CHAPTER 6

electrificationfbeing.intended to

S a ;: l-,ia‘ig. Line jf S ‘ -
. Electrification ofjthe'eecticn between Karachi Gity end i
'.f‘-’Pipri. i (double*track) (22 9 wile » 36,9 km) e

provide_electric ca_ﬁ;;w‘.g-;'h,;a":

“::7(2) xce _

i Electrification of the section between Karachi City and
_'_.--pnrigh Colony; « {single-track) (18 0'mile’s 29 0 ) " “And of the _
,,ffsection between Depot Hill and Drigh Road as a eingle—track line o
”:-2(11m11ea=13km) R P A

‘?f’(3) 'Malir Gantt Branch:.fdi.fl' S

: !’,to‘electrification under this feasibility study with respect to thef :
‘r:;;demand for passenger traffic and the train operating plan‘ h

L'(4) Electric~car depots and workshops incidental to. the above—ll
:~fmentioned electrification.‘-ej.aeu SRIERE: R

Sections required to be newly provided as a result of line
' “d{additions end elevated bridges should be electrified whenever L

‘5f_deemed necessary ;

‘ 6- 2 Selectton of Electnﬂcauon System

N The conditione necessary fcr determining what electrification system
should be employed in the sections to be electrified as described in the -
.preceding paragraph will 1ead to more accurate, economicel transportation
of high density passengers living in the Karechi Metropolitan Area having
a limited area of about 10 miles in radiue. Such conditions should algo be

taken into considerations as the poseibility of introducing subways in the
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future; For these reaeone, electrification shou]d be effected by the _
adoption of . electric cars, and electiification of the existing 1inee will
| be planned to meet passenger traffic flow.;,’“i”' o : ' '

Baeed on Lhe above*mentioned literature, e comperetive etudy will
current. It was decided that the former should uee 50 Hz 25kV eo aa to be :
. the eame as the existing linee Lo be electrified and the latter should

;uee 1,500 volte with which JNR has long experienced in its history and
which ie stable. Accordingly, either of these two systems should be sele- ~

cted for this Project‘

Table 6"1 showe the comparieon of 50 Hz eingle—phase AC ZSkV with
e 1 500 volt, with respect to aboveuground faeilitiee and overhead facili».

ties

_ In general AC electrification permite subetatione to be located
rclatively far from each otehr,‘hence a: smaller number is required and it };:T
.:has advantages over. DC electrification. However, the Karachi Metropolitan""
? Area will not ailow the above—mentioned advantages to have effect in :,_f-ﬁl
carrying-ont of electrification with respect to dietance, end it mey not

‘necesSarily be said to be: advantageous.rf“ne shown in Table 6-2, Lhis

 varies with the concept on how.facilities’ ehould be Laid out.  AC. electri— -

- fication requires investment in eubetation*related facilitiee about 1 .1 to',_ﬂ

kil 4 timee that required by DC e]ectrification. Also, an AC Electric ~*; : _

o Multiple Unit (E M, U.) coets abont 20/ more than a DC E My U._ Therefore, in—;‘
.sofar as. the amount of investment is concerned, DC is euperior to AC under_

* the condition that it'be provided in the Karachi Metropolitan Area.;-In'.
addition DC has a long hietory and-1s markedly stable with reepect Lo .
techniques, thus is worthy of a better rating Thie report however, willi
‘not igncre the relationehip of the expansion plan for the electrification
of the main 1ine to the already electrified section between Lahore and
Khanewal forming a nucleus ‘ The problem is which should be given priority”' '
iover the other, the Karachi Metiopolitan Area or the entire main 1ine. ﬂ;‘ .
_‘Should the former be given priority, how- to link the two must be clarified.
~0n the premise that euch a step be taken when a freight yerd ts -
provided in Pipri in the’ future, it 1s easy to envisage the’ selection of
Pipri as a junction poink of AC and NC systems to be’ carried out at the o
time when the main 1line has’ been fully electrified.‘ '

‘Table 6 =3 ghows a plan in which what types of traction unit ehould be
used as per type of electricity coneidered when Pipri- is selected as the

junction point of AC and DC systems. _
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: Summaiizing the. above«mentioned points,_the fo]lowing p?opositlons__ _
E are presented dn Lhis feasibility study for the employment of DC electri—: l-gl

‘f'fication (including eleotric oars) in the Karaohi Metropolitan Area.

o & (w)- Eleotrification 18 to be carlied out in a 1imited area (about '
f310 miles in radius) of the Karachi Metropolitan Area.-'Vn*“' ‘

& (2) Provision of masa rapid transport system should be effeoted
: to deal with carrying high denoity paqsengors. Freight traneport

- fiis not subject to this feasibility study.

(3) The possibility for ‘the introduction oF- subways (including
_R/T spine) should be taken into consideration..rio‘ o s T

‘ N 3 Prsoonditlons for tho Electriﬁoation Program _ ' _ . .
| The following train compooitions and headWays in rush hours iﬂ'J

: ::constitute the preconditions for the deeign of eleotric traction Eacilities

:“Qn-and aro as shown in Table 6-& which rofer to CHAPTER 4' Plan for Traiu }Z;-:-'

- _ Trains in both Phases consist of 6 electric oars with compOBition
i}of 4M2T, In this case, the basic unit of train composition is EMiT.iy
ii;view of the demand forecast of transportation, the time when the number o
:'cers 1n a: train should be increased will be in 1992, and trains shouid 57.]-”
f:eist of 9 eleotric oars (6M3T) from that time Also, tho head wéy at rush FJ¥

?ohours in 2002 may be judged to be 6 minutes which will be sutficient to : e

andle the paeeengers

: - Baeed on theee preconditions, the present electrification plan ehould” 
; be promoted in such a- manner that any large backlog of work should not oocur
Cin the future.- Also, with regard to faoilities which can be provided

' additionally in the future without -any" large backlog of work, they should

: be arranged as to- cope with train operations for’ the -tihe being, namely.

f for substations and eleetric—cata depot, iiret land 3hou1d be aoquired,
then facilities and systems should be provided. . o o
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84. Location of Traction S‘u_bstationjs_:andCi):,nn_‘e"e,t'ih_'gj_ff_ifansmlss_I__t’)'n Lines

' 6*4#1. Iocationa of substations

: The substation shouid generally be located at the centei of the
 load. It s’ necessary, however, ‘to take into consideration leading—in
~of incoming lines, leading—out of feeders, soil beaiing power, trans~'
"_portation of instrument conditions of 1ocation and S0 on to’ actually i
'determine the 1ocation of a substation.. In our. plan, the intervals:?
| between traction substations were first determined 0 o as to: be most
*economical by taking into account the voltage drop of Eeeders and curr»
ent breaking facilities at the time of faults. Then, taking into account the
locations of power stations and substations of Lhe § E, s, ¢, power supply
system diagram, seven traction substation 10cations, corresponding to the -
-.1oad conditions under Phase 2, and the location of a control center which
‘engages in supervisory remote control over Lhe traction substations were.
_ determined We propose to place the control center in or near the yard
of Karachi Cantt station where the regional office and train operation : [i“f

center are situated

R T_he_--locat-ion_s“ of 'trsettqn substatlons are shown in Fig: 6~4-1;"

.6#4—2' Power source receiving

_ 'f A transmission line network of 132 kV is provided along the out—l'.
' side of the main and K, C R. lines for which an electrification project
has been set up and the buildup of the Lransmission 1ine network is now |

-under way.

'f On. the basis of the K.E.S8.C. power Supply system diagram (see '
' Apendices B to G), we have made a power source’ receiving plan of seven-
traction substations.e"The‘locations_of_traction_substations are shown:
:in Fig. 642, T T R

' The power source receiving plan should be examined by K. E S C.
for the possibi]ity of power supply in relation to the capacities of the

grid sLation and to the future program.

This plan does not cover facilities for the transmission line

from the K.E.S.C. grid station to the traction grid station which we
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| ::'cé,oh_siéerfﬂhs“:ld'be Plahned by. _I,".R;,{,-f_ N T A

. f:'6%§73}; Conuecting trsnsmission 1ines

:”:}lftrsction substation

SRR We assume Lhat this substation should receive power through
a two—circuiL 66 kV underground cable from rhe K E. S c. Elander Road
-_;hgrid stsLion. T ERE TS A L
' | (2) No 2 trsotion substation
'fi We assume thst this tracrion substatiOn shodld receive power-.

”f“through a two~circuit 66. kV underground cable or overhead transmission
“*11ne from the K E s'c“Queen's?Road'“:id staciou."' ' T

We consider the Elander Road grid station can supply power

SR not Only to No e substation but ro No 2 substation if 1ts tranSmission

Zlf_capacity 1s. 1arge enough or its area is 1arge enough to install additionslf'
hission equipment Jl7' S L o SRS L

'j i (3) No 3 traction substationh}:iﬂ:-V-‘._-;f
B AR We assume that this traction substation should receive power
i:fdbhrough a two—oircuit 66 kV overhead Lransmission Iine from the K E S C

According to Appendices B C. G and E the Landhi Station o

'_ﬁf”transmission facilities are plenned to raise the voltage fxom 66 kV to‘
CU1327RV. Bud” Ve aséunie K. E.3, ¢ should 1eave the Landhi Station s 66 kv

'5::transmif;ion facilities so Lhat Lhey cau be used for the traction sub-l_r

”'vstation.s'“*”“' _
(4) No 4 and No 5 traction substations -

o ‘We assume that No.. -5 traction substation should receive
'_fpower through a two-cirouit 66 kY overhead transmdssion 1ine from the

- K.E, S C _Landhi Station while No 4 substation should receive power from

.8 two-circuit 66, kV transmission line brenchtng from the middle of the
bline for No 5 tlaotion substatjon C

(5) No.6 traction‘substatioh

We agsume that this traction substation should receive
power through a two—circuit 66 kV overhead transmission 1ine from the
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dK.E,S.C.'Gnlshan gfid stationi.‘

(6) No 7 traction substation

: We assume that this Lraction substation should receive power
-through a twowcircuit branch line from the 66 kV overhead transmission

;-'-11“‘3 Which ¢otlnects Lhe l( E S C. West Wharf Station with ftie'8, I T, B, . o
' Station.w ;w:--. TR T p

644 'Voltagesfofiinconingrb0wer *'*.:

o The electrification pioject aims at operation of the railway by
_1500 v dinect current.‘_ The construction cost will be low if Lhe voltage
of incoming power is selected ‘to be as 1ow as. possible, taking intOjisg '
1'account transformers, within the permissible 1imit of - the transmission '

capacity

o o Considering the power consumption and electric charges, however,

._-a high voltage may be favorable in the long ron,fi Here we have studied
'_measures £0 reduce the initial cost of construction.- From the K. E:S. C.'
'transmission system diagram, we consider either of 132 66 and 11 kV

'f;lines are possible for the incoming voltage to. traction substations. The

:1511 kV lines seem to; have the problem of transmiésion capacity while the
'fconstruction cost of voltage step-down equipment is high for the 132 kv
lines _ lhe 66 kV lines are most desirable considering the cost and
'_performance of substation facilities and the reliability of the powar

: source for electrified operation.l. However,‘the possibility of receiving7 '
_dpower at 11 kV should be investigated for No 3 “No. 4 and No.5 substarions.
-considering the Lransmission capacity since the voitage of the existing
facilities is planned to be stepped up from 66 kV to 132 kv

65, "Eeed.'i_n'g Sysiem :and,.Voi_t_a'gé Drop |

 6=5-1  Feeding, system
- The bussbar of a traction substation feeds 1, 500 V DC power to

each section and each track., The parallel feeding system of adjacent

substations is adopted to reduce voitage drop

Fig 6-4~3 shows the ‘power supply transmission
system diagram
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652 Voltﬂge drqg

_ | The voltage drop is determined by the number of trains being |
.operated in a feeding secLion, load currean of the tiains and the. feed» :

: _ing circuit constants..? The voltage drop becomes larger as the feeder

' distance becomes longer.- o

_ _ : In our plan, Lhe permissible 1imit of voltage drop is 600 V. aseum~
'~”ing the overhead contact iine voltage to be 900 V. - When calculating the -

' :_ voltage drop, we, assumed operating conditions such Lhat maximum load is :'

situated in the middle of two substations and powei running loads are
rlocated at both sides of the maximum load with oPeraLing intervals before

'they start running.‘
Fig. 6 4 4 shows the voltage drop eurves.

. We have planned the intervals between Lraction substations so
o that not only the voitage drop s held within the permissible limit but

'the fault current break of feeders can be cut off reliably.‘,

j'6v5.3 Extended feeding f..

The traetion substations are inteiconnected Lo esch other by the--'”

! Tparallel feeding system :' We propose a system whereby when one traetionﬂfvi'

..;_substation is suspended during a power failure or servicing, an adjaeent o

:‘substation will supply power to the section by extended feeding. L

We have planned the 1oad conditions of extended feeding so that

1'the minimum feeding voltege and fault cutrent breaking facility can be

~_sat15fied when maximum 1load is assumed at Lhe mjddle point between the_ii

‘two substations.

6.6, Traction loads and substation capacities

6_~_6—'1' | Traetien loads.

The 1oad of a traction substation 1z an aggregate of electric

o cars whieh repeat a sequence of operations, starting, power running,

coasting, and slowing down to .stop, These are ‘concentrated loads rapld-

- 1y changing in a short time,

_ Thedratings of traction substatlion equipment are therefore
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'required to be such that the equipment can handle such rapidiy changing
_floads and inatantaneous overloads ae well ERERERE

:~§?6 | Substation capacitiee ”fitia

'”lction subata—-"

It is neceasfry to ﬂetermine the capacity of at

N tion by combining the unit capecity of rectifier and the number of rectin_jng;k

'fiere so as to be most economical for any possible maximum load

We have mede a rational plan of the rectifier 8- unit capacity andg*m

: f; the number of rectifiers considering the possible maximum 1cad expected

_'in the ?hase 2 80" that exteneion of substetion can be made easily.f#-“'

Tab 6 ﬁ«ltshows a list of subetation capacitiee...

The following items are those which have been particularly taken f':_t
-into ccnsideraticn to'determine the subetation capaeities. 4,;” e L

"fied to 6, 000 kW and_ ,000 kw considering Phase 2._,11

(Z}ILA:eet of spare rectifiers are coneidered necessary upon :ﬂv'

'failure of working rectifiers and for eervice.tj_é )

'3(1) The unit capacities of the rectifiers under Pheee 1 are uni—f';k_'f

1oad conditions under Phase 2 are based on: the operationfiﬁ_

r,'schedule n the. y "r‘of 2002 considering temporary concentrated 1oads dueﬁl'£~'

L%to broken train schedule

er. .-._&i}g&gﬁﬁ_ﬂf’.ﬁqﬁiﬁmén-ai{dfni;teh{iye_’Fié!jayihg_eystth N T

g7l Tr'ect:.i'on substatfon equipment <
(i) System -
A dual power receiving syetem ie used for traction aubw‘J

. 5* stations to prevent the eystem from being interrupted by'
L8 failure of the working system or during servicing.

'”b,} Extended feeding is provided to secure minimum operation
.fof traina 1f a eubstation stops eupplying power due. to-a

power faiiure or a fault in’ the tranemiseion syetem. o

e The geven traction Substations are operated unattended '
| under remote contral from the control center at. Karachi
Cantt. ' ' )
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(?) Typee of traction substations

: In the two typea of traction subatations, indoor and outdoor,
the latter 18 generally 1eso expensive-to construet. N But the indoor Lype-,

: may be favorable 1f. it is difflcult to obtain enough area. In: thie plan,;“':

No l subatation whieh 13 to: be 1netalled in an urban area 1e of the indoor
‘type: while other txaction substation are to be build outdoors..f:The ]oca—;a'

"e tions and types of trartion eubstations should be reinveatigated when L

they-ate’ to be. designed ao as-to»meet_the_actoal condition“of site... -
.'(3)} Configuration
‘a;‘ Incoming System

Two circuits are ueed to receiVe power with an - incoming .

dcircuiL breaker provided Eor each cireuit._ :
'4j-b;'dConverter system | B |
Tarfﬁ converter and a rectifier make a pair." Entenaion is
a.ipossible 1n units of pairs under Phase 2 o
l J:{igieiﬂigh voltage distribution syatem :--_."
': vA set of high voltage dietribution.eonverters ds

7“F:installed in each traction eubstation. 'ﬂ SOREI

- The oapaciry of high voltage distribution converter
'corresponds to. the 1oads under Phase 2 and- is determdned
'“'ﬂ:to have a: marginal capacity for the rise in ambient

“j'temperature.[.
drl Feeding system

A DC high speed cireuit breaker ia provided for each
_section and each track and power is fed from a common

‘r:DC bus.

"Fig. 6 4 5 shows the skeleton diagram of

- No. 4 substation as an example.

6—7-25 Proteetive relaying syatem

' A standard traction substation proteotive relaying systemn ie
shown in Tab, 6-4-2. - -
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Pig. 6~4-5 Electrification -of KARACHI Suburbon Ared

Single-Wirlng Diagram of Grid Station
(nxampias No._4 Grid Station)
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Tabla 6~4 2 Protoctlvo rolaylng systom of substatlon'”

v1rcuit breakers to -

L3
o~
o
o
[}
=

'Trouble

‘Operating relay (anluding DC high

spegd circuit- breaker)

ibe opened

; transmis—. |
sion-line to thel
'1nlet-ofvextrg-_

ps :

Incoming: . system: |
b;ghjtens;pnj

{Erom: &

verload P

) OVErcurrent relay. IV operated

1 with continuous
jf‘current exceeding a
certaln level.: '

TSﬂqftfcifeﬁiﬁd

;Short cifgn;c Felay (50).,operated

‘at ‘high spaed when an-
‘ovérgourrént oécurs.

et

a. grounding current.

Groundlﬁg.felay {510) . . oporated. byf:.'_

breaker

-..Pri-_

Converter system {(from the disconnector at the
mary: sideof transformér toithe busat the. out

.,Transtrmer
‘,trouble o

Pressure relay {63) .operated by
. - - préssure. rise. due to. . .
Z trouble 1n31de trapns-_ " -

CfOrmeE. -

Shﬁ?’t'f_effcuit"':

Shoxt cxrcult relay: {50)
rapidly- by an-ovar~ o
© gurrent  in transformer

_|overload

.H-Transformer
;=,ove;hea§ingHL;

fvoverheatlng

. {oroumaing

side of rectifier). ~ . .

TransFoLmer

Ovefcgrfent Felay (51)..operatad .
Tl Wi eh continuous current

}operatedc] 3

I nconing Circditflﬁ&omihg:cifcuit

_exceeding.a certain level

e
.

reaker and ‘high

peed circuit
reaker ‘at. the

T Tomperatite

relay (26)..operated by
_;Hdetectlng thé. rise of”
i transformer: oil: tempera—

. mined. value.~

[ Reverse curr-';-

DC reverse current relay (- 713
e ;ted by continuous re-

Ccertain level,

7| Temperature

Telay: (26}..opcrated by

- detecting. thé rise of "

crectifier temperature
_exceeding a_ certain valu

'f_Ground;ng relay (64) . "operated by -

_détedtingithe: voltage

S D¢ Bus and ground.

[ lture’ to above. a predeter»ﬁ;
..operaﬁl{

-1 ve¥se cukrent exceedlng aij

l_hr "

¢hange berween' positiVe' o

at the rectifier's DC side’

ectifier's . DC

Flde: JeThh.Fe.::‘”\- LIZ,?_'i ?

?DC hlgh speed circult braaker: (§TP)

‘operated by contlnuous
~eurrent exceedlng a cer-
_taln level.-' A

Taﬁigh.égeed3ciréuit.b:eakéf;

Indivi-land disconnector at . the.

dually jtransformer’s primary side

;Othefsﬁf

QOWerv%rl
clfailure

T [Low=vIEage,

relay (27).,'operated
~ when power fallure
ER occvrs." .

