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No.: 569, EPITAMULLAROAD,
My Ref. DDM/11/03/13-01 ‘ PITAKOTTE, SRI LANKA.

Eng.W.D. Anura S. Wijayapala,

Senior Lecturer,

University Of Moratuwa, 7 é{'] . PC’SJ‘
Moratuwa.

Dear Sir,

Request for a study on effects of electromagnetic field due to high voltage transmission
lines on sensitive detonator firing circuits

The mission of the Geological Survey and Mines Burean (GSMB) is to provide Geo-
Scientific Informfatlonk advice and services to the policy makers and the community and to
promote and mana
ensuring environmnies
transportation and trading of Minerals:

v

B mineral resources of the coyntry for economic development while
Austainability, It regulates exploration, cxtraction, value addition,

The GSMB also conducts awareness programmes to public officers of Divisional
Secretariats, Grama Niladhari, Police Officer etc., and licence holders on the regulations
gazetted under the Mines and Mineral Act and on environmental protection activities that
should be followed with mining activities.

Also awareness programmes are conducted considering the importance of making the
public, specially the school children and students of higher educational institutes aware on
our mineral resources and geo-hazards.

One such hazard observed recently is the premature blasting of explosives by licence holders
probably due to unintentional and unknown causes. Many such incidents have been recorded
in mines in recent times and such incidents needs to be prevented to ensure safety of human
lives and property while ensuring efficient mining activities such as explosive blasting.

One such common cause for occurrence of unintentional blasting is lightening which could
be avoided if proper precautions are taken in advance. The other suspected cause that
initiates premature firing of explosive is believed to be the extraneous electricity interfering
from high voltage transmission lines with the detonator firing circuits.
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A detail study needs to be carried out for finding the effects of induced voltages on the
electric detonator firing circuits from the high voltage transmission lines that runs in the
vicinity of the mines carrying out explosions. I would be grateful if you could arrange a
rescarch level study to investigate into the impacts of extraneous electricity caused by
nearby transmission lines and to develop a statement of safe distances of operation for
sensitive detonator firing circuits to avoid inappropriate triggering. This would ensure safety
of persons working in and around the mines and quarries avoid unexpected damages to

property.

Further, the safety distances are different in different countries due to national restrictions
and if such safe distances could be predicted accurately, we could educate the public, the
licence holders and related officials to take appropriate measures accordingly and ensure
safe explosive firing in the mines and quarries.

Your kind attention, in this regards, is much appreciated.

Thank You,

Eng. D. Sajjana de Silva.
Deputy Director (Mines)
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Annex 2

Specification for Supreme Short Delay Detonators

Description

CEFAP Specifications

Construction

Aluminium shell filled with ASA and PETN as primary and
secondary charge. These detonators should have delay
numbers ranging from 0 to 9,with a nominal time interval of
25 milliseconds for 7 and 8 and 75 milliseconds for 9

Aluminium with a conical depression at the bottom, length

shell varying for different delay numbers.
Strength No.6 or 8

Leg(Lead) Wire colour Should specify

Shell Diameter 6.5+ 0.05 mm

Leg (Lead) Wire Diameter

24 SWG iron wire

Lead Wire Resistance

0.1 - 0.3ohms/m

Leg(Lead)wire length

4and9m

Fuse Head resistance

1.6 to 2.0 ohms

Firing Energy

2.5t0 3.0 mJ/ohm

Firing Current pers’_@?ries 110172 Amps
No firing (No Initiation)

Current 50 mAmps
Year of manufacture Current

Shelf Life Min. of 05 Years
Each case should contain detonators of the same delay
Packing number only. Five detonators are held in bunch and five such

bunches are banded to make a bundle of 25 detonators. Two
bundles of 25 detonators each are wrapped in kraft paper and
make into a packet, and suitable labelled. 20 to 50 such
packets are placed in a wooden case, inside of which is lined
with water proof paper. The case is fastened with plastic
straps or wires. Entire consignment is desired in 20 foot
containers.
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MATLAB Script for electric field around 220kV TX Line

%

% 220kV Configuration

o\

clc
clear all
close all

e r=1; $relative permitivity of air

S=[200 200 200 200 200 200 200 2007]; %$sub conductor spacing - diameter in mm
N=[ 2 2 2 1 2 2 2 11; snumber of sub conductors per line

d=[ 28.6 28.6 28.6 18 28.6 28.6 28.6 18]; $sub conductor diameter in mm
h=[ 7 12.8 18.5 27 7 12.8 18.5 271: $Height above ground in m

x=[ -6.5 -6.5 -6.5 -6 6.5 6.5 6.5 61;

