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ANNEX B: “CONTACT CURRENT” METHOD
FOR ASSESSING ELECTRIC FIELD EXPOSURES

In situations where the electric field is highly non-uniform,
spot measurements close to metallic structures can be very
sensitive to the peak effect and can therefore significantly
overestimate to actual exposure of workers. A possible way to
solve this issue is to consider that when exposed to an elec-
tric field a worker can be considered as a voltage generator
(see figure).

When a worker exposed to an electric fields has a permanent
contact to the ground, the contact current is the short-circuit
current of the voltage generator. It depends on the magnitude
of the electric field and on the position of the body in the field
and with regard to the ground plane. At ground level, the ca-
pacitance C, of a standing man is in the order of 150 - 200 pF
and, therefore the contact current I. remains independent
from the contact impedance Z. as far as it remains lower than
(2nfCo)' =10MQ.

This condition is easy to comply with, and it also means that
a direct measuring the contact current using a usual amme-

ter will give a result representative of the real contact current
which can occur when a worker is connected to a ground
structure ( for example a worker with conductive shoes in a
tower).

The direct measurement of the contact current is easy to per-
form considering that the contact impedance is not critical:

The usual coupling factor given in reference publications
(e.g. CIGRE) is 15 pA perkV/m, corresponding to the maxi-
mum (conservative) coupling situation, i.e. a man standing
in a vertical electric field. Therefore the High AL for electric
field is equivalent to a 0.3mA contact current and the LEF
(as proposed by CENELEC) is equivalent to 0.5 mA.

Reciprocally, any contact current from a worker to a ground-
ed structure lower than 0.5 mA means that the corresponding
exposure to the electric field (whatever uniform or not) is
complaint.
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ANNEX C: ASSESSMENT METHODS FOR
ELECTRIC FIELD EXPOSURES ON TOWERS
WITH LIVE CIRCUITS

Section 5.3.2 explained that when climbing on towers past
live conductors, electric fields can be high, and can certainly
be above the High Action level and Limit Equivalent Field.
Measurements in the vicinity of tower steelwork (which cause
strong local perturbations) and possibly perturbed by the
person making the measurement (who cannot be distanced
from the measurement point as easily as at ground level) are
unreliable, but fields of 30kV/m or even higher have been

measured on 400kV towers. However, the field is aligned,
broadly speaking, horizontally through a linesman's vertical
body (see figure), an orientation where the coupling is less
strong then the reference one (person standing at ground
level and exposed to a vertical field). So the field measure-
ments in excess of the Action levels does not necessarily
indicate exceeding of the exposure limits values.
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Alternative assessment methods are available.

» A simple approach is to scale the Action level or the Limit sults in a contact current 38 % smaller than from a 10kV/m

equivalent field by the ratio of the height of a person to
their thickness, a factor of perhaps 4. This factor very ap-

proximately represents the ratio of the coupling in the two
geometries. The High Action level would thus become per-

haps 80kV/m, and the exposure is likely to be deemed

vertical field at ground level. In other words an exposure to
a20kV/m vertical field at ground level is equivalent to a
32kV/m horizontal exposure in a tower. This approach
therefore allows to exceed the HAL, but requires to analyse
the coupling of the field to the body for the work positions

compliant. in towers.

p

¥

A second approach is outlined in the CENELEC Standard
and based on measurements by EPRI is to use the total
contact current as a proxy for the effect of the electric field,
as explained I annex B. This total contact current has been
measured both for the reference case of a person standing
vertically in a vertical field, and for a worker leaning out 30°
from a tower leg in a horizontal field (see figure above), and
can therefore be used to scale from one to the other. EPRI's
finding is that a horizontal field of 10kV/m in a tower re-

» A third approach would be to perform numerical dosimet-
ric calculations specific to the exposure scenario. However,
no such calculations have yet been published.

It is likely that, using one of the above alternative methods,

this activity will be demonstrated to be compliant, and there-
fore no further action is needed.
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ABBREVIATIONS

AIMD Active Implanted Medical Device

AL Action Level

CNS Central Nervous System
EC European Commission
ELV Exposure Limit Value

EMF Electromagnetic Fields
ENTSO-E European Association of Transmission System Operators for Electricity
HAL High Action Level

HVDC  High Voltage Direct Current

LAL Low Action Level

LEF Exposure-Limit-Equivalent-Field
PNS Peripheral Nervous System

TSO Transmission System Operator

UNITS

A Ampere, unit of electrical current; it measures the amount of electrical charge that flows in an
electrical circuit per 1 second. 1A = 1,000mA (milliampere); 1 mA = 1,000 pA (microampere);
1kA (kiloampere) = 1,000 A

F Farad, unit of electrical capacitance, the ability of a body to store an electrical charge;
1pF (picofarad) = one trillionth (10 *?)F

Hz Hertz, unit of alternating current (AC) or electromagnetic (EM) wave frequency;
1Hz = one cycle per second. 1 Mhz (megahertz) = 1,000,000 Hz; 1,000 Mhz = 1 GHz (gigahertz)

Q Ohm, unit of electrical resistance; 1 MQ (megohm) = 1,000,000 Q

T Tesla, unit of electric field strength; 1 T = 1,000 mT (millitesla) or 1,000,000 pT;
1uT (microtesla) = 1,000 nT (nanotesla)

\Y Volt, unit of electric potential; 1kV (kilovolt) = 1,000V

V/m Volt per meter, unit of electric field strength; an electric field of 1V/m is represented by a potential
difference of 1V existing between two points that are 1 m apart.

e

22 | ENTSO-E - EMF report



AUTHORS

(d \{N\/ ‘ Vt

FRANCOIS DESCHAMPS CHRISTOPH DORNEMANN VINCENT DU FOUR EDWARD FRIMAN

RTE, France Amprion, Germany ELIA, Belgium Svenska kraftnét, Sweden

ARIANNA GUARNERI MIKA PENTTILA KLEMENS REICH JOHN SWANSON
Terna, Italy Fingrid, Finland APG, Austria National Grid, UK

°

ENTSO-E — EMF report | 23



—

ENTSO-E AISBL - Avenue de Cortenbergh 100 - 1000 Brussels — Belgium
Tel +3227410950 - Fax +3227410951

info@entsoe.eu - www.entsoe.eu

© ENTSO-E 2016



