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1.0 INTRODUCTION

In compliance to Grid Code Regulation 2008, Clause No. 6.14.2.1, this office prepared an annual report covering the performance
of the Transmission System and details as required by the Ministry and the Authority annually for development of power system
master plan and formulation of other policy decisions, thus this report contains the performance of Transmission System for the
year 2019.

All the index and other calculations in this report have been executed based on the data received from substations and generating
plants.

2.0 PERFORMANCE OF GENERATING STATIONS

2.1 POWER GENERATION

The maximum individual plant generation was recorded as 1122.00 MW by the Tala Hydropower Plant, followed by 792.05 MW by
Mangdichu Hydropower Plant.

Table: 2.1.1  Monthly maximum and minimum generation summary

SLNe| Hydropower Plant Monthly Maximum and Minimum Generation (MW) Max/Min of vear
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (MW)

1 BHP Max 25.30 1643 2644 21.83 63.84 63.79 6622 66.33 66.63 66.34 99 30.02 66.63

Min 6.54 14.81 293 141 412 0.00 2451 224 0.00 47.05 4.13 8.47 0.00
s CHP Max 16933 101.90( 17112 182.08 278.7% 369.79 66.00 371.92 369.70 371.66| 36332| 18332 371.92

Min 66.80 66.62 3.00 4024 124.31 217.70 31.62 275.68 275.86 11.15| 17234 38.37 .00
3 THP Max 270.00| 320,00 30000 263.81 112200  1.122.00 1.122.00 112200 112200 1122.00) 750.00) 44000] 1,1322.00

Min 130.00 10.00 60.00 27.60 270.00 430.00 360.00 100.00 100.00 280.00)  240.00( 130.00 27.60
4 KHP Max 31.68 31.13 64.49 6033 66.18 66.00 66.00 66.00 66.00 66.00 60.62 4333 66.18

Min 1013 10.11 11.09 10.08 3138 12.67 31.62 3023 16.50 4326 1797 10.46 10.08
5 DHP Max 2ATTE 26.66 4029 25.02 12692 12747 95.10 100.70 100.79 100.70 5337 40.03 127.47

Min 19.19 123 075 11.06 17.16 0.00 3.50 1.13 4030 48.74 31.31 23.06 0.00
6 MHP Max 14401 17950 26471 357.70 192035 394.06 304.16 190.86 190.56 78000 44167 363.67 79205

Min 89.50 8.64 4973 19.70 180.03 190.64 1929 23972 236351 22631| 101358 3019 9.64
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Graph: 2.1.1 Basochhu generation summary Graph: 2.1 Chhukha generation summary
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Graph: 2.1.5 Dagachhu generation summary Graph: 2.1.6 Mangdichu generation summary
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2.2 PLANT FACTOR

The plant factor of each generating plant was calculated as below:

Plant factor = (Actual output of a plant over a period of time) / (Output when operated at name plate rated capacity for
entire time)

= (Total energy plant has produced over a period) / (Total energy plant would produce when operated at
full rated capacity)
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Table: 2.2.1  Monthly plant factor of the hydropower plants

§1. Ng | HFdTOpOE Monthly Plant Factor (%)
rPlast | Jan | Feb | Mar | Apr | May Jun | Jul Aug Sep Det
1 BHP 3323] 23] 27 2076 37a 6200 10232 o028 9964 5384
2 CHP 2706] 2074] 2448 2397 393 96,71 1933] 10876  10864]  oo04
3 THP 18.14] 1412] 1623] 13.04] 3825 §238| 7863 9648 87.56] 7847
4 KHFP 3463 2687 3037 43.86) 9793 102.30]  10823] 10679 10173 10507
s DHF 18.18] 13.48] 1392] 1138 3239 s693]  e3sn|  mes2 81.25] 6458
6 MHP 000 012 nse2 ool 3625 0,00 0.00] 2568 2808) 3078