Vp p =[220 220 220 0 220 220 220 01; $Phase to Phase value of conductor
voltage

phase =[ 0 120 240 0 0 120 240 0]; $Phase angle of the conductor voltages

e 0= 8.85418781706é=

e m=e r*e 0; ”€T3

D=S./sin(pi./N) ;"

d eg=(N.*d.*(D)."(N-1))."(1./N); indle conductor

n=size(S,2); $number of lines
P=zeros (n,n); tMaxwell potential matrix
for j=1:n

for i=1l:n
if (i==73)
P(i,3j)=(1/(2*pi*e m))*log(4*h(1l,1)*1000/d eq(l,i));
else
den=(x(1,1)-x(1,3)) "2+ (h(1,1)-h(1,3))"2;
num=(x(1,1)-x(1,3)) "2+ (h(1,1)+h(1,3))"2;
num=4*h (1,1i) *h(1,7)+den;
P(i,3j)=(1/(2*pi*e m))*log(sqgrt (num/den));
end
end

end
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P inv=inv (P);

V_r=Vp p.*cosd(phase)/sqrt(3);%
V_i=Vp p.*sind(phase)/sqrt(3);%
Q r=V r*P inv;%

Q 1=V i*P inv;%

x N=[-20:0.1:20];
% y N=[20:0.1:20];
y N=1l*ones (1,100);

X points=size(x N,2);
y_points=size(y N,2);
Ex=zeros (x_points,y points);
Ey=zeros (x_points,y points);

V=zeros (x_points,y points);

J_com=sqrt (-1);
for j=l:size(y7Nﬁ%ﬁ’
for i=l:sizei§f3§2)

for k=1:13 .

CO=(x N(1,1)-x(1,k))/((x(1,k)-x N(1,1))"2+(h(1l,k)-y N(1,3))"2);
Cl=(x N(1,1i)-x(1,%k))/((x(1,k)-x N(1,i))"2+(h(1,k)+y N(1,3))"2);
C2=C0-C1;

C3=C2/ (2*pi*e m);

C4=(Q r(l,k)+j com*Q i(1l,k));

Ex (i,3)=Ex (i, ) +C4*C3;

end
end

end

for j=l:size(y N,2)
for i=l:size(x_N,2)
for k=1:n
CO=(y_N(1,3)-h(1,k))/((x(1,k)-x N(1,1i))"2+(h(1,k)-y N(1,3))"2);
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Cl=(y_N(1,3)+h(1,k))/ ((x(1,k)-x _N(1,1))"2+(h(1,k)+y_N(1,3))"2);

C2=C0-C1;
C3=C2/ (2*pi*e m);
C4=(Q r(l,k)+j com*Q i(1,k));
Ey(i,j)=Ey(i,])+C4*C3;
end
end

end

E real 2=real (Ex)."2+real(Ey)."2;

E imag 2=imag (Ex) ."2+imag(Ey) ."2;
E=sqrt (E_real 2+E imag 2); % Intensity in kV/m
T —mmmmmm e 3D plot for Electric Field----—=---——-—--———--

[plot X plot Y]=meshgrid(x N,y N);
surf(plot_X,plot*hg

title('Electr:
xlabel ('Horizc
ylabel ('Vertic ) 7

zlabel ('Electric Field (kV/m)');

for j=l:size(y_N,2)
for i=l:size(x N, 2)
for k=1:n
CO=sqrt (((x(1,k)-x_N(1,1))"2+(h(1,k)-y N(1,3))"2));
Cl=log(CO0/h(1,k));
C2=sqgrt (((x(1,k)-x N(1,i))"2+(h(1,k)+y N(1,3))"2));
C3=log(C2/h(1,k));
C4=(C1-C3)/(2*pi*e m);
V(i,3)=V(i,J)+ (Q r(l,k)+3 com*Q i(1l,k))*C4;
end
end

end



V_abs=sqrt (real (V) ."2+imag (V) .”2); %Potential in kV

gm—m - 3D plot for Potential-------------------

[plot X plot Y]=meshgrid(x N,y N);

surf (plot X,plot Y,V abs')

title('Potential for 245kV Double CCT Line');
xlabel ('Horizontal axis- X');

ylabel ('Verticall axis- Y'");

zlabel ('Potential (kV) ') ;

