4.4.5 Load current of each feeder

The load current of each feeder recorded during the field survey 1s shown
in Tables 4-4-3 - 4-4-6 and the load current of the 33 kV City Centre Line
ahdeéctbry Zone I Line and the receiving power in both substations are
shoﬁn 1n Table 4-4-7. ' '

From these tables, it has been nade clear that the load of the 06 feeder of
'Oysterbay $.S. 1s the’ highest at about 4,500 kVA and that the G2 (3 400
kVA) of the City Centre $.8. and D9‘(3,200 KVA) of the Ilala $.S, are in
that order, Generally, the load sharing differs gteatly from feeder to
feeder. From the current capacity viewpoint, there are many feeders with

light loads allowing a relatively extra capaclty.

4,4,6 Proteétion of 11 kV feeder

The protection agaiﬁst a short-eircult is provided by the overcurreat
relay. Against the line-to-ground fault, the overcurrent ground relay is
inetalled in the tgsidual ciféult ofVCT_and the operating current value {is
set to about 10 - 20% of the operating curtent value of the overcurrent

relay.

4.4,7 Characteristics of'each feeder

The chéracteristlca of each feeder are shown in Tableé 4ob-8 = 4-4-9,

4-30



Table 4-4-3 -

Load curreat on 11 kV feeders - OystErBay'S.S.

Load Reading (AMPS)

‘ . . Hofniﬂg Noon Evening ‘Max.
- Date Feeder e - - Load
R R | Y B R Y B R Y B 1 (kvay
28/6/84
CThu. | 02 sol so| so| 3s| 45| 40| e5{ 751 75| 1,365
" 03 16{ 25| 25| 18| 30| 25| 27| 4o s 711
“ o 38| 44| 42| 34| 4o 36| 72| 82] 76| 1,461
" 05 35|  3s|. 35| 30| 30| 35| 3s{ 42] 4o 743
L o6 | 140| 140| 140] 140| 140] 140| 80| 180| 180| 3,429
Total 779 | 294 | 292|257 | 285 | 276 379| 419 | 416 | (7,709)
29/6/84
bri |02 ae| so| ss| 35| as| 4ol ‘83| 95| 9es| 1,73
- 03 18} 30| 30l 18] 30| 30| 32| 55| 60 933
“ o4 6| 46| 44 40| 44| 40 84| 100] 90| 1,740
" 05 33} 3s{ 3as{ a3as| 40| 35| 45| 57| 55 997
“ 06 140 140] 140l 140{ 140] 140] 230 240] 230] 4,445
Total | | 279|301 [ 304 | 266 299 | 285 474 | S47| 530 (9,849)
30/6/84
sat | o2 | 35| 40| 40| 30| 4ol 35] 35| 40| 40} 730
" 03 16{ 30| 3o} 14} 30| 25| 18] 30| . 30 495
o 04 36] 40| 4o 30| 36| 34 38] 42| 40 762
" 05 32| as| 38| a3of 30| 3s5{ 35] 4o 4o 730
" 06 145] 145| 145] 1a0] 140| 140] i80| 180| 180{ 3,429
Total 364 | 2601993 ] 244 [T 276 [ 269 [ 306 | 332 330 | (6,147)
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Table 4-4-4

" Load cu¥rent on 11 kV feeders - City Center S.S.

Load Reading (AﬁPS)

‘ Morning Noon ' Evening : Max,
Date Feeder ' - : ' e S Load
R Y B R{ ¥ B RL Y] B
28/6/84 ;
Thu c2 165] 165]| 162} 175| 175 180 180 175| 180| 3,397
" c3 g8s| 85| 90[ 95} 95| ‘95| ‘55| 5] 55| 1,810
" ch 45] so)l sol 14s) o155 150 7s) 81| 80} 2,858
. c8 go| 82| 82| 9ol 90] "90| sof so| sol 1,715
Total 375 382 384|505 515 360 360 361 365| (8,763)
29/6/84
Fri G2 160 165| 162 175| 175] 175 17s| 175]| ‘17s| 3,341
- c3 sol 90| 90| 9s| 9si 95| se| sof 50| 1,810
. c4 140 145| 150] 145) 155) -150| 65| 70} 70| 2,858
. c8 | 90| 90| 90| toof 100) 100| 65| 65| 65| 1,905
Total 480 | 4901 %97 515 S525[ 520| 355| 360 360 (9,906)
30/6/84
~ Sat c2 155| 170 165] 132| 150] 150 1so| 52| 50| 3,048
. c3 so| sof 50| 55| 55| ss| sol 50|  sof 1,049
" C4 ss| so] 55| 62| 65| 64| 65| es| 65| 1,238
" C8 401 40| 40| 55| 55| 55| 40| 40) - 40| 1,048
Total 290G { 310 310 | 304 | 325 [ 324 [ 305 [ 307 [ 305 [ (6,052)
1/7/84
Sun c2 | 160} 158 160| 135| 150] 150] 155 1s52| 152| 3,035
" c3 sof 50} sof 55| ss| 55| s0| 500 50| 1,049
y c4 s2| 58| s8] 65| es] eal e60] 65| e2] 1,232
" c8 401 40| 40f 5501 56l sei 40| 40l 4ol 1,060
Total 302 306 [ 306 | 310 326| 325 305 307 30471 (6,102)
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Table 4-4-5

- Load curveunt on 11 kV feeders - 1lala 8.S.

Load Reading (AMPS)

N _ ﬁorning  Noon _ Eveﬁing Max.
Date Feeder |— - : e Load
‘R Y B R | Y* B R Y B @A) |
13/7/84
Fri DO 201{ 0| so| e| 55| so] so| es| 65| 1,143
. Dl 5 5] s s | s 5 s| s s 95
= - | p2 60{ -180{ 140} 13s5| 155]| 1os| 85| 82| 82| 2,508
. . DY 135{ 165 150| 160| 170| 170] 170| 145} 145 3,175
e plo | ~ 45§ 70| 45| 45| 40| ‘45| $o| 100 15| 1,937
Total | 285| 480 390 | 405| 425 | 385 400 397 412 [ (7,715
14/7/84
sat - | : DO 650 70} 85| sof 75| eS| ss| 4s] 40| 1,397
" pi 5 5 s| s} s 5 5 5 5 95
* . D2 65) 135) 1sof 78| so| 75| 90| 95| -9o| 2,223
i DY 130} 140 165( 135 175| 185| 180| 170] 160| 3,239
“ - D10 45f 60| 40] 40| 45| ao| 100] 11s| 115]| 2,096
Fotal | 310 401 | 44S| 338 380 370 430{ %i0] 410 (3,065)
15/7/84
Sun DO a0 45| es| s0} sol 2s| sol sol so 953
" b1 5 5 5 s| s 5 5 5 5 95
o D2 00 75| so| 7s| 5] 7| 67l 90| 90l 1,568
- D9 120 120| 120] 12s) 120] ns{ 11s] 1is| 15| 2,286
" D10 68| s8| 48| 40| 4ol a0l sol 100} 115]| 1,683
Total | 3031 303 [ 328 305 2901 252 | 2871 360 375 (6,490)
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Table 4-4-6

Load current on 11 kV feeders = Factory Zone I S§.5.

load Reading (AMPS).

RPN Sy—

Morning . ~ Noon Evenlng | _ Max,
Date Feeder R B — Load
B R Y B R Y | B R Y B |
28/6/84 _
Thu F2 110 10s| 100] 100] 100} 100{ 65| 5] es{ 2,000
" F3 501 50 . 50 60] 60] 60 20 20 20
" F4 1151 110|115 130) 120 130 70 701 - 751 2,413
" FS {1 1401 145]| 145]) 130} -125] 125|. 95 90| 85]-2,731 |
Total 4151 410 410) 420} 305 | 415 250 245] 245} (7,842)
29/6/84 7
Fri F2 110 105 1001 100| 100 100 40| 40 40 72,000
" F3 .50 50 501 60; 60 60 15]  15] . 151 1,143
" ¥4 115 1109 115) 1301 120 130 55| 55 . 55| 2,413
" F5 145 145 145 1309 120 125]: 90 95 90) 2,763
Total 420 | 410 410 420 400 415| 200 205Y 200]| (7,874)
30/6/84
Sat F2 25 25 25 25| ‘25| 20 20 25 20 476
" F3 0 ol of o of o o] o o 0
" P4 50 50 50 501 50 50 40 35 40 953
" __F5 75 80 80| 80 80 80F 65 701 65 1,524
Total 150 1551 155 155 155 1501 125 130 1257] (2,921)

b— s
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Table 4~4-7 Load current and receiving power on
33 kV feeders

(REcorded_at Ilala Control)

' Morning Noon Eveoning

Date RMPS  WW CAWPS  WW TANPS MW Remarks
 City Centér $.S.
- 13/7/84 180 9.0 160, 8.0 120 6.0 PF=0.87
(Fri) :
R4/7/86 160 8.0 112 5.6 120 6.0
(Sat) : :
15/7/86 . 1000 5.0 106 5.2 120 6.0
(Sun)

R 2 —————————

Factory Zone 1 S.S5.

13/7/84 236 11.8 200 10.0 140 7.0
(Fri) ' : )
14/7/84 200 10.0 124 6.2 120 6.0
{Sat)

15/7/84 100 5.0 128 6.4 120 6.0
{Sun)
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Tadle 4-4-8 Characteristics of each feeder (1)

: Line - Ha#.
- Feeder Length  Load Description
' (kn)- (kW) .
Oysterbay 8.5, :
‘ : 33 kV double circuit pole aséembiing along
02 - 11.3 1,734 01d Bagamoyo Road
: Pole: wood ==
- Conductor: ACSR 100 sq.mm
Feeding to Mikocheni Area
03 8.8 933 Pole: wood, steel _
Conductor: ACSR 100 sq.mm, HDCC 25 sq.um
: - . Connected to D10 feeder
04 7.6 1,740 Polet wood, steel .
Conductor: ACSR 100 sq.un, HDCC 25 sq.mm
E Peeding up to Selander Bridg
05 3.4 997 Pole: steel '
- Conductor: HDCC 35 sq.un
_ Feeding to Msasani Area
06 20.0 4,445 - Pole! wood, steel _
Conductor: ACSR 100 sq.mm, HDCC 25 sq.um
City Center S.8. :
, Feeding to Upanga Area
c2 7.6 3,397 Pole: wood, steel
Conductor: HDCC 35, 25 sq.mm
Feeding to City Center Area
c3 2.4 1,810 Polet steel _
- Conductor: ACSR 100 sq.nm
Feeding to City Ceater Area
C4 1.9 2,858 - Pole!  steel
Conductor: ACSR 100 sq.mnm
Undergrouﬁd Line
C5 0.3 0 Out of operation
Underground Line
C6 1.5 0 Qut of operation
Feeding to Ocean Road
c8 2.3 1,905 Pole: steel

Conductor: HDCC 25 sq.mm

. o Ll b e —
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Tablé 4-4-9 Characteristics of each feeder (2)

Line Max. : R
Feeder - Length - Load Description
: (kn) (kW) .
Ilala 8,8, _
D0 0.3 1,397 -~ Feeding to Brewery only
i 2.5 95 Pole: steel

- = Conductor: HDCC 35 sq.mm

: ~ Counected to C4 feeder
b2 - 4,3 2,508 -~ Pole: steel I
' - Conductor: HDCC 35 sq.mm

D3 - ~ =~ Qut of operation

- Under repairs
D3 7.0 . = = Pole: steel
' ' -~ Conductor: HDCC 25 sq.um

: : ~ Peeding to Kariakoo Area
" D9 2.0 3,239 - Pole: steel '
- Conductor: HDCC 50, 25 sq.mm

- Connected to 04 feeder
" D10 ‘ 7.6 2,026 - Pole: steel
: : - Conductor: ACSR 100 sq.mm

== = e

Factory Zone I S.S.

~- Faeding malnly to factories
F2 6.6 2,000 -~ Pole: steel, wood
- Conductor: HDCC 25 sq.mm

- Feeding malnly to factories

- Underground and Overhead Line

- Pole: wood, steel _

- Qverhead conductoxr: HDCC 25, 70 sq.mm

- Peeding mainly to factories
F4 9.3 2,413 -~ Pole: 'steel, wood
' - Conductor: HDCC 25 sq.nm

-~ Connected to D8 feeder
¥S5 4.9 2,731 -~ Pole: steel, wood
~ Conductor: HDCC 25 sq.mm
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4,4.8 QOverhead distribution lines

(1) Supporting materials and poles assembling

In the urban area or center of a city such as the City Centre and the 1lala
area, the steel poles of 36 ft (10.8 m) and 40 ft {12 m) are mainly used.
~ In the new residential area and suburbs such as Oysterbay area and the

Factory Zone I area, the wooden poles are also used.

For the typical polés assembling, the ﬁish-béhe type is adopted_for the
steel poles and a single arnm horizoﬁfal arrangement for the wooden poles..
In some parts of the urban area (C3, C4, D1, D2, DY and DI0), a 2-circuit
3-stage avn systém is also f0und.. In a speclal case, like the 02 feeder in
Oysterbay, one side of the 33 kV 2-circult assembling is used as a 11 kv

feeder.
(2) Insulator and electric wire

On the stralght line poles, pin {nsulators are mostly used, and at the ter-

mination and section, porcelain or glass disk insulators are used fn pairs,

The clectric wire of ACSR 100 mm2, SO mm2, and HDCC 70 nnZ, 35 mmé and 25

mn?  are being used but these wires which are found many connecting points _;,

are considerably superannuatcd with the strand breakages.
(3) Other

The number of'séction.switchea provided is too small; ohly 1 switch or less
per feeder, The automatic voltage regulators for distribution lines, capa-
citor for lwproving power factor and arrestor to prevent a lightning stroke
are not installed in the distribution lines., But for the ground wire,
almost all the lines are provided with them.

4,4,9 Underground lines

(1) Type of cable and laying wethod

For the trunk 1ine portion, a 3C x 185 mmZ paper-ihsulated.steel¥wire
armaved cable is used, and for the branch line portion, a 3C x 70 mn? paper-

insulated stecl-wire armored cable i3 also used,
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The laying method is the direct burying method and at the road ¢rossing

area the cable 1s protected by a conduit line against the lead.

{2) used places of cable

For the outgoing line from a 3ubstat10n CS and C6 in the City Centre and

F3 in the Pactory Zoné¢ I, mostly the underground cable of 3C x 185 mm2 is

used, At each branching point to the load in the trunk line portion, such
as C5, C6, and F3, the ring main units which the main circuit side has a

perfdrmance of load-break switch and the branch line side is protected by a

fuse aré provided at each branched place. However, €5 is not used because

the cable has become deteriorated.

The underground cable of 3C x 70 ma? {s used for branching at places where

the overhead branching to the loads is difficult.

(3) Terminal processing of cable

For the terminal of the cable a cast-iron type and a plastic type cable

heads and a terminating material of a heat—shrinkable type are used,

4.5 LOW VOLTAGE DISTRIBUTION LINES

- {1) Distribution transformer.

(1) Capacity and number of units

(i1)

The distribution transforéer has a large capacity ranging from 25
kVA to 1,000 kVA, but mainly large capacity types of 200 kVA o
500 kVA are used.