“Incoming cir-

t. and tram.

‘sformer's ... -

cul
se conda;_-y Tgidd

eireuit break-

Frs.
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ibTe .,_-;"Operatlng relay (mcluding-:-bc.:}{igﬁ
PR Qeed circuit’ breaker)
Fegdey Inc”

Ca.rcui[: breakerb l:o_
be opened -

Common

'fagfa11urd-

 ,1ng short-circuit of contfol power .

. [pC control

I jpower fallure

- |{remote Goni-’
Jlerol power’

jingluded)’

whén ' :De ‘voltage: drops below: a
certaln value.;yii,s D

scenter 6f the
BC voTtagé Yelay. (80).-0p9rated {' B

dey ] speed Circult: breaker (B?Jf‘
g o |trouble 4;3..,operated Anstantaneocusly by a - .;?H}Qh 2€egd fﬁeding
8% | e |eurrentiexceeding a givén level; . :|71XGuAt breakeyr
‘3i§¢yfjf,: lselective: relay (SO)s.detects - OEE Rl v
RY IR B - Jlacute cnrrent 1ncrease (AI)1n case:_'- S
B8O e L ok Lrouble."_, L [
S [Feeder T '7"Interlinked breaklng device _
B ;i;"IJ,FFQHb;e_ - Th;a ensures racovery from a fault "igguiﬁeggegﬁzglngd T
IR TR L BY giving an ordeér ‘toropen the hlgh ghat of the ass 22 N
',{}%f C 3~J;speed cireuie breakers .0f the eire ”ted substation Q _a
3y BT L LUjeult where the fault has océurred’
et woor|and: the assooiated clrcuit of sub-:- t
o -_f‘station.l; s i . -
b' ﬁj 1';Transformer; Pres$ure rclay (63)..Operated by
g‘.ﬁ;j,} trouble = . |the 'pressure rise fue to. troubles ' :
g-ﬁ-g’mf§: T linsicde transformer.,,;- v b : f Incomlng CllCult ‘and |
'3_$I§i;£t;Transformer»g0vercurrent relay: (51)..operated by ;;;n:fggmzfrguficond-
9 ‘ﬁ;ﬁgloverload g-contlnuous current exceedlng a -"‘n'breakers .
:g}'g_mhuz @ Tocleertain level, ‘ SERSERE _
ﬁig- _.%Transformery-Tcmpbratuie relay (26)..operated by D
g‘g R :ﬁoverheatlnga_detectlng transtrmer ‘oil’ tempera~
' @ giy&«;? . ,-“ture rlsln ”ovex 4, certaln value‘-; :
u V.“}ijg0verload 3ﬁ--0vercurrent relay (51)..operated by o . S
' 8;§{iﬁ.';: S leoR Einous’ current exceedlng a s Slgna fhlgh tensxon
31§F”'8i L e deertain. level, - distribution. cxrcult
§ -g“[gﬁ;Gtngdiqg;;; AC-grounding relay (67)..operated b; breaker:g
5l§fﬂ8;k-.~ g fﬂ'[,_contlnuous Current’ exceedlng ac N
ﬂ%ﬁgg’ ‘;f_:i: o certaln 1eve1.__-~_' 7- EE .“ T :;'i'
Aada ’*_ ] ' . SN AR
. gungm.COhtrol -OverCUrrent relay (bl)..operated by ST o
Lpower | -detectlng ‘an”overcurrent. accompany-'lnform the control

trouble,  ;:.“,‘-

<[BYopTin air

pressure

BiE 'pres's'u'ré FeTay (63T

Sjouit. breakers and. d1s00nnectors,

.operated'
when the . pressure of compressed:
air, stored. in tank to drive cir-:

drops bolow a certaln 1eve1

“TTHSt action: Iinform
i lthe tcotitrold center of

‘1Loek the related cxr—

the trouble.'

2nd’ actioni opén Or

cuit breakers
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For the orot'ection 'of the 'bc feeding systom,jéltyp'e‘ fault selec—

. tive devices and.- interlinked breaking devices, which have satisfactory

- records of use in: Japan, sre installed to make selcction oE fault curreuts

-and protection of feeders certain. :”
8. ‘:csn‘sfr_aaaah_'sphswoema‘ad C_ontat_t Linie anid Obstacles

76 8— 7: Construction locatiOns

Contact lines are installed on the main and passing tracks.' But
”_Lon the side tracks of each station, they should be installed to the mini—_«
mum extent required for the operation of- electric cars. 1_ ‘ R
‘l6-8~ Obstacles
_ o Electrifying the existing lines, such obstacles as 1eve1 cross—%.'
]fings, road overbridges, bridges, tunnels and platform sheds should be

taken into c0nsideration. : ,.,;;:—'

i It is necessary to determine the height of the contact wire at a Qlf”
‘_:level crossing by considering the height of automobiles and trucks.

‘ For contact 1ines in the vicinity of existing overbridges and ;ff;r
'_1tplatform sheds, construction should be determined after investigating
'_the structure including the height and width at each 1ocation.-u-f-”

_ Bridges should be dealt with in the same way ‘to determine the yE
g strueture of contact lines.;: The construction of a bridge, plate girder,

) truss, ete,, shculd be- investigated in: advance.r—

69, _'_St'ru'ct'ur_e of Contact Lines .

're6+9;1:“.OntlineIOf.the plan.

The contact line transmits power from traction substations and
l-ifeeds it to the pantograph collectors of electric cars.37 It is theiefore '
necessary that the contact wire on which pantograph collectors slide .
. ghould allow ‘smooth sliding of collectors and be resistant to wear,
,Poles,_beams;and wires should be free from vibration fstigue_and ‘1oosen=
ing since they are subjected not only to the climate but to vibrations |

of trains.
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lhe centrifugally compacted reinforced concrete poles are best
: amone Various Lypes of poles sincc they are free Erom corroaion unlike
c-ateel polea and maintenance 18 eaay._. Sinee the raw materiala [or con=-
“'crete are availablc in Pakistan, a concrete pole plant, if constructed
will not only make better use of natural reaourcee in the country but

“also help produce conoreLe piles._fi-'z

_ Aa to the cetenary,_aeveral types auch aa the simple catenary,
e‘compound catenary and double catenary have been put into practical uee.”
'_dTrain speed . and pantograph current depend the method: of installing over—?
head: line, Since Lhe maximum apeed of  the Karachi Suburban Railway "J
JPlanned is 110 km/h we consider the heavy simpla caLenary 15 most guit-
able. _ The conatruction is eimple and maintenance requiiea least labor.
1t makea the current collection perrornance of pantagraph collector
Iexcellent and ‘the wear of contact wire is amell It has a good record :

-of performance for J N R.

. The standard height of the contact wire ia 5 200 ‘min; while its_
‘minimum height is 4; 800 i { The contact wire 1is. provided with a normal--
'zig ‘nag deviation of 200 mm to prevent grooved abrasion of the slider of
the pantograph collector. The gradienL of the contact wire against the
:raila ‘of the main 1ine should be 3 per mill or lesa to. prevent the panto~‘
.graph collector from coming out of contact with the contact wire when
: operating at high speed ' B
. Considering poasible damage by salt and dust, the contact 1ine
:of main’ line 18- held by hinged cantilever which have atain-resistant -
insulator atema < 0n. side tracks, a seriea of two insulators of 180 mm

'each suapends the contact line..

6=9-2 Deaign conditions

' Loading‘conditions"
The conditions RO calculate the strength of insulator, 1oosening

and - rension of wires are given below.-

‘Range of temperature'change: +50° -~ 0°C
Standard temperature i t25°C

'(Temperature-range. standard temperature +25°C)
wind-velocity- S maximum 30 m/s

- 128 -



_6 9~3 Standard construction

_ He uee the singlewtrolley heaVy simple catenary with a scheduled lf
3-maximum epeed of 110 km/h S A VR FeEhl R

Hinged cantilever'suspend the trolley wire of the main bracke [
_between atatione and in station yards.-_ The catenary cf side tracke in
{;stations ia simply held by brackets..._5: " L ‘

RN The standard conetructicn of trolley lines ia shown in Figs.ilg,;"
[6~9~1 6~9— S i | ' ' '

'ﬁ l Suspension sf,f

ncrete poles (centrifugally compacted reinforced conﬂ"'

ﬁ*ecrete poles) are normally used.-

._-.Steel poles ere used on bridges, in retaining Walle and  =7
'”'LZ:7'in the yerds of big stations. Nn;;_.;g-ﬁ" S

"i“;fThe construction gauge Of a pole 1s normally 3 000 LU

K'_@ifrom the track center to the inside of the pole except

. Q,ein”itation yards l_if;tﬁ'”j“

2 Fo ‘datio’fof poles

'  7fThis should be normally made of concrete.ii But inveeti—7'
. ‘f’gation cf each construction site will be necessary to
”'V}Einally determine the form of each foundation. 'f;'fﬂ S

LQ:3(3}f*Cantilever LLﬁ
7 ffif'The cantilever is of the hinged type between stations, s
o but hinged arid fixed cantilever and used together in S

tnstation yards where there are many tracke.‘j:ng !

‘j*;;The etandard spans are shown in Table 6P9 3-1:.,

*-T&ble 6é9+3~1[ Standerq‘spaggﬂs-.,‘

. Radiﬁejcf.curvature_(nO[u : 'z;-:_Spani(e)
'Straight track and 1, 600 mor mcre i . -66
"Over and including 1 000 m to 1,600 m | - 50
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‘3..Téﬁie76¥943é1“Staﬁﬁ@xdisﬁéué'(Coﬁp'd)ﬁ

' Radiue of curvature (m) . 8pan (m) |
'_ovgr and includiug 700 n to 1 ooo n 45
1 over ana including 500 n to 700 m. 40
;_ovér:and including 400 1 to 500 * : 35
) over and including 300 m- to 400'm-“' —30',
Over and fncluding 200_m\to'360‘h~ 20
2w Contact line__L. o
(1) Catenary type.. simplé.caténéryiv~ el
Standard tension‘” catenary cable | 1 8T
' contact wire 1 T
Heavy simple catenary
(2) Wire types ) |
Wixe types are given in Table 6 9-3 2
':w Table 6 9 3 2 Wire types‘u ;
Tracks g R _ T
o : oy Mainytrack ; ;Siﬁe track
Lines r : . L Tl .
QCatenarY o jGalvanized steel 135 ﬁmg ' 'Galvanired steel 'Qb'mmZ
' s 'strand wire ‘ strand wire: s
Contract . _Grqoved_hatd 170 ﬁmz : .Grgqyed hard 110 mm? A
wire |, copper wire S - | copper wire SR -

3

Lateral zig?ag deviation (strand 200 mm and maximum-

'250 mm) 1s glven to the contact wire. so that the panto-

graph collector can collect power constant]y. But the

" standard. deviation should be 100 mm on long bridges

- where strong winds are predicted,
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_(A)drThe atandard height of contect wire above rail level |
‘ff:is 5, 200 mm, with a minimum of 4 800 mm and maximum of--
J_S 500 mm.: ' : '
_fifThe height of oonLact wire at road croseings ehould be
fidetermined by coueidering the. 1oaded height of Lrucka;-i

“"¥;Caution signe should be provided at both eidee of eachﬂ-f_f:'

ﬁ;droad croesing,l__t.
(5) The " standard distance of a section of contact line 13: S
1,500 @, - DR

E (6)‘;An automatic tensioning device 18 provided at- the ends

- of each eection of contact wire to compenaate for expannu' :

‘ef'eion and contraction of. the wire due to temperature

E changes keeping the teneion conetant..‘

' "ffThe automatic tenaioning davices are of the pulley type:-f.”

d'ion the main tracks and important eide tracke of 600 mn
;for longer. 8 Spring type devices are. used in important -
fside linee of 1ess than 600 m in distance.,_"“‘

i'i(7)f€3ectioning device

d'The parallel portions of adjacent sections of main line‘fff

‘_contact wire are provided with air sectioning ieolators.ﬂ

ﬁ-The insulation of the up and down double traeks in sta-ﬂ; o

. U%.-tion depot is effected with fiber reinforced plastic _
", insulators o which the pantograph collector can elide.ji‘~'

The feeding system is- generally isolated in each operating

section, up and down-tracks and branch 1ines.“ The feeder 1a. retained
with breckete attached to contact 1ine supports. ”_'
Voltage. S tif‘l 500 Voo |
Wire . L ‘Hard aluminum stranded wire (with two
: : gtrands of 510 2 each}, one circuit
‘for up and one for down track

Standard tension: 700 kg

Feedingeeystem'diagrams are given 1in Figs. 6-9~3, 6-9-4.
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4. Tnsulation |
The quality of ineulation of each conductor and.: inaulators
"used are shown in Table 6-9- 3~3. ' '

: Table.6&?-3:3:'U9e:of.insﬁiatefe-

| BRI _ Insulator _ o :
DT S Place - L RN Number of “Surface lea-
ConduCtor-_j;of\use-.. 'er¥P? SRR “element’ ‘kage distance’
N 'Heldwith 1 ogan e e
Eeeder | croesnarms 180 mm euspeneiqn S 2. : ._360.me_
e poae | Stems (AN-2 ama BN-2z | .- | .
o Main;ttackﬁ, for hinged cantilever j_;héaéb : -':_600 mm
Lontact Joide vrack .
line | (directly. SN I RIS SOV SR : o
R | suspended /| 180 mm suspension . | . 2 - | 360 mm
from . ol oo T

35. A feeder eection is normally 250 i,
Lo ._63 Lightning arresters are normally provided at intervals of
ZSOO_m.- ' ' '

610, - Hi‘gh Veltagg tiis(ribUtioﬁ_Lihes : |

't6—10~1 Purpose and construction_g}an (Figs. 6 10-1 6 10*2)

High voltage distribution 1ine3, which are exclusively ‘used for
: supplying power to signals and other ground facilities of the railway,__
are constructed 1a parallel with railway tracks.

The distribution lines of the main 1ine consist of a distribution
main line’ of 38 km between Karachi City and. Pipri and brauch lines of 8
“km between Malir Colony and Malir Cantt and of 2 km in Landhi Depot.

. The dietribution lines of. K.C R. consist of a 32 km main line
from Drigh Road to Karachi City via Site and ‘4”2 km branch 1ine between
Depot Hiil and Drigh Colony. rhe construction of all distribution lines
1s scheduled to be finished under‘Phase 1 aﬁd after that additional_cen—
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etruction for improvement may follow the railway.-

# Note: If the K. G R. 1ine ia to’ bo doubled, the diatribution
o line conetruoted for the main ine should bo used for:"
the new 1ine whioh is parallel with the main line.

6-10-2. “‘o'utiine: of 'éb-ﬁa’t“ruéti‘oﬁ ER

: (l) Supply points ' |

_ The seven subotations which we plan to- conatruct should
eupply power. to tho high tension distribution lines. - we conside1 that

Sl should be possible to: supply power ‘to the dietribution 1ine between
- two substations from either of the two- aubstatione. :

(2) “Type of current and conetruotion

: _ Threewphase 6 6 kV current s transmitted through 3-wire un-
| 5,grounded high tension distribution 1ines which are mostly overhead and
ipartially undergtound ' ' o - B

1he overhead lines are mostly eu8pended from ‘the contact line _
. supports except for: special sections where poles should be installed_ '

2 exclusively for the distribution lines..7

o Use of conduits or - cable ducts for underground 1ines is '
-'limited to the 1ead~outs of substations,‘lead ~insg ‘of equipment and

‘ ﬂplaces where overhead structuree cannot be used
(3) Safety devices

Protective relaye and circuit breakers installed 10 subeta~
tions’ protect the contact 1ines. In addition to these, a porcelain
insulator. is installed at each branching point of branoh 1lines and betweenl

traction’ substations to. isolate a section suffering trouble..

The porcelain insulator is -undex remote control and for this

_ purpose a control cable is installed from tho neareet substation. '

_ The overhead high voltage distribution line is suspended from
poles resistant to damage from salt and lightning arresters are provided

therefor.
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"’bQIOEd Losds of Lhe distribution lines

l'v'
: B

ff(l} Loads

The 1oada to which Lhe high voltage distribution lines
Hsupply power are signalling systems (in and between stations), electrical
_'installations of buildings'and lighting facilities in the yard of ‘the,'
felectric car depot electrical installations of the building of the con— |
trol center, electrical installations of buildings of maintenance sec— !h'
dtions (signal, power, etc ),'stations planned to be constructed and |

N power to be consumcd by substations.,-“ -

The electrical installation of Car workshop and existing

stations or yards ehould receive power directly from K E S.C._Z‘
(2) Distribution capacity

1) A substation should have a distribution capacity suffiuc
icient to supply power to. all loads existing between the.

: substation and the adjacent substations

::-:p.Z} EA distribution 1ine should have such a capacity that it'
' f:cannot only supply power to all loads existing between
s two neighboring substations but ‘the- maximUm voltage drop
. mustinot eXCeed 10% of the nominal line voltage even

';undei the worst conditions,ji

'4::'3)‘fUnder normal conditions (or when the substations ‘and’
- ffdistribution lines . are not suffering from: trouble) the
distribution load capacity of a substation s about half
. of the maximum supply capacity. {See 6 10—4.)__"

:,(3)thalance between loads

_ _-lSince the signal loads consume single phase powei, the line
_'between two, substations are divided into 3 blocks to keep the- balance. ‘
_ betweén the loads by making the load capacity of each biock about equal
'Land phase connections are alternated to prevent unbalance of loads between

phases.

6-10-4 Operation of the high voltage distribution llnes

A high tension distribution line is supplied with power from

- 140 —_'



~ edtherx of two, ueighboring 8ubetations as already mentioned. One of'Lhe"}f

two aubstationa (eay substaLion A) 918 normally supplying power to the line

 ' up to. the: other substation (substation B) Bt AE eervice to substation -
f A is interrupted, the circuit breaker of substation B is auLomatieally

("'owex to the 1ine beLweeu aubetationa B and Ay
‘If trouble hae occurred midway along a distribution line, trial distribq

eition is performed to 1 " 1ize the 'ection where the trOuble haa occurxed

' by opening Lhe seotion s”itches on the 1ine in sequence before resuming

' distribution for'the_rem ing normal sections after opening the awitches e

(or’ circuit breakere) which isolate the eection in which trouble has  ;4;."

_occurred.,r
;l_ The scheme of dietribution described above is shown below._;hh”,?

NOte:7 The above Operation cannot be done in sectiona such as branch

lines where a single 3ubstation supp]ies power to each Section.

