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[bookmark: _Toc365584552]Executive Summery
Power sector in India have witnessed structural changes and reforms like unbundling of SEBs and creation of independent generation, transmission and distribution companies. DDD is a distribution division operated by Uttrakhand Jal Vidyut Nigam Limited. According to Electricity Act 2003 section 12&14, it is compulsory to have a distribution license and it should be authorised by appropriate commission. Since UJVNL is being a generating company, the company decided to handover the distribution division to UPCL. The major task to complete this process includes calculation of AT&C loss. In the absence of a realistic estimate of the loss, it is not possible for UPCL to takeover DDD. The losses in Dakpathar region is high so that inclusion of this region into UPCL will affect their overall AT&C loss reduction targets. So knowing AT&C losses is very crucial for UPCL.
In order to calculate AT&C loss, SLD and interconnection of different power house and sub-station established on the Yamuna valley and Dakpathar region was essential. It further delves into the concept and determination of AT&C loss. For performance improvement of DDD, load study of street light was done and analysis of substation from safety point of view was also done in Dakpathar region including safety and awareness survey to DDD employees.  The report concludes with identifying various challenges & possible way-outs suggested with provide appropriate suggestions and recommendations that will help to sustain and possibly, speed up the loss reduction efforts. 
The AT&C loss determined by the end of the project report was 50.83% which is very higher compared to average AT&C loss of India which is 24.15%. The reason for higher AT&C loss because of low billing efficiency. 
The major reasons for the low AT&C loss are;
· Inadequate and ageing sub-transmission & distribution network leading to frequent power cuts and local failures/faults erratic voltage and low or high supply frequency.
· Lack of energy meters in the residential colonies.
· Employees availing more than one quarters since DDD does not maintain proper ID card or employ information database.
· High usage of energy by the illegal habitants in the UJVNL quarters.
· Electricity usage by the UJVNL colonies are beyond the usage level offered by the company. 
· The actual electricity usage by illegal and legal residents of colonies is 2.78 times that of maximum limit of electricity offered to UJVNL employees.
· The HT: LT ratio of the Dakpathar Distribution Division is higher than the norms prescribed. Ideal ratio is 1:1.
· Inside the project area the company is supplying electricity for street lights and water supply. Company considering this as a welfare to their own employees without collecting any fund. 
· Inadequate investment for infrastructure improvement.
· Failure in the systematic maintenance of ledgers causes incorrect manipulations and calculations in the financial records.
· Energy bill is dispatched in quarterly basis or half yearly basis which leads to the loss of interest and requirement of high working capital to the company.
· Lack IT implementation in commercial section and in distribution network.
For the above mentioned reasons certain recommendations were made to resolve the problems and to decease the AT&C loss. They are;
· Maintenance of proper employee management system and identity cards for employees will help in tracking the person staying in the quarters. It will help to find the illegal habitants. 
· LT lines in congested areas can be replaced by aerial bunched cables so that illegal tapping can be prevented.
· Vigilance team should be there to find the thefts and illegal connection.
· Energy meters should be installed at every quarters of the colonies. Amount should be collected for extra usage apart from offered units as per the grade of employee. If this happens systematically then the AT&C loss can be reduced to 31.29%.
· Fixed charge for UJVNL employee is very less compared to the fixed consumption. Hence the fixed charge must be replaced with the charge according to the energy meter reading. This will ultimately increase the tendency of consumers to be more conservative. 
· Installed energy meters should be placed outdoor for the easy meter reading purpose.
· Billing should be done bimonthly.
· Immediate action has to be taken to recover the arrears from default consumers.
· Maintenance of ledgers and other financial records in digital format so that error diagnosis and data analysis can be done quickly. It will also help in timely billing and dispatch of bills.
· If more investment opportunities are available then conventional street light system can be converted to solar powered high efficient street lights. This will save energy of approximately 368750 Units of energy per annum.
If the company could follow these recommendations then the AT&C loss can be reduced to approximately 25-30%. 
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[bookmark: _Toc365584557]Introduction
When an electrical distribution system is considered there are many types of losses associated with that system. There can be loss due to heat dissipation, metering errors, theft etc. Aggregate Technical and Commercial loss is an appropriate word which can be used in this circumstance where the system is associated with losses which occurring due to different reasons. 
In the yesteryears, utilities used Transmission and Distribution (T&D) losses as a parameter to represent the loss of the system. The major downside of taking account of T&D loss was that it represented only the loss due heat dissipation while the system included other aspects of losses such as metering issues, theft etc. which can be called as commercial losses. The concept of AT&C loss was introduced as a solution for this situation by some state regulatory commissions. The advantage of AT&C loss is that it provides a complete picture of energy and revenue loss condition.
As far as the scope of this project is concerned the major objective is to find the AT&C loss of Dakpathar Distribution Division.
[bookmark: _Toc365584558]Problem Statement
UJVNL holds a distribution division called Dakpathar Distribution Division (DDD) in Dakpathar, Dehradun. As far as the division is considered power distribution is the weakest link in the entire value chain and sector cannot achieve viability unless issues in power distribution sector are resolved, aiming at sustainable development of the sector. It is necessary to reduce the losses as low as possible to increase the system reliability and stability. Hence this project has undertaken to determine the AT&C loss of DDD and to give suitable suggestions in order to reduce those losses and to increase the safety in the substations.  


[bookmark: _Toc365584559]Objectives
The major objectives of the project are mentioned below.
· To make SLD and interconnection of different power house and sub-station established on the Yamuna valley and Dakpathar region.
· To calculate AT&C loss and its importance in distribution.
· To calculate and study the load consumption of street light in Dakpathar region.
· To study the safety consideration of different substation and power house.
· To give suggestion of appropriate type of circuit breakers considering the environmental factors.
· To obtain the conclusion of the analysis and to provide appropriate suggestions and recommendations. 
[bookmark: _Toc365584560]Literature review
The articles related to the calculation of AT&C loss were grasped thoroughly and various decisions were taken accordingly. Major reports are mentioned below.
[bookmark: _Toc365584561]Methodology for establishing base line AT&C loss
A guideline for the baseline methodology for calculation of AT&C loss was published by Power Finance Corporation as a part of R-APDRP on 4th September 2009. To calculate the AT&C loss this article was considered as the main base. The article was followed to arrange the prerequisites and to formulate the basic methodology for the AT&C loss determination.
[bookmark: _Toc365584562]Report on loss reduction strategies by Forum of Regulators
The report as adopted on September 2008 by the forum examines in detail the various legal and policy provisions in this context and their implementation status. This report identifies the important issues in terms of involving our strategy for loss reduction namely, (i) the definition of distribution loss and the method of computation of AT&C loss, (ii) segregation of technical and commercial loss, (iii) compilation of baseline data, (iv) third party verification of data and energy audit, (v) methodology for achieving loss reduction in a time-bound manner, (vi) relative appropriateness of technical solutions etc.
[bookmark: _Toc365584563]Reference Book on Drum Training Programme by USAID
This course reference book on technical theme “Disaster management, electrical safety procedures, and accident prevention” has been prepared by CORE in close consultation with USAID to facilitate the training institutes to design and deliver the course on the subject. This book also give guidelines to check the general awareness about safety among the employee working on the generation/sub-station.
[bookmark: _Toc365584564]Background
Dakpathar Distribution Division (DDD) is a small distribution unit of UJVNL situated at Dakpathar in Dehradun district of Uttrakhand, India. It is on the left bank of the Yamuna River and 28 km northwest of the city of Dehradun. DDD is formed to provide recreational facility to the UJVNL employee. It distribute power to colony of UJVNL, Private domestic, commercial and Industrial consumer situated near the Dakpathar region. It has total 1793 consumer (excluding UJVNL employee) which comprises  1594 Domestic, 190 Commercial, 5 Industrial and 4 Pump house (Irrigation department) consumer. Including UJVNL employee, total number of consumer is 2,152. A pie chart representation of the consumer mix has presented in figure.

[bookmark: _Toc365584466]Figure 1: Pie chart showing consumer mix of DDD

DDD also supply electricity for power station auxiliary consumption, Barrage to control flow of water and street light for lightening the Dakpathar. It has 5 power stations in proximate of Dakpathar, they are;
1. Chibro with Ichari Dam
1. Khodri
1. Dhakrani
1. Dhalipur
1. Kulhal
Chibro (4x60 MW) & Khodri (4x30 MW) Power Stations utilize the water of river Tons. Tons river is an important tributary of the Yamuna River. A diversion dam across the river Tons has been constructed at Ichari with a 6.2 km long headrace tunnel from the diversion dam to Chibro underground power station.
The tail water collection gallery of Chibro power house supplies water to the power Tunnel of Khodri Power House by means of a siphon across river Tons. River Yamuna originates from the Himalayas and is joined by its major tributary the Tons at Kalsi, approximately 50 km from Dehradun. A barrage across river Yamuna at Dakpathar 3 km downstream of Kalsi has been constructed. 14 km power channel takes off at the Dakpathar barrage having its outfall into the river Asan, immediately upstream of the junction of Asan and Yamuna rivers. Dhakrani (3x11.25 MW) & Dhalipur (3x17MW) are the two power stations along this power channel. Another power channel takes water at Asan barrage having its outfall into the river Yamuna near Paonta Sahib. Kulhal (3x10MW) power is running along this power channel.
[image: ]
[bookmark: _Toc365584467]Figure 2: Yamuna valley development scheme
The above given figure (Figure 2) shows the geographical map in which the Yamuna Valley hydro power projects have been highlighted. Below given figure (figure 3) explains the flow of water from Ichari dam to various power houses undergoing multiple levels of power generation.