Annex 3
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MATLAB Script for Magnetic Field around 220kV TX Line
% 220kV Double Circuit Configuration
clc
clear all
close all
u r air =1; $Relative permeability of air
u r soil=1l; $Relative permeability of soil
e r soil=1; $Relative permittivity of earth
sigma =0.001; $Conductivity of earth
f =50; $Frequency in Hz
h= [ 7 12.8 18.5 27 7 12.8 18.5 27 ]1; %Height above ground in m
xX= [ -6.5 -6.5 -6.5 -6 6.5 6.5 6.5 6 ]; SHorizontal placement in m
I amp= [1200 1200 1200 0 1470 1470 1470 0 ]; SAmplitude of Conductor phase

0 Xr20°240-0"]; 5 C t na 1 jrees

n=size (h,2); lines
u air =u r air*4*pi*l0e-7;

u soil =u r soil*4*pi*l0e-7;

e soil =e r s0il*8.8541878176e-12;

j _comp =sqgrt(-1);

I phasor=I amp.* (cosd (I phase)+j comp*sind(I phase));

X N=[-20:0.1:20];% [0 70 100 700 1000 -10007;;

o\°

y N=.0l*ones (1,100);
y N=[1:0.1:6.0]; %[0];
X _points=size(x N,2);

y_points=size(y N,2);

[

e — Effect of Conductor Current --—————-------""-"-"----——————
H line x=zeros(x_points,y points);

H line y=zeros(x_points,y points);
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%Conductor effect - x axis
for j=1l:y points
for i=1:x points
for k=1:n
r=sqrt ((x N(1,1i)-x(1,k))"2+(y N(1,3)-h(1,k))"2);
H line x(i,3j)=H line x(i,3J)+ (I _phasor(l,k)./(2*pi*r))*(h(1l,k)-
y_N(1,3))/x;
end
end

end

%$Conductor effect - y axis
for j=1l:y points
for i=1:x points
for k=1:n
r=sqgrt ((x N(1,1i)-x(1,k))"2+(y N(1,3)-h(1,k))"2);
H line vy(i,j)=H line vy (i,3)-(I phasor(l,k)./(2*pi*r))*(x(1,k)-
x N(1,1))/x;
end

end

end

H real 2=real(H line x)."2+real(H line y)."2;

H imag 2=imag(H line x)."2+imag(H line y)."2;

H=5.3*sqgrt (H real 2+H imag 2);

G Effect of Earth's Current--——--------"-""-""-"-"-"-"-"-"—-"-"—~—~—~—~—~————

H e line x=zeros(x points,y points);

H e line y=zeros(x points,y points);

o)

% Earth's effect -x axis
for j=1:y points
for i=1:x points

for k=1:n
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Y=sqgrt (j_comp*2*pi*f*u soil* (sigma+] comp*2*pi*f*e soil));
r=sqrt ((x_N(1,1i)-x(1,k))" 2+ (y_N(1,3)+h(1l,k)+ 2/Y)"2);
phi x=-((h(1,k)+y N(1,3)+2/Y)/r);
H e line x(i,J)=H e line x(i,])-
(I _phasor(l,k)./(2*pi*r))*(1+(1/3)*(2/(Y*r))"4)*phi x;
end
end

end

%$Earth's effect -y axis
for j=1:y points
for i=1l:x points
for k=1:n
Y=sqrt (j comp*2*pi*f*u soil* (sigma+j comp*2*pi*f*e soil));
r=sqrt ((x N(1,1i)-x(1,k))"2+(y N(1,3)+h(1l,k)+ 2/Y)"2);
phi_y=(x_N(1,1)-x(1,k))/r;
H e line y(i,j)=H e line vy (i,3j)-
(I_phasor(1,k). * (14 (1/3) * (244Y¥r)) ~4) *phis vy
end

end

end

H e real 2=real(H e line x)."2+real(H e line y)."2;

H e imag 2=imag(H e line x)."2+imag(H e line y)."2;

H e=sqrt(H e real 2+H e imag 2);

G Total Magnetic Field-———-----"-"""-"-"-"-"—"-—--——-

H total=sqrt (H real 2+H imag 2+H e real 2+H e imag 2); %Total magnetic field in A/m

G- Total Magnetic Flux Density ------—--—------
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B total=u_air*H+u soil*H e; %Total magnetic flux density in Wb/m2

[plot X plot Y]=meshgrid(x N,y N);

