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Technical Circular No.05/2022

Sub:- Provision of earth electrodes for equipments like CLS control panels,

service buildings, DG sets, water coolers, lifts and escalators etc.
%k %k k

At present for power maintenance equipments earthing in following SCR Drawing
No.SK.No.A3/10/M/R is used. As the earth electrode given in drawing is not as per CPWD
specification or CORE/ALD specification decided that the above SCR drawing is withdrawn with
immediate effect. For good quality electrodes, the following specification & drawing of CORE/ALD
shall be used for all feature stores/works procurement. At locations other than sub-station.

Drawing No.ETI-OHE-P-7021;

Specification No.TI_LKO(PSI/38/2020 Dt.235/08/21 or latest.
specification is enclosed as Annexure-A & B. For substations earth electrode of 4M length confirming
to RDSO drawing ETI/PSI/222-1 & RDSO Spec No.RDSO-TIOLKO(PSI)/38/2020 dated 25/8/21 to be
adopted. Copy of Drawing and spec enclosed as Annexure D & B.

Copy of the drawing and

Further, to get quality electrodes, decided that the earth electrodes shall be procured from
CORE/ALD approved sources only. List of CORE approved sources is enclosed as Anneuxre -C. In all
future estimates earth electrodes as per above drawing only shall be included. For works
tender/estimate rates, latest LOA from CPD/RE tenders may be obtained and adopted for all works
for which tenders not called but detailed estimates sanctioned also shall follow above earth
electrodes drawings as well as sources adopted including earth works sanctioned under Umbrella
works for quarter service buildings etc. For procuring through stores rates may be obtained from
any of the approved sources and indents placed for earth electrodes. No deviation for the above
drawings on the approved sources will be allowed. List of Core approved sources along with latest
drawing as well as specifications can be downloaded from CORE/ALD website or may be obtained

from CPD/RE/SC.

Encl: as above. (Few gise 39/Ch.S.Reddy)
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File No.SCR-HQOELEC(TECH)/6/2022-Dy.CEE/PLG/SCR

File No.RDSO-TIOLKO(PSI)/38/2020-O/o0 PED/TI/RDSO

Government of India, Telephone: 2465763 (0).
Ministry of Railways 42805(0ff.)
; 3 Research Designs & Standards Organisation, Fax : 91-0522-2465763
m Manak Nagar, Lucknow— 226 011 E-mail: dti.psi.rdso@gmail.com
File No. RDSO-TIOLKO(PSI)/38/2020 Date:25.082021.
To,

1. The Principal Chief Electrical Engineer,

(i) Central Railway, Station Building, Mumbai CST — 400 001.
i) Eastern Railway, Fairlie Place, Kolkata-700 001.

(iii) East Central Railway, Hajipur-844 101.

(iv) East Coast Railway, Bhubaneshwar-751 023,

(v) Northern Railway, Baroda House, New Delhi - 110 001.

(vi) North Central Railway, Allahabad-211 015,

(vii) North Eastern Railway, Gorakhpur-273 012.

(viily  North Frontier Railway, Mailgaon - 781 011.

(ix) North Western Railway, Jaipur — 302 017.

(x) Southern Railway, Park Town, Chennai- 600 003.

(xi) Sauth Central Railway, Railnilayam, Secunderabad-500 371.
(xii) South Eastern Railway, Garden Reach, Kolkata-700 043.
(xiii}  South East Central, Railway, Bilaspur-495 004.

(xiv)  South West Railway, DRM’s Office, Hubli-580 028.

{xv) Western Railway, Churchgate, Mumbai-400 020.

(xvi)  West Central Railway, Jabalpur- 482 001.

(xvii) Konkan Railway, Belapur Bhavan, Sector-11, CBD Belapur, Navi Mumbai 400614.

2. Chief Administrative Officer, CORE Allahanbad-211001

Sub: Revised Technical Specification for Earthing of Power Supply Installations for 25 & 2X25
Traction System.

Ref: (i) Final draft uploaded on RDSO website on 22.07.2021.
(i) Draft of the specification uploaded on RDSO website on 01.04.2021.

In continuation of the above references it is communicated that the revised Technical
Specification for Earthing of Power Supply Installations for 25 & 2X25 kV Traction System. i.e.
specification no. TI/SPC/PSI/ERTHNG/0210 has been issued by this office. Copy of the same has been
uploaded on the www.railsaver.gov.in and can be downloaded.

2. The said specification shall supersede the specification no. ETI/PSIf120 (02/91) with A&C slip no. D1.

Lt A

P ﬁ [a
(Gyan Prakash Katiyar
Director TI-3

For Di r General (TI

3. This is issued with approval of the competent authority.

Encl: NIL
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Specification No. TI/SPC/PSI/ERTHNG/0210

Technical Specification for Earthing of Power Supply Installations for 25
& 2X25 kV, AC 50 Hz, Traction System.

Revision history

Revision Specification no. Total pages Date of issue

g (including annexure)
First issue ETI/PSI/120 (02/91) 18 17.03.1992
Revision -01 Issue of A &Cslipsno. 1 02 20.10.1993
Revision - 02 TI/SPC/PSI/ERTHNG/0210 36 . 20.08.2021

Prepared by Checked by Reviewed by Approved by

val. | BN o bt T

"}Sﬁf%‘ )’\
R 03.08:2L | 22/e8/U
Designation SSE/SCADA DTI/3 ED/TI PED/TI
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1.0 SCOPE
1.1 This specification supersedes the specification no. ETI/PSI/120(02/91) with A&C slip no. 01.

1.2 This specification caters for general arrangements of earthing system and equipment earthing at
Traction Sub-Stations, Switching stations and Auxiliary transformer stations of 25kV as well as
2X25kV system. Low voltage (LT) electrical power distribution system, 25 kV overhead equipment
system as well as signal and telecommunication equipment do not come within the purview of this
specification.

1.3 Itis to be noted that “The Make in India Policy of Government of India shall be applicable.”
2.0 TERMINOLOGY

The following terms wherever occurring in this specification shall, unless excluded or repugnant to
the context, have the meaning attributed thereto as follows:-

2.1 Combined Earth resistance: The resistance of an earth electrode (s) with respect to earth, with the
earth electrode (s) connected in the metal work of electrical equipment other than parts which are
normally live or carry current and the masts/ structures but without connection with the traction
rail(s).

2.2 Earth: The conductive mass of the earth, whose electrical potential at any point is conventionally
taken as zero.

2.3 Earth Electrode: A conductor (mild steel (MS) pipe) or group of conductors in intimate contact with
and providing an electrical connection to earth.

2.4 Earthing Grid: A system of a number of interconnected, horizontal bare conductors buried in the
earth, providing a common ground for electrical devices and metallic structures, usually in one
specific location.

2.5 Equipment Earthing: Earthing of all metal work of electrical equipments other than parts which are
normally live or current carrying. This is done to ensure effective operation of the protective gear in
the event of leakage through such metal work, the potential of which with respect to neighboring
objects may attain a value which would cause danger to life or risk of fire.

2.6 Mesh Voltage (E mesh): The maximum touch voltage to be found within a mesh of an earthing grid.

2.7 System Earthing: Earthing done to limit the potential of live conductors with respect to earth to
values which the insulation of the system is designed to withstand and thus to ensure the security
of the system.

2.8 Step Voltage (E step): The potential difference between two points on the earth’s surface
separated by distance of one pace that will be assumed to be one metre in the direction of
maximum potential gradient.

2.9 Power Supply Installation: The electrical equipments and associated structures provided at a
Railway Traction Substation or Switching Station or Auxiliary transformer station on the 25 kV &
2X25kV overhead equipment.

