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INTRODUCTION 

This report incorporates the  r e su l t s  of a study made i n  response t o  the  

request contained i n  the  l e t t e r  dated February 15, 1971, from Mr .  Hamidullah 

Hamid, General President of Da Afghanistan breshna Moassessa, to  Interna- 

t i ona l  Engineering Company, Inc. Its purpose i s  twofold: 

To invest igate  the  technical  f ea s ib i l i t y  of using 110 kV f o r  trans- 

mission of Kajakai power t o  the  Lashkar Gah-Girishk area and t o  Kan- 

dahar and, i f  f e a s i b i l i t y  i s  proven, t o  determine the necessary con- 

d i t ions  f o r  successful operation under increasing loads. These con- 

di t ions  include the location of th; substation serving Lashkar Gab/ 

Girishk, the number, routing, and timing of 44kV c i r c u i t s  terminat- 

ing a t  that  substation,  the quantity of shunt capacitance, transform- 

e r  tap se t t i ngs  and bus voltages. 

To revise  the  cost comparison between a l t e rna t e  transmission voltages 

and transmission schemes. The l a t e s t  previous comparison i s  par t  of 

a report  en t i t l ed  PRELIMINARY PLANS W A K A I  HYDROELECTRIC POWER PLANT, 

issued i n  May 1970. Since tha t  time three concepts have changed, re- 

su l t i ng  i n  a s ignif icant ly  changed basis  f o r  evaluation. These con- 

cepts are: f i r s t ,  the d i rec t  route from Kajakai t o  Kandahar has been 

abandoned and a l l  transmission schemes under consideration use the 

same route; second, the  high voltage substation serving Lashkar Gah/ 

Girishk has been moved from Girishk t o  a nearby locat ionon the Kaj- 

akai-Kandahar l ine ,  thereby eliminating the 20 km high voltage tap 



which was par t  of a l l  previous schemes; thi rd ,  application of switch- 

able shunt capacitors at  the  loadsubstationsmakes possible the trans- 

mission of over 50 MW on a s ing le  110 kV c i r cu i t  and over 100 MW on 

a s ing le  161 kV c i rcu i t .  These l i n e  capacit ies and the f e a s i b i l i t y  

of the  substation location mentioned above a re  established by the 

110 kV transmission l i n e  study described herein and the 161 kV trans- 

mission l i n e  study which was the subject of the February, 1971 report .  

Consistent with its twofold purpose, t h i s  report  i s  divided in to  two parts: 

Par t  I is concerned with a technical evaluation of the  110 kV transmission 

voltage, s imilar  t o  the previous study on 161 kV; Part  I1 is concerned with 

the economic comparison of a number of transmission schemes involving one 

o r  more of three voltages: 110 kV, 161 kV and 220 kV. 



PART I: 110 KV TRANSMISSION :LINE STUDY 



SWUARY AND CONCLUSIONS 

The purpose of the 110 kv transmission l i n e  study i s  t o  detenaine: 

1. The f e a s i b i l i t y  of using 110 kY f o r  transmission of Kajakai power 

and, i f  f e a s i b i l i t y  is proven: 

2. The transmission capacity per c i r cu i t .  

3. The quantity of shunt capacitance required as  a function of the  load. 

4 .  Whether the new stepdown substation serving Lashkar GahIGirishk can 

be located a t  a point called the Junction, where the Kajakai-Kandahar 

l i n e  turns eas t ,  approximately 2 km north of the Herat-Kandahar road, 

with 44 kV feeders t o  the  load centers; or  whether the substation 

should be located closer  t o  the load centers and connected t o  the 

Kajakai-Kandahar l i n e  with a 110 kV tap. 

5. The number, routing and timing of 44 kV c i r cu i t s  terminating a t  the 

above substation. 

6 .  Transformer tap se t t ings  and bus voltages as the load is varied from 

minimum t o  maximum. 

To invest igate  these questions, d i g i t a l  computer load flow calculations were 

made fo r  system loads as given i n  the USAID l e t t e r  of November 11, 1970, as  

given i n  the  ABM l e t t e r  of December 21, 1970, and as given by increasing the 

loads proportionately up to  the prac t ica l  capacity of two 110 kV c i r cu i t s ,  

which is approximately equal t o  t ha t  of one 161 kV c i r cu i t .  The calculations 

culminated i n  19 load flow cases which represent r e a l i s t i c  operating condi- 

t ions.  



An evaluation of the data from these cases leads t o  the follow in^ conclu- 

sions: 

By applying switchable shunt capacitors a t  the load substation low 

voltage buses and by making use of standard transformer fixed taps, 

110 kV can be used fo r  transmission of Kajakai power t o  Lashkar Gah/ 

Girishk and to  Kandahar. To transmit the f u l l  output of the Kajakai 

power plant a t  s tage I A  (2 machines, 33 MM t o t a l  generation) one c i r -  

c u i t  and 6 MVA of shunt capacitance a t  Kandahar a r e  required; f o r  f u l l  

Phase I output (3 machines, 50 MW) one c i r cu i t  and 18 MVA capacitance 

a t  Kandahar and 3 MVA capacitance a t  Lashkar Gah a re  required. For 

higher loads, two c i r cu i t s  and the levels  of capacitance given on 

Table 1 a re  needed. 

