





7.1
1.2

7.3

CHAPTER 7. OPTIMIZATION STUDY

Parametersfor Study ........ ... .. oo oLl i i e
MethodologY - .o oot e e e e e
T2 General ... ... e
7.2.2 Classiﬁ'cation of Supply Capacity ......................
7.2.3 Classification of Project Sales ....... ... ...
7.2.4 Calcuiation of Supply Capacity and Project Sales . .........
7.2.5 Benelit Components . ...... ..t
.26 COSE oot e e e
Analysis . ... e
7.3.1 Casel (Domestic Power Demandonly) ................
7.3.2 Case 1l (lst Stage Development) .......... ... ...... ...
7.3.3  Case 111 (2nd Stage Development) ........... ...,

7.3.4° Optimum Development Scale ................... e

7-11






Table

Table
Table

Table

Table
Table
Table
Table
Table
Table
Table
Table
Table

Tuble

Table

7-1(1)
7-1(2)
7-1(3)
7-2

7-3.01)
7-3(2)
74 (1)
7-4 (2)
7-5(1)
7-5(2)
7-5(3)
7-6 (1)
76 (2)
7--6 (3)

1-6(4)

LIST OF TABLES

Discounted Cash Flow Method Case 1--80

" Discounted Cash Flow Method Case 11—80

Discounted Cash Flow Method * Case [11—160
Equivalent Peak Duration Time

Power/Energy Demand & Sales Case 1-80, 11-80
Power/Energy Demand & Sales Case H1-160
Construction Cost (Case I)

Construction Cost (Case I1, 1D
Disbursement.Schedule Case [-80

Disbursement .Schedule Case H--30

Disbursement Schedule Case 111—160

Study of Development Scale (1—4: Maximum Discharge)

Study of Development Scale {2-—4: Intake Water Level)
Study of Development Scale (3—4: Tailrace Water Level)
Study of Development Scale (4—4: Maximum Discharge)



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

7-1

7-3
74
7.5
76
7-7
7-8

LIST OF FIGURES

Flow Chart of Optimization Study .
Estimated Daily Peak Load Duration Curve at January (1994 to 2006)
Typical Chart of Demand and.Sales '
Calculation Procedure of Supply Capacity and Project Sales -

Study for Optimum Development Scale (Maximum Discharge Case I, 11)

- Optimum Intake Water Level

Optimum Power House Site

Study for Optimum Development Séale {Maximum Discharge Case HI)



CHAPTER 7. OPTIMIZATION STUDY

7.1‘ Pa:aheters for Study

Siﬁce this project 1is endowed with such favorable conditions for
hydropower development of large scale as abundant water resources and
steep river gradient, it is desirable to make the large-scale develop-
Vment plan which meets not only domestic power demand growth in Nepal
but also power export., However, as the form of'power deﬁand of the
;1mpofting couﬁtry side and the method of power export are mnot cleared
yet at  present, it is difficult to study imn detail the subject of
power export. In this study, the development scheme for satisfying
‘domestic power demand only (Case I) is first studied, then,'thevscheme_
including some .part of future coustructions to be required - for power
export (Case Il:lst stage development) is studied and the scheme which
also includes all constructions for future power export (Case III:2nd
stage development) is fipally studied. The summary of each case is

described as follows.

Case I! (for domestic power demand only)

Case I is the study on the scheme which meets domestic power demand
only. - The,sﬁudies are made for various values of the maximum power
discharge; .d&mxrheight (intake water 1level) and tailwater Ilevel
.f(bowerhquse'site)'which are taken as parameters, The dam height and
‘powerhouse site selected in accordance withrthe Case .1 study are again
adopted in Cases II and I1II without repeated examinations, while, the
maximum power discharge is still taken as parameter for studies of the

. succeeding cases.
'Cése II: {lst stage development for domestic power demand)

As previously stated, it can be expectéd'to further improve the pro-
ject economy when power export is considered in addition to the pri-
mary purpose of constructing.the'ﬁroject to cope with domestig power
' demand!' 'However, the information related"to power export on the
,imphrting Edunfry éidé 1s“notrcieér éﬁupreéént; It is anticipated
- that thewtihq.of,considerable_length will be needed to negotiate for
fdrmulafion of,powér export. with the importing country and tﬁis may



cause delay of initiating the construction of the project. Tt is
required to commence the construction of the optimum scheme (Case 1)
giving priority to domestic power demand for the time being, with
similtaneous construction of the structures such as intake,
poWerhouse, tailrace outlet,‘etc._which are gongidered difficult to
construct as the fgture extension. A parameter applied to the exami-

nation of Case II is the maximum power discharge'only.
GCase ITI: (2nd stage development for power export)

In coannection with power export, there are -several . assumptions
involved in the study and accordingly, the results of Case III_study
wilil not be considered to be satisfactory enough. However, the study
will indicate a certain optimum size of the future extension plan
which is partly involved in Case 11 and also the preoject econdmy.that
- will be improved by the sald extension plan. The assumptions stated

"above are as follows.

(i) Timing of starting the 2nd stage developméh; and commissioning

time

in this study, the starting time of the éecond stage Hevelbp-
ment is set at 1994 giving four years for negotiation of power
~export, fund arrangement, etc. immediately after commencement
of the first stage development. The commissionlng time is
decided taking into ‘account the reasonable construction period

for the second stage development,
(ii) Power demand of importing country

As the general features of power demand of the importihg
country are not known, it is planned in this stﬁdy that only
surplus power is to be exported, giving priority to domestic

power demand,.
(111) Unit rate of exported power
‘The unit rate of US$0.048/kWh is applied to the study.

The major work items involved in the Second1stage,develqpméntlScheme-

are the additional works of -headrace tunnel, surge tank; :penstock,



tailrace tunnel, etc. as the e¢ivil works and those of turbines,
generators, transmission line, etc. as the electric works., Similarly

to the study of Case II, only the maximum power dischérge is consi~-

dered as a parameter,

Further, the scope of studies -on the civil structures is limited to a
certain extent as described in Chapter 6 and the following counditions

are also taken into comsideration.

. (1)  Beadrace tunnel of single line is designed for Cases 1 and II,

while two headrace tunnels with identical diameter are designed

for Case IIT to flow the two times power discharge of Case II.

(ii) The unit capacity of generator is limited to around 70 MW in

order to avoid unfavorable effect on the power system.

The objective of the study in this chapter is solely to find out the
optimum scheme and the accuracy as required in the preliminary design
is not expected, Therefore, there will be some difference between the

figures applied to this study and those finally decided.

Fig. 7-1 indicates the flow chart of optimization study.

7.2 Methodology

7.2.1

General

For economic evaluation of respective cases, net present value (B-C)
éalculated”ﬁy'ﬁeans of the Discounted Cash Flow Method is adopted;
The period applied to calculation ineludes 7 years from commencement
of construction works te first commissioning'of the units No.l and
No'.2 and SO years for operation and maintenance, totalling 57 years.
The exampies of this method are indicated in Table 7-1 (1), (2),
- (3). '

The disédunt rate. used for calculating.present value is 12% being

the social.opportunity cost of capital in Nepal.



Fig. 7-1  Flow Chart of Optimization Study
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Table 7--1 {1} Discounted Cash Flow Method Case I-80

Discaunt rate= 12¢X)
B = 242.02 § = 1
= 19317 kW Yalue B1= 68 US$/ku Cl= 1).059009402
B/C= 1,252 kWH Value B2= 0,063 USS/&Wit C2= 0.047048685 N
B~C= " 48.8% kWil Value B3= 0.0U5 USs/%ul ©3= 0.034799634 UNIT=Hillion US$
Year|Sarial Cost biscounted Project Sales Discounted Benefilt Flow ]
Nukber| ‘Flow . |Cost Flow - -
: Salable = [Surplus Usetul Salable Surplus lseful
Energy Energy Capacity |Energy Energy Capacity Tokal
(GU/Yr) | (GWH/Yr) [ ’ :
1947 { 4.81)- 4.29 0.00 000y - 0.00 0.00 0.00 0.00 0.00
1438 2 19.57 15.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1939 3 21.57 [5.35 0.00 0.00 0.00 n.00 0.00 3.00 0.00
1990 4 22,77 14.47 0.00 0.0 0.00 0.00 0.00 .00 ©0.00
1991 5 13.6{) 24.73 0.00f- 0.00 0.00 0.00 0.00 0.00 0.00
1992 6 64.18 32.51 0.00 0.00 .00} 0.00} 0.00 0.00 19,00},
1993 7 105.08 47.53 0.60 .00 .40 0.00 0.00 .00 0.0t
1994 8 53.59 21.64) 179.00 98070 52.00 4.95% [.98 1.42 .96
1995 49 2.56 0.92 256.00 -903.7) 69.00 5.81 1.62 [.69 9.13
1996 10 2.56 0.82 333.00f  826.70 86.10} 6.75| [.33 [.88 9,97
1997 1 3.19 2.32 415.00 T44.70 104.20] - 7.51 1.07 2.03 10.62
1998 i2 13.70 3.51 50000 659.70 123.20 8.08 0.84 2.15 E1.08]
1999 E3| 9.36 2.14 588.00 1133.60 143.00 8.48 £.29 3.22 12.01
2000 14 3.84 - 0.78 680.00| . 1041.80 183,70 8.76 1,06 2.27 12.10
2001 ‘15 3.84 - 0,707 w600 F 945.60 185.40 8.93 0.86 2.30 12.09
2002 16 3.84 .62 876.00 845.60 201.00 ©9.00] 0.68 2.22 i1.92
2003 17 3.34 0.55% 980.00 741.60 201.00 8.99 0.54 1.99 £1.52
2004 I8 3.84 G.49 163%.00 -632.60 201.00 8.92 0.41 L.77 I
2005 %) 3.84 0.44 1201.00 520.60]  201.00 8.78 0.30 £.5 10.67
2006 il 3.84 0.39 [318.00] . 403.60 201.00 8.60 0.20 1.41 10.23
2007 21 3.84 0.3% 1440.00 .281.60 205.00 4.39 0.13 1.26 9.79
2008 22 3.84 0.31 1567.00 “154.60] - 201.00 8.15 0.06]° 1.12 9.35
2000 23 3.84 0.28 1692.00 - 22,60 201.00 . 7.89 0.00 1.00 2.91
2010 24 3.84 0.25 1721.60 0.00 201.00 T.14 0.00 0.50 8.04
IR 25 U 3.84 0.22 1721.60 0.00}. 201.00 6.38 0.00 0.30 7.18
20121 - 26 3.84} 0.20 1721.60 0.00 20E.00 T 5.69 0.09 0.7 6,41
013 27 3.84 0.18 1721.60 B.00 200.00 5.08 0.00 0.64 5.72
2014 28 3.84 0.161 ~ 1721.60 0.00 201.00 4.54 0.00 0.57| 5.11
2015 29 3.84 .14 1721.60 (.00 201.00 4.05 0.00 0.51 4.56
2016 30 3.84 0.12 [721.60 0.00 201.00 ©.3.82 0.00 0.45 4.07
2017 31 3.84 -1l 1721.60 §.00 201.00 3.23 - 0.00 0.40 3.63
2018 32 3.84 o0.10 1721.60 0.00] . 2ni.004. 2.88 0.00 .36 3.24
2013 33 3.84 - 9.09 1721.60 0.00 201.00 2.57 0.90 0.32 2.90
2020 ELS 3.84 ©0.08 1721.60 0.00 201.00] ©2.30 0.60 0.23 2.59
2021 35 3.84 0.07 1721.60 0.00] - 201.00 2.05 0.00 0.25 2.31
2022 36 3.84 0.06 172160 0.00§ - 201.00 1.83 .00 0.23 2.00
2023 37 3.84 0.05 1721.60 0.00 201.00 1.563 0.00 0.20 1.84
2024 38 3.84 0.05 1721.60 0.00 201.00 ©1.46 0.00 0.18]. 1.64
20125 10 3.84 .04 i721.60 0.00 201.00]° 1.30 0.00 0.16 L.46
L2026 L) 3.84 .04 1721.60 0.4 201.007 116 .09 0.14 £.31
2027 i1l 3.84 G.03 1721. 60 .90 20£.00 1.04 0.00 0.13 117
2028 42 3.84 0.03 1721.%60 0.00 201.00 g6.92¢ - 0.00 0.11 1.84
2029 43 3.84 0.02 [721.60 0.08 201.00 0.82} 0.00 0.50 0.93
PAEL LT 3.84 0.0z 1721.60 0.00 201.00 . 0.T4 0.80 ¢.0% 3.83
2031 45 3.84 0.02 1721.60 0.00 201.00 (.66 2.60 (.08 0.74
2032 46 3.84 g.02 1721.60 ¢.00f  201.00]- - 0.59 §.00 0.07 0.66
2033 47 3.84 0.01 1721.60 0.40 201.09§ 0.52 0.00 9.06 0.59
2034 43 3.84 0,017 1721.60 0.00 201.900 0.47 9.00 0.05 .0.53
2035 49 3.84 9.01 1721.66 0.00 201.00 0,42 0.00 0.05 0.47
20306 50] 3.84] - 0.01 [721.60 .00 201.90 0.37 0.00 0.04 - 0:42
2037 511 3.84 0.01 1721.60 0.60 204.00 0.33 0.00 0.04 0.%7
2033 52 3.84 0.01 1721.60 6.00 201.90 .29 0.09 0.03 .3
2039 53 3.84 0.00 1721.60 0.00] © 201.00 © . 0.26 0.00 0.03 ©o0.30
2040 54 3.84 G.00] - 1721.60 g.00 201.00 0.23 0.00 0.03 0,26
2041 5] 3.84} - 0.001 - 1721.60 0.00 201.00 0.2 0.00 0.02 0.23
2042 96y 3.84 6.00 1721600 G.00 201,00 5.19 (.00 ¢.02 B.21
2043 5F| . 3.84 0.06 1721.60 0.00 201.00 0.16 0.00 0.92 0.19
Total v 540041 - 193,17 192.95 12.44 36.63 242.02
. C1: average nel cost of useful salable energy and capacity’
© £2; -average net cost of useful salable energy '
€3: average nel cost of tetal energy and capacity



