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I- SCOPE

This cable sizing method shall establish the criteria that to be used for the earthing system calculation of

“Pump station No. 6 of Tabriz water supply plan™.
2- Service Conditions

2-1- Conditions of Operation

All of the Electrical Equipment & Systems will be suitable for 24 hours, 7 days/week, 365days/vear
operation.

2-2- Site Condition

The site is located environs Bushehr city in Fars province. The climate conditions are presented as follow:

Max. outdoor ambient temperature (for design ) : +42°C
Absolute Max. outdoor ambient temperature : +40°C
Absolute Min. outdoor ambient temperature : 2500
Altitude of site : 1550 m above sea level

3- General Notes:

e Grounding system type is TN-S as defined by 1EC 364-3.

e The branch connection from the grounding bus bars shall be stranded copper wire with green/yellow
PVC insulation.

e Grounding conductor shall have green/yellow colored PVC insulated stranded copper core, having
min. 70 mm? for main conductor and min. 120 mm? for substation loop and for equipment’s shall be
according to IPS.

e The metallic enclosures, housing, structures of all electrical equipment shall be connected to the
common continuous grounding system and also all metallic structures, process cqmpment and any
other metallic mass shall be bounded as protection against static charges and lig

o Underground splicer shall be made by exothermic welding (cad weld or t
ground shall be made compression type connectors.

e Cable armoring will be earthed at each end.

e in general, the following equipment shall be connected to earthing system ey
o Electric machine frames. ; :
o Non-current carrying metallic parts of electrical switchgears e
o Cable armoring )
o All structural metallic frames ,’/"
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o Metal fences and gates

o Metallic enclosures of electric equipment including cable boxes, push button stations and
frame of motors

o Tanks, vessels, and similar equipment not directly connected to grounded supporting
structures

o Lighting poles or towers
400V secondary neutral of power transformers

o Base plate of rotating machinery

o Lighting fittings and control panels

o outlets

o cable trays and metallic conduits

o Above ground pipelines

e Grounding connections shall be made to apparatus with bolt and nut. Foundations or base bolts will
not be used for earthing.

e Connections between electrodes and grounding loops will be arranged into pits with covers to allow
maintenance and testing of individual electrodes.

e  All other buildings and structures, totally enclosed in the area, will not need its own lightning
protection system.

e For buildings or towers that will need lightning protection system, the lightning protection system
shall be connected to rods by down conductor placed to the opposite corners. These rods will be
connected with bare cables. All this system will be connected to the general grounding system.

o Earth conductor must be laid 50 cm away from foundation and in a depth of 80 cm from finished
[oor.

e Separated earthing network (if require) resistance to ground for several purposes shall be as follow:

o Electrical earthing network resistance to ground shall not exceed 2 Ohm.

o Instrument earthing system (clean earth) not exceed | Ohm.

o According to the BS 6651 protection of structure against lightning, the maximum resistance
of the earth connection, one or more electrodes in parallel, is 10 Ohms.

¢ For common grounding system, the earthing system resistance shall be limited to 1 Ohms with all
rods connected.

4- Codes and Standards

All electrical equipment, materials and installations shall be in accordance with the applicable portions of

the latest edition of the following standards, codes and recommendations:

e IPS-E-EL-100 Lnglncerlnggtandarwmm.ﬂeﬁlgﬂ =T

e IPS-M-EL-290  General Electric iteths ¥ ﬂﬂ ; v “
)/._,«LL./r = ..
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o BS7430 Code of practice for earthing
e [EC 60364 Selection and erection of electrical equipment — Earthing
arrangements and Protective conductors
o NFC17-102 protection of structures and open areas against lightning using early
Streamer emission air terminals
« [EEE 242 IEEE Recommended Practice for Protection and Coordination of
Industrial land Commercial Power Systems
¢« |EEE Std 80 IEEE Guide for Safety in AC Substation Grounding
e [EEE Std 1100 IEEE Recommended Practice for Powering and Grounding
Electronic Equipment
e |EEE Std 142 IEEE Recommended Practice for Grounding of Industrial and

Commercial Power Systems
5- Definitions

e FEarth electrode:

A conductor or group of conductors in intimate contact with, and providing an electrical connection
to earth.

o FKEarth conductor

A conductor that connects parts of the installation to the earth electrode, main earth conductor and
connecting the main earth conductor to the earth electrode.

e  Main earth conductor

Is a conductor which makes a ring loop in a room or electrical substations or process plant to several
earth conductors are connected.

o Earth system

Is a locally confined assemblage of earth electrodes or metal components and earth conductors,
electrically connected together?