The Junction i s  an acceptable location fo r  the Lashkar Gah/Girishk 

substation from an operational standpoint. Since t h i s  is the most 

economical location ( i t  involves the l e a s t  length of high voltage 

110 kV l ine ) ,  i t  is not necessary to  invest igate  the technical feas- 

i b i l i t y  of i n s t a l l i ng  t h i s  substation a t  other locations.  

A 44 kV t i e  from Girishk to  the  Junction substation should be in s t a l l ed  

when the demand a t  Girishk reaches about 3 MW. 

A second 44 kV c i r cu i t  between Lashkar Gah and the Junction substation 

should be in s t a l l ed  when the demand a t  Lashkar Gah reaches 13 MW. 

Transformer fixed taps  should be s e t  as  shown on Table 1. 



Comparison of 110 kV with 161 kV and 220 kV on the basis of 

system performmce under normal conditions leads t o  the con- 

clusion tha t  the three are very nearly equal. The choice 

of voltage therefore depends on an economic evaluation as  

presented i n  d e t a i l  i n  Par t  11. 

On succeeding pages 7 through 13 there i s  a general discussion of the 

load flow work followed by a description of individual cases. Pages 

14 and 15 are respectively a plan and single l i ne  diagram of the 

network studied and Table 1, which i s  a sununary of load flow data,  

i s  on page 16. On Appendix pages B 1 through B 76 are reproduced 

the computer resu l t s .  



DISCUSSION 

General 

For the 110 kV transmission voltage t o  be feas ib le  f o r  t h i s  application 

i t  must be capable of transmitting some minimum power leve l  from Kajakai 

to  the load centers a t  Kandahar, Lashkar Gah and Girishk with acceptable 

bus voltages and t ransmi~s ion  system losses.  This minimum power level 

for  a s ing le  c i r cu i t  is taken t o  be the output of the power plant a t  the  

completion of Phase I of its development (50 MW+). Two c i r cu i t s  should 

be capable of transmitting Kajakai Phase I1 generation (110 MW+, the  ca- 

pacity of one 161 kV c i r cu i t )  and, by extension, three c i r cu i t s  should be 

capable of transmitting the ultimate plant capacity (150 MW+, the capac- 

i t y  of one 220 kV c i r cu i t ) .  

To t e s t  the 110 kV transmission voltage on the basis of these c r i t e r i a  and 

t o  invest igate  the  other questions l i s t e d  on page 4,  a s e r i e s  of d i g i t a l  

computer load flow calculations was made on the network consist ing of the 

Kajakai power plant,  the  high voltage (110 kV.) transmission l i n e ( s ) ,  the 

load centers a t  Kandahar, Lashkar Gah and Girishk and associated 4 4  kV 

feeders,under increasing loads up the  the prac t ica l  l i m i t  of two high volt-  

age c i rcu i t s .*  

*The capacity of two c i r cu i t s  as determined from t h i s  load flow study is 
i n  the  order of 110MW, which i s  almost equal to  the 115MW temporary over- 
load capabil i ty of the  Kajakai power plant a t  the completion of Phase I1 of 
i ts  development. A t  greater  loads than t h i s  (see Case 9T, on Table 1 on 
Page 15 and as  described helow) the power angles a r e  good but the voltage 
a t  Kandahar is extremely sens i t ive  to  the  power factor  of the load. Since 
shunt c a p ~ c i t o r s  a r e  switched i n  discreet  steps,  they would not provide ad- 
equate control  over the receiving end voltage. For greater  power t ransfer  
over these two c i r cu i t s ,  e i t he r  a generator o r  a synchronous condenser is 
required a t  Kandahar. 



In Cases 1 and 2, without the t i e  t o  Girishk, and Cases 1T and 2T, with 

the t i e ,  the  loads assumed a re  those given i n  the USAID and ABPI l e t t e r s ,  

respectively. I n  subsequent cases the loads are  increased i n  even incre- 

ments of the  ra t ings  of the  generators a t  Kajakai (see columns 5 and 9 of 

Table 1) .  The load d is t r ibu t ion  among the three load centers is assumed 

to  continue i n  approximately the same proportion: Lashkar Gah demand i s  

1-1/2 times Girishk demand and the Kandahar demand i s  three times the sum 

of the other two substations. 

In  a l l  cases 477 MCM ACSR is assumed f o r  the  110kV l i n e  conductor and 

266.8 MCM ACSR is assumed f o r  the  conductor of the  new 44 kV l ines .  

The operating conditions considered acceptable a r e  as  follows: 

1. Voltage - Receiving substation voltages may vary from 95% to  105% 

of the  ra ted value (110 kV, 44 kV and 13.2 kV). For the  protection 

of the equipment, voltages may not exceed 105% of r a t e  value, ex- 

cept on the high voltage s ide  of the Kajakai step-up transformers, 

which have 5% above-rated voltage taps. The upper l i m i t  here is 

105% of the tap ra t ing  (i.e., 1.05 x 1.05 = 110% of 110 kv) i n  ac- 

cordance with NEMA standard C57.12.00, Section 2.4. The minimum 

voltage a t  the Kajakai generator terminals is l imited t o  90% of 

ra ted value because of the  necessity of maintaining adequate volt- 

age t o  the  plant auxi l ia r ies .  



2.  Equipment Loading - Transformer capacity is added when the loading 

exceeds the ra t ing  of the  ins ta l led  equipment. The generators a r e  

loaded to t he i r  ra t ing  f o r  80°C temperature r i s e  (115% of ra ted ca- 

pacity a t  60°C temperature r i se ) .  

