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Summary of the investigation report

Accident case

Fatal accident at work at a transmission line site in Savitaipale

Time of accident

Wednesday 17 April 2013 at approximately 09.30 a.m.

Place of accident

Hyrkkala, 54800 SAVITAIPALE

Summary of the acci-
dent

and the investigation
results

The transmission capacity of the high-voltage network of the Finnish electricity
transmission grid was being increased, when in May 2013, a second 400 kilovolt
(kV) power transmission connection from Huutokoski, Joroinen, to Yllikkala, Lap-
peenranta, was taken into use. The open aerial line with an overall length of some
153 kilometres was erected along the same electric transmission corridor as the
existing 400 kV power transmission line. In April 2013, during the last stages of the
southern section of the connection, a 42-year-old electrician, employed by the
Polish contractor, lost his life due to an electric shock while working on the power
transmission line tower.

The direct cause of the electric shock was a line terminal clamp of the temporary
earthing device coming detached due to having been connected to the work object
inadequately and against the given instructions. As a result of the clamp becoming
detached, the isolated line being worked on was affected by induced voltage from
the adjacent 400 kV power line that was being used for power transmission. The
electrician became part of a circuit leading to the ground through his hands, re-
ceiving a fatal electric shock.

Other indirect factors contributing to the course of events and the accident includ-
ed:

- differing notions concerning the monitoring of safety of electrical work within
the consortium co-operation;

- the short-circuit-proof temporary earthing not being electrically connected to
the work object

Measures proposed
by the investigation
team to avoid similar
accidents in the future

1. Those in charge must actually be involved in the assessment of work-related

risks and be in close contact with the performance of the work under their re-
sponsibility. The supervisors must ensure that the instructions given are fol-
lowed and that the agreed procedures are used. Supervision must be sufficient
in all situations.

2. Inelectrical work carried out in Finland, standard EN 50110-1 can be applied

only by observing both the basic requirements of the EN standard and the na-
tional requirements of standard SFS 6002. Numerous additions and references
have been added to the national standard, and when combined with the origi-
nal contents, they impair the comprehensibility and readability of the publica-
tion.

3. Inrecent years, several serious accidents and hazardous situations have oc-

curred due to induced voltage during power line work. The working instruc-
tions for temporary earthing must be subjected to a risk assessment from the
perspective of safety at work.




4. There must be clear action plan, employee training and the required equip-

ment for rescuing employees working on power line towers in the event of an
accident.

5. Tukes restates the measures it proposed in the investigation report for the

electrical accident that took place at the Alajarvi substation (Doc No.
13443/06/2010): Attention must be paid to induced voltage as a phenomenon,
its dangers, and the correct working procedures. During networked operations,
the exchange of information between the operators involved in electrical work
and the coordination of supervision at a shared work site must be ensured. The
same also applies to all other operations.

Grounds

(Finnish) Electrical Safety Act (STL 410/1996), Section 52 a

Date of the investiga-
tion report

xx December 2013

Signatures and print-
ed names of the in-
vestigation team
members

Sakari Hatakka Timo Pietila Ville Huurinainen




1 Background

The Finnish main grid owner enhanced its capacity in its high-voltage electric power transmission network
by having another 400 kilovolt (kV) power line constructed between Huutokoski, Joroinen, and Yllikkala,
Lappeenranta. A new, bare, high-voltage overhead line was laid alongside the 400 kV power line that al-
ready existed along the same transmission corridor or in place of it. A substantial section of the line is lo-
cated on shared towers with 110 kV voltage lines. The total length of the completed link is 153 kilometres
long.

The construction project consisted of two phases and two separate contracts. The northern section of the
line, between the 400/110 kV substations in Huutokoski, Joroinen, and Visulahti, Mikkeli, was completed at
the end of 2012. Construction work began on the southern section, between the 400/110 kV substations in
Visulahti, Mikkeli, and Yllikkala, Lappeenranta, in autumn 2010 with ground work and was completed in
May 2013.

A French and a Polish company were jointly responsible for the construction contract relating to the south-
ern section. They were both specialised in the construction of electric power distribution systems. In April
2013, a 42-year-old electrician, employed by the Polish contractor, lost his life due to an electric shock from
the power line while working on the power line on the southern section of the connection.

The section of the line under construction was completed to the extent that parts of it had already been
used as a temporary arrangement for the electrical supply. When the fatal electrical accident took place,
the Polish team was repairing a high-voltage line on a tower after a deviation had been discovered during
monitoring of the installation work.

The line under construction had been isolated from the supply voltage and its access to the section of line
under construction was prevented by earthing insulators at the 400/110 kV * substations at Huutokoski and
Yllikkala, thus blocking the supply from both possible directions.

The **induced voltage from the 400 kV high voltage used for the conduction of electric power from a sys-
tem adjacent to the connection being built was to be eliminated through additional temporary earthing at
the site. The team was to install a single-phase temporary earthing device between the line on the
crossarm above and the tower structure itself.

During the work, the temporary earthing device’s line terminal clamp, which had been attached to the con-
ductor contrary to instructions, came detached, and the line being worked on charged and became life-
threatening. One of the electricians in the team who had been working on the line became part of the elec-
tric circuit travelling from the transmission line to the ground and received a fatal electric shock.

The transmission line transmitting power for 57 kilometres alongside the isolated line at the site had pro-
duced an induced voltage of some 10,000 volts (10 kilovolts) in the open end line being worked on, accord-
ing to later calculations.

* Substations are junctions in the electrical network where power can be conducted along different lines and voltage levels can be
changed. Switchgear, including circuit-breakers, disconnect switches and earthing switches, essential for the grid to operate proper-
ly, is kept within the fenced-off substations. A circuit-breaker can disconnect and connect load and fault currents in a circuit. Dis-
connect switches are used to establish a visible contact gap between dead open circuits in equipment, for the purposes of working
safely. Earthing switches, like temporary earthing devices, prevent a site from becoming dangerously live, e.g. because of the mis-



taken use or errors associated with equipment used for isolation, or for other reasons connected with unexpected voltage levels in
equipment. Such situations can result from parallel or intersecting lines.

** Any inductive or capacitive voltage caused to another line in the vicinity of a live (power) transmission line.

2 Accident investigation

The accident took place on Wednesday 17 April 2013 at around 09.30 a.m. The victim’s resuscitation com-
menced at the accident site after the accident. When the emergency services arrived, however, the victim
was pronounced dead. The police examined the site immediately after the accident.

Tukes was informed of the accident that same day and an investigation team was appointed the following
day.

The remit for the Tukes accident report was to discover:

- The course of events

- The circumstances at the time of the accident

- The company's work procedures related to the activity in question and whether they were ob-
served

- Other factors affecting the accident

- Compliance with the legal requirements

In addition, the investigation team must propose actions to prevent similar accidents from occurring.

The Tukes accident investigation team visited the site of the accident on 18 April 2013, accompanied by the
police (South Karelia Police Department) and an occupational health and safety inspector from the Regional
State Administrative Agency for Southern Finland. The investigation continued on site on 19 April 2013.

The Tukes investigation team had the following materials at their disposal:

- descriptions received from the operators of the arrangements in place for monitoring the safety of
electrical work, the electrical training of the staff involved, their experience, the occupational
health and safety training that had been carried out in the field of electrical work, and the working
instructions

- reports from the operators; details of the connection status, the state of the sections and parts of
the grid under construction; temporary earthing arrangements

- documents relating to the construction of the installation and drawings and diagrams of the
equipment

- an estimate by an expert of the induced voltage in the conductor at the time of the accident

- records of the accident (Police / Tukes)

- areport by the Finnish Meteorological Institute of weather conditions at the time of the accident



3 Description of the power line section, tower structure and accident
site

The accident took place in Hyrkkala in the municipality of Savitaipale, in South Karelia. The accident site is
less than 10 kilometres from the town centre of Savitaipale. The rescue roads in the safety plan for the site
and the other procedures in place for emergency situations and accidents had been reviewed with the con-
struction operators’ employees and the South Karelia emergency services. The Savitaipale fire station is
located in the town centre of the municipality.

At Hyrkkala, the main grid transmission lines are located in the transmission corridor in such a way that
there are two parallel 400 kV transmission lines carried on guyed steel two-legged portal towers in the
same right-of-way. Their distance from each other and from the centre line of the towers is approximately
33 metres. The transmission line area needed for the transmission lines consists of a right-of-way on the
ground and border zones on each side of it. The right-of-way in the clearing generally extends about 18-21
metres either side of the central line of the tower structure. The border zone starts from the edge of the
right-of-way and is an area where the height of trees is restricted.

The power line towers are marked and numbered for easy identification. The numbering system for the line
in question starts in the south from the direction of Lappeenranta. At the site of the accident in Hyrkkalg,
the number on the tower being worked on was 92.

The main parts of the tower structure and the line from the viewpoint of the accident and its investigation
are:

- The crossarm on the tower. The crossarm on the tower where the accident took place is about 30
metres above the ground. The crossarm consists of an upper and lower flange and diagonal cross
bracings to give the structure mechanical strength. The crossarm and the other main overground
steel structures are connected to the tower earthing system installed on the ground.

- Insulator string. The phase wires on the tower at the accident site are supported from the crossarm
by means of two insulator strings some four metres long. The string insulates the line from the
tower structures that are connected to the ground.

- Phase wire, comprising three Finch subconductors. The diameter of one conductor is $32.9mm.
The wires are installed in the shape of a triangle, so that the distance between the farthest wires in
one phase is approximately 0.5m.

- Clamps, by means of which the subconductors are attached to the brackets on the insulator string,
and to which the ***arcing horns that protect the wire are also fixed. There are protection pegs be-
tween the clamp and the conductor, preventing mechanical damage to the line at the fixing point.

***Arcing horns, or a spark gap, protect the line from climate-induced overvoltage, conducting any resulting
electric arc to the spark gap in a controlled manner.
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Figure 1. A general view of the accident site in Hyrkkdld, Savitaipale.



4 Chain of events — Events leading up to the accident and the accident
itself

4.1 Work on the power line

The Polish contractor was to repair an installation deviation discovered during an investigation of the line.
The task of the team, which was made up of four electricians (Linemen) and a Team Leader, was to move
the line clamps on the underside of the insulator strings supporting the line so that the insulator string and
the line would meet at right angles to one another. The task and the related arrangements had been dis-
cussed at an earlier on-site meeting between the customer and the supplier. The work was to be carried
out on the upper crossbar of the tower and while working above the line. The instructions in place for
working on towers and occupational health and safety in electrical work, and the procedures agreed with
the customer were to be observed during the work.

4.2 Isolation of the site and temporary earthing

The norm publication SFS 6002 (Safety in electrical work) provides instructions for working on electrical
equipment and in its vicinity, and defines the main fundamental measures for dead working procedures
that ensure that the site is and remains dead whilst work is being carried out. After the respective electrical
installations have been identified, the following actions shall be undertaken in the specified order unless
there are essential reasons for doing otherwise:

- disconnect completely;

- secure against re-connection;

- verify that the installation is dead;

- carry out earthing and short-circuiting;

When the accident occurred, the section of the line at which the site on tower No. 92 was located had been
isolated from the rest of the southern line under construction in both directions of electrical supply. Further
away, the jumpers connecting the different phase subconductors had been removed from the anchor tow-
ers (Nos. 45 and 270) on both sides of the site. An air gap of approximately eight metres for all phases for
the lines in the direction of the substations had formed at the points of isolation.

From power line tower No. 45 at the point of isolation in the direction of Lappeenranta, there was approx-
imately ten kilometres of line under construction that was partly mounted on erected towers, and this was
isolated from the Yllikkdld 400/110 kV substation using fixed short-circuit-proof earthing insulators. An
earthing insulator would prevent supply voltage from getting from the substation to the line being built in
the event of fault current. All phases of this section of the line under construction had been temporarily
earthed using transportable short-circuit-proof temporary earthing devices to the ground-connected struc-
tures of tower No. 45.

The line section from tower No. 270 northward in the direction of Joroinen had been isolated and earthed
using a short-circuit earthing insulator at the Huutokoski 400/110 kV substation.

In an instruction entitled Safety when working with High Voltage Installations (SATKY), which was added to
the Standard on safety in electrical work, short-circuit-proof earthing is called main earthing.
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Figure 2. Principle diagram of the connection situation and temporary earthing.

4.3 Induced voltage

One requirement of the Standard on safety in electrical work is that, in addition to the requirements in
place for working when circuits are dead, special steps have to be taken, especially when working on over-
head lines, to enable a reduction in the potential (induced voltage) between the conductors and the earth
caused by induction at the site to a safe level.

The dangerous levels of induced voltage caused by the adjacent power line transmitting electricity were to
be eliminated by means of a transportable temporary earthing device installed at tower No. 92. While mak-
ing preparations for working at the top of the tower, the team were to earth the line to be worked on to
the steel structures providing a good connection between the tower crossarm and the ground.

The measure is called additional temporary earthing in the SATKY instruction.

4.4 Work on the power line tower

The following description is based on the information given by the members of the team at the site when
the accident happened.

On the morning of Wednesday 17 April 2013, the team of the contractor engaged to lay the line set out
from the Savitaipale base camp to carry out some pre-agreed tasks. At the work site, electricians A and B
climbed the steps of transmission line tower No. 92 onto the crossarm and moved along it to above of the
phase wire to be worked on. Electrician B lowered the other end of the rope he had taken with him to the
team at ground level. A temporary earthing device and an insulating rod were attached to the rope and
electrician B hoisted these up to the tower. In the same way, safety ropes for the electricians, a lever hoist
for lightening the lines during work and two lifting lines for fastening were hoisted up to the tower
crossarm.