Table 71 {2). Discounted Cash Flow Method Case 11-80

Biscount rates 1244
g = 242.02 5= L
L= 207.05 kW Yalue 81= 68 USE/kY Cl= 10.063543053 ,
B/C= 1.168 kWH Yalue 82- 0.063 Us§/kll 2= 0.051582336 :
. B-C= 34.96 - ¢ kW Yalue B3= 0.005 Us%/kWi C3= 0.037301072 UNIT=XI11ion USS
YearfSerial Cost . |Discounted Project Sales " Discounted Benefit Flow
Hugber Fiow 1Cost Flow —
: oo Salable Surplus seful Salable Surplus Useful
Energy Enerzy Capacity [Energy. Enargy Capacity Total
(GWI/Yr) | (aWiZYe) {HW)
1947 | 4.81 4.29 0.00 .90 0.00 0.00 0.00 0.00( - 0.00
1988 2 19.57 15.60 0.010 0.60 .00 0.00{. 0.09 0.00 0.00
1989 3 21.57 15.35 0.460 0n.00 0.08 0.00 0.00 0.00 ©0.00
1990 4 23.67 15.04 0.00 0.60 0.00 0.00 0.00 0.00 0.00
1991 5 49.08 27.84 0.900 0.0 0.00 .00, 0.00f. 0.00 0.00
1992 6 72.41 36.68 0.00 0.80 0.00]. 0.60 0.00 0.0n 0.00
1993 7 113.06 SL. 14 0.00 0.60 0.00 0.00 0.00]- 0.900 .00
1994 8 57.72 23.31 179.00) 980.70 52.00 4.55 1.98] . - 1.42 7.96
1995 1 2.1 0.97 256.100 903.70 69.00 5.81 1.62 1.69) 9.13
1996 10 2.71 0.87 333.00 326.70 86.10 6.75 S 1.33 1.48 9.97
£997 11 8.2% 2.37 415.00 744.70 104.20 7.51 1.07 - 2.03 10.62
1993 12 14.06 3.60 s00.00) - 659,70 123.20 8.08 0.84]. 2.15 1§.08
1999 i3 -%.72 2.22 588.00 1133.60 143.00 8.48 129 2.22 12.01
2000 i4 4,07 0.43 6530.00 1041.60 163.70 8.76 1.06}- 2.27 12:10
g 5] 4.07 0.74 776.00 945.60 185.40 8.93 0.86 . 2.30] 12.09
2002 LG 4.07 .66 876.00 845.60 20E.00 9. 01} 0.68 2.22 11.92
2003 7 - 4.07 0.5% 98¢.00 741.60 205.00 8.99 0.54 1.99 11.52
2004 18 .07 0.52 108%.00 632.60 201,00 8.92 Q.41 1.77 11.11
2005 19 4.07 .47 1201.00 520.60 201.00 8.78 0.30 1.58 10.67
2006 201 §.07 .42 1318.90 403.60 201.00 8.60 0.20 1.41 10.23
2007 21 4.7 0.37 144000 281.60 201.00 8.39 0.13 1.26 9.79
won8] - 22 4.07 0.33] - 1567.00 154.60 201.00 8.15 0.06 112 9.35
2009 23 4.07 0.30 1699.90 22.60 201.09) 7.89 0.00 1.00 8.91
2010 24 4.07 0.26 1721.60 0.00§ - 201.00 7.14 0.00 0.90 8.04
01 25 4.07 0.23 1721.60) 0.00 201.00 6.38 0.08 0.80 7.18
012 26 4.07] 0.21 1721.60 0n.00 201.08 5.69 0.001" 871 6.41
013 27 4.07 019 1721.60 - 0.06 201.00 5.08 0.00 0.64 5.72
2014 28 4.97 9.17 1721.60 0.00 201.00 4.54 0.00 0.57 5.1
2015 29 4.07 9.15 1721.60 0.00 201.00 4.05 0.09 " 0.51 4.56]
2016 30 4,407 0.13 1721.60 n.e0 201.00 3.62 - 0.80f 0.45 4.07
2017 31 4.07 0.12 1721.60 0.0 201,09 3.23 0.00 0.40 3.63
2018 32 4.97). 0.10 1721.60 - 0.00{ . 201.00 2.88 0.09 0.36 3.24
2019 33 4.07 0.09 1721.60 0.00 201.00 2.57 0.00 0.32 2.90
2020 34 4.07 .08 1721.60 0.00 200.09 2.30 0.00 0.28 2.5%
2021 35 4.07 0.07 1721.61) n.09 201.00 2.05 0.00 0.25 2.31
2022 36 4.07 0.06 1721.60 0.00 201.00 1.83 0.00 0.23 2.06
2023 37 4,07 .06 1721.60 0.09 201.00 1.63 0.00 0.20 1.84
2024 38 4.07 0.65 1721.60 0.09 201.00 1.46 0.00 - 0.18 1.64
2025 39 4.07 0.04 1721.60 0.00 201.00 1.30 0.00 . 0.16 1.46
2026 40 4.07 0.04 i721.60 0.00 201.00 1.16 © 0.00 0.14 1.31
2027 41 4.07 .03 1721.60 0.00 201.00 1.04 0.00 0.13 1.17
2028 42 4.07 0.03] - i721.60 n.0n 201.00 0.92 0.00 . 0LEL 1.04
2029 43 £.07] . 1.03 [721.60 0.00 201.00 0.82 0.00 0.10 0.93
2030 44 4.07 .02 1721.60 0.80 201.00 0.74 0.00| 0.09 0.83
2031 45 4.07 .02 £721.60 0.00 201.00 0.66 0.00}" 0.08{. 0.74
2032 46 4.97 b.02 1721.60 D.60 201.00 0.59 0.00 . -0.07 0.66
2033 47 4.07 g.0t{ | 1721.60 0.00 201.00 .52 0.00 0.06 .59
2034 43 4.07 0.01 1721.60 n.00 201.00 0.47 0.00 0.05] . 0.53} .
2035 49 4.07 0.01) - 1721.60 A 201.00 0.42 0.08 0.05 0,47
2036 50 4.07 0.01 1721.60 0.00 201.090 0.37 0.0¢ 0.04 0.42
037 51 4.07 0.01] - 1721.60 0.00 201.00 0.33 0.00 0.04 0.37
038 52 4.07 0.01 1721.60 0.60 201.00 0.29 0.00 Q.03 ©.0.33
2039 - 53 4.07 0.01 1721.69 n.60 201.00 0.26 0.00 0.03 0,30
2040 54 4,07 g.0n| - 1721.69 0.80 201.00 0.23 0.00 0.03}]. -..:0.26
2041 55 4.07] 0.00| - 1721.60 0.00 201.00 0.21 0.00 - 0.024 0.23
2042 56 4.07 0.00 1721.60 0.00 201.00 0.19 0.00] . - 0.02 0.21
43 57 . 4,07 0.00 1721.60 09.00 201.00 0.16 -0.00 0 C.0.02 .0.19
Total 578.42 207.05 192.95 12.441 - - 36.63 242.02
Cl: average nek cost of useful salable energy and-capacity
C2: . average net cost of useful salable energy
C3: average net cost of total energy and capacity -




Table 7—1 (3)

Discounted Cash Flow Method Case 111160

Discount rate= T2 W) §= 1 :
= 428,78 W Value D= 68 USE/KW .