3. The transformer fixed taps used t o  provide acceptable voltages a t  

peak load may cause over-voltages a t  minimum load. Therefore, fo r  

each incremental peak load which requires a change i n  tap se t t ing ,  

a minimum load case i s  investigated. The minimum loads a r e  assumed 

to  be 10% of the  peak loads. In  a l l  minimum load cases it is assum- 

ed that  only one generator is on l i n e  a t  Girishk. 

To produce acceptable operating conditions the following system parameters 

a r e  controlled: 

1. The Kajakai generator terminal voltage i s  varied between103X to  

105% under peak load to  from 95% to  92% under minimum load t o  main- 

t a in  acceptable voltages a t  the  receiving substations.  I n  pract ice  

t h i s  would be done e i the r  by manually adjusting the voltage regula- 

t o r  rheostats a t  Kajakai upon receipt  of voltage information from 

Kandahar o r  automatically by means of Load Drop Compensators connect- 

ed to  the  Kajakai voltage regulators.  

2.  Transformer fixed taps a r e  adjusted. Since the transformer must be 

dc!-energized to  make t h i s  change, i t  i s  assumed tha t  the  ta.ps can be 

modified t o  conform with peak load changes from one year t o  the  next 



but not to conform to  the change i n  load tha t  occurs £roc1 minimum 

to  peak within any given year. 

3. Shunt capacitance is added as required t o  reduce the transmission 

of react ive power, thereby l imit ing the voltage drop i n  the trans- 

mission system. This capacitance is switched on and off incremently 

t o  conform with the requirements of the  dai ly  load cycle. 

4. Transmission capacity i n  the form of a 44kV t i e  from the Junction 

substation t o  Girishk and a second 44 k v c i r c u i t  from the Junction 

substation t o  Lashkar Gah a re  added when needed. 

Pertinent data on each load flow case is given on Table 1. The s ign i f i -  

cance of individual cases is b r i e f ly  explained below. 

Load Flow Case 1 (Appendix pages A1-A!I) 

Load Flow Case 2 (Appendix pages A9-A12) 

Load Flow Case 3 (Appendix pages A17-A20) 

These cases invest igate  the  network without the t i e  from the Junction sub- 

s t a t i on  t o  Girishk. Case 1 is  based on the loads projected f o r  1975 i n  

the USAID l e t t e r  and Case 2 i s  based on the 1967 Beck Report projection 

f o r  5 years subsequent t o  Kajakai construction (recommended i n  the ABM 

l e t t e r ) .  Case 3 represents loads corresponding t o  100% loading of two 

generators at Kajakai. 



From the appendix pages and from the summary on the table ,  i t  i s  seen tha t  

conditions a r e  acceptable j.n Cases 1 and 2.  In  case 3, however, the volt-  

age a t  Girishk (Colunm 33) is excessively low. Since the  Kajakai generator 

voltage (Column 28) is a t  its upper l i m i t  and the Kajakai and Junction 

transformer taps  (Columns 13 and 15, respectively) a r e  s e t  t o  produce the 

highest voltages a t  the load substations, these parameters cannot be fur- 

ther  adjusted improve the voltage a t  Girishk. 

Load Flow Case 1 T  (Appendix pages A21-A24) 

Load Flow Case 2T (Appendix pages A29-AX) 

Load Flow Case 3T (Appendix pages A37-A40) 

These cases are  analagous to  Cases 1,2,  and 3, above, except tha t  a 44 kV, 

13 mile t i e  between the Junction substation and Girishk has been ins ta l led .  

It can be seen that  a l l  the voltages are  within acceptable l i m i t s .  

This t i e  therefore solves the  low voltage condition a t  Girishk shown i n  

Case 3, above. Because t h i s  c i r cu i t  provides a second path for  Kajakai 

power t o  the  e n t i r e  Lashkar Gah-Girishk area,  i t  increases the r e l i a b i l i t y  

of supply t o  these loads. It may therefore be advisable t o  i n s t a l l  t h i s  

t i e  before the time required as indicated by the load flow study. 

Load Flow Case 4T (Appendix pages A45-848) 

Load Flow Case 5T (Appendix pages A49-A52) 

Load Flow Case 6T (Appendix pages A57-A60) 

Load Flow Case 7T (Appendix pages A65-A68) 



Load Flow Case 8T (Appendix pages A69-A72) 

Load Flow Case 9T (Appendix pages A73-A76) 

These cases continue the investigation of network performance as  loads a r e  

progressively increased. Operating conditions a r e  acceptable through Case 

9T, which represents Kajakai generation a t  close t o  the  maximum capabi l i ty  

of Phase I1 development. Load flow calculations with greater loads were 

made, but, as  s t a t ed  above, the  voltage a t  Kandahar becomes very sens i t ive  

t o  the  power factor  of the  load (and/or the amount of shunt capacitance con- 

nected). Therefore, we consider t h i s  a conservative loading l i m i t .  

Three points indicated on the tab le  a r e  worthy of note: 

1. As  the loading is increased, transformer capacity is added and changes 

a r e  made i n  the transformer taps.  

2. S ta r t ing  with Cases 3 and 3T, shunt capacitance is added a t  the loads. 

3. When the Lashkar Gah load reaches 14 m, Case 7T, a second c i r c u i t  is 

required from tha t  substation to  the  Junction substation. 