The number of transformers installed is about 285 units in the
important areas of the 4 substations. Table 4-4-10 shows the

numbér of transformers classified by feeder,
Protection method for the transformer

It is protected by the open fuse cqtout on the primary side
against the short-circuit accident under the transformer winding

and by the low voltage cutout fuse against the overload or short-
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(111)

{iv)

(v)

circuit under the‘low_vdltége line. But for the secondary side
of some large capacity transformers, the distribution plllar is

provided for protection,
Installation method of the transformer

Relatively small capacity transf#rmers of about 200 kVA or less
are installed on H-framing poles and for 300 kVA or higher, the
¢able box type transformers are used and they are installed on

the ground in many cases.
Load current of the transformer

Table 4-4~11 shows the load curreat of transformefs actually
measured during thg su;ﬁey. ‘FPor the actually measured 22 trans-
formers in this table, the 1oad cﬁrrent at the time of the survey
was less than 60X of the rated current in most cases and no
overload was found, but In some cases, such gas in the demand
value of the Nb.-IS traosfotrmer, the rated current was exceeded

by as nuch as about 14% at the past peak time,

As a result of measurlng the current for the earthing wirces 6E 18
transformers the eatthing current of about 0.5 - 26A was recog-

nized for 13 transforamers.

Electrle wire connection on the primary and the secondary sides

of the transformer

For the wrapping connection, insufficient number of wraps and
imperfect tightening were often found both on the primary and the
secondary side and especially the secondary side 18 left in a bad

condition,
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Table 4-4-10  Number of transformerslféeders

: “Number of transfofmers (unitsj Total
Feeder KV | o -~ Total | CaPacity
25| 50| 104 154 20d 30d 315 40d 50d 75d 100g - (kVA)
Oysterbay S.S. . | (81) | {18,905)
02 1] 5] 1|wo] 2| 2 ! 22 | 4,680
03 af 1| 1] 3 3 9| 1 ,.'800
04 ) sf | oaf 11 1,650
05 1 s| 1 1 8 1,850
s | 1| 1] 11| 11 s| 1 31 | 8,925
City Center S.S, (64) | (27,880)
) ] 5| 8] 2 7 22 | 7,50
c3 - 1 4 tfo] 2| 1| 19| 9,15
._cz}" 1 s| 3 9 5,050
cs’ 0 -
c6 0. -
c8 12 2 .1 71 1l 1 16 | 6,150
[ 11ala s.s. (67) | (20,790)
DO 2 2 2,000
Dl 2 2 600
D2 o :5 3 11 19 7,400
" D8 s 1) 6| 4 3 2 20 | 3,900
0o 1 s ol o1 3f 3 14 | 5,415
D10 1] 2| 1| 3 1] 2 10 1,475
Sub-total 2[13)16f 1| ssjas| s| 1| sifuf 4| c212)]¢67,575)
FuZ. I 8.5, 1 (73) | (21,200)
F2 5] 3] 4| 5 1; 1| 29 | 9,60
F3 TR i} 2 6 | 1,750
F4 8| 8 16 | (4,000)
BS 1 16] 12 1 22 | (5,800)
B Total 2 13| 22)ts|78le8] 5| 2 6'4 Il 5] 285 | 88,775
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Table 4-4-11: Details of transformers measured

Cﬁnent. meas_iued (A)

No. Dat.e Feeder g?:%i‘;ty - . " ._ . o ._.;:::tbling_ Remarke
] :’:’ 02 150 no | s so: é_s' - ‘;'°°"H9“2 | rared curvent 21
-z—- . o4 150 | ss | & | s |- .
AT o [l oo [ | e
s ] - - 200 s3 | 8} res 4 | - . Rated Cucrent 2894
5 6123 06 200 9| w0 15 0 | o . 3
I 750 ss | 6| 22| 2] 18| crowma Rated Cocrent 1083A
1] - B - 200 | 125 : ‘?5—“_1.16 34 [ 0.5 Veod pole
o B i S00° (.;23) "(:;.g) u??» s0 | - 4 Drseetbotfon BL11ae
9 :{:? " 100 4 2 D 2,5 . 1] . ::?:fsteel Are hotn on_ 11 .?:V 'bush.!nga .
10 - h 100 . ﬁi . 25 3.0 - 22 0 Steel pole Rated .Cut.rent 1585
i} - o3 £50 i i 10 0 -0
N -ﬁm wﬂcz B 260 9.3 | 3| 2| 3 o | sceer pole
13 - " 500 | 335 _;;m 230 _l;’l? 2 Ground
|—4— e 500 1§ 90 ‘:xo_ 100 g oT - Hhtabili Kospltal
TsH - - 500 (gzg)' :;gg) (;i‘;) - | o D.i.strl.b\ftlon Fillar
16 | - - 50 % | 70 B 3 | Stcel pole | Rated Curreat 724
17 ;Irzr c3 750 | s | ws 74 7 | crovad TANESOD Hesd OFflce
_l_s—r ;’}"; ¢4 750 (4;0: (s20) | (4103} - - | cround Diateibution Piller
T; - D2 300 N 180 t:}:- '2;0. | 34 . 26
w0 - n bIo 300 w2 ) e ] 40| 8| 13 “°°‘5HP°’° |
" }f_s 1 Fs T[0TV a0 | a0 | 230 | e | o8 -
A, 500 200 | 210 | 250 | 35 s
22 :"; pio s 239 | 00 | 230 | a5 ) Fated Current 5554
P SRS, S -
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{2) Distributing method and distribution voltage

Forrﬁhe distributing methbd, Y 3~phase 4-wire system aﬁd'néutral earthing
sysfem are adopted as fllustrated. The working voltage 1s a singie—phasg
2-wire 230V for the single-phase load and a 3-phase 3-wire 400V for the
3-phase load.

Generally, a 3-phase 4Fwire_éystem'is used for the trunk line portien and a
3-phase 4-wire system or a sihgle-phasé 2-wire system for the branch line

porfion, and the tree branches system is sdopted.

. 100V _
1o VaLR | s
g o | 4
1H00% | ' LS 230 |
1OV | T

(3) Low voitage.ling per transformer bank

For the 200 kVA transformers in the surveyed Msasani and Kariakoo arveas,
the numnber of spans is 41 - 47 and the total distance 1s about 1.6 - 1,9
ko,  Figs. 4-5-1 and 4-5-2 show the field éurvey dlagram of the low voltage

line-
(4) Supporting materials and assembling poles

The steel poles of 28 ft (8.4 m) are mainly used in the urban area and
wooden poles in the subﬁrbs, and for the assembling, the vertical'wirlng

system is adopted in_ﬁost cases.,
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(5) Electric wire and wire connection

Relatively new wires (HAZ 100 mm?) are found in some places, but in mostJf £y
cases HAL SO wm2s, Cu 35 mm2 and Cu 25 nn? wires and Cu 3. 2 mn and 2, 6 ma

solid wites are uged, and most of them ate bare and have many connection
peints and considerably deterforated. Insulated wires are also used in
some places, but the insulating performance {8 lost {n many cases due to

time ageing.

The wlre connected parts are also deteclorated due to ageing and many of

them are corroded causing accidents.
(6) Service wire

Mostly the bare wires are used, and the Insulated wires used in some places
are in the same situation as stated in the abova (5) and many of theam are

deteriorated.
(7) Voltage fiuctuation situation in genétal COnsumers

Figs. 4~5-3 and 4-5-4 show the situation of vbltage'fluctuation in gqnefal

congumers actually measured during the survay.

"In the circuits of rated voltage 230v; the voltage fluctuation range is big
at the range of +45Y and -30V. ' The main reason is that the length and wire
size of the low voltage distribution line often do not conform to the load

current,
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- (Recorded in Msasani Area - 06 Feeder)

RECORD OF VOLTAGE FLUCTUATION AT DOHESTIC CONSUMER -
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(Recorded in Msasant Are’a - 06 Feeder)

Fig. 4-5-4 RECORD OF VOLTAGE FLUCTUATION AT DOMESTIC CONSUMER
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4.6 PROBLEMS IN THE RXISTING SYSTEM

4,6,1 Substations

(1) Capacity of substation facilities

(i}

(11)

Ubungo S.S. is cquipped with two 132 kV/33 kV 50 MVA transfor-
ﬁets. :These transfqrmets have a considerable oil leakage but can
not be.repaire& owing to the Heavy load and a shortage of
materials, TANESCO has intention to upgrade the capacity by
installing two 100 MVA transformers or an additional unit of 50

MVA transfarmer to have three 50 MVA transformers ia total.

132 kV transmission line between Ubungo - Ilala is nof effi-
clently utilized due to a shortage of capacity in two 132 kv/

33 kV 10 MVA transformers at Ilala, and relatively high internal

impedance of the transformers make operation with two 33 kV
transmission lines (jointly used) difficult, to unable load tap

converters to be automatically operated.

(2) Present condition of facility maintenance

The substation area 1s not particularly under good maintenance condition,

although better than the maintenance of distribution lfines. Such poor

_ naintenance conditions are found in unremoved materials, poor cleaning,

lack:of_inspéctibn on wmolsture absorbent agent, water leakage in building,

untidy condition around cubicles, absence of or error in equipment labels,

{ndication of measuring manification and feeder name plates.

In addition, the following equipment has troubles:

(1)

One of two voltage detecting devices on 132 kV side to control

1220 kV/132 KV 150 MVA transformexr LTC at Ubungo S§.S., as shown in

the figure, has been removed due to trouble,

At preseant, two LTCS are automatically operated hy.a voltage
detecting device in working ordef. Should this one fail, LTC has
to be manually operated to cause larger voltage fluctuations in
11 kV bus at each distributing substation. Thus, prompt restora-—

tion to normal condition is desirable,
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(11)

(it1)

(iv)

(v)

220KV

L3¢ B S : l
Master : V{*Jgﬁton:n!u 1>;Zf Follower

»t
;ﬂﬂ

' *—1?14144? -———H—I4F¥*ﬁ {Ont of order)

132KV

The followlng transformers have load tap changer (LTC) in

trouble:

- Ubunge S.S. 132/33- k¥ 50 MVA  L,T.C. control panel
- Ilala S,8. . 33/11 k¥ 7,5 MVA L.T.C. main voit resistor
- Factory Zone 1 33/11 kV 5 MVA . L.T.C. driving motor

See item {3) "Present State OE_Facilities Opératiod" for detatls.

At Ilala $.S., a winding dial thermometer for a 132/33 kv 10 MVA
transformer does not work properly, and only a dial thermometer

for measuring oill temperature is used.

At Ilala S.S., overhead_grbund wireg_are only connected to a top
of steel structures without rising ground lines, fo depend its
earthing on foet of the éteel structures, Should the overhead
ground Qires be struck by lightqiﬁg, reverse internallsﬁbrt clr-
cuit will occur, Thus, the overhead ground ﬁires are preferably

connected to ground network directly by cables,

132 kV lightning rods at Ilala $.5. have low reliability in per—
formance since they appear to have been used for more than 20
jears. According to the field survey, lightning has oc¢curred
several timeé/year, and actuation of arresters, 5 ~ 10Q times, was
recorded fn counter at distributing substations including Ilala
5.8,
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- Several lightning damages have oc¢curred to two 33711 kV transfor-
mers at Ruvu $.5. and oﬁhef transmission and distribution faciii-
ties.

{vi) .The most of tranéformers_at each substation have 011 leakage, and

packings should be feplaced at the earliest time,

(vii) DC power source equipmént at Oysterbay $.S., City Centre $.S. and
Factory Zone I S,S, are significantly deteriorated and should be

replaced,

(viii) 33 kV Line Switch (Ilala 8.8, line) at Oysterbay S.S. cannot be

. operated, due to out of order.

(3) Present state of facilities operation

(1} Voltage fluctuation

At present, load tap changer (LTC) for 220/132'kv transforamers at
Ubungd'S.S. and 33/11 kV transformers at Kurasini S.S. are auto-
mafiballj 6pérated. On the other hand, LTCs for other transfor-
mers are manually operated'(See 4—2—3(3)), not contfibuting to

voltage regulation.

These manually operated LTCs have the following problems 1f they

‘are automatically operated:

(a) 132/33_kv transformers at Ubungo $.8. and Ilala S.S. have to
" be fixed all the time to maintain power flow balance in 132
ky and 33 kv continuous transmission 1ines, and are manually

operatea when 33 kV bus voltages are high (low).

(b) . A LTC tap control panel for 132 k¥/33 kV transformers at
Ubungo S.5. has been damaged because of lts heating, and top
location can not be identified. LTCs have oil leakage.

(c) At Ilala S$.S., 33/11 kV 7.5 MVA transformers can not be
' 0perafed manually, due to the failure of resistors in LICs.

(d) LTCs for 33 kV/11 kV transformers at Oysterbay 5.8., City
Centre $.,5, and Factory Zone I $.5. can not be moanitored
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(i1)

(111)

- ———

from manned Ilala S.S. due to the failure of communication
Iines between them, and thus can not be autematically

.operated.

(e) A LIC driving notor (No.l) for 33/11 kV transformers at
Factory Zone 'l $,S, is not operated due to failure, Two

other units are operated normally.

33 kV bus voltage at ‘Ilala 5.8, 18 considered to fluctuate in a
range of 6% (2% for voltage fluctuation in 132 kV transformers at
Ubungo $.5. and 4% for voltage drop in 132 kV/33 kv transformers
and traasmission lines) both in light and heavy IOads, and
further fluctuation is expected in 1! kV bus voltage at distribu-

tion substations.
Unbalanced state of feeders

A considerable degree of unbalance in_load'qu:reht at 11 kv
feeders of substatidns ts observed, bélanced opera;ion.is pre-
ferable to a possiblé extent. 'Also, there ére.aomé'Circuit
Breakers switched fo_déépite of feedéfs_iﬁstalled partly because
of a shortage of equipment éﬁd matérials.available, aﬁd

appropriate measures are desirable,
Operation of divisfon bus

Although 11 kV buses at Ilala 8.8, and City Centré §.5. are

designed as divisible ones, they are aperated as a single bus,
They should be operate&'giving due consideration to advantages
and disadvantages, i.e., magnitude and type of load, measures
against short circuit current and extent of reduction 1in power

failure. .

Since Circuit Breakers are not installed on llala S, S. 'aide in Ubungo
$.8. ~ Ilala 8.5, 132 kv tranamission linee Circuit Breakers at
Ubungo S.S, are designed to trip at ‘the time of trouble in 1lala S.S,
side (including transformers)} by grounding a line of ‘F.T. of B phase
to.switch to “close” position and detecting the grounded curreat
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through dlrection earth fault relay at Ubungo $.S. Similarly,
Oysterbay S.S., Faétory Zone I S.S., Factory Zone II $.5. and Mbezi
5.5, are not installed with recelving Circuit Breakers, and use same

protection system using F,T,.

The system has disadvantages in increasing accidént.;ﬁrréﬁt'aﬁd taking
seconds for restoration. Also, it has a rlsk_of'burnfng:ttansfbrﬁets .
at the time of short'circuit at transformer's sééondary side, and.

" other various dangers sgainst system stability and protection of
equipment connected in series, Tt is particularly desirable to pro-~

vide direct ground system with high speed circuit opening.,

UBUNGO S.S. | ILALA 8. 6.
| o

B B e e (D

>

B¢ "“: '
T

1

L

Prot. Ry

Direct. E.F.