Graph: 2.2.1 Plant factor of Basochhu Hydropower Plant Graph: 2.2.2 - Plant factor of Chhukha Hydropower Plant
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Graph: 2.2.3 Plant factor of Tala Hydropower Plant
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Graph: 2.2.4 Plant factor of Kurichhu Hydropower Plant
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Graph: 2.2.4 Plant factor of Mangdichu Hydropower Plant
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3.0 PEAK DEMAND, ENERGY AVAILABILITY AND REQUIREMENT FOR THE COUNTRY
Calculation of coincidental peak load for the eastern grid, western grid and national load, we use the following methods:
1. National Demand = (Sum of all total generation of each plant) — (Sum of all Export/Import)
2. National Demand = (Sum of all feeders loading at hydropower plant) — (Sum of all Export/Import)
3. National Demand = (Sum of all substation loading)
The national load calculated using method-3 is considered in the report.
3.1 NATIONAL LOAD
The national coincidental peak load for the year was recorded 43535 MW (Increased by 16 % compare to 2020 (374.53 MW)) on
December 27, 2020 at 18:02:18 Hrs. using method-2 (sum of all feeder loading at hydropower plant minus sum of export/import).
The main factor contributing towards the increase in Bhutan peak load in 2021 could be because of more production by the industries
numbers of new substations came up in 2020.
Year 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Pe;‘[‘%’ad 157.36 | 187.05 | 237.17 | 256.95 | 276.24 | 282.44 | 313.94 | 333.41 | 336.52 | 335.87 | 362.09 | 399.35 | 387.66 | 374.53 | 435.35
% Growth over 1887 | 2679 | 834 | 751 | 224 | 1115 | 620 | 093 | -0.19 | 7.81 | 1029 | -2.93 | -339 | 16.24
previous Year
8 | Bhutan Power System Operator, BPC
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Table: 3.1.2  Monthly national peak load and corresponding generation using method- 3
. Total Grid (MW) Western Grid (MW) | Eastern Grid (MW)

SL.No| Months Date Time Load  |Generation| Load |Generation| Load |Generation
1 Jan 23-Jan-21 19:00 330.32 408.90 25030 271.62 70.93 131.28

2 Feb 6-Feb-21 19:00 321.55 363.75 248.79 258,85 72.76 104.90

E Mar 14-Mar-21 19:00 33275 570.68 252.60 355.78 80.16 214.90

4 Apr 14-Feb-21 19:00 32023 372.57 251.62 21929 69.03 153.28

5 May 6-May-21 19:00 304.53 966.50 235.12 630.70 69.41 335.80

6 Jun 28-Jun-21 22:00 362.79]  1,506.50 328.00 973.60 34.79 332.90

7 Jul 6-Jul-21 20:00 30369 197176 27.70] 131402 110.52 657.74

8 Aug 15-Aug-21 21:00 42977| 228006 30400 162083 125.77 63923

9 Sep 2-Sep-21 19:00 34554| 247519 345000 161982 123.49 §33.37
10 Oct 30-Oct-21 18:00 42269 156245 28604 122036 133.75 342.09
11 Nov 7-Oet-21 18:00 301.05]  1,156.00 257.55 872.44 133.50 28363
12 Dec 26-Dec-21 18:00 43535 700.94 276.64 405.53 158.70 20541

National Peak Load of the vear (MW) 43535

Graph: 3.1.2 Monthly national peak load and corresponding generation using method- 3
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3.2  WESTERN GRID PEAK LOAD

Using method-3, the peak load for the western grid was 46251 MW which occurred on May 23, 2021.

Table: 3.2.1  Monthly western peak load and corresponding

Graph: 3.2.1 Monthly western peak load and corresponding
generation

generation
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3.3 EASTERN GRID PEAK LOAD

Using method-2, the peak load for the eastern grid was 12759 which occurred on July, 2021.