= _dix“e;feubai of Voltage Distribition

SSBL

e g T e, L SWTDe o TR

“fSSuzguf:ssAwgeggqﬂj e

" betweon 55A . - :oij*ﬁi S
STC are accident = :S}na—z

: btoppdgc oF nur:ont e

‘Between STC and -

. stopprge of current
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611 . ;Eleo_trlctii‘Ins_tﬁl_letior}#_s:‘ii__ff‘ﬁla"llcnjir :ﬁé'ﬁb't'énd”stﬁtion;_

(1) Receiving power eouree of eignels

| The eignale reeeive power from transformere for eignale
.1'ineta11ed in etation depot or between etations. p"'“ R
' "” The inpUt equipment of a eignal in a station depot is a ;”,,'
’ftraneformer box - installed near the eignal relay room..;l', R
The input equipment of e eignal between etatione ig a- trene~

former for the signal stalled on contact line pole near the relay box..f

i The transformer for eignale ie provided with a: high and 1ow'”

7 voltage eeparator plate and its secondary eide ie insuleted frofm the o
o AL the etation where the eection switeh described in.(B) of

6-10~2 is provided, thew witch ie contained in a eignal power transformer e

'box.;r The ewitch ie installed in between two signal power tranefonmere =
Automatic changeover ewitchee axe provided at ‘the.

of the same eapeeity.ws
' traneformere eeeondary eidea to prevent interruption of eignal power due;r

'to operation of the switeh

E _ When the doublingof the K. C R._treck is eompleted addition-"
'.:el eignals can use the existing eignel power eourcee between stations if"'
they are near to the aignale. A signal power input equipment between
fetatione should be inetelled additionally only if a low tension line must'
be extended over a long distanee in unfavorable circumetancee.- : EO

(2} Power input facilities (Fig. 6 11—1}

FOr buildinge and lighting facilities scattered in ‘the elec—

'tric car- depot, several ‘gets of cubiole type input equipment containing o

- elreudt breakere, switches and a transformer 1s. installed for ‘each gronp' '
. of loads, = Loads away from the. incoming facilities are eupplied with _'
:power through 1ow tension dietribution lines deecribed ‘balow,

--(3) ‘Low voltage dietribution‘linee (Fig. 6~11—l)

" The low voltage distribution lines consiet of overhead
dietribution 1ines euspended fram the contact wire or high voltage line
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-'poles'or from'specialipoles:and.uh&ergrosnﬁyqistribptioh;iines.f,

: _6 ]1 2 Outdoor 1ighting facilities

g Outdoor lighting facilities are. instalied for the tracks of the

railcar depot and in other necessary places. _

o The depot traek is lighted with discharge lemp floodiights (high
.pressure mercury oK sodium vspor 1amps) installed on lighting towers with
an average horizontal brightness at Lhe track surface of about 2 1ux. '
'(See Fig. 6- 11-1) ' C ' ' oo

. Passages in the depot and other places where Lhe floodlights do -
'.not ‘covet are light.ed independently with dischaige 1amps. ‘At the car
».washing tracks, the sides of railcsrs shouid be illuminated with suffi-_.

cient brightness (more than 10 1ux)

'6*11-3 Electrical installations in buildings

(1) Electrical installations in repair track shed and offices g

_ General lighting in inspection and repair sheds ig overalljyu"
‘.1ighting (With an average brightuess of 100 lux or more) which is suit-;_ib
able with a high ceiling and auxiliary 1ights illuminate the sides of .
- cars at slmost ‘the same brightness A 1ight (of 100 lux or more) is fh o
- provided: in each floor pit for Lhe inSpection of - the bottoms of rallcars |
'and outlets are conveniently provided for Special inspection lights and.

lelectric tools. . It is almost the same as this in repair shops. : EleCwi-'
“tric. machines -such -as. cranes, 1ifts, air compressors, fans -and pumps,

should be provided with necessary power distribution facilities.v DERES
7-(2) Flectrica] installatious in offices

_ Office buildings are provided with lights, outlets “and
necessary distribution facilities together with wiring for air condi-

_ tioners. (Average brightness'f 300 1ux or more)
(3) Platforms

_ Additional platforms accompanying the doub]ing of the K.C.R.
track are provided with necessary lighting and distribution facilities.
(Average’ brightness' 100 lux or more)
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612, ,'.'.?‘5!‘9_?@'“9“1_ of the axisting signal system :

61241 Signale

_ . i The block eystem between Karaehi Gity and Pipri on the main line .
¥ 13 currently an automatic system, bt the statione of Jumma Goth and Pipri _
Lrhave not yet been fully s.mto-mat:ed..;= To enable frequent service using

: 1e1ectric care after the completion of electrification, we prop03e to
.ehange Lhe block eection length and to fully automate the signals in then';”

yards of Jumma Goth and Pipri stationa.:.' S N '

o The headway ie planned to be 10 minutee in 1982 and 6 minutee in
'20621; But we aelected the biock section 1ength which euite the haadway‘ :
of 6 minutee from the beginning eo as to plevent backward work. f In this
casge, the intervals of bloek signals are designed so that trains can be :

‘ operated at intervals of ‘3 minutes, considering the problems of establish—'
: :ing of train operation schedule.rrfﬂz : S _ 4
_ The signal system usea the currently used two-position (R and Y)
oor. three-poeition (R 2¢ and G) signals generally and YY or YG position is
”;added, if necessary, to tha signal of small block sections. ;;;' e

: 6-12w2 Treck circuit

. DC track circuits are. used at present but 1t is necessary to
'-change them after the electrification pro1ect 13 carried out ueing DC _

. power, siace the bc traction current will mix’ with the signal current I
';.flowing chrongh the traek circuit._ Corresponding ro DC electrificatton,
Cwe propoee to 1nsta11 50 Hz Lrack circuite ofwhich the coat of . construc—'
1'tion is. law and maintenance is eaay. f Here double rail track circuite '
are provided for the main running line between Btations and in Btation |
 yarda while single rail traek circuits are provided for. other places.“
The echeme of the traek cirruits is shown in Figs..§—12 1 1 and 6 12~ 1—2._-

Hhen 1mp1ementing the track circuita, welded bonds are fitted at
'the rall jointe where return currents flow and impedance bonde are fitted
at_insulated rail joints. : ' '

6—12 3 Interlocki_g_equipment

Relay interlocking equipment 18 ‘installed in the yards of most
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7}'stations on Lhe main line but the equipment must be chenged or improved
when track relaye are replaced accompanying the modification of the wirﬂ"'
ing . in the yarde and of the track circuite-_; Relay interlocking equip~ -
3ment hae been newly installed in Lhe Jumma Goth end ?ipri etations.uf

__6—-12-4 oy

CTC ie installed at’ present between Karachi Gantonment and Landhi.
' :But, according to the 1974 aceident records many accidents have been ;'
reported originating from faulty indication 1in the GT cables. " We pro»l
pose to accommodate the CTC line in the communicatione cable to be .
-;installed in thie prcject to prevent ‘such - trouble. Modification or ;.
imprcvement of the CTC dieplay panel should be carried ouL together with

.replacement of the wiring.

813 'lmprdtqmén_'t of fé_i'gnaiji:ng‘ ec_amies‘--_-

' '6—13~1 KCR and Malir Cantt Branch
Semaphor signals equipped in KCR,and Malir Cantt Branch are to be

. changed to automatic signals when the electrification project is completedt

R Since the project of KCR does not involve doubleing of the track
"in Phase l .a unit of block signal is: equipped in each of " the up and down .
' -tracke in between two. stations which have points.; But Phaee 2 of the. L';f
' project involvee doubling of ‘the. track and 80 signale should be changed

zfin the same way as. for the" main line‘

_ Malir Cantt Branch will remain ko be of single track even in :
'.Phase 2 of the Project and therefore block signals are equipped in the
s same way ae the system of the single track of KCR._l- ' BRI

’b_ They use the same track circuit eystem as the main 1ine. f;'

_ Staticns having pointe are equipped with' relay interlocking ;
: devices. Branches from the main 1ine are provided with electric switch -
mechanisms, but thoee used only for switching or. shunting are equipped

with levers having electric locks.

_ Generally the control panel cf the relay interlocking equipment
: ie installed in the station office and relay racks are accommodated in a

newly nade relay room.
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“56~l3~2 Electric car deoot

Shunting movement of oare in Lhe aree of the electric car depot

".-ie carried out with switching signaie, which are operated by the relay

_"interlocking devic' equipped in the eignal eabin. : - For thia purpoee,
_relay interloekin ‘denice, ehunting aignals, track circuite, eleetric
switeh mechahieme and signal cables are inetalled in the yard.‘3 Thew
'.arrangement of theee devicee ie ehown in Fig. 6 13~l. : S

~13w3 ATS
(l) Necessity of ATS

SRR When a signal indieetee stop ot a restriction, the Automatio-f'
gTrain Stop (A‘I‘S) deviee activatea I:he emergency brake automatically to . o
‘stop | the train just before the atop signal unlese the operator stope the dlj
etrain or reduce iLB opeed below the limit._n G o o

; It is an"eoential meane for eafeguarding the train against
1accidenta1 1ack of conéentration on the part of the 0perator to secure .

_ ithe eafe oberation of trains ee epeede and traffic deneity beeeme more
?5and more high. L L g ' : L

( ) Type of A’I‘S

o : The ATS eyetem ie roughly divided into the point control and‘;e
: c0ntinuoue control typee, the former being more widely used. Concerning..g
. the method of comparieon between the epeed of the train paesing a. signal
. and the speed indicated by the signal, two kinds of syeteme are ueed.
:The comparison ie made by the ground equipment in one eystem while the_'”
‘other performs it in the ear. 5?" ' SR R SR

Coneidering the conditione of extremely high temperaturee
_and. eandetorme, we uee the latter type of ATS which performe detection or_i
comparieon of speed in the car, which 1s also favorable eince this system

Cis. not. go oompliceted and maintenance is easy.
Fig. 6—13~2 io a block diagram

The system we uee is a point control frequency convereion
type for which ATS wayside coils are inetalled near each signal and at a
"certain point before each signal to transmit the eignel information to
the passing car on which speed eheeking ia done using the information.

o= 148 ~



= Y PTE T Tiwes. outis E ..g..,uoaou_._v.:”. wi-ﬂ..,..uﬁr...u,ﬂ..._..omtwom. D R

o .oyoo.vc_aoam a0y R .,..k.v.«»..u_,vﬁ ) !aow.‘..“.d..‘ R .H.“.uc,v._m_ E::m»ﬁjao;_noa B .o*oz ;

- @ L orAeuhig s g X Jenion r\.\.wu

. Tmm.tlhwf.

e S W

Tllilllnﬁu -

b e o

e e e e ittt e

e L R SR ﬁ""’

g X * L ] 1 ol A *
(3

] Ml T T T S I N, WRE Tr R TR S EPIEIPO YR SUNRR IR
= gg" I Il O I R I

wOs9:

- 149 -



un

S [iws

#00 S1V]

o ororeuet. )

T 2 N R e A B

Qoweg 1 - { wauodwon sis07]

150 =



(3) Outline of ATS operation

Fig. 6~]3~3 is a: echematic diagram of ATS operation which

'shows the relatiohehip of eignale, ATS wayside coile and train apeed

| curves.-' Symbole a, b c and’ d represent ATS wayeide coils which eend

| epeed informetion controlled by Lhe signale to traine..j_Let us” aesume
d_jthat traine A and B are. running at Lhe places ehown in'the diagrem at a -

:given moment.: Then train B muet reduce its speed to Vl before 1 comes

ko signal 2. But if the operator dOee not reduce “the trein epeed to

"below V1, the emergency brake will be applied to txain B at 1ocation b
and the train, the epeed of which A8 ehown by & dotted 1ine in. the figure.
will come to a stop just before signal 3. If the train ie operated ST
:correctly ae ehown by the eolid 1ine according ‘to the indications of ..

'.'signals, ATS does not- activate the emergency brake.fg Even when the train_

"has passed eigual 2 at’ a epeed of: Vl or. below, the emergency brake will
_ _be applied ta the train to etop it just before sigual 3 which ie indicat-'f'
L ing etop if the operator does not reduce the train speed to below V2 at ;"”

1ocation C. o

_ : In any caee, the emergeney brake ie activated if the rrain shouldf
'paes 1ocation d since eignal 3 is indicating stop.zs : REa '

According to the KDA plan, trackage right operation between the f
existing railways aud each of the R/T, spine and extension 1inee is under_"_

'__'eoneideration.-

Since ATS ie considered to be the minimum requirement to secure
the safety of underground railways, we- plan to- implement ATS for the main','

line and KCR under Phase 2. A‘

814, Improvement of Safetv Dovice of Level Crossing

Most level croseinge are equipped with gates at. preeent.--_Some
1eve1 crossings not equipped with nearby. outer ‘slgnals are equipped with
_gate signals. Before a train paesee through a level croeeing, a gate '
'eignal lever is operated, aesuming the level croeeing is cloeed with gates,d'
Cto deliver a proceed signal to aliow the train to go through the level
croeeing. This method, however, requires a great deal of tine for lever
operation and so it may not bé used if the headway becomes small, For

thie reason, we propose to use the system currently uged by JNR.
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Erpig.u6~14w] is a sehematio diagram of tho system we propose. f*

The barrier rotates thrOugh 90° in rhe vertical plane to shut off o

_jathe rosd when a train 13 passing the 1evel crossing.‘ The apecial flash~

*eling signsl is to inform the train operator of an emergency, operated by

”f:the gete man flashing two pairs of red lamps on and o£f as shown iﬂ Fig
-16*14~2 in sueh cases a8 ehen 2 motorcar has eome to e standstill on

* -alsvei crossing due to engine trouble or sny other oausee.lr S

_ ‘? Undsr normal conditions, the level croesing alsrms start ringing
. automatically a certain time before & Lrain comes ‘to - the level crossing
- and a few second after that the barriers start swinging over the road to
T'shut it off The devicss restore Lo their initial gt:ate when the train ;,
',. has psssed through the 1evel crossing. : LE an emergency happens on the
flevel crossing, ‘the gate man oPerates the. special flashing signal switch

,Lo inform the trsin operator of the emergency. -_f

o - we propose an alternative for KCR to abolish the level crossings if
1:by elevating the railroad partielly a5’ described in Chapter 5.; The
':existing freight line of eaeh ststion is 1eft as it is together with the
ifsignal and crossing facilities. : At both ends of the elevated track
rjfpoints are provided so the goods traina can run on the existing line

f.‘while passenger trains run on the elevated track. i~g-5
618, R'sfotm ofk_'il‘_elésomniﬁsiea_'tion--f-;soi'_ﬁ_'tios o

':6~15~1 Telecommunication lines

Information will necessarily increase when the eleetrificatiOn

) project has been completed and various facilities have been modernized.

T It will be difficult £or the telecommunication linss available at
,jpreSenL (1975), whioh consist mainly of bare wires, to deal with informa- .
" tion which will increase more and more in ‘the future and to transmit it
'at high- quality. ” =

. For this reason, we propoge to change all the telecommunication

1ines of the electrified sections o cable tele 1ines
o The telecommunioation lines use. cowposit foamed polyethylene
insulated “aluminum-sheathed tape-armored antl-corrosion cable (XTEFE TAZE)
'maiuly. :
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. Flg, 6-13~3 ATS COntrol Curve
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The cable ie contained in troughe in Lhe yard of atationa and
buried directly in the ground beLween atationa with mexking poata inecalled o
right over the buried cable at incerva]e of 500 Wy '
EE 1: :iifi Pole.'

".,Rail”

f:;;;%%i,:,::..

~;fjfeooutglmf

~ Communication cable

| In addition, a device which supplies dry air into the cable at a’
eertain preeeure 18 installed to help daily eheeking and findlng cable '

malfunctions easily.

*"6—15‘2 Carrierucurrent telephq_y equipment

o Two cirouita of carrier—ourrent Lelephony equipment (with a capa—
_ 'city of 12 channele) are 1nsta11ed between Karachi city and Landhi to form
Ca standard quality teleconnnunication 1ine by compensating for the t:ransmi-
7?ssion 1ose of the cable Leleeommunication linee Carrier repeaters are

l_installed at Chenaar Halt and Drigh Road.-

: 6 15 3 Control telephone

The F—l type (JNR) control telephone sets are ueed and connected :

to the power control and operation control 11nee."“

The control telephone sets ourrently used should be removed and
diverted to the sections not electrified - The epn;rol center ie_equipped

~with the eontrol telephoee meaﬁer device,"

-6~15~h Other communication 1inea

(1) Wayside telephone

Telephone sets are inetalled along the electrified 1ailroad
.atlintetvels.of 500 m, This telephone line accommodates circuits used

for cowﬁunieatione_with-trackmen and emergency eommunications{
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._( ); Talkvback equipment

_ Talknback equipment is provided for the purpose of communica~_
.tions (between signal oabins and pointa) when shunting cars in a station

or car: yard.‘
(3) Train operation telephone :

A direct magneto telephone line is installed to exchange

train operation 1nformation hetween adjacent stations.
(4) Substation remote control lines-

: A direct vommunication lina is provided between . the conLrol
oenter and each substation to put the traction substation under remote -

_control from the control center‘.,,‘.:.
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CHAPTER 8
Admlnistration and Management

o According to the rcsults of this feasibility study, the demand
for traffic in the Karaehi Metropolitan Area in the. year 1987 is estimated.

L to be 4, 2 times (in terms of passengers) and X2 5 times (in terms of :
_,.'passengermmileage) Lhat of 1971 and in the year 2000 about 10 times and
AL times Lhat of 1971.=_:-" S e e ' . '

In order to cope with Lhis treffic demand, this study team pro—'i

‘_'posed the remodelling and electrification of KCR to a double-traek 1ine
g and of the main 1ine to’ a four“traek line in series go as to modernise
the existing railways.. By doing this, in: 1982 snd 1987 the traffic
capacities will be increased Lo 4 1arger eXtent and the headways of trains '

- -considerably reduced

Co On the other hand however. a. further study will have to be carried
'out with respect to the methods of administering and managing the staff

"_and workers, whose number wi]l increase with the services relating to the'

' sions increases..

'transportation, train operation, eivil, electrical and maintenance divi-
. The following deseribes the concept ae applied to the respective_

i:divisions.‘

©81, T.ransport'ation 'and Tra'in 'opéiéa'i'i'dh B
At present, staff related to train operation are marshalled under
the leadership of station masters to. handle daily duties. However, as
'traffic services wiil increese markedly An the future, more booking and
train operation staff will be required aud hence platform and ticket N

-examiner must be" managed ace01dingly. S

_ The. duty ‘of platform staff {s to make possible normal operation. '
. of trains and conduct passengers in. the rush hours and that of ticket
examiner 18 to check ticket and prevent fradulent passengers. In addi4
~tion, as station masters alone ~cannot perform overall administration as

- the services increaee, officials assisting station masLers in the fulfill-
" ment of their services mugt be assigned. The addition. of booking offices

~ 157 -



s 8190 required in Iine with Lhe increase of services henhe emPlQYmgﬁﬁiﬁi
of automatic ticket machines hss been envisaged. 0 BRI

‘ Meanwhile, in the administrative division, Lhe existing operation 3:
"eontiol system must bc improved to s greater extent and additional pass-L
enger control systems mnst be provided to. assure normal Operation of

- -passenger trsins and when abnormal situation Occnrs . to arrange for proper--'

'transportation of passengers and transmit information from one station to

another, all mnst be done rapidly

' As well as’ this, an organization must be established to enable ‘
'safe operation of trains snd protect passengers. For these purposes,
conductor services mUst be integrated snd inspection of tickets in cosches

musr be carried ‘out at sil times. v

82 . Concermng Ciwl Eng:nesrmg Works

3 assistant engineers are assigned to a Divisional Civil Engineer }.e.
within the administrative division. i The, train operation division consists _
Cof tWo sub-divisions, the treck maintenance sub division and maintenance
of civil structures and buildings._ Regular inspection is performed by e ’:"
:‘track;bicycle or. on foot. j”}V“"‘ R s e D e

For this purpose, teams, each consisting of 15 = 20 track workers,“';f'

‘perform maintenance of the trackwsy, according to the work schedule._:3 SN

Considering faster trains and a: 1arge increase in the frequency
) of trains in the future, the wear and destruction of tracks must be con*d'
' fsidered and the safety of maintenance services will be threatened, there~ .
fore the foilowing should be studied. - :
_ (1) Heavier rails must be used. ..Employmentfof'ioné raiis shouiddi'
be envisaged.._'f-j '_ : EEE -:. T ‘f 3
B ' The existing manual maintenance services must be changed to
mechsnical services, and for this purpose a new maintenance method must
be employed and - train operations reshuffled. CIn order to effect the per—ii
-formance of drastic, complete maintenance services by sub»dividing the
~sections, the’ training of necessary staff must be prcmoted systematically
so ad to make progress in the modernization of maintenance services._"
(2) 'in order to_protect the safety -of staff from tne faster
treins and_increased train_frequency,_trains should be watchéd in a cer-
' tain fixed'pattern_and s.means to asaure sufficient'time'forlthe carey-
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"ing out of 1arge scnle work should be provided. _ Unauthorized petsonnel

'-'should be kept awsy from entering the trsckway by providing fencing at -
B _fthe boundary between the righn oi way and Lhe outside area, “this will

:contribute to the prcvcntion of accidcnts. '

: -'a'-a';? Electrical e _ | T
N with respect to; electrical faci1ities, the following organiza»
bﬁtions should be eslablished to maintain electrical equipment.. : :

The maintenance Servicea being carried out concerning substation.
- syqtems on the elready electrified section betneen Lshole and Khanewal
J“ should preferably be consigned to. KESC who has sufflcient ataff o per»

'gform this, “and has stated Lhat 4E would accept such consignment as a

-j'necessary service to be handled by it.f.ﬁf

- With respect tn the maintenance of’ signals, Karachi Regional
: Office is carrying out maintenance of mechanioal signals, 1evel crossings,
_wi<CTC of the main 1ine snd the automatic signal secticn between Karachi '
.-7City and Pipri.. However, more staff should be employed and trained to

‘ .iperfect maintenance services.i_fr.-.“

With respect to Lhe c0mmunication system, other than the GTC sec—

'ticn of the main iine, no- cables, etc. are owned by PR and no organiza-

”:tion hss been established to maintain such cables. However, Karachi

f,Regionsl Office has an organizstion capable of maintaining and communica-
=tions equipment such a8, Lelephone sets signal transmitters, etc. and
'»the cables Aa Lhe CTC section, and this should be: . extended and improved

8038 to perform satisfactory maintenance.‘.. S e

‘ _ With respect to management, it is considered to be sufficient
“for Karachi Regional Office to: employ some more electrical engineers 8o
.as to strengthen the sdministrstive division. However, the provision '

i_of a powet control center to marehal electxical transformer facilities
and high voltage distributors and a signai and communications center to__

marshal signals and c0mmunications syatems should be located in the

'central aree of Karachi~Cantt or Karachi City.  For this purpose, each

control center should prefersbly be manned with a staff of abOut two On'

.a fullﬁtime basis.