[bookmark: _Toc365584468]Figure 3: Flow of water for Yamuna valley project
A detailed block diagram of UJVNL power houses and sub-stations are given below. This diagram show the power plants and different substations associated with the distribution network of UJVNL.
[image: ]
[bookmark: _Toc365584469]Figure 4: UJVNL hydro-power projects


[bookmark: _Toc365584565]Methodology
The methodology for establishing AT&C loss level for the project area has elaborated in this section. This methodology is articulated in accordance with the guidelines provided by PFC to calculate the AT&C loss and for calculating the load consumption of street light a periodic data collection method has followed. The single line diagram was drawn using ETAP simulation software package.
[bookmark: _Toc365584566]Project Design
The design of the project was done in reference with the PFC report mentioning the methodology for the calculation of baseline AT&C loss. According to the report project was divided into phases and tasks were performed in sequence. 
[bookmark: _Toc365584567]Phase I: Preparation of Single Line Diagram 
A single line diagram or a one line diagram is a graphical representation of a three phase power system may which includes generation, transmission and distribution. In a single line diagram electrical elements such as bus bars, circuit breakers, isolators, current transformers, capacitors and conductors are shown in its standardized symbols. In single line diagram three phase lines are represented with single line so that it reduces the complexity of the drawing process as well as future analysis.
While calculating AT&C loss it is important to have the proper single line diagram of the project area. By analysing single line diagram the task of identifying the export and import lines to the project area is simplified.
[bookmark: _Toc365584568]Phase II: Computation of Input Energy
Dakpathar Distribution division is fed by two 11kV feeders namely Barrage feeder and Dakpathar colony feeder. These 11 kV feeders subsequently connected to DTRs, LT lines and service lines, number of which are depends on the size, population and load of the place. The simplest way to measure the total energy consumption of the project area is to install energy meters at the input points of each 11kV feeders and read them at regular intervals.
The feeders feeding the DDD are Barrage feeder and Dakpathar colony feeder are having input points at Khodri diesel power house. Energy meter reading of Khodri diesel power house has collected for the duration of FY2012. 
[bookmark: _Toc365584569]Phase III: Computation of Sales
When energy is supplied there are some loss associated with that in form of technical and commercial losses. Technical losses are energy loss in form of heat dissipation including I2R loss. Some energy is also left unaccounted due to discrepancies in meter reading, non-metering and theft which is termed as commercial losses.
The sales in terms of billed energy and corresponding billed revenue in the project area can be determined by adding the total energy consumed during the defined period by the metered consumers and unmetered consumers. In order to perform the calculation the period considered was FY 2012.
For unmetered consumers who are part of the UJVNL, a fixed charge and fixed consumption were assumed. Fixed charge and consumption are tabulated below according to the designation of the employee.
	Designation
	Fixed Charge (Rs.)
	Fixed Consumption (kWh)

	GM & Equivalent
	425
	900

	DGM & Equivalent
	350
	700

	A.E, E.E & Equivalent
	250
	600

	J.E & Equivalent
	180
	450

	III Class
	100
	300

	IV Class
	68
	200


[bookmark: _Toc365584418]Table 1: Fixed charge and consumption
In Dakpathar distribution area there are consumers who are metered and unmetered. For the metered consumers the energy consumption record was available at the office of executive engineer (DDD).
[bookmark: _Toc365584570]Phase IV: Computation of Billing Efficiency
Billing efficiency means that the proportion of energy that has been supplied to the project area which has been billed to the consumer. This billed energy includes both metered and unmetered sales. The formula to determine the billing efficiency is given as follows.

[bookmark: _Toc365584571]Phase V: Computation of Collection Efficiency
The energy billing system is totally depend on the amount of consumption of the energy which can be obtained from the energy meter reading. The energy bill is computed on the basis of tariff fixed by the regulatory commission for the specified type of consumer.
It is a common tendency in some consumers to default in their payments, or there can be consumers who are using power through illegal connections which can be considered as theft. This will increase the difficulty to recover the complete amount billed by the utility.
Collection efficiency can be computed by the below given formula.

[bookmark: _Toc365584572]Phase VI: Computation of AT&C loss
The aggregate technical and commercial loss can be calculated by below given formula.

[bookmark: _Toc365584573]Study on load consumption pattern of street lights
The energy meter reading of street lights was noted down from the energy meter installed in Dakpathar substation I. The energy meter readings were recorded on weekly basis and the consumption pattern was analysed.
[bookmark: _Toc365584574]Survey on Safety Awareness among employees of DDD 
A survey has been conducted in DDD to know the safety awareness among the employee. The survey emphasised on the disaster management and handling the abrupt situations in a tactical way. This survey also help to know training need of employee and the initiative taken by the UJVNL.
Survey questions were prepared in choice based objective question structure and response analysis method was framed based on the total correct response. 


[bookmark: _Toc365584575]Findings
Single line diagrams of the power houses and related sub-stations were drawn by directly visiting the location. SLDs helps to analyse the power system to a great extent. For the determination of AT&C loss, data from various sources have been collected. The computation of AT&C loss consists of determination of billing efficiency and collection efficiency separately. These calculations were done with data which have discussed in this section. Details regarding the substations, power houses are included in the appendix I.
[bookmark: _Toc365584576]Single Line Diagram
Single line diagram is the graphical representation of the three phase power system using specific symbols. Single line diagrams are prepared using ETAP power station simulation software. Following are the power stations and sub-stations which are visited for the preparation of single line diagram.
1. Chibro Power Station
2. Khodri Power Station
3. Khodri Diesel Power House
4. Dhakrani Power House
5. Kulhal Power House
6. Chibro Sub-station
7. Haripur Sub-station
8. Dhakrani Sub-station
9. Kulhal Sub-Station
10. Dakpathar Sub-station I
11. Dakpathar Sub-station III
Single line diagrams of these are given below.
[bookmark: _Toc365584577]Chibro Power Station
[image: ]
[bookmark: _Toc365584470]Figure 5: SLD of Chibro power station


[bookmark: _Toc365584578]Khodri Power Station
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[bookmark: _Toc365584471]Figure 6: SLD of Khodri power station
[bookmark: _Toc365584579]Khodri Diesel Power House
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[bookmark: _Toc365584472]Figure 7: SLD of DPH Khodri
[bookmark: _Toc365584580]Dhakrani Power House
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[bookmark: _Toc365584473]Figure 8: SLD of Dhakrani power house
[bookmark: _Toc365584581]Kulhal Power House
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[bookmark: _Toc365584474]Figure 9: SLD of Kulhal power house
[bookmark: _Toc365584582]Chibro Sub-station
[image: ]
[bookmark: _Toc365584475]Figure 10: SLD of Chibro sub-station
[bookmark: _Toc365584583]Haripur Sub-station
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[bookmark: _Toc365584476]Figure 11: SLD of Haripur sub-station
[bookmark: _Toc365584584]Kulhal Sub-station 
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[bookmark: _Toc365584477]Figure 12: SLD of Kulhal sub-station
[bookmark: _Toc365584585]Dakpathar Sub-station I
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[bookmark: _Toc365584478]Figure 13: SLD of Dakpathar sub-station I
[bookmark: _Toc365584586]Dakpathar Sub-station III
[image: ]
[bookmark: _Toc365584479]Figure 14: SLD of Dakpathar sub-station III
[bookmark: _Toc365584587]Total Input Energy to Feeder
Billing efficiency is calculated by diving the total energy sold from the total input energy. Thus the data were collected regarding the sales of energy and input to the feeders. The main feeders are fed from Diesel power house of Khodri. Hence to find the amount of input energy, monthly data regarding the energy account were collected from DPH Khodri. The data collected have tabulated below.
	Particular
	Total Input
	Unit

	Dakpathar
	11860564
	kWh

	Koti
	
	

	
	
	
	

	Particular
	Total  Unit sold
	Unit

	Metered Unit
	Billed Unit
	2509848.7
	kWh

	
	Others*
	2130480
	kWh

	Unmetered Unit
	Employee
	1332600
	kWh

	Total
	5972928.7
	kWh


[bookmark: _Toc365584419]Table 2: Total energy input to the feeders
[bookmark: _Toc365584588]Total Energy Sold
The total amount of energy which was able to sell to the consumer including the metered and the unmetered consumers generally considered as the total energy sold to the consumer. Details about the total energy billed was collected from the revenue department of DDD. 


Following table shows the total energy sold to the metered consumer for the FY2012-13
	Month
	Unit(kWh)

	Apr-12
	131595

	May-12
	54045

	Jun-12
	608390

	Jul-12
	190414

	Aug-12
	67040

	Sep-12
	119913

	Oct-12
	35699.7

	Nov-12
	296239

	Dec-12
	279361

	Jan-13
	64848

	Feb-13
	279860

	Mar-13
	382444

	Total
	2509848.7


[bookmark: _Toc365584420]Table 3: Energy sold to metered consumers
For unmetered consumers there are certain assumptions are made to compute the sales of energy. Unmetered consumers are falls under the category of UJVNL employees who are residing in the quarters which are not equipped with energy meters. For these category consumers a norm was made which limiting the usage to a certain level according to the designation of the employee. 
To find the total energy sold to these consumers, the count of employees who are presently residing in the quarters have collected and sorted out according to the designation. Then the number of employees were multiplied with the corresponding energy limit to find the energy sold. Details are tabulated below.


