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PURPOSE AND SCOPE

In June 2013, Ramboll was awarded by Statoil to perform a coarse risk analysis of Utsira High
Power Hub (UHPH) power transmission to determine exposure risk related to generated Electro-
magnetic Fields (EMF) from high voltage power transmission to Utsira offshore field. The scope
included both human as well as environmental exposure risk from AC and DC power. The purpose
of this document is to outline the evaluations and results from the study.

The scope of study covers the following main items as shown in the Functional Block Diagram
(FBD) below:

UTSIRA HIGH POWER HUB FUNCTIONAL

S Onsho_re Subsea power Offshore High > Offshore surface Offshore LQ N

substation cables Power Hub power cables HV room

HV AC public HV AC/DC conversion HV DC Power transmission HV DC/AC conversion HV AC Power transmission  HV AC Power
grid on bridge transformation and

distribution

Figure 1.1 - Functional Block Diagram of Utsira HPH power transmission

The above FBD shows part of the planned design for electrification of the Dagny, Draupne (now
renamed to Ivar Aasen), Edvard Grieg and Johan Sverdrup production platforms via a Normally
Not Manned (NNM) platform, the Utsira High Power Hub (UHPH).

In this plan K&rstg is the recommended tie-in point for the HV AC power grid on land. Onshore

HV AC/DC conversion substation is located in Haugsneset about 2 km east the Karstg industry

area. From this substation DC cables are routed to NNM UHPH for DC/AC conversion and trans-
mission of HV AC power to Johan Sverdrup platform via a 120 m bridge.

Figure 1-2 next page shows the overall cable layout from shore to offshore facilities. (ref. /17/)
According to Contract, ref. /2/, this study has to provide the following results:

1. Identify areas relevant for exposure to electromagnetic fields and calculate EMF levels
Evaluate expected level of risk exposure for identified areas and variations

3. Recommendations if required for changes in concept design to ensure acceptable EMF ex-
posure rates

4. Recommend scope for follow up EMF study if required for Utsira High Power Hub and
Johan Sverdrup Field Centre
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(ref. 17)
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2.1

SUMMARY AND CONCLUSIONS

In June 2013, Ramboll was awarded by Statoil to perform a coarse risk analysis of Utsira High
Power Hub (UHPH) power transmission to determine exposure risk related to generated Electro-
magnetic Fields (EMF) from high voltage power transmission to Utsira offshore field. The scope
included both human as well as environmental exposure risk from AC and DC power.

During the first two weeks, Ramboll arranged the kick-off meeting as well as a workshop to facili-
tate the execution of the study. A couple of phone meetings were also arranged between electri-
cal engineers to clarify the input data needed for EMF calculations. (Appendix 1)

The study started with a thorough review of available project documentations and search and
study of reliable sources accessible from various sources as listed in reference chapter.

Human exposure risk by ELF / Static EMF

Evaluations carried out to assess the exposure of personnel as well as general public have been
documented in chapter 7. In general protection of human against dangerous agents is achieved
by providing exposure or dose limits for each particular agent. The limits are defined by the
health thresholds where resulted biological effects initiate health detriment. The goal is to keep
the exposures below such thresholds. In addition precautionary and ALARP (as low as reasonably
practicable) measures can be adopted to provide further risk reduction and higher protection
against hazards.

Requirements given in ICNIRP, Company's TR0926 and NRPA constitute the basis for EMF evalua-
tions in this study. The main focus of this study is the effect of magnetic field on human and en-
vironment since electric field can be easily shielded.

Following diagram is an attempt to depict the ALARP principle in this study and relates the expo-
sure time to the magnetic field flux density. The diagram is based on an assumption that any
exposure below 0.4 pT is time independent, i.e., there are no restriction health-wise on how long
one may stay in such area. Thus the line is parallel with x-axis. ALARP region is marked by a line
drawn from the longest possible stay in 0.4 pT level to the thresholds defined as short-term ex-
posure limits for general public and occupational exposures. The diagram is in logarithmic scalar,
thus it is assumed that the line between these points is close to straight. The region above this
line is defined as intolerable region.
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MAGNETIC FIELD
FLUX DENSITY

B (1T)

REFERENCE LEVEL |
OCCUPATIONAL EXPOSE 416,6
REFERENCE LEVEL 100

FOR GENERAL PUBLIC 83,3 —

INVESTIGATION LEVEL 0,4

0 1L 10 100 1000 8760

EXPOSURE TIME DURING A YEAR (hrs.)

Figure 1.3 - ALARP diagram for ELF EMF human exposure risk

The overall conclusion is that the risk related to human exposure to HV AC and DC current mag-
netic field for the scope defined for this study is low, most parts is in green broadly acceptable
region, few in ALARP region and only one in red area. This is due to two main aspects; first, the
predicted magnetic field flux density is generally low compared to the defined thresholds and
second, the exposure of human is very much limited due to the operation philosophy of facilities
based on remote monitoring and infrequent inspections. Following are the results from this study
with respect to human exposure;
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HV DC current - Onshore substation - Calculated magnetic field flux density

value exceed the limit?

