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FOREWORD

The Distribution System Master Plan (DSMP) identifies, prioritizes and opts for adequate and
optimal distribution system expansion and augmentation programs to meet the expected electricity
growth and demand development in the Country. This timely formulation of DSMP is in line with
the stated corporate strategic objective of providing affordable, reliable and quality services to
customers and will enable to traverse the changing technological, regulatory and social constraints

for the time horizons considered.

The DSMP has been finalized after a series of consultative discussions with all the relevant
stakeholders to obtain a shared outcome. In particular, adequate efforts have been taken to ensure
that the DSMP aligns and integrates with the stated plans and programs of the Royal Government
of Bhutan (RGoB) for the energy sector.

Based on the expected demand development for the time horizons considered, the DSMP outlines
the road map for the implementation of optimized distribution network expansion programs and
projects in stages with the expected investment required and financial commitments. The DSMP
will be updated on a regular basis to incorporate changing business imperatives and contexts to

ensure its relevance.

Appreciation goes to all the officials of the Distribution Services for formulating and coming out
a comprehensive document that is timely which will serve as a blueprint for the Distribution
Services to build a robust distribution system that will go a long way in contributing towards

realization of BPC’s objectives of providing a reliable electricity supply to its valued customers.

(Sortam Tobje
Chief Executive
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Definitions

Asset Life: The period of time (or total amount of activity) for which the asset will be

economically feasible for use in a business.

Balanced system: A system is said to be balanced when all phase conductors carry
approximately the same current. For delta systems, this applies to two-phase conductors, and for

three-phase wye systems, this applies to three-phase conductors.

Contingency plan: Power that is needed when regularly used electric generating units are not in
service, such as during short-term emergencies or longer unplanned outages, and during periods
of scheduled maintenance when the units must be shut sown. Short-term backup power is
generally called emergency power. Long-range backup power is often provided for in reserve

sharing agreements.

Capacity: Also known as the power or capability of an electric generating plant. Facilities and
place to serve electric customers. 2) The total amount of electrical energy a power line is able to

transport at any given time (Measured in kVA).

Clearance: The clear distance between two objects measured surface to surface. For safety
reasons, proper clearance must be maintained between power lines and the ground, buildings,

trees, etc.

Critical Value: The value of the random variable at the boundary between the acceptance region

and the rejection region in the testing of a hypothesis.

Distribution line: That part of the electrical supply system that distributes electricity at medium
voltage (33kV, 11kV & 6.6kV) from a transformer substation to transformers or other step-down
devices service customer premises, which finally supply power at the voltage required for

customer use.

Distribution loss: Energy losses in the process of supplying electricity to the consumers due to

commercial and technical losses.

Distribution system: The portion of the transmission and facilities of an electric system that is

dedicated to delivering electric energy to an end-user.

vi
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Energy: Delivered power measured in kilowatt-hours (kWh).

Generating station: A plant wherein electric energy is produced by conversion from some

other forms of energy.

Grid: A system of high-voltage transmission and power-generating facilities that is
interconnected with a number of other bulk power supply agencies on a regional basis. A grid
enables power to be transmitted from areas having a surplus to areas experiencing a shortage. A

grid also eliminates some duplication of costly facilities in a given region.
Investment: the action or process of investing money for certain activities with return and profit.

Lines (electrical supply) - Those conductors used to transmit or deliver electric energy and their

necessary support or containing structures.

Linear Regression Method: In statistical modeling, regression analysis is a set of statistical
processes for estimating the relationships between a dependent variable (often called the

'outcome variable') and one or more independent variables.

Load: 1) A device, or resistance of a device, to which power is delivered in a circuit. 2) The

measure of electrical demand placed on an electric system at any given time.

Load forecasting: The methods used in determining a system's short and long-term growth in

peak load and kilowatt-hour sales by consumers.
Load Growth: The increase in the demand of power required over time.
Marginal Value: Just barely adequate or within a lower Limit.

On line - Term generally used to indicate when a generating plant and transmission line is
scheduled to be in operation. When an operational plant and line is not on line, it is said to be

"down."
Outage - Interruption of service to an electric consumer.

Overload - Operation of equipment in excess of normal, full-load rating, or of a conductor in

excess of rated ampacity that, when it persists for a sufficient length of time, would cause

vii
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damage or dangerous overheating. A fault, such as a short circuit or ground fault, is not an

overload.
Optimization: the action of making the best or most effective use of a situation or resource.

Pad-mounted equipment- General term describing enclosed equipment, the exterior of which
enclosure is at ground potential, positioned on a surface-mounted pad. Example: underground

transformers and junction boxes.

Peak demand - The maximum amounts of electricity used by a utility customer at any given
time during the year. The peak is used to measure the amount of electric transmission,
distribution, and generating capacity required to meet that maximum demand, even if it occurs

infrequently and only for very short durations.

Peak load - The greatest amount of electricity used during a time period by the consumers in a

utility's system.
Power - The time rate of electric energy in a device or circuit, measured in watts.

Power factor - A measurement of efficiency in the use of electricity. For example: a 100%
power factor would be like a horse pulling a wagon on rails directly forward with no resistance.
If the horse turns and pulls at a right angle to the rails, he may pull just as hard, but his efforts
will not move the car. This would be a zero percent power factor. Now, if he pulls at a 45-degree
angle to the rails, he will pull the car, but not with as high efficiency as if he were pulling straight
down the rails. In the use of electricity, not every kilowatt generated translates into equivalent

horsepower efficiency.

Power grid- A network of generation, transmission and distribution system that are

interconnected

Power quality - The extent to which a utility system is able to maintain its delivery of electric
energy within the tolerable limits of voltage and without outages or other problems with affect a

customer's equipment use.

Power supply - Source of current and voltage.

viii
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Reliability - A measure of a utility's ability to deliver uninterrupted electric service to its

customers.

Substation - An electrical facility containing switches, circuit breakers, buses, and transformers
for switching power circuits and transforming power from one voltage to another, or from one

system to another.

Time Series Analysis: The statistical techniques used when several years’ data are available to

forecast the load growth.

X
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1. Executive Summary

Bhutan Power Corporation Limited is mandated to provide affordable, adequate, reliable and
quality electricity services to the customers through transmission and distribution networks
established across the country. Towards realizing the mission, vision and destination statement of
BPC as outlined in the Corporate Strategic Plan (2019-2030), there is a need to carry out
comprehensive studies of the distribution system to address the system deficiencies as the ground

realities are different triggered by technological advancement and economic growth.

The existing distribution networks are modeled and accordingly, the technical evaluation is
carried out adopting the generally accepted load forecasting framework i.e. Time Series Analysis
in conjunction to Linear Regression Method, the power requirement for next ten (10) years are
forecasted. Subsequently, the network capability and the system gaps are identified with
proposed distribution system planning. The investments are proposed (based on the priority
matrix) to address the system inadequacies with the intent to improve the Customer Services
Excellence, Operational and Resource Optimization Excellence, Innovation and Technology

Excellence and Business Growth Excellence.

The single to three-phase distribution network conversion across the country is reproduced in
this report based on the studies carried out by BPC “Technical and Financial Proposal on

Converting Single Phase to Three-Phase Power Supply in Rural Areas”.

The details on the distribution grid modernization are outlined in Smart Grid Master Plan 2019
including the investment (2020-20230). The identification of the system deficiencies and
qualitative remedial measures which would require system automation and remote control as per

the existing and projected load are only outlined in this report.

Similarly, the system study beyond the Distribution Transformers had to be captured during the

annual rolling investment and budget approval.

The ETAP tool is used to carry out the technical evaluation and validate the system
performances. Finally, necessary contingency plans, up gradation and reinforcement plans are
proposed as annual investment plans based on the outcome of the simulation result.
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2. Introduction

The system study is intended to improve the power distribution system in Bhutan by formulating
a comprehensive, national level and district wise DSMP (2020-2030) till 2030 that provides
measures for renewing and reinforcing power distribution facilities. BPC’s distribution system
has grown in size and complexities over the years. While many network additions and alterations
carried out so far were as per the recommendations of the Druk Care Consultancy Study Report
(2006), the ground realities are evermore different now than anticipated during the study. There
is a need to explore opportunities for optimizing the available resources and develop a master

plan for future investments.

Some of the prominent driving factors required for the development of the master plan includes
but not limited to reliable power supply to the customers, reduction of distribution losses,
network capability with the anticipated load growth, optimization of the resources and to develop

annual investment plan.

BPC has never carried out comprehensive system studies to improve the distribution system and
optimize the available resources. The recurring investment plans (annual) is based on the on-site
and field proposals without any technical evaluation being carried out which could have resulted
in preventable and excessive investments. Therefore, proper planning is necessary to improve the

system for optimal usage of resources.

It is also intended that this master plan is to provide general guidance in preparing long-range
system planning. The analysis indicates where up-grades are most likely to be economical and
provides insight into the development of a practical transition from the existing system to the
proposed long-range system. Based on this analysis, recommendations are made for improving
system performance and increasing system capacity for expansion. Periodic reviews of the
master plan will be required to examine the applicability of the preferred plan considering actual

system developments.
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3. Objectives of the Master Plan

The objective(s) of the DSMP (are):

3.1 To carry out the system study of the existing distribution network, forecast and come out

with the comprehensive ten (10) years strategic distribution plan;

3.2To provide affordable and adequate electricity, reduce losses, improve power quality,

reliability, optimize the resources and gear towards excellent customer services; and

3.3 To come out with annual investment plans.

4. Scope of the Distribution System Master Plan

Formulation of detailed DSMP (2020-2030) of the Dzongkhag for renewal, reinforcement, and

extension of the power distribution system up to DT.

5. Methodology and Approach

In order to better understand the existing distribution system and postulate the credible
investment plans; standard framework and procedures had been adopted. However, in the
absence of any standardized procedures in BPC for planning of distribution system, the
following customized procedures detailed in Section 5.1 through Section 5.5and as shown in

Figure 1 are considered to suit BPC’s requirement for developing the DSMP.

As per Existing Load
7 (as on 2019)
Data Collection and Modeling and R
Validating ) Mapping d LOAD FLOW
As per Forecasted
"1 load (2025 &2030)
Investment Distribution System | Analyze & Identify the
Plan Planning A System Deficiencies

Figure 1: Block diagram for distribution system planning for thematic studies

3



Distribution System Master Plan (2020-2030) | 2019

5.1 Data Collection and Validation

In order to carry out the detailed studies with greater accuracy, complete and reliable data for the
existing distribution infrastructure is required. Therefore, intensive field investigation was
carried out during the months of April and May (2020) to validate the information that was
collected. The information required for the studies does not confine to the BPC’s internal
distribution network but also the developmental activities of the cross-governmental sectors. The
power arrangement requirements from these developmental activities were also used to forecast
the power demand. The data validation on the distribution system includes the review of all the
power sources, medium voltage lines and transformers with that of GIS data of Environment and

GIS Division and SLD submitted by respective ESDs which is attached as Annexure-1.

5.2 Modeling and Mapping

The feeder wise distribution lines and transformers were modeled and mapped in ETAP tool and
the base case was developed for the existing distribution network. The technical parameters for
the lines and transformers were considered based on IS 2026, IEC 60076 (Details attached as
Annexure-2) to develop the base model. Modeling and Mapping detail is attached as Annexure-
1.

5.3 Analysis and Identification of System Deficiencies

The existing distribution system model was analyzed in the ETAP involving balanced load flow
to figure out the network capabilities against the set distribution standards. The load growth was
projected using the commonly adopted methodology that is LRM in conjunction to TSA which is
based on the historical data and accordingly the behavior of the distribution system was
analyzed, and the system deficiencies were identified. The details on load forecast methodology

is attached as Annexure-3.

5.4 Distribution System Planning

Necessary deterministic and probable distribution system planning methods are proposed to

address the system gaps focusing on reduction of losses, improving the reliability and power
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quality. Accordingly, any contingency plans, up gradation and reinforcement plans are proposed

along with the investment plans incorporating best fit technology.

5.5 Investment Plan

The approved investment plans (from 2020 to 2023) have been validated based on the outcome

of the system studies and accordingly, the yearly investment plans are outlined as per the priority

matrix as detailed in Section 9.

6. Existing Electricity Distribution Network

6.1 Overview of the Power Supply Sources

The power supply to ten (10) Gewogs of Chukha Dzongkhag and industries based in
Phuentsholing Gewog is from Phuentsholing, Malbase, Singyegoan, Gedu, Chukha and Watsa
HV substations. There are also two MV substations in Phuentsholing and Gurungdangra. The

basic electricity distribution network model as seen from the source is illustrated in the schematic

diagram is predominantly redial as shown in Figures 2 & 3.

66/33/11kV PHUENTSHOLING SUBSTATION
66kV CHUKHA INCOMER 66kV MALBASE INCOMER
66kV BUS ¢ B/ic
8 3 MVA, 66/11kV 8 10/12.5MVA, 66/11kV g 10 MVA, 66/33kV 810 MVA, 66/33kV
11kV BUS
B/C B/C
Bic | 33 KV BUS
Nl @
2 8 2 8 1§ b 8 B240 (Sector I) B250 (Sector II) [
=X = = I
s o = =5 =2 @ ; 5/6.3 MVA, 5/6.3MVA, =
o 3 s g z 3 [ 33/11kV 33/11kV 2
= = o 3 @
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Figure 2: Electricity Distribution Schematic Network of Chukha Dzongkhag (Phuentsholing,
Singyegoan and Malbase substations)
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The customers of Chukha Dzongkhag receive power supply from 66/33kV, 3SMVA & 10MVA
and 66/11kV, 2x10MVA Phuentsholing substations; 66/11kV, 2x20MVA Malbase substation;
66/11kV, 2x10MVA Singaygoan substation; 66/11kV, 2xSMVA and 66/33kV, SMVA & 8
MVA Gedu substations; 66/11kV, 3x3MVA Chukha substation and 66/33kV, 8MVA Watsa

substation.

There are two 33/11kV substations installed at Phuentsholing and Gurungdangra as MV

substations.
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Figure 3: Electricity Distribution Schematic Network of Chukha Dzongkhag (Gedu and Watsa
Substations and Chukha Switchyard)

6.2 Electricity Distribution Lines

The quantity of MV and LV lines operated and maintained by ESD, Phuentsholing is

summarized in Table 1.
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Table 1: MV and LV Line Details
Total MV Total line
SI. 33 kV 11 kV LV lines
line length
No.
OH UG OH UG OH UG OH UG
ESD, Phuentsholing
1 111.11 0.98 160.34 13.01 271.46 13.99 923.09
ESSD, Gedu & Lhamoizingkha ,
2 219.08 0.13 87.30 5.61 306.38 5.74 625.64 12 312.13
ESSD, Tsimalakha ,
3 23.71 0.07 50.46 0.64 74.17 0.71 74.88
Overall Total
353.90 1.19 298.11 19.26 652.01 20.45 625.64 12.00 1,310.10

*LV line length is as per Power Data Book 2018.

The total MV line length is 672.46 km and the total LV line length is 637.64km. The ratio of LV

to MV line length is 0.95 which reflects an equal proportion of power distribution through MV &

LV distribution and is recommended to maintain the ratio. While the ratio of LV to MV line

length would vary according to the site conditions, as a general thumb rule, network ratio of

1.2:1 (LV to MV) should be maintained for optimum initial capex and the running and

maintenance costs. The majority of the MV distribution network is through 33 kV and 11 kV

overhead lines with some network in the town areas being through underground cables.

6.3 Distribution Transformers

The number of distribution transformers operated and maintained by the ESD, Phuentsholing and

its ESSDs (Gedu, Tsimasham & Lhamoizingkha) is tabulated in Table 2.

Table 2: Total Numbers of Transformers, Installed Capacity and Customers

SI. Voltage Number of Installed Total number
Name of Feeder
No. Ratio Transformers | capacity (KVA) | of customers
ESD, Phuentsholing
11 kV Feeder B10 (New
1 11/0.415kV 9 4933 284
Polythyene)
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SL Voltage Number of Installed Total number
Name of Feeder
No. Ratio Transformers = capacity (KVA) = of customers
11kV Feeder B20 (Karbraytar &
2 11/0.415kV 21 4348 1181
Rametey)
3 11kV Feeder B30 (Tading) 11/0.415kV 91 6475 1034
11kV Feeder B40 (BPC
4 11/0.415kV 12 5110 544
Colony)
5 11kV Feeder B220 (Hospital) 11/0.415kV 1 750 23
6 11kV Feeder B230 (Helipad) 11/0.415kV 2 1500 268
11kV Feeder B280 (Water
9 11/0.415kV 18 9475 1650
Booster)
10 11kV Feeder B270 (PWD) 11/0.415kV 17 8938 1824
11 11kV Feeder B290 (Yarkay) 11/0.415kV 1 315 10
12 11kV Feeder B300 (Station) 11/0.415kV 1 63 1
33kV Feeder B260 (Serina
13 11/0.415kV 94 2952 1822
Bosokha)
11kV Feeder B8O
14 11/0.415kV 15 819 939
(Rangaytrung)
11kV Feeder B90
15 11/0.415kV 3 251 378
(Gurungdangra)
11kV Feeder B400 (Druk
16 11/0.415kV 28 14005 800
Cement)
11kV Feeder B410 (Bhutan
17 11/0.415kV 2 3750 1
Steel)
11kV Feeder B420 (Malbase
18 11/0.415kV 1 630 31
Colony)
19 11kV Feeder B460 (Burkey) 11/0.415kV 3 189 152
11kV Feeder B50 (BCCL
20 11/0.415kV 10 5221 566
Colony)
11kV Feeder B390 (Lower
21 11/0.415kV 17 11686 29
Industrial Estate)
11kV Feeder B310 (Upper
22 11/0.415kV 5 6025 10
Industrial Estate)
Total 351.00 87,435.00 11,547.00
ESSD, Gedu & Lhamoizingkha
1 11 kV Feeder B100 (BBPL) 11/0.415kV 11 4,102.00 465
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SL Voltage Number of Installed Total number
Name of Feeder
No. Ratio Transformers = capacity (KVA) = of customers
2 11kV Feeder B110 (Microwave) @ 11/0.415kV 1 100 1
3 11kV Feeder B120 (THPA 1II) 11/0.415kV 9 7150 458
4 11kV Feeder B130 (Padechu) 11/0.415kV 10 600 380
11kV Feeder B320
5 11/0.415kV 2 275 689
(Mirchingchu I)
6 11kV Feeder B330 (Geduchu) 11/0.415kV 5 454 84
33kV Feeder B160 & C30
7 33/0.415kV 104 10324 2602
(Gurungdangra II)
8 11kV Feeder B470 (Rinchentse) = 11/0.415kV 6 4335 1890
11kV Feeder B480
9 11/0.415kV 3 263 175
(Mirchingchu IT)
11kV Feeder B500 (Power
10 11/0.415kV 1 100 1
House)
11kV Feeder B510 (TRT or
11 11/0.415kV 6 750 1
BVC)
12 11kV Feeder B520 (Surgeshaft) | 11/0.415kV 4 2750 1
11kV Feeder B530 (Arekha/
13 11/0.415kV 5 3510 657
Sinchekha)
Total 167.00 34,713.00 7,404.00
ESSD, Tsimalakha
1 11 kV Feeder B170 (BVC) 11/0.415kV 5 1001 153
2 11kV Feeder B200 (Hongkha) 11/0.415kV 3 850 313
11kV Feeder B350 (Old
3 11/0.415kV 13 1804
Tsimalakha)
1174
11kV Feeder B360 (New
4 11/0.415kV 6 2258
Tsimalakha)
11kV Feeder B440 (CHPC
5 11/0.415kV 5 1813 439
Colony)
6 11kV Feeder B450 (Dzong site) @ 11/0.415kV 2 500 46
33kV Feeder B180
7 33/0.415kV 11 517 233
(Shemagangkha)
8 33kV Feeder B190 (Chapcha) 33/0.415kV 8 889 259
Total 53.00 9,632.00 2,617.00
Overall Total 571.00 131,780.00 21,568.00
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As of June 2019, there were 571 transformers with a total installed capacity of 131,780.00kVA.
As evidenced from Table 2, the installed capacity of transformer per customer is 6.11kVA per
customer. The installed transformers are generally large in capacity and few in number rather
than generally small in capacity and more in numbers. The 11kV Tading feeder with a connected
installed capacity of 1158kVA (for 53 transformers) which is being operated and maintained by
ESSD, Dorokha has its source from 66/11kV Phuentsholing substation. Therefore, this report is

inclusive of the above transformers along with the Tading feeder.

7. Analysis of Distribution System

Based on the model developed in ETAP for the existing feeder wise distribution network,
analysis of the system was carried out by considering the forecasted load growth from 2020-
2030. The quality of power, reliability and energy loss of the existing network were assessed and
accordingly the augmentation and reinforcement works are proposed which shall be the integral
part of the investment plan. The assessment of MV lines, DTs, power sources, reliability of the
power supply and energy & power consumption pattern are presented from Section 7.1 through

Section 7.4.

7.1 Assessment of Power Sources

The assessments of the capabilities of the power sources were exclusively done based on the
existing (as on 2019) and forecasted load. The source capability assessment had to be carried out
to ascertain the adequacy of the installed capacity against the existing load and the forecasted
load. The source capability assessment had been carried out bifurcating HV and MV substations

as detailed below.

7.1.1 HY Substation

The assessment of 66kV and above substations had to be carried out to ascertain the adequacy of

the installed capacity against the existing and the forecasted load.

10



Distribution System Master Plan (2020-2030) | 2019

Table 3: HV Power Sources

S S A Source Capacity Forecasted Peak Load (MW)
MVA MW= 2019 2025 2030
1 220/66kV, 50/63MV A Malbase SS (T1) 50.00 42.50 36.00 41.89 4430
2 220/66kV, 50/63MV A Malbase SS (T2) 50.00 42.50 35.00 40.00 44.00
3 220/66kV, 50/63MV A Malbase SS (T3) 50.00 42.50 38.00 39.30 40.95
Total 150.00 127.50 109.00 121.19 129.25
4 66/11kV, 20MVA Malbase SS (T1) 20.00 17.00 2.60 4.25 5.36
5 66/11kV, 20MVA Malbase SS (T2) 20.00 17.00 2.60 4.12 5.57
Total 40.00 34.00 5.20 8.37 10.93
6 220/66kV, 50/63MVA GIS Singigoan (T1) 50.00 42.50 38.23 39.90 4224
; 220/66kV, 50/63MVA GIS Singhigoan 50.00 1250 33.02 1024 4345
(T2)
. 220/66kV, 50/63MVA GIS Singhigoan 50.00 1250 3318 30.42 .60
(T3)
Total 150.00 132.50 104.42 119.56 128.29
9 66/11kV, 10MVA GIS Singhigoan (T1) 10.00 8.50 271 491 6.69
10 66/11kV, 1I0MVA GIS Singhigoan (T2) 10.00 8.50 3.02 4.65 5.39
Total 20.00 17.00 5.73 9.56 12.08
11 66/33kV, 10MVA Pling SS (T1) 10.00 8.50 . Kept ideal charge
12 66/33kV, 10MVA Pling SS (T2) 10.00 8.50 4.80 5.60 6.25
Total 20.00 17.00 4.80 5.60 6.25
13 66/11kV, 10MVA Pling SS 10.00 8.50 6.71 7.13 7.79
14 | 66/11kV, SMVA Pling SS 5.00 4.25 2.95 3.16 3.96
15 66/33kV, 8MVA Gedu SS 8.00 6.80 241 3.51 4.42
16 66/33/11kV, 5/2.5/2.5MVA Gedu SS 2.50 2.13 0.90 1.20 1.50
17 66/11kV, SMVA Gedu SS (T1) 5.00 425 1.56 2.33 2.95
18 66/11kV, SMVA Gedu SS (T2) 5.00 425 1.31 1.49 1.66
Total 10.00 8.50 2.87 3.82 4.61
19 66/11kV, 3x3MVA Chukha Switchyard 9.00 7.65 2.09 222 2.40
20 | 66/33kV, 8MVA Watsa SS 8.00 6.80 1.11 1.45 1.74
Total 432.50 367.63 248.20 286.76 313.22

*nf of 0.85 was considered for study purpose only.

11
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From the above table it is conclusive that the existing installed HV substation would be adequate
to meet the forecasted load till 2030. The total peak power required for the customers of Chukha
Dzongkhag as of 2019 is 248.20MW and is expected to reach 286.76MW & 313.22 MW in 2025
& 2030 respectively against the installed capacity of 367.63MW (@0.85x432.50 MVA). The
load forecast (power requirement) has been carried out including the load requirement of the

LAPs and industries.

The existing peak load of 220/66kV, 3x50/63MV A Malbase substation is 109.00MW as of 2019
and is expected to reach 121.19MW & 129.25MW by 2025 & 2030 respectively against the
installed capacity of 127.50/160.65MW (0.85x150/189MVA). Similarly, the existing peak load
of 66/11kV, 2x10OMVA Malbase substation is 5.73MW and is expected to reach 9.56MW &
12.08MW by 2025 & 2030 respectively against the installed capacity of 17.00MW
(0.85x20MVA). Therefore, the installed capacities of both the substations would be adequate to

meet the forecasted load growth.

The existing peak load of 220/66kV, 3x50/63MVA Singyegoan GIS substation was 104.42MW
and is expected to reach 119.56MW & 128.29MW by 2025 & 2030 respectively against the
installed capacity of 127.50MW (150/189MVA). Similarly, the existing peak load of 66/11kV,
2x20MVA Malbase substation is 5.20MW and is expected to reach 8.37MW & 10.93MW by
2025 & 2030 respectively against the installed capacity of 34MW (40MVA). Therefore, the

installed capacities of both the substations would be adequate to meet the forecasted load growth.

The existing peak load of 66/33kV, 2x10/63MVA Phuentsholing substation is 4.80MW and is
expected to reach 5.60MW & 6.25MW by 2025 & 2030 respectively against the installed
capacity of 17.00MW (20MVA). Similarly, the existing peak loads of 66/11kV, 10MVA &
SMVA are 6.71MW & 2.95MW respectively and are expected to reach 7.13MW & 3.16MW and
7.79MW & 3.96MW respectively by 2025 & 2030 respectively against the installed capacity of
85SMW (1I0MVA) & 4.25MW (5MVA). Therefore, the installed capacities of both the

substations would be adequate to meet the forecasted load growth.

Similarly, the Gedu and Watsa substations and Chukha switch yard would be adequate to cater
the load requirement till 2030.

12
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7.1.2 MYV Substation

The assessment of 33kV and below substations had to be also carried out to ascertain the

adequacy of the installed capacity against the existing load and the forecasted load.

Table 4: MV Power Sources

Source Capacity Feeder Load (MW)
S1.No. Name of Source

MVA MW* 2019 2025 2030
1 33/11kV, 5/6.3 MVA (Pling) Sector I SS 5.00 4.25 2.87 3.39 3.82
2 33/11kV, 5/6.3 MVA (Pling) Sector II SS 5.00 4.25 3.58 4.35 4.98
3 33/11kV, 5/6.3 MVA Gurungdanra I SS (T1) 5.00 4.25 0.95 1.47 1.82

4 33/11kV, 5/6.3 MV A Gurungdanra I SS (T2) 5.00 Ideal charge
Total 20.00 12.75 7.40 9.21 10.63

Single out assessment of MV substations are carried as follows:

a)

b)

33/11kV, 2x5/6.3MVA (Phuentsholing) Sector I Substation

The FWPL for Sector I (Phuentsholing) substation as on 2019 is 2.87MW and is expected to
reach 3.39MW & 3.82MW by 2025 & 2030 respectively which would be adequate.
Similarly, the Sector I (Phuentsholing) substation would be adequate enough to meet the

increasing power requirement till 2030 as can be inferred from Table 4.
33/11kV, 2x5/6.3MV A Gurungdangra Substation

The power supply for the customers of Lhamoizingkha and part of Gedu (Phuentsholing) are
directly fed from 66/33kV, 8MVA Gedu substation. Therefore, the total FWPL of this feeder
is being included in the HV power source assessment. The FWPL for Gurungdangra I
substation as on 2019 is 0.95MW and is expected to reach 1.47MW & 1.82MW by 2025 &
2030 respectively. The installed capacity would be adequate to cater the forecasted power
demand of Arekha, TRT, Power House, Rinchentse and Mirchingchu II till 2030. Further, the

power can be also fed from 33/11kV, Gurungdangra II substation which is currently ideal.

13
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7.2 Assessment of MV Feeders

Feeder wise planning is necessary to ensure that the power delivery capacity, power quality and
reliability requirements of the customers are met. In distribution system, capacity assessment of
existing MV feeders is important to ensure that feeders are adequate to transmit the peak demand
of the load connected to the feeders. Particularly, the capacity assessment of the feeders enables

identification of feeders that require reinforcement and reconfiguration works.

The behavior of the MV feeders are assessed based on the existing and forecasted load, feeder
wise energy loss, reliability, and single to three-phase line conversions which are outlined
vividly in Section 7.2.1 through Section 7.2.4. Further, recognizing that the asset life of the
distribution system is thirty years (30), our system should be able to handle the load growth
(peak demand) for next 30 years. Therefore, it is equally important to consider the asset life of

the system in addition to the assessment of the system in different time horizons.
7.2.1 Assessment of MV Feeder Capacity with Load

The feeder wise peak power consumption was compiled based on the historical data. The array
of daily and monthly peak demand was sorted to obtain the annual peak demand. The feeder-
wise historical peak demand recorded at the source is presented in Table 5 and the

corresponding feeder-wise annual load curve is presented in Figures 4 and 5.

Table 5: Feeder Wise Peak Power Demand (2015-2019)

S Feeder Name Peak Load Consumption Pattern (MW)
2015 2016 2017 2018 | 2019
ESD, Phuentsholing
1 11 kV Feeder B10 (New Polythyene) 0.47 0.52 0.53 1.09 1.02
2 11kV Feeder B20 (Karbraytar & Rametey) 0.86 0.84 0.85 0.89 0.90
3 11kV Feeder B30 (Tading) 0.92 0.96 1.12 1.09 1.24
4 11kV Feeder B40 (BPC Colony) 1.86 1.45 1.47 2.22 2.08
5 11kV Feeder B220 (Hospital) 0.14 0.18 0.12 0.15 0.14
6 11kV Feeder B230 (Helipad) 0.50 0.41 0.53 0.41 0.41
7 33kV Feeder B260 (Serina Bosokha) 1.06 1.29 0.80 0.98 1.28
8 11kV Feeder B280 (Water Booster) 2.66 3.20 3.03 3.96 3.58
9 11kV Feeder B270 (PWD) 3.21 1.91 2.56 3.03 2.87

14
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Peak Load Consumption Pattern (MW)

ot No- Fecder Name 2015 2016 2017 2018 2019
10 11kV Feeder B290 (Yarkay) 0.17 0.17 0.12 0.16 0.17
11 11kV Feeder B300 (Station) 0.01 0.02 0.02 0.02 0.02
12 11kV Feeder B80 (Rangaytrung) 0.45 0.40 0.50 0.29 0.28
13 11kV Feeder B90 (Gurungdangra) 0.18 0.03 0.02 0.09 0.09
14 11kV Feeder B50 (BCCL Colony) 1.25 1.11 1.03 1.38 1.41
15 11kV Feeder B390 (Lower Industrial Estate) 3.46 3.31 3.31 4.29 4.27
16 11kV Feeder B310 (Upper Industrial Estate) 4.12 3.28 4.40 4.52 3.51
17 11kV Feeder B400 (Druk Cement) 2.09 2.01 2.77 4.19 3.56
18 11kV Feeder B410 (Bhutan Steel) 291 2.94 2.89 2.98 2.88
19 11kV Feeder B420 (Malbase Colony) 0.92 0.91 0.87 1.11 1.11
20 11kV Feeder B460 (Burkey) 0.09 0.12 0.10 0.14 0.10
21 33kV Feeder B240 (Sector I) 3.21 1.91 2.56 3.03 2.87
22 33kV Feeder B250 (Sector II) 2.84 2.85 2.80 2.84 2.85

Total 33.39 ¢ 29.81 32.39  38.80 36.64

ESSD, Gedu & Lhamoizingkha

1 11 kV Feeder B100 (BBPL) 1.32 1.43 1.43 1.56 1.73
2 11kV Feeder B110 (Microwave) 0.00 0.02 0.01 0.01 0.02
3 11kV Feeder B120 (THPA 1I) 0.40 0.78 0.50 0.60 0.70
4 11kV Feeder B130 (Padechu/THPA 1) 0.15 0.20 0.19 0.17 0.21
5 11kV Feeder B320 (Mirchingchu I) 0.05 0.08 0.09 0.08 0.09
6 11kV Feeder B330 (Geduchu) 0.01 0.01 0.03 0.05 0.09
7 33kV Feeder B160 & C30 (Gurungdangra II) 0.60 0.77 0.95 0.93 0.66
8 11kV Feeder B470 (Rinchentse ) 0.20 0.21 0.30 0.20 0.46
9 11kV Feeder B480 (Mirchingchu II) 0.03 0.02 0.01 0.04 0.06
10 11kV Feeder B500 (Power House) 0.01 0.01 0.03 0.02 0.02
11 11kV Feeder B510 (TRT or BVC) 0.09 0.18 0.10 0.13 0.14
12 11kV Feeder B520 (Surgeshaft) 0.04 0.03 0.01 0.08 0.09
13 11kV Feeder B530 (Arekha/ Sinchekha) 0.21 0.30 0.20 0.32 0.44
14 33kV Feeder B140 (Gurungdangra I) 1.20 1.20 1.20 1.20 0.95
Total 4.31 5.24 5.05 5.39 5.66
ESSD, Tsimalakha
1 11 kV Feeder B170 (BVC) 0.21 0.31 0.16 0.32 0.37
2 11kV Feeder B200 (Hongkha) 0.11 0.20 0.12 0.19 0.20
3 11kV Feeder B350 (Old Tsimalakha) 0.30 0.50 0.48 0.58 0.50
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Peak Load Consumption Pattern (MW)

SI. No. Feeder Name
2015 2016 2017 2018 2019
4 11kV Feeder B360 (New Tsimalakha)
5 11kV Feeder B440 (CHPC Colony) 0.29 0.49 0.30 0.47 0.55
6 11kV Feeder B450 (Dzong site) 0.21 0.30 0.26 0.22 0.29
7 33kV Feeder B180 (Shemagangkha) 0.13 0.13 0.15 0.13 0.18
8 33kV Feeder B190 (Chapcha ) 0.12 0.22 0.17 0.20 0.21
Total 1.37 2.14 1.64 2.10 2.30
Overall Total 39.07 37.19 39.08 46.35 | 44.59
FPeak Load Consumption Pattern (MIW)
S50.00
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Figure 4: Overall Plot of Peak Power Demand of ESD, P/Ling & ESSD, Gedu & Tsimasham
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Figure 5: Plot of Feeder Wise Peak Power Demand of ESD, P/Ling & ESSD, Gedu &

Tsimasham

17




Distribution System Master Plan (2020-2030) | 2019

As evident from Table 5, compared to 33kV system, Chukha has more 11kV system and

accordingly the 11kV network is more loaded than 33kV system. The 33kV Gurungdangra

feeder II which caters power supply to the customers of Lhamoizingkha and part of Gedu has the

longest circuit length which is distributed as far as Lhamoizingkha of Dagana Dzongkhag. Apart

from the LV customers, Chukha has also MV and HV customers and in fact Chukha has the

highest HV & MV customers in the country.

The peak power demand for Chukha Dzongkhag has steadily increased from 39.07MW in 2015

to 44.59MW in 2019. As per the load forecast however, the peak power requirement in 2018 is

46.35MW which is higher than that of 2019. This is attributed due to reduction in power

consumption by MV & HV industries.

The assessment of the feeder is carried out based on the following aspects:

a) System study: Existing load
b) System study based on forecasted load: 2025 & 2030 scenario

a) System Study (Existing Load)

Based on the peak load (2019-2020) and the thermal capacity of the line, the load flow and

accordingly the assessment of the feeder was carried out. The simulation result shows no

abnormality and the ampacity capability of the feeders will be within the range with the existing

load. The thermal capacity of the different conductor sizes is as shown in Table 6.

Table 6: Thermal loading of ACSR conductor at different voltage levels.

5 ACSR Conductor Ampacity of Conductor MVA rating corresponding
Type to the Ampacity
33 kV Voltage Level
1 RABBIT 193 11.031
2 DOG 300 17.146
3 WOLF 398 22,748
11 kV Voltage Level
I RABBIT 193 o
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ACSR Conductor MVA rating corresponding
SI. No. Ampacity of Conductor
Type to the Ampacity
2 DOG 300 5.715
3 WOLF 398 7.582

Ampacity (thermal loading) of the lines have been calculated based on IS 398 (Part-II): 1996 for
maximum conductor temperature 85°C for ACSR conductors considering an ambient

temperature of 40°C.

The ampacity of all the feeders would be within the permissible range with the existing load
however, the 11kV Water Booster feeder would exceed the thermal limit of the conductor as it is
forecasted to reach 4.27MW 2030. Due to shorter circuit line length (5.17km only), voltage
profile is expected to be within the permissible range and therefore, would pose no technical
glitches. However, degree of the feeder loading has to be closely monitored as the accuracy of

the forecasted load would deviate more in the distant future.
b) System Study with Forecasted Load (2025 and 2030)

The peak power demand from 2014-2019 has been considered to forecast the peak power
demand for the next 10 years (2020-2030) as shown in Table 7 and Figures 6, 7 and 8 adopting
the commonly practiced methodology of LRM and TSA with the help of ETAP. The detailed

load simulation result is attached as Annexure-4.

Table 7: Feeder Peak Power Demand Forecast

Circuit Total Forecasted
SIL Total Connected
Feeder name Length Load Growth (MW)
No. Transformer (kVA)
(km) 2019 © 2025 @ 2030
ESD, Phuentsholing
11 kV Feeder B10 (New
1 1.06 9.00 4,933.00 1.02 1.09 1.32
Polythyene)
11Kv Feeder B20 (Karbraytar &
2 21.22 21.00 4,348.00 0.90 1.13 1.22
Rametey)
3 11Kv Feeder B30 (Tading) 86.16 91.00 6,475.00 1.24 1.57 1.83
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Circuit Total Forecasted
SIL. Total Connected
Feeder name Length Load Growth (MW)
No. Transformer (kVA)
(km) 2019 = 2025 @ 2030
4  11Kv Feeder B40 (BPC Colony) 1.50 12.00 5,110.00 2.08 @ 256 @ 296
5 11Kv Feeder B220 (Hospital) 0.14 1.00 750.00 0.14 = 0.14 @ 0.14
6  11Kv Feeder B230 (Helipad) 1.84 2.00 1,500.00 0.41 0.53 . 0.63
33Kv Feeder B260 (Serina
7 110.65 94.00 2,952.00 1.28 1.46 1.51
Bosokha)
11Kv Feeder B280 (Water
8 5.17 18.00 9,475.00 3.58 1 435 4098
Booster)
9  11Kv Feeder B270 (PWD) 6.36 17.00 8,938.00 2.87 339 @ 3.82
1 11Kv Feeder B290 (Yarkay) 0.43 1.00 315.00 0.17 = 0.21 0.24
11 i 11Kv Feeder B300 (Station) 0.03 1.00 63.00 0.02 : 0.02 @ 0.02
12 11Kv Feeder B80 (Rangaytrung) 17.11 15.00 819.00 028 . 048 : 0.50
13 | 11Kv Feeder B90 (Gurungdangra) 1.36 3.00 251.00 0.09 0.13 0.14
11Kv Feeder B50 (BCCL
14 3.79 10.00 5,221.00 1.41 1.54 1.65
Colony)
11Kv Feeder B390 (Lower
15 4.49 17.00 11,686.00 : 4.27 | 4.51 4.79
Industrial Estate)
11Kv Feeder B310 (Upper
16 2.78 5.00 6,025.00 3.51 445 @ 4.52
Industrial Estate)
11Kv Feeder B400 (Druk
17 14.25 28.00 14,005.00 | 3.56 | 3.82 = 4.29
Cement)
18  11Kv Feeder B410 (Bhutan Steel) 2.42 2.00 3,750.00 2.88  3.02 @ 3.04
11Kv Feeder B420 (Malbase
19 0.46 1.00 630.00 1.11 1.45 1.74
Colony)
20 i 11Kv Feeder B460 (Burkey) 2.77 3.00 189.00 0.10 : 0.12 = 0.13
21 | 33Kv Feeder B240 (Sector I) 0.71 1.00 5,000.00 2.87 + 339 @ 3.82
22 i 33Kv Feeder B250 (Sector II) 0.73 1.00 5,000.00 2.85 3.93 3.97
Total 283.97 351.00 87,435.00 | 36.64 | 43.27 | 47.28
ESSD, Gedu & Lhamoizingkha
1 11 kV Feeder B100 (BBPL) 12.54 10.00 4,102.00 1.73 = 226 @ 2.73
2 11Kv Feeder B110 (Microwave) 11.74 1.00 25.00 0.02 ¢ 0.03 : 0.04
3 11Kv Feeder B120 (THPA 1I) 2.96 9.00 7,150.00 0.70 1.00 1.24
4 11Kv Feeder B130 (Padechu) 21.48 10.00 600.00 0.21 0.26 ¢ 0.30
5 11Kv Feeder B320 (Mirchingchu 7.72 2.00 275.00 0.09 @ 0.14 @ 0.18
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Circuit Total Forecasted
SIL. Total Connected
Feeder name Length Load Growth (MW)
No. Transformer (kVA)
(km) 2019 @ 2025 | 2030
D)
6  11Kv Feeder B330 (Geduchu) 10.30 6.00 1,084.00 0.09 : 020 @ 0.30
33Kv Feeder B160 & C30
7 208.83 102.00 4,524.00 0.66 1.01 1.15
(Gurungdangra II)
8 | 11Kv Feeder B470 (Rinchentse) 3.71 6.00 4,335.00 046 @ 0.68 @ 094
11Kv Feeder B480 (Mirchingchu
9 m 4.94 3.00 478.00 0.06 @ 0.10 @ 0.14
11Kv Feeder B500 (Power
10 2.48 1.00 100.00 0.02 = 0.04 @ 0.05
House)
11 11Kv Feeder B510 (TRT or BVC) 7.36 6.00 750.00 0.14 . 0.17 : 0.19
12 11Kv Feeder B520 (Surgeshaft) 4.38 5.00 2,100.00 0.09 . 0.17 = 0.25
11Kv Feeder B530 (Arekha/
13 3.26 5.00 3,510.00 044  0.68 = 0.92
Sinchekha)
33Kv Feeder B140
14 10.38 2.00 10,000.00 : 0.95 1.47 1.82
(Gurungdangra I)
Total 312.08 168.00 39,033.00 @ 5.66 @ 8.19 @ 10.24
ESSD, Tsimasham
1 11 kV Feeder B170 (BVC) 10.35 5.00 1,001.00 0.37 = 054 @ 0.70
2 11kV Feeder B200 (Hongkha) 1.89 3.00 850.00 0.20 . 0.30 : 0.39
11kV Feeder B350 (Old
3 27.16 13.00 1,804.00
Tsimalakha)
0.50 | 0.86 1.10
11kV Feeder B360 (New
4 8.28 6.00 2,258.00
Tsimalakha)
11kV Feeder B440 (CHPC
5 3.29 5.00 1,813.00 0.55 ¢ 0.82 1.07
Colony)
6  11kV Feeder B450 (Dzong site) 0.13 2.00 500.00 0.29 . 030 | 034
33kV Feeder B180
7 13.02 11.00 517.00 0.18 . 022  0.27
(Shemagangkha)
8 33kV Feeder B190 (Chapcha ) 10.77 8.00 889.00 0.21 0.31 0.39
Total 74.88 53.00 9,632.00 230 @ 334 ¢ 4.26
Overall Total 670.93 572.00 136,100.00 ;| 44.59 | 54.81 @ 61.77
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Figure 8: Plot of Forecasted Peak Power Demand of ESSD, Gedu & Lhamoizingkhag.

From the above table, it is observed that the highest 33kV feeder peak load as on 2019 is
2.87MW for Sector I Feeder which is expected to grow up to 3.39MW & 3.82MW by 2025 and
2030 respectively followed by 33kV Sector II feeder. In fact, it is forecasted that Sector II feeder
would surpass Sector I peak power requirement by 2030. Nonetheless, both the feeders can re-
distribute the load as and when necessary as they can be operated in parallel mode. Similarly,
the highest 11kV feeder peak load is 3.58MW as on 2019 experienced by Water Booster Feeder
and is forecasted to reach 4.35MW &4.98MW by 2025 and 2030 respectively. Therefore, it is
conclusive that the existing MV lines would be adequate to evacuate the power to the customers
till 2030 without having to do any augmentation works (size of the conductors) as the load

carrying capacity of the feeder is within the conductor capacity.

Although it is conclusive that the existing MV lines are adequate to evacuate the power if
assessed independently, the voltage profile would go below the standard accepted range of (%)
10% should the existing network supply the forecasted load as tabulated in Table 8. The load
carrying capacity of a feeder is determined by the line length and degree of load connected in

addition to other parameters (e.g., ampacity).
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Table 8: Feeders with Poor Voltage Profile (2019, 2025 and 2030)

N E E g g Load (MW)
SI. £ g & £ §
Name of Feeder = O = § E E o 73 =
= §F % 2 5 §|E
o g 2 =2 2
A 2019
1 11kV Tading Feeder(B30) R/UG 86.16 9.79 11% 1.24 1.57 | 1.83
2 . 11kV BBPL Feeder (B100) | D/UG 12.54 9.78 11% .72 226 @ 273
B | 2025
1 11kV Tading Feeder(B30) R/UG/HV ABC 87.57 9.43 14% 1.24 1.57  1.83
2 11kV BBPL Feeder (B100) i D/UG/HV-ABC 12.54 9.39 15% .72 226 273
C 2030
1 11kV Tading Feeder(B30) R/UG 89.07 9.3 15% 1.24 1.57  1.83
2 11kV BBPL Feeder (B100) | D/UG/HV ABC 13.848 9.01 18% .72 226 @ 273

The 11kV feeders which are reflected in the table above would violate the voltage profile with

the

current loading (as of 2019) and the forecasted load for 2025 & 2030 which are detailed as

follows:

a)

11kV Tading Feeder

The Tading feeder has 86.16km constructed on Rabbit and UG conductors. Most of the loads
connected to this feeder are rural customer and therefore, the connected loads are
static/impedance load (90%) in nature. the voltage profile at the end of the feeder is 11%
with the existing load and would decrease with the increased forecasted load. Simulation
result shows that it will be 14% & 15% with the 2025 & 2030 forecasted load. As the load
considered for carrying out the technical evaluation is based on the peak load, the actual
voltage profile would be within the permissible range for the existing load. However, the
incremental tap of the PT has to be utilized to improve the voltage regulation for 2025
forecasted load. However, to maintain the voltage regulation within the range with 2030
forecasted load and to improve the reliability, the power supply has to be arranged from

Samtse. To address this issue, 1.5km on Rabbit is proposed to be constructed to interconnect
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b)

the two feeders (construct from Samtse’s Feeder) and the voltage profile would be improved

to0 9.34% from 15%.

11kV BBPL Feeder

The BBPL Feeder has 13.85km constructed on mixed of conductors (Dog/UG/HV ABC).
Most of the loads connected to this feeder are rural customer and therefore, the connected
loads are static/impedance load (90%) in nature. the voltage profile at the end of the feeder is
11% with the existing load and would decrease with the increased forecasted load.
Simulation result shows that it will be 15% & 18% with the 2025 & 2030 forecasted load
respectively. As the load considered for carrying out the technical evaluation is based on the
peak load, the actual voltage profile would be within the permissible range for the existing
load. However, the incremental tap of the PT has to be utilized to improve the voltage
regulation for 2025 forecasted load. However, to maintain the voltage regulation within the
range with 2030 forecasted load and to improve the reliability, the power supply has to be
arranged from Gurungdangra II feeder and with this arrangement it is expected to improve

the voltage regulation from 18% to 7%.

Knowing the degree of significance of quality of power (voltage profile), it is inevitable that
voltage regulation be maintained within the permissible range which is required as per the
distribution code and the requirement of the end user appliances. Therefore, the feeders
whose voltage regulation aren’t within the permissible range due to existing or forecasted
load would be improved by implementing the corrective measures identified in the foregoing
sections. The improvement of voltage profiles after implementing the corrective measures is

as detailed in table Table 9.

Table 9: Feeder Wise Voltage Improvement

Before After
SIL
~ Name of Feeder Voltage % Voltage % Remarks
0.
(kV) Variation (kV) Variation
A 2019
1 11kV Tading Feeder(B30) 9.79 11% 10.34 5.96%
Tap of the PT utilized
2 11kV BBPL Feeder (B100) 9.78 11% 10.32 6.09%
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Before After
Sl
~ Name of Feeder Voltage % Voltage % Remarks
0.
(kV) Variation (kV) Variation
B 2025
1 11kV Tading Feeder(B30) 9.43 14% 10.10 9.27%
Tap of the PT utilized
2 | 11kV BBPL Feeder (B100) 9.39 15% 10.00 9.59%
C 2030
Re-configuring the
1 11kV Tading Feeder(B30) 9.3 15% 10.60 9.34%
source (From Samtse)
Re-configuring the
2 11kV BBPL Feeder (B100) 9.01 18% 10.24 6.88% | source (From
Gurungdangra)

It is also important for BPC to explore the best fit technology (e.g. installing AVR/voltage
boosters) to improve the voltage profile rather than proposing to up-grade the entire
conductor size which would be inconvenient to implement as it will involve frequent power

interruptions.

7.2.1 Energy Loss Assessment of MV Feeders

Energy losses in the distribution network are inherent as the power transmission and distribution
system are associated with the transformers and lines. However, it is crucial to maintain the
energy loss at an optimal level by engaging in timely improvement of the distribution
infrastructures and not reacting to the localized system deficiencies. The objective of the energy
loss assessment is to single out the feeder (s) with maximum loss (es) and put in additional

corrective measures to minimize to the acceptable range.

To carry out the assessment, the energy sales, purchase and loss is as tabulated in Table 10 and

as shown in Figure 9.

Table 10: Summary of Total Energy Loss (MU)

SL.No. | Energy 2014 2015 2016 2017 2018 | Average

1 Total Energy Requirement (MU) 1,309.38 | 1,341.48 | 1,236.39 | 1,408.94 | 1,505.47 | 1,360.33

2 Total Energy Sales (MU) 1,311.75 | 1,335.01 | 1,234.38 | 1,404.69 | 1,500.25 | 1,357.22
Total energy loss (MU) -2.37 6.46 2.02 4.25 5.22 3.12
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SLNo. | Energy 2014 2015 2016 2017 2018 | Average
Total Loss (%) -0.18% 0.48% 0.16% 0.30% 0.35% 0.22%
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Figure 9: Plot of Total Energy Loss (MU) of ESD, Phuentsholing

Generally, the system loss (MV & LV) is 8.9% and any loss more than this for the distribution
network would require in-depth study. An independent study carried out by 19 ESDs for 38
feeders in 2017 (two feeders each in ESD with more loss) showed that average of 6.84% is due
to technical loss. The study also showed that loss pattern was never consistent because of variant

characteristics of distribution network and loading pattern.
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The average energy loss of the entire feeder is 0.22% (3.12 million units on average) from 2014
to 2018. Due to presence of high proportion of HV & MV customers, the average loss is very
less compared to the losses of other Dzongkhags. The fluctuating energy loss trend which cannot
be able explicitly ascertain may be due to mass rural homes connected to grid through rural

electrical projects and anomalous in energy accounting (especially for negative energy loss).

As the feeder wise energy details were not available, the energy loss was redistributed to the
feeders based on number of customers connected and circuit line length and accordingly the
feeder wise energy loss was worked as shown in Table 11. It was computed to single out the
problematic feeder with high losses for any remedial and corrective measures that can be

arranged to minimize the loss in the future.