2.10 Traction Rail — Traction Rail means a non-track circulated rail of a wired track, not required for
signaling purposes and which may be earthed. In non-track circulated sections, both the rails of a
wired track are traction rails and in single rail track circulated sections, the traction rail is the non-
track circulated rail

2.11 Touch Voltage (E touch): The potential difference between a grounded metallic structure and a
point on the earth’s surface separated by a distance equal to the normal maximum horizontal
reach of a person, approximately one metre.
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3.0 OBJECT OF EARTHING

The object of an earthing system is to provide as nearly as possible a surface under and around a
station which shall be at a uniform potential and as nearly zero or absolute earth potential as
possible. The purpose is to ensure that generally all parts of the equipment other than live parts
are at earth potential and that attending personnel are at earth potential at all times. Also by
providing such an earth surface of uniform potential under and surrounding the station, there can
exist no difference of potential in a short distance big enough to shock or injure an attendant when
short circuits or other abnormal occurrences take place. The primary requirements of a good
earthing system are:

i) It should stabilize circuit potentials with respect to ground and limit the overall potential rise.

ii) It should protect men and materials from injury or damage due to over voltage.

i) It should provide low impedance path to fault current to ensure prompt and consistent
operation of protective devices during ground faults.

iv) It should keep the maximum voltage gradient along the surface inside and around the
substation within safe limits during earth faults.

4.0 GOVERNING SPECIFICATIONS:

Assistance has been taken from the following standards/specifications in the preparation of this
code of practice:

i) 1S:3043- 2018 code of practice for earthing (latest edition).
ii) IEEE Guide for safety in AC substation grounding, IEEE standard 80- 2013.

5.0 TYPICAL VALUE OF EARTH RESISTANCE

At each power supply installation, an earthing system as specified in this specification shall be
provided. The combined resistance of the earthing system (with the connection to the running
rail(s) disconnected) shall be not more than the following values:-

SN Name of the Station The limit of combined earth resistance in ohms
1. Traction substation 0.5
2. Switching station 2.0
4. Auxiliary transformer station 10.0

6.0 EARTH ELECTRODES

6.1

6.2

6.3

The earth electrode shall normally be of mild steel galvanized perforated pipe of not less than 40
mm nominal bore, of about 4 m length provided with a spike at one end and welded lug suitable
for taking directly MS flat of required size at the other end. The pipe shall be embedded as far as
possible vertically into the ground, except when hard rock is encountered, where it may be buried
inclined to the vertical, the inclination being limited to 30 degree from the vertical. The connection
of MS flat to each electrode shall be made through MS links by bolted joints to enable isolation of
the electrode for testing purposes. A typical arrangement of an earth electrode shall be as per
Drawing number ETI/PSI/222-1 (Annexure-VI).

Earth electrodes shall be embedded as far apart as possible from each other. Mutual separation
between them shall usually be not less than 8.0 m (which is twice the length of the electrode).

If the value of earth resistance specified in clause 5.0 cannot be achieved with a reasonable
number of electrodes connected in parallel such as in rocky soil or soil of high resistivity, the earth
surrounding the electrodes shall be chemically treated. The earth electrode shall be surrounded in
an earth pit by alternate layers of finely divided coke, crushed coal or charcoal and salt at least 150
mm all round. Though substantial reduction in earth resistance can be achieved by coke treated
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electrode, yet as this method results in rapid corrosion not only of electrode but also of steel frame
work to which it is bonded, coke treatment shall be used only where absolutely necessary and such
electrodes shall not be situated within 8.0 m of other metal work.

6.4 In high embankments, it may be difficult to achieve earth resistance specified in clause 5.0 even
after chemical treatment of electrodes. In those locations, use of electrodes longer than 4 m so as
to reach the parent soil is recommended. Mutual separation between them shall usually be twice
the length of the electrode.

6.5 As far as possible, earth electrodes for Traction Sub-Stations/ Switching Stations shall be installed
within and adjacent to perimeter fence. At large sites, apart from securing a sufficiently low
resistance and adequate current carrying capacity a reasonable distribution of electrodes is also
necessary.

7.0 EARTHING ARRANGEMENT AT TRACTION SUBSTATION for 25kV & 2X25kV System (160kmph).
7.1 Earthing Grid.

7.1.1 An earthing grid is formed by means of bare mild steel rod of appropriate size as indicated in
clause 7.1.2 buried at a depth of about 600 mm below the ground level and connected to earth
electrodes. The connection between the earth electrode and the grid shall be by means of two
separate and distinct connections made with 75 mm x 8 mm MS flat. The connection between
the MS flat and the MS rod shall be made by welding, while that between the earth electrode
and the MS flats through MS links by bolted joints. The earth electrodes shall be provided at the
outer periphery of the grid as shown in Annexure-ll. As far as possible the earthing grid
conductors shall not pass through the foundation block of the equipments. All crossings between
longitudinal conductors and transverse conductors shall be jointed by welding. The transverse
and longitudinal conductors of the earthing grid shall be suitably spaced so as to keep the step
and touch potentials within acceptable limits; the overall length of the earthing grid conductors
shall not be less than the calculated length (refer Annexure- | & XI).

7.1.2 The size of the earthing grid conductor shall be decided based on the incoming system voltage
and fault level (refer Annexure | & Xl). The fault level considered shall take into account the
anticipated increase in fault current during the lifespan of the station. The size shall be as given

below.
SN System Fault level ( MVA) Diameter of the grid conductor
voltage (MSrod)in mm
(kV) (For 25kV and 2X25kV TSS)
1. 66 Upto 4000 32
above 4000 upto 5000 36
above 5000 upto 6000 40
2. 110 Upto 6000 32
above 6000 upto 8000 36
Above 8000 upto 10000 40
3. 132 Upto 7000 32
Above 7000 upto 10000 36
4, 220 Upto 12000 32
Above 12000 upto 16000 36
Above 16000 upto 20000 40
5. | For earthing grid at SP & SSP of 2X25kV System 32 mm Diameter of the grid conductor (MS
rod) is to be used.
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7.2 Buried rail.
7.2.1 A steel rail of section 52 kg/m (the one used for the railway track) and length about 13m shall be

7.2.2

7.3
7.3.1

7.3.2

buried near the track at the traction substation at a depth of about one metre to form part of the
earthing system. Two separate and distinct connections shall be made by means of 75 mm x 8
mm MS flat between the earthing grid and the buried rail. The buried rail shall also be connected
by means of two separate and distinct connections made with 75mm x 8 mm MS flat to the
traction rail(s) in a single - rail track circuited section and to the neutral point (s) of the
impedance bond(s) in a double - rail track circuited section.

In cases where the feeding post is located separately away from the traction substation, the
buried rail shall be provided at feeding post (where one terminal of the secondary winding of the
traction power transformer of the substation is grounded).

System earthing.

For Traction Power Transformers

(a) In case of25kV Traction System
One terminal of the secondary winding (25 kV winding) of each traction power transformer
shall be earthed directly by connecting it to the earthing grid by means of one 75mmX8mm
MS flat, and to the buried rail by means of another 75mmX8mm MS flat in case of
21.6/30.24MVA transformer. In case of 30/42MVA Transformer, two numbers 75mmX8mm
MS flat to be directly connected to earthing grid, and to the buried rail by means of another
two numbers 75mmX8mm MS flat.

(b) In case of 2X25kV Traction System with 38/53/63MVA Single Phase Dual LV Winding Traction
Power Transformer at TSS:
In these transformers there are two secondary windings. The inner terminals of these two
secondary windings are to be solidly connected to each other. This connection is to be
connected with two no. 75X8mm MS Flats. One MS flat is to be connected with Buried Rail &
another with the Earthing grid (Annexure-VIII).

(c) In case of 2X25kV Traction System with 60/84/100MVA Scott Connected Transformer at TSS:
At these TSSs, the autotransformer has been used. The neutral Bushing of this
Autotransformer is to be connected with two no. 75X8mm MS Flats. One MS flat is to be
connected with Buried Rail & another with the Earthing grid. (Annexure-IX)

One designated terminal of the secondary of each potential, current and auxiliary transformer
shall be connected to the earthing grid by means of two separate and distinct earth connections
made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case
of 2X25kV system.

7.4 Equipment earthing.

The metallic frame work of all outdoor equipments such as transformers, circuit breakers,
interrupters and isolators as well as steel structures shall be connected to the earthing grid by
means of two separate and distinct connections made with MS flat of size as indicated below;
One connection shall be made with the nearest longitudinal conductor, while the other shall be
made to the nearest transverse conductor of the grid.