%

% Plot Component of H due to conductor current alone

o
°

surf (plot X,plot Y,H")

title('Magnetic Field -Component of H due to conductor current alone ');
xlabel ('Horizontal axis- X (m)"'");

ylabel ('Verticall axis- Y');

zlabel ('Magnetic Field (A/m)"');

figure

o

o

Plot Component of H due to earth current

3 & _University of Moratuwa. Sri Lanka.
yElectronic Theses & Dissertations

31 -cwwdnelibanrt. agelko eartnh current');

xlabel ("Horizontal axis— X(im) ');

surf (plot X,plot
title('Magnetic

ylabel ('Verticall axis—- Y');
zlabel ('Magnetic Field (A/m)"');

figure

o
°

% Plot Resultant H due to conductor and earth current

%

surf (plot X,plot Y,H total')
title('Magnetic Field -Total');
xlabel ('Horizontal axis- X (m)');
ylabel ('Verticall axis- Y');
zlabel ('Magnetic Field (A/m)"');

figure
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%

% Plot Resultant B due to conductor and earth current

%

surf (plot X,plot Y,B total')

title('Magnetic Flux Density -Total');

xlabel ('"Horizontal axis- X (m)'");

ylabel ('Verticall axis- Y'");

zlabel ('Magnetic Flux Density (Wb/m”2) or (T)');

Electronic Theses & Dissertations
www.lib.mrt.ac.lk

University of Moratuwa, Sri Lanka.
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TX Line: Kotugoda - Katunayaka

Date : 23.05.2014

Transmission line Voltage & configuration : 132kV double circuit twin zebra

Line Currents :  780A, 860A Line Conductor height (Lowest Phase): 7.7m

]ICDni)sr:]ance Right fDrci)sr':?nce Left

centre Electric | Distance Electric | .ontre Electric Distance Electric

m) field (m) field m) field (V/m) | (m) field (V/m)
(V/m) (V/m)

0 3380 13.0 501 0 3380 -13.0 420
0.5 3400 135 401 -0.5 3370 -135 370
1.0 3400 14.0 301 -1.0 3390 -14.0 342
15 3410 145 280 -15 3410 -14.5 305
2.0 3450 15.0 220 -2.0 3440 -15.0 290
25 3490 15.5 180 -2.5 3480 -15.5 250
3.0 3480 16.0 140 -3.0 3480 -16.0 230
35 3450 16.5 120 -35 3450 -16.5 175
4.0 3390 17.0 115 -4.0 3350 -17.0 155
4.5 3295 17.5 105 -4.5 3275 -17.5 140
5.0 3150 18.0 100 -5.0 3050 -18.0 125
5.5 %@@ 18.5 95 -5.5 2950 -18.5 110
6.0 2575 19.0 95 -6.0 2701 -19.0 100
6.5 2457‘0 19.5 90 -6.5 2501 -19.5 95
7.0 9900 20 85 -7.0 2291 -20.0 90
75 2010 -7.5 2050
8.0 1670 -8.0 1800
8.5 1482 -8.5 1650
9.0 1390 -9.0 1401
9.5 1200 -9.5 1280
10 1100 -10 1100
10.5 900 -10.5 920
11.0 830 -11.0 801
11.5 732 -11.5 702
12.0 685 -12.0 594
12.5 605 -12.5 505
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TX Line: Bolawatta - Nattandiya

Date : 23.05.2014

Transmission line Voltage & configuration : 33kV double circuit single racoon

Line Currents :  180A, 165A Line Conductor height (Lowest Phase): 5.4m

]ICDni)sr:]ance Right fDrci)sr':?nce Left

centre Electric | Distance | Electric centre Electric Distance Electric

m) field (m) field m) field (V/m) | (m) field (V/m)
(V/m) (V/m)

0 384 13.0 95 0 384 -13.0 100
0.5 388 135 93 -0.5 390 -135 98
1.0 404 14.0 88 -1.0 400 -14.0 88
15 426 145 80 -1.5 424 -14.5 80
2.0 445 15.0 78 -2.0 440 -15.0 80
25 458 155 70 -2.5 460 -15.5 70
3.0 464 16.0 65 -3.0 464 -16.0 65
35 450 16.5 65 -35 455 -16.5 65
4.0 438 17.0 60 -4.0 439 -17.0 60
4.5 420 17.5 60 -4.5 430 -17.5 60
5.0 390 18.0 55 -5.0 400 -18.0 55
5.5 g:?? 18.5 55 -5.5 340 -18.5 55
6.0 347 19.0 a5 -6.0 340 -19.0 55
6.5 300 19.5 50 -6.5 320 -19.5 50
7.0 288 20 50 -7.0 280 -20.0 50
7.5 270 -7.5 258
8.0 240 -8.0 240
8.5 220 -8.5 210
9.0 180 9.0 200
9.5 177 9.5 180
10 170 -10 170
10.5 140 -10.5 160
11.0 145 -11.0 150
11.5 130 -11.5 140
12.0 120 -12.0 120
12.5 110 -12.5 110
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TX Line: Kotugoda - Katunayaka