Table 11: Feeder Wise Energy Loss (in MU) of ESD, Chukha

" Name of Feeder £ E 3 2 E g E E g g 3
No. = 2 £ % Q Q Q Q Q 4 °
= 0O = < S
9 Q
=)
ESD, Phuentsholing
11 kV Feeder B10 (New
1 284 1.06 : (0.02) i 0.05 0.01 0.03 . 0.04 : 0.02 = 0.00%
Polythyene)
11kV Feeder B20
2 1,181 | 21.22 . (0.10) : 0.28 0.09 0.18 ¢ 023 | 0.13  0.01%
(Karbraytar & Rametey)
3 11kV Feeder B30 (Tading) 1,034  86.16 . (0.21) i 0.57 0.18 037 . 046 . 027  0.02%
11kV Feeder B40 (BPC
4 544 1.50 | (0.03) i 0.09 0.03 0.06 . 0.07 . 0.04 0.00%
Colony)
11kV Feeder B220
5 ) 23 0.14 | (0.00) i 0.00 0.00 0.00 | 0.00 : 0.00 0.00%
(Hospital)
6 | 11kV Feeder B230 (Helipad) | 268 1.84 | (0.02) i 0.05 0.02 0.03 . 0.04 . 0.02 0.00%
7 33kV Feeder B240 (Sector I) 0.71 : (0.00) i 0.00 0.00 0.00 . 0.00 : 0.00 = 0.00%
33kV Feeder B250 (Sector
8 ) 0.73 : (0.00) i 0.00 0.00 0.00 . 0.00 : 0.00 = 0.00%
33kV Feeder B260 (Serina 110.6
9 1,822 (0.30) : 0.80 0.25 0.53 . 0.65 : 039  0.03%
Bosokha) 5
11kV Feeder B280 (Water
10 1,650  5.17 . (0.10) i 0.27 0.08 0.18 . 022 . 0.13  0.01%
Booster)
11 : 11kV Feeder B270 (PWD) 1,824 636 : (0.11) i 0.30 0.09 020 . 025 @ 0.15 0.01%
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" Name of Feeder § E § E E g E E g g S
No. FZ 5 % & & | o o z S
9 Q
[
12 . 11kV Feeder B290 (Yarkay) 10 0.43 | (0.00) i 0.00 0.00 0.00 | 0.00 : 0.00  0.00%
13 ' 11kV Feeder B300 (Station) 1 0.03 : (0.00) : 0.00 0.00 0.00 . 0.00 : 0.00 = 0.00%
11kV Feeder B80
14 939 17.11 | (0.08) i 0.22 0.07 0.15 : 0.18 : 0.11 0.01%
(Rangaytrung)
11kV Feeder B90
15 378 1.36 . (0.02) i 0.06 0.02 0.04 . 0.05 . 0.03 0.00%
(Gurungdangra)
11kV Feeder B50 (BCCL
16 566 3.79 © (0.04) i 0.10 0.03 0.07 ¢ 0.08 | 0.05 0.00%
Colony )
11kV Feeder B390 (Lower
17 29 449  (0.01) i 0.03 0.01 0.02 : 0.02 : 0.01 0.00%
Industrial Estate )
11kV Feeder B310 (Upper
18 ) 10 2.78  (0.01) . 0.01 0.00 0.01 . 0.01 . 0.01 0.00%
Industrial Estate )
11kV Feeder B400 (Druk
19 800 14.25  (0.07) : 0.19 0.06 0.12 ¢ 0.15 | 0.09 0.01%
Cement)
11kV Feeder B410 (Bhutan
20 1 242  (0.00) 0.01 0.00 0.01 : 0.01 : 0.01 0.00%
Steel )
11kV Feeder B420
21 31 0.46 : (0.00) . 0.01 0.00 0.00 . 0.01 . 0.00 0.00%
(Malbase Colony)
22 11kV Feeder B460 (Burkey ) | 152 2.77 (0.01) i 0.04 0.01 0.02 . 0.03 . 0.02 0.00%
ESSD, Gedu & Lhamoizingkha
1 11 kV Feeder B100 (BBPL) 465 12.54 = (0.05) @ 0.13 0.04 0.09 . 0.11 : 0.06 = 0.00%
11kV Feeder B110
2 ) 1 11.74 | (0.02) i 0.06 0.02 0.04 . 0.05 @ 0.03 = 0.00%
(Microwave)
11kV Feeder B120 (THPA
3 ) 458 296 | (0.03) i 0.08 0.03 0.05 . 0.07 . 0.04 0.00%
11kV Feeder B130
4 380 @ 21.48 | (0.06) i 0.16 0.05 0.11 ¢ 0.13 | 0.08 0.01%
(Padechu)
11kV Feeder B320
5 689 7.72 : (0.05) : 0.14 0.04 0.09 . 0.11 : 0.07 = 0.00%
(Mirchingchu I )
11kV Feeder B330
6 84 10.30 = (0.02) | 0.06 0.02 0.04 . 0.05 . 0.03 0.00%
(Geduchu)
33kV Feeder B160 & C30 208.8
7 2,602 (0.51) i 1.39 0.44 0.92 1.13 ~ 0.67 @ 0.05%
(Gurungdangra II) 3
8  33kV Feeder B140 10.38 = (0.02) | 0.05 0.02 0.03 | 0.04 @ 0.02 0.00%
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SL. = g = gf < n © ~ ®© S 2
Name of Feeder § E § = = = = = = g S
No. FZ 5 % & & | o o z S
9 Q
[
(Gurungdangra )
11kV Feeder B470
9 ) 1,890  3.71 | (0.11) i 0.30 0.09 020 @ 024  0.15 . 0.01%
(Rinchentse)
11kV Feeder B480
10 o 175 494 © (0.02) . 0.05 0.02 0.03 . 0.04 @ 0.02  0.00%
(Mirchingchu IT)
11kV Feeder B500 (Power
11 1 248 | (0.00) 0.01 0.00 0.01 0.01 = 0.01 0.00%
House)
11kV Feeder B510 (TRT or
12 1 7.36 i (0.01) . 0.04 0.01 0.02 | 0.03 | 0.02 0.00%
BVC(C)
11kV Feeder B520
13 1 438 :(0.01) . 0.02 0.01 0.01 0.02 = 0.01 0.00%
(Surgeshaft)
11kV Feeder B530 (Arekha/
14 657 3.26 i (0.04)  0.11 0.04 0.08 . 0.09 . 0.06 0.00%
Sinchekha)
ESSD, Tsimalakha
1 11 kV Feeder B170 (BVC) 153 10.35  (0.03) | 0.07 0.02 0.05 | 0.06 | 0.04 0.00%
11kV Feeder B200
2 313 1.89 | (0.02) : 0.06 0.02 0.04 . 0.05 . 0.03  0.00%
(Hongkha)
11kV Feeder B350 (O1d
3 27.16 . (0.11) . 0.31 0.10 020 . 025 : 0.15 . 0.01%
Tsimalakha)
1,174
11kV Feeder B360 (New
4 8.28 | (0.01)  0.04 0.01 0.03 . 0.03 : 0.02 = 0.00%
Tsimalakha)
11kV Feeder B440 (CHPC
5 439 3.29 . (0.03) . 0.08 0.03 0.05 . 0.07 . 0.04 0.00%
Colony)
6  11kV Feeder B450 () 46 0.13 : (0.00) . 0.01 0.00 0.00 . 0.01 . 0.00 0.00%
33kV Feeder B180
7 233 13.02 = (0.04) : 0.10 0.03 0.06 . 0.08 : 0.05 @ 0.00%
(Shemagangkha)
33kV Feeder B190
8 259 10.77  (0.03) | 0.09 0.03 0.06 | 0.07 | 0.04 0.00%
(Chapcha)
Overall Total 21,568 | 672 5 ;7 6.46 2.02 425 522 @ 312 | 0.22%
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Figure 10: Feeder Wise Energy Losses (MU) of ESD, Phuentsholing

The feeder wise energy loss as tabulated in Table 11 and Figure 10 indicates that 33kV
Gurungdangra II (for Gedu and Lhamoizingkha customers) and 11kV Serina Bosokha feeders
had contributed the major portion of the energy loss of ESD, Phuentsholing. These feeders have

high proportion of circuit length and customers compared to other feeders.

7.2.2 Reliability Assessment of the MV Feeders

Today’s emphasis in the power sector has shifted to providing reliable power supply as
electricity itself is positioned as one of the essential needs. However, improving reliability comes
with its inherent costs as it involves embracing additional preventive and corrective measures
leading to substantial up-front capital investment. Any major reliability improvement strategies
need to be adopted only after carefully understanding the costs involved and the benefits that will
be accrued from implementing such strategies. Failure rate, repair time and restoration time are
some important parameters defining reliability. Reducing the values of one or more of the above

parameters can improve reliability considerably.

In addition to ensuring that the MV feeders have the required capacity, it is also very important
to ensure that the MV feeders are reliable. In order to assess the reliability of the distribution
system, the historical data was referred. The yearly (2017-2019) feeder reliability indices

summary is compiled as tabulated in Table 12 and details used to derive such summary is
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attached as Annexure-5. The interruptions with less than five minutes were omitted from the
computation. The actual records (both within and beyond ESDs control) were considered for
actual representation to compute the reliability indices. The average reliability indices viz a viz.
SAIFI & SAIDI compiled for 2017-2018 are 100.75 & 160.46 respectively which is
exceptionally high.

Table 12: Feeder Wise Reliability Indices

S1.No 2017 2018 Overall Total
Name of Feeder SAIFI SAIDI SAIFI = SAIDI | SAIFI @ SAIDI
1 11 KV THPA-Polythene feeder-B010 0.12 0.10 0.43 1.11 0.28 0.61
2 11 KV Karbarey-Ramety Feeder-B020 5.47 4.35 10.17 14.13 7.82 9.24
3 11 KV Tading Rural Feeder-B030 4.01 4.49 14.93 22.02 9.47 13.25
4 11 KV Pepsi BPC Colony Feeder-B40 0.28 0.34 1.60 1.86 0.94 1.10
5 11 KV New Hospital Feeder-B220 0.00 0.01 0.02 0.00 0.01 0.00
6 11 KV Helipad linked feeder-B230 0.57 4.97 1.34 0.84 0.96 291
7 33 kV Druk Iron & Steel feeder-B150 0.00 0.02 - - 0.00 0.01
8 33 kV Sector 11-B240 3.48 0.53 6.02 6.13 4.75 3.33
9 33 kV Sector 11-B250 7.25 0.42 13.74 9.33 10.49 4.88
10 33 kV Serina Bosokha-B260 17.27 23.69 22.70 53.74 19.99 38.72
11 11 kV Gurungdara rural -B80 0.49 1.41 0.47 0.70 0.48 1.06
12 11 kV TCBL Fdr-B50 0.02 0.04 0.01 0.03 0.02 0.04
13 11 KV Industrial area upper termace- 0.00 0.01 0.00 0.01 0.00 0.01
B310
” 11 kV Industrial area lower terrace- 0.02 0.10 0.01 0.04 0.02 0.07
B390
15 11 kV Druk Cement Fdr-B400 0.55 0.73 0.92 2.01 0.73 1.37
16 11 kV Bhutan Steel Fdr 0.00 0.01 0.00 0.00 0.00 0.01
17 11 kV Malbase Colony Fdr 0.01 0.01 0.03 0.07 0.02 0.04
18 11 kV Malbase Burkey Fdr-B460 0.01 0.01 0.05 0.15 0.03 0.08
19 33kV Gurungdara I-B140 0.00 0.00 0.00 0.00 0.00 0.00
20 33kV Gurungdara I1-B160&C30 22.43 25.71 20.87 47.15 21.65 36.43
21 33kV Mirchingchu-B320 0.92 0.80 0.70 0.83 0.81 0.81
22 11kV BBPL Fdr-B100 4.36 3.31 3.39 3.99 3.87 3.65
23 11kV M/Wave Fdr-B110 0.77 26.60 0.75 6.19 0.76 16.40
24 11kV THPA-1 Fdr-B120 0.61 1.23 0.80 0.88 0.71 1.06
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S1.No Nt T 2017 2018 Overall Total
SAIFI SAIDI SAIFI = SAIDI = SAIFI . SAIDI
25 11kV Geduchu Fdr-B330 0.00 0.00 0.78 1.30 0.39 0.65
26 11kV Padechu Fdr-B130
27 11kv Old & new Tsimalakha -B350 7.58 7.74 13.41 8.69 10.50 8.21
28 11kv THPA I- B370 - - - - - -
29 11KV BVC Fdr-B170 0.44 0.01 0.68 3.18 0.56 1.60
30 11kV THPA II-B380 - - - - - -
31 11kV THPA III-B200 0.06 0.00 - - 0.03 0.00
32 33kV Shemagangkha-B180 1.22 0.77 3.41 17.88 2.32 9.33
33 33kV Chapcha-B190 0.79 0.20 1.69 8.55 1.24 4.38
34 11kV Chukha Colony-B440 1.67 0.14 2.04 2.06 1.85 1.10
35 11kV colony-B450 0.06 0.22 0.08 0.07 0.07 0.14
Total 80.48 107.97 121.02 . 212.96 . 100.75 . 160.46

The above summary indicates that the 11kV Karbary-Rametey, Tading Rural Feeder, Old
Tsimalakha and 33kV Sector-I (B240), Sector-II (B250), Serina Bosokha and Gurungdara II

feeders sustained more interruptions compared to other feeders. Generally, power interruptions

are due to transient, operation and maintenance, HT fuse replacement, over current/earth fault

current, lightning and rainfall which are inter-related to each other for most of the cases.
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Figure 11: Feeder Wise SAIFI & SAIDI of ESD, Phuentsholing
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Figure 12: Root Causes of the Interruptions

Distribution

Transient Fault 352 18.57%
ARCB/G.O/LBS O&M 309 16.30%
HT fuse replacement/Jump 292 15.40%
OC & Earth fault current 274 14.45%
Maintenance (Line & SS) 191 10.07%
Zil;:;;ng/ Thundering/Heavy 163 8.60%
Right of way 82 4.32%
SMD/ Preventative

Maintenance) 7 +00%
LA Replacement 43 2.27%
Others* 113 2.11%
Total 1896 100%

*Others: Adhoc works, disc/pin insulator damage, fallen trees and grid failure.

The root causes of the power interruptions are due to transient fault, operation and maintenance

of switching equipment, HT fuse replacement, OC & earth fault current, maintenance of lines

and substations and lightning, thunder and heavy rainfall had also significantly contributed

towards the power interruptions.

There are switching devices (ARCBs and LBS) installed in these feeders for better operation and

maintenance flexibility. In order to address the reliability issue of the feeders, following remedial

and corrective measures are proposed:

a) 11kV Tading Feeder

The circuit length of this feeder is 86.16km and passes through thick vegetation and rugged

terrain and becomes inaccessible due to swelling of Amochu river. The area receives heavy

rainfall during the summer seasons and lightning strikes. The feeder recorded SAIFI &

SAIDI of 9.47 & 13.25 on average for recent three years. There are 6 LBS and an ARCB

installed in this feeder as a switching and control mechanism. In order to further improve the

reliability of the feeder, it is proposed to install additional ARCB, Sectionalizer and FPIs.

» Re-configuration of sources
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b)

d)

It is proposed to construct interconnecting line from Samtse feeder with that of Tading and
arrange the power supply to 53DTs from Samtse. This would enable the power system

improvement for customers connected to both the feeders.

Installation of more and smart switching devices

33kV Serina Bosokha Feeder

The circuit length of this feeder is 110.65km and passes through thick vegetation and rugged
terrain and becomes inaccessible. The area receives heavy rainfall and lightning strikes
during summer season. The feeder recorded SAIFI & SAIDI of 19.99 & 38.72 on average
for recent three years and is one of the worst amongst all the feeders in terms of reliability
indices. There are 7 LBS and an ARCB installed in this feeder as a switching and control
mechanism. In order to further improve the reliability of the feeder, it is proposed to install

additional an ARCB, 3 Sectionalizer, 5 FPIs and 2 LBS.

33kV Gedu-Lhamoizingkha Feeder

The circuit length of this feeder is 208.83km and passes through thick vegetation and rugged
terrain. This feeder has the longest circuit length and is extended as far as Lhamoizingkha
under Dagana Dzongkhag, thus sustaining more interruptions. The area receives heavy
rainfall and lightning strikes during summer season. The feeder recorded SAIFI & SAIDI of
21.65 & 36.43 on average for recent three years and is the worst amongst all the feeders in
terms of reliability indices. There are 10 LBS and 4ARCBs installed in this feeder as a
switching and control mechanism. In order to further improve the reliability of the feeder, it

is proposed to install additional 5 Sectionalizers and 14 FPIs.

11kV Karbatar-Rametay Feeder

The circuit length of this feeder is 21.22km and passes through thick vegetation and rugged
terrain. The area receives heavy rainfall and lightning strikes during summer season. The
feeder recorded SAIFI & SAIDI of 7.82 & 9.24 on average for recent three years. There are
only 5 LBS installed in this feeder as a switching and control mechanism only. In order to
further improve the reliability of the feeder, it is proposed to install additional two

Sectionalizers, 3 FPIs, 2 Sectionalizers, an ARCB and 2 LBSs.
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e) 33kV Sector II Feeder

With the circuit length of 0.73km for this feeder, it is not anticipated to experience many
interruptions as in the case of feeder with longer circuit length and more loads connected.
However, the record shows that it has recorded 10.49 & 4.88 as an SAIFI & SAIDI in recent
years which is exceptionally high. The reason behind this incredible figure is due to faulty
incomer breaker. As the area experiences longer humid weather, there is continuous
formation of moisture and thus conventional breakers fails to operate as it is intended to.
Therefore, it is proposed to install breaker (GIS) similar to those installed in the HV
substations (Malbase, Singyegoan etc...). Currently, the breaker is bypassed which is not a

good practice.

f) 11kV Old Tsimalakha Feeder

The reliability index of the 11kV Old Tsimalakha is 10.50 & 8.21 on average for recent
years. On the contrary, the reliability in reality is half the recorded indices as the data

captured is the total of two feeders i.e. 11kV Old and New feeders.

7.2.2 Single Phase to Three-Phase Conversion

BPC during the RE expansion programs considered for low-load remote and rural homes with
two of the three-phases of the MV designed with single phase transformers. However, with the
adoption of mechanized agricultural machinery, the requirement of three-phase power to cater
these loads is gaining an importance even in the rural areas. Therefore, R&DD, BPC in 2017 has
carried out the “Technical and Financial Proposal on Converting Single Phase to Three-phase
Supply” to come out with the alternatives for providing three-phase power supply where there
are single phase power supplies. It was reported that while all the alternatives required the third
conductor of the MV system to be extended on the existing poles following three proposals along

with the financial impact were proposed:
a) Alternative -1

It was proposed to replace all the single-phase with three-phase transformers and this option
as contemplated as not feasible as a replacement by three-phase transformers and distribution

boards will lead to idle storage of single phase transformers of BPC.
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b) Alternative -11

It was proposed to utilize the existing single-phase transformers to form three-phase
transformations along with the additional purchase of three-phase transformers and additional
pole structures. Further, single phase transformers of identical make, type, and rating can be

only used to make three-phase power available.
¢) Alternative -111

Option 3 is found to be a techno-commercially viable alternative as the lines can be easily
upgraded to three-phase by constructing third conductor on existing pole structures. The
transformer can be upgraded from single phase to three-phase as and when the demand for 3-
phase supply comes. The line up-gradation across the country would amount to Nu. 96.67
million (Detail in Annexure-6) excluding the cost of three-phase transformers which have to

be procured on need-basis, rather than one-time conversion in general.

The total single-phase line length required to be converted to three-phase in the Dzongkhag is

99.84 km and the estimate for such conversion would require Nu. 12.21 Million.

As the single phase to three network conversions is a demand-driven planning, conversions
works shall be carried out based on the demand from the customers which would be more
techno-commercially viable alternatives. Therefore, considering the anticipatory conversion

requirement, the conversion of networks is proposed in the later stage of the DSMP.

7.3 Assessment of the Distribution Transformers

The number of distribution transformers operated and maintained by the ESD is tabulated in

Table 2.

7.3.1 Distribution Transformer Loading

The DTs are one of the most critical equipment of the distribution network and assessment of
loading pattern along with the remaining asset life are crucial to ascertain the adequacy and
performance of the transformer. The capability evaluation is based on historical peak load

loading pattern and forecasted peak load growth of the feeder.
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As per the peak loading pattern, some of the existing transformer capacities would not be
adequate to cater the forecasted load growth for next ten (10) years. Accordingly, the capacities
of the transformers need to be up-graded and such proposal is tabulated in Table 13. The

individual DT loading details used to derive the summary is attached as Annexure-7.

Table 13: Forecasted Transformer Loading of ESD, Phuentsholing

R . < 2 < g

SL.No Name of substation ‘? 2 E § K % —;3 % § —;3 % §

location § 5 g < = = g -e] = g -e]

S = & = B = BN

2019 2025 2030
1 Damdara DT 125 90.89 @ 72.71% | 114.28 | 91.42% 133.78  107.02%
2 Sector II DT (33/11kV) 5000 3.40 68.00% 4.39 87.76% 5.15 103.02%
3 Lower Market USS 750  525.05 70.01% | 680.84 @ 90.78% = 780.97 |« 104.13%
4 Upper Market DT 1000 | 789.68 @ 78.97%  921.12 i 92.11%  1037.62 103.76%
5 Tinkilo DT 125  100.89 @ 80.71%  117.68 = 94.15% 132.57  106.05%
6 Rangaytrung DT 125 89.56 i 71.65%  155.88 ' 124.71% @ 162.38 = 129.90%
7 Barsa DT 63 44.67  7090% | 61.54 @ 97.68% 67.84 107.68%
8 Bmobile DT 63 58.99 @ 93.63% | 64.92 @ 103.05% @ 69.56 110.41%
9 Bmobile DT (Balujora) 500 42856  85.71% | 466.21 @ 93.24% = 524.79 = 104.96%
10 | Toribari DT 250 22090  88.36% 24031 @ 96.12% = 270.50 @ 108.20%
11 Malbase Village DT 63 4490  71.27% | 66.24 | 105.15% : 73.97 117.42%
Total Distribution Transformers 11

Assuming that the load growth of the rural homes is not expected to grow similar to that of urban
dwellings, it is strongly recommended to closely monitor the actual load growth and accordingly
plan remedial measures for those transformers although some of the transformers would get
overloaded as per the forecasted load. Nevertheless, considering the actual site-specific growth
rate and judgment of the field offices, it is recommended that arrangements be made for the up-
gradation of 11 transformers. However, cross-swapping the existing transformers prior to
procurement of new transformers would mean that, only eight (8) transformers have to be

procured as tabulated in Table 14.

In addition to above, 2x750 kVA & 500kV transformers would be required to cater the power

requirement of the Toribari town plan.
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Table 14: Proposed Lists of DTs Requiring Up-grading
S 3; on = = @
S = =~ > 2 E B
= ) X2 T = @ = =<
z : g §S $ES 23 85 g2 E
= s 2 S % A O = g ¢ % = S g
z o v < F &
List of Transformers for 2019-2025
Need 750kVA also and
Lower Market .
1 USS 750 525.05 70.00% 1000 : New new is for lower and
upper markets
Additional 125kVA
2 | Tinkilo DT 125 117.68 94.15% 125 New )
required
3 Rangaytrung DT 125 155.88  124.71% 500 | New 125kVa not required
Adjustment-
4 . Bmobile DT 63 64.92 103.05% 125 | Rangaytrung ; 63kVA not required
DT
Malbase Village )
5 DT 63 66.24 105.15% 125 | New 63kV A not required
List of Transformers for 2025-2030
1 | Damdara DT 125 133.78  107.02% 500 | New 125k VA not required
Adjustment- )
2 | BarsaDT 63 67.84 107.68% 125 63kV A not required
Damdara DT
Bmobile DT
3 ) 500 524.79  104.96% i 1000 | New Need the 500kVA also
(Balujora)
o 3 nos of 750kVA
4 | Toribari DT 250 270.50 | 108.20% | 3x750 | New )
required
5 i Toribari DT 500 | New
Total number of transformers required to up-grade 10
63 2 2019-2025 Can cross check with
Extra Transformers 63 1 2025-2030 the nearest ESDs for
125 1 2025-2030 adjustment
Total extra 4

7.3.2 Asset life of Distribution Transformers

The DTs are one of the most critical equipment of the distribution network. Therefore,

assessment of existing loading pattern together with the remaining asset life is crucial to
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ascertain its capabilities to cater the projected load growth. The life cycle of transformer and its
mapping provides the clear information for its optimal utilization and development of an asset

replacement framework.

The record was generated from the SAP-ERP system on December 9, 2019 and compiled for

those DTs which have been put to use for 25 years and more.

Table 15: List of Outlived Transformers

SL Cap. No. of Years put
Asset Name of Location Unit = Qty SI. No.
No. Date to Use
250 KVA, Stanelce Pvt
1 1502205 NO 1 1-Jul-89 30.44 820123
Ltd.Yer of mfg: 1989, Gedu
125 KVA, Stanelec Pvt. Ltd.
2 1502212 NO 1 1-Jul-89 30.44 S/4160
Yer of Mfg. 1989
63 KVA, Kirloskar Electric. 1-Aug- 86AD-
3 1502232 NO 1 30.35
Yer of Mfg: 1988 89 125/3
400 KVA,11/400, Winpower SL #
4 1502237 NO 1 1-Jul-89 30.44
make,at 132489
500 KVA, uttam SL #
5 1502243 NO 1 1-Jul-89 30.44
Bharat,11/400, at L. Market 17645
500 KVA, Winpower,11/400 SL#
6 1502244 NO 1 1-Jul-82 37.44
at ECE Ind Estate 132989
Total Transformers 6

7.3.3 Replacement of Single Phase Transformers

As discussed in the “Single Phase to Three-phase Conversion” of the distribution network it will
be more economical and technically feasible to convert the single to three-phase transformers on
need basis. Total of Nu. 283.00 million is estimated for replacing all single-phase transformers

including the distribution board. The detailed work out is produced as Annexure-8.

There are 48 single phase transformers in the Dzongkhag and the estimate for up-grading all the
single to three-phase transformers would require Nu. 9.38 Million. As the conversion from single

to three-phase transformer is demand base, the plan has been distributed in ten year-span.
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7.4 Power Requirement for Urban Areas by 2030

Phuentsholing is one of the Thromdes located in south-western foothills of the country bordering
the Indian state of Bengal. It is the commercial hub for western Dzongkhags and is the gateway
of the country India. It has been envisioned to uniformly develop the Thromde and as a result it
has planned and demarcated the LAPs. Under the Phuentsholing Thromde jurisdiction, there are
9 LAPs identified so far as tabulated in Table 16.

Table 16: LAPs under Chukha Dzongkhag

Approximate Number of Approximate Power Demand
SI. No. Name of LAP Plots (MW)
1 Ahlay LAP 124 7.055
2 Pekarzhing Lap 150 10.160
3 Pasakha Lap 117 7.26
4 Rinchending LAP 195 9.596
5 Kharayphu LAP 35 1.93
6 DamdaraKarbray LAP 134 7.635
7 Ammochu Lap 58 3.160
8 Chamkuna LAP 17 0.970
9 Toorsatar Lap 63 3.685
Total 893 51.451

a) Ahlay LAP

“Ahlay LAPR

-
-
21" ~—

‘t»,

Figure 13: Ahlay LAP
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b)

The Ahlay LAP has fewer numbers of customers at present and major portion of the load is
being drawn by Yoenten Kunjung Private School. However, the LAP has been already
earmarked to be developed and accordingly the power requirement would increase.
Therefore, total power requirement for the LAP is forecasted to be 7.055 MW and to meet
the demand load, 2x750KVA USS is proposed along with proposal to up-grade the existing
63kVA Ahaly transformer to 500k VA substation.

Pekarzhing LAP

Currently, there are two MV customers in this LAP (M/s. Zimdra Foods Pvt. Ltd and M/s.
Neetshel Pvt. Ltd. and are fed from existing 25kVA Khogla transformer. There is a plan that
there will be mixture of small scale industries, MV customers, LV bulk customers and
residential cum commercial buildings which would require a load of 10.16MW. Therefore, to
meet the increasing power demand, it is proposed to install 3x750kVA USS along with
proposal to up-grade the existing 25kVA to 500kVA pad substation.

"A}'ﬁ&‘_‘\’i}gOkVA USS ;}“’GOOS
T e—

Eye alt 267 k|

Figure 14: Pekarzhing LAP

Pasakha LAP

The Pasakha LAP includes Malbase, Gurungdangra, Chengamri (Balujora) and other non-

pollutant industries in Pasakha area.
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d)
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Figure 15: Pasakha LAP

The total forecasted load for this LAP is 7.26MW by 2030 and therefore, 750kVA USS at
Malbase, 1000kVA package SS at Bhalujora and 750kVA at Gurungdara (up-grade from
existing 63kVA). The existing S00kVA at Bhalujora would be still required to meet the
power requirement with the proposed 1000kVA.

Rinchending LAP

Rinchending LAP is the biggest identified LAP covering maximum area starting from
Tinkilo and the highest power consumer of this LAP is the College of Science and
Technology. However, most of the areas are geographically unstable for developmental
activities to be initiated. The developmental activities in this area have really picked up and
the existing distribution network may not be adequate to meet the increasing power
requirement. It is forecasted that the power requirement would reach 9.60 MW by 2030. The
existing 125k VA transformer of Tinkilo is 94.15 % loaded and might get overloaded by next
year and similar trend is expected with the Rinchending 500kVa transformer. Therefore, it is
proposed to install additional 125kVA in Tinkilo and up-grade the 500kVA to 1000kVA
(USS) for Rinchending transformer.

Recently, BPC has installed 250kVA transformer on cost sharing basis with Thromde at

Lower Rinchending which may not be adequate to meet the power requirement. Therefore,
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additional 750kV A USS is proposed at Lower Rinchending. The existing 5S00kV A substation
above Kharbandi Goenpa will feed to Middle Rinchending LAP. As there is no source for the
LAP below Goenpa, 500kVA Pad substation is proposed.

| 125kVA ODIS'S iy ?Rmchendlng

“Tinkilo ~ | ”'Qr e 0] Z50kVA US'S

Rs- ¥ )’ “ 7 J ‘:
4§ D SOOkVA OD? SS S

_Goenpa 215 B
Mlddle Rmchendmg,t”‘owef Rmchendmg

Figure 16 Rinchending LAP

e) Kharayphu LAP

Kharayphu LAP is located opposite to Karbraytar and this LAP is still developing. BPC has

recently installed S00kV A Pad substation to cater the demand load for construction.

<]

%)

'Kharayphu,LAP [ 7/50kVA USS

Figure 17:Kharayphu LAP
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g)

The forecasted demand load of the LAP till 2030 is 1.93MW and to cater the forecast
demand load, 2x750kVA USS is proposed.

Damdara LAP

Damdara Karbray LAP is one of the rapid developing LAPs and it consists of two different
areas called Damdara and Karbraytar. The total forecasted demand load for the LAP for
Damdara and Karbraytar is 3.670 MW and 3.965MW respectively till 2030. The existing
1000kVA USS has lengthy LT network and the customers of Karbraytar top have been
expressing the grievances of erratic power supply lately. The quality of power is anticipated
to worsen with the increase in power requirement. Therefore, it is proposed install additional
125kVA transformer to address the issue. Similarly, the existing 125kVA transformer at
Damdara is 72.71% loaded and is forecasted to be overloaded by 2030. Therefore, it is
proposed to up-grade the existing 125kVA to 500kVA and install additional 500kVA Pad SS.
Addition to this, Thromde also suggested BPC to convert the overhead line to UG network
especially at Damdara LAP.

3

!\, ye ‘& T B
N[E 125kVA©OD SS
\‘. \LT\ > s ¥

4

Figure 18: Damdara LAP

Amochu LAP

The Thromde has demarcated the LAP area without including the Amochu Land
Reclamation Township Project (ALRT). The total forecasted demand load for the LAP is
3.161MW. The ALRT is under full swing and Thromde is also scheduling to execute the
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h)

development of the LAP simultaneously with the project. Therefore, to meet the demand

load, 750kVA USS and 500kVA Pad SS is proposed for the LAP.

Figure 19: Amochu LAP

Chamkuna LAP

Chamkuna LAP is located alongside the Amochu river bank and on the way to Samtse high
way. With the steep slope and unstable area in the proposed LAP, the Thromde has planned
only few infrastructures in this LAP and the forecasted demand load for this LAP is only
0.96MW. However, since there is no electrical infrastructure in this proposed area, 125kVA

pole mounted SS is proposed for the LAP.

J125kVAIOD 'S

O

Figure 20: Chamkuna LAP
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i) Toorsatar LAP

With the space constraint in the Phuentsholing, Thromde has demarcated the Toorsatar area
as one of the Thromdes LAP and further, the ALRT project will also cover till Toorsatar
base. The forecasted demand load for this lap is 3.685MW. Currently, Toorsatar area has
25k VA substation which is adequate to cater the load to this area.

26;553,087865N 89;20,26'89 Efllelevid

Figure 21: Toorsatar LAP

However, if the Thromde initiates the Toorsatar LAP development, the existing power supply
arrangement may be adequate to meet the demand. Therefore, the existing 25kVA is
proposed to up-graded to 750kVA package SS and another additional 750kV A package SS is
proposed in this LAP.

7.4.1 MYV & LV lines for LAPs

The LV & MYV lines have to be proposed for distribution of power to the identified LAPs which

are detailed as follows:

a) The extension of 11kV HV ABC (95sqmm) from BPC Colony to Bangay (Amochu) as an
alternative source is proposed mainly to improve the reliability to the customers who reside

at Amochu. With the Thromde’s LAP development strategies, reliable power source is must
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b)

d)

g)

and further, these customers fall under Thromde’s jurisdiction. Currently, customers of
Amochu are fed from Tading feeder which is susceptible to interruptions compared to other

feeders. Therefore, it is proposed to extend the 11kV line from BPC colony.

The re-alignment of 33 kV double circuit feeder from Phuentsholing 66 kV substation to
33/11 kV Sector 2 Substation by 33kV 3Cx150sqmm UG XLPE cable (0.38km) & 33kV HV
ABC 1c¢x95sgmm (0.69km) is proposed due to new NPPF colony which would directly fall
under the line. Although, proposal was approved in 2017, the work was not executed due to
non-availability of clearances which should have been arranged by By-Pass Road, SASEC
project. However, the work is kept as spill over and it will be executed by mid of 2020, as the

project is in the verge of completion.

As per the result of ETAP, the additional line needs to be extended from 33/11kV
Gurungdangra SS in order to improve the voltage profile of BBPL feeder.

The conversion of ASCR conductor to HV ABC 1¢x95sqmm cable (1.5km) line within the
Tsimasham town area is proposed for better safety and to resolve the right of way issue with

private land owners.

As a contingency plan (in case of any breakdown or any O&M works to be carried out at
66kV Phuentsholing substation) the power supply to Phuentsholing has to be fed from
400KV Malbase substation through Druk Cement feeder. Therefore, the re-sizing of ACSR

Dog conductor to wolf conductor is proposed.

The study carried out for HT network in the core town of Phuentsholing shows normal, but,
all the LT cable under core town get overloaded and need to be resized with proportional to

load forecast.

33kV Gedu-Lhamoizingkha feeder being a worst feeder in reliability front and if Wangchu
project gets materialized, the proposal for extending additional back up source from Gamana
(Point of 66/33kV substation by Wangchu project) and connect the existing 33kV line
feeding towards Lhamoizingkha need to be incorporated, so that the reliability indices of

Lhamoizingkha will be improved.
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h) By the proposal of upcoming LAP by Thromde, the conversion of bare conductor to UG
cable has to be incorporated in order to resolve the Right of way issues with public, aesthetic
view of Thromde LAP and to improve the safety of the general public. Addition to this, the
bare conductors passing nearby the school and colonies also have to convert to insulated

conductor.

7.4.2 Distribution Transformers

Currently, there are nine (9) identified LAPs under Phuentsholing Thromde which would get
materialized sooner or later. Therefore, to arrange the power supply, existing installed
transformers may not be adequate to meet the forecasted power demand; it is therefore, proposed

to up-grade and install additional transformers in various LAPs as tabulated in Table 17.

Table 17: Proposed Distribution Transformers in LAPs

Capacity
SI.No. Name of LAP Qty Unit Remarks
(kVA)
750 2 No Package SS
1 Ahaley LAP
500 1 No OD SS
750 3 No Package SS
2 Pekarzhing LAP
500 2 No OD SS
1000 1 No Package SS
3 Pasakha LAP
750 2 No Package SS
1000 1 No Package SS
750 1 No Package SS
4 Rinchending LAP
500 1 No OD SS
125 1 No OD SS
5 Kharayphu LAP 750 2 No Package SS
500 2 No OD SS
6 Damdara & Karbray LAP
125 1 No OD SS
750 1 No Package SS
7 Amochu LAP 500 1 No OD SS
125 1 No OD SS
8 Chamkuna LAP 125 1 No OD SS
9 Toorsatar LAP 750 2 No Package SS
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8. Distribution System Planning

The distribution network of the Dzongkhag has a radial topology with significant risk of high
interruptions (fault in one location would mean that the entire customer in the network would
experience the outage). Having alternate routes, sources or any contingency plan would
significantly improve the reliability and power quality. In order to have robust and hard-lined
distribution network, there is a need for good contingency plans with adequate sources to reduce
the downtime. However, any provision to improve the power system would incur additional

capital cost in addition to recurring additional preventive and corrective costs.

Therefore, to meet the system shortfalls against the set standard and to keep abreast with the
forecasted load growth, proper distribution system planning is required which are detailed from

Section 8.1 through Section 8.4.

8.1 Power Supply Sources

8.1.1 HY Substations

As detailed in Section 7.1.1, the installed HV substation capacities would be adequate to cater
the forecasted load of the customers of Chukha Dzongkhag. Therefore, neither the existing
substation capacities would be required to be up-graded nor construction of additional

substations.

8.1.2 MYV Substations

As detailed in Section 7.1.2, the installed MV substation capacities would be adequate to cater
the forecasted load of the customers of Chukha Dzongkhag. Therefore, neither the existing
substation capacities would be required to be up-graded nor construction of additional

substations.
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8.2 MV and LV Lines
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Figure 22: Proposed Distribution Network under ESD, Phuentsholing
As detailed in Section 7.4.1 of this report, it is proposed to extend, construct MV and LV lines to

in various locations to arrange power supply according to the load forecast, developmental

activities, to improve reliability, reduce loss and improve the power quality. Figure 22 shows the

proposed distribution network.

8.3 Distribution Transformers

As listed in Section 7.3.1, these transformers need to be up-graded either by procuring or by
cross-swapping the required capacities. Out of 11 listed transformers, procurement of only 8 DTs
would be required which has been worked out based on the likelihood of load growth of the
areas and inculcating the fair judgment of the field personnel. Similarly, twenty-six (26) DTs

would be required to cater the power supplies to nine (9) identified LAPs under Phuentsholing

Thromde which would be executed over the period of time.
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8.4 Switching and Control

Switching and control system is required to take care of the system during faulty situations
which ultimately is going to take care of the failure rate, repair and restoration time. This in turn
would improve the reliability, safety of the equipment and online staff, optimizes the resource
usage and more importantly the revenue generation will be enhanced. Similarly, in order to
capture the real time data and information, it is inevitable to have automated and smart
distribution system. The feeders which are more susceptible to faults are identified with proposed
restorative measures through the studies. With the exception of tripping of breakers in the
sending end substations, existing distribution network is neither automated nor smart to detect
the faults and respond in real-time manner. The automation and smart grid components are

detailed in Smart Grid Master Plan 2019.

8.4.1 Intelligent Switching Devices

As reflected in Section 7.2.3, 11kV Karbary-Rametey, Tading Feeder, Old Tsimalakha and
33kV Sector-I (B240), Sector-II (B250), Serina Bosokha and Gurungdara II feeders sustained
more interruptions compared to other feeders. Therefore, additional preventive and corrective
measure for these feeders need to be put in place. In order to improve reliability and power
quality of these feeders, it is proposed to have technology in place to respond to fault and clear it
accordingly rather than through ex post facto approach. Therefore, it is proposed to enhance the
existing switching and control system by having latest suitable and user-friendly technology
(automatic). The coordinated arrangement of Intelligent Switching Devices (ISD) like ARCBs,
Sectionalizers and FPIs would significantly improve the control and operation mechanism of the
network. Table 18 and Figures 23, 24 & 25 shows the proposed switching devices and RMUs
for the distribution network for easing operation and maintenance and for improving the

reliability of the power supply of the Dzongkhag.

Reliability of the lines and substations can also be enhanced through training of line staff. They
need to be equipped with the knowledge, skills, and the confidence to operate and maintain the
distribution infrastructure. For instance, the linemen of the ESDs need to develop the confidence
to change DO fuses online using hot sticks instead of the usual practice of taking shut down of

the whole feeder. However, having the right tools, equipment, and especially spares (of
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appropriate specifications) is a prerequisite. Although it is not possible to quantify the reliability

indices that can be achieved with preventive and corrective measures in place, the proposed

contingency plans would significantly improve the power quality.

However, the quantum and location of the devices to be installed shall be based on the Smart

Grid Master Plan 2019.

Table 18: Existing and Proposed Switching Equipment

s ARCBs Sectionalizers FPIs LBS
i Feeder Name g g_ g g_ g g_ g g_
== A == = <3 = <3 =
1 11kV Feeder B30 (Tading) 1 2 1 5 6
2 11kV Karbraytar & Rametey 1 2 2 1
3 11 kV Feeder B10 (New Polythyene) 1
4 11kV Feeder B40 (BPC Colony) 1
5 11kV Feeder B230 (Helipad) 1 2
6 33kV Feeder B260 (Serina Bosokha) 1 1 3 5
7 11kV Feeder B350 (Old Tsimalakha) 2 3 1
8 11kV Feeder B360 (New Tsimalakha) 2 3 1
9 11kV Feeder B80 (Rangaytrung) 2 1
10 33kV Feeder B160 & C30 5 s ” .
(Gurungdangra-II)
Overall Total 5 3 0 16 0 38 9 2
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8.4.2 Distribution System Smart Grid

The distribution grid modernization is outlined in Smart Grid Road Map 2019 including the
investment (2020-2027). The DMS, ADMS, DSCADA features along with their components and
functionalities, the timeline for the programs and the cost estimates of the smart grid are lucidly
reflected. Therefore, this report exclusively entails the identification of the system deficiencies
and qualitative remedial measures which would require system augmentation and reinforcement

as per the existing and projected load.

9. Investment Plan

In accordance to the above mentioned contingency plans targeted to improve the power quality,
reduce losses and improve reliability indices of the Dzongkhag, investment proposal is
developed. The investment plan has been confined to power supply sources, MV lines, DTs,
switching and control equipment and RoW. The proposed/approved (2020-2024) investment

plan and any new investment plans have been

validated and synced with the system studies = At At
carried out. The annual investment plan (2020- | < g Do First Do Next
2030) has been worked out based on the priority § .i | "
parameters set out as shown in Figure 26. 'E En

E = Action: No Action:
The matrix gives us the basis on the prioritization of <§ Do Later Don’t Do
the investments to be made in the ten-year schedule é‘ E

= s 11 v
as every activity cannot be carried out at a time. E o)
The activities which have to be carried out due to = M:re Urgent Urgent
load growth, developmental activities and
retrofitting of obsolete/defective switchgears and How urgentis the task?
equipment will have the highest level of importance | Figure 26: Priority Matrix
and urgency. These activities have to be prioritized

and invested in the initial years which are grouped in the first quadrant (Do First).

Similarly, there are certain activities although might be very important but not so urgent can be

planned in the later stage of the year (Do Next). These activities can be but not limited to
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improving the reliability, reducing losses and reconfiguration of lines and substations to reduce
the losses and improving the power quality. The activities which are not so important but are

highly urgent have to be also planned in later stage of the period.

According to the investment prioritization matrix framework, the yearly investment plan along
with the cost estimation is derived and is consolidated in Table 19 as an investment plan. The
cost estimates have been worked out based on the BPC ESR-2015 and annual inflation is

cumulatively applied to arrive the actual investment cost for the following years.

In the span of next 10 years (2020-2030), the total projected investment required to adequately
deliver the power to the customers of Chukha Dzongkhag is Nu. 189.45 million (Nu. 18.95

million per year).
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10. Conclusion

Based on the inputs from Divisional office, validated data, assessment of the existing
distribution network, and the reliability analysis, recommendations are made for system
modifications and improvements. Costs associated with each recommendation are presented
in several phases so that work may continue at a pace that is determined by fund availability
and the capacity of the office to execute the work. An attempt is made to prioritize the
recommendations; however, there will undoubtedly be adjustments in the order and priority

by which the investments will be actually implemented.

The third option which would be the least-cost alternatives for converting the single to three-
phase distribution network where all the MV lines will have to be converted to three-phase

and replacing the single phase to three-phase transformers on need basis.

Although the report entails the identification of system deficiencies and reinforcement
required, for automation and smart operation of the distribution network, the smart grid
infrastructure development with functionalities are detailed in “Smart Grid Master Plan
2019”. Therefore, the DSMP-Smart Grid Master Plan-Hybrid is necessary which can be

amalgamated during the rolling out of annual investment and budget approvals.

Proportion of LV is higher in comparison to MV line length; accordingly, the independent
study carried out by BPC in 2017 showed that large portion of loss is due to LV and DT.
Therefore, similar system study beyond DT has to be carried out in order to capture the entire

network and strategize to develop the blue print.
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11. Recommendations

SL
Parameters Recommendations
No.
A. Power Supply Sources
As detailed in Sections 7 & 8 of this report, there is no up-grading or
1 | HV Substations . ) )
requirement of new HV substations required under Chukha Dzongkhag.
As detailed in Sections 7 & 8 of this report, there is no up-grading or
2 MV Substations . ) )
requirement of new MV substations required under Chukha Dzongkhag.
B. MV and LV Lines
As detailed in Sections 7 & 8 of this report, realignment, re-sizing of the
1 MV &LV lines conductors, construction of new MV & LV lines for LAPs and conversion of
overhead to UG system are proposed.
ACSR to ABC In order to minimize the safety of the inhabitants and to address the RoW issues, it
2 (LV) is proposed to convert LV ACSR to LV ABC in and around the town.

C. Distribution Transformers

As reflected in Section 7.3.1 of this report, it is proposed to regularly monitor

the loading pattern especially of the urban transformers. It is desired to load the

Distribution transformers less than 85% so as to ensure that transformer is operated at
: Transformer maximum efficiency.
As the system study is restricted to DTs, the loads need to be uniformly
distributed amongst the LV feeders to balance the load.
Single to Three As reported in the “Technical and Financial Proposal on Converting Single
2 Phase Phase Power Supply to Three Phase in Rural Areas”, it is recommended to
Transformers replace the single to three phase transformers on need basis.

D. Switching and Control Equipment

It is recommended to install Intelligent Switching Devices (ISD) like ARCBs,

Switching  and = Sectionalizers and FPIs as proposed which would reduce the downtime for
1 Control clearing faults.
Equipment 1) Install FPI, Sectionalizes and ARCBs at various identified locations.
2) Installation of 11kV& 33kV RMUs at various identified locations.
E. others
1 | Tovestment Plan As reflected in Section 9 of this report, overall investment plan as proposed is
recommended.
2 Review of the @ Practically the projections will hold only true in the nearest future therefor, it is
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SL
Parameters Recommendations
No.
DSMP strongly recommended to review the DSMP in 2025 (after five years) or if
need be as and when situation demands.
It is observed that distribution of electricity is more through LV than MV &
HYV and the scope of DSMP terminates at DT. However, it is equally important
to carry out similar system studies for LV networks till meter point. Due to
3 Systemn  Studies time constraint and non-availability of required LV data, it is recommended to
beyond DT carry out the studies on LV network including the DTs. Nevertheless, with the
entire distribution network captured in the GIS and ISU, the system studies
should be carried out including the LV network in the future.
One of the important parameters required especially for reaffirming the
Customer capability of the DTs is by examining customer growth patterns. Therefore, it
4 Mapping is recommended to consistently update the customers via customer mapping
process carried out annually.
RoW should be maintained as per the DDCS 2016. However, increased
5 | Right of Way frequency of RoW clearing in the problematic sections of the line and in fast
growth sub-tropical forest is recommended.
The asset life of DTs need to be gathered to enable development of asset
6 | Assetlife of DTs | replacement framework. However, it is recommended to regularly monitor the
health of the transformers which have already outlived their lives.
As per the load forecast, some of the rural DTs might overload. While the
Overloading  of | probability of realizing such an event is quite low. It is, however,
7 DTs recommended that the DTs that have already exhausted its statutory life (25
years and above) be regularly monitored.
New  extension | The power carrying capacity of 33kV system is almost 3-fold compared to that
8 : through 33kV : of 11kV system. Therefore, any new extension of lines may be done through
network 33kV system (based on fund availability and practical convenience).
In order to improve the reliability of the feeder/network, it is recommended
that fault should be located within short period of time there by reducing the
restoration time and the number of customers affected. In this regard, the
9 | Reliability following initiatives are recommended:

1) To install ISDs (communicable FPIs, Sectionalizers & ARCBs);
2) To explore with construction of feeders with customized 11kV & 33kV
towers; and

3) To increase the frequency of Row clearing in a year.
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SIL.
No.

Parameters

Recommendations

10  Conversion Works

As the joint survey for laying the UG had not be done, the investment has been
worked out based on assumptions of likely scenarios. Therefore, actual

activities should be incorporated during the rolling out of the investment plans.

" Lightning
Protection

The top root cause of the power interruption is due lightning and storm. Therefore,
more focus should on how to control and safeguard the equipment from lightning

and storm (especially for the southern foothills).

12. Annexure

Annexure-1: MV Line Details and Single Line Diagram
Annexure-2: IS 2026, IEC 60076 (Technical parameters for Distribution Lines and

Transformers)

Annexure-3: The details on load forecast methodology

Annexure-4: Detailed Simulation Results

Annexure 5: Feeder Wise Reliability Indices

Annexure-6: Material Cost for Upgrading single phase (11 kV and 33 kV) Lines to three-

phase

Annexure 7: Distribution Transformer loading

Annexure-8: Material Cost of three phase (3®) Transformers
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14. Assumptions

1.

All the distribution network was considered as Balanced System (Restriction with the

existing ETAP Key);

All DTs considered as lump load and depending upon the type of load connected to the

feeder, ratio of 80% (static load) to 20% (industrial feeders) were assumed;

The voltage level of +£10% is given as critical value which is indicated by red color while
simulating and voltage level of £5% is given as marginal value which is indicated by pink

color while simulating.

The typical inbuilt value of X/R ratio of ETAP tool was considered for all the

transformers;

Dimensions and parameters of some cables/UG cables are customized in the library as per

the requirement;

The technical parameters which are required for analysis of the distribution network have

been considered as per the set standard of DDCS.

15. Challenges

SL
. Parameters Challenges Opportunities/Proposals
0.
a) Only one key & offline a) Can opt for on line key with fewer
Key more modules specially to carry out
Software . .
: Tool a) Balanced Load Flow the technical evaluation of un-
00
balanced load flow system. This
(ETAP) b) Limitations of No. of )
would be more applicable and accrue
buses (1000)
good result for LV networks.
a) No recorded data a) Feeder Meters could be install for
(reliability & energy) on outgoing feeders of MV substations to
the out-going feeders of record actual data (reliability &
2 Data
MV SS energy)
b) Peak Load data of DTs  b) In order to get the accurate
which were recorded Transformer Load Management

68




Distribution System Master Plan (2020-2030) | 2019

SL.
. Parameters Challenges Opportunities/Proposals
0.
manually may be (TLM)/loading, it is proposed to
inaccurate due to timing install DT meters which could also
and number of DTs. have additional features to capture
other required information.
¢) Customer Information System (CIS)
¢) No proper feeder and DT
. ‘ of the feeder/DT would enable to have
wise Customer Mapping
proper TLM and replacement
recorded
framework.
a) Resource gap in terms of = a) Due to lesser number of trained
trained (ETAP) and engineers in the relevant fields
3 Manpower

adequate engineers

(numbers)

(software), engineers from other areas

were involved.
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12.Annexures

Annexure-1: MV Line Details and Single Line Diagram
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66/33/11 kV S/S, Gedu

33/11 kV Gurungdara Substation
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5 MVA

¢

6611 KV
S MVA

6

10F3




fepesmeN

VAAST
B
%
£2
€d0 1
2z
uoedizey oy (N
VAY €9 _ VAol @
m m e =5
EL £2 £
L e — 5% gz
== VAYLEY B Za doy nypyes
nHE 1u00sqrS, ek
VAT R LR ) (D)
-z -z = .z Oy
EE E ] EE HO uP0SY
£2 B &2 &2
SOV 2% 27| w oMUV g% iz
Jtess 0) =2 S5 | Hownoro) 22| ‘Howwrss) 32 =2 11 eosgueg
VAYST
so| oomusov  womusov | Gy 23 ER EH
32| wowuso  Hownsiyo) 22 gz EE 23
) g tg a5 EPS
28 joamnusov g B gg 54
<% (s A ek < R
= HOWiE6E0) (7 ! ! amaﬁ ,"
5% 575 00 < R 8
& pbs — vatsi £ ue
5% VAY €9 2z S m
2 2 gz
27 maamasov
42| nowwizo)
3 = a
2910 Dl 2 m H slqnn
A YAN008 & m 22 VAYOL
‘ = 24
DNIZ AOWVHT dSsd (AW A'IS osan,
VAAST
o )
3% E
z: Beq £
iz VALST ag
== Tgeeg N
35 = _ VAY91
£z 32 % Z
E 2z 3% S
28 H 52 £
X E uegs 22 1worg D
\8& 42 VAA9L te VAAST 28
nydepan pp vzunyeg 52 PR HRIASOV (rogmiusov 7 RISV |
VAYOL VAY 0 Bl PRI L 0 U9 | HO WNOELD) Hownzsro) | 5
2 VAYST Ed
% H
190USOV £ g2
10 uAIEE) EE] ==
] - nBuen T
5e EE mw VAN ST
£%  wedungn v ewdung/ € ewdunay/1 5
b3 VAIE9 VAYST VAIST 2z
<% >
. @ D €D} iz esngg
Za 22| tamrasov RSOV ARASOV 22 vALer
24 ZZ| wowniso) HO Ww00) “HOWHEIZ0) == 85
fg £2 = |(eenrusOv.
s somo, cg 2z g 5| Hownes
fo1 1eaN Bl e €D) o £
VAY0E9 g3 32
is 23 =<
Sucgiewog R 8% oy
/5 SSIN EUNIgSYEd VAAIL a2 22 VAT €9
L VAY0ST O D o | . e EH
q £ &5 &3
E o2 28 O awuasov | 5%
E 23 =2 B g omsto |22
2% E& =
g 22 ; Hiueq ZE
/S BRI 38| Youmaro oo VAY0E zZ
VAY €9 R SRR QD eugoyed uoneisqng exfuepuning B
— ES =2 £ 7 | aaea-usov
Z3 g2 52 VAA9I SE | Ho WD), eueqe
£ g2 g5 - P
£ e ] R B VAX9I
sy | 25 woyorwes 4 umseyg S lq07 £ Juns
HOwNGTO) | 2% 2 vareS VAT £9 g% VAA9L £z VA €9
3 g3 ZE Fy = —QD = ap.
/s epifay. 5 E E8 °Z zz S = _ (1q-uSOV  (Foq-usOV. (1qm-USOV.
vaxou £2 EES 2z EE R ¢ S® HO WG “HO WHEZ0'0) “HO W6€L0)
P g7 EF] EE AolquL ]
25 2 &4 ELES VARED 2z uoed Funmnn  epey yosag wameg yoaog
=4 vz § EY nfue g
27 0 £ VAXE9  VAYEY VAYLE9
5/5 9Fe[IA NPaD) vare Q) VAY 0f| VAY ST == VAY €9 L—CD QD €D}
R VAA 001 32 i Zg g2 2 5] Z EE s R (F00-4SOV (500-4SOV.
oIl VAHL Z £ gz %2 °3 °3 °3 s 22 2 . °F g HO WG9y 0) HO Uris50)
e ] gz iz 2z 22 g2 52 g 2z ¢ Soupeg exzpuie 2z 5%
VAY0E £5  ssaopA nsu 534 EL T B 25 2% g 57 %% At to VS 58
28 VAN ST RUSYRd ey 2% e2 92 Ead £z E 42 =% =2 s
ik ao D . g
Foausov  (emIuSOV VAL (Fog-usOV  (F0-uSOY (T00-4SOV  (FO0-4SOV. (F00-4SOV  (F00-USOV. Goausov | E 5 22
S3|| wownen Howwuirn HO UIFZ0T) “HO WISRG0) HO W19y 1) HOWGIT ) HO WipEr0) HOWZOSD) HOWWSYD  HOWIE0) | 3 8
§ 4%
B 22
St EE
£ 7
EH g2
1174p) ®IBP/D AY €€, 1°1p) BIEP/D AY €€
091d ovid
— Sng AN €€

11 ofuog
VA €9

(0.197km OH,

1 ofuog
VA €9

(2.170km OH,

=z

alfung

VAN 8
A €€/99

VAN S
AT €€/99

19TIASOV AX€9
*HO WTSLT)

ST Y YT




SIDULIOJSURI], AIRALIE
SIOWIOJSURLL, DdEl
(AT 119 €0 90UV
AY
¥ £6) 0D 2WSET

PIaEa DAY 11 7% €€
(HO) 2urT A €€

S5 ueuaA
VAYSTL

Ibsoagxos
wipoL0)

(1§76km OH,
ACSR-Dog)

(0:419%m UG,
3ex300sgmm)

wo
ury
1066

(0:343km UG,
Sex300sqmm)

TEC

0.088km UG,
3ex300sgmm)

©278km UG,
3ex300sqmm)

swayoury
v

VAY 001
z

T-88d [11 Auoj)

(010173) VdH.
VAY 001

(25T1'19) VAHL
/5 piek g,
VAY0ST

=

10ppag DAH/LAL

L)

