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IS AN ITALIAN INDEPENDENT COMPANY AND HAS BEEN IN THE
FIELD OF THE ENGINEERING DESIGN, SOFTWARE AND
CONSULTING SINCE 1993.

AT THE MOMENT IN SINT INGEGNERIA THEY WORK 22 PEOPLE.

MAIN ACTIVITIES:
- DESIGN (ELECTRICAL AND MECHANICAL PLANTS)
- SOFTWARE (XGSLAB)

- CONSULTING (POWER, GROUNDING AND LIGHTNING N
SYSTEMS)
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XGSLAB HISTORY:
1995 — 1997 GSA FOR INTERNAL USE (FORTRAN)
1997 — 2006 GSA WAS USED FOR CONSULTANCIES

ACTIVITY
2006 — 2007 GSA COMMERCIAL VERSION (C)

2007 — 2011 GSA DIFFUSION IN MANY COUNTRIES

2012 - 2013 GSA_FD

2014 — 2015 XGSA_FD

2015 - 2016 XGSA_TD

2017 XGSLAB MULTILAYER
2018 — 2019 NETS ~
2020 ... ~



XGSLab E
D SOFTWARE

XGSLAB (OR SHORTLY XGS) IS TODAY ONE OF THE MOST
POWERFUL SOFTWARE OF ELECTROMAGNETIC SIMULATION
FOR POWER, GROUNDING AND LIGHTNING PROTECTION
SYSTEMS IN BOTH FREQUENCY AND TIME DOMAIN.

XGS IS USEFUL TO PROTECT HUMAN LIFE (PEOPLE AND
WORKERS) AND INSTALLATIONS (PIPELINE AND
TELECOMMUNICATION NETWORKS OR BUILDINGS) BUT THE
APPLICATION RANGE IS SO WIDE THAN WE DISCOVER
UNEXPECTED UTILIZATION.
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XGS ESSENTIALLY CAN BE USED TO THE CALCULATION OF-:

GROUNDING SYSTEMS

CATHODIC PROTECTION SYSTEMS
ELECTROMAGNETIC FIELDS
ELECTROMAGNETIC INTERFERENCES
FAULT CURRENTS DISTRIBUTION
LIGHTNING PROTECTION SYSTEMS
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XGS COMPETITORS:
- CDEGS® (CANADA)

- CYME® (CANADA)
- ETAP® (USA)

- WinIGS® (USA)

- SKM® (USA)

- ELEK® (AUSTRALIA)

XGS IS THE ONLY TOOL MADE IN EUROPE.

CDEGS® IS THE ONLY TOOL COMPARABLE WITH )\(65\/
"y ~—
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) XGS MODULES:

- GSA .
- GSA_FD .
- XGSA FD .

XGSA_TD .
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—/ DATA ENTRY:
- REFERENCE STANDARD
- SOIL MODEL
. LAYOUT

- ENERGIZATION




) REFERENCE STANDARD

“XGS TAKES INTO ACCOUNT THE FOLLOWING STANDARDS:
IEC STANDARD: IEC/TS 60479-1:2005 (EXPIRED)

- |IEC STANDARD: IEC/TS 60479-1:2018

- EUROPEAN STANDARD: HD 637 S1:1999 (EXPIRED)

- EUROPEAN STANDARD: EN 50522:2010

- USA STANDARD: IEEE STD 80-2000 (EXPIRED)

- USA STANDARD: IEEE STD 80-2013

THE |EC STANDARDS ARE THE REFERENCE FOR MANY NATIONAL STANDARDS.

THE EN STANDARDS ARE USED IN MOST EUROPEAN COUNTRIES AND
ACCEPTED IN SOME EXTRA EUROPE COUNTRIES (AS AFRICAAND FAR EAST).

THE |[EEE STANDARDS ARE WIDELY USED IN USA AND ADOPTED IN SEVERAL
OTHER COUNTRIES (AS IN SOUTH AMERICA, IN THE MIDDLE EAST AND\ __
AUSTRALIA). THEN XGS MAY BE USED IN MOST COUNTRIES OF THE WORLD.
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XGS SUPPORTS THE FOLLOWING
SOIL MODELS:

- UNIFORM SOIL MODEL
- MULTILAYER SOIL MODEL
- MULTIZONE SOIL MODEL

- PRESENCE OF A THIN SURFACE
MATERIAL LAYER

current flow-lines

"""" equipotencials
P, P, resistivity

THE PARAMETERS OF THE SOIL
MODEL CAN BE OBTAINED FROM
THE SOIL RESISTIVITY MEASURES =
WITH WENNER AND
SCHLUNBERGER METHODS.
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LAYOUT DATA INCLUDES ALL THE
GEOMETRICAL AND PHYSICAL DATA