As the work progressed, electrician B moved to the lower flange on the tower crossarm, where he prepared
support for the hoist and examined and sorted out the safety ropes he had taken up with him. Meanwhile,
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electrician A was fastening the temporary earthing device. According to his statement, electrician B did not
see this precise activity taking place, as he had first been bent over while moving and then turned away
from A while working. Electrician B lowered himself along the insulator string to the line underneath the
crossarm and there received from electrician A the lever hoist and another lifting line. When the hoist had
been suspended on the crossarm using the lifting line and the first subconductor in the power line phase
had been attached to the lifting hook, using the other lifting line, electrician B sat down on the power line
to work. Electrician B sat by the clamps in such a way that the temporary earthing clamp was behind his
back. Once electrician A had also lowered himself to the line, the actual work of moving the suspension
clamps began. Electrician A worked standing up on the line on the opposite side of the insulator string from
electrician B (Figure 2). The work progressed, with the subconductors being marked with the necessary
moving distance, after which the clamps on the conductor lightened with the hoist were detached one by
one, moved and re-attached.

Two out of the three subconductors had already been moved, when the third conductor “crackled and
flashed” to such extent that even the team and ground level noticed. Electrician B realised what was hap-
pening and noticed that electrician A had received an electric shock. Electrician A had one of his hands on
the earthing device conductor and the other on the hoist.

Having realised what had happened, electrician B carefully attached the detached earthing device line ter-
minal that was hanging loose to the line. When the current was discharged via the earthing device, electri-
cian A was left hanging unconscious on his safety harness on the transmission line.

Once the situation became somewhat clearer, electrician B asked the team down below to call for help and
send up another earthing device system. The team rang the work supervision, who in turn called the emer-
gency services. At the same time, team members set out to fetch another earthing device system. The site
was not earthed again, however; instead, the team started to help the victim (electrician A) down from the
tower.

First, electrician B attached a rope to the chest strap on electrician A’s safety harness, and the unconscious
victim was lowered down. Electrician B realised his situation on the line was life-threatening and asked to
be lowered down himself on the rope. While two members of the work team lowered electrician B down to
the ground level, Team Leader C applied first aid to the victim.

First aid was continued until the rescue services arrived. However, electrician A was pronounced dead at
the accident site.

As the accident happened, electrician A had become part of an electric circuit through which the induced
voltage in the line discharged through the electrician's arms and body to the metallic structures of the tow-
er and the ground.
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Figure 3. lllustration of electricians A and B working on the power line.

4.5 Induced voltage and the resulting electric shock

The work object had been isolated from any of its power supplies, as described above.

The dangerous level of induced voltage identified in the wire that was “in a floating state”, isolated from
the supply voltage, was to be eliminated by means of an earthing device installed at tower No. 92 in the
immediate vicinity of the work object (additional temporary earthing). The safety of work on the line relied
solely on this additional earthing procedure. When the clamp on the earthing device line terminal came
detached, the line being worked on became live and electricians A and B were in immediate danger of los-
ing their lives.

The free end of the lifting chain of the hoist used to lighten the conductors was in contact with the arc horn
of the same potential as the live wire, causing the metal frame of the hoist to become live. The chain hoist

had been suspended on the tower crossarm with a lifting line that conducted electricity poorly, so that the

induced voltage could not discharge via the lifting line to the tower structures and on to the ground.

The conductor on the earthing equipment that had the earth potential, which had come loose from the
power line, and the phase terminal clamp at its end began to dangle freely at the work site.

Electrician A was working standing on the line wearing insulating rubber boots. Electrician A was gripping
the hoist that had become live with one hand and the coated conductor of the additional earthing device at
the same height with the other hand. As the insulating strength of the temporary earthing device's conduc-
tor coating failed, electrician A’s hands became part of the electric circuit from the power line to the tower
earthing system. Due to a muscle spasm caused by the electric current, the victim remained part of the
electric circuit (Figure 3).
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When electrician B touched the charged power line with the additional temporary earthing device's phase
terminal after noticing the accident, the induced voltage was momentarily discharged via the earthing de-
vice to the tower structures and on to ground, allowing the victim to be separated from the electric circuit.
At the same time the line, acting as a working platform, became live again, and both electricians were in
immediate danger of losing their lives until they were rescued and helped down from the tower.

According to calculations made by experts employed by the grid owner later on, at a time just prior to the
accident, at about 09.40 a.m., the voltage induced by the Yllikkala-Visulahti transmission line conducting
power was around 10,000 volts (10 kV) and the current in effect at the accident site was around 4-5 am-
peres (A).

4.6 The accident site after the incident and its investigation

The police documented the site soon after the accident occurred. The site was kept as it was immediately
after the rescue operation. The Tukes investigation team, a technical investigator employed by the police
and an occupational health and safety inspector examined the site the next day, Thursday 18 April 2013.
There were also staff employed by the main grid owner as well as the French and Polish companies at the
site of the accident.

On arrival at the site, the equipment that had been used by the victim was observed on the ground: a hel-
met, a personal safety harness and gloves and rubber boots worn whilst at work. Burn marks were visible
on the palm side of both of the victim's work gloves. There were no visible signs of damage to the rubber
boots or signs of heat caused by an electric current. The insulating telescopic rod (closed) needed to attach
the earthing device was close to the leg of the portal tower.

The tools and equipment that the team had used up on the crossbar and on the line could be seen: the
lever hoist mounted in place to lighten the conductors, the auxiliary rope, the safety ropes and a sledge-
hammer required in the work. The earthing terminal used for the additional temporary earthing work ar-
rangement had been attached to the upper flange of the crossarm. The earthing device conductor had
been wound securely around the upper flange of the crossarm using a lifting line (Figure 4), and the line
terminal clamp, which was meant to be attached to the power line at the other end, was hanging loose at
the site.

Before the earthing device and other tools and equipment used on the tower crossbar and the line when
the accident happened were detached/disconnected and lowered to the ground to be examined, the acci-
dent site was photographed from the crossarm above (Figure 5).



14

Line termi-

Suspension

Figure 4. Work site. The red circles indicate the places where the electrician became part of the electric cir-
cuit.

An examination of the tools and equipment used at the site allowed the following observations essential to
the investigation of the electrical accident to be made:

- the adjustable jaw on the line terminal clamp meant to be attached to the earthing device subcon-
ductor was open in its extreme position. Turning the clamp's mounting screw back from its extreme
position required quite a lot of force.

- there was evidence of damage caused by heating due to the electric current in two places in the
coating of the copper wire in the earthing device.

- the lifting line used to suspend the lever hoist showed a high degree of melting caused by a disrup-
tive discharge.

It was observed that the clamp jaw to be attached to the object being earthed and the pitch of the mount-
ing screw were structurally such that the equipment, if installed properly, could not accidentally open and
become detached while work was going on.

Due to this observation, it was considered necessary to determine whether the line terminal clamp could
have inadvertently been attached incorrectly. Some tests were conducted on the tower crossarm at the
scene of the accident. In these, a telescopic rod and the appropriate procedures were employed to try to
get the open clamp to stay on the conductor. The clamp could not be positioned on the line when the ad-
justable jaw was fully open and untightened. The investigation team was of the opinion that the clamp,
which had been open, had remained in place suspended from the earthing rope that had been secured
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tightly to the upper flange of the crossarm. When the conductor was lightened in order to move the clamp,
the earthing rope became slack and the clamp came detached.

Phase terminal

Hoist'chain in connection with
clamp

the line potential

Figure 5. The site after the accident, 18 April 2013.

The grid connection situation and main earthing systems were as described above in Section 4.2.

After the accident, work on the line did not continue until the accident had been dealt with and the correct
working procedures had been reviewed with the teams of the Polish company. Transportable short-circuit-
proof temporary earthing devices were installed in towers No. 46 and 269 close to the line's isolation
points.

4.7 Team debriefing session

A team debriefing session was held in connection with the investigation of the accident site on 18 April
2013. It was attended by the Tukes investigation team, staff of the consortium and the customer’s project
manager. The members of the team wrote accounts in their own language of what they had seen at the
time of the accident; these were later translated into Finnish. The team that had been at the site of the
accident were also consulted in their mother tongue with the assistance of the Polish project manager, who
spoke English.
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Figure 6. Left: earthing device rope tied to the upper flange of the crossarm. Right: the gloves worn by the
victim.
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5 Requirements and instructions for temporary earthing related to the
work

According to the amendment on safety at work (KTMp 1194/1999) to the Decision of the Ministry of Trade
and Industry on Electrical Works (KTMp 516/1996), the structure of the electrical installation must be relia-
bly established, the risk factors related to the work assessed and any necessary measures taken to ensure
electrical safety before any electrical work is begun. Electrical work must be carried out using established
work methods that have been found to be safe. The work requirements are considered fulfilled if the
standards and publications approved by the electrical safety authorities are applied to the performance of
the work. The standard approved for electrical work is SFS 6002 Sahkotyoturvallisuus (SFS 6002 Safety at
Electrical Work). The standard contains the first part of EN 50110-1, which is the model for the standard,
and the Finnish supplement to the requirements. If the method applied to the work is unusual or new, any
risk factors related to the method must be assessed and taken into account.

5.1 Standard on safety at electrical work SFS 6002

Induction risk and temporary earthing according to the standard on safety at electrical work SFS 6002:

Section 6.1.1 of the standard deals with induction. According to the section, live conductors can cause
charges in other conductors or conductive parts in their vicinity. In addition to the following requirements
of 6.2 (Dead working) and 6.4 (Working in the vicinity of live parts), specific precautions shall be taken
when working on electrical systems influenced by induction (this is particularly so for work on overhead
lines): These special measures include:

- by earthing at adequate intervals in order to reduce the potential between conductors and earth at
a safe level;

- by equipotential bonding at the work location in order to avoid the possibility of workers inserting
themselves in an induction loop.

According to subsection 6.2.4.1, General, of section 6.2.4, Temporary earthing, of the standard, “all parts of
any high-voltage installation or certain low-voltage installation (SFS 6002 6.2.4.2) where work is being car-
ried out must be temporarily earthed (earthed and short-circuited). Earthing and short-circuiting equip-
ment or devices shall be first connected to the earthing point and then to the components to be earthed.
The earthing and short-circuiting equipment or devices shall be visible, whenever possible, from the work
location. Otherwise, the earth connections shall be applied as close to the work location as is reasonably
practical."

Section 6.2.4 of the standard, Temporary earthing, contains an additional national requirement: “Tempo-
rary earthing prevents the work location from becoming dangerously live because of incorrect use or mal-
function of the switchgear used for isolation or because voltage is supplied to the installation for other rea-
sons. These kinds of situations may be caused by generators or control voltages connected to the equip-
ment or by adjacent or intersecting lines, for example. In such cases, the temporary earthing must be car-
ried out separately for high voltage and low voltage.”

According to section 6.2.4.3 of the standard, Requirements for high-voltage installations, the temporary
earthing of bare overhead lines and bare conductors must be carried out on all sides of the work location
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for conductors entering the location. At least one piece of temporary earthing equipment or device must
be visible from the work location.

These rules have the following exceptions:

- for specific jobs where conductors are not cut during the work, using a single piece of temporary
earthing equipment or device is acceptable at the work location;

- if the temporary earthing equipment or devices are not visible from the work location, a local tem-
porary earthing device must be installed at the work location or the temporarily earthed work loca-
tion must be marked or otherwise indicated.

If work is performed on only one conductor of an overhead line, the short-circuiting of all phases is not
required at the work location provided that the following conditions are met:

- allisolation points have been temporarily earthed in compliance with section 6.2.4.1 (see above);

- the conductor being worked on and all conducting parts at the work location have been connected
and earthed with appropriate equipment or devices;

- the earthed conductor, the work location and the person performing the work are at least at a dis-
tance greater than DL (the shortest acceptable distance in air that defines the outer limit of the live
working zone) away from the other conductors of that circuit.

The bare parts of insulated overhead lines, cables and other insulated conductors shall be temporarily
earthed at the points of isolation of the installations or as close to these as possible on all supply sides of
the work location.

Additional national requirement:

However, the temporary earthing does not have to be visible in the work location if no conductors are cut
or will be cut during the work and the line is a single branch line or a line fed from two sides and the lines
are easily identifiable to prevent any risk of mistake. In such a case, temporary earthing with short-circuit
current capability in the vicinity of the isolation point(s) shall be sufficient. If the work location is more than
3 km away from the temporary earthing, additional temporary earthing must be carried out to ensure that
the 3km distance is not exceeded.

5.2 SATKY instructions

The SFS 6002 standard on safety at electrical work has been supplemented by instructions on safety at
electrical work on high-voltage installations. The purpose of these instructions is to clarify the requirements
of the standard with regard to work on electrical installations of 1 kV or higher.

Temporary earthing complying with the electrical safety standard and special measures required in addition
thereto, particularly in the case of overhead lines, are referred to as main earthing and additional tempo-
rary earthing in the SATKY instructions.

These earthing procedures are discussed in chapter 6 (Advance design of and planning for connections) of
the SATKY instructions as follows:

“6.2.1 Design of main earthing
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The installation separated for the work shall in all cases be provided with main earthing. The main earthing
shall be provided even if the work is not done on the isolated installation itself but the work location ex-
tends to the installation’s immediate vicinity.