SN | Equipment System Voltage and fault level Size of MS flat
For  25kV | For 2X25kV
system system
1. | Equipment on the | 66 kV, upto 3000 MVA 50 mm x 75 mm x
primary side of | 110 kV, upto 5000 MVA 6 mm 8 mm
traction power | 132 kV, upto 6000 MVA
transformer. 220 kV, upto 10,000 MVA
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66 kV, above 3000 upto 6000 MVA
110 kV, above 5000 upto 10000 MVA 75 mm x 75 mm x
132 kV, above 6000 upto 12000 MVA 8 mm 8 mm
220 kV, above 10000 upto 20000 MVA
2. | Equipments on
the secondary 50 mm x 75 mm x
side of traction 6 mm 8 mm
power
transformer.
3. | Fencing uprights 50 mm x 75 mm x
/steel structures 6 mm 8 mm
4. | Door/fencing 6 SWG G. |. Wires.
panels

Earthing inside control room.

An earthing ring shall be provided inside the control room by means of 50 mm x 6 mm MS flat in
case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. This earthing ring
shall be run along the wall on teak wood blocks fixed to the wall at a height of about 300 mm from
the floor level. The earthing ring shall be connected to the main earthing grid by means of two
separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system and
with 75mm X 8mm MS Flat in case of 2X25kV system. The earthing ring shall also be connected to
an independent earth electrode by means of two separate and distinct connections made with 50
mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV
system. The metallic framework of control and relay panels, LT AC and DC distributions boards,
battery chargers and such other equipments shall be connected to the earthing ring by means of
two separate and distinct connections made with 8 SWG galvanized iron wire. The connections
shall be taken along the wall and in recesses in the floor. All recesses shall be covered with cement
plaster after finishing the work. Connections between the MS flats shall be made by welding.

7.6 Earthing of SCADA/RTU Equipments

7.7

7.8

A separate earth electrode shall be provided as per clause 6.1 & 6.2 of this specification. The RTU
body/frame shall be suitably connected to this earth electrode using two no. 8SWG bare copper
wires. The earth Resistance of this electrode shall be between 2 ohm to 10 ohm or better,
depending upon the soil resistivity. This earth electrode shall not be connected to any other
earthing arrangement.

Earthing of lightning arrester.

In addition to the earth electrodes provided for the main earthing grid, an independent earth
electrode shall be provided for each lightning arrester. This earth electrode shall be connected to
the ground terminal of the lightning arrester as well as to the main earthing grid by means of two
separate and distinct connections made with 50mm x 6mm MS flat in case of 25kV system and with
75mm X 8mm MS Flat in case of 2X25kV system, for the LV side lightning arresters, and with 75 mm
x 8 mm MS flat for the HV side lightning arresters. The earth electrode shall be provided as close as
possible to the lightning arrester and the connections shall be as short and straight as possible
avoiding unnecessary bends. For lightning arresters provided for the traction power transformers,
there shall also be a connection as direct as possible from the ground terminal of the lightning
arrester to the frame of the transformer being protected; this connection shall also be made by
means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV
system and with 75mm X 8mm MS Flat in case of 2X25kV system, for LV side arresters, and with
75mm x 8mm MS flat for HV side lightning arrester.

Earth Screen.
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7.9

7.10

The area covered by outdoor substation equipments shall be shielded against direct strokes of
lightning by an overhead earth screen comprising 19/2.5 mm galvanized steel stranded wire strung
across the pinnacles of the metallic structures. The earth screen wires shall be strung at a height as
indicated in the approved traction substation layouts (not less than 2.5 m above the live
conductors) and shall be solidly connected to the traction substation earthing grid at each
termination by means of 50mm x 6mm MS flat in case of 25kV system and with 75mm X 8mm MS
Flat in case of 2X25kV system.

Earthing of fencing uprights and panels

Each metallic fencing upright shall be connected to the traction substation main earthing grid by
means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV
system and with 75mm X 8mm MS Flat in case of 2X25kV system. In addition, all metallic fencing
panels shall be connected to the uprights by means of two separate and distinct connections made
with 6 SWG G. I. wire. All the metallic door panels shall also be connected to the supporting
uprights by means of two separate and distinct connections made with 6 SWG G. I. wire.

Earthing at the point of 240 V ac 50 Hz supply for oil filtration plant.

The 240 V ac 50 Hz distribution board for power supply to oil filtration plant shall be connected to
the main earthing grid by means of two separate and distinct connections made with 50 mm x 6
mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system.

8.0 EARTHING ARRANGEMENT AT SWITCHING POST

8.1

For 25kV System:

(@) A minimum number of three earth electrodes (excluding the earth electrode provided
separately for control room and RTU equipments (refer clause 8.5 & 8.6) shall be provided at
each switching station, and they shall be interconnected by means of 50 mm x 6 mm MS flat
forming a closed loop main earthing ring. This ring shall be connected by two separate and
distinct connections made with 50 mm x 6 mm MS flat, to the traction rail in a single rail track
circuited section and to the neutral point of the impedance bond in a double-rail track circuited
section of the nearest track, so as to limit the potential gradient developing in the vicinity of
the switching station in the event of a fault.

(b) In addition to above earthing, separate earthing station of Buried Rail, near the switching posts
is to be provided as per the SMI No. TI/SMI/0032 Rev.02. (Annexure-X)

8.2 For 2X25kV System (Transformer capacity at TSSs: 38/53/63MVA or 60/84/100MVA):

(a) Earthing Grid at the SP/SSP is also to be prepared by taking the fault current of 12kA and
duration of 3 seconds. The Formula for the calculation is at Annexure-lI and sample calculation
at annexure-XIl. The Buried rail as mentioned in Para 7.2.1, is required to be provided at the
SP/SSP.

(b) Neutral of the Autotransformer installed at the SP/SSP also to be connected with two no.
75X8mm MS Flats. One MS flat is to be connected with Buried Rail & another with the Earthing
grid. The reference for the connection arrangement can be taken from Annexure-IX.

8.3 System earthing.

One designated terminal of the secondary of each potential, current and auxiliary transformer shall
be connected to the main earthing ring/earthing grid by means of two separate and distinct
connections made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS
Flat in case of 2X25kV System .
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8.4 Equipment earthing.

8.4.1 All masts, structures, fencing uprights and all outdoor equipment pedestals including auxiliary

transformer tank shall be connected to the earthing ring by means of two separate and distinct
connections made with 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X 8mm MS
Flat in case of 2X25kV system. All fencing panels shall be connected to the supporting uprights by
means of two separate and distinct connections made with 6 SWG G. |. wire. All the metallic door
panels shall be connected to the supporting uprights by means of two separate and distinct
connections made with 6 SWG G. I. wire.

8.4.2 The metal casing of potential and current transformers shall be connected to the mast/

structures by means of two separate and distinct connections made with 50 mm x 6 mm MS flat
in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system.

8.4.3 The ground terminal of lightning arrester shall be connected directly to the earth electrode by

8.5

8.6

9.0

means of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of
25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. The earth electrode shall
be so placed that the earthing leads from the lightning arrester may be brought to the earth
electrode by as short and straight a path as possible.

Earthing inside remote control cubicle.

An earthing ring shall be provided inside the remote control cubicle by means of 50 mm x 6 mm MS
flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. The earthing
ring shall be run along the wall on teak wood blocks fixed to the wall at a height of 300 mm from
the floor level. The earthing ring shall be connected to an independent earth electrode by means of
two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system
and with 75mm X 8mm MS Flat in case of 2X25kV system. The metal casing of LT, AC and DC
distribution board, battery chargers, terminal board and other such equipments shall be connected
to the earthing ring by means of two separate and distinct connections made with 8 SWG Gl wire.
The connections shall be taken along the wall and in recesses in the floor. All recesses shall be
covered with cement plaster after finishing the work. Connections of earth strips to each other
shall be made by welding.

Earthing of SCADA/RTU Equipments

A separate earth electrode shall be provided as per clause 6.1 & 6.2 of this specification. The RTU
body/frame shall be suitably connected to this earth electrode using two no. 8SWG bare copper
wires. The earth Resistance of this electrode shall be between 2 ohm to 10 ohm or better,
depending upon the soil resistivity. This earth electrode shall not be connected to any other
earthing arrangement.