H
g
=
&
3

°F
EH
23
57| @ausov
2% | o wigrro) Lo
= QD soeny oy d
EH VAX00L
=2
s
g¢
g8
&
EE
&4
27| @oausov Auojoy
S2[ M0 WNST0) ~ dHL e
= D sumiq
EE
22 VAY00L
25| @oausov v Supkesuen
S Z[Hown0ig0) (szp113)
=D ooy
FH VAY00!
EF
=
R
B
:E
£
olsg|

ey

1apoay nypBuaI

VAN S
11/eg

L/ee

AT T1/99

A T1/99

o (034
Bl
z%
2 Aepiven
52 VAIST
1m0 Aepeyy E w
AIST 2% - =E
v == EH o
@y .z ] £2
wowrcico) |52 ovSuen) 2z iz om0 s
i3 aanusov |29 =
B & voudgoig VAL ST 2 wovRize ooy VAY ST
== VAXST =3 =z VAT E9 VAR O
fopeppea CH cH Lz 2
E< 1§ 5% 3% iz
VRN e fouseapen | £ t] 22 ] ddn
52 o2 ¢ == gz 5% mpmeq  E= . d
°2 B2 owns S g% " 88 a4 & s o1, e
Fuuqen £2 vuordug e == VAYLEY o VAXE  ZE | aemnusov yayez VAY S|
VAA9L Goausov | E% 2% vaIst NHe oosqrs, = [Cnowuswo YRS )
"HOUDZSZT0) | =% =< VAL VAXST = (19qEy-4SOV
1 — Cowman |23 23 53 2 5 ) e &2 oD
53 TN T 22 i it | | FH i
5% £ gz 2 2% El oar- iz £% ov 27| monusov 25 | venusov | 35
BePo e oq-usov £%| Goausv By 8% X =2 o 2% £Z o 28| mowomen SE | mowuro | 28
VAII g 19K 0) £2 | Howssio) gx o% (€ - T [ womusov Gromusov £c
. ZZ EERIPCNPAC Z - | Goausov  @equsov < | (oa-usdv Zo| Oonusov UroMUSIV ER H Y ]
3| mosmen 32 BR|abn el BplemE) momy 23| mnmy gg| domy  gmey, 23| womewo 82| wowmzo 22
i € E 2 4 D, : £z 2 5 & %
3z H EET B - £ 3z £ £ [ re—
£ £ g s¢ a¢ 3 [ommiusov ¢ s =% | om0
gz B =% = o =% [nowsero 77y F— 0
Z u . P
&= ey fefung Koroquiy <>E_h m is S5 To0ws VA1 32 ssamuop
At s vars VAY ST Supewyy ] _ gz s wovsueg £2 uoppin
‘2 ZF 5% iz VA9 7 VAY 00§
£z H 5 gz 28
3% 2 < ==
kS f— E [— EH ¢
S gz (amwusov |7 VALST 14 .
iz VAL o wwse | S % == S
=7 -z e ALE 22
5% “HO ULES 0) Howery) | 82 220 Dbl 22
Sueqisng £ H i DA VAN008 . &z
VAA9I g b A v
<= AR, VHMDNIZ AOWNVHT dSSd (AW) A'IS
VAL9T
55
B4
Jr— T
“HO W0R0) | 2
w___ma 85
R0l VAY ST i
VAYE 2% amusov
= 2| HO w60y 1)
. wIEpWIEYQ JEY Zo et
£ VA1 001 :
3 Ao ngdepoy  [uamyeg ey £ vms
ES mw VAA9L VAY0E VAY0E “g
&5 ES
upiFung) om0 NS 53 dawnrusov Goausov ooy |2
VAY €91 e AN 25 HO W1¥'E) HO ez 0) Howzro) |
£3 VAL E9 & 4 £
Z (€0 rrrereren I8 o2
i sy | 23 p—
iz wownsco | 33 VAY 0t
BpyBung) (00408 1IN N = < ] =
VA £9 ¢ 5
A sseEL E2
£z 22 fopuslog
FE] vmsa o - i34 iLe
/s pyyBuny)) soddp) 22 . 52 /5 10m0L =
Vrse 27| ey 23 yoopD 1eaN 2| twrusov @
QO ® 5% VAN0E E3| wowsto
N | 22 gssunimeg = Suegewag wzoy gg
£2 varsg 00NN VAY 08 ag
2z vaxoor Y /S SSI PUYSYEd VAL9L oz
£ 22 ; (€Dl €D s
22 k] 1dgg - VAt 0sT QATIUSOY (aarusov |2
/5 LeqeuIsy. £2 ) HO WS01'e) Howsse0) |2 2
5/ Leqe S SE ES
st 57 varoos(@D | s o pms tF =z g2
ZZ £2 vatomi (D VAN0E9. mm 52 &7
£ 3 22 ==
E2 2 [ G S8 B pyerewny
gg s EH var0091 (D 54 o
28 VAYII c3 @ S% v 0eQ).
QD g2 womog S5 v @ Ea
25| teewusov 2z VAX €9 ES
SZ| Howwro A VALE9 = . iz
WPV dHL 22 = Z[ Ty SE Sz 22
VAL 000 B B2 Mo wmc 555 11000 oIS B is oy
22 23 09 A3 EX wpfe[yaguoD uayoeue
). z k. J— VAN 23 uagnrusov | £ VAY cm@ e
cz mw /S TppepSeyD). &7 VAt ol ¥ oWz 0) | = 2 ; VAY €9
Tz VAA9I =g @ 82 v|.), N
25 5 = [T H S PNy EE £2
L 2 S & Howssy £2 VAL $3 32 umpus S
Goawsov = 3 'S wppeyade| ER 2% ) <2 vAig VM
HO w6z CH 4 vatset 59 = Sz £ esuy, S Fuedmy
z az a3 g = " oS
sSoqua uog EH mw S wppouon Do R i o8, VeSS vared L O s
] VAT 34 RERZSE wownsaro| 3 & 23 52 5E 3 ] 3%
g7 wowso) |3 B 575 uoL pan), & 4 S anmmoni EH VAY0£9 £ spofema nduat ) ¢ 8¢ 34 a8
Y wpyeyside] EF VAY0ST =4 - " ABMOIL i< g VA ST vursyRg = < < <
VATt 2 @ Rt o - B g e e ——
z = (Foa-usov : : = R sy HOWOSKO) HOWISS0) HOWHTOT) HOWISSE0) HOWNI901)
3 D= . . = lgeasov |2 o EH HOWNGLD)
S Goausov |2 - HownoL0) | £ o By |22 2E
§ 0wt |2 2 22 EL £ HH
a2 £% B 28 k4 k]
o B == = o . 5T
I E| . = gE SE E =]
SE 5 S ] SE £
B i 53 i B ] EH
22| 52 22 EH EH 25 EE
i EE J— <
1py NUIBUYOIIN AN 11 k= © 1p) MyOPE AN 11 4 1dgd DO w“_u < 1py aaeMOIIN \%_._m 2
ozed ogld
gAY 11 VAN S VAN S

npan ‘/S AX 11/€€/99




¢ 40 ¢

SIOULIOJSURI], 9JBALLJ
sIouLojsuel], Ddd

(AN 11 % €) 909V
A
117 €€) 0D 2ury/sg1

(HO) durT AY 11
2[qed DN AN 11 % €€
(HO) 2urT AY €€

X

ST

(0.633km OH
ACSR-Dog)

(2.768km OH,
ACSR-Dog)

(0.108km UG,
3cx300sqmm)

=

:spuado
SS uemem
VAXSTI
= I 1epn0
°% ooery [1eL dHL
(wwbsppgxog m M VAY 001
eypjory 1addn ‘DN WA0L0) 59 I
2 O
T < S
VAN @ 1-SSd Al £u0[0D) - £S
o
g7 asjusyIURY A @ - Auolo &G | (Boa-usov
w E VAN0ST E Wwﬂﬂ:& 109 C < | ‘HO WAEPT'0) 11eNO
m El . VAN066 £ a ooeny [IEL dHL
¥ g
S& g% £& VAN001
BUNAIY 19MOT] M m 3 m
= —
VAN0E9 EE =<
g% 35 (010173 VdHL
R VAY 001
11 pedH Mod 28 £-SSd 40 +
VAY0ST g9 a1suoyouLy @ 33
g ea VAN066 £5
@ = — 2
i 33 G5z (st vanr |38
g g <
27| Goa-usov [ PYOH 10g = BUNOYOUIS w E /S pIek youms
= = | *HO Wi0p9'0) = 8| (Boa-usov M0 23 VAN 0ST
. VAI0ST < < |'HO Wipb0'0) ] o
£ = VAN0001 by RN
EL- (zsT11a) w 2 sS4 11 A10100 E4 Koumeg 10M0]
b 1A [oIIM: 25 BUNOYOUIS g 1 VAY €9
= ‘HO UPIH65°0 > b " =~
B VANOST M\ Z ['HO wnizL0'0) VAN0001 VAN066 )| = )\@U oBeureiq
g3 m w gF m E VAX00T
= (STr1Ta) yeus 22 VdHL Eg T2l Gogusov SupAes
s S0q- S00-uS: g ] Ve SupAesueN
9SO J9MO0d 8| BoauUHY  ofng yayr & G, Fo0uSIV 2230 WO EE 22| o wiorco) (szp17a) VALSIE
VAJ00T S Z | 'HOW0I£0) = Z |'HO Wi0+9°0) =] \@U
= = VAA001 = VAI0ST S8 = JEREN RIS
R— ] S o §$8d 1 £u0pod EE VAY00T
EQ EQ EQ asjoyoury @ % o
uonerg e P Sz p 28
VA00T K19 S8 22 VAN066 e
< = Sz - S
SE SE S SE S SE
TE T i5 L iE zE
is ic < is g5 cH
238 =5 2% = 9% 2%
S| 1opasg asnoyromog | S 1opeag yeysedmg | S 19Ppadq eyyIyouls | = < *19Pad dsjudYIuURy | = “1ppad DALG/LYL| = “10Pa9,] NYISUIYIITA]
oposd _._w.wwmm 00s8(]] ozsg ] ogsa(]] oLve(]) ots8(] 084
Sng AN 11 i [
VAN § VAN S
AN TT/EENTAY 11/5€

sng A €€

uonelsqng erepsunind AY [1/€€




[—_—
[r——
s ey
i

11w s op LT
OV 3w A 11
aK 00 AT W e
(101301 Av e

ONITOHSININHA ‘ASd

9

40 MYOMLAN NOLLNFILSId




s €d0 1
VAtse RES
ke vony
VAYST VAYST
5% g5
¥ i
H TH
T T g 1 E— Suoysenin
varol VAIST Vatst - =7 oun  Howien VAYST
[ r—— O — 22 ~ [y @
ot oy ey §i| g v
Vo It Ty —
VAIST 1h oofax, == €2 aBe(ia - VAT 0001
v duony e
ol ouen Vst s
s nddy LE] &3
HH spupny v g i £
oquoy  merusov HA Goqusv  VAXST VAYST 5% | wamrasov e usov H
B ey oa = o) 25| otz e p— <
= 2| s is AL s S vas B
23 amomn  EE[ gomen 3 o T | s awsma 23 B
E2 VAAST ES i3 3] VAYST EE 2zl
£% 28 k14 22 Xl 24 Ay 1ag e
B B4 == El B - VAtsic
=) Smopd, N = 2 [ B
VANST P nno 8 | Howen 22
SF 53 | wwmupny g wdung iz <%
é3 33| wms VAYST £ EaT=)
B4 i P— v o o €
s sov vAt0l A g3
R — 8 0 Winic0) EE] H =F £E
VATE H b o g g
. 5 g 2z i E pdoy w25 i
i3 P apoun VArse g . i = 2 [T QD varst AT £ i
: VAN epudoq i . 22 25 owrn £t 4
i ooy 1ddn ey £2 0 ey @ wvtopvope hyfowmos 3
g vaxsc VAxE Y 4 VAtsT £z s g oy
- D - varse 28| owomn oo
aoee ey ARSIV ISV SOV (HARASOV. _ Rl L
v Ho e HOWWID HOwWNSS)  HowMEr) ks EH
EF o uovdfudeg  uovdedioysy 32 52 =
e oo Aver ) sy [EF 2% ooy
£ oo oo vato! VAYS B o 4 B el b
EEANT VAL ooy > N EH
e - < HOMHTEO () oy o w0 ) woud Kermgrey EH oo [B 52 wypios K4
g ooy ooy | : EE] : 5] N
2 Znowin oy oo |3 s EE 2 B Ve 23
a¢ s Y e g B £
28 wsnpuss () E = T .
s €t [ e—
Vol varseQ S sy g e
o ptosog o sur vt wouso v <<
VAYST EE gy A wpnay ool et s fmmeey QD VA VAYE
BN i ENRCE - VA191 vat0l 23| oo Ty
iz % 2 52 ogog i
IH B g2 T B e = [ masy EE HO W)
TGOS s Y 4 wmwo @ 2% W 22| o 25| oumin B yare
iy VATO0P S ey YA005 st ey i iz 5 |Qu§£ T wupopy
G2t auwpbg E LG H BlEE e ;.
$3 [ Tawv ey A i i wuyisAuon) A B g2
22 [sanoumros & iz iz B £ g asuieg o, g oy
il HH 29 53 N 0 vaw
Eh Eaaasov £ s dq 2 of oo 24 vy ddn 55 L
= anebay H4 Varsd 23| omcn & s ] » P e
v ugadoioq A i3 5¢ i zednl 2 [Woun
a 5 4 4 vAxSL H
wieg oy VATST F] : ¢
sz VAY0ST H EH Bpug nuoy E
H H B 5 VAT ) e
i H 0 H s vatoe P ——
i < 53 F] 52 a
3 55 EE ] g varos
won i3 2 i i
Ao E4 iy 22 i ey
e £ Vvt ey 22 buaaneasoy vares
— H 8 sy N ap e <2 [ty
] S i zp i s VAtST 22
L **4 dnqumdea 33 i1 3 B
f VAYST iz =% | v wopsur 3 gz ey
51 _ £l e g E4 yaxes
IH 2 IS e g5 D
i3 £ Q rowms V.
i : N 8 We 52 e 53
4] ] & 52
. 2| vmwaa &2 FH
EH ViSY [ iz B
25 © varos 2 wagng = <>;H: L g sddy 4%
D 25 e e F[ous EY wBuipL 240 dung e A1) M ¢ RS 1
- onwson | =4 dor D opouon) 3 foupwony 2 )5 R S el ot Qp-tosmainn | g, 4y B
EH VANl VAT F 3% £ ¥ oo Dad e 53
i g i 2 g3 v, G————— EH A iz
EH sapug oy — = 35 H : X [ ] VAtsT iz
33 i ot fooyes 2% ¢ £5 B B EE -
- g5 weydog s ERC . _ £g v
ES = =F - APPIN He £3 v:
22 gy vmso g2 varse o i3 B g oy
s 0y prer— it i . H i J Ve H
samo] o0 W0RT0) s, =T E7| w23 Oumida g3 S 2% EH g
vatos: gl S8 "o | % st VAXol oD 32 WO =2 23 PR e pes H
VAXST Mo’ 3z 2 e
o i @—® i iz vatons _z KL vatol VANST o
ER EF] = T — (amasoy varst ooy |24 [ 52 =g owsud vy =3
¥ ] 5 ey i i ot O WsYD) QD omeo | - i T T Ty VAL ]
2% i iz 25 o EH £2 HOWET D) Wownmsn 5 [ Howswo £2
El VAY9L i iz 23 wwoyema 0 B4 =z i ); g
= i3 75 gz S ) H =7
23 oy sy ) ) kS =3 g5 FaouvAea 3% B
E St oo |2 B M 3 £ = £z
vy 22 3z S y i+ g e
> EH i mawoy  aausy H IH B Hi z
(ST we—— iz 5 ruiag ddny Ho WA HO W6t o) <_ 27 spoag vusey g2 H
s< k4 LTS ey > s H P e = i
v ilueg = w00 |2 vy 22 gz 55 i v .m _varst VAYST uaifod MON. M
varse a sy varse G g2 i% i B VAt0sT 25 EE] 3 Susiod PO, SsavATo00L
i i £l B $3 23 D
] % = i B i+ i ] vt o001 I~
H s g2 s ] g wewo A2 i | v sn
¥ i 2 VAol EH] gg L et R ) ] oot
A 4 wowtro) |8 £ g 0 =3 =3 £ ot
B £ wny 28 i H 23 EH (nuep) esio0, B4
H] wdiny |2 B i3 FE i Varooe | VSI g [SF
v ooy VA ST @ == gy p— =7 H L] [— VAOSL ey om0 ) Aoty
. g VArST g Tana suvprag 2% A it —— VL
o [ < ire Es ) vmsie O s I e B R —
£ R iz 5o 24 & g2 Mowry k2 22 VATE H LD
3 E Fungy iz 3 s 2 i3 FZ &2 H VAY 008
zaf)  oszl ] dprmips &z oy 2 3 i Bz 2 i sty
ot B V005 4 = 3 8= Be =g il p—
i Lot P S 21 cnquoeng wpamg 2 S o vavsie p—
z e w0 EH Varent A pies
VAW iz ooy P vAr0l B2 varos 5 varsat .
£9s| 32 B % N EE A 1DAHN z ZE| “Wouxzrn  YMSIE
3 3 it $E ¥ AN 55 H d
£ ) £ 28 B HE) Yoo VAYODS H 29
st 29 mawoy VAIST anusv £ EH iz e £
w900 v vopar HO WIS HO WNGES 1) =2 s WSOl 'VAY 05L B wasepor |23 e
varse D@D e S— X oa anwwery |25 .
& VAY 008 EH g7 T F
£¢ (umbsgogag 52 T EZ SE H
5% D WSO 0) ¢ St 83 £ mm
+ - 32 52 <3 i3 e
(ap | wtoorse ST DAHOWEDO  (Lpa) EX 53 =
ovza [f] o0 wwsro 0924 (A pa) ogza (A 3p4) 0v081 1A 1) 0228 (11 4p:) 0508 ) oto| (1 apa) 0zog
ErNeT
sngAY 11 .
VAWOL VAR 01 VAW € VAW STI/O0T
A €699 A 5599 | AY 1199 A 1199
sng AX 99 7 Butjoysiuanyg ‘uoneisqng AY [1/€€/99




uonejsqng aseqrejN AN 11/99/02¢/00%

€dA0 T o
daW  VAYOSL
. VAN 0ST “33ug 243wy “eypIg 1Sy
g m E.._Esauw VAN 00F E_.._ngmsm VAY 00§
DN UPLIO DN w610
EF
il ™ )
(HaqRAADSV =5 s $F F0aUSOV G 7|
$POO BIPWIZ  TOQIHN UEqUOL eudunys 0wI0010) g My 2 = £ [panowisivo 2 £
d fepe . £2 Eg
dung sore, [ogy VAY 00T (ubsseog - VAT0ST £ EH gg
elFosy MM_“,_M Do VAY 05T vaxoost YANOSL oy SUSH v AH wirS00) z g3 % Goausov
dung 1o wiBoy VAT €9 ). VA €9 VAXSTI < = 00 HO Wi089'0)
A&/V_oomﬂwMH [— m w . =F 2 @ “On w0zE0) pediol
onuwiseo) [ 5 (S cz zg e e ANy wied [90H
°F B 3 g 53 a $7 VAT 05T
X 25 B 2z Eo  IutIcuommeall WY /N SE
Sz Y @oausoy  |S2 Goausov |53 g PIRM VAN VAY 0001 £z (wwbss xog
S S8 HO WN9EY0) wownizo) | S° s¢ @ (unnbspogxog bt ssn DN UNOET0)
i < “on wg sz 3
£ | Goausoy  Geaasov TS Hequo Goqusov | = DN UAETE0) g% 3 4ddN ssil
£ = & | HO wir0r'0) “HO WisL0°0) =2 ) VAN 0ST ‘HO untporo) | O B 9 o =5 VAX0SL s VANOSL
[ooyas Aefeqy Keeyy W,M S2 o2 £8 2 gE 22 AddN MmN
vaie wmsn o £F . : 5
s2 e g agnusoy | 29 z 22 e3
@ QD £ = ‘HOwi9900) | S £ B
(wwbsggxog Soqusov | (aeeasov | S e< OO— E SE (wwbsog[xog
s 0 Ti00re) VAN00S S (wwbsgxog VAN0SL VAXOSL 0N W0sH'0)
E< VAN09T ediio 10005 LIp[oY € DHV AH USLS0'0) -
55 o/s Supiom oponost | v [EREN VAX STI @ — eE
4 18- A Jo10H [ydsary £
e< VALEo VAT 0001 . o REIN £Z ssn sz
a0 or0qy 5/s puesny Foausyy, 2 VAY008 FLY e A S oaHN iz feioN @ £E
KeSweN = & VAN00S 22z
vares O 3 sd 22
£ VANO0E9 A $7 =3
°F 2 SE SSN Tloyy| 2101 Bu B
22 Soq-us 2 Eg gl 1210H Bulld sz
e (Foq-4sOV (Foa-usOV (Boa-usOV wbsgxag s 22 . VAY 00§ SE V.LS¥
3¢ HOWNLS00) | "HOWXCIFO) HO WS 120) a o8y AHWI0D | T €7 VAt0SL g5 VAY 00§ 2 tean
< — e Z VA
P S E b 9 (wwbsgg [xog a3
epesed Aod St 2 ) edwop — “D W0S0'0) 23 doy ) Aoyowoy) 1 Kayowoy)
VA 0ST £F 22 VAN 008 2 130K it g% VA 9T VAT ST
o B4 g% < VA0S O £z @O
EE = el B VAT 00§ 32 28pug 1eoN pr
22 duing 121 £ g% nmy 19GRIASOV
£% SSN LSO " 2 (wbsgs 1xog dog £ 0 W9PE0)
Ebd VAN 0SL VAY 05 2 .| onuwiso0) VAN 0ST
exo eAOS 1s0dxy0ay) 1pueq/y e g g
VAT0002 VAR08 wodd[RL, Surgewog & @ 19108 BIetT §S NIKEN
£ VA 0001XC A % z g VAT 0sT omo] ‘D0 w08z 0) @ 1fueg v 4o
33 VAY 00§ & 5% VAY0SL A
£q ] <] VAN0ST E= @ VAAST
Y 3 E iz “A
=14 € £ Z % | (1aqea-usov =%
s2 2 g S 2| ‘HOuwLLo0) the c2
adig dwngy = = (unmbsgggxog Ssnenw == gF £< O Aepeury
VAT 00§ = = D upIg9£0) varos ZE 25 5% VAA9I
oo ueinyg = 52 £ =2
VAY 008 o sz 5N wosspL - £7 X £2 | toaewusov (1aq
eloyfneyg £2 SE || [varos bsgogxog sa S& BE | awusy "
2 VA 00§ 28 g2 @ On G0 Spood vt a5
Sz O—=" woodp L g2 SSN €O VAN0ST  ggn Suegsieq @ az
E M (1qqRIASOV "n_w, o 1® N ' 7 S VANOSL VAYO0SL =<
a7 HO WZs00) | = 2 y ¥ v Hweg
£l 25 = 5
J— L founewngy g% £ g amv vArST
! =2 EZ E g VA 00S
- VAT €9 g Eg £
ASIV. 2< £Z g
H0£0°0) VATES nfe 27 az 3
VAX0ST (wibsogxog £y =g e (wwbsgogxog
Z . DN WAOI£0) P = O WAL 1Z0)
z F-oR aNIeg
RS & R VAY 0081 101500
VA 0091 g EL) ssn 0 SSN 15008
%) = g m amd g )
pod 1dgd JR— e< VA 0SL zz VA 0SL
008 varose O VAN £9 £ (wbsooexog
ZZ 5 B (wubsgpexog. X “DN WAEES0)
E& g9 £E DN WATIE0) s& a
$o EF OWRD) I Auojo)) ISEqIEA °% oLed oozd(]  osdl
uogIe)) yse] s¢ wrzwg =3 VAN 0€9 25 do, eyjopd
= vaxost () gg ST AN 11 wdoL, O eyyopap
vALE9 VAN 00S (raqey-usOv (Foa-us0v S ¢ |Qaaeausoy M VAL (1qqEy-Y8D
. a ‘HOUMI9L0) [ HO wiss00) | = E@ VAN VAN “HO WDIEST0)
AASIV QRS OV Avoset () 3 €9/5 €0/
wi689°0) HO WL T0) o iz . oyng
£ o o2 VAt €9 wbsgoxog (wuwbsoogxog
22 o o O WASS0°0) DN WA190°0)
VAN0SL VAN000E gz 8¢ g
y B R R
Lo
Pasuenyg [ S 3 Glom-usoy  JIOMUSOV | 5= 57 S (Foq-usOV (Boa-4SOV
B o) HO WSS T) 3 H E £ E £ “HO W100) “HO Wh98£0)
CZ (uubsopoaog F< £ £
10 w00c = =7 =4 (11 4pD) (L3pa) | (wwibsooexog
[Joove o] oova(]] oszdl ovea[]] N wisTo 7
sng A 11 [
VAN 0T VAN 0T VAW 01 VAW 0L
A 11/99 A 11/99 A £€199 A €€/99

sng AY 99




10MOT ) BUR]

VAY ST
EE
5=
=<
1addn) D eueg
oo €40 €
ZE
°%
't
(rqaey-asOV | G
; S
JoMO[ g BuBg HO uWZso0) | S <
VAY 91
B
paas)
c<
soddp g vueg PIT1ng edussy
@ vaist VAY 008
EH g
B
- -
(raqea-usovV |32 5E
1ddn v eueg ‘HO w6E8'0) | S 2 £2
VAYO0L — 52
52 EX
M m (IoM-4SOV GIomM-4SOV GIoM-4SOV Glom-4SOV
£ “HO W001°0) “HO WH9S1°0) “HO WWISKT0) “HO WZLY'0)
42
18| o ® R
Fuofoyy N Sunioy .
ssounoysuery, aeand | () - VAT 001 - unnyg oy (O Wmiostl
B 2 £Z )
Sunnfesury oBeyiiA SupoaL . 5% VAN 000 » D varose
E <
swounogsuesr odg | () N vAY9I ung s () & e FD vaxoos
VAY €9 £z £z
=3 L EF]
At wegaody | X X 3z 22 s s e
: =
ez ee Y z £Z
1% €€) OD aurysdi -\ -\ L1 v eamoy  Sonvenswng (27 £z vAror
= *HO wWY019°0) = 2% o
—~O——— | vt D oot0dsiy 2% wpoN 2s
(HO) SurT AY 11 Gapusoy SOV O Ll :<>x wa sonp wolqey 29 boyduony Ol VSN Anndjep £z
*HO WZ060) ot ool vavtoos (€D} VAASIE VAT 008 VAN 0SL VAXSIE &g wjood wengg
=F == )
SIBI DN AN TT ¥ €€ 52 € —(D———=(» —(D D VAY 008
£ M 19ysnId e ?:5:233, N .%q aoo (1qqry-4SOV :,_ﬁé‘v_m,év (199RA-USOV.
S &S, & DN U860 S 2 HO unjQ HO W06T0; HO unj6L -
(HO) aury AY €€ 88 RN N e & E8 £z
< VAY €9 27 S & onseld uenyg of
4D 92 VAY 0ST 22
. WUQOWOWH (19q23-uSOV “Kramarg atofuryy == 10 Zg iz
' HOWOIT0) n VAY 0051 gg 2¢
5 25 Bt
a Burssad014 UNOIYD) eaH uenyg Mm (19qea-4SOV f
uorSereq VAY €9 st VAY 00§ =z | mownwo
=}
VAN €9 sz ) @ @ EX]
£3 £z - 2 g 4
22 2% ] £ S 22
EE ] g P £
19MO] Y BURJ Jejeqreyy| 2z £z S L e m m [ET— uojo)
VA ST VAYST cg L = 3< S2| Sonanesns) @ 1008
@ @ = = L. v e @D vivtoos
(19qRY-ASOV (19qRY-ASOV. (19qry-ASOV. (19qeA-¥SOV VAY €9 @ =g 3¢ PITAd o
"HO UERS'T) “HO W650'T) “HO WA101°1) “HO upi088'1) = e< 200 [oABury m W xonc,:vn nOn Wm
=2 53 JuowaFeueyy VAY 008 Z) VAN 00§ EL
nmv m £ M AseA Opel], sasen) Anfend) 4 2 m uoque)) 1yse ],
gz gg erepSunig VAY ST VAY 00ST @ (raqr-usOV | o o =2 VAY €9
58 S2 | @oausdy Ty ey K HOWL800) | Q5
== [Howmsy TA Zg er o | Ghewusov ¢
Zg iz Zo z 22| wo :
oBeliA wBug EH 22 gz panunIAd (oASurs o101 Dag) | < €3
VAY €9 25 ¢ 22 110 952D 1998 3N gz
2 o m pood ey g m VAY 00§ VAY 0002 3¢
52 = N C — -
£ m . VAN 000T Glom-asov  UIOM-USOY. QMU Glom-4SOV QMU 1OM-4SOV . . - .
& o I Glom-4SOV £
X S HO UM1p0°0)  “HO WA60ZT'0) *HO URISTI0) ‘HOwpLe) | B E = ___c_ brel) SE
Bl (wwbsgogxog =5 EF EZ EF
== DN WN001'0) < s g H € E £s [E—
EX EX EX =X *HO W00 1)
0808 o60al]] otes(] o6cel osoal] [0
sng AY 11
VAW 01 VAN 01
A T199 AY 11/99

uonesqng uoeSIySuIS SIO AN11/99/0TC




F10¢ /5 ®dua08 SUPD ) 9L CPTHOSEd | FOTHOSEA 05 CIL00LT [ ouriinds eSO T PIERGPIAS PN Ul PEOUA0 Ged-4S 0V AT T SUPD-05€d] 00°SLLOOLT | ST
S/S el ojur ungre: N aur un, BIYIIA N QUI| PRAYIIA 1qQQey- ¢ Bl OIS~
/s eppeonnS oo Le L91HOZE | IZIHOTE 0s rTounL proyiAQ 1 SurousuOng AYLL/SE/99 11 PEOGIOAQ HAARA-USIY A1 T peloNS-0Te
f -1 1 . d y s - : ey
/s tfwey po-L tfwey 951 081HOZd | T91HOZE 05 aur] andg peaYIOAQ 1 SurousIuONg ANI1/EE/99 aul] PEOUIAAQ HAGEA-ASIY ‘A1 w0z
S/ U - L USYOI0 . o d a1 C El 20 ey ‘ DUYDIOG-
§/5 uoyI0g 1j0-1 woypios w1 s€1Hozd | OgIHoTA 0s ury mds peoyIA0 1 SuoysIINd AY 116609 Ul PEoioAQ HAQEE-ASOV AN T woypI08-0z8
§/S IRJRSI00, 0- ], 121RS00, o aury and RIYIOA N uI| peayld, 1qQey- ¢ IR)RSI00 | -
X L 0~ 1Ees00], 850 981HOEE | [11HOgE 0s 11 andg proyiAQ 1 SuousIOnIg AN 1/SE/99 1l PEOGIOAQ HAAP-USDY AT T eIesI00-0¢ 8l
s/s eISuepeure 0-], eISuepewe | aury and RIYIIA N QUI[ PEAYIOAQ) Nqqey- ‘ eISuepeweg-(
/s eiSuvpleures o~ viduepoures wo SSHOEH | 6vHOEd 0s ) r1andg proyiAQ 1 SurousuOng AXLL/SE/99 11 PEOGIOAQ HAARA-USIV AT T pruvs-oga|
110z £0900L1 00°€0900L1 | ¥T
£ - 1104 & ! d y A - . & >
s/s om0 [g Aounopyd|  Jjo-LomoT 1 Aounopy) o ILIHOEE | 691HOSd 05 aur] ands peaYOAQ 1 SurousIuOng ANI1/EE/99 aul] PEOUIAAQ HAGEA-ASIY ‘A1 ouno-0¢8
s/s 1add, Koun 0-, 1odd Koung g a dg POUI0, N o 20 ey ‘ Koung -
s/s 10ddn) 16 Aounopyd| o~ 3oddn 18 Aounopyd €970 L91HOEE | S91HOEE 0s ury mds PeoyIA0 1 SuoysIINg AYI1/EE09 Ul PEooAQ HAQEE-ASOV “ANT T unopyD-0£ 8
s/s Kaunoyr 0-, Kaunoyry; E aur and RAYIIA N aul peayIo. 1qqey-’ ‘ Kaunoyry)-
/s TV Aounopry) Ho-L 7V Kounopy) 454 091HOEE | LpIHOEE 0s 11 andg peoyAQ 1 T 1l PEOGIOAQ HAAPA-USDY AT T mo-0¢d
/s Kaunoyr Suepre: K our yunx RIYIIA N auI| PEAYIOAQ) Nqqey- ‘ Kaunoyy)-
/s 7 founoy) eiduepreg ay 6LIHOEE | LTHOEE 0s rTounL peoyiAQ 1 SurousIOng AXIL/SE/99 11 PEOGIOAQ HAARA-USIV AT T mO-0¢8
555 vy nSoung e +ogHOSEd | ovIHOSER 0s ourp g peagIan0 1 SurousIuONg ANI1/EE/99 ourl PeagRAQ HAAEI-USIV AT T wagRIRYD-05 €8
3U0p
910z §/s Bpeung 1o-L vyppeung 9610 ougan | SETHOSEE 0s 880L1 oury yuna, PeoyIAQ 1 PIRAYOUMS BPINYD oulf PeaYdAQ HAQEA-USIV AT T ofelnA mpreung-osed| 00°880L1 | €2
/5 TPPUGO T J50-1 neung SEC 9LTH0SEd | OpIHOSEE [ oN Surf andg PEURAD T PIEAGONAS BN SU PEOYPAQ IAPI- IS0V ANIT|  CpPUqoT -WeqsemIs 05 el
£00C 0-1 nSeun (rennd 2 o AAqeoddeIoN [ i BIYIOAQ RAYINMS BYNYD) SuI| PROYIAQ NQQRY-YSIV © BUYOUQOT ~WBYSELIS ] - Plaeydde 1N | 72
Bo-LBung | e oy gotocearonsoa| B8 oviHoOSEd | 801HOSEE 0s N 7N peoy 1 PIRAYOUMS BINY oulf PEaYdAQ HAQEI-SIV ANTT|  BUpPUqoT -weysews [0S €8l
£00¢ (g o) Ao o dured 001104 weysewS L o1 801H0SEd | 96HOSET 0s 10100L1 | ourp>yunig PeoyIAQ 1 PIRAYOUMS BPINYD oulf PeaydAQ HAQEI-SOV ANTT|  BppouqoT -weysews1-0s€d | 00°10100L1 | 12
U0) 80THOSEE ON d0d o i i ) i o : - R
T D
co0z 55 prdipy] (wegses 1) 3jo-1 pedioH 100 281HosEd | p8HOSEE 0s ootoout | TS proyiAQ 1 PIRAYOUMS BINGD oul] PEaYRAQ HAQEA-SIV AL1|  WEYSENS - BUpfelews -0S €6l o
e 5010 WeqSeWISL | JJ0-1 TOHCIN Peewis 9FE 96H0scd | IoH0sed 05 ST L PEURAD Tl PREATONAS BN SU PSSR0 NAAPA- SOV AT 1| WeYSCWIST - CpRPWISL-0SEd| 0070010041
00 S/ YN PRI, | ABUES peATPIAS CipmD) 7o toHosed | THOscd 05 01001 | duremiL PEURAD 10 PIEAGOUAS BRI SU PESYAQ NAQPA- SOV AT CREWISL PIO-0S€d| 00°€0100Z1 | 61
z10 S PRWISL TS M0 To Z0TH095d | 66H09%d 05 TS900LT | Surfimds PEUAO i PREAGPIAS PN SU POYdA0 HAPA- SOV AT T PUPWISL09¢-6] 00'15900L1 | ST
575 Bu0ZQ MON UTdde) S5eIA PUTPIS L 710 T0THO9¢d | 66HO9¢d 001 S s o) T PIERGIIAS PN U PEYRA0 BOQ-ASOV AT RIS L MON-09€H
/S ENASOM CR[PWIST | JJO-L [eHdSOH DERwIs T €00 SCH09ed | pLH09EE 001 surynds PEURAD Tl PIEATONAS TP U PEYRA0 BO-USOV AT CUEPWIS] MON-00¢d|
800¢ 5/5 S5 PRI 1901 S5 BP0 vE0 T6H09€d_| 99H09ca 05 PIOOLL  Mourmdg PEURAD Tl PIEAGONAS BT SU PESYAQ IAGEA- SOV AT e moN-ooge| 00 PHI00LL | L1
0157 PUPIS L RRUCS PRAPING B 189 £sH09cd | THO9cH 001 SUFT R PEUAO i PREAYPIAS BN U PEOYdAD FOA-USOV AT TIPS, MON-09¢H
3U0p
910z /5 0yoqelg Mo 150-1 oyoqefg om0 6€€°0 ousan | LEHOLIE 05 6801 our] ands peayOAQ 1 pIEAYOIAS BN aul] PEAUIAAQ HAGEA-ASOY ‘A1 oyoqelg omOT-0L1E|  00'680L1 | 91
TJeqs 951ms Mo[Pq) S5 - 3U0p 3U0p » , Topoqerg -
910z Rt N L S— $60°0 ousan | 1ousdo 0s 060L1 ourt-atL PeoyIA0 1 PIRAYOUMS BPINYD SWLILL PIOHOAO WIAAASIV AN | oycusiucer surporpoura] 000601 | ST
(S/SDAG Y ) Juop - -
T | o yomons) apts proy §/s pusBiyse ], +8°0 ousgn | THOLIE 0s 0S900L1 ourt-arL proyiAQ 1 PrRAYUMS BYINYD UL, PEaYIdAQ NAAEAUSIY ‘AN 1 Pavfa-I9uSIERIyseL) ourT-21L-0L 18 00°05900L1 | ¥1
DdDQ WoL 140 LNEL 1SSV 110z /s wosopjol. J0-1 wosopjoL Ls 001HOLLE | 9THOLIE 001 ON | oqeonddeion | ourpandg proyiAQ 1 PIRAYOUMS BPINGD) ourl peagAQBoq-uSOV ‘AIT|  woSopioL-pusiesiyser-0. 1€ |olqeondde 1oN | €1
575 PUSIESISEL 7301 PUSRBSEL 10 TIH0LTd | _6HoLTd 05 SurTmds ) T PRAPIRS PP SU PESoA0 NI SOV ANIT| _ OWPQeIa-PUSIeSe 0218 @
cooe /S Ol OUCS PIEAIAS TP 65T CEHOLIE | THOLIE 05 CIE00LL Fsur st PEURAO Tl PIEATONAS TP SUT PEURAO IGRA-ASOV ANTT|  owpeera-puseamser-ozia| C0CIE00LE |
55 (SUlde] AUO[05 — N 3 : — -
110z Jooups BB 1N | DdHD) e Aunsos o STl ZE0HOVKE | COOHOVPE | 001 L8S00LL ourtarL peoyiAQ 1 PIRAYOUMS BPINGD ou-o1L, PeagdAQ Fod-4SOV “ANL1| (KU0[0) DAHD) SurT-LL-0pbel| 00'L8S00LL | 01
OdHD) 55 ASAAT0| (RO Ho-L ASA/TTO 910 0CHOPPE | GHOPPE 05 sury nds PEURAD Tl PIEATONAS TN SU PSSR0 IS0V AT RW0[0) HIHD-0FPd
- !
W0 L o1 oais | AN PSS vty el LIHOPYE | IHOPPE | 0s/001 CHE00LL ] surpyumay | peogioro 1" PIAUIMS TIPINGD | QU ProoAQ HAqEy/BOC-USOV AT £uolop DdH-oppa| (OLIE0LT | 6
55 TAUO0)
0-, eyySue, | aury and XT IeAYONMS BN auI| PEAYIOAQ) Nqqey- ‘
- HO-L ATAD epiFue 150 800H0028 | £00H00TH 0s r1andg POXIN 1 PIeAYOUMS BPINGD L PRRHAO NAQRIASIV AL o 008
[Ve)
- ) d £ Foq- : :
910z §/S VAHL 1O-L VAHL €00 0THO0Zd | $THO0ZE 001 150LL our] ands peayOAQ 1 prEAYOIAS BN o PEaAQ IBOAUSOV M| (o ssummeooza| 00 THOLT | 8
DO WOIJ IDAO USNE} JOSSY TAUO[0)
/S Sue, 3 prekyp P N A o 20 3 - ‘
§/5 JAAD BpiFuT Anues preAIMS BpINYD w1 €eHooza | 1HOOTA | 0S/001 our yunag POXIN 1 PIRAYOUMS BPINYD Ul PN HAARIFOAUSIV ANV | i o s o
JUOp JUOp
910z §/5 10quIRYD) 31eD) Anuen prAYIMS BPYD w ousan | ousan | 05000 0v0L1 qunig proyiAQ 1 PIRAYOUMS BINGD PeoyRAQ S0 PUE HAQEA-UOSY ‘AT T ey sopwey) 0| 00'0p0LL | L
/-6 95eeq 193101 ) Be[] (1S Jopun "
BpUd] yzwor eqe . QUIT N BIYIIA uonejsqns esje, QUI| PRAYIIA 1qQqQey- © BPUI IYZWwoT-eqey - 3
NS O1 7 UNOSTT] —Bu IO, 10z PUOIN 1yzwo qey ] 8051 L9THO61E | 95THO61E 0s Th50091 r1andg proyAQ €€ neISqns esIeAy AYEE/99 11 PEOGIOAQ HAAPA-USIY “ANEE PUON 1yZWoT-2qeYT-06 18| 00'THS0091 | 9
£00¢ 55 owlr TR il FSTHO6TE | OETHOGIE | 001 $60001 | owimds eSO T OREISNS BSIBAL ANEE/99 Ul PEaPA0 FOGUSIV ATEE OUBCqRYT0618] S600091 | §
769661 575 0D SBI0q TRdey 60 SoHoIa | LLH061d 001 N surynds PEURAD 5 TOREISqNS TSIPAL AYEE/90 U PERA0 BO0-USOV AJEE TR 061
<00C /S 49D PP eRdey Sr0 SSTHO6IE | 9LH061d 05T ON | elqeonddejoy [ 3urjandg PEURAD cc TONEISqnS CSIEAL ANEE/99 U PSR JIOM-USOV AVEE TRAR-06T4 | olqeondde 10N |
£00¢ /5 BT TS 7 9cTH06Id | THOGIE 051 N SUFT R PEUAO 5 TONISANS ESIEAL ANEE/99 U POYPAO JIOM-USOV AVEE TPdR5-0616
002 /5 TS3U0f TR 507 ZETHOS1d | 9LH0STE 0 0010091 | SWrumiL PERA0 B3 GONEISqNS ESIEAL AJIEE/99 ST PEOIAD TGP AS IV ANEE TSSUOT-USEM-0816| 000010091 | €
110z 575 edueosnn CUewaYS PROT 07 T9THOSId | CETHOSIE | 001 GhE0091 | ourimds PEURAD 5 TOEISqNS TSIBAL AYEE/99 U PEYRAG BOA-USOV AVEE TdW0BND-03 18| 00°6v£0091 | T
769661 | /S COpwoys BmoT CEweTS 10 TZH0S1d_| S9HOSId 051 oN Sury mdg PEURAD 3 TONEISANS CSIEA ATEE/99 U PSR JIOM-USOV AVEE CEURERIRUS-08 [6
169661 STPEID PAOT EEC) 970 GbHOSIE | prHOsId 051 N RS PEUAO 5 TONISANS ESIEAL ANEE/99 U POYPAO JIOM-USOV AVEE BUETewaYS-08 16 o
769661 575 PRwD FEED 700 IEH0S1 | 9¢H0SId 05T oN N [~surrmds PERA0 B3 GONEISqNS ESIEAL AJIEE/99 SUI PR JIOM-USIV “AJEE T IS08Td N
169661 575 BUpRweyS BAdn /S TSEA LE Schosta | THosid 051 oN ST L PEURAO 5 TOEISqNS TSIOAL AYEE/99 U PSR JIOM-USOV AVEE CUpPTEERIRYS-08 16
(rbspzIs| uo
uondNISUd (DD apod 3pod PIXIN (APAI]
yurod uoneUIWUIA ], uoneIo| ) e a0pnpuo) |pduasap| apo) Jssy aury uoneIsqns AM[J/EE 10 . . 3
syIRWIY Joawdx Wiuwdpaury | SdO reud | SO IsIg e sy 10 peaYIdAQ/ON | d8eloA QL 1 UONEISNS 20408 uondusaq dury QN 1pIdg| IpoD PSSV | #IS
SEIP (1 U0p29S) 2ur'] S SIEPA 0P

SeqyFuoZ(q ey JO S[EIP ot AW

soyysuox(q vyyny) Jo sjiviap aui] AW




A g i s qes 1000y vive SR TTD TG T S0P Swop owLt " T . o) . wotuLr | sy
N QUIT Ing BIUIIA RIYIIA o~ N ey [IB] - BIRPSUNIN!
| oowy 1o L oowy e PE0 ousdn | ousdn 001 17 nds peay1aAQ 1 ewpBunIng A1 1/€ peayioAQ S0q-YOSVY ‘ANIT|  (DAE) 298y [reL- eepSuning
S/STIepnO uop uop I3 ]
AYOUMS BagpSUNINE 9 oury yuns BN eayAQ) 0 ¢ 0wy [P - BaepBuUNING
S ——— preAyon punIND ANI1/£€ €99 ousdn | 1ousdo 001 1] unig, peayIAQ 1 erpBuning A1 1/c€ PeayAQ 30Q-YOSV ‘AALT|  (DAE) 298y [eL- erepSuning
Suop Suop T
DdD( WOoIj I9A0 UNE) 1SS 9102 §/S 9SNOH 10MO prefyoyms exepSuninn AY[ /€€ wT 10U Sd0 10U S0 001 8E0LI QuIy yuniy, PpeIYIAQ 1 expdunmg A1 /s peaytonQ Sod-YOSV ‘AT 1 QSNOY Jomod -erepSuninn|  00'SEOLI Ly
: 2uop 2uop d: OqIOA voneisqns £oYIAQ) F0 ¢ eys ofing- vxepBunn:
§/S [ peaH Hod HO-L 1 ProH Mog 9°0 Jousdn | tousdo 001 aury ndg PEaYIA0 1 savpuning AN L/t PEAYIA0 FOQ-UISY “ANT yeys a8ang- eiepSuning
§/s (2sTI 1) Ho-L (zsTI 1) 650 2uop ouop 001 oury andg proIA0 1 voneisqns PEOGIOAQ BOd-MDSY ‘AN 1 1yeys o8ang- eiepFuning
11 prek youms 11 prek youmg jougdD | 10uSdD ) o rxepSunIND AN 1/€€ ) 2 o o ;
DdD( WOl 1940 UYE) RSV 910z LEOLL 00°2€0LT | 9F
VdHL VdHL
S5 (ST TED Weus JO-L STYTTD TwIS €0 2uop stop 001 oury andg proIA0 1 voneisqns PEOGIOAQ BOd-UDSY AN 1 1yeys o8ang- eiepFuning
98mg VdHL 98mg VdHL ougdn | 10usdn : paRpBUNIND AN 1/€€ T ) i
/S I pedH Mod 1eAUoNMS BIRpSUNIND AN /€€ €8T 2uop 2uop 001 aury yunip PrAYIAQ I onesqns peayIaAQ S0q-¥ISY ‘AN T yeys a81ng- erepSuninn
/5 1P preAt P O ALY jou 40 jou 40 T paepBuUNIND ANT /€€
. K 3Uop 3Uop TGN ) N
wonmsqng JUe 19 ASIWSYIURY | JJO-1 YUBL JOIEAY SSIUYOURY L9°1 ousdn | 1ousdo 001 ON our mdg peayIAQ 1 expBuning AN 1/€ aul| peatoAQ 04SSOV M1 asuaPury
i pazifende aq o) wods st aurf Ay 9102 suop suop ajquaydde 10N wonmsqns ajqeandde oN| st
“I0AOMOY D WOIj 1A UINE} 19SS 1-SSd AL Koo | prekyonms erepSuning AY1/€€ s€ Jousao | 1ousdo 00€ ON aury yuniy, on 1 ppSunInG AN 1/EE DN FdTX Wwbspoexd AT 1 asuapury
SyUAYOULY
Suop Suop T
§/S BUAIGOULS JOMO] JJO-L BYIpOULS JoMO] €60 ouSdn | 10ugdn 001 oury andg PEOYAQ 1 I — aul| peayeaQ 30d-4SOV ‘AN 1 BURIV-ERIOULS
Juop Juop T
§/s eypyolg soddp Ho-1 eyyigours saddy L0°0 Jousdn | 1ousdo 001 our] andg pEaYIAQ 1 ewpBuning A1 1/€ auif peaya0 F0q-4SOV ‘AN 1 BURIV-ERIGOULS
DdD( WOl 1940 UdYE) RSV 910z TP S0P 9€0L1 009€0L1 | ¥
/S VAHL ‘9J0 WO | JJO-L VdHL 9o WPO $90 ousdn | 1ousdn 001 aury ndg peayIaAQ 1 ewpBunIng A1 1/c€ au| peayaQ 30-4SOV ‘AN T BPRIV-EIPULS
- ad < . - N 3Uop 3Uop TGN SUI PeatIon)
s/seppry soddn | preAyonms exepSuninn AX[1/£€ ST ousdn | wougqn | 00VOOE aury yuniy, POXIN 1 expBunIng A1 1/€ S0-4SOY % WubsgoExoE ‘AN L1 epRIV-EPIYoUS
3 " - N N 3Uop Suop T UL PEAYIOAQ " areod )
DdD( WOl 1940 UdYE) RSSY 9102 upy Sunyony preAyoNmS epSunInD AN| 1/£€ (334 ousdn | tousqo | 00V00E SEOLI aury uniy, POXIN 1 eifurpBuning AN 1/EE S0q-uSoY 3 wubsgogxog Axr1] PV MPBHIPN-EEpRUMND | 00°SE0LL | £F
5/ eesIdeq 130-L epESIdeq T €00 STH6TEd | pIHOZEd 001 aury andg PESUIDA0 T UODEISQNS NpaD) AYT1/£€/99 SUIT PESIAQ B0A-USOV AT NBUPIN-TPID-0Ced
QUO] C| 3
DdOAUOY A0 LAY o10e 10-L upY Bungoy Knues preAyoums npap v o mmc 1HOZEd 001 PEOLL | ourpyunip | prowono 11| voumsans npan ANI1/£€/99 auf prayian0 30Q-4SOV “ANI T nyoFuony-npop-ogeg| 0 TEOLL | T
Juop Juop
DdD( WOl J2A0 UaYe) RSSY 102 Anues prefyoyms npan Anues predyonms npan SL6'E ousdn | tousdn 0vT €5L00L1 aury yuna on 1 uoneIsqns npan AN 1/€/99 21qed D dTX WWbSQTXOE AT T HoMIN D 2310 MpaD | 00°€SLO0LT | Tt
. (Jey erepueq oF
9661 §/S Y erepueq elreq 685°0 pSTHOOIE | I¥THOOTE 001 89€00L1 aury yunip, peay1aAQ 1 uonwISqNS NPAD AN 1/€€/99 au prgan0 BoA-USOV M| o1 o iaa iy 1-go1a| 00B900LT | OF
(SRR
§/s uLmog Jjo-] euumog 970 66H001E | v6HOOIE 0s our mdg PeayIAQ 1 uonEIsqns npan A1 1/£€/99 UL PRI HABU-ASOV MIT| _yvocidory) 1aae A1 10016
661 L9E0OLT S| 00°L9L00LT | 6€
§/s elead INY eyEgeRy ] L LyIHOOIE | vTHOOIE | 0S/001 aury uniy, pEaYIAQ 1 UoREISANS 1D AXLI/EE/99 | Ul PEIYRAD HAGEH/BOAASOV M| _pvodey) g AN11-0016
[CIEEELES)
6861 §/s eyyeyadey Anue3 predyonms npan 0T’ 9ZHOOIE | THOOIE 0s 99€00L1 ourp yuniy, pEaYIAQ 1 uonwISqns npan AN1/€€/99 auip peayA0 F0q-4SOV ‘AN 1 D) TdEE Ad1-001q| 00 99E00LT | 8¢
010C §/S NHUS] Jjo-L N3] 71 TECHOITd | coHOlld 05 €ET00LT Sury ndg PESGIAQ i TONEISQNS M35 ANT1/€€/99 SUI| PESIAQ NGEd-U SOV ANIT WSUST-01149] 00 €€100L1 | LE
S/ BRIV oL PRI Y620 €6HOITE | 68HOITH 05 oN uryandg PESUIDA0 T UONEISGNS NPaD) ANT1/E€/99 UI] PEAHA0 HAQEI- SOV AT T NENPID-01 18
QUO]
6661 §/S d0jeIRUIOU] NPID) Anues prefyonms npany 910'1 Jou mmc IHoI 1€ 0 ON djqeandde joN | ouryndg PRAYIDAQ 1 uonsqns npan AN11/€€/99 AUI| PRAYIIAQ NGGEY-ASOV AT T nyonpan-o[ 1g|2lqeandde 1oN| 9¢
/5 B KDUES pIEATNMS NpaD 889 OTTHOITE | THOIIE 057001 ON T UL PESUIDA0 T UONEISGNS NPaD) ANT1/E€/99 | W PEAHdoA) HAqeR/300-ASOV ANLT NENPID-01 18
8661 S/S OABMOBIN Knues pIeANAS MpaD €65 11 60CHOTTd | THOIId 05 SOE00LT SUFT {uRIL PESUISA0 Il UONEISQRS NPaD) ANT 1/£€/99 U PESYISAQ HGGEI-4SOV AT SACMOLIN-01Td| 00°S9£00LT | S€
S5 10g JJo-L1dog 30T 0SHOZed | TcHOZed 05 Sury ndg PEAGAQ i UONEISQNS NpaD) AT I/££/99 U] PEaIOAQ HAQEI-MSOV AT T g 7 P00 L-0ced|
Lo0e 575 TI0I0L BROT ePBuny It TOCHOETd | 09THOET | 001 ciooct Sur] mdg PEURAG TT | WOnwIsqns ipaD ANT1/E€/99 SUI PEYAQ BOa-USIV AT or % epoL-ocia| 00 ClI00LL | vE
300C /S UMO] M3U iP5y JJ0-1 UMO} MoU Npay 910 9THOEIE | pIHOEIE 05 9TT00LI uryandg PESUIDA0 T UONEISQNS NpaD) AYT1/£€/99 UI PEAHOA0 HAQEI- SOV AT T UROY AOU NpAD-0E 18| 0091T00L1 | €€
SumnoRY
1102 Jjode) Suesnsueq 1o dey nyoaped 9t 89IHOEIE | STIHOEIE 0s 985001 aury uniy, praYIAQ 1 uonEIsqns npan A1 1/£€/99 uI| peayA0 NAqE ASIV AL 1 eyyBungy-nyoopog-og 1| 009SSO0LT | TE
§/5 BUBUNY) BAOT 1O~ BBUnGy 61 LTCHOSTE | SOTHOETE 05 uryandg PESUIBA0 T UONEISGNS NPaD) ANT1/E€/99 UI PEAHOA0 HAQEI-U SOV AT T BOYUNG)-NGIIPAJ-0E 16
1102 ut pooII puE popUESIp §/S Suesnzueg EERGENe) 681 L6THOETd | 89THOEIE 0S SurIndg PESUISA0 I UONIEISQRS NPaD) AT I/£€/99 U PESYISAQ HGGEI-4SOV AT COBUND-M3P3d-0g 16
AL 1002 /5 oopiRung) B4d] oL TPy 700 6OTHOETE | 89THOEIE 05 600091 upy ands PEGIAQ T UONEISQNS NPaD) AT 1/££/99 SUI| PESIOAQ NGAeI-U SOV ANIT BUEUNG)-NGPJ-0ETd| 00°L600091 | 1€
SHUPISTY'S B UDIS0'0T =HiouT H0L 5/5 Mpopod 130-L 05popad <10 YOCHOEIE | SCIHOEIE 05 Sur] nds ) 11| UONeISqus npan ANI1/£€/99 Ul PEOIBA0 NAQEI-ASOY AT FUEUN-NP3Pad-0E 16
101 NyPapad KnUES pIEANMS NpaD 88901 STIHOEId | THOEI] 057001 Ty UL PESUIDA0 T UONEISGNS NPaD) ANT1/E€/99 | W PEAHoA) HAqeR/300-AS0V ANLT BOYFUNI)-NGIIPAJ-0E 6
B0 assd
DdD( WOl 1940 UYE) PSSV 10T §/S VAHL §/S BPREWSL IO 6£1°0 88H09¢d | 89H09EH 001 1SLOOLL aury ndg PEAYIAQ 1 PIRAYINMS BUANYD U PRYING BOA-USIV M| 41 mpperensy. vapi-ooca| 00 TSL00LT | 0F
RIS - PREATOIRG - : P AW
00T PIEAYIAS P PIRAYINMS 5/S AY99 7900 THOPYE | g6 oo 051 91€00L1 aury yuni on 1 PIAYINMS BPINGD o] a[qed D AdTX Wwbsog [ AT prekyonms ey y-oppg| 009TE00LT | 67
ATUTS P PIEATOIAS P b - TP JNSOUOZ(])
1B, IMS §/S i X aur Un, IBAUINIMS BN uIf J[qed wubsy X7 ¢ N X
00T B v p— PIRAYINAS §/S AY99 wTo THOSYE | "g¢ oo 0S1XC SIE00LT 1] yuniy, on 1 preAyOIMS ByyNYD 1] 21qed DN FdTX 0S1XT ‘AT prekyoums epinyy-ocpg| 00 STE00LT | 8T
00T e PIRAYIIMS /5 AN99 $90°0 1HOOZE | T S 0s1 YIE00LI oury yunay, on 1 APIMS BN auf 21qed D FJTX wwbsg AT P IO gooLt | 2
PIRAYIAS BN S S 5/5 A9 ' PIRRIAS o ! PIRAYINS PYINYD-0028
ATue: PIRAIMS @pa
PIRAYONMS B PIEAYOIAS $/5 AX99 SEI0 THOLE" 575 AN99 0s1 djqeondde JoN | our uniy, on I PrAIMS BPNYD) duif d[qed DN HJTX WwbsgT ‘AN JAS) PRAGINMS BIYD-0L£6 ajquordde JoN
ATUES " . PIRATINAS dd < b R UIPJ BUNeEWIS dd
00T PIEAYIAS P PIRAYINMS §/S AY99 szro THO9SE | g6\ oo 051 ajquoydde joN | aury yunay on 1 PrAYINMS BPINGD L AAQE DO FATX WWSOSTANIT[ 3 e Cuomg wpynga-gogg | 1T2190E 10N
AnuEs PIEATOIRS Il PO eewS T,
IeAYONIMS S/S . aurg yung TeAYONMS BN our| 9qed wwbs, N X
B v p— PIRAYINAS §/S AY99 €10 THOSSE | g6 oo 0s1 €1€00L1 1] yuniy, on 1 preAyPIMS ByyNYD 1] 21qed DN AdTX ST AXIT| o) bekyons wynyo-oseq| 00 €TE00LT | 9T
UONINISU0D (DD apod apod (wurbsjozs uo PIXIIA (AMX)PAI
SIRWY Jo aeax yutod vopTumIL L, uonery 3] dury SdO [eul | Sdo Isag Jopnpuo) pduosap| - apo) assy ol 10 PRAYIAQ/O( | 3Beyop uoBEISNS ANIV/EE 10 uondunsaq duryp JweN 1P| 3P0 1SSV | #IS
* : ’ ’ - /318D | wssv @12 uonEIsqng 210§ o :
Sesp (1 uoyxdg) dury #S SIERA PP