OF THE CONDUCTORS NETWORK
AND THEN:

POSITION

- CONNECTIONS (*)

- PARTITION

- OUTER DIAMETER, CROSS SRR T
SECTION AND COVERING
THICKNESS

- MATERIALS PROPERTIES OF
CONDUCTOR AND COVERING (¥)

(*) EXCLUDED GSA



) ENERGIZATION
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- GSA REQUIRES ONLY THE INJECTION CURRENTS. IT IS NOT REQUIRED TO
SPECIFY THE POSITION WHERE THE CURRENT ENTERS THE ELECTRODES
BECAUSE GSA DOES NOT TAKE INTO ACCOUNT THE LONGITUDINAL CURRENT.

- GSA_FD REQUIRES INJECTION CURRENTS AND INJECTION POINT. MORE
INJECTION POINTS FOR EACH ELECTRODE CAN BE TAKEN INTO ACCOUNT.

- IN BOTH CASES INJECTED CURRENT HAS TO BE SPECIFIED AS MAGNITUDE
AND PHASE VALUES.



> RESULTS AFTER MAIN
CALCULATION

THE FOLLOWING RESULTS ARE AVAILABLE AFTER THE MAIN CALCULATION:

GPR AND EARTHING IMPEDANCE (ALL MODULES)

- LEAKAGE CURRENTS DISTRIBUTION (ALL MODULEYS)

- POTENTIAL DISTRIBUTION (ONLY GSA_FD AND XGSA_FD)

- LONGITUDINAL CURRENTS DISTRIBUTION (ONLY GSA_FD AND XGSA_FD)
- ELECTROMOTIVE FORCE DISTRIBUTION (ONLY XGSA_FD)

- COVERING STRESS VOLTAGE DISTRIBUTION (ONLY XGSA_FD)

- COMPLEX POWER DISTRIBUTION (ONLY XGSA_FD)



> RESULTS AFTER POST
PROCESSING
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WITH A POST PROCESSING CALCULATIONS FOLLOWING ADDITIONAL RESULTS
CAN BE OBTAINED:

POTENTIAL DISTRIBUTION (ALL MODULES)

TOUCH AND STEP VOLTAGES DISTRIBUTION (ALL MODULEYS)

MAGNETIC FIELD DISTRIBUTION (ONLY GSA_FD AND XGSA_FD)

ELECTRIC FIELD DISTRIBUTION (ONLY XGSA_FD)

THESE DISTRIBUTIONS CAN BE CALCULATED ALONG LINES OR ON AREAS.
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i CASE A - SUBSTATION

Vn=132kV - If =21 KA-tf =0.5s - EN 50522 Std

\-[SOUBLE LAYER SOIL MODEL

40
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E [Qm -
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LEGEND

Colour Code
Measured Values
Calculated Values
Calculated Model
Used Model

Parameters
Calculated
p1If [Qm]
P2 If [Qm]
h1[m]

RMS Error %

Used

p1 If [Qm]
p2 If [Om]
h1 [m]

GSAm'
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www.xgslab.com
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1727
84,30
8,084
22,76

1727
84,30
9,084

),



/"  CASEA-SUBSTATION

“GENERAL LAYOUT — BLUE INTENTIONAL, GREEN FOUNDATIONS
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“CASE A - SUBSTATION

~SUBSTATION — LEAKAGE CURRENT DISTRIBUTION

LEGEND

Out of Range

Snap [m]

Actual Range

80,91

Maximum [A/m]
Minimum [A/m)

0,6535

Electric Field

7325

Maximum [kV/m]

).

www.xgslab.com

y

Reference Axes
K
X




SUBSTATION

N OCASE A -

~SUBSTATION — POTENTIAL DISTRIBUTION

-

5
8,503E3

297E3

313E3
8,330E3
8,346E3
8,363E3
8,379E3
8,396E3
8,413E3

8,420E3

8
8

363E3
8,379E3
8,3%E3
8.413€3

346E3

Snap [m]
Actual Range
Maximum [V]

LEGEND
Range [V]
280E3
207E3
31363
330E3




“  CASE A - SUBSTATION

~“SUBSTATION — EARTH SURFACE POTENTIAL DISTRIBUTION

LEGEND

Range [V]

1,750E3  2,232€3
2232E3  2,714E3
2,714E3  3,196E3
3,196E3  3,679E3
3679E3  4,161E3
4161E3  4643E3
4643E3  5125E3
5,125E3  5,607E3
5607E3  6,089E3
6,089E3  6,571E3
6,571E3  7,054E3
7,054E3  7,536E3
7.536E3  8,018E3
8018E3  8500E3