EARTHING OF NEUTRAL OF LOCAL POWER SUPPLY SYSTEM

At traction substations and switching stations where power supply at 415 V/ 240 V, ac 50 Hz is
taken from the local supply authority and having neutral earth at some distant point in the
premises of the supply authority, the neutral of such supply shall also be earthed by means of two
separate and distinct connections made with 6 SWG Gl wire by connecting to an independent
earth electrode.

10.0 EARTHING ARRANGEMENT AT AUXILIARY TRANSFORMER STATION

10.1 The combined earth resistance at an auxiliary transformer station shall not be more than 10.0

ohms. Normally, one earth electrode is sufficient at each auxiliary transformer station. The earth
electrode shall be connected to the mast on which the auxiliary transformer is mounted by means
of two separate and distinct connections made with 50 mm x 6 mm MS flat in case of 25kV system
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and with 75mm X 8mm MS Flat in case of 2X25kV system. In addition, the mast shall be connected
to the nearest traction rail or to the neutral point of the impedance bond in a double rail track
circuited section by means of 50 mm x 6 mm MS flat in case of 25kV system and with 75mm X
8mm MS Flat in case of 2X25kV system.

10.2 The earthing terminal on the transformer tank shall be connected to the mast on which the
transformer is mounted by means of two separate and distinct connections made with 50 mm x 6
mm MS flat in case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. One
terminal of the secondary winding of the auxiliary transformer shall be connected to the earthing
terminal on the transformer tank and as well as to the mast by means of 50 mm x 6 mm MS flat in
case of 25kV system and with 75mm X 8mm MS Flat in case of 2X25kV system. These connections
shall be as short and straight as possible and avoiding unnecessary bends.

11.0 METHOD OF JOINTING

All the joints between the MS flats, MS rods or between MS flat and MS rod shall be made by
welding only. No soldering shall be permitted. For protection against corrosion. All the welded
joints shall be treated with red lead and afterwards thickly coated with bitumen compound.

12.0 PAINTING OF MS FLATS.

For protection against corrosion, all the exposed surface of earthing connections (MS flats) above
ground level shall be given all around two coats of painting to colour grass green, shade 218 of IS:5.

13.0 CRUSHED ROCK SURFACE LAYER.

At the traction substations and switching stations, a surface layer of crushed rock shall be provided
to a thickness of about 100mm. If considered necessary from the point of view of containing the
step and touch voltages within the acceptable limits, higher thicknesses may be provided
depending on calculation based on site conditions.

14.0 STEP AND TOUCH VOLTAGES

14.1 The formulae for calculating the tolerable touch and step voltages, estimated mesh and step
voltages, earth resistance, earth potential rise, size of earthing grid conductor and length of buried
grid conductor are given in Annexure-| & XI.

14.2 The design for earthing grid shall be done separately for each location depending on the conditions
obtaining and those foreseen.

15.0 REFERENCE DRAWINGS

The following drawings (latest versions) issued by RDSO in connection with this specification may
be used for reference:

SN Description Drawing No. Enclosed at

1. | Typical return current connection of buried rail at | ETI/PSI/0212-1 ANNEXURE-III
traction substation
2. | Typical earthing layout of sub sectioning and paralleling | ETI/PSI/201-1 ANNEXURE-IV

station
3. | Typical earthing layout of sectioning and paralleling | ETI/PSI/202-1 ANNEXURE-V
station
4. | Typical arrangement of an earth electrode ETI/PSI/222-1 ANNEXURE-VI
5. | Typical earthing arrangement of an auxiliary | ETI/PSI/708 ANNEXURE-VII

Transformer station
Note: Drawings as per the revision at the time of issue of specification are enclosed. The latest
version of the drawings should be followed.
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ANNEXURE-I

FORMULAE FOR CALCULATION OF EARTHING GRID BASED ON IEEE GUIDE FOR SAFETY IN AC
SUBSTATION GROUNDING, NO. IEEE 80-2013 & IS: 3043-2018

1.0 Tolerable Touch and Step Voltage

11 0.116
Etouch = (1OOO+1SCsps )T V (for 50 kg body)

1.2

0.116
Eqep = (1000+6C, p, )T V (for 50 kg body)
S
Where,
Symbol Representation
Cs
0.09 ( - pJ
B Ps
2xh, +0.09

Os Resistivity of surface material (crushed rock) in Q-m
P Resistivity of earth (Soil) in Q-m
ts Duration of shock current in seconds (to be taken as 0.5 seconds)
hs Thickness of the crushed rock surface layer in m

2.0 Estimated mesh and step voltage

2.1Emesh = M Volt
22Estep = pK K. Volt
L
Where,
Symbol Representation
Ki Correction factor for grid geometry, which accounts for the increase in current density

in the grid extremities, = 0.644+ 0.148 X N

le/L Average current per unit length of buried conductor in amperes / metre
Kin 9
1 D> (D+2h)" h | Kii 8
Km=—/In + —— [+—1n
27| |16hd  8Dd  4d | Kh z(2n-1)
Kii 1, for grids with earth electrodes along the perimeter, or for grids with earth electrodes

in the grid corners, as well as both along the perimeter and throughout the grid area.
1/ {(2n)®™}, for grids without earth electrodes or grids with only a few earth electrodes,
none located in the corners or on the perimeter.

Kh /71_'_ %0
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K
s 1|1 1 1 _
—|—+ +—(1—0.5n 2) for values of h between 0.25 and 2.5m
7z12h D+h D
ho 1 metre (reference depth of grid)
D Spacing between parallel conductors of grid in m (same spacing in both directions)
n N,x Nyx N x Ny
2.L
n, =——=:
Lp
N, = 1 for square grids
N, = 1 for square and rectangular grids
Ny =1 for square, rectangular and L-shaped grids
Otherwise
n, = L
4x \/K
(Since in Indian Railways, there are square or rectangular grids, other formulas of IEEE-
80 are not mentioned here)
Depth of earthing grid conductors in metres
d Diameter of earthing grid conductor in metres
Total length of earthing system conductor
Lc + Lr for grids without earth electrodes or with only a few electrodes located within
the grid but away from perimeter
Lc + 1.15 Lr for grids with earth electrodes along the perimeter
Lc Total grid conductor length in m
Lr Total earth electrode length in m
Lp Peripheral length of grid in m
p Resistivity of earth in Q-m
A Area of the grid in m®
I As defined in para 4.1 below.

Note: The estimated values of mesh and step voltage should be less than the tolerable touch and
step voltages respectively.

3.0 Earth resistance:

R, =0.443 2+ 2
L

Where,

JA

Symbol

Representation

L

Total length of buried conductors in m

A

Area occupied by the earthing grid in m”

g

Station ground resistance in ohms

R
o

Resistivity of earth (soil) in Q-m
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4.0 Earth Potential rise:

4.1 Earth potentialrise = Rg X Ig

Where,

Symbol

Representation

Re

Station earth resistances in ohms

ls

Cp xDfxlg

Cp

Corrective projection factors accounting for the relative increase of fault currents
during the station lifespan: for a zero future system growth Cp=1

g

r.m.s. value of symmetrical grid fault current in amperes.

Df

Decrement factor for the entire duration of faults (to allow for the effects of
asymmetry of the fault current wave).

1.0 for fault current duration of 0.5 second or more.

5.0 Size of earthing grid conductor

NN

80
Where
Symbol Representation
A Cross sectional area of earthing grid conductor in square millimeters.
I r.m.s value of fault current in amperes.
t Duration of fault current in second

To be taken as 01 second for the calculation of grid conductor size on the basis of HV
side Fault MVA.
To be taken as 03 second for the calculation of grid conductor size on the basis of LV

side fault current, which is 6kA for 25kV System and 12kA for 2X25kV System.

Note: -

(a) To allow for the effects of corrosion, the size of the grid conductor selected shall be such
that its cross section area is nearly twice that calculated above.
(b) The earthing grid conductor size to be calculated on the basis of both primary and secondary
side fault current and the higher between them should be selected for designing the grid.

6.0 Minimum length of buried grid conductor

L>

Where,

Km X Ki X p XlgVts

for E mesh < E touch
{116 + 0.174 Cs X ps}

Symbol

Representation

L

Minimum length of buried grid conductor including earth electrodes in metres.

t

0.5 second (assumed maximum duration of shock).