6- Geotechnical Study

The geotechnical studies of pumping station No. 6 is as follows:
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7- Pump Station Earthing System

Requirements of the ground system in accordance with the IEC62305-3 standard:

telecommunication systems). ,:'U»{,{ o
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e North American standards such as NFPA, ANSI IEEE recommended direct interconnection of

different earthing system to each other. International and European standards such as the IEC strongly

recommend this interconnection.

The following are paragraphs of various standards that emphasize this interconnection have been shown:

1. IPS-E-EL-100(1):2012, Section 7.11.7.4
2. IEC 61000-5-2:1997, Figs. 3-5

3. IEC 60364-4-44:2015, Section 444 5.1

4. 1EC 62305-3:2010, Section 5.4.1

5. IEEE Std 1050:2004, Section 5

6. IEEE Std 1100: Sections 4.8.1 and 8.5.1

7. IEEE Std 142:2007, Section 5.5

8. NFPA 70:2017, Article 250.50, 504.50

9. ISA-RP12.06.01-2003, Section 504.50 (A)
10. ITU-T Handbook: 2003, Section 3.2

I'1. Schneider Electric Handbook-Electrical installation guide: 2015, Fig. R3

7-1- Methods of calculating earth resistance calculation BS 7430 Sta.

1) Single Electrode

The earth resistance of a single rod or pipe electrode is calculated using the formula fro

-

#= sz (5) 1]

AR N\

Where: MJ“*'"-_-'L-.... =y

L is the length of the electrode in m h_ ul.‘ _ _ _“ s

D is the diameter of the electrode in m v S o e W e

19 ¢ 1a.mc? .r “ N i iy £

0 is the resistivity of the soil in Q m . LL’ p . 2 o B3
’AEOJ“?.H ‘f‘ e e e e
a - " o =

4 2oLl (15 brds 68




) P FlepT U oslad Sl ol o (6 Kb 3§ >k (5,050 wige Dlons

b T Yo o

PRJ | PRO | WBS | TYP | Dis | PHS | Seq | Rev

( l:-w3 e Jhatl pras cilisbona %{.‘:{.I
el | v. 33,.| s0l|2tPs| 11 |REP|ELC| G [001 | 01 (=50

2) Groups of Electrodes

The total resistance of a group of electrodes is calculated for different configurations using the formula from
BS 7430:

R"-—-R(H)ﬂ) o e,
n 2n.R.S

Where:

R: is the resistance of one rod in isolation in €

S5 is the distance between adjacent rods in m

p: is the resistivity of soil in Q m

A is the factor given in table 1 shown in BS 7430

n: is the number of electrodes

Numbcr.of electrodes along each Eactor A Number of .
side of the square electrodes

2 2. 2 1.00
3 4.51 3 1.66
4 5.48 4 2.15
5 6.13 5 2.54
6 6.63 6 2.87
7 7.03 7 3.15
8 7.36 8 339
9 7.65 9 3.61
10 7.90 10 3.81
12 8.32 Factors for Parallel Electrodes in Line
14 8.67
16 8.96
18 9.22
20 9.44

Factors for Electrodes in a hollow square
Table 1: A Factors for Electrodes arranged

3) Buried Conductors

For a strip or round conductor electrode the resistan m ohms ([2) is given by the following: LR
1 S & i S,
i 3 ] ’A' -:1 SR =
| s
- ! sl e
i 2 duslfn 573}:{:&15/
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L: is the length of the strip or conductor, in meter (m)
h: is the depth of electrode, in meter (m)
w: is the width of the strip or diameter of conductor, in meter (m)
p: is resistivity of soil. in ohm meters ({2m)

P&Q: are coefficients given in table (2) from BS 7430 for different arrangement of electrode

Table 2: Coefficients for strip or round conductor electrodes

Electrode arrangement Coefficient
P @
Strip | Round
Single i 2 [-1 [-13
length!) -
Two 4 0.6 0.9

lengths at
90°

Three
lengths at
120°

Four

Ll
\Lr
L
lengths at
P

7-2- Grounding Conductors Sizing IEEE 80 Std Method N ”
i = -

Cross Section of earthing conductor is proportional with Earth fault current value. [tis"estimatéd earth fault
current from rated symmetrical 3phase S.C current with these factors:

1 For Power Plant (P .P)S S _ —
k =10.75For Intermediate or far from P PortransmissionS .S Vol ot F !
0.6 Forvery far from S_.S

-

1 . k{é{&/}’ . __\_".-'-n_“.. rir:_- ’:" zs A
So, K=1 for Pump Station (PS0) substatipn is cons eref' Thereforet * e MR T S it

Lwrlir

Advideedl

e R o
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According 1o the design flowchart. to size the grounding system conductors the IEEE Std. 80-2000 equation
(37 and 40) shall be applied. Basic formulation for sizing of grounding conductors is as the followings:

/

TCAPX10~* Kot Tom
———————— x ¥ L
J( LeX - X Py ) [n(Kg'f'Ta)

Az =

equation (1)

From Table ! and 2 according to IEEE Std. 80-2000 the following variables are defined, respectively.
I is the rms fault current

A (mm2) is the conductor cross section in mm?