CHAF’TER 9

lnvestment Fund

94, Contents of Fund Program

_1<’“”f" For the execution of this Project, the investment of enormous .f
gum’ will’ be required.'- Such an investment can be recovered only over a ‘
‘Jlong period of time.' Concrete annual fund plano should therefore bc

‘_'eotabliohed ' | Ll ' ‘

| i For the authorities concerned wiLh thio Project, the. total sum -
?and Lhat breakdown by individual applicaLion should be determined 1n
'idetail In addition, if a substantial portion of - construction materials,
'equipment aud machinery, rolling~stock, technology and. other necessary
_ .oervices must be - imported from a foreign country as- is the case wi.th
~this’ project, the required amounb of . foreign currency will constitute an. -

“i.’important factor. CTa conclusion, ‘the fund program for this Project can -

ofbe summarized as s’ ehown in Table 9»1 m 9*4.-
. This fund program as shown in the_;ables_ie_based;on the assumed .
.time schedule of construction work of this project obtalned through

_deliberations among various experte.;

.92, Assumptlons
- The fund program mentioned in Paragraph 9 -1 above has been esti-
"mated temporarily on the basis of - the following assumptions, to which the

A Japanese Government has no objection.

. (a) Fquipment machinery, parts, moterials rolling-stock and
‘ technicians not available in Pakistan are_to be imported or furnished
__from Japan. : ‘ ” '
,(b)' Pfices of importeefrom'Japan are-C:I ¥, prices-

(c) Prices of imports from Japan do not include any customs

lduties nor business taxes.

(d) .Compeneation for any personal or corporate'rights which may
be affected by the execution of this Pfoject as well as that for any

rights of way are not included.
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(e) . Prices of equipmant, machinery, parts, materials, rollingm

'stock, technical fees and wages adOpLed are” Lhose prevailing as of 1974.1af-=-

'93 TWoN&meeﬁmmmemmw

As shown in Table 9~ 1, two alternative financial programa were‘}
'prepared.- Theae alternatives correspond to ‘the. two proposals mentioned
in Chapter 3 above'F'one for construction of bridge structures for
_;elevated track for oertain existing railway secrions oontaining grade
crossings with principal roada, and the other for moderniration 1eav1ng
the railway in 1Es present condition._ The 1aLLer proposal impliea that,
all crossings ‘on the existing railway are to be gradé—separated (with j_
"uroads being elevated) by ‘the road management agency.__ Accordingly, the -
ﬂfinancial program for this proposal (Alternative 1 i Table 9-1) does not

cover any funds 1equired for gradeuseparation of such crossings.ff’
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Téb;e

9 ? (1) Pund Pl n by Local and. Fore;gn

Currenc ey apd’ by Categorles of

Work v for Blectrical Installations
, - : ' {In Lhousand rupee%)

Categorles
of WOrk

7'itém§”oflﬁéfkw=

Qdéntity Foraign.

currengy

ToGal Tbtai;

currency ("

Sub~stat10n§

:Sub statlon

fa0111t1esi

7 ‘places

181 367

BT

192,200

':’OVerhead '
jtrolley

e

170 400

;31L133f

- ngh ten31on_i 

cable 11nes

329 km

:23;767‘

»f?}067

”126;833‘:

Flectrlc o
“lighting .
| 1& power:

Electrlcal

'1nstallat10ns o
i for. bases,
jstatlons,

ete. |0

"116;567

12,533

119,100

.‘ 1-Sub total.

jImpravement of'_"
Coolexisting :

‘[ 8ignaling .
'. fa01lxt1es

28,800 |

5,500

45,973

4,067

' 32;86?;_

‘fsigﬁéliﬁQué

g ;Modernlzatlon of‘ﬁ
coolsignaling
-Llfa0111tle

70,833, | .9

- 80, 200|

'i_Cr0551ng safety”
S-'and: protectlon
:-1nstallatlons

*w914675¥

667

fSub total

109 100

14,100

123,200

 ‘To1oc0mmun1caﬂ NE
' :,tlons lines o

' 19 467

T

22,567 -

_Te1e~ ' ‘
communlca-f

TeleeommunlcaAV

tions equipment

'3;3007

333

'3,500]

‘| sub-total

22,767

3,433

26,200

Engineering’

24,333

- 24,333

Total -

{548,300

65,100

613,400|

Contingency

53,633

6,367

60,000

Grand Total

- 601,933

71,467

673,400
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Table 9 2- (2)~(l) lund Plgu,ov LocaL and

Foreign Curiencies and by

i Categories of Workiwﬂwv

for ClVll Works : :
SRR (In thousand rupees)

e

Categories
Qf_work'

Ttems of work

LoCal

QF?ﬁt4t¥ currency

Foréign
eurrency 0

Total:.

N(aiterna- -

tive. 1)

K-C-R? ‘

strengtheniné”

27;700m_ 51 833

22,167

74,000

CoL Constructlon of
|-new track o -

structure o

| 28, 600om

- :461600'

20,067|

66,667

;Safety”and'
.protection
-::nstallatlons

"3Op1acé55

2,000

4,000

,_‘Statlon
"fa0111t1es

15,000

15, 000(

' S ' =
130,000

Buildings- for""

'Eelectrlcal

lnstallatlons;“

13,933

" 6,000[

19?933"

| Earthwork=

filling -

253, 700m3

40,333 -

" 4,500

44,833

-?afthwork
_cuttlng

Ppas,;700m3]

33,233

3,700

36,933

"Temporary track f

. 500m

~1,800]

Y

2,567

Run-over- type
brldges o

23 | 6,333

25,333

31,667

| Bridge structures-

for elevated

'jtrack

_ 250m

8,500/ "

19,833

28,333

_Brldges (small)

- 35.6m|

1,000[

633

1,633

_Brldges (medlum)

192.3m|

 é,l33'if

4,933]

7,067 .

Bridges’ (1arge)

344, 0m

5,500

3,667

|

Engineeriﬁg

3,400

7,933

11,334

48,700/

26,966

75,667

'Contlnqency

Total

280,300

163,500

143,800
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Table 9-2-(2)-(2)

Pund Plah by Local ‘and

‘Forelgn Currenc;es and bx

"_Categorlos of Work ~ew

Llfor Civ;l Works,*

Categor:
of work

8 Items 6f'b6rk':

{(In thousand rUpeeé)

ouantlty borelgn Local 'Total;

currency| currency

(Aiterha~ '
Tfotive 2)

:.K‘CfR' -

| £ilYing

Track s
strengthenlng

3.118¢230m_—134;000 14,667] 48,667

| new track
| structure

.Construct;on~oﬁ.

37,570m | 61, 100] 26,366 | 87,466

.Safety and .
"pProtection

-.'zlplaces 4000 i,400| 2,800

1nstallatloﬁs

' Stat1on‘”

facilities - =

3,167 3,167| 6,333

electrical
‘installations

| 1359331 6,000| 19,933

Eéfthﬁqu — 

- |z09,340m3 ! 33,200 3,700 36,900

_ Eéfthﬁofk'f"
- ¢utting

326,idom3f'3s;obb_;m,3;661f‘36,667

'-T;ATémporary‘txack=

“2,810m {8,000 3,434 11,434

Run- ~over- type
:brldges

—vmaney,

2370 | ;333 25,333] 31,667

Bridge struétﬁr
| for elevated
'track

es R a o
'8}390m~'342,000 :800,000 1,142,000

Brldges (small)

18.8m | .500[ 367|867

Bridges (medlum} 192.3m | 2,133] 4,933 7,066

Bridges (large)

299.0m | 3,667 . 5,500| 9,167

Retaining walls.

1,080m | 21,000{ 9,000 30,000

Engineering

13,433| 30,967| 44,400

Contingency.

Total

- b g e

113,500 182,567 296,067

690,3671,121,066| 1,811,433

- S

=172 -
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Table 9*2 (2) (3)

oreign Currenc 85 and bwar*

Catedorles of. work -~gr

"'hf} f0r Civ11 ﬂorks

(In thousand rupees}

Categories"” |

3I£em350f;w¢rk B

Quaﬁﬁitf Local

|Currency

| FO¥3l9n~;.
currency -

of work

Main’

|. Line

:'Track
'=”Strengthening

73;950m«

{136,000 |

54,667 |

194,667

_Construction of

,ture

new track struc—

'¢30;830m" :

59,333

s

84,666

"1nstallatlons

Safety and ‘
protection -

' 12 p1aéeé.

3;133u -

f3;133

- 6k266

Stat;on;-1 _
_faCiliti951

| 35,667

35,667 |

a3

._Run overwtype S
'-f:brldges pe

- 570m

155,000

220,000,

{374 060

."Brldgei;“' '
. -l stryctures for .
~ | elevated track . .-

68,333

160,000 |

228,333

Réiaiﬁ;ﬁg5ﬁailsy

1 280m-

7,557 |

17)7QQfﬂ{

': .25- ,667

Bridges (small) |

6,200

10,333

'foidéesv]hédium)

2}233‘*Q.

3,200

Repalr & 1mprove—""

ment of hlghway

bridges over‘“-

rallway

| 33,333

66,667

Others

10,667 | .

4,667 |

* ;15;333 .

Engiﬁéering

'8f83§.f

20,600

29,433

Contlngency

':;70}006¥

126,434

196,434

Total

(308,433

701,900

1,207,333
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- Tab

le 9= 2 (2)

(4) Pund Plan bv hocal ﬂnd

. Foreldgh Cuxrencies and by
”Categorles of Work ~-— L__f

‘““ffor Civil WQrks T
§ N (In thousand rupees)

Categories
Qf work

I%émb of'warkr

_éuantity

Local

currency'

“‘“fbreigﬁbﬂ'
gurrency.

“Total

‘ structures ‘.

'Land gradlng &

Srad

ll 667

L::$}QOd 

16,667

| 11,000m |

17;961;;.5*

7;700

;25:667:f

Electric
lrear

'Tracksflfr"

| Turnouts

GOSetS

- 2,533 |

5,867

18,400

Buildings = |

24,000

48,000

depot

Engiheerihg~

2,067 |

2,967

_Contingency ;”

TG |

8,700 1|

19, 800 ,

'Total

| 68,167

53,333 }_121 5oq. |

Malir

station
facxlltles

'ImproveMent off7: ?i“72 =
C 7 assoom

4,722

6,667

branch -

-Bnglneerlng &.

7‘f.Cont1nqency

388

11,333

thal R

5,667 -

2,333

':_: 9, 000

SR 7 A



TFLOL QRVED

AouaBuraue)

T30l

s3uTIeouTlduy

Crm9ostssy | . 07006°8T - | -£°99T*9T | 0°000%%ET . 0°00L°9LT o Te303-qns

£7990%97 | 799§ 1 0%009°T | 0°000% |  0°006°%T . suoTaEoTUNWmOSPTR]

rre98v8 | orteetrT . | 0t00Tw | o £Uesofee £7995%5¢ o  SuTrendTs

£°990%0% | . 0°00€%0T . £°998°T. [ © 1°998°ZT | £°6€0°ST | Zemod p BuragdIT 9TI309IF

0°00ZwST | | £°998%6 -~ | 070098 | 0°00T°6E | €°€€9°00T | £eTro33 peeunies

- 1 wm - n.m

n.mwmmbu ._mw.mmﬂom_u. ﬂH.v
: SUOTIETTESSUT u.n.uuum.ﬁw(t Q3 llil....\ : R
mm.w.ma.m no.ﬂuaumﬁoo hn pue mw.ﬂommumo 4q nmﬂm mﬁa.m Hlnﬁlmzm @198l

- 175 =



- IVIOL ONVED

- AousBurzuoes

18307,

© sZBuiissurlug

£TesT.

0°008%€ET |

Crr9eT

0°00v“18

| EEENTS

T0°00T .

1P303-qn8 |

SUOTIBD TUNEIODRTRL

£reeetes

L79%T

£°¢Eg YT

£EETCT

SurreusTs

0998%S

. £7998°G

 zencd 3 BuTIUBIT oTXIVATH

.HMmWﬂMrN¢,_

. £RTTO13 PEIYIDAQD

UL Ty

-+

...H,.su..;m.mmmwmﬂ.

- 0°00€°8T

 SUOTIBAS~GNS

TE0L

- aodep IBD DTIIVNLF

TSR

i

| TR

eseYg

. MIOM JO wmwwowmuwo.

. (so3dni puBsNoY? TI) -

STOTIETIEISUL OTI0STE I0T

o . $PSBUZ uoTIDNIISUO) Lq puR S$°TI0893eY AQ uRlg pUng

Z-(€)-7-6 - TQEL

176 -



oxoowmwwm.m‘»ﬁrrﬁs_a ”,mua S

_ - TVIOL GNVYD
mm_@owboow®w_ R wuwuwnwwwﬂu

0°007°€T9 sl e T T T T T e

£9%0%635 | 00068z o eesrer | ov0oreste | eeeetsze | _Tea0i-qns

..‘.m.moﬁoawwmww:ﬁ.wmme“nh wmm ..”:;:.m::Ofﬂ@mwﬂg__mngwMJWWOmmn._m.umﬁ.ononomww,.;., _., _ mﬂOHuduaunﬂHoumﬁmﬂ

botooziesr | _gmwwm@HANw ~ | rresey

e R R T e £°860°6T | 3en0d 3 Baragsyy oasosty

. m-mmnnHON - h¢®wwnm | , O -Oowam . M.mmquw m.mmwaoo.ﬂ I . ., ., ) h@.m.mouu ﬂﬁmﬂhmbo

_wqﬁ;oqoownwmﬂumwa._,M_H~ m._r.;p;_;_. T ._ma.¢, mm,__ﬂgmmemmAMWw;;m_;qmemmmwmnﬂ_ Yoo . suorzeas—qns

MW%OHMHwh_,w.umﬁuvmWNVaUﬁﬂmumﬁm.¢, ‘.,‘.m U.S : & _ﬁ Jw.MUMw_. _ﬁ.v.m”.mg.zw .&uoﬂmmo:muﬂNQWMuwo.

E L mﬂowuwﬂﬂmumnH Uﬂhuumwm;uow. — L
ST mwmmnm nowuusuuwnou &g vﬁmﬂwwaumwmwmu;hpwawﬂm Mﬁum;g.MInmerlm@. 9TqeI

- 177 -



:jTaBie 9¥3i 'ﬁmo6ht of Investment in Rolling Stock

i'%(IﬁfthdUséh&Ifupeés}f

| No. of additional _
rolling stock ,f“' g

La98L -8z | 1egg~" 
.”5"1§56T"§7“5f53f e 30 N |
1991 - 92 [ b 1020
1996 w97 300
C200L 02 | L 50
12006 - 07 v e 1000
a0l el el 500

L 448,000.0.
' 80,000.0
. 272,000.07
L 266,666.7
S U133;333.3
266,666,
£ 133,333:3

LRI P TR S A

4

(1} All rolling«stock investment are based on foreign currency;  f

(2) The above values do not include number of rolling stock
replaced after expiration of service 1ife, and funding .

thereto. ST

.'Tﬁﬂotes.t

Total Amount of Investment ' '

'“?1a5f]f35;¢[344”*

. {In thousand rupees). -

':{ry‘Infraéﬁrﬁcﬁhfé‘Elééfrib éﬁr 7, Total ¢

| rardatan currency | £931,033.3 931,033.3-

Ales 1 Foreign currency.

'TotalzJ 

Zfl 523 000 0

1,600,000.0
1,600,000.0

3,123,000.0
4,054,033.3

ﬂlt{‘Z'"Foreign currency

Total o

':f-”Pakistan ourrency

1,341,100.0°

1" 2,480, 566 7
3, 821 666 7

1,600,000.0

'1,600,000,0

1,341,100.0
4,080,566.7

5,421,666.7

-~ 178 -




CHAPTER 10

Economac Eva!uatlon

..10'-'1;. 'Ob'_jsct and_ Mét_hod s

10~1~1 COst~benefit analyeis

In projects requiring an enormous sum for And¢lal investment and
j‘fa considerable period of time for ‘the recovery of this investment ﬂS is
"fthe case with this Project, an essential point of a feasibility °cudy ig
to judge whether the capital invested can produce a. sufficiently 1arge _

.benefit or not Lhrough the execution of the projeet.‘

However, the - judgement as to whether or not sufficient benefit
- can be produced is not easy sinee it depends on a number of indefinite

‘ future faetors.a:_.

- One of most essential questions is to determine the value pro~
f‘dueed by the services provided by the railway improved through the invest- .
ment of an enormous sum" determination of the number of passengers
"availing themselvee of such services and prices to be paid by these
'passengers. - Lo :_,r‘ o ~ R o

, o One of . analytical methods widely used 80 far for these questions
is the eost-benefit analysis. : This method has been used in this Section.
"In applying the costnbenefit analysis, every effort has been made parti-
_cularly to avoid any overlapping calculation of a benefit susceptible ‘to

exrror end any mishandling of costs invested

In this Section, cost and benefit have been determined on the
‘basis of the fundemental concept of cost~benefit analysis. The effec-
. tiveness of this Project has been’ judged using three criteria. net '

'benefit value, cost—benefit ratio and intérnal rate of retnrn.

‘,Qne of methods of economie evaluation in a bioad sense is a
financial analysis; ﬁhiCh will be studied in the following seetiona - The
- direct purpose of the financial analysis is to analyze an'aspeet of
: eeonomie_evaluatiOn which 1is obviouslv different from that'examined in
this Section, However, the process and results of the financial analy-

sis are indispensable te give a more detailed -economic evaluation, It is
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therefore recommended to use the reaults of the study in Lhio Section in -
combination with those fu the following Section.'

10~1~2' Aseuggtione :
' All economic evaluations mentioued above were. mede on- Lho follow-fi

ing assumptions'

(8) The period of time subject to the determination is 38 years A

including period of construction (1975 to 1981) and that of Operation
from 1982 to 2012 {the period 1982 to 1986 also being the conetruction B
. period for the second phase of this Project) .