(5) VYoltage fluctuation at Ruvu S.8.

.Power for Lowef:quu pup station whicﬁ suppiies water to Dar es
_Séiaam; is sent from Ubunéo S.5. through 33 kV transnissfon line
(Nordic Line)'extending oﬁer 80 km. At the punp staflon, three units
of éagé'ﬁype_induction mofors_{3,300 v 1,900 Hp, uéualiy one or two
metors are ope;atéd) are used for pueping, However, they have high
start‘curfent and Eénd to trip as a tesult.of voltage drop, so that
operated mqfors nust be started additionally as no load in each time

to start a motor.
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4.6.2 33 kV Sub-transmission lines

(1) 1Ilala tb'City Center Line

this line covers main loads arising from shops, goveramental officer,
schools, etc. in the control pavts of Dar es Salaam, and it is already

overIOaded as easily seen fron Tables 4-3-1, 4-6-2~1 and 4-6-6-2.

Since the powef demand in this area has greatly been on intreése and power
supply failuve, if any, will greatly influencé,_it is believed that urgent

countermeasures be taken as soon as possible.

(2) 1lala to stterbay Line

This line was completed 21 years ago, but it can still be usable for the
time befing. However, the size of electrical wire is only ACSR 50 om?

This line is preseantly out of use, and the power supply to Oysterbay is
matnly being done by means of one line of AGSR 100 vn? between Ubungo and
Oysterbay, which was completed in 1976. The Ilala to Oystefbay 1line is
being used as a spare line in case of emergency. However, the supplf 1ine
from Ubungo will be overloaded in 1988. In the event that power supply via
the Ugungo-Oysterxrbay 1ine shouid be stopped, this 1ine will be substituted
for it. The present power supply capability of this line is only 70%, and

reinforcemént thereof should be made in due time,

(3) Ubungo to Kurasini Line

Power supply to Kurasini should be primarily done from Ilala, * Neverthetess
load control problems in 132-kV aﬁd 33-%xV connection lianes between Ubungo
and Ilala, has caused power to be supplied directly fron Ubungo via Textile
11 line not through the Tlala bus bar for ‘reducing the 33-kY load. 1In the
portion between Ubuago and Ilala, conductors of four (4) different ‘sizes
are used 1.e., 1) ACSR 50 an? between Ugungo and Ilala, ii) 'ACSR 150 mm?
between llala and 01d P. S., 111) AGSR 100 ua? between Old P.S. and
Kurasfal, and iv) two Cu 90 mm2 undergr0und cables at Pug road croselngs
between Ilala and Old P.S. “The portion of ACSR 50 nm? between Ubungo and
Ilala 1s observed to be weak in respect of power supply to Kurasini,
although it will be possible to meet the demand up to 1987, In 1987 and

subsequent years, however, the 50 nmZ Yine transmfssion capacity will
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become insufficient to sétisfy required power line transnission capacity
will become insufficient to satisfy'required power somé measures should be

taken beforéhand.

(4) Ugungo to Ruvu (NORDIC) Liwe

Thie 1line sappiieS‘power té the Lowér Ruve Pump Station which 1s a water
suppl?'sourcé‘ldcated 60 km north of.Dar;es-Salaam. and also supplies poﬁer
to several villégéé scattered élong it ircluding Kibaha up to Bagsmoyo
located 30 ko east of Ruva. =~ |

The Ubungo Substaﬁion is operating at a sOméwhat higher fransmitting ter-
minal voltage in order to make up f@r voltage reduction at the'receﬁinn
terminal. Therefore, consurers near Ubungo are complaining that the
voltggé is too high. In addition, in the pump station there is a problen
of tripping'when staftigg the puﬁh,' Further, maintenance sefvices have
come to be detetidrated due to the shortage 6f materials and equipment in
addition to the obsoleteness of such facilities,

However, it seems difficult to solve the problem of voltage fluctuations
under thélexisting system, and it migﬂt be the best policy to change the
povwer transmission system by newly bullding a 132/33-kv Rubu substétion
whléh is stated later (8.6 (2)) in detail. Hence, no reiunforcement of the

trasmission line 1s to be made under the frawework of this Project.

(S)V_Ilalé to Pactory Zone I Liae

This 1ine was completed 19 years ago, but it still can be usable. Since
power demand in this area Is fncreasing at 2 comparatively rapid tempo, it
1s considered that thé‘line'become overloaded around 1989, Hoéever, the
{ncreased demand.of the Factory the I will be covered py thé newly built
Pactory Zone III which will be mentioned later (8.1.3 (3)) in this report.
Refnforcement of the existing lines will aot be carried out.

(6) I1lala to Factory Zone 1I Line

This line was conpleted 16 years ago, and it employs conductors of ACSR
50 an?, In this line, a breaker at the side of-ilala is made open due to
pover flow control at the Ilala substation. Power supply to the Pactory
ZOné 1L {s done via a branch line from the Ubungo-TAZARA line,
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The in¢rease in demand for power supply,to;tﬁe Factory Zone 11 is not 50 .

large, and the operation of this facility can sufficiently be used in the
case of accidents andfor failure on the TAZARA 1line,

(7) 132-kV Tranémission Line between Ugungo and Ilala

The power supply to Ilala is being done by means of one circutt 132-kY ldne.

and two circuit 33-kV lines. The power transmission capéciij of théfl32-kv
1s 96 MVA, and that of the 33-kV lfnes is 48 MVA, The present sysﬁem,*
however, has a problem in that 1t fe rather d1fffcult to place loads on the
132-kV side due to the high 1nternai impedance of the 132/33-kV transformer
in Ilala, Censequeatly, the load to be bufdened_by the 132-kV 1iné is

supplied all the way to the di&fributioﬁ substatfons and large consumers

through distant sub-transmissfon lines. The offfciency of the facility

vt{lization, however, is in a very low level. Repalr of Ilala Substatfon

will be of an urgent necessity for fully utflizing the 132-kV line,

Table 4-6-2~1

Transmission éabacit} of 33 kV line

| Apprqximaté_Capacity (M)

Conductor - | Ampacity - _Remark
: {A) -COSG“[ c086=0.9 'COSG=O.85
Existing _
ACSR SO0 sq om | 213 12.1 10,9 10.3 Rabbit
D 1011 I 333 19.0 17.1 16.1 Dog
*o150 " 420 24,0 21.6 20,4 Wolf
Cu 90 sp mm x 2 460 26,2 23,6 22.3 | Underground
' Cable
Proposecd _ _ . .
ACSR 120 8q nm 388 22,1 19.9 18,8
* o160 ¢ 454 25.9 23.3 22.0
*o240 ¢ 593 33.8 30.5 28.8 _
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4.6.3 11 kV distvibution lines

(f) Insufficient maintenance’ ¢ontrol snd Qpéfétlbn

(a) -Bécause the 1ine leﬂgér neﬁeséary'fof the mainténénce and coﬁfrbi
: is nof well prepared, the liné length per feedér, {Ypejand'nﬂmber
of suppoftihg structurés,'iﬁs{allétién places, éapacity and ﬁuanw
tity of tfansformefs,'etc;.eannbt be clearly grasped, and there-—

fore, rational malnténance control cannot be performed.,

(b)) The scheduléd repair wbtks have'hardiy Béen'coﬁdUCCed;fOr;aeveral
years due to the‘lack'of maintenance naterials and tools and
begause they are too busy in coping with the troubles which are

occurring daily.

(2) Problems in system configuration

The fecders are Interconnected at aqut'lQ places via usuaily open section
switches, but because the usually closed section gwitches are not properly
installed and the wire size 1is not uniform, the effective load accom—

modation {s not achieved.

It 18 necessary to improve the intecrconnection of the'system and to install

the section switches properly.

(3) Electric wire and wire connection

The deteriorated wires w{th many strand bréakages:and/or manyICOnnections'
polats cause the breaking do#n accident of wire. 'The lobsc wire cohﬁection
also causes the fusing troubles, Répiacément qf the ﬂeterioréted wires and
the small size wires and repairing of the connection parts are urgeatly

required,

Especially for the wire connection kork. the connecting materials suitablé

for the wire and correct method must be used.

(4) Countcrmeasures agalnst_salt and thunder

In the case that the salt contamination is reiativelj small even in the
coastal avea, tt {s probably because of the rain washing effect of the
rainfall oc¢curring fn a ce:tain cycle, Thérefore, it is judged that spe-

ctal salt contaminatfon countermeasures will not be required,
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The occurrence of the-lfghtning in the coastal area is not'very.much, but
since thunder is sometimes heard, some arrésters should be installed to

protect lmportant equipment.

(5) 11 kv uhdergtound distribution line

The C6 feeder, for which the underground line is iaid because the area is
an overcrowded area where it fs difficult to construct overhead line, is
hardly in service now because of insulation deterioration. The C6 area is
adjacent to the Ciey Centre $.S. and it has a high density of demand
because of central part of ci;y. This C6 area is presently feeded frem the
11313 S'S.; bdt‘since the City Centre S.S. was changed in capacity to 30
MVA last year and the extra capacity 1s available, it is considered reaso-
nable to rehabilitate the C6 feeder by replacing the cables and accessory

‘equipment .

(6) Supply reliabilitz

TANESCO 16 not yet in a positioe to petfo:m the statistical management for
supply reliaBility, and therefore, it will be difficult to conduct the
nunerical eontrol on the service level 1mmediate1y. But it is a good
policy to take this opportunity to establish a fundamental indexes for the

service level,
(1} Supply voltage

Concerning the allowable limit of supply voltage, it is neceésary
to reduce the voltage fluctuation to such a range that atl the
consumers will not have trouble in using the lighting fittings
and other household appliances. In reality, however, the actual
situation of the distribution facflities and voltage regulating
caﬁabilitf of the upper system must be taken into consideration,
and therefore, it 1s recommendable to fix a feasible target that
most of the consumers can be included within the allowable range

and to endeavor to achieve that target.

The ellowable voltage fluctuation range in the YK and Japan is
about #6% against the specified voltage and the fulfilment rate
tn Japan is 99.6% (1982)., As a result of detailed investigation,
it 18 considered reasonable that the alicwable voltage fluc-~
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(11)

. tuatton range for the surveyed area is +7% (230 & 16V) and the

fulfilment target is appropriate to be about 95%,
Sexvice interruﬁtion caused by faults

Table 4-6-3-1 shows.the sUDmATY of service interraption caused by
faults which occurred in 1983 for the 4 substations located in

the important aveas.

If the approximate number of service interruptions caused by

‘faults per consumer is analyzed on the It kV feeder CB trip,

transformer fuse blowing and low voltage 1line jumper wire fusing,
Oysterbay area is the worst at 19 2 (11, 4 + 8. 5) timesfyear, City
Centre at 15. 3 timeslyear, Ilala area at 11.2 timeslyear, and
Pactory Zone I area is relatively good at 6, 6 times/year, The
actual values will be worse because the troubles of the upper

syster will be ilanvolved.

In Japan, for example, the frequency of -service interruptions by
faults per consumer is 0.44 times/year (1982). As aforeuen-
tioned, the:éctUal situation in Dar-es—Salaam is realiy béd, but
it is considered possible to reduce the frequency of service
intérruptions per user to about 3.0 timeslyeér through proper

vrehabilitation work and the scheduled malntenance and control.
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4,6,4 Low voltage lines

(i) Distribution tranggprﬁer

(1)

(i1)

{i11)

Improvement of primary aad secondary sides of the transqumér

In many cases, the protoctive cutouts on both primary aad secon-
dary sides are broken or useless. The c0nnected situatibn of the
wires are really bad, and especially at the connections on the
secondary side many traces of overheating are found. The rating
of fuses in the protective devices should also be checked for all
the banks., Since the defective parts of the transformer pro-
tecting devices require an urgent repairing work, TANESCO itself
nust endeavor to promote the repalring woxrk as much as possibie
to prevent burning of transformers and to protect the low voltage

lines.

Of these materials aad tools, the most uvgently réquifed items

are included in the Emergency Materials Ald Program.
Load sharing and countermeasures against new demand

In order to share the load from the viewpoint of ovérload or
voltage drop or to cope with the potential and new demands, it is
necessary to provide the minimum necessary number of transfor-

meré.
Appropriate tap of transformer and voltage/current control

One of the most important subjects is to minimize the voltage

fluctuation and stabilize the service voltage,

It 1s necéssary to gfasp the actual situatfion of the voltage
fluctuation by checking the voltage:right under - the transfqrmer
and at the cnd consumer for both light load and heavy load and to
select the optimum tap of the transformer. This is an effective

means to maintaln a proper voltage.

Also required is the scheduled measuremént,of load current in
order to cope with the overload of the transformers and reduce

the unbalanced current, The measuring fastrument necessary for
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controlling the.volpage and ¢ﬁrrént are also included in the

Emergency Materials Aild Program.
(iv) Current of transformer éarfhiﬁg éonductor

When the transformer load current was measvred during the field
survey, thé current of about 1L00s mA to 20—odd'A.was found
running to the transforcer earthing line in many traﬁsformeré.
-; It has not -been made clear but it is supposed that a leak current
... because the bare wire of the low voltage line is 1lat contact with
a tfee, etc. andfor through household appliances or house wiring

system, ar influence of three-phase unbalanced current.

1t 15 the problem for éafety, the cause must be found by care-
fuliy investigating the effect of the tree contact and the indoor
wiring system, and the firrational current must be eliminated

including the improveméent of the indoor wirlug system.
(v) Mailntenance of transformer

The transfbrmérs are ho: sufficlently maintained., The trans-
former 1s one of the important distributfon facilities. In most
of the transformers, the breather silica gel is left in the
molsture absorbed cendition. It is common sense that the

molsture abéorption causes the insulation deterioration,

It is an important item to be coped with In the daily waintenance
operational work such as shortening the lunspection and main-

tenance cycle,

(2) Low:vdltagewling
(1) Voltage fluctuation

For ihé vqltagé flﬁctuation proBlem; the effect of the upper
systemn iﬁcluding thé ll.kV feeder cannot be.ignored, but the
vdltagé fluctuafion is_mainiy caused by the correlation among the
low voltage line length, wire.size and load current. Since these
are:not.well coordinated fn the present iow voltage lines In many
casés, the‘maximum value of the voltage fluctuation rénge is big

(+&5V, -30V) as.the actual measurement record shows.
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(i1)

(111)

In orderfto'solve this problem, the allowable fluctuation rénge
against the sPecifiéd voltage should be set and 4 design standard
should be fixed s0 that most of the low voltage lines will cone
within the allowable flﬁctuétion range,bahd the'imﬁrovement‘work

should be promoted in'accordance_with the standard,

Electric ﬁire

Maﬁy of the electric wires now in service are super<anavated and

iaclude many straight connecting points. Also the connectors aré
considerabij deteriorated. Such éituation_cauées that many '
transformer fuse blowing problems and loose_jumpef_wlre treubles,
The only way to fmprove such deteriorated low voltage lines is to

replace the defective parts,

In order to maximize the effect of the aforementioned voltage
foprovements for the consvmers, it is necessary to establish a
pmeoting organization system for strong promotion so that the
surveyed proposai of the exlstingafébliities and the rational
designing may be actualized, All the deteriorated wires should

‘be replaced with the ifnsulated wires which are also effective fpr

preventing the salt contanmination and all the connecting points

should be entirely insulated. From a designing viewpoint, it is
rational that the electric wires are standardized to HAL-OY 125

am? for the low voltage trunk line portion and HAL-OW 55 mm? for
the branch line portién.