Tm  is the maximum allowable temperature in °C.

Ta is the ambient temperature in °C

T: is the reference temperature for material constants is 20 °C.

o is the thermal coefficient of resistivity at 0 °C in 1/°C

Oy is the thermal coefficient of resistivity at reference temperature Tr is 0.00393 1/°C
pr is the resistivity of the ground conductor at reference temperature Tr is 1.72 pQ-cm

Ko /a0 or (1/ar) — Trin °C is equal to 234.
te is the duration of current is equal to 1 s for PSO substation.

TCAP is the thermal capacity per unit volume from Table 1, is 3.42 in J/(cm3-°C
Size of the earth conductor:

1 I
A= == 6 X lfault

J( 3.42%x10"% )an(z34+240) 0.164
1X0.00393%1.72 234450

7-3- Earthing Conductor Cross Section Calculation IEC Std et piaa 8
According to the IEC 60364-5-54 following formula is available for the calculation of earthing

conductor size and selection, so this calculation applies following formula as below:

— ST LA T e, ==,

VIZt siloir o FL _'__/," '
= equation (2)- w
Where: 5 ;{-’:b e o i S ek

-u.t,u‘-..“

CFq -
..//"dln’,-’f;)ﬁ}uﬂ/:b/)b/
J\ .
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A cross-sectional area, in square millimeters
' I value (ac, rms) of fault current for a fault negligible impedance which can flow through the
protective devices, in amperes
t operating time of the disconnecting device, in second
K

a factor dependent on the material of protective conductor, insulation and other parts, and
initial and final temperatures

According to Appendix (A) of IEC 60634-5-54, k shall be calculated using following equation:

0+
er (,(;+!f)

In(

equation (3)

. ch(ﬁ 12000) OB Joc(mzo“m

P20 B+ 6 P20
Where:
Q¢ Volumetric heat capacity of conductor material (J/°C mm?) at 20°C;
[ Reciprocal of temperature coefficient of resistivity at 0°C for the conductor (°C);
pyo  Electrical resistivity of conductor material at 20°C (2 mm);
0, Initial temperature of conductor (°C);
B¢ Final temperature of conductor (°C):

By selecting of copper as the main ground grid conductor and according to IEC 60621-2 A3, and also table
A.54.1 & 2 of IEC 60364-5-54 (appendix 1), following parameters are achieved:

B (°C) 234.5

Qc (J/°C mm3) 3.45x10°

P20 (L mm) 17.241x10°

O¢ (For bare copper conductor) o _ | 200°C

0¢ (For insulated down lead conductors) o 160 °C

0; (For underground conductors) an 334 -T‘:-L;\
0; (For above ground conductors) N (’56 °C 9
t (for general calculation) o _ _ | 'Q%S -

t (for neutral point of MV/LV transformer and around substation) 2=

Implementing these parameters in above equation, results as below:

y +B il o Pl o= : .
K=226 Ln(Rl-n) g E |
V . ;
Notel: The No. of Grounding Points shall be i Accorw‘t})ﬂhe Grous 1dmg Lay@ut Dr&{w-,?% .
- ' ' o == g L‘&J”/{-- g
o b |
.:’[db/:*fnb?au,;sb/;é
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Note2: The Interval between grounding points along tank circumference shall not exceed 30 meters.