Levels Investigation level Reference level for |Reference level for Remarks / Recommendations / ALARP measures
general public occupational exposure
exposure
Limits Not defined 400 mT 2 T for head and trunk
8 T for limbs
Areas
DC cables inside the Vertical: 204 pTin a Flux density of 2 T/8 T is |Since the calculated values even in close distance to
substation fenced distance of 1 m not generated. sources are much lower than reference levels for
area Horizontal: 200 pT in exposure of general public and workers, the exposure
a distance of 1 m time and duration will be irrelevant.
In fault condition, the
values are slightly
higher
Flux density of 400 mT
is not generated.
Does the calculated N/A No No
value exceed the limit?
DC cables outside the Vertical: 300 pT up to |Flux density of 2 T/8 T is |Since the calculated values even in close distance to
substation fenced 2 m above the cables |not generated. sources are much lower than reference levels for
area Horizontal: 300 pT 3 exposure of general public and workers, the exposure
m from the cables time and duration will be irrelevant.
In fault condition, the ALARP measure: evaluate the installation of signs at
values are slightly the area DC cable leaves the facility to enter the sea.
higher Example: "Keep distance - HV cable, static magnetic
field", otherwise the area should be provided by fences.
Flux density of 400 mT This is to protect people with implanted electronic
is not generated. devices or implants containing ferromagnetic material,
where the restriction level is 0.5 mT.
Does the calculated N/A No No

Notes:

According to clarification in appendix 3, requirements given in TR0926 have to be followed and
complied with in all areas inside the facility's zone, i.e., areas secured by fences. On the other
hand, requirements given by Norwegian radiation protection authority have to be followed and
complied with in all areas outside the facility's zone. In practice, there is no difference with re-
spect to investigation levels defined in both sources, which is 0.4 pT. Regarding exposure of gen-
eral public, the Norwegian radiation protection authority's threshold of magnetic field flux density
is 200 pT which is about 2.5 times larger than the value given by ICNIRP. i.e., 83.3 yT. This dif-
ference however has no real effect on the evaluations performed in this study since there are no
interfaces between the facilities defined in scope of work of this study (onshore and offshore) and
general public areas / buildings (e.g., schools, hospitals, office buildings) as well as residential
areas. The areas outside the fences is however open for general public and in cases where inves-
tigation level have been exceeded, ALARP measures such as use of warning signs have been rec-

ommended.
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HV AC current - Onshore substation - Calculated magnetic field flux density

Levels Investigation level Reference level for |Reference level for Remarks / Recommendations / ALARP measures
general public occupational exposure
exposure for 60 HZ |(for 60 HZ
Limits 0.4 pT 83.3 uT (200 pT by |416.6 pT
NRPA)
Areas
Onshore substation - |Horizontal: to get below |Vertical: It is assumed |Flux density of 416.6 uyT |[Assuming that the area outside of the fence is quite a
AC cables to 0.4 uT, the person needs |that the cables hang is not generated. remote place and visit by general public will take place in
transformers to be at least 35 m away [from the masts at an rare occasion, then widening of facility from 95 m to

from the furthest out 3
phase cable. Both cables
together generate
magnetic field stronger
than 0.4 uT with an
extension of 65 m from
mid-point between cables
to both train. Since the
area within the fences is
only 95 m wide, then the
general public can be also
exposed for this level.

elevation about 7 m.
Perimeter for magnetic
field stronger than
83,3 uT is about 5m
from ground level and
thus no exposure to
this level is foreseen.

130 m is deemed to be unnecessary. Because of low
level of flux density and short term exposure of any
bystander, the risk for ELF magnetic field outside the
fences is assessed to be extremely low.

ALARP measure: evaluate the installation of signs at
the periphery of the facility to warn public to stay away
from the facility. Example: "Keep distance - HV
installation"

Does the calculated
value exceed the limit?

Yes, but long term
exposure is not likely

No

No

Onshore substation -
transformers
bushings

Horizontal: to get below
0.4 T, the person needs
to be at least 45 m away
from the transformers.

Both transformers together

generate magnetic field
stronger than 0.4 pT with

an extension of 70 m from

midpoint between
transformers. Since the
area within the fences is
only 95 m wide, then the
investigation level will be
exceeded by a distance of
22.5 m from the fences.

The reference level for
public exposure can be
reached in a distance
of about 3.5 m from
the source but since
this area is inside the
fences then such risk
does not exist.

Flux density of 416.6 uT
is not generated.

Since the calculated values even in close distance to
sources are much lower than reference levels for
exposure of general public and workers, the exposure
time and duration will be irrelevant.

ALARP measure: evaluate the installation of signs at
the periphery of the facility to warn public to stay away
from the facility. Example: "Keep distance - HV
installation"

Does the calculated
value exceed the limit?

Yes, but long term
exposure is not likely

Yes, but public
exposure is not

possibl

No

P

Onshore substation -
AC cables from
transformers to
converters

Horizontal: to get below
0.4 uT, the person needs
to be at least 15 m away
from the furthest out 3
phase cable. Both cables
together generate
magnetic field stronger
than 0.4 pT with an
extension of 35 m from

midpoint between cables to

both train. Since the area
within the fences is 95 m
wide, then this is only
limited to areas inside the
facility.

Vertical: The reference
level for public
exposure can be
reached in a distance
of about 1m above the
cables but since this
area is inside the
fences then such risk
does not exist.

Flux density of 416.6 uT
is not generated.

ALARP measure: Inside onshore converter substation,
HVDC equipment such as reactors can generate
magnetic field. It is recommended that rest room
planned on second level adjacent to HV converter area
is relocated to provide maximum distance.

Does the calculated
value exceed the limit?