d BNy JO S[ENIp Ul AN




N

N

SSOIAIDS TONNISIA NPY pun 3002 55 wovFeIRa Tio-L owsend 6650 COTHO0ED | 092H0ED 001 oN ST L ) £¢ [ onmsqns npan ANTT/EE9 SUl PEOUOAQ BOA-USOV AJIEE WAL PUBUZIOWRY 1-0£0
300C 575 T0000S PPIEUIZ/ T RUO[05 D dd PIBWZ T 70 TLTHOED | 99THOED 05 7T100L1 | ouriands PEURA0 €6 | wonmsans ipan AMI1/£€/99 U PEYRA0 NAGEN SOV “ATEE URO DBUZIONRTT-0£0] 00°Z1T00L | L9
910T sueisns J3o-1L _._‘%m 1€9°C SESHOED 90HOED 0S LY091 dury indg PEIYIAQ 113 uoneisqns npan AN[1/€€/99 Aul| PRAYIIAQ N19qRY-YSIV "ANEE Ided-0€D] 0072091 99
TYASPD "GO AQ A0 PIPUTY PSS o10C S5 A 1eI050 S5V I 550 0SHO0EO | 86LH0ED 05 W1 Sur] mds o) €6 | Uonmsans ipan ANI1/£€/99 U PEOYidAD NAQPE- SOV “AYEE F1PI090-V F9090-0£0] 00728191 | €9
YIS0 (DAY Aq A0 pOpUEy oSS 910z S5V m05q T0-L V 050 696 ¢ S6LH0ED | 19LH0ED [ 18191 Sury nds ) €€ | Uonmsans npab ANI1/EE/99 Ul PEOIIOA0 NAQEI-AS0V “AYEE|  V IP03G-(J0-1) HEqa-0£0| 0018191 | #9
T3S0 AN AQ TR0 PpUEY PSSy 910C eSS TS VLG 00LH0ED | LVLHOED 05 9L101 3ur] nds PEURA0 €6 | wonwsans ipaD AMI1/£€/99 U PEYIRAD AIEE SUCISNS- MPEReS-0£0]_ 00°9L191 | €9
TGASD AN AQ 10RO PpUEY PSSy 910z npES FEEEPO I35€ LVLHOEO | 90LH0ED 05 SL191 Sur] mdg ) €6 | Uonwsqns ipan ANI1/E€/99 U PESYIAD AIEE TPES - FUQEP0-0€0] 00SLIOT | 9
S FUED 7oL SUHGeD 1320 S0LHO0ED | 669H0ED 05 Sury nds [ERIE) €6 | UonmSqns ipan AN 1/E€/99 U PEOYIA0 ANEE FUREPO-FHEWIES-0£)
5s kesung -1 Kesung 9610 GR9H0ED | L89HOED 05 Sury nds ) £¢ | Uonmsqns npan ANTI/EE/99 U PERA0 AVEE WEPO-SUPUIES-0E0
575 weoseqeley J30-1 ueoseqerey 720 CI9H0ED | €L9H0ED 05 Sur] mds PEURAO €6 | wonwsans ipaD AMI1/£€/99 U PEYRR0 QRN SOV “ATEE TEEPO-SUPIIE-0£ 0
575 RoMueq T50-L Ao[0quy et SLOH0EO | €59H0ED 05 Sur] mdg ) €6 | Uonwsqns ipan ANI1/E€/99 SUI PEOYIOA0 NAGEA SOV “AYEE FUREEPO-FUEWIES-0£)
575 RelV 94d0 130-L ey 5ddq) 10 OLSHOED | PLSHOED 05 aury nds BRI €6 | Uonmsqns ipan AN 1/E€/99 U PEOYIdAD NAQPA- SOV “AYEE FUREPO-FHEWIRS-0£)
575 KoV MO 1oL KOV R0 70 COSHO0ED | 19SH0ED [ Sury nds ) €€ | Uonmsqns npab ANI1/E€/99 Ul PEOIIOA0 NAQEI-AS0V “AVEE WEPO-SUPUIES-0E0
110z 575 Buleuey] 50d1] 730-L Suiewey 194dn 8T0 TESHOED | £€SHOED 001 19g0091 [ AurTinds PEURAO €6 | Wonwsans ipan AMI1/£€/99 SUI PESEsA0 B00-ASOV “AIEE UEEPO-BUIBAIES 08D 00°L950091 | 19
575 Koy 390-1 Sujeey 194dn 08¢ 06SHOED | SZSHOED | 05/001 Sur] mdg ) €6 | Uonwsans ip3D AMI1/E€/09 | OUNl PEOYIOAD IAqea/500-US0V “AYEE FUREEPO-FUEWIES-0£)
575 FuEwIey] RO FuPuTy M0 110 CISH0EO | TISHOED 001 Sur] mds o) €6 | UonmSqns ipan ANI1/E€/99 SUI PESYdA0 FOA-USOV AVEE FUREPO-FHEWIRS-0£)
575 € Te0s I 730-L g wosprg ¥20 TSPH0ED | GLPHOED 05 Sury nds ) €6 | Uonmsqns npan ANTI/EE/99 SUI PEORA0 HAQPA-US0V “ANEE UEPO-SUPUIES-0E0
5/ V teosprg J30-L WEosPIE 651 T6HH0ED | SLPHOED 05 Sur] mds ) €6 | wonmsans ipaD AMI1/£€/99 U PEYRR0 NAGEN SOV “ATEE TEEPO-SUPIE-0£ )
575 HequInsay 730~ Hequinswny] 050 GSPHOED | £SPHOEO 05 Sur] mdg PEURAO €6 | Uonwsans ipan ANI1/E€/99 U PEOYIOA0 NAGEA SOV “AYEE FUREEPO-FUEWIEI-0£)
575 TGO To-Leard el 90LH0ED | 0SPHOED 001 Sur L [ERIE) €6 | Uonmsqns ipan ANI1/E€/99 SUI PESdAQ FOG-USOV AVEE FUREPO-FHERIES-0£)
/S TpeFedy 1oL Tpesedy. 65T ¥6EH0ED | 06EHOED [ Surynds ) €€ | vonmsqns npab ANI1/E€/99 U PEOOA0 NAQPI-ASOV “AYEE TRERdV-0€0
575 WoseD 90-1 Aosqeeq 76T SOPHOEO | GLEHOED | 0S/001 Sur] mds ) €6 [ Uonwsans 3D AMI1/£€/09 | OUl PEOYIOAD TQe/500-US0V “ATEE
575 FUWEN 1901 nqaTioq 61 TLEHO0EO | TSEH0ED 05 Sur] mds ) €6 | Wonwsans ipan ANI1/E€/99 U PEOYIdAD NAGEA SOV “AYEE
To-LIard 575 womend 069 0EPHOED | SOTHOED 001 SUr UL PEUPAG €6 | UonmSqns ipan AN 1/E€/99 SUI PESYdAQ FOG-USOV AVEE]  JO-L HedIeq We0sea-0£0
575 owieE oL <00 TIEH0ED | SICHOED [ [eurTmds ) €€ | Uonmsans npab ANI1/E€/99 U PEOOA0 NAQEA-US0V “AYEE TRIPE-0£0
575 weogu J30-1 ueoswiey 050 0IEH0ED | TITHOED 001 Sur] mds ) €6 | Wonwsans ipan AMI1/£€/99 U PSSR0 BOPUSIV ANEE WoTWEA08)|
1oz SIS REIMeN 5oL Wosaig 20¢ HOCHOED | C0THOEOD 05 9580091 3ury ndg ) €6 | Wonwsans ipaD ANI1/E€/99 U PEOYIdAD NAGEA- SOV “AYEE REmen-ogo| 0099€0091 | 09
575 RBWIL 3oL AL €10 TIZH0ED | 06H0ED 05 aury mds PEURAG €6 | UonmSqns ipan ANI1/E€/99 U PEOYdAD NAQPA- SOV “AYEE AFNIL-060
S5 ewAea To-LmPRa 00 GOLH0ED | TPHOED 001 Sury nds ) €6 | Uonmsqns npan ANTI/EE99 SUl PEOUOAQ B00-USOV “AJEE TRAA-0£0
SS PROT DTS J30-L PROT NS 10 VTLH09TE | €cL098 05 Sur] mds ) €6 | wonwsans ipan AMI1/£€/99 U PESYRA0 NAGEN SOV “ATEE RO NPES-0918
575 ol S TO-L S 53 VPLH09TE | SEH0EOD 05 Sur] mds ) €6 | wonwsqns ipan ANI1/E€/99 SUI PEOYIdA0 NAGEA SOV “AYEE QoL MPES-09 18
S/ Fuded 7oL Fuidd 00 S1LH091d | T1LHO918 05 aury nds PEURAG €6 | Uonmsqns ipan ANI1/E€/99 U PEOYdAD NAQPA- SOV “AYEE Fubd-0918
3002 15 /NPT f Tjo-L vzunea Ths T1LH09Td | C65H09TE | 061 100001 | ourTuniL ) €6 | Uonmsqns npab ANI1/EE/99 U PROYBA0 JOM-USOV “AJIEE U004 - Zumed-0914| 00'1010091 | 68
DdDQ WoL 180 UG S5V 110z s/s vwnseqq s/s ndue 009 298H0918 | LSOHO91E 0s oN | elqeonddetoN | ourpands peaynQ €6 | uonmsqns npan AN11/£€/99 oUrT PEOYIOAQ NAGEA-ASOV “AEE eumseyg-0914 [olquondde oN| 8
S5 11 Pj0STued 575 PRAwT 98T R0THOOTE [950THO9TE| 0% Surynds ) £¢ | Uonmsqns npan ANTT/EE99 SUTT PPOYPA0 TGP IS0V “AJEE TORD-0918
S/ elanN 1oL PanN €0 890TH09Td [S90THO9TE| 0% Sur] mds ) €6 | wonmsans ipaD AMI1/£€/99 SUIT PEOYIAD NAQEN-USOV “ATEE TORD-0918
SRS 1oL FUSPA [l 0T01H091d [0T101H09TE| 05 Sur] mds PEURAO €6 | Uonwsans ipan ANI1/E€/99 SUIT PEOYIAD Qe USOV “AVEE TWRH-09 18
s10¢ s eRed 7oL pea 6% SPOTHO9Td |€00THO09TE| 0% ssoo91 [ duriamds PEURA0 €6 | Uonmsqns ipan AN 1/E€/99 SUFT POYIAD QPN UV “ANEE TWPD-0918]| 00°7SS0091 | LS
SSESIng ) 661 C66H0918 | £86H00TE 05 Sur] nds PEOYA0 €6 | Uonmsqns npan ANTT/EE/99 SUTT PPOYPA0 I9qPA-SOV “AJEE TORD-0918
/s fonkuoy) sq1 nduen T 9501H091H | €86H091E | 001 ouryunag peayAQ €6 | uonmsqns nipan AXL1/£€/99 | OurT proyIoAQ NAQEN/F00-ASOV “AEE BwRO-0918
10z a1 D /S PO T £36H091d | 6eonooTa | 001 TE50091 | urniL o) £¢ | Wonmsqns npan ANTT/EE9 SUFT PEOiPA0 FO0-USOV ANEE SUFT URIL PUPD-0918] 00°LES009T | 98
5/ NdepoD 575 TTezumieg 5l TOSH09TE | S6SH09Td [ Sury mds PEURA0 €6 | wonwsans ipaD AMI1/£€/99 SUIT PEYIAD NAGEN-USOV “ATEE UdEpOD-0918
P50 "(5Sd PPUN 575 BTV 0p9D) 1HO-L ATy el 018H091d | C0SHO91a 05 Sur] mds ) €6 | Wonwsans ipan ANI1/E€/99 SUIT PEOYIAD NAQEN-USOV “ANEE Rev-0916
vl0z 575 FuegRung SJS ey 08¢ SLLH09Td | cpSHO9TE [ 9zs0091 | duriamds PEURA0 €5 | Gonmsans ipaD ANTT/EE/99 SUFT POYIAD QPN USOV “ANEE TR 0918 009250091 | SS
575 Tweqe ] oL eueqe S TZsH09Ta | 118H09TE 05 Sur] nds PEOYA0 €6 | Uonmsqns npan ANTI/EE99 SUIT PPOYPA0 I9qPA-SOV “AJEE THCIRwae 09 Td
/S SIS T30-L COEISey] 680 ¥SLH091d | 0SCHO9TE [ Sur] mds ) €6 | wonwsans ipan AMI1/£€/99 SUIT PEYIAD NAGEN-USOV “ATEE CRISe-00 18
SATweq To-L Tweq <00 LZ9H0901d | 029H09Td 05 Sur] mds ) €6 | wonwsans ipan ANI1/E€/99 SUIT PEOYIOAD Qe USOV “AVEE OFUOg-WIYSHIN-09 16
£00¢ /S PoRS] WHSHIA 07 G6E9H091d | 965H09TH 05 €600091 | urrmds PEURA0 €5 | GonmSans ipaD AN T/EE/99 SUFT PEOYIAD QPN USOV “ANEE OFUOG-WINSHIN-0918]| 00°€600091 | ¥S
S/ Trosuog IpFuNING 1996 ObEHO09TH | C6CHO9TH 05 BUrT UL ) €6 | Uonmsqns npan ANTI/EE/99 SUTT PPOYPA0 IGqPA-SOV “AJEE OFUOg-WISHIN-09 18
110z 575 eeioz 575 TUSRd SLST VSSH09TE | LSPHOOTa 0% 0PE0091 | owriands PEURA0 €6 | wonwsans ipaD AMI1/£€/99 SUIT PEOYIAD NAQEN-USOV “ATEE eSWeZ-091d] 00°07€0091 | €5
575 RoypBuEoq T Aoupsueiod c0 T9SH091d | SSSHO9TE 05 Sur] mdg PEURAO €6 | wonwsans ipan ANI1/E€/99 SUIT PEOYIAD Qe USOV “ANEE CZIEEpOD-09 18
S TRy ToL ey 750 ChCHO9Td | 6eSHOOTE 05 Sury nds PEURAG €6 | Wonmsqns ipan AN 1/E€/99 SUFT PEOYIAD QPN USOV “ANEE ZINPEPOD-09 180
575 BuRD 770 - euewen Sl P6PHO09TE | 6LVHO9TE 05 Sur] nds ) €6 | Uonmsqns npan ANTI/EE/99 SUTT PPOYPA0 IGqPA-SOV “AJEE TZUg-npOD-09 1
/S TSR J30-1 PUSEd-CURRD 54l I3PH09Td | 1LPHGOTE 05 Sur] mdg ) €6 | wonwsans ipan AMI1/£€/99 SUIT PEOYIOAD NAQEN-USOV “ATEE T2 pOD-09 18
/5 eInuouTS J50-L BnguiS €0 CSPHO9TE | ShPHOYTE 05 Sur] mds PEURAO €6 | wonwsqns ipan ANI1/E€/99 SUIT PEOYIAD NAQEN-USOV “ANEE TZIEpOD-09 18
1002 575 RolS 1oL IS T LEpH09TH | [IPHO9TE [ 6600091 | duriamds PEURA0 €6 | UonmSqns ipan ANI1/E€/99 SUFT POYIAD QPN USOV “ANEE T npOD-091d| 006600091 | 7S
575 TaypRIIES J30-1 Suedny 0T 89¢H09TE | CSCHO9TE 05 aury nds ) €6 | Uonmsqns npan ANTI/EE/99 SUTT PPOYPA0 IGqPA-SOV “AJEE TZUTg-npOD-09 14
/5 UB0Ge X MO J30-1 UCOTE R PROT Tl SEHO09TE | 0ZCH09TE 05 Sur] mds ) €6 | Wonwsans ipaD AMI1/£€/99 SUIT PEYIAD NAQEN-USOV “ATEE TZIeEpOD-09 18
575 AEwen TOLTwD ST LSOH091d | €6IH09TE 05 Sur] mdg ) €6 | Uonwsans ipan ANI1/E€/99 SUI] PEOYIAD QPN 4SOV “ANEE CZIEpOD-09 18
575 RolaeL 1oL RIEL T 06£H091d | 19THO9TH 05 Sury mds PEURAG €6 | UonmSqns ipan ANI1/E€/99 SUFT PEOYIAD QPN UV “ANEE TZINPEPOD-09 18
575 ITezumieg 0L eepueq 02 C65H091d | C6H091H 001 ST L ) €6 | Uonmsqns npan ANTT/EE/99 BUT] PROUdA0 BOa-4SOV ANEE TZUg-npOD-09 1
€002 oosm HM__HMM_QU& (170-L vIe L oo0g) wacpFuning c10c SE1HO91E | 001HO9IE | 001 2600091 | ouryunip peoyAQ €6 | uonmsqns mpaD ANI1/£€/99 ourT peoyoa0 Foq-uSOV ‘AAEE eeL 4oog-0914 | 007600091 | IS
ICATDNITMS
DdDQ WOl A0 LT 1SSV 910z Q&wa_._o,.\% - £nues preoums npon 601 TiHoo1d | 1HO91E 001 6£091 oury yunag peoyAQ €6 | uonmsqns mpan ANI1/£€/99 our] peoyoa0 Foq-uSOV ‘AAEE [reepBunno-0918| 006091 | 05
DD WOl A0 e} 155V 910z waopTunmy Att ce Anues preAyoms npaoy 501 zetHovie | THOVIE 001 86091 aury yuni, peayIAQ €6 | vonmsqns npany ANI1/£€/99 aurT peoyia0 F0q-USIV ‘AYEE I- vepSunmo-op1d| 00'8€091 | 6
S 3U0p 3U0p TEISq ;
Lo ooy g, gy MO-L TTINO 230 1L 4HL 20 wusan | 100540 001 oury ands peayIOAQ 1 [ — peayAQ 300-4ISY ‘ANIT|  (DAH) 208y L eaepSuning
S/S AUO[0) - 3U0p By BN ;
P T m— g Auojo) dHL Areen d3eurelq 81°0 10U §40 jou §40 001 sury mds PRAYIOAQ 1 expSuning A1/ PrAYIOAQ S0A-YISY ‘ANIT|  (DAE) 998y [~ erepSuningy
UuonINISUOd d (ADD pod pod {tebspu n=e PIXIA (AXDPAd
N y jurod uonvUTWWId ], uoned0] 3 a0pnpuo) [ndudsap| apo) ssy aury . uone)sqNs ANI /€€ 10 3 .
SHIRWRY Joaeax Wiwoury | S49 [euly | SdO ISy Ja1qeo Jossy 10 peaYRAQ/ON | d8eop (L 1 UONEISGRS 22an0S uondusa( dury e\ J19padg| apo) Jassy | #S
SIEIP (1 U0n295) our 7S SIeRa pd

SEq{U0ZQq e JO S[ENIp oull AW




Live sevours TUES] W Yeruss | oo
§/S AT JomOT JO-L B[] MO 895°0 869H09TH | S69H09TE 0s aurpndg PEGAQ €€ Suroysuenyg AXL1/£€/99 PEAYIRAQ HAGRY-YISV “ANEE ST “WPBIT-0928
T » BUNUI )
§/S BIBUIPIYSE MO | JJO-1 BPBUIPIYSE] MO 89°0 TI9H09Td | L09H09TE 001 auryandg PEYIAQ 13 Sumoysuenyg AXL1/£€/99 PEAUIRAQ Bo YISV “ANEE ST “WPBIIT-0928
oS Gt
§/s epieT oddn §/s epplosog 4t SOLHO9TH | 06HO9TH |  05/001 aurpuniL PRIIAQ 13 Sugoysongg Axl1/eg0o | POHON0 300 P HATAAISY “ANEE  BpIeT ‘wprT-057a
§/s pundg oddn Jjo-1 vupdg saddpy 500 I8HO9ZH | 08H09ZH 001 aurpandg PEIGIAQ €€ Suoysiwongq \_c: Veeo9 PEaYRAQ B0-4DSY *ANEE PPOSOF-RULIRS-09ZH
L00t §/s eupiag dog, JO-1 putiag dog, 6990 PLHO9TE | OLHO9TH 001 8600091 aurndg PEYAQ 13 Suroysuonyg AXL1/£€/99 PRIIAQ BOA-UDSY “ANEE POSOF-PURS-09TE | 00°8600091 | L8
§/s Bpjosog [00yos Suesweuog 2A0qy 6L6'8 06H09TE | €HO9TH 001 auryyuniL PEYIAQ 13 Sumoysuenyg AXL1/£€/99 PeayaAQ BOA-UISV “ANEE BPIOSOF-BULRS-09TE
TOORS N neIsq , ToOoTs }
110z v~ a1e5 00yos SueSureuos seaN €60 €H09TA | THO9ZH 051 8E€009T | dwTyumIL on 13 Suoysiuonyg Ax 1 1/gg/o0 | PIOTEPUN HATX wbsog1XoE “Axee aroqe o1 Anueny-gozg| 00BEL009T | 98
§/s ueoBeure ] J§o- ueoSewr] €0 SOTHO91T | SOTHO9IT 0s ourands PRGN 1 SuousIuRYd AN 1/E€/99 oul] PEIYIAQ HGABY-YSOV ‘AT BuuniL-0ge
1ioe §/s Kounog Jjo-1 Kaunog LPE0 66H091T | T6HO9I'T 0s $6500L1 aurpndg PRYAQ 1 Suroysuenyg AXL 1/£€/99 oull PEIYIAQ IGARY-YSOV ‘AT BuLmiLf 00'S6S00L1 | 8
ueoSeleg HO-L Sukmi, €ree EPTHOIIT | LSHOITT 0 auryandg PEIYIAQ 1 Sumoysuenyg AXL1/£€/99 Ul PEIGIIAQ IGABY-YSOV AT T Suunii-0¢e
oS PR
[4{us §/s Aoyodoy Jjo- Aayodoy 0 6VIHO9TT | TLHO9TT 6P900LT | QurpounIL POXIN 1 Suoysuonyd AX11/£E/99 S8V AH PUEHIGEN-HOSY ‘AL Koyodo-ogd| 00°6+900L1 | 8
910T s/s Komey 330-1, Komepy LES'T 891HO91T | T8HO9IT 0 ON dqeoyddejoN | ouryndg PROYIAQ 11 ms_o__w:ai d \_c: —_— Ul PeaYIAQ NAGEY-ASIV ‘AT T AameH-o¢g |oqeondde 10N | €8
910¢ /5 eup[SueD §/S Bppe[IIg 9r0't 00THOZE | L9THOTH 0s THOLL aury uniy, PR 1 Suroysuonyg AXL 1/£€/99 oull PEIGIAQ IGARY-YSOV ‘AT epRBueD-0zd|  00TrOLl | T8
S7S (JUoumeal] 3 K - T » Quatmeal], y
600C LoreA) ORES (30-1 01T UIL) Buewdg 2A0q 601 SLHOLTH | LIHOLTH $6 SI100L1 | dwrpyuniL PEYIRAQ 1 Sumoysuenyg AXL1/£6/99 W[ PRUIA0 DAV AHMIT| o orpog-opqur -z | 008TI00LT | 18
600C §/5 e[BouY Aery Jjo-L erBouy Aery wo STIHOOVE | SLHOOVS 0$ 61100L1 | dwTyuniL PEIYIAO A oSEQIEIN “11/99/022/00% ouil peayA0 F0g-4SOV ‘AT IBoN-AeIV-00v€l| 00'61100L1 | 08
o)y uonejsqns . [091S
Jo-1 [PAIS vemnyg Anues oseqrey 91TT TEHOIPE | THOLYE 051 i) PEIYIAO A oSEQIEIN “11/99/022/00Y 2l PO HOMASOV O A | e o ymad 5Q-00b8
aur juni,
8007 S1100L1 SRt 00°STI00LT | 6L
uonejsqns 0918
Jo-L PAIS uemnyg Anues oseqrey 91TT TEHOOYE | THOOYE 051 uengg) PEIIAO A oSEQIEIN “11/99/022/00} 2l PO HOMASOV O A | o o ymad 5a-00be
QuIT Yuniy
28 &l 1! ¢ b ) 150d() % PMO]
. Q101 1yBUIS POy 2a0qY 1o THOIEE | OEHOG6EH 00€ aurpjunig on 1 c HdTX Wwbspexog) ‘AT
ySur 0y MO ueoSiySur 91B}ST [BLISNPU] BYESEJ-
6002 1y3urS ‘peoy mopg 0z100L1 1BuIS AX11/99/02C 4 [estp Vﬂm%%mﬂ 00°02100L1 | 82
Lyuen 21015 m3urg 21018 1YBUIS POy 2409V §10 IEHO6EH | 0EHO6EE 00€ aury yunig on 1 weoSyBuS AN 1/99/022 (EITX WwbSO0EXE) AN 1oy vovnsnpuy euppesed-06¢81
=adn) - @ » - 1o0d[) % PO
Ho-1 as0fury Anuep ueosiyBug 89'¢ 16HO6Ed | THO6EH 051 our syuni PEYIAQ 1 weoByBWS AN 1/99/022 U] PUOIOAO JIOMUSOV AT | vt ernsnpuy eyppesed-0656
L00t €1100L1 BRoT) —onEs g maoq| 00°€1100LT | LL
Jgo-p asofury Anuep ueosyBus vy 16HO6EE | THOGEH 051 — PEIYIAO 1 weoSiyBwS AN 1/99/02C U] U0 JIOMUSOV AT vt ernsnpuy egppesed-06¢8
S
NS WOL JOAO U 1SSV L0z Anueo oseqren Anuep ueosiyBurs Lt LIHOLE THOLE 001 1Lt ou yuna, PRYAQ 1 aurpalg, aul prayA0 FOA-USOV MIT| 1) oepqopy-amo _org| O0TIILL | oL
§/s uvoBere Jj0-1 ueoseie( SE0°0 SITHOSE | vITHOSH 0s aurpndg PR 1 weoSyBuS AN 1/99/022 oull PEIGIAQ IGARY-YSOV AT SUION-BUL-08El
§/s QIO HO- dulio ] 010 YOTHOSE | COTHOSH 0 auryndg PEIYIAQ 1 weoByBuS AN 1/99/022 Ul PEIGIIAQ IGABY-YSOV AT IO -eued-08¢l
§/S PMOT Y BURd 98pug 43u1g 2109y €26y OVIHOSE | SSHOSE 0$ aurTandg PEIYIAO 1 uwotBuS AY11/99/022 Ul PEIGIAQ NGARH-USOV “AATT QWO -LULd-08€l
110z T0900L1 —GomeS 00'20900L1 | SL
§/s MO g vueg JjO-L MO g Bud w500 9LIHOSE | SLIHOSE 0s ourands PR 1 weoByBuIS A1 1/99/07C oull PEaYIAQ NAQEA-ASIV AN T OUIIION-BUTd-08El
§/s 1odd) v eueq Jjo-p ddn v eurg w80 TOTHOSE | PSTHOSH 0s aurpndg PEAYAQ 1 weoSyBuS AN 1/99/022 oull PEIYIAQ IGARY-YSOV ‘AT SUION-BUL-08E
§/5 MO O vued §/s 9BeIlIA Bunnesury €8¢ 8STHOSE | OLHOSE 0 auryndg PEYIAQ 1 weoByBWS AN 1/99/022 Ul PEIGIIAQ HGAEY-YSOV “AATT IO -eued-08¢l
§/5 BIBUTPIY §/8 PMOT 1 Aounoy) [ TOTHOEH | TLIHOSH 0$ ourTandg PEIYIAO A BuousIPUNYA AN 1/£€/99 RIBUEPIV-0£d
10T LSLOOLT - T 00'LSLOOLT | ¥L
§/s Buppal, Jjo-L Buppal, 96L°0 €61H0SE | LLHOSE 0s ourpands PR 1 wwoBgBUIS A1 1/99/07C oull PEIYIAQ GBSOV ‘AT BuiPa1-086l
5 . ; Ay ¢ B -
600¢ Sueysierq Sunnkodury Sunniesuey 1 ISHOSE | 69HO8E 0s 9T100L1 aurpndg PEYAQ 1 weoSyBuS AN 1/99/022 oull PEIYIAQ IGARY-YSOV ‘ANTT|  Buvysierq Sunnkesuey-8e| 00'9C100L1 | €L
6002 §/s o8I A Sunndeduey §/s aBe[I A 243u1g ¥T 0LHO8E | 9¥HOSE 0§ STI0LT | dwrpyuni PEAIAQ 1 wroBtgBIg ANI1/99/022 | PeaIIAQ HAQEI-YSOV “ANTT Sunnfe3uey-08€| 00'STI00LI | TL
600C §/5 9B A WBUIS Anuep uwoSiyBug PLET 9YHOSH | THOSH 0$ YTI0LT | dwTyumiL PEIYIAO A uwo RIS AY11/99/022 Ul PEIGIAQ NGARA-USOV “AATT oBurs-08el| 00°4ZI00LT | 1L
575 RO PUYEd Jj0-L PROT PuPYE] 1290 6CITHO9TH [9TITHO9TE 05 Suryands PRYAO €€ UOREISqNS P90 ANT1/€€/99 SUI[ PESUIOAQ HGAPY ASOV AJEE CUSSUN J-PUr e d-09 ]
10T /5 ePEBUIpIYS) X J50-L PPBUIpIS X €L10 SOTTHO9Td [Z0TTHO9TE 08 6050091 Surpinds PRIIAO €€ | uoneisqus npdd ANTI/EE/99 SUIT PEIIA0 WGP ASOV “ATEE PUSBUNG-PUNEd-09TH| 00°60S0091 | 0L
§/5 BUSBUN( PAOT HO-L TN 8658 GvITH09Td [S80THO9TE 05 surynds PEYBAO €€ | uomeIsqus npsd ANTI/EE/99 SUIT PESGIA0 HGAPH ASOV “AJEE PUSBUN(I-EUNEd-09 6
BU[0 UIZAOWEY /oSO ]
800¢ oa Jjo-1 Buidog 9170t LITHOED | LILHO91E 051 ON | elquonddejoN | ouryspuniy PEIYRAQ €6 | uOnEISNS NPAD ANTI/E€/99 aull PeURAQ JIOM-ASIV “ANEE|  dul] YuniL, eyyBuziowey 1-0¢D | dqeardde 10N | 69
§/5 UOESRoTe N HOLNHd 8611 LVCHOED | 6CCHOED 05 ON " Surnds PRYRAO €€ | uomeIsqus npsd ANTI/EE/99 SUIT PESGIRA0 IGABY-USOV “ATEE UAO BSUIZIOWEY 106D "
uo
UonINIISU0d (ADD pod pod (HETDRRER PIXIAL (AYIPA
juod uopeUNUWI |, uoned0| . . J0pnpuo) |pduassp| apo) ssy uryp uonelsqns AN /€€ 10 . .
SHIRWIY Joaedx ySuap dury SdO [eul] [ SO IS J91q€D sy 10 PRAYIAQ/DN | BesoA L 211 UOpTISqnS 391n0§ uondusaq dury dweN PR | IpoD PSSy | S
s[e3ap (1 uonaag) aury #S S[ER( 0PI

Fe[BU0Zq TIPIAY) JO S[EHIp o




Loor Anuen [ouued [00U00 §/S AN99 0 VOHOYZe _Mmmmm os1 S dur yunip on €€ wi_osmEE.E d \.C: 1/£€/99 AdTX wwbspoexdg ‘ANEE Swppng 00¥) :ﬂmmwwm oozot0001 | <6
Anuen [outted (01100 §/S AN99 T0 VOHOSTH | |onuop 01 aury yuniy, on €€ SUOYSENYL AN] 1/EE/99 HdTX wwbspexoe ‘ANEE SupINg OO 91 009§
§/s eyefoq punuiy) L1 YILHO9TH | 86SHO9TH 0s auryandg PEAYIRAQ €€ Suoysionyg Mc: 199 PEUIAO NAQEH -USIV “ANEE| oy dosserj-monde MM_MM
nyopaN/desey T weydoq vTey €LH09ZE | S1LH09ZE 0s aurindg PEYAQ €€ Suoyswongq \_c: 1g€/99 PUOOAQ HAQUA ASIV "ANEE| oy dosse-monde h“WMM
¥10T s/s eyyiqofg g eduoSeppy $60'¢ LEBHO9TH | LTSHO9ZH 0 2050091 ouryandg PRAYIOAQ 33 wE_EmEE.:_ d \.C: 1/E€/99 PRAYIDAQ NQQEY -YSIV ‘ANEE eyHfqolg-09zd| 0077050091 | 6
§/S BP[UIPRS Bjuased s8Il 69LH09TE | 09LH09TH 0s auryandg PEAYIAQ €€ P S~ PEAUIAQ 1qqEY -YSDV ‘Ade€| deq-Suesnpunys [-nyowQ-09ze
§/s SueSnpunys eyykesunyd 81001 618H09Td | L6THO9TH 0s auryandg PEAYIAQ €€ Suoysionyg Mc: 199 PEAYIAQ 1qqEY -YSDV ‘ANE€| deq-Suesnpunys [-n4ow0-09zd
s/s g eduodey 3jo-1 g eduoBeoy 6£1°0 LTSHO9TA | 9TSHO9TH 0s auryndg PEYAQ €€ Suyoysiuonyq \_c: V€199 PERIdA0 NGQRY -ISDV ‘ANEE PR N-BUSUN-092d
§/$ BUOWIND LIV 88'1 LSSHO9ZE | STSHO9TH 0s ouryandg PEOYIAQ €€ Suoyswonyq \.C: — PEIYIOAQ 1qQEY -YSDV ‘AdEE BUERN-PUSUNQ-092E
§/s v eduoSep |y 1o-1 v eduoSeropy €20 PTSHO9TH | €TSHO9TH 0s aury andg PEAYIAQ €€ P S— PEAUIAQ HGQEY -YSDV ‘ANEE BUERN-BUSUNQ-092E
§/s Swoyse[esN Jjo-1 SuoysepdN £01°0 SO¥H09ZE | Y9rHO9TH 0s auryandg PEAYIRAQ €€ Suoysionyg Mc: 1/6/99 PEAYIAQ 1AqEY -YSDV “ANEE BPRRN-RUSUNQ-0928
10T §/s g n3ued qERN eudunq 819 SPSH09ZE | SSYH09TE 0s 850091 aury yuni, PEYIAQ €€ Suyoysiuonyd \_c: 1/€/99 PERIdAQ NGQRY -ISDV ‘ANEE BB N-BUSUNa-092d| 007870091 | 16
§/s g nsued Jjo-1 g nsueq 810 SLYH09ZE | €LyHO9TE 0s ouryandg PEOYIAQ €€ Suoyswonyq \.C: — PEIUIOAQ 1AQEY -YSDV ‘AdEE BUERN-PUSUNQ-0928
§/S MO BFUIpIY JO-1 1m0 ByNBUIpIY S6€°0 SEPH09ZE | €ErHO9TH 001 aury andg PEAYIAQ €€ SUOYSENY AN 1/EE/99 PeayIAQ 80 4SOV ‘ANEE BUERN-BUSUNQ-092E
s/s A Jjo-Lalmg S61°0 LIyHO9Td | STYHO9TH 001 auryandg PEAYIAQ €€ Suoysionyg Mc: 199 PEaYIRAQ 30(T -ASOV ‘ANEE BPRRN-RUSUNQ-0928
§/S € ByOpSUON Jjo- ] ueoSuuey 6Tl 015H09Zd | L8€H09TE | 0S/001 ury yuni, PEYAQ €€ Suoyswonyq \_c: P L ) 800 % 1qqeY -YSDV ‘AdEE PR N-BUSUN-092d
$/S D) eyYUdYOWER JJO-1 D eypjudydweq 8Y°0 10vYH09Zd | S6€H09T 0S surpndg peayIoAQ (13 wE_o__mEu-.:E \.C: 1/£€/99 PRAYIOAQ NQqRY -YSOV ‘ANEE ¥ Ty Q.::UMH_MMOMMM
/S ¥ epjopey) JJ0-L V epiopey) £8%°0 I18€H097d | 8LEH09TE 0s auryandg PEAYIAQ €€ SUOYSIENY AN] 1/EE/99 PERUI2AO0 NAQE -MSOV "ANEE| o o u‘a_oﬁaﬁwﬁm
§/5 € eyyuayOwR nyoqeflg 86L% 86EH09Td | LFTHO9TH [ 0S/001 aur yuniy PEAYIRAQ €€ Suoysiuonyg Ax[1/cg/g | PPOHONO FO0 P NARA ASOV ANEE| oy ,H._%MM_MMM_N_M
TS q BOounYy
. /s Karomns ey o1 | seewoozd | 1ssHooza | os S i mdg | Ao €8 | Suouswonya AXI1/£E/99 PRUINO AN USOV A _uisﬁs_uaé_umﬁ“m“emmm 00ber0001 | 06
§/5 159y 1omo] eyyenydo L8F'Y 9£€H09Td | L9THO9TE 0s oury andg PEOYIAQ €€ Suoyswonyq \.c: — PRWRAQ A ASOV “MEE| 0 puvuooureq-nuovfg-00za
§/s Joddq epikesunyd Jomo eyykeduny) 65°0 LOgHO09TH | S6THO9TE 001 auryandg PERYIAQ €€ B S~ PEIRAO BOd -ASOV ANEE| gy, ué_omﬁmwww
s/ 1add) eyyenydoq egyenydoq ¥T$0 TLTHO9TA | L9THO9TH 001 auryandg PEAYIRAQ €€ Suoysonyg A1 1/£E/99 PEURAO FOA-USIY “AAEE| o o ,H._%MM_MMM_N_M
§/5 10040S BYY 1D pdojoq 866'L L6TH09TE | LTTHO9TH 001 ury yuni, PEYAQ €€ Suoyswongq \_c: 1g€/99 PEaYIAQ 300 -ISIV ‘ANEE P— Q.Eumﬁ.ww_w_m
§/S O 1weqng Jo-1 D wogng LETO 861H097d | ¥61H09TH 0s ouryandg PEOYIAQ €€ Suoyswonyq \.C: — PEIUIOAQ 1qQEY -YSDV ‘AdEE uoyodojo-eury 0 1-097d
§/S ¥ 10qnq Ho-L V 1waang PEE0 961H097d | ¥61H09TH 0s auryindg PEIYIAQ €€ SUOYSENYL AN 1/EE/99 PEAUIAQ HGQEY -YSDV ‘ANEE uayodo[o(-euryeN0T-097d
§/s g uayadajoq weydoq 434 LTTHO9TA | SLTHO9TH 001 aur yuniy PEAYIRAQ €€ SuoysonYg A1 1/£E/99 PeayIRAQ 301 -ASOV ‘ANEE uayodajo-euryNoT-097d
§/s g weydoq Jjo-L g weydoq 9r1°0 S8IH09Z8 | ¥81H09ZE 0s auryindg PEYAQ €€ Suoysongq \_c: 1g€/99 PERIdAQ HGQEY -4SIV ‘ANEE uoyada[0-BUYINOT-0978
e §/5 uayPOTeQ weydoq 609°0 €81H09ZE | 8LIH09TE 0s ccromt ouryandg PEOYIAQ €€ Suoyswonyq \.C: — PEIUIOAQ 1qQEY -YSDV ‘AdEE uogodojo-eury 0 T-0978 wcerooot | es
s/s dog g weydoq Aepewry £€0°T 681HO97 | LETHO9TH [ 0S/001 aupp yunip PEAYIAQ €€ Suoysiuonyg AN 1/cg/gg | PPN B0 P HAqRd SOV “Adee uayodojo(-euryeNOT-097d
§/s g tfueq Jjo-L g Huweg 170 ISTHO9Zd | 8¥1H09ZE 0s auryandg PEAYIAQ €€ Suoysonyg A1 1/6£/99 PEAYIAQ 1AQEY -YSDV “ANEE uayodajo-euryNoT-09zd
s/s doy, Koyowoy) Jjo-L Aoyowoy) 8EL'T 891H097d | O¥1H09TH 0s auryindg PEYAQ €€ Suoyswongq \_c: 1g€/99 PERIdAQ HGQeY -ISDV ‘ANEE uoyada[0-BUYNOT-0978
§/5 D ByyOpa[ JJO-L eypjopaf LLO 811H09Z | TITHO9TH 0s ouryandg PEOYIAQ €€ Suoyswonyq \.c: — PEIUIOAQ 1AQEY -YSDV ‘AdEE uogodojo-eury 0 1-0978
§/ V Mfweg dog npewnypeg Ty 6vIHO9Zd | ¥SHO9TA | 0S/001 aury yuniy, PEaYIAQ €€ Suoysiuonyg AN 1/cg/gg | PPN FO P HAqRd SOV “Adee uayodojo-euryeNOT-097d
§/s 1add) eunuiyd J3o-1L oddy eunwiryd S€0 009H09Zd | L6SHO9TH 0s auryandg PEAYIRAQ €€ Sugoysionyg ANI 1/£€/99 PEAYIRAQ HAQRY-YOSY “ANEE » e .E&.MMM_@_N
§/S DMO BUNWID Jjo-L oMo eunwiry) Twro T65H09Td | 165H09TH 001 auryndg PEYAQ €€ Suoyswongq \_c: 1g€/99 peayAQ 500-4DSV ‘ANEE e a%ﬁmﬂ_«mmm
§/S Be[HOq Jjo-1 euruy) POL'S PILHO9ZE | 6SSHO9ZE [ 0S/001 ouryandg PEOYIAQ €€ Suoyswonyq \.c: — PEOYIAQ 500 % NQQEY-ADSY ‘ANEE - ,Eum_m_w_uww_.mm
(wrar bs)ozr o
SIBWY :ew«cu“_““”.cu yutod woprurHLO], uopwoy ._«MA.—.\M_VMV.._A wn_nuuv”_.w.._& mmun”vn_wu_h Aopnpuo) | pdusap| apod pssy ou 10 unH“HweMO\UD NWMHM\M_ uopEIsqns ANI/EE 10 uondrsa( dury JWEN 1P| 3P0 1SSV | #IS
/198D PSSy (L 91 uone)sqng 30.anog
spreap (1 uondag) aury #IS SeRR( 12pady

SEq{U0ZQq e JO S[ENIp oull AW




7861 §/s meikeiqrey| Anuen Suid AN99 808°0 STHozd [HOZd 0s TSE00LT aury yuniy peayrRAQ 1L mc;czm_cuqvim AALIEE/99 PEAYIOAQ 119qRY SOV ‘AN T Kapuwey-0zd| 00TSE00LT | TIT
0102 $/s Auojo)) dseqre N Anues aseqrey LESO €HOTrE THOZYE 001 TET00LT auIyuniy PEAYIRAQ 11 aseqrey ..H 1/99/022/00% PEaUI2AQ B0 -YSOV “ANTT Auo[0d aseqeN-0THd | 00°TETO0LT | TTT
T
TeISq; oY ! eduso
0102 §/s eduoon) 1pueqIey | §/s Buipewag 96€'1 6EHOLTH LHOLZH $6 0ET00LT aury yuniy PEAYIRAQ 11 AATT/€€/99 % uoneisqns D8V AH Wwbsgexog ‘AT 3 o 00°0€T00LT | OTT
aSeQIRIN [ 1/99/0TT/00% PRI 0L
0102 s/s Suepey] LnSren Jjo-1L Sueppey] unsnen €0 TTIHOTE LITHOTE 0s 8TI100LT oury mdg PeayIoAQ 11 w::a:m:_oq.im \_/v: 1/£€/99 PEAYIDAQ NQQEY -USOV “ANTT Sueyppey T unSren-0zd| 00°8T100LT | 601
I
010T S/S Te)- A 1equOL JJO-L Ter-A HeqUOT, S50 8E€THOOYE | 08HOOPH 0s LTI00LT oury mdg PeayIoAQ 11 AJTT/€E/99 7% uoneisqns PEIYIDAQ NQQEY -USDV “ANTT Je)- A LeqUOL-00F€E| 00°LTIO0LT |801
ASeqEIN “11/99/022/00t
REie] P . K Tersq . . . 8
Ay 9y Ul seA Y3ud] oury L00T NINY pedip Anuvd uonEisqns A M99 80L'1 €cHoszd | THoszd 001 €2100L1 oury yunip PRAYIAQ 1 SuousueNud AXL1/£€/99 ProyoA0 F0q-ASOV WML AT T pedioH-0€78| 00°€Z100L1 | L01
i [t
s/s s/ Surpying X 3 sur and I wibsgpxog ¢ X
8002 %®H /S BuIp[ing £90°0 £HO8Zd CTHo8zd $6 TTI00LT 7 Indg peayRAQ 1L Surjoysiuanyq A1 1/£€/99 24V AH SOXOE "ANTT K101 WA MORE) SIYH-08ZE 00°TTIO0LT | 901
§/5 10)- A LIgyIeD HO-L Jej- A LIngyIeD 650 voHoZd | LSHoTH 0s oury ndg peayIIAQ 1 BuoysIuOnyd AN /E5/99 PEOYIOAQ HQQRY SOV AT - A INQD-07e
s/s Koeyy unsren Jo-1L Koeyy unsren 70 86HOTH 16HOTd Uy oury mdg PpeayIoAQ 11 w::o:w:umr-r_ \_C: 1/£€/99 PEIYIDAQ NQQEY -USDV “ANTT Kofeqy Lnyyren-07e
I
§/s Kaeqy 1Py Jo-1 Aoy LpRy 10 L6HOOYE 96HO00YE 001 oury mdg PpeayIoAQ 11 AJTT/€E/99 7% uoneisqns PeayIAQ S0 -USOV ‘AT T Ko[eqy LIPIRY-00vd
ISeqEIN “11/99/022/00t
§/5 BUIPO 1j0-L BuIpO wo 611HoZE | I1LHOZE 0s oury ands PEIYAQ 1 SuousueNYd AXL1/£€/99 PEOGIAQ 1A -ASOV AT BUIPON-0TH
s/ Kaseyod Jyo- Kosexod €01 £8HOTd 89HOTd 0s aury.mdg peayRAQ 1L mc;czm_cuqvim AALIEE/99 PEAYIAQ 119qRY SOV ‘ANI T Assexpd-0zd
L00T Esed) TT100LT - T 00 TTTO0LT | SOT
o5 eifurpRuning Jjo-1 wxduepSuning €0 I8HO8E | CHOSE 001 oury yuniL peaYRAQ 1 T — PeayaA0 300 -ASOV “ANTT eiduepFuninD-08e
PEHO8E ON 2[0d Anuen weofiySug LUt PEHO8Y THO8E 001 suryyuniy PpeayIoAQ 11 :mowiwr.__mi.:oo\omN Peay1aAQ 50 -4SOV ‘AT T eseg-08d
s/s Koxymg Jjo-1L Koxmg L LIHO9YE SHOOY | 0s oury.mdg PpeayRAQ I oseqreIN ,.ﬁ _\o.o\omN\oov PRAYIAQ HQQRY -4SDV “ANIT Aoyng oseqreIN -09¢ €
s/s Kounewnyn Anued aseqey ST 9EHOOYE THOOYd 05/001 aury.mdg PpeayrRAQ 11 aseqrEN ,vﬁ 1/99/022/00% PERGIAQ 11GqeY ¥ Fod -¥SOV ‘AT T Aounewny o oseqeN-097d
I
s/s Kaeqy (epieseq) Jo-1 Adpeyy 810 99HOOYE | ¥9HOOYE 001 aury.mdg PpeayrRAQ 1L AATT/£€/99 % uoneisqns PERYIRAQ B0 -YSOV ‘AT T Aa[eqy-00pd
AseqeIN 11/99/022/00%
9002 §/S WnLIojewaI?) JJ0-]1 wnroyewaI’ weo STIHoed | 81THOEd 0s OTT00LT aury.nds peayrAQ 11 w::o;w_nmn.im AALLEE99 PRAYIdAQ Nqqey 4SOV ‘AT Ip4 wnLorwaID-0ed| 00'01T00LT | 701
"UBq 1OATT ESIO0], OU) SUO[E - [—
Burssed st oul o) “JOI[IEE OO BSIOOL 9002 Jyo-1L Kar0giog IeJESIO0], L0T TTHOOT'T TTTHOEd 0s 60100LT aury yuniy peayrAQ 11 Suno ﬂ:mr 4 AXTI/EE/9 PRAYIdAQ 19qey 4SOV ‘AN T (Bunnoxoy) Supe-0ed| 00°60100LT | €0T
0} anp 19paa) Suipe] Jo Sunnoioy o Ud AATI/EE/99
§00T §/s npewnypes JJo-1 npewmnypeg 9Tl PSHOEd SYHOEd 0s LOTOOLT oury mdg PeayIoAQ 11 w::o:w:umr-r_ \_C: 1/£€/99 PEIYIDAQ NQEY -USOV “ANTT nypewmpes-0ed | 00°L0T100LT | TOT
§00T §/s eiSuep[eg Jjo-L erp3uepleg S8°0 £6HOEH LLHOEH 0s Y0100LT oury.mdg PeayRAQ I m::o_._w.:mw:m \_/u: 1£€/99 PRAYIAQ 1QQRY -4SDV ‘AT T eiSuepeg-0€d| 00'70100L1 | 101
> 1
s : : LequO,
0-1,350d09Y 1puRqIe X dury nd BOYIIA 9 29 uoneISqNs RIYIIAQ S0 - ‘
§00T 150d3091 1pUEqIEY Y] 3J0-1150joaypd [pueqiesy 90°0 OTTHOOYE | 80THOOYEH 001 17 ndg PeayRAQ I \“M_NNNANM\M_\»@W_N&C'NN\QMV PRAYIAQ S0 4SOV AT T ~edUL0D) IPIURQIRYY-00bEl
80100LT SRS 0080100L1 | 00T
T 1 LIEqLIO
§00T §/S Lrequo], §/s edud0n 1pueqrey | T SYIHOOYE | 6€HOLTH 001 aurp yuniy, PpeayRAQ I AALT/£€/99 % uoneisqns PrRYAQ B0 4SOV ‘AATT —eduson) 1prueque - ‘LN L
dseqIeIN 11/99/02T/00¢ ) priIA LTl
(wpesed) 0-, Auojoo g our yun BOIOA uonmsqns BOYIOAQ NQQEY - ‘ QUMUIQEY) IS, Msmﬂvﬂm X
§00T 1JO-L A UGRY Jo-L 1021004 we 001THO6EH 61HOSH 0s 90100LT T ULy PpeayRAQ 8 uwoSiyBuIs °11/99/022 PEOYIDAQ NQQEY -YSOV AT T QuMudIqey) Ay [eLusnpul 00°90100L1 | 66
MON 0} Au0j0) THDE-0s8
I
. . s/s o[iqowgy) eIofn[e:
§00T 1O~ 211q0 N elofnjeg §/8 LeqLOL, 98¢ €YHOOYE | SPIHOOYE 001 SOT00LT aury yuniy PpeayRAQ I AALT/£€/99 % uoneisqns PrRYAQ B0 4SOV ‘AATT - uequoy _._AJHBU.._VMJEMvJ_r_Hmc_ﬁM 00°S0T00LT | 86
osEqeIN *[1/99/022/001 e
(1requo1)SSN suop T SUOYSINJ
810T \ao‘owu 5 Jjo-1L tequo, Auojo) TOAHN S0 10U §4D T6HOOYE S6 8YTLL oury.mdg PpeayRAQ I AALT/€€/99 % uoneisqns D8V AH Wuwbsgexog ‘AN[ 1| Mequol ‘Auojo) TOAHN-00¥E| 00'8+TLI L6
10D TOAHN d dseqIeIN 11/99/022/00¢
(doysxiop uaqey reou) auop uonelsqng doyssrop uaqey
edio g sury nd wwbspg [ X0¢ ¥ 9
810T SS0 10109 THAHN NN pediPH 100 10U §4D £eHoETd oSt LYTLL 17 ndg on I SunoysIANY AN[ 1/£€/99 HdIX 0STX0¢ "AATT 1au *Au00) THAHN-0EE 00°L¥TLT 96
(v IOV HO-L Vv nypowy TOAHN 8€T0 861HOtd | 6lTHOtd 0s aury mdg peayrRAQ 1L . AUl PEAYRAQ HAGEY-USOV “ANT T . RO
(g1 1°€) 1o1onpuo)) §/s Kuojo) TOAHN ) Suroysuonyd ANI1/£€/99 ) ) TTDAHN 'V nyoowy-0¢g .
30 pSua] oy postpendeo sey Sy .1 810C Td ypoury) oYLl " T xuopoy| 00'9VTLL | S6
g /S WNLIOJWOY, ¥ 3 3 aury an OTI2A QuI[ PEAYIOAQ) HQQEY- ‘ . .
55 AU TOAHN /5w o) 80 olcHOSE | STIHOSH 0s 17 nds PeayIIAQ 1 BuoysIuOnyd AN /E5/99 1] PEaYIRAQ HAGRA-ASOV AT T TOHN ‘g NPOY-05T
(3ogjosurpImyg % . nelsq| 3 B [CanTe)
0¥ o) 3oMOL nuen §0 THOYTE | VOHOYZd 00€ aurpuniL PRIIAQ €€ BuousIRNYd AXI 1/£€/99 PERYIIAQ 50Q-ISV DA ANEE Buping 0o 1131 J0008|
L00z oo SUPIE - £010091 TR . 0| 00°€010091 | 16
. g 0. 9, - ‘
0¥ o) 1BMOL Sh) §0 THOPZE | VOHOSTE 00€ oy yunig PEIYAQ €€ SuousueYd AXL1/E€/99 PRIWRAQ 50q-4DSY DA ANEE BupIng OOW) 1171 10108
UonINIISU0d (ADD pod pod (HETDRRER o PIXIAL (AYIPA
. yurod uopeUIIUIA |, uones| e . ) a0pnpuo) (ndudsap| apo) Jassy aury . uoneIsqNs ANI /€€ 10 . .
SYIRWIY Joaeax WBudroury | SIO [euld | SID IS e sy 10 praYAQ/DN | IBeNoA QL 1 UONEISARS 22400 uondusaq dury JweN 1P [ PO PSSV | #IS
SIesdp (1 Uonddg) dury #S SIER( 1P