(b) All prices are’ based on the price level as of 1974, .
(c) Exchange rate between local and Japanese currencies ie b'
1 rupee 30 ‘yen. : B R T -

@ Net benefit value and cost—benefit ratio are determined on '
the basis of two different discount rates.- 6% and 12%. S

',”:'( ) Base period for the value conversion in calculation of the

" total. amount throughout the subject period is the year of 1982

10—2 Forecast of Domand for Radwav Transport

. In the cost—benefit analysis based in principle on a: comparison E
between cases with and without the execution of the Project, the foren
'cast of demand for railway transport should also correspond to these two
cases. In this connection, the following two types of passenger traffic

: volume must be estimated.

(a) Passenger traffic volume of the subject railway Section in

' the caee of nonhexecution of this Project.

(b) Increaeed paSsenger traffic volume of the subject railway

-Bection in the case’ of execution of this Project.
Results of,these determinations are given in Table 10-1.

i(See'eleofSubchapter'“Demnnd'?orecast" of Chapter 2.)
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anbleleflt Egséenger Trgffic volume gor
' Target Yenrs (Daily Avexage)

Gaso | wir [T T e | |

1 With execu- . | ‘pzssengeret_* £ t150;000. 7 [ ¢ 314,200 " 752,000 } -
| Fredset _--3’--,{3‘?322%2;{? | 2,679,000 | 5,819,400 | 14,589,900 1"

e | e |0 | Tm | e

Colehds - [T I T R S
__ S Passenger~' - PO Y. S ; :
QPFpJgSt” S 'kilomeCer "Q:1’2§7’090" - l?2§7,Q00e:-¢.l,287,0QQ

103 ,.Déses"hiana;ﬁon of isa'n_a_fig o

o 10—3~1 Typeo of benefit
Principal benefits which may be obtained through execution of
_Zthis Project can be listed as follows.': : RN S

(a) PaSSengers so far availing themselves of the existing rail-
ways- will increase their traffic utility (3uch as saving travelling time -

conaumed) hy taking advantage of the improved ra11Way services

(b) Paseengere giving up the utilization of buses, texis or
_other means of transpoxt and availing themselves of the improved railway
services ‘88" well ae those giving up the use or: consumption of other goods
o% services and availing themselves of the railway will obtain increased

'Nutility from the improved eervices.

. .';if( ) Increase in number of paesengere as mentioned in Item (b)

- above will permit the saving of investments in roads and ather traffic
: facilities Aand meens of transport. ~ At the same time, the operation of .

~such facilities, which would otherwise be inefficient due to traffic

'jame, will be 1argely improved,

(d} Provieion of grade aeparated crossings and an automatic
'signaling system will relieve road traffic congestion and therefore

improve the efficiency of operation of the road.

S 181 -



'(e). Railway electrification arid modernd zation of signaling,
'telecommunications atd othei facilities will result in- improved ef fiad~
ency of overall transportation, including the afficiency of operation of 1.
Lrains or rolling stock. _This will permit savings to be made in re-
sources (cost).5 ' B _ L T
5:':( ) Quedrupling of track for the main lino and doubling of track'

" for the K.GC. R. are planned esscntially to’ improve commuting facilities in’
the Karaohi Metropolitan Area or: urban traffic including the - movement’ of

' ._general passcngers. - These measures will indirectly contribute to . tie.

efficient opeiation of. longmdistance pagsenger and fieight trains departwl
'ing from and arriving at the Metropolitan Area.,f' T

(g In connection with Item (b). Lhe spreading use of automobiles
‘will be moderated ' Environmental pollution resulting from automobile :
o exhaust gases, which is attracting attentiou throughout the world, will

"therefore be reduced. -

j.(h) Improved state of urban traffic expected from the introduc~ _
tion of modern electric cars and other various improvements will 1argely3
:contribute, through the items mentioned above, to social and economic j

:activities, and also become the pride of Karachi 8. citizens.'

.(i) Improvement of the existing railway line covered by this
Project will form solid ground for the future electrification of the :
'remaining main line section and construction of R/T spine and extensions_

: considered in urban traffic planning

Some of benefits 1isted above are intangible. In thia study,
_.only tangible benefits were quantitatively evaluated in such a manner _
”that any overlapping calculation would be avoided. Such evaluation was_
carried out separately for - the benefit enjoyed by . users of the improved
services -and other types of henefit including savings in oost

10H3 2 Determination of users benefit

(l) Method of determination

The benefit to ugers Laking advantage of the improved sey- -
.vices has diverse aspects, In this study, however, only the saying in
time was determined as general (see note 1" at the end of this Chapter) .
This determination was simply made from thc'following equation on the
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_basis of saving in time obtained by the uae .of improved. services and

:average time va]ue evaluated by ugers for one hour.
: (Benefit of saving in Lime) s (Saving in time) X (Average time value)

(2) Average time value

. Average users time value was estimated by the inoome
o approach method. In this method, the time value is evaluated by estimatw_:»
Cing the M of income gained per hour if the’ Lime saved 1s. applied to an
'-inoomewproducing activity.__ For application of this method, therefore, :

"the extent of employment Opportunity should be taken into consideration.

'--In other words, Lhe employment rate of labor, osers earnings levels and

| _other similar factors should be considered.x In: this study, however,

- ‘WOrkers"average earned hourly income was simply considered as’ the time

vvalue pex commuter and ‘a half thereof as the time value ‘per common -
passenger. This -¢an be given by the foJ]owing equation.

(Average time value of one hour) 0 9 x. (average annua} earned income

per worker)/(52 weeks x 45 hours)

» In this equation, ooefficient 0 9 was obtained from

‘:(0 8 4 l B 0. 2 % 0 5 = 0. 9 hy taking thé ratio of commuters to all

' passengers as 0. 8

'_(3)7 Aasumptions for evaluation

B The increase in passenger traffic volume E the case in
which this PrOJeot is executed consists of passenger traffic volume

.diverted from other means of transport and induced passenger volume

':'generated by passengers giving up the use or consumption of. other goods

'or services and availing themselves of the improved traffic services
_provided as a result of this Project." In this study, however, the whole
..inorease in. passenger traffic volume was assumed to ersult from the
. diverted passenger traffic volume. : ‘This is because the estimated
i passenger traffic volume consists substantially of commuters ‘and con-~
. sequently the induced passenger traffic volume is relatively small, and
because the determination of induced paasenger traffic volume 1s diffi-.
-cult because of the limitation of. available data, '
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-_10 -3 3 ResulLs of evaluation

Benefit values of savinga in Lime deLermined by the above~men~ﬂ -
Lioned meLhod for: LargeL yeare and Lotal value for ‘the’ entire subject
period as . caleulated for the base year are shown in Table 10 ?.:

Téﬁie lO£2;. Values of Saving 1n Time for Target Yeara and
4 ‘"”fffTotal Value for Lhe EnLire SuAjecL Period
?Calculated for the Base Year

(o .‘chouisahd 'rfupees“)‘-&.f .

| : 1953'2'1 | res7 - 2002
' Passengers diverted *'y*:: S | R
o ”ffrom railways withﬂ' ©9,311.5 | 9,947.7. | 9,947.1
Benefit .| ‘out improvement e ‘ R I
-values of ~ o~ SR HESTERES ST L e
-i:vt;ﬁé o ‘?aSSengefs'divéttédef;r_ff'fv'i I EEEE R
LT 1. from other _means g: 7].18,873.3 | 75,960.6 [353,252,1
) S .'pof trausport RN B S R L NS S IR U ARTAR G
Cpotal value for - | __3_};{23_267 0 o
entireperiod 1 18 6 237 6"""

104, _D_aterminatiozi_"o_f cg)_'st__ .

':10»4 1 Types of cost subject to: determination -

"The value of savings in cost, in Lhe case of the execution of this_- -

:Project and types of cost required for the. costwbenefit analysis are as
"'described below B Tn this study, these ‘costs and values of saving vere .
‘Lreated collecrively ' ‘ : :

(a) Annual cost 1equ1red for recovery of the invested eapital

v _including investment cost for renewal aftey exeeution of this Project :

.(cost generally known as. the capital cost)

.(b)- Amount of saving in Operating cost and capital cogt - for

_:passenger traffic diverted from other modes by the execution of this

._Project
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_ (e) AmounL of deduction from Lhe initial investment when the p
' investment for execution of chis Project is aleo eerviceable for other '

purpoeee, for example, relieving road Lraffic congeetion. 'f

L the. amount of saving . coet mentioned in Item (b

heorrespond Lo iteme of benefit (e) and (c) ag’ listed in Paragraph 10 3~1'

‘;above, reepectively._ Item (c) listed abovo correeponds Lo benefits (d)
and: (f) aa listed in Paragraph 10-3~1 _ E
Benefits (d) and (f), in Paragraph 10 3~ l are given for road
. traffic or other railway transport as a result of the exeeution of thie
'Project _ In the present study, no direct measurement of these benefits

" ‘was- made, but a eimple convenient treatment was made in Ttem ) 1ieted

above; x“'*”

104~ 2 Method of evaluation .

_ The costs of initial inveetment and additional investment firstly .
..-t needed for Lhe determination Of Item (a) Of Paragraph 10 4 l were deter~
: 'mined by the invostment fund program in Chapter 9 e :

_ The oost of Item (a) for eapital recovery was determined on the
;-basis of equal amortization by taking the average amortization period as
:-30 years for the infrastrueture and 25 years for the rolling stoek

i : For Items (b) data for capital oost and operating cost for,

: diveree meane of transport contained in the “Final Report on Trans-
_port" of K D A were referred to (see' note 2" at the end of this B

_ Chapter) ' ' '

In the amount of saving in coet of Item (b),‘the saving 1in
: capital cost for railears and road vehicles needed in. the case of non-
_ execution of this project wag included, For determination of the eaving
in the cost for road vehieles, bueses as the: repiesentative vehicle type,
: the average daily traveliug distance (in kilometere) per bus and other

data contained in the above-mentioned report were used.



Table 10-~3 n_Sums‘bf-inveStment.by Yéafs'(Actual-Sums)‘
: and Total Investment for Entirve Period
“as:Calcula;ed,for‘Base;iear.f. S

" (In thousand rupees)

. Investment for - | .  Investment for |

Yeap ' N Alterna;ive-l-g ‘ w*-'w:AlternatiVe-2\

Cwrsere | wmas e
'-1976:;.77.._ o 36667 | .ﬁ_3-3;§66,?'f 
-8 | 10?,066,7 5 o "::,. 395,600;9
1978 - 79 D 'fzsz,ééé.?-';_ . .'_ f-“787,266.7 ;
1979 - o | o ssmee67 | | 857,086.7
1980 - 81 | woseer | - 586,400.0
 iiési'_ é2:_. S 251;633,3 ISR 240,366.7

E 1982 - 83 "‘,_jzaa,loolo_.__ '   *‘“f'2é3;i33:5‘ff
Cgesa-e4 | '_;-306;535;3 R "' _;_2si;6Q6}0” ;
1984 -85 .jf}'ﬁi¢,933}3 '::.“. ':f_;,' 298,20oﬁ6_5'
| 1985_f_35f” G '_'_126;266;7  s _';;*f 122,533.3

1086 - 87 | - 1so00.0 | 18,0000 "

Cew | 2654800 C4,342,706.0

Total -

12 % ‘ 2’850,483.5 - E ,4’972’458.2
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- Table 10-4 ke _
-~ Years, and Cumulative

Quantity of Required Electric Railcar by

Amount of Fundg.

. (In thﬁuéghd ruéees)

. Year

required rallear .

-?Quéﬁtiﬁy Of .

Cumulative amount
of funds

1980 ~
1981~
1982 -
- 1983 =
- 1984 -
1985 =
1986
© o .1988 .+
- 1989
1990 -
1991 e
C. 1992 -
1993 -~
1994 ~
1995 =
. 1996 -
21997 e
- 1998 -
S 1999 -
2000 =~
2001 -
2002 -
2003 -
2004 =
2005 -
2006~
2007 -
2008 -
- 2009 =
- 2010 ~
2011 -~

83
84

86

82

85 .

~'87

88

89
- 90

91
92"

93
94

85

%6

0L
02
03

04

05
g6 -

97 -
98
99 - -
2000

07

08
09
10
11
12
i3

 16§.=-

e ;.195 .
;360 o
f 40o1*:
.'450;:_3.
50

600

.Aas;éqopqs_.

fszsfdbo.Or'

éoo,qéb@o,
.1;966;§66.7
f,i§206;060,d o
"1;466f§6677'

1,600,000.0

2012 -

‘ Unit.cbst of electriq‘téilcar'is 2,666,7 thousand rupeeSa: -
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10-4~3 Results of evaluation

(a) Ccat of inttial investment

L ‘ Sums of inveetment by . years and total investment for the
entire period as calculated £or the base year are given in Table 10w3. ,

'c_:(ﬁj Cost of edditional 1nvestment ;:"

_ In this Project cost cf additional inveetment is 1imited
: only to such funda as may be required for the addition of electric rail—
1cars.- Quantity: of required electric railcars by yeats and cumulative-?

_amount of funds ‘are shown in Table 10-4.:

(C) Capital cost for recovery of 1nfrastructure investment

. Table 10- 5 gives annual capltal cost - calculated on the baais L
of amortization of the cost of investment (excluding the rolling atock)
including renewal investments and total cdpital cast for the entite period.

as calculated Eor the base year (see note: 3" at the end of thie Chapter)

-'Table_loés Annual Capital Cost and Total Capital Cost for §
. the Entire Period as Calculared for the Base Year-,.
' (in thousand rupeee)

——_ - piscount rate . . | . g Tl oo

" ftém T o I ..ﬁ % o ’__1243‘ |
S ,  _f(1j Alternativej‘lr o 11'i7?,015.42 ;]~314;906.3
“Annual cost - [—— e - T
e (2) Alternative 2 283,962{37k . 549;320.3
o | (1) .'A'_ll‘:"ernative‘ v l2,613,602.2 | 2,851,479.9
Total cost R e : e A A
N (2) Alternative 2 | 4,292,654.9 | 4,974,196,1

_(d) Capital ccst of additional investment (e]ectric railcar)

Capital cost by years calculated on- the basia of amortization
'from Table 10—4 15  shown in Table 10-6 together with the total capital

cost for the entire period as calculated for the base year

(e) Annual saving 1n operating cost after improvement and total
' saving for the entire period as calculated for the base year are given in _

Table 10~7.
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:*_TéﬁleVlQrﬁif §§Pital1CQ$ﬁ.ofwAddiﬁiohaliInvestﬁeht- N
. . {Electric rallear) and Total Amount for.
Bntire Period as Calculated for the Basc Year

Yeﬂt‘ C o 6 % . 1270

1980 81 |- 35,04556 - ) s7,120000 0 |

Cooaesrega o [T T |
e | w

1986 -85 |0 w0

86 1 " e

1985 - U e
877 . - T4l;303.70 0 . | 67,320,0
o B | R BT )

LI 3

1986
. 1987 =
11988 -
1989 ~ S L
1991 = 92 | 62,5810 ) U 102,000.0. .
3993w 94 T s e g
1994 =95 R T S
1995 =96 . o o w ] Cw
ca998-09 - | o L e
1999 = 2000 [ e

R
o
@

1
=)
=S

PU200L = 02 v i 93,8720 . -153,000.0
02002 - 030
"?*2003T¥“04Fw‘. O LS
S 2005 ~06 .. . M co
L2006 ~ 07 [0 114,732.5 0 . | 187,000.0
2008 - 09 . ] o L - B o
12009 <10 | e e e
2000 11 [ R e e
Co2010 120 0 12551627 204,000,0

S Umotal for | e
Entire Perfod - | 952:091.1:‘ s 826,116.2
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~ Table 10»7 Anuual Saving in Operating Gost and Total Amount
' ~ for Entire Period ag Calculated for ‘Base Year

“(da thousand Ruﬁeés)

j.f*=;~_ .Target-year" L U EEE “'_. ey :

CAnnual saving | 6,712:3 .| 30,661.3 | 98,105.6
Total for _ 6.fm_,,ﬁw4' ] L 8}2j949'6'. o L

 Bnedre Perded |, Aol 0237

(£) Saving in numbef'of ‘road ‘vehicles énd raiicaré‘ahd saving
in capital cost: based ‘on amorti?ation of the 1nvestment required for such

vehicles and railcars are given in Table 10~8- (1) and Table 10-8- (2)

Table 1048e(1) Number of’ Saved Vehicles (Buses) and Cumulative :
. ' Investment Amount ‘therefor as well as Total Saving

;in Capital Cost for Entire’ Period aq Calculated fi

for Base Year T R :
' -(Inﬂthousand RupeéSj

-\5“’*%%\;\;_ Yedt

Cxgem o T | aes2 | 1987 | 2002 -

' Cumulative number = . N RS T 5 IR
_of vehicles saved - . : -27?'3 ' . _954.6. {H-3?%15'?

" Amount of cumulative S ) R  ]. | R »
fuvestment for above | 48,056.1 165,432t2 557,194.2~

'_nging {n annul »m_éf%;;tm;t ??733.3 26,640.? .89,?28.3.~
capital cost |y | 9,665.9 | 33,274.7 | 112,072.9
Total sévihg T 6 / : IO _?44,382.9 .

S for I S - _ i

. entire period 2z 389,568.3
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Table 10 8~(2) Number of Railcars and Capital Cost Lo be
: Gaved and Total Amount Assessed for Base Year
' S (In thousand rupees)?

l

Year

Tee—___ "jigszf . 198? ‘_E" 2002
,Number of railcars - oo Gh ' ~6é SR R 64;
| to be saved I ' '
“Cumulative amount of| O R
fund for the above | 93,568 1 - 93,568 93,568
number of rallcarg .. . . . N (SRR '
Annul capital| 6% | 7,341.9 | 7,341.9 | 7,361.9
cost to.be..  freeif R I e
saved .f;:i2% CAL,274.0 L o11427400 0 1 11,274,001 .-
Total saving | 6% | o B08,40L9 T T
| for. entire T S
| period” '«:__ (122 o 102,088.2

| (gir For the deduction from the initial amount of investment,
examinations oorresponding to two: typee of benefit as mentioned above
(Items (d) and (f) in Paragraph 10 3~ 1) were’ made, but the cost relating ;
to Ttem (f) was not precieely determined Determination of the cost
'relating to Item (d) was carried out. by aesuming the share of expensesf.
between road and railway as 6; 4.._ As a reeult of: this assumption, deduc |
'tions of 897 288 1 and 1, 273 629 4 thousand rupees were obtained |
for discount ratee of 6% and 12 4 reepectively : Capital eost based on
wnortization of the initial investment after such deduction is shown in'
Table 10-9 together with the total amount for the. entire period as cal-
oulated for the baee year." As already mentioned in Sub~chapter 9 3, any
' eost subject to deduction sueh as ab0ve mentioned is not included in the
construction eost for Alternative 1 In thie table, results obtained

are given only for Alternative 2,

Table‘IO—Q Capital Coet after Deduction and Total Amount for

‘iEntite Period as Caleulated for Base Year——Altexnative 2

© (in thoueand rupees)

. Discount : I .

" Item. % 6% B 12 %
Annual amount | 223,190.3 "~ 508,668.3
‘Total amount 3,295,366.8 3,700,566,7
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10 5. Calculation of Cratena

On the basis of the above“meutioned data, calculationa were made
to judge whethe1 the project can actually produee sufficient benefiL for
. the national economy or not. _ Results of these calculations are given 1n 3

- fables 10-10 and 10-11. SRR e

Table 10-10 Resﬁité 6ffCalculnt16n fof 3?i:
| L Judgémentfforlhltefﬁativggl g

: i(in'thOuéénd.;gﬁéeéjg.:

. Discount

‘Itém U ~‘\%&§§§é N '_6'%-_' . 12;2,."'”

