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CC\' 
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ThP Sixth Ar-.ih Inclustr1.il Oevt•lopmP-nt Conferf>nce held in 

Oamascus in October IC}84 stressed the importance of setting 

up facilities for manufacture of products used in 

electricity generation, transmission and distribution, as 

the prime priority among the Arab joint venture projects. As 

a follow-up measure, Arab Industrial Development and Mining 

Organization (AIDMO), prepared a sectoral study covering the 

major issues relating to status of electricity _generation, 

growth prospects and requirement of equipment/facilities in 

the Arab countries upto the year 2010 AD. 

Based on the findings of the sectoral study and in 

consultation with UNIDO, AIDMO has shortlisted 8 products 

for which it wants to get project profiles prepared. One of 

these products is Underground Cables. The objective of the 

project profile is to provide sufficient information to 

attract pronpective promoters and sponsors in Arab and other 

countries to set up manufacturing facilities in the Arab 

region. This will result in the Arab region achieving self

sufficjency in the production of electrical equipment over a 

def init~ period of time. 

Th~ Scope of Wor~ for the present study has been summarised 

in Exh i hi t-1 • A aepa ra t.e market survey, according to J\ TDMO, 

was not needed for the purpose of this project profile since 

the informal ion .ind project ions as f!ontai ned in the sector a 1 

study carriP.d out by thPm waa conHidered to be adequate. 

Therefore, the Sect.ion on 'Mark~t Analysis' is, to a large 

extent, baeed on tht! inputH P.xtractP.d from the report on 

SP.ctoral et.udy carried cmt by ATOMO. 
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The contents of this r~port have been organised in a manner 

so as to present. the reader with a logicdl sequence of 

analysis and findings. 

Sa I it-:nt 

-.:1th ii \'t,.w lo f<tmil1.-1t·1s.- tt11• n·.-.rlt•r with its featurPs, 

characteristirs and uses. The Section on 'Market Analysis', 

provide~ demand projections. Plant capacities and the 

possible locational alternatives for estab!ishing the 

proposed manufacturing faciiities are discussed iu the next 

Section. 

Manufacturing process is dealt with in a separate Section 

followed by a Section on 'Plant and Equipment'. Estimation 

of raw materials and inputs, requirements of utilities and, 

estimation of space and laycut are presented in separate 

sections. This 1s followed by a section on estimated 

requirPment of manpower and the recommended or9anisation 

structure. 

Project cost estimates, detailed financial analysis and 

financial Pvaluation are presented in the Section titled 

'Finanrial Analysis and Evaluation'. The last Section o~ the 

Report (Jrf~Hf•nt.s a plan for irnplt>mf'ntatinn oft.he project. 
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EXHIBIT : 1 

UNITED NATTONS lNOUSTRTAJ, DF.VELOPMF.NT ORGANIZATION 
ANO 

ARAB TNOllS'rRTAI. l>F.VF.l.OPMF.NT ANO MTNJNG ORGANl7.ATTON 

PHn.11-:cT l)Hn..-11.1-: ON llNl>l-:RGROUNO CAHt.1-:s 

SCOPF. OP SF.RVTCF. 

ThP. Scope of thP. Project Profile, among othP.rs, includP.R th~ 
fol Jow.i ng 

0 

0 

0 

0 

(J 

llP.Rcript.ion, s~cidl chdracLeriet.i.cH and ·features, 
and URP.M of the product 

Iden Li f icalion of m.r1jor er.d-uaer industries 

A"'Hf'HRment of preRent. production capacities 

At1setu1mP.nL of supply and demand for the product Jn 
the Arab World 

Tdent.if ication of demand-supply gap and evaluation of 
thf! poRs1bility of P.ntering the market 

fJ~Kcripl.1on of baKic manufacturing procP.sses and 
HP.IPc~lion of a HUitalJle procf!RB 

o ProceHH flow f'.hiirt. 

0 

0 

CJ 

" 

II 

fl 

Arie{ Hp•·•:1f1r:ttt.ion of pl.u1t and machinf"ry, 
Hourct~H and pr i ct~li 

P.Ht 1111.tl.t•d n·qu i rf"fllf-'fll.1:1 nf 
HOii rcf~R .uuJ "J' I Cf~ H 

mat.,.r i,.. I H, 

EHt11n<tl.~cl rf-'qu1r..-111.-nlH of ut.J.ljlieH such itfl 

W<tlP.r, CfllllfH"f•HHf'd ... r, fuPI oil, ·~tc. 

SP I ····t. I"" 0 r l flC<t I. i flfl r or l ti,.- "J .t 111 

l'n1j1·r·I t'oHt f'Hl.imiil1• 

their 

I. ti ... J r 

powt-r, 
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EXHIBIT 1 

Pn•.i~··-t fin.-1nr1.1I .u1.•lysis 1nc·lwling thf> following 

Ph.\ st>d r· .i I' 1 t.tl F ~:I"· n• fl t 11 ,.,.. I' l.u1 
r·,,sts .,f !'r·11d11•·l 111r1 

('nmp11l.tf lnll .,f W111·ktlPJ r.t(•lt.tl 

Sl..1l1•mr>nts of lriv1·rd•11·y, lnl1·1·1·st & 0Pprt·•·1.il ion 
Tax Computatinn 
Projected Profit. iind Loss St .-ih~mPnt 
Projected Balance Sheet 
Projected Cash Flow Statement 
Financial evaluation including 

* Break-even analysis 
• Internal ratP of return 

Project implementiition s~hedule 

The study covers the Arab World consisting of the following 
countries: 

J\lgeria 
F.gypt 
Jortian 
Libya 
Saudi Arabia 
Syria 
U.A.F.. 

Aahrain 
l raq 
Kuwait 
Morocco 
Sudan 
Tunisia 
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SUMMARY OF FINDINGS 
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Our findings reveal that t.here iR a large requin~menL of 

Underground Cables in lhe Arab reqion. HowPver, only a part 

of this demand Ht ffllCJCJ~Rted to be met throu9h local 

manufacture ~auae of the high Lechnology involved. Only 

one manufacturing plant is reco111U11ended ~o be set up al Libya 

with a capacity to manufacture 4600 km of EHV/RV/MV cables 

per annum. 

Su1M11ary of basic parameters and significant features o{ the 

project are presented in Exhibit-2. 
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JOB NO. DCIL-105 EXHIBIT 2 

2. 

3. 

4. 

5. 

6. 

7. 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION 

PROJECT PROFILE ON UNDF.RGROUND CABLES 

Pldnt Location 

Plant Capacity 
(Km/annum\ 

SUMMARY OF FINDINGS 

.2\rei:I Requj rement. ( SqM> 

Mdnpower Requ i rt!mPnl (Nos) 

Projt!cl Cost. ( $ Mi 11 ion) 

Un•,tk Evt:ll Poi nl ( % ) 

TP.R ('\) 

L.ibya 

F.HV/HV - 600 
MV - 4,000 

49,500 

262 

37.2 

45.0 

50. Cj 
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PRODUCT ANALYSIS 
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The electric power in bulk is transmitted from a power 

generating plant to various load centres and nsers either by 

overhead Jines or by underground cables. The &verhead lines 

are extensively used for the transrnis~1on and distribution 

of electric power in rural areas. In urban areas. because of 

dense populaLion, lack of space, safety and environmental 

factors and aesthetic considerations, it is a common 

practice to install underground cables for power 

transmission and distribution. 

Owing to environmental limitations both ~he electrical and 

of thermal requirements are more severe in 

underground power cables than for overhead 

lines. 

Ef.2CTRICAJ, PARJl.METP.RS 

the case 
t . . 
_;.-ans~1ss1on 

Four importiint. t> I ec-t r ica J pa ral'!'".'tPrs concerni n9 ur.derground 

cables an: -

(' I rlSIJ 1 •• 1 I' •II 

II r·.q•.1•· 1 I.,,, .. ,. 

•' I ndur·t .ir11·•· 

Jmrnlat. ion 

I hr• •1ro11nd. It 

WI rt· '" 11uh:1·I orH. 

.tli thr• n-tn11• iniplir~H, are buried in 

l!-4 nhvtnu~; I h.11 I ht• HYHI "~"' Citnnot 1Jfff' b.:. r ,. 

.:. I ong 

'--------~----~~--~~--~~~~------~--.~~~--~~--~-~~~·~~--------------' 
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their length for preventing direct contact between the 

conductors and the surrounding objects. 

the conductor and ~he insulation 

In order to protect 

from any mechanical 

dar11ages, corrosion, moisture and dangerous chemical or 

electrochemical attack, the conductors are provided with 

suitable external converings. 

Capacitance 

A cable is usually a bund)e of conductors separated by a 

suitable insulation. Capacitance of a cab!e is 

of the distance between the conductors as well 

of insulation and its thickness. permitivity 

cable is energised, its capacitance produces 

which can adversely affect not only 

capacity o! the cable but also 

current 

carrying 

the function 

as relative 

when an A.C. 

a Charging 

the current 

the vc-ltage 

regulation and electrical stability of the system. Und~r 

high load conditions, the ca~acitance of an extensive cable 

n·::?twork could 

Neutralisation 

generate cons1derabJ~ reactive 

of tht= above reactive power 

power. 

needs 

inst:.allation of shunt reactors at regular intervals in the 

cable network. Such re~ctive cornpen~ation for a 400 KV A.C. 

oil-filled cahle mu:;t takf~ place in Pvery 24 krns. The 

1nstal lat ion of shunt r·•·.wtors .tt 24 kms. intP.rval riin add 

111•'" :!'1"". tr, I h·· 1·<.sl ,,f 1· • .td1· 1 nst.il I ii ion. 

£11 '"d!ie Of 0.r. llndt•rcjf"fllHld ['OWl''r l1·iinsmiHsion no steady

st.-1f., c·harging curn--nt. 1s 'Jf'rwrat.f•d. Th~refore, thesf~ dre no 

l P1·hfl I t'ij) limitation8 or1 thP distance of underground 

ConH1-:qn,.r.t I y, n.c. power cah.le offers a 

pr.tc·t ir-.tl Holut1on in l"n'J d1sLtn<''' und,..rground transmission 

t.t11~ •'O!-it .. r •·onvt~rHinn from A.C. tr, o.r. 
iJl ttw 11111nt of ~Jf•n,.rat '"n .arid li1Jhseq1u~nt ly frnm D.C. t.o 

!\.('. ;,t 111.id C'f•ntrf.'H n,.,.dH r.1n·f11J Hlwiy .tnci .• n.-tlysia. 

I 
I 

_____ _J 
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Inductance 

Distances between conductors in a cable are less and this 

results in neutralisation of magnetic fields around them. 

Hence, inductance in the underground cable is not of much 

significance. 

Skin Effect 

Skin effect is an A.C. phenomenon whereby alternating 

current tends to flow more densely near the outer surface of 

a conductor than near the centre. This is caused by the fact 

that the magn~tic flux linkages of current near the centre 

of the conductor are greater than the linkages of current 

flowing near the surface of the conductor. The net result is 

that the effective resistance of the cable is greater for 

alternating current than that of direct current. Resistance 

increases as the conductor size and the frequency increase. 

It is also a function of the relativP resistance of the 

conductor material and is less for materials of higher 

resistance. Thus the skin effect for a given diameter of 

cable is more in case of roppP.r than for aluminium. 

THERMAi. PAR/\Mf:TF.RS 

fn :ir1 11n1Jr·r~)r"11nd (1t>Wf·1· 1·.,Ll•·, h•·.tl ts •J••r1t•r.tlf'1} br·1·.i11s1• •>f 

lh1• r•·s1sl.ir1•·•· .,f 1·r111d111·lnrs .111d d11·l1·1·t r·I!· 11,ssf•s 1n lh1• 

1nHu1-J l 1 on the 

t.r.:nsrn1ss1on volL1<JPH irwn•.HH.•, ttw tw;1t gf>nPr-'it.Pd from thf'! 

di,•lf><·tr·ic lofHlf•S «onst itul•· .i s1qn1fj,·,•nt pP.rr;f~ntagr of t.hP. 

tot .i I hr·,tl g~nr• rat ,.d. 

T n r·,1sr· of 

r· ,. !-ill I t 1 n '.I 

tot -i I hr·;at 

6f1 l\V .tnrl I "\7. t-\,· ,. .. w.·;· t 1·.u1smiss1on syHtt•m, 

fr·om !ht• d11·l1•1·l 111· lo~;:;r•H IH 1'"1'.l-, .irul 21~ of 

wh I I,. 111 r•.t:if• ,,f /7"1 KV .ind 400 

l 1 nr·H 1 I 1 H 40'~ and r;c-,'l. r1·Hr11·1·t 1 v•· I y. 

t<V 
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In an overhead transmission line heat is dissipated directly 

into the atmosphere by radiation and convection. 

Unfortunately in case of underground cable this advantage is 

not available. Further. insulation and covering materials in 

the cable and underground environments have low thermal 

conductivity. leading to a very poor dissipation of heat. In 

order to avoid carbonisation of the insulant and the 

converings of the cable. especially in case of higher 

voltages, it is necessary to deploy mechanical means for 

controlling cable temperature. 

In the absence of any natural means for dissipation of heat. 

there is no other alternative but to fix the current 

carrying capacity of the underground cables at a lower level 

than that of the bare wire conductors in overhead line 

transmission system. 

For a given capacity of power transmission, the cost of 

underground transmission system is more than that of 

overhead transmission. The underground cabling cost is more 

primarily because of heavier conductors and expensive 

insulation. Comparative costs of the two systems are 

preHented in Exhibit-J. 

distribution and Hf:'cond,1ry transmission upto rtbo11t 1.32 KV. 

The Hystem is seldom used in case of transmisHion voltages 

275 KV and a bow·. 

However, because of rP.cent developmPnta like artificial 

cooling system, nPw typP of cables like compressed gas 

i nHu J ated ca bl eR, <~ryogenic resistive ca bl PR and super 

concluc:ting cableff wi.lh low(•r c;1p;tcitanrc~ .tnd h1gh~r thP.rm,tl 

I . 
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eonduet1vity of th,.. insulation, t.he underq1·ound systems are 

being intr,dured for EH~ transmission in many of th~ 

developed countries. 

CARJ.F. CONSTRUCTION 

Various types of electric cables are used for 

distribut1un and transmission of power. .l\l l 

cables consist of three ess~ntial components : 

underground 

types power· 

0 

0 

0 

The metallic conductor which provides an electr•cal 

conducting path. ronductor w'th its insulation but 

without mechanical protection is knovn as the core of 

a cable. A core may consist of one or several wires 

stranded to~ether. 

The insulation of a cable, often called dielectric or 

insulant, prevents dirf'"Ct contact and dangerous 

proximity between the energized conductor and other 

objects. 

The Pxternal protection preventing the ingress of 

moislurP, mechanical damagP., chemical or electrical 

attack, f irP or any other harmful influences. 

TYJ>F.S Ot' CAHl.P.S 

,\)I p11i.;1·1· ··.tl>I•·:.; .·.ir1 b1· d1v11l1·d into t.wo <i1st in«t. groups 

basPrl on pr·t~HHIU-f' within tht·1r insul.tt.ton : 

o Solid-typ~ cables in which thP pressure within their 

inHuliition is not booRt.ed abovP dt.mospheric, and may 

even fall hP}ow it locally. 

0 PresH111·iz1•d <'.lblPR 1n whu~h thf• preRRUrP. 1s alwayR 

ma1ntain~d .-.bow~ .-it.mnHpherir., P.ither by oil in oil

fi l lr.d r-;thlf>H 01 by g<tFJ in gaH prP.RR11riaP.d cables, 

during ttl I c·ondit i<irn-1 of th,.jr opP-rat.ion. 

I 
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In terms of numhPr· 11f 1·or•·s, powt>r c.ibles are cl 1ssif1ed 

o Single Con• 

n Two or Twin Core 

n Three CorP 

o Four Core 

Cross sections of typical cdble!i are shown in Exhibit-4. 

MATERIALS OF CONSTRUCTION 

As mentioned earlier the main components of an u~de~~round 

power cable are : 

o Conductor 

o Insulator 

o Prot0ctiv~ Cov~ring 

Conductor 

Copper and aluminium are the matn conducting materials used 

in power transmission. Copper used for conductors must be of 

very high purity, copper content being 99.9\. Similarly the 

aluminium ~hou)d be of E.C. ')radt> with aluminium content 

br->in'J 'l9.4'>'-.. 

Th•· phys1,·.tl .ind,.,,.,., 11•·-11pn•111·r·t1•·s of th1• 1·ond111·tir1g 

materialH are Hhnwn in E~h1h1t-5. 

The conductor may be 1n th•· form of a single wire or a group 

of stranded wi reH. Thr~ Ht randf'ci c~onductors are employ~d t.o 

increase the f)exibi i ity of t-he r.ahle. In multi-layer 

r.onductorw 1-iyH ,, r·e st randed 

rii r~r.t ion!'f. Tht<t fr•rm of con~d nwt i()n giveR 

wrd l as J i:imooth outmoHf Hur·f.wt• to t.he cablF~. 

in oppos i tr• 

t.ightneAS dH 
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In cdleulating th•~ rr·s1stance of the strandPd concluctors, 

al lowanct> must be mildP for t hr- fact I.hat apart from thr. 

r•""nt r.:t) st r<:ind of w1 n•s, the outer wi rPs fol low hel ir-al path 

and arr slightly longer than th,. riXidl length of the cablP. 

The- distance measured along thP r<-'nlral axis corresponding 

t11 nrw complete convolution of the individual str~·rnd is 

ea})Pd the lay. The ]Pngth of lay in ."l stranded wire is 

expressed as a ratio of the length of the helix and its 

pitch diameter which 'Jaries usually f P)m 14 to 20 for medium 

size cables. 

As compared with a conductc..r of equal dimensions but 

composed of straight wires para l lPl with the axis, the 

stranded conductor is slightly heavier. It has more 

electrical resistance and internal inductance, but less 

tensile strength. 

Insulation 

Insulation in an underground cable Must have the following 

characteristirs to ~nsurP s~fer and proper transmission of 

power 

o High die1Pctrir !itrr·nyth 

o Suffici,·ntly low th1·rmnl rr~x1stivity 

n RcaRonably low n·l.tl.iv,. pt·rM1t1vity 

o Non-hygroRcopi~ 

o Immunity to chPm1<·rtl .-itt.1cloi ovP.r a fairly widP. rangP 

of tPmpf'r;1t urrH 
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0 Easy handling from the point of view of manufacturing 

0 Durability and long life 

o Lowest possible cost, consistent with the above 

requirements 

The materials fer insul2tion of modern power cables can be 

broadly classified as follows 

o Impregnated paper 

o Synthetic dielectrics 

o Compressed gases 

Tmpregnated Paper 

For many years, the preferred choice of dielectric for any 

voltage range was impregnated paper, protected from the 

ingress of moisture by metallic sheaths. Despite the fact 

that medium voltage and high voltage power cables with 

impregnated paper insulation have a good service record, 

cables using synthetic dielectrics are steadily replacing 

the former. 

Synthetic Dielectric 

.\t. tnr! pn·sent timf' thPr·,. an· many !'lynthP.t ir and plastic 

111Hul.:tnts "mployed u1 m.1nufrtcturing of pow~r cahles. The 

moHt commonly used synthetic dielectrics are as follows 

o Polyvinyl-chloride (pvc) 

o Polyethylene (pe) 

o Cross-linked polyethylene (xlpe) 

o Ethylene propylene rupper (P.prl 
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The thermal and electrical properties of the impregnated 

paper and some of the synthetic dielectrica are given in 

Exhibit-6. Insulation thickness of the synthetic dielectrics 

for various cable sizes are given in Exhibit-7. 

Compressed Gases 

Sulphur hexaf louride, Freon and Nitrogen are known to have 

good insulating properties and are mostly used in 

compressed-gas-insulated underground power cables. 

Sulphur Hexaf ~ouride Gas Sulphur hexaf louride is an 

excellent high voltage cable insulant because of its 

following characteristics. 

o Di-electric strength - Sulphur hexaf louride has a 

dielectric strength more than twice that of air at 

normal pressure. It's dielectric strength increases 

rapidly with pressure and at a pressure of 3 bar 

<absolute) is equivalent to that of high grade 

insulating mineral oil. 

0 

() 

0 

0 

0 

Heat transfer co-efficient - The heat transfer co

efficient is roughly 2.5 times better than air under 

same conditiors. 

Non-inf l.im.ibie 

Non-toxic 

Inert and stable - The gas does not decompose even if 
it is heated to 500'C in a quart1 vessel. 

Containq no carbon which rulee out subsequent 

insulation br~ak-down. 
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Howp\·er, it is an 1·xr~nsi\,. gas and thus hds to be filtered 

.uld n·•-used. 

t·reon Gas ThP main characteristics of this chlorofluoro 

1·<t1·bon gas .trP : 

.. high dielPd rir strength at relatively low pressure 

o good heat transfer co-efficient 

o possibility for carbon dissociation 

Because of the last named characteristic it yields a certain 

amount of extricated carbon. A similar phenomenon may occur 

with faint discharges such as corona pulses. Although Freon 

is less expensive than sulphur hexaf louride, it does not 

find wide application as a cable dielectric. 

Nitrogen : Nitrogen is an inert gas and i~ normally used in 

E.H.V. gas pressurised cable system to supress the effect of 

cable ionisation. It can also he used in compressed gas 

insulating line as an insulating gas. 

The choice of gas is usually between nitrogen and sulphur 

hexaf louride and, depends on the electrical stress which 

control the overall dia of the system and its coHt. 