Cs, Km, Ki, p, I and p, have been defined earlier.
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Annexure -l

TYPICAL EARTHING GRID (MS ROD)
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Annexure- Il
ical return current connection of buried rail at traction substation, drawing no. ETI/PS1/0212-1
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Typical return current connection of buried rail at traction substation, drawing no. ETI/PSI/0212-1
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Annexure-lV

layout of sub sectioning and paralleling station Drawing No. ETI/PSI/201-1
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Annexure-V

Typical Earthing layout of sectioning and paralleling station, drawing No. ETI/PSI1/202-1

Typical Earthing layout of sectioning and paralleling station, drawing No. ETI/PSI/202-1
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Annexure-VI

Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1

Typical arrangement of an earth electrode Drawing No. ETI/PSI/222-1

Annexure- VII
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Typical Earthing arrangement of an Auxiliary Transformer station, Drawing No. ETI/PSI/708

Typical Earthing arrangement of an Auxiliary Transformer station, Drawing No. ETI/PSI/708
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Annexure-VIil

Connection arrangement to Buried Rail in TSS of V Connected Transformer
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Annexure-IX

Connection arrangement to Buried Rail of Autotransformer at Scott Connected TSS and at SP/SSP of
2X25kV system

© OF NEAREST RUNNING
BURIED RAIL TRACK
(13 90 Ibs RAIL )

75x 8
WS- FLAT —FENCING
25 KV SUPPORT N

INSULATOR

>~75 k8 M.S. FLAT
[¢))

75x8
M.S. FLAT
h
M
IFI
000}
& OF Autotransformer APPROX

L/IS%D OF

EARTHING GRID

NOTE
1. Connection arrangement of the Autotransformer of 2X25kV System to the Buried Rail and Earthing Grid.

2. This layout is for showing the connection arrangement of MS Flats. The dimension, orientation & locations
of MS flats to be decided as per TSS layout of the site, since there are different type of layouts as per the
site conditions.

3. For the details of 'D' and 'F' and other general details drawing no. ETI/PSI/0212-1 to be referred.
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Annexure-X

Government of India, Telephone: 2465763 (O).
Ministry of Railways 42805(0ff.) FElnUO |
Research Designs & Standards Organisation, Fax : 91-0522-2465763 o
By Manak Nagar, Lucknow- 226 011 E-mail :dti.rdso@gmail.com
gaie; ES Ao /arigeraiferdi14 feAeR; 26.02.2020

To,

The Principal Chief Electrical Engineer,

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(i)
(xii)
(xiii)
(xiv)
(xv)
(xvi)
(xvii)

Central Railway, Station Building, Mumbai CST - 400 001.
Eastern Railway, Fairlie Place, Kolkata-700 001.

East Central Railway, Hajipur-844 101.

East Coast Railway, Bhubaneshwar-751 023.

Northern Railway, Baroda House, New Delhi - 110 001.
North Central Railway, Allahabad-211 015.

North Eastern Railway, Gorakhpur-273 012.

North Frontier Railway, Mailgaon - 781 011.

North Western Railway, Jaipur — 302 017.

Southern Railway, Park Town, Chennai- 600 003.

South Central Railway, Railnilayam, Secunderabad-500 371.
South Eastern Railway, Garden Reach, Kolkata-700 043.
South East Central, Railway, Bilaspur-455 004.

South West Railway, DRM’s Office, Hubli-580 028.
Western Railway, Churchgate, Mumbai-400 020.

West Central Railway, Jabalpur- 482 001.

Konkan Railway, Belapur Bhavan, Sector-11, CBD Belapur, Navi Mumbai 400614.

(xviii) CAQ, CORE Allahanbad-211001.

frwg: e w@Rarg @i&r (SMI) &. T1/SMI /0032 Rev.02.

(Special Maintenance Instruction (SM1) no. TI/SMI/0032 Rev.02)

Fee: (i) This office letter no. TI/PSI/EARTHING/POLICY/14 dated 26.11.2019.

(i) Railway Board letter no, 2013/RE/161/122 dated 30.09.2019.

The draft the SMI No. TI/SMI/0032 Rev.02 was circulated to Zonal Railways vide this office letter
referred (i) above. Based on the comments received, Special Maintenance Instruction (SMI) no. TI/SMI/0032
Rev.02 (Provision of Buried Rail at Switching Posts with Conventional Earthing System) has been finalised by
this office and same is enclosed herewith for necessary action please.

This is issued with approval of the competent authority.

i e
fagers & s - 3
Fa) AR (& 38)

Heread: SMI No. TI/SMI/0032 Rev.02

wfafef: ED/RE, Railway Board, Rail Bhavan, New Delhi — 110 001
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TI/SM1/0032 , Effective from Special Maintenance Instruction for Setting up Page 10of 5
Rev.02 19.02.2020. Earthing station at switching Post

Government of India
Ministry of Railways

SPECIAL MAINTENANCE INSTRUCTION No.
TI/SMI/0032 Rev- 02
For
SETTING UP EARTHING STATION AT SWITCHING
POSTS (SSP & SP)

WITH CONVENTIONAL EARTHING SYSTEM

Issued By
Traction Installation Directorate
Research Designs & Standards Organisation
Lucknow —226011.

February, 2020
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TI/SMI1/0032 Effective from Special Maintenance Instruction for Setting up Page 2 of 5
Rev.02 19.02.2020. Earthing station at switching Post
1.0 INTRODUCTION

1.1 This SMI supersedes the SMI No. TI/SMI/0032 Rev.01 issued by RDSO vide letter no.

Ti/PSI/Earthing/Policy/14 dated 01.04.2014.

1.2 With advances in track technology the Rail is no longer at ground potential which has
been the assumption of existing Earthing Code ETI/PS!/120 & ETI/OHE/71. The structures
have been conventionally bonded to the Rail with belief that the structure would be
grounded through the Rail. Whereas, now Rail sees earth through the structures many-a-

times with increasing rail-formation insulation.

1.3 The immediate concerns which arise are the rising of Rail potentials, affect on the
efficacy of existing protection scheme and safety of Rail vehicles. Thus, it is decided to
create Earthing stations at a place near the Switching Posts (SP/SSP). Idea is to create a

positive, strong and deliberate earth connection to improve system resilience.

1.4 The SMI No. TI/SMI/0031 Rev.01 was discussed in the 30" MSG (TRD) held at Mount
Abu on 13" & 14™ April 2018 and 31% MSG (TRD) held at Somnath on 08" & 09"

November 2019. The group deliberated for the revision of SMI.

2.0 REFERRE CUMENTS

SN Document Description Number

1 Specification Code for Bonding and Earthing for 25 kv, a.c., 50 ETI/OHE/71
Hz Single Phase Traction System.

2, Specification Code of Practice for Earthing of Power Supply | ETI/PSI/120
Installations for 25 kv, ac, 50Hz, Single Phase
traction System.

3. Specification Specification for Exothermic Welding (Connection | TI/SPC/OHE/EXOTHR
for Bonding, Earthing /Grounding) MBOND/0100

(04/10)

4. Specification Specification for Stainless Steel fasteners for 25kV | TI/SPC/OHE/FASTNE
AC Traction Overhead equipment RS/0120 rev.01

5. Drawing Earthing Station ETI/OHE/P/7020

6. Drawing Typical Earthing Layout at Feeding Station ETI/PSI/203

74 Drawing Typical return Current connection to Buried Rail at | ETI/PSI/0212-1
132/25 kV Traction Sub Station

8. Drawing Return Current Connection to the Sub Sectioning | ETI/PSI/0201-1
and Paralleling Post.

9. Drawing Return Current Connection to the Sectioning and | ETI/PSI/0202-1
Paralleling Post.

3.0 It may be noted that in conventional electrification which uses a running Rail for return
circuit, one end of Transformer’s secondary is connected to this Earthing system, thereby
making full traction current flow through this system. It may be further noted that full load
current would not necessarily take: Running Rail>Buried Rail>Transformer. Some current

can as well get to the transformer from Earth Electrode>Earth Grid>Transformer.

4.0

Existing Arrangement for Earthing the Tracks

There are no direct earth connections except at the Feeding posts. The design philosophy
assumes that the Rails are naturally at ground potential and the structures get earthed by

connection to the Rails.