Actual Range
Maximum [V] 8,221E3
Minimum [V] 2481E3
Reference Axes

o

X y

o

www.xgslab.com
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“  “CASE A - SUBSTATION

~SUBSTATION — TOUCH AND STEP VOLTAGES WITH/WITHOUT GRAVEL (5x5 m)

LEGEND LEGEND
Colour Code. Colour Code.
Ust<Lsfp and UsssUsep Ustelsip and Uss<Ussp
UstoUsip and Uss<Ussp Ust>Ustp and Uss<Ussp
Ut Usso
Soil Coveing Layer = Soil Covering Lager 1
Ijsction Paint ¢ Insction Poirt ¢
Inpection Pivot Point & Ingection Pivot Point o
Reference Poirt " Reference Point [
Reference Piuot Point [ Rederenca Piuot Point -
Snap m] 5 Srap [l 5
Mamrmum Veues Maumum Velues
Inside Calculation Area Inside Calculation Area
Ust V] 6,863E3 Ust V] 5,64E3
x[m) 260 xim) 280
yim 4000 yiml 5000
Location * Locstion x
Uss [v] 514 uss [v] 514
x[m) 20 Xl 2m
yim 400 yiml a0
Location x Looation =
Fival Pairt Al Piect Poiril Al
Sail Covering Layer Yes Soil Cavering Layer Ne
Reerence Ases Reference Aves
j*» JF
2 2
www.xgslab.com www xgslab.com

LEGEND I LEGEND

Colour Gooe Colour Gooe

UsteUsip and Uss<Ussp. Uss<Ussp

Ust>Ustp and Uss<Ussp Uss>Ussp

Soil Covenng Layer _ Soil Covering Layer

Pivot Point §70s.

Refe Axes Reference Axes.

K -

% ¥ x ¥

www.xgslab.com
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°CAS% B — PV+W POWER PLANT

=66 kV - If =25 kA-tf=1.0s — EN 50522 Std.
OUBLE LAYER SOIL MODEL
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~_/“CASE B — PV+W POWER PLANT

“GENERAL LAYOUT — BLUE + PINK INTENTIONAL, GREEN FOUNDATIONS
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Volume Visualization
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__/“CASE B - PV+W POWER PLANT

~SUBSTATION — LEAKAGE CURRENT DISTRIBUTION
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J "CASE B — PV+W POWER PLANT

~SUBSTATION — POTENTIAL DISTRIBUTION

LEGEND

Range [V]

94.50 186,2

1552 216.0

216.0 276.8

276.8 3375

3375 39,2

3982 459.0

458.0 519.8

519.8 580.5

580.5 641.2

641.2 702.0

702.0 762.8

762.8 8235

8235 884.2

884.2 9450

Cut of Range

Snap [m] 10
Actual Range

Maximum [V] 8850
Minimum [V] 1462
Reference Axes

T

X

! “

l GSAm
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“CASE B — PV+W POWER PLANT

~SUBSTATION — EARTH SURFACE POTENTIAL DISTRIBUTION

= LEGEND
Range [V]
31,50 92,25
92.25 153.0
153.0 2138
213.8 2745
2745 3352
3352 396.0
396,0 456,8
456.8 517,56
el i I . H I - 5175 5782
l\t}l“\!““"‘ A i A et A O et e 5782 6300
AR foom A s R Rl e 6390 6998
I il T f99.8 7605
Al | 1| 7605 8212
i sl " it I il il it : 821.2 8820
i, ' ) it i il - it
- :f:i;?.'r | | i il Actual Range
?‘35& il sl A Maximum [V] 8516
i Minimum [V] 82.35
Reference Axes
z
Y
X




“CASE B — PV+W POWER PLANT

~SUBSTATION — TOUCH AND STEP VOLTAGES WITHOUT GRAVEL (5 X 5 m)

¥y LEGEND
Color Code

Ust<Ustp and Uss<Ussp
Ust>Ustp and Uss<Ussp
Ust>Ustp and Uss>Ussp
]
&
&
-
-

Soil Covering Layer
Injection Point
Injection Pivet Point

Reference Point
Reference Pivot Point

Snap [m] 10

Maximum Values
Inside Calculation Area

Ust [V] 6738
x[m] 276
[m] 470,0
LEGEND
Range [V]
0,2116 3822
3822 7433
7433 11,04
11,04 14,66
14,68 18,27
18,27 21,88
21,88 2548
25,49 29,10
29,10 32,71
nn 36,32
36,32 39,93
39,93 43,54
4354 4715
4715 50,76
Soil Covering Layer I:l
Snap [m] 10
Actual Range
Z Uss max [V] 50,76

