.T.C L.T.C.

Altitude

Below 1000 m

Below 1000 w

Number of uvalts

2

3




(ii) Clrcuit breaker

Applicable staadard  JEC 181-1975 Circuit breaker

Rated'voltage

36 kV

Standard oper—

0-(1 min,)-CO

145 kV 36 kv
Inéulatiqn, og .
level {Class}) ;29 30 A . 3U.A
Rated current 800 A 1200 A 600 A
Rated frequency 50 Hz 50 Hz 50 Hz
Rated inter- 12:5 k& 12.5 KA 12,5 kA
rupting current L
Rated inter— . . . —
fupting time 5. cycle S-qule : 5 cyclg
Rated making DC 100 V DC 00V, | bCoov
volitage : - .
Rated tripping | peojg0y DC 100 V DC 100 V
voltage : - o S

A B

"Co-(15 see.)-CO

ating duty -(3 win.)-CO |

Indoor or qut— Cutdoor

door service _

Altitude Below 1000 m
Maximum ambient 40°C '
temperature

Nuober of units 1 3 11




Rated voltage | 12 kv 12 kv

Insulétiﬁn ‘ . _
lavel  (Class) _lQ.A 10 A
Rated current | 1200 A 600 A
Rated frequency 50 Hz 50 He
Rated Inter- | )0 25 kA
ruptiag current o

Rated inter- e

rupting time 5 ¢ycle. 5 cycle
Rated making B¢ 100V DC 100 V
voltage ~

Rated tripping | pe 199y DC 100 V
voltage

Standard éper- B

ating duty _ C0-{15 sec.)-CO

Indoor or out-

door service Cubicle type

Altitude Below 1000 m
Magimum ambient _ 40°C
temperature -

Number of units 2 8

(111) Discoennecting Switch

Applicable Standard JEC 196-1975  Disconnecting switch

Rated voltage 145 kv 36 kv 36 kv
Insulation. ' : ;
level {Class) 120 30 A 30 A
Rated current 800 A 1200 A 800 A
Rated short 14 kA 14 kA 14 XA
time current

Indoor or out-—

door service Outdoor

Altitude ' below 1000 m
Maxlinum ambient 40°C

temperature

Control systen Manual control
Rumber of units 2 2 2




iv)

Ratéd;voltégé“ 36 kv | 36 kv
Insulation '_ j : :

level (Class) 30 A 30 4 N
Rated cutrent | 600 A 600 A '
Rated short 14 KA 14 KA )
time current :

Indoor or out- Outdoof

door service

Altitude

Below 1000 m

Maximum amblent
temperature

40°C

Control systeu

Manual contrel

Accessorles

with earthing
blade

Number of units

11

14

Instrumént transformer

Applicable Standard JEC 190-1974

Instrument traunsformer

Rated voltage 132 &V 132 kv 313 ky
Insulatibn Ine

level (Class). (BCT) (BCT) (BCT)
‘Rated current - 800/5 A 400/5 A - 1200/5 A
Rated burden .40 VA 40 VA 40 VA
Rated current ' 40 40 40
tolerance

Class 1.0 1.0 1.0
Nuiber of units -3 2 | 5
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Applicable Standard

(v) Potential transformer

JEC 190-1974

= 132 kv LGV
Ra;ed v§ltage Iy iy
Rated ffequéncy 50 Hz
{zsz}a:éﬁzss) 120
Rated burden 200 VA
Class 1.0
Number of units 1

9-21

Rated voltage 33 kV 33 kv 11 kv
Insulation -

level (Class) (BCT) (BCT) (BGT)
Rated curreat 600/5 A 400/5 A 1206/5 A
Rated burden 40 VA 40 VA 40 VA
Ratédiéurrént 40' 40 40
tolérance

Class i.0 1.0 1.0
Number of units 11 3 3
Rated voltage ll kv 11 kv
_insﬁlation

level {Class) 10 A 10 A

‘Rated current 1200/5 A 600/5 A

Rated burden 40 VA 4D VA

Rated current '

tolérance 40. 40

Class 1.0 1.0

Numbei of units 3 8

Iastrument transformer




(vi) Lightning arrester

(vii)

Applicable Standar& JEC-203—19?8 }Ligﬁtqing ar:eéfér

charge current.

Rated voltage | 126 kv | 42 kv | 14'wv
Rated frequency 50 Hz
Nominal dis-~ 10 kA

Below 1000 m

Altitide

Maximum ambient L0°c .
tenperature i
Grounded Directly-grouaded
neutral systenm system

Number of units 3 12 6

Enclosed switchboard

Applicable Standard JEM-1153 Enclosed sﬁitchboard‘

Rated voltage

11 kv

Indoor or ocut-
door sarvice

Indoor o Outddor".‘

Altitude Below 1000 m
Maximun aubient 40°C
temperature
. ' ) Factory

Substatfon pame ] Ilala ﬂikOCheni 2orie TIL
Relay board 1 0 0
Transformer 1 ' 1 1
switch gear board : :
High tension ' _
switch gear board 0 3 >
Station service 0 1 1
DG supply 1 1 1

Total 3 6 8.
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9.4 33 XV SUB-TRANSMISSION LINE

9.4.1 Summary of;dééign

‘(l) Condnctor

Conductors to be used for this'Project should have én énough transmission
capaceity to seénd required demand in each connected section and also be
BatisfactOry in respect of nmechanical strength and anti-corrosion besides

being wore economical.