Prot ,.,.t ivf• Covf>rings 

Tt .... 1•rol•···l 1Vf> C:OVf:"rlll<JS for· .tll 1111rh~rground r·.1bJf• COflHists 

of c:ondur.tor sen•f.•ning, 

armouring of the cable. 

Conductor Scre~ning 

inHtJlation screening and finally 

Stranding of th~ condu~tur ran increase the maximum 

1•IPctrical !'ltn~HR by about 20'}. To .tl l<-vi.1tP. t.hi~ affl!rt al I 

p.ip~r insulated cables with ii rr.ting of 5 KV and above are 
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m.inuf.wt1U-t'd w1t_h c-onductor srrrens in the form of srm1-

rnnducting Cdrbon paper l<lpe, lapped ov,-.r the stranded 

t•<•ntluctor. for· syntheti1: or polymer insulat.,-.d pow,-.r c.lhlPs 

of the same rating, conductor screens arr employed to 

pn·cludf> excess1vP rl£oct.rical stress in voids tu•t. ... ePn the 

cnnd11<~tnr and tht-> insulation. 

Insulation Screening 

An insulation screen has a number of functions to perform as 

given below : 

0 

0 

u 

0 

() 

To confine the electric field within the cable 

To obtain strictly symmetrical radial distribution of 

electrical stress within the dielectric, thereby 

minimising the possibility of surface discharges by 

prPcluding ta~gential and longitudinal stre~s 

To n~duce t.he h~zard of shock 

To protrcl the cable ronnected to overhead 

subjPc-t to induced potf'ntial 

To limit r~din int~rfrranr,.. 

lines 

r:i.1111 .1dv,H1f.i'J,.H of .tlum1n111m sh,·afhPr! c·.-ibl,•s .erf• as 

f ()I I fJWl-1 : 

o J0-60% Having 

Hhf'it t hf!d ('<I h I f?S. 

in weight in compar1i:1on to 

•• f;n·.11,•r t1·nHile Ht.n·n~Jlh .rnd crPt•p r~Hi~lance, good 

v1l>r.il ion with~t.rndiri'J .1bil ity without. r.rar.kin<J and 

( ... i fJllf". 
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o Improved ~echanical properties thus eliminating the 

need of armouring. 

o Considerable saving ir. cost. 

Armouring 

The armour protects power cables against mechanical damage 

and stresses. As mentioned earlier, cables with aluminium 

sheath generally do not require any armouring owing to the 

c~nsiderable mechanical strength of aluminium. 

The majority of multicore power cables are me~hanically 

protected hy their armour which consist of one of the 

following 

o Two steel tapes applied in an open helix over a 

bedding in such a way that the second tape covers the 

gap left by the first. 

o Galvanised steel wires applied over the bedrling of 

the cable in one or two layers. 

0 Aluminium wires and strips used on synthetic 

insulated cables where there is a need to provide low 

resistance paths for r~rth-f~ult currents. 

l'HESSlJR JSF.O HJGH VOJ.Tl\GF. C"ARJ.F.S 

The cables used in high voltag~ (HV> and extra high voltage 

(EHV> transmis~ion require inHulation of higher electrical 

strength than required for cables used for medium and low 

voltages. It is noted that cables impregnated with viscous 

compounds ~sed for HV and F.HV transmission are lik~ly to 

form voj dH i r. their inaulat ion becaur~e of higher tempP-rature 

and electrical and mechanical streBHPB. The voids in the 
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insulation thus formed l'dn c·rP.tlo· r·x.-~SS}Vf• Ionisation of 

the gases 1 n t hPm and t ht>rt-hy c_-.u1sP cJ,.t er ior.1t Lon of t hf' 

insulation dnd ultimdtr cdble faLlur~. 

Tn .n:nid the occ-urrenr,. of C"Ont raetinn ;roids, thr P.xcess 

c·.-.mpound rP.sulting from r· .• hle hF-..tt.ing should ht- fnn~Pd hack 

into the insulation by thP ."lpplication of pn•ss1irP to the 

compound either directly or indirertly during the cable 

cooling period. The alternative method of inhibiting these 

voids is to allow the voids to occur but render them 

innocuous by filling them with high pressure gas usually 

Nitrogen. 

Nf"arly all commercial EHV C"lbles are pressure assisted in 

one way or other. The advantages of these with resp~ct to 

non-pressurised one are 

0 

(I 

'!'he allowable stresses are mwh higher resulting in a 

considerable redtwt ion in dimension iind weight of 

cables for high volt~ge application. 

Inrrease in ~urrent rating due to higher allowable 

conductor operating t1:>mperatures. 

"r •·.11> l ,.s IS in 

l xh1l11I -H. 

Tht•rt· ,,,.,. three main lyp•·s of nil fillP.d r·ahlP.H, viz. 

r·1 rc·ul.u· ,uid f J;1t type 01 I f 1 l J'-'d c:.:tblt•s, both of which ,fff~ 

H1-:lf c·r1nt.11nt>ii and pipPlinf• e..Jblf-'H in whi~h cores .Jr-e in 

!'Jte(•) plf''~s. Simi la1·ly t.hrl!f' typr!H nf r~.tblPH wnng gas for 

.u·hi,.vinrJ pn•ssuriH.tl!on - eompn·HHf-'r:I r~ahles, impr~gn.JtP.d 

r:.1bl1•8 .111d 1_1,1:> ( 1 I lr•d r·,1blr•H. 

_I_!_ 
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SELECTION OF CABJ.E 

For many years the preferred choice of edblt> insulant for 

any vcltct9e range was impregnated papt-r prott>c-ted from the 

ingress of moisture by metallic shPaths. Despite the fdr.t 

that the oil impregnated p.1p.-r insulated cab IP 

(solid/pressurised) have good tht>rmd! and electrical 

characteristics. these are being gradua!l! replaced 

cables having non-hygroscopic synthetic insulation due 

the following reasons : 

o Non-hygroscopic synthetic insulation eliminates 

use of heavy and costly metallic sheaths. 

by 

to 

the 

0 The simplification of cable jointing and terminating 

as well as repair work, coupled with the saving in 

the cost of labour. 

0 Complete freedom from cnmlhlund drainage trouble 

specially in cable lermin.ition. 

As can be seen from Exhibit-6, epr and xlpe have 

thermal .ind elPr.trical characteristics to that 

superior 

of oil 

impregnated paper insulation. As surh these two insulants 

ilre the sPrious contt>nder tn thP wi•l 1 pr11\.'f•n oi I impregnated 

f•.1pt· 1· 1 nsu I ;int • 

Fpr and xlpe imrnl<'tnts h.1v1· sim1 J;ir th,.rm.11 r.:st ings, the 

l.,1t tP.r has got supPri.or f'l•·r.t rtr.al propF>rtieH, in hav1n9 

low1·r tanyent of diP.lt>ct ric lni:t8 .rnylr· coupled with lower 

thPrm.il resiRtivity. 

Th,,s,. pr"J''•rt iPR hdVe m.1rk1·tl 1nfl1wn···· nn thP r:urr,..nt. r.rtt.ing 

,,f tt.,. r· • .td1• ''•CJ• al. 112 KV, t h1· 1·11rr••rtl ritt 1 rl'J of iln xlpe 

<'ith),. 1s '",~ •Jn•,tf•~r th..tn lh;it ,,f .H1 1·•1111vaJP.nt ~pr cahle. 

Ttlf' d1ffr·P·n1·f• IH l'Vr•n qn•,lf<!r <ii i7r, KV, wt.f•rt• it lll~rt~clRP!i 

,,, 11l. 
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The above facts co~pled with purer insulant and higher 

impulse strength of xlpe compared with epr, substantiate 

that today xlpe does not hav~ a rival at hiyh voltages. 

The construction of a typical xlpe insulated cable is given 

in Exhibit-9. 
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.JtlR NO. : ncrr.-105 F.XHlBJT 

UNITED NATIONS TNDOSTRJAJ. OF.VF.T.c>PHF.NT ORGANTZATTON 
ANO 

ARAB JNDOSTRJAJ. DF.VEJ.llPHF.NT ANO MJNTNG ORGANIZATION 

PRO..JF.CT PROFTJ.F. ON ONDF.RGROuNO CARl,F.S 

COMPARISON JN COSTS OF ONDERGROOND CARLF.S 
ANO OVF.RRF.AD 1. TNF .. S 

] 

------------------------------------------------------------
Vn)ta9 .. in KV 

(British Standard) 
Cmd. or UndP-rground Cable 

Ratio = -------------------------
C,1sl u[ Overhedd Line 

------------------------------------------------------------
400 18 

(2l (or he<1vy duly) 

27~ 13 
( 17 fur hPavy duly> 

132 R 

66 7 

:n 5 

I I l 

0.42 2 or I ~ffH 

------------------------------------------------------------
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.JOB NO. DCJl.-105 P.XRl8lT 

UNITED NATIONS INDllSTRTAI. DEVF.T.OPMERT ORGANIZATION 
AND 

ARAB JROOSTRIAJ. DINEJ.OPMmft" AND MINING ORGARIZATJON 

PROJP.CT PROFH.P. ON UNOF.IK".ROOND CABJ.P.S 

CROSS SF.CTTON OF TYPJCAJ. CABJ.ES 

SINGLE CONDUCTOR TWO CONDUCTOR-DUPLEX 

Trmu: CONDUCTOR- Hour;o THREE CONDUCTOR-SI:::GMENTAL 

rn l.l:J\11 :;ill:J\Tlt 

Bl</, II! UI< .JliTI·: :itlL/.,Tll 

bC!1:l} .llJTI: I-' I :.I.I.I· 

9fBle 1:1 >1'1'1:11 1 ·11t;l1l!• .. i'LI•:. 

c·::-:-·:-J l"/d•l-:h Vt 11 r<1 :;11u1 ··1 ... 'l!IJI 11· <ii< 1!11111\f·:R (N~;IJJ.ATlor~ 

4 



-------------------
JOI IO. : DCIL· lH 

DllHD IHIOIS JIOUftllL DIVILOPllllT OIGHUIHOI 
AID 

ADI llOISTllAL Dnru>ftlllt 110 llJlllG OIGllllAflOI 

PIOJICT PIOPJLI OI llDllCIOUID CAILll 

PRYSICIL AID 11.ICTllCIL PIOPDTIU or COIOICT11G llAfDllLI 

IDlllf : S 

················································-··~························································································· 

Collducl ml y 
\ HNl. __ •tn 

\ 
o•r 

Ml'l~_l!Yllj ___ ··- . _ 
•'It 1 I /fl .. ~ ,, 

iv-·· ; ~·c i~'i: -· g•;. 

T'•P· r.n,.f£icieal 
nf _IHi.!.l•_tce/~C _____ J_!.!.9hJ..~.lJ~'~ 

20'C 2s•c 9/ca> lb/ in' lb/11C1il 

Col'Cf 1e1ul 
of lueu 
P.1pURIOn 

""' •r 

Mndu I u1 nf 
P.lul1dly 
kcil•' 

··········-·······-·······················································-~·································································· 

ColkrC1•l I JSO ~: .o 17.JO~ 11.l•S 0.02126• o.02aal• 0.00401 o.OOl9S 2.711 0.09765 m.1 8 .000021 70l0 

• I ut 1111111 • HI.• 

Al•111ll9 •lloy Sl.5 1q,;s• 20.091 e.0121•0 0.111313 o.oOJ4l 0.001•• 2.101 e.0976S m.1 o.mm me 
•ire ~m 

~0Mfrc1•l ~ud 9).8 10.0,~ 10.a•s 0.011114 0.018113 0.00381 1.00374 8.89 0,32 3127.0 o. 0000169 1mo 

drn1 copptr """ 

Slndu6 n11e•lrd m.e 10.HI lft.~7' 1.017241 O.OJ7S79 0.11393 0.00315 1.19 o.rn 3027,0 1.0000169 um 
e~r ware 

U111111111 CNlrd ··•' 115 .1 l' - 8.19157• - . . l. l8 o.m 2649.0 0 .0000115 20400 
1lttl corf' win 

11..- cu•led 1lttl 9.Q• llUJ 1 . 0.19157 1 - - . 7. 78 o.m 2649.0 o.oooom 10408 
COf' wirP 

AIUlll119 ~l•d 20.ll 51.01 51. 52 o.om o.oam 0.0036 o.oom 6.59 o.m 2243.0 o.oooom 16500 
11leel cor,. 11ir .. 

········-···································································································································· 

a..1.. • tm1r~I 

IACS hltrMlloHI hat•ltd l.011pN Stndud 

no 
o~ 
Zm 
UH"'"" co ,......,, 
>~ zm 
-tZ 
(./) -I 

'-' 

-'.f., 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 - 19 

DEVELOPMENT 
CONSULTANTS 

JOB NO. DCIL-105 !XllIBIT : 6 

Sl. 
No. 

I. 

2. 

3. 

4. 

s. 

h. 

UNITED NATIONS JRUUSTRIAL Df.V!LOPM!NT OltGAilIZATIOR 
AND 

ARAB IllDUSTRIAL DEVl!LOPM!llT AND MINING ORGANIZATION 

PROJ~CT PROFIL! OI U1IDl!ltGllOUll CABLP.S 

111!RMAL AID Er.UTRICAI. PROPl!RTIF.S OF SYllTIIP.TIC 
'llELECTRJCS AID IMPIU'.GIATIID PAP!lt 

-------------------- ------------
lnsulant 

---- ------
Property PVC ?E XI.PE F.PR Japregnated 

Paper 
--

Density (kg/113 ) 1400 900 900 1200 1250 

Ther.al resislivily 6.0 l.O (HC) 3.5 s.o S.0-6.G 
<•c 111W- 1 > 3.S f l.D) 

RP!ative Penni LU vi ty ~.00 2.30 2.SO 3.30 3.SO 

Titngent of cl i e It.•<· tr i c 100. iO 4. 1 <; 4. to 4.10 2. 10 
loss angle (xJ0-3) 

"ltX. temperature for 70 80 (Hr.) 65-80 
t·on t i num11\ nper.1ltion 70 f 1.0) 
( oc:) 

"tax. I f'niprr.tlurP f 11 r I '>II- I hO lhO fHD) 2'>0 1'>0 1h0-2SO 
shor l C j ITll j l 120 f l.f> I 

opPrati11n ( nf.) 

--------------------------------------------------------------------------
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,JOB NO. ocn~-1os F.XHIBIT 7 

lJNTTF.O NATIONS TNOUSTRJAJ.. OF.VF.LOPMF.NT ORGANIZATION 
AND 

ARAB fNOUSTRTAJ. OP.VF.I.ClPMP.NT AND MINING ORGANIZATTON 

PRO..JF.CT PHo•·rr.1-: ON UNOF.RGROIJNO CART.ES 

JNSULATTON THJCKNF.SS OF SYNTHF.TIC DIF.J.F.CTRTCS 

------------------------------------------------------------
s l . 
No. 

Ra led 
Voltd9e 

<KV) 

Range of 
Conduclors 

( mm2) 

lnHulalion lhickness in mm 

--------------------------
PVC PE XLPE F.PR 

------------------------------------------------------------
1. 6/10 16 - 1000 4.0 3.4 3.4 3.4 

2. 6.7/1'.> 25 - 1000 S.2 4.5 4.5 4.:, 

]. 12/20 35 -- 1000 6.4 5.5 5.5 5.5 

4. IA/10 50 - 1000 8.0 8.0 8.0 

------------------------------------------------------------



.. ··------------- -------- - - - -
,JOB NO. : OCJl,-105 

UNJTMO NATIONS INnUSTHJA~ O~VF.JDP~F.NT ORGANTiATTON 
AND 

ARAH TNOUSTRJAJ, ORV~TDPMF.NT AND MINING ORGAHJ~ATlON 

PR0.11-~CT PROFI l.F. ON UNOF.RGROIJND CARf,P.S 

CJ~ASSTFJCATTON OP PRJo~SSURJSF.O CARJ,F.S 

,,;,.:~ ----------

~:ssuri!'ed Cables 

c=-·----~--~-- -----T- I ·--- ----·-·----·----

F.XHTRTT : A 

01l-filled cablrs I' 1 PS:"ll rt• 1~.th l es Gas filled rah]rs lligh voltagr nc C,1hl1•!' 

Thft'e 1 ur~ flat type 

ThrPe eore \ll\,; .uid !'1t>d1um 
p1essu:e, lead sheath 

Single core, la~ medium 
and high pressure lead 
01 alwr.iniurn sheath 

Three core. high pressure, 

l.n' a steel pipe with oil 
lllldf' I p rt>SSU 1·e ' 15 a tni. ) 

n11 , ... core pressure type, 
111 .1 steel pipe with lead 
she3th as a diaphragm 

Th: • ·•' co re JI ressu re type 
~1th rlouble lead sheath 
and gas between sheaths 

Th:e~ core pressure type 
in .1 steel pi.pe with 
polvthene sheath as a 
ti 1.t1Jh r.igm 

Three core, low medium 
and high pressure lead 
or aluminium sheath 

Single core medium and 
hi.gh pressure lead or 
aluminium sheath 

Cable with viscous 
impregnation 

Oil-filled, in ,1 

steel pipe with 011 

under pre~~sure 

()O om 
z~ 
(/)r-
cO 
r--o 
>~ zm 
--1 z 
(/) --1 
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.TOR NO. DCil.-105 

DEVELOPMENT 
CONSULTANTS 

F.XHHHT : 9 

UNITED NATIONS lNDUSTRJ AJ. OF.VF.J.OPMF.NT ORGANJ?.AT.TON 
AND 

ARAB JNDOSTRTAi. DF. 1:F.U>PHF.NT AND HJNJNG ORC~NJ?.ATTOh 

PRO.JP.CT PRO .. ~J f,F. ON UNDt-:RGROIJNll CJ\RJ.F.S 

CONSTRnCTJON OP A TYPTCAJ, XJ.PE JNSUJJ\TF.O CARl.F. 

I I 
I I 

(7) I ,' , I 

(EV I 

I. Aluminium cr.nduct<.'r 

I 

I 
(4. 

LEGEND 

2 • £-'X tr Udt·d !'<·Ill I -('1,r1dUC r Hit: 

ccnducrc r :·hi1·Jrtir1q 

3 • X LI·!·: i n: · 11 J.:i 1 1 ' n 

4. Fx!rlldtd ~(·mi-cr1nd1w1 
c:: rt· !"hitJclinn 

C 1 I I • r t <q 11 : · c- r < c r 1 1 r u : 

6. Core· iclPntification tape· I 

7. Fillf.r 

fl. Tar,<· wrc1t•r1inq 

'), 1'\lm"Ut 

!rJ. l•vc· <1Jt1·r :liir·Jc.linq 
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DEVELOPMENT 
CONSULTANTS 

MARKET ANALYSIS 

Underground rah]es are used to transmit/distribute elPctric 

currPnt whPrr overhead transmission is not desirable or not 

possible. ~ny increase in power generation capacities or 

power consumption is generally acrompanied by an increase in 

the length of transmission and/or distribution network. 

According to a Sectoral study carried out by AIDMO, the 

average annual increase in power generating capacity for the 

13 countries covered ranges from 6700 MW in the early 90's 

to nearly 9300 MW by 2010 AD. Correspondingly, demand for 

various ele~trical equipment, incJuding underground cables 

is estiru~•~d Lo increase substantially to match the 

add i tiona 1 powf·r gt·neration. 

Projected .1ddi t iona 1 

distribution Jlf-•t.work, 

sectoral study, for 

Exhibit-IO. Diff,.~n·nt 

Jength of overhead transmission/ 

as ext rac·t ed from the A IDMO report. on 

the perind 1991-2010 is given in 

transmission/distribution voltages 

h.1v"" b,-~,·n 'Jrn11p1•d 1n this Exhibit in th,.. fol lowing mannP.r. 

I ' ! t r" II 1 'J h \'" I t .. 'J,. ( Ill I\' l 
111 gh Vo) t.·jyr· ( llV) 

M1 ·d 1 um Vo I tag'~ ( MV) 

Lo,.. Vo It age ( t.V) 

100 KV 

r,o KV to 225 KV 

1.1 KV to 33 KV 

'' 440 Volts 

Tt11s Fxh1h1t •JiV£'H country-wan'' ,\flf111.tl .111<11t1nn~ t.o oVf!rhPad 

t1·.irisr11snlflrt/distribution nr~tw"d~ by diff1·n~nt volt.•l'Jf! 
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ThP.ee projectiomt ar~ based on t.he ... ddition..tl 9enerat.in9 

rapacities proj.-cl~d by AIOMO. AM .t r.onHf'!rvalive P.Rtimate, 

it. is assumed lhal only 70% of I.he addit.ionotl generat.ing 

CapdC i ty propo~P.d 111 the Ar OHO rP.port. Indy <tctua 11 y hf> 

implf"ment.ed. Accordingly, Lhe annual demand fc.r undP.r9round 

cab.left .is tak~n .ts only 70\ of t:he project"ions Made by 

AJDMO. Exhibil-11 gives the annual del'Bdnd for ovP.rhead 

t.ranHmiRsion/d i RI. r i but ion m~twork. 

As may be observed from this Exhibit, demand for EHV/HV 

cables l.R not larc1e ~nough to justify ~1.tabliAhmtmt of a 

manufacturing plant. However, if MV cables are also incJuded 

in the product-mix, it will he poRRible lo eRtabliRh a 

commercially viable cab]e manufacturing p.lanl. 