Coet of initial investment -  *_  . 2,628;548,0_'_ ,l'é,$50;483.5Z' '

Benefit,of'savingfin'time_.-';_ ' ._'{2,§7é,26?LO‘--95'fl;185;23?g6  '

Benefit of saving in cost | 1,665,734 | 831,870,2

L {1ifor infrastrucﬁ”._j N B N RSP
Increase in R ©'2,613,602,2 | 2,351,479,9
capital cost’ ture investment;_. o AR L s
caused by N g ' T A A N B
execution of ﬂfor additional : e b ame yqe e s

.thié'Ptéjectf”'i,“-investment o -_,_952{091.1 -.  - 826,116.2.

| Met benefit value - 5-'.f,:g~'_'J" ©1,072,308.1 . | A'1,659,488,3 |

Cost-benefit ratlo (See Note 4) | - 141.03% | = -41.80%

Internal rate of return | . 7066%
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Table 10-11 Re*aults of Calculat:ion ior _
' Judgement for Alternative ?

iry(In”thOQeend”repeeB) o

e Discount R N 3"-; L *“~“i Y
T ““--Rete Lo 'ﬁ.éi- s .%2 *

Cost of initial inveetment il' :;.'14;§%é;704}0jt-5iﬁj4;972;458.2".‘

. Benefitgo:_saviﬁgiin'rimt-;; e 2,972,267.0- | 1,186,237.6 -

:_fﬁenefit of;ee#ing-in costi;_ i3: :_ 1;665;?34.4 B '831,8?0,2

"Capital cost ture inveetmentf'"‘3’295’366'8 (| 370055667
-~ caused. by T T T T T e

execution of - _for-additionel B " 0ot 1 a 5
_,this Ptojent‘ J-inveetmént"f": 0 992,091.1 | . 826,116,2

*Net benefit‘value"_-i-k"“--a.it'g-i :39055ﬁ3-5 ‘ ‘d 2,508,575.1
' Cost bonefit ratto . | dweszo | sy
npernal vate of remwrn Tessz

_106 Resuits of ana'VS!S P

o From the calculetions for Judgement, net benefit values of f -
1 072 308 1 and 390 543 5. “housand . rupeee were obtained at a discount
rate of 6 for Alternatives A and 2,'respective1y. At a discount rate
5fof 12 oy both alternatives indicated negative net: benefit value.- For _
: internal rnte of return indicating the discount rate at which discounted
'net benefit for each year be zero ae e total throughout ‘the subject o
tperiod 7, 66 / and 6. 55 % were ohrained for Alternatives 1 and 2, respec--
.tively.i: These iesults nay not indicnte that this Project gives marked
fadvantage.- Ae already me-tioned however, only the meaeurable "direct"
benefits were determined in the present analysis. In addition certain
benefits included in the direct benefit cetegory and obviOusly of ccn—
_'siderable importance (such as benefit given to long-dietance passenger
':_and goods tieine) were not determined . On the other hand diverse
"indirect“ benefits or impacts not considered in the present analysis

' may possibly be of substantial importanee..
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Accordingly, “the results of calculation for judgement ag mentioned
above can be considered to. indicate thst Lhis Project is Eeaaible. An
overall economic evaluation will be described 1n detail after Lhe finanw
cial_analysis in.the_following_section (See Paragraph 11"8_inzchapter ll,).

' NoLe l'

_ For inclusion of the benefit of time savings in the analysis, some
economists are of the opinion that such benefits should be disregarded in
. economic. evaluation of. traffic projects in developing countries.: Thig
opinion seems to be based. on: the concept that the consumption of time 1s
‘less important i those countries than in developed countries. For this
Project, however, this concept is' not. acceptable for two reasons._“ Firstj'
economic activities 1n the Karachi Metiopolitan Area are very extonsive and
will be developed into a modern organized fort poesibly in the neax future.”
:Second, the purpose of this project is to reduce the waste of time and
fatigue now sustained by commuters due to increasing urban Lraffic conges—
tion._:' : : : : _ : _
_ In"view of thesedconditions,?the benefit of;time'savinésfmas'
_ included in ‘the present analysis._l The method. of evaluation of such
.benefit was as described 1n. the. text. o In anticipation of an increase in
traveling time on highways resulting from traffic congestion expected in
future, a progressive increase in time~saving benefit per unit railway

passenger traffic volume was assumed

Note 2:
Determination of operation cost is a most difficult problem. “In

- the present analysis, the economic cost per unit passenger traffic volume

published in the report of K D.A, was used after modification taking price N

fluctuations into account.. However, this cost per unit passenger traffic
'_volume was not entirely fixed for the fuLure but divided into two por-

tions. as is normally done in Japan' ‘one vaiying relative to the passenger

- -jtraffic volume and the other fixed “and- not varying ‘relative to such

‘volume. Such a division permits the reflection of the principle of mass
production that the increase in production will, other things being equal
result in an increase in the rate of the increase in profit, This can_be

expressed by Lhe following equation-
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(Opéfatioh,bost)(t)-'w e-i.B«*(Traffic volume)(t)
In this equation, o and, B are parameters and () is the year.

.Note Note 3: .

1‘ Strictly, the capital cost should: be 1nc1uded for re. overy of
'inveeted funds from Lhe moment when facilitiee and machinee covered by
.3uch fuude have been made eerviceable. However, this ie very complicated
In the’ present analyeie, a. simple and easy method which may have no

. serious influence on’ reeulte was adopted } Capital cost (KY) to be appro—i
prigted ennually for a given amount of funds invested (I) wasg calculated

' by ‘the- amortization method given by the following equation. “This method -
_permite the omieeion of a residual valué at’ the end of the subject: period
which value would otherwisc be: required.- ' '

1 + ¢ " _
Kg *,“ 1 _(i i'f)n?i it (1_a).1,1

wﬁereiﬁ'e‘ﬁ percentage of value of assets after deduction of residual

' value at the end of arn assumed service 1ife of assete,

]

E discount rate,""
'"_n = assumed;eervice 1ife-of aseets'ie'yeare,_j =
Noteiﬁ: '
As an index, the cost—benefit ratio varies with whether part of
' the coet saved, suoh as the eaved portion of capital cost, is. included in
the denominator or the numerator. In this feasibility study, the cost~

benefit ratio ie derived from the following equation, using the_parametere:
~ shown in Tables 1o~10 and. 10-11, | | | |

'[Cogt_benefit ratio] & {[Benefit of saving in time] +

[Benefit of saving in cost] - [Capital cost relating to additional
investment in rolling stock]}. + [Capitel cost relating to investment in

infraetructure]
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CHAPTER 11
Fmancia! Analysis

1141, Putposs of Fi'n'ancia'i Aﬁalysisi |

_ If . a project requires a huge amount of funds as- is the case with
this Project, a heavy burden wiil have to be bore by the authorities con-
cerned. ' There will be: problems as to whether the cost for recovery of
funds can be pald or not, whether the payment of such costs are compati— .
b]e with the maintenance of profitable Operation or not, -and in general
what financial measure0 should be taken foi the execution of the Project.
-'Pinancial analysis is a method for the study and analysis of these pro~
: blems. However, conditions determining sound profitable operation, .48
- a matter of fact are not alwsys constant Strictly speaking, so~cslled
: sound profitable" actual’ operation depends on too many. variable condi~

' "tions, but in. the present analysis, certain conditions ate established

'Vto examine finsncial problems Which could possibly arise from the execu—
tion of this Project by a really sound and profitable operator.' This :
‘-procedure will be particulsrly useful to Pakistan Railways, would—be-
executor of this Project, having a. self—supporting accounting system

| 11-_2. : 'Methcd of Analys!s: E

In the present analysis, fhe principal factors 1isted below were
considered and. relations there between analyzed. In analyzing relations
. among factors, exsmination vas made in particular for the financial con- '
ditions varied (1) when the. passenger rate were raised or varied and (2)
when the public investment to. relieve the financial burden were put into -
.effect and it = size of investment were varied Factors are: '

'(a) Fxpected Ppassenger traffic volume on the railway section
' covered by this Project afcer execution thereof :

.(b) Passenger rste 1evel

(c) .Expected revenue from the railway section covered by this
project after execution thereof,

-(d) _Expected costs (capital cost and operating cost) after
- execution of this Project,
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(e}’ Balance of revenue and expenditure as well as Lhe profit'
o 1esu1ting from Ttems (c) and - (d) S

_ (£) Size of investment.

(g)_.nmount of public funde invested;!

11-3 Examinatuon and Determirmtion of Faotors

Among items mentioned above, (s), (c) and (d), i e. paeeengeri'V
traffic volume, revenue and costs were first determined.- Results ofl
these estimations are given in Tablee 11~1 to 11~ For taking account
the capitsl cost, however, a method convenient to the present analysis‘

. was adopted 8o long as it would not affect the results seriously

. For determination of revenue and. oosts, the current cost 1evel .
and passenger rate level of Pakistan Railways wetre taken into considera~
j tion. For passenger rate, the average charge rate of the Karachi

Suburban Rnilweys end national average charge rate of the Pakistan Rail-
way and ‘their variations were ‘used. (Charge rates (A) and. (B) mentioned
’ later correspond to the former and the 1atter, respectively )

In the present anelysis, virtuslly no distinctiou betwsen above
-mentioned Iteme (f) and (g) 1s required because an’ increase in publie "‘
. investment can be oonsidered to correspond to the reduction of the eize
of investment, BRI

o The present analysis ie 1imited only to- Alternative 2 of plan of
o construction funds in whioh nothing has “been deducted from the investment

(‘.OBt'.. )

11-4. Amlwi: of Rslatmns Among Factors

-Fig. 11«1 shows the serial veriations of revenue, operation cost

 and capital cost by year throughout ‘the subject period
. This figure indicates the following facte._‘

(a)'.Revenue obtained by the current passenger rate level i,e, -
charge rate (A) cannot cover the’ operation costs for che
time bedng.  Such revenue will exceed the operation cost
from 2001, but the revenue remaining after covering the

- operating expences is too small té cover the capltal cost,
This 1s attributable partly to the abnormally low level of
: eharge rate of Karachi Suburban Railway.
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Table ll«l Passen er Trafflc Volum

e b Year on the

Ject '”T'way vision~ Ly AVErage)
R “Pagag nqerg ;gan po T2 N d . Passenger=kilometers _
S ~Total. . (‘ommm,ens ,?mg.‘%&"{&g 'I'or rrananrLQ_d_ 'w
1982 - 831 150,000 | "* 120, 000 | ~30;00Q 2,679,000 2,143,200
1983 - 847 161,500  129,200'| 32, 3001:.2,905,300! 2,324,200 .
19842785 | - 173,900 139,100 34,800 3,150,700 2,520,600
1985=86 | 187, 200, ‘.149,800'ﬁ1-37 400'3.3 416,800 2,733,400
1986 - 87 | 201,600 161,300 | - 40, 3001 3,705,500] 2,964,400
1987 = 88| - 314,200 251,400 1" 62,800| 5,819,400 4,655,500
1988 ~ 89 (f'333;000';f 266 400 | 886, 600 6,187,100 4,949,700
1989 - 90 f -353,000] 282,400 | 70600 - 6,578,100 5,262,500
1990 <911 374,100 " 399, 300 74,800 6,993,800| 5,595,000
1991-92 | 396,500 ' 317,200 79,300 7,435,800{ 5,948,600
1992 ~ 931 420,300 336,200 | 84,1001 7,905,600 16,324,500
1993 =94 | 445,500 356,400 | " 89,100 8,405,200 6,724,200 .
1994 - 95" 472,200 377, 800 | 94,400 .l8 936 300 7,149,000
1995 - 96 | '500,400| . 400,300 - 100,100]-.9,501,000| 7,600,800
1996 =971 . 530, 400.f"424;300 106,100 10, lOl 4001 8, 081,100
1997 ~ 98- '562,200‘ 449,800 | 112 4001 10, 739,800 8,591,800
1998 ~ 99 | - 595,900| 476,700 '_119;200 11,418,400 . 9,134,700
1999 =2000 631,600 505, 300 | 126,300 12,140,000 9,712,000
] 2000~ 01 [ 669,400 535 5001 0 133,900 12,907,100 | 10,325,700
12001 =02 | 709,500 | 557,600 141,9001.13,722,800 10,978,200
2002°~°03'| 752,000 _‘j601,600f‘.150'400"14,389 900, 11,671,900
12003 =04" 797, 100 637,700 159,400 15,511,900 12, 409 300 |
2004 ~05°| . 844,800 675,800 | 169, 000| 16,4927100( 13, 193,700 ¢ |
2005~ 06 |- ©895,500(-  71g, 400°( 179100717, 534,300 14 027,400__
2006 = 071 949,100, 759, 3007 189,800, 18,642,300 14,913,800
20074f08.fl 006,000 - 804, 800 .. 201,200 fl9_820A300. 15,856, 200
2008¥?09‘,1\066 2001 853,000 ,213,200',21,072,800 ]161858;200 .
2009«510;'1;130,100 904,100 1 226,000 22,404,400 17,923,500
2010 ~11 {‘1,197,800 | '958,200 .f239,6001'23,820{200 19,056,200
2011'=12 11,269,600 1,015,700 |’ 253,900 25,325,500 | 20,260,400
201213 11 345 600 14,076,500 | 269,100] 26,925,800 21,540,600
Total of | ‘ e : - - o o
period 19,436,200115,549,100 B,887,100 376,788,600./301, 430,500

- 198 -




Tab]e ll 2 Rovenue by Year and Total Amount for
Perlod as: Calculated for the Base Year

this Chapter -
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Vear ~ Charge ,r Charge Charge .Efi;Qharge
e _rate = (Al rato*-(B).,.rate-f(C)f-lragen+(D)y
1982 - 83 9,054, 8'fg 27 966.0] “55 934, 0 20 111,864.0
1983 ~ 84 1 9,819.6 _;130 328, 4_ 60,656.8) . 121,313,6 |
1984 <85 - | 10;649.1 . 32,890.2|  65,780.,0( 1I31,560.0:]| . :
1985 ~ 86 - 11,548, 4'”j'351668t0- .71,336.0] 142,672.0 | -
] 1986 - 87 ] 12,524.2| -38,681.7| 77,363.4| 154,726.8 |-
1987 ~ 88 - 19,6692.0 60,748,740  121.,497.4]  242,994.8 .
1988 - 89 20,911,810 0 64,587.1] °.129,174.2 Zr258;34814 o
1989 - 90 22,233.3{ -68,668.8( 137, 337. 6-“‘274,675.2.-.—
1990 =91 | 23,638,3  73,008.3( ‘146,016.6{ 292,033.2"
1991 - 92 Co26,132.30 0 97,622,310 155,244.6] '310,489.2
1992 '~ 93 ©26,720.1  82,526.6| '165,053.2( 330,106.4
1993 ~-94 © 28,408.7] [ 87,741,9]  175,483.8]  350,967.6
1994 =95 - ©.30,203,8 '-93‘286 0 i86,5?2;9 2373,144.0 [ .
01995 ~ 96 | 32,112.4| '99,180.9| . 198,361.8}  396,723.6 . -
1996 - 97 . 34,141.7 ) 105,448,5) 210,897.0) .421,794.0 |-
1997 = 98 . |- 36,299.5 [ 112,112:7| 224, 225, 4_‘f448 450.8 .-
1998 -.99° . 1. 38,593.1| 119,196.7| 238,393.4| 476,786,8 "
1999~ 2000 [ 41,032:0°] '126,729.5{ - 253,459.0( '506,918.0
2000~ 01~ 43,624.7 |  134,737.2] 269,474.0 - 538,948.0
2001 =02 - _i46,381 7.1 143,2%2.31 286,504.6| -573,009,2 -
2002 ~ 03 - | 49,312,4 ] °'152,304.0( 304,607.9[ -609,215.8.
2003 -~ 04 - °52,428.7 [ .161,928.7 323;857}4 . 647,714.8
2004 - 05 55,741.6-1 172,161.0) -344,322.0| .688,644.0
2005~ 06 59,264.2 | '183,040.6. °366,081,2) .732,162.0
2006 ~ 07 ©'63,009.11° 194,607.0] « 389.214.0| 778,428.0
2007 ~ 08 - 66,990.6 | 206,904.1| . 413,808,2| :827,616.4 |- .
2008 -~ 09 71,224.0(-219,979.0 439,958,041 879,916.0 | .
2009 - 10 ©75,724.61 .233,879.51  467,759.0] 935,518,0
2010 ~ 11 "80;510.0_"248_659 0t -497,318.0| 994,636.0
2011 -12 85,597.7] - 264,372.9 528,745.811,057,491.6
2012 - 13 91,006.5 281,078.4 562,156.8|1,124,313.6
Tofal 6% | 444,292,2 1,372.221.7(2,744,443.415,488,886.8"
8% | 333,7172.6 (1,030,687.412,061,374.8(4,122,749.6
12% 7 205,680.0 535,23??1’1“_?0 504 212,541,008.4
L ] _ A
Rate (A) = Average charge rate estimated for the Karachi
- o - Suburhan Rallway of pakistan Rallwaysf“ 0.00926
o - “rupees/passcnger kilometer).
Rate (B) = Average cnarge rate estimated for the Paklstan
: ' Railways (= 0 0286 rupees/passenger~
i “kilometer}. :
Rate (C) = Rate (B) x 2.
Rate (D) = Rate (C) % 2. _ : o
Rate (E} = Rate (D) x 2, which is used in other part of
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4 ab!c 11- 3 Co:.ts by Ycar and ’I otal Amount for Pcnod as Calculatcd for Basc ch
' ' (I tilousand rupecs)

_ Cqs't

Opor'atioxy
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* Capltal cost for Initlal investment ' 'Capital cost for addition_al investioht
1 " e ) sm Lot 4 s | osm ooy
T1982-83 | 2976346 | 3734136 |.551,189.9 1(35,045.6} | (41,968.1}| (57,120.0| 14,530.7
1983 84 . S R LR P B ' b 15,1794
1984 - 85 15,882.8
1985 - 86 I 16,645.5°
1986 ~ 87" 41,303.7 | 49,4624 | 67,3200 | 17473.0
1987 - 88 S ' I 23,5322
1988 - 89 24,586.2 .
1989 - 90 : 25,706.9"
1990.- 91 P DR B b 26,8984
1991 .92 62,581.4 | 74,943.0 102,000.8 | 28 165.4
1992.93 : - ' 29,512,0
1993 - 94 . 1,30,944.0
. 1954 .95 1324663 )
1995-96 | o b b 134,084.9
1996-97 | 1 83,441.8 | 99,924.0 | 134,000.0 | 35,805.9 .
1997498 ] O R 37,6358 |
1998:99. | 39,580.8
1999 - 2000| . 41,649.2 -
2000-01 " I ol 43,8480
2001.- 02 93,892.1. | 112,414.5 | 153,000.0 | 46,186.1°
-} 2002-03 ‘ B IR R | 48,6715
200304 51,3143 ¢
2004 - 05 54,1238
2005 - 06 o S : S7,111.2
2006 - 07 . |114,732.5 [139,395.5 | 187,000.0 | 60,287.1
2007 -08 - ‘ N - 63,663.6
2008 -09° 67,2537
200910 71,070.5
201011 R 2 75,128.7
2011 - 12 _ 125,162.7 1149,986.0 | 204,000.0 | 79,4434
20102-13 {1 - § - y i R P R 3 84,0304
Total 6% 4,3§9,343.i C= — 952,06901.1 ( .. S 471.950.8
m:a s - 5735120~ | = 8973198, | -~  |366,9947 |
l’“""] % = T [ asssersy - — 826,162 12364720
o ( Yineans the cost to be patd in 1981 - 1982 PR
\
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Fig, L1~1 Relation Between Barnlngs and Expenses .
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(b) Cost for recovery of funds, namely the capital cost, 18
rvemarkably high relative to operating cost and revenue,
Fven 1f passenger rate are get to chdrge rate (B) (See

Table 10-~2), the anhual capital cost based on the amortiza-
_tion cannot bé covered in full until 2012, * This 1s mainly
because the huge amount of  invested funds (initial invest-
ment) éxpands the capitsl cost to be appropriated anhually,
Accordingly, 1f-a sufficlent public investment 1s applied
“to. partof such funds, the- burdén of capital cost can be
rélieved correspondingly. As a result, profitable operation
can ‘be made possible without rsising the charge rate
abnormally.

| These two poiuts are analyzed 1n detail in the following.-

' 11-5 Ana!vsls of the Fmaactal (‘ondltaons in whtch Passengar
vate Changod o '

oo Admittedly, pssSenger rate cannoL be rsised unreasonably. 1f -

3 passenger rate are. raised in disregard ‘of - users economic conditions and
'the value of the services, users wi]l give up the uge of the setvices in
question. Without users,'expensive transport facilities will be worth—
'léss; ) In this analysis, the csse in which only passenger rate change,--
: other conditions being equal is. assumed for the purpose of simulation.
in this csse, the analysis 18 made to determine how many times the '
current: carriage charge 1evel makes this Projsct finsncially feasible,
thst is, what level of carrisge charges enables the opersting ‘body con-.
'cerned to msintain sound operation..' Results of‘analysis'srs giren isr'

This figurs represents the tendency of changes in the bsnefit
fvalue snd break-even point with the carriage charge 1eve1 changing at a
N discount rate of 6 %, As is clear from this ‘figure, the net benefit at .
.', a discount rate of 6 % cannot be produced until the. passenger rats 1evel

- has exceeded a chatge rate of (D)

E 11 6 Aﬂalysas of tho Fmanmal Condatlons in whlch Public
?nvsstmsnt is put into Effect '

An analysis similar to that for the case in which the passenger
rste are chsnged as desc;ibed asbove was made for the cass in which the
amount of public investment was changed. Results obtained are given in
Fig. 11-3, A1l resulta are for s‘passenger rate level set at rate (C).
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 Flg. 11-2  Relatlon between Rate of Fare and Pure Benefit .
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As 18 clear from the figure, the net benefit cannot be produced at'a d19~'
count rate of 6 Z until Lhe proportion of publie inveetmeut in the whole _
.1nitial investment has exceeded about 70 % and aL a diacount rate of 12 / '
until Lhat prOportion has exceeded about 95 %o 3 '

Passenger rate, proporticn of public 1nveetment and net benefit _"

can be correlated Lo each other ag shown 1n Fig‘ 11*4.