Date : 23.05.2014

Transmission line Voltage & configuration : 132kV double circuit twin zebra

Line Currents :  780A, 860A Line Conductor height (Lowest Phase): 7.7m
Distance Right Distance Left
from - - from - - -
centre Mag. Distance | Mag. Field centre | Mag. Field | Distance | Mag. Field
(m) Field (m) (uT) (m) (uT) (m) (uT)
(uT)

0 16.0 13.0 11.2 0 16.0 -13.0 11.3
05 16.5 135 10.8 -0.5 16.5 -13.5 11.1
1.0 16.8 14.0 10.4 -1.0 16.8 -14.0 10.5
15 179 14.5 101 -1.5 17.0 -14.5 10.0
2.0 18.7 15.0 9.6 -2.0 17.5 -15.0 9.5
2.5 19.5 15.5 9.1 -2.5 18.2 -15.5 9.1
3.0 19.6 16.0 85 -3.0 18.8 -16.0 8.5
35 19.9 16.5 8.1 -3.5 19.2 -16.5 7.8
4.0 20.6 17.0 79 -4.0 19.5 -17.0 7.29
45 20.9 17.5 76 4.5 19.7 -17.5 7.1
5.0 0.9k 18D Y ¢ 11 19.6 -18.0 7.0
55 20.8{3 185 6.6 %5 19'6 -18.5 6.9
6.0 g | 190 o 6.0 19.3 119.0 6.8
6.5 20.0 19.5 6.01 -6.5 18.9 -19.5 6.5
7.0 195 20 58 -7.0 18.2 -20.0 6.5
75 18.2 205 54 -7.5 17.5 -20.5 6.3
8.0 17 86 21.0 58 -8.0 16.93 -21.0 5.99
8.5 170 215 56 -8.5 16.0 215 5.85
9.0 16.0 22.0 5 49 -9.0 15.5 -22.0 5.76
95 155 225 59 9 -9.5 15.0 -22.5 5.56
10 14.0 23.0 502 -10 14.1 -23.0 5.23
10.5 13.8 235 482 -10.5 13.5 -23.5 5.12
11.0 13.37 24.0 473 -11.0 13.0 -24.0 4.99
11.5 128 24.5 45 -11.5 12.45 -24.5 4.8
12.0 129 25.0 445 -12.0 11.9 -25.0 45
12.5 117 -12.5 11.4




Annex 8

TX Line: Bolawatta - Nattandiya

Date : 25.05.2014

Transmission line Voltage & configuration : 33kV double circuit single raccoon
Line Conductor height (Lowest Phase): 5.4m

Line Currents : 180A, 165A

]lc)ni)sr:]ance Right fDr;sr';ance Left
centre _Mag. Distance _Mag. centre _Mag. Distance Mag. Field
(m) Field (m) Field (m) Field (uT) | (m) (uT)
(uT) (uT)
0 6.8 13.0 29 0 6.8 -13.0 2.2
05 6.82 135 20 -0.5 6.85 -14.0 2.1
1.0 6.83 14.0 20 -1.0 6.91 -13.5 2.0
15 6.84 14.5 185 -1.5 7.0 -14.0 1.85
2.0 6.86 15.0 18 -2.0 7.05 -15.0 1.8
2.5 6.8 15.5 17 -2.5 6.98 -15.5 1.7
3.0 6.77 16.0 16 -3.0 7.02 -16.0 1.65
35 6.6 16.5 15 -3.5 6.91 -16.5 16
4.0 6.5 17.0 15 -4.0 6.75 -17.0 15
45 6.3 17.5 14 4.5 6.55 -17.5 1.4
5.0 6.01 st 18.0 Sy 51 63 8.0 1.35
5.5 £ 79 NSNS 5 o %5 6% 218.5 1.3
6.0 a5 1 190 17 6.0 5.65 1190 12
6.5 512 19.5 12 -6.5 5.35 -19.5 1.2
7.0 48.4 20.0 11 -7.0 5.05 -20.0 1.1
75 454 205 -7.5 4.7 -20.5
8.0 422 21.0 -8.0 4.4 -21.0
8.5 40 215 -8.5 4.1 215
9.0 37 22.0 -9.0 3.8 -22.0
9.5 35 22.5 -9.5 3.6 -22.5
10 39 23.0 -10 33 -23.0
10.5 30 235 -10.5 3.1 -23.5
11.0 588 24.0 -11.0 2.9 -24.0
11.5 262 24.5 -11.5 2.7 -24.5
12.0 95 25.0 -12.0 2.6 -25.0
12.5 235 -12.5 2.4