Yes, but long term
exposure is not likely

Yes, but public
exposure is not

s

No

P
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2.1.2 HV DC and AC current - Utsira HPH
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HV DC current - UHPH - Calculated magnetic field flux density

Levels Investigation level Reference level for |Reference level for Remarks / Recommendations / ALARP measures
general public occupational exposure
exposure
Limits Not defined 400 mT 2 T for head and trunk
8 T for limbs
Areas
DC cables, riser, hang Vertical: 200 pTin a Flux density of 2 T/8 Tis |Since the calculated values even in close distance to
off area, DC cable distance of 0.5 m not generated. sources are much lower than reference levels for
route to converters Horizontal: 220 pT in exposure of general public and workers, the exposure
a distance of 0.5 m time and duration will be irrelevant.
In fault condition, the ALARP measure: evaluate the installation of signs
values are slightly warning signs at the areas close to the cable risers,
higher. hang-off, and cable route to warn the staff not to stay
close to the cables.
Flux density of 400 mT In case any of offshore staff has implanted electronic
is not generated. devices or implants containing ferromagnetic material,
then the restriction level is 0.5 mT and he is not allowed
to enter this area.
Does the calculated N/A No No
value exceed the limit?
HV AC current - UPHU - Calculated magnetic field flux density

Levels

Investigation level

Reference level for
general public
exposure for 60 HZ

Reference level for
occupational exposure
for 60 HZ

Remarks / Recommendations / ALARP measures

Limits

0.4 T

83.3 pT (200 uT by
NRPA)

416.6 T

Areas

Utsira HPH - AC
cables from DC/AC
converter to AC
transformers

To get below 0.4 uT, the
person needs to be at least
6 m away from the
furthest out 3 phase cable.
Both cables together
generate magnetic field
stronger than 0.4 pT with
an extension of 16 m from
midpoint of cables between
both trains.

To be exposed for
83.3 uT, person should
be in a distance less
than 1 m from cables.
This level is for general
public exposure and
not relevant for the
offshore platform. Flux
density exceeding 200
uT is not generated.

Flux density of 416.6 uT
is not generated.

Since the calculated values even in close distance to
sources are much lower than reference levels for
exposure of general public and workers, the exposure
time and duration will be irrelevant.

ALARP measure: evaluate the installation of warning
signs at the area close to the cables.

Does the calculated
value exceed the limit?

Yes, but UHPU is a NNM
platform and prolonged

occupational exposure is
not possible

Yes, but public
exposure is not
possible

Utsira HPH -
transformers
bushings

To get below 0.4 pT, the
person needs to be at least
60 m away from the
transformers. Both
transformers together
generate magnetic field
stronger than 0.4 pT with
an extension of 120 m
from midpoint between
transformers. This means
that all areas on the
platform will see that level
of flux density.

The reference level for
public exposure 83
pTcan be reached in a
distance of about 7 m
from the source but
since this area is part
of offshore facility then
such risk does not
exist.

To be exposed for 200
uT, one have to be
closer than 3m from
the bushings.

Flux density of 416.6 uT
could be possible in
distances closer than 3 m
from bushings. Since
transformers are located
inside the rooms with
adequate spacing, the
exposure of areas outside
the room with such flux
density is remote.

Stair tower and escape chute area at north side can be
exposed for moderate magnetic field at public exposure
level, however since the occupational exposure level is
much higher and platform is a NNM installation, no
further measures assumed to be required for these
areas.

Risk reduction measure: entrance to transformer
room shall follow the work permit system with strict
time limitation for entrance to the room when the
transformer is in operation. Since the reference level for
occupational exposure exceed at places 3 m from the
bushings, if necessary at all, any inspection to the room
requiring approach to the equipment shall not exceed
more than few minutes.

In addition, a sign board at the entrance door to the
transformer room warning about the hazard is
recommended. For instance, "No entrance, Non-ionizing
magnetic field)

ALARP measure: evaluate installation of warning
signs at the area close to the HV transformer rooms.
For example "keep distance, HV area".

Does the calculated
value exceed the limit?

Yes, but UHPU is a NNM
platform and prolonged

occupational exposure is
not p ibl

Yes, but public
exposure is not
possible

Yes

Utsira HPH 33 kV
GIS

To get below 0.4 pT, the
person needs to be at least
20 m away from the UHPH
GIS.

Flux density exceeding
83.3 uT is not
generated.

In a distance of 3m,
the flux density could
be as high as 13 pT.

Flux density of 416.6 uT
is not generated.

Since the calculated values even in close distance to
sources are much lower than reference levels for
exposure of workers, the exposure time and duration
will be irrelevant.

ALARP measure: evaluate installation of warning
signs at the area close to the HV transformer rooms.
For example "keep distance, HV area".

Does the calculated
value exceed the limit?

Yes, but UHPU is a NNM
platform and prolonged
exposure is not possible

No

No
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HV AC current - Bridge - Calculated magnetic field flux density
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2.1.3 HV AC current - bridge between Utsira HPH and Johan Sverdrup LQ platform

Levels Investigation level Reference level for [Reference level for Remarks / Recommendations / ALARP measures
general public occupational exposure
exposure for 60 HZ |for 60 HZ

Limits 0.4 uT 83.3 uT (200 pT by (416.6 pT
NRPA)

Areas

Bridge between
Utsira HPH and Johan
Sverdrup - AC cables
on bridge

Vertical: The investigation
level is reached in a
distance of about 8m
above or below the cables.
Thus this will affect the
whole walkway on the
bridge.

Maximum level of 15
UT can be expected in
about 1 m distance
from the cables. 3 pT
can be expected in the
walkway.

Flux density of 83.3 uT
is not generated.

Flux density of 416.6 uT
is not generated.

Since the calculated values even in close distance to
sources are much lower than reference levels for
exposure of general public and workers, the exposure
time and duration will be irrelevant.