Load Flow Case 1 A  (Appendix pages A5-A8) 

Load Flow Case 2A (Appendix pages A13-A16) 

Load Flow Case 1TA (Appendix pages A25-A281 

Load Flow Case 2TA (Apperldix pages A33-A36) 

Load Flow Case 3TA (Appendix pages A41-A44) 



Load Flow Case 5TA (Appendix pages A53-A56) 

Load Flow Case 6TA (Appendix pages A61-A64.) 

These a r e  the  minimum load cases corresponding t o  the peak load cases having 

the same numbers. They indicate  t ha t  the  transformer fixed tap se t t ings  re- 

q u i r e d f ~ r a c c e p t a b l e  voltages under peak load conditions do not produce ex- 

cessive over-voltages under minimum load conditions. 
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PART 11: REVISED COST COMPARISON OF 1WANS- 
MISSION LINE VOLTAGE ALTERNATES 



SUMMARY AND CONCLUSIONS 

Because of the changes i n  basic design concepts described on page 1, 

the transmission l i ne  costs  given on Table VIII-2 of PRELIMINARY PLANS 

KAJAKAI HYDROELECTRIC POWER PLANT a r e  no longer applicable. A revised 

s e t  of costs  i s  needed to  provide a val id  comparison and t o  make possi- 

b le  an economic analysis  based on the l a t e s t  design concepts. The de- 

t a i l ed  studies jus t  completed of the 110 kV and 161 kV transmission 

voltages provide the necessary data on c i r c u i t  capacit ies and equipment 

ra t ings  for  cost  estimates of these a l ternates .  The equivalent data 

for  the 220 kV a l t e rna t e  was derived by extrapolation of data from 

these studies and from our experience with t h i s  voltage on other appl i -  

cations. 

I f  the transmission l i ne  and substations a r e  financed with a loan whose 

in t e r e s t  r a t e  i s  l e s s  than 3%, price escalation of equipment with time 

w i l l  exceed the discount r a t e  and no advantage i s  gained by deferring 

expenditures. The lowest cost  for  the project r e su l t s  from the maximum 

i n i t i a l  investment. Therefore, the decision on making an incremental 

i n i t i a l  investment beyond the minimum necessary should be based on the 

optimum al locat ion of avai lable  investment funds between a l te rna te  pro- 

jects.  The optimum al locat ion i s  the one which yields  the highest over- 

a l l  r a t e  of return. Estimated r a t e s  of re turn on incremental i n i t i a l  

investments i n  t h i s  project  have been calculated for  various price esca- 

la t ion  and load growth ra tes .  These r a t e s  of re turn can be compared 

wj.th r a t e s  of re turn on investments i n  other projects to  provide a basis  

f o r  a decision on whether or not to  provide more than the minimum capac- 

i t y  for  i n i t i a l  operation. 



The price escalation r a t e s  assumed were 0%, 3% and 5%. Load growth 

r a t e s  were 5% and 8%. We recormend a price escalation value of 3% 

and a load growth r a t e  of 5% for  use i n  the economic analyses of t h i s  

project. 

To transmit the ultimate capacity of the Kajakai powerplant (150 MW +) 

t o  the Lashkar Gah-Girishk area and t o  Kandahar, there a r e  three fea- 

s ib l e  a l ternates :  (1) three 110 kV c i r cu i t s ,  (2) one 110 kV c i r c u i t  

and one 161 kV c i r c u i t ,  (3) one 220 kV c i rcu i t .  The operating perfor- 

mance of the three a l te rna tes  under normal conditions i s  very similar.  

Assuming tha t  the Kajakai plant w i l l  eventually be developed t o  150 MW 

and tha t  t h i s  power w i l l  be transmitted t o  Lashkar GahIGirishk and 

Kandahar, the choice between transmission a l te rna tes  i s  therefore an 

economic one. 

Based on an economic analysis of the above transmission a l te rna tes ,  we 

come to  the following conclusions: 

e I f  the highest r a t e  of re turn on an a l t e rna t e  project  of equal 

r i s k  which requires financing i s  l e s s  than 4@, the transmission 

l i n e  should be 220 kV. 

0 I f  the highest r a t e  of re turn an the above a l te rna te  project  

l i e s  between 4% and 7%, the l i n e  should be 161 kV. 

o I f  the highest r a t e  of re turn on the above a l te rna te  project  

i s  greater than 7%, the l i n e  should be 110 kV on single c i r c u i t  towers. 

On succeeding pages 21 through 28, there i s  a more detai led exposition 

of the theory behind the economic analysis  of the transmission a l te rna tes  

and the assumptions made regarding price escalation and load growth, a 

technical  description of the transmission a l te rna tes ,  and an analysis  of 



the calculated rates of return on incremental investments. Figures 3, 4 

and 5, pages 29 through 31, are single line diagrams of the transmission 

alternates for Kajakai Phase IA output. Table 2, a listing of the rele- 

vant cost components of each transmission alternate, is contained on 

pages 32 through 35. Table 3 on pages 36 and 37 shows the derivation of 

the rates of return on incremental investments. Figure 6, page 38, shows the 

load growth curves used in the rate of return calculations. 