= 245.49 kil Value B2= 0.063 USsAM Cl= 0,035027288 -

B/C= 1146 Kl Yalue 83= 0.048 USSAML (2= 0.02802935
0-c= 1830 WA Value B4= 0,005 US54 _ 3= 00205923 UNIT= Hillien US$

Year|Serial] - tost  |Discounted Project Sales Discounted Benefit Flow

Husber] Flow [Cost Flow -
. ' Salable - |Salable - [Swrplus  |Useful - -[Salable - [Salable - {Surplus |Usefu!
Pomestic  |Bxport’  |Energy Capacity |iomestic  |Export Energy  |Capacity )
gnergy  |Enerzy : Energy  {Energy - Total
LAY ) BN | @A | ) :
1987 1 4.81 4.9 0.00 0.00 0.00 .00 .00 0.00 0.00 0.0 0.0¢
1943 2 i7.57 §5.60 0.0 0.00 0.00 0.00 0.0 0.00 0.0 0.00 0.00
| 1983 3 21.57 15.35 0.00 0.00 0.00 0.00 .00 .00 0.00 6o - 0.0
10 4 .60 15.05 0.0 0.0 ) Rt 11 (X)) 0.00 0.0 0.0 0.0 0.00
191 5 4210 21.85 0.004 0.00 .00 0.8 - .00 0.00 0.m 0.0 0.00
i 1] 247 3T 0.00] . 0.00] - ¢ 0.0 0.00 0.00 0.m 0.00|° 0.0
993 i 112.97 RILED 0.00 0.0} 0.00 0.0 0.00 0.0 0.0 L 0.0 0.00
wal el et - wasl wmes| o ol s s g5l e Ll oLal - T,
1995 9 11.33 4.08 8.0 0.0 93 69.00 5.81 .00 1.62 169 . 9.13
6 10 1216 552 333.0) 0.0 . 8x.7| . 86.10 67 0.0 [.33 1.88 9.9
1997 it M43 .95 41500 .00 74 104.20 751 - 0.0¢ £.07 2.0 10.62
1993 12 46.95 12.05 S00.001  0.001 &80T 123.20 4.08 0.00 0.84 .15 11.08
199 13 .65 2.44 58800 - 237230 0.5 143.00 3.48) .0 .00 0.00 .22 3,81
260 14 5.597 S 13 0.0 280.30 0.0 163.70 8.7 - .39 0.0 2.2 33.44
a0i 15 5.57 £.01 7%, 2184.30| 3.0 185.40 8.93 19.15 0.007 . 2.3 30.38
02 1% 5.57 0.9 876.00] 2084.30 x| . 8.3 9.00 1631 .00 2.3 27.63
003 17 5.51 0.81 980.00]  1980.30 0.00 2230 8.9 - 13.84 .00 - 2.3 25.13
24 18 .57 | 0.7 Wss.00(  1870.30) - 0.m 257.50 .92 £.68 0.0 2.7 2.87
205 19 5.5 0.64] 1200000 170307 . 0.0 283.80 8.78 . 9.80 0.0 2.4 .83
a6 P 1 5.57 0.57] 1318.00] 1642.30 0.00 31430 8.60 8.17 0.0 2.19 18.97
a7 2 9.57 0.5l 1440.001 152,30 .M 300 839 - 675 0.00 2.14 1729
208 22 5.5 .46 1967001  1393.30 .00 354.00 8.15 B.52 .00 1.98 15.67
annl- 3 5.57 0.41] 1699.00] 12613 0.00 354.00 7.89] . 4.46 0.00 LT7 14.14
2010 4 52.57] - 036 183700 1123.30 .00 354.00 1.62| 3.55 0.00 £.58 12.76
A0l 2 5.57 0.32] 1863.20 1M2.10 G 35400 £.90 3. 0.0 1.41 1t.4f
012 N 5.57 0.9 1863.2]  1397.10 00 - 35400 “6.16 2.76 0.0 B 10.19
N3 27 5.57 03] 1863An  19m .0 B0 5.50 2.4 (.10 1.12 9.10
24 28 5.57 0,723 1863.230 W 0.0 354.00 1.9 2.2 0.00 1.0 8.12
25 L 5.57) 0.20]  i863.20] [0%7.10 0.00F 350 4.38 1.%] - 0.00 0.89 7.2
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71.2.2. Classification of Supply Capaclty

For evaluation of quantity and quality of electricity serviceable by

the hydroelectric power project, 1t 1s required to observe the rela-

tion between

load demand and supply capacity.

Namely, it is necessary to divide the full supply capacity into two

components; salable and surplus ones, corresponding to load demand.

(1) Firm Peak Output {(Py)

As this

power plant is capaﬁle of daiiy regulation;rthe_fipm

output 1s determined by configuration of-daily load curve and

daily river discharge, i.e., the firm peak output at the firm

discharge 1s shown by the following equation,

Pp = 9.8%-He*Qy,*24hr/Tp

7

! Total generation efficlency

He : Effective head (m)

Qri: Firm discharge (m3/s)_3!

Tp : Equivalent peak duration time (hr)_gf

Y

Firm discharge (QLL)'

Based on river discharge (Qd) at the proposed dam site
estimated in the previous chapter 5 "Hydrology and.
Meteorology” and duration curves induced therefrom for
11 years f£rom 1975 to 1985, the average value of river
discharge available for 95/ of time of a year is
adopted as the firm discharge.

OLL = 87_1113/8
Equivalent peak duration time (Tp)

Based on the power and energy demand forecast described
in Chapter 2 and the actual daily load curve recorded
in January 1985, the daily load curve at the maximum:
daily demand in each month is estimated for the years
after 1993/94 at which the first commissioniug of the
project is requested (refer to Fig. 7= 2). S

Then, the equivalent duration peak'time in;reepeetiye :
months are calculated in terms of “the 'incremental
energy demand in kWh divided by the ineremental_peak

demand in kW. As sghown in Table 7-2, the- equivalent.-:-

duration peak time in January corresponding to .the
annual maximum peak demand is calculated to be 15.78
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Fig. 7—2 Estimated Daily Peak Load Duration
Curve at January (1994 to 2006)
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7,2.3

(3)

(4)

hours, while that in the month corresponding to the
monthly maximum peak demand is 14.85 hours, Thus, the
average value of 15 hours is adopted as the equivalent
peak duration time, ' '

(2) Available Energy Production (Eq)

Avajlable energy production 1s the annual average value of
total energy production at the powerhouse calculated based on
daily discharges at the dam site for 11 years from 1975 to
1985,

Firm Fnergy (Ej)

The firm energy is definéd .to be the energy meeting the
démestic demand in Nepal througﬁout,the year. In this case,
the power diécharge is limited upto fhe firm discharge stated
in (1) above.

Secondary Energy (Eg)

The secondary energy is expressed i{n terms of the total energy

production minus the firm energy.

Classification of Project Sales

(1}

Useful Capacity (Puy)

Ugeful cépacity'is a part of pdﬁer to be applied to calculation

' of kﬁt value for" pfoject évaiuation. ' Useful capacity is

selected ‘out of incremental power demand of the respective
yearé and firm-peak.dutput (Py) in the Same'years, whichever is
smaller, 'Namely,.usefulwqapacity is, out of the firm peak out-—
put,.fhe power being conéidered consumable as referred to load

demand forecast.
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{2) Salable Energy -
(1) Salablé domestie énergy (EADy)

For incremental domestic energy demand, firm energy 1s to
be preferentially supplied, The remining energy after
deduction of domestic demand from firm energy is con-

sidered as surplus energy in the case of "without eﬁport".

(11) Salable export energy (EAEy)

Basically, salable export emergy defined in this.studj is
the residual of energy production after preferential-
supply for domestic use, It is not known how the imported
energy be consumed by the importing 'countfy ‘and acéor—
dingly, it is difficult to exactly‘eﬁaluate the beuefit as

- previously stated,
(3) Surplus Energy (Esy)
(i) Without export (Case I and II)

The residual energy after deduction of domestic energy
consumption from annual energy production in the case of

"without export™.’
{ii) With export (Case III)

The residual. energy after deductions of domestic energy
consumption from annual energy production for the pericd
before generating operation of the equipment to be

installed as the second stage development .,
Fig. 7-3 indicates the typlcal chart of capacity and energy
defined above., ’ '
7.2.4 Calculation of Supply Capacity and Project Sales

Power and energy defined in 7.2.2 and 7.2.3 above are estimated in
accordance with the procedure shown in Fig. 7-4 based on the

following basic data. Demand and supply balance is examined for the

7-—12



Fig. 7--3 Typical Chart of Demand and Sales
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period from 1993 to'2010 and all figures at 2010 are also applied to
the economical evaluation for further years since they are constaont
after 2010, '

Hydrological data: Daily  discharge .recbrd at damsité for 11
' _years from Jan. 1, 1975 to Dec. 31, 1985
(refer to Chapter 5 t Hydrology and

Meteorology)

Power demand forecast: waer and energy demand from 1993 to 2010

described in Chapter 2.

The exgmplés of ' the demand and supply balance sheets are shown in
Table 7-3 (1), (2). '

7.2.5  Benefit Components

In this study, the values of generating components fhr economic eva-
ilnation of the Arun 3 project are quoted from the “Long Run.Marginal
Costs of Elecfricity Generation in Nepal” (Report No. 3/2/301284/1/2
Seq. 211 prepared by WERDP in Dec. 1984) wherein ;herdiscoqnt'rate
of - 12% is adoﬁted, provided that escalation of 6% per annum 18
applied to the above in order to coordinate the time with that of
estimatihé construction cost. However, the unit rate expected for

power export'is used as benefit wvalue,
Value of Gemeration Components

Generation Capacity ' - 68 USS/kM/yr

Firm Energy R " 0,063 USS/kWh/yr

Export Energy 0.048 US$/kWh/yr

Surplus Energy _ 0.005 USS/kWh/yr
7.2.6 Cost

The cost apblie@ to the peréct evaluation of each alternative plan

consists of construction cost and operation and maintenance cost.
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(1) Construction Cost

The construction cost is estimated at price'level'on June 1986
and  includes those for access road, supporting facilities,
civil structures, hydraulic equipment, electricai equipment and
transmission line and substation facilitiés. And the total
prbject'cost is estimated adding administration cost including
engineering cost and contingency including cqmpensétion;
Interest during eonstruction and import duﬁiés are, howevef,

excluded.,
{2} Operation and Maintenance Cost

Operation and maintenance cost is caleculated at the following
percentage to each work component, However, the requiréd cost

for replacing equipment is neglected in this study.

Civil works 1%
Hydromechanical equipment 2%
Electrical equipﬁent 2%
Transmission line and 1.5%

substation facilities
{3) Cost

The required cost for each alternative plan and the examples of
its annual disbursement are shown in Tables 7-4 (1) and (2},
and Tables 7-5 (1), (2) and (3), respectively.,

7.3 Analysis
7.3.1 Case T (Domestle Power Demand only)

{1) Haximum Power Discharge

Studiés are made for 5 cases corresponding.- to various<maximum.
_power_discharges in the range of 60 m3/s_td'i00 m3]s as shown
~in Table 7-6 (1) and the costs_and.Behefits fbrivarious:poﬁer3
discharges are shown in Fig.'7—5}"The powérhpuse éi;é,,iﬁtake
water level and number of headrace. tuﬁneis'_appliéd to this i

study are the Plkhuwa site;.EL,_ShO miand singiéﬁline,'reSPECf
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(2)

tively, ©Eventually, it is found that the optimum scale will
have the maximum power discharge of 80 m3/s which glves the

maximum output of around 200 MW,

As observed in Fig. 7-5, benefit curve is divided roughly into
2 portions, namely, the first portion indicating sharp rise
corresponding to increase of power discharge from 0 to 80 m3/s,
and the second portion indicating gentle slope. ‘The sharp rige
in the first portion originates from the high kW and XWh values

of the firm energy for domestic use.

In general, the benefit curve has a character that the incre-
mental benefit per unit discharge becomes smaller for the

larger maximum power discharge., In connection'with'cOst'curée,

. since the major variables are the costs for headrace tunnel and

electric egquipment and further, the capacity of generating
equipment and tunnel diameter vary iinearly in proportion to.
the paximum power discharge, the gradient of cost curve is
almost constant with exception that the curve for power.-
discharge of wmore than 90 m3/s has different character due to-

increase of number of units from 3 to 4.
Intake Water Level

Table 7-6 (2) and Fig. 7-6 show the results of anélytical study-
on 4 cases having different dam height, for the power étatinn ”
at the Pikhuwa site as a representative and power discharge of
80 m3/s, The benefit values are dotted on almost straight
lines, while, the cost curve above EL. 840 m hecomes'steepér:‘
than that below EL. 840 m due to additibnal costs requitéd for
dealing with the landslide existing on right bank above EL, 850
m and strengthening of the part crossing the Khoktak Khola of
the desanding basin. Referring to the abovementioned,benefit
and cost curves, the optimum intake water level is sétfat EL,



(3) Powerhouse Site

As shown in Table 7-6 (3) and Fig. 7-7, the comparative study
of 3 powerhousé gites: Solakhani,_Pikhuwa and Kaguwa sites, 1s
carried out based on the intake water level at EL. 840 m and
power discharge of 80-m3/s. It is observed that the economical
situation of the Solakhani.éite is apparently worsé than those
of other two downstream sites, As to the comparison of the
Pikhuwa site with the Kaguwé site, it is found that the incre-
mental benefit due to additional head at the Kaguwa site is
~Just absorbed by the cost increase attributable to the eléctri—
cal equipnent of larger scale as well as geological disadvah—
tages and further, the net present value (B-C) at the Pikhuwa
slte 1is slightly larger than the other one.