Table: 3.3.1  Monthly eastern peak load and corresponding Graph: 3.3.1 Monthly eastern peak load and corresponding generation

generation
SLNo| Months Date Time E:L::edrnﬁtt';:n{:l[jgm 500,00 ¢ Monthly Eastern Peak Load Summary
1 Jan 17-Jan-21 18:00 76.54 132.33 800.00
2 Feb 4 Feb-21 19-00 76.28 104.76 g 700.00
3 Mar 22-Mar-21 19-00 84.70 139.13 = 600.00
4 Apr 21-Apr-21 19-00 70.94 157.65 3530,%
5 May 3-May-21 19-00 79.10 22639 £ 400.00 o Load
[ Jun 14-Jun-21 20:00 77.56 45526 Z 200,00 B Conerats
7 Jul 1-Jul-21 17:00 110.52 638.77 2 20000 Fneration
8 Aug 21-Aug-21 19:00 168.54 340.26 2
9 Sep 1-Sep-21 19:00 12512] 83417 100.00
10 Oct 30-Oct-21 13:00 135.75 647.46 000 T . L = = a2 s u
11 Nov 40ct-21 7-00 141 42 43884 s g 22 &0 25
12 Dec 26-Dec-21 18:00 158.70 205 41 Month
Eastern Peak Load of the vear (MW) 168.54
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4.0

4.1

EXPORT AND IMPORT OF ELECTRICITY TO/FROM NEIGHBORING COUNTRIES

EXPORT OF ELECTRICITY TO NEIGHBORING COUNTRY
Maximum export of electricity for the year was 1,114.00MW to Binaguri substation in September, 2021, followed by 361.00MW
to Birpara substation. The minimum export was 0.00 MW to Binaguri substation.

Table: 4.1.1  Monthly power export summary

Mu‘u!hl}‘ Maximum and Minimum E‘I.]l-u-rl l:.'n:l“}
™o| Substation in India
e i Jam | Feb | Mar | Apr | May | Jwm | Jul | aug | Sep | Ot | Nov
1 B Maz | 159200] 79.00] 20400 194.00) 1.041.00( 23800 33500 111300 101400 43300 000
fnagerl i 41000 100l 100l 1no0) 21100 1.04) 0.90 1.09 1.0 100 000
2 | Birpars |22 so40] 3530] sEan| 6740 22847] 319%0] 21689 361.00] 32480 20287 19473
o Min 010 ose] o010l o030 10|  1100] 6508 160.46) 12900 8.76| 028
3 | Salakoti | Max 14200 1102] 32350 3361) 10655 165233] 10041] 10247  $936] 4837 3054
& Ramgia | Min 102] 0% o013] 016 049 16%4] 2980 .04 146 056 010
Graph: 4.1.1 Monthly power export to Binaguri substation Graph: 4.1.2 Monthly power export to Birpara substation
Power Export to Binaguri Substation Power Export to Birpara Substation
1,200.00 400.00
1,000.00 350.00
g 300.00
" 200.00 EESU.UU
£ 600.00 E 200.00
o o Max e 130.00 " Max
E 40000 = Min g D0 u Min
& £ 100.00
=
= 200,00 50.00
0.00 0.00
Jan FebMar AprMay Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months Months
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Graph: 4.1.3 Monthly net power export to Salakoti and Rangia substation
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4.2 IMPORT OF ELECTRICITY FROM NEIGHBORING COUNTRY

Maximum import of power was 116.20 MW from Birpara substation which occurred in February, 2019 followed by 89.50 MW and
75 MW from Salakoti and Rangia and Binaguri respectively.