Problems in the stringing of low voltage lines

Probaﬁly because the vertically wired bare low voltage lines have
the unbalanced load current, unevenness in the sag is found in
sbmc cases, If such a situatfon {s left as {t ié,'the inter-
medlate line fs shorted to the lower low voltage line, and there-
fore, in some cases a plece of insulated wire is used starting
with the upper low voltage line with a relatively small sag and
the intermedifate line is“sbépended fn the niddle of the span, but
this s really an eyesore. If the iﬁsulation_df puch suspension
wire isg deteriorated, naturaliy a short-circuit accident will be
caused and therefore, it should not be left as tt is. This
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(iv)

ptoblem is caused by iumproper sag and vértiéal space of the low
voléage line and ﬁhbalanced load current. During the low voltage
lineé re—cOnducforing work is carﬁiéd out wifh the'emergency
matériéls, the standard design'éhoﬁld.be fixed and the gradual

improvement should be made,
Service line and watt-hour meter

Most of the service lines are bare wires and many of them are
superannuated. The deteriorated service lines should be replaced
with insulated wires (DV wires) from the viewpoint of safety and.

galt contamination’ preveation,

* In many cases the 3-phaseé b-wire type watt<hour meter is used

(v)

even for the single~phase load consumers. For the general con-
sumers with the single-phase load only, the single—phase 2-wire
type is considered rational because the load current can easily

be balanced, and gradual replacement should be carried out,

1t is recommendable that the watt-hour meters now installed
indoors in most cases should be changed to install outside to
make the power transaction fafrer and to facilitate the meter

reading work, at any construction occasion.

Tree trimuing and safety assurance

_ The contact between the electric wire and a tree causes breakage

of the line and may lead to a serious safety problem such as an
electric shock to the public. It is a social responsibility of
an eleétric'utility inﬂustry to secure the safety of the power
facilitieé. The contact or proximity between the electric wire
and tree is found in many places including the i1 kV Lline. In
the future, when the re-conductoring work will be executed, a
3ystematic'and'large-scale tree trimming will be required, but as
a part of the scheduled maintenance and repair work in the
routine operation, TANESCO should carry out the tree trimming at

the tree-contact places as early as possibie.

“Also, the contact or proximity places between the electiic wire

and building or other structure cannot be allowed to remain fron
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the viewpoint of safety, and they should be urgently eliminated

in the course of the routine operation.

- 4,6.5 Communication and supervisory system

Communication facilities at Ilala $.S. and unmanned distributing sabsta-

ttons are shown in Table 4-6=5-1.

However, these communication lines are disconnected at several points in

all sections except Ilala $.5. - City Centre S.S. section.

Those disconnection is left unrepaired partly because of less need for

doing so and partly because of a shortage of materfals, To automatically
operate L.T,C. at unmanned substations, operating status of L.T.C. has to
be monitored, and reclosing condition of distribution lines is preferably

krown.
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CHAPTER 5  EMERGENCY MEASURE TO BE TAKEN FOR SYSTEM DETERIORATION

As described in 4,6, the power distribution system in Dar es Salaam is in a
devastated state, much more than we estimated, and the current situation is
really catastrophic with supply failure oécurring very frequently and home
electric appliances burning out bécause of extremely large voltage fluc-

_ tuation, all of which are just inconceivable in advanced countries. People
have endless complaints and reénovation of the facilities at as an early
date as:pﬁséiblé'is'éSSéntial. We conclude that measures must be taken

urgeintly based on the following thoughts,

(1) First of all, TANESCO by itself fumediately repairs some facilities

which are in a dangerous state,

(2) The_next étép is, on the ﬂaterials and equipnment that TANESCO is
nmaking requests, the necessary materials and equipment are calculated
oﬁ only importaht areas because of the limit on the amount of
available fund especially aloming at the renovation of low voltage
distribution Iines and elimination of heavily loaded feeders fu the
areas, and the necéssary renovation is given as soon as the emergency

materials and equipment are received.

(3) Because of the limit on the avallable fund, all measures on the
substation facilities, related arrangement of the subtransmission
lines, and renovation of the distributfon lines in areas other than

the aforementioned special areas ave set aside of the urgent measures.

The emergency weasures based on the above thoughts are outlined in the

followlng:

5.1 EMERGENCY MFASURES TO BE TAKEN BY TANESCO

Although ft is not easy, TANESCO must immediately conduct the following
through {ts own effort and out of its own fund without waiting for arrival
of emergency materials and equipment, since they are dangerous unless

soﬁething 15 done immedlately.
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(1) Protection of distribution transformers

An overcurrent protection device (fuse) is bfoken on both of the primary
and sccondary sides of transformers, and on moSt'ttansformetélno fuse is
used but lines are directly conn§Cted. This 1s extremely dangerous, The
state of connection at the secondary side line is extremely loose and a
trace of overheating is observaﬁle on almost all secondary conductors of
ttdnsformers on which the fuse has blown. TARESCO must.immediétely arrange
fuses so as not to permanently destruct the'pfecious facilities and
complete the transformer protection measurés on at. least the pfimary side .

1iaes .

On the connection at the secondary side liaes, aill ¢onnections must be made

tighter immediately,

(2) Eliminattion ongyounded objects contacting with overhead lines

We have notlced that thé overhead line was contacting tiees at many places
and that the overhcad line was not installéd in a proper spacing with a guy
wire at many places. These poiﬁés must be checked carefully along the
whole transmission lines and'thé prdﬁleﬁs rust be eliminated completéiy as

qulickly as possible,

We have also noticed that the grounding wire of many distribution transfor-
ners had an abnormally large current, and this proves that various phase
wires are contacting objects on the grounds, causing the powef leakage to

the ground.

(3) 1Improvement of loose wire connecktion

In additfon te the transformer secondary side, the wires are not tightly
connected at many places, for example, in the nidst of an overhead line or
at a connecting point with a service line. If there is no stock of
naterials, there is no need of using special materials at such connecting
polnts, and all these loose connections must be corrected lomedlately by
applying a corvéet joint method, '
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{4) Optimum tap selection for distribution transformers

We have noticed that in some areas the distribution voltage was abnormally
high. The transformer taps must be Investigated and if possible, these

taps must be changed to optimum ones.

TANESCO must take imnedtate steps to correct these four points without
waiting for 5rrival!of.tﬁe energency materials and equipment. 1If these
improveﬁents are.déne COﬁpletely, the current serious conditidns will be
fairly fmproved and we strongly recomménd that.no time is wasted in making

these improvements.

5,2 MEASURES TO BE TAKEN UPON RECEIVING EMERGENCY MATERIALS

Modifying the details of emergency materials and equipment that TANESCOQ has
'réquested, we have established a concrete plan based on the premise that
these detalls are not to be drastically changed principally and that the
emergency materials and equipnent are to be used on parts that require the
renovation mostly urgently in the current Dar es Sailaam power distribution

system. This plan.is explained in the following,

5.2.1 Priority areas

Although the existing facilities are old and they must be renovated in all
areas, a priority is glven-fo the_Msasani district. This is a suburban
area, about 8 km north from Daf ¢s Salaam c¢ity centre, stretching into the
Msasanl Peninsula. Its size is approximately 10 ka? and the area has been
develdped as a residential area rapialy in recent years. Most of diplomats,
offices and residences are located in this area and tﬁé scales of prlvbte
houses are mudh.larger than any in other areas, and the area can be sald a

high-class residential area.

The Construction of the {nfrastructure that supports the rapid development
of this area is delayed{ ‘It happened that the natlonal economy of the
United Republic of Tanzania was much depressed in receat years, and the
power distribution system, which were expanded in succession but ten-

tatively, must be used as a permanent system,
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The problems of supply failure and VOltagé rise are especlally serious in
this area. The area has only one 11 kV feeder and the load applied to it
is the greatest among the loads to all feeders in the city.

We have taken up this Msasani district as the top priority distriet, and
the renovation plan using the emergency materlals and equipment is

established as follows:

However, as mentioned ih'fhe bégibning'of this'chapfer, since thefé‘is a
limit in the Fund for this emergency measures, the renovation must be -
linited to that of giving a priority to low voltage circuits at the con-—
sumers end. The renovation measurés to be taken on substations which bear
many basic problems ate described in a different chapter and the measures
deseribed in this chapter by no means c¢omplete all the renovation of the

Msasanl district.

5.,2,2 DbDetalls of measures

{1) Cowmplete renovation of low valtage.circqit in Msasani district

The wires used for the low voltage clreuit ave extremely poor in the
quality., Most of them are reused wires or inadequate wires are used for

emergency only, and practically the whole wiring must be redone.

The rewiring is planned on the existing routes and utiliéing the curreat
supporting structures (posts) in the majority part, but the protection
¢quipment is to be replaced with new ones on both of the primaty and secon-

dary sides, and the improper cable connectlon will also be corrected.

On any parts of new wiring, a HAL-OW 125 mm? insulated wire will be used
for the trunk line and HAL-OW 55 mm? iansulated wire will be used for the
branch lines as the standard. The drop wires for consumers will be

replaced with new ones suBstantially.

(2) Measures to reduce the load to 11 kV feeder in Msasani district

As the 11 kV feeder for the Msasani aiétrict, two routes of two lines (06
and 03) are drawn from Oysterbay Substation, but the majority'of the con-
sumption in the district is dependent on 06, Accordingly, the load applied
to the feeder is extremely large (the largest in the whole Dar es Salaam

distribution network) and this really is a problem.
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If small scale new wiring for 11 kV is installed to connect the 03 and 06
lines, thereby changing the system to supply a fair part by the 03 line
constantly, the problen of overload on 06 can be solved refer to Fig.
5-1). ' '

For this reason, an 11 kV distribution line will be installed anew for
about 2 km and 11 kV sectionalized switch will be newly installed at five

places, -

(3) Measures to reduce the load of 11 kV feeder to Upanga district

The main feedér to the Upanga district, which is located between the
central partxbf'Dar es Salaam City and the Msasari district is the €2 from
City.Centre Substation. This G2 is always heavily loaded and measures nust

bé taken teo reduce the load.

" On the other hand, the 05 feeder from Oysterbay Substation reaches the
opposite side of Salander Bridge. This feeder is not too heavily loaded
and the supporting structures that exist between the 05 and 02 feeders can
Be used, Therefore we ﬁlén to reduce the load on the G2 feeder by
extending the 05 feeder inté the Upanga district and having it share a part
of the load to 02,

Naturally, in order to appropriately divide the load, an 1l kV sec-
tionalized switch will be newly installed at an appropriate lecation (refer
to Fig. 5-2).
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(4) Additional installation of 33 kv transmission line between Ilala
.Substation and City Centre Substation

At present, the quer to City Centré:SﬁBstation is traﬁsmi;ted'by one line
of ACSR 100 mn? overhead line that comes out of the 33 kV bus of Ilala
Substation. This system 18 already close to an overloaded state because of

the capacity of transﬁission line and emergnecy measures are necessary,

At the City Centre Substation, the main transfor-ers were changed froo 15
MVA (5 MVA x 3 units) to 30 MVA (15 MVA x 2 units) and the substation capa—
city was Increased to a double gize last yeéar, but the transmission line of

aforementioned 100 mmZ (transmissfon capacity 19 MVA) remains unchanged,

Since the City Centre Substatfon is the largest and most important substa-.
tion among all secondary substatfons in the Dar es Salaam distribution
~system, it cannot be stopped for tao long hours, and installation of a new

line is planned to sdl?e the shortage on the transmission capacity.

The new transmission line will be bufit for 33 kV in a total length of 2.8
kn with a wire stze that is bépabié of supplying the whole quantity of 30.
MVA of the City Centre Substation.' The overhead portion is designed with
ACSR 240 mm? and the cable portion with 300 mn2, Since this part is not
tn the urban central area, the supporting gtructures will be made of wood

to save the cost,

(5) Matertals snd equipment to be stocked for recovery and répair

In addition to the materials which are hecessary for the above-mentioned
measures, we have adjusted and determined the quantities of ll.kV cable,
cable end materials and guy wires wifhin.the'types and quantities of the
request fist as matcri#ls and equipment to be used for repalr of the pri- _
maty and secondary side pfotqctive devices of distribution transfdrmers,
for recovery from troubles with the existing facilities that occur very

frcquently at present, and as_maintenancermaterials for the network.

When the scale of Dar es Salaam distributfon network is taken fnto con-
stideration, the determined types and quantities are by no means sufflcient,

but ‘these represent the types and quantities that are required urgently.

On the aluminum wiree and i{nsulators, the quantitics were determined by
glving 25X allowance to the necessary quantities at the speéific places
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mentioned.in Items (1) thvough (4) in the above, and we believe that non-
specific small scale vepalr can be given in the whole city for the tiwme

being;

5.2.3 Repair of street lights

Since the fequest list'contaiﬁed étreet illumiﬁation equipnent, we roughly
tnvestigated the situatlon of street lights along the investigation of
distributfen Eacilities.

As In the case of distribution facilities, the street illumination system
is rather old, besides, since there is almost no stock of spare lamps and
other equipnent, the number of lighting street lamps is extremely (not
greater than 30%) except on some newly butlt roads. Therefore, these
materfals and equipment wust be included in the request list and the street
illunination syétem is.repaiféd as quickly as possible. 7This is extremwely
iwportant for the safety of traffic and security of the society.

Although the quantities of réquested.items for each road are adequate, the
trouble i{s that the curreat 111um1na£10n system varies in the type for each
road;and the types of supporting structures are quite varied. Principally,
street'lights should be selected to fit to the character of each street,
but fa consideration of the current Tanzanian situation, we consider that
standardized, practical and uniform type lamps should be provided by
placiang the importance on the economy and compatibility. ' |

For thesc reasons, we determined to provide 1,000 lanps, as requested in
the Cypes of high voltage mercury tamp and high voltage natrium lamp having
an arm that can be mounted to the existing f{llupination post, thus realiz-

ing the standardization of the street illumination system.

However, on the Pugu Road (between the city and airport), Port Road and
others were comparatively'new.highwéy type street lights are equipped,
repairs oust be made bascd on the current system, and spare lamps and
others (ballasts, fuses, etc.) should be supplied in quantities that would

be necessary for the immediate repair work,
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3244 Vehicles: for renovationrwork

At present, TANBSCO has some 5 ton class tucks as main vehicles for renova-
tion work, but a good part of them are broken and the number of trucks 1is

not enough, making the work efficiency very low.

Also, sin¢ée it has no small vehicles, large vehicles must be used for
patrol even in the city area, and quick and close work is unobtainable,

resulting in ineffictent work perforamance.

in order to eliminate these prablemns, the following vehicles as listed in

the request are the minimum requirements.