Fe[BU0Zq TIPIAY) JO S[EHIp o

AN




910T /S BPUIPPRZ JJO-L BypuapZ 1¥0°0 8€8H09TH | $T8HO9TH 0s 9%091 oury.mdg PeayRAQ 133 m::o_._w.:um:n— \.C: 1£€/99 PRAYIAQ HQQRY -4SDV ‘AT T (BRI BP[UONIZ-0978 99091 1€l
L-900T §/s Butjeway SSN amd SL90 9zdoLzd 1d0L28 00€ ON aury yuniy on 1L 91 _cg,ou.w ANLISE 2qed DN HITX Wwbspoexdg ‘ANTT Buiewad-AMd-0LTd
dde 10N ndde 10N 01
ToNearg T
- dijo IoYBAI 10309 ¢ o auI yunx J[qed wwbspexog ¢ Surewa g- -
L-900T NN PediPH Nealq 1191 S AATT/€€ 60€'T 1edoscd AL 00€ N T Uiy on 11 1191 10008 ANT /€€ 1980 DN dTX 00EX¢ "ANTT lewd-amd-0Ld
L-900T Ssn AesioN NN eoynoq STYo L¥d08zd zedoszd 00€ ON oury mdg DN 11 31 Su.uum Mﬁ: ge 1qed DN AJTX WwbspOEXdE “ANT T 101500¢ PIRM-08TH
L-900T NN Eowpmoa SSN Sueysieq 8T0 cedogzd S1dogzd 00¢ ON ajqeondde joN | oury unip on I et uoﬁ.uum MC: g€ 21qed DN AdTX WwbspOExdE ‘ANT T 11500 191 M-08Z € [Aqeodde 10N | 671
ToYEaIe e
- edijo Jayeal RORE] ¢ " 0 uni, Jqed wubs, XJ¢ ¢ 191S00¢] I9JB A\ -
L-900T NINY pedileH Nealq [I79] 101028 ANT /€€ 981'C ledoscd AL 00€ N Junip, on 1L 1191 10198 ANT1/€€ 198> DN HdTX 00EX€ "ANTT 1500¢ 1M -08TH
L-900T §/s Auojo) Ddg §/s nyo3ueEI( €20°1 0EHOOYE | O0HOOYE $6 ON ajqeondde joN | ouryuniy peayrAQ 11 w::o;w.:k.im AALLEE/99 D€V AH Wwbsgexog ‘AT Auo[o) Ddd-00vd|°Iqeondde 10N | 8Z1
§/s aukpAlog §/S AMd SE0 TTHOTd CHO1d 001 ON surTyuniL PpeayIoAQ 11 w::o:w:_mr:m \.C: 1/££/99 Peay1aAQ 50q -4SOV ‘AT T QuayIA[od-0 1€l
8861 [qednjdde JoN - [qeorjdde 0N LTT
§/5 Amd Anquen Suid AX99 Y170 cHolE 1HO1g [Uzd ON Qurp iy on 1 SuousueNYd AXL1/E€/99 21980 DN AGTX WWbsOFTXE ‘AN 1 QuYAI0d-01 €l
TIT0C T3k 3 ]
uoneysqn:
ur 3uo] 101puod dy) pasiende pue 110t §/s SuIppe, MO Jyo-1L Sutpe], M0 L100 YLHO9T'T PLHO9T'T 0s S8S00LT oury.mdg PeayRAQ I mcﬂ_czn_cur:m n\_ﬁw_ 1/£€/99 PRAYIAQ HQQRY -4SDV “ANIT Surpel M0 T-0917T| 00°S8SO0LI | 9T1
QUI[ UO §/S PARONYSUO))) JI0M [[11-T¥ A
TOOTPS , N N i . - )
uonINNSUOd [00YDS FuLSUIEUOS 0} AN(] 110z 10§ 2A0QY Anuen Suid AN99 ST0o €HOtd CHotd (U4 +8S00LT aury yuniy on 1L Surjoysiuanyqd A1 1/£€/99 21qed DN HITX WwbsoyzXdg ‘ANTT Bupel-0ed| 00'¥8S00LT | STI
|
8861 §/s1ddd HO- [0a1S uenyg ¥Ts0 6EHOOYE €THOOYH 001 69€00LT aury yuniy peayRAQ 1L MATT/£E/99 % uonesqns PERYIOAQ Fod -YSOV ‘AT T (Tdgd) 1wewa) YnId-00+d| 00'69€00L1 | +TI
AseqleIN 11/99/022/00F
S5 B f
L661 Suppey, Swpey 1oddp JJo-1 eunyouap 8y 98HO91'T €EHO9TT 0s €9€00L1T aury yuniy peayrAQ 11 Suroysiuanyq A1 1/£€/99 PEIUIPAQ NQQEY -ASOV AT SuIpEL-0917T| 00°€9€00LT | €TT
§/s Kr0qiog Jjo-1 Aorogiog 650 STHO9IT | 0EHO91T 08 ourpands PRIAQ 1 BuousIRNYd AXI 1/£€/99 PEIYIAQ HQQEH -ASIV AT T Suipe1-0911
Y0%q AT ESIO0L 3 9661 T9€00LT [—— 00'79€00L1 | 2Tl
Suope Surssed st ouf oy “sorireg “pooyy §/S BUNyIUI[ Jjo-1 nyoed 9s°¢ OFHO9TT LLHOEH 0s suryuniL PEAYIRAO 11 Surjor w:._uw 4 ANT1/EE/99 PEIYIDAQ NQQEY -USDV “ANTT SwpeL-0911
©SI00] 0} NP PIAPUBWISIP ST UDJO6'( Hoy Ud ALY
S661 /s nyoed ddn JJo-1 nyoed wT 6LHOEH rHOtd 0s 19€00L1T aury yuniy PpeayRAQ I m::o_._w.:um:n— \.C: 1£€/99 PRAYIAQ HQQRY -4SDV “ANIT nyded-0¢d| 00°19€00LT | 1T1
1661 §/ ueodAelreq §/s Teyguepreg 860 1vHOtd 6THOEd 0s 09€00LT aury yuniy PpeayrAQ 1L mc;czm_cuq,im AALIEE/99 PEAYIAQ 11qqRY SOV ‘AN T ueosAelreq-0¢d| 00°09€00L1 | 0TI
6861 §/s Tejguepreg S/S elepwe(q 91 6THOEd TTHOtd 0s 6S€00LT aury yuniy peayrAQ 11 w::o;w.:k.im AALIEE99 PRAYIIAQ H9qeY SOV ‘AN T Te3uepred-0ed| 00°6SE00LT | 611
“[ootos
uoneIsqn
01anp [[(g 1824 o) UF A[qEd D €861 §/s erepweq Anuen Suid AN99 10 TTHOtH THOtd 0s 8SE00LT aury yuniy PpeayrAQ 11 Suno ﬂ:mr mn\_/ m: 9 PRAYIIAQ NqqeY SOV ‘AT elepwe-0ed| 00°8S€00LT | 8T1
£q paoeydar pue popuBWISIP St WOST'0 oS AXTI/EE99
6661 s/s Kaourey soddny Jo-1L Kaeurey oddn 98°0 1LHOTd TSHoTd 0s LSE00LT suryuniL PeayIoAQ 11 w:;o:wimr-r_ \.C: 1/£€/99 PEAYIDAQ NQqEY -USDV “ANTT Kawurey-0zd| 00°LSE00LT | LT1
(CSHOCa of - eI . N
9661 atod) Aorowrey §/s Koneg uenyg 160°0 tsHozd | ISHOTE 0 9S€00L1 | dwrT>uniL PEOYIAQ 1 T PRIYOAQ QRN -4SOV ‘AT Korowey-0zel | 00'95€00L1 | 911
S/s | Ve Aaouwrey Jo-L1 Ve Aewey §TE0 vrHOTd 6¢gHOTd 0s aury.mdg PpeayrRAQ 1L mc;czm_cuq,im AALIEE/99 PEAYIAQ 119qRY ~YSOV ‘AN T Kapuwey-0zd
1661 SSE00LT - 00°SSE00LT | STT
s/s Kroneq uenyg Aoppwey 189°0 1SHOTH 9¢HOTd 0s aury yuniy peayrAQ 11 w::o;w.:k.im AALIEE99 PRAYIIAQ H9qeY SOV ‘ANTT Kapwey-0zd
0661 J3o-1L Kooy 1odd s/s Aojourey] 1m0 §TTO 9€HOTd YEHOTH 0s PSE00LT suryuniL PpeayIoAQ 11 w::o:w:umr-r_ \.C: 1/£€/99 PEIYIDAQ NQQEY -USOV “ANTT Kawurey-0zd| 007SE00LT |+11
6861 §/5 Kojpuey 1m0 §/s TekeIqrey 96°1 PEHOTH STHOTH 0s €S€00LT aury yuniy PpeayRAQ I m::o_._w.:um:n— \.C: 1£€/99 PRAYIAQ NQQRY -4SDV ‘AT T Aopwey-0zd| 00°€SE00LT | €11
UonINIISU0d (ADD pod pod (HETDRRER o PIXIAL (AYIPA .
. juod uopeUNUWI |, uoned0| . . J0pnpuo) |pduassp| apo) ssy ury b uoneIsqns AN[ /€€ 10 . .
SHIRWIY Joaedx ySuap dury SdD [euly | SdD IS Jo1qu0 Jssy 10 PRAYIAQ/DN | BesoA (0L M HOBEISqNS 22108 uondusaq dury duIe JIPR| 3P0 1ISSY | AS
snepp (1 uopaag) aurg #S SIER( 1P

Fe[BU0Zq TIPIAY) JO S[EHIp o




Annexure-2: IS 2026, IEC 60076 (Technical parameters for Distribution Lines and
Transformers)



SI. No. Parameter Requirement
1 Applicable standard IS 2026, IEC 60076
2 Type Oil filled! / two winding
3 Winding material Copper
4 Core Material CRGO silicon steel/Amorphous Metal
5 Cooling Oil natural air natural (ONAN)
6 Terminations
Primary Outdoor Bushing or cable box?
Secondary Outdoor Bushing or Cable box
7 Rated no load voltage
Primary 33kVorll kV
Secondary 415/240 V
8 % Impedance
10 kVA-24 kVA 30
(1phase/3phase)
25 kVA-630 kVA 4%
631 kVA-1250 kVA 5%
9 Vector group Dynll1
10 Tap changer
Type Off load
Range +5% to -5%
Step value 2.50%
11 Insulation Class (IEC-76) A
12 Pprrnissible Temperature
rise
tempergilsfelmum winding 550C
ternperaul:;[f:1 o dop ol S0°C
13 Insulation levels

Primary

170 kVp-70 kV/75 kVp-28 kV

Secondary

7500 Vp-3000 V




Annexure-3: Load Forecast adopting LRM & TSA
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Load forecast methodology

1. Load Forecast

1.1 Type of Load Forecast and Power System Planning

One of the power system planning element is the load forecast. Although, there are no
documented standards specifying the type of planning however, the power system planning
can be short-term planning (STP) (less than one year), medium-term planning (MTP) (1-3
years) and long-term planning (LTP) (3-10 years and even higher). It is necessary to predict
the power requirement for a specified time-horizon which is referred to as load (power)
forecasting based on the historical consumption pattern for better planning and optimizing the
available resources. Analogy to power system planning, the load forecast can be also short-
term load forecasting (STLF), medium-term load forecasting (MTLF) and long-term load
forecasting (LTLF) and accordingly the distribution network expansion programs are

proposed’ for distributing the electricity.

There are number of driving factors which are listed below affecting the forecasted load.

a) Time
» Hours of the day (day or night)
» Day of the week (weekdays or weekend)
» Time of the year (winter or summer season)
b) Weather conditions (temperature and humidity)
c) Type of customers (residential, commercial, industries etc.)
d) Population
e) Economic indicators (per capita income, Gross Domestic Product (GDP) etc.)

f) Prices of the electricity

As the DSMP is being developed for 10-year period, the load forecast has to be done for same
time horizon. Therefore, some of the driving factors as listed above which affects the LTLF
may not impact the accuracy as daily, weekly and monthly time factors and weather conditions

will have minimum contribution to the load variance.



1.2 Methods of Load (LTLF) Forecast

The LTLF methods are generally the trend analysis or time series analysis, economic
modelling, end-use analysis and hybrid analysis. As the DSMP is for 10-year period, the
methods of LTFL is being outlined for forecasting the load’.

1.2.1 Trend Analysis

In the trend analysis, the historical data (power) is used to forecast the load. The details on load
forecast adopting power consumption trend is reflected in Section 1.3. Typical load forecast is

as shown in Figure 1.
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Figure 1: Typical trend curve'

1.2.2 Economic Modelling

In this method, the relationship between the load and the driving parameters are established
and accordingly the future values of the driving factors are projected. Although, this approach
is widely being used, as most of the data for driving factors are not available and for simplicity

the trend analysis is adopted to forecast the load.



1.2.3 End-use Analysis

This approach is exclusively used for residential loads which is forecasted in terms of energy
and therefore, it requires some methods to convert the predicted energy consumption to load
(power demand). There is uncertainty in the accuracy of the predicted load and is also confined
to residential customers. Therefore, end-use analysis approach is not adopted to predict the

load.

1.2.4 Hybrid Analysis

Although, the end-use and econometric methods may be simultaneously used to forecast the

load, it is not widely used as it has advantages and disadvantages of both the approaches.

1.3 Trend Line Analysis

The LTLF is carried out using the trend analysis approach and accordingly for planning the
distribution system network. In order to forecast the load, the peak power demand prior to 2020
was considered and the power requirement trend is obtained. Load requirement is then
predicted for next ten-year period (2020-2030) by extrapolating the trend line considering the
load of 2019 as a base data. The case study of Punakha Dzongkhag is chosen to get insight of

actual load forecast.

« 2014-
Perk 2018 ‘ Ride Load  Existing
* Normalize : 2019 B ¢ 2025
POWEET . Trend line Line B - 2030
developed

Figure 2: Flow diagram for load forecast
1.3.1 Normalizing the Data
Some of the distribution network do have ring feeders and multiple sources for better reliability

and contingency. This in turn has resulted in abnormality in the power consumption data

(recordings). Further, in the absence of meters or malfunctioning of the reading equipment or



recorded data, some of the feeders have unreliable data for some of the years. Therefore, data
is normalized by omitting the outliers or by taking the average of the past data (or average of
preceding and future load if a year’s data is missing). Such exercise is carried out for all the

feeders and substation loads.

Table 1: Actual power data of Punakha Dzongkhag

Consumption Pattern (MW)
SlL.No. Name of Feeder
2013 2014 2015 2016 2017 2018 2019
1 Feeder A 1.85 2.01 090 022 245 2.64 2.63
2  Feeder B 0.48 0.51 486 050 0.49 0.74 0.72
3 Feeder C 1535 1.60 1.60 1.80 2.10 1.76 2.40
4 g 1.02 1.4 1.4 11 2.24 1.
Feeder D 0.96 0 7 8 80 89
Total 4.64 5.14 8.83 4.00 6.84 7.37 7.64
6.00
5.00 e
4.00
3.00

2.00
1.00 -
0.90
0.74 0.72
0.48 S e 0.50 049
0.22
0.00 : : ‘ : : .
2013 2014 2015 2016 2017 2018 2019

Figure 3: Actual data of Punakha Dzongkhag

_(x1+x2>
=2

Where:
x is the normalized data




x,and x,is the data for two years

Table 2: Normalized power data of Punakha Dzongkhag

S1.No. Name of Feeder Consumption Pattern (MW)
2013 2014 2015 2016 2017 2018

1 Feeder A 1.85 2.01 1.93 1.97 2.45 2.64
2  Feeder B 0.48 0.51 0.49 0.50 0.49 0.74
3  FeederC 1.35 1.60 1.60 1.80 2.10 1.76
4 0.96 1.02 1.47 1.48 1.80 2.24

Feeder D

Total 4.64 5.14 8.83 4.00 6.84 7.37

2019

2.63

0.72

2.40

1.89

7.64

1.3.2 Trend Line and Load Forecast

Based on the power data, the trend line is added to portray the power consumption pattern

which gets generated as per the linear regression equation’. The trend line added is then

extrapolated to forecast the load for next ten years which is as shown in Figure 4.

-——Feceder A = =Linear (Feeder A) y=0.1327x + 1.1517
R2=0.9281
3
2.5 i

0.5

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Figure 4: Trend line and load forecast for Punakha Dzongkhag

2019




The trend line equation is given by?:

y=ax+b

Where:

y is the dependent variable or forecasted load
a is the slope which is the average change in 'y for every increment of x (increase in year).
It also gives x is the independent variable or time in year

b is the intercept which is the predicted value of y when x is zero (time is zero)
The Pearson correlation coefficient 7’, which can take values between -1 & 1 corresponds to

the linear relationship between variables x & y. If the » value is either -1 or 1, dependent variable

can be perfectly explained by a linear function of the other.

~s=Feeder A (LRM/TSA) -e~Feeder A (Average)

= = 3706
- = =

2{)0‘)!2010 2011|2012|2013 (2014 {2015 2016 2017|2018 | 2019|2020 2021 2022?2023 2024|2025 2026 2027 | 2028 | 2029 | 2030

Consumption Pattern (MW) | Forecasted growth (MW)

Figure 5: Forecasted load (trend line with red shows the linear regression and one with blue
shows the forecast with average method)



2. Electrical Transient Analyser Program (ETAP) —Modelling and Load Flow Analysis

2.1 ETAP Software

“ETAP is an analytical engineering solution tool specializing in the simulation, design,
monitoring, control, operator training, optimizing, and automating power systems®. ETAP’s
integrated digital platform offers the best comprehensive suite of enterprise solutions.”

ETAP software is used in DSMP for modelling/designing, network simulation and to carry out
the technical evaluation for distribution power system. The modelled network is fed with the
essential data (such as specifications, constraints and parameters for network components) and
the simulation results are assessed and analysed. Conclusively, different measures are

considered and performed in ETAP for improving the efficiency of a system.

2.2 Load Flow Analysis (ETAP)

Load Flow Analysis (LFA) is a major tool to study and analyse the operation of a power system
and determines voltage drops and power flow throughout the electrical system. Using network
parameters (Input) for power sources, lines, transformers and connected loads, LFA provides
voltages magnitude, real/reactive power, currents, and power losses as a result from the load
flow simulation. The study also allows for swing, voltage regulated, and unregulated power
sources with multiple power grids and generator connections and the analysis can be performed

on both radial and loop systems.

Numerical analysis method such as Adaptive Newton-Raphson, Newton-Raphson, Fast
Decoupled, & Accelerated Gauss Seidel methods are accessible in ETAP and can be used for

solving the load flow analysis problems.

In this analysis, Adaptive Newton-Raphson method is used for load flow study of distribution
networks and the study is carried out under 3-time horizon: present (2019), 2025 and 2030
(forecast load). The results (total generation, loading, system losses, and critical report of load
flow) obtained under the scenarios are analysed and corresponding corrective measures are

proposed.
2.2.1 Creating the Library

Although, the electrical parameters and specifications are inbuilt, to suit the requirements of

the study, the missing electrical parameters are customized by creating a library. The units are



set to metric system and accordingly the network is modelled and the relative data for network

components such as transformers, line types, power sources and load details are fed in which

are detailed as follows:

a)
>

b)

Y

YV V V V

Transmission Cable

Library-Transmission Line-Phase Conductor-Add-Transmission line library

In transmission line library: change unit system into Metric, conductor type into ACSR and
frequency into SOHZ, and Source name as BPC.

Click BPC and click edit properties.

In edit properties add the required conductor parameter by referring the Excel sheet
(technical parameters.)

For AAAC use the source name “Pirelli” and select the required size.

UG cable (Since 33kV Al UG Cable is not available):

Library- Cable- Add-change the source name to BPC and make the necessary changes
especially type of conductor to Aluminium and installation into non-magnetic.

Change insulation type to XLPE.

Select BPC from the Cable library table and click edit properties

In edit properties add the required UG cable parameters referring the Excel sheet as shown

in Pictures below.

Set Loading and Generation Categories.

Go to Project- Settings- Loading and generation categories

In Generation Category, set 3 categories as Maximum, Normal and Minimum.
In AC Load, set 3 categories as 2019, 2025 and 2030.

Keep the DC Load Empty.

2.2.2 Network Modelling and Load Flow Analysis

a)
b)

¢)

Draw Distribution Network (SLD).
Enter the height=8 and spacing =1.25 in the Transmission line table.
Enter the electrical parameters (kW, kVA, kV, etc.) ratings for power sources, transformers,

line type, bus kV and loading details.



d)

2

h)

)
k)

Under the Lump Load, in “Nameplate” edit and enter DT % loading and forecasted %
loading details for 2019,2025,2030. Set the load type (80% as constant impedance and 20%
as constant KVA) as most of the loads are impedance load.

Make sure to run the load flow for each composite network before you continue with other
network. This is to avoid numerous errors at the end.

After completing the SLD, study case for different load scenarios needs to be created.
Switch to “Load Flow Analysis” mode in Mode Toolbar. Go to “Study Case,” select present
Case 1 as 2019 and select “Prompt” in “Output Report”

Edit the “Load Flow Study Case [Brief Case Symbol].” Go to “Loading” and set to “2019”
under Loading Category and set “Normal” under Generation Category. Check the Margins
set under Alerts and set “Marginal (5% for Over and Under Voltage Category)” and set
“Critical (£10% for Over and Under Voltage Category)”

Close “Load Flow Study Case” and run “Run Load Flow” and save the result as 2019.
Similarly, follow step b), ¢) and d) for 2025 and 2030.

To generate the report (SLD drawings) in PDF, go to print preview- set up- change the

printer name “Microsoft print to PDF”.

2.3 Consideration/Assumptions made while simulating in ETAP software

a)

b)

All Network is considered as balanced system as there is limitation of unbalanced system
in ETAP Key.

The voltage level of £10% is given as critical value which is indicated by red colour while
simulating and voltage level of £5% is given as marginal value which is indicated by pink
colour while simulating.

The typical value of X/R ratio from ETAP inbuilt system is taken for all the power
transformers for the simulation.

Some of the types of transmission cables /underground cables used in BPC are not available
in ETAP library therefore, a new source is created in ETAP library by inserting all the
parameters of those unavailable cables/transmission lines.

There are three cases created in ETAP simulation depending on the load forecast namely
the 2019, 2025 and 2030 where the forecasted loads are given respectively and

simulated/analysed accordingly.



START/ETAP

Input 1: Set basic parameters for
power system components (lines,
power sources, transforerms,
buses, loads)

Input 2: Enter Installed Capacities/
Ratings of the power system
components

END

Normal Voltage

Check Voltage Profile of
Distribution Network

|

Critical Voltage Drop

Model in Metric Unit System

y

Basic Inputs

1. Create Own Library
(Conductor Types Used in

BPC) >

Design
Distribution
etwork of ESD

2. Enter Technical Parameters
for Conductor Types (eg:Dog,

Perform Load Flow Analysis

Loading & Generation

Categories under Settings
2019 and forecasted
load for 2025, 2030:

/ CASE3:2030 /

CASE 2: 2025
CASE 1: 2019

\ AAACetc)
3. Set 2019,2025,2030 under >

Enter peak load for

y

Run Case 1, Case 2, Case 3

Simulation

\Results

/ Corrective Measures //

Overloaded Line/
Transformers

|

Critical & Overloaded

/ Corrective Measures /

A 4
END

Figure 6: Flow Chart for Network Modelling & Load Flow Analysis (ETAP)

'Electric Power System Planning Issues, Algorithms and Solutions by Hossein Seifi

Mohammad Sadegh Sepasian

http://sites.utexas.edu/sos/guided/inferential/numeric/bivariate/cor/:

dated September 29,

2020

Shttp://www.powerqualityworld.com/2011/05/etap-tutorials-load-flow-analysis.html

September 30, 2020

dated



Annexure 4: The Simulation Results



One-Line Diagram - ESD Pling=>B30 (Load Flow Analysis)

+1421 kva
85.72% PF
Cablel0
NHDCL B 8/5 uncr a s/s 11kV Tading Feeder (2019)
500 kva
400 kva 0.355 km
@84 1 xva RABEIT
655 or 74.8 kva
LA 485% PF |
é(VA"
Damda s/PF
%Al?(ljBnIT RABBIT 125 %A [] 0.685 km
0.35 km RABBIT
- -
Crematoriwéﬁ/é(\m 0.346 km 0.327 km 0.84 km
63 kVAE PF RABBIT RABBIT [] .RABBIT 1.494 km
0.065 km RABBIT
RABBIT T
1.597 km | popoon Q%ulﬂ% A2 s/s
- o 148 rapeIT [] "0 16889,
Toors%éafa °ed) "5/ RABBIT RABBIT [] -148 km 52 km
500 kva 0.07 0.373 kn FhEE |
g%f,_‘ -*2 99
. Mdangg ¥ ng\éA . ppchilouney A s/s
S 258%va” RABBIT [] 25 kvVA
Karma Feeds s/s [] 1.108 km 0354 km
350 kvA RABBIT
0.668 km RABBIT 0.101 km N kVA
@A RABBIT 0 192 km ‘RapprT Chilgupey B Upper s/s
- 25 kVA
2.71 N+ 0.688 km 43 76 kVA o ShERLT []
Sadhymadu s/s RABBIT : "
25 kVA RABBIT ——}
0.417 km [] 1.516 km
: Darjaygang s/s RABBIT 0.212 km ;59%6@’% Aldgggrgks/s
. 16w RABBIT RABRIT F
2'218;;\71% = U, 1.398 km
¢ égge§ achu s/s RABBIT Chilouney B Lower s/s
Samaldangra s/s 0.902 km ] B3 "kVA 25 kVA
25 kva RABBIT RABBIT
6@3 0.089 km @ﬁ 1. &i’u}i%ney B2 s/s
{ 1 3.5 " 0.869 km - WA S
Simulation results for ettty A U barhn o/
. 63 KVA
feeders with voltage profile 25 v 229 ]
RABBIT
. 0.169 km
issues —:—@Smphel Crusher s/s
35 1R8AKVA
Toorsatar s/s []0-145 km 855 PF
55 KVA RABBIT Ll RABBIT
0.162 km
6.754VA* RABBIT
0.313 k
85% 2F " 0.458 km
RABBIT RABBIT
0.8 km

Hourey Mining 4
1000 kv,

Upper
kVA

Amochu Bridge s/s
& 63 kVA

Dekling Crusher s/s
300 kvA

Xmers Under ESD Samtse
1158 kVA

h
Borbiotey 4 RABBIT
OTRIEE 2/ (U584 knm
500 kVA h
0.682 km engye Crusher s/s Lamagoan s/s
RABBIT 9.4 kVA 4505, ¥NA
N 285K HH!
8.29 11 kv $E5% PE o % 485% BF
B 01 82
1,745 km F@%&éi £YR
RABBIT S5 RABBIT RABBLT
0.522 km
Nima Pvt Mining s/s RABBIT RABBIT
315 kva 1.096 kmpy 0.042 km 0.328 km 0.347 km RABBIT
) B1.43kyPAcyn  RABBIT RABBIT 0.739 km
Tading s/s [)8Ghefiého Crusher s/s
25 KVA 5 kVA
A8 kVA *3~44R&§5)I§T -’255 ﬁréaraygoan s/s
485% PF 2051 RABBIT 25 KVA 50989 km
%&}F 0.04 km Souney s/s
0.21 km
RABBIT
5 kA
0.39 km RABBIT 1.081 km gkpagoan s/s
RABBIT
—{} — Kopche s/s
RABBIT RABBIT BBKVA RABBIT 18VRvA
0.357 km 0.57 km 83509 km  0.425 km 85% PF 3.24 kva

63 kVA
Lower Tading s/s 16 kVA

Bagaygoan s/s

page 1 15:27:23

Dec 08,2019

Project File: ESD Pling



One-Line Diagram -

ESD Pling=>B30 (Load Flow Analysis)
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One-Line Diagram - ESD Pling=>B30 (Load Flow Analysis)
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One-Line Diagram - ESD Pling=>B30 (Load Flow Analysis)
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One-Line Diagram - ESSD Gedu=>B100 (Load Flow Analysis)
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One-Line Diagram - ESSD Gedu=>B100 (Load Flow Analysis)
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One-Line Diagram - ESSD Gedu=>B100 (Load Flow Analysis)
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One-Line Diagram - ESSD Gedu=>B100 (Load Flow Analysis)
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One-Line Diagram - ESD Pling (Load Flow Analysis)
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Project: ETAP Page: 1

Location: 16.1.1C Date: 09-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESD Pling Config.: Normal
Bus Loading Summary Report
Directly Connected Load Total Bus Load
Bus Constant kKVA Constant Z Constant I Generic Percent
D 13% Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Busl 66.000 23.289 82.3 203.7
Bus2 11.000 11.387 85.4 620.4
Bus3 11.000 1.894 85.3 103.2
Bus4 11.000 1.884 85.3 103.2
Bus5 11.000 0.007 0.004 0.072 0.045 0.093 85.0 5.1
Bus6 11.000 1.781 85.3 98.1
Bus7 11.000 0.014 0.009 0.106 0.066 0.142 85.0 7.8
Bus8 11.000 0.054 0.034 0.197 0.122 1.605 853 88.6
Bus9 11.000 0.001 0.001 0.016 0.010 0.815 85.4 45.6
Bus10 11.000 0.792 85.4 44.5
Busl1 11.000 0.004 0.002 0.062 0.038 0.077 85.0 43
Bus12 11.000 0.001 0.001 0.016 0.010 0.714 85.4 40.1
Busl13 11.000 0.007 0.004 0.120 0.074 0.694 85.4 39.0
Busl4 11.000 0.001 0.001 0.014 0.009 0.018 85.0 1.0
Bus15 11.000 0.544 85.5 30.6
Bus16 11.000 0.001 0.000 0.013 0.008 0.016 85.0 0.9
Bus17 11.000 0.525 85.5 29.6
Bus18 11.000 0.004 0.003 0.066 0.041 0.509 85.5 28.7
Bus19 11.000 0.001 0.001 0.014 0.008 0.017 85.0 1.0
Bus20 11.000 0.425 85.6 24.1
Bus21 11.000 0.001 0.000 0.012 0.008 0.015 85.0 0.9
Bus22 11.000 0.406 85.5 23.1
Bus23 11.000 0.001 0.001 0.019 0.012 0.023 85.0 1.3
Bus24 11.000 0.391 85.5 22.3
Bus25 11.000 0.001 0.000 0.011 0.007 0.014 85.0 0.8
Bus26 11.000 0.367 85.5 21.0
Bus27 11.000 0.233 0.144 0.010 0.006 0.286 85.0 16.5
Bus28 11.000 0.351 85.3 20.2
Bus29 11.000 0.002 0.001 0.032 0.020 0.040 85.0 23
Bus30 11.000 0.065 86.2 3.7
Bus31 11.000 0.000 0.000 0.013 0.008 0.025 87.2 1.5
Bus35 11.000 1.525 85.1 83.1
Bus36 11.000 0.224 0.139 0.069 0.043 0.345 85.0 18.8
Bus37 11.000 0.011 0.007 0.049 0.030 1.180 85.1 64.3
Bus38 11.000 0.080 0.049 0.008 0.005 0.103 85.0 5.6
Bus39 11.000 0.018 0.011 0.122 0.076 1.005 85.1 54.9
Bus40 11.000 0.143 0.089 0.015 0.009 0.186 85.0 10.2
Bus41 11.000 0.064 0.039 0.208 0.129 0.654 85.1 35.7
Bus42 11.000 0.188 0.116 0.078 0.048 0.312 85.0 17.1



Project: ETAP Page: 2

Location: 16.1.1C Date: 09-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESD Pling Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kKVA Constant Z Constant [ Generic Percent
D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus43 11.000 0.003 0.002 0.017 0.010 0.023 85.0 13
Bus44 33.000 0.011 0.007 0.013 85.0 0.2
Bus45 11.000 0.025 0.016 0.107 0.066 0.155 85.0 8.5
Bus46 11.000 0.225 0.139 0.103 0.064 4.100 85.6 2235
Bus47 11.000 0.324 0.201 0.090 0.056 3.713 85.7 202.5
Bus48 11.000 0.091 0.056 0.042 0.026 3.225 85.8 175.9
Bus49 11.000 3.055 85.6 167.5
Bus50 11.000 0.011 0.007 0.113 0.070 0.559 85.2 30.7
Bus51 11.000 0.179 0.111 0.010 0.006 0.415 85.0 228
Bus52 11.000 0.108 0.067 0.056 0.034 0.192 85.0 10.6
Bus53 11.000 2.490 85.6 136.9
Bus54 11.000 0.163 0.101 0.099 0.061 0.309 85.0 17.0
Bus55 11.000 0.300 0.186 0.116 0.072 2.174 85.5 120.0
Bus56 11.000 0.083 0.051 0.391 0.242 1.683 85.6 93.1
Bus57 11.000 0.111 0.069 0.010 0.006 0.143 85.0 79
Bus58 11.000 2.028 86.0 110.6
Bus59 11.000 0.103 0.064 0.011 0.007 2.016 85.9 110.6
Bus60 11.000 1.864 85.9 103.3
Bus61 11.000 0.010 0.006 0.078 0.049 0.104 85.0 5.8
Bus62 11.000 0.399 85.1 22.3
Bus63 11.000 0.003 0.002 0.113 0.070 0.136 85.0 7.6
Bus64 11.000 0.982 85.0 54.8
Bus65 11.000 0.042 0.026 0.117 0.073 0.187 85.0 10.4
Bus66 11.000 0.011 0.007 0.088 0.054 0.116 85.0 6.5
Bus67 11.000 0.000 0.000 0.038 0.024 0.295 85.0 16.5
Bus68 11.000 1.710 85.9 95.9
Bus69 11.000 0.004 0.002 0.021 87.2 1.2
Bus70 11.000 0.023 88.1 1.3
Bus71 11.000 0.017 87.5 1.0
Bus72 11.000 0.004 0.002 0.004 85.0 0.2
Bus73 11.000 0.013 88.0 0.7
Bus74 11.000 0.004 0.002 0.010 86.6 0.6
Bus75 11.000 0.005 0.003 0.006 85.0 0.4
Bus78 11.000 0.006 0.003 1.683 85.9 94.6
Bus79 11.000 1.651 85.8 94.2
Bus80 11.000 0.004 0.003 0.012 87.0 0.7
Bus81 11.000 0.003 0.002 0.003 85.0 0.2
Bus82 11.000 0.007 87.1 0.4
Busg83 11.000 0.003 0.002 0.004 85.0 0.2
Bus84 11.000 0.010 0.006 1.604 85.6 93.5
Bus85 11.000 0.009 0.006 0.011 85.0 0.6
Bus86 11.000 1.561 85.6 92.2



Project: ETAP Page: 3

Location: 16.1.1C Date: 09-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESD Pling Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic Percent
D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus87 11.000 0.004 0.002 0.005 85.0 0.3
Bus88 11.000 0.066 0.041 0.002 0.001 0.079 85.0 4.8
Bus89 11.000 1.496 853 91.3
Bus90 11.000 1.414 85.3 86.5
Bus91 11.000 0.115 0.071 0.009 0.006 0.146 85.0 8.9
Bus92 11.000 0.419 85.0 25.6
Bus93 11.000 0.031 0.019 0.034 0.021 0.076 85.0 4.6
Bus94 11.000 0.014 0.009 0.990 85.4 60.8
Bus95 11.000 0.043 0.027 0.126 0.078 0.970 85.4 59.8
Bus96 11.000 0.005 0.003 0.006 85.0 0.4
Bus97 11.000 0.764 85.4 47.5
Bus98 11.000 0.009 0.005 0.010 85.0 0.6
Bus99 11.000 0.754 85.4 47.2
Bus100 11.000 0.734 85.3 46.6
Bus101 11.000 0.124 0.077 0.003 0.002 0.149 85.0 9.4
Bus102 11.000 0.172 85.3 10.9
Bus103 11.000 0.004 0.002 0.004 85.0 0.3
Bus104 11.000 0.023 86.7 1.5
Bus105 11.000 0.004 0.003 0.005 85.0 0.3
Bus106 11.000 0.019 86.6 1.2
Bus107 11.000 0.003 0.002 0.014 86.3 0.9
Bus108 11.000 0.005 0.003 0.010 86.2 0.6
Bus109 11.000 0.003 0.002 0.004 85.0 0.3
Bus110 11.000 0.105 0.065 0.005 0.003 0.129 85.0 8.3
Busl11 11.000 0.559 85.2 35.7
Busl12 11.000 0.003 0.002 0.004 85.0 0.3
Bus113 11.000 0.429 852 27.4
Bus114 11.000 0.011 0.007 0.424 85.2 272
Busl15 11.000 0.101 0.063 0.002 0.001 0.122 85.0 7.8
Busl116 11.000 0.411 852 26.4
Bus117 11.000 0.000 0.000 0.005 0.003 0.006 85.0 0.4
Bus118 11.000 0.289 85.2 18.6
Bus119 11.000 0.233 0.145 0.003 0.002 0.278 85.0 18.0
Bus120 11.000 0.282 85.1 18.2
Bus122 33.000 0.000 11.144 83.9 200.7
Bus123 33.000 1.455 94.1 26.2
Bus124 33.000 1.455 93.8 263
Bus125 33.000 0.640 90.6 11.6
Bus126 33.000 0.313 0.194 0.029 0.018 0.403 85.0 7.3
Bus127 33.000 0.000 0.000 0.030 0.018 0.247 96.4 4.5
Bus128 33.000 0.017 0.010 0.020 85.0 04
Bus129 33.000 0.214 97.3 3.9



Project: ETAP Page: 4

Location: 16.1.1C Date: 09-12-2019

Contract: SN: BHUTANPWR
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Bus130 33.000 0.031 0.019 0.036 85.0 0.7
Bus131 33.000 0.196 97.7 35
Bus132 33.000 0.017 0.011 0.163 98.5 29
Bus133 33.000 0.145 99.2 2.6
Bus134 33.000 0.004 0.003 0.052 97.7 0.9
Bus135 33.000 -
Bus136 33.000 0.050 92.6 0.9
Bus137 33.000 0.017 0.010 0.051 91.4 0.9
Bus138 33.000 0.032 93.3 0.6
Bus139 33.000 0.012 0.008 0.014 85.0 0.3
Bus140 33.000 0.014 0.009 0.020 89.2 04
Bus142 33.000 0.013 0.008 0.016 85.0 0.3
Bus143 33.000 0.094 98.8 1.7
Bus144 33.000 0.012 0.007 0.081 98.9 1.5
Bus145 33.000 0.011 0.007 0.069 99.2 12
Bus146 33.000 0.014 0.009 0.058 98.8 1.0
Bus147 33.000 0.011 0.007 0.044 98.1 0.8
Bus148 33.000 0.010 0.006 0.034 93.0 0.6
Bus149 33.000 0.010 0.006 0.024 92.4 0.4
Bus150 33.000 0.002 0.001 0.013 96.2 0.2
Busl151 33.000 0.008 0.005 0.010 85.0 0.2
Bus152 33.000 0.011 99.8 0.2
Bus154 33.000 0.011 0.007 0.820 95.6 14.8
Busl155 33.000 0.008 0.005 0.809 95.6 14.6
Bus156 33.000 0.800 95.7 14.5
Busl157 33.000 0.008 0.005 0.014 87.8 0.2
Bus159 33.000 0.011 0.007 0.788 95.6 143
Bus160 33.000 0.010 0.006 0.776 95.6 14.1
Busl61 33.000 0.765 95.7 13.9
Bus162 33.000 0.075 91.9 13
Bus163 33.000 0.014 0.009 0.050 88.3 0.9
Bus167 33.000 0.003 0.002 0.027 90.1 0.5
Bus168 33.000 0.024 87.6 0.4
Bus169 33.000 0.010 0.006 0.012 85.0 0.2
Bus170 33.000 0.011 0.007 0.013 85.0 0.2
Bus171 33.000 0.692 95.9 12.5
Bus172 33.000 0.051 97.6 0.9
Bus175 33.000 0.014 0.009 0.017 85.0 0.3
Bus176 33.000 0.042 98.0 0.8
Bus177 33.000 0.027 97.6 0.5
Bus178 33.000 0.003 0.002 0.015 97.1 0.3
Bus179 33.000 0.010 0.006 0.011 85.0 0.2
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Bus180 33.000 0.002 0.001 0.012 94.5 0.2
Bus181 33.000 0.012 0.007 0.014 85.0 0.3
Bus182 33.000 0.018 0.011 0.642 95.7 11.6
Bus183 33.000 0.623 95.8 11.3
Bus184 33.000 0.014 0.009 0.017 85.0 0.3
Bus185 33.000 -
Bus186 33.000 0.012 0.007 0.607 96.0 11.0
Bus187 33.000 0.003 0.002 0.595 95.9 10.8
Bus188 33.000 0.013 0.008 0.592 95.7 10.7
Bus189 33.000 0.014 0.009 0.578 95.8 10.5
Bus190 33.000 0.015 0.009 0.564 95.7 10.2
Bus191 33.000 0.547 95.9 9.9
Bus192 33.000 0.013 0.008 0.253 95.6 4.6
Bus193 33.000 0.029 0.018 0.239 95.5 43
Bus194 33.000 0.207 96.6 3.8
Bus195 33.000 0.017 0.010 0.121 97.5 22
Bus196 33.000 -
Bus197 33.000 0.104 98.3 1.9
Bus198 33.000 0.026 0.016 0.031 85.0 0.6
Bus199 33.000 0.104 97.8 1.9
Bus200 33.000 0.014 0.009 0.088 92.1 1.6
Bus201 33.000 0.031 0.019 0.073 91.5 13
Bus202 33.000 0.035 0.022 0.042 85.9 0.8
Bus206 33.000 0.033 0.021 0.078 96.5 1.4
Bus207 33.000 0.043 98.0 0.8
Bus208 33.000 0.008 0.005 0.030 94.3 0.5
Bus209 33.000 0.008 0.005 0.021 97.0 0.4
Bus210 33.000 0.012 0.007 0.014 85.0 0.3
Bus211 33.000 0.005 0.003 0.015 92.9 0.3
Bus212 33.000 0.009 0.006 0.011 85.0 0.2
Bus213 33.000 0.004 0.003 0.295 96.0 53
Bus214 33.000 0.018 0.011 0.291 95.8 53
Bus215 33.000 0.013 0.008 0.271 96.2 4.9
Bus216 33.000 0.011 0.007 0.013 85.0 0.2
Bus217 33.000 0.256 96.5 4.7
Bus218 33.000 0.011 0.007 0.245 96.6 4.5
Bus219 33.000 0.232 97.0 4.2
Bus220 33.000 0.004 0.002 0.041 89.4 0.8
Bus221 33.000 0.012 0.007 0.038 875 0.7
Bus222 33.000 0.024 88.4 0.4
Bus223 33.000 0.011 0.007 0.013 85.0 0.2
Bus224 11.000 0.073 0.046 0.024 0.015 4.232 85.0 240.7
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Bus225 33.000 0.193 97.6 35
Bus227 33.000 0.011 0.007 0.013 85.0 0.2
Bus228 33.000 0.192 97.1 35
Bus229 33.000 0.007 0.005 0.180 97.2 33
Bus230 33.000 0.015 0.009 0.173 96.9 3.1
Bus231 33.000 0.014 0.009 0.017 85.0 0.3
Bus232 33.000 0.157 97.4 2.8
Bus233 33.000 0.009 0.005 0.088 97.7 1.6
Bus234 33.000 0.010 0.006 0.011 85.0 0.2
Bus235 33.000 0.079 98.0 14
Bus236 33.000 0.013 0.008 0.016 85.0 0.3
Bus237 33.000 0.069 97.3 1.3
Bus238 33.000 0.055 98.6 1.0
Bus239 33.000 0.011 0.007 0.023 92.8 0.4
Bus240 33.000 0.010 0.006 0.012 85.0 0.2
Bus241 33.000 0.033 99.4 0.6
Bus242 33.000 0.008 0.005 0.015 89.0 0.3
Bus243 33.000 0.005 0.003 0.006 85.0 0.1
Bus244 33.000 0.008 0.005 0.021 96.2 0.4
Bus245 33.000 0.007 0.004 0.013 93.7 0.2
Bus247 33.000 0.014 0.009 0.054 98.3 1.0
Bus248 33.000 0.012 0.007 0.039 98.2 0.7
Bus249 33.000 0.009 0.005 0.010 85.0 0.2
Bus250 33.000 0.028 95.9 0.5
Bus251 33.000 0.008 0.005 0.019 93.2 0.3
Bus252 33.000 0.010 0.006 0.012 85.0 0.2
Bus253 33.000 4.869 81.8 87.8
Bus254 33.000 4.865 81.8 87.8
Bus255 33.000 0.000 4.863 81.8 87.8
Bus256 33.000 4.847 81.9 87.4
Bus257 33.000 4.843 81.9 87.5
Bus258 33.000 0.000 4.841 81.9 87.5
Bus259 11.000 0.000 9.250 85.2 5259
Bus260 11.000 0.078 0.048 0.209 0.130 3.608 85.0 205.7
Bus261 11.000 0.017 0.010 0.105 0.065 0.143 85.0 8.1
Bus262 11.000 0.112 0.069 0.299 0.185 3.120 85.0 178.2
Bus263 11.000 0.159 0.099 0.425 0.264 2.637 85.0 150.7
Bus264 11.000
Bus265 11.000 0.036 0.022 0.224 0.139 1.022 85.0 58.4
Bus266 11.000 0.029 0.018 0.176 0.109 0.241 85.0 13.8
Bus267 11.000 0.021 0.013 0.176 0.109 0.475 85.0 272
Bus268 11.000 0.022 0.014 0.185 0.115 0.244 85.0 13.9
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Bus269 11.000 0.037 0.023 0.318 0.197 0.926 85.0 53.0
Bus270 11.000 0.118 0.073 0.314 0.195 0.508 85.0 29.1
Bus271 11.000 1.680 84.8 91.5
Bus272 11.000 0.045 0.028 0.188 0.116 1.674 84.9 91.5
Bus273 11.000 0.066 0.041 0.177 0.110 5.381 85.4 306.7
Bus274 11.000 0.090 0.056 0.242 0.150 2.466 85.0 140.7
Bus275 11.000 0.256 85.0 14.6
Bus276 11.000 0.029 0.018 0.076 0.047 0.124 85.0 7.1
Bus277 11.000 0.031 0.019 0.082 0.051 0.132 85.0 7.6
Bus278 11.000 0.076 0.047 0.205 0.127 1.818 85.0 103.8
Bus279 11.000 0.031 0.019 0.083 0.052 0.346 85.0 19.8
Bus280 11.000 0.049 0.030 0.131 0.081 0.212 85.0 12.1
Bus281 11.000 0.053 0.033 0.701 0.434 0.887 85.0 50.7
Bus282 11.000 1.397 85.0 76.6
Bus283 11.000 1.397 85.0 76.6
Bus284 11.000 1.394 85.0 76.6
Bus285 11.000 0.047 0.029 0.312 0.194 0.422 85.0 232
Bus286 11.000 0.009 0.006 0.206 0.127 0.524 85.0 28.8
Bus287 11.000 0.020 0.012 0.211 0.130 0.271 85.0 14.9
Bus288 11.000 0.009 0.006 0.108 0.067 0.447 85.1 24.6
Bus289 11.000 0.003 0.002 0.125 0.078 0.151 85.0 8.3
Bus290 11.000 0.001 0.001 0.056 0.035 0.159 85.0 8.7
Bus291 11.000 0.004 0.003 0.074 0.046 0.092 85.0 5.0
Bus292 11.000 2.624 85.7 149.7
Bus293 11.000 0.013 0.008 0.169 0.105 0.214 85.0 12.2
Bus294 11.000 0.013 0.008 0.169 0.105 0.214 85.0 12.2
Bus295 11.000 0.024 0.015 0.205 0.127 2.192 85.9 125.3
Bus296 11.000 1.913 85.7 110.0
Bus297 11.000 0.020 0.012 0.161 0.100 1.447 85.0 84.1
Bus298 11.000 0.010 0.006 0.085 0.053 0.317 85.7 18.3
Bus299 11.000 0.012 0.007 0.100 0.062 0.131 85.0 7.5
Bus300 11.000 0.004 0.003 0.011 0.007 0.018 85.0 1.0
Bus301 11.000 0.239 85.0 13.6
Bus302 11.000 0.002 0.001 0.201 0.124 0.239 85.0 13.6
Bus303 66.000 10.894 85.8 953
Bus304 11.000 10.734 86.9 571.8
Bus305 11.000 0.152 85.3 8.1
Bus306 11.000 0.152 85.3 8.1
Bus307 11.000 0.032 0.020 0.038 85.0 2.0
Bus308 11.000 0.061 0.038 0.114 85.1 6.1
Bus309 11.000 0.036 0.023 0.043 85.0 2.3

Bus310 11.000 0.012 0.007 0.362 0.225 0.440 85.0 235
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Bus311 11.000 0.440 85.0 235
Bus312 11.000 6.270 88.5 334.6
Bus313 11.000 6.252 86.7 3443
Bus314 11.000 0.575 76.8 31.7
Bus315 11.000 0.211 0.131 0.077 0.048 0.339 85.0 18.8
Bus316 11.000 5.821 84.8 3234
Bus317 11.000 0.071 0.044 0.031 0.019 0.121 85.0 6.7
Bus318 11.000 0.063 0.039 0.027 0.017 5.341 84.8 297.9
Bus319 11.000 0.038 0.024 0.017 0.010 5214 84.9 292.0
Bus320 11.000 0.045 0.028 0.351 0.217 0.465 85.0 26.1
Bus321 11.000 4.751 84.9 266.8
Bus322 11.000 0.404 0.250 0.133 0.082 4.107 85.0 2342
Bus323 11.000 0.029 0.018 0.026 0.016 3.465 85.0 198.1
Bus324 11.000 0.016 0.010 3.384 85.0 194.5
Bus325 11.000 0.059 0.037 0.086 87.3 4.9
Bus326 11.000 0.000 0.000 0.015 0.010 0.018 85.0 1.1
Bus327 11.000 3.238 85.1 188.5
Bus328 11.000 0.138 0.085 0.489 85.0 28.5
Bus329 11.000 0.084 0.052 0.025 0.016 0.128 85.0 7.5
Bus330 11.000 0.013 0.008 0.001 0.001 0.017 85.0 1.0
Bus331 11.000 2.732 85.1 160.0
Bus332 11.000 2.712 85.1 159.0
Bus333 11.000 0.015 0.009 0.058 85.0 34
Bus334 11.000 0.026 0.016 0.008 0.005 0.041 85.0 24
Bus335 11.000 0.135 0.084 0.048 0.030 0.215 85.0 12.7
Bus336 11.000 0.016 0.010 0.168 0.104 2.305 85.2 136.2
Bus337 11.000 0.405 0.251 0.150 0.093 0.653 85.0 38.6
Bus338 11.000 0.135 0.084 0.159 85.0 9.4
Bus339 11.000 0.939 85.5 55.6
Bus340 11.000 0.200 0.124 0.235 85.0 139
Bus341 11.000 0.604 85.0 35.8
Bus342 11.000 0.004 0.003 0.160 0.099 0.193 85.0 114
Bus343 11.000 0.193 85.0 11.4
Bus344 11.000 0.982 85.0 573
Bus345 11.000 0.641 85.0 374
Bus346 11.000 0.268 0.166 0.024 0.015 0.343 85.0 20.0
Bus347 11.000 0.006 0.004 0.246 0.153 0.297 85.0 17.3
Bus348 11.000 0.004 0.002 0.286 0.177 0.341 85.0 19.9
Bus349 11.000 0.030 0.019 0.024 0.015 0.249 85.0 14.5
Bus350 11.000 1.233 85.0 71.8
Bus351 11.000 3.565 84.5 190.2
Bus352 11.000 1.744 1.081 1.211 0.751 3.477 85.0 190.2
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Bus353 66.000 13.579 79.3 118.8
Bus354 11.000 13.055 82.1 712.7
Bus355 11.000 1.779 65.0 97.2
Bus356 11.000 1.769 64.8 97.2
Bus357 11.000 0.007 0.004 0.026 0.016 0.732 17.5 40.3
Bus358 11.000 0.881 60.8 48.5
Bus359 11.000 0.318 0.197 0.218 0.135 0.630 85.0 34.7
Bus360 11.000 0.002 0.001 0.087 0.054 1.191 85.1 65.5
Bus361 11.000 1.078 85.0 59.8
Bus362 11.000 0.002 0.001 0.051 0.032 0.539 85.0 299
Bus363 11.000 0.266 0.165 0.140 0.087 0.477 85.0 26.4
Bus364 11.000 0.052 0.032 0.045 0.028 0.538 85.0 29.9
Bus365 11.000 0.056 0.035 0.035 0.022 0.424 85.0 23.6
Bus366 11.000 0.047 0.029 0.037 0.023 0.317 85.0 17.6
Bus367 11.000 0.217 85.0 12.1
Bus368 11.000 0.054 0.033 0.033 0.021 0.217 85.0 12.1
Bus369 11.000 0.062 0.038 0.035 0.022 0.115 85.0 6.4
Bus370 11.000 4.726 84.8 258.2
Bus371 11.000 0.001 0.000 0.019 0.012 4.609 85.4 258.2
Bus372 11.000 4.576 85.4 256.9
Bus373 11.000 0.003 0.002 0.005 0.003 0.009 85.0 0.5
Bus374 11.000 0.068 0.042 0.138 0.085 0.241 85.0 13.6
Bus375 11.000 4.563 85.5 256.4
Bus376 11.000 0.013 0.008 0.026 0.016 4314 85.5 242.8
Bus377 11.000 0.026 0.016 0.052 0.032 4.263 85.6 240.3
Bus378 11.000 0.017 0.011 0.022 0.014 4.158 85.6 2352
Bus379 11.000 0.383 0.237 0.766 0.475 1.351 85.0 76.5
Bus380 11.000 4.105 85.7 2325
Bus381 11.000 1.966 1.219 2.736 86.1 156.0
Bus382 11.000 5.657 83.6 309.1
Bus383 11.000 0.964 0.598 0.527 0.326 5.443 84.4 309.1
Bus384 11.000 0.210 0.130 0.114 0.071 3.683 84.1 209.5
Bus385 11.000 3.293 84.1 187.8
Bus386 11.000 0.677 0.419 0.366 0.227 1.227 85.0 70.0
Bus387 11.000 0.881 0.546 0.477 0.296 2.065 83.5 117.8
Bus388 11.000 0.016 0.010 0.469 78.1 26.8
Bus389 11.000 0.210 0.130 0.114 0.070 0.381 85.0 21.7
Bus390 11.000 0.451 77.7 25.7
Bus391 11.000 0.176 0.109 0.058 0.036 0.275 85.0 15.7
Bus392 11.000 0.012 0.007 0.000 - 0.230 95.4 13.1
Bus393 11.000 0.017 0.010 0.005 0.003 0.255 94.6 14.6
Bus394 11.000 0.079 0.049 0.043 0.026 0.143 85.0 8.2
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Bus395 11.000 0.425 91.3 243
Bus396 11.000 0.024 0.015 0.001 0.001 0.030 85.0 1.7
Bus397 11.000 0.419 85.0 229
Bus398 11.000 0.419 85.0 229
Bus399 11.000 0.173 0.107 0.075 0.047 0.293 85.0 16.0
Bus400 11.000 0.001 0.000 0.053 0.033 0.126 85.0 6.9
Bus401 11.000 0.026 0.016 0.028 0.017 0.064 85.0 3.5
Bus402 11.000 0.533 85.5 29.1
Bus403 11.000 0.042 0.026 0.531 85.5 29.1
Bus404 11.000 0.480 85.5 26.4
Bus405 11.000 0.039 86.5 2.1
Bus406 11.000 -
Bus407 11.000 0.021 0.013 0.025 85.0 1.4
Bus408 11.000 0.039 86.0 22
Bus409 11.000 0.006 0.004 0.015 86.6 0.8
Bus410 11.000 0.006 0.004 0.007 85.0 0.4
Bus411 11.000 0.441 85.3 243
Bus412 11.000 0.025 0.016 0.012 0.008 0.044 85.0 24
Bus413 11.000 0.396 853 21.9
Bus415 11.000 0.208 85.2 11.5
Bus416 11.000 0.024 0.015 0.204 85.1 11.3
Bus417 11.000 0.101 0.062 0.049 0.030 0.176 85.0 9.8
Bus418 11.000 0.125 0.077 0.187 85.3 10.4
Bus420 11.000 0.004 0.002 0.041 85.9 23
Bus421 11.000 0.010 0.006 0.037 85.9 2.0
Bus423 11.000 0.026 85.9 1.4
Bus424 11.000 0.007 0.004 0.018 85.8 1.0
Bus425 11.000 0.009 0.005 0.010 85.0 0.6
Bus426 11.000 0.002 0.001 0.002 85.0 0.1
Bus427 11.000 0.002 0.001 0.003 85.0 0.1
Bus428 11.000 0.003 0.002 0.004 85.0 0.2
Bus429 11.000 0.010 88.8 0.6
Bus430 11.000 0.004 0.002 0.004 85.0 0.2
Bus431 11.000 0.005 0.003 0.006 85.0 0.4
Bus432 33.000 0.003 0.002 0.004 85.0 0.1
Bus433 33.000 0.004 0.002 0.004 85.0 0.1
Bus434 33.000 0.005 0.003 0.009 91.3 0.2
Bus435 33.000 0.003 0.002 0.004 85.0 0.1
Bus438 33.000 0.013 0.008 0.034 88.5 0.6
Bus439 33.000 0.012 0.007 0.019 87.4 0.4
Bus440 33.000 0.005 0.003 0.006 85.0 0.1
Bus441 33.000 0.007 18.5 0.1
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Bus442 33.000 0.001 0.001 0.002 85.0 -
Bus443 33.000 0.003 0.002 0.003 85.0 0.1
Bus444 33.000 -
Bus445 33.000 0.002 0.001 0.003 85.0 0.1
Bus446 33.000 0.005 0.003 0.005 85.0 0.1
Bus447 11.000 0.004 0.002 0.005 85.0 0.3
Bus448 11.000 0.007 0.004 0.008 85.0 0.4
Bus449 11.000 0.150 0.093 0.176 85.0 10.5
Bus450 11.000 0.013 0.008 0.140 0.087 0.180 85.0 10.7
Bus451 11.000 0.173 0.107 0.064 0.040 0.280 85.0 16.5
Bus452 11.000 0.103 0.064 0.009 0.006 0.132 85.0 7.8
Bus453 11.000 0.155 0.096 0.014 0.009 0.198 85.0 11.6
Bus454 11.000 0.155 0.096 0.014 0.009 0.199 85.0 11.6
Bus455 11.000 0.231 0.143 0.096 0.059 0.384 85.0 215
Bus456 11.000 0.087 0.054 0.034 0.021 0.142 85.0 8.2
Bus457 11.000 0.173 0.107 0.079 0.049 0.297 85.0 15.8
Bus458 11.000 0.072 0.045 0.031 0.019 0.303 85.0 16.7
Bus459 11.000 0.013 0.008 0.144 0.089 0.185 85.0 10.8
Bus460 11.000 0.036 0.022 0.014 0.009 0.059 85.0 34
Bus461 11.000 0.108 0.067 0.046 0.029 0.182 85.0 10.0
Bus462 11.000 0.108 0.067 0.046 0.029 0.182 85.0 10.0
Bus463 11.000 0.018 0.011 0.008 0.005 0.030 85.0 1.7
Bus464 11.000 0.103 0.064 0.010 0.006 0.134 85.0 7.4
Bus465 11.000 0.103 0.064 0.010 0.006 0.133 85.0 7.5
Bus466 11.000 0.201 0.124 0.020 0.012 0.259 85.0 14.5
Bus467 11.000 0.010 0.006 0.001 0.001 0.012 85.0 0.7
Bus468 11.000 0.155 0.096 0.013 0.008 0.197 85.0 12.1
Bus469 11.000 0.215 0.133 0.253 85.0 14.5
RMU Helipad 11.000 1.394 85.0 76.6
RMU MBC 11.000 1.140 85.0 65.1
RMU Near Bridge 11.000 1.022 85.0 58.4
Telecom RMU 11.000 2.624 85.7 149.7