ALARP measure: evaluate to locate the cables
underside the bridge instead of routing on the top to
reduce the exposure of head and upper body parts. It is
also recommended to locate the cables at the side
allocated for the lift truck traffic, away from the
personnel walkway.

Does the calculated
value exceed the limit?

Yes, but UHPU is a NNM
platform and prolonged
occupational exposure is

not possible

No

No

2.1.4 HV AC current - Johan Sverdrup

HV AC current - Johan Sverdrup - Calculated magnetic field flux density

Levels Investigation level Reference level for |Reference level for Remarks / Recommendations / ALARP measures
general public occupational exposure
exposure for 60 HZ |for 60 HZ

Limits 0.4 pT 83.3 puT (200 pT by |416.6 uT
NRPA)

Areas

Johan Sverdrup
platform - HV AC
cables

Vertical: The investigation
level is reached in a
distance of about 4m
above or below the cables.
Thus this might affect the
whole walkways on the
decks.

A maximum level of 5
WT can be expected
from the cables

Flux density of 83.3 puT
is not generated.

Flux density of 416.6 uT
is not generated.

ALARP measure: evaluate to locate the cables
underside the decks instead of routing on the top to
reduce the exposure of head and upper body parts or in
case not possible provide the maximum distance from
the escape / access routes.

Does the calculated
value exceed the limit?

Yes, since these are the
walkway, then prolonged
exposure is not possible

No

No

Johan Sverdrup
platform - HV AC
cable GIS
termination Johan
Sverdrup

To get below 0.4 T, the
person needs to be at least
8 m away from the
termination points.

Flux density of 40 pT

could be possible in a

distance of about 1 m
from the termination

points.

Flux density of 83.3 puT
is not generated.

Flux density of 416.6 uT
is not generated.

Utility rooms / corridors adjacent the GIS room can be
exposed for low magnetic field, above 0.4 uT. However,
since none of these areas are considered to have a
status as a workshop or office, then no measure is
deemed to be required.

As an ALARP measure, evaluate the installation of
warning signs at the area close to the GIS room. For
example "keep distance, HV area".

Does the calculated
value exceed the limit?

Yes, but prolonged
exposure is not expected

No

No
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2.2

2.3

Effect of static magnetic field on compass performance

Concerning the compass deviation, the calculated maximum values are significant where cables
are situated at low depths, reaching about 35-50° close to shore in normal and fault operation
respectively, reduced about 8-15° some 100 m further out when depths are reaching 40 m. Geo-
graphic extent of areas/zones with such high compass deviation near shore is shown in the ap-
pendix 2. The deviation may be regarded as insignificant in distances of about 150-200 m away
from the cable route. For the majority of the cable route the cables are laid in deeper water
which will decrease the maximum level of deviation to the size of 0.1-5°.

The consequences concerning navigation at sea are deemed to be low based on assumption that
the compass is seldom utilized for navigational purposes today. The major deviation is close to
land where maps are more applicable to e.g. avoid reefs.

Marine environment exposure risk by static EMF

Evaluations carried out to assess the exposure of marine environment have been documented in
chapter 8. Since the current knowledge regarding effects from anthropogenic EMF on the marine
environment is limited and research results shows relatively inconsistent detection ranges of EMF
for the different marine species, then to draw a definite conclusion would be difficult. Following
table summarizes the findings from this study. The overall conclusion is that the marine organ-
isms in vicinity of cables will presumably be affected by the magnetic field but the degree of ef-
fect cannot be determined.

Table 2.1 - Detection thresholds for marine organism

Selected detection thresh- Maximum detection value Remarks
olds for marine organisms

168 T
Areas
HVDC subsea power cables A worst case scenario of 0.1 m burial depth has been used
in the calculations.
The Earth’s geomagnetic field (approximately 50 uT) has
not been accounted for in the calculations.
Does the calculated value Yes The intensity of induced magnetic field will be experienced
exceed the limit? as a gradient relative to the distance from the cable, both

vertically and horizontally.

Operational mode: Highest peak at 180 pT.

The intensity of the magnetic field has decreased to 70 and
30uT at approximately 2 and 4 meters away from the
cables, respectively (reduced to background level).

Fault mode: Highest peak at 220 uT.

The intensity of the magnetic field has decreased to 70 and
30uT at approximately 3 and 7 meters away from the
cables, respectively (reduced to background level).

Calculations shows that the expected magnetic field generated from the planned Utsira HVDC
cables will exceed the relative detection threshold in close range. Some research indicates some
behavioural effects in certain experiments for species that utilises the magnetic field for naviga-
tional purposes (e.g. eel), however these effects have either been evaluated as small or the re-
sults have not been suitable to use to determine potential negative or positive environmental
impacts. Since there are no clear information on the effect threshold, the calculated magnetic
field cannot be compared to potential effect thresholds.

Due to the limited research on potential adverse effects on marine organisms from EMF, it is
suggested, during the following phases, a more detailed literature review to gain more specific
information is carried out.
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2.4

2.4.1

2.4.2

General risk reduction measures
The magnetic field from electrical equipment may in general be reduced effectively by the follow-
ing measures

- Reduce current flow, e.g. by reducing consumption or increase voltage level

- Keep distance between conductors as low as possible, trefoil for sets of AC-cables

- Increase distance between conductors and sensitive areas

- Establish active or passive current loops between source of field and sensitive areas
- Ferromagnetic shielding (AC only)

- High conductivity screen (AC cables only)

All measures may have economical, practical or environmental consequences and/or issues de-
pending on e.g. the type of installation, existing or planned installation and the surroundings.