Present connection at Feeding Post has been described in RDSO Drawing No. ETI/PSI/203.

The following are main components of the present Feeding Post Earthing Station:-

V3
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4.1 BURIED RAIL: Acts as maintenance free Earth Bus.

4.2 EARTHGRID: Connects various ground Electrodes and reduces the possibility of higher Step
Potential.

4.3 EARTH ELECTRODES: Couples the Buried Rail to parent earth and hence bringing down the Earth
potential.

5.0 | F THE EARTHING STATION

Two Earthing Stations near the Switching Station, one on either side of the UP and DN track,
shall be provided. For multi track system [i.e. Block Sections having more than two tracks
(UP & DN track)], separate Earthing Station for each track shall be provided.

5.1 GENERAL ARRANGEMENT

Preferably Rail or TRD mast (all type) of length more than 9 m shall be used to create an
Earth station. The released Rails/TRD Masts should always be preferred. Two Earth
Electrodes shall be provided at each end of the Buried Rail as per RDSO Drawing No.
ETI/OHE/P/7020. Thus the Buried Rail would be configured as Earth Bus.

5.2 DESIGN

A trench, of size about 0.6 m x X’ m, with a depth of about 1 m from the ground level shall
be dug on the track side. ("X’ should be more than 2 m of the length of the Rail/TRD mast
used)

5.2.1 At a distance of about 1.5m + 0.5 m, from either ends of the Buried Rail, two 13 mm @ holes
are drilled for connection to earth pits. 02 more holes at 1.5m + 0.5 m from the above holes
to be drilled for connection to track.

5.2.2 Two electrodes shall be provided as per RDSO Drawing No. ETI/OHE/P/7020 at a distance of
1.5mx1.0m on both ends. Earthing shall be provided as described in RDSO Drawing No.
ET1/PSI/0212-1 and mentioned at page no. 4 & 5 of this SMI. Gi flats are preferably to be
used for earthing, in view of longer life, but in case of non-availability of Gl Flats, standard
MS Flats can be used after painting them with two coats of Aluminium paint. Subsequently
the word Gl Flat will mean both the above methods.

5.2.3 Preparation of Earth Bus (Buried Rail)

5.2.3.1 The Rail (this nomenclature includes masts as mentioned in Para 5.1), duly prepared, shall
be lowered in to the trench.

5.2.3.2 The connection between the Buried Rail and Earth Electrodes of respective Earth Pits on
both sides shall be done through 75 x 8 mm GI Flats, by using 20 mm @ Stainless Steel
bolts as mentioned at page no. 4&S5 of this SMI.

5.2.4 Preparation of Running Rail

Holes are drilled on the web of running Rail and connection to be made as mentioned on
page no. 4&S5 of this SMI.

5.2.5 Connection between the Running Rail and Buried Rail

Connections between the Running Rail and the Buried Rail are made with two Gl Flats of
size 75 x 8 mm, connected with Buried Rail with 20 mm Stainless steel bolts, as per RDSO
Drawing No. ETI/PSI/0212-1 and to the Running Rail with M-12 Bolt, as mentioned at page
no. 4&S5 of this SMI.
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6.0 nnection ngement of the Running Rail — Buried Rail — Earth Electrode

* For detail of ‘X’ refer page no. 05 of this SMI.
* For detail of ‘F’ refer RDSO Drawing no. ETI/PSI/0212-1
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A 4 T il DN LINE
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7.0 The Earth electrode shall be made as per Drawing No. ETI/OHE/P/7020.

8.0 For Buried Rail Drawing No. ETI/PS1/0212-1 to be referred.

9.0 Schedule of materials:

=

Ref: Description Quantity
1 Above 9 m long rails or TRD masts. 02 Nos.
2. Galvanised Iron Flats of 75mm X8 mm as required
3. M-12 Bolts (Stainless steel) 04 Nos
4, Plain washer 04 Nos
S. Lock washer (Spring steel) 04 Nos
6. Nuts 04 Nos
7 M-20 Bolts (Stainless steel) 16 Nos
(for connection of Gl flat to buried rail)
8. Earth electrode as per RDSO Drawing no. ETI/OHE/P/7020 04 Nos

4 o ok o ke ol ok ok ok ook

\3b

Annexure-XI
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Sample Calculation for the Design of Earthing Mat for a_TSS

(Note: This calculations is for example with assumed values, actual site values are to be taken for
the actual calculations)

Data assumed for calculations:

a. Resistivity of earth (Soil) in (p) 40 Q-m

b. Incoming Voltage 132kV

C. Fault Level at incoming side (i.e. 132kV side) 7000 MVA

d. Fault Current on primary side, |, (7000)/(v3 X 132) = 30618A
e. Grid Dimensions 100m X 50m, Area = 5000m?>
f. Resistivity of surface material (crushed rock), p; | 3000 Q-m

g. Thickness of the crushed rock surface layer, hs 0.1m

h. Depth of Earth mat, h 0.6m

i Reference depth of grid, h, 1.0m

Standard Values to be taken:

a. | Duration of Fault current,t | ¢ To be taken as 01 second for the calculation of grid
conductor size on the basis of HV side fault current.

e To be taken as 03 second for the calculation of grid
conductor size on the basis of LV side fault current.

0.5 second for determining the Tolerable touch and step

potential

b. | Resistance of the Main 0.5 Q (maximum) for TSS

Earthing Mat

Step 1: Diameter of the grid MS rod size calculation (d):

(i) Onthe basis of HV side fault current i.e. 30618A for 01 second,

ae Wt
80

By taking 100% margin factor due to corrosion, required area = 2 x 382.724 = 765.44 mm’
So, required conductor dia= V(765.44/3.14) x 2 = 31.22mm

= (30618 x V1)/ 80 = 382.724 mm’

(i) Onthe basis of LV side fault currenti.e. 6kA for 3 seconds,

IVt

A= 0 = (6000 x V3)/ 80 = 129.9 mm”

By taking 100% margin factor due to corrosion, required area = 2 x 129.9 = 259.8 mm”
So, required conductor dia= v(259.8/3.14) x 2 = 18.19mm

Higher between (i) & (ii) above is 31.22 mm. Now, considering the Para 7.1.2 of the
specification, 32mm Diameter grid conductor is to be used.

Step 2: Tolerable Step & Touch Potential

E.. = (1000+1.5C, ps)%

touch —
AY; ts
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Where, Cs = 0.09 x [1— 'DJ =0.694
Ps

2xh, +0.09

Etouch = {(1000+ 1.5 x 0.694 x 3000)} x {(0.116) /(v0.5)}

=676.220V

0.116

I

Estep = {(1000+ 6 x 0.694 x 3000)} x {(0.116) /(v0.5)}

E.., = (1000+6C,p,)

step

=2212.735V
Step 3: Design of Grid
Grid layout = 100m X 50m
Assumed spacing between earth grid conductors (D) = 5m

So, No. of Vertical rods in earth mat N, = (100/5) = taken as 20 and No. of Horizontal rods in
earth mat N, = (50/5) = Taken as 10

Total length of earthing system conductor (L)

= Lc + 1.15 Lr for grids with earth electrodes along the perimeter
Lc=100x 10 + 50 x 20 = 2000m

Assuming no. of earth electrodes = 70

So,Lr=4X70=280m (4m length of earth electrode)

Total length of Earth conductor = 2000 + 1.15 x 280 = 2320m

Step 4: Grid resistance:

R, =0.4432 + 2
JA L
Rg = {0.443 x (40/v5000)} + (40/2320)
=0.268 Q
Step 5: Maximum Grid Current (Ig)
leg=Cpx Dfxlg
=1x1x30618 =30618A

Step 6: Earth Potential rise

=Rgx lg
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=0.268 x 30618 = 8200V

Step 7: Estimated mesh and step voltage

Estimated mesh voltage
PKyKilg
L

K; = 0.644+ (0.148 X n)

E mesh =

n - nax nbx ncx nd

=13.33X1.02x1x1=13.73

Ki =0.644 +(0.148 x 13.73)

Ki=2.676
2 (D+2h) i
Km=l In D +( )—h +K"In 8
27 16hd 8Dd 4d Kh  7z(2n-1)
Kh = 1+ P, =12649,Ki=1,n=13.73, D=5m, d=.032m, h=0.6m