Accordingly, the powerhouse site is selected at the Pikhuwa
site taking also the geologicalradvantages into consideration.

7.3.2 CGase 11 (1st Stage Development)

-On.the.éssumbﬁidh that ﬁhg ektensioq works (2nd stage development)
required-fof power expoft will be executed.in'the future foilowing
those included in Case 1, Case 1T includes a part of the works of
the  second stége development to he executed in advance., The works
to befekecuted in advance are intake, desanding basin, powerhouse.
and tailrace outlet which will jeopardize safety_of the structures
already. completed, if these works are executed separately as the
second -stage development, The parameter abplied to this study is
the maximum power discharge only, while, the powerhouse site and

- intake.water  level are. fixed at the Pikhuwa site and EL. 840 m being

selected for the optimum development schéme in Case I study,

Thé rgéults of this study are shown in Table 7-6 (1) and Fig. 7-5
in which the benefit curve is common with Case 1 and'thé cost line
V;ﬁna 1n pargllél with that of Case 1, Owing to the above, the
.highééﬁ._éoint' of net Vprésent -valﬁe (BwC). faiisf.on the line
éérfésbonding tb.tﬁe méxiﬁuﬁ’power:diséhérge ofiSO m3/s similarly to
Case I.  The difference of B-C éurves Bétwéen.Caséé I and II just

' corresponds to the advanced execution of the structures for power
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7.3.3

7.3.4

export, ‘The results of Case II study indicate that this project
will be stlll economically feasible even 1if -the extension plan is
suspended after completion of the first stage development due to the

problems concerning power export.

Case I11 {2nd Stage Development)

Since Case III study is made on the basis of various assumptions as
stated in 7.1, the benefit and cost induced therefrom involve much
of uncertainty. In pafticular, the amount of power to be exported
and its price are the basic elements for estimating the benefit and
can be veasonably fixed upon conclusion of negotiation with the
importing_country. In this study, it 1s assumed that all surplus
power can be exported from the viewpoint of'enhancihg project eco-
nomy as much as possible, Comparing Fig. 7-5 with Fig, 7~8, it can
be observed that the economical situation of the'ptojéct in the case
of power export is much bettér than the othér. There exists discon-
tinulty of benefit curve between power discharges of 160 m3/s and
180 m3/s in Fig. 7-8, and this owes to the fact that the number of
unit increases from 6 to 8 due to limited unit capacity resultiﬁg in

delay of commissioning date of one year,

In other words, this will indicate that the higher project'economy

can be obtained by the earlier commissioning of unit- when power

- export 1s consilderved. Because of discontinuity of benefit curve

ghown in the said figure, the highest point of net' present value
(B;C) fails on the line corresponding to the maximuﬁ'power.discharge
of 160 m3/s which 1s" just double amount of. the power discharge of
80 m3/s optimized in the studies of Cases I and II.V This ié quite:

advantageous to make the coordinated blans of the first aﬁd sécdnd--

stage development schemes.

Optimum Development Scale

Based on the above studies, the stagewise development schemes shown

below are selected as the optimum ones Which will be applied to the

7 gucceed;ng detailed studies.



lst stage

2nd stage

Max. Power Powerhouse  Intake
Discharge Max. Output Site Level
(m3/s) () (m)
80 201 Pikhuwa 840
160 402 Pikhuwa 840
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8.1

CHAPTER 8.  POWER TRANSMISSION AND SUBSTATION SYSTEM PLAN

Selection of Transmission Pattern

The electric power system of Nepal is made up of a primary system of
132 kV and a secondary system of 66 kV as described in preceding

paragraph 2.3.1, The 132 kV transmission network stretches approxima-

tely 800 km east-west centerred at Kathmandu with a ring sysfem of

66 kV transmission lines making up the power system around Kathmandu.

The electric power generated at the Arun 3 power station will be con-

‘sumed mainly at Kathmandu, and via the Dubi substation, at Biratnagar.

The 1load forecasts according to substation are as shown in Table 2-9,

8.1.1

Chapter 2.

The . power generated at the Arun 3 will be transmitted to Kathmaﬁdu'by-r
existing 132 kV transmission line between the Hetauda substation and
the Dubi substation (presently operated as single circuit, but .another
circuit is necessary to be added by the time of commissioning of the
Arun 3 power station) and 220 kV transmission line to be newly

constructed,

With. regard to the transmission route from the Arun 3 power station to
load areas, the optimum transmission patterm is to be selected out of

these applicable from technical and economical point of view.

Utilization of Existing Transmission Lines

in view of _projeét economy, it is preferable .to utilize to the
ﬁ;most extent the existiﬁg transmission linres between the Hetauda
and the Dubi substatioﬁs (132 kv, 2 cct_indluding expansion plan of
1 cctj for transmitting power_generéted_ét'the Arun 3 power statiom,
VEpf powé; genefa£iqq_of7201 M@ (3 units, 67 MW each) after comple-
tion of.the.fifst.stagé development of the Arun 3 project, étébilify
analyses for the following two cases are examined to clarify the
possibi1ity of transmitting ﬁhe'above power to Kathmandu through the
Hetauda substation with the existing 132 kV transmission line (2

cct) without new construction of 220 kV transmission line.



Case 1 : Power transmission (132 kV, 2 cct) from the Arun 3

power station to the Dubi substation

Case 2 : Power transmission (220 kV, 2 cect) from the Arun 3
power station to the Dubi substation and step-down to

132 kV with transformers at the Dubi substation

The vesults of stability analyses for the above two cases are shown
in Figs. 8-2(1) and 8-2(2), The calculation condition is that three

units of the Arun 3 power station operate at full output condition

(201 MW) and local power distributed from the Dubi substation ig 90%

of the estimated load, and accordingly in its degree power flow

towards Kathmandu is increased more than estimated one, Thglfault

point is 132 KV bus at the Dubi substation and fault clearing-off
time 1is estimated at 150 ms in the both cases. As  obviously

observed in these drawings, power transmission of 201 MW with the

‘existing 132 kV transmission line (2 cct) only is not applicable due

to difficulty in maintaining the system stability. . It is, there~
fore, required to comstruct 220 kV transmissicn line: (1 cet) for

development of the first . stage scheme,

Applicable Tranemission Patterns

The foilowing four patterus shown iﬁ Figs. 8-1(1) and 8-1(2) are
taken into account for powef'tfansmiééion from the Arun 3 power sta-
tioh to Kathmandu, with the premise of new construction of 220 kv
transmission line. For selecting the bptimUm transmisgion patterd,:
these conceivable patterns are analyzed from technical and economi-
cal standpoints for the fiscal years: 2001/02 and 2007/08 at which
the traﬁsmissioﬂ and substation facilities cdnstruéféd as”théAfirs;
stage development (201 My without power export) and the second stage
development (402 MW in total, with power exﬁbft).réépecfiVely will
be full loaded to meet the domestic requirementé only”aé ref?fred to

Fig. 2-7.



(H

lgt Stage Development.

(1)

(1)

- Pattern 1

This patttern 1is the power transmission from the Arun 3
power station to the Hetauda substation via the Dubi sub-
station, the Dhalkebar switchyard and the Pathalaiya sub-

station.

New_tfansmission line:
Arun 3 P/S - Dubi $/8 (220 kV, 2 cct)
Dubi 8/S5 - Dhalkebar 5/Y - Pathalaiya 5/8 (220 kV, 1 cct)
. Pathalaiya §/S - Hetauda S/S (132 kV, 1 cet)

New substation:
Pathaiaiya 5/8

Expanded substation and switchyard:
Dubi $/8, Dhalkebar S/Y, Hetauda S/8

Pattern 2

This pattern is power transmission from the Arun 3 power
station to the Hetauda and the Siuchatar substations via the
Dubi substation, the Dhalkebar switchyard and the Pathalaiya

substation,

New transmission line:

Arun 3 P/S - Dubi S/S (220 kV, 2 cct)

_Dubi §/S — Dhalkebar S/Y - Pathalaiya §/S - Siuchatar S/S
(220 kv, 1 cet) |

New substation: -
~ Pathalaiya S/8

Expanded substation and switchyard:
Dubi $/S, Dhalkebar S/Y, Siuchatar S/



(iid)

(iv)

Pattern 3

This pattern consiéts of a route with 220 kV voltage from
the Arun 3 power station to the New Kathmandu substation
via the Dubi substation and the Dhalkebar switchyard, con-
necting the New Kathmandu substation with the Siuchatar
and the Balaju substations by 132 kV line, and another
route from the Dhalkebar switchyard to the Hetauda substa-

tion via the Pathalaiya substation with 220 kV voltage.

New transmission line:
Arun 3 P/S - Dubi $/8 (220 kv, 2 cct)
pubi $/§ ~ Dhalkebar S/Y - New Kathmandu $/5 (220 KV,
7 _ | cct)
Dhalkebar S/Y - Pathalaiya S/$ (220 kv, 1 cct)
* New Kathmandﬁ §/8 ~ Balaju S/S (152 kv, 1 cet)
* New Kathmandu $/8 ~ Siuchatar $/8 (132 kV, .1 cct)

% The costs of the transmission lines in these sections

are not included in the feasibility study.

New substation:

Pathalaiya $/S, New Kathmandu 8/S

Expanded substation and sﬁitchyaid:

Dubi $/8, Dhalkebar 8/Y
Pattern 4

This pattern is power transmission with 220 kV voltage
from the Arun 3 power station to the Siuchatar substation
and the Balaju substation Via the Dubi  substation, the

Dhalkebar switchyard, and the New Kathmandu substation.

New transmission line:
Arun 3 P/S - Dubi 8/8 (220 kV 2 cct)
bubi S8/8 - Dhalkebar S/Y - New Kalhmandu S/S (220 kV
, _ 1 cect)
* New Kathmandu S/ ~ Siuchatar 8/ (132 kv, 1 cct)
* New Kathmandu S/S - Balaju S/S.(l32 kV, 1 cct)



% The costs of the transmission line in these sections

are not included in the feasibility study.

New substation:

New Kathmandu 5/8

. Expanded substation and switchyard:
Dubi §/8, Dhalkebar S$/Y

(2)_ 2nd Stage Development

The transmission line routes for respective patteruns are same
as those described in the first stage development above and the

following additional transmission lines are to be provided.
(1) Pattern 1

Dubi S/S - Dhalkebar §/¢ - Pathalaiya /5 (220 kv, 1 cct)
Pathalaiya 8/S - Hetauda $/5 (132 kV, 1 cct)

~(ii) Pattern 2

Pubi S§/S - Dhalkebar S/Y - Pathalaiya $/S - Siuchatar S/8
(220 &V, 1 cet)

{iii) Pattern 3

Dubi $/8 - Dhalkebar $/Y - New Kathmandu $/$ (220 kv,
1 cct) ' '
Dhalkebar $/Y - Pathalaiya S/§ (220 kv, 1 cct)

(iv)  Pattern 4

DPubi $/8 - Dhalkebar $/Y - New Kathmandu 8/S (220 kv,
1 cct)

8.1.3 Optimum Pattern

_The optimum power transmission pattern is to be selected carrying
out technical and economic comparison studies on the beforementioned

four patterns,



In selection of the power transmission pattern, the study is first
made with the voltage of the new transmission- line as 220 kV, while
trananission voltage 1s selected for the optimum transmission pat-

tern so chosen, as degscribed later in paragraph 8.2.