* Indicates operating load of a bus exceeds the bus critical limit (100.0% of the Continuous Ampere rating).
# Indicates operating load of a bus exceeds the bus marginal limit (95.0% of the Continuous Ampere rating).
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CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %

Cablel Cable 301.98 103.22 34.18

Cable2 Cable 301.98 83.13 27.53

Cable3 Cable 301.98 64.34 21.31

Cable4 Cable 301.98 5.63 1.86

Cable5 Cable 301.98 10.16 3.36

Cable6 Cable 338.03 8.46 2.50

Cable7 Cable 301.98 223.48 74.01

Cable8 Cable 301.98 202.47 67.05

Cable9 Cable 301.98 175.93 58.26

Cablel0 Cable 301.98 110.60 36.63

Cablell Cable 265.92 26.21 9.85

Cablel2 Cable 274.79 87.82 31.96

Cablel3 Cable 274.79 87.84 31.97

Cablel4 Cable 274.79 87.44 31.82

Cablel5 Cable 274.79 87.45 31.82

Cablel6 Cable 338.03 205.67 60.84

Cablel7 Cable 338.03 8.14 241

Cablel8 Cable 338.03 178.25 52.73

Cablel9 Cable 338.03 58.44 17.29

Cable20 Cable 338.03 150.68 44.57

Cable21 Cable 229.86

Cable22 Cable 338.03 58.44 17.29

Cable23 Cable 229.86 13.79 6.00

Cable24 Cable 229.86 27.17 11.82

Cable25 Cable 147.19 13.95 9.48

Cable26 Cable 338.03 52.96 15.67

Cable27 Cable 338.03 29.07 8.60

Cable29 Cable 338.03 91.53 27.08

Cable30 Cable 338.03 306.68 90.73

Cable31 Cable 338.03 140.71 41.63

Cable32 Cable 338.03 149.72 44.29

Cable33 Cable 338.03 14.61 4.32

Cable34 Cable 338.03 103.81 30.71
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Transformer
CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %

Cable35 Cable 229.86 19.77 8.60

Cable36 Cable 229.86 12.09 5.26

Cable37 Cable 338.03 65.15 19.27

Cable38 Cable 229.86 50.69 22.05

Cable40 Cable 301.98 76.58 25.36

Cable41 Cable 338.03 76.59 22.66

Cable42 Cable 338.03 23.21 6.87

Cable43 Cable 338.03 28.80 8.52

Cable44 Cable 338.03 14.90 4.41

Cable45 Cable 338.03 24.58 7.27

Cable46 Cable 229.86 8.29 3.61

Cable47 Cable 338.03 149.72 44.29

Cable48 Cable 229.86 12.20 5.31

Cable49 Cable 229.86 12.20 5.31

Cable50 Cable 229.86 125.32 54.52

Cable51 Cable 229.86 13.60 592

Cable52 Cable 301.98 8.08 2.68

Cable53 Cable 301.98 23.46 7.77

Cable54 Cable 338.03 334.64 99.00

Cable55 Cable 229.86 7.47 3.25

Cable56 Cable 147.19 0.98 0.66

Cable57 Cable 301.98 20.02 6.63

Cable58 Cable 301.98 17.34 5.74

Cable59 Cable 229.86 19.89 8.65

Cable60 Cable 301.98 190.18 62.98

Cable61 Cable 338.03 97.16 28.74

Cable62 Cable 261.41 6.37 2.44

Cable63 Cable 338.03 258.19 76.38

Cable64 Cable 229.86 13.56 5.90

Cable65 Cable 338.03 309.06 91.43

Cable66 Cable 338.03 22.88 6.77

Cable67 Cable 338.03 29.09 8.61

Cable68 Cable 301.98 10.46 3.46

Cable69 Cable 301.98 10.67 3.53

Cable70 Cable 301.98 16.53 5.48
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Transformer
CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %

Cable71 Cable 229.86 7.76 3.38

Cable72 Cable 301.98 11.64 3.85

Cable73 Cable 301.98 11.58 3.83

Cable74 Cable 301.98 21.53 7.13

Cable75 Cable 229.86 8.16 3.55

Cable76 Cable 301.98 15.83 524

Cable77 Cable 229.86 16.72 7.28

Cable78 Cable 301.98 10.81 3.58

Cable79 Cable 229.86 3.40 1.48

Cable80 Cable 301.98 10.03 3.32

Cable81 Cable 301.98 10.03 3.32

Cable82 Cable 229.86 7.40 3.22

Cable83 Cable 229.86 7.45 3.24

Cable84 Cable 301.98 14.48 4.80

Cable85 Cable 301.98 12.07 4.00

Cable86 Cable 301.98 14.46 4.79

33/11kV Sector I SS Transformer 5.000 4.863 97.3 4.635 92.7

33/11kV Sector II SS Transformer 5.000 4.841 96.8 4.615 923

66/11kV (AREVA) Transformer 5.000 4.472 89.4 4.308 86.2

66/11kV (VOLTAMP) Transformer 10.000 7.349 73.5 7.080 70.8

66/11kV 1 Transformer 20.000 5.746 28.7 5.661 28.3

66/11kV I (HYOSUNG) Transformer 10.000 6.789 67.9 6.528 65.3

66/11kV 1T Transformer 20.000 5.148 25.7 5.072 254

66/11kV II (HYOSUNG) Transformer 10.000 6.789 67.9 6.528 65.3

66/33kV (AREVA) Transformer 10.000 5.735 573 5.572 55.7

66/33kV (VOLTAMP) Transformer 10.000 5.735 573 5572 55.7

* Indicates a branch with operating load exceeding the branch capability.
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Branch Losses Summary Report
vd
From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
66/11kV (AREVA) 3.744 2.445 -3.720 -2.173 24.7 271.7 100.0 96.3 3.67
66/11kV (VOLTAMP) 6.038 4.190 -6.010 -3.743 28.0 4474 100.0 96.3 3.67
66/33kV (AREVA) 4.689 3.301 -4.672 -3.036 16.6 265.9 100.0 97.2 2.84
66/33kV (VOLTAMP) 4.689 3.301 -4.672 -3.036 16.6 265.9 100.0 97.2 2.84
Cablel 1.617 0.988 -1.616 -0.987 04 0.2 96.3 96.3 0.02
Cable2 1.298 0.802 -1.298 -0.801 0.5 0.3 96.3 96.3 0.03
Cable6 0.132 0.082 -0.132 -0.082 0.0 0.0 96.3 96.3 0.00
Cable7 3.512 2.119 -3.510 -2.118 1.7 1.0 96.3 96.3 0.05
Cablel0 1.745 1.037 -1.743 -1.036 1.9 1.1 96.3 96.2 0.10
Cable29 1.425 0.889 -1.425 -0.889 0.2 0.1 96.3 96.3 0.01
Linel 1.616 0.987 -1.607 -0.983 9.5 42 96.3 95.8 0.52
Line2 0.079 0.049 -0.079 -0.049 0.0 0.0 95.8 95.8 0.01
Line3 1.528 0.934 -1.519 -0.930 8.6 38 95.8 95.3 0.50
Line4 0.121 0.075 -0.121 -0.075 0.0 0.0 95.3 95.3 0.01
Line5 1.372 0.840 -1.369 -0.838 3.6 1.6 95.3 95.1 0.23
Line312 0.026 0.016 -0.026 -0.016 0.0 -0.1 95.3 95.3 0.01
Cable77 0.257 0.160 -0.257 -0.160 0.0 0.0 95.1 95.1 0.01
Cable81 0.154 0.096 -0.154 -0.096 0.0 0.0 95.1 95.1 0.01
Line6 0.706 0.427 -0.696 -0.423 9.8 3.8 95.1 93.8 1.23
Line7 0.679 0.413 -0.677 -0.412 23 0.9 93.8 93.5 0.29
Line8 0.066 0.041 -0.066 -0.041 0.0 -0.1 93.5 93.5 0.01
Line9 0.611 0.371 -0.610 -0.371 0.9 0.3 93.5 93.4 0.12
Linel0 0.593 0.361 -0.593 -0.360 0.6 0.2 93.4 93.3 0.09
Linell 0.466 0.282 -0.465 -0.282 1.0 0.3 933 93.1 0.18
Linel2 -0.015 -0.009 0.015 0.009 0.0 -0.2 93.1 93.1 0.01
Linel3 0.450 0.272 -0.449 -0.272 0.9 0.3 93.1 93.0 0.17
Linel4 -0.014 -0.009 0.014 0.008 0.0 -0.3 93.0 93.0 0.01
Linel5 0.435 0.264 -0.435 -0.264 0.3 0.1 93.0 92.9 0.06
Linel6 0.365 0.220 -0.364 -0.220 0.8 0.2 92.9 92.7 0.19
Linel7 -0.014 -0.009 0.014 0.009 0.0 -0.1 92.7 92.7 0.01
Linel8 0.349 0.211 -0.348 -0.211 1.9 0.4 92.7 923 0.47
Linel9 -0.013 -0.008 0.013 0.008 0.0 -0.1 92.3 92.3 0.00
Line21 0.335 0.203 -0.334 -0.203 0.2 0.0 923 922 0.04
Line22 -0.020 -0.012 0.020 0.012 0.0 0.0 92.2 922 0.00
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Line23 0.315 0.191 -0.314 -0.191 0.7 0.1 92.2 92.0 0.20
Line24 -0.012 -0.007 0.012 0.007 0.0 -0.3 92.0 92.0 0.01
Line25 0.302 0.184 -0.300 -0.183 22 0.3 92.0 91.4 0.63
Line26 -0.243 -0.150 0.244 0.150 1.1 0.0 91.0 91.4 0.37
Line27 0.056 0.033 -0.056 -0.033 0.0 -0.1 91.4 91.4 0.01
Line28 -0.034 -0.021 0.034 0.021 0.0 -0.4 91.3 91.4 0.04
Line29 0.022 0.012 -0.022 -0.012 0.0 -0.2 91.4 91.4 0.01
Line31 0.009 0.004 -0.009 -0.005 0.0 -0.3 91.4 91.4 0.01
Cable3 1.004 0.621 -1.004 -0.621 0.4 0.2 96.3 96.3 0.04
Line33 0.294 0.181 -0.294 -0.182 0.1 -1.3 96.3 96.3 0.03
Cable4 0.088 0.054 -0.088 -0.054 0.0 0.0 96.3 96.3 0.00
Line34 0.856 0.529 -0.855 -0.529 0.8 0.6 96.3 96.2 0.10
Cable5 0.158 0.098 -0.158 -0.098 0.0 0.0 96.2 96.2 0.00
Line35 0.557 0.344 -0.557 -0.344 0.2 0.1 96.2 96.1 0.04
Line36 0.266 0.164 -0.266 -0.165 0.0 -0.2 96.1 96.1 0.00
Line37 0.020 0.011 -0.020 -0.012 0.0 -1.3 96.1 96.1 0.00
Line208 -0.011 -0.007 0.011 0.005 0.0 -1.2 96.3 96.3 0.00
Cable8 3.183 1.915 -3.182 -1.914 1.0 0.6 96.3 96.3 0.03
Cable9 2.768 1.658 -2.767 -1.657 1.4 0.8 96.3 96.2 0.05
Line38 2.634 1.575 -2.616 -1.577 17.8 -2.1 96.2 95.7 0.49
Line39 0.477 0.292 -0.476 -0.293 0.1 -0.3 95.7 95.7 0.01
Line42 2.140 1.285 -2.132 -1.286 7.4 -1.4 95.7 95.5 0.25
Line40 0.353 0.216 -0.353 -0.218 0.3 -2.3 95.7 95.7 0.06
Line41 0.164 0.101 -0.164 -0.101 0.0 -0.1 95.7 95.7 0.00
Line43 0.262 0.162 -0.262 -0.163 0.0 -0.7 95.5 95.5 0.01
Line44 1.870 1.124 -1.860 -1.127 10.3 -2.7 95.5 95.1 0.40
Line45 1.443 0.869 -1.440 -0.871 3.5 -1.6 95.1 94.9 0.17
Line46 0.121 0.075 -0.121 -0.075 0.0 -0.7 94.9 94.9 0.01
Line363 0.845 0.503 -0.835 -0.517 10.3 -14.1 94.9 94.0 0.87
Line47 1.743 1.036 -1.733 -1.031 10.4 4.7 96.2 95.7 0.54
Line48 1.619 0.961 -1.601 -0.953 17.6 7.8 95.7 94.7 0.98
Cable82 0.114 0.070 -0.114 -0.070 0.0 0.0 94.7 94.7 0.00
Line20 1.488 0.883 -1.469 -0.874 18.6 8.2 94.7 93.6 1.11
Line50 -0.088 -0.055 0.088 0.055 0.0 -0.1 94.0 94.0 0.03
Line51 -0.339 -0.210 0.340 0.210 0.1 0.0 94.0 94.0 0.02
Line54 0.251 0.155 -0.251 -0.155 0.2 0.0 94.0 93.9 0.08
Line52 -0.116 -0.072 0.116 0.072 0.1 -0.1 94.0 94.0 0.04
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Cableg4 0.221 0.137 -0.221 -0.137 0.0 0.0 94.0 94.0 0.02
Line53 0.159 0.098 -0.159 -0.098 0.0 0.0 94.0 94.0 0.01
Line55 -0.099 -0.061 0.099 0.061 0.1 -0.2 93.9 93.9 0.07
Cable83 0.113 0.070 -0.113 -0.070 0.0 0.0 93.9 93.9 0.00
Line56 0.021 0.010 -0.021 -0.011 0.0 -0.5 93.6 93.6 0.03
Line66 1.449 0.864 -1.446 -0.863 32 1.4 93.6 93.4 0.19
Line57 -0.019 -0.010 0.019 0.010 0.0 -0.1 93.6 93.6 0.01
Line58 0.015 0.008 -0.015 -0.008 0.0 -0.1 93.6 93.6 0.00
Line65 0.002 0.001 -0.002 -0.001 0.0 -0.5 93.6 93.6 0.00
Line59 0.004 0.002 -0.004 -0.002 0.0 0.0 93.6 93.6 0.00
Line60 0.011 0.006 -0.011 -0.006 0.0 0.0 93.6 93.6 0.00
Line61 0.009 0.005 -0.009 -0.005 0.0 -0.1 93.6 93.6 0.00
Line63 0.002 0.001 -0.002 -0.001 0.0 -0.5 93.6 93.6 0.00
Line62 0.005 0.003 -0.005 -0.003 0.0 -0.4 93.6 93.6 0.01
Line67 1.440 0.859 -1.416 -0.849 23.7 10.5 93.4 92.0 1.44
Line68 0.011 0.006 -0.011 -0.006 0.0 -0.1 92.0 92.0 0.00
Line72 1.406 0.843 -1.374 -0.829 319 14.1 92.0 90.0 1.96
Line69 0.006 0.003 -0.006 -0.003 0.0 -0.2 92.0 92.0 0.00
Line70 -0.003 -0.002 0.003 0.002 0.0 -0.1 92.0 92.0 0.00
Line71 0.003 0.002 -0.003 -0.002 0.0 -0.2 92.0 92.0 0.00
Line73 1.354 0.816 -1.335 -0.808 18.4 8.2 90.0 88.9 1.15
Line342 0.010 0.006 -0.010 -0.006 0.0 -0.1 90.0 90.0 0.00
Line74 -0.009 -0.006 0.009 0.006 0.0 0.0 88.9 88.9 0.00
Line75 0.004 0.002 -0.004 -0.002 0.0 -0.3 88.9 88.9 0.00
Line76 1.322 0.800 -1.276 -0.780 45.7 20.2 88.9 86.0 2.87
Line77 -0.067 -0.042 0.067 0.042 0.0 0.0 86.0 86.0 0.01
Line78 1.209 0.738 -1.206 -0.737 2.6 1.2 86.0 85.8 0.17
Line79 0.356 0.220 -0.356 -0.220 0.3 0.1 85.8 85.8 0.06
Line83 0.850 0.517 -0.846 -0.515 4.1 1.7 85.8 85.4 0.38
Line80 -0.124 -0.077 0.124 0.077 0.1 -0.1 85.7 85.8 0.04
Cable85 0.168 0.104 -0.168 -0.104 0.0 0.0 85.8 85.8 0.01
Line81 0.064 0.040 -0.064 -0.040 0.0 -0.2 85.8 85.7 0.05
Line85 0.831 0.506 -0.828 -0.505 29 1.2 85.4 85.2 0.28
Line87 0.660 0.400 -0.652 -0.397 73 3.0 85.2 84.3 0.88
Line88 -0.005 -0.003 0.005 0.003 0.0 -0.1 84.3 84.3 0.00
Line89 0.647 0.394 -0.644 -0.393 3.7 1.5 84.3 83.8 0.44
Line90 -0.009 -0.005 0.009 0.005 0.0 -0.1 83.8 83.8 0.00
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Line86 0.635 0.387 -0.626 -0.384 9.1 3.7 83.8 82.7 1.12
Line64 0.480 0.294 -0.476 -0.293 34 1.3 82.7 82.2 0.54
Line91 0.146 0.090 -0.146 -0.090 0.0 0.0 82.7 82.7 0.01
Line92 -0.126 -0.078 0.126 0.078 0.0 0.0 82.7 82.7 0.02
Line93 0.020 0.011 -0.020 -0.011 0.0 -0.1 82.7 82.7 0.01
Line9%4 -0.004 -0.002 0.004 0.002 0.0 -0.1 82.7 82.7 0.00
Line95 0.016 0.009 -0.016 -0.009 0.0 -0.1 82.7 82.7 0.01
Line96 -0.004 -0.003 0.004 0.003 0.0 -0.1 82.7 82.7 0.00
Line97 0.012 0.007 -0.012 -0.007 0.0 -0.2 82.7 82.7 0.01
Line98 0.009 0.005 -0.009 -0.005 0.0 -0.2 82.7 82.7 0.01
Line99 0.003 0.002 -0.003 -0.002 0.0 -0.3 82.7 82.7 0.00
Line82 -0.110 -0.068 0.110 0.068 0.0 0.0 82.2 82.2 0.00
Line84 0.366 0.225 -0.366 -0.224 0.4 0.1 82.2 82.1 0.08
Line100 -0.003 -0.002 0.003 0.002 0.0 -0.1 82.1 82.1 0.00
Linel01 0.363 0.222 -0.362 -0.222 0.9 0.3 82.1 81.9 0.19
Linel102 0.351 0.216 -0.350 -0.215 1.0 0.3 81.9 81.7 0.21
Line103 -0.103 -0.064 0.104 0.064 0.2 -0.2 81.6 81.7 0.13
Linel04 0.246 0.151 -0.246 -0.151 0.3 0.0 81.7 81.6 0.09
Linel05 -0.005 -0.003 0.005 0.003 0.0 -0.1 81.6 81.6 0.00
Linel06 0.241 0.148 -0.240 -0.148 1.3 0.2 81.6 81.2 0.40
Linel07 -0.236 -0.146 0.237 0.147 0.4 0.1 81.1 81.2 0.12
Linel109 0.003 0.002 -0.003 -0.002 0.0 -0.3 81.2 81.2 0.00
Cablel 1 1.370 0.491 -1.369 -0.491 0.9 0.0 97.2 97.1 0.05
Cablel2 3.995 2.797 -3.985 -2.797 10.5 0.0 97.2 97.0 0.17
Cablel4 3.979 2.783 -3.969 -2.783 10.6 0.0 97.2 97.0 0.17
Line108 1.369 0.491 -1.365 -0.504 4.0 -12.8 97.1 96.8 0.32
Linel10 0.581 0.269 -0.580 -0.271 0.1 -1.2 96.8 96.8 0.01
Linelll 0.785 0.234 -0.784 -0.240 0.5 -5.8 96.8 96.7 0.07
Linel12 0.342 0.209 -0.342 -0.212 0.1 =33 96.8 96.8 0.02
Linel13 0.238 0.062 -0.238 -0.066 0.0 -4.0 96.8 96.8 0.01
Linel14 0.208 0.047 -0.208 -0.049 0.0 -1.8 96.8 96.8 0.01
Linel15 -0.017 -0.010 0.017 0.009 0.0 -1.4 96.8 96.8 0.00
Linell6 0.191 0.040 -0.191 -0.042 0.0 -1.8 96.8 96.7 0.00
Linel17 -0.031 -0.019 0.031 0.019 0.0 -0.2 96.7 96.7 0.00
Linel18 0.161 0.023 -0.161 -0.028 0.0 -4.8 96.7 96.7 0.01
Linel19 0.144 0.017 -0.144 -0.018 0.0 -0.5 96.7 96.7 0.00
Linel20 0.051 0.007 -0.051 -0.011 0.0 -4.6 96.7 96.7 0.00
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
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Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Linel28 0.093 0.011 -0.093 -0.014 0.0 -3.3 96.7 96.7 0.00
Linel21 0.047 0.009 -0.047 -0.018 0.0 -9.8 96.7 96.7 0.01
Linel122 0.000 0.000 0.000 -0.001 0.0 -0.6 96.7 96.7 0.00
Linel23 0.047 0.019 -0.047 -0.021 0.0 -1.7 96.7 96.7 0.00
Linel26 0.030 0.010 -0.030 -0.011 0.0 -1.2 96.7 96.7 0.00
Linel24 0.017 0.005 -0.017 -0.005 0.0 -0.1 96.7 96.7 0.00
Linel25 0.012 0.006 -0.012 -0.008 0.0 -1.1 96.7 96.7 0.00
Linel127 0.003 -0.004 -0.003 -0.002 0.0 -5.7 96.7 96.7 0.00
Linel29 -0.013 -0.008 0.013 0.006 0.0 2.7 96.7 96.7 0.00
Linel30 0.080 0.009 -0.080 -0.012 0.0 -3.2 96.7 96.7 0.00
Linel31 0.068 0.005 -0.068 -0.009 0.0 -4.0 96.7 96.7 0.00
Linel132 0.057 0.002 -0.057 -0.006 0.0 -3.7 96.7 96.7 0.00
Linel33 0.043 -0.003 -0.043 0.002 0.0 -1.2 96.7 96.7 0.00
Linel34 0.032 -0.009 -0.032 0.007 0.0 -1.8 96.7 96.7 0.00
Linel35 0.022 -0.013 -0.022 0.003 0.0 9.2 96.7 96.7 0.00
Linel36 0.013 -0.009 -0.013 0.002 0.0 -6.9 96.7 96.7 0.00
Linel37 0.011 -0.004 -0.011 0.000 0.0 -3.8 96.7 96.7 0.00
Linel38 -0.008 -0.005 0.008 0.001 0.0 -4.4 96.7 96.7 0.00
Linel39 0.003 -0.001 -0.003 -0.002 0.0 2.2 96.7 96.7 0.00
Line140 0.774 0.234 -0.773 -0.237 0.2 -3.0 96.7 96.7 0.04
Linel41 0.765 0.232 -0.765 -0.233 0.1 -0.9 96.7 96.7 0.01
Line142 0.012 0.005 -0.012 -0.007 0.0 -1.6 96.7 96.7 0.00
Linel144 0.753 0.228 -0.753 -0.231 0.2 -2.9 96.7 96.6 0.03
Line143 0.004 0.001 -0.004 -0.002 0.0 -0.9 96.7 96.7 0.00
Line145 0.742 0.224 -0.742 -0.227 0.2 -3.2 96.6 96.6 0.04
Linel46 0.733 0.221 -0.732 -0.222 0.1 -0.8 96.6 96.6 0.01
Line147 0.068 0.028 -0.068 -0.029 0.0 -1.0 96.6 96.6 0.00
Linel56 0.664 0.194 -0.664 -0.196 0.1 -2.0 96.6 96.6 0.02
Line148 0.045 0.019 -0.045 -0.024 0.0 -4.7 96.6 96.6 0.01
Linel52 0.024 0.010 -0.024 -0.012 0.0 -1.1 96.6 96.6 0.00
Line149 0.030 0.015 -0.030 -0.016 0.0 -1.1 96.6 96.6 0.00
Linel53 0.021 0.010 -0.021 -0.012 0.0 -1.8 96.6 96.6 0.00
Linel54 0.010 0.006 -0.010 -0.006 0.0 -0.8 96.6 96.6 0.00
Linel55 0.011 0.006 -0.011 -0.007 0.0 -0.7 96.6 96.6 0.00
Linel57 0.049 0.010 -0.049 -0.011 0.0 -12 96.6 96.6 0.00
Linel67 0.615 0.186 -0.615 -0.187 0.0 -0.7 96.6 96.6 0.01
Linel58 0.041 0.008 -0.041 -0.008 0.0 -0.6 96.6 96.6 0.00
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Linel59 0.008 0.003 -0.008 -0.004 0.0 -0.5 96.6 96.6 0.00
Linel61 -0.014 -0.009 0.014 0.008 0.0 -0.5 96.6 96.6 0.00
Linel62 0.027 0.000 -0.027 -0.001 0.0 -1.3 96.6 96.6 0.00
Linel63 0.015 -0.005 -0.015 -0.004 0.0 -83 96.6 96.6 0.00
Linel66 0.012 0.006 -0.012 -0.007 0.0 -1.4 96.6 96.6 0.00
Linel64 0.012 0.002 -0.012 -0.004 0.0 =23 96.6 96.6 0.00
Linel65 -0.010 -0.006 0.010 0.003 0.0 =32 96.6 96.6 0.00
Line168 0.597 0.176 -0.597 -0.177 0.1 -1.3 96.6 96.6 0.01
Linel69 0.014 0.008 -0.014 -0.009 0.0 -0.8 96.6 96.6 0.00
Linel71 0.000 -0.001 0.000 0.000 0.0 -1.1 96.6 96.6 0.00
Linel72 0.583 0.170 -0.583 -0.170 0.0 -0.4 96.6 96.5 0.00
Linel73 0.571 0.163 -0.570 -0.168 0.2 -5.1 96.5 96.5 0.04
Linel74 0.567 0.166 -0.567 -0.172 0.2 -5.7 96.5 96.5 0.05
Linel75 0.554 0.164 -0.554 -0.165 0.1 -1.6 96.5 96.4 0.01
Linel76 0.540 0.156 -0.539 -0.163 0.3 -6.9 96.4 96.4 0.05
Linel77 0.524 0.154 -0.524 -0.155 0.0 -0.7 96.4 96.4 0.01
Linel78 0.242 0.072 -0.242 -0.074 0.0 -1.4 96.4 96.4 0.00
Linel199 0.283 0.082 -0.283 -0.083 0.0 -0.6 96.4 96.4 0.00
Linel79 0.228 0.066 -0.228 -0.071 0.0 -5.5 96.4 96.4 0.02
Line180 0.199 0.053 -0.199 -0.054 0.0 -0.5 96.4 96.4 0.00
Linel81 0.119 0.021 -0.118 -0.027 0.0 5.4 96.4 96.4 0.01
Line186 0.081 0.032 -0.081 -0.034 0.0 -1.7 96.4 96.4 0.00
Line182 0.102 0.017 -0.102 -0.018 0.0 -1.5 96.4 96.3 0.00
Linel83 0.000 0.000 0.000 -0.001 0.0 -1.1 96.3 96.3 0.00
Linel184 0.102 0.019 -0.102 -0.022 0.0 =23 96.3 96.3 0.00
Linel85 -0.026 -0.016 0.026 0.012 0.0 -4.1 96.3 96.3 0.00
Line192 0.076 0.009 -0.076 -0.011 0.0 -1.4 96.3 96.3 0.00
Linel87 0.067 0.025 -0.067 -0.030 0.0 -4.1 96.4 96.3 0.01
Linel88 0.036 0.010 -0.036 -0.012 0.0 -1.6 96.3 96.3 0.00
Linel89 0.001 -0.010 -0.001 0.007 0.0 2.4 96.3 96.3 0.00
Linel193 0.042 -0.010 -0.042 0.003 0.0 -6.5 96.3 96.3 0.01
Line194 0.028 -0.009 -0.028 0.005 0.0 -3.6 96.3 96.3 0.00
Linel197 0.014 0.005 -0.014 -0.006 0.0 -0.6 96.3 96.3 0.00
Linel195 0.020 -0.010 -0.020 -0.002 0.0 -11.6 96.3 96.3 0.01
Line196 0.012 -0.003 -0.012 -0.007 0.0 -10.7 96.3 96.3 0.00
Linel198 0.009 0.003 -0.009 -0.006 0.0 -3.2 96.3 96.3 0.00
Line200 0.278 0.080 -0.278 -0.084 0.0 -3.6 96.4 96.4 0.01
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Line201 0.261 0.073 -0.261 -0.074 0.0 -0.8 96.4 96.4 0.00
Line202 0.248 0.065 -0.248 -0.067 0.0 -1.3 96.4 96.4 0.00
Line203 -0.011 -0.007 0.011 0.006 0.0 -0.7 96.4 96.4 0.00
Line204 0.237 0.061 -0.237 -0.063 0.0 =22 96.4 96.4 0.01
Line205 0.225 0.056 -0.225 -0.056 0.0 -0.2 96.4 96.4 0.00
Line206 0.037 0.018 -0.037 -0.019 0.0 -0.4 96.4 96.4 0.00
Line210 0.188 0.038 -0.188 -0.042 0.0 -3.8 96.4 96.3 0.01
Line207 0.033 0.016 -0.033 -0.018 0.0 22 96.4 96.3 0.00
Linel70 0.022 0.011 -0.022 -0.011 0.0 -0.2 96.3 96.3 0.00
Line209 0.011 0.006 -0.011 -0.007 0.0 -0.8 96.3 96.3 0.00
Line229 -3.595 -2.232 3.637 2.268 414 35.1 92.3 93.5 1.17
Line243 3.498 2.172 -3.490 -2.165 79 6.7 923 92.1 0.23
Line211 0.002 0.001 -0.002 -0.001 0.0 -0.5 96.3 96.3 0.00
Line212 0.186 0.041 -0.186 -0.046 0.0 -5.3 96.3 96.3 0.01
Line213 -0.011 -0.007 0.011 0.005 0.0 -1.3 96.3 96.3 0.00
Line214 0.175 0.041 -0.175 -0.043 0.0 -1.8 96.3 96.3 0.00
Line215 0.168 0.038 -0.168 -0.043 0.0 -4.7 96.3 96.3 0.02
Line216 0.153 0.033 -0.153 -0.035 0.0 -1.9 96.3 96.3 0.01
Line217 -0.014 -0.009 0.014 0.008 0.0 -0.4 96.3 96.3 0.00
Line218 0.086 0.017 -0.086 -0.019 0.0 -1.3 96.3 96.3 0.00
Line233 0.053 0.009 -0.053 -0.010 0.0 -0.7 96.3 96.3 0.00
Line219 0.077 0.013 -0.077 -0.016 0.0 -2.2 96.3 96.3 0.00
Line220 -0.010 -0.006 0.010 0.006 0.0 -0.3 96.3 96.3 0.00
Line221 0.068 0.010 -0.067 -0.016 0.0 -6.3 96.3 96.3 0.01
Line222 -0.013 -0.008 0.013 0.008 0.0 -0.5 96.3 96.3 0.00
Line223 0.054 0.008 -0.054 -0.009 0.0 -0.8 96.3 96.3 0.00
Line224 0.021 0.008 -0.021 -0.009 0.0 -0.5 96.3 96.3 0.00
Line226 0.033 0.001 -0.033 -0.002 0.0 -0.6 96.3 96.3 0.00
Line225 0.010 0.002 -0.010 -0.006 0.0 -4.6 96.3 96.3 0.00
Line227 0.013 -0.002 -0.013 0.002 0.0 -0.2 96.3 96.3 0.00
Line230 0.020 0.004 -0.020 -0.006 0.0 -2.1 96.3 96.3 0.00
Line228 0.005 -0.007 -0.005 -0.003 0.0 -9.9 96.3 96.3 0.00
Line231 0.012 0.001 -0.012 -0.004 0.0 -3.8 96.3 96.3 0.00
Line232 0.005 0.000 -0.005 -0.003 0.0 -2.9 96.3 96.3 0.00
Line234 0.038 0.001 -0.038 -0.004 0.0 -2.8 96.3 96.3 0.00
Line235 0.026 -0.003 -0.026 0.003 0.0 -0.6 96.3 96.3 0.00
Line236 -0.009 -0.005 0.009 0.005 0.0 -0.4 96.3 96.3 0.00
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Line237 0.018 -0.008 -0.018 -0.007 0.0 -14.7 96.3 96.3 0.01
Line238 0.010 0.002 -0.010 -0.006 0.0 -4.1 96.3 96.3 0.00
Line239 3.985 2.797 -3.981 -2.795 3.6 1.8 97.0 96.9 0.09
Cablel3 3.981 2.795 -3.979 -2.795 2.4 0.0 96.9 96.9 0.04
33/11kV Sector I SS 3.979 2.795 -3.949 -2.427 29.5 368.9 96.9 923 4.53
Line240 3.969 2.783 -3.965 -2.781 3.7 1.8 97.0 96.9 0.10
Cablel5 3.965 2.781 -3.963 -2.781 23 0.0 96.9 96.9 0.04
33/11kV Sector I SS 3.963 2.781 -3.933 -2.414 294 367.1 96.9 92.3 4.53
Cablel6 3.075 1.907 -3.066 -1.901 8.4 59 92.3 92.1 0.26
Cable30 4.605 2.811 -4.594 -2.803 10.9 7.7 923 92.1 0.23
Line254 0.203 0.123 -0.203 -0.126 0.1 -3.1 92.3 92.3 0.05
Cablel7 0.121 0.075 -0.121 -0.075 0.0 0.0 92.1 92.1 0.01
Cablel8 2.657 1.647 -2.652 -1.644 5.5 39 92.1 91.9 0.20
Cable20 2.242 1.389 -2.242 -1.389 0.1 0.1 91.9 91.9 0.00
Cablel9 0.869 0.539 -0.869 -0.539 04 0.3 91.9 91.8 0.04
Cable26 0.788 0.488 -0.787 -0.488 04 0.3 91.9 91.8 0.05
Cable21 0.000 0.000 0.000 0.000 91.8 91.8
Cable22 -0.869 -0.538 0.869 0.539 0.5 0.4 91.8 91.8 0.06
Cable23 0.205 0.127 -0.205 -0.127 0.0 0.0 91.8 91.8 0.01
Cable24 0.404 0.250 -0.404 -0.250 0.3 0.1 91.8 91.7 0.05
Cable25 0.207 0.128 -0.207 -0.128 0.1 0.0 91.7 91.7 0.03
Cable27 0.432 0.268 -0.432 -0.268 0.1 0.1 91.8 91.8 0.02
Line241 1.425 0.889 -1.422 -0.884 32 4.9 96.3 96.0 0.31
Line246 1.189 0.740 -1.187 -0.736 23 35 96.0 95.7 0.27
Cable31 2.099 1.301 -2.096 -1.299 29 2.1 92.1 92.0 0.13
Cable32 2253 1.352 -2.250 -1.350 2.6 1.8 92.1 92.0 0.11
Cable33 0.218 0.135 -0.218 -0.135 0.0 0.0 92.0 92.0 0.00
Cable34 1.546 0.958 -1.546 -0.958 0.4 0.3 92.0 91.9 0.02
Line242 0.105 0.065 -0.105 -0.065 0.0 0.0 92.0 92.0 0.01
Line244 0.113 0.070 -0.113 -0.070 0.0 0.0 92.0 92.0 0.01
Cable35 0.294 0.182 -0.294 -0.182 0.0 0.0 91.9 91.9 0.01
Cable37 0.970 0.601 -0.969 -0.600 1.1 0.8 91.9 91.8 0.11
Cable36 0.180 0.112 -0.180 -0.112 0.0 0.0 91.9 91.9 0.00
Cable38 -0.754 -0.467 0.754 0.467 0.0 0.0 91.8 91.8 0.00
Cable40 1.187 0.736 -1.187 -0.736 0.2 0.1 95.7 95.7 0.01
Line245 1.187 0.736 -1.185 -0.734 1.5 22 95.7 95.6 0.17
Cable41 1.185 0.734 -1.185 -0.734 0.0 0.0 95.6 95.5 0.00
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Cable42 -0.359 -0.223 0.359 0.223 0.0 0.0 95.5 95.5 0.00
Cable43 -0.446 -0.276 0.446 0.276 0.1 0.0 95.5 95.5 0.01
Cable44 0.231 0.143 -0.231 -0.143 0.0 0.0 95.5 95.5 0.01
Cable45 -0.381 -0.235 0.381 0.235 0.1 0.1 95.5 95.5 0.02
Cable46 0.128 0.079 -0.128 -0.079 0.0 0.0 95.5 95.5 0.00
Line248 0.135 0.083 -0.135 -0.084 0.0 -0.6 95.5 95.5 0.01
Line247 0.078 0.048 -0.078 -0.048 0.0 0.0 95.5 95.5 0.01
Cable47 2250 1.350 -2.250 -1.350 0.2 0.1 92.0 92.0 0.01
Cable48 -0.182 -0.113 0.182 0.113 0.0 0.0 92.0 92.0 0.01
Cable49 -0.182 -0.113 0.182 0.113 0.0 0.0 92.0 92.0 0.01
Cable50 -1.882 -1.123 1.886 1.125 43 1.7 91.8 92.0 0.19
Line249 1.653 0.981 -1.641 -0.985 11.8 -3.4 91.8 913 0.49
Cable75 0.121 0.075 -0.121 -0.075 0.0 0.0 91.3 913 0.00
Line250 1.248 0.754 -1.230 -0.763 17.4 -8.9 91.3 90.3 0.95
Line251 0.272 0.156 -0.272 -0.164 0.6 -7.6 91.3 91.1 0.16
Line294 1.050 0.651 -1.048 -0.650 1.3 1.1 90.3 90.2 0.13
Cable79 0.050 0.031 -0.050 -0.031 0.0 0.0 91.1 91.1 0.00
Line252 0.015 0.005 -0.015 -0.009 0.0 -4.3 91.1 91.1 0.01
Line253 0.111 0.068 -0.111 -0.069 0.0 -0.5 91.1 91.1 0.00
Cable51 0.203 0.126 -0.203 -0.126 0.0 0.0 923 92.3 0.01
66/11kV 1 4.927 2.956 -4.920 -2.801 7.4 154.8 100.0 98.5 1.47
66/11kV 11 4.415 2.648 -4.408 -2.509 6.6 138.7 100.0 98.5 1.47
Cable52 0.129 0.079 -0.129 -0.079 0.0 0.0 98.5 98.5 0.00
Cable53 0.374 0.232 -0.374 -0.232 0.1 0.0 98.5 98.5 0.02
Cable54 5.556 2932 -5.546 -2.924 10.2 72 98.5 98.3 0.19
Cable60 3.016 1.911 -3.012 -1.909 4.1 24 98.5 98.4 0.13
Cable76 0.253 0.157 -0.253 -0.157 0.0 0.0 98.5 98.5 0.01
Line255 0.129 0.079 -0.129 -0.079 0.0 -0.1 98.5 98.5 0.03
Line256 0.032 0.020 -0.032 -0.020 0.0 -0.4 98.5 98.5 0.03
Line257 0.097 0.060 -0.097 -0.060 0.0 -0.1 98.5 98.5 0.02
Line258 0.036 0.022 -0.036 -0.023 0.0 -0.4 98.5 98.4 0.03
Line260 -0.374 -0.232 0.374 0.232 0.3 0.0 98.4 98.5 0.07
Line262 5.546 2.924 -5.420 -2.750 126.0 174.6 98.3 95.3 3.02
Line263 0.442 -0.368 -0.442 0.368 0.4 0.3 95.3 95.3 0.01
Line265 4.978 3.117 -4.938 -3.083 40.1 34.0 95.3 94.5 0.84
Line264 0.442 -0.368 -0.442 0.368 0.1 0.0 95.3 95.3 0.00
Line266 -0.288 -0.179 0.288 0.179 0.0 0.0 94.5 94.5 0.01
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Line267 0.102 0.063 -0.102 -0.064 0.0 0.0 94.5 94.5 0.01
Line268 4.547 2.841 -4.531 -2.828 16.0 135 94.5 94.1 0.37
Line269 4.441 2.772 -4.425 -2.758 16.2 13.7 94.1 93.7 0.38
Cable74 0.327 0.203 -0.327 -0.202 0.1 0.0 93.7 93.7 0.02
Line270 4.043 2.522 -4.032 -2.513 10.7 9.1 93.7 93.5 0.27
Line271 -0.395 -0.245 0.395 0.245 0.1 0.0 93.4 93.5 0.03
Line259 2.953 1.832 -2.945 -1.825 8.2 6.9 92.1 91.8 0.28
Line261 2.890 1.792 -2.877 -1.781 12.8 10.8 91.8 91.3 0.45
Line272 0.075 0.042 -0.075 -0.042 0.0 -0.1 91.3 91.3 0.01
Line274 2.786 1.729 -2.754 -1.702 322 272 91.3 90.2 1.16
Line273 0.016 0.005 -0.016 -0.010 0.0 -4.6 91.3 91.3 0.00
Line275 0.416 0.258 -0.416 -0.258 0.4 0.2 90.2 90.1 0.10
Line276 2.338 1.444 -2.326 -1.434 12.6 10.6 90.2 89.6 0.54
Cable55 0.109 0.067 -0.109 -0.067 0.0 0.0 90.1 90.0 0.02
Cable73 0.169 0.105 -0.169 -0.105 0.0 0.0 90.1 90.0 0.01
Cable56 -0.014 -0.009 0.014 0.009 0.0 0.0 89.6 89.6 0.00
Line278 2311 1.425 -2.309 -1.423 23 1.9 89.6 89.5 0.10
Cable71 0.112 0.070 -0.112 -0.070 0.0 0.0 89.5 89.5 0.00
Cable72 0.169 0.105 -0.169 -0.105 0.0 0.0 89.5 89.5 0.01
Line279 0.050 0.031 -0.050 -0.031 0.0 -0.2 89.5 89.5 0.03
Line281 1.978 1.218 -1.964 -1.206 14.4 12.0 89.5 88.8 0.72
Line280 0.035 0.021 -0.035 -0.021 0.0 0.0 89.5 89.5 0.00
Line282 -0.183 -0.113 0.183 0.113 0.0 0.0 88.8 88.8 0.01
Cable70 0.238 0.147 -0.238 -0.147 0.1 0.0 88.8 88.8 0.02
Line283 0.555 0.344 -0.555 -0.344 0.0 0.0 88.8 88.8 0.01
Line284 0.804 0.487 -0.803 -0.487 1.0 0.8 88.8 88.7 0.12
Line285 -0.135 -0.084 0.135 0.073 0.1 -10.9 88.6 88.7 0.06
Cable69 0.153 0.095 -0.153 -0.095 0.0 0.0 88.7 88.7 0.02
Line286 0.515 0.319 -0.514 -0.318 0.7 0.5 88.7 88.5 0.14
Line287 -0.200 -0.124 0.200 0.124 0.0 0.0 88.5 88.5 0.02
Cable68 0.150 0.093 -0.150 -0.093 0.0 0.0 88.5 88.5 0.01
Line288 0.164 0.102 -0.164 -0.102 0.1 -0.1 88.5 88.5 0.03
Line289 -0.164 -0.102 0.164 0.102 0.0 0.0 88.5 88.5 0.01
Cable59 0.290 0.180 -0.290 -0.180 0.0 0.0 90.0 90.0 0.01
Line291 0.545 0.338 -0.545 -0.338 0.1 0.1 90.0 90.0 0.02
Line292 -0.835 -0.517 0.836 0.519 1.6 1.3 90.0 90.2 0.20
Cable57 0.292 0.181 -0.292 -0.181 0.0 0.0 90.0 90.0 0.01
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Cable58 0.253 0.157 -0.253 -0.157 0.0 0.0 90.0 90.0 0.02
Cable78 0.158 0.098 -0.158 -0.098 0.0 0.0 90.1 90.1 0.01
Line293 -0.212 -0.131 0.212 0.131 0.4 -0.1 90.1 90.2 0.16
Line295 3.012 1.909 -2.956 -1.832 55.9 76.9 98.4 96.0 245
66/11kV I (HYOSUNG) 5383 4.137 -5.356 -3.731 26.9 406.1 100.0 96.1 3.85
66/11kV II (HYOSUNG) 5.383 4.137 -5.356 -3.731 26.9 406.1 100.0 96.1 3.85
Cable61 1.156 1.353 -1.156 -1.353 0.3 0.2 96.1 96.1 0.02
Cable63 4.013 2.503 -4.010 -2.501 2.6 1.9 96.1 96.1 0.07
Cable65 4.731 3.109 -4.727 -3.106 39 2.8 96.1 96.1 0.08
Cable66 0.356 0.220 -0.356 -0.220 0.0 0.0 96.1 96.1 0.00
Cable67 0.456 0.276 -0.456 -0.276 0.0 0.0 96.1 96.1 0.01
Line296 1.156 1.353 -1.146 -1.348 10.2 4.5 96.1 95.6 0.55
Line297 0.131 0.722 -0.128 -0.721 2.7 1.0 95.6 95.4 0.22
Line300 1.015 0.627 -1.013 -0.626 24 1.0 95.6 95.4 0.21
Line298 0.095 0.700 -0.094 -0.700 04 0.2 95.4 95.3 0.03
Line299 0.536 0.332 -0.535 -0.332 0.3 0.1 95.3 95.3 0.06
Line301 0.924 0.570 -0.917 -0.568 7.1 29 95.4 94.7 0.68
Line302 0.459 0.284 -0.459 -0.284 0.1 0.0 94.7 94.7 0.01
Line304 0.458 0.283 -0.458 -0.283 0.4 0.1 94.7 94.6 0.07
Line303 0.406 0.251 -0.405 -0.251 0.4 0.1 94.7 94.6 0.08
Line305 0.361 0.224 -0.361 -0.223 0.4 0.1 94.6 94.5 0.09
Line277 0.269 0.167 -0.269 -0.167 0.1 0.0 94.5 94.5 0.03
Line306 0.185 0.114 -0.185 -0.114 0.0 0.0 94.5 94.5 0.02
Line307 0.185 0.114 -0.184 -0.114 0.1 0.0 94.5 94.4 0.04
Cable62 0.097 0.060 -0.097 -0.060 0.0 0.0 94.4 94.4 0.00
Line308 4.010 2.501 -3.936 -2.398 74.6 103.2 96.1 93.7 2.40
Line309 3.916 2.386 -3.910 -2.377 6.1 8.4 93.7 93.5 0.20
Line310 0.008 0.005 -0.008 -0.005 0.0 0.0 93.5 93.5 0.00
Line311 3.902 2373 -3.900 -2.369 24 33 93.5 93.4 0.08
Cable64 -0.205 -0.127 0.205 0.127 0.0 0.0 93.4 93.4 0.00
Line313 3.694 2.242 -3.690 -2.235 4.9 6.7 93.4 93.2 0.17
Line314 3.651 2212 -3.648 -2.207 34 4.7 93.2 93.1 0.12
Line315 3.570 2.159 -3.561 -2.147 9.0 12.4 93.1 92.8 0.32
Line316 3.522 2.122 -3.517 -2.116 42 57 92.8 92.7 0.15
Line317 -1.148 -0.712 1.149 0.712 0.4 0.2 92.6 92.7 0.03
Line318 2.369 1.404 -2.355 -1.393 14.0 11.7 92.7 92.1 0.61
Line319 0.388 0.174 -0.388 -0.174 0.1 0.1 92.1 92.0 0.03
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vd
From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Line320 4.727 3.106 -4.593 -2.920 134.1 185.7 96.1 92.4 3.63
Line321 3.102 1.996 -3.098 -1.991 39 5.4 92.4 923 0.16
Line322 2.774 1.790 -2.769 -1.783 5.2 72 923 92.0 0.23
Line323 1.043 0.647 -1.043 -0.646 0.3 0.4 92.0 92.0 0.04
Line324 1.725 1.136 -1.725 -1.135 0.4 0.5 92.0 92.0 0.03
Line325 0.366 0.293 -0.366 -0.293 0.1 0.0 92.0 92.0 0.02
Line326 0.350 0.284 -0.350 -0.283 0.1 0.0 92.0 92.0 0.02
Line327 -0.324 -0.201 0.324 0.201 0.1 0.0 92.0 92.0 0.02
Line328 0.027 0.083 -0.027 -0.083 0.0 -0.1 92.0 92.0 0.01
Line329 -0.207 -0.062 0.207 0.062 0.1 -0.1 92.0 92.0 0.03
Line330 -0.219 -0.069 0.219 0.069 0.0 0.0 92.0 92.0 0.01
Line331 -0.241 -0.083 0.241 0.083 0.0 0.0 92.0 92.0 0.01
Line332 -0.121 -0.075 0.121 0.075 0.0 0.0 92.0 92.0 0.00
Line333 0.025 0.016 -0.025 -0.016 0.0 0.0 92.0 92.0 0.00
Line334 0.000 0.000 0.000 0.000 0.0 0.0 92.0 92.0 0.00
Line335 0.356 0.220 -0.356 -0.220 0.0 0.0 96.1 96.1 0.01
Line336 0.249 0.154 -0.249 -0.154 0.2 -0.1 96.1 96.1 0.07
Line337 0.107 0.066 -0.107 -0.067 0.0 -0.1 96.1 96.1 0.02
Line338 0.054 0.033 -0.054 -0.033 0.0 -0.1 96.1 96.1 0.01
Line339 0.456 0.276 -0.454 -0.275 22 0.6 96.1 95.7 0.44
Line340 0.411 0.249 -0.410 -0.249 1.2 0.3 95.7 95.4 0.26
Line341 0.034 0.019 -0.034 -0.020 0.0 -0.6 95.4 95.4 0.06
Line348 0.376 0.230 -0.376 -0.230 0.1 0.0 95.4 95.4 0.03
Line343 0.000 0.000 0.000 0.000 0.0 0.0 95.4 95.4 0.00
Line344 0.034 0.020 -0.034 -0.020 0.0 -0.4 95.4 95.3 0.03
Line345 -0.021 -0.013 0.021 0.013 0.0 0.0 95.3 95.3 0.00
Line346 0.013 0.007 -0.013 -0.007 0.0 -0.4 95.3 95.3 0.01
Line347 0.006 0.003 -0.006 -0.004 0.0 -0.5 95.3 95.3 0.01
Line349 0.037 0.023 -0.037 -0.023 0.0 -0.1 95.4 95.4 0.01
Line350 0.339 0.207 -0.337 -0.207 1.6 0.3 95.4 95.0 0.43
Line351 0.178 0.109 -0.177 -0.109 0.3 -0.2 95.0 94.8 0.14
Line355 0.160 0.098 -0.160 -0.098 0.0 0.0 95.0 95.0 0.01
Line352 0.004 0.002 -0.004 -0.002 0.0 -0.3 94.8 94.8 0.00
Line353 0.173 0.107 -0.173 -0.107 0.2 -0.1 94.8 94.7 0.09
Line354 0.150 0.092 -0.149 -0.093 0.1 -0.1 94.7 94.7 0.08
Line356 0.035 0.021 -0.035 -0.021 0.0 -0.4 95.0 94.9 0.04
Line358 0.032 0.019 -0.032 -0.019 0.0 -0.1 94.9 94.9 0.01
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Line359 0.022 0.013 -0.022 -0.013 0.0 -0.2 94.9 94.9 0.01
Line360 0.007 0.004 -0.007 -0.004 0.0 0.0 94.9 94.9 0.00
Line361 0.016 0.009 -0.016 -0.009 0.0 -0.2 94.9 94.9 0.01
Line362 0.009 0.005 -0.009 -0.005 0.0 -0.3 94.9 94.9 0.01
Line30 0.004 0.001 -0.004 -0.002 0.0 -0.9 91.4 91.3 0.01
Line32 0.005 0.003 -0.005 -0.003 0.0 0.0 91.4 914 0.00
Line160 0.003 0.001 -0.003 -0.002 0.0 -1.4 96.6 96.6 0.00
Linel50 0.017 0.008 -0.017 -0.009 0.0 -1.8 96.6 96.6 0.00
Linel51 0.005 0.002 -0.005 -0.003 0.0 -1.1 96.6 96.6 0.00
Line190 0.001 -0.003 -0.001 -0.001 0.0 -4.2 96.3 96.3 0.00
Linel91 0.000 -0.004 0.000 0.000 0.0 -3.8 96.3 96.3 0.00
Cable80 0.154 0.096 -0.154 -0.096 0.0 0.0 95.1 95.0 0.01
Cable86 -0.215 -0.133 0.215 0.133 0.0 0.0 91.8 91.8 0.01
1358.4 3621.5
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Alert Summary Report
% Alert Settings
Critical Marginal
Loading
Bus 100.0 95.0
Cable 100.0 95.0
Reactor 100.0 95.0
Line 100.0 95.0
Transformer 100.0 95.0
Panel 100.0 95.0
Protective Device 100.0 95.0
Generator 100.0 95.0
Inverter/Charger 100.0 95.0
Bus Voltage
OverVoltage 110.0 105.0
UnderVoltage 90.0 95.0
Generator Excitation
OverExcited (Q Max.) 100.0 95.0
UnderExcited (Q Min.) 100.0
Critical Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type
Bus100 Bus Under Voltage 11.000 kv 9.100 82.7 3-Phase
Bus101 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus102 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus103 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus104 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus105 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus106 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus107 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus108 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Bus109 Bus Under Voltage 11.000 kv 9.10 82.7 3-Phase
Busl110 Bus Under Voltage 11.000 kv 9.04 822 3-Phase
Busl11 Bus Under Voltage 11.000 kv 9.04 82.2 3-Phase
Busl12 Bus Under Voltage 11.000 kv 9.03 82.1 3-Phase
Bus113 Bus Under Voltage 11.000 kV 9.03 82.1 3-Phase
Busl14 Bus Under Voltage 11.000 kv 9.01 81.9 3-Phase
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Critical Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Busl15 Bus Under Voltage 11.000 1 3% 8.974 81.6 3-Phase