For 3-ph;uu-· tram1n1i RR ion/di Rtribut..ion at F.HV only sing I<? 

core cablf"R can be used, whereas at MV, cableR r.a" he of 

multi-core t.ypP.. Tlu'!rPforP, thP ~llCJ9P.RtPd prodm:t.-mix tH 

a!'! given helow : 

EHV/HV Cab}P.e 

MV CalJJ,..H 

600 km (single core) 

4000 km Cmulli-~ore) 

Tt •H ohsv1ouH t.h-tt I.ht- "hov,.. proci1w1 mix riot•"' not. H..il.iHfy 

I ht• f'nti re clt~ni.trid. Jt. iH ,.,.,.ommt!11cJ.•d t hiil. only on.- pl..tnl. IH 

!i,..t. up t.n 111;tnuf;u-t.11rP. th,.. iihnvt> q1Ml it.y of r.able. One~ 

upP.rat.i.onA "' t.t11li pli:lnt. Ht...thi I ;,..P.H, mor,.. c.tp;u:ity may lm 

acldf-'d by way of PXp<tnHion of 1.h~ P.X i Htj ng pl ant. or 

,.HLib} iHhm~nt. of ru~w (.JlantH. 



-------------------
JOB NO. : DCIL-lOS 

Al~rJd 

Bdhrain 

F.qyfk-

I rctq 

,Jordctn 

ti.tJWdit. 

wbya 

~.mx~ 

s. Ardlbia 

~n 

Syria 

'l'UIU.S.ld 

U.A.E. 

1991-95 

UNITRD NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION 

PROJECT PROFILE ON UNDERGROUND CABLES 

F.STIHATED ANNUAi. RP.QUIRPJ4ENT OF UNDERGROUND CABl,ES 

--- - ·- --- . - -- . .1~_9!>-29QQ_ - .. .. . -· - -~Q9J~.Q.~ .. 
P.H\' HV HV t.V EHV llV HV 1.V . P.HV HV HV 

- - 285 25!'> - - 290 260 - - 290 

- 71 23-' 193 - l 14 377 3\0 - 1.14 377• 

- <n 323h 1510 - 115 4072 1900 - l15 4072 

- - flB1 H96 - - 7940 1057 - - 7940 

- - 140 72 - - 149 74 - - 149 

lH 144 ~1lA 518 18 144 !HA !H8 1.8 144 518 

- - 1774 ]67 - - 1774 367 - - 1774 

- - 440 238 - - 607 328 - - (;07 

26 61 267~ 1660 32 74 3254 2020 32 74 3254 

- - Al Al - - 124 124 - - 124 

- - 2945 2224 - - 4277 3231 - - 4277 

- - 77 - - - 75 - - - 84 

- - 1583 106 - - 2326 155 - - 2326 

!JCHIBIT : 10 

I j n KH 1 

~.90~_".' 10 
l.V P.HV HV HV l.V 

260 - - 290 260 

310 - 114 377 :no 
I 

1900 - \] 5 4072 1900 

1057 7940 1057 
I - -

74 - - 149 74 

518 18 144 518 518 

:l67 - - 1774 367 

328 - - 607 328 
2020 32 74 3254 2020 

124 - - 124 124 

3231 - - 4277 3231 

- - - 84 - no 
15!1 - - 2326 1ss o~ Zm 

(./) r-
'Alt.al " 368 20119 0120 so 447 2s1e3 10344 so 447 2s192 10344 so 447 2s192 10344 ~o 

'"'"'4...,, 
--~---------------------------------------------------------------------------------------------------------)>S: zm .... z 

- Vl-4 

"' 
c...i 
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JOB NO. : DCIL-105 

UNITED NATIONS INDUSTRIAL DEVELOPMENT OlGAMIZATION 
AND 

ARAB INDUSTRIAL DEVP.LOPHENT AND MINING ORGANIZATION 

PROJECT PROFILE ON UNDRRGROUND CABL!.S 

F.STIHATED ANNUAL DP.MAND FOR UNDERGROUND CABLi'.S 

EXHIBIT : t t 

( .& II KH) 

-------------------------------------------------------------------------------------------------------------
19~1_:-:9'> 

F.HV HV HV 
lc;J~6-~QOO. ---·--. ----· ~O.O_J-Q.2 ______ .. _ ___ _20_0_fi-JQ_ 

F.HV HV HV 1.V EHV HV HV LV EHV HV MV 1.V 1.V 

-------------------------------------------------------------------------------------------------------------
Al~rld .. - 200 179 - - 203 182 - - ~ 03 182 - - 20~ 182 

Adhr.-t rn - 50 164 11~1 - 80 264 217 - AO 264 217 - 80 264 217 

F.gylJl. - 64 226~> 1057 - 81 2850 1330 - 81 2850 :no - 81 2850 lBO 

Irctq - - 47l2 n:?7 - - 5!';58 740 - - !i5!)8 740 - - !l!i~1A 74(1 

,Jordan - - qs 1'">0 - - 104 52 - - 104 52 - - 104 ~12 

Kt!lo>al t n 101 )b3 163 B 101 363 363 l3 101 363 363 n 1 01 163 163 

Libya - - 1242 257 - - 1242 257 - - 1242 257 - - l.242 2~)7 

Mr:.,roocu - - 30A 167 - - 425 230 - - 425 230 - - 425 230 

8. Arabia 18 43 1871 1162 22 52 22'78 14l.4 22 52 2278 14l.4 22 ~.2 2278 1414 

Suddll - . 57 57 - - 87 . 87 - - 87 87 - - R7 87 

Syr1a - - 2062 ) !"157 - - 2994 2262 - - 2994 2262 - - 2qq4 2262 no 
TuniMid - - 5,i - - - 53 - - - ~9 - - - 59 - o~ 
U.A.E. - - 1108 74 - - 1628 109 - - 1628 109 - - ] 628 109 ~~ 

co 
Total 31 258 14506 5685 35 314 18049 72.t3 35 31' 18055 7243 35 314 18055 7243 ~~ 

-------------------------------------------------------------------~----------------------------------------··:zrn ~z 
V)~ 

I 

~ 

I I 

"' 
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Tt. 11; 

pl;tnl 

Pl.ANT l.OCAT I ON 

s1199~Rt-ed t.hat I hP. 11nd.-r9rouncl cah lP.H m.-tnuf r1ctur i n9 

bP. ~Pt. up in l.ibya. Th~ annual dta11MncJ for c.tblPR tr1 

itsP.lf ts not. vP.ry ;tiqh. Howf'!vf'!r, t.hP. pl.int 1n 1.ihya 

bP abJP. Lo Hatit>fy I.hf" ~ntirf" dt"m.tncl of il.H 

Of"l9hbouring counlri.f'!H Vt7.., Al9eri.t, Tuni.Mi,..., Sudan and 

(.'art] y Egypt, aft.er satisfying j ts d~slic r~uirP.ment_. The 

countri P.s 1 n t_hf'! midd IP. f"it!tl ct re in a cmnparat_ i ve l y bellf"r 

position than to I.he ot.hP.r Arab count.rlf'!H, in meelir\9 t-hP.ir 

dP.mdnd throuqh importN, or through indi9eneouH supply. The 

T.ibyan plant m<!y be able lo n=~ducP. thiH regional imbaJancP. 

to a lar9P P.XtP.nt. 

OthP.r conHidP.r<tl.iona batu~d on which t.hP. plant. location 

~mgges LP.d i nc: I udP.<l i. hP. f o I I ow i ng : 

0 prox im.i t.y l.o HnurcPH of raw malf"riaJa, rlUU 1.h~ 

r..t i I or RP.a Ii nka9 .. :-t. 

0 faci 1 iLiP.H 

" .. , .. , ... r' I I 1.1t 111n~ .unonq rl 1 ( f 1•n•11I. 

() 

'I'hP pl-int. w111 m.1n11fr11·l.11n• FllV/HV .ind MV c-thlPH. EHV/HV 

111 I h•· plr1nl w• 11 p.-.rt.ly ""'' ,,..ry t hf> 

rr·•1111rPm1•11t. of ot·tu·r Ar.th r:r111nl r·11•H wh••rt• d1·m..tnfl for HIH"h 

1•.tbl1·~ ~l(IHI 

I 
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DEVELOPMENT 
CONSULTANTS 

Th~ process involved in the manufacture of underground 

rabies hds several stagrs as shown in Exhibit-12. Thesr 

Manufacturin9 stages are more or less similar for different 

naterials of insulation su~h as PVC or XLPE. 

Some of the manufacturing stages are briefly described 

below 

WIRE DRAWING 

Both aluminium and cop1~r conductors are used in cable 

nanufacturc. However, copper conductors are being used 

increasingly due to their superior electrical and thermal 

properties. 

The sizP of w1res usPd in r.ables vary from 1.4 mm to 4.0 mm. 

Copper wires JrP drawn from <tnnPaled rods of around 8 mm 

diameter while aluminium wires dre drawn from 9.5 mm rods. 

The number of dies n~q11irPd mm.-illy vary from 6 to 13, 

depending on thP Sl7.P of finishPd win·. Tungsten carbide or 

"l .:r.iond di f"S ·"-,. 11:.;1·d I fl 11bl.1 I II Sffi(ICJI h ·Hid .t••ct-•p!.tb l c 

' I· I· I I 1 t y w l ,-,. '.-i • 

•·<>rnpound. Wire dr.1w1n•J s1,.·1·ds of .H> nuwh as 1200 m/min arf· 

l"'sc; i bl e. Sui tabh. mat f~r i a I h.u11ll i nf_J ;i rrangPments wi l J have 

''' h1: m,u)P. depending on th,. s111·1·d of win· drawing. 

/\NNE/\LTNG 

J\l111111r111m1 w1rt:-x normally clo 1111! .tnnf:"<J l i ng, hut 

w i l I nt.'f!d t.o 
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DEVELOPMENT 
CONSULTANTS 

annealed to remov~ stresseses developed duri_flg the wire 

drawing operations. Annealing can be done in batch furnace 

or continuously by electrical heating or in a steam 

atmosphere. 

STRANDING 

The operations of bunching and stranding use the common 

principle of twisting, as used in rope making. The methods 

used are decided by the size and number of wires which make 

up the conductor. Conventional stranding practice is based 

around a layer of 6 wires laid over one wire and then 

succeeding layers increasing as 7, 19, 37, 61, 91, etc. 

Different types of stranding machines are in use. Some of 

the principal types are briefly described below : 

High Speed Double Twisting Machine : This machine is used 

for twisting of wires. Single wires in reels, held in fixed 

frames or 'creels' are drawn through ~ fixed guide, and then 

passed through a rotating arm or 'bow' to the take-up reel. 

The take-up reel rotate~ about its own axis to give a twist 

to the wire. 

Orum Twisting nunch~r: This is; similar to the one descrihed 

.1bo\'f' PXCf•pf t h.tt 

.t X I !i .tr1.f ,t) HO .i brJll I 

I Ii,. I .ib~-up ,.,.,.1 n•I .ti es .about its 

It.,. f•r· lrlf: I p.i I .t XI H 11f f h1· rnr11:h i Ill'. 

own 

Tubular Strand TwiHLing The r~~•~ containing singlP wires 

arP supported by a rotdting cage. The reels r~main 

Htat 1on.lry in Hp<tce wh1 IP. the r.age rntat.es to twist the 

w l 1·1·s. 

Tht~ n· ,. n· 

d1•rjn·1·H 11( 

Hp1•1«h1. 

variat innH in thefif• m.whin1.·R to 91vt- differPnt 

tw1!it tn U11· wir·1·R .tnd r:liff<>rP.nt. product.ion 
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DEVELOPMENT 
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Paper insulated cables are insulated with layers of paper 

tapes applied helically. Paper tapes of specific thickness 

and suitable widths are applied by paper lapping machine 

liiith controllPd lay .lnd tension so as to form compact and 

homogeneous insulation. In high voltage cables. a conductor 

screen compr1s1ng a layer of semi-conducting paper is 

applied to electrically smoothen out the conductor surface. 

Similarly. a screening of metallised paper is applied over 

the core insulation. To identify cores, numerals are printed 

on the last layer of paper tape wound on each individual 

core. 

IMPREGNATION 

Paper insulated 

1r.1pregr.ated using 

CMJNO> compounrls. 

core/core assemblies are dried and 

'mass impregnating non-draining type' 

'I'his compound possess high viscosity even 

at operating t.ernpP.ratures .ind therefon· does not migrate due 

to gr:wity. 

For drying and impregnation corP/core assemhlies are ;aid in 

shallow c1rr.1Jlar trayM an'I .i n11mb1-·r of sur:h trays ..lrP put in 

1r:ipn•<jrt.Jt 1n<:J I.inks. In thf•q1• I.inks, .Jr~·1n<J nf t.h1~ insulrttion 

: ·; 1· •• ~·r· i1·rl ,,,JI 1111d1·1· ·.-.1r·u111il .i11d by 1·•1111 n.J l1•d h1·.it lr•'J· 0111:1· 

I tw d r·y i ng pro<·1·ss 1 s ,.,,mp J ,-.t ,. , i mpn·yn-1 t 1 ng rompound ls 

1r1t roduc,.!d into the t..rnkx. Th•· impn·1Jnation 18 initi.il ly 

11ndPr \.'acuum and Hubi:Jf"•'JUPnt I y 11ndP.r pn·sHurc. 

11<'.t t I WJ 

pl;111ls, lh1· <:Jble <·:<>11d11<:t11ni .in• 1i,_.,tt,.d by paHHagP. of direct 

1·11 r n·11t • Thi· tot .i I rl '"Yi n~1 .rnd 1 mprt•<Jr1.i I 111n pro<.·1·ss may tak1· 

from 10 ''' (,0 h<111rH .H·r-nnliri<J lo pl.int, t.h1• .tmount of C..lhlf' 

in ttH· t.ir1k .irtd t hf• 1't1bl<• v11lt.1~J1·. 
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EXTRUSION OF THERMOPLASTIC MATERJAT.S . 

DEVELOPMENT 
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All thermoplastic materials are applied by the extrusion 

process and PVC is the commonly used thermoplastic. Pellets 

of thermoplastic material are fed into the hopper of the 

extruder. They may be fully compounded, including colour, or 

the colour may be added at the time of extrusion by a 

metered second feed of coloured master batch. 

The hopper feeds by gravity into a long heated barrel 

through which an Archimedian screw revolves. An extrusion 

head containing male and female dies is located at_ the end 

of the barrel. The dies are usually designed with concentric 

circular tips through which the conductor passes. Uniform 

flow of the softened material throughout the whole 

circumferential aperture between the dies is most important 

to obtain a concentric tube and freedom from overheating. 

Different materials require a varying ratio of barrel length 

to diameter, degr£P. of compression and operating 

temperature. 

Maintenance of optimum temperature for the particular 

compound being extruded is vital and when the required 

temperature is reached, the barrel h~ating may need to be 

n•durr·d nr f'Vf'n f .. rc.,.d r·ool in') .ippl i,.,J. 

r-:XTRUSION AND CURING OF THERMOSF.TTTNG PLJ\STJCS 

Commonly used themosetting insulation include cross-linked 

[K'ly~thylene <XLPE> and ethylene propylene rubber (EPR>. At 

t.hf• t.1rn1• of Pxtru!'fion, t.hermosettin9 materials arr~ stil I 

thP.rmopl.tst. ic and the only haRir: difference in technique is 

th.it U"'y h.tv~ l'lubserJuf'nt.ly to hr• curP.d <vulr:.lnlftf:•d). 

Normally, lhP ~ur1n9 operation iH carried out in line. 
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Curing process 

following : 

o Continuous 

transfer 

used on commercial scale include the 

catenary vulcanisation (ccv> with heat 

0 Vertical tube vulcanisation <vcv) with heat transfer 

0 long land die process 

o liquid curing baths 

0 irradiation by high energy electron beams 

0 saline chemical cross-linking process 

The first four processes mentioned above require the thermal 

decomposition of peroxides which ~re either precompounded 

into the polymer or added direct!} at the extruder. During 

extension process, the temperature must be maintained such 

that curing does not commence. 

CCV and VCV Process These processes involve passing the 

cable through a long tube filled with high pressure steam or 

inert gas. The vertical tub( has an advantage in that there 

is no undue sag of thick-wallP.d soft extrudate as it leaves 

the die. HowPver, very Ltl l vert ic•.'l) towt:>rs desir<lhlP for 

curing bP<".illlf' 1mt·«0nnmi1·.-,J. Tn th,. r·o1t1•n.-1ry pron·ss, Ulf! 

extruded <:ablf' 11•.ives the dlf> <il cln 1•lf'Vdl1on from UH· 

ground and passP.s through a long tube which is at an angle 

with ground to match the natural sag of the c~ble core. 

Various tension and other devicP.s are employed to maintain 

t.he core centrally jn th(> tubP. 

Steam c:uring involv1~i; introduction of high pressun~ steam at 

ltll' f·xtruder ,.ncJ and watt•r .tf th,, othP.r Pni:i to cool th<" 

I 
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DEVELOPMENT 
CONSULTANTS 

cable before drumming. In gas cu~1n9, ·he heating of the 

tube is usually by the attachment of electrical elements to 

the outside to provide an appropriate temperature gradient. 

The heated tube is filled with pressurised inert gas, which 

is bled away at a low rate to prevent accumulation of gases. 

Schematic of a typical CCV process plant is given in 

Exhibit-13. 

Long land die process Deve!oped by Mitsubishi/Dainichi, 

this process is also known as Mitsubishi Dainichi Continuous 

Valcanisation (MDCV). This process achieves curing in the 

absence of steam. The equipment is horizontal and very 

compact. The die of the extruder is extended to form a 

heated tube several meters long, to maintain the pressure 

and prevent void formations. Exhibit-14 presents a schematic 

diagram showing this process. 

Liquid Curing Raths : Pressurised liquid cooling process 

uses salts for vulcanising rubber cables. The salts consist 

of a eut1>ctic mixture of potassium nitrate C53\), sodium 

nitrite (40%> and sodium nitrate C7%). 

Irradiation Method This method does 

us1• perox i df' or any 

<Jf'flf•J".ttPd by i lOPdl" 

not involve any 

riridit1ve. High 

used for curing. This is Pconomical only for cables of thin 

w;d b; and hf.'HCe low voltrtgP cliiss. 

SalinP Chemical Linking Process : This proress uses only 

conventi•Jnal type extruders aR used in the manufacture of 

th,~nllf1(d;1st 1c e..ibleH. No Hp~<:i,d <·uring plant is ne<:P.RRary 

othf!r tn.1:l ,.;t,.am nr hot wat~r t,a:kH. 
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DEVELOPMENT 
CONSULT ANTS 

LAYING-UP 

F~r multi-core cables, the cores will have to be laid 

together. This can be done in large diameter machines where 

bobbins of cores are rotated around a common axis, or in 

drum twisters in whirh the cores are run off horizontally 

from their drums into a die and then proceed on to a take-up 

drum which revolves on its own axis. Belt insulation or 

taped bedding is conveniently applied in the same operation. 

SHEATHING 

Lead sheathing is done using a continuous extrusion machine 

where liquid lead is fed from the bottom end of a vertical 

screw. Water is sprayed onto the lead sheathed cable coming 

out of the extruder to cool the sheath. Aluminium sheaths 

are formed by direct extrusion over the insulation and 

special cooling. 

ARMOURING 

WirP. armour is ~pplied on a machine similar to a stranding 

machine where the reels mountP.d on a large carriage rotates 

around the cable at an appropriate speed to provide the 

r.orr~<"t St~P) nr nthPr mctallir ls 

I .1pi fl<J l'l"'ll'PSS. 

INSPECTION AND TESTING 

All r.:tw materials us•·d ira thF> rnanufa<:ture of power r.ables 

drf' inHpf'cte<:J and tt.•Ht·~d for r:ompliancP w)th spP.cifir_od 

:-;t,1rad<1rdH. 

C;1blPs .iTf• s11bjf•<:tf•r] to insp1~ct.1nn at. r~v~ry stag~ 0f 

111.:1n11f.i«I tlf"''• TYi"' t l'!d s ,.,.~ n~r111i n.ad to be cctrrlf~d out to 

I 
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DEVELOPMENT 
CONSULTANTS 

demonstrate satisfac-tory pt-rformance chardcler1· tics to meet 

the intended application. These tests need not be repeated 

unless there is .1 t~hctn~J" 1n the material. design or process 

which may dffeet the pe1·formancc> characteristic-s. Routine 

tests are carried out on all finished lengths of cables to 

ensure integrity of the cable. Somet.1mes. tests are carried 

out on samples taken from a 

acceptance of the lot. 

lot for the purpose of 

Some of the routine tests carried 

include : 

out on power cables 

o Conductor resistance test 

o Partial discharge test 

0 High voltage set 

Acceptance tests will include 

0 

0 

0 

Conductor resistance test 

Annealing test 

Test for dimension of insulation 

o Hot set test for insulation 

0 Void and r.ontaminants test 

o Te!'lt for t hir.kness of mPLt 11 ic· sheath 

I) 

I) 

() 

0 

0 

(J 

P.1 d I .ti d 1 S• ·h.tr«Jf' t r·s I 

II i ')h vo I t..19,.. LP st. 

Mt-dHUr~m,.nt of c;1pac i t.anr<' 

Flammability test 

Water t i<Jhtni·sR te!'lt. 

l.il111r.1tory '·''Jlllpm1•nl .tnd sc1r11• Sf•f•1•1,1J 

S11r:w of th,.se in<'ludr~ -

L~Hliny P.quipmPnt. 
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o High voltage part ia 1 discharge equipment 

o Impulse equipment 

o Heat cycle equipment 

o DC High voltage equipment 

o Tensile testing marhine 

o Melt Index tester 

o Differential scanning calorimeter 

o Infra-red spectrograph 

o Oscillating disc - Rehemeter 

o Hicrotomes 

o Blown film extruder 

Packing 

DEVELOPMENT 
CONSULT ANTS 

Cable is wound on drums which are made of steel or wood. 