Vehicle types | Quantity : Use
6-ton truck - 4 For.ﬁorking teams and
(with transceiver) | supply teams
44D wagon car 6 For patrol, dééigh teéam
{with transceiver) : and PR team
Piékup truck 2 For recovery work teao
{with transceiver)
Aute~-bicycle i0 For meter reading

5.2.5 Tools and measuring equipment

The working teams and'rccovcry work teams of TANESCO are not equipped with
adequate tools at all. This is creating impropér work gﬁich is the largest
cause for troubles 6nrthe distribution syatém, éa well as lowering the
morale of workers. In consideratiﬁn_that_the lack of proper tools.and_.
equipment is causiaog lower morale to the exact and safe work, we have
determined the items and quantities as showa in Clause 5.3 after carefully’
studying the request list, conferring with TANESCO managenent and pickiﬁg
up various items such as standard-tool'set:for electrical work, tools and
cquipment for tree cutting, compressing and bonding tools, general measure-

ment instruments and maintenance equipment,

In urder to clarify the current situation, we are describing the results of
sanpling fuvestigation conducted at the site with regard to the tools
actually equipped by the working teams, as follows:
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(1) Object of investigationt working team (members 15)

(2) Tools equipped by the team:

Shovel © 6 Pliers 1

Tensioning hoeist 2 Hammer ]

Flckax 1 Compressor 1

Spanner 2 Ladder 1
3

Wrench
{3) Tools conditicns

Extremely pld and we assumed that these had only 50% performance of the

initial state,

As is clear from the above Investigation results, they do not have enough
nunber of even ﬁ1i¢rs,_écrewdriver, épanner which should be'carr[ed'by
everyone and the tools that are used are about the degrees of causing dif-
ficulties in the regular patroi. .Furthermore,.they have no equipment that
' is essentfal to work safely, for example, rubber gloves, detector, ctc,
Accordingly,'we conslder that the items showa 1n the request list are the

mininum requirements.

5.3 EMERGENCY MATERIALS AND EQUIPMENT LIST

5.3.1 Outline of list contents

We have reviewed the request 1ist submitted by TANESCO in detail with
TANESCO with tegard to the use purpose, necessary quantity and objective
district on ecach iten, and prepared a final list consisting of Ffour cate~

gories of A through D. The following are the detatls of these categories.

A, Materials and equipment for transmissfion and distribution lines
B. Vehicles and accessories '
C. Street lights

D. Tools and measuring equipment

Some numbers are nissing in this list. The missing numbers represent items
that were eliminated as a result of the conference with TANESCO, and they

arc as follows:



Ne. ' iten - © Reason

A.5 | Ml seal termination kit | Substituted by Item A.2.

D.t | Pull 1ift Substituted by Item D.2.

D.12 | Portable A. neters | Item D.13 has the sane
function,

E Technical service Separately planned.

In addition to the elimination of above items, some changes were made on

the quantity and specifications and these detalls are shown below.

(1) A.1 11 kV CVTAZY (Iron armored CV cable)

The original list réqugsted paper-insulated cable, but {n consideration
that the terminal handling is difficult and the possibility of trouble
caused by moisture absorption, CVTAZV §s adopted. The paper—insulated

cable 1s hardly used in Japan at present.

{2) A.4 L/T cable lugs

The original request was for 20,000 pcs, for 70 nn2 and.lﬂ {00 pes. for 300
mm2e These were changed to 1,500 pes. for 70 mm2 and 600 pcs for 300 mn?»
and 1,500 pes, for lOO mmz, 1,500 pes. for 185 om? and 1,500 pcs. for 200

mn? are newly added. The reasons for these changes are that the 300 mr
cable is not used much fa the objective area and the majority is 185 nal
cable, the size of A.4 was changed, and the quantity requested was too

large compared with the number of transformers used.

{(3) A.6 600V CVTAZV (Copper belt armor GV cable)

Since 70 ma? and 185 mm2 in the request 1ist: afe not large enough on the

current capacity, they are changed to 100 en? and 200 nn?» and 16 mn? for
the streect light 1s changed to 14 amle



(4) A.7 overhead 1ine conductors

ACSR 100 mm? for high voltage ILine 1s changed to ACSR 95 mn? of JIS
(Japanese Industrial Staundard) and tﬁe reqdested quantity fo: 200 km is
reduced to that for 60 km-Only that is necessary fOr renovation of the
Msasani and Upanga districts; eXCIuding the portion for the Nordic line
which is outéide of the objective area, On the wires for low veltage line,
the whole quéntity of AA 25 mn? and AA 100 nn? was eliminated. Instead,

the specifications for PVC AA 25 mm? and PVC AA 100 owm? are changed to

HAL-OW 55 nn? and HAL-OW 125 mn? are changed to HAL-OW 55 nm? and HAL-OW
125 mm2,» tespectively and the quantities are fncreased to 100 ki and 200

ko, respectively. This change was given to realize insulation of the low

voltage line and in consideration of the curreat capacity of the wires,

(5) A.10 11 kV open fuse cutout

Since the number of transformers used in the objective area is about 285,
the number of open fuse cutouts was set to 250 instead of the requested 500

seté.

(6) A.11 33 kV open fuse cutout

Since there is no 33 kV distribution line fn fhe objective area, we thought
there was basically no need of this open fuse cut. However, transformers
are used partially on the 33 kV.liné that ﬁrovides the power for the
Oysterbay Substatlon, we determined to include 75 sets in the sense of

power source protection although this is outside of the objéctive area,

The TANESCO request was 200 sects, but 75 sets are enough,

The request was made for 2,000 although the number of objective traunsfor-—

mers is 285, and since this 1s too.large. we reduced it to 1,200,

As described in 5.2.!,.the area1and contents to which the pribrity of reno-
vatfon should be glven based on the emergency materials and equipment
provided this time were set upon conferring with TANESCO would not be suf-—
ficient, we added more materials and equipment for the low voltage lines
consisting of items in categories 100's through 400's. The contents of

these categories are as follows:
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100
200
300

400

Electric wires, cables and accessorlies.

Fuses and insulators

Metal and miscellaneous pleces used on posts

Suppbréing structures

The materials and equipment that are needed for expansion of'the 33 kv
transmission line, described in 5.2,2 (4), are given Catégory No., of 500's,



5.3.2 Details and quanfities'of items to be provided

(1) Revised 1ist of réqyested items

A.l}

5-15

No. Item Unit. Q'ty
Al 11 kV CVTAZY 70 sq.mm x 3 R 2,000
A,1,2 11 kV CVTAZY 300 squom x 1 » 1,000
A.2,1 11 kV Cable Termimation 70 sq.ém x 3 set 400
A.2.2 11 kV Cable Termination 185 sq.mm x 3 set 400
A.2.3 11 kV Cable Termination 300 sq.mm x 1 set 120
A3 Cable Compound kg '5,000
Ah.1 ilT Cable lugs 70 sq.unm pcs 1,500
A.&;? L/T Cable iugs 100 sq.om pes 1,500
A4S L/T Cable Lugs 185 sq.um pes 1,500
Ahub 1L/T Cable Lugs 200 sq.mm pes 1,500
A.L.S L[T Cable Lugs 300 sq.mm pcs 600
A.6.1 600V CV AZV 14 sq.on x 4 20,000
A.6.2 600V CV AZV 100 sq.mm x 4 4,000
A.6.3 600V CV AZV 200 sq.om x 4 2,000
A.7.1  ACSR 120 sq.na K 60
A7.2 HAL-OW 55 sq.mm kn 100
A7.3 HAL-0W 125 sq.mm km 200
A.8.1 11 kV Fuse 3A pcs 500
A.8.2 Il kV Fuse 5A pcs - 600
A.8.3 11 XV Fuse 8A pes 2,000
A.8.4 11 kV Fuse 25A pcs 5,000
A.8.5 11 kV Fuse 30A pcs 2,000
A.8.6 11 kV Fuse 40A pes 2,000
A.8,7 11 kV Fuse S50A pes 500
A.9.1 33 kV Fuse 2A pce 500
A.9,2 33 kY Fuse 5,3A pes 2,000
A.9.3 33 kV Fuse B8A pes 2,000
A.9.4 33 kV Fuse 10A pcs 2,000
A.9.5 33 kV Fuse 20A pcs 1,000
A.9.6 33 kV Fuse 25A pes 1,000
A.10 11 kv Open Fuse Cutout set 250

33 kV Puse Cutout set 75



Nos Untt Q'ty
A.l2 400A Fuse Holder pcs 1,200'
AJ3.L 415Y HRC Fuse Link Z00A pes 400
As13,2 415V HRC Fuse Link 300A pcs 1,000
A.13.3 415V HRC Fuse Link 400A pcs 5,000
A4 - Iron Clad neutral Link pes 500
AJES.L 11 kV Fin Insulator pcs 600
A.15,2 33 k¥ Fin Insulator pcs 200
A,15,3 250 om Disc¢ Insulator pcs. 600
A,15.4 L/T Shackle Insulator pes 10,000
A,15.5 L/T Bobbin Insulator pcs 10,000
At 1 Meter Seal ' pack 500
A.16.2 - Seal Wire roll 100
A.17,1 . Guy Wire 22 sq.nm n 5,000
AJ7.2 Guy Wire 30 gq.nm m 5,000
A,18,1 33 kV Disconnecting Switch set 5
A,18,2 33 kV Discon. Switch with Earth sat b]
A9 33 kY Cable Termination sét 10
A20 Spares & Sandries Itecms lot 1
A,21 11 kV Load Interrupter Switch set 20
A.22.1  Ofstributfon Pillar - 500 kVA set 20
A.22,2 Distribution Piliar - 75 kVA set i
B,1 Chrgo Truck 6 ton unit
B.,2 44D Wagon ¢/W Carrier unlt
B.3 Pickup Truck unit
B.4 “VIIF Transceiver set 12
B,5 Motor-bike unit 10
C.l.t Street Light-Mercury set 700
C.1.2 . Street Light~Sodium set 300
C.1.3 Spares for C.1.1 & C,1.,2 lot |
C.1.4 Spares for Existing lot 1
D.2.1 Tensioning Hoist | ton set 30
D,2,2 Tensioning Hoist 1,5 ton | set 30
b,2.3 Tensioning Hoist 2 ton ‘set 20
D3 Tirfor 3.0 ton sct 50



No. . . : Item ' _ Unit Q'ty

D.4 COmpreSSOr“c/w Kinématiéhammer set 2
D.5  Extension Ladder 11 m set .30
D.6 Extension Ladder 9 m : set 50
0.7  L/T Safety Glove © pair 500
D.8 Safety Belt _ _ ' set 100
: ﬁ,g}l 33 kv Earthing Gear | set 15
D.9;2-‘ 11 kv Earthing Gear set 15
D.10 33/11 kV Switch Stick 6m pes 30
D.11 " Binécular pes 10
D.13 - Tong Tester _ o ' set 20
D.i4 Reéordiﬁg Volt Meter set 10
D.15 Loop Impedance Tester ' set - 5
D.16.1 Eavth Tester ' set 5
D.16.2  Insulatfon Tester 500V 1000 Mohm set 5
b.16.3 Insulation Tester 1000V 2000 Mohm set 5
D.17 L/T Phase Sequence Meter set 10
D.18 " L/T Current Tester | set 10
D19 33 kv Phasing Equipment set 5
.20 11 kv Phasing Equipment set 5
D.21.1  ‘Cable Fault Locator set 2
P.21.2 33/11 kv Voitage Detector set 5
p.22 Plrst Ald Kit | set A
D.23 Circuit Tester - set 10
D,24 Tool Box_clw'Standard Tools set. 100
D.25 General.wbrk Tool lot 1
0.26 !easuriﬁg Apparatus lot 1
D.27 . Security Goods lot 1
D.28.1 Compression Tool Y35 set 10
D.28.2 Compression Tool Y40TG-2TG sct 5

{2) List of added items

No. . ltem Unit Q'ty
101 PDC 22 sq.mn m 372
102 -~ CVTAZY 60 % 4 o 40
103 DV Hire 3.2 x 2 km 30

' 5-17



Moo Item Unit . Q'ty
104 DV Wire 3.2 x 4 ki 24
105 DY Wire 22 x 4 km 7
106 DV Wire 22 x 4 ~ km 12
107 Comp. Conaect, Al 125-Cu 100 pcs 153
108 Comp. Connect, Al 125-Cu 60 pcs 9
169 Comp. Connect, Al 125-Cu 125 pes 480
110 Comp. Connect. Al 125-Cu 55 pcs 960
113 Comp. Connect, Al 55-Cu 60 pcs 3
112 Comp . Cﬁnnect. Al 55-Cu 55 pcs 124
113 Comp. Connect. ACSR 120-ACSR [20 . pcs 71
114 Sleev-Al 125 pcs 480
115 Sleev-Al 55 © pcé 248
116 Steev-ACSR 120 pcs _ 66
117 Bolt Connecter PG3 pecs 14,292
118 Bolt Conuecter ?GS pes 36
119 Conp, Terminal Cu 60 pes 12
120 Insulated Al Bind 3.2 mm o 7,440
121 Bare Al Bind Wire 4.0 mm m 1,095
122 Aluninium Tape m 1,095
123 Bare Cu Bind Wire 2.0 mm i) 4,344
201 11 kV Fuse 2A ~ pes 3
202 11 kV Fuse 6A pes 6

203 11 kV Fuse 12A pes 30
204 11 kV Fuse 20A pcs 33
205 Stay Insulator pes 88
3ol Crossarn 2100 pes 57
302 Crossarm Beace 780 pes 124 -
303 Aluminiun Clamp pcs 84
304 Stay Anchor 2t set 354
105 Stay Anchor 3t set 1
306 Twist Strap pes 168
307 Pead End Clevis pcs 28
308 D-Iran pes 372



No. Iten Unit Q'ty
309 Bands for D-Iron pes 372
310 Strain Plate pes 398
311 Bolt & Nut M16 120 mm pos 580
312 Bolt & Nut M16 250 mm pes 57
313 Bolt & Nut M16 320 mm pes 57
314 Bolt & Nut M16 400 mm pes 14
315 Square Washer pes 708
316 Pole Cap‘. pcs 150
317 Pole Number Plate pes 2,000
318 Danger Plate 100
319 Polyvinyl Tape roll 465
320 Barbed Wire kg 40
321 Iron Wire 4.0 oo kg 121
322 Iron Wire 1.2 mm kg 20
323 Round Wire Naii kg 25
324 Paint can 40
325 Brush for Painting pcs 40
401 Wood Pole &m pecs 93
402 Wood Pole 1lm pcs 57
403 Kicking block pcs 156
500 ACSR 240 sq.mm m 6,000
501 Midspan Joint for ACSR 240 set 3
502 Compression Connector pes 30
503 33 kV Pin Insulator pcs a5
504 250 am Disc Insulator pcs 200
505 Stay Rod pes 26
506 Stay Wire 30 sq.mm m 280
507 Wedge Type Aluminium Clawmp pcs 60
508 Crossarm C~2800 pes 35
509 Crossarm L-2800 pes 10
510 Crossarm Brace 780 pecs 90
511 Pole Cap pcs 45
512 Bolt & Nut M20 40 mn pes 90
513 Bolt & Nut M20 140 mm pes 20



521
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Né, Iten Unft Q'ty.
514 Bolt & Nut M20 240 un pes 15
515 Bolt & N_ﬁt M20 280 mm 'pcé 45
516 Square Washer pes 50
517 Miscéllaneous_ lot 1
518 Wood Pole 13 m pes 45
519 CVTAZY 300 sq.mm x 3 o 800
520 Straight Jolnt for CVTAZV 300 set 2

Cable Termination 2



5.4 IMPLEMENTATION METHOD

5.4.1 Work method

While 1t is determined that”the.work for this project is directly conducted
by_TANESCO, it is éOnéidered that gﬁidance of Jépanese engineers ié needed
in the faitial étage._ The work to realize the plan described in 5.2 can
roughly be divided by the work procedures as shown below.