IWith the detalls of power system analysis given 1in the succeeding
paragraph.S.ﬁ, power flow and power system stability analyses dre
made for various powetr transmission patterns as of F,Y. 2001/02 and
F,Y. 2007/08 for the first and second stage development, respec~
tively. Power flows for respective patterns are shown 1in Figs.
8~3(1-1), 8-3(2-1), 8-3(3~1) and 8-3(4~1) for the fiscal year
2001/02 and Figs. 8-3(1-2), 8-3(2-2), 8-3(3-2) and 8-3(4-2) for
2007/08. While, transient generator swing curves are shown. in Figs.
8-4(1-1-1), 8-4(1-1-2), 8-4(2-1-1), 8-4(2-1-2), 8-4(3-1-1),
8-4(3~1-2), 8-4(4-1-1), 8~4(4~1-2) and 8-4 (4—1—3)'fof'the fiscall
year 2001/02 and Figs. 8-4(1-2), 8-4(2-2), 8-4(3-2), 8-4(4-2-1),
8-4(4~2-2) and 8-4(4-2-3) for 2007/08. According to these calcula- .
tions, it iz found that the stable power.traﬁsmission of 201 MW and
402 MW generated at the Arun 3 power station as of F.Y. 2001/02 and

2007/08 can be secured for any of the above patterns.

Meanwhile, comparative study on econowmy of these transmission pat-—
terns for F.Y. 2001/2002 and F.Y. 2007/2008 is made as shown 4in
Tabies 8-1(1) and 8-1(2) respective;y, based on the annual costs as
parameters derived from powér transmission loss (kW loss), energy
transmission loss (kWh loss) and construction costs of transmiséipn
lines and substations (switchyard). It should be noted, concerning:
Table 8-1(1) and Fig. 8F1(1), that cost of transformefs to be
installed in September, 1998 is included in thiéjstﬁdy because new
transmission line is to be operated at 220 kV in this stage. As for -
gubstation (switchyard) equipment, the costs ére calculated for
these of coanventional type. Among these four patterns, the power -
transmission method categorized as Pattern 4 is'féund to be tﬁe'mdst
economical one and Pattern 3 to be the costiiest at. Bdth'pbints_of
time., ‘Therefore, Pattern 4 is selected as the optimum one. The
features of vespective patterng as of F. ¥, 2007/08 ate ‘as described

below, since these at both times are almost the same,



(1)

(2)

Pattern 1 (Refer to fig. 8-3(1-2))

The specific’ featire of Pattern 1 1s that the electric power

from the Arun 3 power station is concentrically received at the

- Hetauda substatlon, As shown iIn Fig, 8-3(1-2), the power

received at the Hetauda substation willl be approximately 279 MW
and power flow amounting to 50 perceat of the total demand of
552 MW in whole Nepal (¥.Y. 2007/08, excluding transmission

1ine loss) will be concentrated at the existing 132 kV buses of
" the Hetauda substation. Taking the possible troubles at the

Hetauda'subétation'into coﬁSideration,'it will be necessary to
have the power system capable of dispersing excess power flow
from the standpoint of securing stable power supply. There-

fore, this pattern is not very desirable in view of system

‘reliability.

The construction cdstrof this pattern is low next to Pattern 4,

but the power transmission loss for the entire system will be

©39,6 MW which is the biggest of the four patterns. The exist-
"ing 132 kV. and 66 kV transmission lines can be utilized from

the Hetauda substation to Kathmandu, but the power flow will be

- heavy in this section and it will be necessary for the system

to ‘be expanded at an early stage. Furthermore, this pattern
will' require 132 kV, .4 cct between the Hetauda substation and
thefPatﬁalaiya substation and it will be difficult to secure
space for additional installation of equipment at the Hetauda

substation,

Pattern 2 (Refer to Fig. 8-3(2-2))

The specific feature of Pattern 2 is that a ring system will be

made up linking the Hetauda, the Pathalaiya and the Siuchatar
substations with the exisfing system, Compared with Pattern 1,
it will be more reliable for stable power supply, but the power

.flow from the 220 kV bus to the 132 kV bus of the Pathalaiya

substation will be small at approximatély 83 MW, and there is

littlejnecessity_for new construction of this substation from

‘viewpoint of power system operation. Furthermore, the

construction cost will be high next to Patterﬁ_3 and therefore,

this pattern 1s economically disadvantagégus.

8.7



(3)

(%)

Pattern 3 (Refer to Fig. 8-3(3-2))

The specific feature of Pattern 3 is that the ring system will
be made up linking the Hetauda and the Pathalaiya substations,
the Dhalkeﬁar switchyafd and the New Kathmandu shbstaioﬁ with
the existing. system, similarly to Pattern 2. |

The qbnstructidn éost of this pattern.igrthe highest bf the
four patterﬁs. Power flow from thé 220 kV bu$ to the 132 kV
bus of the Pathalaiya subsﬁatipn will be sﬁéll at about 8% MW,
and there will be little merit of new construction of the
transmission line between the Dhalkebéf switchyard and the

Pathalaiya substation.

However, there is the merit that the power transmission loss of

the entire system is the smallest of the four péttérns.
Pattern 4 (Refer to Fig. 8-3(4-2))

The specific feature of Pattern 4 is that a ring system will be
made up linking the Hetauda substation, the Dhalkebar switch-
yvard, the Dubi substation and the Neﬁ Kathmandu substation with
the existing system, Stable power supply is secured with this
pattern similarly to Pattern 3. . Since the power recelved at
the Hetauda substation will be small at about 71 MW, the infla-
ence on the existing system between the Hetauda substation and

Kathmandu will be smail.

The construction cost will be the lowest of the four patterns,_3
while the power transmission loss of the entire system will be
small next to Pattern 3, and this 1s considered to be the opti-

mum pattern from technical and economical viewpoints.,



8,2 Selection of Transmission Line Voltage

8.2.1

8.2.2

Voltage Selection Method

In case of transmitting the electric power of 201 MW (lst stage) and
402 MW. (2nd stage) generated at -the Arun 3 power station with dis-
tance of approximately 400 km, the existing voltage of 132 kv will
be too low to maintain the system voltage and power system stabi-
lity, and it will be mnecessary to apply a higher level voltage. In
selection of a higher level voltage, it will be necessary to take
into account the magnitude of demand, distribution of load, trans-
mission distance, harmonization with existing facilities  from view-
points of.operation and maintenance, and electric power export as
well as eXamination of the electric. power development plan in the

future.

Technical and economical comparisoms are examined for two voltage

levels of 220 kv and 400 kv based on the power system of Pattern 4

.selected as the optimum one in the preceding paragraph 8,1,

Accordingly, the section of transmissiomn line to be the object of
study is 386 km from the Aruam 3 power station to the New Kathuandu

substation via the Dubi substation and the Dhalkebar switchyard.

Optimum Voltage

The results of power flow analyses (F.Y. 2007/08) for transmission

" lines of 220 kV and 400 kV are showm in Figs, 8-3(4-2) and 8-3(5).

"With regard to power -system stability analyses, since the voltage

"level of 220 kV is proven to be stable and there would be stability

natﬁfaily for 400 kV, power system stability analyses for 400 kv
are omitted, The economic comparison of the two voltages is given

in Table 8-2. Tﬁe costs of substation (switchyafd) equipment are

“calculated for conventional type except those for the Arun 3 switch-

vard.

The results of comparison of the two voltages are described in

detail” below ‘and since 220 kV is found to be more advantageous

‘judging from the viewpoints of operation and the economics even if

‘another power development plan on. the Arun river in the future is



taken into account as described. later in paragraph 8.2.3, 220 kV is

selected as the cptimum one,

(1)

(2)

Comparison of Economic Aspect

A minimum of two circuits is necessary for either voltage level.
te be selected in order to maintain system stability and supply
reliability. $ince it would not be practical to adopt single-

circuit facilities even for the voltage level of 400'kv, the

construction cost for 400 kV will be higher than. that for 220

kv by approximately ‘US$56 x 106 or 08%6.7 x 106 in terms of

annual cost. Furthermore, with 400 kV, as is deséribed_in (23
below, shunt reactor. of large capacity will be required to
suppress voltage rise, and when the cost_theréfor is added, the
cost will be very high so that a 400 kV transmission. line will

be considered to be an excessively large facility; and there-

fore it is reasonable to adopt 220 kV. Although transmission

loss for 400 kV is less compared with 220 kv, the latter is
more economical from an overall viewpoint including construc—

tion cost,
Comparison of Operational Aspect

The line charging capacity of a 400 kV transmission line is a
total of 430 MVA for two circuits, and as shown in Fig. 8-3(5).
shunt reactor of approximately 230 MVA will_Be'requifed atrghe
Dhalkebar switchyard”evén at peak load time, .Becéﬁse éf fhis,

switching Operatién of shunt reactor will be reduired at all
timés in accordance with the power flow to maintain -system

voltage at a guitable level so that compliq&ted system_opeta—:
tién will be &aused. Further, at off peak load tiﬁe during
night or when performing trial charging of the line, shunt .
reactor of larger capacity will be. needed to.suppress.voltagél

rise in the transmission line,

Consequently, adoption of 220 kV is desirable from the opera-
tional aspect, and'furthef,_from the viewpoints, of operétion
and maintenance in line with the existing facilities having"tﬁé'

maximum voltage of 132 kV, 220 kV will be more advantageous.
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8.2.3 220 kV Transmission and Future Power Development

. The result of powetr system stability. analysis at F.Y. 2007/08 for
transmitting the power of.402 MW generated at the Arun 3 power sta-
tion by 220 kV transmission line is given in Figs. 8-4(4-2-1),
8-4(4-2-2) and 8-4(4-2-3). Judging from the generator swing curve
of the Arun 3 power station at fault, it is considered tha£ power

- flow of at least 100 MW can be added on the 220 kV tramsmission line

from the Arun 3 power statiom.

Furthermore, evén the future power developmént plans in tﬁe_viqinity
of the Arun 3 power station are con#idergd, 220 kV transmission
system will_sfill be c0mpecent”for éarrying the future increase of
~:p0wer, as the power transmission capécity estimated oﬁ the basis of
powér system stability will increase up to 800 MW to 900 MW in total
by new construction of 220 kv.tranSmission line (1 cct) between the
new powef station and the Arun 3 pdwer statioﬂ and additi6n31 con-
struction of the same befwéen the Arun 3 power gstation and the Dubi

~substation.

8.3 Construction and Expansion of Substation/Switchyard

The substation and switchyard to be newly. constructed or expanded
" based on the optimum'transmissibn-péttern (Pattern 4) selected pre—

viously in paragraph 8.1 are as described below.

8.3.1 Expansion of Dubi Substation

The DﬁBi'sﬁbstatiOn is carrying the largest load in the eastern part
of Nepal ‘and is presently supplied with electric power from the

‘Hetauda substation by 132 kv, 1 cet transmission line.