Nowadays steel drums are preferred as these provide better 

protection to the cable while storing and handling. The ends 

of cable are sealed by means of non-hygroscopic sealing 

material. 

Each cable drum must have a label clearly indicating the 

details as laid down by th~ rPJevant national/international 

standards. 
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DEVELOPMENT 
CONSULTANTS 

.100 No. : ocn.-tos t~XHIBIT : 12 

ONITRD NATIONS INDOSTRTAJ. DRVEJ.OPMRNT ORGANIZATION 
ANO 

ARAB INDOSTRJAJ. DEVP.I.OPMF.NT AND MTNJNG ORC.J\NIZATTON 

r-· 
I 
L 

[ 

PRnTF.CT PROf'Tf,F. ON ONDF.RGROONO CABI.F.S 

PROCESS Fl.OW SHF.ET : CARI.ES 

r--- ----- - -------< 

1 
\I I RE DRAW I iiG 

---- -·-

ANNEALING 

l 
STRANDING 

-·-

[ __ -__ u:~D SHEATHING 

L 
---·. ··------, 
ARMOURING .J 

Cl!I( I r;c; 

,_. --- -

- - ·-·, 



--------------------
JOB NO. ncn.-105 

ONITF.n NATIONS INDDSTRJAT, DRVBLOPMRNT ORGANIZATfON 
AND 

ARAB INDOSTRIAI, DEVEJ.OPMENT AND MINING ORGANIZATION 

PROJECT PROFTJ,P. ON ONDF.RGRODND CABLES 

TYPICAL LAY-ODT OF CCV Pl.ANT 

~ 

J 6 
I 

, .. 7 a 
,· I / / 10 

t2 
12. 

F.XHJBtT \3 

~ / ~'/' : 11 

{ y:=l~ / 
. ~ .'... l 'i --~ -~~:'::~' I I I -__,_!_ 

I ,1a 
!;J 

'--" 

' 
i 

\ 

, 
\ . ..\.~ 

y 
'-----J 

?ay-r :-: ... 

.:. . :...:::ey 

-u~ \' \. ... : 

\3 

• . ·- \. 

·~ 

~ - I 

~ -~-·;11 
\ \ I 1-l-\. ~ 

\ te I~ ~ 

\ 
18 

t1 I / ., 1'.4 

LEGEND 

6. :-an::.:.-::: drive control panel ll. Cable position control 16. Cater~1l!ar 
i. Serr.i-r.oncuctor extruder 12. Water level control 

"'.'· 

.... 

no 
o~ 
Zm 
~,-

!.cr.i..::::•Jlatcr 8. ~air. t.:'Xtruder 13. Cooling water channel 

17. Sheave 

16. Catenary 

19, Take-up 

,co r.or1tr0.,- 1:1 

>~ -. ::~tn· sheave 9. ~oto:-ised splice box 
.• ::e!t •·:-a;: ca~istan !O. Hig~ rr~ssure nitrogen inlet 

14, Water seal & air wipe 

15. High pressure water in l c· t 
zm 
-1Z 
~-I 



-------------------
,JOB NO. OCTJ,-105 

P.XHI BIT : t 4 

UNJTF.O NATIONS INDUSTRIAL OEVF.LOPMF.NT ORGANJ?.ATTON 
AND 

ARAR JNOUSTRlAL DEVF.l.OPMP.NT AND MINING ORGANT?.ATTON 

PROJECT PROPTT,B ON UNDF.RGROUNO CABT,RR 

TYPJ CAT, J,AY-OUT OP LONG I.ANO DIP. MACHJNR 

~-· ~
,~ 

- ·.--::-~ ------::-~~=:.:..::-_·_ ::·:-.::-_-:-:~:=... 

f 
' 

-;· 

r. .... 

-~/I; / I 

. ~ I I ~i· --·- f:rl 
" l_.,\ I ·I i ii 

~ \ · 6 JI Ii 

Pay-off 1. 

2. 

3. 

.; . 
Extruder for simultaneous extrusion 
Leng land die 

Dust free enclosure 

1 
i I 

LEGEND 

5. 

6. 

7. 

Cooling tube 

Haul-off caterpillar 
Core take-up 

-
7 -.. 

()CJ om 
z~ 
(/)r-co 
r- ""ti 

~~ zm ....... z 
(./) ....... 

=' 
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I PLANT AND EQUIPMENT 
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PI.ANT AND EQUIPMENT 

DEVELOPMENT 
CONSULTANTS 

The plant has been designed to manufacture EHV/HV and MV 

ca bl es. The cables can be manufactured with PVC or Xl.PE 

insulation. 

MAIN PLANT 

It is assumed that the conductor used in cables will be of 

both aluminium and copper. Suitable wire drawing machine is 

provided for drawing wires of desired size from a larger 

size stock. A batch type annealing furnace is also provided 

to remove internal stresses developed during wire drawing 

operation. 

The plant will have extruders to provide insulation of PVC 

or XLPE. For PVC insulation, two extruders hav~ been 

provided to covP-r rlifferent diameter range. XLPE cables will 

be manufactured using catenary vulcanisation process. 

Vulcanisation of the cable will be by completely dry curing 

.-rnrl r.ooling mPthod. Curing will be dnnp using nitrogen gas 

wh1 I•· w.ster wi 11 bf' us1·rl fnr r·ool in•J· Th,. Pljt11pm~nt cetn 

1•r•11li11·1· XLPF 1·.:ib!1·s ,,f v.1ri•>Us s1/1's 1n th'· •·nt 1n· r.inrJf' 11f 

f.HV f.t.• MV. 

Two !iP.[Mr;1tP. polymP.r extrusion lines .lrf? also providP.d to 

m.ln11fartur,. '""'''r-f>nd MV cables. One of theRe lineR will hP 

•i:!'-::·d nn a sup1·rior MONOSIJ, procei=u~ to prorlucP. supP.rior 

1:.1bl1•s. 
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TESTING AND QUALITY CONTROL 

DEVELOPMENT 
CONSULT ANTS 

The plant is equipped with modern facilities to carryout 

nessary tests on raw materials and finished cables. 

MATERIAL HANDLING 

Material Handling is an important function in the plant. 

Wire bobbins and take up reels will have to be transferred 

from one machine to another to complete the product. For 

this purpose, fork lifts, mobile jib crane and material 

transfer trolleys have been provided. The finished cable in 

drum may weigh as much as 12 tonnes. To handle such heavy 

loads, EOT cranes of 15 tonne capacity are provided. 

Finished cable drums will be loaded on to trucks using EOT 

crane/mobile crane. 

TOOL ROOM AND MAINTENANCE 

The pl~nt has been provided with equipment and facilities 

for rcpa1~ and maintenance of rnachinP.ry. Wire drawing dies, 

dies for extrusion, dies for stranding, etc. will have to be 

procured. 

AUXILIARY EQUIPMENT 

·\•ncili.1ry ec1uipn.,.nt rr>'Jlltr···•I .it f.t1,. r.J.1nts in1·)111ir· <:tori•9" 

1-.H:ks, sh~lves, work b<·rwh•·s, s111·f.t"'-' pl;:itPs, (>f:llt>ts, r-.'1hl,. 

drums, carpentary tools, ,~ti·. 

Exhibit-IS giv~s a list of main plant and equipmPnt. 



-------------------
JOB NO. : DCIL-IOS 

Sl. 
Nu. 

Desr rip t.i un 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGAIIZATION 
AND 

ARAB INDUSTRIAL DEV!LOPMP.NT AND MIRING ORGANI1.ATIOR 

PROJ!CT PROFII.! ON UNDERGROUND CABLP.S 

LIST or MAIN PLANT AND P.QUIPM!NT 

Rrief S~P.ciricatton NOH. 
Reqct. 

!XHl8YT : 1 S 

Un it. Tut 11 l 
Power Price Pr-ice 

(KW) (US$) (lJS$) 

--------------------------------------------------------------------------------------------------------------
A. KAIN Pl.AMT 

1. Rod b1·eakdown miichine 

2. St randing/ A rmouri.ti& 
llar.h'ine 

3. Slranding/Annourin~ 
machine 

Typ~: Wet, slip type, co"tinuous mRchine 
along with spouh!r 

Tnli>t. wire (mm) : 12.7 - aluminium 
rn. o - copptff 

Out let wlre (mm) : 1.5 
Motor Power (KW) : 160 

Type: Planetary type complete with pay-oU 
and take··up stands Rnd controls. 

No.of cages : S 
No.of bobbins : 12118/24/30/36 
Robbin capa~ ity : Copp~r 245 kg 
Motor power (KW) : 80 

Type: R ig.l.d fork type cumplete wlth pay-ore 
and take-up Htand~ and ~ontroJR 

No.of hobblu:-o: l+12+18+24 
bobbin capacity : Copper 24S k& 
Motor puwer (l<W) : 80 

2 320 J<)OOOO JROOOO 

AO 378000 378000 

no om 
RO 3 20000 120000 Z ~ 

c.n r-co 
r- -0 

>~ zm 
--i z c.n --i 

...,, 

c...I 
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JOB NO. : OCIL-105 EXHIBIT : 1 S 

---------------------------------------------------------------------------------------------------------------lln it Toi .ti 

s I. 
Nu. 

1>escr1plion t\1 u•f ~1we if \cal ion Neis, 
RP-qd, 

Pow,. r 
(KW1 

P1· ict• Pr lCt' 
(US$) lUSS > 

--------------------------------------------------------------------------------------------------------------
4. Cure litylug marhjn., 

'l. T;ipt' l.;tpp1n~ Hf'ad 

I) • C Dc:l: Vu\ can 1 s rng I. me 

Type: 1+3, craddle rotating, planetary cage 
Lype, indmhug f i 1 ler reel hubbim1 

f\11\Jllin C"apaci Ly : S tonr1es 
Max. clia of latd-up c·o1es : 125 nun 
HoLor power (KW) : 55 

111µ .. : T1t11~t>r111al, u:-;t>d fur papt!r, poly-
ethylene, PVC, copper, aluminium, etc. 

No.of t.apes : 4 
O!it of tape pall : lOO mm 
M.tx. Lape \olJd th : 80 mm 
P11.,.sage through the renlre : 120 mm 

Tn1e: r.onl inuous <lry r.ur·ing aud cooling 
vulcanising line complete wJth pay-off, 
caterpillar, conductor preheater, 3 
ext.ruders, vulcani~ing equipment, 
take-up, U ne con l ro 1 , XI.PF. compo11m1 
preparation equJpm~nt, nilruKen plant 
and cooling water c.i.rculation uuH. 

l:unduclor size (sq .mm) : uplo 2000 
Insulat\011 thickness -

Condur.tor ~creen (mm) : 0, S-2 .O 
In:rnlation (mm) : uptu 28 
hunilaliun shield (11UTI) : 0.5-2,0 

C11ru1g : dry (nitrogen) 
Cooling : water 
Tube length (m) : 1S7 
Catenary angle : 27" 
E:><trusion : triple crosic>hea1l 
l.111e speed (m/min) : 25 
F.lt>clrfr Power (!\VA) : 165~ 

si; 100000 100000 

2 c;oooo 100000 

112'> HOOOO l'iOOOO 

-

no om 
z ;=,:i 
( .. /') r-
c Q 
r--o 
>~ zm 
-iZ 
vi -i 

:.. 
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J08 NO. : DCIL-105 EXHIBIT : 15 

--------------------------------------------------------------------------------------------------------------
SI. 
No. 

Dei;;cnpl iou Rrief Specificaliun Nos, 
Reqd, 

Power· 
(KW) 

1111 i l To tit I 
Price 
(US$) 

Pr i.c1! 
(US$) 

--------------------------------------------------------------------------------------------------------------. .. 

.... 

'1. 

10. 

11. 

12. 

lJ. 

14. 

Polymer extrusion l tnt-

~ed mm Vol t it~e Mouns i I 
t:'Xlrusion line 

OulP.r shealh111~ machtne 

:\11ne.:d 1 ni Furnal:e 

Po1nti11g and Threading 
machint> 

Take-up Stand 

Pav-off St and 

Rewinding Unit 

Tvµ.-: F.xtrusjon of lhern10pl1tsl:ic polymers, 
complete with ~LP.am r.uri.ng arrangement. 

C1111duct.or dia (mm) : &.3 - 22.5 
M.111.. cable d.ia (mm) : 35 .o 
Sµet>d (m/min) : 10-270 

fvµe: F.xtn1sio11 of tht>rmoplast\c polymer.-, 
~omplete wjth steam curing and 
sheathing arrangement 

Max. cable dia (mm) : 70,0 

1';1hlr dia (mm) : fl0-160 
Spe~rl (m/min) : 5-40 
M.-tx. re~ 1 weight : 2 5 tormes 

Tvpe: Oil/gas fjred. batch type furna~e 
Cdpacity : 2.5 cu.M. 

Type: Complete to prepare conjcal heads 
for w.ire 1.h·awing 
Motor Power (KW) : 7 

Type: Motorised 
n1um flange dja (mm) : 1200-3050 
01 um witlth (mm) : MO - lR'iO 
Max. weig~t (tonnes) : 10.0 

!-4.1x. '"eight <tom1e.s) 10.0 

'fype: Complete unit. wjth pcay-off 
and take-up stands 

Cable dia (mm) : upto 100 
Max. line speed (m/min) : 100 

20 1 &0000 I 1)0000 

170 180000 180000 

30 40000 40000 

12000 12000 

2 I 4 30000 60000 

2 10 MOO 12000 

2 10 (,000 12000 

2 40 15000 10000 

': 

o..r 

no om 
z;?i 
(./) r-co 
r- -0 

>~ zm 
·-f z 
(/') --i 
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JOB NO. : DCIL-105 

Sl. 
No. 

b. 

o .. sl'ripl 1011 

ParkaKt' Ro1 ler 

8. T2STINC & QUALITY CONTROL 

l. Tens 1 l .. Testing met.chi 11t' 

l High V11l<;1ge Partial 
Discharge eqpl 

3. ImpulsP Geueralor 

... Heat (:ye lt> eqpt 

.. Dt"'.. High VoltagP Generator 

". Water Bath Apparatus 

7. 07.one Resistance Tester 

8. Oxygen/Air Bomb Test 

9. Ageing Oven wHh Air 
Chang1ng Arrangemenl 

10. Healing Chamber 

) l. 01 I &ath 

~r1ef Specificattun 

Typ1•: 01 l fired with OM water plant 
t'.apo-ic i ly : ~ tous/hr 

~ .. asm j rt~ range : 0-2SO kt;f 

l'ype: St"r lt'S ttnd rt>sonanl typt! 
Capacity : 400 KV 

C~pacity : 2500 KV 
Impulse lime : 1.2/'>0 micro sec, 

~aparity : 120 KVA 
C.11 rreu l : 4000 amps 
Voltage : 30 volts 

1:<1J.1oiCity : 400 KV 

fypt': P.lectricalJy heated with 
thermo~tatic controls 

-
-

Max. lt!lllperature ( °C) : 200 

Tempt'rature ~°C) : 250 

Temperalvre (°C) : 300 

Noi;, 
Reqd, 

1 

I 

I 

l 

1 

l 

1 

l 

1 

2 

2 

I 

i'OlollH 

( l<W) 

-

EXHIBIT : lS 

llfl i L Tot. a 1 
P1·1c•! llr1c1• 
(US$) (llS$) 

70000 70000 

Sub-total 2204000 

o.~ 100,; 1000 

'>l.0 6000 ,,ooo 

26.0 sooo r,ooo 

%.0 7000 7000 

41.0 6000 f>OOO 

2.0 900 qoo 

31 .o AOO 800 

36.0 llOO AOO 

50.0 650 J.lOO 

- 2SO soo 

16.0 lAOO 1800 

I 

I 

no 
om < Z.m 
(,/") r-
co 
r--o 

~~ zm 
--tZ 
(,/") -I 

'• 

=-
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I JOB NO. : DCIL-105 EXHIBIT : 15 

; -------------------------- ---------__ ,.,, __ ,... .. __ , _________ ----------------------------------------------------------
Sl. 
No. 

f) ... st'l llll Hiii t\ri1•f Spt.>-.·ifical um Nos. 
Rt>c{il, 

Puwer 
(KW) 

lln i I Toi .:t I 
Price f' r 1 ct' 
(US$) llJSS, 

--------------------------------------------------------------------------------------------------------------
i 2. Ot>t:p Fn•t>?.er 

! 3. Tors1011/\hap11i11~ Tesl rnr, 
!tiU'h l Ot' 

! 4. ;;- .1. It' R .. ~. i:-.l<tuce Test i !'~ 
Cd.bl lit> l 

l'.>. Other Tes.ling & Heasurini!:. 
F.qpt 

C. MA.TUI.\L HA!'iDLING 

l. F.OT f'. t ;-t nP 

2. Hobile Crane 

] . Mobile Jib Ci-a11e 

.... Fork t.i fl Trm·k 

Tempentl\fft! ( "C} : -40 

S}J<UI 

S\ilL 
16 H 
l'> t.ous 

Type : Wheel mounted, dieRel engine 
power·ed 

rapacjly : 15 tons 

TypP : Winch type 
SWL : l • 5 tons 
I.Ht from ground 
Ovi>ra 11 hP.ight 

level 
27'12 mm 

2184 mm 

Tvlie : r.ounter· balarwecl, battery operated 
rubber lyred, four wheeled fork 
1 j fl 

Capaclty : 2 tons 
Max • 1 if t : 3 M 

4.0 

I .! , 11 

33.0 

l sel 

J qo 

2 

soo soo 

700 700 

1000 1000 

Lump sum 5000 

Sub-lolal 

80000 

45000 

20000 

45200 

38300 
I 

240000 

45000 

20000 

no 
qo400~~ 

UH-
C Q 
r-~ 

~~ zm 
~z 
V>~ 

-; 

-..: 
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J08 NO. : DCIL-105 

s 1. 
No. 

s. 

t-. 

' . 

"I, 

Oesc rip l iun 

~altery Operated Inter
h~v Hatt>rial Tr~nsf~r 
Trull~~~ 

Chain Pu)Jpy Block 

Push t yp~ Plalufun11 
TrolJt.>y 

Doub l t'-'-'ht>e 1 ed T q.u i 11g 
barrow 

Brief Specification 

Capacity : 5 lons 

~dpacjly : 1 lon 

fvpt•: Heavy duty, n1hbt:H' Ly red 
~apacily : SOO kg 

f:.p1•: Heavy d11L~· 

\'ap."ll'ily : 0.2 Cu.H. 

O. TOOL ROOH & MAINTENANCE 

1. 

') 

3. 

4. 

s. 

6. 

~ 

I • 

Prec·ision Lathe t enlre height : 220 mm 
l'.1•11lrP distanct>: 1500 mm 

Universal !ot~lling machint> Tahle shP. : 310mrn x 1520mm 

Radial Drilling mAchinP lhill\ug capacity: 40 mm 

Bench Grinder Type: Double ended 

Arc Welding St>t. 

Reel if ier OC Welding Set 

Electric Heal Trealru~nl 
Furnact' 

Wll'!el she (inm) : 205x25xl9 

Cllrrent range 70-4!>0 amps 

C111 n~n t range 55-500 amps 

Max. temperature : 13SO"C 
Ra11ug: 60 KVA 

- -

Chrlmber si?.e (mm) : 300 x 300 x 150 

- - - - - -
Nus. 
Reqd, 

2 

4 

4 

4 

2 

2 

EXHIBIT : 15 

Power 
(KW) 

Unil 
Pr.ict! 
(US$) 

400 

140 

300 

200 

Sub-lot al 

11.0 3500 

7.0 22000 

3,0 25000 

1.0 1000 

12.0 4000 

25,0 6000 

7 .o 48000 

Tulal 
f' r lCt! 

(USS> 

800 

',6Q 

1200 

P.00 

)98760 

3SOO 

22000 

2'l000 

1000 

8000 

12000 

48000 

no om 
z~ 
(./) r-co 
r--o 

~~ zm 
--1Z 
(./) -I 

.J 

I 

,_ 



- ------- - - - - - - - - - - -
JOB NO. : DCIL-105 EXHIBIT : 15 

--------------------------------------------------------------------------------------------------------------
SI. 
No. 

8. 

':}. 

lO. 

11. 

12. 

IH'~<' l" \pt inn 

Powe 1 Hae kSdW 

Screw Jack 

Collapsible Ladder 

Cnlldpsjb)e Ladder 

Battery Charger 

ll. Electrical Testing & 
Measuring Instruments 

14. Portable Electric Tools 

l:,. Welding ACl'essorit>s 

16. Mechanical M~asuriug 
Devices & Instruments 

!. AUXILIARY EQUIPMENT 

Brie( SpN~ifit'ation 

Cutting capacity - round : .120 mm 

Tvp,.: Ratchel typ~. lifliug and 
lraversi11g ~crew jad.s 

Ltpac i ty : 5 lo11s 

fype: Se if-supporting, exte11dable. 
all aluminium ladder 

~ln~,.rl height : S M 
P."'tt-ude•l height : 8 H 

Tvp,.: Self-supporting, extendable, 
a\\ 1t l umi n i um 1.ldde r 

ClnMed height : 3 M 
Rxtended heighl : 5.S M 

Nu.of Phases : 3 
Tnput voltage : 240 V 
Output voltage : 36 V 

Standard 

Standard 

St anctard 

Standard 

F.411ipment such as work tubes, storage 
rack, worker cabinets, lockers, etc. 