' :_11-7. Evaluataon of Results of Fmancial Analysis

Results of the financial analysis described above indicate that
the present project is hardly profitable so lcng as 1t is required to
maintain profitable operation as 1n private enterprises. ' R

In the performance of profitable operation of this Project s '
intended fully coverling costs by operating revenue 1n future, 8 con—-'
aiderable raise in the passenger rate or 1nvestment of an enormohs amdunt

of public funds will be required

The operating ratio for 1973 of the Pakistan Railways is 78 2.

Net profit fcr the same year after appropriation of interest and deprec1a~ T

tion 18 cnly 530 rupeee against a total revenue of 974,703 000" rupees.
If Pakistan Railway intends to. execute and perform thie Project through o
the applicatjon of Lhe current'carriage charge level, the annual finan-~--4

cial burden will not be small

118, Econcinic'EvaIu'aticn'

This Project relates to urban traffic. . In<eny;urbanﬂtraffic;'
project, whether it 1s a highway traffic project a_rallaay er_other‘ |
traffic project, sound operation will be very difficult 56 1dng'as nro—' '
fitable. cperation similax to that: adOpted by private enterprises in taken a
as a precondition. This is because a huge amount of funds 1s reqnired

for the construction of traffic facilities in an urban ares whether such :
' facilities are railway facilities or highway facilities._ This Project.
ontemplatcs the modernization of the exlsting railway facilities. Tf a
'highway 18 to be constructed as a. substitute, the amount of funds re-
quired therefore may exceed that forALhe conetruction of the infraatrucf
_tures in this Project. In.this'case, however, the capital cost is

aasumed'equalifor both amounts of funds. On thisg aeaumptldn, the operat~:
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ing coat ‘saving obtained by this Project is calculated in comparison

~ with that by providing highway transport. _ Tho tesults calculation are
 given in Table 11~ 4.. : S o

| As already mentioned in Paragraph 10-6, tho economic benefit pr0m :

~ duced by ° thia Project is not small. AR

From the resulta of the diverse evaluations described above, the '

) economic effect of this Project can be congidered well worthy of apprecia— '

tion as & whole For execution of this Project, however, positive
financial aid, in particular, from the Government wi]l be required.

Table 11#4 “Total Operating Cost Saving for hnlire Period
' by this Pro1ect as . Calculated for the Base Year

-_(In thousand rupeea):

: Discouut rate . o_j. f.- q 6% o .-°_ 129

Total saving for S R
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Bl et

Rapsd Transit System and |ts Scope

With Lhe cooperation of a United Nations study team in 1971 the
KDA drafted 8. 1985 - 2000 master plan’ for the Karachi Metropolitan Area.
."‘In this plan. emphasie wae 1aid on the future urban traffic of the city
which. ‘sould be handled chiefly by buses and traMCars, but: railways ehould
'follow..-,7' : i EEEEA S R

However, preseed by the need to reaexamine the future traffic .
hdemand and cepacity with respect to increasing road traffio and congee- ;'
*tion caused by the oopulation increasing eharply in the Karachi Hetro—"
politen Area, the RTS Cell was establiehed within the’ PR Ain June; 1974 to.

-;vigoroualy promote the construction of four new railway linee forming a

.'lrapid transit eystem,',gf-

_ The objective of thi preliminary feasibility study ia to inveeti—
'--gate the scope (outline) of the constructiOn of. the four new 1ines in -

o accordance with the urban development plan and: the land utilization plan _

| traneit epine (R/T spine) and three o

from the maater plan, i e”:a rapid
_ 'other exteneione, in connection with the electrification and’ moderniza-:
”'tion of the existing 1inee requeeted heretofore by the Pakistani Govern—'

:;ment.--
In the above context, the R/T spine means the new 1ine which will
‘link Karachi Central Station on the KCR with Karachi City Station or a
new station (provieionally called "Tower Station") on the main 1ine, and
'the three extensions mean the 1inea one of which 1s the North Karachi

' Branch and will be extended from North Nazimabad Station and Liaquatabad

_ Station on “the KCR 1ine to the northeast°' ‘a second line is the Baldia =
2 Branch and will be extended from Baldia Station on the KCR line to the
north,: a third line 1s" the Korangi Branch and will be extended separate~
ly from Drigh Road Seation on the main line to the south via Korangi
Stetion,-the exieting‘terminalzetation of the Korangi Branch, (Fig. 12-1)
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na2 .KDAfs Master'man ehd'ﬁspldrTre‘hSI_t Systom’

*'12 2 l The Master Plan and Traffic L _ 7

_ The project covered by the KDA master plan coneisted of four

i Phases'" Phase 1 related mainly to the establishment of the framework and.
:the subsequent Phases, 2 3 and 4 were carried out 1n three cycles.
{'Through the., firat cycle, the future growth potential of Kerachi was ‘
:investigated in it Lhe two\alternetives for long term development policy,
_:DTP end GIP (see paragraph 2% 1 2),,were4set for ‘the years 1985 and 2000,
‘ The Pakietani Government selected, as a desirable subject for the- succeed .

ing work one of the policiee frem its first cycle.-., T a

A L The second cycle was aimed at the promotien of further derelopihg '
f ,'a special policy for 1985',; 3_' ' ' : '
,l_ = The thiid cycle established the methods of developing in detail

: snd finishing the selected plans. J‘f;.'unff.;f¢7 L

However the eecond and third cycles brought about lome problems
jin the sphere of Lraffic analysis.c For this reaeon, the first cycle was'
, ;adopted with respect to Lraffic. '

The 1985'9 three transport plans related to the suburban areas of

",Karachi were ‘a8’ described already in paragraph 341, in the plans, of

;the public means of’ transpert, in principle public buses were called upon"

' 'fto play sn,important role until 1985, and for this purpose, the plan:

emphesized that 3; 300 or more buses should ‘be put into service unt Ll 1985.

With regard to railways, the plan claiﬁed that the existing KCR -

",and main 1ines should have their facilities improved 90 a8 to increase

'traffic handling capacity end enhance the degree of utilization of these

'-_drailways, and thereby cope with the increasing trsffic démand,  For this

s'puipose, the plan insisted o0 the necessity of 320 coach vehicles by 1985.

| 12 2 2 Land Utilization Plan and the Relationship Thereto :

§ The KDA concluded in its PPinal Report on Transportstion“ that
ftraffic demand and 1and utilization ghould be as stated below._(psge 54)

Assessment of trsvel pstterns rearranged a series of land utiliza-

tion schemes enabling a decrease in the overal] demand for travel, This

- 210 ~ -



rearrangement included the following measuree. L

1. Higher levele of. employment in the northern and northweastern area of
the city, (Diesipation of industrial areasf) ‘

24 _High population, particularly highwincome, in or neer the central
7area._ (High~density population to be ettained by rendevelopment of
the city ) ' I SR : i

3{;'Higher population to the south or. eouth»east o[ the central area.:
r(Enhancement of the degree of utilization of thc main line )

4; Development to the west of Lhe city (Meuripnr or beyond). :
(Enhancement of the degree of utilization of the KoRr™ 1ine )

Note' In the above—mentioned items, the comments of this study team

are in parentheses.

These measnree would reduce ‘the traffic flow moving from the
' north and northeast corridors to the highly concentrated employment area
‘in the center of the city.- Theee corridore constitute future problem
 areas in the sphere of Lhe urben traffic syetem._ Such a treffic flow"
'-‘would have to. pass through areas already developed to a considerably high'
| 1eve1 making it dif[icult to. increase the existing road capacity or areae__

‘where it would be very expensive to permit the increase of traffic flow.

‘ _ In connection with this, the KDA Final Report made the following_
jcomments._ (page 7) “Thére were some aspects in- which deeirable changes
111 ‘the land use and travel patterne couldnot be achieved because of the
1imitatione imposed by exieting development patterns.nl In theee caaes,
any measures which were available were taken to reduce the undersirable
'effects, but those remaining had to be accepted as 1ong term city charac— -

_‘teristics.'

_ The most important preeentation in the Final Report relatee to
the high—level emplcyment in the central area of the city. This means
that even though the future employment c0ncentration would be restricted

to ‘the level of the preeent time, it may bring about an extremcly high
':radial movement (commuter traffic), the need for large—capacity roads.
‘and the addition to and improvement of public traneit lines running from

suburban populated areas to the center of the city.
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Namely, aven while measures to reduce commuter Lraific ilowing '
r.into the high]y concentrated employment area in the centet of the city _
_ ould be taken, a styong demand for traffic would still remain unsolved
- in the future.'ﬂ In. this respect this study team understande that the
‘-provieion of a epine will still have to be considered _
Brief descriptions of Lhe regione connected by the three extenw

sions are given hereunder. o

S North Karachi would atill constitute for- the time being the most
: problematic area in all the Karachi Metropolitan Area'l a vast area
“:designated as e housing area exists in North Karachi and thie has 1ong
'3been underpopulated This area should be utilized 50 a8 not to waste

investments which have been made and remain unuged.

h-‘ Meanwhile, SouLh part which forms a 1arge triangular area and has
long been proposed to be the center of Lhe _cotiiunity is being developed
rmeinly for use as a h0using area. lhis study team saw many apertment

-r_houees under construction when 1 made field investigations

The dwelling area from Baldia to Aurangi is expected to becoiie an
'-attractive area for those moving there Erom other areas, " The high- ~level

-increase of population predicted fn. the 1974 - 1980 period would make

‘f’necessary that the KDA: take action in preparations for. this..? Fxperience

' ";Egained from urban development plans now under way may be useful in this_

""f-respect.’

SR Korangi ie expected to become an area with an increaeing popula-
.p:tion in the 1974 ~ 1985 period. . In Phase 1 which will continue untilﬁ
pf1980 the neoessity will be to start: euitable industrial development.
}‘The major developments should be aimed at achieving the development of
:’industriee of the proper scale._ This should be the premise for the
"’alternatives proposed by the KDA master plan as to whether they can be

':eerried'Ont guccessfully.. (Figs 12- 2 12w3)
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12 3 R"'af“’“smp betwean Rapid Transit System and
. Mass Rap;d Transn System e

. Thie etudy team proposed in Chapter 3 of this report the concept

. of the nass rapid traueit eyetem by weans of railway, :. This obviously
'takes into account the rapid transit system requested by the: Pakistani
Government, Therefore, Lhe team is of - the understanding Lhat upon pro-
.fceeding with eetabliehing the rapid trensit eyetem in the future, the
electrification and modernization ‘of the existhig ]ines should be
executed as a firet projecL which should follow the execution of the ;
papld transit syetem, namely the: R/T epine and the three extensione. as

a second project.-‘ Thie reeults from’ the reeeone ‘that, since the rapid
.trausit eyetem ie planned to 1ink with 1n future, the existing KCR line
and the nain 1line, theee lines nust. ‘have had their traffie capacities
_increased by. eleetrifieation and modernization as well as all necessary.

_ *preparatione muet have been made to provide paseengere with quality
f_fLraffie service. T' ' : L

L Aesuming that the provieion of the rapid Lraneit system preceded
"the existing KCR and. main lines, 1t would undoubtedly help ease. the '
eraffic -eongestion in eertain 1imited seetions but in view of the future
urban development plan, Lhe land utilization plan and the plant layout
"plan which were- propoeed in the KDA master plan, it 1is estimated that the
:treffic £1ow of paeeengere would be exteneive rather ‘than moving in cer-

tain limited eectione.:_.

Thexefore the preeedenee of ‘the tapid transit eyetem over other
requirements may uee]essly aggravate ot only the congestion of passen-
'gere at junction stations, but aleo snarl up urban traffic in the central
area of the city which in turn eauses peeeenger flew to further eongested,'
" thus | moving backwards from the objective of the rapid transit syetem.
_With regard to the spine,. ete., the eleetrification and modernization of
the existing lines under Project 1 would be predicted to overlap, in. part,

" those under Project 2

12-4. Trafﬁc Damand Forecast

Concerning the railway traffic volume at the time of completion
of the above-mentioned four new lines,. the KDA and the RTS-Cell made the
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‘_forecaet shown in the year 1985 columna of Tables 2= 3 and 2~4, 1ncluding
"that of the year 2000. According £o Lhis forecaat, the number of paesen~ :
gers in 1985 1s prediccéd to increase by 6 5 Limes over ‘that in 1971, and |
pasaengerwmiles in°1985 will be 7 times that in 1971, 1 I8 2000, the g

- number of paseengere will become 24 timee the 1971 figure aud . passenger"‘

milee will increase by 27 times., .-f“-“

' Whereas, the electrification plan of the existing Tinee proposed
by this study Leam has foreoasted that number of paesengers 1n 2002 would
be up to 10 times over 1974 aud passengerwmiles up by 11 times.;_

‘ For 2000, as shown in. Fig. 12= 4 Lhe NortheaeL Karachi Braneh, -
_the second loop- line, which will 1ink the Malix: CanLonment Branrh with
Karachi Central Station. and the Western Karachi Branch planned to be
extended to the weat from Baldia are included 1n the plan.

.(Fig. 12«4)

: The plan has defined that the four new 1ines should be construetu._: -

ed completely between 1987 and 2000- the combined gross traffic volume =

of all modes of traffic in, 2000 should remain ‘the same as that shown 1n '

.Tables 2-3 and 2*4. Forecasting the traffic volume by railway on’ the ’

_ three premiaea that the ‘four new lines are campleted after 1987 but
before 2000, that the ovetall traffic volume by all the Lraffic modes in,
2000 remain unchanged in the - figures shown on Tables 2-3 and 2h4, and”
:that the shares of ‘the railways against the above—mentioned overall

._traffic volume. remain unehifted both in 1985 and 2000, the number of .

‘passengere will 1ncrease by 1? timee over 1974 or 19 times in terme of
paesenger—miles. ' ' ' ‘

-

125, Tha Necessatv for Rapid Transu Svstam o

- The preceding paragraph has described the overall foreCast of
traffic demand.- ‘This’ forecast is based on the premise that the mass o
rapid transit system in Project 1 (electrificatiOn and. modernization of .
existing lines) shall have been completed before 1987 end Project 2
'(epine and 3 exteneions)namely the constyuction of the mass rapld tramsit.
_system, before 2000, With a view to the gross;traffic demand and the
-~ ghare of traffic to be borne by the railway, a traffic volume of this :

_ 1eve1_is arrived at. Revereely, 1t may be thoughc that the forecast
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engers in 2000

| Fig. 12-4 Estimateq. Daily Rail Rapid Transit Dass




demonstrates the need for the establishment of the mass rspid Lransit

system as Project 2.

_ To be more precise, as described in- paragraph 12~2, the degree of
' concentration of employees in the central area of the oity would noL
decrease 30 1ong as businesses exist in the central area of the city, if
so, the traffic tnside the KCR 1ine bound for thc contral area of the.
city would necessarily increase. This traffic incrcase_is-at_present~

handled by means of road tratfic. -

After’ the 1st mags rapid transit system project hss heen com-
pleted, part oE this traffic increase would shift to the KCR lines with
higher running gpeeds; but a considerab]e part thereof would still remain
on the roads and it could be considered that this would form a reason for
: passengers Lo take advantage of a spine.__ in the KDA plan, the traffic
flow on a spine wss estimated to be - about 90, 000 passengers per day in
_'1985. - {This study team herehy recommends that. the figure for the year

51985 proposed by the KDA should be taken as one for the year 1987 or
later, ): DR

' The KDA plan also forecast that the traffic flow on the Baldia ﬂf
_Branch would amount to more than 70 000 passengers per day, that on the
"North Karachi Branch more than 60 000 passengers per day and that on the
_Korangi Branch at least- 40 000 passengers per day. - It is thought that’

these traffic volumes imply the necessity for the proposed new 1ines to

be provided

With respect to: the situation of road traffic congestion at the
central area of Karachi City, the provision of a spine would be necessary,:
because the full traffic volume could not ‘be handled by the existing

roads even if they were improved to a certain extent, . The necessity for _

the provision of a spine can be recognized also from the view points of

energy efficiency ‘and pollution such aa that by automobile exhaust gases.‘, .

Concerning.the three extensions, the-concept-that:part of the
extenaions should use tramcsrs must be*ahandoned but electric cars-
‘should be used with a view to masse’ rapid trsnsit system requirements in

the future.-
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1261 Strycture of Systen

(1) Eine
As a 2=mile eection of the epine cloeer to Karachi City is

llin an urban area, ejther an. elevated trdack or gubway should be selected.
to form ‘this section. If an elevated track 1s to be selected, the :

following probleme wil] be encountered.-

1)

2);

3)

The conetruction of an elevated track over roads will
decrease the effective width of the Yoads. '

-Elevated tracke will cause adverse effecte sueh ag
-noise and vibrations upon the eommunity and spoil the
L;appearanee of the streets more than a eubway would,

'Utili?atiOn of land surface will be obetructed : Judg-

ing from the eireumetances of the plaee, these problems

‘cannot be considered to be acceptable by the public, 80
.this section ehould be a subway ‘even 1f 1te construc~
“tion.coet will be high ' : ' -
"fGenerally, the construetion of. aﬁeubwey'at a deoth
7tcloee to the gtound surface 1s lass expensive than one
.at a greater depth ©In the case of the former,

;_evacuation 1f a dieaster oceurs is eaey and 1t 1is more

expedient to passengere. - With regard to the structure,

.. the adoption - of box section ie preferred as a whole:
. though this depends on the method of construction,
'_becauee framee of emaller crose -gsections are better.‘

" The internal dimensions of the frame should be deter~

mined thrcugh overall examination of the types. of
electric cars relating to it.z In eddition, concern-

~ing the structural eyetem;'the provieion of ventilation
-and cooling systems should be studied taking into con-
'"eideration'the temperature (45°C) in midsummer, ~ Intru-

sion of passengers into the:trackway, as seen on PR at .
present, will be a problem to be solved., As a conclu-

sion, these problems should be taken into account when
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determining types and -sizes of stations and mechanical

'_faci]ities and ceiling heights.