_ The .transmission line from the Arun 3 power station to Kathmandu

will first-be:cofnected. to this Dubi substation for power supply to
the area centerred-at Biratnagar, while it' will be necessary for the
Dubi éubétation-to install 220/l$21kv.transfotmers-for transmission
of a part of the.power via the Hetauda substation to Kathmandu by
the exisfing 132 kv, 1 cct transmission line and the other 132 kv, 1

cet transmissidn line being planned by NEA.
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8.3.2

Furthermore, it is necessary to install 220 kV switchgear at the
Dubi substation for outgoing line to the Dhalkebar switchyard in
order to transmit. the power to Kathmandu via the Dhalkebar switch-

yard.

Construction of New Kathmandu Substation

A part of the electric power generated at the Arun 3 power station
will be consumed at the Dubi substation, with almost all of the
remaiﬁder transmitted to Kathmandu. The power flow to the New
Kathmandu substation at the time when all of the unlts of the Arun 3
power station have been commissioned will be approximately 211 MW

(Fig. 8-3(4-2)), Since this electric power will be too much for the

existing substation in the vicinity of Kathmandu, it willlbg advan-—
tageous from the viewpoint of stable power supply to newly construct
a 220/132 kV substation near Kathmandu wherefrom the pbwer is to be

transmitted to the existing substations.

In the feasibllity study, it is planned to coustruct a new 220/132
kV substation (tentatively called as New Kathmandu) for power trans-
mission to the Siuchatar and the Balaju substations with a 132 kv, 1

cct transmission line each.

It is necessary to further study on selection of _thé secondary
voltége at the Neﬁ Kathmandu éubsfation. It segmé preferable to
adopt the secondary voltage 6f 66 kV from the ﬁiewpoints'fhat (1)
the ring system with 66 kV transmission lines is being operated in

the Kathmandu area, (2) power supply at 66 kV will be able to be
maintainéd also in the future, (3) large amount of cdst for pro-
viding 132/66 kV and 132/33 kV transformers 1is required_ihrthg case
of adopting:the secondary voltage of 132 kv and g#) reactive pover

loss will increase,

- However, the secondary voltage of 132 kV at the New" Kathmandu

gubstation 1s applied in this study in cbnsideration of the future
expansion  program of transmission ‘and _substation petwork .in the

Kathmandu area being proceeded by NEA, .
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8,3.3 FExpansion of Dhalkebar Switchyard

8.4

‘Since the length of transmission line from the Arun 3 ﬁower station
to Kathmandu is approximately 400 km; it will be advantageous to
provide intermediate switchyard for maintenance of the traesmission
line and for securing power system stability, The entire length of
approximately 400 km will be divided into lengths of 100 to 150 km
_for shortening the section of outage during maintenance work or

- fault.

The site of the‘ewitchyard will be located adjacent to the Dhalkebar
substation and with this sw1tchyard the 266 km between the Dubi and
the New Kathmandu substatlons will be d1v1ded into sections of

146 km on the bubi side and 120 km on the New Kathmandu side.

Besides 120 kV switchyard equipment, the switchyard will be provided
with shunt reactors to be operated at off peak load time or when the
transmission line is to be.chatged from the Arun 3 power station,
The-eapacity required for shunt reactor will be 25 MVA per circuit
of-fhe 220 kV transmission line, a total of 50 MVA for two circuits,

and it will be economical to install the shunt reactors in stages.
“ During the off peak load time, voltage rise of transmission line is
to be suppressed by these shunt reactors as well as condenser opera-

tion of the Arun 3 power statiom.

Development-Sequence of Transmission Line and Substation

The construction program for the transmission line, substation and
_switchyard according to Pattern 4 previously selected as the opt imom

power transmission pattern in paragraph 8.1 is planned in coordination

with the development sequence of the Arun 3 power station. The deve-

"lopment sequence is divided into  three schedules: Schedule 1 and

Schedule 2 corresponding te the first stage development of the project -

and schedule 3 correspondlng to the second stage development as shown

‘1n Table 8 3.
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(1)

(2)

Schedule 1 (F.Y. 1993/1994)

Two units of the Arun 3 power station will have been commissioned
at this time (June, 1994, and September, 1994) and the construc-
tion program for transmLSSLOn substatlon and sw1tchyard equip-

ment is as shown in Table 8-3.

The output of the Arun 3 power station will be 134 MW (67 MW x 2
units). Since the power transmission will be of small quantity
at this stage and system voltage and power gystem staﬁility can
be maintained for the provisional transmission line operation at
132 kv, tﬁe transmission line is to be operated at this ﬁdltage.'
The power flows at peak ldad and off péak load are shdwn in Figs.
8~ 5(1) and 8-5(2) respectlvely, and the transient generator swing
curve according to power system stablllty analysis in Figs.

8-6(1), 8-6(2) and 8-6(3).

For 132 kV operation, 220/132 kv tranéforﬁers will not be
required at this time at the Dubi and the New Kathmandu substa-

tions.

As to the number of circuits for the ftaﬁsmiSSion line of 220 kv,
‘two circuits between the Arun 3 power sta;ion and the Dubi sub-’
station, and one circuit from the 'Dubi subétatioﬁ to the
Dhalkebar switchyard and further to the New Kathmandu substatlon

are to be provided and operated at 132 XV prov131ona11y.

Furthermore, to prevent the system voltage from rising during off
peak load time, condenser operation will be done at the Arun 3
power station, and it will be'ngcessary to install shunt reactor
of 10 MVA at the Dhalkebar switchyard to be used together with
the 7.5 MVA shunt reactor being planned by NEA atrthe'ekisting

Dhalkebar substation.
Schedule 2 {F.Y. 1998/1999)

The unit No. 3 ‘of the Arun 3 power statlon w111 have been com-
missioned at this tlme (September, 1998) and the output w111 be a
total of 201 MW. The ‘results of power flow analysea,durlng peak :

load and off peak load times are shown in Figs. 8-5(3) and.
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(3)

" 8-5(4), respectively, It 1is required to step up the line voltage

to 220 kV for power transmission at this .stage. It is also
required to provide 220/132 kv transformers with accessories at
the Dubi and the New Kathmandu substations 'by Septmber 1998,
though. no  additional proﬁisidns of transmission line and

switchgears at the Dhalkebar switchyard are required.

On the other hand, it 1s scheduled to install the units No.4 to
No.6 of the Arun 3 power station in F.Y. 1998/99 for the purpose
of power export, making the total installed capacity to be 402

MW, Considering the case that the construcrion for power export

(second stage development) be suspended, power flow and system

stabllity analyses are also examined as shown in Figs. 8-3(4-1),

| 8-4(4-1-1), 8-4(4~1-2) and 8-4(4- 1-3) and it is proved that the

above facilities can be used for stable power supply up to F.Y.
2001/02,

'Condenser operation will be done at the Arun 3 power station

during off peak 1oad time and the total shunt reactor capacity
requlred will be 20 MVA at the Dhalkebar sw1tchyard. Accordingly,

A additional installation of 10 MVA will be necessary.
“Schedule 3 (F.Y. 1998/1999)

At this Stagc; units No.4 to No.6 of the Arun 3 power station

will have been commissioned for power export (No.4 in December
1998, No.5 in March 1999 and No.6 in June 1999) and the total
installed capacity will become 402 MW,

The rcsult:of,étudies on pdssibility of transmitting power of 200

MW for _power. export in addition to _that for domestic demand

) without additional construction. of 220 kv, 1 cct transmlssion

line, is shown in Figs. 8- 7(1), 8—7(2) and 8- 7(3). Figs. 8-7(1)

f_and 8—7(2) are the cases that the. Dubi S/S, the Dhalkebar 5/Y and
' the New Kathmandu S/S are connected with 220 kv, 1 eircuit. 1In
" case of Fig. 8~7(1), fault is cccurred at 220 kV bus of the Arun

3 SW1tchyard and accordingly. 220 kv,transmission line between the

_'Arun 3 gwitchyard and the Dubi substation is tripped. ‘In case of

Fig, 847(2), fault 18 occurred at 220 kV bus of the Dubi substa-
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tion and 220 kV transmission line hetween the Dubi substation and
the Dhalkebar switchyard is tripped.

In the meantime, Flg. 8-7(3) is the case that the”Dubi 8/8, the
Phalkebar S/Y and the New Kathmandu S/S are conoected with 220
kv, Z‘circuits, in which the fault is occorred_at 220 kV bus of
the ﬁubi substation and accordingly the 220 kV transmission line
between the Dubi substation and the Dhalkebar switchyard is

tripped.

As obviously observed in Fig. 8- 7(2), power system stability will
not be able to be maintained when the fault is occurred at the-
Dubi substation in case of the 220 kV i circuit transmission_
iine from the Dubi substation to the New Kathmandu substation via
the Dhalkebar switchyard, while it will be possible to maintain
the sysfem stability even in the same fault as above in case of

the 220 kv, 2 circuits.

It is, threfore, necessary to additionally construct at this
stage 220 kV, 1 cct transmission line from the Dubi substatioo to
the New Kathmandu substatlon through the Dhalkebar switchyard and
also to provide the related equipment at these substations and
switchyard by December 1998, As described in the:rsucceeding
paragraph 8.5, it is conceivable to exoort the power of 200 MW in
view of thé results of rough study on system stability analysis,
though the matters related to power export shall be further
studied in detail. | o ' k

At the stage of F.Y. 1998/99, the time at which the stability of
power supply system of Nepal has to be checked is not the peak
load time but the of £ peak load time after completion. of the

above transmission and substation facilities. The result of

power flow analysis during off peak load time :(for domestic .

demand in Nepal only) is as shown in Fig. 8-5(5) and shunt reac-
tor of 50 MVA at the Dhalkebar switchyard 1s required.

Further, power system analyses durlng peak: load ~time in 'F.Y.
2007/08 with the above transmission and substation facilitieé'are

also made and no problems are found. - The result'of:pGWer_flow_
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énalyéis:is.shown in Fig. 8-3(4-2) and that of power system sta-
bility analysis in Figs. 8-4 (4~2u15, 8-4{4-2-2) and 8-4(4-2-3).

‘With additional comstruction and 220 kv 6perétion of the trans-
mission line, the capacity of shunt reactors to suppress the
system voltage rise has to bé also increased, namely, it will be
neéessary to install the shunt reactor with capacity of 30 MVA
additionally (total 25 MVA x 2 cct = 50 MVA) at the Dhalkebar
szitchyafd in order to suppress the voltage rise induced to 220
_ky_trﬁngmission_line in the case of line charging by the Arun 3
powef station as described later in paragraph 8,6.4, In the
meantime, shunt reactors having a total capacity éf 50 MVA will
be needed during off peak load in combination with condenser

operation of the Arun 3 power station.

8.5 Conceptual Study on Power EXport

In connection‘with power export, the following.two cases are examined
' régéfdi;g ‘the method of tranemitting §§wer. to the electric pover
'systém:df the {ﬁpofting ¢6uﬁtry'in accordance with the development
Séquenée- of the Arun 3 power station, transmission and substation
faéilit{es. Siﬁéé it is.presuﬁed'that only the power 1in excess of
dbmestié déﬁand will be exported, the amouﬁt'of powaf'éxport decreases
wifh.thé.grdwth of domestic load demand and the maximum power of 200
EMW can'be'eXportéd dufiﬁg-the pefiod from F.Y. 1998/99 to F.Y. 2001/02
only. Hence, the power system analyses are made at F.Y. 1998/99 and
F.Y._20bl/02. The premise for power system analysis is as described

1ater_inﬁpéragraph 8.6.1.