The purpose of the main earthing is to prevent dangerously high supply voltage from entering the work
location from any direction in the event of a fault, faulty switching or equipment damage. The main earth-
ing shall be dimensioned to withstand any short-circuit currents or earth fault currents that may occur in
such situations.

The person in charge of operating the electrical installation shall be responsible for designing the main
earthing.

The main earthing must be provided in all supply directions. If, as at work on the main busbar of a switch-
gear, this is not reasonably possible, the person in charge of the operation must ensure that the main
earthing is sufficient for electrical safety.

Main earthing shall primarily be carried out with an earthing switch. If there is not one available, the main
earthing shall be done with transportable temporary earthing devices that withstand short-circuit current
and earth-fault current.

“8.3 Additional temporary earthing

The main earthing will prevent operating voltage from entering the work location but cannot exclude dan-
gerous induced voltage in all cases. Any dangerous induced voltage must therefore be eliminated with ad-
ditional temporary earthing. It will also reduce climatic risk factors or risk factors related to conductors
touching each other.

The work team shall be responsible for establishing any need for additional temporary earthing and for the
connection, supervision and removal of the devices. The cross section of the conductors used for the tem-
porary earthing must be at least @ 16 mm?2,

Before the additional temporary earthing is connected, it must always be ensured that the work location is
dead. Even though a tester may indicate that the work location is dead, the work location may be carrying a
lethal induced voltage that can only be eliminated with temporary earthing.

The temporary earthing equipment must be visible from the work location wherever possible.

In addition to additional temporary earthing, auxiliary temporary earthing can be carried out at the work
location; no requirements have been set for its current-carrying capacity.”

The purpose of auxiliary temporary earthing is to equalise any differences in potential that might be unfa-
vourable to the work. Auxiliary temporary earthing will not have a direct effect on the safety of electrical
work.

5.3 Instructions issued by the grid owner

The main grid owner has issued its own instructions, “Safety at electrical operation and work on the main
grid” (“Kaytto- ja sdhkotyoturvallisuus kantaverkossa”), which are based on the standard on safety at elec-
trical work (SFS 6002) and the SATKY instructions. The instructions contain clarifications to working on the
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main grid or its vicinity that have been deemed necessary. With regard to temporary earthing, they have
been updated with operating instructions issued in 2011.
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6 Temporary earthing equipment and its installation

For the additional temporary earthing of work locations in the main grid, it is recommended that equip-
ment with a cross section larger than that of the conductor and made of copper, with a diameter of at least
@ 25 mm? or 3.2 kA [1 s], and complying with the SATKY instructions be used as such equipment is mechan-
ically superior and have a higher current-carrying capacity.

The additional temporary earthing shall be connected to and disconnected from the work location with an
insulating rod. The insulating rod must be long enough to prevent the user having to enter the live working
zone. It is absolutely vital that the temporary earthing device is attached in the right order, first reliably to a
point connected to earth and only then to the work location.

In the work that led to the accident, the work team used an insulating rod (a telescopic rod with a strap)

appropriate for attaching the temporary earthing device. The additional temporary earthing device used
had a cross section of @ 35mm?, it was made of copper and had a current-carrying capacity of 9 kA [1 s].

The temporary earthing device is attached with adjustable clamps.

Exact product information on the temporary earthing device used in the accident was not available for the
investigation. The thickness of the wall of the coating (TPE-O) of the conductor of a temporary earthing
device commonly used for high-voltage work with a corresponding cross section is reported as 1.3 mm and
its dielectric strength as about 10 kV/mm.

Figure 6. The temporary earthing device used in the work leading to the accident.
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7 Working conditions

7.1 Weather, clothing and equipment

Weather

The Finnish Meteorological Institute observation stations closest to the site of the accident are the Lap-
peenranta airport and the Lepola weather station in Lappeenranta.

Weather observations at the stations on 17 April 2013:

Lappeenranta airport at 9.40 a.m.
- temperature: 6.3 °C

- relative humidity: 77 %

- visibility: good, 30 km

- average wind speed: 3.1 m/s

Cumulated precipitation at Lepola station between 9.00 a.m. and 10.00 a.m.
- there was no rain during the time period

Clothing
- work clothes, helmet

Equipment and tools
- Fall prevention equipment required for pole work, safety ropes and required hand tools. An insulat-
ing rod and a single-phase temporary earthing device, where the cross section (@) of the copper
cable was 35 mm®.

7.2 Activities of the organisations

The course of events and the contributing issues and circumstances have been determined during the acci-
dent investigation. A description of the course of events has been presented above. The following is an
account of the activities with regard to the legal provisions valid at the time of the accident. The publica-
tions referred to are as follows (excerpts included in the Appendix):

1. Electrical Safety Act (410/1996), hereinafter (ESA 410/1996)

2. Decision of the Ministry of Trade and Industry on Electrical Works (KTMp 516/1996) and the
amendment on safety at work (KTMp 1194/1999), hereinafter KTMp (516/1996)

3. Tukes instructions S7-2012, Notification of electrical work

4. Tukes instructions $10-2012, Standards on the safety of electrical installations and safety at electri-
cal work

5. The binding force of standard SFS 6002 (2005), Safety at electrical work, is stated in KTMp
516/1996 and the Tukes instructions.

7.3 Contractor’s procedures in the selection of partners

The main grid company maintains a list of approved suppliers, the purpose of which is to ensure in advance
that the contractors and suppliers have the financial and technical capacity to carry out power line projects.
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In order to be entered in the register, the suppliers are requested to provide the following details, for ex-
ample:

- basic and financial information on the company, including documents required by the Act on the
Contractor’s Obligation and Liability when Work is Contracted Out;

- the company’s references for similar projects;

- the company’s personnel resources (project management, planning and installation personnel);

- adescription of the company’s quality assurance process.

Previous co-operation between the French and Polish companies

The French-owned company, which the main grid company has used in previous projects as well, has been
operating in Finland since 2006, after which the name of the company has changed. The changes to the
company name have been related to the internal reorganisation of the company's parent group. The
French company has been the contractor in a number of projects launched by the Finnish main grid com-
pany where the Polish-owned company has been a partner of the French company, first as a subcontractor
and later as a member of a consortium in the Yllikkala-Visulahti power line project.

The two companies have worked in partnership in other countries as well, such as Poland and France.

Before signing the first contract, the client evaluated the functioning of the French-Polish partnership, for
example by making a fact-finding visit to France, where the Polish company worked as the French compa-
ny’s subcontractor. The operations and resources of the Polish company were assessed on a fact-finding
visit, which also included discussions with the company’s most important Polish client. The Polish compa-
ny’s references were updated before the contract for the Yllikkala-Visulahti line section was signed.

7.4 Consortium partnership

The building contract for the Yllikkdla-Visulahti line section was to be carried out by the ****consortium
formed by the French and Polish companies. The main responsibility for achieving the consortium’s objec-
tives lay with the French consortium partner.

According to the contractual documents, each consortium partner was responsible for its own work.

According to the consortium agreement and the building contract, the Polish company was primarily re-
sponsible for preparing the work instructions for the project and for carrying out the work for building and
installing the line.

The common work language of the client and the consortium members was English, which was also the
language of the contractual documents.

***¥* In general, “consortium” is a term for a temporary association of companies for a specific business transaction.
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8 Supervision of the construction of the electrical installation and safety
control of the work site

The supervision of the construction and the site had been defined at several levels in this extensive power
line project. The client and the consortium companies had appointed specific persons to supervise the qual-
ity of the construction, general occupational safety, electrical safety and safety at electrical work, for exam-
ple.

On the site, the safety was supervised by the project manager appointed by the grid owner, who was also
the safety coordinator for the project. The client had also appointed a site supervisor, who also acted as a
liaison officer for occupational safety, and a person responsible for electrical safety.

The client’s representatives visit the site regularly, having a clear idea of the situation on the site all the
time. The number of these visits depended on the current work stages, for example, and the progress of
the project.

The project was also monitored by a steering group appointed from among the personnel of the client and
the consortium, which visited the site several times. In addition to supervision carried out by the client it-
self, the project was supervised on the basis of the contract by a Finnish company specialising in construc-
tion, construction supervision and consulting.

8.1 Operating conditions under the Electrical Safety Act

In Finland, according to the Electrical Safety Act and the statutes based on the Act, electrical installations
may be installed or repaired or electrical equipment repaired only by persons who meet the requirements
set out in Section 8 of the Electrical Safety Act (410/1996).

One of the key requirements is that the operator must appoint an electrical works manager in charge of
electrical safety from among its personnel and, in accordance with Section 4 of the Decision of the Ministry
of Trade and Industry on Electrical Works (KTMp 516/1996), give the manager sufficient authorisation to
manage and supervise the electrical work. In addition, the operator must notify Tukes in accordance with
Section 12 of the Act before the work is begun.

According to the contract between the consortium and the client, the person responsible for electrical
works referred to in Section 8 of the Electrical Safety Act, the manager of the electrical works, would be the
French company’s manager of electrical works during the contract. The electrical work of the French com-
pany was entered in Tukes’s register of electrical work contractors in 2007 and the company’s operations
were considered to comply with the provisions in the Electrical Safety Act and the requirements based on
the Act.

Tukes had made a control visit to the consortium's work site with regard to electrical contracting on 10
April 2013. During the control visit, it was discovered that Tukes had not been notified of the French com-
pany’s change of name. It was also discovered that the Polish company’s electrical works had not been
entered in Tukes's register of electrical contractors. The minutes of the control visit raised the issue of
whether the French company’s manager of electrical works could realistically supervise the electrical works



25

from France. The Polish company was immediately requested to notify Tukes of its electrical contracting
operations.

8.2 Definition of the supervision of electrical work safety

According to legislation on electrical work performed in Finland, the employer (or the employer’s substi-
tute) and the supervisor of electrical works appointed by the employer shall in general ensure that the
Safety at Work Act, the Electrical Safety Act and any statutes and regulations issued by virtue of these Acts
are complied with.

The responsibilities of a supervisor of electrical works include ensuring that the persons performing electri-
cal work are competent and have received adequate instruction in their work. He shall also ensure that
electrical safety during the work at each location is supervised by a person who is authorised to carry out
electrical work independently within his own field of expertise (KTMp 516/1996, SFS 6002).

In the contract made with the client, the person appointed under Section 8 of the Electrical Safety Act as
the supervisor for the work under the project was the site manager of the consortium’s French member (A
person in charge of electrical work).

Requirements for personnel and the organisation of safety of electrical work are set out in more detail in
the nationally binding Annex X of the electrical safety standard SFS 6002. According to Annex X.4 of the
standard, if the person appointed as the supervisor of electrical work cannot carry out all his responsibili-
ties himself, he must ensure that there is a system in place for meeting the requirements. For each piece of
work, there must be a person appointed responsible for the work or operation, such as a foreman, if the
site manager is not directly supervising the work himself.

In the project contract agreement, the persons appointed by the consortium's French member to be re-
sponsible for the work were as follows:

- the person responsible for work in accordance with SFS 6002
- the person responsible for overseeing site safety

The Polish company building the line had a system based on the standard on electrical work safety in place,
which described the organisation of supervising the company’s safety at work in six levels by area of super-
vision and the supervising persons by job title (the team leader, the foreman, deputy supervising foreman,
supervising foreman, the Site Manager-Resident, Deputy Project Manager and Project Manager).

According to Section 29c of the Decision of the Ministry of Trade and Industry (KTMp 516/1996, SFS 6002),
a person who is authorised to carry out electrical work independently within his own field must be ap-
pointed to supervise the electrical safety during the work at each work location. In the nationally binding
Appendix to the standard on electrical work safety, this person is called a supervisor of electrical safety
during the work.

“The supervisor of electrical safety during the work is required to have both the formal skills and
knowledge of
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and experience in the installation methods, supplies and tools applied. Other important qualities include his
attitude to safety and his reliability, carefulness and responsibility. It is essential that he is present at the
work location and able to supervise the safety of the work. If there are several people working at the work
location, it must be clear in all situations who is responsible for supervising electrical safety at work. De-
termining the supervision of electrical safety at work is particularly important at work locations where
there are different people working simultaneously for different employers. In such cases, the supervision of
electrical safety at work must generally be determined in writing. If the organisation of the work and the
assignments are clear enough for oral determination of the supervision or for practice agreed on in ad-
vance, written determination is not necessary.”/ SFS 6002

The person appointed to supervise the electrical safety of the work that led to the accident was the team
leader of the Polish team.

8.3 Professional skills, training and instruction of the persons taking part in the work

There are several types of tasks involved at the various stages of power line construction that require pro-
fessional skills and work experience related to construction, metalwork, and vehicle and machine opera-
tion, for example.

The employer of the Polish workers has submitted files regarding the training of the company’s workers
required in the course of the accident investigation. The members of the team involved in the accident
were professionals with backgrounds in various fields who had been trained in transmission network con-
struction. The team members had several years' experience in building transmission lines.

According to the information received, A, the deceased worker, had had professional training in electrical
work.

The teams have had to attend annual health and safety training courses, which focus particularly on electri-
cal safety, working in high places and first aid. Every five years, the workers have had to take a compulsory
examination to prove their proficiency in the above safety issues. Those who pass the examination are
granted the relevant Polish licence (qualification certificates D and E issued by the Polish Electricians’ Asso-
ciation). The training in electrical safety at work is based on the European standard EN 50110-1 (Operation
of electrical installations).