Thus, Km = 0.409607
Now, E mesh = (40 x 0.409607 x 2.676 x 30618)/(2320)
=578 V (Which is less than 676.22 V, tolerable mesh voltage)

Estimated step voltage

E step = —p'KS'Ki'IG \Y
L

1{1 1 1
Ks =

—+ +—(1—0.5”‘2) =0.385938
2h D+h D

T
Estep = (40 x 0.3859 x 2.676 x 30618)/(2320)

=545V (Which is less than 2212.735 V, tolerable step voltage)

Estimated Touch Voltage is less than Tolerable Touch Voltage and Estimated Step
Potential is less than Tolerable Step Potential, Thus design is safe.
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Annexure-Xll

Sample Calculation for the Design of Earthing Mat for TSS, SP & SSP of 2X25kV System

(Note: This calculations is for example with assumed values, actual site values are to be taken for
the actual calculations)

Data assumed for calculations for TSS:

a. Resistivity of earth (Soil) in (p) 40 O-m
b. Incoming Voltage 132kV
C. Fault Level at incoming side (i.e. 132kV side) 7000 MVA
d. Fault Current on primary side, |, (7000)/(v3 X 132) = 30618A
e. Grid Dimensions 100m X 50m, Area = 5000m?
f. Resistivity of surface material (crushed rock), p; | 3000 Q-m
g. Thickness of the crushed rock surface layer, hg 0.1m
h. Depth of Earth mat, h 0.6m
i Reference depth of grid, h, 1.0m
Data assumed for calculations for SP &SSP:
a. | Resistivity of earth (Soil) in (p) 40 Q-m
b. | Fault Current to be taken 12000A
c. | Grid Dimensions 50m X 30m, Area = 1500m?
d. | Resistivity of surface material (crushed rock), ps 3000 O-m
e. | Thickness of the crushed rock surface layer , hg 0.1m
f. | Depth of Earth mat, h 0.6m
g. | Reference depth of grid , h, 1.0m

Standard Values to be taken:

To be taken as 01 second for the calculation of grid

conductor size on the basis of HV side fault current.

e To be taken as 03 second for the calculation of grid
conductor size on the basis of LV side fault current.

0.5 second for determining the Tolerable touch and step

potential

0.5 Q (maximum) for TSS

2.0 Q (maximum) for SP & SSP

a. | Duration of Fault current , t | e

b. | Resistance of the Main
Earthing Mat

Step 1 : Diameter of the grid MS rod size calculation (d):

(i) On the basis of HV side fault current i.e. 30618A for 01 second, (by assuming Fault MVA
7000MVA at primary side)

Wt
80

By taking 100% margin factor due to corrosion, required area = 2 x 382.72 = 765.44 mm’
So, required conductor dia= V(765.44/3.14) x 2 = 31.22mm

A= = (30618 x V1)/ 80 = 382.72 mm’

(i) Onthe basis of LV side fault currenti.e. 12kA for 3 seconds,

Diameter of the grid MS rod size calculation (d):
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A= WU (12000 x v3)/80 = 259.8 mm’
80

By taking 100% margin factor due to corrosion, required area = 2 x 259.8 = 519.6 mm?
So, required conductor Dia= V(903.68/3.14) x 2 = 25.73mm

Higher between (i) & (ii) above is 31.22 mm. Now, considering the Para 7.1.2 of the
specification, 32mm Diameter grid conductor is to be used at the TSS. Considering the
uniformity in the size of the buried grid conductor, at the SP & SSP of 2X25kV system also 32mm
Diameter grid conductor is to be used.

A Sample calculation for the TSS is already given at Annexure-XIl. Therefore, for the SP &SSP the
calculation is mentioned below:

Sample calculation for SP & SSP of 2X25kV is given as below:

Step 2: Tolerable Step & Touch Potential

0.116

N

0.09x[1—”]
Where, Cs = 1 — Ps - 0.694

2xh, +0.09

E.ouen = (1000+1.5C, p,)

touch —

Etouch = {(1000+ 1.5 x 0.694 x 3000)} x {(0.116) /(v0.5)}

=676.220V

0.116

N

Estep = {(1000+ 6 x 0.694 x 3000)} x {(0.116) /(v0.5)}

Estep = (1000 + 6CSpS)

=2212.735V
Step 3: Design of Earthing Grid
Grid layout = 50m X 30m
Assumed spacing between earth grid conductors (D) =5m

So, No. of Vertical rods in earth mat N, = (50/5) = 10 and No. of Horizontal rods in earth mat
N, =(30/5) =6

Total length of earthing system conductor (L)
= Lc + 1.15 Lr for grids with earth electrodes along the perimeter
Now, Lc =50x 6 + 30 x 10 = 600m

Assuming no. of earth electrodes = 10
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So,Lr=4X10=40m (4m length of earth electrode)
Total length of Earth conductor = 600 + 1.15 x 40 = 646m

Step 4: Grid resistance

R, =04432 + 2
L

JA
Ry = {0.443 x (40/v1500)} + (40/637)
=0.520

Step 5: Maximum Grid Current (Ig)

lg=CpxDf xlg

=1x1x 12000 = 12000A

Step 6: Earth Potential rise

=RgX lg

=0.52 x 12000 = 6240V

Step 7: Estimated mesh and step voltage

Estimated mesh voltage

Emesh= P-KuKilg
L
K, = 0.644+ (0.148 X n)

=N, x Nyx N x Ny

=75X101x1x1=7.6

Ki =0.644 +(0.148x7.6) = 1.77

1 D2 (D+2h)° h ) Kii 8
In + — + In

Km =
27T 16hd 8Dd 4d Kh 7r(2n —1)
h
Kh = 1+ AO =1.2649, Kii=1,n=7.6, D=5m,d=.032m, h=0.6m
Thus, Km = 0.49

Now, E mesh = (40 x 0.49 x 1.77 x 12000)/(646)

= 644V (Which is less than 676.22 V, tolerable mesh voltage)
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Estimated step voltage

PR Kilg
L

E step =

Ks =

11, 1 +1(1—0.5”*2) =0.38
2h D+h D

T
Now Estep = (40 x 0.38 x 1.77 x 12000)/(646)

=500V (Which is less than 2212.735 V, tolerable step voltage)

Estimated Touch Voltage is less than Tolerable Touch Voltage and Estimated Step
Potential is less than Tolerable Step Potential, Thus design is safe.
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ENGINEERING INDUSTRIES UNIT 1I-
RAIPUR
(ID- 97354)

Regd Add. : Plot No. 156/1,
157/1,160 and 161, PH- 101, New
Patharidih, Urla, Raipur
Raipur,Chhattisgarh - 492001, India

M/s TAG CORPORATION-CHENNAI
(ID- 1033964)

Regd Add.: No: 91, Thiruneermalal

Current status since - before
01/01/2020

ICF Mathura_

515 Building Material  Complex

Sie- A, Incustrial Area

Mathura,Uttar  Pracdesh 281004,

India

Current status since - before
- 01/01/2020

MIPL

Plot No. 196/1 and 2 Village -

Gonde Dhumla MIDC Gonde, Taluka
Igatpuri Nashik,Maharashtra -

422403, India

Current status since - before

01/01/2020

NIKE
Plot No. 279/2 Ganeshpur Tarna
Varanasi,Uttar Pradesh - 221003,
India
Current status since - 18/11/2021

NSSA

P-280, Banaras Road, Belgachia,
P.O.  Netajigarh  HowrahWest
Bengal - 711108, India
Current status since
01/01/2020

- before

Royal

NH-6, Bombay Road, Dhulagari,
Sankrail Howrah,West Bengal -
711302, India

Current status since
01/01/2020

- before

SAEl/II

(Unit-11), Plot No. 156/1, 157/1, 160
& 161, New Patharidih, Urla
Raipur,Chhattisgarh - 492001, India

Current status since - Dbefore
01/01/2020

TJAG.