7-4- IPS standard recommends

Minimum earthing conductor size the IPS-100-E-EL-100 standard recommends for other equipment of this
project shall be as follow, unless otherwise noted:

Figure 1: Grounding Conductor Size for Electrical Equipment

| Description Size (mm?) Description Size (mm?) |
Body of Transformer 70 Vessel 16
Body of Generator 70 Junction Box 10
MYV Motors 70 Building Metallic 35 (every 30m)
Structure
| LV Distribution Panel 35 Pipe Rack 70 (every 30m)
i Welding Socket 16 Pipes (Process) 16 (every 25m)
Lighting Pole 16 Local Control Station | 35
Stairs and Ladders 16 Shower and Eye Bath 35 N
Instrument Junction Box 10 Instrument Local Panel 35
MV Panels 70 NGR 70
UPS’L]?;:E?:;S::E:I fod 35 Tank and Storage (V: Tank Capacity)
Cable Tray 16 (every 15m) V<=300 35 (2 Points)
LV Motor: (Power-kW) 300<V<:_] 000 35(3 Points)
Up to 18.5kW 55 1000<V<=5000 35(5 P(}fms)
13.5KW o S5kW 35 5000<V<=10000 35(7 P01{1ts_)
10000<V<=55000 35 (10 Points)
More than 53KW 70 V>55000 35 (14 Points)

8- Calculation of copper conductor size

In 20 KV voltage, level the neutral of secondary side of upstream transformer is éagégﬁ.by NG:. “and
ol ~ plas s

maximum earth fault current limited to NGR rating. On the other hand, Shield of 20KV cable is earthed at

both ends and a major portion of short circuit current flow through shield wire and the remained current flows

to substation earth mesh. In worse case we suppose that NGR rating current flows to mesh grid (loop around

substation) and calculation for touch & step voltages shall be done. R : -
: = 7,

bl e "".N.‘,f | I/‘-::’_—:f.: ‘\.
in 6KV voltage levels of pump station will be gri:nded pW ﬁfﬁ”gh Ne galﬂ(}'r’pﬁqafu}g Resistors (NGRs)
(] % o . el .?' ! | ge J
i So%,wef ‘cg;}ut cur @_&:@@g-:‘s.legs;&hap Lyliystgm

[]
“e

and maximum earth fault current limited to 40

Ak

f/fnbgb/ﬂ{f}b}aib;:bﬁg |
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(not increased over 25 kA), all considerations for earthing of other substations with LV solidly grounded

system, are applicable for power plant as well.

Highest fault current inside the pump station for calculating down lead conductor of LV Aux transformer so

earthing loop around substation is considered based on maximum earth fault current for LV transformer.
Implementing mentioned data in to equation (1, 2) results to the following conductor sizes:

» Down lead conductor for device with highest earth fault current, i.e., which is the neutral point of a LV

Aux. transformer:
Factors for calculation:
¢ maximum line to ground short circuit current, I=16KA
e maximum fault clearing time, t=0.5 sec
e According to IEC 364-5-54, table A.54.2:
o TI1=50°C
o For bare copper conductor, 8;=200 °C

o For PVC insulated down lead conductors, (:?f=|60 2
According to IEC 364-5-54, table A.54.1, K=226,  =234.5

So:

For bare copper conductor:

¢ — 296 |20t 234-.5) i
= 31548’

For PVC insulated down lead conductors:

160 + 234.5
K =226 jL?l(m) = 131

» Conductor for substation ground grid:

el ' lr L- IJ
Silrt gt [l e L,
IVt 16000 X 0. f e e e : :
Amin = i = =86 mm? l ate‘ k L
K 1?1 / A’ ‘;- | T,
T —
LL./!” > i
oy /b.d..g 5
..}/.'db/.'fjsk?"a:){sb/fb/ {
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» And as mentioned in [EEE Std.

Amin = 6 g,y = 6 * 16 = 96 mm? IEEE Bace

But as per IPS recommendation, 1x120 mm? PVC is selected as minimum.

» Conductor for loop around building:

IVt 16000 x /0.5 .
Amin = —K\/—‘ Sy E—— 76 mm? IEC Bace

Insulated copper cable 76 mm? and due to carth fault current flow in two directions and according to IEEE
80-2013 section 11.3.3, some fraction of total fault current will flow in each segment. So, 1x70 mm? is selected

as minimum allowable cross section.

Description Earthing Conductor Size (mm?)
Loop Around Building 1x70
Neutral point of MV/LV Transformer 1x120 PVC (Note3)

Note3: To unify the purchase, instead of one cable with a cross section of 120mm2, two cables with a
cross section of 70mm2 are used to connect the neutral point of the transformer to the earth sysiem.
9- Calculation For Main Earthing Grid Resistance

For electrical grounding system resistance shall not exceed 2 ). Main earthing grid consists of a main grid the
building with 3 rods in each line which are connected to each other by PVC insulated copper cable. The
configuration has been shown below:

two 70 cables are used instead of one 120 cable to connect the neutral point of the transformer to the carth

system.
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9-1- Single Rod Electrode

Earthing resistance for an individual grounding electrode is calculated from:

8L
sl )

Detail A
connected
to Other PS6
Earthing Sys. Earthing Systemn Layout

FOAL: 1 e

Figure2: PS6 Earthing System Layout

(Ref. BS 7430 — 2011 section 9.5.3)

2nl d
Where:
p (Soil resistivity in ohm meter) = 100 (0. m
L (electrode length in meter) = 3 m
d (electrode diameter in meter) = 0.02 m
Therefore:
(“ ) . e em—
Rgingleroa = 32 02 o :'j’,':':"gv-' b7 i
I -
- I
- e BT - N —
bl 3
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9-2- Group of Rod Electrodes

The total resistance of group of vertical electrodes is calculated via the following equation (BS 7430):

R, =R

[1 + )la'l
n

In which

a:p
2nRs

For 4 Rods in Line:

A is the factor given in Table 4 in BS 7430: 2011 = 2.15 (4 rods in line)

R is the resistance of one rod in isolation () =32 Q
S is the distance between adjacent rods (m) = 10m
N is the number of electrodes arranged in line = 4
Therefore:
p 100

= (.05

&= oiRs  2x314x32+10
1+ Aa 14215 x.05
[ l: 32( ) )

Ry =

Ryoas with 10m space between them — 8.86 12

For 3 Rods in hollow triangle:

A is the factor given in Table 4 in BS 7430: 2011 = 4.51 (3 rods in line)

= 0nRs 2x314x32+6

R is the resistance of one rod in isolation () = 32 Q
S is the distance between adjacent rods (m) = ém
N is the number of electrodes arranged in line = 3
Therefore: . ) o B B e
0 L T el
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+ Aa 1+ 4.51 x0.08
RN—R[ ]_32( : ):

Ryods with ém space between them — 10.88102
» Horizontal Buried Conductor
Two equal length conductors set at right angles to each other, meeting at one corner.
The resistance RL in ohms (@) of two strips or round conductors of equal

set at 90° with one corner touching may be calculated from:

p L?
RL= oL (m)

Where
p is the resistivity of soil, in ohm meters (2m):30
L is the total length of strip or round conductor in meters (m); 55,28,55,28
h is the depth of the electrode, in meters (m);0.8
/ is the width of the strip or the diameter of the round conductor, in meters (m);0.0095
K has the value 1.21 for strip or 0.813 for round conductor
R = 100 ! 65 = 31902
L65 T 314 %60 \121x08 % 0.0095)
R 100 L s =T10.78
LIS T %314 % 15 '\1.21 x 0.8 x 0.0095)

1 I S S
Rbuned conductor B 10.7 10.7 3.19 3.19

Rburied conductor — o 177 Q

9-3- Total Resistance
Total resistance is approximately given by:

R, = (10.88]|10.88]|8.86]|1.22) = 1.18 2
R, =1180 <20

length

Note: If the final value of ground resistance is not less than two ohms, it should be

compensated by increasing the number of Earth wells. f 0, ,’,:.-ﬂ,-xv_ﬂ,_.;,_, -3
\_./{n‘jo’[ '_’.;' Fir v “’”:\i\._. ‘;\» ~ L
_ h-u JrL_ e 12 i
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10- APPENDIX 1

Table A.54.1 - Value of parameters for different materials

T
p o T
Material £ \ P2
" JIFC mm2 Q mm -
.iy’sarm#
Copper 234 5 1,45 « 10-3 17.241 x 10-8 226
Afuminium 228 25 % 10-3 28,264 x 10-8 148
Lead 230 1,45 x 10-3 214 x 10-% 41
Steel 202 3.8 = 10-2 138 = 10-% 78

? values taken from table 1 of IEC 60287-1-1
¥ values taken from table E2 of IEC 60853-2

Table A.54.2 — Values of % for insulated protective conductors not incorporated in cables
and not bunched with other cables

Temperature Material of conductor
Conductor insulation ¢’ Copper i Aluminium l Steel
Initial Final Values for k ©

70 °C PVC 30 160/140 ° 1437133 ° 95/88 ° 52/49°
a0 *C PVC 30 160/140 * 143/133°7 95/88 * 52749 *
90 *C thermosetting 30 250 176 116 64
60 *C rubber 30 200 158 105 58
85 *C rubber 30 220 166 110 60
Silicone rubber 30 350 201 133 73

* The lower value applies to PVC insulated conductors of cross-sectional area greater than 300 mm?*

Y Temperature limits for various types of insulation are given in IEC 60724

®  For the method of calculating k, see the formula at the beginning of this annex.
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