Nus. 
Re4d. 

2 

2 

l set 

2 sets 

fH!l 

St'l 

llu i t. Tot it l 
Pnwt> r 

<KW) 

2.2 

Pr i Cf' 

(US$) 

lf>OO 

JOO 

200 

150 

100 

I.ump sum 

Lump sum 

I.ump ~11m 

I.ump sum 

Sub-tot.al 

Lumv ~um 

Pr i r,. 
( llS$) 

11,00 

1100 

200 

150 

200 

1000 

10000 

soono om 
12ooz~ 

(/),..... 

l349SO~~ 
12000~~ 

~z 
(/) ~ 

------------------------------------------------------------·--------------------------------------------------

..... 

.: 
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SECTION - 8 
RAW MATERIALS AND OTHER INPUTS 
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RAW MATERIALS ANO OTHF.R INPUTS 

DEVELOPMENT 
CONSULTANTS 

Copper and aluminium conductors are used in the manufacture 

of underground cables. Electrical grade aluminium and 

annealed copper for use in conductors are available in the 

form of rods of 8.0 to 9.5 mm diameter. These will have to 

be suitably drawn to the desired size before stranding can 

be done. Apart from these, galvanised steel tape or wires 

will be required for armouring of cables. Other raw 

materials required are polyethyle~c compound, PVC compocnd, 

other insulating materials and core identification tapes, 

etc. 

Other inputs required will include colouring pigments, 

curing chemicals, packing wood, etc. 

While estimating the requirement of raw materials and other 

inputs, the following assumptions have been made : 

o EHV /HV IMV cables wi 11 be made of XLPE and PVC 

0 

0 

insulation 

f:flV 'II\' c.1bles wi 11 hr> nf :iln'JIP <:on· t Yf''' whi IP MV 

'·.aid•·· ""1 I I be 11f l r:nn· I ypr· 

Con<Jw·r or material wil I be hoth aluminium and copp~r 

J\rmour1fl'J will be done with Hteel tape/aluminium/ 

EAt1m.ltNI n·r1111r·,.m1•nt of major matP.ri•llH .-1nd inputA iA 

pn·s,.nt ,.rJ 111 Fxh 1h1 I -1 (1. 
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DEVELOPMENT 
CONSULTANTS 

.JOB NO. OCll.-10'> FJCHlRIT 16 

UNlTF.D NATIONS lNDUSTRTAI. D!VFJ.OPMP.NT ORGAN17.ATION 
AND 

ARAB TNDUSTR1Al. DF.VELOPMF.NT AND MINING ORGANJZATON 

PROJF.CT PROFU.E ON UNDF.RGROUND CASI.ES 

RF.QUIRP.MF.NT or RAW HATF.RIAl-C) AND CONSUMABl.P.S 

---------------------------------------------------------------------------
SI. 
"111. 

Anm1al 
Rt>quiremP.nt 

(Tonnes) 
Pr irr. 

I. '000 {IS$ I 

---------------------------------------------------------------------------
I • 1 '.upp" r 

'.> • A 1 nni 1 n i um 

) . StP.PI 

·•. Po I y1·I hylerw 
1~11mp1111ml 

'), PVI. t'.11nip111111rl 

fi. t'.11l1111 r n11; P 11~1111•n I s 

.uul "l .... ' fht•TT; I r;1 l S 

I. ( .1 I, I•· d I 11111..._ 

}i. l'aC'k 1111~ t.i11111I 

·~. 1;r1'.:1s1·. 

I 11h1ic·ati11r, '"I 

10. ,-i IS!'. I I f~TII~, I 1k1· 
p.u·k 111g JM I I: . . 
1111 I s '"''' tm I t ·" 
• 11 I I I JI~ I 111d ·-. 
! 11 I I I llY, II I I . ,. I I' • 

... -· -- . - . 

Amwa I Pd C:nppe r· Rnds 
•R mm dia) 

F.lt>ct,-ical C:or11h1t·t11r 
r. raclP. A.1umi11 i mn f'urls 
('1 mm di;1) 

(;a I van i st•d s1,. .. 1 lap,. 
(4 mm x O.R mm rn i I ! 

i .11111ps11m 

~a .... 1. rl1·l .wh;1h I 1• 

l.11ni":; 1110 

I .t llllJIS 11111 

ssoo n.012.so 

qooo 40,437.00 

6000 '>. '>Sfi .oo 

4fi00 4fi.OO 

1.400 ll,fi00.00 

1.00 

2\00 l'· .00 
lllJS, 

}000 ·,no.oo 
1:1.1.H. 

0.10 

o. 10 

TOTAi. H2,0A'),rf0 

. ------ ------- ·-------- -
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DEVELOPMENT 
CONSULTANTS 

JOB NO. DCll.-105 l!XHIBIT 16 

Basis of Calculation 

Pr 1Jduc t Hix HViFHV C::thlt·s - h00 k111 ( 11:! KV XI.PF. t::ible) 

HV i::tblt>s - •iOOO kru (PVC - 2000 km. XI.PP. -2000 km. 1.1-ll KV) 

XI.PF. (Sp~cial Gradr) - 0.1)2 

PVC: (SpP.clal Grade) - O.'}q 

SlPPI - i .B 

HV/FJIV Cables 

f.ondur.tor Cross SPc·t ion : 800 mm2 (Singlt~ Con-) 

Xf.PF. Insulation Th i<·knPss : lR mm 

PVC Outer Sheating Thickness : J.9 mm 

lil'~ighl/Km"' Cross .St•clion x f.POgfh x O..nsity 
Annual lr!ast3ge Total 
Prndn. far.tor(%) Weight 

(KM) (Tonne) 

Cu = 800 Cm2 x 1000 "' x fs .<-t4 gm/ cc = 7.JS2 Tonne 600 2'i 5364 ·---
JOO 

XI.PP. 2830 f.m 2 x 1000 m x 0.12 gm/r~~ 2.f.04 Tonne 600 20 I R7'i ·- ~-·· -
100 

f'VC F\F!O l'.ni2 x 1000 n. x 0. ·1'1 l~"' i (' (' 0. ii 7 T11mu.• f.00 20 fi26 
JOO 

HV CablP.s 

----------------------------------------------------------------------------
Par I 1l'lilars PVC: XI.PP. 

---------------------------------------------------------------------------
c:1111tl111·1111 '1 <'""~ • Cros~ S1~1·111111 1 x 2140 rnm 2 x /. '•" mrr1 2 

PVC: lw.11J.11 11111 Th1d1111••.~. 'i.h lllTll 
r r .. ' 111111 

l'Vt: lh1l 1· 1 :·il11.,1 I 1111: I h 11 I< 111•.•.,•. 'I ,, 
L • ~ mlli :. •. t{ :. r.1n1 

Ov1•1.1l I c.1lil1· 111 f! .. 1·11•1 '>'• 111111 .J.i-. wnr I 
- - - - - - - - - - - .... - - . - - - -· .. - .. - - - - - - - - - - - - - - - - ... - - - I 