	Designation
	No. of Employees
	Fixed Consumption (kWh/Month)
	Total unit (kWh/ Month)

	GM and Equivalent
	1
	900
	900

	DGM and Equivalent
	1
	700
	700

	E.E.,A.E. and Equivalent
	32
	600
	19200

	J.E. and Equivalent
	33
	450
	14850

	III Class
	170
	300
	51000

	IV Class
	122
	200
	24400

	Total
	359
	 
	111050

	Total Unit Consumption Per Year (kWh/Year)
	1332600


[bookmark: _Toc365584421]Table 4: Offered units of energy according to designation
[bookmark: _Toc365584589]Total Revenue Collected & Revenue Billed
Collection efficiency is computed by finding the proportion of revenue realised upon the total amount billed. Revenue realised is computed by subtracting the arrears from the revenue collected.
Details regarding total revenue collected and revenue billed including the details of arrears were taken from the cash collection department. Details are tabulated below.
	Month
	Revenue Collected
	Revenue Billed

	Apr-12
	612407
	418618.9

	May-12
	360878
	204341.5

	Jun-12
	468763.5
	583028

	Jul-12
	680355.85
	728176.13

	Aug-12
	473914.35
	234785.15

	Sep-12
	457309.5
	551883.85

	Oct-12
	503458
	225367.85

	Nov-12
	365346
	1115425.95

	Dec-12
	948300
	738730.9

	Jan-13
	660226
	1056578.05

	Feb-13
	342068
	263405.7

	Mar-13
	2123520
	1326271.65

	Total
	7996546.2
	7446613.63


[bookmark: _Toc365584422]Table 5: Total revenue collected and revenue billed for FY 2012
Total arrears are calculated by analysing the ledgers. Following table shows the amount of arrears corresponding to the related ledgers.
	Ledger
	Apr-12
	Mar-13
	Difference

	1 (Jaypee Commercial)
	145685.01
	163273.97
	17588.96

	2 (Office and pump house)
	11421860
	11546933.7
	125073.7

	1 & 2 (Chakki & School)
	769971.15
	518686.47
	-251284.68

	3
	8271249.51
	8954746.41
	683496.9

	3 (Kulhal)
	28101.56
	43408.11
	15306.55

	4 (Dhalipur)
	99465.11
	81283.15
	-18181.96

	5 (Officers Colony)
	39612.45
	65545.75
	25933.3

	5  Dhalipur
	86347.684
	94612.06
	8264.376

	6
	59498.34
	67007.02
	7508.68

	6 (Koti)
	29393.2
	34956.33
	5563.13

	7 (Koti)
	24686.24
	28633.55
	3947.31

	8 (Tons colony)
	137030.82
	91084.37
	-45946.45

	9 (Tons Colony)
	188191.04
	181296.09
	-6894.95

	10 (Tons Colony)
	71787.15
	40390.15
	-31397

	12
	48506.92
	75754.48
	27247.56

	13 (Nehru Market)
	114012.29
	142607.74
	28595.45

	15 (new Yamuna Colony)
	313105.01
	278735.89
	-34369.12

	16
	21557.14
	45063.31
	23506.17

	17 (Old Yamuna Colony)
	48990.81
	102974.06
	53983.25

	18 (Old Yamuna Colony)
	300360.17
	291776.52
	-8583.65

	19 (Old Yamuna Colony)
	95323.48
	136396.65
	41073.17

	20 (LLC)
	40315.8
	46028.13
	5712.33

	21 (LLC)
	63175.76
	99297.332
	36121.572

	22 (LLC)
	6406.6
	5545.24
	-861.36

	23 (LLC)
	63765.1
	77412.68
	13647.58

	Sevanivrit Karamchari
	5249
	9258
	4009

	Total
	729059.818


[bookmark: _Toc365584423]Table 6: Total arrears collected during FY 2012-13
[bookmark: _Toc365584590]Energy Consumption of Street Lights 
A study about the consumption pattern of street lights were performed. Street light energy meter reading were taken on weekly basis. The energy consumption data are presented below.
	Week
	Date
	Meter Reading
	Net Consumption
	Actual Net Consumption (MF=300/5)
	Average Consumption Per day

	Week 0
	24-06-13
	6731.1
	0
	0
	0.000

	Week 1
	01-07-13
	6748.5
	17.4
	1044
	149.143

	Week 2
	08-07-13
	6767.6
	19.1
	1146
	163.714

	Week 3
	16-07-13
	6789.7
	22.1
	1326
	165.750

	Week 4
	22-07-13
	6808.1
	18.4
	1104
	184.000

	Total
	77
	4620
	165.652

	Monthly consumption of Street lights connected to sub-station III (kWh)
	4969.554


[bookmark: _Toc365584424]Table 7: Energy consumption record of street lights


The current status of connected street lights has tabulated below.
	Place
	Tons Colony

	Type of street Light
	Total Points
	Energised
	Not Energised
	W
	Total wattage of energised lamps
	Total wattage of all lamps (W)

	Bulb 200W
	25
	15
	10
	200
	3000
	5000

	Bulb 500W
	3
	2
	1
	500
	1000
	1500

	CFL 36W
	15
	10
	5
	36
	360
	540

	CFL 85W
	35
	34
	1
	85
	2890
	2975

	Diamond Type Fitting 23W
	9
	4
	-
	23
	92
	207

	Diamond Type Fitting Small 11W
	2
	2
	-
	11
	22
	22

	Florescent Tube 20W
	15
	6
	9
	20
	120
	300

	HPSV 150W
	5
	3
	2
	150
	450
	750

	HPSV 250W
	3
	2
	1
	250
	500
	750

	HPMV 250W
	4
	2
	2
	250
	500
	1000

	HPSV 400W
	3
	3
	-
	400
	1200
	1200

	HPSV 70W
	95
	55
	40
	70
	3850
	6650

	HPSV 80W
	11
	7
	4
	80
	560
	880

	Total
	225
	145
	75
	-
	14544
	21774

	
	
	
	
	
	
	

	Expected Unit Consumption (kWh/Month)
	 
	4363.2
	6532.2


[bookmark: _Toc365584425]Table 8: Details of connected street lights
[bookmark: _Toc365584591]Safety Awareness Survey
A safety awareness survey has been conducted in the Dakpathar distribution Division to assess their knowledge about disaster mitigation & disaster management plan, safety procedures to be adopted, and first aid. The survey participants were employees including workers and assistant engineers. Questionnaire used for the survey has been included in the appendix III.


The findings have been tabulated below.
Result of survey conducted to AE and JE grade employees.
	Question Category
	Percentage of respondents with correct response
	Remark

	Disaster mitigation and management plan
	69.44
	Good

	Safety procedure
	71.87
	Good


[bookmark: _Toc365584426]Table 9: Safety awareness survey results (AE & JE)
Result of survey conducted to workers in sub-stations.
	Question Category
	Percentage of respondents with correct response
	Remark

	Disaster mitigation and management plan
	20.00
	Poor

	Safety procedure
	26.00
	Average


[bookmark: _Toc365584427]Table 10: Safety awareness survey results (Class III&IV grade)
Details regarding the survey has included in appendix III.


[bookmark: _Toc365584592]Safety Equipments at Sub-Station
Electrical substation reduce the high voltages used to move electricity over long distances to the lower voltages that distribute electricity to homes and businesses. Sub-station connect through power line, and they are dangerous location for anyone not well trained in electrical safety. Contact with substation equipment can cause serious injury or even death. Hence the safety of the sub-station is an important topic to be discussed. In this section, various substation equipment’s and safety arrangements which are present in substations are presented.
· Fire bucket.
· The transformer situated area was fenced.
· Danger sign boards.
· Carbon Di-oxide cylinder for firefighting.
· Circuit Breakers
· Wave traps
· Equipment of suitable rating was present.
· Earthing was proper.
A study about the sub-station safety has conducted. Detailed information about the safety suggestions for the substation has included in the appendix V.


[bookmark: _Toc365584593]Conclusion
According to the findings of the study certain conclusions were made. In this section those conclusions have been elaborated separately namely AT&C loss calculation, and safety awareness survey. 
[bookmark: _Toc365584594]AT&C Loss
One of the objective of the project was to compute the aggregate technical and commercial loss of the Dakpathar Distribution Division. By undergoing the systematic study, the AT&C loss was computed as 50.83%. This value is very much higher than the average AT&C loss of the country (24.15%) and higher than that of UPCL (19.00%) also. 
The commercial efficiency of the project area is 97.64% and the billing efficiency was 50.36%. These figures play significant roles in the computation of AT&C loss. When comparing to other distribution areas the commercial efficiency of the Dakpathar Distribution Division shows a decent value. But the billing efficiency is very low. Detailed calculation of losses has given in appendix II. 
While scanning through the ledgers it has been observed that Irrigation Department has not done any payment since its inception. Hence the AT&C loss calculation excluding Irrigation Department has done for DDD’s own interest. It was found that AT&C loss has reduced by 0.85%. A comparison has tabulated below.
	
	Including Irrigation Department 
	Excluding Irrigation Department

	Revenue realised
	Rs. 7270788.682
	Rs. 7395862.382

	Commercial Efficiency
	97.64%
	99.32%

	Billing efficiency
	50.36%
	50.36%

	AT&C loss
	50.83%
	49.98%


[bookmark: _Toc365584428]Table 11: AT&C loss including & excluding Irrigation Department


Prevailing high losses in the Dakpathar region are due to following reasons;
· Inadequate and ageing sub-transmission & distribution network leading to frequent power cuts and local failures/faults erratic voltage and low or high supply frequency.
· Lack of energy meters in the residential colonies.
· Employees availing more than one quarters since DDD does not maintain proper ID card or employ information database.
· High usage of energy by the illegal habitants in the UJVNL quarters.
· Electricity usage by the UJVNL colonies are beyond the usage level offered by the company. 
· The actual electricity usage by illegal and legal residents of colonies is 2.78 times that of maximum limit of electricity offered to UJVNL employees.
· The HT: LT ratio of the Dakpathar Distribution Division is higher than the norms prescribed. Ideal ratio is 1:1.
· Inside the project area the company is supplying electricity for street lights and water supply. Company considering this as a welfare to their own employees without collecting any fund. 
· Inadequate investment for infrastructure improvement.
· Failure in the systematic maintenance of ledgers causes incorrect manipulations and calculations in the financial records.
· Energy bill is dispatched in quarterly basis or half yearly basis which leads to the loss of interest and requirement of high working capital to the company.
· Lack IT implementation in commercial section and in distribution network.


[bookmark: _Toc365584595]Safety Awareness
From the safety awareness survey it has been observed that the AE and JE grade employees are good in disaster mitigation & management and safety procedure knowledge. But III & IV class workers who are working in sub-stations are poor in disaster mitigation knowledge and average in safety procedure awareness. 
Training for these workers who are having average and below average awareness has to be conducted in priority basis. As a part of training mock drill has to be arranged and this has to be continued in regular intervals. It also has been noted that proper display of emergency contact numbers like firefighters and ambulances are not present. 