Human exposure
Exposure risk to magnetic field can also be reduced by limiting the frequency and duration of
visits to areas susceptible for higher magnetic field flux intensity.

Layout design of facilities shall follow all the criteria required by working environment best prac-
tices, including the aspects related to ELF magnetic field to provide an optimal solution for a
healthy working environment.

Marine environment exposure

In spite of the scarce literature on the subject there are still some potential aspects to consider
regarding to the marine environment. Changing the burial depth reduces the strength of the
magnetic field by increasing the distance between the cable and the marine organism. Even
though, the most prominent way of reducing the produced magnetic field is to choose a proper
cabling technique. For instance, a technique where the magnetic fields from several conductors
cancel each other out could be an option. This would consequently reduce the anthropogenic
magnetic field strength. Moreover, other cable design parameters, such as conductivity and per-
mittivity, could also affect the emitted magnetic field.
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3. ABBREVIATIONS

AC Alternating Current

ALARP As Low As Reasonably Practicable

DC Direct Current

ELF Extreme Low Frequency

EMF Electromagnetic Field

FBD Functional Block Diagram

GIS Gas Insulated Switchgear

HSE Health, Safety and Environment

HV High Voltage

HVDC High Voltage Direct Current

IARC International Agency for Research on Cancer
ICNIRP International Commission on Non Ionizing Radiation Protection
IGBT Insulated Gate Bipolar Transistors

LER Local Equipment Room

LQ Living Quarter

NNM Normally Not Manned

NRPA Norwegian Radiation Protection Authority

RI Radio Interference

SWG Switchgear

UHPH Utsira High Power Hub

VSC Voltage Source Converter
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5.1

5.1.1

INTRODUCTION

General aspects of offshore electrification from shore

Available technologies
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Electrification of offshore installation by hydropower from shore has many HSE benefits compared
to conventional local use of gas turbines and generators, among others, reduced CO2 emission,
reduced local pollution (NOX), less heavy maintenance, reduced ignition sources and reduced
vibration and audible noise. However, HV equipment and cables have their own hazards such as
fire, electrical shock and exposure to EMF. Awareness and management of these hazards are

required in order to operate the installations safely.

Table below shows the opportunities for electrification of offshore installations based on their
distance from shore and the extension of power consumption.

Table 5.1 - Technology Selection for offshore power consumption

Low power High power Extreme high
consumption consumption power
consumption

Short distance

AC power transmission
from shore

AC power transmission
from shore

AC power trans-
mission

Offshore gas

turbine

Long distance DC power transmission | DC power transmission Offshore gas
from shore from shore turbine

Extreme long dis- Offshore gas turbine Offshore gas turbine Offshore gas
tance turbine

One of the methods for DC power transmission from shore is based on High Voltage Direct Cur-
rent (HVDC) Voltage Source Converter (VSC) by application of Insulated Gate Bipolar Transistors
(IGBT). This solution is mainly consists of a) transformers, b) HVDC onshore and offshore sub-
stations, c) smoothing reactors, d) AC and DC filters and e) cable pair.

Following figure shows the building blocks in ABB HVDC light technology:
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HVDC Light® — Building blocks

IGBT converter valves —

DC capacitors

33
I
T, |

IS

il — mE 401l

LI A
Cables —

H_J'
\— Phase reactors A
AC harmeonic filters

Transformers, breakers/disconnectors

Main-circuit diagram AL D D
i

Figure 5.1 - HVDC light building blocks /20/

Following figure shows the typical layout of an onshore HVDC light substation /24/.

AL equipment Corwverter reactors
Converter transformer

23E6m 45 m

132m

8m

IGET valwes

O equiprment

Figure 5.2 - HVDC light substation layout /24/



Utsira high power hub emf study 25 of 75

5.1.2 HV Cables

5.1.3

5.2

5.2.1

Figure below shows the structure of HVDC cables used subsea offshore.

Conductor
Aluminum or copper

Conductor screen
Semi-conductive polymer

Insulation
Cross linked HVDC polymer

Insulation screen
Semi-conductive polymer

Swelling tape
Lead alloy sheath

Inner jacket
Polyethylene

Tensile armor

Two layers of tensile armors
{laid in counter helix)
Galvanized steel wires

Outer cover
Polypropylene yarn

Figure 5.3 - HVDC cables used subsea offshore /21/

ABB as supplier of HVDC light claims that DC cables magnetic fields can be eliminated if HVDC
Light® cables are laid in pairs with DC currents in opposite directions. Ref. /23/ states that the
magnetic field from a DC cable is not pulsating but static - just as the earth’s natural magnetic
field. The strength of the field is 1/10th of the earth’s natural magnetic field one meter above the
ground immediately above the cable. Thus it says that for this configuration there will be no rele-
vant magnetic fields when using HVDC Light® cables.

HV Transformers and switchgears

Transformers are the devices that transfer electrical energy from one circuit to another through
electromagnetic induction, usually in order to transform the voltage to a higher or lower level.
The principle is that the alternating current is passed through the primary coil (the input) which
creates a changing magnetic field in the iron core. The changing magnetic field then induces al-
ternating current of the same frequency in the secondary coil (the output) which may have a
different number of turns thus changing the voltage. Transformers only work with alternating
current. Using direct current will create a magnetic field in the core but it will not be a changing
magnetic field and so no voltage will be induced in the secondary coil.

The switchgear serves two main purposes, protective switching of the equipment through relays
due to faults in the system and switching due to planned actions as maintenance, inspections,
equipment exchange etc.