The three project and site managers of the consortium had received training in compliance with the electri-
cal safety standard SFS 6002 in Finland, partly in order to impart the content of the standard to their own
personnel. According to a report by the Polish company, six of its engineers have received such training.

On the line construction site, there were “Welcome meetings" for orientation, and the work teams were
given more detailed instructions related to the standard before they began work. The employees also at-
tended practical training for the correct preparation of the work location, which also included the installa-
tion of temporary earthing.

Every opportunity was taken to remind them of the risk of induction from the adjacent 400kV transmission
line. The importance of maintaining a sufficient distance from the line during work was stressed to the
teams. Any anchoring for pole erection, for example, had to be done on the opposite side of the line in
operation.
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8.4 Safe use of the electrical installation

In accordance with Section 3 of the Decision of the Ministry of Trade and Industry on Electrical Works, the
main grid owner has appointed a person holding the required qualification certificate as supervisor of op-
erational works. The supervisor of operational works must ensure that the operation and maintenance of
the electrical installation comply with the Electrical Safety Act and any provisions and regulations issued
thereunder and that all persons engaged in operational work have the professional skills and sufficient in-
structions for their duties. Accordingly, the responsibility for the operational safety of the electrical grid,
identification and assessment of risks and instruction in the specific elements of electrical hazards related
to the installation lie with the supervisor of operational works. The person responsible for coordinating and
improving the work safety of the project was the supervisor of operational works appointed for the trans-
mission network.

The above-mentioned instructions “Operating and electrical work safety in the main grid” and their sup-
plementary instructions about temporary earthing in the main grid are documents that have been prepared
by a group of experts and also translated into English, one purpose of which is to highlight and manage the
risks caused by the special features of equipment. By observing the instructions, damage and accidents
caused by identified hazards could be prevented.

In the Electrical Safety Act, from the perspective of the requirements placed on a constructor of electrical
installations, the grid owner played the role of client in the power line project. In the project contract doc-
ument and its appendices, there are many detailed requirements set by the client for consortia concerning
electrical safety and the safety of electrical work, as well as requirements concerning the safety of using the
grid, among other things. The documents draw attention to definitions of electrical safety monitoring and
to different situations at the various stages of power line work, such as the dangers of induced voltage,
earthing, intersections of different voltage levels in the area of the connection under construction, and
incident management.

During the site safety monitoring performed by the client, attention was paid to site safety and it was
deemed necessary to approach all contractors by letter in 2011 and 2012. The letters asked them to pay
attention to ensuring occupational safety and developing a culture of occupational safety on sites.

8.5 The monitoring of occupational and electrical work safety on site

The contract agreement concerning the project and its appendices contained many mentions of site man-
agement and related procedures. The supplier, a consortium, appointed a site manager to the project, who
had to be able to communicate in Finnish or English. The site manager had to be available during working
hours. The document specified that at least one foreman had to be able to speak Finnish and English. The
site also needed someone who could communicate in Finnish with the grid owner’s operating centre. The
French company had appointed a Finnish professional, whom it employed and who was skilled in English,
for supervision and practical site arrangements.

The construction personnel, team leaders and project management of the Polish company carrying out the
practical work were mainly Polish and communication in the work teams took place in Polish.

On a shared construction site, the main contractor is responsible for the site’s general and common safety.
The main contractor has the main responsibility for site safety management, planning and monitoring
[Government Decree on the Safety of Construction Work (205/2009), Section 2, Sections 6-10].
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In spite of the consortium formed, the different parties of the consortium were responsible for their own
work and such matters as responsibilities set for employers in the Finnish Occupational Safety and Health
Act remained within the companies themselves.

On site, guidance and monitoring of practical occupational safety and electrical work safety were handled
by consortium site managers and the team leaders of the Polish work teams.

The client’s practice is to require of contractors written reporting of accidents and hazardous situations and
a presentation of remedial measures. The principle is that all negligence noticed will be intervened in. Acci-
dents, hazardous situations and observed cases of negligence are dealt with at site meetings. If deficiencies
are observed on site in, for example, the use of personal protective equipment, the client sends the main
contractor a written complaint and gives a warning to the person who has breached the instructions given.

In the monitoring of safety on the client’s site, attention was paid to the hazards of induced voltages. Dur-
ing a site visit by the steering group in March 2011, the client carried out a review of occupational safety,
during which this issue was emphasised. In order to ensure safe working, in July 2011 the contractors were
supplied with new written requirements for temporary earthing on the main grid, the introduction of which
was confirmed by the contractors. These instructions paid particular attention to the generation of induced
voltages and to the dangers caused by them.

8.6 Previous electrical accidents on site and remedial measures taken as a result of them

On the Yllikkala-Visulahti site, an electrical accident resulting from induced voltage occurred in October
2012. At the time, Polish electricians were working in a lifting cage connecting conductor parts under con-
struction at an anchor pole. One of the two electricians of the team had fixed the earth connector of the
earthing conductor to the pole, and was holding the line terminal in his hands while the electricians used
the lifting cage to move to the conductor end of the insulator chain. At that time, the electrician's work pair
received an electric shock after grasping the steel tensioning piece between the subconductors. The electric
shock was caused by induced voltage from the adjacent 400 kV power line and the failure to observe the
instructions regarding temporary earthing.

As a result of the accident, an extraordinary meeting of the contract steering group was arranged, the con-
tent of which emphasised the need to improve occupational safety. As concrete measures agreed in the
meeting, the French company sent a safety manager to the work site to review the work procedure and
improve them. The Polish company constructing the power line increased the number of foremen by one,
which enabled better monitoring of safety on site. When the management of the Polish company visited
the site in November 2012, a meeting was held with all site personnel, reviewing the accident, its causes
and how to avoid similar accidents in the future.

It was also agreed to lengthen the interruption periods of the remaining work phases requiring line trans-
mission interruption (de-energising the line and isolating it from its power supply). The interruption periods
were lengthened in order to reduce work pressure caused by urgency, thus improving safety.

In January 2013, the Polish company arranged annual occupational safety training for its electricians. The
training focused on electrical safety. Separate safety training was also organised for electricians whose job
is to climb towers and work at high places.
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9 The results of the investigation

Reports received from the consortium members

In statements submitted for the accident investigation, the operators emphasise that, in line work, the
above-mentioned instructions drawn up by the grid owner, “Operating and electrical work safety in the
main grid,” and their supplementary operating instructions were abided by. The Polish employer of de-
ceased electrician A draws attention to the fact that, according to the instructions, main earthing does not
have to be in direct electrical contact with the object worked on.

In response to Tukes’ request for statements about safety monitoring of electrical work on site, the French
company refers to the consortium agreement, and considers that both parties in the consortium were fully
and separately responsible for their own work and employees. According to the consortium agreement,
line construction work was the Polish company’s responsibility.

The Polish employer of the deceased employee states that, according to the contract agreement made with
the client, the French company's site manager was responsible for the on-site safety monitoring. On behalf
of the Polish company, on-site safety was monitored by: the team leader, the foreman, deputy supervising
foreman, supervising foreman, the Site Manager-Resident, deputy Project Manager and Project Manager. A
report was attached to the statement about the areas of responsibility for monitoring the safety of electri-
cal work within the organisation. In its statement, the Polish company wishes to draw attention to the fact
that the same work team and team leader had jointly carried out identical tasks previously during the pro-
ject. The team leader had the responsibility of ensuring the prerequisites for safe working.

Work at the site and temporary earthing

The immediate cause of the accident was the detachment of a temporary earthing device line terminal
clamp that had been fitted to a conductor at the site contrary to instructions, as a result of which a lethal
voltage was discharged into the line being worked on. While working, the deceased electrician A became
part of a circuit leading from the power line to the ground, receiving a fatal electric shock.

Based on discussions held during the accident scene investigation and reports received from operators, the
work team should have been aware of the earthing instructions given and the correct way of attaching the
additional temporary earthing device. The electric shock from induced voltage received by a Polish worker
at the same site in autumn 2012 had been reviewed with the work teams constructing the line at the site.
In order to ensure comprehension of the instructions given, the grid company’s earthing instructions were
also translated into Polish. The working language of the consortium was English, but the work teams under-
stood and spoke Polish almost exclusively. In the investigation, it was not discovered that language prob-
lems in communication would have arisen on the shared site which would have had a significant effect on
occupational safety.

The correct attachment of the temporary earthing device and the work procedure are clear. It seems that
the attachment of the temporary earthing device to the object worked on may have consciously been done
contrary to instructions. The accident investigation was unable to establish a reason for the work team
acting contrary to the given instructions with any certainty. The team should not have been under any work
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pressure, and attaching the temporary earthing device by tying it from the conductor to the crossbeam did
not provide significant benefit to the performance of the work. It is possible that, in spite of guidance and

several warnings, the real mortal danger caused by induced voltage had not been properly understood.

Figure 7. The picture on the left shows the line terminal tightened by pulling it onto the conductor, suspend-
ed by the earthing rope. The picture on the right presents the correct method.

When the work began, the isolated line section that was worked on did not have any temporary earthing.
Work was exclusively made possible by the additional temporary earthing set as the task of the work team.
In discussions held with the work team, it emerged that members of the team had noticed the strength of
the electrical phenomena caused by induced voltage varying at different stages of the line work when con-
necting the temporary earthing device. Among other things, this was caused by earthing done to the line by
other work teams, which discharged the charge. Previous experiences of working on a line carrying a lower
charge, earthed at many places, may have caused a dismissive attitude towards the safety impact of earth-

ing.

The condition for beginning work was the authorisation given by the person in charge of operating the elec-
trical installation. Permission to start can only be given to the workers by the person in charge of the work
after the detailed measures required in the electrical work safety standard for de-energised work have
been carried out. According to a national additional requirement of the standard, permission to start an
individual task may be given by the supervisor of electrical safety at work.

A site meeting preceding the accident had dealt with inspection and finishing work to be done on the con-
structed line. At the meeting, a representative of the grid owner was present and it was stated that the
work teams would install additional temporary earthing at the site before starting work.

The task of the work team’s supervisor of electrical safety at work was to ensure that, before starting work,
additional temporary earthing of the object worked on had been done correctly and that work could begin

safely.

Short-circuit-proof temporary earthing
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According to the general earthing requirements of the electrical work safety standard concerning the work
during which the accident happened, all parts of high-voltage equipment and specified low-voltage equip-
ment being worked on shall be temporarily earthed (earthed and short-circuited). The temporary earthing
equipment must be visible from the work location wherever possible. Otherwise, the temporary earthing
must be installed as close to the work location as reasonably possible.

The temporary earthing requirements for high-voltage installations are supplemented in the standard so
that the temporary earthing of bare overhead lines and bare conductors is to be done, in respect to the
work location, in all directions for all incoming conductors, and at least one piece of temporary earthing
equipment or device should be visible from the work location. These requirements can be deviated from if
the conditions specified in the standard are met. As an exception to the general requirements, it is not re-
quired to short-circuit all phases in the work location, if the work only concerns one overhead line conduc-
tor. This exception requires that all isolation points be temporarily earthed in accordance with the general
requirements of the standard, and the conductor that is worked on and all conducting parts in the work
location are connected and earthed using suitable equipment or devices. The earthed conductor, work
location and worker must also be at least a voltage work distance away from other conductors in the same
circuit.

According to the additional national supplement to the standard, temporary earthing prevents the work
location from becoming dangerously live because of incorrect use or malfunction of the switchgear used for
isolation or because voltage is supplied to the installation for other reasons. Such situations can arise at a
network construction site from parallel or intersecting lines.

When the object worked on may become charged due to induction, in addition to the requirements for de-
energised work, special measures should be initiated, particularly with overhead lines, such as earthing at
suitable intervals in order to reduce the potential between the conductors and the ground to a safe level.
The preconditions of de-energised work are complete isolation, the prevention of connection of voltage,
verifying the de-energised state of the equipment, and temporary earthing (report Section 4.2).

In all cases, it must be ensured that the temporary earthing equipment or devices, and the cables and con-
nectors used to connect them, are fit for the purpose and suitable for the fault current values of the loca-
tion of use. The reliable fastening of the temporary earthing equipment during the work must be ensured.

The grid owner is responsible for main earthing for the purpose of working. According to the SATKY guide-
lines, main earthing must be earthing that can withstand short circuits. In its statement, the main grid own-
er considers that the voltage supply possibilities for the planned work targets were prevented with earthing
connectors connected on the ends of the power line under construction in accordance with the company's
instructions. According to the statement, the requirement written in the grid owner’s instructions “Operat-
ing and electrical work safety in the main grid” concerning the connection of one main earthing device to a
part separated for work refers to maintenance work. An operating procedure concerning earthing that
supplements the grid owner’s instructions has interpreted the SATKY guideline to the effect that main
earthing does not have to be in direct electrical contact with the object worked on.

When the accident occurred, deceased electrician A was holding the coating of the temporary earthing
device’s conductor, which does not provide protection, and the purpose of which is not to protect, against
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a high-voltage electric shock. When the induced voltage exceeded the voltage strength of the coating, a
disruptive discharge took place and the induced voltage was discharged through the hands of electrician A
that were protected with gloves, through his body to the tower structures leading to the ground.