[bookmark: _Toc365584596]Recommendations
· Maintenance of proper employee management system and identity cards for employees will help in tracking the person staying in the quarters. It will help to find the illegal habitants. 
· LT lines in congested areas can be replaced by aerial bunched cables so that illegal tapping can be prevented.
· Vigilance team should be there to find the thefts and illegal connection.
· Energy meters should be installed at every quarters of the colonies. Amount should be collected for extra usage apart from offered units as per the grade of employee. If this happens systematically then the AT&C loss can be reduced to 31.29%.
· Fixed charge for UJVNL employee is very less compared to the fixed consumption. Hence the fixed charge must be replaced with the charge according to the energy meter reading. This will ultimately increase the tendency of consumers to be more conservative. 
· Installed energy meters should be placed outdoor for the easy meter reading purpose.
· Billing should be done bimonthly.
· Immediate action has to be taken to recover the arrears from default consumers.
· Maintenance of ledgers and other financial records in digital format so that error diagnosis and data analysis can be done quickly. It will also help in timely billing and dispatch of bills.
· If more investment opportunities are available then conventional street light system can be converted to solar powered high efficient street lights. This will save energy of approximately 368750 Units of energy per annum.
· Conduct first aid training for III&IV grade employees who are working in substations.
· Safety manual book should be provided to employees who are working in hazardous conditions.
· In sub-stations emergency hotline numbers of fire extinguisher, ambulance, police etc. should be displayed.
· Locks should be used to prevent the admission of outsiders into the substation transformer premises.
· Lightning arresters are essential installations to the substations. It has to be installed in priority basis to improve the network stability and reliability.
· In Kulhal substation and Haripur substation oil circuit breakers are used. This can be replaced with Vacuum Circuit Breakers (VCB).
· In regular intervals mock drill for handling emergency situations has to be conducted for the workers.
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[bookmark: _Toc365584598]Appendices
[bookmark: _Toc365584599]Appendix I: Detailed System Information
[bookmark: _Toc365584600]Khodri Diesel Power House (2×150kW+400kW)
Diesel Power House is generally used for emergency power supply. This type of system provide backup power resources in a crisis or when regular grid/system fails. DPH Khodri provide emergency power system to Barrage/Officer Colony and Khodri Power Station for auxiliary consumption.
The power station uses oil circuit breakers for its protection purposes. Circuit breakers are protection devices used for the protection of the circuit. It can make or break a circuit manually or automatically under fault conditions. In a typical oil circuit breaker the medium of arc quenching will be oil.
There are two sets of isolators of 33kv and 11kV rating are incorporated with the bus coupler system. Isolators are simple switching mechanisms. The type of isolator used in DPH is Tri Pole Manually Operated (TPMO) switch.
The main difference between an isolator and a circuit breaker is that isolator switches does not have an arc quenching mechanism where CBs does.
Other details about the power house are given below in tabulated format.
	Sl.No.
	Incoming feeder
	Line (kV)

	1
	Dhakrani Power Station I
	33

	2
	Dhakrani Power Station II
	33

	3
	Khodri Power Station I
	33

	4
	Khodri Power Station II
	33


[bookmark: _Toc365584429]Table 12: Khodri DPH incoming feeders



	
Incoming Feeder
	Outgoing feeder
	Line(kV)

	DPS 1/ Diesel Generator 150kW
	Barrage 
	11

	
	Khodri Power station 1 
	11

	
	Spare
	11

	DPS 2/ Diesel Generator 450kW
	H.P. (Majri)
	11

	
	DKP Colony
	11

	
	Khodri Power station 2
	11

	
	Spare
	11


[bookmark: _Toc365584430]Table 13: Khodri DPH outgoing feeders
	Sl.
No.
	Transformer
	Use
	Voltage Rating (kV)
	Rating (MVA)

	1
	Power Transformer 1
	Transmission
	33/11
	 1.5

	2
	Power transformer 2
	Transmission
	33/11
	5 

	3
	Generation Transformer 1
	Transmission
	 (0.415/11) 
	0.5

	4
	Generation Transformer 2
	Transmission
	(0.415/11) 
	0.5


[bookmark: _Toc365584431]Table 14: Khodri DPH transformer details
[bookmark: _Toc360444475]

[bookmark: _Toc365584601]Khodri Power Station (4×30 MW)
The Power Station is located downstream of the Chibro Power Station and was commissioned in the year 1984. The Power Station draws water through a tunnel 5.6 km long and 7.5 m in diameter, directly from the collection gallery of the Chibro Power Station. The surface Power Station comprising 4 units of 30 MW each with Francis Turbine of 43,600 HP output is located on the banks of Yamuna. The outlet of the water from the Power Station is in river Yamuna, upstream of the Dakpathar Barrage. Design head of the Power Station is 57.9 m.
The operation of Chibro Power Station and the Khodri Power Station is another Engineering marvel. The tandem control scheme between Chibro and Khodri Power Stations is in operation since January, 1984 and is the first of its kind in the country which optimizes the utilization of water for generation besides maintaining the safety of both the stations in case of outages.
[bookmark: _Toc360444477]Salient features
	Installed Capacity   
	4x30 MW

	Type of Power Station
	Surface Run-of-River

	Commissioning Year
	1984

	Water Conductor System
	HRT

	Water Outlet
	Tail Race Channel

	Design Head
	57.9 m

	Design Discharge 
	200 m³/s

	Turbine Type
	Francis

	Turbine Output  
	43600 HP

	Generator Type 
	Umbrella

	Generator Output 
	31MVA

	Main Transformer  
	34 MVA 11/230 kV

	 Switchyard
	220 kV

	Design Energy
	345 MU 


[bookmark: _Toc365584432]Table 15: Salient features of Khodri power station
Khodri power station uses SF6 circuit breakers for its protection purposes. There are 5 numbers of SF6 CBs and 7 numbers of Air Blast Circuit Breakers are used in Khodri power station. In a typical SF6 CB the medium of arc quenching will be Sulphur Hexafluoride and in ABCB the arc quenching medium will be high pressure air. SF6 CBs are highly sophisticated devices than any other type of circuit breakers. SF6 is a non-inflammable gas which is having the superior arc quenching property and dielectric strength which is nearly three times of air which can interrupt much larger currents.
There are isolators of 220kV rating are incorporated with the system. Isolators are simple switching mechanisms. The type of isolator used in DPH is Tri Pole Manually Operated (TPMO) switch.
Other details are mentioned below.
	Sl.No.
	Incoming feeder
	Line

	1
	Dhakrani Power Station
	11kV

	2
	Diesel Power House
	11kV

	
	
	

	 Sl.No.
	Outgoing feeder
	Line

	1
	Mazri (H.P.)
	220kV

	2
	Rishikesh
	220kV

	3
	Chibro I
	220kV

	4
	Chibro II
	220kV

	5
	Saharanpur I
	220kV

	6
	Saharanpur II
	220kV

	7
	Dhakrani*
	132kV


[bookmark: _Toc365584433]Table 16: Khodri outgoing feeders
	Sl.No.
	Transformer
	Use
	Voltage Rating (kV)
	Rating (MVA)

	1
	4 × Power Transformer
	Transmission
	11/220
	34

	2
	Auto Transformer
	Transmission
	220/132
	100

	3
	Power transformer
	Sub Transmission
	132/33
	20


[bookmark: _Toc365584434]Table 17: Khodri transformer details
*From Dhakrani feeder 132kV is step-downed to 33kV and two feeders are sent to Diesel power station

Power station has 5 no.s of SF6 Breaker and 7no.s of Air Blast Circuit Breaker.
	Sl.No.
	Circuit Breaker

	
	SF6
	ABCB

	Mazri(H.P.)
	1
	X

	Rishikesh
	X
	1

	Chibro 1
	X
	1

	Chibro 2
	X
	1

	Saharanpur 1
	X
	1

	Saharanpur 2
	X
	1

	Dhakrani
	X
	1

	Generator 
	4
	X

	Bus Coupler
	X
	1


[bookmark: _Toc365584435]Table 18: Khodri Circuit Breaker details
[bookmark: _Toc365584602]Chibro Power Station (4×60MW)
Chibro hydro-electric power plant is a Run-of-River scheme with an underground Power Station. It was the first underground Power Station in the North India and was commissioned in the year 1975. The Power Station draws water from Ichari dam located on the river Tons, one of the major tributary of river Yamuna. 
Chibro Power Station is a unique engineering marvel in the country and was the first experience in carrying out tunneling in the Himalayan Thrust Zones, which was a challenge due to varied rock structure and strength and throws up unexpected challenges in the tunneling effort. The water from Ichari Dam is fed into the Power Station through a 6.2 km long Head Race Tunnel (HRT). The Power Station comprising of 4 units of 60 MW each with Francis turbines of 84,000 HP output, is housed in a rock cavern with the major challenge of maintaining fresh air and safety measures due to constraint of space. Design head of the HEP is 110m.
Salient features
	Installed Capacity
	4x60 MW

	Type of Power Station
	Underground Run-of-River

	Commissioning Year
	1975

	Water Conductor System
	HRT

	Water Outlet
	Collection Gallery

	Design Head
	110 m

	 Design Discharge
	200 m³/s

	Turbine Type
	Francis

	 Turbine Output
	84000 HP

	Generator Type  
	Umbrella

	Generator Output 
	63 MVA

	Main Transformer
	69 MVA 11/230 kV

	Switchyard
	220 kV

	Design Energy
	750 MU


[bookmark: _Toc365584436]Table 19: Salient features of Chibro power station


	Sl.No.
	Generator (60 MW)
	Rating (kVA)

	1
	4× ADV 254/95, BHEL, Bhopal
	63000/69300

	
	
	