DISCUSSION 

Because of the time value of money, i t  i s  often advantageous to  defer 

the i n s t a l l a  t ion of cer ta in  pro jcct  fcatures or  production capacity un- 

til those features o r  that  capacity a r e  required. Deferred in s t a l l a t i on  

may e n t a i l  s ignif icant ly  increased cost  due to  the added cost  inherent 

i n  more than one construction period, due t o  foregoing economy of scale ,  * 
and due t o  price escalation. Nevertheless, it may be economically 

jus t i f iab le  because the higher future cost ,  when discounted a t  the i n t e r -  

e s t  r a t e  applicable to  the project ,  may be l e s s  than the equivalent i n i -  

t i a l  cost. I f  there are  two or more methods for  developing a project  

which a re  equal i n  terms of performance, the method having the lowest 

sum of i n i t i a l  plus discounted future costs  is chosen. Note t ha t  a l l  

costs  applicable t o  the ultimate development of the project  must be in- 

c luded . 
However, i f  the transmission l ine  and substations a r e  t o  be financed a t  

an in t e r e s t  r a t e  of 3% or  less ,  the cost  increase of equipment with time 

due t o  price escalation i s  greater than the discount r a t e ,  hence it i s  

not advantageous to  defer investment. Instead, the lowest cost  for  t h i s  

project  w i l l  r e su l t  from the maximum i n i t i a l  investment. Is i t  there- 

fore jus t i f ied  t o  make the incremental investment over the minimum re-  

quired for  transmission capacity for  delivery of Kajakai 

Phase I output ($3.5 mi.llion) t o  the minimum required for  Kajakai Phase 

111 output ($5.7 mill ion)? I f  investment t o  provide capacity for  Phase 

111 output i s  not jus t i f ied ,  is any incremental investment over the 

minimum required for  Phase I or  Phase IA output jus t i f ied?  

?t Econo~ny of scale i s  the reduction i n  the per uni t  cost of a product 
due t o  increased production uni t  capacity. For instance, the cost 
per kj.lowatt generated by one 100 MW un i t  i s  l ess  than the cost per 
kilowatt generated by four 25 WJ uni ts ;  the cost per megawatt of 
power transmitted by one 161 kV c i r cu i t  i s  l ess  than the -cost per 
megawatt of power transmitted by two 110 kV c i rcu i t s .  



The answer t o  these questions i s  based on the optimum al locat ion of avai l -  

able investment funds between a l te rna te  projects. The optimum al loca-  

t ion i s  the one which yields  the highest overal l  r a t e  of return. There- 

fore ,  t o  evaluate the des i rab i l i ty  of an incremental investment on t h i s  

project ,  i t s  r a t e  of return should be compared with projected r a t e s  of 

re turn fo r  other projects of approximately equal r i sk .  For instance, i f  

the 161 kV and double c i r c u i t  110 kV a l te rna tes  had been eliminated for  

technical or other reasons, would investment i n  a 220 kV l i ne  be jus t i -  

f ied,  o r  should a minimum investment be made consist ing of a single 110 

kV l ine  followed by addit ional 110 kV l ines  as  needed t o  meet the loads? 

Assuming annual r a t e s  of load growth and price escalation t o  be 5% and 

3% respectively, the r a t e  of return on the incremental investment i n  the  

220 kV a l te rna te  ($5.7 mill ion - $3.5 million = $2.2 million) i s  5.4%. 

If there i s  another equally low r i s k  project  requiring investment funds 

( for  instance, e l e c t r i c  power development i n  some other area  of the coun- 

t ry)  whose ra te  of return i s  greater  than th i s ,  the money should be spent 

on tha t  project. Conversely, i f  such a project  does not ex i s t ,  the 

incremental investment i n  t h i s  project  i s  jus t i f ied .  

The r a t e  of re turn on incremental investments i n  t h i s  project  depends 

on the r a t e  of price escalation and the r a t e  of load growth. Since an 

accurate prediction of the r a t e  of price escalation i s  impossible, r a t e s  

of return were calculated for  three values: 0%, 3% and 5%. Unless there 

a r e  cost  records in  Afghanistan which lead t o  a d i f fe ren t  conclusion, we 



recommend 3% for  evaluating a l te rna tes  on t h i s  project." Likewise, the 

r a t e  of growth i n  demand for  e l ec t r i c  power i s  uncertain. Therefore, 

investment r a t e s  of re turn calculated herein a r e  based on two growth 

r a t e s  represented by the curves on Figure 6. For the next ten years 

the demand i s  assumed t o  increase a s  forecasted i n  the 1967 Beck Report, 

Thereafter, demand i s  increased a t  compound annual r a t e s  of 5% and 8%. 

Although 8% i s  not a high r a t e  for  a developing country undergoing elec- 

t r i f i ca t ion ,  the recent records indicating tha t  the Beck forecast  may be 

somewhat optimistic favor the 5% assumption. 

A l l  the transmission a l te rna tes  considered herein use the same route, i.e. 

south from Kajakai along the Helmand River t o  a point about 2 km north of 

the Herat-Kandahar road, from whence it turns east  and runs pa ra l l e l  t o  

the road t o  Kandahar, a t o t a l  distance of 106 miles. The Junction sub- 

s ta t ion  serving the Lashkar Gah-Girishk area i s  located a t  the turning 

point. 