The investigation remained open about how large the induced voltage would have been if the line had had
temporary earthing that could withstand a short circuit.

The operations of the organisation

An operator carrying out electrical work in Finland must appoint one of its employees as the person in
charge of electrical safety (electrical works manager), and must notify Tukes of the matter. The electrical
works manager must have a Finnish certificate of qualification that is valid and adequately broad in scope.

The Polish company was acting as the electrical contractor for the power line project. An electrical works
manager from the French company who possessed a Finnish certificate of proficiency had been appointed
for the consortium in an agreement. The consortium was not, however, an operator (legal person) as re-
ferred to in the Electrical Safety Act, so the procedure was not in accordance with this Act.

According to the understanding of Tukes’ investigation group, the electrical works manager contractually
appointed to the consortium played little role in taking care of the key functions of an electrical works
manager on a practical level, which include work supervision, guiding employees and taking care of external
framework of the work.

The consortium’s person responsible for the work appointed to supervise electrical safety had close contact
with the performance of the work and communicated both with the client and the project management of
the Polish company constructing the line. During the project, the person in charge of the work had drawn
attention to the safety-related flaws that he had noticed. Similarly in its monitoring of site safety, the client
had drawn the contractor’s attention to safety issues and had demanded the remedial measures men-
tioned above. In spite of consortium co-operation, the Polish company as an independent operator and
employer was responsible for such matters as the occupational safety of its employees and for monitoring
it. However, the requirements to improve employee supervision and on-site occupational safety culture
originated from outside the company’s organisation that was in charge of safety.

European standard EN 50110-1 (Operation of electrical installations) does not specify the persons, the elec-
trical works manager and the temporary safety supervisor, who occupy a key role in the monitoring of elec-
trical work safety in Finland. The requirements of Finnish electrical work safety standard SFS 6002 concern-
ing personnel and the organisation of electrical work safety are given in the standard's nationally binding
Annex X. The electrical work safety monitoring arrangements in line with this standard are strongly based
on the Finnish requirement under the Electrical Safety Act that work shall be managed by an electrical
works manager employed by the operator. The employment relationship gives the electrical works manag-
er, who acts as the employer's deputy, the right of direction to lead the work and to give work-related in-
struction and orders to the workers.
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It is possible that the diversity of the Finnish requirements of special statutes concerning electrical safety
and, for example, the different persons specified in the electrical work safety standard compared to the
model European standard have to some extent caused challenges in the organisation and actual monitoring
of networked electrical work safety supervision.

In electrical work carried out in Finland, however, standard EN 50110-1 can be applied only by observing
both the basic requirements of the EN standard and the national requirements of standard SFS 6002. If the
requirements differ from each other, national requirements take precedence.

10 Summary of the accident and the contributing factors

The immediate cause leading to the accident was a failure to attach the additional earthing device in ac-
cordance with the instructions and guidance given at the work location. The work at the location relied on
the additional earthing alone. Once the attachment clamp of the line terminal of the additional earthing
device became detached, the line that was being worked on became charged, which posed a mortal danger
for those working on the line. Once the induced voltage exceeded the dielectric strength of the coated
conductor of the earthing device, the person holding the conductor received a fatal electric shock. The
dangerous situation was not over until the workers had been helped down from the tower. In addition to
the risk of an electric shock, the workers were at risk of falling while they were being rescued with the work
rope from the pole.

Judging by the reports obtained for the investigation and the interviews conducted, the team was aware of
the correct way of carrying out the additional earthing. It is possible that one of the reasons why the in-
structions had been departed from was that the seriousness of the danger posed by the induced voltage
had not been fully appreciated. The person appointed for the team to supervise electrical safety during the
work should have ensured before the work started that the additional earthing at the location had been
properly carried out and the work could be safely started.

During the project, it had been discovered on the site that the occupational safety culture needed to be
improved and the employees’ supervision needed to be increased. Although measures had been taken to
remedy the matter, the investigation team did not feel these had resulted in any long-term commitment to
maintaining and improving safety on the site.

It appears from the inquiries carried out during the accident investigation that the various parties to the
project were not sufficiently aware of the operating conditions required in Finland under the Electrical
Safety Act, for example. Supervision and responsibilities had been defined in great detail in the project con-
tract, its appendices and the consortium agreement. However, at the project management level, the un-
derstanding of the supervision specifications was not uniform. Ultimately, ensuring that the workers’ skills
and the guidance and instructions given to the workers are sufficient is always their employer's responsibil-
ity. The employer should have made sure that the purpose of the instructions was understood and that the
instructions were followed.
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The investigation remained open about what the induced voltage and current would have been at the acci-
dent site, if the part being worked on had had temporary earthing that could withstand a short circuit. The
instructions for the electrical safety of high-voltage installations (SATKY) define the earthing procedures for
main and additional earthing referred to in the standard. The basic requirement for earthing at work set
out in the nationally binding standard for safety at electrical work and in the European model for the
standard is presented ambiguously enough to leave room for an interpretation that is less strict than the
original requirement.
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11 Actions recommended by the investigation team

1. Those in charge must actually be involved in the assessment of work-related risks and be in close con-
tact with the performance of the work under their responsibility. The supervisory staff must make sure
that the importance of the instructions given is understood. The supervisory staff must also ensure
that any agreed procedures are followed. An operator coming to do electrical work in Finland must ac-
quire a sufficient knowledge of the national special legislation.

2. According to the introduction to the Finnish standard on safety at electrical work, SFS 6002, the pur-
pose of standardisation is to define over time a uniform European level of safety for operation of elec-
trical installations and work at or in the vicinity of electrical installations. The current standard contains
numerous national amendments and references to Finnish legislation, e.g. the Electrical Safety Act,
which does not help make the requirements set out in the standard easier to understand or the publi-
cation itself easier to read. This is an issue that should be addressed in the standardisation work and
the compilation of any instructions supplementing the standard. Companies coming to Finland to per-
form various electrical work assignments must be able to use the publication as the basis for organis-
ing their work in such a way that both the European standard and the Finnish requirements are com-
plied with.

3. Construction of new high-voltage overhead lines usually takes place in existing power line corridors, in
consideration of their environmental impact, and makes use of common support structures, for exam-
ple. Adjacent or intersecting lines pose a challenge for grid construction sites and electrical work safe-
ty. Reliable isolation of specific parts of an installation from the supply voltage plays a key role in elec-
trical work safety, as does temporary earthing. The standard on safety at electrical work includes pro-
visions regarding transmission lines in the working zone requiring that special measures should be tak-
en to eliminate the danger of induced voltage from work on electrical installations, for example. The
potential between a charged connector and earth can be reduced by earthing the isolated line at ap-
propriate intervals. This section of the standard contains no details on how the earthing should be car-
ried out in the working zone or at the work site.

The section regarding the temporary earthing of high-voltage installations contains a national addi-
tional requirement according to which additional temporary earthing must be carried out at the work
site to keep the distance from the temporary earthing below three kilometres.

However, in the operating instruction for the main grid, on the basis of expert calculations and experi-
ences, it has been deemed necessary to reduce that distance to two kilometres in order to ensure that
induced voltage and any current caused by it in the vicinity of power lines will not cause a dangerous
electric shock to humans in the event of an accident.

The danger posed by induced voltage is exceptionally great compared to working on the majority of
isolated low- or high-voltage installations. One of the topics addressed during the accident investiga-
tion was the procedure for earthing where the safety of a worker depends on a single transportable
earthing device.

Once the grid owner has carried out the main earthing, the contractor will be responsible for carrying
out safe additional temporary earthing. As the standards provide no details on how the earthing
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should be carried out, the employer must establish reliably any risks involved in the work before the
work is begun and take measures required for safe electrical work (see e.g. KTMp 516/1996).

It must be noted before any work is begun that high-voltage testers run on the supply voltage but do
not detect induced voltages that are lower than the supply voltage but nevertheless measured in kilo-
volts.

During the work, the worker is often connected in parallel with an earthing device discharging the
charge of the line to earth. If the earthing device becomes detached because of a poor conducting
connection, a thoughtless or inadvertent action or an unforeseen event, the worker will be in immedi-
ate mortal danger. Because the on-site work conditions in the open air are demanding and the parts
handled and the machinery operated are large and the power caused by them great, the possibility of
the earthing device becoming detached or a mechanical failure taking place cannot be excluded. This
risk is particularly significant if the person is working high on a tower.

An electric shock from induced voltage will cause serious physiological injuries.

Several serious accidents and dangerous situations have been caused by induced voltage in recent
years. In the investigation team’s opinion, the instructions on temporary earthing on high-voltage
overhead lines supplementing the standard should be subjected to a risk-based review, with the in-
structions issued by the occupational safety authorities on risk assessment taken into account if neces-
sary.

Another issue focused on at the investigation was the team’s preparedness for rescuing the workers
on the tower at the site of the accident. The rescue operation as it unfolded involved several risk fac-
tors. The operators must ensure that there is a plan in place for mitigating the damage and the inju-
ries, and that there will be skilled people and readily available tools for carrying out temporary earth-
ing and rescuing workers from the tower. The client had required in the appendices to the project con-
tract that the site organisation have clear procedures in place for prompt communication with the grid
owner’s operating centre and the emergency response centre in any emergencies. Rescuing the work-
ers from the poles did not cause any further damage or injuries, and the team’s call for help was
promptly passed on to the emergency response centre by the Polish foreman and a Finnish employee.

In a statement made concerning the accident investigation report, the Polish employer states that the
team had been trained in safe evacuation from a tower and that it had additional temporary earthing
devices available. An emergency chart was prepared at the start of the project and used to demon-
strate the procedure and phone numbers for calling help. The chart was familiar to all workers on the
site.
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Sources

Tukes' pictorial material from the site of the accident on 18 April 2013.

The police's pictorial material from the site of the accident on 18 April 2013.

Main grid owner's pictorial material

ESA (410/1996), KTMp (516/1996)

Tukes instructions S7-2012, Notification of electrical work

Tukes instructions S10-2012, Standards on the safety of electrical installations and safety at electrical work
Standard of safety at electrical work SFS 6002, second edition

Instructions for the electrical safety of high-voltage installations (SATKY)

Operating and electrical work safety in the main grid instructions, and the supplementary operating instruc-
tions concerning temporary earthing, prepared in 2011

Tukes inspection record 8/TVP/13

With regard to risk assessment, the occupational safety authority's website:
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Ap-
pendix

Excerpts from legislation applying to the accident

Electrical Safety Act 14.6.1996/410
Chapter 3

Work in the electricity sector
Section 8

Work related to the repair and servicing of electrical equipment, and work related to the construction, re-
pair, servicing and use of electrical installations shall be authorised on the following conditions:

(1) a sufficiently qualified natural person is appointed to direct the work (supervisor);

(2) a natural person independently carrying out and supervising work possesses sufficient qualifications or
otherwise has sufficient professional skills; and

(3) premises and tools necessary for carrying out the work are used, and the provisions and regulations on
electrical safety are observed.

No supervisor is required for one-time work, as laid down in more detail by the Ministry, or for work that
may cause only a minor risk or interference referred to in Section 5. Furthermore, the Ministry may deter-
mine when no supervisor is required for work related to operation and servicing.

The Ministry shall issue further provisions on the conditions mentioned in paragraph (1).
Section 9

The supervisor shall ensure that the work referred to in Section 8(1) complies with the provisions of Section
5 and the provisions laid down pursuant to Section 6. The supervisor shall have an actual possibility of per-
forming his duty. (21.12.2007/1465)

The supervisor referred to in Section 8(1) shall himself be the operator or shall be in the service of the op-
erator, unless otherwise provided by the Ministry on work related to operation and servicing.

The same person may be appointed as the supervisor of the electrical or lift work of no more than three
operators at the same time. (3.12.2010/1072)

The Ministry shall issue more detailed provisions concerning the tasks of the supervisor.
Section 10

The qualifications referred to above in Section 8(1)(1) shall be evaluated and a certificate of qualification
issued by an evaluation body the appointment of which is made by application and revoked by the Electri-
cal Safety Authority. (2.4.2004/220)


http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
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In addition to the qualifications referred to in paragraph (1), the evaluation body may also evaluate other
qualifications based on this Act, as laid down in more detail by Decree or decision of the Ministry.

The evaluation body shall meet the requirements laid down by Decree and shall demonstrate that this is
the case. The Electrical Safety Authority shall supervise the activities of the evaluation body and ensure that
compliance with the stipulated requirements is verified regularly. (2.4.2004/220)

Section 11

The Electrical Safety Authority may decide that the qualifications of a natural person referred to in Section
8 may also be demonstrated by presenting a foreign certificate of qualification or an equivalent document.
In this case, it is a prerequisite that the requirements laid down with respect to education and work experi-
ence correspond to the requirements laid down by virtue of Section 8(3), and that the provisions and regu-
lations on electrical safety of the country in question correspond in essence to the provisions and regula-
tions in force in Finland.

However, the appropriate Directive of the European Community is applied to the recognition of formal
qualifications and professional competence acquired in another member state of the European Economic
Area as laid down in more detail by a Decree of the Ministry. (8.11.2002/913)

Section 12

A person carrying out operations referred to above in Section 8(1), shall, for the purpose of surveillance,
notify the Electrical Safety Authority thereof. Furthermore, the Electrical Safety Authority shall be notified
of changes concerning the supervisor and of other significant changes affecting the operations.