r 
i 

~~~~--~~~---___J 

~ • • ' • • e ·. .• " - • • ~·. • \j ~ • :Ii • ~ .: ~· • 4 ', I f ' '~' 
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A - 4 . 

JOB NO. OCll.-105 

PVC 

Weighl/Km = f.n1ss SPrl inn x l.e11gth x Dt>nsity 

Al = lx240 f.m 2 x 1000 m x 2. ')ti &mice l.843 Tunnt> ----·- -
IOO 

PVC:-~ 164 Cm2 x lOOO m x 0. 'l<J ;;m/ n· 0.487 Tonnt> --------
100 

PVC• 41 'i f.m2 x 1000 m x o_q9 gm/cc 0.410 Tonne 
- --mo 

Steel 122 Cm2 x 1000 m x 7.8 gm/c<: 0.'352 TonnP 
tape 100 

* for ins11lat ion 

XI.PE 

WPicht /Km ~ f.ross St>rl iun x l.Pngth x ()pnsity 

DEVELOPMENT 
CONSULT ANTS 

EXHIBIT : 16 

Annual Wastage Total 
Prndn. factu.-(U Weight 

( l<H) (To mat>} 

2000 20 44:!) 

2000 15 l 120 

2000 )') q4) 

2000 20 2284 

IJ for outer !;he<1ti11g 

Amma I WaslagP Toi~ l 
Prndn. fact.or(%) Wf'ight 

(KM) (Tonn,.) 

A 1 = lx~'•O Cm 7 x IOOO m x :? • 'lh t"'i re ~ I • ~4 l T11r111e WOO 4421 
100 

XI.PF.* lx400 r.m:i x IOOO m x 0. 't2 i~mi tT c I • I Turntt> 2000 
100 

PVC'I ·. 7 ltO Cm2 x IOOO m x 0. •1<1 r.m/ <"<' 
100 

0. 73.l Tonne 2000 

s1~ .. 1 'J'jf> Cm:J x 1000 m x 7.~ r.m/CT. l.'l) TortJlf' 1000 
i .,,,.. 100 

20 2640 

20 

20 lh72 

--------------------------------------------------~¥------------------------

'"' 111:.111.tl 1011 ,; I 111 1111 I t' 1 .., h I' ,1 I I II I~ 

l ______ _ 
• ' • • M) ~ .. ~: .. _. ... 4 ' • r ~ ~ . . ~~ . . , ~ . . . . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,8 - 5 

JOB NO. DCJL-105 

Total Annual Require11ent (Tonne) 

Cnpper S1M 

~lnminhm (4421 + 4423) A846 

s I t>t> I (2284 • lt172; S'l~6 

l'ulyelhelene (XI.PF.) (187') + 2f.40) 4'il'l 

PVC : (626 + 1120 + %1 + 17S9) .f4.f8 

Packing Wood 

Drum Diameter 2 m 

OmmWidth I.Sm 

Wood thicknt>ss 1.5 Cm 

Drums per Km : ] 

Say 

Say 

Say 

S;1y 

Say 

'lSOO 

'lOOO 

6000 

4600 

4400 

DEVELOPMENT 
CONSULTANTS 

EXHIBIT : 16 

Total wood requiremnt n x 2 x 1.S x 1.5/100 m3 x 3 x 4600 = J<)SO 
Say 2000 m3 
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I UTILITIES 
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UTILTTIRS 

DEVELOPMENT 
CONSULT ANTS 

Major uli I itieH rpquired in lhe pldnt include powt"r and 

waler. The manu(acturin9 proceHN does nol. 9t-nerat.e etny Loxic 

or non-toxic effluent. Th~refore, P.fflUfrnt treatmPnt 

!aciliLies ~re nul required. 

Power 

Power is required to operate all ~uipmenl. in the ·factory, 

LhP. airconditionin9 11yatem in the office, and for lighting 

and air-circulation. Aa all the equipment will not be 

opP.rated aimultanP.Ously, di.ffen'!nt load far.torR have been 

~ssumed as shown in t.he Exhibit-17 on power requirement.. It 

may be obAervP.d from this Exhibit that the dverage deladnd 

wurkR out. to 2000 KVA. Conttidering future expansion needtt, 

the connectP.d Joad for the plant. iA PRt1mated t.o be dbout 

3000 KVA. Tl iR assumed that power wi11 be available to thP. 

plant from an 11 KV overhead tranHmieHion line. Thre~ 1000 

KVA transformers have been provided for stepping down this 

voltdqP. to 440/220 voltR. 

Wttl.er 

ProcP.BR wat.P.r lK r~quirt-d in XJ.PF. cdblP Hn~ and in polymer 

P.xt.ruRion l1n,. for coolin9 purpoKea. Water is also required 

in lK>il~rs for aleam generation dnd in the air-conditioning 

pldnl. Wat.er requirem1mt. for human n1~edH iR P.Rtimat.P.d at. JOO 

I il.rt-H p,.r perHon p~r day. Exhibjt.-18 g1v~H a HUtnmary of 

wc1l.f~r rf!tJuiremenl.. 
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FuP. I 

DEVELOPMENT 
CONSULT ANTS 

The P..tt·k.tqP Bo i I,.. r .-md Ann,..<t l l i ng Fu rn-.ce w .i I I he o ii n nd 

gas f i rt-d res~ct 1 v .. l y. FUt'! I r,..qui re1nenL w1 l J d~pend upon 

th ... fn·qUl-"llCY of upt!rcd ion or tht>Rt' Lwo c-!«)UipmPnl. Thf! 

P .. wk.-tye-- Ao i ler w 1 I I requ i rp about. 350 kg of fue I oil for 

ev,...ry hour of r l!i opP.r..tt: ion. In caliP. of the "nnP.<1 I l iny 

Furnar.e for every annPalling prc>ct-ss aboul 17 m3 of gas wiJJ 

b.- n~qui red. Faci l ili eH for oil and gaH firing wi 11 h~ 

provided along with lhPse equipment. 

Compreased Air 

Compressed air will bP rP.qujred to op~raLe c<tpstan, take-up 

<tnd other r:i:tble httndllng ,..quipmPnt.. Some h<tndt.oo!H will also 

rE:-qu1re comvretu1P.d dlT for opt:"rat.ion. For thiR purpost-! Lwo 

1000 cfm rompr,..H!i<>rR ;u·p providf•d. Of LOP.Be, onf:" wi 11 bP a 

Ht.andby cnmprt-sHor. 

F:xh i hi t-1 q ':Ji v .. H a I i st or ,.,qui pmPnt rf:"qu ired for ut.i 1 it. if>K. 

Othf>I" fillH<:t-•lldllf"'OIHi ~t.f'Jif'lllP.flt. rt·quirf><J in 1.hP. plant Ctrt! 

J i)it.t>d 1n F.xh1b11.-20. 
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JOB NO. OCJl.-105 

DEVELOPMENT 
CONSULT ANTS 
PJOllBIT : 17 

UNITED NATIONS INDUST1ttAI. D!VPLOPHENT ORGANIZATION 
AND 

ARAB INDUST1tIAI. DEVELOPM!NT AND MINING ORGANIZATION 

PROJECT PROF I l.t ON UND!BGROUND CABLES 

SmttARY OF POWER RE.QUIRP.MENT 

---------------------------------------------------------------------------
Sl. 
No. Desc:riplfon 

Hax. 
Power 
(KW) 

Power 
Load R~quire~ 

Factor (KW) 

---------------------------------------------------------------------------
1. Hajn Plant 

- COCC line 
- Hunusil line 
- Other equipment 

2. Testing & Laboratory P.qpt 

3. Halerfal Handling F.qpl 

4 • Tno 1 Room 

Sl!h-lotal 

S. Water Pump. Comprei-;sor, P.t.c. 

6. Shop I ighting I.. air t'irnilation 

7. Air cond i lion rnr: ;... Off 1ri:> I ir.ht ing 

Ii. 

'J, 

Lllll.t>P.TI 1 I ~hi I 111•. ;, hi I rht'll 1•41JI • 

L~ght.ing in othf'r iirf'as 

Snb-t ot.a I 

To I.al 

1\vPra~e t.uta I d .. 111-t111I hast>d 
1111 a p11w~ r· f;u· I 111 11 I 0. k 

1325 
370 
659 

400 

90 

70 

2q14 

40 

110 

16') 

'JI, 

20 

1i;q 

) 2 7 ., 

I 'i} 2 KVA 

'.JOOO KVh 

0.3 
0. f, 
o. 7 

0.4 

0.4 

0.4 

0.4 

o. 7 

o. 7 

0.8 

0 .ft 

398 
222 
461 

160 

36 

28 

nos 

In 

17 

116 

1 'l 

12 

240 

I 545 

---- - -·-- ---- -------- . .. .. - .. ·- .... -· -------- ---- -- --------·-----------------------
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DEVELOPMENT 
CONSULTANTS 

.IOR NO. ()Clf,-1 05 F.XH1Rl'1' : 18 

UNTTF.O NATTONS TNOUSTRlAI. DEVRl.OPMENT ORGANIZATION 
ANO 

ARAB INDOSTRJAJ, DRVF.l.OPMF.NT AND MINING ORGANIZATION 

PRO.Jt:CT PROFTJ,F. ON ONOF.RGROONO CARI.ES 

SUMMARY OF WATER REQUIRP.MF.NT 

------------------------------------------------------------
SJ. 
No. ileHcr i pt-ion CuM/hour 
------------------------------------------------------------
]. ProcesH 

cncc equjpmenl make-up cooling water 5.0 

1.5 

Other equipment_ s.o 
2. AircondiLioning plant make-up water 

Human needR 2.6 

4. fiardenjng .-u1d otherH 2.4 

Tola I 20.0 

------------------------------------------------------------
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DEVELOPMENT 
CONSULTANTS 

JOB NO. OCH.-105 F.XHTRIT 19 

UNITF.O NATIONS INOUSTRJAJ. DF.VP.JJ)PNENT ORC.ANIZATTON 
AND 

ARAB TNOUSTRIAl. OEVF.IIJPMF.NT AND MINING ORCJ\Nl~ATJON 

PROJF.CT PROFH.F. ON ONOF.RGRomm CART.RS 

RF.QUJRF.MF.NT OF F.QUIPMP.NT FOR UTJT.TTTF.S 

-------------------------------------------------------------
Sl. 
No. 

[)P.sr:ription NumbP.rK 
RequirP.d 

Tot.al 
Cost (US$) 

-----~-------------------------------------------------------

1. 

"I ... 
3. 

4. 

:, . 

b. 

Oil coo \Pd t ranHformP.r 
11 KV/440-220 volls. 3 Ph, 50 Hz 
Capacity : 1 000 KVA 

SwiLchgP.ars, ·MCC, dislribulion 
boards, cdh:P.H 

Ce.ntra 1 i sed a 1 rcond .i t i 1 >n j ng 
syHl~m with 2 airh~ndl•ng unils 
and <:oo I i ng LowP r 
Cap;.tci Ly : I 00 TR 

J,ighls with fiU.ingH, <'lir c:oolP.rN 
and ajr cirr11l,1t.ors 

Air compn·M!:uJr with rtfl.f-!r cool~r, 
-tir rf>ceiver, s<tfP.l.y dPv1r:f>K, 1~t_, •• 
r rt P·'.i c i I. y ( r f"' l : I 0 0 () 
Pn·s~·11Jrt• lk11/Y•J.1·m) : 7 

1 noH. borewf-! J I p1>lllf.• • .., 1 I h 2 
booR 1. ... r pumpH f•.-tf '.II "f ~,Cl rur-1 I h,. 
<:rtpiic:jty, pipe~, fit 1.in~JH, V..t1VPH 

,uuJ ov~rhP.itd Rrc. wal.1·1· HI or<tgl'
t.,rnk of 200 CuM f'.cip;w it y 

TO'l'A(, 

3 

l 

2 

. 65, 700 

4,500 

l,12,900 

3,500 

72,180 

10,SOO 
9,600 

2,79,080 

--- - - - - - - -- -· ... -- - -- - ---- - - - - - - .. ·- ...... - - -- ... ... - - ---- -- -- ----- - - - ---

'------------·-----·-··-----··--·------------------ .. ------------
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DEVELOPMENT 
CONSULTANTS 

.TOR NO. llCTl.-105 P.XHTRTT 20 

UNITED NATIONS TNOUSTRTAI. OP.VF.lnPMP.NT ORC"wANIZATION 
ANI> 

ARAB TNDOSTRTAJ. f>EVF.TnPMP.NT ANO MINING ORGANTZATON 

PRO.JF.CT PROFTJ,F. ON IJNOl-:RGROUNO CABJ,F.S 

RF.QUTRF.MP.NT OF MTSCF.LLANEOUS F.QUTPMF.NT 

-----------------------------------··------------------------
SJ. 
No. 

1 • 

2. 

3. 

4. 

') . 
f) • 

7. 

R. 

OP.Re r i.pli on 

FirP. fighting MyHtf!m with hydrant, 
piping, elc. 

Te)ecomrnunicat.io-' 1:1y1:1l.f:>mH with EPABX 
r dC i } j l j P.R, le J P.ph<HlP j llR t rumP.n ts, 
<:i-!bling, t-tc. 

Ofrice equ1pmP.nt. and furnifUrP 

Wf"i.yhbr1dye (J.~v~r lypP, Hor1cJ 
f.rdnMporl, 25 t.onr,..9) - 1 no. 

Goo<lH I. ra nHpo rl. I rtU!k - no. 

Ambul.tni:,. - 1 '"'· 

Car - J no. 

TOTAi, 

· Tolal 
Cost (US $) 

6,000 

22,000 

16,000 

1,700 

27,000 

2"1, AOO 

l<J,100 

9,700 

1,29,SOO 

------------------------------------------------------------
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SPACE AND l.AYOUT 

The main plant has t.hP fnllowing major work ceritres 

0 Wire drawing 

0 Wire stranding 

0 XLPE cable plant 

0 Monosil cable plant 

0 Polymer extrusion line 

DEVELOPMENT 
CONSULTANTS 

The shop will also have material storage are~. material 

testing laboratory and high voltage test stations. Other 

facilities in the main plant building will include shop 

offices, toilPts, workers' cabinets, nitrogen plant, boiler 

house and a1rcompressor ronm. 

Flonr space in thf~ main plant has be~n worked out based on 

thP followin~ : 

() area occupied by each marhine 

') ...:ork ing ii n·a 

'' 

() .. rt.'d r or movemf~rtt. nf mt·n 

" 
11 C'.1rit. ,.,.n 
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0 

0 

0 

0 

0 

10 - 2 

Time office & security 

First-aid centre 

Garage 

Transformer room 

Pump house 

Summary of space requirement is given in F.xhibit-21. 

Plant Building 

DEVELOPMENT 
CONSULTANTS 

Plant building has been designed in such a way to ensure 

smooth and continuous flow of materi~ls. All the three bays 

are serviced by EOT cranes to facilitate easy handling of 

materials. 

In XLPE cable plant, the extruders are at an elevation of 

about 15 M from the ground level. The EOT crane in this bay 

will service only the portion from the curing section of the 

plant upto the finished cable take up n~els. The roof of 

this bay will bP raised to 18.0 M lr.!\:el near the extruder 

secti0n and the remaininq portion of the bay will have roof 

at 13.5 M level. The roof lf>vPl of HV Test Station will be 

at 25.0 M from the ground levPl. 

I.ayout of the pLrnt bui l.JiwJ i~ ~pn·n in F.xhibit-22 1•nclosed 

Jn .:i po1u~h ;at !ht• ,.rid 11f this l"f'('11r·t. Sh•JJ' ,,ff'.i·r·s ~Jll b1· 

loeated beside II\' !PHI irirJ station while m;tter·1~.d lest1n9 

J;1hnratory will haVP IWO !-ltorr~ys. Roi.ta thr.~ nffiCf' ;rnd thf> 

matrr1al testing lab will have giaHH panelled wall~. 

Thr· plant huj}ding wi 11 bf• 11f reinforced concrete 

1·11w·d rtJ<·t i r,n. 'T'hf' 1:01 umnH, 

llC". 'T'h1• l1ui ldiny dcai9n 

n1ofin<J, floor, f"tc. shal} bf' of 

will r·n:mt"f: nilt11ral ll')ht <Jnd 

vr·nl JI.ii Jon lo thf' r•xtr·nt prn•~1bl1•. 

___________ J 
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10 - 3 

DEVELOPMENT 
CONSULTANTS 

Office Building 

This will be a two-storied RCC brick construction building 

with central airconditioning arrangemenl. 

Other Buildings 

All other buildings will be of masonry brick construction. 

Exhibit-23, enclosed in a pouch at the end of this 

shows the block layout of the plant, showing 

location of different buildings. 

·-------------...--- ---- ---- ·----· --·----

report 

relative 

__ J 
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------- DEVELOPf\r,ENT 
co~JSULTANTS 

JOB NO. OCIL-105 VCHitHl : 21 

1 • 

). . 

UfUTIID NATIONS INDllSTtllAL DP.VUOPMEJtf Ol<GMiJZATJOft 
!50 

ARAB INDUSTRIAL DP.VEl.OPM!lr.' AllO MINJNG Of',GA.1UZA'!'ICJ2t 

PROJP.CT PROFlL! ON lJlmmGROUN~ C~a!.l'S 

Sm.tARY OF ~P~CF. RF.QUiY\f'!O'..N';' 

Hain Plant 

o Raw Halerja} & Consumahlt" Store 
( cuvP. red area) 

o Haj n Produc-t inn F.qui pWl~••l 

o NitrogP.n Plant, Ruiter, ComprPSSl•r Room 

o Fini.shed Gm:ds Sloragt! A-"t'a 

o Tool Room 

o Wurkshnp Offi~e 

,, HalPrial TP~;t ir1g Lab. 

o HV TPsl in1~ SL1t 11111 

'' To 1 I·~•~ 

.': .!li·-1 IJI ., ' 

~isles~ Gangways (20%1 

" or f, " ... 

'' c1111f1• r 1•111 ,. i{u11m 

---.-···-·. "-··---- ---- ... -· ····-· . --- ·--·-·-···· 

Sq.tt. 

41f, I 
I 

' I 
' 

702S I 
f.0(1 I 

I 
'•0~ I 
1 • ., I 

I 

i.J(J I 
I 

'.1~ I 
I 
I 

,,;4 

1'1.! 

I '7 

··10; 

l~HR 

l D'J) 

I! 1110 

•n 
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IC - :, 

NO. ocn.-rns 

It T,.a t\uom 

0 A.r:. Unit. f. Elt!Clri<"al fii.strii>ulina1 

Toi1~ts 

Adu 30'.t f11r- "la -case . •1d a isles 

o J:'; rs~ .\ icl Rnrn:: 

n "'.-in le ct: 

Ar~a fn: ;"ut.11rt! v:<y;rn,-i<>r: 
{.C,fft of plant t·.1dt-ilp :1:1•a 1 

Sub-total 

Tntal 

PJ .! !ll h area 

Tot<tl liiml ,11<.;1 '.l)O x l'>ti) 

DEVELOPMENT 
CONSULTANTS 

UllIBIT : 2! 

RO 

15 

24 

72 

9Sl 

286 

1239 

640 

36 

24 

11& 

480 

8C 

20 

67ft 

12.'l I h 

8'100 

12111 
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SECTION - 11 

MANPOWER AND ORGANIZATION 

!--------~---------------------
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The 

PVC 

MANPOWER AND ORGANISATION 

DEVELOPMENT 
CONSULTANTS 

plant will m-3nufacture EffV/HV XLPE cables and MV XLPE/ 

cables. These produc~s are fairly high technology 

products with sophisticated testing/quality control systems. 

Estimates of ~anpower requirement have been developed, based 

on the followi~g considerationH 

o pla~t capacity 

o nature and scope of activities involved 

o process and material handling equipment 

0 plant layout and proximity to areas of supervision 

The plant will operate for 300 days in a year, on an 

average, and wiJl carry out all the activities performed by 

a manufacturing unit. Tt will operate in two shifts per day. 

In order to pJan, organise, coordinate, execute and control, 

all the necessary activities are grouped und~r different 

functio<ls. The major functional areas in the plant under 

wh1d1 manpower is cat,~gc11·ised, includP. -

l".'"l11<'t ion 

'Jll.ility cnutrol 

m.1 t. ,_. r i .:.t 1 s 

ffid rk<'I i n<J 

iJCCCllJOLH 

f''·' rHcrn11,• I f. tidm in i strati nn 

ThP pl.mt w111 t"' 1mdr·r th<· ovf-!r;tJ I Hupr·rviHion and control 

of it r,,·rtt·r.i l M.trt.i'J'''.. F;wh of t.hr· :1bov1~-m1!nt ioneci funrtion~ 

L.. ____ ..._ ...... __ ...... ____ .__ __ .._ ____ _._ __ ....._. ____ ...... .:.:.... ______ ~~~~...;....~~.;.__~~~~~~~~~~ 
' 
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11 - ., 

DEVELOPMENT 
CONSULTANTS 

will be carried on by separate departments, headed by the 

departmental managers. These managers will report to the 

GenP.ral Manager. 

Production 

The production operations will be carried out in two shifts 

per day. In each shift, production will be under the overall 

supervision of a shift-in charge, who will report to the 

Production Manager. Tool room will work in only one shift. 

Production planning and coordination will be handled by a 

Planning Engineer. Maintenance will also be Ufider the 

control of Production Manager and will be looked after by a 

Maintenance 

par~meters 

Engineer. 

are fairly 

Since the product design and ether 

design standardised, a separate 

engineering department 

Technical Assistant has 

is not necessary. 

been included 1n 

However, a 

the Production 

Department to handle design drawings, if necessary. 

Exhibit-24 presents the total requirement of workmen in the 

plant, categorised hy equipment/s~rtion and level of skill. 

Quality Control 

Qua} ii y control 1n c·.iblr· manuf.Jr·t11rr· is a high technology/ 

S•J1•h1~:l 11·dt1•1l .wt 1\·1ty. f.,!11.ility r·.,1t1r·1il will bf' lonkr·cl .ifl"r 

by a Managt·r. In '"wh shift, tc·st 1:11.:1 .u1d qua) tty r.nnt.rol 

will Lf' undf'r thr· supr·r·v1sior1 of a Shift Supervisor. 

Matf!ri d ls 

The miih~riab; furwt1<•11 will tu: hanrllt-~d by 

Mrinagcr. St11rt•H w111 f1111ct 11111 1n bot-h thf: 

physic<J] df:H[J.ttcht•H w111 lw c111rw 1n unly on~ 

,. Ma tr~ r i a 1 s 

shifts whilr 

Hhift. StorPS 

isRu1~ ;1nd <J,.sp;ilr·h/1'.wk111CJ will b" l11okt~d dft1·r hy s~pitrrtt.f: 

RUpt~rviHorH in t•,wh shift. 

__ _J 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ll - 3 

Marketing 

DEVELOPMENT 
CONSULTANTS 

Cables manufactured in the pldnt are meant for both domestic 

and export markets. The marketing function will be headed by 

a Marketing Manager who will be assisted by two Marketing 

Executives. 

Accounts 

The Accounts Department will be headed by a Chief 

Accountant-cum-Company Secretary, assisted by an Accountant, 

accounts assistants and cashier. 

Personnel and Administration 

This department will handle all activities relating to 

personnel, labour and 

administrative functions. 

a manager. 

welfare, security and other 

This department will be headed by 

Exhibit-25 gives a comprehensive list of requirement of 

managerial, supervisory and other ~ldff for the plant. 

Organisation structure for the entire plant is given in 

Exhibit-26. T~r designations dnd Ha)dry levelH tn the 

orqdnisat1on Htnirture mr.y bf• obx•~rv,.d from n:dPViint serial 

numbt~rs 1n Exh1b1t.H 24 dnd 2S. 

Exhib1t-27 preHentH the monthly statement of Halaries and 

wageR. 
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11 - 4 

DEVELOPMENT 
CONSULTANTS 

.JOB NO. DCJL-105 RXRIBIT 

UNITED NATIONS TNOOSTRIAJ. DEVELOPMRNT ORGANiiATJON 
AND 

ARAB INDUSTRIAL DF.VEI.OPMF.NT AND MINING ORGANIZATION 

PRO.JF.CT PROFILF. ON ONDERGROOND CA8I.F.S 

REQUIREMENT OP WORKMEN JN THE PLANT 

Equipment/Seclion Skilled Unskilled 

24 

--------------------------------------------------~---------

d. Main PlanL 

b. Testing & Quality Control 

c. Malerial Hand 1 i n9 

d. Tool Room 

e. CetrpenLry & Packing 

f. Eleclricdl Mainlenance lit 
TranHf ormer Room 

9· Plumbing 

h. Roi ler 