Uss min [V] 0.2116
Soil Covering Layer No
Reference Axes

Y
z X
z

| | | | | | | | | | | | | | | 11 | | xgsb.com




i

-

CASE C - EM FIELDS

‘Substation — Longitudinal current distribution

LEGENDA
Intervalli [A]
100 179
179 257
257 336
336 414
414 493
493 571
5M 650
650 729
729 807
807 886
886 964
964 1.043E3

104383 1.121E3
1121E3  1.200E3

Fueri Scala

Snap [m] 2
Valori Estremi

Massimo [A] 800
Minimo [A] 0

Assi di Riferimento

i

X ¥

IXGSAn
&®

www.xgslab.com
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“  “CASE C - EM FIELDS

SUBSTATION — MAGNETIC FIELD

LEGENDA
Intervalli [uT]
0 25
25 5
5 75
75 10
10 125
125 15
15 175
175 20
20 225
25 25
25 215
215 30
30 325
325 39
Superficie del suolo —
Snap [m] 2
Valori Estremi
Massimo [uT] 32.07
it LEGENDA
Intervalli [uT]
0 2321
231 4543
4843 6.964
6.964 9.286
9.286 11.61
161 1383
1383 16.25
16.25 18.57
18.57 20.89
2089 232
2321 25.54
2554 27.86
27.86 3018
3018 325
Valori Estremi
Massimo [uT] 32,07
Minimo [uT] 3.147E-2
Z calcolo [m] -1
Solo Normale No

Assi di Riferimento

GSA

@

www.xgslab.com




“CASE C - EM FIELDS

SUBSTATION — MAGNETIC FIELD SAFE AREAS

—

Codice Colore
B<B:

B>Bw ¢ B<Bd

LEGENDA

Codice Colore
B<B

R
/

E>Bw e B<Bd

Superficie del suol
m
[m]
V|
z x
z

(A

www.xgslab.com
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“  “CASE C - EM FIELDS

\_S/UBSTATION — ELECTRIC FIELD

LEGENDA
Intervalli [V/m]
0 685.7
8857  1371E3
1371E3  2057E3
2057E3  2743E3
2743E3 342063
3420E3  4114E3
4114E3  4.800E3
4800E3  5.485E3
5486E3  6.171E3
B 6.171E3  6.857E3

¥ + ok 6.857E3  7.543E3

! i i A 7543E3  8.220E3

i !‘! ! N 8220E3 BO14E3

k- ; LA BOIEI  0.B00E3

R S A

S £ !.\ {ﬁ |‘; 1 y ‘n Superficie del suclo —

2 i AR 1 R I Snap [m] 2
: - i i j Valori Estremi
Emmuns Massimo [V/m] 5.808E3
e Tz

LEGENDA

Intervalli [Vim]

0

6857
1371E3
2057E3
274383
3429E3
4114E3
4 .800E3
5.486E3
BA71E3
6.857E3
7543E3
8.220E3
8914E3

685.7

1.371E3
2.057E3
2743E3
3429E3
4114E3
4.800E3
5.486E3
6.171E3
6.857E3
754363
8.229E3
8.914E3
9.600E3

il

il
e S
)

7
i
s i
i, T
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e
e
A

Valori Estremi
Massimo [V/m] 881
Minimo [V/m] 645

Z calcolo [m] -1

Solo Normale No

Assi di Riferimento

GSAs

@

www.xgslab.com
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ASE D — HYDRO POWER PLANT

UNDERGROUND POWER STATION: PIPE FLOW TYPE, No 4 POWER UNITS

~SINGLE PHASE TO EARTH FAULT CURRENT 300 A

Portal Zugangsstollen

S S _~Muffenbauwerk
W

Muﬁenﬁauwerk Zugangsstollen Krafthaus

. Kabel- und Fluchtstollen Steigschacht -

Lésch- und Kilhlwasserbehélter —
Zugangsstollen

-
,

Untere Kammern <~

Aus/Einlaufbauwerk

Vertikalschacht — £

Unterwasserstollen -

'%"":’*A:-,z:-,,
Transformatorenkaverne -~ ; 2 ogt:;ﬁ""”?":-?:% 7
" Druckschacht  Druckschacht ~— 4~ Druckstollen
~ P
Verteilrohrleitungen
" Maschinenkaveme B
Druckstollen — )