The Ministry shall issue further provisions on the notifications mentioned in paragraph (1). Furthermore,
the Ministry may provide that the notifications referred to in paragraph (1) need not be made on work re-
lated to operation and servicing, nor in the case where the operation can be considered non-recurring or
otherwise limited.

Section 52 a(2.4.2004/220)

The police, rescue services and labour protection authority and the owner of the distribution grid in the
distribution area must notify the Electrical Safety Authority of any electrical incident causing a serious acci-
dent. The definition of a serious accident is laid down in more detail in a Decree of the Government.

The Electrical Safety Authority must investigate the accident, if the Authority deems it necessary for the
purpose of determining the cause of the accident or for preventing further accidents.

Decision of the Ministry of Trade and Industry on electrical works 5.7.1996/516
KTMp (516/1996, 1194/1999)

The Ministry of Trade and Industry has passed the following decree in accordance with the Electrical Safety
Act of 14 June 1996 (410/96):

Chapter 1


http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#True
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#a8.11.2002-913
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#L10
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960410/?toc=1#a2.4.2004-220
http://plus.edilex.fi/tukes/fi/lainsaadanto/19960410

Definitions
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Section 1

Electrical work refers to the repair and servicing of electrical equipment and the construction, repair and
servicing of electrical installations.

Electrical work is not considered to include the demolition of electrical equipment and installations if the
equipment or installation in question has been reliably and duly de-energized.

Operational work refers to operational measures for electrical installations and the related repair and ser-
vicing work, as well as electrical installation inspections. (17.12.1999/1194)

Chapter 2
Work Supervisors
Section 2

The person or organisation engaged in electrical work shall appoint a Supervisor for Electrical Works for
electrical work. However, a Supervisor for electrical works is not required for electrical work which does not
require notification to the Electrical Safety Authority in accordance with the provisions laid down in Chapter
4,

The possessor of the Electrical installation shall appoint a Supervisor for Operational Works for operational
work if:

(1) the electrical installation includes parts with a nominal voltage exceeding 1,000 volts, not including elec-
trical equipment with a nominal supply voltage not exceeding 1,000 volts or comparable installations, or

(2) if the connection capacity of the electrical installation, i.e. the sum of the connection capacities of the
connections installed in the building of the possessor of the electrical installation or in a corresponding
group of buildings, exceeds 1,600 kilovoltamperes.

Section 3

The Supervisor for Operational Works must be either the possessor of the electrical installation or in the
employ of the possessor. The Supervisor for Operational Works can also be a person in the employ of an
organisation that has an electrical equipment maintenance agreement with the electrical installation pos-
sessor. In addition, a person who is not in the employ of the possessor of the electrical installation can
serve as Operational Supervisor when the electrical installation includes no more than three (3) transform-
er substations each not exceeding 20 kilovolts nominal voltage, or separate power distribution stations
comparable to a transformer substation of a nominal voltage of more than 1,000 volts.

The stipulations of the Electricity Market Decree (518/95) apply to the service relationship of the electrical
network operator’s Supervisor for Operational Works.

Section 4

The person or organisation engaged in electrical work must grant the Supervisor for Electrical Works suffi-
cient opportunities to manage and supervise the electrical work.


http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#L5
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#a17.12.1999-1194
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#L5
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#L5
http://www.edilex.fi/smur/19950518
http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#L5
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Likewise, the possessor of the electrical installation must grant the Supervisor for operational works suffi-
cient opportunities to manage and supervise operational work. Furthermore, the possessor of the electrical
installation must provide the Supervisor for operational works with the required information on electrical
installation construction and repair work and the related inspections.

Section 5
The Supervisor for Electrical Works must ensure that:

(1) the Electrical Safety Act (410/96) and the statutes and regulations issued under it are followed in all
electrical work;

(2) the condition of electrical equipment and installations meets the requirements of the Electrical Safety
Act and the statutes and regulations issued thereof prior to commissioning, or handing over to another
party; and

(3) the persons carrying out electrical work have adequate professional skills and are sufficiently instructed
in their duties.

The Supervisor for Operational Works must ensure that:

(1) the Electrical Safety Act and the statutes and regulations issued thereof are followed in the use and
maintenance of the electrical installation; and

(2) the persons carrying out operational work have adequate professional skills and are sufficiently in-
structed in their duties.

The Supervisor for Electrical Works and the Supervisor for Operational Works must be familiar with the
currently valid electrical safety requirements and otherwise constantly maintain their professional skills.
(6.5.2010/351)

Section 6

The Electrical Safety Authority can, if deemed necessary, demand an inquiry into the competency of the
Supervisor for Electrical Works and the Supervisor for Operational Works to carry out their duties and other
tasks mentioned in Sections 4 and 5.

Section 7

The person or organisation engaged in electrical work shall appoint a Supervisor for Electrical Works prior
to commencement of the work.

The possessor of the electrical installation shall appoint a Supervisor for Operational Works within three
months of the commissioning of the electrical installation.

A new Supervisor for Electrical Works and Supervisor for Operational Works shall be appointed within three
months of the supervisor in question being changed or prevented from carrying out his/her duties for rea-
sons other than a brief absence.

Section 8


http://plus.edilex.fi/content/tukes/fi/lainsaadanto/19960516/?toc=1#L5
http://plus.edilex.fi/tukes/fi/lainsaadanto/19960410
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If the Electrical Safety Authority finds that the duties of the Supervisor for Electrical Works or Supervisor for
Operational Works are being executed incorrectly or inappropriately, the authority can, under Section 26 of
the Electrical Safety Act, bar him/her from acting as the Supervisor either for a determined period or indef-
initely, or restrict their existing right to act as a Supervisor.

In the event of the above, the Electrical Safety Authority must immediately notify the person or organisa-
tion engaged in electrical work of its suspension of, or restrictions imposed upon, the Supervisor for Electri-
cal Works, and the possessor of the electrical installation of its suspension of, or restrictions imposed upon,
the Supervisor for Operational Works.

Decision of the Ministry of Trade and Industry on electrical works

KTMp (516/1996, 1194/1999)
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Section 1

Electrical work refers to the repair and servicing of electrical equipment and the construction, repair and
servicing of electrical installations.

Operational work refers to operational measures for electrical installations and the related repair and ser-
vicing work, as well as electrical installation inspections.

Section 5
The Supervisor for Electrical Works must ensure that:

(1) the Electrical Safety Act (410/96) and the statutes and regulations issued under it are followed in all
electrical work;

(2) the condition of electrical equipment and installations meets the requirements of the Electrical Safety
Act and the statutes and regulations issued thereof prior to commissioning, or handing over to another
party; and

(3) the persons carrying out electrical work have adequate professional skills and are sufficiently instructed
in their duties.

The Supervisor for Operational Works must ensure that:

(1) the Electrical Safety Act and the statutes and regulations issued thereof are followed in the use and
maintenance of the electrical installation; and

(2) the persons carrying out operational work have adequate professional skills and are sufficiently in-
structed in their duties.

Chapter 4 a
Electrical safety at work
Section 29 a

This Chapter is applicable to electricity sector work which poses a hazard for an electric shock or an electric
arc.

However, the Chapter is applied to the electrical work specified in Section 10 only where applicable in order
sufficiently to ensure safety.

In addition, the Chapter is applicable to other work in the vicinity of the electrical installation as stipulated
in Sections 29 b and 29 h-29 k.

Section29 b

Before electrical work or other work in the vicinity of the electrical installation is initiated,
the structure of the electrical installation must be reliably determined, a risk assessment regarding work
related hazards must be carried out and all necessary measures taken in regard to electrical work safety.
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Electrical work must be carried out using established work methods that have been found to be safe. If,
however, the method applied to the work is unusual or new, any risk factors related to the method must be
assessed and taken into account.

Section 29 ¢

For all work locations, a person as referred to in Section 11 must be appointed to supervise electrical work
safety on site. The said person can him/herself participate in or execute in full the electrical work in ques-
tion.

Section29d

If necessary for the purposes of electrical work, method-specific or work-specific
written instructions which fulfil the requirements set out in this Chapter must be drawn up.

The currently valid standards and instructions applicable to the work in question must be kept readily
available to the worker.

The worker must be provided with training and guidance that is relevant to the demands of the work in
question. The worker’s full understanding of the information provided must be verified through question-
ing or other suitable means.

Section 29 e

In electrical work, safe tools and equipment either specifically designed for or otherwise suitable for the
work in question must be used, the safety of which must be verified as necessary both prior to com-
mencement of the work and during the course of the work.

Section 29 f

Electrical installations undergoing electrical work must be isolated from the supply to a de-energised condi-
tion. However, operational work on an electrical installation may be carried out when the electrical
installation is live if the work is done with sufficient care so as to avoid the hazard of electric shock or elec-
tric arc.

An electrical installation is considered de-energised if the following measures are carried out before com-
mencing work:

(1) the work location has been reliably disconnected from the operating voltage at all points of supply;
(2) re-connection of the voltage to the work location during the work has been reliably prevented;
(3) the work location has been reliably verified as de-energised;

(4) the work location has been grounded using the appropriate tools if the nominal voltage of the electrical
installation is more than 1,000 volts or if the work location consists of an open wire or high-current switch-
board;

(5) the live parts of the electrical installation in the near vicinity of the work location have been reliably
isolated from contact with the areas undergoing electrical work or from areas which can be entered or
touched when performing the work, taking into consideration the tools and equipment used.



48

Supply may be re-connected to the electrical installation undergoing electrical work only when all work has
terminated, the earthings have been removed and the installation has been verified in all respects as being
safe to re-connect.

Section29 g

As distinct from Section 29 f, electrical work may be carried out on unprotected live parts of an electrical
installation if isolation of the electrical installation from its power source causes major drawbacks and the
work is carried out in accordance with Paragraph 2, so that no electric shock or electric arc hazard is
caused.

The work referred to in Paragraph 1 above must observe the following:

(1) the work is carried out by persons specified in Section 11 and who are specially trained and familiar with
the work method in question;

(2) sufficient written instructions are provided for the work in question;
(3) tools and equipment used are designed for the work in question and are verified to be safe;

(4) the safety of the workers and others during the work project is ensured by implementing safety
measures that meet the special requirements of the work location conditions; and

(5) the work does not increase the risk of explosion, fire or other such hazard.
Section 29 h

During electrical work and when entering or leaving the work location, the person carrying out the work
must not either intentionally or unintentionally be able to come into contact with unprotected live parts or
have close access to such parts In the definition of safety distances, the voltage level of the electrical instal-
lation and the tools and working method used must each be taken into consideration.

When necessary, the safe work zone must be marked with warning signs and cordoned off with reliable
barriers or protective shields.

If a work space extends so close to non touch-protected live parts of the electricity installation that electri-
cal work safety may be compromised, the parts must be reliably isolated from the working space or work
carried out must observe the regulations stipulated in Sections 29 f and 29 g.

Section 29 i

The procedures observed in Finland, prevailing working conditions and structural properties of the electri-
cal installations must be taken into consideration in all work included within the scope of application of this
Chapter.

Work is considered to meet the safety requirements specified in this Chapter if the standards or publica-
tions applied in its implementation have been confirmed as corresponding with safety requirements in
accordance with Section 29 j.

If necessary, the fulfilment of safety requirements can be demonstrated as distinct from Paragraph 2 if the
requirements specified in Section 29 k are observed.
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Section 29 j

The standards referred to in this Decree refer to publicly available technical specifications approved by an
official standardisation body.

The Electrical Safety Authority, on the basis of the Electrical Safety Advisory Committee statement, main-
tains a register of safety requirement compliant standards approved by it and ensures the public availability
of this register.

If no standards have been drawn up for certain work methods or electrical installations, publications com-
parable to existing standards and which correspond with safety requirements approved in accordance with
Paragraph 2 may be applied.

The Electrical Safety Authority shall remove any reference to a standard or publication or part thereof from
the register confirmed by it if application of the said standard or publication presents a significant hazard,
and shall update the register of safety requirement compliant standards in accordance with Paragraph 2.

Section 29 k

If electrical work deviates from the existing standards or publications regarding safety requirements, a writ-
ten report must be drawn up prior to commencement of electrical work regarding the fulfilment of safety
requirements.

The written report regarding deviation from existing safety standards must include details of the following:
(1) alternative measures taken to fulfil safety requirements;

(2) a description of how these measures meet safety requirements; and

(3) the identification and signature of the author of the report.

The report can be supplemented with a statement by an authorised body or inspector as specified in Sec-
tion 23 of the Electrical Safety Act appointed to inspect the electrical installation, to determine whether the
electrical work method in question meets safety requirements.

Tukes instructions $S10-2012
STANDARDS ON THE SAFETY OF ELECTRICAL INSTALLATIONS AND SAFETY AT ELECTRICAL WORK
1 General

Decision of the Ministry of Trade and Industry 1193/1999 (amended 517/2011) applies to the safety of
electrical installations and Decision 1194/1999 applies to the safety at electrical work. The essential safety
requirements stipulated in the decisions are considered to be fulfilled if certain safety standards or compa-
rable publications are applied. The task of the Electrical Safety Authority, or the Finnish Safety and Chemi-
cals Agency (Tukes), is to confirm such a list of standards and publications on the basis of a statement by
the Electrical Safety Advisory Committee.
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With these Tukes instructions, the Finnish Safety and Chemicals Agency confirms the lists of standards pre-
sented in Sections 2 and 3.