'On the othcr hand, & soction of about 4 miles closer to

Karschi Centrol Station consists mainly .of housing. and

"industrial areas whcre not many buildings exist at .
_ present. However, it is predicted that’ rhis area. will s
“be densely populated with many houses, and the number ..
'of factories will increase into this area, . . Based on -

this concept,. khe railways and roads -shotild be grade

separated ~In this case, there are two. methods by

which the railways can bc dealt with'. elevated -and

'dfunderground railways.: This area, however, should be ;jd

provided with elevated track ‘becauge it is not an urban .

area, and elevated track has more benefits, considering

: the cost of construction, etc. (Fig. 12-5)

(2) Extensions

1)

2)

3

North Karachi Branch

Topographically, this ared is flat 1and with a marginal-'

='1y high elevation because it is 1ocated away- from the
'coast.s The environs of the 1ine are largely housing
sreas.: Therefore, the extcnsioh line should run

~ through cutting and should be grade separated from

roads, but running under the 1atter.

.Baldia Branch

Rl

Where the Baldia Branch will be . extended is composed of

" flat land topographicaliy, as .yet. uﬂdeveloped. This
' 1ine should run on the ground with major roads gradc

"separated.

Korangi(Branch'

i,The-korsngi Branch extension will run on a flat indust~

rial zone close to the coast, with roads already com--
pleted, Therefore, the line should be grade separated’

from these roads, but running above the latter,
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| Fig, 1255  Underground: Railway Construction .
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12 62 Methods of Construotion

The method of eonstructing the underground seetions will be a
specific problem. These sections ghould. therefore be dealt with in’
accordance with the following methods. . ‘ ' :

1) Where a subway will run close to the surface, Lhe open out'
: method is recommended on the whole. AfLer open. cutting,
the road surface should be covered 86 as ‘to permit working
'thereunder. ' o
2) SPring water could be draineo'by ﬁeans of.ﬁﬁmpef-' Honever,'
if excavation will be 1mpeded because of a large amount of
spring water, speoiel dewatering and waterproofing should be

effected by neans of wellpoints and. chemical grouting.

'_ 3) Underpinning should be carried out where the subway will

pass under obstructions such as buildings.

&) If the use of the open cut method is 1mpossible because of
extremely bad soil, the shield driving method or an other
suitable method should be - employed. -

In addition to the above~mentioned methods, the major problems :

to be examined upon drafting of construction sohedules are as follows. :

e) :Geological survey'and pumping tests of underground water

'along the railway route.
. b) _Survey and detection of underground struetures.

fc} Traffic control measures to be taken during progress
. of work. (Flg. 12-6) s

12-6~3 Linking the_Rapid'Transit §ystem.with the Enistingllines” ‘
(1) Spine |
As part of the nass rapid transit system to be effected by
- way of railways, this study team: suggested earlier in this report the
'eleotrifioation of the KCR line into 'a double~track line on a loop
 gystem and the electrification of the section between Karachi City Sta~

tion and Piprl Station on the maln line so as to largely improve its
traffic capacity and thereby provide'passengers with quality service.
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Fig. :12-'6:(2) cut and Cover Method-: -
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: For theee purposee, the trackage right operation of  the
_spine into the KCR 1ine 18 one idea, but, 1f. employed will ironically

| form a bottleneck in transportatloh and may reeult in Lhe decrease in
'.the overall Lraffic capacity. "Hence it would be better 1f the. passen~
i:gere be' allowed to change from the KCR line to the apine at. Lhe separate

' operation.

_ Admittedly, although the meLhod of Lrackage right operation
should be etudied in deLail from Lhe view point of - service to passengere,"

o Lhere is a new scheme to construct a new line apart from the exteneions

. under consideration.,; Therefore, it 1s considered to be reasonable that .
“the relationehip with the conetruction of the planned new ine and the

| eituation of passenger flow ehould be re—examined before determining the-_‘_

method of trackage right operation. : For information only, the diagram
showing the relatiou between surface line and subway etation is pre—

' senLed below. (Fig. 12 7)
.'}(2) Extensions

_ _ As already described in Item (1) above, although trackage :
B right operation of the. exteneion 1ines into the KCR line: would be con—.,
'lsidered unneceeeary for the time being, sufficient etudy should be made

- _for junction facilities connecting the extensione and the KCR line.r

Generally, the 1inking of the extensions to the RCR - 1ine should be put
Anteo prectice after electrification of: the KCR line into a double-trackl

- line ‘hag: been completed. The construction of new junction platforms

3fshou1d be envisaged in accordance with the running directions of train.

. However, should Project - overlap with Project 2 ‘with
brespect to the period of time, it may be possible for the extensions to'
run into: Lhe KCR 1ine 1f the latter hes a margin in its _track capacity,
"Therefore, a further etudy would have to be made in detall, (Fig, 12~ 8)
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12-7._ Lnnking the Existlng Llnes with other Mode
o of Trafftc,(Surface Trafhc) :

;('1'

Generally, the objective of any traffic service is to carry
paesengers Lo their destinations. However, the complete fulfillment of
' such an objective 1s almost impossible even after the mass rapid railway'
transit system earlier proposed by this study team has been completed,
for the use of other modes of transport such as. buses and taxicabs is
necessary together with this system to lead to the fulfillment of sthe
. objective, _ . L '
. - How, how the railways should be linked to other modes of traffic
18 &, problem to be solved..: It ‘may well be said that the reasonable

'.method of connecting these different modes of traffic should be effected

- with emphasis on. the railways which overwhelmingly predominate all oLher'
,_modes of traffic. This would play a great’ role in alleviating the con=
gestion. of surface traffic and. would inevitably increase the demand for

railway, traffic as well

From this viewpoint it is recommended that the junction facili-
1'ties mentioned below should be provided with railway stations forming
the hubs. ' ' R

(l) Provision of Station Fronts

The front yards of most of the existing KCR 1ine stations
are confined and buildings and other structures intrude into them pre=
venting the entry of buses and taxicabs. For this reason, these sta-
tion fronts should be greatly enlarged and’ improved so as- to. permit free
'entry“of buses.and taxicabs.,, The.. following figure shows the two

examples from Jspan. (Figures 12- 9 and 12-10) U,

"_(2) Provision of Perking Areas '

In order that passengers coming off the railways be allowed
to utilize buses and taxicabs wniting at station fronts and vice versa,
“station fronts. should be: provided with parking areas for the exclusive
use of buses and taxicabs. These. parking areas should be put under the_
'control of the;station, and_private automobiles could be charged for
edmission." By doing so; the effact of increasing the utilization of

the railways can be expected.
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3) Development and Improvement of Road Network

Centering on Railwey Statione

_ The exieting major roado heve almoet no aoeeee Lo the sta~
.tione, which decreaeee the degree of railway utilization while causing
“more congeetion of eurface traffie.. For. thie reason, Lhe measures to
connect the major roads with tbe stations should be first taken to carry
out the provisions (l) and (2} above and Lhereafter the toad netWOrk
muet be improved continuouely with the stations being the center of euch

improvemente.f

(4) Rearrangement of Bus Routés,

- After a re-examination of Lhe éxlsting bus routes hae been’ :
completed, they Bhould be’ rearranged to establish the new routes which
start from stations. and run through and’ connect the heighboring houeing
areas, induetrial zonee and business regione or station with station. o
As a result of this’ rearrangement, the present bus operating dietance
.may be reduced while increasing the operating frequeney; ‘thue markedly

assisting the eentral area of the city in easing traffic congestion

12-8. Obstruo'ting Sttuctu"res'

As’ far as ground lines are. concerned, there would be no, definite
and technical problems, except for those poeed in limited areae., How--"
ever, the following problems generally exiet in~ the.case of subway con-~

-etruction.'f

(1) Underground Utilitiee

_ Water distribution pipes, sewage’ pipes, telephone lines,.
electric conduct pipelines, gas dietribution plpes and cablee are. often B
buried underground, ' Therefore, the subway should not be construeted at
a depth of 2 to 3 meters from the ground surface, but at a greater depth._
' In this case, the accommodaLion of the above—mentioned pipes and cables_

in a utility culvert could also be considered

{2) Build ngs

“In principle, the subway should not be permitted to pass
under buildings. From the overall point of view, however, cirCumetancee

may force the subway to pass under buildings, - and such buildinge ohould

be supported by underpinning
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”(3) Rivere

. Where the subway runs acrose a river, & bridge or tunnel
should be constructed.‘ However, if the’ river bcd 18 to be tunneled to B
permit the subway to cross the river, allowance must be made £or room

under the river bed.

12-9. Construmion Capability
f hlthough there would be no problem in carrying out the construc—

_tion oE the spine and the extension lines wiLh respect to Lhe dmount’ of
‘work, a problem will arise if the construction of Project 1. overlaps thet'
of Project 2 with respect to the period of time, which will naturally
‘cauee the concentration of a 1arge amount oi work '

y “Ia carrying out the construction of the subway, it will accompanyi
problems which will involve the reduction of completion time, pieparatiOn :
‘ef constyuction equipment and occurrence of spring water. Therefore,
"these problems should be studied in conjunction with technical coopera~ _;g
"tion from overseas.:, In order to construct urban railways, overall '
_adjuetment should be made with consideration given to administration, '_5_l3

traffic policy and urban development plan.”;

;12 10 E!ectncal and Slgnal Systoms

Since it is considered that the spine will consist of an under-n .
ground 1ine with elevated parts as may be required and as described in
the preceding paragraph._» Therefore, electrical and signal systems, sui~
: table for such conditions ‘anid of the simplest nature should be provided '

. so as to facilitate their handling and maintenance. ' ) |

. Fox the extenaions, there will not, be. many probleme particularly
as to electrification, becauee all the three lines are planned to run

_along relatively flat routes where there are many undeveloped areas.

2—10*l Electricity System

The electrification of the epine under consideration will be by
Tmeana of electric cars._ The electricity system envisaged should be

elither of the alternate or direct current system However, 1f rhe KCR
line (including the main line) should-use direct current after completion '
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of electrification, the apine 8hould alao beielegtrifiediuainghthe same
system., e ‘

| : With- respect to the aphere of car Operation, the electric cars of
'both the. epine and the KCR line should be allowed, at leaet at junction
"pointa, to. run into other railway eectiona 80 as to permit common opera
btion thereof Inetallation of track-layout and overhead wire ahould be
planned accordingly ' o ‘ '

With regard to Lhe extenaiona, if ‘as deacribed above,‘the spine
and the KCR 1ine ahould be electrified by neans of direct current, the
'extenaiona myst alao be electrified in the aame way, for thia would enable
the KCR 1ine, the apine and the: exteneione to interchange their vehicies
and - thereby enhance . the operating efficiency of these vehiclee..

~12~10-2 Assurance of Powei Supply |

. : The receipt of electricity from KESC to the railway grid ata— .
_,tiona on Lhe apine ahould be projected by meana of the double backup
:.ayetem. Thie electricity will serve not only a8 a; power source for -

_train operation, but general diatribution linea will alao uae this elec—4
'tricity in operating the drain pumps in underground aectiona, providing
power for the 1ighta and ventilatora in underground tunnels. Therefore,.
assurance of these power aourcea ahould particularly be planned carefully

.;.In addition, in order to provide back-up facilities in the case of trouble

in the power tranamission aystem, batteries or the AC generator o _

_ equipped with an internal combustion engine, in either case ag’ an emer—
;gency standby power eource,'should be available. Such equipment should

r-prefeiab]y be provided at every underground atation, and thia ia re-'

:.commended with a view to- reliability. o

Alao for the extenaions, the electricity for train operation and
the pOWer source for signala st be of: high reliability aa in the cage -
. of - the apine, but ahould be equipped with a backup system.;- '

1210~ 3 Signal System

In general, as a aubway Tuhs along many curves and alopea, the
system of maintaining the aafety of train operation must be determined
.conaidering the frequency ‘and speeds of trains and relations with the
existing railwaye. Safety systems used at preaent in Japan and foreign
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. countries consist of:

() Cab warning system, _
(2) Automatic train stop system,

. (3) Automatic train contiol, and

: _(4) Antomatic train operation..n,'”
'Of the above systcms, the automatic train stop system (2) hns s |

dbeen used widely and is recogni7ed 'to have a euccessful record

_ } For the spine, the employment of Lhe electric automatic train

: atop eystem (equipped with a speed control device) is considered to be of
. high' reliability éven in a high temperature and high humidity area. How—‘
':ever, shOuld a future study of ‘tlie epine find eharp curves dnd’ steep

_ _slopes following each’ other on the propbsed route, the’ automatic train
__control system wWay ‘alsg be considered. © I either case, an automatic i)

lock system should be planned

Meanwhile, as the extensions are predicted to consist of rela*-l
ftively flat Lrack iL 1s considered that the autOmatic train stop system
equipped with Speed control device may be used baeed on’ color light '
signale using the automatic block system, similar to the eignal system on:t

the KCR line after modernization. o

_ _l In addition Lo the above; the provision of CTC eystem and train .
radio system should be studied with respect to safety countermeaeures in '

an emergency

12 10 4 Induction and Telecommunications o

: Electromagnetic induction is largely affected by earth conduc»IHf
tiVity. f The better: the earth conductivity, the smaller- the induction, -
According to - the. study so far carried- out., earth conductivity is good

generally in the coast line and poor in mountaneous areas - and sandy areas.

In Kaiachi although the study of neighboring telecommunication
_'circuits failed to. clarify how good their earth conductivity 1s becanee g
of insufficient data, thesé telecommunication circuite should be ieolated
or replaced by cable lines if induction is large..

1211, Tfaffio,_ Rolling Stock end Reuired Fécil_itie_s___

: 12 11—1 Mission of Railway Division

0f the four lines, _ che R/T Spine, the Baldia Branch, the North
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Karachi Branch and Korangi Branch, the R/T apine ehould run through the
“central area of Karachi, 60 a8 to conetitute one of . thc major railway
;diviaions dealing with the metropolitan traffic of Karachi together with
;the existing main line and the KCR ]ine. Alao, theee three branches are
'feprcad radially £rom the KCR 1ine being their main axia,mthue will play

E an auxiliary role ae an urban traffic eyetemrf

Therefore, the traffic layout ahould ‘be. eatabliahed with-the
role - of - each aection taken into account g It ia mandatory that ‘the R/T
r‘epine runs into Karachi CiLy Staticn which ia located at Lhe center o[

o Karachi, and,B/T spine should be connected, on route, to. the North

[;Karachi Branch g0 as to effect through-operation reciprocally, this 1s
: consideied to be highly beneficial,. a | g

' Although trackage right operation between the Baldia Branch, Lhe
{Korangi Branch and’ the KCR: line is not- necessary, it is recomended that
the former three branches and the R/T 3pine should be planned so as to
. have " conhected permanent way to. the KLR 11ne when consideration 18 glven 'f

"~ to the interchangeable usé. of rolling etock and their depots

.'12 ll~2 Train Operation

. The estimated number of trains required for individual lines in

the year 1985 is - shOWn in Table 1 according to the nunber of passengers

:-required to be carried by railways projected by the KDA; namely every :

“train consists of 6 electric cars with ‘the capacity pex - train being 900

' ;paesengers and the riding efficiency for. the Iull day being 100 per cent
'_;and that in rush houra 150 per cent,_and the percentage of trains per

‘;one hour the rush hours of the number of traine throughout the day being .

20 pex cent.

_ - Since- the each mileage of the R/T spine, the Baldia

Branch and the Korangi Branch is approximately 6 miles (9 7 km)- and that
of. the North Karachi Branch is approximately 3 X miles (5.5 km), the N
achedule speed will be about 40 km per hour aseuming that the average
distance betwean atations of the reapective divisione is 2. to 3 km,

Table 2 ‘shows the estimated train running time in minutes (including'
stopping time at’ etations) for each division calculated on the basis of

‘the' aforementioned parameters.
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- Table 12-1 - Edtimated Number. of Traing:— =~ - -

| Numbex of trains .
thrdughout the day
Capacity e (one. way)
Cper traln
B (pasaenger)

CRatl. | Nﬁmb3?;°f
DR 5 ) R cara pel'
) watn

_Category"'
- of - HE SERPER
'~Divisions. .through per rush

‘out the one hour
“Cday oo One oW

| W/ oeptne f?7]9!?fchuT?'~4 L9000 50 s

[Tpaiata

‘Karachi | 5.5 [ e | 900 | T35 3.4

zBranch T . -_6n - . 00 o ,25 SR

', .Table 12-2 Estimated Running:Spedd and Time .

~Category .| Maxtmum -Sehedule | pyyning tisie (mindtes)
of - -gpeed. - | - “speed :

Divistons | (km/t). | (km/h) . | (ineluding stopping cime)

‘”yorth Karachi_ “ 90  ~ . 40 - A4 _.',”". 8
o Branch : A g : , ,

Korangt Branch | %0 | 40 15

 The required traffic volume in the year 2000 is, when compared
with that in the year 1985, expected to' grow by about 3 times on the R/T
- aplne and 2 to 2.5 times on’ other three branehes.= Therefore, it 1s con—

sidered to be necessary in view of the megnitude of transport that both
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the R/T spine aud the'leﬂia'Branchlhe'cohstruCEed°ss'doutle~track lines
£rom the very beginning, but: the remaining two Branches may be single-
track 1ines for the time being. '

2 ll 3 Rolling Stock

_ In order to save maintenance costs, staff and facilities, four
iew lines must use ‘the safie electric cars as the existing main line and
the KGR line.. Calculating the required number . of electric cars for the'
year 1985 based on the required number of: electric trains listed above, it

will be about 120 electric: csrs (6 electrie cars x 20 trains)

. In consideration of the increase of traffic volume in the yesr -
2000, the number of electric cars may have to be increased by abOut three; :

times over the number 1in 1985

'12 11~ -4. Electric-Car Depot and WOrkshop "

_ Assuming that four new 1ines u9e electric cafs o£ the same con--
“struction as both the main line and the KCR 1ine, maintenance thersof
| .can be effected more advantageously, electric~car depot can handle ‘the
daily,'regular and truck inspections and the workshop can: perform import~:'

ant and overall inspections.

Although Lhe scale of the electric-car depot, etc. depends on
the gime when it is required to be built, assuming that the time to start;
_ the operation of - the RIT spine and the three other branches falls ‘on ot

after.1985 the electric— ar depot and WOrkshop will be as follows. o

o

(l) Electric-car depot

In the year 1985, the existing depot in Landhi will still
.have a margin in its: inspection capacity, but will reach almost its
maximum 1imic in storage cnpacity. Therefore a new depot should be o
provided for common use of Lhe R/T spine and the three branches, prefer-
' ably at Karachi Central which will become the center of he four divisions._
In early stages, the provision of only electric—car storage tracks, daily.
_ {rispection tracks and washing tracks will be sufficient as the depot
facilities, - (For regular inspections, the regular inspection facility
- of the electric—car depot in Landhi may be used. ) Therefore sufficient

land, éte¢, to accomodate the regular and truck inspection facilities -
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reqoiféd to be provided'in the futhe'éhooid be acquired in advance so as
to dvold working backward . ‘ '

(2) Electric car workshkg :

In order to cope wiLh handling the electric cars of the '
_ main and KCR 1ines, Lhe addition of proper facilities to the Karachi KanLt
~"workshop is considored sufficient. Also; 3uch 11nes as are considered _
to have additional divisions newly provided in the year 2000 ‘other than
'.'the R/T spine and the three 1ines, are predicted Lo use about 1,000 elec~
tric cars: including those of the existing. lires, hence a workshop for: '
R exclusive use by electrio cars will be required in Lhe fuLure._ The time
' for oonstruction of this workshop should be detexmined in congunotion .

‘with Lhe increase of. eleotric cars on both the main and KCR lines. 
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