General aspects of physics behind formation of electromagnetic field
Electromagnetic spectrum

Electromagnetic waves behave quite differently depending on their frequencies. Figure 5.4 (from
ref. /10/) shows an overview commonly called the electromagnetic spectrum. Visible light, radio
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waves, gamma radiation, etc. are examples of electromagnetic waves. In this chart 50Hz is also
indicated, but there is not any kind of waves here, because by so low frequency it is practically
impossible to get sufficiently far away from the source so that the electromagnetic waves are
developed.

Det elektromagnetiske spekteret
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Figure 5.4 - The electromagnetic spectrum (Figure 2.2 in ref. /10/)

James Clerk Maxwell's four equations constitute the basis of electromagnetic field studies. There
are infinitely many solutions of Maxwell's equations corresponding to the infinite number of ge-
ometries and conditions that might be imagined. For a given set of geometry, material proper-
ties, the boundary conditions and excitation, however, Maxwell's equations have only one solu-
tion. One well-known solution of Maxwell's equations is the solution applicable to the empty room
(far from all boundary conditions). The solution is called an electromagnetic wave, as shown in
Figure 5.5.

Electromagnetic waves are characterized by among others that electric and magnetic vectors are
perpendicular to each other, that there is a fixed relationship between them and that energy
propagates (moves) in a particular direction given by the so-called pointing vector.
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Figure 5.5 An electromagnetic wave is a special solution of Maxwell's equations. The solution applies
primarily for the empty space (or for purely homogeneous media) (Figure 2.1 in ref. /10/)

However, as said this picture is not valid for low frequency, e.g., 50 or 60 Hz. In the near zone
the electric and magnetic fields from a source are independent both with respect to size and ori-
entation, but in the remote zone, it behaves more like an electromagnetic wave. In the remote
zone, the EMF behaves as waves and radiation, while in the near zone radiation is a misleading
term. The transition occurs when the distance between the source and the place we consider is
about one "calculated wavelength", which the calculated wavelength A is defined as:

A=c/f
Here f is the frequency of the current / voltage variation in the source, and c is the speed of light.
Transition area depends also to some extent on the size of the source relative to A. The area that
is closer to the source than c / f is called the near zone, while areas further than c / f from the
source is said to be in remote zone.

Figure below shows electric and magnetic field generated by direct current.

N

Figure 5.6 Electric and magnetic field from an infinitely long straight conductor runs parallel over an
infinite level with infinite thickness (earth). Field lines are also shown. (Figure 2.3 in ref. /10/)

For further elaboration reference is made to ref. /10/.
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5.2.2

5.3

5.3.1

Direct and alternating currents

Electrical currents flowing in the conductions of electrical equipment, cables and overhead lines
are generating surrounding magnetic fields. Static DC-currents and alternating AC-currents are
generating static and alternating magnetic fields respectively, thus there are two main differ-
ences to the magnetic fields subject to this assessment.

Static magnetic fields as generated by the DC-current are principally equal to that of the bar
magnet and to the earth (geo) magnetic field which orientate the compass needle. The intensity
of this geomagnetic field will vary across the globe with respect to latitude and longitude, where
measurements have shown variations between 30 and 70puT.

Alternating (time varying) magnetic fields as generated by the AC-current varies in time with the
frequency of the current flow. The frequency of AC-current in power supply systems is usually
between 50 Hz and 60 Hz, both within the lower range of the ELF-band (Extreme Low Fre-
quency).

The magnitude of the magnetic field from electrical conductors used in power distribution (AC
and DC) is dependent upon several factors. Of significant importance are

- Magnitude of the current (power transfer)
- Number of conductors, separation distance and orientation

The magnetic field reduces most effectively by increasing the distance between the source and
sensitive objects or areas. The effect of increasing the distance depends upon the characteristics
of the source.

General risk aspects of human exposure to magnetic field and the defined
thresholds

Time varying magnetic field

Risk related to human exposure to ELF EMF has been elaborated thoroughly in ref. /9/. Guideline
for the safe exposure of workers and the general public has been issued by the International
Commission on Non Ionizing Radiation Protection (ICNIRP) ref. /7/.

In general protection of human against dangerous agents is achieved by providing exposure or
dose limits for each particular agent. The limits are defined by the health thresholds where re-
sulted biological effects initiate health detriment. The goal is to keep the exposures below such
thresholds. In addition precautionary and ALARP (as low as reasonably practicable) measures can
be adopted to provide further risk reduction and higher protection against hazards.

EMF exposure, depending on its level, time duration and coupling mechanism of the external field
with the exposed body, can result in different biological responses in human body with different
consequences. Some biological effects can lead to adverse health effect.

Table below extracted from ref. /25/ outlines relevant mechanisms of interaction, adverse ef-
fects, biologically effective physical quantities (dosimetric quantities) and reference levels for ELF
EMF.
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5.3.2

5.3.3

Table 5.2 - Relevant mechanisms of interaction, adverse effects, biologically effective physical quantities
(dosimetric quantities) and reference levels for ELF EMF, ref. /25/

EMF speciral region Relevant mechanism Adverse effect Biologically effective External exposure,
of interaction physical quantity reference level
Surface electric charges Anncyance from surface External electric field Electric field strength
effects, electric shock and strength
burn
Time-varying electric fields ) ) ) ) ) L o
{up 1o 10 MHz) Induction of internal electric Stimulation of nerve and Tissue electric field Electric field strength
fields and currents muscle cells; effects on strength or current dansity

neryous system functions

Induction of internal electric stimulation of nerve and TissUe electric field Magnetic flu density
fields and currents muscle cells; effects on strength or current density
nervous systems functions

Time-varying magnetic
fields {up to 10 MHz)

Time-varying electric and magnetic fields of frequency up to about 10 MHz induce electric fields
and currents inside the body. Such currents and fields cause stimulation of electrically excitable
tissues, such as nerves and muscles. The appropriate dosimetric quantities for these phenomena
are the induced current density and the internal electric field. /25/

Risk of cancer

Based on ref. /7/, ICNIRP has the view that the results from the epidemiological research on EMF
field exposure and cancer, including childhood leukaemia, are not strong enough in the absence
of support from experimental research to form a scientific basis for setting exposure guidelines.