3 STANDARDS APPLYING TO SAFETY AT ELECTRICAL WORK

The following standards correspond to the essential safety requirements presented in the Decision of the
Ministry of Trade and Industry 1194/1999:

* SFS 6002 (2005) Electrical safety at work
The previous edition of the listed standard

According to Section 29 i of KTMp 516/1996 (amended 1194/1999) "The procedures observed in Finland,
prevailing working conditions [...] must be taken into consideration". For this reason, the new 2005 edition
of standard SFS 6002 should be adopted as soon as possible and, at the latest, when the personnel carrying
out electrical work is next given training and instruction in accordance with Section 29 d of KTMp; according
to the standard, this training and instruction must be repeated at intervals no longer than five years.
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4 Entry into effect

These Tukes instructions will come into effect upon its publication and will be valid until further notice. The
instructions are usually updated once per year due to updates to the standards. These Tukes instructions
replace instructions $10-2011, 1.6.2011.

Excerpts from sections of the standard on safety at electrical work applying to the accident:

SFS standard 6002 (2005), Electrical Safety at Work (key excerpts of the standard with regard to the acci-
dent)

This Finnish standard SFS 6002:2005 includes a Finnish translation of the European standard EN 50110-
1:2004, “Operation of electrical installations” and the Finnish national amendments in accordance with
standard EN 50110-2:1996. The national amendments are marked with a sideline.

Standard EN 50110-1:2004 has been confirmed in English. In cases of conflict, the English text of standard
EN 50110-1:2004 shall take precedence.

With regard to the national amendments, the Finnish text shall take precedence.

National foreword

The national amendments form a part of the actual content of the standard and are based on Finnish legis-
lation, or stipulate the requirements to be followed in Finland in such parts of the standard where EN
50110-1 leaves stipulations to the national parts.

Binding regulations on safety at electrical work are stipulated in the Decision of the Ministry of Trade and
Industry

on electrical works (516/1996) and its amendment

(1194/1999). This standard is a confirmed standard as per Section 29 i of the decision, and compliance with
it

will fulfil the safety requirements.

3.2 Personnel, organisation and communication
3.2.1
fi tyosta vastaava henkilo

en nominated person in control of a work activity



52

Nominated person with ultimate responsibility for the work activity. Some of these duties can be relegated
to
others as required.
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Guiding information

The Supervisor for Electrical Works is a person appointed by the person or organisation engaged in electri-
cal work defined in the Decision of the Ministry of Trade and Industry on electrical work (516/1996). In the
decision, certain tasks have been appointed to him/her, and he/she has been appointed responsible for the
electrical work. In this standard, the person appointed as the supervisor of electrical safety during work in
accordance with Section 29 c of the Decision of the Ministry of Trade and Industry on electrical work
(516/1996) is called the supervisor of electrical work safety. Said person can him/herself participate in or
execute in full the electrical work in question. In accordance with Section 11 of the Decision, the supervisor
of electrical safety during work must be a professional electrician capable of independent work.

3.2.2
fi kaytosta vastaava henkild
en nominated person in control of an electrical installation

Nominated person with ultimate responsibility for the operation of the electrical installation. Some of these
duties can be delegated to others as required.

3.4.6
fi erottaminen
en isolate

To disconnect completely a device or circuit from other devices and circuits by creating a physical separa-
tion able to withstand the anticipated voltage differences between the device or circuit and other circuits.

4.2 Personnel
Additional national requirement

With regard to the personnel and the organisation, the requirements valid in Finland must also be complied
with in addition to the requirements of the EN standard. These requirements are presented in the binding
Annex X and the Decrees referred to in it. Should there be a conflict between the requirements of the EN
standard and the national requirements, the national requirements valid in Finland shall take precedence.

The responsibilities placed upon persons for the safety of those engaged in a work activity and those who
are or may be affected by the work activity shall be in accordance with national legislation. All personnel
involved in a work activity on, with, or near an electrical installation shall be instructed in the safety re-
quirements, safety rules and company instructions applicable to their work. These instructions shall be
repeated during the course of the work where the work activity is of long duration or is complex. The per-
sonnel involved shall be required to comply with these requirements, rules and instructions. Personnel shall
wear clothing suitable for each work activity. This could include wearing protective clothing or personal
protective equipment. Before any work activity is started and during the work activity, the nominated per-
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son in control of that work activity shall ensure that all relevant requirements, rules and instructions are
complied with. The nominated person in control of the work activity shall instruct all persons engaged upon
the work activities of all reasonably foreseeable dangers that are not immediately apparent to them. No
person shall undertake any work activity where technical knowledge or experience is needed to prevent
electrical danger or injury, unless that person has such technical knowledge or experience, or is under such
supervision as is necessary for the work undertaken. National legislation can set out the minimum age and
the criteria for competence of persons. Where there are no national requirements for competence, the
following criteria shall be used in assessing the competence of a person:

- knowledge of electricity;

- experience of electrical work;

- understanding of the installation to be worked on and practical experience of that work;

- understanding the hazards which can arise during the work and the precautions to be observed;
- ability to recognise in all situations whether it is safe to continue working.

The complexity of the work shall be assessed before the activity starts such that the appropriate choice of
skilled, instructed or ordinary persons is made for carrying out the work activity.

The nominated person in control of the work activity and the nominated person in control of the electrical
installation shall agree both the arrangements of the electrical system to allow the work to take place and a
description of the work activity on, with or near the electrical installation before any changes to the ar-
rangements of the electrical installation are made

or work takes place

Each work activity shall be the responsibility of the nominated person in control of the work activity.
Where the work activity is subdivided it may be necessary to nominate a person to be responsible for the
safety of each subdivision, all under the responsibility of one coordinating person.

6 Working procedures
6.1 General
Before starting any work it shall be planned.

According to the basic principles, either the nominated person in control of the electrical installation or the
nominated person in control of the work activity shall ensure that specific and detailed instructions are
given to the personnel carrying out the work before starting and on completion of the work.
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Before starting work, the nominated person in control of the work activity shall give notification to the
nominated person in control of the electrical installation, of the nature, place and consequences to the
electrical installation of the intended work. It is preferable that this notification is given in writing, especial-
ly for complex work.

Only the nominated person in control of the electrical installation shall give permission for the work to be
carried out. This procedure shall also be followed in the case of any interruption of the work activity and at
the end of the work.

Additional national requirement

The person supervising electrical safety during the work can give permission to start, interrupt and end
work in work activities that are easily manageable, work activities on installations that are easily managea-
ble, or maintenance work activities carried out following agreed procedures, see Section 4.3 and Annex X.
In such work activities, separate permissions from the nominated person in control of the work activity or
the nominated person in control of the electrical installation are not required; the Supervisor for Electrical
Works or the Supervisor for Operational Works can define the procedure, for example with standing writ-
ten instructions. During live working, however, procedures in accordance with Annex Y shall be used.

Working procedures are divided into three different procedures: dead working (see 6.2), live working (see
6.3), and working in the vicinity of live parts (see 6.4). All these procedures are based on the use of protec-
tive measures against electric shock and/or the effects of short-circuits and arcing. If the requirements of
6.2 (dead working) or 6.4 (working in the vicinity of live parts) cannot be fully met then the requirements of
6.3 (live working) shall be observed. The insulation level for working shall be ensured by, for example in-
terposing solid insulation material or the use of distance in air (see 6.3 and 6.4). The use of distance in air is
explained in standard IEC 61472.

6.1.1 Induction

Conductors or conductive parts in the proximity of live conductors may be electrically influenced. In addi-
tion to the following requirements of 6.2 and 6.4, specific precautions shall be taken when working on elec-
trical systems influenced by induction (this is particularly so for work on overhead lines):

— by earthing at adequate intervals in order to reduce the potential between conductors and earth at
a safe level;

— by equipotential bonding at the work location in order to avoid the possibility of workers inserting
themselves in an induction loop.

6.2 Dead working

This subclause deals with the essential requirements for ensuring that the electrical installation at the work
location is dead and secure for the duration of the work. This shall require clear identification of the work
location.

After the respective electrical installations have been identified the following five essential requirements
shall be undertaken in the specified order unless there are essential reasons for doing otherwise:
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— disconnect completely;

— secure against re-connection;

— verify that the installation is dead;

— carry out earthing and short-circuiting;

— provide protection against adjacent live parts.

Permission to start work shall be given by the nominated person in control of the electrical installation to
the

nominated person or persons in control of any work activity. Any person engaged in this work activity shall
be skilled or instructed or shall be supervised by such a person.

6.2.1 Disconnect completely

The part of the installation on which work is to be carried out shall be disconnected from all sources of
supply. The disconnection shall take the form of an air gap or equally effective insulation which will ensure
that the point of disconnection does not fail electrically.

If supply can be connected from more than one direction, or if the installation otherwise has multiple con-
nection possibilities, the work location must be made dead with particular care in order to avoid mistakes.

6.2.2 Secure against re-connection
6.2.3 Verify that the installation is dead

The dead condition shall be verified on all poles of the electrical installation at or as near as practicable to
the work location. This condition for parts of the installation which have been made dead shall be verified
in accordance with the practice laid down in local instructions. These include, for example, the use of volt-
age detecting systems built into the equipment and/or the use of separately applied voltage detecting sys-
tems. These latter devices shall be proved immediately before and where possible after use. In the case of
cable connected electrical installations, if the dead cables cannot be positively identified at the work loca-
tion, other means of ensuring safety shall be adopted in accordance with established local practice. This
may include the use of suitable cable cutting or piercing devices.

Where remotely controlled earthing switches are used to verify that an electrical installation is dead, the
switch position of the earthing switch shall be reliably signalled by the remote control system.

Additional national requirement

The dead condition must always be verified before starting work on an electrical installation made dead. If
work is interrupted and the personnel leave the work location in such a manner that the work location can-
not be monitored by yourself or by the working team carrying out the work, the dead condition must be
verified again before continuing the work. Verification of the dead condition is not required, however,
when it has been ensured that the work location has been temporarily earthed.

6.2.4 Earthing and short-circuiting

6.2.4.1 General
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At the work location for all high and some low voltage installations (see 6.2.4.2), all parts which are to be
worked on shall be temporarily earthed (earthed and short-circuited). Earthing and short-circuiting equip-
ment or devices shall be first connected to the earthing point and then to the components to be earthed.
The earthing and short-circuiting equipment or devices shall be visible, whenever possible, from the work
location. Otherwise, the earth connections shall be applied as close to the work location as is reasonably
practical.

Where during the course of the work activity conductors are to be broken or joined and there is danger
from potential differences on the installation, suitable measures such as bonding and/or earthing shall be
taken at the work location before the conductors are broken or joined.

In all cases it shall be ensured that the earthing and short-circuiting equipment or devices and cables and
connectors for bonding used for this purpose are suitable and adequately matched to the fault rating of the
electrical installation where they are installed.

Precautions shall be taken to ensure that the earths remain secure during the time the work is in progress.
If during measurement or testing the earth connections are removed additional or alternative special pre-
cautions to prevent danger shall be taken.

Where remotely controlled earthing switches are used to earth and short-circuit an electrical installation,
the position of the earthing switch shall be reliably signalled by the remote control system.

Additional national requirement

Temporary earthing prevents the work location from becoming dangerously live because of incorrect use or
malfunction of the switchgear used for isolation or because voltage is supplied to the installation for other
reasons. These kinds of situations may be caused by generators or control voltages connected to the
equipment or by adjacent or intersecting lines, for example. In such cases, the temporary earthing must be
carried out separately for high voltage and low voltage.

Before temporary earthing, the dead condition of the part of the electrical installation to be temporarily
earthed must be verified using a voltage detector or other similarly reliable method. If the temporary earth-
ing is carried out using, for example, the earthing switch of an installation with an enclosed structure, or in
some other manner where operation is safe even when the installation is live, the dead condition does not
need to be verified with a voltage detector. In this case, as well, verification of the dead condition is rec-
ommended, for example using the installation's voltage indicators.

The temporary earthing must be carried out in such a manner that the triggering of an overcurrent protec-
tor or the opening of a switchgear

does not make the temporary earthing ineffective. Any overcurrent protectors between the work location
and the temporary earthing must be bypassed, and all switchgear must be secured to the closed position.

Guiding information
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Temporary earthing shall be carried out using temporary earthing devices with a fixed installation (earthing
switches) when they are available. If fixed-installation devices are not available, the temporary earthing can
be carried out using transportable temporary earthing devices, to which standard SFS-EN 61230 applies.

The transportable temporary earthing devices must be attached to earthing brackets complying with
standard SFS 3742 on the electrical installation or other suitable fastening points, and the entire installation
must withstand any fault currents present.

If two transportable temporary earthing devices must be connected in parallel due to current resistance
reasons, the following requirements must be taken into consideration:

— both devices must have identical conductor cross section, length and connecting parts;

— the earthing brackets or fastening points on the same conductor may be at a maximum distance of 100
mm from each other; and

— the maximum allowed current is 1.6 times the current resistance of one device.

The written connection schedule shall present the number, location and the order of installation and re-
moval of the temporary earthing devices.

Temporary earthing shall be carried out primarily using a fixed earthing electrode, a protective or PEN con-
ductor, an underground anchor rod or similar. If a fixed electrode cannot be used, a temporary earthing
electrode formed by a pipe or a bar reaching a minimum of 0.8 metres into the ground or other at least
equivalent earthing device shall be used. No persons are allowed in the immediate vicinity of the temporary
electrode during the connection to or disconnection from the conductors being earthed.