-
Ausbaurchrkaverne

Kabelverbindung =~

' Druckrohrleitu ng

Krafthaus —

Schieberkammer

-

=~ Obere Kammer

«— Ubergangsbauwerk

- Zugangsstollen



-y

N/

J CASE D - HYDRO POWER PLANT

UNDERGROUND POWER STATION: PIPE FLOW TYPE, No 4 POWER UNITS
SINGLE PHASE TO EARTH FAULT CURRENT 300 A

1000

2.000E3

1000 —

EEEEEE
DDDDDDDDD

GSAm
@
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1.7351
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\/ CASE D - HYDRO POWER PLANT

BNDERGROUND POWER STATION: DETAILS - INTAKE

v [m] 200 400 ] LEGEND

Color Code
System —

400 200

Reference Point "=

Volume Visualization

x left [m] 2141E3
y lower [m] 2 667E3
z height [m] 0.000
Length [m] 567 8
Width [m] 380.0
Height [m] 4716
Axes Orientation and Origin

¥
z X

z

x[m]

GSAm

@

www.xgslab.com
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\/ CASE D - HYDRO POWER PLANT

BNDERGROUND POWER STATION: DETAILS — POWER PLANT CHAMBER

LEGEND

Color Code
System -

Soil surface —
Injection Point -3‘/
Snap [m] 10

Volume Visualization

x left [m] 1.620E3
y lower [m] 2 168E3
z height [m] -5.000
Length [m] 2380
Width [m] 208.0
Height [m] 3308

Axes Orientation and Crigin
¥

z X
z

er Station_NEVY

XGSAfo

@

www.xgslab.com

HGSLab Mer 92,11 - LN 1262703508

Exarple - Hidro Paw




\/ CASE D - HYDRO POWER PLANT

\_LJNDERGROUND POWER STATION: RESULTS — LEAKAGE CURRENT
DENSITIES

LEGEND
Plotted:  Modulus

Range [A/m]

-3.13E-3  1.56E-3
1.56E-3  B.25E-3
8.25E-3  1.09E-2
1.08E-Z2  1.58E-2
1.96E-2  2.03E-2
203E-2  250E-2
250E-2 297E-2

287E-2 344E-2
3442 391E-2
391E-2  438E-2

43BE2 4B4E2
484E-2 531E-2
531E-2 578E-2
578E-2 B.25E-2
Out of Range

Actual Range

Maximum [A/m] 5.21E-2
Minimum [A/m] 2.25E-7
Electric Field

Maximum [kV/m] 0.1580
Soil surface —
Snap [m] 50

Axes Crientation and Crigin

y ¥ ongin [m] 897.0
X 4'» y ongin [m] 1.414E3
‘ ; % 2 origin [m] 2100 §

=
£2
2z
o3

XGSAso i

@ 32 N
www xgslab.com Eé
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\/ CASE D - HYDRO POWER PLANT

\_LJNDERGROUND POWER STATION: RESULTS — POTENTIAL

Fp—

S/

LEGEND
Plotted:  Modulus

Range [V]

2.800 4.429
4429 6.057
6.057 7.686
7.686 9.314
9.314 10.94
10.94 12.57
12.57 14.20
14.20 15.83
15.83 1746
17.46 19.08
19.09 20,71
20.71 22.34
2234 2397
23.97 25.60

Out of Range

Actual Range

Maximum [V/] 2407
Minimum [V] 3.983
Soil surface —
Snap [m] 50

Axes Orientation and Crigin

¥ X origin [m] 8970
4'» v origin [m] 1414E3
Y zoignim 2100

XGSAso

@

www.xgslab.com
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3NDERGROUND POWER STATION: RESULTS — EARTH SURFACE POTENTIAL

18.00V
16.00V
1400V
12.00V
10,00V
8.000V
T s000v

T 4000V
2,000V
% 0.000 V

LEGEND
Plotted:

Range [V]
2100
3136
4171
5207
6.243
7279
8314
9.350
10.39
11.42
12.46
13.49
1453
15.56

N
CASE D — HYDRO POWER PLANT

Medulus

3136
417
5.207
6.243
7.2719
8314
9.350
10,38
1142
1246
1348
14.53
15.56
16.60

Actual Range
Maximum [\V]
Minimum [V]

Z calculation [m]

Axes Orientation and Crigin
¥ ongin [m]
y ongin [m]
X y Zongin [m]

-z

~

\

XGSAro
&

www.xgslab.com

o’

16.58

2207

0

897.0

1.414E3

-21.00
ig —~
&z |8
83
i v
i
e



GRAZIE PER
L’ATTENZIONE!