Busl16 Bus Under Voltage 11.000 kv 8.99 81.7 3-Phase

Busl17 Bus Under Voltage 11.000 13% 8.98 81.6 3-Phase

Busl18 Bus Under Voltage 11.000 kV 8.98 81.6 3-Phase

Bus119 Bus Under Voltage 11.000 kv 8.92 81.1 3-Phase

Bus120 Bus Under Voltage 11.000 kv 8.93 812 3-Phase

Bus330 Bus Under Voltage 11.000 kv 9.86 89.6 3-Phase

Bus331 Bus Under Voltage 11.000 1 3% 9.86 89.6 3-Phase

Bus332 Bus Under Voltage 11.000 kv 9.85 89.5 3-Phase

Bus333 Bus Under Voltage 11.000 1 3% 9.84 89.5 3-Phase

Bus334 Bus Under Voltage 11.000 kv 9.84 89.5 3-Phase

Bus335 Bus Under Voltage 11.000 kv 9.77 88.8 3-Phase

Bus336 Bus Under Voltage 11.000 kV 9.77 88.8 3-Phase

Bus337 Bus Under Voltage 11.000 kv 9.77 88.8 3-Phase

Bus338 Bus Under Voltage 11.000 kv 9.75 88.6 3-Phase

Bus339 Bus Under Voltage 11.000 kv 9.75 88.7 3-Phase

Bus340 Bus Under Voltage 11.000 kv 9.74 88.5 3-Phase

Bus341 Bus Under Voltage 11.000 kv 9.74 88.5 3-Phase

Bus342 Bus Under Voltage 11.000 kv 9.74 88.5 3-Phase

Bus343 Bus Under Voltage 11.000 13% 9.74 88.5 3-Phase

Bus346 Bus Under Voltage 11.000 kV 9.90 90.0 3-Phase

Bus347 Bus Under Voltage 11.000 kV 9.90 90.0 3-Phase

Bus428 Bus Under Voltage 11.000 1% 8.93 81.2 3-Phase

Bus449 Bus Under Voltage 11.000 kv 9.74 88.5 3-Phase

Bus450 Bus Under Voltage 11.000 1% 9.75 88.7 3-Phase

Bus451 Bus Under Voltage 11.000 kv 9.77 88.8 3-Phase

Bus452 Bus Under Voltage 11.000 1 3% 9.85 89.5 3-Phase

Bus453 Bus Under Voltage 11.000 kv 9.85 89.5 3-Phase

Bus468 Bus Under Voltage 11.000 kv 9.43 85.8 3-Phase

Bus85 Bus Under Voltage 11.000 kV 9.78 88.9 3-Phase

Bus86 Bus Under Voltage 11.000 kV 9.78 88.9 3-Phase

Bus87 Bus Under Voltage 11.000 1% 9.77 88.9 3-Phase

Bus88 Bus Under Voltage 11.000 kv 9.46 86.0 3-Phase

Bus89 Bus Under Voltage 11.000 kv 9.46 86.0 3-Phase

Bus90 Bus Under Voltage 11.000 1 3% 9.44 85.8 3-Phase

Bus91 Bus Under Voltage 11.000 kv 9.43 85.7 3-Phase
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Critical Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus92 Bus Under Voltage 11.000 1 3% 9.435 85.8 3-Phase

Bus93 Bus Under Voltage 11.000 kv 9.43 85.7 3-Phase

Bus94 Bus Under Voltage 11.000 13% 9.40 85.4 3-Phase

Bus95 Bus Under Voltage 11.000 kV 9.37 852 3-Phase

Bus96 Bus Under Voltage 11.000 1% 9.27 843 3-Phase

Bus97 Bus Under Voltage 11.000 kv 9.27 843 3-Phase

Bus98 Bus Under Voltage 11.000 kv 9.22 83.8 3-Phase

Bus99 Bus Under Voltage 11.000 1 3% 9.22 83.8 3-Phase

Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

33/11kV Sector I SS Transformer Overload 5.000 MVA 4.863 973 3-Phase

33/11kV Sector I SS Transformer Overload 5.000 MVA 4.84 96.8 3-Phase

Bus10 Bus Under Voltage 11.000 kv 10.29 93.5 3-Phase

Busl1 Bus Under Voltage 11.000 kv 10.29 93.5 3-Phase

Busl2 Bus Under Voltage 11.000 kv 10.27 93.4 3-Phase

Busl3 Bus Under Voltage 11.000 1 3% 10.27 93.3 3-Phase

Busl14 Bus Under Voltage 11.000 kv 10.24 93.1 3-Phase

Busl5 Bus Under Voltage 11.000 kv 10.25 93.1 3-Phase

Busl16 Bus Under Voltage 11.000 kV 10.23 93.0 3-Phase

Bus17 Bus Under Voltage 11.000 kv 10.23 93.0 3-Phase

Busl18 Bus Under Voltage 11.000 kv 10.22 929 3-Phase

Bus19 Bus Under Voltage 11.000 kv 10.20 92.7 3-Phase

Bus20 Bus Under Voltage 11.000 kv 10.20 92.7 3-Phase

Bus21 Bus Under Voltage 11.000 1% 10.15 92.3 3-Phase

Bus22 Bus Under Voltage 11.000 kv 10.15 92.3 3-Phase

Bus224 Bus Under Voltage 11.000 kv 10.15 92.3 3-Phase

Bus23 Bus Under Voltage 11.000 3% 10.14 92.2 3-Phase

Bus24 Bus Under Voltage 11.000 kV 10.14 922 3-Phase

Bus25 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus259 Bus Under Voltage 11.000 kv 10.16 923 3-Phase

Bus26 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus260 Bus Under Voltage 11.000 kv 10.13 92.1 3-Phase

Bus261 Bus Under Voltage 11.000 kv 10.13 92.1 3-Phase

Bus262 Bus Under Voltage 11.000 kv 10.11 91.9 3-Phase

Bus263 Bus Under Voltage 11.000 kV 10.11 91.9 3-Phase
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Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus264 Bus Under Voltage 11.000 1 3% 10.101 91.8 3-Phase

Bus265 Bus Under Voltage 11.000 kv 10.09 91.8 3-Phase

Bus266 Bus Under Voltage 11.000 kv 10.09 91.8 3-Phase

Bus267 Bus Under Voltage 11.000 kV 10.09 91.7 3-Phase

Bus268 Bus Under Voltage 11.000 kv 10.09 91.7 3-Phase

Bus269 Bus Under Voltage 11.000 kv 10.10 91.8 3-Phase

Bus27 Bus Under Voltage 11.000 kv 10.01 91.0 3-Phase

Bus270 Bus Under Voltage 11.000 1 3% 10.10 91.8 3-Phase

Bus273 Bus Under Voltage 11.000 1 3% 10.13 92.1 3-Phase

Bus274 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus275 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus276 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus277 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus278 Bus Under Voltage 11.000 kv 10.11 91.9 3-Phase

Bus279 Bus Under Voltage 11.000 kv 10.11 91.9 3-Phase

Bus28 Bus Under Voltage 11.000 kv 10.05 91.4 3-Phase

Bus280 Bus Under Voltage 11.000 3% 10.11 91.9 3-Phase

Bus281 Bus Under Voltage 11.000 3% 10.10 91.8 3-Phase

Bus29 Bus Under Voltage 11.000 kv 10.05 91.3 3-Phase

Bus292 Bus Under Voltage 11.000 kV 10.12 92.0 3-Phase

Bus293 Bus Under Voltage 11.000 kV 10.12 92.0 3-Phase

Bus294 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus295 Bus Under Voltage 11.000 kv 10.10 91.8 3-Phase

Bus296 Bus Under Voltage 11.000 kv 10.04 91.3 3-Phase

Bus297 Bus Under Voltage 11.000 kv 9.94 90.3 3-Phase

Bus298 Bus Under Voltage 11.000 kv 10.02 91.1 3-Phase

Bus299 Bus Under Voltage 11.000 kv 10.02 91.1 3-Phase

Bus30 Bus Under Voltage 11.000 kv 10.05 91.4 3-Phase

Bus300 Bus Under Voltage 11.000 kv 10.02 91.1 3-Phase

Bus301 Bus Under Voltage 11.000 kV 10.15 923 3-Phase

Bus302 Bus Under Voltage 11.000 kv 10.15 923 3-Phase

Bus31 Bus Under Voltage 11.000 kv 10.05 91.4 3-Phase

Bus315 Bus Under Voltage 11.000 kV 10.39 94.5 3-Phase

Bus316 Bus Under Voltage 11.000 kv 10.39 94.5 3-Phase

Bus317 Bus Under Voltage 11.000 kv 10.39 94.5 3-Phase

Bus318 Bus Under Voltage 11.000 kv 10.35 94.1 3-Phase
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Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus319 Bus Under Voltage 11.000 1 3% 10.310 93.7 3-Phase

Bus320 Bus Under Voltage 11.000 kv 10.28 93.4 3-Phase

Bus321 Bus Under Voltage 11.000 kv 10.28 93.5 3-Phase

Bus322 Bus Under Voltage 11.000 kv 10.13 92.1 3-Phase

Bus323 Bus Under Voltage 11.000 kv 10.09 91.8 3-Phase

Bus324 Bus Under Voltage 11.000 kv 10.05 91.3 3-Phase

Bus325 Bus Under Voltage 11.000 kv 10.04 91.3 3-Phase

Bus326 Bus Under Voltage 11.000 1 3% 10.04 91.3 3-Phase

Bus327 Bus Under Voltage 11.000 1 3% 9.92 90.2 3-Phase

Bus328 Bus Under Voltage 11.000 kv 9.91 90.1 3-Phase

Bus329 Bus Under Voltage 11.000 kv 9.90 90.0 3-Phase

Bus344 Bus Under Voltage 11.000 kv 9.90 90.0 3-Phase

Bus345 Bus Under Voltage 11.000 kv 9.90 90.0 3-Phase

Bus348 Bus Under Voltage 11.000 kv 9.90 90.0 3-Phase

Bus349 Bus Under Voltage 11.000 kv 9.91 90.1 3-Phase

Bus350 Bus Under Voltage 11.000 kv 9.92 90.2 3-Phase

Bus361 Bus Under Voltage 11.000 kv 10.42 94.7 3-Phase

Bus362 Bus Under Voltage 11.000 kv 10.41 94.7 3-Phase

Bus363 Bus Under Voltage 11.000 13% 10.41 94.6 3-Phase

Bus364 Bus Under Voltage 11.000 kv 10.41 94.6 3-Phase

Bus365 Bus Under Voltage 11.000 kv 10.40 94.5 3-Phase

Bus366 Bus Under Voltage 11.000 kv 10.39 94.5 3-Phase

Bus367 Bus Under Voltage 11.000 kv 10.39 94.5 3-Phase

Bus368 Bus Under Voltage 11.000 kv 10.39 94.4 3-Phase

Bus369 Bus Under Voltage 11.000 kv 10.39 94.4 3-Phase

Bus371 Bus Under Voltage 11.000 kv 10.31 93.7 3-Phase

Bus372 Bus Under Voltage 11.000 13% 10.28 93.5 3-Phase

Bus373 Bus Under Voltage 11.000 kv 10.28 93.5 3-Phase

Bus374 Bus Under Voltage 11.000 kV 10.27 93.4 3-Phase

Bus375 Bus Under Voltage 11.000 kV 10.28 93.4 3-Phase

Bus376 Bus Under Voltage 11.000 kv 10.26 93.2 3-Phase

Bus377 Bus Under Voltage 11.000 kv 10.24 93.1 3-Phase

Bus378 Bus Under Voltage 11.000 kv 10.21 92.8 3-Phase

Bus379 Bus Under Voltage 11.000 kv 10.19 92.6 3-Phase

Bus380 Bus Under Voltage 11.000 kv 10.19 92.7 3-Phase

Bus381 Bus Under Voltage 11.000 kv 10.13 92.1 3-Phase
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Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus383 Bus Under Voltage 11.000 1 3% 10.168 92.4 3-Phase

Bus384 Bus Under Voltage 11.000 kv 10.15 92.3 3-Phase

Bus385 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus386 Bus Under Voltage 11.000 kV 10.12 92.0 3-Phase

Bus387 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus388 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus389 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus390 Bus Under Voltage 11.000 1 3% 10.12 92.0 3-Phase

Bus391 Bus Under Voltage 11.000 1 3% 10.12 92.0 3-Phase

Bus392 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus393 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus394 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus395 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus396 Bus Under Voltage 11.000 3% 10.12 92.0 3-Phase

Bus413 Bus Under Voltage 11.000 kv 10.45 95.0 3-Phase

Bus415 Bus Under Voltage 11.000 kv 10.43 94.8 3-Phase

Bus416 Bus Under Voltage 11.000 3% 10.42 94.7 3-Phase

Bus417 Bus Under Voltage 11.000 3% 10.41 94.7 3-Phase

Bus418 Bus Under Voltage 11.000 kv 10.45 95.0 3-Phase

Bus420 Bus Under Voltage 11.000 kV 10.44 94.9 3-Phase

Bus421 Bus Under Voltage 11.000 kV 10.44 94.9 3-Phase

Bus423 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus424 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus425 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus426 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus427 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus429 Bus Under Voltage 11.000 13% 10.05 91.4 3-Phase

Bus430 Bus Under Voltage 11.000 13% 10.05 91.3 3-Phase

Bus431 Bus Under Voltage 11.000 kv 10.05 91.4 3-Phase

Bus447 Bus Under Voltage 11.000 kV 10.43 94.8 3-Phase

Bus448 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus454 Bus Under Voltage 11.000 kv 9.91 90.0 3-Phase

Bus455 Bus Under Voltage 11.000 kV 10.31 93.7 3-Phase

Bus456 Bus Under Voltage 11.000 kv 10.04 91.3 3-Phase

Bus459 Bus Under Voltage 11.000 kv 9.91 90.1 3-Phase

Bus460 Bus Under Voltage 11.000 kv 10.02 91.1 3-Phase



Project: ETAP Page: 34
Location: 16.1.1C Date: 09-12-2019
Contract: SN: BHUTANPWR
Engineer: Revision: ~ Base
Study Case: 2030 LFC
Filename: ESD Pling Config.: Normal
Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus464 Bus Under Voltage 11.000 1 3% 10.418 94.7 3-Phase

Bus465 Bus Under Voltage 11.000 kv 10.33 93.9 3-Phase

Bus466 Bus Under Voltage 11.000 kv 10.34 94.0 3-Phase

Bus467 Bus Under Voltage 11.000 kV 9.90 90.0 3-Phase

Bus469 Bus Under Voltage 11.000 kv 10.10 91.8 3-Phase

Bus56 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus57 Bus Under Voltage 11.000 kv 10.44 94.9 3-Phase

Bus60 Bus Under Voltage 11.000 1 3% 10.42 94.7 3-Phase

Bus61 Bus Under Voltage 11.000 kv 10.34 94.0 3-Phase

Bus62 Bus Under Voltage 11.000 1 3% 10.34 94.0 3-Phase

Bus63 Bus Under Voltage 11.000 kv 10.34 94.0 3-Phase

Bus64 Bus Under Voltage 11.000 kv 10.34 94.0 3-Phase

Bus65 Bus Under Voltage 11.000 kv 10.34 94.0 3-Phase

Bus66 Bus Under Voltage 11.000 kv 10.33 93.9 3-Phase

Bus67 Bus Under Voltage 11.000 kv 10.33 93.9 3-Phase

Bus68 Bus Under Voltage 11.000 9% 10.30 93.6 3-Phase

Bus69 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus70 Bus Under Voltage 11.000 3% 10.29 93.6 3-Phase

Bus71 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus72 Bus Under Voltage 11.000 kV 10.29 93.6 3-Phase

Bus73 Bus Under Voltage 11.000 kV 10.29 93.6 3-Phase

Bus74 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus75 Bus Under Voltage 11.000 kv 10.29 93.6 3-Phase

Bus78 Bus Under Voltage 11.000 kv 10.28 93.4 3-Phase

Bus79 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus80 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus81 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus82 Bus Under Voltage 11.000 13% 10.12 92.0 3-Phase

Bus83 Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase

Bus84 Bus Under Voltage 11.000 kV 9.90 90.0 3-Phase

Bus9 Bus Under Voltage 11.000 kv 10.32 93.8 3-Phase

Cable54 Cable Overload 338.032 Amp 334.64 99.0 3-Phase

RMU MBC Bus Under Voltage 11.000 kV 10.10 91.8 3-Phase

RMU Near Bridge Bus Under Voltage 11.000 kv 10.10 91.8 3-Phase

Telecom RMU Bus Under Voltage 11.000 kv 10.12 92.0 3-Phase
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Contract: SN: BHUTANPWR
Engineer: Revision:  Base
Study Case: 2030 LFC
Filename: ESD Pling Config.: Normal
SUMMARY OF TOTAL GENERATION., LOADING & DEMAND
MW Mvar MVA % PF

Source (Swing Buses): 39.269 27.116 47.721 82.29 Lagging

Source (Non-Swing Buses): 0.000 0.000 0.000

Total Demand: 39.269 27.116 47.721 82.29 Lagging

Total Motor Load: 15.923 9.868 18.733 85.00 Lagging

Total Static Load: 21.988 13.627 25.868 85.00 Lagging

Total Constant I Load: 0.000 0.000 0.000

Total Generic Load: 0.000 0.000 0.000

Apparent Losses: 1.358 3.622

System Mismatch: 0.000 0.000

Number of Iterations: 3



One-Line Diagram - ESSD Gedu=>B100 (Load Flow Analysis)
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Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Bus Loading Summary Report
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic Percent
D kv Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Busl 66.000 10.021 86.5 87.7
Bus2 33.000 3.577 92.1 63.3
Bus3 33.000 2.076 95.9 36.7
Bus4 33.000 2.067 95.6 36.9
Bus5 33.000 1.295 88.4 23.1
Bus6 33.000 0.018 0.011 0.111 87.1 2.0
Bus7 33.000 0.058 0.036 0.092 86.1 1.6
Bus8 33.000 0.021 0.013 0.025 85.0 0.4
Bus9 33.000 1.226 85.5 219
Bus10 33.000 0.001 0.001 0.138 84.3 25
Busl11 33.000 0.139 82.5 2.5
Bus12 33.000 0.015 0.009 0.045 97.9 0.8
Busl13 33.000 0.008 0.005 0.030 98.7 0.5
Bus14 33.000 0.005 0.003 0.022 96.8 0.4
Busl15 33.000 0.010 0.006 0.019 86.5 0.3
Bus16 33.000 0.007 0.004 0.008 85.0 0.1
Bus17 33.000 0.105 67.1 1.9
Bus19 33.000 0.005 0.003 0.006 85.0 0.1
Bus20 33.000 0.096 71.2 1.7
Bus21 33.000 0.021 0.013 0.098 64.1 1.8
Bus22 33.000 0.002 0.001 0.002 85.0 -
Bus23 33.000 0.049 84.8 0.9
Bus24 33.000 0.005 0.003 0.047 85.2 0.8
Bus25 33.000 0.042 83.9 0.8
Bus26 33.000 0.003 0.002 0.021 78.7 0.4
Bus29 33.000 0.004 0.002 0.013 65.6 0.2
Bus30 33.000 0.003 0.002 0.008 67.5 0.1
Bus31 33.000 0.002 0.002 0.003 85.0 0.1
Bus32 33.000 0.005 0.003 0.023 81.7 0.4
Bus33 33.000 0.003 0.002 0.017 78.7 0.3
Bus38 33.000 0.831 100.0 14.8
Bus39 33.000 0.009 0.006 0.011 85.0 0.2
Bus40 33.000 0.830  100.0 14.8
Bus41 33.000 0.010 0.006 0.821 100.0 14.7
Bus42 33.000 0.810  100.0 14.5
Bus43 33.000 0.014 0.009 0.024 933 0.4
Bus44 33.000 0.009 0.005 0.010 85.0 0.2
Bus45 33.000 0.787  100.0 14.1
Bus46 33.000 0.006 0.004 0.007 85.0 0.1



Project: ETAP Page: 2

Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic Percent
ID kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus47 33.000 0.083 95.4 1.5
Bus48 33.000 0.002 0.001 0.080 92.2 1.4
Bus49 33.000 0.078 91.5 1.4
Bus51 33.000 0.008 0.005 0.076 90.4 1.4
Bus52 33.000 0.019 0.012 0.067 90.1 1.2
Bus53 33.000 0.045 91.4 0.8
Bus54 33.000 0.008 0.005 0.010 85.0 0.2
Bus55 33.000 0.011 0.007 0.038 87.4 0.7
Bus56 33.000 0.012 0.008 0.025 86.2 0.4
Bus57 33.000 0.009 0.006 0.011 85.0 0.2
Bus58 33.000 0.008 0.005 0.009 85.0 0.2
Bus59 33.000 0.707  100.0 12.6
Bus60 33.000 0.024 0.015 0.700 100.0 12.5
Bus61 33.000 0.006 0.004 0.007 85.0 0.1
Bus62 33.000 0.676  100.0 12.1
Bus63 33.000 0.670 100.0 12.0
Bus64 33.000 0.008 0.005 0.014 93.6 0.2
Bus65 33.000 0.005 0.003 0.006 85.0 0.1
Bus66 33.000 0.657 100.0 11.8
Bus67 33.000 0.009 0.005 0.010 85.0 0.2
Bus68 33.000 0.018 0.011 0.022 85.0 0.4
Bus69 33.000 0.648 100.0 11.6
Bus70 33.000 0.629 99.9 11.3
Bus71 33.000 0.005 0.003 0.005 85.0 0.1
Bus72 33.000 0.020 93.2 0.4
Bus73 33.000 0.003 0.002 0.004 85.0 0.1
Bus74 33.000 0.011 0.007 0.017 80.6 0.3
Bus75 33.000 0.011 0.007 0.611 99.9 10.9
Bus76 33.000 0.007 0.005 0.600 99.9 10.7
Bus77 33.000 0.004 0.003 0.592 99.9 10.6
Bus78 33.000 0.588 99.9 10.5
Bus79 33.000 0.007 0.005 0.013 66.1 0.2
Bus81 33.000 0.002 0.001 0.002 85.0 -
Busg82 33.000 0.580 99.8 10.4
Bus83 33.000 0.004 0.003 0.579 99.7 10.4
Bus84 33.000 0.575 99.5 10.3
Bus85 33.000 0.004 0.003 0.015 75.2 0.3
Bus86 33.000 0.004 0.003 0.013 522 0.2
Bus88 33.000 -
Bus89 33.000 0.566 99.1 10.2
Bus90 33.000 0.566 99.0 10.2

Bus91 33.000 0.003 0.002 0.004 85.0 0.1
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Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant | Generic Percent
1D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus93 33.000 0.566 98.6 10.2
Bus%4 33.000 0.101 0.062 0.025 0.016 0.148 85.0 2.7
Bus95 33.000 0.565 98.4 10.2
Bus96 33.000 0.432 99.7 7.8
Bus97 33.000 0.012 94.8 0.2
Bus98 33.000 0.004 0.003 0.005 85.0 0.1
Bus99 33.000 0.005 0.003 0.008 87.2 0.1
Bus100 33.000 0.002 0.001 0.003 85.0 -
Bus101 33.000 0.420 99.6 7.6
Bus102 33.000 0.029 0.018 0.034 85.0 0.6
Bus104 33.000 0.391 99.7 7.0
Bus105 33.000 0.387 98.9 7.0
Bus106 33.000 0.008 0.005 0.020 96.5 0.4
Bus109 33.000 0.021 0.013 0.024 85.0 0.4
Bus110 33.000 0.369 98.8 6.6
Busl111 33.000 0.025 0.015 0.029 85.0 0.5
Busl12 33.000 0.347 99.0 6.2
Busl13 33.000 0.321 99.4 58
Busl14 33.000 0.014 0.008 0.059 87.0 1.1
Busl15 33.000 0.038 0.023 0.045 85.0 0.8
Busl16 33.000 0.284 94.0 5.1
Bus117 33.000 0.187 85.3 34
Busl18 33.000 0.002 0.001 0.158 0.098 0.187 85.0 34
Busl19 33.000 -
Bus120 33.000 0.018 0.011 0.145 74.5 2.6
Busl121 33.000 0.123 73.1 22
Bus122 33.000 0.002 0.001 0.005 95.5 0.1
Bus123 33.000 0.002 0.001 0.003 85.0 0.1
Bus124 33.000 0.117 72.9 2.1
Bus125 33.000 0.004 0.002 0.009 71.5 0.2
Bus126 33.000 0.000 0.000 0.002 0.001 0.003 85.0 0.1
Bus127 33.000 0.005 76.9 0.1
Bus129 33.000 0.104 75.0 1.9
Bus130 33.000 0.000 0.000 0.002 0.001 0.019 53.9 0.3
Bus131 33.000 0.016 49.4 0.3
Bus133 33.000 0.003 0.002 0.007 94.9 0.1
Bus135 33.000 0.007 0.004 0.008 85.0 0.2
Bus136 33.000 0.088 78.0 1.6
Bus137 33.000 0.082 74.6 1.5
Bus138 33.000 0.000 0.000 0.007 0.004 0.008 85.0 0.1
Bus139 33.000 0.014 93.1 0.3
Bus140 33.000 0.007 0.004 0.008 85.0 0.1
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Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kKVA Constant Z Constant [ Generic Percent
D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Busl141 33.000 0.016 0.010 0.019 85.0 0.3
Bus142 33.000 0.077 62.4 1.4
Bus143 33.000 0.065 48.4 12
Bus144 33.000 0.000 0.000 0.012 0.007 0.014 85.0 0.2
Bus145 33.000 0.020 93.2 0.4
Bus159 33.000 0.046 27.9 0.8
Bus165 11.000 6.257 85.4 3379
Bus166 11.000 0.926 85.4 50.0
Bus167 11.000 0.099 0.061 0.073 0.045 0.203 85.0 11.0
Bus168 11.000 0.010 0.006 0.012 85.0 0.6
Bus169 11.000 0.135 85.8 7.3
Bus170 11.000 0.010 0.006 0.124 85.6 6.7
Bus171 11.000 0.004 0.002 0.005 85.0 0.2
Bus172 11.000 0.113 85.4 6.1
Bus173 11.000 0.035 0.021 0.108 85.1 5.9
Bus174 11.000 0.001 0.001 0.056 0.035 0.068 85.0 3.7
Bus175 11.000 0.001 0.001 0.044 0.027 0.800 84.7 432
Bus176 11.000 0.006 0.003 0.171 0.106 0.747 84.7 40.3
Bus177 11.000 0.003 0.002 0.093 0.058 0.538 84.6 29.1
Bus178 11.000 0.003 0.002 0.098 0.061 0.425 84.5 23.0
Bus179 11.000 0.006 0.003 0.171 0.106 0.306 843 16.5
Bus180 11.000 0.004 0.002 0.108 0.067 0.131 85.0 7.1
Busl181 11.000 0.005 0.003 0.156 0.096 0.222 86.0 12.0
Bus182 11.000 0.007 0.004 0.218 0.135 0.487 85.5 26.3
Bus183 11.000 0.003 0.002 0.083 0.052 0.588 85.4 31.8
Bus184 11.000 0.004 2.7 0.2
Bus185 11.000 0.004 32 0.2
Bus186 11.000 0.000 - 0.000 85.0 -
Bus187 11.000 3917 85.0 211.7
Bus188 11.000 0.003 0.002 0.129 0.080 3.910 85.0 211.7
Bus189 11.000 3.662 852 203.3
Bus190 11.000 0.001 0.001 0.040 0.025 0.048 85.0 2.7
Bus191 11.000 0.005 0.003 0.006 85.0 0.3
Bus192 11.000 3.438 85.6 200.7
Bus193 11.000 0.001 0.001 0.043 0.027 0.052 85.0 32
Bus194 11.000 3.247 853 200.4
Bus195 11.000 1.756 1.089 0.690 0.428 2.878 85.0 184.7
Bus196 11.000 3.083 85.0 197.1
Bus197 11.000 0.001 0.001 0.070 0.043 0.195 852 12.4
Bus198 11.000 0.001 0.000 0.040 0.025 0.111 852 7.1
Bus199 11.000 0.003 0.002 0.003 85.0 0.2

Bus200 11.000 0.063 852 4.0
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Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic Percent
1D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus201 11.000 0.051 0.032 0.060 85.0 39
Bus202 11.000 0.328 86.0 17.7
Bus203 11.000 0.328 86.0 17.7
Bus204 11.000 0.003 0.002 0.155 0.096 0.186 85.0 10.1
Bus205 11.000 0.006 0.004 0.142 86.7 7.7
Bus206 11.000 0.010 0.006 0.135 86.5 7.3
Bus207 11.000 0.004 0.002 0.005 85.0 0.3
Bus208 11.000 0.123 86.4 6.7
Bus209 11.000 0.022 0.014 0.119 86.3 6.5
Bus210 11.000 0.011 0.007 0.013 85.0 0.7
Bus211 11.000 0.093 86.1 5.1
Bus212 11.000 0.010 0.006 0.012 85.0 0.7
Bus213 11.000 0.022 0.014 0.068 85.8 3.7
Bus214 11.000 0.019 0.012 0.043 85.9 2.3
Bus215 11.000 0.017 0.011 0.020 85.0 1.1
Bus216 11.000 2.633 84.3 142.8
Bus217 33.000 1.532 85.0 27.1
Bus218 33.000 1.539 84.0 27.4
Bus219 33.000 1.128 82.6 20.1
Bus220 11.000 0.285 91.7 154
Bus221 11.000 0.285 91.7 15.4
Bus222 11.000 0.159 0.098 0.187 85.0 10.1
Bus223 11.000 -
Bus224 11.000 0.104 98.8 5.6
Bus225 11.000 0.064 37.7 35
Bus226 11.000 0.098 0.061 0.115 85.0 6.2
Bus227 11.000 0.020 0.012 0.094 99.1 5.1
Bus228 11.000 0.104 98.6 5.6
Bus229 11.000 0.009 0.005 0.010 85.0 0.6
Bus230 11.000 0.212 85.6 11.5
Bus231 11.000 0.212 85.5 11.5
Bus232 11.000 0.034 0.021 0.040 85.0 22
Bus233 11.000 0.023 0.014 0.027 85.0 1.5
Bus234 11.000 0.172 85.6 9.3
Bus235 11.000 0.038 0.023 0.145 85.7 79
Bus236 11.000 0.041 0.026 0.101 85.9 5.5
Bus237 11.000 0.025 0.015 0.029 85.0 1.6
Bus238 11.000 0.052 86.3 2.8
Bus239 11.000 0.021 0.013 0.024 85.0 1.3
Bus240 11.000 0.228 0.142 1.038 85.0 56.3
Bus241 11.000 0.221 0.137 0.769 85.0 41.7
Bus242 11.000 0.213 0.132 0.509 85.1 27.6



Project: ETAP Page: 6

Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant | Generic Percent
1D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus243 11.000 0.189 0.117 0.259 85.1 14.1
Bus244 11.000 0.014 0.009 0.016 85.0 0.9
Bus245 11.000 0.018 0.011 0.021 85.0 1.1
Bus246 11.000 1.007 85.0 54.6
Bus247 11.000 0.170 0.106 0.200 85.0 10.9
Bus248 11.000 1.005 85.0 54.6
Bus249 11.000 0.212 0.131 0.249 85.0 13.6
Bus250 11.000 0.801 85.0 43.7
Bus251 11.000 0.212 0.131 0.249 85.0 13.6
Bus252 11.000 0.551 85.0 30.1
Bus253 11.000 0.302 85.0 16.5
Bus254 11.000 0.128 0.080 0.302 85.0 16.5
Bus255 11.000 0.128 0.080 0.151 85.0 83
Bus264 11.000 0.075 0.047 0.089 85.0 4.8
Bus265 11.000 0.081 0.050 0.096 85.0 52
Bus266 11.000 0.020 0.012 0.023 85.0 1.3
Bus267 11.000 0.268 85.3 14.5
Bus268 11.000 0.268 85.2 14.5
Bus269 11.000 0.245 85.2 133
Bus270 11.000 0.149 85.2 8.1
Bus271 11.000 0.052 0.032 0.061 85.0 33
Bus272 11.000 0.056 85.7 3.0
Bus273 11.000 0.048 0.030 0.056 85.0 3.0
Bus274 11.000
Bus275 33.000 0.006 0.004 0.008 85.0 0.1
Bus276 33.000 0.002 0.001 0.011 99.2 0.2
Bus277 33.000 0.008 0.005 0.010 85.0 0.2
Bus278 33.000 0.001 0.001 0.001 85.0 -
Bus279 33.000 0.001 0.001 0.002 85.0 -
Bus280 33.000 0.003 0.002 0.004 85.0 0.1
Bus281 33.000 0.001 0.001 0.008 89.1 0.1
Bus282 33.000 0.007 86.3 0.1
Bus283 33.000 0.003 0.002 0.003 85.0 0.1
Bus284 33.000 0.004 75.5 0.1
Bus285 33.000 0.002 0.001 0.003 85.0 0.1
Bus286 33.000 0.001 - 0.001 85.0 -
Bus287 33.000 0.035 36.8 0.6
Bus288 33.000 0.001 - 0.008 52.0 0.1
Bus289 33.000 0.004 91.4 0.1
Bus290 33.000 0.022 382 0.4
Bus291 33.000 0.000 - 0.001 85.0 -
Bus292 33.000 0.003 0.002 0.004 85.0 0.1
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Location: 16.1.1C Date: 08-12-2019

Contract: SN: BHUTANPWR

Engineer: Revision:  Base

Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic Percent
1D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus293 33.000 0.000 - 0.000 85.0 -
Bus294 33.000 0.019 423 0.3
Bus295 33.000 0.001 0.001 0.001 85.0 -
Bus296 33.000 0.003 0.002 0.017 423 0.3
Bus297 33.000 0.003 0.002 0.007 60.6 0.1
Bus298 33.000 0.001 0.001 0.001 85.0 -
Bus299 33.000 0.002 0.001 0.002 85.0 -
Bus300 33.000 0.019 72.4 0.3
Bus301 33.000 0.005 0.003 0.006 85.0 0.1
Bus302 33.000 0.011 90.3 0.2
Bus303 33.000 0.006 0.004 0.010 93.0 0.2
Bus304 33.000 0.001 0.001 0.002 85.0 -
Bus305 33.000 0.003 0.002 0.004 85.0 0.1
Bus306 33.000 0.003 0.002 0.004 85.0 0.1
Bus307 33.000 0.001 0.001 0.001 85.0 -
Bus308 33.000 0.001 0.001 0.001 85.0 -
Bus309 33.000 0.002 0.001 0.003 85.0 -

* Indicates operating load of a bus exceeds the bus critical limit (100.0% of the Continuous Ampere rating).
# Indicates operating load of a bus exceeds the bus marginal limit (95.0% of the Continuous Ampere rating).
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Engineer: Revision:  Base
Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Branch Loading Summary Report
Transformer
CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %

Cablel Cable 274.79 36.72 13.36

Cable2 Cable 301.98 43.22 14.31

Cable3 Cable 229.86 50.01 21.75

Cable4 Cable 301.98 40.32 13.35

Cable5 Cable 301.98 29.08 9.63

Cable6 Cable 301.98 22.96 7.60

Cable7 Cable 301.98 16.52 5.47

Cable8 Cable 301.98 529 1.75

Cable9 Cable 301.98 1.80 0.60

Cablel0 Cable 338.03 11.52 341

Cablell Cable 301.98 12.01 3.98

Cablel2 Cable 301.98 26.30 8.71

Cablel3 Cable 301.98 31.78 10.52

Cablel4 Cable 338.03 0.22 0.07

Cablel5 Cable 338.03 211.69 62.62

Cablel6 Cable 338.03 17.72 524

Cablel7 Cable 274.79 27.10 9.86

Cablel8 Cable 338.03 15.38 4.55

Cablel19 Cable 338.03 345 1.02

Cable20 Cable 338.03 56.30 16.65

Cable21 Cable 338.03 41.72 12.34

Cable22 Cable 338.03 27.64 8.18

Cable23 Cable 338.03 14.07 4.16

Cable24 Cable 338.03 0.89 0.26

Cable25 Cable 338.03 54.60 16.15

Cable26 Cable 338.03 16.51 4.88

Cable27 Cable 338.03 8.25 244

Cable30 Cable 338.03 14.53 4.30

Cable31 Cable 338.03 3.02 0.89

Cable32 Cable 338.03

33/11kV 1 Transformer 5.000 1.539 30.8 1.519 30.4

33/11kV 1T Transformer 5.000 1.128 22,6 1.115 22.3

66/11KV I Transformer 5.000 3217 64.3 3.127 62.5
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Location: 16.1.1C Date: 08-12-2019
Contract: SN: BHUTANPWR
Engineer: Revision:  Base
Study Case: 2030 LFC
Filename: ESSD Gedu Config.: Normal
Transformer
CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %
66/11KV II Transformer 5.000 3.217 64.3 3.127 62.5
66/33kV 11 Transformer 8.000 2.208 27.6 2.184 273
66/33/11kV 3W XFMR p 5.000 1.409 282
3W XFMR s 2.500 1.393 55.7
3W XFMR t 2.500 0.000 0.0

* Indicates a branch with operating load exceeding the branch capability.
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Branch Losses Summary Report
vd
From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
66/11KV I 2.685 1.773 -2.673 -1.624 12.4 148.6 100.0 97.2 2.80
66/11KV II 2.685 1.773 -2.673 -1.624 12.4 148.6 100.0 97.2 2.80
66/33kV 11 2.013 0.906 -2.009 -0.856 3.9 50.7 100.0 98.9 1.08
Cablel 1.991 0.588 -1.991 -0.588 04 0.0 98.9 98.9 0.02
Cablel7 1.303 0.806 -1.303 -0.806 0.3 0.0 98.9 98.9 0.02
Linel 1.991 0.588 -1.977 -0.606 14.1 -18.2 98.9 98.1 0.81
Line2 0.831 0.003 -0.831 -0.005 0.2 -2.1 98.1 98.1 0.02
Line3 1.146 0.603 -1.145 -0.605 0.4 -2.0 98.1 98.0 0.04
Line4 0.097 0.053 -0.097 -0.055 0.0 -1.5 98.0 98.0 0.00
Line7 1.048 0.552 -1.048 -0.555 0.6 -3.1 98.0 98.0 0.06
Line5 0.079 0.044 -0.079 -0.047 0.0 -3.0 98.0 98.0 0.00
Line6 0.021 0.011 -0.021 -0.013 0.0 =23 98.0 98.0 0.00
Line8 0.116 -0.081 -0.116 0.073 0.0 -83 98.0 98.0 0.00
Line201 0.932 0.636 -0.932 -0.636 0.0 -0.2 98.0 98.0 0.00
Line9 0.115 -0.074 -0.115 0.070 0.0 -3.8 98.0 98.0 0.00
Linel0 0.070 -0.078 -0.070 0.078 0.0 -0.6 98.0 98.0 0.00
Linell 0.044 0.008 -0.044 -0.008 0.0 -0.1 98.0 98.0 0.00
Linel2 0.029 -0.001 -0.029 -0.001 0.0 2.4 98.0 98.0 0.00
Linel3 0.022 -0.003 -0.022 -0.006 0.0 9.0 98.0 98.0 0.00
Linel4 0.016 0.002 -0.016 -0.010 0.0 -7.1 98.0 98.0 0.00
Linel5 0.007 0.003 -0.007 -0.004 0.0 -0.6 98.0 98.0 0.00
Linel6 0.002 -0.004 -0.002 -0.001 0.0 5.2 98.0 98.0 0.00
Linel7 0.068 -0.074 -0.068 0.066 0.0 -7.4 98.0 98.0 0.01
Linel8 -0.005 -0.003 0.005 0.001 0.0 -2.5 98.0 98.0 0.00
Linel9 0.063 -0.067 -0.063 0.062 0.0 -5.1 98.0 98.0 0.00
Line20 0.042 -0.075 -0.042 0.026 0.0 -49.2 98.0 98.0 0.00
Line21 -0.002 -0.001 0.002 -0.004 0.0 -5.0 98.0 98.0 0.00
Line22 0.040 -0.022 -0.040 0.022 0.0 -0.3 98.0 98.0 0.00
Line23 0.035 -0.025 -0.035 0.023 0.0 -1.7 98.0 98.0 0.00
Line24 0.017 -0.012 -0.017 0.011 0.0 -0.6 98.0 98.0 0.00
Line30 0.019 -0.011 -0.019 0.010 0.0 -1.3 98.0 98.0 0.00
Line25 0.013 -0.013 -0.013 0.013 0.0 -0.4 98.0 98.0 0.00
Line27 -0.009 0.008 0.009 -0.010 0.0 =22 98.0 98.0 0.00
Line28 0.005 -0.010 -0.005 0.004 0.0 -6.1 98.0 98.0 0.00
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Line29 0.002 -0.006 -0.002 -0.002 0.0 -7.1 98.0 98.0 0.00
Line31 0.014 -0.013 -0.014 0.009 0.0 -4.5 98.0 98.0 0.00
Line32 0.010 -0.011 -0.010 0.005 0.0 -5.8 98.0 98.0 0.00
Line36 0.831 0.005 -0.830 -0.011 0.5 -5.5 98.1 98.0 0.05
Line37 -0.009 -0.006 0.009 0.002 0.0 -4.1 98.0 98.0 0.00
Line38 0.821 0.009 -0.820 -0.018 0.7 -85 98.0 97.9 0.08
Line39 0.810 0.011 -0.810 -0.013 0.1 -1.4 97.9 97.9 0.01
Line40 0.023 0.003 -0.023 -0.009 0.0 -5.9 97.9 97.9 0.00
Line42 0.787 0.010 -0.787 -0.014 0.3 -4.0 97.9 97.9 0.04
Line41 0.009 0.000 -0.009 -0.005 0.0 =53 97.9 97.9 0.00
Line43 0.080 0.015 -0.080 -0.024 0.0 9.1 97.9 97.9 0.02
Line55 0.708 -0.001 -0.707 -0.002 0.2 -3.4 97.9 97.9 0.03
Line44 -0.006 -0.004 0.006 -0.001 0.0 -4.1 97.9 97.9 0.00
Line45 0.074 0.025 -0.074 -0.031 0.0 -6.2 97.9 97.9 0.01
Line46 0.072 0.030 -0.072 -0.032 0.0 -1.9 97.9 97.9 0.00
Line47 0.068 0.032 -0.068 -0.032 0.0 -0.8 97.9 97.8 0.00
Line48 0.003 0.000 -0.003 -0.002 0.0 -2.0 97.9 97.9 0.00
Line49 0.060 0.027 -0.060 -0.029 0.0 -1.5 97.8 97.8 0.00
Line50 0.041 0.017 -0.041 -0.018 0.0 -1.3 97.8 97.8 0.00
Line51 0.033 0.015 -0.033 -0.018 0.0 =32 97.8 97.8 0.00
Line52 0.008 0.003 -0.008 -0.005 0.0 -1.9 97.8 97.8 0.00
Line53 0.022 0.011 -0.022 -0.013 0.0 -1.4 97.8 97.8 0.00
Line54 0.009 0.005 -0.009 -0.006 0.0 -0.7 97.8 97.8 0.00
Line56 -0.008 -0.005 0.008 -0.002 0.0 -6.5 97.9 97.9 0.00
Line57 0.700 0.004 -0.700 -0.004 0.0 -0.3 97.9 97.9 0.00
Line58 0.676 -0.011 -0.676 0.000 0.6 -10.4 97.9 97.8 0.08
Line59 -0.006 -0.004 0.006 0.000 0.0 =32 97.8 97.8 0.00
Line60 0.670 -0.001 -0.670 0.000 0.0 -0.3 97.8 97.8 0.00
Line61 0.013 -0.001 -0.013 -0.001 0.0 2.2 97.8 97.8 0.00
Line63 0.657 0.001 -0.657 -0.007 0.3 -5.5 97.8 97.7 0.04
Line62 0.005 -0.004 -0.005 -0.003 0.0 -7.1 97.8 97.8 0.00
Line64 0.009 -0.002 -0.009 -0.005 0.0 -7.6 97.7 97.7 0.00
Line65 0.648 0.009 -0.648 -0.012 0.2 -33 97.7 97.7 0.02
Line66 -0.018 -0.011 0.018 0.009 0.0 =22 97.7 97.7 0.00
Line67 0.629 0.003 -0.629 -0.010 0.3 -6.8 97.7 97.7 0.05
Line68 0.018 -0.010 -0.018 0.007 0.0 -3.2 97.7 97.7 0.00
Line72 0.611 0.020 -0.610 -0.023 0.1 -3.2 97.7 97.6 0.02
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Line69 -0.005 -0.003 0.005 -0.001 0.0 -3.6 97.7 97.7 0.00
Line70 0.014 -0.006 -0.014 0.003 0.0 -2.9 97.7 97.7 0.00
Line71 -0.003 -0.002 0.003 -0.010 0.0 -12.0 97.7 97.7 0.00
Line73 0.599 0.016 -0.599 -0.022 0.2 -5.6 97.6 97.6 0.04
Line74 0.592 0.017 -0.592 -0.020 0.1 -3.0 97.6 97.6 0.02
Line75 0.587 0.018 -0.587 -0.024 0.2 -5.8 97.6 97.5 0.04
Line76 0.008 -0.006 -0.008 0.005 0.0 -1.2 97.5 97.5 0.00
Line81 0.579 0.030 -0.579 -0.038 0.3 -8.0 97.5 97.5 0.06
Line78 0.001 -0.009 -0.001 -0.001 0.0 -10.1 97.5 97.5 0.00
Line82 -0.002 -0.001 0.002 0.000 0.0 -1.2 97.5 97.5 0.00
Line83 0.577 0.038 -0.577 -0.044 0.2 -5.8 97.5 97.4 0.04
Line85 0.572 0.041 -0.572 -0.050 0.4 9.2 97.4 97.4 0.06
Line86 0.011 -0.007 -0.011 0.007 0.0 -0.1 97.4 97.4 0.00
Line88 0.561 0.057 -0.561 -0.073 0.3 -15.9 97.4 97.3 0.07
Line87 0.007 -0.010 -0.007 0.008 0.0 -1.5 97.4 97.4 0.00
Line89 0.002 -0.011 -0.002 -0.001 0.0 -12.3 97.4 97.4 0.00
Line90 0.000 0.000 0.000 -0.005 0.0 -4.6 97.3 97.3 0.00
Line91 0.561 0.078 -0.561 -0.078 0.0 -0.5 97.3 97.3 0.00
Line92 0.003 0.002 -0.003 -0.002 0.0 -0.1 97.3 97.3 0.00
Line93 0.558 0.076 -0.557 -0.080 0.1 -39 97.3 97.3 0.02
Line77 0.556 0.096 -0.556 -0.101 0.1 -5.5 97.3 97.3 0.02
Line94 0.001 -0.016 -0.001 -0.001 0.0 -16.4 97.3 97.3 0.00
Line79 -0.126 -0.078 0.126 0.076 0.0 -2.6 97.3 97.3 0.01
Line80 0.430 0.026 -0.430 -0.027 0.0 -0.9 97.3 97.3 0.00
Line84 0.011 -0.007 -0.011 0.002 0.0 =53 97.3 97.3 0.00
Line98 0.419 0.034 -0.419 -0.035 0.0 -1.7 97.3 97.3 0.00
Line95 0.004 0.002 -0.004 -0.003 0.0 -0.5 97.3 97.3 0.00
Line96 0.007 -0.004 -0.007 0.001 0.0 -2.9 97.3 97.3 0.00
Line97 0.002 -0.004 -0.002 -0.001 0.0 -53 97.3 97.3 0.00
Line99 0.029 0.018 -0.029 -0.018 0.0 -0.2 97.3 97.3 0.00
Linel00 0.390 0.018 -0.390 -0.029 0.1 -11.7 97.3 97.2 0.03
Linel01 0.006 0.004 -0.006 -0.004 0.0 -0.4 97.2 97.2 0.00
Line102 0.383 0.026 -0.383 -0.056 0.3 -30.4 97.2 97.1 0.08
Line103 0.019 0.001 -0.019 -0.002 0.0 -1.1 97.1 97.1 0.00
Line108 0.364 0.055 -0.364 -0.057 0.0 =22 97.1 97.1 0.01
Linel04 0.011 -0.003 -0.011 0.000 0.0 -3.2 97.1 97.1 0.00
Linel07 -0.021 -0.013 0.021 0.011 0.0 -1.6 97.1 97.1 0.00
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Linel09 0.343 0.046 -0.343 -0.048 0.0 -1.6 97.1 97.1 0.00
Linel10 -0.025 -0.015 0.025 0.015 0.0 -0.2 97.1 97.1 0.00
Linel11 0.319 0.033 -0.319 -0.035 0.0 -2.4 97.1 97.1 0.01
Linel12 0.052 0.028 -0.052 -0.029 0.0 -1.1 97.1 97.1 0.00
Linel14 0.267 0.007 -0.267 -0.010 0.0 -3.1 97.1 97.1 0.01
Linel13 0.038 0.021 -0.038 -0.023 0.0 -2.8 97.1 97.1 0.00
Linel16 0.159 0.097 -0.159 -0.097 0.0 -0.4 97.1 97.1 0.00
Linel19 0.108 -0.087 -0.108 0.086 0.0 -1.4 97.1 97.1 0.00
Linel17 0.159 0.097 -0.159 -0.099 0.0 -1.3 97.1 97.1 0.01
Linel18 0.000 0.000 0.000 0.000 0.0 -0.1 97.1 97.1 0.00
Linel20 0.090 -0.096 -0.090 0.084 0.0 -12.2 97.1 97.1 0.00
Linel21 0.005 -0.003 -0.005 -0.001 0.0 -3.7 97.1 97.1 0.00
Linel24 0.085 -0.082 -0.085 0.080 0.0 -1.5 97.1 97.1 0.00
Linel122 0.002 0.000 -0.002 -0.001 0.0 -1.9 97.1 97.1 0.00
Linel23 0.007 -0.004 -0.007 0.004 0.0 -0.2 97.1 97.1 0.00
Linel28 0.078 -0.076 -0.078 0.069 0.0 -7.3 97.1 97.1 0.00
Linel25 0.004 -0.006 -0.004 0.003 0.0 -2.8 97.1 97.1 0.00
Linel26 -0.002 -0.001 0.002 -0.002 0.0 -3.6 97.1 97.1 0.00
Linel27 0.001 -0.001 -0.001 -0.001 0.0 -1.6 97.1 97.1 0.00
Linel29 0.010 -0.016 -0.010 0.014 0.0 -1.7 97.1 97.1 0.00
Linel34 0.068 -0.053 -0.068 0.052 0.0 -1.4 97.1 97.1 0.00
Linel30 0.008 -0.016 -0.008 0.014 0.0 -2.1 97.1 97.1 0.00
Linel31 0.006 -0.012 -0.006 -0.002 0.0 -14.1 97.1 97.1 0.00
Linel32 0.001 -0.001 -0.001 -0.001 0.0 -2.4 97.1 97.1 0.00
Linel33 0.003 0.000 -0.003 -0.002 0.0 -1.8 97.1 97.1 0.00
Linel35 -0.007 -0.004 0.007 0.003 0.0 -1.4 97.1 97.1 0.00
Linel36 0.061 -0.055 -0.061 0.051 0.0 -3.5 97.1 97.1 0.00
Linel05 0.013 0.003 -0.013 -0.005 0.0 -2.1 97.1 97.1 0.00
Linel38 0.048 -0.054 -0.048 0.050 0.0 -4.0 97.1 97.1 0.00
Linel15 -0.007 -0.004 0.007 0.002 0.0 -2.6 97.1 97.1 0.00
Linel37 0.007 0.004 -0.007 -0.004 0.0 -0.5 97.1 97.1 0.00
Linel39 -0.016 -0.010 0.016 0.009 0.0 -0.6 97.1 97.1 0.00
Line140 0.032 -0.060 -0.032 0.057 0.0 -2.6 97.1 97.1 0.00
Linel41 0.019 -0.002 -0.019 0.001 0.0 -1.1 97.1 97.1 0.00
Linel58 0.013 -0.055 -0.013 0.044 0.0 -11.1 97.1 97.1 0.00
Line142 -0.012 -0.007 0.012 0.006 0.0 -1.0 97.1 97.1 0.00
Linel43 0.007 -0.007 -0.007 0.003 0.0 -4.5 97.1 97.1 0.00
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Line149 0.013 -0.044 -0.013 0.032 0.0 -11.7 97.1 97.1 0.00
Cable2 0.678 0.425 -0.678 -0.425 0.0 0.0 97.2 97.2 0.01
Cable3 0.791 0.482 -0.791 -0.481 0.1 0.0 97.2 97.2 0.01
Cablel4 0.000 -0.004 0.000 0.004 0.0 0.0 97.2 97.2 0.00
Cablel5 3332 2.065 -3.330 -2.063 2.5 1.8 97.2 97.1 0.08
Cablel6 0.282 0.167 -0.282 -0.167 0.0 0.0 97.2 97.2 0.00
Cablel8 0.261 0.113 -0.261 -0.113 0.0 0.0 97.2 97.2 0.00
Cablel3 0.502 0.306 -0.502 -0.306 0.2 0.1 97.2 97.2 0.04
Linel62 0.172 0.107 -0.172 -0.107 0.1 -0.3 97.2 97.1 0.09
Linel63 0.116 0.069 -0.116 -0.070 0.2 -0.9 97.2 97.0 0.17
Linel64 -0.010 -0.006 0.010 0.006 0.0 -0.5 97.0 97.0 0.01
Linel65 0.106 0.064 -0.106 -0.064 0.0 -0.1 97.0 97.0 0.02
Linel66 0.096 0.058 -0.096 -0.059 0.2 -0.6 97.0 96.9 0.15
Linel67 -0.004 -0.002 0.004 0.002 0.0 -0.1 96.9 96.9 0.00
Linel68 0.092 0.056 -0.092 -0.057 0.2 -0.6 96.9 96.7 0.16
Linel69 0.058 0.036 -0.058 -0.036 0.0 -0.2 96.7 96.7 0.03
Cable4 0.632 0.397 -0.632 -0.397 0.1 0.0 97.2 97.2 0.01
Cable5 0.455 0.287 -0.455 -0.287 0.0 0.0 97.2 97.2 0.00
Cable6 0.359 0.228 -0.359 -0.227 0.1 0.1 97.2 97.1 0.04
Cable7 0.258 0.165 -0.258 -0.165 0.1 0.0 97.1 97.1 0.02
Cable8 0.081 0.055 -0.081 -0.055 0.0 0.0 97.1 97.1 0.00
Cable9 -0.030 -0.014 0.030 0.014 0.0 0.0 97.1 97.1 0.00
Cablell -0.191 -0.113 0.191 0.113 0.0 0.0 97.1 97.1 0.01
Cablel2 -0.416 -0.253 0.416 0.253 0.1 0.1 97.1 97.2 0.03
Linel70 0.000 -0.004 0.000 0.004 0.0 -0.6 97.2 97.2 0.00
Linel71 0.000 -0.004 0.000 0.000 0.0 -3.6 97.2 97.2 0.00
Linel72 3.330 2.063 -3.324 -2.059 5.7 4.8 97.1 96.9 0.18
Linel74 3.192 1.977 -3.121 -1.917 71.3 60.2 96.9 94.6 2.39
Linel75 0.041 0.025 -0.041 -0.025 0.0 0.0 94.6 94.6 0.00
Linel76 3.080 1.891 -2.944 -1.776 136.0 114.9 94.6 89.9 4.61
Linel77 -0.005 -0.003 0.005 0.002 0.0 -0.6 89.9 89.9 0.01
Linel78 2.939 1.774 -2.769 -1.697 170.6 71.5 89.9 85.1 4.88
Linel79 -0.045 -0.028 0.045 0.028 0.0 -0.1 85.1 85.1 0.01
Linel80 2.724 1.669 -2.622 -1.622 102.5 46.6 85.1 82.1 2.98
Linel81 -2.447 -1.516 2456 1.520 9.3 42 81.8 82.1 0.29
Linel82 0.166 0.102 -0.166 -0.102 0.1 0.0 82.1 82.0 0.04
Linel83 0.095 0.058 -0.095 -0.058 0.1 -0.1 82.0 82.0 0.05
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Linel184 0.054 0.033 -0.054 -0.033 0.0 -0.3 82.0 81.9 0.06
Linel85 -0.003 -0.002 0.003 0.001 0.0 -0.1 81.9 81.9 0.00
Linel86 0.051 0.032 -0.051 -0.032 0.0 -0.2 81.9 81.9 0.02
Line187 0.282 0.167 -0.282 -0.167 0.3 0.0 97.2 97.1 0.10
Line188 0.158 0.098 -0.158 -0.098 0.0 0.0 97.1 97.1 0.01
Line189 0.124 0.069 -0.123 -0.071 04 -1.7 97.1 96.8 0.33
Line190 0.117 0.067 -0.117 -0.068 0.2 -0.8 96.8 96.6 0.15
Linel91 0.107 0.062 -0.107 -0.062 0.1 -0.6 96.6 96.5 0.11
Line192 -0.004 -0.002 0.004 0.002 0.0 -0.1 96.5 96.5 0.00
Linel93 0.103 0.060 -0.103 -0.060 0.1 -0.4 96.5 96.4 0.10
Line194 0.080 0.046 -0.080 -0.047 0.2 -1.0 96.4 96.2 0.22
Linel95 -0.011 -0.007 0.011 0.007 0.0 0.0 96.2 96.2 0.00
Line196 0.010 0.006 -0.010 -0.006 0.0 -0.7 96.2 96.2 0.02
Linel197 0.058 0.035 -0.058 -0.035 0.0 -0.3 96.2 96.2 0.04
Line198 0.037 0.021 -0.037 -0.022 0.0 -0.4 96.2 96.1 0.04
Line199 0.017 0.010 -0.017 -0.011 0.0 -0.9 96.1 96.1 0.04
Cablel10 0.182 0.110 -0.182 -0.110 0.0 0.0 96.8 96.8 0.00
Cablel9 0.024 0.059 -0.024 -0.059 0.0 0.0 96.8 96.8 0.00
Cable20 0.883 0.546 -0.882 -0.546 0.3 0.2 96.8 96.8 0.04
Cable25 0.856 0.530 -0.856 -0.530 0.0 0.0 96.8 96.8 0.01
Cable30 0.229 0.140 -0.229 -0.140 0.0 0.0 96.8 96.8 0.00
Cable31 0.048 0.029 -0.048 -0.029 0.0 0.0 96.8 96.8 0.00
Cable32 0.000 0.000 0.000 0.000 96.8 96.8
33/11kV 1 -1.291 -0.800 1.294 0.835 29 345 96.8 98.1 1.33
33/11kV 11 -0.930 -0.614 0.932 0.636 1.8 22.0 96.8 98.0 1.20
Line200 1.303 0.806 -1.294 -0.835 9.3 -284 98.9 98.1 0.78
Line202 0.261 0.113 -0.261 -0.113 0.2 -0.1 97.2 97.1 0.10
Line203 0.159 0.098 -0.159 -0.098 0.0 0.0 97.1 97.1 0.00
Line204 0.102 0.015 -0.102 -0.015 0.0 -0.2 97.1 97.1 0.02
Line205 0.000 0.000 0.000 -0.001 0.0 -0.8 97.1 97.1 0.00
Line206 0.102 0.016 -0.102 -0.017 0.3 -1.3 97.1 96.8 0.31
Line207 0.024 0.059 -0.024 -0.060 0.0 -1.0 96.8 96.7 0.07
Line208 -0.074 -0.001 0.074 0.000 0.0 -0.2 96.7 96.7 0.02
Line209 -0.093 -0.012 0.093 0.012 0.0 -0.4 96.7 96.8 0.04
Line210 0.009 0.005 -0.009 -0.005 0.0 -0.2 96.8 96.8 0.00
Linel73 0.182 0.110 -0.182 -0.110 0.1 -0.1 96.8 96.8 0.04
Line211 0.148 0.089 -0.147 -0.089 0.0 -0.1 96.8 96.7 0.02
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Line212 0.034 0.021 -0.034 -0.021 0.0 -0.1 96.8 96.7 0.01
Line213 -0.023 -0.014 0.023 0.014 0.0 -0.1 96.7 96.7 0.00
Line214 0.124 0.075 -0.124 -0.075 0.0 0.0 96.7 96.7 0.01
Line215 0.087 0.051 -0.087 -0.052 0.0 -0.1 96.7 96.7 0.02
Line216 0.045 0.026 -0.045 -0.026 0.0 -0.6 96.7 96.7 0.04
Line217 -0.025 -0.015 0.025 0.014 0.0 -1.5 96.6 96.7 0.05
Line218 0.021 0.013 -0.021 -0.013 0.0 -0.1 96.7 96.7 0.00
Cable21 0.654 0.405 -0.654 -0.405 0.1 0.0 96.8 96.7 0.01
Cable22 0.433 0.268 -0.433 -0.268 0.1 0.1 96.7 96.7 0.02
Cable23 0.221 0.136 -0.221 -0.136 0.0 0.0 96.7 96.7 0.01
Cable24 0.014 0.009 -0.014 -0.009 0.0 0.0 96.7 96.7 0.00
Line219 0.018 0.010 -0.018 -0.011 0.0 -0.7 96.7 96.7 0.02
Line220 0.856 0.530 -0.854 -0.529 1.7 1.3 96.8 96.6 0.21
Line221 -0.170 -0.106 0.170 0.105 0.1 -0.2 96.5 96.6 0.06
Line222 0.684 0.424 -0.681 -0.422 29 2.0 96.6 96.1 0.45
Line223 -0.212 -0.131 0.212 0.131 0.0 0.0 96.1 96.1 0.01
Line224 0.469 0.290 -0.469 -0.290 0.3 0.2 96.1 96.1 0.07
Line225 -0.212 -0.131 0.212 0.131 0.0 0.0 96.1 96.1 0.00
Line226 0.257 0.159 -0.257 -0.159 0.1 0.0 96.1 96.0 0.04
Cable26 0.257 0.159 -0.257 -0.159 0.0 0.0 96.0 96.0 0.00
Cable27 0.128 0.080 -0.128 -0.080 0.0 0.0 96.0 96.0 0.00
Line234 -0.075 -0.047 0.075 0.046 0.0 -0.2 96.6 96.6 0.03
Line235 -0.081 -0.050 0.081 0.050 0.0 -0.2 96.6 96.7 0.03
Line236 -0.020 -0.012 0.020 0.012 0.0 -0.1 96.7 96.7 0.00
Line237 0.229 0.140 -0.228 -0.140 0.1 -0.1 96.8 96.7 0.05
Line238 0.209 0.128 -0.208 -0.128 0.1 -0.1 96.7 96.7 0.07
Line239 0.127 0.078 -0.127 -0.078 0.1 -0.2 96.7 96.6 0.05
Line240 0.052 0.032 -0.052 -0.032 0.0 -0.4 96.6 96.6 0.03
Line241 0.048 0.029 -0.048 -0.030 0.0 -0.9 96.8 96.7 0.06
Linel06 0.008 -0.001 -0.008 -0.005 0.0 -6.3 97.1 97.1 0.00
Linel44 0.006 -0.004 -0.006 0.002 0.0 -1.3 97.1 97.1 0.00
Line145 0.003 0.001 -0.003 -0.002 0.0 -0.7 97.1 97.1 0.00
Linel46 0.003 -0.004 -0.003 0.002 0.0 -1.9 97.1 97.1 0.00
Line147 0.002 0.001 -0.002 -0.001 0.0 -0.3 97.1 97.1 0.00
Line148 0.001 -0.003 -0.001 0.000 0.0 =33 97.1 97.1 0.00
Linel50 0.004 -0.009 -0.004 0.007 0.0 2.2 97.1 97.1 0.00
Linel54 0.008 -0.023 -0.008 0.020 0.0 -3.0 97.1 97.1 0.00
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Linel51 0.003 -0.007 -0.003 0.001 0.0 -6.5 97.1 97.1 0.00
Linel52 0.003 0.001 -0.003 -0.002 0.0 -0.8 97.1 97.1 0.00
Linel53 0.000 -0.002 0.000 0.000 0.0 -1.9 97.1 97.1 0.00
Linel55 0.008 -0.020 -0.008 0.017 0.0 -3.0 97.1 97.1 0.00
Linel56 0.000 0.000 0.000 0.000 0.0 -0.4 97.1 97.1 0.00
Linel57 0.001 0.000 -0.001 -0.001 0.0 -0.8 97.1 97.1 0.00
Linel59 0.007 -0.017 -0.007 0.014 0.0 -3.4 97.1 97.1 0.00
Linel60 0.004 -0.015 -0.004 0.004 0.0 11.7 97.1 97.1 0.00
Linel61 0.001 -0.006 -0.001 -0.001 0.0 -6.4 97.1 97.1 0.00
Line26 0.005 -0.003 -0.005 -0.003 0.0 -5.7 98.0 98.0 0.00
Line33 0.001 0.000 -0.001 -0.001 0.0 -0.7 98.0 98.0 0.00
Line34 0.009 -0.005 -0.009 -0.003 0.0 -7.8 98.0 98.0 0.00
Line35 0.003 -0.001 -0.003 -0.002 0.0 -2.7 98.0 98.0 0.00
66/33/11kV 1.288 0.571 -1.285 -0.539 2.7 323 100.0 98.9 1.08
66/33/11kV 0.000 0.000 0.000 0.000 100.0 100.1 0.12
574.9 52
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Alert Summary Report
% Alert Settings
Critical Marginal
Loading
Bus 100.0 95.0
Cable 100.0 95.0
Reactor 100.0 95.0
Line 100.0 95.0
Transformer 100.0 95.0
Panel 100.0 95.0
Protective Device 100.0 95.0
Generator 100.0 95.0
Inverter/Charger 100.0 95.0
Bus Voltage
OverVoltage 110.0 105.0
UnderVoltage 90.0 95.0
Generator Excitation
OverExcited (Q Max.) 100.0 95.0
UnderExcited (Q Min.) 100.0
Critical Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type
Bus191 Bus Under Voltage 11.000 kv 9.893 89.9 3-Phase
Bus192 Bus Under Voltage 11.000 kv 9.89 89.9 3-Phase
Bus193 Bus Under Voltage 11.000 kv 9.36 85.1 3-Phase
Bus194 Bus Under Voltage 11.000 kv 9.36 85.1 3-Phase
Bus195 Bus Under Voltage 11.000 13% 9.00 81.8 3-Phase
Bus196 Bus Under Voltage 11.000 kv 9.03 82.1 3-Phase
Bus197 Bus Under Voltage 11.000 1% 9.02 82.0 3-Phase
Bus198 Bus Under Voltage 11.000 kv 9.02 82.0 3-Phase
Bus199 Bus Under Voltage 11.000 kv 9.01 81.9 3-Phase
Bus200 Bus Under Voltage 11.000 kv 9.01 81.9 3-Phase
Bus201 Bus Under Voltage 11.000 1 3% 9.01 81.9 3-Phase
Marginal Report
Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type
Bus189 Bus Under Voltage 11.000 kv 10.401 94.6 3-Phase
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Marginal Report