1 • Co1npn:•Hi·a1r Room 

J • Punip H01.u:1e 

k. SwP.eper lit Gardner 

I. Ht-!lperR 

Sub-toti-J l 

31 

8 

17 

8 

3 

4 

1 

3 

2 

2 

79 

8 

R7 

35 

4 

12 

3 

4 

1. 

10 

1 0 

79 

8 

87 

------------------------------------------------------------
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.TOR NO. ncn.-1 os 

DEVELOPMENT 
CONSULT ANTS 

F.XHHHT : 2S 

UNITED NATTONS TNOUSTRJAJ. DF.VF.l.OPMF.NT ORGANIZATION 
AND 

ARAB TNDOSTRTAJ. DEVF.J.l1PMF.NT AND MINING ORGANIZATION 

PRO.JP.CT PROFTJ.F. ON tJNOF.RGROOND CARI.KS 

RF.QOTRF.MF.NT OF MANAGERJAJ,, SUPP.RVTSORY AND OTHF.R STAFF 

------------------------------------------------------------
Nos. 

Ot>R i_gnal ion Requ i n~d 
------------------------------------------------------------
General Hana9er 

Personal Secretary Lo GM 

Production 

A. Production Managf-'r 

8. Pldnning Engineer 

C. Shifl-in-Charge 

O. M<l i nt.enanc:e F.ngineer 

F.. Producl:ion Sup ... rvisor 

F. Tt~<"hn icd I AHHL-Pum-Ord fl Hmetn 

G. St.f-mo-1.ypi st 

Suh-tolal 

Qua I J Ly Cont.rol 

A. Quiil ily Control Mdnetgt!r 

C. Sl_t•rio-1 yp1 HI. 

S11l1- I ol .1 I 

A. Mi:tl .... r1-tlH M...tn•HJ~r 

R. Stort!!i Slcf•.-rvil'lor 

('_. n ... Hp<tlch Supt•rv I Hor 

fl. P11r1:httHt• AHHiHLtnl 

E. SI. on•H AHH i Hl..011 

F. SI ,.1111-'fyp1KI 

C. If,. I P'' r 

Suli-1 "' ,1 I 

J 

4 

2 

3 

3 

1 

4 

4 

5 

2 

4 

2 

4 

4 

4 

7 

] 

J 

] 

l 

2 

9 

1 

16 

2 

I 

2 

1 

2 

4 

I 

4 

I"• 
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11 - I> 

.TOR NO. : nrTT.-1 o~ 

DEVELOPMENT 
CONSULTANTS 

F.XRTRTT : 25 

--------------------------------------------------------
0Psiyn,.l.ion f,P\.'P J N1•:-; 

RPqu i n~d 
-------------------------------------------------------------
Ma rlH•t i ng 

~- M~rkPt.ing M~ndgPr 

R. M.=trkt-.ting F1o•c11l.1v1• 

r. St.Pno-t.yp i st 

Sub-t.ot,. l 

J\ccounLs 

;), . rhe if i\ct·ount.inl.-rum-
rompany Srrr~tary 

R. Ar.countant. 

r.. l\r.rnunts Ass i sL=tnt. 

0. r.~shiPr 

F.. St.rno-typi st. 

Suh-I of.ii l 

PPrsonnt•I & Administ.r.11.ion 

,\. PP n·>1 >rHlf-' l Mn nfig,. r 

R. PPrsonnP l Off i <'f'r 

r.. SP1·urit.y Offj,·pr 

n. T..=tbo11r F. W1•lf.1n· Offic·,.r 

F.. PPrsnnn"I i\ssist~nt 

r-. First i\icl l\ssist.rnl 

r.. Sl1•r1<>-lrl'ist 

IJ • Ty I' I ~I 

r. <'.tril ,. .. n- i n-rh.ir·'Jf" 

.r. S1·1·11rity r.11 ... nJx 

~: • f) r· I \.'I• 1· S 

I. • () r r Ir. I. Ao y 

TIJ'f,\T. 

2 

4 

4 

I) 

2 

1 

1 

1 

4 

4 

(, 

(, 

7 

7 

1 

1 

l 

7 

<) 

4 

1 4 

40 

EHi 
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JOB rm. : OCH.-105 

-- r-----
QlJALI TY 
CONTROL 

ACCOUNTS 

I 
~i 

SECTION 1 l 

MATERIALS 

11 - 7 

UNITP.D NATIONS INDUSTRIAL DP.VP.f •0 riS INDUSTRIAi. DP.VPJ.OPHP.NT ORGAIUZATIOR t:XHl81T : 26 
AND AND 

ARAB INDUSTRIAi. DF.VF.LOPHP.NT AND "'Al. DF.VF.LOPMP.NT AND HIRIRG ORGANIZATION 

PROJECT PROFILE OR URDF.Rt"c•.T PROFILE ON UJfDP.RGROUND CABLF.S 

ORGAtnSATION Cl ORGANISATION CHART 

GENERAL MA NACif GENERAL MANACiEA 

-- - --- ----~---~~- --------

PRODUCTION PRODUCTION 

!]~ --·--· ·-· -

PEA HAL 
SECRETARY TO 

M. 

MARKE Tl NG PESONNEL AND 
ADMINISTRATION 

I 

I~ 
cli 

SECTION 2 

I 
I 
I 

I 
I 
I . ·--·- ---
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11 - f. 

JOR NO. llCil.-105 

DEVELOPMENT 
CONSULT ANTS 

t-:XHI8JT 27 

UNITED NATIONS INDUSTRIAL DF.VP.l.OPMF.NT ORGANIZATION 
ANO 

ARAR TNOUSTRTAJ. OF.VF.l.<lPMP.NT ANO MINING ORGANl7.ATJON 

PRO.JP.CT PROFlf,F. ON iJNOF.RGROilND CARf,F.S 

STATF.MF.NT OF MONTHJ,y SAJ.ARTF.S ANO WAGF.S 

------------------------------------------------------------
I.P-ve l Nos. RP.quired 

Monthly Salary 
PP.r Person (US$) 

Total per 
Munth CUR$) 

------------------------------------------------------------
1 1 9.000 9,000 

2 6 6,000 36,000 

3 1 0 '1,221 52,230 

4 26 3,158 a1, :me 

'l * q7 1 • 791 1,73,727 

6 1 4 900 12,600 

7•. I OR 746 R0,'168 

TOTAL 262 4,51.413 

------------------------------------------------------------
• 1 ru: J ud•·K Hk i I J ,..d wnrk,.rH 
•• 1nrl11clf"H •mHki I lf!d workf"r!-i 
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SECTION - 12 
I FINANCIAL ANALYSIS AND EVALUATION 
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Fl NANCI AJ, ANAl.YSl S ANO F.VAT.UATJON 

COUNTRY : t.YBIA 

DEVELOPMENT 
CONSULT ANTS 

The findncidl ctnnlyM•H and f-VitlUitl.ion or t.h .. propoas-~d 

project fur M~ttin9 up I.hp llru:l..-rgnJ11ncl C.thleR pldnl in this 

count.ry are batsed on t.he cdpacity oli J iKalion, prtcf'! and 

COHtS. 

Project Cost 

The eslimat.ed cost. of the project of set.tir•q up the pl<lnt ia 

.rt round US $ 37. 2 mi I lion as c..tn be aeen from F.xhibit_-28. Th~ 

project cost. inr.lud..-s thP PXpPnditure t.oward11 

0 

0 

J.and .;tnd J and deve lopmenl. 

Build i n9 and cj v j I work 

o Plant and md~hin,..ry 

I ti•· 

0 Mi BcP.1 l anPOUH f i xPd .;u1sPl~ 

o Pre] imi nr-try P.XpPnR .. fi 

() 

0 

Pr.--opP.rat.iv.- Pxpt-nH.-s 

'rec h n i c: a I know- how f ,.,. H 

projP(:l. ("fJ~IL. 

t·111n1111ri .. nt.1:1, v .17.., ,..HI ,.a, 11 Rtu11t>nl , t. r<ivt> 1 Ii ng 

nu H1·1-~ I I rlnt•nuH P.Xpt-!nHf'!H. f.HL1t. l 1 RhmP.nt. r.oHtH 

.. X(JPOMPH 

hiiVf~ 

1.h r~,. 

and 

r~omput,.tl on thf" bitHiM of H.tlitrieH payabl~ and ov~rhearht t.o 

v.triouH pt>rRonn,.•1 who h.tv,.. to hP. rt~cruit.,arl ;tt Vii r i OUFI 

1,..v,..IM, durin~J t.hP. r.onMI ruf'f.1<rn ~~riod. 'l'ravPl ling P.XfJPrtRH 

t1<tVf-' t,,~,..n LfkP.n iti-t .tpprox u1Ml.f• I y 1 0\ of .,Ht.ah l i HhmP.nt. r~oHt.H 

from HP.CtH1.J l.o t.he letHt. quart.Pr of t.h.,- C!<>nHlructinn pPr1od. 

Mi Hr.Pl l.tr1P.nUH ,~xpP.flHt•H h1tvf" al Ho h1•1•n t.aken on it tumpHum 
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DEVELOPMENT 
CONSULTAN rs 

basts. TP.chn1cdl know-ho"" fP.es havP bP.f'!O l:akt"n as 3.5% of 

thP. prujP.r.t r.oRl. Pxcluding interP.Mt during conHtruction c1nd 

m~rgin monP.y for working capital. 

i;:t, cuHhion h.tH bf"P.n provided towarda continge11cy. ThiH cc-Ht 

... leo 1ncludee inlereRl durin9 conaLruclion and margin monPy 

for working capital. 

Phatd ng of capi lal PXpend i turP i R baHed on i1nplemPnlat.ion 

plan, and interest during conRtrur.tion haK been comput.P.d 

hc1s~d on the phasing. These lwo are presented in Exhibit& 29 

and 30 respec~t.j VP 1 y. 

Marg.in money for workin9 capital is presented in Rxhibit-31. 

Tn comput.in9 m;tr91n money it is aHRumP.d that adequate 

prov j s i onA hdve lo be kept towards et.orage of raw materials 

and con~mmablt'!!i rf'!quirP.d to hP. imported. 

The project JR a1:ummed to b~ financed by Debl-Rquit.y Ratio 

o[ l:l. 

Productjon, Sales and R~vr.nue 

SLtl.emenl of prodnr.t.ion and Rrtl••R nf var1011R prodnr.t rangt' 

.tnd the rt-vPn1w U1.tl wi I 1 t,,.. qr•n,..r,&I Pd from the aalf"H of t~he 

pn1d1wt.H ov•·r l~w lO-y1•.1r pPri11d ,,..,. prt•!iP.nf,..f! in F.lChihilH 

.\2 .tnd l1 r,..Hpt•r·t 1v ... ly. Crl(.MCJl.y ut 1 I IHdtlon lH ..tHl:mmPd <ti. 

thP ral.P. of 70\ in th ... rind. Yf->rlr, AO% in U1P. RP.r.ond Y~dr 

~nd qo\ from lhe third y~.tr onw.trdH. 

f.'oHl. H 

1't1t• ttflntMI l'OHt.H or production .tnd H<tl,..H CC>lnJ.>UtP.d over 10 

y .... ,n, ,frt• pr<•H,.rtl.P.d Jrt F.Jlhil1il-:\4. fn 1•11tim<iting lhP.ldf! COMl.H 

" IH iiHHIJJn ... d th..ct. t.hP. Hal.:trif"H <trtd W.tq~1:1 WJ)J JJu.:reaK ...... t 

u.,. flat. r.111~ of ,.,\ P.v,.ry y~dr. 
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I~ - l 

Prof i L;,l>1 /j ly 

DEVELOPMENT 
CONSULTANTS 

Project.t-"d prof i Ltbi 11 Ly sl.atemP.nt. as presented in 

F.xr.ilul-:l5. The averagP. profit before t.ax works .-_;ul lo 15.4% 

o( av~rdgP. rP.vP.nue. 

Slalement of fixed assP.LR and depreciaLion under straight. 

line meLhod is preHP.ntP.d in F.xhibit-36. Tax computation and 

depreciation for tax are pr~senLed ~n F.xhjbits 37 and 38 

repspP.r-t. i VP I y. 

Working cap1tal requirements are shown in F.xhibit.-39. 

ProjectP.d CaMh rlow statement and bdldnce Hheet over 10-year 

period are shown in F.xhibits 40 and 41 reepectively. 

The projPct breakR even at around 45\ and showR ~nlernal 

rate of rP.Lurn of 50. 5% as can bP. SE-en from F.xhibit.s 42 and 

43 r~ap~cLiv~ly. Tn computing internal rat~ of return, 

uuL(low 1s t.akeri as the project co1:1t and inflow iH taken as 

Lhe profit hPfort> .interest, d~preciation dOd tax. 
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12 - 4 

DEVELOPMENT 
CONSULTANTS 

JOB NO. DCIL-105 PJCHIBIT 28 

UNIT!D NATIONS INDUSTRIAL l>!V!LOPMP.NT ORGANIZATION 
AND 

ARAB INDUSTRIAL DEVELOPMENT AND MINING Ollf.ANIZATION 

PROJECT PROFILE ON UNDPllGROUND CABLP.S 

~TIHATP.D PROJP.CT COST 

( '000 us $) 
-·--------------------------------------------------
Sl. 
No. Items V11lue Total 
-------------------------------------·----------
) . I.and and I.and Deveiupment 

(@ USS 261 per 1112 for 32.1.'ll m2 ) 

2. 8ui Jdjng and Civil Work 

i) Workshop 811i lding 
(@USS 1268 per m2 for Jl,300 m2 ) 

ii) AdminislrativP. Ruilding 
(@ USS 1530 per m2 for 640 m2 ) 

iii) Auxil i ;s ry Bui Id i ngs 
(@ USS 1530 per m2 for 67fi m2 ) 

iv) Open storage Y,ud 
(@ USS 1268 per m2 for 1560 m2 ) 

Sub-tot a 1 ( 2) 

J. Plant and Hac.hjnpry 

i 1 J mp11 r I P. 11 

- Produc·l ion shop eq11ip111erit 
- Hateri;sl hand I ing eq11ipmf>nf 
·· Tool room ;snd majntenance equipment 
- Aux.i I ia ry equ i pmP.n t and hancl l.oo I ii 
- Testing and Qua I ity control P.<fUipmPnl 

Total F .O.R. V;ilue 

111 Jnsuranc:e 6. fr~ii;ht (~JO% of FOR Valu~i 
i i i • C. f. F. Va Im~ 

1v) Tn1port duly @ fil "'' C:TF valuP. 
vi Transpnrt.alinn@ I! of crp Val1w 

Lamlt•rl Cm~t al. Sjr.· l:-i11h-rr1t.al ())J 

8386.19 

14328.40 

979.20 

1034.28 

M78.08 

2204 .00 
398. 76 
134.95 

12.00 
38.30 

27RR.OJ 

:.!78 .80 
.l06f>.R1 

I Hit. 0 J 
)0. f, 7 

8386. JC~ 

18319.% 

nx 1 .4'l 
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JOI\ NO. oc11.-1or; 

DEVELOPMENT 
CONSULT ANTS 

EXHIBIT : 28 

('000 us$) 
-------------------------------------------------------------------------

Items VahtP Total 
-------------------------------------------------------------------------

4. 

i l 
j i) 

ii 1) 
iv) 
v) 

vi) 
vi·j) 

viii) 
ix) 
x) 

xi) 

HisC"ellaneous FixPd Ai<:sPts 

Transformers 
Swit.rhgears 
Central Airconditioning systP.m 
Tllumination,Fans and Room f.oolers 
Wat.er Pumps and Tank 
Compressors 
Fire fighting system 
Telecommunication syst.PJll 
Office Furni turt> and F.qui pment 
Vehicles 
Weighbridge 

Sub-tota 1 ( 4) 

'>. Preliminary F.xpenses 

6. P n~-ope rat i ve F.xpenses 

i) f_c;tahl ishment 
ii) Travelling F.xpPnsPs 

iii) Misc-e11anPous 

7. Ter.hnir.al l(nnw-hnw FP.PS 

S11b-tnta1 (I thrn 71 

'I. r.nnf ingPnry (d 'i'% nn :1h11VP 

In. Sub-total (R;,q, 

II. TnterPst dunng r.nnst. rurt ion 

12. Margin MonP.y for Working <::.pit.al 

TOTAi. r.osr 

6'>.70 
4.SO 

112.q() 
3. ')0 

20.10 
72.38 
fl.00 

22.00 
16.00 
81.80 

l.70. 

25.00 

12qq. qq 
128.00 
4'>.00 

1217.00 

408.')8 

25.00 

1217.00 

11111.21 

Hl '14 .1S 

--··----------------------------------------------------------------------

._____ _______ J 



-- - - - - - - - - - - - - - - - - - -
JOB IO. : DC1L·:OS 

lllTID IATJOIS JIDUSTIJAL DIYILOPllllT OICAIJIATIOI 
AID 

ARAI IIDUSTllA~ DIVILOPllllT AID NllllG OiGAlllATlOI 

PIOJICT PIOFILI 01 UIDllCIOUID CARLIS 

PIAIIIG OP CAPITAL llPllOITORR 

IDllIT : l9 

1'000 DS $1 
--·-···---·----------·--------------· ··--·-·--·-------·--········-···------·················-·····-·-·-·····-·······"······················-····· 

Con1truction Ptriod in QuarlnR 
Tol~l ··························-·-··-···············--·-······································ 

2 3 ' 6 
·--·········-················-····-·········-······-···---·--····························"•••••·················································· 

r,.:ld •:id l~Dd Dtvt.Jopaot 8]86,\q o.oo 1m.21 mt.•s JlH.48 o.oo o.oo o.oo o.oo ~ '00 
......... .. Ru:!~1nq illd r1v1l llork 18319.96 

11 llorkshop 8~1ld1nq 1muo 0.00 O.DO o.oo lS82.IO 3512.10 3582.10 mi.to o.oo o.oo 
11 I A11111111tull'•e 81u ld1nq m.20 0.00 o.oo O.DO O.OI 391.68 m.u 19S.U o.oo c' 00 

II I) Au11l1•r! Ru1ldinq1 1034.28 o.oo o.oo 0.01 o.oo 30.76 30.76 344' 76 o.oo o.ao 

"' Opet Slor1qe t•rd 1971.0S o.oo o.oo o.oo o.oo o.oo o.oo o.oo 984.04 m.u 
). Pl•~l •ad ~thintry l28l .4q 

tl Ordrr1aq m.ts 0.00 o.oe o.oo O.H o.oo 984.45 o.oo o.o~ d.00 
lt l SUJll)ly, delir'-rJ illd 

1a1l•ll~llOI •t Sitt m1.u o.oo U.00 G.OD o.oo uo O.OD o.oo 2239,61 ~7.'3 
()0 
Qi""! 
z~ 
(./') r-co 
r- ""'O 

~~ zm -.z 
(.t) -I 

: 



. 
~i , '~ , • , • , ... • • ~-,·· •• : • ·... • • .• • • " •• :. • ~ .. ~ • .. •• " ~ • • c;. ~ .~. ,, ... ,.·" .... • 

-- - - - - - - - .. - - - - - - - - - -
.--

I JOI IO. : DCIL-115 lblllt : 29 

(I 000 HS $1 
--------------------------------------~·--------------------- -------------------------------------------------------·········-~-----·-·--·--··-··· 

ConRtruclion Peri~d in Quirlera 
Total •••••••••••••••w•w•w••••••Wwwwww•WWWWW•••••w•W•W•••WWW••••••••••••••••-••••P••ww•W•••wwww 

4 5 6 7 s 9 
•••••••••••• .. •••••••••••••••••••••••••••••••••••-••••••••••••••••••••••-•••••••••••••••••••••••••••••••••••••••••••••••••••••ff••••••••••••••••••• 

4. M1srtll•11toua f11ed A1,tls m.sa 
-----

1) Trudoriiers 65.70 o.oo 0.00 o.oo o.oo o.oo 13.14 o.oo ~2.56 o.oo 
11 I S. i tchqea rs 4.50 0.00 o.oo o.oo o.oo o.oo 0,90 o.oo 3.60 o.oo 

1111 Central A1rcolldition111q 1ystP1 l I 2.90 o.oo o.oo o.oo o.oo e.oo 22.s8 0.00 90.32 o.oo 
1vl JllU1inat1oa,Fans and Roo1 Co.-dns 3.50 0.3S o.oo 0.63 O.E3 0.63 G.63 0.63 o.oo 0.00 
\') Mater Pu1p~ alld Tank 20. l 0 o.oo 0.00 o.oo 10.05 10.05 o.oo o.oo o.oo o.oo 

Vl I ~·.:i1prt>uora 12.la o.oo o.oo o.oo ~.00 0.00 14.48 o.oo 57.90 o.oo 
Vil I F1rt f1qht1nq 1yate1 6.00 o.oo o.oo o.oo o.oo o.oo 3.00 0.00 3.00 0.00 

Yli i I Ttltco .. unic•l1on 1ysl!1 22.00 o.oo 2.20 o.oo o.oo 2.20 4 • .0 4.40 4 10 4.40 
11 i Off1re furaiturt and ~.qu1;iarnt 16.00 0.09 0.80 0.80 l.60 t.60 1.60 1. 60 J.60 6 .10 
1) Vl'h1rlt>s 31.&0 o.oo 9.70 9.70 o.oo o.oo a.co o.oo o.oo 62.40 

J J J We1qhbridqt> 3.70 o.co o.oo o.oo o.oo o.oo o.oo o.oo l.70 o.oD 

5. Pr,)11111.ary R1pen1P.1 25.00 12. 50 12. 50 0.00 o.oo o.o~ o.oo o.oo o.oo o.oo 
--··· 

6. P:,·0Pf>rat1vt !Jpi'r.StR im.99 

1 l ltstabli ~haent im.99 0.00 26.46 65.87 99.54 99.54 151.95 151. 95 151.95 552.73 
1•i Tr•vtll1nq K&Pf'nSes 128.80 0.00 2.00 6.00 ID.OD l0.00 15.00 15.00 15.00 StOO 

Ii') ~llCPllillf'OUI 45.00 5.00 5.00 5.00 s.oo 5.00 5.00 5.00 s.oo s.oo 

7. Trcb11r.•I lllO~·hov fres 1217.08 60.85 243.40 m.4o 121. 70 121. 70 m.10 121. 70 121. 70 60.85 
-----··- --------------··--·--------~------------------------------·------·-·······-------------·· 8. Sub·tota I ii t:.ru 71 llllt.H 78.70 1m.29 ms.ea 7185.10 4569.26 5657.37 4422.98 3739.38 1m.2s 

~. Continqency @ 5\ on •bovt 1655.56 l.94 98,96 184. 29 359.25 228.46 282.87 221.15 186. 97 89.66 
4------- ----·····-----------------·-·--------------------------------------------------~---------· I 0. Sllb·total 18 ' 91 H766.17 82.64 2078.25 3870 .17 7544.35 4797.73 5940.24 HU.13 3926.35 1882.91 

--·------·------------------------------------·------------------------·--------~----~---------------------------······-------·······-··········· 

no om 
z~ 
(../) r-co 
r--o 

>~ zm 
--tZ 
(../) -I 
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JOB IO. : DCIL-105 

------
DIITK!l IATIOIS IIDDSTRIAL DIYRT.OPllKWT ORCAlllATIOI 

AID 
HAR IIDDSTRIAL DIYKf.OPflDT AID IUlllC ORGAIUATIOI 

PIOJICT PROPILI 01 DIDIRCRODID CABLIS 

UTIIQTIOI or llTDIST DORllG COUTRDCTIOI 

- - - -
IOIBIT : ll 

I 'IOO OS $l 
•-•-•••••••••••••••••••-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••"•••••••••••••n•••••••••••••••• 

Con1truction Period in Qu•rlrrR 
---------·-------·---·-----------------------------------·-----·-------··············- Total s 7 8 

-----------------------------------------------···------------------------------················································· 

C~p1l~I P.11>'ndilure 

~rq111 llo1ey 

Tahl 

kqli\lf 

l.0.1 

Tot.ti 

S2.64 207C.25 1870.17 7544.35 4797.73 5940,24 4644.ll 3926,JS 1882.91 

0.00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 561.49 
-----------------------------~--------------··--------------·-·-··~------·····-------···-

82.64 2071.25 3870.17 7544.35 4797.73 ~•40.24 4644.13 3926.35 2451.40 
-------····--------------------···-····-----------·-······-·······----------------·-···-

41.58 1046.19 1960.93 1814.25 2500.Sl 3106.ll 2493.77 2164.00 1449.10 

41.58 1046.18 1960.94 3134.24 2500.Sl 310~,~3 2493.78 2163.99 1449.10 

··-··-····-------------------------------····················-·---------·-·-···-····-··· 

H766.77 

568.49 

lm5.26 

1Bm.u 

18597.J7 

33.16 2092.37 1921.87 7668.49 5001.06 6213.66 4987.55 4327.99 2898.20 37194.35 
··-----------------------------------------------------··-·················-------------

- -

no 
o~ 
Zm 
V>r-co 
r- -0 

>~ zm --.z 
V> ..... 

J) 



1= 

I 
I 
I 
I -

_____ .. ____________ _ 
JOI IO. : DCl,·115 IDillT : ll 

!'000 RS $1 
···--------············-·············-··-···········-···-············--·-····-·-············-·····················-·············-

Con1truction Period in Qu.trltr1 
··•·•••·····•··•··•··••••··•·•·••·•••·•••••••·••••••••·•••••••••••·•••••···•••·••••••• Tot~I 

i 2 3 ' 5 ' 7 8 9 
···-·····---·-···-····----····· ···········-------······------------············-·····················-·-························· 

l11tnut 011 Jou 

-------------··· 

• ' 10\ p.~. 0.52 ll.OS H.51 47.93 31. 26 ll.84 31.17 27.0~ 18.11 232.47 
1.04 26.15 49.02 95.86 62.!1 77.67 62.H 54.10 421.69 

1.04 26.15 49.02 95.16 62.51 77.67 62.34 374.59 
1.04 26.15 49.02 95.86 62.51 77.67 112.25 

1.04 26.15 49.02 95.86 62.51 234.58 
1.04 26. I 5 -.~.02 95.16 172.07 

1.04 26.15 49.02 76.21 
1.04 26.\5 21.19 

1.04 1.04 

··········-------·--·-----------------·················································· ·-······ 
I Toh I O.S2 14.12 SI. 70 124. 14 203.ll m.•2 343.42 401.64 m.ao 1m.09 

····--·-···-····-······-·-····-----·-·······-----····-··········--············-········-

I nebt/P.qu it y 1.00 J.00 1.00 1.00 I.CO I.GO I.OD 1.00 I .OD 1.00 

MP.AIS OP PrMAICI•r. : P.QD?TY 18597.1& 
I.OU 18597.17 

TOTAi, 17194,]5 

·············-·······························-··-·······-·····-······-····-··--·-······························-················· 

I ...; 

no om 
z~ 