With regard to selébtion.of econductors, hard drawn copper cable (HﬁCC), ail
aluminnm alloy cable {AAC) and:aluminum conductor steel reinforced (ACSR)
have been ‘compared. Such comparison proved that ACSR should finally be
selected 1n view of 1ts total advantages out of the safd items. As to the
conductor size, from view point of construction and mailntevance, applica-
tion of minimal size and standardization thereof are considered to be pro-
Ficable, -ACSE 120 om? has been employed in this report, Thus, the joint
‘mobilization of congtruction works, tools and instruments, etc. for 11 kY
lines could be made available. Consequently, it is believed that economi-

cal advantages would be derived,

However, in replacing conductors for the section between Ilala and
Oysterbay, ACSR 160 mn? was adopted on an account of the fncapacity of
ACSR 120 um?,

The dimensions of the above conductors are as shewn in Table 9-4-1.
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Table 9-4-1  Conductor and §h@el@3§y¢ L

Kind of wire ACSR 120 mmZ ACSR ‘160 ma? ' | GSW 30 on2
Stranding A130/2.3 + st 7/2.3 | A130/2.6 + st 7/2.6] " st 7/2.6
Calculated Sectional | . . 124.7 +:29.09 .. | "+ 159.3 :+:37.16 - C 237.16
Area . o ] e e .

o S mm?) | 153.8 196,55
Overall Diameter(mm)| 6.1 82, | 18
UVltimate Strength

T : kegd{ - . 5,540~ | - 6,980 - |- 3,080
Lo S o _ : L . {Class B)
Unit Welght . (kg/m)}| - -0.,5737. = f. .0.7328 - | = 0.294
Electrical Resist- . ' | . |
ance at 20°C. ( /km) | . - 50,233 | 0.182 -

Ampacity at 90°C (A) C 388 o SR 454

{2) Shield Wire .-

Although no ohbservation récérds on lightnfngnéovéring the'Dér és éalaam-
area could be obtained, it is apbarent that,fhere were sOme;iightnings_in
the inland hilly area of Dar es Salaam. Since IKL (fsokeraunic level) in
these areas 1s presumed to be apﬁrbximately 10 judging from its geographi-
cal condition. Accordingly, one iine of 30 mm? galvanized steel wire (GSW)
is to be cmployéd Ln anticipation of perfect shiélding against lightnings.

Table 9-4-1 shows the dimension of shield wires to be installed.

{3) Design for salt contamination

Dar es Salaam 1s a seaside city faced with Indian éea, located in a lati-
tude of 6°50'S roughly aud ia the tropical climate zone, The month of
November to Aprii are a rafony scason. The temperature therein fs very high
and there 18 much precipitation. If is the dry season from May to October.
Nevertheless, it has a shower Onée a day in usual, A étrong wind exceeds
21 knots (10;8 m/s) is rarely observed. Accordingly, it is considered to
be seldom that the wind stated éhove moves away sea water spray onto the

inland area of Dar es Salaam. In addfition to above, it can be expected
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that the purification effect of a suitable quantity of rainfall will hinder

from accumulation of severe salt contamination to insulators.

Hbﬁever;'thé pdSsibility”of'salt cOhtaﬂinatidn on lines {n Dar es Salaam
will be largér than that of in the inland area of the country. In this
regard, effects of possible salt contamination was taken into account paf-

ticularly in selection of pin type insulator.

Table 9-4-2 shows the main dimensions df‘tﬁelinsulatOtS'enployed;

Table 9-4-2  Insulator

Insulator Type “ h Suspension ' : . Pin
Applicable Standard ANSI €29.2 Class 52~ 4 _BS 137: 1Part 1
System Voltage . (kV) 33 i . 33
Porcelain Diameter  (mm) 254 343 (Top shell)
Unit spacing/Pin _ _
Height _ (gm) _ 146 280
Combined M&E Strength (kg) | . | 6,810 . -
Cantileéver Strength  (kg) | : - 1,090
(Unit) - 3 pes .
Leakage Distance {mn) (292) 876 699
Flashover Voltage {kV) |
Powef Frequency, wet .(50) 130 95
50% Impulse, positive (125) 355 | 215
Net wgigh; (kg) (4.1) 12.3 10

(4) Support

.Concfete ﬁole, steel tube pole and woodén'polc are taken into consideration
for the 33 kV subtransmission line supports., The concrete pole'is proved
to be reliable in respect of its high ﬁéchanical strength and durabiliey,
wherease due to its heavy wefght, special trafler and c¢quipment are

required for construction works,
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