Table: 4.2.1 Monthly power import summary

Alomihly Masimum and Misimom [mlu-rl l:.'ﬂ'“}
%o| Substation in India .
skl Jam | Feb | Mar | Apr | May Jun Jul Aug | Sep | Oct Noy
Max 4000| 101.00] 4300 oo00] o000] o700 18B00| 2300 2700|0000 33800
1 | Binaguri —— = 1
Mis | 4000 200 100 00O 0.00 1oo] o030 03 200 100 2
s Max 6240 7000] 10223] eso2]  2san 0.00 0.00 0.00 0.00 000 10090
Mim 030 o005] o40] 003 1.20 0.00 0.00 0.00 0.00 0.00] 038
5 | Salakott | Max | 6405] sS40 s433] a4ss0] 2903 1803] 000] o000l 116] 000 400
| & Rangia | Min 019] 130l oo7l  oo3] o017 1803 00| 000 0.26 o000 133
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Graph: 4.2.1  Power import from Binaguri substation summary

Graph: 4.2.2  Power import from Birpara substation summary
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Graph: 4.2.3 Power import from Salakoti and Rangia substation summary
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5.0 FREQUENCY PROFILE: MAXIMUM AND MINIMUM FREQUENCY RECORDED AND THE FREQUENCY

DURATION IN DIFFERENT FREQUENCY BANDS

As per the Grid Code Regulation 2008, Clause 6.4.1 the transmission system frequency was classified into three different bands as
follows:

We base our frequency at 220kV Bus frequency at 220/66/11kV Semtokha substation in the western grid and 132kV Bus frequency

1.

Normal state
The transmission system frequency is within the limit of 49.5Hz to 50.5Hz

Alert state

The transmission system frequency is beyond the normal operating limit but within 49.0Hz to 51.0Hz
Emergency state
There is generation deficiency and frequency is below 49.0Hz.

at 50Hz and Kurichhu Hydropower Plant in the eastern grid.

Table: 5.0.1

Frequency profile at Semtokha substation

220066/ 11KV Semiokha Swbstation

206N Bus Freguency Operafion Stabe (%5)

5L Mo Menths Eme Blackoui!
Normal | Alert :‘“‘ cimjin

1 Jan 160.00 .00 0.0 0,00

2 Felb 100,00 0,00 0,00 u.ﬁ

3 Mar 100,00 0,00 0.00 [

4 Apr 26.51 0.13 0.0 336

5 Ay 100,00 0,00 0,00 0,00|

& Jun 160,00 .00 .00 l.'r.gg_l

7 Jul 100,00 0,00 0,00 0.00

8 S #9.23 .00 0.00 0.00)

] Sep 246,51 0.13 000 336

L[] et 104,00 0.00 0,00 0.00

i1 oy 100,06 .00 0.00 0.00|

12 Dec 0,00 .00 000 0.00
mmn::mmm e (| dam TR

Graph: 5.0.1 Frequency profile at Semtokha substation

Mg O 1
0560 JII . 0/00%

220KV Bus Frequency Dperation State of
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= Mormal

= Alers
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B Elaciosaat/ (ke
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Table: 5.0.2  Frequency profile at Kurichhu Hydropower

plant Graph: 5.0.2 Frequency profile at Kurichhu Hydropower Plant
SL No Months SEE S Redteng ]?:l:::-;:: Sxt;:em(r.:u 13ZkV Bus Frequency Operation State of
Normal Alert A Kurichhu Hydropower Plant
¥ Other
1 Jan 99.87 0.13 0.00 0.00
2 Feb 90.32 0.00 0.00 9.68
3 Mar 99.60 0.00 027 0.13
4 Apr 9637 0.00 0.00 3.63
5 May 100.00 0.00 0.00 0.00 = Normal
6 Jun 96.77 0.00 0.00 323
7 Jul 100.00 0.00 0.00 0.00 W Alert
8 Aug 100.00 0.00 0.13 0.00 = Emergency
9 Sep 96.77 0.00 0.00 3.23 I B s
10 Oct 99.73 0.00 0.13 0.13
11 Nov 9637 0.13 0.13 3.36
12 Dec 0.00 0.00 0.00 0.13 . A
N 1,964 | w0 G
Ope"m';:::te forthe | 89650 | 0.02% | 0.06% | 1.96% i

6.0 VOLTAGE PROFILE OF SELECTED SUBSTATIONS
As the Grid Code Regulation 2008, Clause 6.4.1, the voltage at all connection points was classified into three different bands as
follows:
1. Normal state
The voltages at all connection point are within the limits of 0.95 times and 1.05 times of the normal values
2. Alert state
The voltage at all connection points are outside the normal limit but within the limits of 0.9 times and 1.1 times of
the normal values
3. Emergency state
Transmission system voltages are outside the limits of 0.9 times and 1.1 times of nominal values.