Tables 2A, 2B, 2C and 2D present cost estimates for  transmission of 

Kajakai phase IA, phase I, phase I1 and phase 111 power, respectively, 

a t  the three voltage levels  considered. Only the high voltage system 

components whose cost i s  a function of t h i s  voltage are included. Where 

a c i r cu i t  of a given voltage has capacity for  more than one phase of 

Kajakai output, the incremental cost of the highest phase for  that  voltage 

over the lower phases i s  due t o  differences i n  transformation capacity. 

For instance, the difference i n  cost between Alternate 161-11 (Table 2C) 

* Price t:scalation i n  the Western United States  between January 1960 
and Ja~iuary 1971 averaged 3.3% for 230 kV s t e e l  tower transmission 
l ines  and 3.2% for  swir:chyards and substations (from U.S. Bureau of 
Reclamation records quoted i n  ENGINEERING NEWS-RECORD). 



and 161-1 (Table 233) is due to added transformers at Kajakai, the Junction 

and Kandahar. The cost of shunt capacitance required as indicated by the 

load flow studies for the 110 kV and 161 kV and as estimated for the 220 

kV is included. The cost of shunt reactance and transfer tripping of 

circuit switchers for overvoltage protection (essential for safe opera- 

tion of the line at 220 kV) are included in the 220 kV costs. 

The costs of five transmission alternates are estimated for Phase IA 

(33 MIJ generation). From a comparison of the totals on Table 2A, the 

following conclusions can be drawn: 

Circuit voltage, transmission capacity and cost vary together. 

The capacities of t l ~  161 kV and 220 kV circuits 

are respectively twice and three times that of the 110 kV single 

circuit. The costs are respectively 27% and 65% higher. 

o The capacity of two 110 kV circuits (Alternate 11OB-IA) is the 

same as that of one 161 kV circuit (Alternate 161-TA), but the 

cost is considerable higher. Therefore the 161 kV is prefgrable 

on the basis of cost, Examination of the applicable single line 

diagrams, pages 29 and 30, shows the 110 kV to have somewhat more 

than 50% capacity in the event of failure of one circuit on either 

line section (Kajakai - Junction and Junction-Kandahar) whereas 
failure of any portion of the 161 kV circuit would result in 

complete loss of load at Kandahar. On the other hand, the 

additional switching and control equipment of this alternate over 

the 161 kV would result in more frequent equipment failures. 

Taking both these factors into consideration, we conclude that 

the 110 kV would be marginally more reliable than the 161 kV, 

but this advantage is not sufficient in itself to justify the 

extra cost. 
-24- 
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Tables 2B, 2C and 2D l i s t  the costs of transmission a l te rna tes  having capaci- 

t i e s  for  Kajakai output a t  I'hase I (50 MN+), Phase I1 (100 MW+), and Phase I11 

(150 mi-), respectively. It i s  obvious from these data tha t  the cheapest vo l t -  

age for  the phase I output i s  110 kV and, as  would be expected from a conside- 

ra t ion  of economy of scale,  fo r  Phase I1 and Phase I11 it i s  161 kV and 220 KV, 

respectively. To derive any significance from these costs,  they m s t  be con- 

verted t o  r a t e s  of return as  described below. 

Although the minimum transmission system investment estimated herein i s  for  

Phase IA, t o  reduce the number of options studied t o  a workable number, r a t e s  

of return were calculated only on incremental investments i n  transmission 

above Phase I capacity. Transformer capacity was added a s  needed i n  integral  

multiples of the Phase I capacity. Seven options were considered: 

1. One 110 kV c i r c u i t  on double c i r cu i t  towers ins ta l led  now and the second 

c i r cu i t  ins ta l led  when needed versus a 110 kV single c i r c u i t  tower l i n e  

ins ta l led  now and an ident ical  l i ne  ins ta l led  when needed. This Option 

presents the ra te  of return on double c i r cu i t  towers for  110 kV. 

2. One 161 kV c i r cu i t  ins ta l led  now versus a 110 kV single c i r cu i t  tower 

l i n e  ins ta l led  now and an ident ical  l i n e  ins ta l led  when needed. 

3. One 161 kV c i r c u i t  ins ta l led  now versus a 110 kV c i r cu i t  on double 

c i r cu i t  towers ins ta l led  now and a second c i r c u i t  ins ta l led  when 

needed. Options 2 and 3 present the r a t e  of return on investment i n  

161 kV over 110 kV. 

4. One 220 kV c i r cu i t  ins ta l led  now versus a 110 kV single c i r cu i t  

tower l i n e  ins ta l led  now and ident ical  l i ne s  added one a t  a time as  

needed. The advantage of t h i s  scheme i s  tha t  a t  a l l  stages of pro- 

jec t  dt!velopment there i s  a minimum of excess transmission capacity. 

I f  there i s  uncertainty as  t o  whether Kajakai w i l l  be developed t o  

Phase I11 o r  whether a l l  of Phase I11 power w i l l  



be used i n  the Helmand Valley, t h i s  scheme has merit. 

5. One 220 kV c i r cu i t  ins ta l led  now versus a 110 kV single c i r c u i t  

l ine  ins ta l led  trow and a 110 kV double c i r cu i t  l i n e  ins ta l led  

complete when the load exceeds the capacity of the i n i t i a l  110 

kV c i rcu i t .  This combination of fe rs  the advantage of lower cost  

than the 110 kV scheme above while not introducing a second 

transmission voltage as i n  the schemes below. It could be consi- 

dered i f  a f t e r  i n i t i a l  ins ta l la t ion  of a 110 kV single c i r cu i t  

l i ne  the load grew fa s t e r  than expected and it was desired 

t o  add a l l  a t  once the capacity for  the ultimate output of the 

powerplant. 