Gase 1: Ekpattfof'ZOO MW by 200 kV, 2 cct transmission lines
o (F.Y. 1998/99) |

Case 2:° Export -of 200 MW by 220 kv, 2 cct transmission lines
- (F.Y. 2001/02) '

(1) -‘C-ase 1

‘The power flow and the transient generator swing curve according

to power system staBility analysis are shown in Figs. 8-8(1) and

8§17



(2)

(3

8-7(3)/8-9(1), respectively, If the system voltage of 220 kV can
be meintained at the iﬁporting country, .the stability of the
power systen of Nepel-can be maintained even for a 3—pnase line-
to~ground fault anplied to one of the two circuits of the inter-

connecting lines.

Case 2

" The power flow and the transient gemerator swing curve according

to power system Stability analysis are shown in Figs. 8-8(2) and
8-9(2), respectively. In this case also, if the system voltage
of 220 kV ¢an be maintained at the'impofting-conntry; the stabl-
lity of the power system of Nepal can be paintained even for a
3~phase line- to~ground fault applied to one of the two circuits

of the interconnecting lines,
Basic Considerations

In the case of power export of 200 MW by 2?0 kv transmission
line, noe instability in generators on the Nepal power supply,
system will be induced as referred to the results of system sta-—
bility analysis. However, if the power supply system of im—-
porting country 1Is not equipped w1th complete voltage stabilizan
tion capability, there will be possibi‘ity of instability in both
power supply systems induced from generators on the system of
importing country. The amount of power export will naturally be

limited to less than 200 MW in such case.

It will be said that, from ‘the standpoint of'power system charac—
teristics,  the amount of power that can ‘be exported varies
depending upon the capability of voltage stabilizarion of im-
porting country. Consequently, the'megnitude.of poseible'power
export will not be finalized until the.actual eifuation of power
supply system of. importing country has been investigateo' and

detailed power system analysls has been made.. -
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8.6 Power System Analysis

The results of power system analysis are of extreme importance for

making technical and economical judgements on selection of the trans-

mission pattern, selection of the new voltage to be adopted, etc., for

planning the optimum power transmission and substation facilities.
8.6.1 Calculation Condition

(1) Power System Calculation Ltems

The technical study is carried out based on the following power

system calculation results:

Power flow and voltage calculations

}

Power system stability

i

Short circuit current

- Transmission line charging capacity
(2) Objective Years of Calculatiouns

The necessary power system calculations are made in accordance
with the commissioning dates of the main equipment of the Arun

3 power station indicated below.

No, of Commissiong Unit Capa- Cumulative
Unit Date city (MW) - Output {(MW)
No. 1 Jun. 1994 67 67
No. 2 Sep. 1994 67 134
No. 3 Sep. 1998 67 201
No. 4 Dec. 1998 67 268
No. 5 Mar. 1999 67 335
© “No. 6

Jun, 1999 - 67 402
(3). Conditions for Power Flow and Voltage Calculations

Power flow and voltage calculations are made based on the
operational conditions of  electric power facilities as shown

- below.. .

8§19



(4)

System Voltage Lo be maintained
95 - 105% of rated voltage

Operating voltage of generator
95 — 105% of rated voltage

Operating power factor of generator

Not less than 0.85

Tap ratio of transformer
1.00 + 0.05 P.U (fixed tap)
1.00 + 0.10 P.U. (LRT)

|+

Power factor of load

0.9

Load time
At peak load and off peak load
(off peak load ..... 35% of peak load)

Load at each substation

According to Table 2-9, Chapter 2

Base generator for voltage phase angle

" Kulekhani-1

In order to maintain the abovementioned system voltage, it is
considered to adequately provide static condensers or shunt

reactors at substations or switchyard,
Condition for Power System Stability Calculation

Power system stability calculations are made with the genera-
tors of the Arun 3 power station.__Aé'to thé=disturbance on the
power system, a 3-phase line~to-ground fault (34G fault) is
applied to the transmission line from the Arun 3 pbwet7sfations
and the transient characteristic of gehéfatot after clearing

off the fault is examined.

The following conditions are added so that the disturbance will

inflict a severe impact on the power system.



)

- Fault resistance zero
~ Generator AVR (Automatic Voltage Regulator) and turbine
governor functions eliminated

~ No automatic reclosing of transmission line at fault

The location of disturbance applied and the fault sequence are

as. shown below, with the fault clearing-off time of 0.1 sec

~assuming . that protective relays will funetion normally. In

order to find out the location of fault which causes the
severest effect on the power supply system, stability analyses

are made for different locations of fault as shown below.

Location of disturbance applicatiom

Dubi S/S
. 4 1. Arun 3 P/S
386G 220kV_

. “1?15¢G

. MA -
3G 4 | T ®
132kV
Fault sequence
CB "on" CB "off"
|
0 ' 0.1 sec
(Fault) - (Glear)

Condition for Calculation in Case of Power Export

For exporting -the surplus electric power of the Arun 3 power

station, power system calculations are carried out assuming the
following conditions for electric power system of the importing
country, ' : '

(i) The length of transmission line from the Dubi substation

sfzr



(6

(7

in Nepal to the substation of the importing country is

estimated at 175 km,

{ii)} The electric power system of the importing country is

simulated as a simple system of a single-generator,

(iii) The capacity of the single-generator system is estimated
at 2,500 to 3,000 MVA, corresponding ' to ‘magnitude of

demand forecast of objective area in importing country.

(iv) The short circuit capacity of electric power system of
objective area in importing country is estimated at 10

kA.

Condition of Existing System

As it 1is necessary”to expand the electric power facilities of
the existing 132 kV and 66 kV systems along with development of
the Arun 3 power station, the study_ is made on the premise
expendiently that the facilities below will have been expanded,

including expansions being currently pianned_byVNEA.

Transmission Line:
Dhalkebar §/§ — Dubi §/5 132 kv, 1 cet —> 2 cct
Siuchatar $/8 - Patan §/8, 66 kV, 1 cct —> 2 cct
Balaju §/8 — New Chabel 8/$, 66 kV, 1 cct —> 2 cct

Substation:
Hetauda §/8, 10 MVA —> 40 MVA
Siuchatar 5/, 80 MVA —> 160 MVA
Balaju $/8, 80 MVA —> 160 MVA

Constants of Electric Power Facilities

The power system impedances used for'power system analysis are
shown in Fig. 8-10, and geﬁerator and transformer:cbnstants in
Table 8-4. The constants édopted; other than those furnished

by NEA, are of standard levels.

As for impedance voltages of transformers, the fo11owihg stan-
dard values on self-capacity basis are adopted, excepf for the

existing transformers:



Voltage (kV) - . Impedance voltage (%)

132/66 7.5
220/132, 66 8.5
220/13.8 _ 10.0
132/11, 6.6 8.0

8.6.2 Power Flow/Voltage and System Stability

‘The results of the analytical calculations have been described in

the preceding paragraphs, but are recapitulated below,

Case 1 Power system stability calculation for lst stage development
(201 MW) in F.Y, 1998/1999 without construction of 220 kv
line from Dubi S$/8 to New Kathmandu S/S

{a)

(b)

132 kV operation from
Arun 3 P/S to Dubi 8/8 .ievivavssesrees Fig,

220 kV operation from
Arun 3 P/S to Dubi S/8  ..i.eiirenrensess Fig,

8-2(1)

8-2(2)

Case 2 Power flow, voltage calculation in F.Y. 2001/2002 for selec-
tion of optimum transmission pattern :

Case 3

(a)
{b)
(c)

(d)

Transmission Pattern 1 ,...eevesssserss Fig,
Transmission Pattern 2 c.iesesesenssaes Fig.
Transmission Pattern 3 ..vesseaecessass Fig,

Transmission Pattern & ....cisvavssesss Fig,

8-3(1-1)
8-3(2-1)
8-3(3-1)

8-3(4-1)

Power flow, voltage calculation in F,¥, 2007/2008 for selec-

~(a)
(b)Y

O]

- (d)
(e)

tion of optimum transmission pattern

Transmission Pattern 1 ..ievssversesess Fig,
Transmissiqn Pabtern 2 ..veseravreserss Fig,
Ttansmission Pattérn '3 .....i.ie.0004.. Fig.
Transmisgion Pattern 4 s..vsvesvecseses  Fig.

‘In case .of 400 kV transmission ceassees Fig,

8-3(1-2)

8-3(2-2)

-8-3(3-2)

8-3(4—2)f

8-3(5)

Case 4_.Power systém stability calculation in F.Y. 2001/2002 for
selection of optimum transmission pattern

(a)

" Transmission Pattern 1,

Fault at Bus 1 © eiiasrsesseses  Fig, 8-4(1-1-1)



Case 5

Case b

(b)

(c)

(d)

(e)

(£)

()

(h)

(i)

Transmission
Fault at Bus

Transmission
Fault at Bus

Transmission
Fault at Bus

Transmission
Fault at Bus

Transmission’
Fault at Bus

Transmission
Fault at Bus

Transmission
Fault at Bus

Transmission
Fault at Bus 6

Pattern
2

Pattern
1

Pattern

2 .

Pattern
1

‘Pattern

2

Patte;n
1

Pattern
2

Pattern

1,

B O ¥ -
2,

.lll...;...’.. Fig.
2, o

P R N N Fig-
3,

soressasrnaaan Figo
3,

sr etV BERERG Fig-
&, .

testrarIETEa e Fig-
4,

cererssarsnses Fig.
4, ,

taseasrassavss Fig,

8-4(1-1-2)
8-4(2-1-1)
8-4(2-1f2)
8-4(3-1-1)
8-4(3-1-2)
8-4(4~1-1)
8-4(4-1-2)

8~4(4-1-3)

Power system stability calculation in F.Y,. 2007/2008 for
selection of optlmum transmission pattern

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

(e)

(£)

Power flow, voltage calculation in F.Y.
2 units of Arun 3 power station commissioned)
in case of transmission pattern 4 :

(Schedule 1,

(a)
(b)

Transmission
Transmission

Transmission
Fault at Bus

Transmission
Fault at Bus

Transmission
Fault at Bus 6

Transmission Pattern 1

Pattern
Pattern

Pattern
1

Pattern
2

Pattern

At peak load time

At off peak load time

cescreraranssas Fig,
2 iiiiereeesns... Fig.
3 L. eeesecenan. Fig,
4, _

eeeenrsssnsssss Fig,
4, .

trasesnnseensss Fip,
4, : o

T O X -2

1993/1994

Fig.

LRI TR N O S B NN N )

8-4(1-2)

8-4(2-2)

8-4(3-2)

8;4(4—2-1)

8~4(4-2~2)

8-4(4-2-3)

8-5(1)

fig. 8—5(2)v



Case 7

Power flow, voltage calculation in F.Y. 1998/1999
{Schedule 2, 3 units of Arun 3 power station commissioned)

- in case of transmission pattern 4

~Case 8

Case 9

Case 10

(a) At peak load time cesrerssseeass Fig, 8=5(3)

(b) At off peak load time .vivveveesness Fig, 8-5(4)
Power flow, voltage calculations in F.Y. 1998/1999 (Schedule
3, 6 units of Arun 3 power station commissioned for power
export)} in case of transmission pattern 4

(a) At off peak load time tessrsenerseas Fig, 8-5(5)
Power system_stabiiity calculation for transmission pattern
4 in F.Y, 1993/1994 -

(a) "Fault at Bus 1  L.uuseesronvosrscasas Fig, 8-6(1)
(D) Fault 8L BUS 2 suvusvensacssnsncssss Fig. 8-6(2)

(c) - Fault at Bus 6  weesevesssosvnsssaess Fig, 8-6(3)

Power system stability caleculation for 200 MW power

~export in F.Y. 1998/1999

Case 11

{(a) - 220 kV, 1 cct transmission, :
Fault at Bus 1 ..vevevunovsanannnronns Fige 8-7(1)

(b) 220 kv, 1 cct transmission,
: Fault at Bus 2 .iuvessavessssncoesress Fig, 8-7(2)

(¢) 220 kV, 2 cct transmission,
Fault at Bus 2 ciiivnvannaneaaseenesss Fig, 8-7(3)

Power flow, voltage calculation for 200 MW power export

(a) Tn F.Y. 1998/1999 .....eivevuivnssen.. Fig. 8-8(L)

(b) In F.Y. 2001/2002 ...eveveeenaseo... Fig, 8-8(2)

. Case 12

waef_syétemrstability ¢alculation for 200 MW power export
in case of 220 °kV, 2 cct transmission, fault at Bus 1

(a) In F.Y. 1998/1999  .evvvurreencnnnn.. Fig. 8-9(1)

2Ab)  In F,¥.-2001/2002  ......eievenenne.. - Fig, 8-9(2)



8.6.3

8.6.4

Short Circuit Current.