	 Sl.No.
	Outgoing feeder
	Line

	1
	Khodri I
	220KV

	2
	Khodri II
	220KV


[bookmark: _Toc365584437]Table 20: Outgoing feeders
	 
	Sl.No.
	Transformer
	Use
	Primary/Secondary (KV)
	Rating (MVA)

	1
	4 × Power Transformer
	Generating
	11/220
	69


[bookmark: _Toc365584438]Table 21: Transformer details at Chibro
   



[bookmark: _Toc365584603]Dhakrani Power Station (3×11.25MW)
The Power Station is located on the downstream of the Dakpathar Barrage at a distance of 8 km on the Power Channel which takes off from the Barrage. The Power Station was commissioned in the year 1965. The surface Power Station comprises of 3 units of 11.25 MW each with Kaplan Turbines of 14300 HP output.  Water from Dhakrani Power Station feeds Dhalipur Power Station on its downstream side through the same Power Channel. Design head of the HEP is 19.8m.
Salient features
	Installed Capacity  
	3x11.25 MW

	Type of Power Station   
	Surface Run-of-River

	Commissioning Year
	1965

	Water Conductor System
	Power Channel

	Water Outlet
	Tail Race Channel

	Design Head
	19.8 m

	Design Discharge
	199.2 m³/s

	Turbine Type    
	Kaplan

	Turbine Output 
	14300 HP

	Generator Type 
	Umbrella

	Generator Output
	12.5 MVA

	Main Transformer
	12.5 MVA 11/132 kV

	Switchyard
	132 kV

	Design Energy   
	169 MU


[bookmark: _Toc365584439]Table 22: Salient features of Dhakrani


	Sl.No.
	Incoming feeder
	Line (kV)

	1
	2 × Dhakrani
	0.415

	
	
	

	 Sl.No.
	Outgoing feeder
	Line (kV)

	1
	Dhalipur
	132

	2
	Khodri
	132

	3
	Chibro I
	33

	4
	Chibro II
	33

	5
	Colony feeder
	11

	6
	Auxiliary feeder I
	0.415

	7
	Auxiliary feeder II 
	0.415


[bookmark: _Toc365584440]Table 23: Incomers and outcomers at Dhakrani
	 
	Sl.No.
	Transformer
	Use
	Primary/Secondary (KV)
	Rating (MVA)

	1
	3 × Power Transformer
	Generating 
	11/132
	12.5

	2
	3 × Power Transformer
	auxiliary
	0.415/11
	0.5

	3
	2 × Power Transformer
	Transmission
	132/33
	40

	4
	2 × Power Transformer
	Sub-transmission
	33/11
	3

	5
	2 × Power Transformer
	Auxiliary Supply
	11/0.415
	0.5


[bookmark: _Toc365584441]Table 24: Transformer details



[bookmark: _Toc365584604]Kulhal Power Station (3×10MW)
The Power Station is located on the downstream of the Asan Barrage at a distance of 4.5 km on the Power Channel which takes off from the Asan Barrage. The Power Station was commissioned in the year 1975. The surface Power Station comprising of three units of 10 MW each with Kaplan turbine is located on the Power Channel. The water from the tail race flows towards Khara Power Station in UP. Design Head of the HEP is 18m.
Salient features
	Installed Capacity   
	3x10 MW

	Type of Power Station
	Surface Run-of-River

	Commissioning Year
	1975

	Water Conductor System
	Power Channel

	Water Outlet
	Tail Race Channel

	Design Head
	18m

	Design Discharge 
	198 m³/s

	Turbine Type
	Kaplan

	Turbine Output  
	10.4 MW

	Generator Type 
	Semi-Umbrella

	Generator Output 
	11.1 MVA

	Main Transformer  
	12.5 MVA 6.6/132 kV

	 Switchyard
	132 kV

	Design Energy
	145 MU 


[bookmark: _Toc365584442]Table 25: Salient features of Kulhal power station


	Sr.No.
	Incoming feeder
	Line Voltage (kV)

	1
	2 feeders from Dhakrani
	11


[bookmark: _Toc365584443]Table 26: Incomers at Kulhal
	Sr.No.
	Outgoing feeder
	Line Voltage (kV)

	1
	Giribata
	132

	2
	Dehradun I
	132

	3
	Dhalipur
	132

	4
	Dehradun II
	132

	5
	Spare Feeder
	132


[bookmark: _Toc365584444]Table 27: Outcomers at Kulhal
	Sr.No.
	Transformer
	Use
	Voltage Rating (kV)
	Rating
(MVA)

	1
	3×Station Transformer
	Auxiliary Consumption 
	6.6/0.415
	0.500

	2
	3×Generation Transformer
	Transmission
	6.6/132
	12.5


[bookmark: _Toc365584445]Table 28: Transformer details of Kulhal


[bookmark: _Toc365584605]Dakpathar Sub-Station I
From Dhakrani two 33kV feeders are coming which are step-downed to 11kV in diesel power house and then sent to substation no.1 & substation no. 3, where it is step-downed to 0.415 kV and fed to various feeders which light up the whole Dakpathar.
The power station is equipped with 11kV isolators for the switching purposes and Air circuit breakers are incorporated for the protection. Air circuit breakers are appropriate selection for a typical 11/0.415 kV sub-station as it is cost effective for the given voltage and current rating. 
Details about the incoming feeders and outgoing feeders are given below.
	Sr.No.
	Incoming feeder
	Line

	1
	Grid/Diesel Power Station
	11kV


[bookmark: _Toc365584446]Table 29: Incoming feeders of Sub-station I
	Sr.No.
	Outgoing feeder
	Line(kV)

	1
	Office 
	0.415

	2
	Upper Yamuna Colony.
	0.415

	3
	Street light
	0.415

	4
	Inspection House
	0.415

	5
	Subordinate
	0.415

	6
	Khairwa Colony
	0.415

	7
	Nehru Market
	0.415

	8
	Kalsi Road
	0.415


[bookmark: _Toc365584447]Table 30: Outgoing feeders of sub-station I




	Sr.No.
	Transformer
	Use
	Primary/Secondary(kV)
	Rating(kVA)

	1
	Power Transformer
	Transmission
	11/0.415
	750

	2
	Power Transformer
	Transmission
	11/0.415
	800


[bookmark: _Toc365584448]Table 31: Details of transformers at sub-station I
[bookmark: _Toc365584606]Dakpathar Sub-Station III
	Sr.No.
	Incoming feeder
	Line

	1
	Dhakrani
	11kV


[bookmark: _Toc365584449]Table 32: Incomers at sub-station III

	Sr.No.
	Outgoing feeder
	Line(kV)

	1
	Hydel feeder
	0.415

	2
	Pump House
	0.415

	3
	DDD feeder
	0.415

	4
	C type feeder
	0.415

	5
	Yamuna feeder
	0.415

	6
	B.D. Feeder
	0.415


[bookmark: _Toc365584450]Table 33: Outgoing feeders at Sub0station III

	Sr.No.
	Transformer
	Use
	Voltage Rating(kV)
	Rating(kVA)

	1
	Power Transformer
	Transmission
	11/0.415
	630

	2
	Power Transformer
	Transmission
	11/0.415
	630


[bookmark: _Toc365584451]Table 34: Transformer details of Sub-Station III


[bookmark: _Toc365584607]Haripur Sub-Station
	Sr.No.
	Incoming feeder
	Line

	1
	2feeder from Dhakrani
	33kV


[bookmark: _Toc365584452]Table 35: Incomers of Haripur sub-station
	Sr.No.
	Outgoing feeder
	Line(kV)

	1
	Khadar
	11

	2
	Lakhwar1
	11

	3
	Kalsi
	11

	4
	Lakhwar2
	11

	5
	Station
	11


[bookmark: _Toc365584453]Table 36: Outgoing feeders of Haripur sub-station
	Sr.No.
	Transformer
	Use
	Primary/Secondary(kV)
	Rating
(MVA)

	1
	Power Transformer
	Transmission
	33/11
	3.15

	2
	Power Transformer
	Transmission
	33/11
	3.15

	3
	Power Transformer
	Auxiliary
	11/0.415
	-


[bookmark: _Toc365584454]Table 37: Transformer detailsof Haripur sub-station


[bookmark: _Toc365584608]Kulhal Sub-Station
	Sr.No.
	Incoming feeder
	Line Voltage (kV)

	1
	2 feeders from Dhakrani
	33kV


[bookmark: _Toc365584455]Table 38: Incomers of Kulhal sub-station
	Sr.No.
	Outgoing feeders
	Line Voltage (kV)

	1
	Outlet feeder
	11

	2
	Khara feeder
	11

	3
	Poanta Weir
	11

	4
	Barrage+Colony+Auxiliary
	11

	5
	Dhakrani via Dhalipur
	11


[bookmark: _Toc365584456]Table 39: Outgoing feeders of Kulhal sub-station
	Sr.No.
	Transformer
	Use
	Primary/Secondary(kV)
	Rating(MVA)

	1
	Power Transformer
	Transmission
	33/11
	1.5

	2
	Power Transformer
	Transmission
	33/11
	1.5


[bookmark: _Toc365584457]Table 40: transformer details of Kulhal sub0staion


[bookmark: _Toc365584609]Chibro Sub-Station
	Sl.No.
	Incoming feeder
	Line (kV)

	1
	2 × Dhakrani
	33

	
	
	

	 Sl.No.
	Outgoing feeder
	Line (kV)

	1
	Koti I
	11

	2
	Station feeder
	11

	3
	H.T. Room 1
	11

	4
	Outlet 2
	11

	5
	Saradi
	11

	6
	Outlet 1
	11

	7
	H.T. Room 2
	11

	8
	Koti II
	11


[bookmark: _Toc365584458]Table 41: Incomers and outgoing feeders of Chibro substation
	 
	Sl.No.
	Transformer
	Use
	Primary/Secondary (KV)
	Rating (MVA)