6. One 220 kV c i r cu i t  ins ta l led  now versus a 161 kV c i r c u i t  ins ta l led  

now and a 110 kV single cdrcuit  l i ne  ins ta l led  when the load 

exceeds the capacity of the 161 kV c i r c u i t  o r  

7. One 220 kV c i r cu i t  ins ta l led  now versus a 110 kV single c i r c u i t  

ins ta l led  now and a 161 kV l i n e  ins ta l led  when needed. These 

two 161/110 kV schemes cost l e s s  than three 110 kV c i r cu i t s  but 

more than one 220 kV c i r cu i t .  The 161/110 kV scheme of Option 

6 i s  a poss ib i l i ty  i f  an examination of the ra tes  of re turn on 

a l te rna te  projects reveals tha t  incremental expenditure i s  j u s t i -  

f ied for  161 kV but not fo r  220 kV. I n  t h i s  case, addition of 

a 110 kV c i r cu i t  when the capacity of the i n i t i a l  161 kV c i r cu i t  

was exceeded would be the cheapest means of providing for  the 

ultimate plant output. The 161/110 kV scheme of Option 7 i s  a 

poss ib i l i ty  i f  a single 110 kV c i r cu i t  i s  ins ta l led  i n i t i a l l y  

and it i s  l a t e r  desired t o  add transmission capacity for  ultimate 

plant output a l l  a t  once and the objection of having two trans- 



mission voltages is overcome. There are three disadvantages 

to operating with two transmission voltages: (1) In case of 

outage of a line section, say the 161 kV between the Junction 

and Kandahar, the 161 kV section between Kajakai and the Junction 

could not be connected to the 110 kV circuit, thereby sharing 

the load to the Junction. Instead, all the load would have to 

be transmitted over the single 110 kV circuit, (2) A greater 

quantity of spare parts would have to be kept locally. (3) Repair 

and maintenance would be somewhat more complex. However, it is 

moot whether these disadvantages outweigh the cost savings of this 

scheme over three 110 kV circuits. 

As would be expected, the higher load growth rate of 8% after the first 

ten years results in slightly higher rates of return on incremental initial 

investment: 1.6% to 29.4% versus 1.2% to 22.8% for 5% growth rate. We believe 

the latter rate is the more likely, but the rates of return for the former 

should be kept in mind in case the growth rate is higher than expected. 

As is also obvious, the rate of return on incremental initial investment 

increases with increasing price escalation. In fact, the increase is 

almost proportionate, varying from 1% to 17% at no escalation to 6% to 

23% at 5% escalation (depending on the option, 5% growth rate). The remain- 

ing discussion is concerned only with 3% escalation and 5% load growth. 

The rate of return on the incremental investment in a double circuit 110 

kV tower line with one circuit strung initially over a single circuit 110 

kV tower line, Option 1, is 5.7%, This incremental investment is of the 

same magnitude and has a lower return than investment in a 161 kV circuit, 

theref!ore this scheme is not economic. 



The ra tes  of return on incremental investment i n  161 kV are 7% over the 

110 kV single c i r cu i t  tower l i n e  and 20% over the 110 kV double c i r cu i t  

tower l ine.  The l a t t e r  return i s  high because, although the future savings 

resul t ing from the 161 kV scheme are  small, the incremental i n i t i a l  in- 

vestment i s  only $9000. Since the 110 kV double c i r cu i t  tower l i ne  i s  

not recommended (see above), the r a t e  of return on the 161 kV should be 

based on the 110 kV single c i r c u i t  scheme as  an a l ternate .  This r a t e  i s  

7%. 

I f  i t  i s  decided not to  consider use of c i r cu i t s  of d i f fe ren t  voltages 

(110 kV and 161 kV) for  transmission of Kajakai power t o  Kandahar, the 

investment decision regarding 220 kV i s  based on Options 4 and 5. Option 

4 represents the stronger 110 kV a l te rna te  and determines the r a t e  of 

return on the 220 kV, which i s  5.4%. I f  the use of c i r cu i t s  of d i f fe ren t  

voltages i s  acceptable, the strongest a l te rna te  t o  the 220 kV i s  the 

scheme of Option 7, This es tabl ishes  the r a t e  of re turn on incremental 

investment i n  the 220 kV c i r c u i t  a t  w. 

Therefore i f  the highest r a t e  of return i n  an a l te rna te  project  requiring 

financing i s  l e s s  than WL, Kajakai transmission should be a t  220 kV. 

I f  the a l te rna te  project  return i s  between wL and 7%, the 161 kV voltage 

should be used. I f  the a l te rna te  project  return i s  greater  than 7%, 

only the minimum investment i n  Kajakai transmission i s  jus t i f ied ,  i.e. 