16 | Bhutan Power System Operator, BPC
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The voltage profile of 400/220/66/11kV Malbase substation in western grid and 132/33/11kV Nangkhor substation in the eastern grid are
considered in the report.

Table: 6.0.1 Voltage profile at Malbase substation

400/220/66/11kV Malbase Substation

400KV Bus Voltage Operation State (%) 220KV Bus Voltage Operation State (%)

SL. No | Months Normal Alert Emergenc | Blackout/ Normal Alert Emergenc | Blackout/
¥ Other ¥ Other

1 Jan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 Feb 89.78 0.54 0.00 9.68 90.05 0.00 0.27 9.68

3 Mar 98.39 1.61 0.00 0.00 100.00 0.00 0.00 0.00

4 Apr 96.10 0.27 0.00 3.63 92.07 4.44 0.00 3.49

5 May 100.00 0.00 0.00 0.00 99.87 0.13 0.00 0.00

6 Jun 96.77 0.00 0.00 3.23 96.51 0.27 0.00 3.23

7 Jul 08.12 1.61 0.27 0.00 100.00 0.00 0.00 0.00

3 Aug 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00

9 Sep 96.77 0.00 0.00 3.23 96.77 0.00 0.00 3.23

10 Oct 100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00

11 Nov 70.97 14.52 0.27 14.25 96.77 0.00 0.00 3.23

12 Dec 93.95 0.00 0.00 0.06 100.00 0.00 0.00 0.00
Operation State for | _g 4106 | 1.55% | 0.04% | 2.84% | 89.34% | 0.40% | 0.02% | 1.90%

vear

17 | Bhutan Power System Operator, BPC
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Graph: 6.0.1 Voltage profile at Malbase substation at 400kV bus
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Table: 6.0.2 Voltage profile at Nangkhor substation

132KV Bus Voltage Operation State (%)
SL. No | Months Normal Alert Emergenc | Blackout/
v Other
1 Jan 100.00 0.00 0.00 0.00
2 Feb 90.32 0.00 0.00 9.68
3 Mar 9933 0.00 0.00 0.67
4 Apr 94 89 4.97 0.00 0.13
= May 97.18 2.82 0.00 0.00
6 Jun 96.77 0.00 0.00 3.23
7 Jul 100.00 0.00 0.00 0.00
8 Aug 0.00 0.00 0.00 0.67
9 Sep 92.74 0.13 0.00 7.12
10 Oct 9987 0.00 0.00 0.13
11 Nov 96.77 0.00 0.00 3.23
12 Dec 0.00 0.00 0.00 0.00
Op“’t:’:ﬁt'te or\ so0e6%| 0.66%| 0.00%| 2.07%

Graph: 6.0.2Voltage profile at Malbase substation at 220kV bus

220kY Bus Voltage Operation State of Malbase
Substation
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Graph: 6.0.3 Voltage profile at Nangkhor substation
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7.0 MAJOR GENERATING AND TRANSMISSION OUTAGE
The summary of the major transmission outages for the eastern grid and western grid are attached as Annexure- | and Annexure- Il

respectively.

The outages of transmission line or transformer or any power system equipment below 66kV, tripping/outage of less than 30minutes
and planned shutdown which do not cause supply interruption to the customers are not reflected.

8.0 TRANSMISSION CONSTRAINTS
There are no instant of transmission constraints during normal condition in Bhutan Power System.