However, International agency for research on cancer (IARC) has a slightly different opinion.
According to ref. /26/, the overall evaluation of IARC of the extremely low-frequency magnetic
fields is that it is classified a possibly carcinogenic to humans (Group 2B) and for static electric
and magnetic fields and extremely low-frequency electric fields not classifiable as carcinogenicity
to humans (Group 3).

This evaluation is based on that there is limited evidence in humans for the carcinogenicity of
extremely low frequency magnetic fields in relation to childhood leukaemia and there is inade-
gquate evidence in humans for the carcinogenicity of extremely low frequency magnetic fields in
relation to all other cancers. There is also inadequate evidence in humans for the carcinogenicity
of static electric or magnetic fields and extremely low-frequency electric fields.

Basic restrictions and reference levels
Accordingly in establishing exposure limits, ICNIRP defines two classes of guidance, that is, basic
restriction and reference level.

Basic restrictions are defined in terms of the appropriate biologically effective quantities, and are
set below the threshold for the appropriate critical effects. Due to practical difficulties in measur-
ing or calculating some biologically effective quantities, from basic restrictions reference levels
are derived, that are expressed in terms of a directly measurable parameter of the external ex-
posure. /25/

According to ref. /7/Between 1 Hz and 10 MHz, basic restrictions are provided on current density
to prevent effects on nervous system functions. In the frequency range from a few Hz to 1 kHz,
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for levels of induced current density above 100 mA m2, the thresholds for acute changes in cen-
tral nervous system excitability and other acute effects such as reversal of the visually evoked
potential are exceeded.

As a result, in view of the safety considerations, ICNIRP decided that, for frequencies in the
range 4 Hz to 1 kHz, occupational exposure should be limited to fields that induce current densi-
ties less than 10 mA m™, i.e., to use a safety factor of 10. For the general public an additional
factor of 5 is applied, giving a basic exposure restriction of 2 mA m=2.

Table below shows the basic restrictions for time varying electric and magnetic fields for frequen-
cies up to 10 GHz. fis the frequency in hertz.

Table 5.3 - Basic restrictions for time varying electric and magnetic fields for frequencies up to 10 GHz,

ref. /7/
Current density for Whole-body Localized SAR

Exposure head and trunk average SAR (head and trunk) Localized SAR
characteristics Frequeney range (mA m™?) (rms) (Wke™) (Wkg™h) (limbs) (W kg™!)

Occupational up to 1 Hz 40 — — —

exposure 1-4 Hz 4041 — — —

4 Hz-1 kHz 10 — — —

1-100 kHz F100 — — —

100 kHz-10 MHz #7100 0.4 10 20

10 MHz-10 GHz — 0.4 10 20

General public up to 1 Hz 8 — — —

exposure 14 Hz 8/f — — —

4 Hz-1 kHz 2 — — —

1-100 kHz #1500 — — —

100 kHz-10 MHz F7500 0.08 2 4

10 MHz-10 GHz — 0.08 2 4

Tables 5.4 and 5.5 below show the references levels given by ICNIRP for occupational and public
exposure to time-varying electric and magnetic fields. f shall be as indicated in the frequency
range column

Table 5.4 - Reference levels for occupational exposure to time-varying electric and magnetic fields, ref.

17/
E-field strength H-field strength B-field Equivalent plane wave

Frequency range Vmh (Am™ (nT) power density 5 (W m™%)
up to 1 Hz — 1.63 x 10° 2% 10° —

1-8 Hz 20,000 1.63 x 10%/7* 2 % 10%7° —

8-25 Hz 20,000 2 % 10%F 2.5 % 10%fF —
0.025-0.82 kH=z 300/ 20{f 254 —

0.82-65 kHz 610 244 30.7 —

0.065-1 MHz 610 1.6/ 2.0/ —

1-10 MHz 610/ 1.6/ 2.0/ —

10100 MHz 61 0.16 0.2 10
400-2,000 MHz 3512 0.008/12 0.01717 A0

2-300 GHz 137 036 0.45 50

For 60 Hz, i.e., 0.06 kHz frequency, the reference level for occupational exposure for B-field in uT
is 25/0.06= 416.6
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Table 5.5 - Reference levels for general public exposure to time-varying electric and magnetic fields, ref.