110 kV. 
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TABLE 2A 
COST COMPARISON OF TRANSMISSION ALTERNATES FOR KAJAKAI PHASE IA OUTPUT 

110-IA 11OA-IA 11OB-IA 161-IA 
LINE CHARACTERISTICS 

ALTERNATE 

VOLTAGE (KV) 
NUMBER CIRCUITS/ON SINGLE CIRCUIT (SC) OR 
DOUBLE CIRCllTT {DC) TOWERS 

TRANSMISSION CAPACITY (MW) 
SHUNT CAPACITANCE REQUIRED (MVA) 

SHUNT REACTANCE REQUIRED (MVA) 
SIMPLIFIED SINGLE LINE ON FIGURE 

COST ITEM LINE COSTS IN $1000 

TRANSMISSION LINE 
FOOTINGS 
TOWERS 
INSULATORS 
CONDUCTOR 
TOTAL 

N ' TRANSFORMERS 
KAJAKAI (70 MVA) 
JUNCTION (7.5 MVA) 
KANDAHAR (28 MVA) 
TOTAL 

CIRCUIT SWITCHERS 
DISCONNECT SWITCHES 
POTENTIAL DEVICES 
SHUNT CAPACITANCE 
SHUNT REACTANCE 
RELAYING 6 CONTROLS FOR 2ND 110 KV CIRCUIT 
EXTM C1RRIE"n FOR 220 KV REACTORS 
SPARE PARTS 
SUBTOTAL 1 

GENERAL EXPENSES (23% SUB 1) 
SUBTOTAL 2 
PROFIT (10% SUB 2) 

GRAND TOTAL 
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TABLE 2B 

COST COMPARISON OF TRANSMISSION ALTERNATES FOR W A K A I  PHASE I~OUTPUT , 

ALTERNATE 

VOLTAGE (KV) 
NUMBER CIRCUITS/ON SINGLE CIRCUIT (SC) OR 
DOUBLE CIRCUIT (DC) TOWERS 

TRANSMISSION CAPACITY 
SHUNT CAPACITANCE REQUIRED (MVA) 

S-XLii<.i "ACTAXE REQUIRED (MVA) 

LINE COSTS IN $1000 COST ITEM 

TRANSMISSION LINE 
FOOTINGS 
TOWERS 
INSULATORS 
CONDUCTOR 
TOTAL 

I 
W 
W , TRANSFORMERS 

KAJAKAI (MVA) 
JUNCTION (MVA) 
KANDAHAR (MVA) 
TOTAL 

CIRCUIT SWITCHERS 
DISCONNECT SWITCHES 
POTENTIAL DEVICES 
SHUNT CAPACITANCE 
SHUNT REACTANCE 
RELAYING & CONTROLS FOR ADDITIONAL CIRCUITS 
EXTRA CARRIER FOR 220 KV REACTORS 
SPARE PARTS 
SUBTOTAL 1 

GENERAL EXPENSES (23% SUB 1) 
SUBTOTAL 2 
PROFIT (10% SUB 2) 

GRAND TOTAL 



TABLE 2C 
COST COMT'ARISON OF TRANSMISSION ALTERNATES FOR KAJAKAI PHASE I1 OUTPUT 

ALTERNATE 

VOLTAGE (KV) 
NUMBER CIRCUITS/ON SINGLE CIRCUIT (SC) OR 

DOUBLE CTRCrJIT {DC) TOWERS 

TRANSMISSION CAPACITY (MV) 
SWNT CAPACITANCE REQUIRED (MVA) 

COST ITEM 

TRANSMISSION LINE 
FOOTINGS 
TOWERS 
INSULATORS 
CONDUCTOR 

1 
W TOTAL 
.f 

TRANSFORMERS 
KAJAKAI (MVA) 
JUNCTION (MVA) 
KANDAHAR (MVA) 
TOTAL 

CIRCUIT SWITCHERS 
DISCONNECT SWITCHES 
POTENTIAL DEVICES 
SHUNT CAPACITANCE 
SHUNT REACTANCE 
RELAYING & CONTROLS FOR ADDITIONAL CIRCUITS 
EXTRA CARRIER FOR 2 2 0  KV REACTORS 
S?AW ?xxTS 
SUBTOTAL 1 

GENERAL EXPENSES (23% SUB 1) 
SUBTOTAL 2 
PROFIT (10% SUB 2)  

LINE COSTS I N  $1000 

GRAND TOTAL 
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TABLE 2D 

COST COMPARISON OF TRANSMISSION ALTERNATES FOR KAJAKAI PHASE I11 OUTPUT 

ALTERNATE 

VOLTAGE (KV) 
NUMBER CIRCUITS/ON SINGLE CIRCUIT (SC) OR 

DOUBLE CIRCUIT (DC) TOWERS 

TRANSMISSION CAPACITY (MW) 
SHUNT CAPACITANCE REQUIRED (MVA) 

SHUNT REACTANCE REQUIRED (MVA) 

COST ITEM 

TSJXSXISSIGX LINE 
FOOTINGS 
TOWERS 
INSULATORS 
CONDUCTOR 
TOTAL 

TRANSFORMERS 
KAJAKAI (MVA) 
JUNCTION (MVA) 
KANDAHAR (MVA) 
TOTAL 

CIRCUIT SWITCHERS 
DISCONNECT SWITCHES 
POTENTIAL DEVICES 
SHUNT CAPACITANCE 
SHUNT REACTANCE 
RELAYING & CONTROLS FOR ADDITIONAL CIRCUITS 
EXTRA CARRIER FOR 2 2 0  KV REACTORS 
SPARE PARTS 
SUBTOTAL 1 

GENERAL EXPENSES (23% SUB 1) 
SUBTOTAL 2 
PROFIT (10% SUB 2 )  

GRAND TOTAL 

L I N E  COSTS I N  $1000 


































































































































