	1
	2 × Power Transformer
	Sub Transmission
	33/11
	1.5


[bookmark: _Toc365584459]Table 42: Details of transformers of Chibro sub-station


[bookmark: _Toc365584610]Dhakrani Sub-Station
	
	
	

	Sl.No.
	Incoming feeder
	Line (kV)

	1
	2 × Colony feeder
	11

	
	
	

	 Sl.No.
	Outgoing feeder
	Line (kV)

	1
	Chakrata 6
	11

	2
	Vikas Nagar
	11

	3
	Lakhwar 9
	11

	4
	Selaqui 1
	11

	5
	Selaqui 2
	11

	6
	Khara 4
	11

	7
	Khara 5
	11

	8
	BOC
	11

	9
	Lakhwar 8
	11

	10
	Sahaspur
	11

	11
	Chibro I
	11


[bookmark: _Toc365584460]Table 43: Outgoing feeders of Dhakrani sub-station



[bookmark: _Toc365584611][image: ]Appendix II: Combined SLD
[bookmark: _Toc365584612]Appendix III: AT&C Calculation
Calculation of AT&C loss consists of computation of billing efficiency and the commercial efficiency. Billing efficiency is calculated by dividing the energy sold from total energy input.
Total energy sold and the total energy input data has presented in the below given tables.
	Particular
	Total Input
	Unit

	Dakpathar
	11860564
	kWh

	Koti
	
	

	
	
	
	

	Particular
	Total  Unit sold
	Unit

	Metered Unit
	Billed Unit
	2509848.7
	kWh

	
	Others*
	2130480
	kWh

	Unmetered Unit
	Employee
	1332600
	kWh

	Total
	5972928.7
	kWh


[bookmark: _Toc365584461]Table 44: Total energy input to DDD
* Include energy unit at UJVNL office, street light, water supply, Barrage and Substation

Revenue collected, revenue billed and arrears for the FY2012 has given below.
	Revenue Billed/Collected

	 
	Revenue Collected (Rs.)
	Revenue Billed (Rs.)

	Apr-12
	612407
	418618.9

	May-12
	360878
	204341.5

	Jun-12
	469063.3
	583028

	Jul-12
	683355.85
	728176.13

	Aug-12
	473917.35
	234785.15

	Sep-12
	457309.5
	551883.85

	Oct-12
	503458
	225367.85

	Nov-12
	365345.5
	1115425.95

	Dec-12
	948300
	738730.9

	Jan-13
	660226
	1056578.05

	Feb-13
	342068
	263405.7

	Mar-13
	2123520
	1326271.65

	Total
	7999848.5
	7446613.63


[bookmark: _Toc365584462]Table 45: Revenue collected for FY 2012
	
Arrears in the FY 2012-13

	Ledger
	Apr-12
	Mar-13
	Difference

	1 (Jaypee Commercial)
	145685.01
	163273.97
	17588.96

	2 (Office and pump house)
	11421860
	11546933.7
	125073.7

	1 & 2 (Chakki & School)
	769971.15
	518686.47
	-251284.68

	3
	8271249.51
	8954746.41
	683496.9

	3 (Kulhal)
	28101.56
	43408.11
	15306.55

	4 (Dhalipur)
	99465.11
	81283.15
	-18181.96

	5 (Officers Colony)
	39612.45
	65545.75
	25933.3

	5  Dhalipur
	86347.684
	94612.06
	8264.376

	6
	59498.34
	67007.02
	7508.68

	6 (Koti)
	29393.2
	34956.33
	5563.13

	7 (Koti)
	24686.24
	28633.55
	3947.31

	8 (Tons colony)
	137030.82
	91084.37
	-45946.45

	9 (Tons Colony)
	188191.04
	181296.09
	-6894.95

	10 (Tons Colony)
	71787.15
	40390.15
	-31397

	12
	48506.92
	75754.48
	27247.56

	13 (Nehru Market)
	114012.29
	142607.74
	28595.45

	15 (new Yamuna Colony)
	313105.01
	278735.89
	-34369.12

	16
	21557.14
	45063.31
	23506.17

	17 (Old Yamuna Colony)
	48990.81
	102974.06
	53983.25

	18 (Old Yamuna Colony)
	300360.17
	291776.52
	-8583.65

	19 (Old Yamuna Colony)
	95323.48
	136396.65
	41073.17

	20 (LLC)
	40315.8
	46028.13
	5712.33

	21 (LLC)
	63175.76
	99297.332
	36121.572

	22 (LLC)
	6406.6
	5545.24
	-861.36

	23 (LLC)
	63765.1
	77412.68
	13647.58

	Sevanivrit Karamchari
	5249
	9258
	4009

	Total
	729059.818


[bookmark: _Toc365584463]Table 46: Arrears collected on FY 2012

Calculation of losses 
	Revenue Realized =
	Revenue Collected - Arrears (Rs.)
	7270788.682

	Collection efficiency =
	
	0.976
	97.64%

	Commercial Loss =
	1 – Collection efficiency
	0.024
	2.36%

	Billing Efficiency = 
	
	0.504
	50.36%

	AT&C = 
	(1-(Comm. η * Billing η))*100
	50.83%


[bookmark: _Toc365584464]Table 47: Calculation of losses


[bookmark: _Toc365584613]Appendix IV: Safety Survey
The questionnaire pattern followed for the safety survey has given below
Safety Awareness Survey of Dakpathar Distribution Division (UJVNL)
Name		: 					Dept. /Div.	:
Designation	:				     	Date		:
1. Does your organization have comprehensive disaster management plan?
a) Yes	
b) No
2. Which Law/Act cover the safety procedure aspects?
a) Electricity act 2003
b) Indian electricity rules 1956
c) Till new regulations under section 53 of electricity act 2003 is made, Indian electricity rule 1956 would be in force
3. Has your organization provided you safety manual/pocket book?
a) Yes
b) No
4. Have you ever gone training in first aid?
a) Yes
b) No
5. Electrical System in India are:
a) Solidly Earthed
b) Free Earthed
6. For good earthing, soil Resistivity should be
a) High
b) Low
7. Good earth resistance for distribution sub-station is
a) 2 OHM
b) 20 OHM
8. Moisture improve earthing
a) Yes
b) No
9. Earthing pits must be watered
a) Every day
b) Once in a 3 days
c) Once a week
10. If there is proper earthing, then there is no need for lightening arrester
a) Right
b) Wrong
11. Any fatal accident must be reported to electrical inspector within
a) 24 hrs.
b) 48 hrs.
c) 1 week
12. Proper earthing and use of insulated tools could avoid a majority of fatal accidents
a) True
b) False
13. The drill for firefighting must be repeated every
a) Month
b) Three months
c) Year
14. Due to electrocution, if the person is faint or pale or shows other sign of shock, lay the person down with the head slightly lower than the trunk of his or her body and the legs elevated.
a) Right 
b) Wrong
15. The minor’s burn must be cooled with
a) Running Water
b) Ice
c) Lard
d) Any one above
16. If the blister have formed due to burn, they must
a) Be left as it to avoid infection
b) Be broken and fluid should be removed before bandaging it
17. In case of fire dial
a) 100
b) 101
c) 102
18. To call ambulance dial
a) 100		b) 101		c)102	
For the further analysis of the survey the questions were divided into two parts. Part A was Disaster mitigation & management plan and Part B was safety procedures. For the analysis of the survey ‘Scaling technique’ was used. The responses were compared with the correct choice and for the correct response one point was given. Total points earned by each class of employee were found and compared with the scaled value to find under which category the employee awareness level falls.
Point scale has defined as follows.
	Poor
	Average
	Good
	Excellent