Device ID Type Condition Rating/Limit Unit Operating % Operating Phase Type

Bus190 Bus Under Voltage 11.000 1 3% 10.401 94.6 3-Phase
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SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

MW Mvar MVA % PF

Source (Swing Buses): 8.671 5.023 10.021 86.53 Lagging
Source (Non-Swing Buses): 0.000 0.000 0.000

Total Demand: 8.671 5.023 10.021 86.53 Lagging
Total Motor Load: 2.007 1.244 2.361 85.00 Lagging
Total Static Load: 6.089 3.774 7.164 85.00 Lagging
Total Constant I Load: 0.000 0.000 0.000

Total Generic Load: 0.000 0.000 0.000

Apparent Losses: 0.575 0.005

System Mismatch: 0.000 0.000

Number of Iterations: 4



One-Line Diagram -

OLV1 (Load Flow Analysis)
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Bus Loading Summary Report
Directly Connected Load Total Bus Load
Bus Constant kKVA Constant Z Constant I Generic Percent
D 13% Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Busl 66.000 0.732 89.3 6.4
Bus2 33.000 0.729 89.6 12.8
Bus3 33.000 0.297 91.2 52
Bus4 33.000 0.297 91.2 52
Bus5 33.000 0.018 0.011 0.061 92.8 1.1
Bus6 33.000 0.023 0.014 0.042 90.4 0.7
Bus7 33.000 0.015 0.010 0.018 85.0 0.3
Bus8 33.000 0.016 0.010 0.239 90.0 42
Bus9 33.000 0.015 0.009 0.221 89.7 39
Bus10 33.000 0.205 89.4 3.6
Busl11 33.000 0.046 0.028 0.054 85.0 0.9
Busl2 33.000 0.014 0.009 0.017 85.0 0.3
Busl13 33.000 0.153 90.2 2.7
Bus14 33.000 0.041 0.025 0.137 90.2 2.4
Busl5 33.000 0.091 91.3 1.6
Busl16 33.000 0.062 91.7 1.1
Bus17 33.000 0.017 0.010 0.020 85.0 0.3
Bus18 33.000 0.040 0.025 0.047 85.0 0.8
Bus19 33.000 0.025 0.016 0.030 85.0 0.5
Bus20 33.000 0.432 88.3 7.6
Bus21 33.000 0.034 0.021 0.437 87.4 7.7
Bus22 33.000 0.093 0.058 0.109 85.0 1.9
Bus23 33.000 0.194 0.120 0.228 85.0 4.0
Bus24 33.000 0.291 87.7 5.1
Bus25 33.000 0.010 0.006 0.012 85.0 0.2
Bus26 33.000 0.065 94.3 1.1
Bus27 33.000 0.015 0.009 0.057 90.6 1.0
Bus29 33.000 0.003 0.002 0.041 89.6 0.7
Bus30 33.000 0.026 0.016 0.037 89.6 0.7
Bus31 33.000 0.007 0.005 0.009 85.0 0.2
Bus32 66.000 3.626 84.0 31.7
Bus33 11.000 3.564 85.2 190.3
Bus34 11.000 0.290 92.9 15.5
Bus35 11.000 0.027 0.017 0.289 92.8 15.5
Bus36 11.000 0.706 85.5 38.1
Bus37 11.000 0.030 0.019 0.706 85.5 38.1
Bus38 11.000 0.669 85.5 36.2
Bus39 11.000 0.106 0.066 0.124 85.0 6.7
Bus40 11.000 0.228 0.142 0.541 85.6 29.5
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Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant | Generic Percent
D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading

Bus41 11.000 0.272 86.1 14.9
Bus42 11.000 0.142 0.088 0.167 85.0 9.1
Bus43 11.000 0.065 0.040 0.106 87.5 58
Bus44 11.000 0.008 0.005 0.010 85.0 0.5
Bus45 11.000 0.031 90.8 1.7
Bus46 11.000 0.001 0.001 0.021 92.6 1.2
Bus47 11.000 0.020 92.8 1.1
Bus48 11.000 0.000 - 0.011 86.2 0.6
Bus49 11.000 0.009 0.006 0.011 85.0 0.6
Bus50 11.000 0.005 0.003 0.010 93.6 0.5
Bus51 11.000 0.002 0.001 0.004 87.2 0.2
Bus52 11.000 0.002 0.001 0.002 85.0 0.1
Bus53 11.000 0.460 80.1 24.6
Bus54 11.000 0.457 79.8 24.7
Bus55 11.000 0.001 - 0.1
Bus56 11.000 -
Bus57 11.000 0.001 - -
Bus58 11.000 -
Bus59 11.000 -
Bus60 11.000 0.001 - -
Bus61 11.000
Bus62 11.000 0.000 - -
Bus63 11.000 -
Bus64 11.000 0.792 85.3 423
Bus65 11.000 0.788 85.2 423
Bus66 11.000 0.389 0.241 0.458 85.0 24.6
Bus67 11.000 0.199 0.123 0.330 85.5 17.7
Bus68 11.000 0.015 0.009 0.018 85.0 1.0
Bus69 11.000 0.096 86.5 5.1
Bus70 11.000 0.027 0.017 0.032 85.0 1.7
Bus71 11.000 0.079 85.5 4.2
Bus72 11.000 0.040 0.025 0.048 85.0 2.6
Bus73 11.000 0.439 85.1 235
Bus74 11.000 0.439 85.0 235
Bus75 11.000 0.169 0.105 0.199 85.0 10.7
Bus76 11.000 0.172 0.106 0.240 85.0 12.8
Bus77 11.000 0.032 0.020 0.038 85.0 2.0
Bus78 11.000 1.207 85.0 64.5
Bus79 11.000 1.205 85.0 64.5
Bus80 11.000 0.476 91.8 255
Bus81 11.000 0.167 0.104 0.197 85.0 10.5
Bus82 11.000 0.954 85.0 51.2



ETAP
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Directly Connected Load Total Bus Load
Bus Constant kVA Constant Z Constant I Generic
Percent
D kV Rated Amp MW Mvar MW Mvar MW Mvar MW Mvar MVA % PF Amp Loading
Bus83 11.000 0.148 0.092 0.953 85.0 51.2
Bus84 11.000 0.661 0.410 0.778 85.0 41.8
Bus85 11.000 0.736 79.7 39.4
Bus86 11.000 0.044 0.027 0.052 85.0 2.8
Bus87 11.000 0.324 0.201 0.382 85.0 20.4

* Indicates operating load of a bus exceeds the bus critical limit (100.0% of the Continuous Ampere rating).
# Indicates operating load of a bus exceeds the bus marginal limit (95.0% of the Continuous Ampere rating).
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Branch Loading Summary Report
Transformer
CKT / Branch Cable & Reactor
Loading (input) Loading (output)
Ampacity Loading Capability
D Type (Amp) Amp % (MVA) MVA % MVA %

Cablel Cable 274.79 522 1.90

Cable2 Cable 274.79 7.59 2.76

Cable3 Cable 229.86 15.48 6.73

Cable4 Cable 301.98 24.57 8.14

Cable5 Cable 338.03 4231 12.52

Cable6 Cable 229.86 23.47 10.21

Cable7 Cable 301.98 64.46 21.34

Cable8 Cable 301.98 20.38 6.75

66/11kV 1 Transformer 3.000 1.192 39.7 1.172 39.1

66/11kV 1T Transformer 3.000 1.240 413 1.219 40.6

66/11kV III Transformer 3.000 1.194 39.8 1.173 39.1

66/33kV Transformer 7.875 0.732 9.3 0.729 9.3

* Indicates a branch with operating load exceeding the branch capability.
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Branch Losses Summary Report
vd
From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
66/33kV 0.653 0.330 -0.653 -0.324 0.4 5.6 100.0 99.6 0.40
Cablel 0.271 0.122 -0.271 -0.122 0.0 0.0 99.6 99.6 0.00
Cable2 0.382 0.203 -0.382 -0.203 0.0 0.0 99.6 99.6 0.00
Linel 0.271 0.122 -0.271 -0.122 0.0 -0.1 99.6 99.6 0.00
Line2 0.056 0.018 -0.056 -0.023 0.0 -4.9 99.6 99.6 0.01
Line5 0.215 0.104 -0.215 -0.104 0.0 -0.1 99.6 99.6 0.00
Line3 0.038 0.011 -0.038 -0.018 0.0 -6.7 99.6 99.6 0.01
Line4 0.015 0.004 -0.015 -0.010 0.0 -5.7 99.6 99.6 0.00
Line6 0.199 0.094 -0.199 -0.098 0.0 -39 99.6 99.6 0.01
Line7 0.184 0.089 -0.184 -0.092 0.0 -3.6 99.6 99.6 0.01
Line8 0.046 0.028 -0.046 -0.028 0.0 -0.3 99.6 99.6 0.00
Line9 0.138 0.064 -0.138 -0.066 0.0 -1.7 99.6 99.6 0.00
Linel0 -0.014 -0.009 0.014 0.008 0.0 -1.0 99.6 99.6 0.00
Linell 0.124 0.058 -0.124 -0.059 0.0 -1.0 99.6 99.6 0.00
Linel2 0.083 0.034 -0.083 -0.037 0.0 =33 99.6 99.6 0.00
Linel3 0.057 0.022 -0.057 -0.023 0.0 -0.7 99.6 99.6 0.00
Linel6 0.025 0.015 -0.025 -0.016 0.0 -0.9 99.6 99.6 0.00
Linel4 0.017 -0.002 -0.017 -0.010 0.0 -12.4 99.6 99.6 0.00
Linel5 0.040 0.025 -0.040 -0.025 0.0 -0.2 99.6 99.6 0.00
Linel7 0.382 0.203 -0.382 -0.213 0.1 9.8 99.6 99.6 0.04
Linel8 0.093 0.057 -0.093 -0.058 0.0 -1.0 99.6 99.6 0.00
Linel9 0.255 0.135 -0.255 -0.140 0.0 -4.5 99.6 99.6 0.01
Line20 -0.194 -0.120 0.194 0.118 0.0 -1.8 99.5 99.6 0.00
Line21 0.061 0.021 -0.061 -0.022 0.0 -0.3 99.6 99.6 0.00
Line22 -0.010 -0.006 0.010 0.003 0.0 -3.7 99.5 99.6 0.00
Line23 0.051 0.019 -0.051 -0.024 0.0 -4.9 99.6 99.5 0.00
Line24 0.036 0.015 -0.036 -0.018 0.0 =33 99.5 99.5 0.00
Line26 0.033 0.016 -0.033 -0.017 0.0 -0.3 99.5 99.5 0.00
Line28 0.007 0.000 -0.007 -0.005 0.0 -4.2 99.5 99.5 0.00
66/11kV 1 1.001 0.647 -0.999 -0.613 2.6 34.0 100.0 98.3 1.71
66/11kV 11 1.042 0.673 -1.039 -0.638 2.7 354 100.0 98.3 1.71
66/11kV 111 1.003 0.648 -1.000 -0.614 2.6 34.1 100.0 98.3 1.71
Cable3 0.269 0.107 -0.269 -0.107 0.0 0.0 98.3 98.3 0.01
Cable4 0.369 0.275 -0.369 -0.275 0.0 0.0 98.3 98.3 0.01
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Cable5 0.675 0.414 -0.675 -0.414 0.1 0.1 98.3 98.3 0.01
Cable6 0.374 0.231 -0.374 -0.231 0.0 0.0 98.3 98.3 0.01
Cable7 1.026 0.635 -1.026 -0.635 0.1 0.1 98.3 98.3 0.01
Cable8 0.324 0.201 -0.324 -0.201 0.0 0.0 98.3 98.3 0.01
Line27 0.269 0.107 -0.268 -0.107 1.3 -0.2 98.3 97.8 0.49
Line29 0.241 0.090 -0.239 -0.091 1.5 -0.5 97.8 97.2 0.61
Line30 0.604 0.366 -0.603 -0.366 0.5 0.2 97.2 97.1 0.08
Line46 -0.365 -0.275 0.365 0.275 0.0 0.0 97.2 97.2 0.01
Line31 0.573 0.347 -0.572 -0.347 13 0.5 97.1 96.9 0.21
Line32 0.106 0.065 -0.106 -0.066 0.0 0.0 96.9 96.9 0.01
Line33 0.466 0.281 -0.463 -0.280 3.1 0.9 96.9 96.3 0.61
Line34 0.235 0.139 -0.235 -0.139 0.3 -0.1 96.3 96.2 0.10
Line35 0.093 0.051 -0.093 -0.051 0.1 -0.3 96.2 96.1 0.08
Line36 0.142 0.088 -0.142 -0.088 0.0 0.0 96.2 96.2 0.00
Line37 0.028 0.011 -0.028 -0.013 0.0 -1.8 96.1 96.0 0.12
Line38 -0.008 -0.005 0.008 0.005 0.0 -0.1 96.0 96.0 0.00
Line39 0.020 0.008 -0.020 -0.008 0.0 -0.2 96.0 96.0 0.01
Line40 0.019 0.007 -0.019 -0.008 0.0 -0.1 96.0 96.0 0.00
Line41 0.010 0.005 -0.010 -0.006 0.0 -0.9 96.0 96.0 0.02
Line43 0.009 0.003 -0.009 -0.003 0.0 -0.7 96.0 96.0 0.01
Line42 0.009 0.006 -0.009 -0.006 0.0 -0.3 96.0 95.9 0.00
Line44 0.004 0.000 -0.004 -0.002 0.0 -2.0 96.0 95.9 0.02
Line45 0.002 0.001 -0.002 -0.001 0.0 -0.2 95.9 95.9 0.00
Line47 0.369 0.275 -0.365 -0.274 39 1.3 98.3 97.2 1.10
Line48 0.000 -0.001 0.000 0.001 0.0 -0.1 97.2 97.2 0.00
Line49 0.000 0.000 0.000 0.000 0.0 -0.1 97.2 97.2 0.00
Line50 0.000 -0.001 0.000 0.001 0.0 0.0 97.2 97.2 0.00
Line51 0.000 0.000 0.000 0.000 0.0 -0.1 97.2 97.2 0.00
Line52 0.000 -0.001 0.000 0.001 0.0 -0.2 97.2 97.2 0.00
Line53 0.000 0.000 0.000 0.000 0.0 0.0 97.2 97.2 0.00
Line54 0.000 -0.001 0.000 0.000 0.0 -0.4 97.2 97.2 0.00
Line55 0.000 0.000 0.000 0.000 0.0 0.0 97.2 97.2 0.00
Line56 0.000 0.000 0.000 0.000 0.0 -0.1 97.2 97.2 0.00
Line57 0.675 0414 -0.671 -0.413 39 1.5 98.3 97.7 0.53
Line58 0.390 0.241 -0.389 -0.241 0.3 0.1 97.7 97.7 0.06
Line59 0.282 0.171 -0.282 -0.171 0.2 0.0 97.7 97.7 0.05
Line60 0.083 0.048 -0.083 -0.048 0.0 -0.1 97.7 97.7 0.01
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From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop
Branch ID MW Mvar MW Mvar kW kvar From To in Vmag
Line61 -0.015 -0.009 0.015 0.007 0.0 -2.3 97.6 97.7 0.05
Line62 0.068 0.041 -0.068 -0.041 0.0 -0.2 97.7 97.7 0.03
Line63 -0.027 -0.017 0.027 0.017 0.0 -0.1 97.6 97.7 0.01
Line64 0.041 0.024 -0.040 -0.025 0.0 -0.7 97.7 97.6 0.07
Line65 0.374 0.231 -0.373 -0.231 0.7 0.2 98.3 98.1 0.19
Line66 0.170 0.105 -0.169 -0.105 0.2 -0.2 98.1 98.0 0.13
Line67 0.204 0.126 -0.204 -0.126 0.0 0.0 98.1 98.1 0.00
Line68 0.032 0.020 -0.032 -0.020 0.0 0.0 98.1 98.1 0.00
Line69 1.026 0.635 -1.025 -0.634 1.2 0.9 98.3 98.2 0.13
Line71 0.437 0.189 -0.437 -0.189 0.9 0.2 98.2 98.0 0.20
Line76 0.588 0.445 -0.587 -0.444 1.1 0.7 98.2 98.0 0.19
Line70 0.167 0.104 -0.167 -0.104 0.0 0.0 98.0 97.9 0.03
Line72 0.269 0.086 -0.269 -0.086 0.3 -0.1 98.0 97.9 0.10
Line73 0.811 0.502 -0.811 -0.502 04 0.2 97.9 97.8 0.05
Line77 -0.542 -0.417 0.542 0.417 0.6 0.3 97.9 98.0 0.11
Line74 0.662 0.410 -0.661 -0.410 0.7 0.2 97.8 97.7 0.09
Line78 0.044 0.027 -0.044 -0.027 0.0 -0.2 98.0 97.9 0.02
31.6 24.0
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Panel

Protective Device
Generator

Inverter/Charger

Bus Voltage
OverVoltage

UnderVoltage

Generator Excitation
OverExcited (Q Max.)
UnderExcited (Q Min.)

Alert Summary Report

% Alert Settings

Critical

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

110.0
90.0

100.0

100.0

Marginal

95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0

105.0
95.0

95.0



Project:

Location:
Contract:
Engineer:

Filename: ESSD Tsimalakha

Study Case: 2030 LFC

ETAP
16.1.1C

Page:
Date:

SN:

Revision:

Config.:

9

08-12-2019
BHUTANPWR
Base

Normal

SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

Source (Swing Buses):
Source (Non-Swing Buses):
Total Demand:

Total Motor Load:

Total Static Load:

Total Constant I Load:

Total Generic Load:

Apparent Losses:

System Mismatch:

Number of Iterations: 3

MW Mvar MVA % PF
3.699 2.297 4.355 84.95 Lagging
0.000 0.000 0.000
3.699 2.297 4355 84.95 Lagging
0.000 0.000 0.000
3.668 2273 4315 85.00 Lagging
0.000 0.000 0.000
0.000 0.000 0.000
0.032 0.024
0.000 0.000



Annexure 5: Feeder Wise Reliability Indices



. |nkvrapa| 11kv |IKV) IRV LKV
S1.No. Year Month Rella!)lhty Polythene Karbarey- Tading | Pepsi BPC Ne\iv
Indices feeder Ramety Feeder Rural | Colony |Hospital
Feeder [ Feeder | Feeder |
1 January | SAIEL 0.02 013 | 0.19 0.06
SAIDI 0.02 0.04| 075 0.13
SAIFI 0.02 0.32
2 February 1o TpT 0.01 0.08
SAIFI 0.02 042 | 027
3 Mareh 1o IDI 0.00 032 | 002
A april | |SAIEL 0.01 021 | 034
SAIDI 0.00 0.09 | 021
S May SAIFI 0.01 193 | 0.13
SAIDI 0.02 1.65| 0.02
] e SAIFI 1.10| 086
2017 SAIDI 0.60 | 059
; ly SAIFI 0.02 054 | 039
SAIDI 0.01 070 | 037
. Avgust |SALL 0.03 054 | 0.72 0.09
SAIDI 0.02 075 1.72 0.03
SAIFI 0.52 0.06 | 0.00
? September T 0.46 016 | 001
SAIFI 027 | 039
10 October 1< IBT 011] 018
SAIFI 0.01 0.13
1 November - r T 0.01 0.10
SAIFI 0.07 0.06 | 0.00
12 December -+ Th T 0.06 002 000
Total SAIFI 0.12 547 | 4.01 028 | 0.00
SAIDI 0.10 435 | 4.49 034 | 0.1
: January |SALL 020 013
SAIDI 0.08 | 044
5 February | SAIF! 0.14 | 026 0.06
SAIDI 003 | 015 0.79
SAIFI 080 | 141
3 March 1A IDI 086 | 0.78
4 April | |SALEL 0.01 0.99 | 0.70
SAIDI 0.01 061 ] 0095
SAIFI 0.08 144 | 1.84 027 o001
5 May
SAIDI 0.04 410 | 5.12 014 | 0.0
] e |SAIFI 0.21 274 | 3.97 075 | 0.0l
SAIDI 0.07 269 | 659 024 | 0.00
; 2018 y | |SAIFI 0.01 065 | 1.58 0.06
SAIDI 0.07 0.66 | 1.93 0.07
; JRR N 0.06 091 | 1.75 0.06
SAIDI 0.18 059 | 2.03 0.03
; Septomber | SAIEL 0.03 141 1.23 031
SAIDI 0.71 303 | 1.79 0.40
SAIFI 0.02 057 | 139 0.07
10 October  r BT 0.03 061 ] 1.80 0.16
SAIFI 019 | 031 0.03
1 November  roaThT 076 | 0.14 0.01
SAIFI 0.02 0.13 | 036
12 December [ n 0.01 011 029
Total SAIFI 0.43 10.17 | 14.93 1.60 | 0.02
SAIDI .11 14.13 | 22.02 1.86 | 0.00
Overall total SAIFI 0.28 7.82 | 9.47 0.94 | 0.01
SAIDI 0.61 9.24 | 13.25 .10 | 0.00




TRV | 33KV
SL.No. Year Month Reliability |Helipad |Druk Iron| 33 kV 33 kV gjr:il\; Gulriull(g\:iar
Indices linked & Steel |Sector II | Sector 11 Bosokha| a Rural
feeder | feeder
: january | SAIF] 0.03 0.00 1.48
SAIDI 0.07 0.00 235
5 February  |[SALL 0.06 030 1.04 0.07
SAIDI 0.02 001 | 198 0.37
SAIFI 0.03 113 0.11
3 Mareh 1D 0.02 0.47 0.05
4 April | |SAIEL 0.03 0.00 065 1.89 0.04
SAIDI 0.00 0.00 008 | 203 0.01
S May  |SAIEL 0.07 000 032 410 0.04
SAIDI 0.07 000 002 5.86 0.04
. e |SAIFL 0.00 032 176 0.18
2017 SAIDI 0.00 002 287 0.88
; jaly | |SAIEL 0.03 505 230
SAIDI 0.04 024 39
. August | |SALL 000 284 037 0.03
SAIDI 001 | 017 0.16 0.04
SAIFI 0.10 0.00 1.74
? September T 0.05 0.00 0.87
SAIFI 0.16 032 1.01
10 October  F BT 0.18 034 2.02
SAIFI 0.36 0.03
i November - rmT 1.16 0.03
SAIFI 0.06 094 009
12 December T 4.50 007 | 001
Total SAIFI 0.57 0.00 | 348| 725]| 17.27 0.49
SAIDI 4.97 0.02| 053] 042 23.69 1.41
| January |SALEL 0.00 0.64
SAIDI 0.00 031
SAIFI 137
2 February 1 BT 4.62
SAIFI 0.03 2.07
3 N N 0.07 425
A April | |SALEL 0.06 0.30 2.40 0.03
SAIDI 0.07 0.02 401 0.02
S May AL 0.28 183| 0098 0.20
SAIDI 0.14 144 | 5.06 0.28
SAIFI 0.77 030 | 182| 335 0.03
6 June
SAIDI 0.25 255 | 255| 481 0.05
; 2018 july | |SALT 333 | 546 3.09 0.03
SAIDI 071 097 811 0.00
; Avgust |SAIF! 0.06 030 | 301| 158
SAIDI 0.24 103 | 199] 728
SAIFI 062 | 343 0.17
? September T 004 | 689 034
SAIFI 1.00| 158
10 October  F BT 233 | 428
SAIFI 0.10 0.60 121
1 November o3y 0.04 1.77 325
SAIFI 0.03 117 1.03
12 December 1 nT 0.03 0.06 0.85
Total SAIFI 1.34 ; 6.02 | 13.74| 22.70 0.47
SAIDI 0.84 - 613 | 933 | 53.74 0.70
Overall total SAIFI 0.96 0.00 | 4.75| 1049 19.99 0.48
SAIDI 2.91 0.01| 333| 488 3872 1.06




kY [ 11KV 1KY
Reliability 11 kV 1 ,kV Industrial [ Druk 1TkV Malbase
S1.No. Year Month . Industrial area Bhutan
Indices TCBL Fdr Terrace | *F¢? lower | Cement Steel Fdr Colony
upper Terrace Fdr Fdr
| T SAIFI 0.00 000 ] 0.04
Y [SAIDI 0.01 000 | 004
5 Febraa SAIFI 0.00 0.00 000 | 0.04 0.00
Y [SAIDI 0.02 0.00 001 | 023 0.00
SAIFI 0.04
3 March  ro DI 0.02
. SAIFI 0.01 0.00
4 April DI 0.01 0.00
SAIFI 0.16 0.00
> May SAIDI 0.29 0.00
) e SAIFI 0.00 0.00 0.00
5017 SAIDI 0.01 0.00 0.00
; Tl SAIFI 000 | 001
Y SAIDI 000 | 001
; ruot | |SAIFL 0.00 000| 012 0.00
g SAIDI 0.00 0.01 [ 0.02 0.00
SAIFI 001 | 012 0.00
? September BT 007 | 012 0.01
SAIFI 0.00 0.04 0.00
10 October BT 0.00 0.01 0.00
SAIFI 0.00 0.00 0.00
1 November s 0.00 0.00 0.00
SAIFI 0.00
12 December SAIDI 0.00
Total SAIFI 0.02 0.00 0.02| 055 0.00 | 0.01
SAIDI 0.04 0.01 0.10 | 0.73 0.01| 0.01
: Tanua SAIFI 0.00 0.00 000 | 0.16 0.00
Y ISAIDI 0.01 0.00 002 | 034 0.00
SAIFI 0.04
2 February  ro Bl 0.13
SAIFI
3 March SAIDI
A ol |SAIFL 0.00 0.04 0.00
p SAIDI 0.00 0.01 0.00
5 Ma SAIFI 0.00 0.00 000 | 0.11 0.00
Y SAIDI 0.01 0.00 002| 082 0.00
] e SAIFI 0.00 0.00 0.11 0.01
2018 SAIDI 0.00 0.00 0.04 0.03
; l SAIFI 0.00 0.00 000 | 0.11 000 | 001
Y SAIDI 0.00 0.00 000 | 020 000 | 001
SAIFI 0.00
8 August BT 0.00
; Senomber | SALFL 0.00 0.08 000 | 001
P SAIDI 0.00 0.14 000 | 003
SAIFI 0.00 0.04
10 October BT 0.00 0.04
SAIFI 0.00 0.08
1 November  r& iy 0.00 0.02
SAIFI 0.15
12 December SAIDI 025
Total SAIFI 0.01 0.00 0.01| 0.92 0.00 | 0.03
SAIDI 0.03 0.01 0.04 | 2.01 0.00 | 0.07
Overall toal SAIFI 0.02 0.00 0.02| 0.73 0.00 | 0.02
SAIDI 0.04 0.01 0.07 | 1.37 0.01 | 0.04




N 11 kv 33kV 33kV 33kV 11kV
SL.No. Year Month Reha?nhty Malbase Gurungda | Gurungda | Mirchingc 11kV M/Wave
Indices Burkey ra I-B140 rall hu BBPL Fdr Fdr
Fdr-B460
| January SAIFI 0.09 0.26 0.04
SAIDI 0.02 0.38 0.00
SAIFI 0.09 0.13
2 February 1o ip1 0.02 2.01
SAIFI 1.54 0.26 0.17
3 March 19 DI 0.27 022 551
4 April SAIFI 0.00 4.62 0.19 0.52 0.13
SAIDI 0.00 5.07 0.08 0.16 1.87
5 May SAIFI 0.00 5.63 0.26 1.16 0.09
SAIDI 0.00 4.82 0.16 0.81 13.65
6 Tune SAIFI 0.00 1.53 0.05 0.39 0.04
2017 SAIDI 0.00 0.68 0.01 0.29 0.06
7 July SAIFI 0.01 0.00 1.02 0.05 0.26 0.04
SAIDI 0.01 0.00 0.08 0.03 0.09 0.24
3 August SAIFI 1.52 0.26 0.04
SAIDI 1.14 0.06 0.00
9 September SAIFI 1.01 0.14 0.64 0.04
SAIDI 0.47 0.48 0.41 0.47
SAIFI 2.52 0.05 0.63 0.04
10 October 193 IpT 10.93 0.00 089 | 279
SAIFI 1.51
11 November SAIDI T03
SAIFI 1.51
12 December SAIDI 122
Total SAIFI 0.01 0.00 22.43 0.92 4.36 0.77
SAIDI 0.01 0.00 25.71 0.80 3.31 26.60
1 January SAIFI 1.51 0.13
SAIDI 3.83 0.13
) February SAIFI 1.51 0.13 0.04
SAIDI 3.67 0.15 0.53
3 March SAIFI 3.49 0.42 0.88 0.54
SAIDI 12.14 0.51 0.71 5.61
4 April SAIFI 0.00 0.05 0.38 0.17
SAIDI 0.00 0.01 0.20 0.00
5 May SAIFI 0.00 2.00 0.63
SAIDI 0.00 1.65 0.64
6 Tune SAIFI 0.01 0.00 2.50 0.05 0.50 0.00
SAIDI 0.01 0.00 3.87 0.11 0.97 0.01
7 2018 July SAIFI 0.01 0.00 2.96
SAIDI 0.01 0.00 4.99
3 August SAIFI 0.00 3.45 0.05 0.37 0.00
SAIDI 0.00 6.14 0.02 0.12 0.00
9 September SAIFI 0.02 1.48 0.05 0.12 0.00
SAIDI 0.13 6.39 0.08 0.55 0.01
SAIFI 0.00
10 October SAIDI 0.00
SAIFI 0.49
11 November SAIDI 025
12 December SAIFI 1.47 0.09 0.25 0.00
SAIDI 422 0.10 0.54 0.02
Total SAIFI 0.05 0.00 20.87 0.70 3.39 0.75
SAIDI 0.15 0.00 47.15 0.83 3.99 6.19
Overall total SAIFI 0.03 0.00 21.65 0.81 3.87 0.76
SAIDI 0.08 0.00 36.43 0.81 3.65 16.40




. 11kV 11kV 11kV 11kv Old
SLNo. | Year Month Reliability | \yp 4 1 | Geduchu | Padechu | Tsimalakn| 1KV | 1KV
Indices THPA -1|BVC Fdr
Fdr Fdr Fdr a
1 Januas SAIFI
Y [SAIDI
SAIFI 0.03 051
2 February 1 IpT 0.06 0.60
SAIFI 024 0.0 0.06
3 March DI 054 0.0 0.00
A ol |SALFL 0.00 051 0.06
P SAIDI 0.00 472 0.00
S Ma SAIFI 024 0.0 0.13
Y SAIDI 027 ] 0.0 0.00
. e SAIFI 1.01 0.06
017 SAIDI 0.07 0.00
. It SAIFI 0.00 1.52 0.06
Y SAIDI 0.00 0.07 0.00
SAIFI 0.03 1.01
8 August  TEBT 0.28 0.02
SAIFI 1.01 0.06
? September BT 0.05 0.00
SAIFI 003 | 0.0 151
10 October 1 BT 0.05 0.00 127
SAIFI
11 November SAIDI
SAIFI 0.03 0.50
12 December - FoTmT 0.02 0.94
SAIFI 0.61| 0.00 - 7.58 - 0.44
Total
SAIDI 123 | 0.00 - 7.74 - 0.01
1 T SAIFI 201 0.06
Y [SAIDI 0.14 0.79
SAIFI 0.00 0.06
2 February  ro DI 0.00 0.12
; March |SAIFL 010 0.0 2.00 0.18
c SAIDI 006 | 0.00 0.86 2.16
A ol |SALL 030 0.50 0.12
p SAIDI 0.12 0.80 0.10
SAIFI 0.13 0.99
> May SAIDI 0.03 0.71
. e |SAIFI 013 | 008 248 0.06
o018 SAIDI 016 ] 0.5 0.12 0.00
; Tl SAIFI 0.49
Y SAIDI 0.81
SAIFI 0.08 297
8 August BT 0.05 585
0 Seotomber | SALEL 003 | 004 0.99 0.18
p SAIDI 028 | 020 0.02 0.00
SAIFI 0.03
10 October SAIDI 0.04
SAIFI 0.99
11 November SAIDI 0.17
SAIFI 007 | 008 0.49
12 December o mT 020 0.9 0.01
SAIFI 0.80 | 0.78 - 13.41 - 0.68
Total
SAIDI 0.88 | 130 - 8.69 - 3.18
SAIFI 071 039 - 10.50 - 0.56
Overall total SAIDI 1.06 | 0.65 - 8.21 - 1.60




33KV 1KV | 11KV
Reliability | 11kV | 11kV .
S1.No. Year Month Indices THPA 1 | THPA T Shemagan | 33kV Chapcha | Chukha | Dzongsite
gkha Colony [ Colony
1 Janua SAIFI
Y [SAIDI
SAIFI 0.20
2 February 1 pT 0.46
SAIFI 024 063
3 March  ro b 005 0.10
A aorl | [SAIFI 0.07 008 | 021
P SAIDI 0.01 001 0.00
SAIFI 027 0.16
> May SAIDI 0.10 0.03
) e SAIFI 0.07 0.08 0.04
2017 SAIDI 0.05 0.02 0.19
; Il SAIFI 0.20 016 | 021
Y SAIDI 0.06 002 001
; nuoust  |SALEL 0.14 008 | 021
g SAIDI 0.05 0.07 [ 0.00
SAIFI 0.03 0.13
? September BT 0.00 0.02
SAIFI 0.13 021
10 October BT 0.02 0.02
SAIFI 0.03 021
1 November s 0.00 0.00
SAIFI 0.02
12 December SAIDI 0.03
Total SAIFI - 0.06 1.22 0.79 | 1.67 0.06
SAIDI - 0.00 0.77 020 | 0.14 0.22
: 1 SAIFI 1.01 0.08 0.02
Y ISAIDI 6.52 034 0.03
SAIFI 1.01 031
2 February  ro bl 334 1.17
SAIFI 1.00 031
3 N YNTY 535 4.49
. SAIFI 033 023
4 April  r DI 2.64 2.20
SAIFI
> May SAIDI
) e SAIFI 0.07 0.07
018 SAIDI 0.02 0.03
; l SAIFI 007 | 1.02
Y SAIDI 000 | 0098
SAIFI 020 | 041
8 August BT 008 | 0.03
SAIFI 020 020
? September BT 007 | 0.0
SAIFI 0.04
10 October SAIDI 0.0
SAIFI 015| 041 0.02
1 November  r& Ty 0.06 | 1.04 0.01
SAIFI 0.08
12 December SAIDI 011
SAIFI - - 3.41 1.69 | 2.04 0.08
Total
SAIDI - - 17.88 855 | 2.06 0.07
Overall total SAIFI - 0.03 2.32 124 | 1.85 0.07
SAIDI - 0.00 9.33 438 | 1.10 0.14




Annexure 6: Material Cost for Upgrading single phase (11 kV and 33 kV)
Lines to three-phase



Total Cost in Nu. For upgradation of Line
to 3P from 1P

;l(; Name of ESDs 11 kV Line in Km 33 kV Line in Km = Yotal costin Nu.
Cost in Nu. Cost in Nu.
1 Bumthang 604,083.80 626,364.17 1,230,447.97
2 Chukhha 1,372,746.06 6,450,371.80 7,823,117.86
3 Dagana - 2,495,645.61 2,495,645.61
4 Haa - 341,755.04 341,755.04
5 Lhuntse 1,648,680.77 6,292,698.01 7,941,378.78
6 Mongar - - -
7 Paro 1,576,599.08 1,663,407.47 3,240,006.55
8 Pemagatshel - 2,467,625.51 2,467,625.51
9 Punakha 612,259.13 8,183,731.48 8,795,990.60
10 | S/Jongkhar - 7,593,301.40 7,593,301.40
11 . Samtse 2,031,083.74 536,799.03 2,567,882.76
12 Sarpang 756,490.07 1,112,902.61 1,869,392.68
13 Trashi Gang 251,649.96 626,304.45 877,954.41
14 Trashiyangtse 2,207,281.49 2,207,281.49
15  Thimphu 5,228,316.74 - 5,228,316.74
16 . Trongsa - 651,860.25 651,860.25
17  Tsirang - 1,693,286.88 1,693,286.88
18 | Wangdue 98,146.90 3,133,078.14 3,231,225.04
19 | Zhemgang - 5,303,863.16 5,303,863.16
TOTAL 14,180,056.24 51,380,276.50 65,560,332.75

The cost of extending one phase in case of ACSR conductor and AAAC covered conductor
were considered and incase of HV ABC, the cost of constructing three core cable has been
considered in estimation. Above estimation indicates the total material cost involved in
upgrading the existing single-phase line to three phase under each ESD.

The total cost including material cost (Nu. 65 million), transportation cost (Nu. 3.47 million)
and labor cost (Nu. 28 million) will amount to Nu. 97 million.

11 kV and 33 kV Single-phase Line Length in km under each ESD

11KV 1® Line 33kV 1® Line Total 1® Line
SI. No : Name of ESDs (km) (km) (km)
Bumthang 6.96276 5.6246 12.58736
Chukhha 21.569 78.274 99.843




11KV 1® Line

33kV 1® Line

Total 1® Line

SI. No = Name of ESDs (km) (km) (km)
3 Dagana 0 30.527 30.527
4 Haa 0 4.391 4.391
5 Lhuntse 18.7075 80.851 99.5585
6 Mongar 0 0 0
7 Paro 24.772 14.937 39.709
8 Pemagatshel 0 31.705 31.705
9 Punakha 9.62 58.4 68.02
10 S/Jongkhar 0 93.672 93.672
11 Samtse 31.913 6.897 38.81
12 Sarpang 11.8862 14.299 26.1852
13 Trashigang 3.954 8.047 12.001
14 Trashiyangtse 0 28.36 28.36
15 Thimphu 5.93 0 5.93
16 Trongsa 0 5.383 5.383
17 Tsirang 0 21.756 21.756
18 Wangdue 1.01 29.7 30.71
19 Zhemgang 0 66.785 66.785
TOTAL 136.32446 579.6086 715.93306




Annexure 7: Distribution Transformer Loading
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Annexure-8: Material Cost of three phase (3®) Transformers



Cost for replacement of single-phase
transformers and distribution boards
with three-phase

SI. No Name of ESDs Total cost in Nu.
11 kV transformers 33 kV
transformers
Cost in Nu. Cost in Nu.

1 Bumthang 421,565.09 132,535.04 554,100.14
2 Chukhha 956,241.73 9,144,917.99 10,101,159.72
3 Dagana - 6,361,682.08 6,361,682.08
4 Haa - 3,048,306.00 3,048,306.00
5 Lhuntse 731,506.19 8,747,312.86 9,478,819.05
6 Mongar 182,876.55 4,108,586.34 4,291,462.89
7 Paro 836,897.46 1,060,280.35 1,897,177.81
8 Pemagatshel 91,438.27 6,759,287.21 6,850,725.48
9 Punakha 274,314.82 4,771,261.56 5,045,576.38
10 S/Jongkhar - 15,506,600.07 15,506,600.07
11 Samtse 6,674,993.95 4,241,121.39 10,916,115.34
12 Sarpang 2,053,501.01 3,445911.13 5,499.412.14
13 Trashi Gang 906,662.46 4,903,796.60 5,810,459.06
14 Trashiyangtse — 4,638,726.52 4,638,726.52
15 Thimphu 723,785.91 - 723,785.91
16 Trongsa 91,438.27 3,445911.13 3,537,349.40
17 Tsirang - 5,168,866.69 5,168,866.69
18 Wangdue 182,876.55 1,457,885.48 1,640,762.02
19 Zhemgang 105,391.27 11,928,153.90 12,033,545.17

TOTAL 14,233,489.55 98,871,142.33 113,104,631.87

Here the existing single-phase transformers and distribution boards were replaced by three
phase system, therefore the estimation includes the cost of three phase transformers and
distribution boards. In line with Distribution Design and Construction Standard (DDCS) 2015,
the transformer capacities according to voltage level are standardized as shown below:

33 kV System

11 kV System

3P

10

3P

10

25 kVA

25 kVA, 16 kVA

25 kVA, 16 kVA

25 kVA,16 kVA, 10 kVA

Therefore, during the estimation, on 33 kV system, the cost of 25 kVA transformers was taken
for 10 kVA and 16 kVA transformers and for 11 kV system, the cost of 16 kVA transformers
was taken for 10 kVA ratings. The total cost for replacing the 1-phase transformers under whole
ESD including transportation cost (Nu. 2.6 million) and labor cost (Nu. 70 million) is Nu. 186
million. Therefore, the total cost under this option will amount to Nu. 283 million.




11 kV & 33 kV Single-phase Transformers used under each ESD

TRANSFORMERS (Nos.)
SL. No Name of ESDs 11/0.240 kV 33/0.240 kV
10 kVA 16kVA : 25kVA 10 kVA 16kVA ' 25kVA

1 Bumthang - - 4 - 1 -
2 Chukhha 2 5 3 19 31 19
3 Dagana - - - 43 1
4 Haa - - - 13 2
5 Lhuntse 3 5 - 19 44
6 Mongar 2 - 12 17 2
7 Paro 5 3 1 6 2 -
8 Pemagatshel - 1 - 4 8 39
9 Punakha 1 2 — 2 5 29
10 S/Jongkhar - - - 18 24 75
11 Samtse 15 58 - - 32 -
12 Sarpang 10 9 3 9 8 9
13 Trashi Gang 3 - 6 - - 37
14 Trashiyangtse - - - 16 19 -
15 Thimphu* - 1 6 - - -
16 Trongsa 1 - - 9 17 -
17 Tsirang - - - 7 32 -
18 Wangdue 1 1 - - 2 9
19 Zhemgang - - 1 27 36 27

TOTAL 41 87 24 144 309 293