9.0 INSTANCES OF PERSISTENT OR SIGNIFICANT NON-COMPLIANCE WITHIN THE GIRD CODE REGULATION
The instance of non-compliance with the Grid Code Regulation 2008 for the year 2019 was not recorded.
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Annexure- |

Eastern Grid Outages
January 2021
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Western Grid Outages
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(F) 66/33/11kV Jemina Substation
Chumdo:
20012021 | 858 | 20012021 | 9:03 5 3.78 66 kV Chumdo I|_ne & Black out Over Current Start 151 Line segment Non dlrectlongl O/C operated, Auto reclose lock out & distance protection optd. Indicated. Upon test charging at 09:03
Cl/daphu: [66 kV C/daphu line Hrs, both the line stood normal.
-6.33
Chumdo:
2.25 66 kV Chumdo line & . Non directional O/C operated, Auto reclose lock out & distance protection optd. Indicated. Upon test charging with
.01. : .01 B . Over C it Start I>1 .
20.01.2021 | 20:50 | 20.01.2021 | 20:54 4 Cl/daphu: [66 kV C/daphu line Black out ver curren B Line segment system code: 1163 at 20:54 Hrs, both the line stood normal.
-6.72
Chumdo: Dist
-3.03 66 KV Chumdo line & istance . Distance protection optd. & Auto reclose lockout, Started phase BC, Tripped phase ABC, Trip Zone |, fault location:
.01. : .01 : . tect Started phase BC - ! A ! N
210020211 936 | 21002021 | %38 | 2 eigapny (66 kv Cidaphu line SR (et aredphase BC - LIne segment 16 13 kKM & 6.112 KM, Chumdo & Cidaphu respectively. Upon test charging at 09:38 Hrs, bot the line stood norml.
0.33
Distance : : " . .
) B . . 3 . Distance protection optd. & Auto reclose lockout, Started phase AC, Tripped phase ABC, Trip Zone I, fault location:
21.01.2021 | 11:25 | 20.01.2021 | 11:27 2 4:33 66 kV Chumdo line Black out Egzt;cttelsn Started phase AC  [Line segment 6.789 KM. Upon test charging at 11:27 Hrs with the code 1169, the line stood normal.
Distance . . . . .
) . . 3 . Distance protection optd. & Auto reclose lockout, Started phase AC, Tripped phase ABC, Trip Zone |, fault location:
21.01.2021 | 11:25 | 20.01.2021 | 11:30 5 _5.31 |66 kV C/daphu line Black out z:jztreact:::n Started phase AC  |Line segment 6,616 KM. Upon test charging at 11:30 Hrs with the code 1170, the line stood normal.
(H) 66/11kV Haa Substation
05.01.2021 13:33 05.01.2021 13:39 | O6minutes | -2.36 66KV Incomer All the feeders Unknown 0O/C Pangbesa s/s Incomer tripped from Pangbesa substation on over current. Supply was resumed further,after informing the concern person.
21.01.2021 11:39 21.01.2021 1152 | 14minutes 129 SMVA T Il Incomer - 1l & Tr-1l Tofill L;;;Sthe SF6 Nil Haa S/s 5MVA transformer - || was taken shutdown by substation I;i;:(‘iNLor;ill up the SF6 gas. The same was energised after completing
(J) 66/33/11kV Pangbesa substation
05.1.2021 |13436Hrs| 05.1.2021 |13:39Hrs 3 2.21 |66kV OG to Haa 66KV OG to Haa ol/C Distance relay Pangbisa-Haa
(K) 66/33kV Changidaphu Substation
. 66KV Distance Protection.
20.012.021 (857hrs | 20.012.021 | 1213hrs | 16.00 1.017 | 66KV Cgangidaphu Cgangidaphu Zone:1(R.Y.B phase)
20.012.022 |2050hrs | 20.012.022 | 2059hrs |  9.00 6.120 | 66KV Cgangidaphu 66KV 86trip(A and B)
20.012.023 |857hrs 20.012.023 | 1213hrs | 16.00 1.017 66KV Cgangidaphu 66KV Distance Protection.
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