- Receiving and management of emergency materials and equipment
-~ Renovatlon of loﬁ voltage distribution line in the Msasani district

- Installation of 11 kV distribution line connecting the Msasani and
Upanga districts

= Change of degraded 11 kV distribution line to new line in the

Msasani district

— Renovation of the transformer primary and secondary sides in the

Upanga district
- Renovation of transformer protective devices fn other districts

- Expansion of the 33 kV transmission line between the Ilala and City

Centre substations

In order to firmly implement these renovation and new installation, the

work system, shown in Fig, 5.3 must be established.
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5.4.2 Technical assistance

Japanese engineers shall render appfcpriate'guidance on the correct working
method, maintenance, correct use and handlihg nethods of tools mainly on
the work in the Msasani distfict, théreby aining at training of leaders
among the TANESCO working teams and recovery féam.

Although the work scale in the Msasani district is small, since it involves
all work related to distribution lines ranging from high voltage handling
and low voltage dropping, we consider that the district provides an 1ideal
site for the training.

The major points of technical assistance by Japanesec engineers are as

follows:
(1) Sure method of wire cénnection
{é) Design and work to obtain the.strength of sﬁpporting structutes
(1) Hoét effective:and.safe work procedures

(4) Correct use method, check and repairing of tools and neasuring

instrunents
(5) Assuranée of pﬁblic safety
(6) Management of maintenance:of low voitage distribution lines
(7) Dividing of load
(8) ?oidts and meausres on dally patrol
{9 Qork 5c$edule managemént
(10) Saving of materials

(11) Method of high voltage wire repalring by sectionalized supply

suspensfon and system operation

{12) 'Prebarétion'of line drawings
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5,4,3 Mork schedule

As described earlier, the renovatixnli& this project must be statted as
. quickly as possible and exact work {n as short a period as possible_is
styongly desired. Therefore, we have prepared a work schedule, shown in
Table 5-1, in which the actual ameunt of work and easiness of work are

taken into consideratfion fully,

Table 5-1 Work schedule

e = e e e e e e e e e e -

Pertod (Month) ' :
1 2 3 4 5 6
Work type : :

b fF—

Recelving materials and
preparation for work

Renovation of low voltage o
line in Msasani district

New fnstallatfon of 11 kv
connecting line in Msasani
district

New installation of 11 kV
connecting line in Upanga
distriect

Replacement of degraded high
voltage line in Msasani
district

g re—

Renovation of pfotectlve SN f—
device in Upanga district '

Renovation of protective
device in other districts

New tnstallation of 33 kV
transmission line

bt e ot e e e et et

5.5 COST ESTIMATE

The expenses to procure the emergency materials and equipment shown in the
list of 5.3.2 are as follows, The conditions for calculating these expen-

ses are CIF Dar es Salaanm based on 1985 prices.
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(1) Costs of materfals and equipment

Item Articles Amount
A Materials and equipment for lines
B Vehicles and accessories

G Street illumination

D Tools and measuring instruments
100~ | Added itewms (1)

400

500 Added items (2)

Sub-total

{2) Consultant fee

{3) Total

5.6 EFFECT OF PROJECT

The following effects can be expected from completion of the renovation and

new installation using the emergency materlals and equipment,

(1) Iwprovement of voltage stability and reliability of power supply

(i) WYhen the aforementioned work completes ia the Msasani district,
the voltage fluctuation will be maintained within about SOV even
in summertime as opposed to about 60V (in winter) and about 100V

(in suomer) that are measured at preseat.

(1i) Siunce no cause chet than propagation influence of fnternal
froubleron the 11 kV consumers is concefvable for the power
supply failure after the project foplementation in the Msasani
district, we belleve that the numbef of power supply fallures In
the district will be substantially decreased.
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(2) Elimination of heavily loaded feeder

The heavy load ayplied to the 06 and €2 feeders at present will be

eliminated,

'(3) Less power Idss

After the completion of the projéct, the loss dn the line and voltage sta-
bility will be greatly improved. r '

(4) Since sectionalized switches will be additicnally installed, the raange
of suspeading the power supply during repair work will be reduced and the

load allocation to feeders can be easily established,

(5) Since all renovation and installation will be completely done using

adequate materials, the security to the public can be guaranteed,

(6) Due to the supply of emergency materials and equipment, the renovation
of protective devices, which are the most serious points at presént, can be

proumpted on a scheduled basis.

(7) Duec to the supply of vehicles and tools, the maintenance and repair

can be conducted quickly and exactly.

(8) fThrough the work in the Msasani district under technical gutdance of
Japanese englneers, the methods and techniques of all work can be standar-
dized to some exteot and grading up of the technical level of TANESCO staff

can be expected.

(9) Increase of the energy sale can be expected to some oxtent as a result

of stabilized power supply.

(10) The fwproved street fllumination éystem will briﬁg the effects of

proeventing crimes and traffic accldents.

(11) When the 33 kV transmission line is completed between the Ilala and
City Centre substatfons, the City Centre Substation can recefve more power,
and switching of the 11 kV feeder can be made snoothly when a trouble

aoccurred.
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CHAPTER 6 ~ LOAD FORECAST

6.1  CENERAL CONSIDERATION

In gqneral, a load foreéast made on a community basis (micro-economic fra-
mework) through field survey'is‘eﬁnsideted most appropriate for short-term
planning, 'waévet, this method ¢an be adbpfed only when systematic ‘and
accurate data and informatién on the categorical consumers and projects on-
going or under planning are available, otherwise, this method may lead to
misdifected load forecast. In any way,.it is only limited cases in which

such a microscopic method is usable.

It is well known that there ié a close correlation between growth of power
generation and that of naticenal economy represented by GDP. 1In this con-
nection it i{s to be noted that the ratle of energy sent out in Dar-es~Salaam
to the total power generation of the country was constantly around 50% fron
1973 up to present, as shown in Table 3-2 ia Chapter 3, This fact means
that it is possible to deduce a lead forecast for Dar;es—Salaam from the
country's power generation in the future to be forecasted based on the

above correlation between power generation and GDP.

In the load forecast for a given area, its particular conditions must be
taken into account. In the case of Dar-es-Salaam, these are potential
power demand of the wéiting consumers, conponent ratlos of the existing

categoricai consuters and their demand growth ia the past, etc,

In general, the demand function for a given commodity consists of price and

income, and is speclfied as follows:

Di = f(Pi, Pw, Y)

Where: DI : Demand for the 1 th commodity
Pi : Price of the { th conmodity
Pw ¢ Prices of other conmodities represented by general

prices ifndex



Y ¢ Income of the consumer

Since the response of demand function for fncome and prices is almost the

same, the above cquation can be rewritten as follows:
Di = £(Pi/Pw, Y/Pw)

This means that the demand functfon for the 1 th commddity is dependent
upon the relative price of commodity and real income of .the consumer. The
demand function for eleetricity will take the same form,

From the above tﬁeofy, the demand function for electricity (¥) can be

expressed by the following multiplé regfession equation:

y = a + byx) + baxz

Where: x] ¢ GDP
xg9 ¢ Average tate per upit (kWh) sold
'bl": Regression coefficient for income

by : Regressfon coefficlent for price

In casc there are more than three kinds of samples which each has a total

nuntber of n as follows:

(ris X110 %21), (YZ’.xl2» X22)s sises (Yns XIn» %2p)

the regression cocfficients by and by can be obtained by the following

sfimultaneous equations, using the least square method:

S11b) + S12b2 = Syy
Spaby + S22b2 = Sy
Hhere!

ja)
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n ' o
S22 = 2. (xa1 - %2)?2 ¥ = /> xp4

1=1
| n

$12 = Axy1g - ¥1)y2s - X2)
i=1

. B
Sty = Zl (x11 - ¥yt - )
n o '

Syy = :/: {xp1 - B2Nyy - V)

. When obtaining regression coefficlents b) and by, the demand function (y)
can be obtained by the following equatfon:

y =¥+ bi{x] = F1) + balxz - X2)

The degree of éonformity of the obtained multiplé regression equation is

measured by the following multiple correlation coefficent:

/2 - blsll + szzy
Syy

D
Hhere: Syy = %é](yi - F)z

The degree of deviation of the actual energy generation (y'} from eﬁe;gy
generation (y) obtained by the above equation is measured by the following

standard error of regression:

8 = Jl/nZ(y—y' )2

6.3 REGRESSION EQUATION

Annual energy gencration, GDP adjusted by deflator aad average rate pet
unit sold of electricity for the period from 1973 to 1982 are shown in
Table 6-1, Bascd on the above equations and values given in this table,

the following multiple regression equation can be obtained:



Regression coefficents: by = 0.089009
by = - 9.1182
From Table 6-1, ¥ = 672.4 (GWh)
| %1 = 10,677 (Million Shs)
X2 = 18.67 (Cents/kwWh)
Therefore,
y =7+ l51(5(1 - ®1) + balxz - %2)
-107.7 + 0.089009 x; - 9.1182 x3

Multiple regression coefficient_R2 = 0,90

38.3 (GWh)

Standard error of regfession- 8

From the above, the extent of deviation is;

38.3 GWh/672.4 GWh = 5.7 %

6.4 CONDITIONS ADOPTED FOR LOAD FORECASTING -

In order to forecast power demand by means of the above—mentioned équation,
it is necessary for some conditions to be assumed for the future. These
qonditions are growth rate of GDP, price rise of electricity and consumer
price index (CPI), ete, Furthermore, since the power demand obtalned by
this equation is cxpresséd in terms of enérgy generation (kWh), a probable
load factor should be estimated in order to obtain péak load. Conditions
adopted in this study are the following:

6.4,1 Growth rate of GDP in real terﬁs

As shown in Table 2-3 in Chapter 2, GDP at merket prices has grown from

T.She 11,490 mitlion in 1973 to T.Shs 42,190 millien fn 1982 at an average
rate of 15.5% per aanum, while GDP at 1966 constant pricea'has grown from
T.She 8,800 million in 1973 to T.Shs 11,435 million in 1982 at an average

rate of 3.0% per annum, same as the growth rate of populatien,

Although the 4th 5-year Plan has a target of growing GDP at an average
rate of 6% per annum, this target is considered difficult to be achieved.



In fact, the same table shows that GDP has been declining from Shs 12,014
million in 1980 to Shs 11,812 million in 1981 and Shs 11,435 million in
1982,

However, it is aot appropriate to prepare load forecast'based on a'perspec—
tive of GHP grqwth-rate IOWef_than the growth rate of population. As for
growth rate bf-populétioﬁ, the CGovernment fqrecasfs that the population
“will grow at an annual rate of 3.3% from 1982 to 1330, as shown in Table
2~2 in Chapter 2, '

Taking into consideration the past trend and present economic situation,

‘the following perspective was adopted for GDP growth rate:

Perfod  Lower Limit Upper Linit

1983-1985 3.3% 3,3%
1986-1993 . 3.3% : 6.0%

'6.4.2 Price rise of electricity

The average rate per unit sold was 64.47 cents/kWh in 1981 and 70.94
cedts/k“h in 1982, but thereafter the tariff of electricity was raised two
times, the first time in January 1983 and the second time in January 1984,
According to analysis made by JICA study team, thé'avefage rate bér'unit
sold for 1983 and 1984 is estipated at 38 cents/kWh and 105 cents/kWh,

respectively,

Therefore, the price rise of eleétricity at market price from 1973 to 1984

is estimated to be around 13,57 per annum as shown below:

Iégg . Average ratq;igpnts/kWhl
1973 16.13
1978 : 48,14
1980 65.05
1984 105.00

Annual increase rate:

1973-1984 13,5%
1978-1984 13.8%
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Based on the above data, an average price rise of 13,5% per annum was esti-

mated for electricity'tariff_for'the period from 1985 to 1993,

6.4.3 Inflation rate

Table Z—S_in Chapter'Z'shows that the National Consumer Prices Index (CPL) -
rose from 100 in 1970 to 369.4 in 1980 and 551.8 in 1982, Therefore, the

annual average inflation rate during this period was as follows:

Period - Annual 1hf1ation rate
1970-1980 . 14.0%
1980-1682 : 22.2%

1970-1982 ' ' 15,3%

As shown'above,'thé.price hike has been very high from 1980 to 1982 and
thereafter, but it is not ¢onceivable that such a high-paced price hike
still continue for a long time, Taking intoe consideration the long-term
trend from 1970 to 1982, an annual average inflation rate of 15.5% was

adopted i{n this study.

6.4.4 Ratio of energy sent-out in Dar-es-Salasm to the total energy
gpneration of the country

As shown in Table 3-2 in Chapter 3, thé ratio of energy sent-out in
Dar-es~3alaam to the total energy generation of the country was constantly
around 50% during the period from 1973 through 1983,

Considering that the economic balance between Dar-es-Salaam and the
remaining part of the country in the future will be almost the same as it

wag, this ratio for Dar—es-Salaam was assumed to continue for the coming

years.,

6.4.5 Load factor in Dar-es-Salaan

As shown in Table 3-1, the load factor in Dar-es-Salaam declined from
around 66% fn 1979 and 1980 to 63.2% 1n 1982 and 1983, This {s due to
sluggtsh activitiés of industries, but {t is clear that the load factor
will rise agaln when restoring from such & sluggléh condition, Taking this
into account, the following load factor was estimated fn this study!
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Period ' _ Load EEEEEE :

1983-1985 63.2%
1986-1990 65.0%

1990-1993  66.0%

6.5 RESULTS OF MACROSCOPIC LOAD FORECAST

When inputting.;he above conditions in the obtained multiple regression
equation, the load forecasts for the country as a whole and for
Dar-es~Salaam can be obtatned as shown im Table 6-2 and Table 6-3,

respectiﬁely.

According to Table 6-3, the eaergy sent-out and peak ioad in Dar-es-Salaam

are sumnavized as follows:

Energy seat-out (GWh) Peak load (MW)

Year High Median Low High Medfian Low
1982 - . - 406.4 - . 73.4 -
1985 . - 443.3 - - 80.1 -
1990  638,2  592,8  574,3 12,1 104,1 96,1
1993 . 784,7  701.4  618.0 135.7  121.3  106.9

Annual growth rate:

1982-1990 5.8%  4.8%  3.8% S.4%  4.5%
1990-1993  7.1%  5.8% 41X 6.6%  5.2%

For the "median" load forecast, the annual average growth rate of.GDP for
the priod from 1986 to 1993 is calculated at 4.7%, slightly higher than
that (4.6%) recorded during the peirod from 1973 to 1980.