It is considered that, as referred to Fig. 2~7, the full power
generation with eix units of the Arun 3 power station will be all
consumed by domestic demand of Nepal in F.Y. 2007/08. Hence the
3-phase short circuit current is'célculated on the basis of power
system in F.Y. 2007/08 as.shewn in Fig; 8-11, The total capacity of
generators. in Nepal at phis' timé will be approximately 732 MVA.

Transient reactance X4' is used as generator reactance.

The maximum short circuit currents of substation (switchyard) busses

for each voltage level are as follows:

Arun 3 switchyard 220 kV bus : 4.0 kA
Dubi substation 132 kV bus Coe 3.5 kA
Siuchatar substation 132 kV bus : 4,0 kA

The short circuit current supplied from the Arun 3 power station
will be 3.4 kA on a 220 kV basis, but since the Arun 3 power station
will be at a great distance from the existing electric power facili-
ties of Nepal, the effects of the short circuit ‘current from the
Arun 3 power station on the -neighboring substations (switchyard)

will be extremely small.

Transmission Line Charging

A study is made for the case of charging the transmission line up to
Kathmandu from the Arun 3 power station, The extent of transmission
line charging from the Arun 3 power station is considered for the

three cases below, -

" The conditions for the study are that uppér_limit of substation bus

voltage and lower limit of the Arum 3 generator operating voltage
will be 102 and 85 percent, respectivély.éﬂa:shuhf:fééctbf cépaéi—
ties are calculated based on these conditions, For the _132 kv
transmission line, it is assumed_-tﬁat the 7.5 MVA shunt reactor -
being planhed'by-NEA for the existing Bhalkébar'substation_is also’

available.



.Case 1: 220 kV transmission line from the Arun 3 power station to
“the New Kathmandu substation via the Dubi substation and
the Dhalkebar switchyérd

(1) During 132 kV operation (1994 — 1998)
(2) During 220 kV operation (after 1998)

Case 2: 132 kV transmission line from the Arun 3 power station to
) the Hetauda substation via the existing Dubl and Dhalkebar

substations

Case 3: 220 kV transmission line from the Arun 3 power station to
the Dubi substation

The results of calculations for bus voltages and reactive power
flows in the above cases are shown in Fig, 8-12, according to which
the capacities of shunt reéctors are as given below. The Dhalkebar
switchyard is selected as an appropriate place for provision of
shunt reactors since the effects of the shunt reactors will be the
greatest at that site. A further condition is that only 1 unit of.

;he Arun 3 power station will be 1in operation.

Case 1t - Dﬁalkebar S/Y, 25 MVA/cct x 2 cet (total 50 MVA)
Cﬁse_é: Existing Dhalkebar S/8, 7.5 MVA (planned by NEA)
‘Cage 3: Unnecessary

According to the above studies, line charging will be possible for
any case if a shunt reactor of 25 MVA per one circult is provided at
the Dhalkebar switchyard. And 1ine charging of one circuit from the
Arun 3 power station to Kathmandu or Hetauda can be made by means of

only one generator operation of the Arun 3 power station,

8.7 Further Study and Investigation

Detailed examinations are made in this feasibllity study nainly for
the eastern part of the electric power éystem of Nepal with regard to
formulation of a power transmission énd-subs;ation plan to be deve-

1q§ed in accordance with the output of 402 MW from the Arun 3 power



station. Since electric power system will be expanded in succession
with increase in demand, it will be necessary to make the detailed
examinations regarding the expansion plan for the entire electric
power system in Nepal at all times, It is also required to study

further on power export,

Based on the results of the examinations of the power transmission and
substation plan for the Arun 3 ﬁrojeﬁt, the:subjécfs thch require
further inveétigatidns and studies are cited below. The topics cited
Below are on matters which will require much time for study, and
therefore, it will be necessary to make such investigations and stu-

dies separately from this feasibility study.

8.7.1 Power Facilities around Kathmandu

Kathmandu is the load center of the electric power system in Wepal,
and the facilities of the 66 kV substations -and. 66 kV transmission
iines around the city have to be expanded or renewed in step with

development of the Arun 3 power station,

As described previously-in paragraph 8.1, Pattern 4 is Seiected in
this feasibility study as the optimum power transmissioh plan. 1In
this case, it will be necessary to construct the New Kathmandu
substation and a detailed study on secondary substations to be con—-
nected with this New Kathmandu substation will also be needed. It
is planned in this study for convenience sake that the New Kathmandu
substation will be interconnected with the Balaju and.the_Siuchataf
substations by 132 kV transmission lines, however, studies hereafter

of the following points will be required;

- Location for comstruction of the New Kathﬁéﬁdu sﬁbstétiﬁﬁ

~ Selection of secondary voltage of the New Kafhmandu substatioﬁ
(66 kv or 132 kV) '

- Seleétion,of the number of outgoing cirbuité fof:éeébnda:y
transmission lines of the.NWew Kathmandu substation:and'of'interf

connecting substations



8.7.2

~ Expansion plan for reactive power facilities in surroundings of

Kathmandu

Expansion of 132 kV Transmission Line in Western Power System

One of the features of load on the electric bowar gystem in Nepal is
that the difference between peak load and off peak load is great.
According to the present study, the off peak load is about 35 per-

~cent of the peak load., Static condensers will be necessary at peak

load time to maintain system voltage as seen from the rvesults of

power flow analjsis, while shunt reactors will be needed at off peak

-load time, This system characteristic is due not only to the fea-

tures of the load but also the fact that the length of the trans-

mission line is great.

_ Particularly, at the section between the Dumkibas substation and the

Nepalgunj substation of the western power system, expansion of
132 kv, 2 Qét will have effect on maintaining system voltage at peak
load time, but volfage will rise at off peak load time, In order to
suppress this voltage rise, 1t will be necessary to increase tﬁe

capacity of the shunt reactor presently being plaﬁned by NEA, or to

_adopt_the measure of shutting down one of the two circuits during

off peak load time,

Aécordingly, as the demand of the western power system increases,
further “studies will beé required with regard to transmission line
expansion plans, shunt reactor capacities, and method of transmi-

ssion line operatlon.

It should be noted in the préseht gtudy, that voltage rise in the
case of the power flow talcﬁlations' at off peak load time is
suppressed by veducing the transmission Iine charging capacity

shﬁtting doWn_0ne_of4thertwo'circﬁits petween the Dumkibas and the

Nepalgun) substations (Figs. 8-5(2), 8-5(4), 8-5(5)).



8.7.3

8.7.4

Expansion of Hetauda Substation

If the power transmlission plan is formulated based on Pattern 4 con-
cerning the optimum power transmission pattern as described in para-
graph 8.1, the expansion plan of the Hetauda substation’by NEA will

cause no special problem for the time being.

However, in case a power transmission plan other. than Pattern 4 1is

formulated, especially in case Pattern 1 ‘will be adopted - {inter-

connection with the Hetauda substation by 132 kVy 4 cct ‘via the -

‘Pathalaiya substation), the reserve space at the Hetiuda substation

for “132 kV transmission lines will be insufficient and it will be

necessary to review the expansion plan presently éontemplated-by NEA

"to match the Arun 3 project development plan,

Fxpansion will also be required for existing 132 kV and 66 kV
transmission line facilities from. the Hetauda gubstation to
Kathmandu, furthermore, due attention should be paid to reliability

of power system as described in preceding paragraph 8.1.2.

Power Export

With regard to power export, it will be necessary’ to grasp thorough-
ly the characteristics of electric power system of * the importing
country. The principal items of study to facilitate the intercon-

nection with different power systems are the fQLlowiﬁg:

- Contrel of power flow of the interconnedfing lines
- Control of frequency and voltage of the two systems
- Effects of step-out of generator with large capacity

~ Operation method of interconnecting lines'

In this édnneéfion;'it is recommended for the study to be made to

assure that the two power system is synchronized Withoﬁt'pfoblems

examining transient and steady—staté stability, To ﬁﬁaéb;agévefhor.
and exciter characteristics as well as tnertia and qthér consténts
for principal generating'plants in both countries,'tfénamissidn line -
and transformer impedances and protective relaying syétem'peftaining"

to the power systems, etc, are to be investigated. Meanwhile study -



on asynchronous power system interconnection (MVDC) would be made as

an option though the possibility on adoption of such system is less.
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Table 8-2 Economic Comparison between 220 kV and 400 kV Substation/Switchyard

and Transmission Line Facilities

220 kv 400 kv
Transmission Line Length (km) 386 x 2 386 x 2
x Number of Circuits
Construction Cost (103us$)
Transmission Line :
Arun 3 S§/Y - Dubi §/§ _ (120 km) 23,200 24,100
Dubi $/8 - Dhalkebar S/Y (146 km) . 18,900 29,300
Dhalkebar 8/Y -~ New Kathmandu $/S (120 km) 15,400 24,100
Sub~total ..iiiiieinsierense (1) 57,500 77,500
Substation & Switchyard -
Arun 3 §/Y 14,900 30,200
Dubi §/8 12,700 19,900
Dhalkebar 8/Y 10, 300 16,400
New Kathmandu 8/8 15,400 22,500
Sub=total sieeesvrraraenseas  (2) 53,300 89,000
Telecommunication .eeesesescesecs (3 5,500 5,500
Total (1) + (2) + (3) ...vvvunnss (&) 116,300 172,000
Annual Total Construction Cost .. (5) 13,956 20, 640
(Annual Cost Rate 12%) ' o
Transmission Line Losses F
kW TLosses (MW) 33.3 15.5
kWh Losses (GWh) 94.8 44,1
Annual Cost due to Transmission Line Losses
(103Us$)
KW LOSSES  viseesssesereonsvenes (B) 2,264 1,054
kWh LOSSES svevanssvssroncansnss (7) 5,972 2,778
Total (6) + (7) auvevvvviinesess (8) 8,236 3,832
Total Annual Cost (5) + (8) 22,192 24,472

Note: (1) Annual energy losses (kWh losses) are calculated taking into. account.
the loss factor (Lr) which is the ratio of average power losses to-
peak power losses obtalned from experlmental equation of
Buller—Woodrow. ' :

= 0,3 x (Annual Load Factor) + 0.7 x (Annual Load’ Factor)2
Annual Load Factor : 0.5 S

(2) Cost for power losses and energy losses
(a) 68 US$/kW/year (b) 0.063 US$/kWh

(3) Cost of shunt reactor required for 400 kv transmlaslon system is
excluded, .
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