(./) r-
c Q 
~~ 
)>~ zm 
--f z 
(./) --f 
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i. - 11) 

.108 NO. DCJl.-105 

DEVELOPMENT 
CONSULTANTS 

l\XHIBIT : 31 

UIUT!J> NATIONS IRDUSTRIAL DP.VPJlJPMP.lfr ORGANJ1.ATION 
AID 

ARAB INDUSTRIAL ~.OPMMT AND MINING ORC".AIJ7.ATTON 

PROJF.CT PROFll.E ON utmr.RC.ROUND CABl.P.S 

MARGIN l«>NEY FOR WRKTNG CAPITAi. 

('000 us$) 
-------------------------------------------------------------
Sl. 
No. Item 

Period 
(Day_,.) Cost 

Bank Finance 
Avai lahlP. 

(%) (A1110t1nt) 
Hargi.n 
Money 

---------------------------------------------------------
1. Raw iaatP.rials h 

ConsuJMblP.-" 

2. FinishP.d Stock 

1. Sundry Debtors 

.Suh-total 

4. P.xpensei:; 

Total 

120 I 'UU 4. 7q 100% 

30 5320. '>2 100% 

10 6476.44 100% 

.H611.75 

0% 

121R0.24 

1qsu. 7q o.oo 

'>320.52 o.oo 

6476.44 o.oo 
--------
31611.71) 0.00 
--------

o.oo '>Mi.4q 
-------- ------
11611.75 C,f.R.49 
-------- ------

---------------------------------------------------------------------------



--------------------
JOB NO. : DCll.-10'> 

~nlking O~ys;v~"' 

!TlllS.lllOtl 

100 
70% 

:'H\, H\.' l.:\hlt>,. 1S1ng)p C:orP) 

• • .lp.H'' 1 t y \ KMs) f.00 
~nnu.11 Output O~Hsl ~w.oo 

nut put · n.ty ( KMs \ J • 40 

Opt•ning StiH"k 
Prnd11rtion 
Tot a 1 
i-: 1 OS l ng St (I(' k 
Sil I es 

0,00 
.:.20.00 
U0.01l 
H.00 

3R'>.00 

MV i'.1'b 1 f's \Mu lt 1 r.n rP \ 

r.aparity (Kms) 4000 
~nnu.\l output O~ms> 2soo.oo 
nutputtn.w <Km.~) q,.n 

OpPning Stork 
Prnc\uC't lOn 

Tot.l 1 
r.1osing Stoc-k 
S.l 1 PS 

o.oo 
2M,1.00 
2Rf'0,00 
2H.H 

2'>t.n. n 1 

llNJTF.O NATTONS TNOUSTRIAI. DP.VP.l.OPMP.NT ORGANIZATION 
AND 

ARAJ\ TNl'lUSTRI Af, DP.VP.f.OPHP.NT ANl'l HTNING ORGANl1.AT10N 

PROJP.CT PROFJI.P. ON tJNDP.RGROUND CABl.P .. Cl 

2 

100 
"iO'! 

i100 
·• :n. oo 

I. ~o 

1·1 .on 
~w.oo 

4'>'> .no 
1~.00 

420.00 

~000 

1200.00 
l0.ll7 

211 • .11 
nno .M 
14ll.11 
2nll.n7 

l H1f1. h 7 

STATP.MENT OF PROOUC:TION ANO SALP .. Cl 

3 

300 
qot 

f.00 
420.00 

1.40 

.35,00 
420,00 
4'>'>.00 

l'>.00 
420.00 

n P P. R A T T N G V P. A R S 

4 

300 
qoi 

f.00 
420.00 

1.40 

l'>.00 
420.00 
4')') .oo 

.'l') .oo 
420,00 

I) 

100 
qoi 

fiOO 
420.00 

1.40 

l'>.00 
420.00 
4')5,00 
.H.00 

420.00 

ft 

300 
qoi 

600 
420.00 

1.40 

H.00 
420.00 
4'>5.00 

lS.00 
.. 20.00 

7 

JOO 
qot 

f.00 
420.00 

1.40 

l'>.00 
420.00 
4')') .oo 

35,00 
1~20 .oo 

4000 4000 4000 4000 4000 
lh00,00 3600,00 .1600.00 .1600 .. 00 .1600.00 

12.00 12.00 12.00 12.00 12.00 

26ft,fi7 
3noo.oo 
1Rnn.n7 
300.00 

1c;n6.fi1 

.100.00 
.lfi00.00 
1qoo.oo 

1on.oo 
lft00,00 

ion.no 
1nno.oo 
1900.00 

100.on 
1600,00 

300.00 
:lM0.00 
.1~00 .no 
100.00 

.1600,00 

.100.00 
.lfiOO. 00 
1900,00 

:loo.no 
.1600,00 

P. 

100 
qoi 

(100 
420.00 

I. 110 

35 .oo 
420.00 
455 .oo 

.'lS. 00 
420.00 

4000 
lfoOO ,00 

12.00 

.100 .oo 
11100,00 
iqon.oo 

100,00 
1fi00.00 

F.XHIBIT : ~2 

q 

300 
qot 

fiOO 
420.00 

1.40 

l'i.00 
420.00 
4'>'>.00 

lS,00 
420.00 

4000 
lh00,00 

12.00 

.100.00 
lnnn.oo 
lqoo.oo 
100.00 

11100.00 

<in Nnsl 

10 

100 
qot 

flOO 
420 .oo 

I ,40 

15 .oo 
420,00 
455 .oo 

)'; .r10 
420,00 

4non 
lhnn.oo 

12.00 

100.on 
11100.00 
1qoo.oo 
100,00 

lM0,00 

--------------------------------------------------------------------------------------------------------------
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-------------------
JOI IO. : DCIL·l05 

011,ID IATIOIS llDllSTRl#.L DIVILOPllllT OICAll&ATIOI 
AID 

AllAI llDDS,RlAL Dl'tltOPllRIT AID RllllC OICAITIA,JOI 

PROJICT PROPILI 01 UOllCIODID CARLU 

STATllllT or llVIHI 

mm': u 

('000 n~ ~I ........................................................................................................................................ 
s .. 1: i ~~ 0 P P. R A T I W C Y P. A R S 
p~ II'•' ······························-··································································· 

I US $/llll 
6 1 a q 1n 
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253.51 ~04.40 
27.A9 76.10 101A.A4 

225.62 2]A.30 
24.A2 76.10 971.2:-i 

200.80 152.20 
22.09 76. 1 0 926.:'7 

17A.i2 76. l 0 
19.66 76. 1 0 RA4.09 

159.06 o.oo 

-------------------------------------------------------------------------------------
WOV : Writ.ten Oown Value 
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JOR IO. : l>CTL-105 

DllTRD IATIOIS llDUSTR1AL DIYKLOPllllT ORCAlllATTOI 
AID 

ARAB TIDDSTIIAI. DIYRC.OPIU!IT AID IUlllG OICAllUTIOI 

PRO.:ll'T PROPH.! 01 DIDP.RC:RODIO CABl.l!S 

llORIJIC CAPITAL RIQOJRRMKITS 
IB1cludinq C•1h •nd ~nk R.lance1l 

111111' : 39 

('000 11~ $l 
---------·----·-··-------------··-·--·--------··-·-··-···-------------·································-------·-···-··················· 

0 P F. R A T I N G Y P. A R 
!•.~u ------····-··········--········-············-···········-············· ·························· 

6 ~ 10 
-----------·······-··-····-···········-----·-······················································-···························-······· 

' Ri- lil~r:ai1' ~0nsu1abiri !q'l,,Jq 226•5.CS 25C76.16 25C7b.l6 25C76.16 25476.16 2~476.16 2~'76.16 25476.16 2~47~.16 

:. Fi:H~~t·d ~ltil"~ ~m.~: 60C6.~l 6772.~• mo.sa 6909. 22 6927.56 6m.91 fi!b4.I~ 6812.~9 6900.91 

1. $ii11dn Ot>ht.on ~m.u 781 Ul R6•0. ~I~ sm.u 8709,0C 8709.04 muc 870U& sm.u mu' 
········-·········---·-···-·······································-···········-··········--········ 

TilTAI. l!hll.7~ 16~10.6• 40BRq,2s coq76.08 •0994.42 41012.76 CI031.ll 41n4Q,4S 41067.7q 410A6.IJ 
········--·····-···--·················-···············-························-··················· 

?arrr•1r/!~~rr~A~tl 1?~11.1s caqa.sq 4178.61 86.83 18.H 18.14 18.15 18. H 18.H Ja.H 

Sl1>rt Vu 1 il ion ~1~0.~2 126.01 726.01 IU4 IA.14 18.H IUS 19.H 1A. l4 18.H 

··················-··············-·························-················--~------···--·····-········································ 
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(./') r-ea 
r--o 

>~ zm -.z 
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JOB IO. : DCIL-115 

DlltHD IATTOIS JIDDSTRIAr. DKVKLO~llT ORGAIUATIOI 
AID 

ARAB HDDSTRIAr: Dl!VRLOPllRIT AID llTIIIG OIGAIJIATIOI 

PROJRCT PROrILI 01 DIDRRr.RODID CARLIS 

PROJICTRD CASH now STATP.llllT 

llRIBIT : ~O 

f'OOOOS$l 
------------------------------------------------------------------------------·-···-···---------·-··············---·········--··-·--··· 

rnn~trurlinn ·················--------------------------···---------------------------------·-----·----·---··· 

P. A R 

r.;.r~.~-~ 6 I 0 
--------------------------------------------------------------------------------------------------~---·-························-······ 
A. $i1UR~F.S 

.................... 
!~crrH,. 1n ~h.HI' 1'~p1t~I 

!n~rr~~~ 111 Tt>rl J.;1~n 

!~nrast 111 R.lnk 
l.o<i a 

~rofi t IM-forp T.u with 
lnlP~tst iddtd hick 

l.\eprl'~ iat lOD 

TOTAL 'A' 

B. APPf.ICATfOIS 

Tar.rl'iSP in Cap1t~I 
R1D1'11dilurP 

I11rrus1'!fl>f'r.rl!uel 1n 
Work 1r.q Ciplt.l I 

1 ~' Q'. I~ o.oo o.oo o.oo o.oo . o.oo o.oo o.oo o.co 0.00 o.oo lA~q7.P 0.00 o.oo o.oo o.oo o.oe o.oo o.oo o.oo o.oo o.oo 
u.oo 11611.75 o.oo o.oo o.oo o.oo o.oo o.oo 0.00 o.oo o.oo 

0.00 15650.•9 18•01.JI 1q420.2a 192•9.28 !8952.6• 1&655.97 18159.12 1eo62.61 11166.01 17'69.36 uo 1174.83 117"83 ll7U3 1374.83 1374.83 1374.U 1374.8.l D74.8.l l.l7UJ 137Ul 

-----------~---------------------------------····-·····-··--··················-··········-···-············· 
~7lq(.l5 48617.07 11777,q( 2079S.ll 20624.11 20127.47 20030.80 19714.IS 19417.50 19140.84 18844.19 
··------------------··--------············-···-··············--············-······························· 

HM.77 o.oo o.oo 0.00 o.oo o.oe o.oo o.oo o.oo o.oo o.oo 

~.oc 11611. 75 mS.89 '318.61 86.83 18.34 18.H 18.H 18.H 18.H 18.34 

-, 
I 
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no om 
z~ un-co 
r-- iJ 

>~ zm 
-fZ 
(./') -f 
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JOB IO. : DCIL-105 lllJllf : .. 

('000 DR $1 
----------····-----------------------··----·-··-----···--···--·--·-········-----------------------·-····-·-····------·················· 

y ~ A R 
Construrt1on ----------------------·--··························-··········-·············-···················· 

P~r tod I 2 l • 5 6 7 8 q 10 
------------------------------------------------------······----------------------·········-········------------------·-·-············· 
htn~~t 
....................... 

Or, Tn1 t..1an 
• f 10\ p.a. 1m.oq 1m.12 18S9.72 1859.72 1m.u 1328.37 1062.70 m.02 5ll. l5 265.67 o.oo 

11, ll1uk1nq CAptlAI I.on 

- f 12\ D.~. o.oo m1.•1 m1.•1 28i5.06 1896.70 m.15 o.oo o.oo o.oo o.oo o.oo ---.... -- ........... . ............ .. ......... .. ......... . ........ . ......... ······· .......... .. ....... ······ Tola I l nlntAl 1e•.uq sm.1l 5653.ll mu8 300.74 2276.72 1062.70 m.02 Sll.H 265.67 o.~o -... -.. --- -·----- ........ . ...... . ...... . ...... . ...... ······· ....... . ....... .. ....... 
Tia uo o.oo D.DG o.oo o.oo o.oo o.oa o.oo o.oo o.oo a.to 
!\1nrlPnJ un 1m.12 1859. 72 2719.58 l719.U 1719.U l719.U 460.29 46'9. 29 un.2q sm.1~ 
RPP<lJIM'nt of Teri Lo•n J.00 o.oo 0.00 2656.74 26S6.74 2656.74 2656.74 2~56. H 26S6. 74 2m.n 0.00 
~P~•ylf'nt of Morktnq 
Cap1hl Ln.111 uo o.oo 7902,q4 7902,q4 7102. q4 H02.93 o.oo o.oo o.oo o.oo o.oo 

···--·-- ·-··-·-· 
TOTAi. 'R' 166~~.s~ 1q124.60 20J1•.68 22cl2.6s 17856.69 16S74.t7 7457.22 8121.40 7855.72 mo.03 m1.4~ 

·······---------······-·······--------···························--·-···-·····-············-··············~ 
Ope11111q 11.'1 b nrr a.oa 56&.49 10080.96 •~u.22 7906.68 ·10674.10 1••21.•o 21000.98 1s611.11 so1•s.s1 617•6.12 
Surplus /(nriic\tl dur1nq 
tht Tt~r I A - R J ~~uq m2.'7 -516.7• ·16)7.54 2767.42 11s1,30 11573.58 11612.75 115&1.78 11m.a1 D2'6.70 
l'll'l11111q ~la11et m.cq tooso.96 9544.22 7906.68 10674.10 14427.40 2J000.98 l8613.7l 50195.SI 61746.12 7•9~1.02 

·--------~-·----·-----------------·----------------·····---------------··············--································-········--·~·-·· 
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;o~ IO. : DCil.-115 

~h.u~ .'.111;~.1: 

~ ~ i: ~ .. ;-;1·rvt1~ ' .\1~rr , .... 

~ilARF.HOl.mS' r1 1 ~i' 

... ~~: lnt~nq1bl~ A~~~ti 

TAMC:iiii.F IF.T WORTN 
t!~ '!'n1 1.1J.1n 

l'AP!Ul. ,!!Nil 
.: 3:' MP!. Fi 1 .. d lu..t ~ 

NF.T ru~~F.IT ~SSf.T~ 

. :'!lRF.llT ASS'.T~ '. . ...................... 
lf;,rk l ~~ :';.pi td: 

,"uh I II.Ink R~ :u1·" 

DllTID IATIOIS llDOSTltAL DRVP.LOPllllT Olr.AlllATlOI 
A•D 

AIAR TIDDSTITAL DRVKl.OPllKIT AID MtlllC OAr.AltlATlOM 

PROJRCT PROrtLR 01 HDRRGRODID CARJ.K,q 

PROJRM'P.D RALHCI SHET 

F. 

IBH: '1 

l'OOG II~~ 

A 

In 

!~m.1s 1sm.1s 1~m.1s 1am.1s 1sm.1s 1m1.1R 1Rm.1R 1Rm.1e 1Hm.1s 19m,1P. 
~11,,h, 1Q0l7.40 lOQ~l.82 •2qq2,q2 ~sq4q,•o 6qa21.21 R2716.l• q~61R.27 IOR4~Q.l~ 12n1~Q.~! 

.'t7u.si 1762~.08 •Q551.00 615QO,IO 745••.~~ 88420.•1 101311.•~ 11•21~.·~ 127066.50 11RQ56,,I 
liRUO 608.RO m.10 4S6.li0 180.~0 '°'. •n m.,o I 5 2. 20 7b. u o.oo 

:6o•q,q2 17016.28 49018.JO 6113).~0 7•166.0A 88116.01 10110~.12 11•063.25 126990.40 1l8q~6.71 
lg\q~.17 :ft~q1,1' 1~9.0.•l 11281.69 10626.9~ mo.n rn l.•7 im.n o.on o.oo 
'46•1.oq ~~lill.45 6cq~a.11 7••11.19 ~•1q1,01 q60Ali.22 1n6•1a.~9 11611q,qs 126qqo.•o 11aq~~.11 

1mli. n H267.h mu.fl um.94 29171.21 28072.48 26771.7~ 1~•7~.02 24176,2q 22R77.~6 

1~080,46 221•6.05 12990.06 •1747.25 55421.82 6R01l.7• 7q6••.8• Q12••,q6 10281•.11 11~07Q,1~ 

l1611.75 16510.6• 40889.25 •0976.08 •099•.•2 •1012.76 •IOJl.11 41o•q.•s •1o~J.1q •1oaf..11 

~~ !)l'r rub •" lnw Stt~l.~M>nl l 0080, 96 QSU.22 7qo6.68 1067•.IO 14•27.•0 27000.98 lR6Jl.7l ~019~.Sl 617•6.12 1•qq1,oi 

tOTAI. 'A' •16Q2,71 t6054.86 •a7q5,q3 S1650.18 5~421.82 68011.74 7Q6••.B• 912•4.96 102&1•.ll 11607q,I~ 

r. i'DRRF.IT LI AR Tl. ITT '~~S 

P..ink r.c,dn 11611.15 mou1 1sm.a1 H02.9l o.oo o.oo o.oo o.oo o.oo 0.00 

TilTAL 'R' 11611,lS iJ70A.81 1SR05.R7 7qo2,qJ o.oo o.oo o.oo 0.00 n.oo o.oo 

UT ruRRF.NT ASSr.TS i .A. R) IOORO.Qh 221•6.05 l2QQ0,06 •37•7.25 55421.82 6R01l.7' 7q6••.A• ~12••.Q6 10281•.11 11607q,J~ 
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.JOR NO. DCll.-105 

DEVELOPMENT 
CONSULT ANTS 

1-:XHIHIT : 42 

UNITF.D NAT TONS I NOUSTR f At. DF.VF.lnPMF.NT ORGANT 7.ATJON 
AND 

ARAB TNDUSTRl~L OF.VF.l..OPMt-:NT ANO MlNJN<: ORC"J.NJ7.ATJON 

PRnTF.CT PRtlPJ J.P. ON ONOF.RGROONO r.ART.F.S 

RRF.AK-F.VF.N ANALYSTS 

('OOO ns s> 
------------------------------------------------------------
SI. 
Nn. PdrLicularH AmounL 
-------------·------------ ----------------------------------

I. Raw Halt-!r iet lK .u:rl Con~umables 
2. Power 
). WaLer 

'· Suh-lol-tl Cl thru 3> 
5. Cont.lngen~y 

6. VARIABi.E COSTS 

7. RP.VF.NOE 

8. CONTRJRUTTON (7 - bl 

9. I .. :tbour & Pl<fnl Overh,...~.1· 
j 0. Ot.her Fa<: Lury F.xpenRP.s 
11. AdminiKtrativP ~ SdlPH F.xp~nHeH* 
J 2. gub-Tot.a 1 ( q t hrn 11 ) 
13. ContingP.ncy 
1 4. Suh-Totc. I ( t 2 + t .<I 
1 "l. J nt.er~Ht.* • 
I 1-, • [),.prt'c- i ~ t 1 ''" 

1 7. Fr xr.n r.osTs 

JIRF.AK-F.VF.N SAT.ES 

HUEAK-F.VF;N POJNT 

l'AStl HHt-'.AK-fo:Vfo'.N ._,OJ NT 

17*7/A 

82000.00 
653 •. H 

72.96 

82726.27 
4136.:H 

861) _.58 

111113.:n 

10870.76 

5206.78 
337.97 

111r;.14 
7259.89 

362.99 
7622.89 
4RR7.0"l 
1174.Al 

1 ~iH84. 76 

45.0\ 

47709.76 

40.ll\ 

- - - - - - • - ·- - - - - - - - - -· - - - - - - ._ - '" - - - - - - - - w• - - - - - '" - - - - - - - - - - - - - - - - - -

• ... J\vf'r.1q1• 11Vt•r 10 y•·.-. rH 

J\v•·r·"I'' "" ,., '• ·, , .... " 
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.TOR NO. ocn.-105 

DEVELOPMENT 
CONSULTANTS 

F.XHTRJT : 43 

llNTTF.n NATIONS TNOllSTRTAI, OF.VF.l.OPMF.NT ORC..ANl7.ATTON 
ANO 

ARAR TNOllSTRT AT. OF.VF.l.OPMF.NT ANO MTNTNG ORC..ANT7.ATTON 

PRO.IF.CT PROFTT.F. ON nNnF.RGROUNO CARJ.F.S 

TNTF.RNAf, RATF. OF RF.TORN 

<'OOO ns $> 
------------------------------------------------------------

YP-"r Outf 1ow Inflow NP.t. Tnf 1 ow 
------------------------------------------------------------

0 -17194.]5 0.00 -371()4.35 
0.00 17025.]2 17025.32 

2 0.00 19777.<}4 1<}777.94 
l 0.00 2079S. 1 1 20795.11 
4 0.00 20624.11 20624.11 
'", 0.00 20127.47 20127.47 
n o.oo 20010.RO 20010.RO 
7 0.00 1'>714.1') l'H14.15 
R o.oo 1<}417.50 J<}4l'?.50 
q o.oo 19140.R4 1'H40.84 

10 0.00 1RA44.J<) 1A344.1<} 

TRR ')0.')~. 

---- -- ----- ----------------------------------------------

<>iii flow 
r ,, rt 11w 

l'n1 j,.,., C'oHt 

Prof1t hf•fon· lnt1•n=·Rt, r>1·pn"r1;1t.1on -"nci T-"X 
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SECTION - 13 
PROJECT IMPLEMENTATION PLAN 
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PRO.JF.M" IMPJ.RMF.NTAT10N Pl.AN 

DEV~LOPMENT 
CONSULT ANTS 

ThP. Under9round C.tbl~ m.tnuLtcl.11r1n9 pl.tnl.!'I wt 11 bP. Hel up in 

Libyd. Tl1t-! i•ple!IQP-nlat.ion Mch,..dule of lhF- key •u·Li.vit'i~s 

involved in setting up I.he pldnt is pre,.P.nt.P.d in 

Exhi.bil-44. 

The pru9ramme covP.rR a Lime spar. of 27 monlhH alarling frota 

the preparation and f inct l iHal ion of DP.Lai lP.d Project Reporl 

<DPR) and ending on lhP. c0111Mencel9P.nl of COllllDercial 

production. Tt dllowR ;ujpquate lilllP. for prucure111ent dnd 

PrP.r.lion of t_hP equipment. F.rection of hf"avier etjuipmenl 

will become easier if procun"menl and ins ta I lat ion of F.OT 

crane ie apeeded up. Thf" tot . .tl liae span of 9 to 12 niontha 

{or deliv,..ry of P.qUi.pment itl Hile hdve to be 11lricl1y 

e1Jhereci tn, ttH this will involve inlP.rnational competitive 

bidding. Any delay 1n lhiM Kl..t9e will adv~ntely affP.r.l lh~ 

comm.tBH.lOllJll~J of the plcu1t in ti•~. 

Recr11iLm1-rat. of pP.rMonnP.I h.tH bef:!n shown in VdrtOUH key 

poinLH du r r ru1 I.he- i inp I t!lftt~nl.dL Jon '«ldgf!. F.xpt!r 1 Pnr.t-d 

pPrKonnt•I will ht> n-.. ,·ruil1•tl within th1• f1rKt. KP.Vt-fl quart_1•rH 

for St>Olor I •·v•· I fi. 

Though not 1rwl11dP.d 1n lh•· k,..y .t•:t.1v1ti,..H, it iH 1mport.~nt. 

Lhat lhP. ••I i1·nl .tppl iee for .uuJ ohLt tnH t.h~ nP.Ct!Htt..sry 

fund11 fro1D Lt1,.. corwP-rned f1nctnc1-.J 1nHt itut1on wt>I 1 in limtc". 
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JOB MO. DCIL-lOS 

UNITED NATIONS INDUSTRIAi, DBV!LOPMUT ORGANIZA':' 'ON 
AND 

ARAB INDUSTRIAL DP.V!LOPMINT AND MINING ORGANIZATION 

PROJP.CT PROFILP. ON UNDP.RGROUND CAILF3 

PROJECT IMPLnfP.NTATION SCHEDULE 

!XHllUT I 44 

-------------------------··-----------------------------------------------------------------
'I• 
.. Cl • ~C' f IV 1 f y 

MonthA 
----------------------------------------··-----
0 3 fi q 12 1 ~ 1A 21 24 27 _______________________________________________________________________ , ___________________ _ 

I. r 111.\ 11 ":H 10n nf 0Pf cl I) 1•1i ProjP.Ct. 
Rt>pnrt 

Fntc-r111g 1ntn agit>1•mf'nt for 
rnl li\ho.-.11 ion 

\, F1ua)1s.tl\011 of dP.t.dlf'1t 1•11t:1nrt>1·i11g 
RPport 

4. ! .• "ind ctt>\'i> lnpmPnt ."it ~if i> 

". Ci vi 1 df'~ign :\nc1 c.011:-;1 rnrt \on nf 
wn rk~hop l\nd au>-: 1 I 1., rv hu i 1 ct i nu, 
Pt<',, inrlnding df'tail •'llKint>f'ring for 
dl...;t ribut iou of wat.-1 1•11mprf"~~rcl ,1\ r 
c\nd powt-1· ~y~t t>m~ 
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.JOI\ NO. DCIL-:-IOS EXHUIT 44 

--------------------------------------------------------------------------·-----------------
s 1 • 

No. ,\('ti v l t y 

Month~ 

----------------------------------------------
0 :l f, c; 12 1 s lA 21 24 27 

-------------------------------------------------~-----------------------------------------

t,. Ci vi I l1e~1gn Anti 1·1111st rn<'t. Hill of 
.u1mini:Hr.ltlVf' h111ld1ng, inC'111ding 
dt•s1gn of vrnt1l<\t11111 .uul lighting 
sy~t t•m 

-:, PrPp:trat\on anc1 fln.1t111g of tPOc1Pr 
.1nr11m1•11t s fo1· prnC'11rt>n•.'11t 1·f Pqui pment. 

l11C'l11~1vt' of main pl:Hit .'11111 m.1chinf'ry, 
11t\l'itiPS, F.OT c-r.ln""'· ••!(', 

~. l\'i '1 P\'a I"" ti on ;i 11tl f 111.il 1sat. ion nf 
rontr~r.tA with vit r 1 nus Pquipment 
<:.uppl iPri:: 

'l, RPc·nntlllf'nt nf pt>rs11mlt'l 

10. O..l"ivf'ry of rq11ipme11t at "itt> 

11. F.rPC'tion of equiprnt>nt 
planl, P.OT C"rant>s 

di<:.t rih11t ion syst1·m~ 

i 1w 1 lifting 
ilnll 

1:?. F4t11ipmt•nt atul Proce>ss r1·~11ng 

11. Trolintng of pt>rsonnt>I 

14. r.0'11111issiontng of plant 

l \. Tritt l nm 

milt n 
othPr 

16, Commt.nr.PmP.nt of' ('Ommnn1.tl pnu1uct.inn 
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