6-7



.QHQanma 30 smeyg Y
30 AmmmH oﬁﬁhv quﬁ@M mnowuduwmo pue. dPUoueHF, WOII UIABI SEa (IZD) XIPUI 9OFIZ IDWNSUOH -
*7861 3I0TIISQY TEOTISTIVIS WOIZ UINRI SBM (JEO) IONPOI DFISIWOQ $SOI0 =

.uuoaum stun< QOSHNVL WOI3 TOYRY 229m PIOS ITun idd 23v1 3Jeadaw pue GoF3exensld ARIomy . :3521n0g
£9°81 = Tx LL9°0T = Tx 9°2L9 = £ | ueIpIR
1L7981 ¥44°90T $U€TLY9 o201
9821 87188 76°0L S GERt I . 0°69¢ 061°TY $°628 7861
687¢1 17999 L9°9 rA¢: 20 & S Ho.hnm 7786t 7 ET8 1861
FA R 4 ¥°692 §0769 qﬁo.mw _ | T°10¢ QLT 9¢ “o-mmm 0861
SZ°91 97e8T 60°9% _hmo.ﬂﬂ $°6LT 6L5°T¢€ 0°26L 6467
1€°61 £°6ve v1°8Y £62°11 9°29¢ L56°62 £7089 86l
§§°17 - 87§27 £ 8Y 9011 Tove 69592 T°619 LL61
01°02 97002 vE 0" | 651°01 0°g0tT 8790z | 6°06¢ 9261
mm.ow 67487 78°1¢ £55%6 8Ll 886791 9° LSS Si6l
04702 8%l TL70¢ 006 ET8ST 010° %1 0°9¢es vL67
8602 R £1°9z 008°8 0T 069" 71 17618 £L61
?972d 3TUn (001=0,67) $99724 SIVTIC 9961 (00T=9961) s@a%3d )
PPIRTIq 142 IoNIER 1T 309 I03ET30 RALL CoTaeX2U2E 2e9
Ansx\munmuv PIOS atun xad a3ex afviaay (WOTITTT $Us~1Y IO | f2zo0y

]

i

ISEI2303 PEOT 203 S2332weavd DIWOUODF

-4 =I9®l

6-8



agd | %8S %1t €661-0661
%8¢ %97 %5°¢ 0661-2861
19382 YIMOIZ TRRUTY
6°$€Z°T AF AL At 97695°1 81°21 2697 82¢ €9e 91 06002 €861
v L81°1 8797l 279941 0%7°21 1€6°2 682 | 128°61 €56°81 7661
L B VAR AT AR S g9e“l ¥9°21 gro‘e 34 9TE€°ST 088°L1 1661
S 9601 $7681"1 £°9L2°1 8721 YA $22 928" ¥1 go9g*or M 0661
970501 6°%01°1 vT68T1°T 60°¢1T €161 me Czsee PT6°ST 6861
6°L00°T L7150°1 §-L01'1 82°¢1 01£‘T 741 768°¢1 £10°ST 8961
L°596 v 166 _H.wno‘ﬁ 25 €T 7ET*T 9T 0sv et €91% 91 _Nwmﬂ
67526 0°1%6 17956 §LET _ 786 6eT 1207¢1 19¢°¢T 9861
'9°938 0091 . oss 611 80921 5861
£ 8%8 2 9¢L $01 20z 21 7861
8°L18 18°€T 159 22 218° 1T €861
57628 STt eSS 76701 _sereu | z861
i
—— B | e e Th | e wm |
(YMD) PuUPTIP 13103 (Q3/$3833) (UOFTTT®R SYSL) .

PTOS arun x3d s a8viasay

9704n ® ST AIUNOD Y3 IOF ISEOLI0F DURWIP I9m0d  Z-9 STQEL

| S2273d 9967 ® 4@

6-9



_ _
%9"¢ s %979 AL 185 e £661-066T
EiAE %8"y %7°S w8 ety zeg . “ 06612861
| 1 | 19381 qamoas fenuay
6901 £° 121 o Lrset 0°819 9*10¢ Lv8L g6
L7207 LoHT1 8971 L7568  pE99 Teer 2661
9°s6 s*got 9811  zeozs £°£79 €489 1661
1°96 | 1401 1554 S S B ¥ 27~ K133 289 0661
2°26 £86 P90 2°578 0°09$ L7665 6861
5'88 626 g6 | 0nos 6°82¢ 8°£ss 8861
= 9.8 %06 6°28% 8367 9°918 (861
e 978 0°%8 0°€9Y . 9°0LY 8Ly 9861
| 1708 _ ey | 5861
9°9L | T 9Ty _ 861
876/ 6°80% £861
7€l B _qr00¢ o _ 2861
Mo VEIPAR u3ty 207 UBIPIR U3y m
aeay
(M) PROT Bdg . (4md)  3Ino-quss ABxoug

UEBTEG-S2-218Q J0F 1ISTIVIOY PUPIP I3mOg £~Q OSTQEL

6-10



C(4DAA

. %6 B 16 C6 €8 83 L8 98 S8 g

)

€ 2B I8 08 &L 8L 4L 8. 8L ¥ L6

0}
15022404 1002V 10!
- o2
o)
0,2
o
h . o
. . : _‘n .‘ ow l
: B = w\\\\‘ |
g — 06
‘ | LA \\\ _ :
_ — Z o1
__ A 1500310} ybiH jon
T _.__\\_ —t og!
i (M)

{ Eoo_um ~-$9-.10Q) {sDda.04 pOOT

-9 b1

11

!

6



6.6 LOAD FORECAST BY SUBSTATION

6.6.1 Potécast to be adopted in the distribution network rehabilitation

programme

In paragraph 6-5 tho kinds df load'f0reéasts, fie. high and. 10w load fore~
casts were obtained, corresponding to the hlgh-paced growth rate (6. 0% per
annum) and low paced growth rate (3.3% per annum) of GDP for the period |
from 1986 to 1993. The annual average growth rate of GDP EOr the med[an“

load forecast was calculated to be 4.7%.

Of these three forecasts, the high load forecast secns almost unreal when

considering the past trend of economic growth in Tanzania (annual average

growth rate of GDP of 4.6% for the perfod from !9?3 to 1980, ~2,4% for the
period from 1980 to 1982 and 3,0% for the perfod from 1973 to 1982).

Even the nedlan load forecast can be realized only. when econonic deve10p~
ment pian In the future will be executed fairly satisfactorily. Therefore,
this load forecast seems also a little over- estimated as far as the present

ccononie situation is taken as the basis.

However, the power distribution network is én foportant infrastructure for
the national economy, and its rehabilitation takes a long time. Taking
these conditions iato account, the median load forecast was adopted as the

basis for the distribution network rehabilitation prdgramme.

6.6.,2 Manner of load allocation

T bl B b+ Bl b ko o el ] o b

The load allocation to each substation in Dér—es4Salaam was conducted 1In

the following manner:

(1) The first step is to allocate at the most probable timing the
potential power demand of the waiting consumers to each corre-

spanding substation.

(i1) The secohd.step 18 to estimate the aggregated maximum pOHéf
' demand for the period from 1983 to 1993 based on the peak load
and diversity factor. When deducting the potentfal power demand

of the walting consunmérs from the aggregated maxlmum power



"'demaﬁd,aéhé'grdﬁth'iﬂ power demand of the éxisting consumers can
be obtaided. 'FrOm_this;'tﬁé annual grbﬁth rate of power demand
of the existing consumers for the ﬁefiods of 1983-85, 1985—90 and

_1990—93 can be obtatned.

(iii)'_The'tﬁird”stéﬁfis to élaésifylthe above growth rate of power
. demand of the existing consumers into two categories of domestfic-
commercial and industriai, taking inte account the annn31 gE6ﬁth
" ‘rates of poﬁér demand of thesé categorical consumers for the
périod from 1973 to 1980 Qhen national econony developed |
" normally, as well as, the component ratios of power demand of
these catEgérical consuners In 1982, 1985 aand 1990, As the
resﬁlts of analysis, thé annual average growth rates of power
demand of the existing consumers for the above three periods were

abtained as follows:

Exlsting consumers 1983-85 1985;90 3229122

" Domestic¢-commercial 4,7% 1.,4% S. 7%
Industrial 1.7% 0.5% 2.5%
Total _ 3.14% . 0.95% 4.55%

(iv) The above growth rate of domestic-conmercial power demand is
applied to the exlstihg consumers of Tlala, City Center, Qysterbay,
Ubungo and Mbezi oubétations, and that of industrial power demand

is applied to the existing consumers of other substations.

(1) Power demsnd by substation

Capital works orders

As described-ln.parégraph 3-4-4 in Chapter 3, the waiting consumers of the
total power demand of 29,5 MW (25.5 MW of the "Capital works orders"” and
4,0 MW of the "Sexvice lines works orders”) are anticipated to be connected
fn aceordance with progress of the distribution network rehabilitatlion

grogramme,



The applicated contracted power of the waiting consumers of the_“Cépital
works orders" 1is showﬁ_in Table 6-4, and,th¢ir maximun power demand by

substatlon is estimated as follows:

. L)
Substation Domestic Commercial  Industrfal  Total .
Tlala - 0.3 1.6 1.9
City Center - C 2.0 - 2,0
Factory Zone I LDl L 11,3 1.4
Oysterbay 0.1 0.3 1.3 1.7
Ubuﬁgo : 0.‘! . 0.9 - 103
Factory Zone LI 0.1 0,2 - 0.3
Kurasini 0.1 0.3 3.3 3.7
Rbezi 0.2 0,1 ¢ 2.0 2.3
NORDIC 0.5 - 0.4 - 0.9

— e et e

Service lines works orders

Bt Tt A ok e i b Bt o i e bk kS b b e

The waltfng consuners of the "Service lines works orders” consist of
domestic and commercial consumers. The potential power demand of these

consumers by substation is cstimated as follows:

Substat fon Pover demand (W)

Oystetbay H
Kurasini 1
Ilala 0
Ubuogo 0

4

Total

{2) Fime-schedule of conheccion

The time-schedule of conncetion of the walting consumers was estimated as

follows!
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Domestic _Full demand (1.5 Hﬂ)‘will be fed from 1986,
Comme;cial ! Full demand (4.5 MW) will be fed from 1987,
Industrial : ' '

o Large-scale factories of the applicated contract power of more
than 1,000 kVA:

- J.V. Syntheti¢ Textile of Factory Zone I and Glass Factory of

Kurasini will be fed in the following manner:

50% of thée maximum demand in 1989
70% of the maximun demand in 1990
Full deﬁand'from 1993

-~ Light Source and Rajan 011 Industry of Factory Zone I and Low
Loader Factory and Kawe Meat Plant of Mbezi will be Euliy
supplied with power from 1990,

® The other waiting consumers will be fully supplied with power
from 1988,

Service lines works orders

The conunection of the waiting consumers of the “Service lines
works orders” was estimated to be started in 1986 and completed
In 1990 at the following time-schedule:

Oysterbay From 1986 to 1989

Kurasini From 1986 to 1989
Ilala In 1990
Ubungo - In 1990

6.6.4 Results of load forecast by substation

The results of load forecast by substation are shown I{n Table 6-5 and Table

6-6, and summarfzed as follows:



———— - - ——— ‘.

Substatfon ‘ 1983 1985 1990 1993
Ilala | . S 130 14,2 17,2 20.3
City Center 17.5 19.2 22,2 26.2
Oysterbay 12.2 13.3 17.2 20,3 .
Factory Zone I 12.6 12.6 22,2 26,7
Ubungo 2.8 3.1 5.0 6.1
Mbezi 2.1 2.4 4.8 5.9
Kurasini 8.1 8.1 13,1 16.1
Factory Zone II 3.6 3.6 4.1 4.5
ALAF 9.0 . 9.0 9.4 10.¢
NORDIC 5.8 5.8 7.0 7.5
TAZARA 0.9 - 1.0 1.3 L4
WAZO Hill 8.9 9.2 9.8 10,6
Friendship Textile 3.0 3.0 3.3 31,6

.. Aggregated maximum demand 99,5 104,5 136.6 159.2
Diversity factor 1.312 . "
__System peak load ' 75.8 80,1 101,4 121.3



Téble 6~ Potential! power demand of waiting consumers

KAYS Textile

— : - .y bl ek ko

6-17

. (kVA)
Substation Domestic - Commercial  Industrial Total Note
Ilala - 500 2,500 3,000 (1)
City Center ? - 3,150 - 3,150 (2)
Factory Zone I 100 - 17,800 17,900 {3)
Oysterbay * 150 500 2,100 2,750 (4)
Ubungo : _ 600 1,450 - 2,050 (5)
Factory Zone II . 225 300 50 575
Kurasini : 90 600 5,315 6,005 (6)
Mbezi , 295 150 3,200 3,645 (7)
NORDIC 840 525 50 1,415
Total 2,300 7,175 31,015 40,490
Note t
(1) llala (VA)  (5) Ubungo B¢/
~ Simba Plastic 1,000 NDF Office accomodation 300
Tanzania Breweries 1,500 University extension 500
o TPTC Housing scheme 300
(2) City Center :
NPF Head Office (6) Xurasini |
g extension 300 Glass Factory 4,000
New Africa Hotel Land Rover Factory 500
phase TII 300 BP Extension 500
Office acconodation
Azikiwe street 500 {7) Mbezi
NASACO Headquarter 300 _
SUKXARI House 500 Low Loader Factory 1,600
NIC accomodation Kawe Meat Plant 1,500
scheme 300
Danish Embassy
butlding 200
(3) Factory Zone I
J.V. Synthetic
- "Textile 12,5C0
Light Source 1,600
Rajan 011 Industry 1,000
Hew Alrport 1,500
AISCO Complex 500
TRAMA GARMENRT W/shop 200
€4) Oysterbay
ACHE MWEDA ‘ 500
Coir and Fibre _ 100
SMUZA Pumping station 750
" KARMAL Stove factory 560
200
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CHAPTER 7  SYSTEMS ANALYSIS

7.1 OUTLINE OF SYSTEM CONPIGURATION

Tanzania élecﬁr{g'ﬁéwer system 1s compfised of a_220 kv, é 132 kV and a 33
- kV iq_the orﬂer_f;om a,highet;vpltage. Dar es Salaam, capita} 6f the
United Republic of Taﬂzania; recelves an electric_ﬁower frdm the?Kidatu
P.S. which is locéted ébOut'SODIké west away from‘har és Saiaam.” Trans-
mission 1iﬁe betwgéﬁ the Kidatu P.S, and fhe MorOgoro‘S.S,_is coqnected by
6ne 223 kV line, and transmission lines between the Morogo S.S. and the
Ubungo 5.S. (located In Par es Salaam) are connected by one 220 kV line and
one 132 kV line.