	0-25%
	25%-50%
	50%-75%
	75%-100%


[bookmark: _Toc365584465]Table 48: Scale for analysis
 

[bookmark: _Toc365584614]Appendix V: Legal Provision for Safety
Electrical energy is the most commonly used form of energy. One cannot imagine the life without electricity in modern society. Using electricity is very simple, but, little does one know about how electricity really works. Such a situation is not good because electricity is a good servant but a very bad master. It can cause instantaneous death, lifelong disability due to severe burns or devastating fires turning crores of rupees worth assets to, ashes.
It is, therefore, absolutely essential that one should know what precautions to take while using electricity.
[bookmark: _Toc365584615]Indian Electricity Act 2003
Various provisions in this Act in brief are given below:
Section 53 of the Act provides that "The Central Electricity Authority may in consultation with the State Government specify suitable measures for:-
a) Protecting the public (including the persons engaged in the generation, transmission, distribution or trading) from dangers arising from the generation, transmission, distribution or trading or use of electricity supplied or installation, maintenance or use of any electric line or electrical plant.
b) Eliminating or reducing the risks of personal injury to any person, or damage to property of any person or interference with use of such property.
c) Prohibiting the supply or transmission of electricity except by means of a system which conforms to the specifications as may be specified.
d) Giving notice in the specified form to the Appropriate Commission and Electrical Inspector, of accidents and failures of supplies or transmissions of electricity.
e) Specifying action to be taken in relation to any electric line or electrical plant, or any electrical appliance under the control of a consumer for the purpose of eliminating or reducing the risk of personal injury, or damage to the property or interference with its use.
Section 73(c) relates to CEA specifying the safety requirements for construction, operation and maintenance electric plants and electric lines.
Section 161 relates to reporting of accidents and inquiry of accident.
Section 162 deals with appointment of Chief Electrical Inspector and Electrical Inspector.
Section 185(1) is regarding repeal of the Indian Electricity Act, 1910, the Electricity (Supply) Act, 1948 and the Electricity Regulatory Commissions Act, 1998.
Section 185(2) (C) states that Indian Electricity Rules, 1956 made under Section 37 of the Indian Electricity Act, 1910 as it stood before such repeal shall continue to be in force till the regulations under Section 53 of this Act are made.
[bookmark: _Toc365584616]Indian Electricity Rules, 1956
In exercise of powers, conferred Section 37 of Indian Electricity Act 1910, Electricity Rules were made by Central Electricity Board. These Rules have been saved in the Electricity Act, 203 Section 185 and shall continue to be enforced till regulations/rules under Section 53 of the Electricity Act 2003 are made.
It is necessary consistent efforts are made to follow basic principles of safety at every stage of installation. These stages are:
1. Design and manufacture of basic components.
2. Planning and design of the tailor made systems.
3. Installation and Commissioning.
4. Operation
5. Maintenance
6. Updating vis-a-vis technology advancement.
[bookmark: _Toc365584617]Electrical Safety Procedures
THE INDIAN ELECTRICITY RULES, 1956 are briefly discussed below:
There are 143 rules in eleven chapters.
Chapter I: Preliminary rules 1 to 3
Rule 1. Short title and commencement
Rule 2. 'Definitions' of the terms used in the rules are given in this rule. The definitions given for different gradation of voltages are as follows:
Low Voltage			: Not exceeding 250 Volts.
Medium Voltage 		: 650 Volts
High Voltage 			: 33 kV
Extra High Voltage		: exceeding 33 kV
Rule 3. Special importance in Authorization; as per sub-rule (2-A). No person shall be •.”  Authorized to operate or undertake maintenance of any part or whole of a generating station of capacity 100 MW and above together with the associated substation unless he is adequately qualified and has successfully undergone the type of training specified in Annexure XIV of IE Rules, 1956.
Chapter II: Inspectors Rules 4 to 10
In these. Rules, the qualifications and powers of Inspectors and his assistants are mentioned. As per Rule 7, inspection fee to be paid for the services rendered by Inspector or his assistants.
Chapter III. License: Rules 11 to 28
The procedure for applying and obtaining licenses are explained in these rules.
Chapter IV. General safety precaution: - Rules 29 to 46
Rule 29: Construction, Installation, Protection, Operation and Maintenance Of electric supply lines and apparatus. All electric supply lines and apparatus shall be constructed; installed, worked and. maintained in such a manner as to ensure safety of personnel and property.
Rule 32: Identification of earthed and earthed neutral conductors and position of switches and cut outs. In .the double pole switches, link should be provided instead of fuse carrier on the neutral 
Rule 33: Earthed terminal on consumer's premises. Earth pits should be constructed and maintained strictly as per IS 732. The earth resistance of earth electrodes shall not exceed 5 ohms.
Rule35: Danger Boards as per I.S. 2551 should be affixed permanently in conspicuous position on every motor, generator, transformer and other electrical equipment.
Rule 44: Instruction for restoration of persons suffering from electric shock.
a) Instructions in English or Hindi or local language of the district [and where Hindi is the local language, in English and Hindi] for the restoration of persons suffering from electric shock, shall be affixed by the owner in a conspicuous place in every generating station, enclosed switched station etc.
b) Copies of the instructions shall be supplied on demand by an officer or officers appointed by the Central or the State Government in this behalf at a price to be fixed by the Central or the State Government.
Rule 44-A : Intimation of Accident: If any accident occurs to human being or animal, a telegraphic report within 24 hours of the knowledge of the occurrence of the fatal accident and a written report in the form set out within 48 hours of fatal and other accidents, should be sent to electrical inspector. Where practicable, a telephonic message should be given to the Inspector immediately.
Rule 46: Periodical inspection and testing of consumer's installation: - As per this rule, where an installation is already connected to the supply system of the supplier, every such installation shall be periodically inspected and tested at intervals not exceeding five years either by Inspector or any officer appointed to assist the Inspector or by the supplier as directed by Central Government. · .

Chapter V: General conditions relating to supply and use of energy. Rules 47 to 59
Rule 48: As per this rule, electrical installation works of a consumer should be carried out by a licensed contractor.
Rule 49: As per this rule, the insulation resistance should be above prescribed limit.
Rule 54: Declared voltage of supply to consumer. The supplier shall not permit the voltage, at the point of commencement of supply, to vary from the declared voltage:
1. In the case of low or medium voltage by more than 6%
2. In the case of high voltage, by more than 6% on the higher side and by more than 9% on lower side.
3. In the case of extra high voltage, by more than 10% on the higher side and by more than 12.5% on lower side.
Rule 55: Declared frequency of supply to consumer:
A supplier shall not permit the frequency of an AC supply to vary from the declared frequency by more than 3%.

Chapter VI: Electric supply lines, systems and apparatus for low and medium voltages:-Rules 60 to 62.
Chapter VII: Electric supply lines, systems and apparatus for high and extra high voltages:-Rules 63 to 73.
Rule 63: Approval by Inspector: The supply of energy shall not be commenced by the supplier unless and until the inspector is satisfied and the approval in written of the Inspector has been obtained.
Rule 71: Pertains to additional provisions of supply to high voltage luminous tube sign' installations.
Rule 72: Additional provisions for supply to high voltage electrode boilers.
Rule 73: Supply to x-ray and high frequency installation.
Chapter VIII: Overhead lines: Rules 74 to 93
Rule 76: Factor of safety for various supports shall be as under:
1. Metal supports					: 1.5
2. Mechanically processed concrete supports	: 2.0
3. Hand-moulded concrete supports		: 2.5
4. Wood supports				: 3.0
Rule 77: Minimum clearance above ground of the lowest conductors shall be as under:
Across a street:
a) For low and medium voltage lines	: 5.8 meters
b) For high voltage lines			: 6.1 meters
Along a street:
a) For low and medium voltage lines 	: 5.5 meters
b) For high voltage lines 		: 5.8 meters
Elsewhere 
a) For low, medium and high voltage up to 11 kV		: 4.6 meters.
b) For low, medium and high voltage up to 11 kV insulated 	: 4.0 meters
c) For high voltage lines above 11 kV. 				: 5.2 meters
d) Extra high voltage lines :5.2m + 0.3m for every 30kV
Rule 79: Minimum clearance from buildings of low and medium voltage lines and service lines.
a) Vertical clearance 	- 2.5 meters.
b) Horizontal clearance 	- 1.2 meters.
Any conductor less than the above clearance shall be adequately insulated and shall be attached at suitable intervals to bare earthed bearer wire having a breaking strength of not less than 350kg.
Rule 80: Clearance from buildings of high and extra high voltage lines.
1) Vertical clearance:
a) High voltage including 33kV	: 3.7 meters.
b) Extra high voltage 3.7meters plus 0.3m for every 33KV or part thereof.
2) Horizontal clearance:
a) High voltage up to 11 kV	: 1.2 meters
b) Voltage above 11 kV		: 2.0 meters
3) Extra high voltage lines 2.0 meters plus 0.3meters for every 33KV or part thereof.
Rule 90: Earthing
All metal supports and metallic fittings shall be permanently and efficiently earthed.
Each stay-wire shall be efficiently earthed or an insulator provided in it at a height not less than 3.0M from the ground.
Chapter IX: Electric Traction: Rules 94 to 108.
Chapter X: Additional precautions to be adapted in mines and oil fields.
Rules 109 to 132.
Chapter XI: Miscellaneous rules 133 to 143.
Rule 138. Penalty for broken seal
Rule 138A Penalty for breach of rule 44A
Rule 139 Penalty for breach of rule 45
Rule 140. Penalty for breach of rule 82
Rule 141 Penalty for breach of rules
Rule 142. Application of rules
Rule 143: Repeal.
Under this rule The Indian Electricity Rules, 1946 have been repealed: Provided that any order made, notification issued or anything done or any action taken under any of the said rules shall be deemed to have been made, issued, done or taken under the corresponding provisions of the rules.
[bookmark: _Toc365584618]Appendix VI: Safety Suggestions for Sub-Stations
Electricity is a clean form of energy, which can be transported from the source of supply to the place of usage. This inherent property of electricity is advantageous in minimizing the risk of fire. It has been accepted at large-scale even in potentially hazardous areas. Measures adopted for reliable operation invariably reduce the risk of fire. Therefore all possible precautions should be taken at the time of design to:
1. Eliminate potential sources of fire
2. Select adequately rated equipment’s for normal and abnormal duties.
3. Install, operate and maintain the equipment with in the limit of design.
4. Adopt arrangements necessary to limit the spread of fire as well as its control.
General Guideline:
1. All oil filled equipment such as transformers and switchgears should be located outdoors, indoor transformers and switchgears should be dry type.
2. Switch gears and transformers should be kept in separate areas.
3. Auxiliary room, Battery room and control room should be separate and located away from main power equipments. Two exits should be provided in the rooms where operating personnel work.
4. It is statuary requirement that companies and consumers switch gears should be separated by fire proof wall.
Elimination of Electric Fire Hazards:
Electrical faults caused by failure of insulation, improper earthing or any other snag in the system can ignite fire. The design approach should eliminate/minimize these causes. Insulation damage is caused by thermal stress, mechanical stress, moistures, dirt, and high voltage.
· To avoid thermal stress, we should choose equipment of suitable rating for expected duty.
· To minimize mechanical vibrations equipment should be installed on properly designed foundation.
· Idle equipments in humid areas should be kept warm by use of heaters,
· Lightening arresters should be installed to prevent high voltage search.
· To ensure the system is maintain with in desired limit of operation automatic voltage regulators should be used. Over voltage relays are used to isolate the equipments, which are subjected to excessive voltage then permitted.
· Guards are provided on transmission lines to prevent fault due to birds.
· Vermin proof enclosures should be used for indoor switchgears.
Insulation failure results in dissipation of large magnitudes of fault current at the place of fault. Therefore effective steps should be taken to limit the magnitude of fault currents as well as its duration.
· Reactors should be used in the power system network at places where fault levels are to be restricted.
· Use protective relays, circuit breakers and adequately rated fuses to minimize fire during fault. Protective relays provide first line of defence. The relays backed up by "Back Up" relays. Reliability measures are in inbuilt to ensure its correct operation when required.
The protective relays operates the circuit breakers, which in terms isolate the faulty equipment. Thus minimize fire risk.
Groundings:
· The ohmic value of the grounding main of electrical installation should be as low as possible.
· It is necessary to connect all ground points in the area grid by duplicate earth connections.
· Segregated non-current carrying metallic parts be electrically bonded.
· Since improper grounding give rise to voltage, which causes fire therefore, It is necessary, to keep, a record of the ground resistance value as well as the physical condition of the grounding mail.
Prevention of Hot Spots:
Over loading should not be, done as its causes insulation failure and fire therefore heat detector alarm system and protective relay should be used to alert and disconnect equipments before pre-set temperature reaches due to overload.
Maintenance Operating Procedures:
Besides following the routine maintenance practices prescribed for the equipments special diagnostic tests should be connected to detect incipient faults. High voltage testes, timing test, contact and insulation resistance measurements are some of these tests, monitoring the trend of the results of tests will enable to take out equipment and rectify them before the faults develop in serious troubles.
In polluted areas the insulators require frequent cleanings. Silicon grease is applied to insulators to reduce pollutions deposits. Operating instruction should be written taking in to count all anticipated normal and abnormal operating conditions. The safety tagging system should be adopted.
Interlocks must form part of the equipment designed to ensure that electrical equipments are put into and out of correctly.
Arrangements to limit spread of fire:
1. Switch Gears:
Switchgears cubicles should be divided in to high and low voltage part with complete separation. In addition of fire barrier should be provided between cable box compartment bus bars and the circuit breakers. Each cubicle should be completely isolated from the other by metallic partition. The bus bar trunking should also have fire barrier between compartments. The bus bars should be covered with insulating sleeves to avoid fault. When a fault interrupts gas products are debited away from the electrically live parts.
2. Cable Trenches:
The power cables and control cables should not be run in the same trenches. Alternating and direct current control cables should have separate cable. Armoured control cables are to be preferred as they minimize short circuits due to mechanical damage. The station grounding' conductors should not be run in the control cable trench. The cable trenches should be skirted and covered to avoid water collection in the trench.
3. Transformers:
Fault inside oil filled transformers, particularly at the bushing is a serious threat to fire. Measures should be taken to prevent the spread of fire to other areas are:
Soak pits should be made below the transformer tank and should be filled up with rubbles. The soak pit should be connected to a brunt oil tank located away from all the equipments to contain the excess oil in the soak pit.
The transformers should be segregated in separate enclosures preferably with fire resisting barriers.
The cable trenches should be blocked near transformers to prevent hot burning finding its way through the trenches to neighbouring equipment Transformer should be provided with automatic fire' suppression system i.e. emulsification.
FIRE FIGHTING EQUIPMENT
Substation should be provided with following Fire Fighting Equipment as per
TAC Rules and Indian Electricity Rules.
a) First Aid Fire Fighting Equipment
(1) Fire Buckets
(2) Fire Extinguishers
(3) Mechanical Form
(4) Dry Chemical Powder: 
(a) Sodium bi-Carbonate (BC) 
(b) Ammonium Phosphate Powder
(5) Carbon di oxide
b) Emulsifier
Fire Buckets are of 9ltrs capacity having round bottom with handle. These are painted white from inside and post office red colour from outside. Its bottom is painted black. ''FIRE'' is written on it. It is filled with sand.
Fire Extinguishers
Mechanical Foam Fire Extinguisher: It is a container of 91tr capacity. It contains 8.750, water and 0.250 Itrs foam forming agent. A gas cartridge is used to generate pressure inside the container to discharge the forms. It is .used on class 'B' type of fire.
Dry Chemical Powder Fire Extinguisher (Sodium bi Carbonate): These fire extinguisher are available in deferent sizes. It consists of the following main parts.
I. Cylinder
II. Cam Assembly with plunger
III. Gas Cartridge
Normally powder contains.
Sodium bi carbonate		97%
Magnesium stearate		1.5%
Magnisium carbonate		1%
Tri calcium phosphate		0.5%
It is used on 'B' & 'C' type of fire. It is especially suitable oil and electrical fire. 
Dry Chemical Powder Fire Extinguisher (Ammonium Phosphate): These fire extinguishers are available in deferent .sizes. These do not contain gas cartridge. Powder as well as gas is filled directly in the cylinder at predetermined pressure for the size.
These fire extinguishers are used on 'A', IB', IC' and Electrical fire.
C02 Fire Extinguisher: These fire extinguishers are available in different sizes. Liquefied gas is filled in it. When it is released, the liquid vaporises and rapid expansion lowers the temperature.' A part of the gas gets solidified in small particles. Cooling effect and reduction of oxygen extinguishes the fire
Fire Extinguishers
[image: ][image: ]