Shed No. 4 & 5, SIDCO Industrial
Estate, Thirumudivakkam
Chennai, Tamil Nadu - 600044, India

®
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Road,  Chromepet  undefined
Chennat, Tamil Nadu - 600044, India

/s TRANSMISSION — 1INg
PRODUCTS-KOLKATA
(1D~ 5692)

Regd Add. : 102 Central Plaza 2/6
Sarat  Bose Road  Kolkata,West
Bengal - 700020, Incha

File No.SCR-HQOELEC(TECH)/6/20 :

Current status since - 01/02/2022

JLP-H
NH-6, Sankrail Industnal Park P.O.
Dhulagarh, PS- Sankrail

Howrah West Bengal - 711302, India

Current status since - 23/09/2020

_ﬁ ltem  ID: 4200025049, Eath  Electrode
Spec: T1_5PC_OHE_Fittmas_0130_with A_C_Shp_No_1, ETI-OHE-12 {4-84)

may 2018, Drw: £T1 PSI 222, STR: CORE 5TR-20, ( Total Vender Count:

8)

Approved vendons ( Vendor Count: 8)

M/s  AUMNI  TRANSMISSION
INDUSTRY PVT. LTD.-VADODARA
(ID- 35315)

Regd Add. : E-76, GIDC industrial
Area, Manjusar Vadodara,Gujarat -
3900071, India

M/s Chatterjee& Co, (Construction)
Pvt. Ltd
(ID- 1051029)

Regd Add. : 216, AJ.C. Bose Road,
Flat-2A  KolkataWest Bengal -
700017, India

M/s  JAINCO  TRANSMISSION
LIMITED-KOLKATA
(ID- 1028544)

Regd Add. : Dhanshree Tower, 70,

Diamond Harbour Road, Reem No.

3B & 3C, 3rd Floor Kolkata,West
Bengal - 700023, India

M/s  KUMAR  FASTENERS-
MATHURA
(ID- 3905)

Regd Add. : S-15, Building
Material Complex, Industrial Area,
Site-A, Mathura Uttar Pradesh -
281004, India

M/s NSS STORES SUPPLY AGENCY
PRIVATE LIMITED-HOWRAH
(ID- 35966)

Regd Add. : P-280, Benaras Road,
Belgachia,PO-Netajigarh undefined
Howrah,West Bengal - 711108, India

. M/s ROYAL BALAJI ENGINEERING
PVT LTD-KOLKATA
(ID- 23501)

AUMNI
E-76, GIDC Manjusar, Taluka Savh

Vadodara,Gujarat - 391770, India
Current status since - 18/11/2021

e

142/143/2, Madhusudan  Paul
Chowdhury Lane  HowrahWest
Bengal - 711101, India

Current status since - before
01/01/2020

JAINCO

Jalan  Complex, Gate No.-1,
LaneNo.-7, Jangalpur, ~ Bombay
Road{NH-6) Howrah,West Bengal -
711411, India

Current status since - befcre‘

01/01/2020

KE Mathura

S-15, Building Material Complex

Site-A, Industrial Area
Mathura,Uttar Pradesh - 281004,
India

Current status since - before
01/01/2020

NSSA

P-280, Banaras Road, Belgachia,
P.O.  Netajigarh  Howrah,West
Bengal - 711108, India

Current status since - before
01/01/2020

Royal

NH-6, Bombay Road, Dhulagari,
Sankrail Howrah,West Bengal -
711302, India



File No.SCR-HQOELEC(TECH)/6/2022-Dy.CEE/PLG/SCR

Regd Add. : 153/2B, Sumukh Current status since - before
Apartment, APC Road 01/01/2020

KOLKATAWest  Bengal - 700006,

India

M/s SHRE ASHUTOSH SAEIZIL
ENGINCERING INDUSTRILS UNIT 1= (Unit-1l), Plot No. 156/1, 157/1, 160
RAIPUR & 161, New Pathandih, Urla
(ID- 97354) Raipur,Chhattisgarh - 492001, India

Regd Add. : Plot No. 156/1, Current status since - before
157/1,160 and 161, PH- 101, New 01/01/2020

Patharidih, Urla, Raipur

Raipur,Chhattisgarh - 492001, India

M/s TRANSMISSION LINE TLP-H
PRODUCTS-KOLKATA NH-6, Sankrail Industrial Park P.O.
(ID- 5692) Dhulagarh, PS- Sankrail
Howrah,West Bengal - 711302, India
Regd Add. : 102 Central Plaza 2/6
Sarat Bose Road KolkataWest Current status since - 23/09/2020
Bengal - 700020, India

Sub Item ID: 4200025051, Strain Clamp suitable for ACSR Zebra
Conductor (with Minimum Ultimate Tensile Strength of 7000 kg and Slip
strength  of 4000 kg) Spec: 1| SPC_OHF_Fittngs 0130 with
A_C Slip No 1, ETI-OHI-13 (4-84) may 2018, STR: CORE-STR-20, ( Total
Vendor Count: 1)

Approsed Veodors ( Vendor Count: 1)

M/s  TRANSMISSION  LINE  TLP-H
PRODUCTS-KOLKATA NH-6, Sankrail industrial Park P.O.
(ID- 5692) Dhulagarh, PS- Sankrail

Howrah West Bengal - 711302, India
Regd Add. : 102 Central Plaza 2/6
Sarat Bose Road KolkataWest Current status since - 23/09/2020
Bengal - 700020, India

Sub Item 1D: 4200025052, Arcing Rings
Spec; Tl SPC_OHE_Fittings 0130_with A_C_Slip_No_1, FTI-CHE-13 (4-R4)
may 2018, STR: CORE-STR-20,. ( Total Vendor Count: 1)

Approved Yenritas (Vendor Count: 1)

M/s TRANSMISSION LINE TLP-H
PRODUCTS-KOLKATA NH-6, Sankrail Industrial Park P.O.
(ID- 5692) Dhulagarh, PS- Sankrail

Howrah,West Bengal - 711302, India
Regd Add. : 102 Central Plaza 2/6
Sarat Bose Road Kolkata,West Current status since - 23/09/2020
Bengal - 700020, India

Sub Item ID: 4200025053, Socket Eye (20 mm)
Spec: TI 5PC OHE_Fittings 07130 with A C Shp_No_1, FTEORL 13 (d-84)
may 2018, STR: CORE-STR-20, ( Tatal Vendor Count: 1)

Anprers] { ( Vendor Count: 1}
MM/s TRANSMISSION LINC TLP-H
PRODUCTS-KOLKATA NH-6, Sankrail Industrial Park P.O.
{(ID- 5692) Dhulagarh, PS- Sankrail

Howrah,West Bengal - 711302, India
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NOTE :

ALL DIMENSIONS ARE IN ma.

TUBE DIMENSIONSF¢40mm NOMINAL BORE CLASS LIGHT AS PER 15:1238 AND
ABOUT 4m LONG. %/ NCT LESS THEN
EABTH PLPE TO BE EMBEDBED VERTICALLY AND SURRUNDED BY ALTERNATE
LAYERS OF FINALY DIVIDED COKE.CRUSHED COAL OR CHARCOAL AND SALT
AT LEAST 150mm ALL ROUND. , rapra
AT LEAST SIXpAELECTRODES TO BE PROVIDED AT EACH SUB-STATION T0
DBTAIN A COMBINED EARTH RESISTANCE OF MOT MORE THAN 0.5 Ohma.
ADCITIONAL EARTH ELECTRODES SHALL BE PROVIDED AS REQUIRED TO
OBTAIN THE SPECIFIED RESISTANCE.
THE SPACING OF THE EARTH ELECTRODES SHALL NOT BE LESS THAN 12m.
. CEMENT CONCRETE MIX. SHALL BEQF M 150 GRADE AS PER 1St456,
. EARTH PIPE TO BE GALVANISED AFTER FABRICATION.
. EARTH BOXES SHALL BE PRECAST EITHER AT DEPOT OR AT SITE AND
THEN INSTALLED IN FOSITION.
FOR copE OF PRACTICE FOR EARTHING REFER  CODE No .

9

ET PaIf120(2/31) FAFC SLIP Not

THIS DRAWING 15 THE PROPERTY OF RESEARCH,DESIGNS AND STANDARDS ORGANISATION
[MINISTRY OF RATLWAYS)LUCKNOW-226011,INDIA AND SHALL NOT BE USED COPIED OR
REPRODUZED IN PART DR WHOLE WITHOUT PRIOR CONSENT IN WRITING.
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