There are a scattering of small-sized hydroelectric power stations in the
northern part of Ténzania. They are connécted with the Dar es Salaam net-
work by a 132 kV traansmission line, The electric power demand of the
northern part éiééeds its'ﬁower Suﬁply'from these hydroeicctric power
stations. Thérefofé; at the peak demand period, this area recelves the
electric power from the Kidatu P.S. The transmission system_in Dar es Salaam
is composed mostly of 33 kV lines except one 132 kV line between Ubungo

$.S, and Tlala S.S. |

7.2 SYSTEM CALCULATIONS

The system calculations have been wade for main trunk line and distribu-~
tion network In Dar es Salaan after completion of the distribution tehabi-

litation preogram,

7.2.1 Contents of the system calculations

The systenm calculatioﬁs_have been made for the following ftems:

~ Power flow and voltage calculation
~ Systen stability’éalcu[ation

~ Short-circuit current calculation
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7:2.2 Conditions for calculation
The following conditions have been settled prior to the actual calculation,

(1) Scope of the systems concerned

The'caltulafiﬁg scope of the syséems concerned is Ii@itéd"td'l)‘2202kV'
transmission lines spreéading over the western area, 2) liﬁ‘kv.ana 66 kV -
traﬁémission lineS:SQréading over the northern area, and 3) the Dar es
Salaan transmission line which consists of a 132 kV and a 33 kV lines.
Fig, 7 1 shows the scope of these lines._

(2) Yeatr to be calculated and load scale

The systems 1n 1990 are to be calculated and thelr load scale to be settled
as follows based on the demand estimation explained in the previcus Chaptef
6. ' '

Peak Load OFf-peak Load

Dar es Salaam Systenm 104.1 _ 65.6.

Western aad Noxthern '

Connected Systems 162.6 , 102.6
Total 266.7 MW 168.2 Mw

{Note)

Off peak load value = Peak load value x load ratio (0.63)

(3) Power flow and voltage calculation

The operational conditions for the system equipment are decided as follows

in order to keep up the system voltage.

Operational range of bus voltage : 95 - 108%

Operational voltage of generatof t 100 iﬁSX'
1.00 - 0085 P.U_o
0.90 (lagging)

e

Tap ratio of transforamer

Power factor of lead



(4) System stability caldulation

The system stability ¢slés1étibn_sﬁ6ﬂld be carried out ia accordance with
the reliability standard of ths.System and settle thg fault sitvation of a
transaission line, HoweVer,fiﬁ‘this case, a three-phase—ground -fault (34G)
"has been adopted. The class of the transmission voltage and its accident

sequence are shown below..

i) 66 kv and.132 kv transmissioﬂ lines

(Fault)_ : . . {Clear)
C.B. on 346 C.B. off
: b
|
g
!
0 0.12 sec,
"Time
———

ii) 220 kV transmission line

-s:(Fahig) ' o (Clear)

C.B. on 346G : C.B. off
:
1
1
! ——
0 0.12_sec.
: Time

" (5) Short-clrcuit current:calculation

The generator reactance and operating generators which have been used for

shoxrt- circuit current calculatlon are shown below.

GCenerator feaCtance:': .- Traunsient reactance (xd')
Tap'ratio of trassformer: 1.00 P.U.

Opérating generators:
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Ubunge P.S. 5.50; MVA % 3
7.66 MVA x 3

10,10 MVA x 2

T 18.60- MVA x 1

| Hale P S. ' : *.12.35' MVA x 2
f Pangani Falls P.S.  3.125 VA x.3 .

6.25 MVA x 2

Nyumba ya Mungu P.S. 4.70 MVA x 2
Arusha P.S. O 1.19 MVA x 4

0.448 MVA X 2

Kidatu P.S. 60.0 MVA x 4
Mtera P.S, 40,0 MVA x 2

To_tal_ _ 459,911 MVA

{6) Technical data

Impedances of the transmission 1lines and the transformers are shown 1n.F1g.
7-1 and generator characteristics are givea in Table 7-1, which are used

for the system analysis,

7.3 RESULTS OF CALCULATION

7.3.1 Power flow and Qoltége'caléulétion

Dar es Salapam, the biggest power'conauning clty, receives the electric
power by 220 XV line from the Kidatu P.S. lacated about.300_km far from Dar
es Salaam, It is now planned that 220 kY iines spreading over the western
area vwill be expanded to 1, 200 km or more in/around 1990, The voltage of
these 220 kV transmission lines ia the western area from Kidatu P.S. is
risen by the ferraatl phenomena due to its long distance and a light power

fldw-

On the other hand, the voltage drop of the line in the area between Kidatu
and Dar es Salaam is Increased suddenly due to its heavy power flow,
Accordingly, the control of a voltage rise and coéompensation of a voltage
drop must be carrfed out simultaneously in the different areas. Espe-
cfally, the operation of a shunt reactor is necessary in order to control

the voltage rise during the light load tioe.
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(1) Peak load time
The power floﬁ of the system at the peak load time is shown in Fig. 7-2,
(1) The Dar es Salaam neihork'

In the Dar es Salaam netwotk unless the generator of Ubungo P,.S.
is operated, thére 1s no equipment to supply reactive power and
to keep up the systen voltage. The voltage control must be exe-

cuted bnly“by“the tap control of the transformers,

Untfl 1990, each substation will be_abie to keep up the voltage
of a secondary side at 90% or more by the tap'control of the

transformers.

However, at the Ruvu S.8. locatcd about 60 km away from the
Ubungo S S., a voltage drop 1is increased and a condenser (4.5
MVA) for voltage compensation must. be provided. The reactive
power consumed in Dar es Salaam shoﬁld be.supplied through the
220 kV network and Xidatu P.S. Therefore, the voltage between
the Kidatu P.S. and the Ubungo S.S. remarkably drops.

{(a) Dar es Salaam network without a condenser

In case ihat the condenser for voltage compensation is not
provided at the Ubungo S.S. or the Ilala S8.S,, the 220 kV.
bus voltage of the Ubungo 5.S. drops to 90% or less level.
This means 18% decrease in comparison with the voltage at
Kidatu P,S. (Fig. 7-2)., However, the voltage of 33 kv
distribution network can be kept up at 90% or more level by
the tap controll!ng of transformers, that 13;'the transfor-
mers of 220]132 kV and '132/33 kV at Ubungo S$.S. and the
transformer of 132/33 kV at Ilata S.S,

(b) Dar es Salaam network with condenser

In case that a 10 MVA condenser for voltage compensation is
provided at the Ubungo $.5., the 220 kV bus voltage of
Ubungo S$.S. rises 6.6% in comparison with no condenser (Fig,

7-3). As a result, the system voltage rises and the
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transmission loss decreases. A condenser for voltage ¢oﬁ-r
pensdtion should be provided at the tcrmtnal of consumer
because of its economiéal fmportance.  The condenser ‘should
therefore be provided at the consumers' sides in aCCofdance

with the lncrease of power demand,
{11) The_western_aﬁd nozthern networks

‘FPor 220 kv hetﬁqu’spreading in the western area, the reactor
should be provided at the following two substations in order to
control the voltage rising,

Mbeya 5.8, . lllltlI"lj'S\WA:
Singida Sasn shs b 4.5 MVA

For the northern network 'a condenser (3.3 HVA), which compen—
sates for a voltage drop corresponding to the demand increase,

should be provided at the Arusha 8.5.

(2} .Qgﬁ:ﬂgak load tice

The power flow of the system at the off-peak load time {s shown in Fig,
-4,

During the OEf?pcak load time, in order to control the voltage rising of
220 kV network caused by the ferrantl phenomena, the shunt reactor should

be provided at the following substations and power station.,

Iringa S.8: savsesa 6.5 MVA
Mbeya S.S8.  ...e0.. L7.5 MVA
Mtera P.S. cosreas 46,9 MVA
Singlda S.8: (svveee 4.8 MVA

Hlowever, at the Ruvu $.S, which belongs to the bar'es'Salaaﬁ network, the
voltage drop 1s about B.0X even in the off- peak load tiwme because 1ts
transmission line 1s long. To compensate for this,'the condenser (0.9 MVA)

should be eperated.



(&)) Shunt-reactdr of Ubungo $.8.

At present3ﬁshunt reﬁctors-are‘diréétly connected to Ubungo3S 8. side of a
132 ky cable between Ubungo $.5. and Zanzibar $.5. to absorb leading reac-
tive pOwer generated by the cable.' They should be separated from the power

system at a peak load time expected around 1990,

This is bécause more reactive power will be consumed in Dar es Salaam
system at the peak load time, and it is no need to absorb reactive power by

the shunt reactors.

The_féqﬁiréd cabacity of shunt reactor at an off<peak load time is around
30 HVA; which 1is equivalent.fo the éapacit} bf a shuat reactor 1nstailed oh
the tertiary side of 220/132 kV'transEormers at Ubungo S.S. Thus, the
shunt reactor is considered to provide sufficient capacity for -
closing/opening to regulate the system voltage at peak load and off-peak

load times.

7,3.2' System stability calculation

The system stability calculation has béen carried out in the following four
cases,: applying three-phasehgfound-fault {34 G) on the 132 kV and 66 kV

transmission lines for the geﬁerators of the northern area.

'Casefl: Haile P.S;_ - Tanga §.5. 132 kV line
éase-z: ‘Kiyungi S5.5. -~ Arusha P.S. = 66 kY line
Case-3; iKiyungi S.S. .~ Arusha P.S. 132 kV 1ine
| Caée~§: Mofogoro S;S. - Chalinze S$.8. 132 kV line

L=3

Fig, 7-5 shows the applied fault points,

The generator's swing curve of each calculated case is shown in Fig. 7-6
(1) - (4),'andzthe Voltage_pefturbationjcucve is shown in Fig, 7-7. 1In
each case, all gene;ators_aré under a stable condition. In Case-4, since
thé‘pqwer_f;ow of the faulted transmission line ié large, the fluctuation
to the generators of the northern network is large as compared with the

other cases. ‘The system voltage i{s stable in each case,
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7.3.3 Short—ciréuit current calculation
Fig., 7-8 shows the results.of short-circult current calculations.
The maximum éurrént.bf the bus at each voltage class is shown below.

220 kV bus  Kidatu P.S.  1.93 kA (= 735 MVA) -
132 k¥ bus  Ubungo $.S.  1.45 KA (= 332 MVA)

33KV bus  Ubungo S.S. 5,51 kA (= 315 MVA)
11 kV bus  Ubungo S.S. 11.70 kA (= 222 MVA)

Intervupting capacity of each circuit breaker operated on the Dar es Salaam

network satisfies this short-circuilt current.

7.4 STUDY OF REPLACEMENT OF TRANSFORMERS OF TLALA S,.S,

7.4.1 Problems of the_gyesent facilities

(1) Carrytng capacity to llala S.5.

At preseat, the power transmlsslon from the Ubunge 5.5, to the Ilala S, S.
1s conducted in parallel of one 132 kV line and two 33 kV lines, Out of
these transmissfon lines, while the transmission capacity of 132 kV liae is
96 MVA, the actual power flow is limited to 20 MVA, This 1s only because
that the capacity of 132/33 kV transformer of the Ilalta 5.S. is 20 MVA. On
the other hand, the 33 kV transmission line has a carrying cépacity of 48
MVA, Operating the 132 kV and 33 kV transmigsion lines in parallel, the
power flow of these lines 1s in unbalanced state to their carrying capaei-

ties, and the efficiency of equipment use is extremely poor,

(2) Systen configuration of Dar es Salaam

Since the carrying capacity of the 132 kV 1line from the Ubungo $.5. to the
1lala S.S. is small, although the Ilala $.5. fs & better to supply the
power to 33/11 kV substations from the viewpoint of system configuratfon,
the Ubungo $.S. is supplying the power fastead, In other words, the Ubungoe
S.S, is sharing the demand of the Ilala $.5, As a result of this, large
voltage drop and the_tranén{séiOn loss of the 33 kV lines outgoing from the

Ubungo 8.5. increasc.
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7.4.2 Improvement progranm

(1) képiéeeééht of transfornerstcf“ilsla S.8,

The carrylng capacity from the Ubungo §.5. to the Iiala S.S. can be
ircreased by replacing the 132/33 kv transformers (10 MVA x 2) with trans-
formers of 90 MVA (45 MVA x 2) to be equivalent to the carrying ‘capacity of
132 ¥V 1ine. Also, the receiving power from the 132 kY side to the 33 kv
side of the Ubungo 5.5. increases at the same time. As a result, the power

supply to Dar es Salaan inecreases.

{2)  <Change of connection of 33_kv lines

The.substations in.the ﬁeighborhood of Ilala Se St, namelj, Kurasini and
Dysterbay substations,_which are being supplied by the Ubungo 5.5., 1s
changed to have the Ilsls 5.5, suppiy them, for which the connection of 33
kV line is changed (Fig. 7 -9).

This brings about the following advantages:

' - The usc efficiency of 132 kV line increases.
~ The voltage drop of the 33 kV line can be improved.

— The transmissfon loss can be decreased,

(3) Comparison of carcying capacity

Table 7-2 shows the 1ncreased'carry1ng capaclity compared the present equip-
ment with the inproved project of replacing the Itala S.S. transformers and

changing the c0nnection of 33 kV 1liaes.
(1) Parallel operation of 132 kV and 33 kV lines

When all facilities are normal, the total carrying eapseity from
the 132 kV bus of Ubungo $.S. to the Ubungo S.S. 33 kV side and
the Ilala .5, 1s 113 MVA at present, and 190 MVA after the reno-
vation, or an increase of 77 MVA (Fig. 7—10, 7-11).

When one bank of either of the 132/33 kv transformers (50 MVA X
2) of Ubungo S.S. or the 132/33 kV transformers (10 MVA x 2 at
1:present and 45 MVA x 2 after replacement) of Itala 8.S. stops,

the total carrying capacity decrcases to 69 MVA on the existing
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system and to 116 MVA after the renovatidn;'but'theré'isls 47 MVA

increase of the cattying capacity,btought'by the renovatisn. y

For this review the ratio of demand between the Ubungo $.5. and
_Ilala S.S, 1s set to the pesk load of 1990, and the same rate of

demand 1ncrease is used for both substations after 1990.

(4) .Voltage regulatibn'

When the power flow around 1990 is used as an example, the 220 KV bus
voltage of Ubungo 5.5, is 85.8% of the rated.voltage at a peak time and
101.5% at an off-peak.tims, and a fluctuatién width reachés to above-15z
(compared Fig. 7-2 with Fig. 7- 4) ~In order to regulate the voltage fluc~
tuation of the 33 KV network ‘caused by the said 220 KV bus voltage fluc-
tvation, the taps of 220/132 kV transformers and 132/33 kV transformers of
the Ubungo S, S. and 132/33 kv transformers of the Ilala S S. must be

controlled.

The approxinate values of tap ratios of transformers sélected'st:nésk tice
and off-peak time are as follows, and it is able to cope with voltage regu-
lation by the tap-specifications of the existing aad the projected trans-

formers.

Transformer Peak time . o bff;pEakdtine
Ubungo 2207132 kV Tr. 220 kV Tap 0.900 P,U, 220 kV Tap 1.00 P.U.
Ubungo 132/ 33 kV Tr. 132 kV Tap 0.875 P.U. 132 kV Tap 0,90 P,U.

Ilala 132/ 33 kV Tr, 132 kV Tap 0,875 P,U, 132 kV Tap 0,90 P.U,

Total tap-range . _
Ubu,220 kV-Ubu,33 kv | 0.225 P.U. 0,10 p.U,

Ubw, 220 kV-Ubu.33 kv 0,225 P, - . 0.16 P.U.

When selecting tap ratios of these transformers, the tap tatio of Ubungo
$.58. 132/33 kv transformer and that of Ilala S. S. 132/33 kV transformer
must be the same, 1€ the tap ratioa of these two transformers vary
largely, a cross current flows between the 132 kV line and 33 kV 1ines, and

the power flow balance on both lines.
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