6.2.4.3 Requirements for high voltage installations

For bare overhead lines and bare conductors, earthing and short-circuiting shall be carried out on all sides
of the work location on all conductors entering this location. At least one piece of temporary earthing
equipment or device must be visible from the work location. These rules have the following exceptions:

— for a specific work activity, where there is no break in conductors during work, the installation of a single
earthing and short-circuiting device at the work location is acceptable;

— where it is not possible to see earthing and short-circuiting equipment or devices at the limits of the
work location, locally applied earthing equipment or device or additional signalling devices or any other
equivalent identification shall be provided.

When working on only one conductor of an overhead line, no short-circuiting is required at the work loca-
tion, provided all the following conditions are fulfilled:

— all points of separation are earthed and short-circuited in accordance with 6.2.4.1;

— the conductor upon which the work is being carried out and any conducting parts within the work loca-
tion are bonded and earthed by suitable equipment or devices;

— the earthed conductor, the work location and the worker are at a distance greater than DL (see Figures 1
and 2) from the remaining conductors of the same electrical circuit.
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For insulated overhead lines, cables or other insulated conductors, earthing and short-circuiting shall be
carried out on the bare part of the points of separation of the installation or as close as possible to those
points on all sides of the work location.

Additional national requirement

However, the temporary earthing does not have to be visible in the work location if no conductors are bro-
ken or will be cut during the work and the line is a single branch line or a line fed from two sides and the
lines are easily identifiable to prevent any risk of mistake. In such a case, temporary earthing with short-
circuit current capability in the vicinity of the isolation point(s) shall be sufficient. If the work location is
more than 3 km away from the temporary earthing, additional temporary earthing must be carried out to
ensure that the 3km distance is not exceeded.

6.2.6 Permission to start work

The authorisation of the nominated person in control of the electrical installation is a necessary condition.
The permission to start work shall be given to the workers only by the nominated person in control of the
work activity and only after the measures detailed in 6.2.1 to 6.2.5 have been carried out.

NOTE! Normally for HV work, formal written details of disconnections and earthing, where appropriate,
should be used to avoid misunderstandings.

Additional national requirement
Permission to start an individual task may be given by the supervisor of electrical safety at work.

If there are several teams working in the same work location made dead, permission to start work can only
be given by one nominated person in control of the electrical installation, supervising the entire work loca-
tion.

Guiding information

Detailed instructions on making connections are particularly important in electrical installations with sever-
al operators, or the work location is connected to the electrical installations with several different owners.

Annex X

(national, binding)

Requirements on personnel and the organisation of safety at electrical work
X.1 Requirements in effect in Finland

General requirements on safety at work and the responsibilities of different people are set forth in, for
example, the following statutes:

— Occupational Safety and Health Act (738/2002)
— Employment Contracts Act (55/2001)

— Government Decision on the Safety of Construction Work (629/1994)
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— Government Decision concerning the acquisition, safe use and inspection of machinery used at work and
other work equipment (856/1998)

— Decree of the Ministry of Social Affairs and Health concerning a register of examples of work that is con-
sidered particularly harmful and dangerous for young workers (128/2002)

— Government Decree on prevention of the danger caused by explosive atmospheres (576/2003).
Requirements particularly for the safety at electrical work are set forth in the following statutes.
— Electrical Safety Act (410/1996)

— Electrical Safety Decree (498/1996)

— Decision of the Ministry of Trade and Industry on electrical work (516/1996) and its amendment
(1194/1999).

Only the original statute number is given in the above list. Most statutes have been amended later, and the
amendments must also be taken into consideration. The above-mentioned statutes are binding, and they
must be taken into consideration when applying the standard.

X.2 Personnel requirements

The qualification requirements for persons participating in electrical work are set forth in the Decision of
the Ministry of Trade and Industry on Electrical Works (KTMp 516/1996).

In accordance with Section 9 of the Decision, all persons carrying out work in the electricity sector must be
sufficiently oriented or instructed in the electrical work in question and the related electrical safety re-
guirements. This general requirement applies to skilled, instructed and ordinary persons.

Section 10 presents the work tasks that are allowed for persons oriented or instructed in the task with no
special qualifications. A professional electrician as per the standard is considered to be a person who is
sufficiently skilled to execute and supervise the execution of of electrical and operational work inde-
pendently and within his/her own field of expertise in accordance with Section 11 of KTMp (516/1996). The
standard mostly refers to a professional, specifically referring to the professional electrician defined in the
above statute.

An instructed person referred to in the standard can mean a person of two different types:

(a) a person who is acquiring the competence of a professional electrician in accordance with Section 11 of
KTMp (516/1996) and who has training and/or work experience in the electrical sector, but who does not in
all aspects fulfil the requirements of a skilled person capable of independent work; or

(b) a person with no training or work experience in the electrical sector, but who has been instructed to
carry out a specific procedure, such as replacing a fuse or taking a measurement related to testing during
equipment manufacturing.

The training and experience in the electrical sector of an instructed person defined in item (a) must be tak-
en into consideration when determining what work tasks are allowed to him/her and what level of super-
vision is required. A person defined in item (a) may perform all work tasks allowed to instructed persons in
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accordance with the employer's discretion and the training and experience the person has received thus
far. A person defined in item (b) may

only perform the specific work tasks at the specific work locations for which he/she has been specifically
instructed.

X.3 Instruction and guidance concerning work tasks

According to Section 14 of the Occupational Safety and Health Act (738/2002), the employer is responsible
for the instruction and guidance provided to the employee.

According to Section 2 of KTMp (516/1996), the person or organisation engaging in electrical work shall
appoint a Supervisor for Electrical Works, and the possessor of the electrical installation must, in certain
cases, appoint a Supervisor for Operational Works for operational work. According to Section 5 of the Deci-
sion, the Supervisor for Electrical Works must ensure that the persons carrying out electrical work have
adequate professional skills and are sufficiently instructed in their duties. The Supervisor for Operational
Works must ensure that the persons carrying out operational work have adequate professional skills and
are sufficiently instructed in their duties. In electrical sector work where a Supervisor for Electrical Works is
not required, for example

at electrical schools and testing laboratories, the person responsible for the work must be separately ap-
pointed in writing.

The responsibility concerning training and instruction as set forth in Section 4.2 of the standard generally
belongs to the employer according to Finnish law. With regard to electrical sector work, the Supervisor for
Electrical Works and the Supervisor for Operational Works are also responsible. According to Section 16 of
the Occupational Safety and Health Act, the employer may appoint another person to represent him or her
(employer's substitute) to take care of the duties imposed on the employer.

General training on safety at electrical work must be given to all persons performing electrical sector work,
including persons in supervisory, operating and expert tasks. Said training must include at least the follow-

ing:
— dangers caused by electricity and accidents caused by electricity; and
— the contents of the key statutes on electrical work safety and this standard.

The contents of the training must take into consideration the tasks carried out by the persons participating
in the training. For example, the training for persons working with high voltage installations is recommend-
ed to include the generally used common safety principles of operational works in use in the sector.

Full understanding of the information provided must be verified through questioning or other suitable
means.

A certificate or a corresponding document must be issued for the training. The certificate can be issued, for
example, in a card format. The employer is recommended to maintain a file containing information on the
electrical work safety training received by his/her employees.

In order for the information to constantly meet the requirements of the work, the general electrical work
safety training shall be repeated at a maximum interval of five years. The training is recommended to be
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repeated at shorter intervals when essential changes take place in the employee's duties or requirements
related to electrical work safety.

In addition to the general electrical work safety training, it is necessary to provide the employees with
guidance, particularly when implementing new work methods or carrying out exceptional work.

The general electrical work safety training can only discuss the matters related to work tasks performed on
a live part and live working issues only insofar as required to understand the special nature of live working.
Training on the actual performance of live working is given separately in accordance with Section 6.3.2 and
Annex Y.

When other work is performed on an electrical installation or in its vicinity, for example cleaning, transport,
lifting or forestry, suitable guidance in electrical safety must be provided for the persons performing the
work.

The general provision on preparedness to give first aid is set forth in the Occupational Safety and Health
Act. In addition to this, special care must be taken in order to have the preparedness to give first aid in case
of accidents caused by electricity. For this reason, all professional electricians participating in electrical
work, including the supervision of works and supervision of operations, and the persons instructed in
providing assistance in these tasks, need to be given first aid training; the training can be arranged, for ex-
ample, as follows:

— A Finnish Red Cross emergency first aid course, particularly adapted to first aid for electrical accidents;

— a more extensive first aid course arranged by the Finnish Red Cross , for example the first aid basic
course EA1

— other first aid training that covers at least the first aid given for burns, crushes and cuts, and the teaching
of mouth-to-mouth resuscitation and related practical training.

First aid skills need to be constantly maintained. For this reason, first aid methods should be practised at
least every three years. Tables giving first aid instructions should be placed in electrical repair shops and
electrical laboratories

(cf. eg. SFS 6000 Chapter 803); additionally, these tables are recommended to be placed in equipment
rooms and electrical staff lounges.

X.4 Supervision of the safety of electrical sector works

The employer (employer's substitute), the Supervisor for Electrical Works and the Supervisor for Opera-
tional Works will ensure on a general level that the Occupational Safety and Health Act, the Electrical Safety
Act, and the statutes and regulations issued thereof are followed in electrical work and the operation and
maintenance of electrical installations. The Supervisor of Electrical Works or the Supervisor of Operational
Works can handle the related duties or ensure that there is a system in place that enables the requirements
to be fulfilled as long as the system is followed. For each piece of work, there must be a person appointed
responsible for the work or operation, such as a foreman, if the Supervisor for Electrical Works or the Su-
pervisor of Operational Works is not directly supervising the work himself.
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According to Section 29 c of KTMp (516/1996), a person who is authorised to carry out electrical work in-
dependently within his/her own field must be appointed to supervise

the electrical safety during the work at each work location. The said person can him/herself participate in
or execute in full the electrical work in question. In this standard, this person is referred to as the supervi-
sor of electrical safety during the work. In addition to formal professional skills, the supervisor of electrical
safety during the work is required to have knowledge and experience in the installation methods, accesso-
ries and tools used. Other important qualities include his/her attitude to safety and his/her reliability, care-
fulness and responsibility. It is essential that he/she is present at the work location and able to supervise
the safety of the work. If there are several people working at the work location, it must be clear in all situa-
tions who is responsible for supervising electrical safety at work. Determining the supervision of electrical
safety at work is particularly important at work locations where there are different people working simul-
taneously for different employers. In such cases, the supervision of electrical safety at work must generally
be determined in writing. If the organisation of the work and the assignments are clear enough for oral
determination of the supervision or for practice agreed on in advance, written determination is not neces-
sary.

Figure X.1 Persons supervising safety at electrical work and their areas of supervision

With regard to work that is not electrical, the general occupational safety regulations are followed, howev-
er taking into consideration the requirements set forth in Section 4.2 concerning the instruction of persons
working in the vicinity of electrical installations. Even in work referred to in Section 4.3 of the standard,
where a professional electrician is carrying out work in his/her own field and the risks are easy to identify
and manage, the Finnish statutes must be complied with and a supervisor of electrical safety at work ap-
pointed, for example. If the professional electrician is performing the work alone, he/she will also act as the
supervisor of electrical safety at work. In electrical sector work which poses a risk of electric shock or or an
electric arc, a supervisor of electrical safety at work (cf. Section 29 a of KTMp (516/1999)). When building
an electrical installation, the supervisor must be appointed at the latest when the installation reaches such
state that a supply voltage can be connected to it. If voltage can be connected to the installation or a dan-
ger caused by electricity can be otherwise present at an earlier stage, for example when building overhead
lines, or building installation parts that are connected to existing live equipment, the supervisor of electrical
safety at work must be appointed already at that time.

Additional national requirement

The Supervisor of Electrical Works or the Supervisor of Operational Works also acts as the nominated per-
son in control of the work activity. If the Supervisor of Electrical Works or the Supervisor of Operational
Works cannot act as the nominated person in control of the work activity at all work locations, he/she must
ensure that the performance of the duties of the nominated person in control of the work activity is sepa-
rately defined in writing. The duties of the nominated person in control of the work activity can be trans-
ferred as a whole only to a professional electrician capable of independent work, acting as the employer's
representative. The supervision of electrical safety duties performed at an individual work location and
related to the work in question can be assigned to a separately nominated supervisor of electrical safety.
The supervisor of electrical safety must be a professional electrician capable of independent work, who
personally supervises the electrical safety related to the performance of the work or executes in full the



64

electrical work in question. The supervisor of electrical safety must be a professional electrician capable of
independent work, who personally supervises the electrical safety related to the performance of the work
or executes in full the electrical work in question. If, for example, the work team includes several electri-
cians without an actual supervisor, one of the team members must be appointed as the supervisor of elec-
trical safety. In repeated tasks of a similar nature, the supervisor of electrical safety can be appointed with
an unambiguous standing order. The duties of the nominated person in control of the work activity that can
be transferred to the supervisor of electrical safety are specified below.

The nominated person in control of the work activity and the nominated person in control of the electrical
installation shall agree both the arrangements of the electrical system to allow the work to take place and a
description of the work activity on, with or near the electrical installation before any changes to the ar-
rangements of the electrical installation are made

or work takes place

The same person can be in control of the work activity and the electrical installation.

If performing the work is demanding, planning must be done in writing.
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