Notes:   
I. Even if premises are equipped with an automatic sprinkler installations, it is also necessary to have portable fire extinguishers as these may enable an outbreak to be extinguished before the automatic sprinkle comes into operation.
II. Portable foam, soda acid or water firefighting equipment is intended for non-electrical fires and shall not be used on electrical apparatus fires unless such apparatus has been made dead.

Emulsifier
It is a system of application of water at a particular angle on burning transformer oil. The system contains water tank and a pump room having a water pumping system i.e. main pump and jockey pump. The system is set at auto mode at predetermined temperature - normally 67 C, Emulsifier points automatically spray water at a particular angle on burning transformer oil. Thus fire gets extinguished. 
Requirement of fire extinguishers as per TAC recommendation One 9 Litres fire bucket shall be provided for every 100 mt of floor area or part thereof. One 9 Litres mechanical foam fire extinguisher I 5kg Dry powder fire extinguisher I
4.5 kg.C02 Fire Extinguisher should be provided to six buckets or part there department. Buckets may be dispensed with provided the supply of extinguisher is one and a half times as indicated here above.
Every substation should train its employees in firefighting. It should form its own firefighting team. Team should be given frequent mock drills. Duty of each member of the firefighting team should be written and circulated among the staff. A list of all employees with their contact number and home addresses should be displayed in the substation. Workers should also be provided first aid training. First Aid Box should be provided and a chart indicating the first aid to be given in case of electric sock should be displayed in the substation.

Cause of Fire:
Fire do occur in dry type transformers due to insulation failures of windings. Askarel-insulated transformer is very safe as the liquid used for insulation are non-flammable in nature. The cost of these transformers, however, is very high compared to other types.
Oil insulated type transformer are the most common and present the greatest fire hazard. Although during normal operation, the heat is efficiently dissipated, fires in oil insulated transformers can result due to abnormal condition caused by:
· Overload during switching or through lightning's surges.
· Gradual deteriorations of insulation, transformer oil etc.
· Low oil level itself
· Failure of insulating bushings
An arcing that follows an electrical breakdown can burn through the case or vaporize the oil, creating pressure sufficient to force off the cover or rupture the casing. Considerable burning oil may then be expelled and an intense fire/explosion may follow as it happened recently at a power station of U.P. state Electricity Board.
Safe Practices:
Many fire which frequently occur on transformers in operation all over the country can be easily prevented if established safe practices are followed by generating station and owners of such equipment. Such safe practice are stipulated in the Indian Standards, the rules of the TAG and in other codes of practice. The important safety precautions are the following:




· As far as possible transformers should be installed in separate fire resisting compartments.
· Automatic water spray systems to protect both outdoor and indoor transformer should be provided.
· Periodic checks for purity, breakdown voltage, acidity and ageing of products in the insulating oil must be carried out as per manufacturers' instructions or to relevant Indian standards.
Protection System:
Modern transformers, because .of ·their cost; sometimes in excess of a few crore of rupees, warrant special fire protection system. There is sufficient value in the thousands of gallons of oil and external attachments (e.g. fans, controls, tap changing equipment, instruments bushings, lighting arrestor) to justify some type of fixed fire extinguishing equipment. Fixed water spray systems are normally recommended for safeguarding transformers against fire hazards.
Water Spray System:
A solid stream of water discharged from a hose will not extinguish an oil fire as water, being heavier than oil, sinks to the bottom of the oil surface and in fact agitates the flame thus intensifying the fire.
It was discovered in the year 1932 that water released in fine drops and directed at the surface of an oil fire at an optimum velocity produces an emulsion of oil in water which will float and extinguish fire. As a result the emulsifier or water spray system came into use during 1933-36. Basically, the system consists of a number of nozzles located around the transformer on pipe' headers charged with water under pressure. A detection system that automatically detects the fire, also activates the spray system to release fine droplets of water all over the surface of the transformer. The practical location of the piping and nozzles with respect to the surface to which the spray is to be applied, or to the zone in which the spray is to be effective; is determined by the physical arrangement and protection needs. Once the criteria are established, the size (rate of discharge) of nozzles to be used, the angle of the nozzle discharge cone, and the water pressure needed can be determined.
Once the type of nozzle has been selected and the location and spacing to give the desired area coverage has been determined, hydraulic calculations are made to establish the appropriate pipe sizes and water supply requirement.
When water spray is to be used for fire protection of oil filled electrical equipment such as transformers and large switch gear, special care must be taken to provide safe electrical clearance.
Many factors govern the size of a water spray system, including the nature of hazards or combustibles involved, amount of type of equipment to be protected, adequacy of, other protection, and the size of the area which could be involved in a single tire.
Because most water spray systems must perform as deluge type systems with all nozzles or devices open and because a high density of water discharge is needed there is a heavy demand for water. Each hazard should be protected by its own system which should be adequate for dependable protection.
Water Supplies:
Fixed spray systems are usually supplied from one or more 'of the following:
Connections from a reliable water- works system of adequate capacity and pressure. Automatic fire pumps having reliable power and a water supply of adequate capacity and reliability. An elevated (gravity) tank of adequate capacity and elevation.
The capacity of pressure tanks generally is inadequate to supply water spray systems. Such tanks, however, may be accepted as water supplies to small systems.
Maintenance:
It is important that fixed water spray systems be inspected and maintained on a regularly scheduled program. Items such as strainers, piping, control valves, heat actuated device and the spray nozzles should be included in the schedule for regular check and maintenance.
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