17/

E-ficld strength H-field strength B-field Equivalent plane wave
Frequency range (Vm™h (A m™) (nT) power density 5., (W m™)
up to 1 Hz — 3.2 » 10* 4 » 10* —
1-8 Hz 10,000 3.2 ) 10%f2 4 3 10%F2 —
825 Hz 10,000 4,000/ 5,000/f —
0.025-0.8 kHz 250/ ajf siF —
0.8-3 kHz 250/f 5 6.25 —
3-150 kHz 87 3 6.25 —
0.15-1 MH=z 87 0.73/f 0.92/f —
1-10 MHz g7/ 12 0.73/1 0.92/f —
10400 MH=z 28 0.073 0.092 2
400-2,000 MHz 1375512 0.00377 12 0.00465 12 1200
2-300 GHz 61 0.16 0.20 10

For 60 Hz, i.e., 0.06 kHz frequency, the reference level for general public exposure for B-field in
MT is 5/0.06= 83.3

Company's requirement
Company's TR0926 ch. 4.12.2 states the following requirements for the ELF EMF;

"In general, all human exposure to non-ionizing radiation shall be as low as practicable.

For cabins, offices and other continuous manned areas the following investigation levels apply:
For 50 - 60 Hz electromagnetic fields: 0, 4 uT.

Any exceedence of the investigation levels requires an evaluation of possible actions to reduce
the exposure. The evaluation shall include calculations of expected reduction and description of
cost impact and other implications of the actions. It shall be emphasised to achieve an exposure
level below the investigation-level according to the ALARP principle.

The investigation levels are not based on documented negative health effects. The investigation
level aim to reduce exposure to electromagnetic fields according to a precautionary principle as
possible negative health effects of long term exposure cannot be excluded. "

Norwegian radiation protection authority's threshold and investigation levels

According to information published 14.10.2008 and updated: 06/06/2011 in Norwegian radiation
protection authority web site, re./41/, the magnetic field limit value for the population is 200 uT.
It defines also an investigation level of 0.4 uT for the assessment of long-term exposure. Investi-
gation level is set to an annual average of 0.4 uT based on the potential risk of a slight increase
in leukaemia cases in children. Re. /41/ requires also that in new facilities where magnetic field
will be above 0.4 uT, measures to reduce the level shall be considered. Various measures will be
assessed against various considerations, disadvantages, costs, etc. The approach is in line with
the Radiation Protection Regulations which requires that all exposure should be kept as low as
practicable.

According to clarification in appendix 3, requirements given in TR0926 have to be followed and
complied with in all areas inside the facility's zone, i.e., areas secured by fences. On the other
hand, requirements given by Norwegian radiation protection authority have to be followed and
complied with in all areas outside the facility's zone. In practice, there is no difference with re-
spect to investigation levels defined by both sources, which is 0.4 uT. Regarding exposure of
general public, the Norwegian radiation protection authority's threshold of magnetic field flux
density is 200 uT which is about 2.5 times larger than the value given by ICNIRP. i.e., 83.3 pT.
This difference however has no real effect on the evaluations performed in this study since there
are no interfaces between the facilities defined in scope of work of this study (onshore and off-
shore) and general public areas / buildings (e.g., schools, hospitals, office buildings) as well as
residential areas. The areas outside the fences is however open for general public and in cases
where investigation level have been exceeded, ALARP measures such as use of warning signs
have been recommended.
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5.3.6 Typical exposure from home appliances and magnetic field distance dependency
Most fields are inhomogeneous, and the field strength is inversely proportional to the distance
power 0 to 4 depending on the source construction and our position in relation to the source. The
stated exposure levels are mostly the maximum value of the nearest body part in relation to the
source. In cases where we get very close to a source (close relative to body size), exposure av-
eraged over the whole body is considerably lower than the maximum value. However, it is not
clear whether it is biologically important to concentrate on the maximum value or a mean value.
Whatever be the problems when e.g., shall state magnetic field from an electric shaver when the
field is actually differ more than by a factor 1000 over the body. /10/
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Figure below from ref. /10/ shows examples of how magnetic flux density varies with the dis-

tance from some typical sources.
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Figure 5.7 - Examples of sources and measured values for low frequency magnetic field (ref. /10/)
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5.3.7 Limits of exposure to static magnetic fields

5.4

ICNIRP defines the following occupational and general public exposure limits for the static mag-
netic field in its table 2.

Table 2. Limits of exposure® to static magnetic fields.

Exposure characteristics Magnetic flux density
Occnpational®
Exposure of head and of trunk 2T
Exposure of limbs® 8T
General public?
Exposure of any part of the body 400 mT

* ICNIRP recommends that these limits should be viewed operationally as
spatial peak exposure limits.

® For specific work applications, exposure up to 8 T can be justified, if the
environment is controlled and appropriate work practices are implemented
to control movement-induced effects.

“ Not enough information is available on which to base exposure limits
beyond 8 T.

4 Because of potential indirect adverse effects, ICNIRP recognizes that
practical policies need to be implemented to prevent inadvertent harmful
exposure of persons with implanted electronic medical devices and
implants containing ferromagnetic material, and dangers from flying
objects, which can lead to much lower restriction levels such as 0.5 mT.

According to ref./37/, above 2 T, transient effects such as vertigo, nausea and phosphenes
have been occasionally observed in some people, but no evidence has been found for any irre-
versible or serious adverse health effects.

Several studies have reported that individuals exposed to static magnetic fields above 2-3 T ex-
perience transient sensory effects associated with motion in a static field gradient such as ver-
tigo, nausea, a metallic taste, and magnetic phosphenes when moving the eyes or head.
However, the incidence and severity of these symptoms can be decreased by slowing the rate of
motion of an individual through the magnetic field gradient. /37/

General risk aspects of marine environment exposure to EMF

Marine organisms utilises different sensory systems to gain information about the external envi-
ronment. These organisms depend on sensory reception for several vital life functions such as
feeding, predator avoidance, reproduction and migration. Based on this, it is assessed that an
organism’s ability to accurately sense its environment through sensory systems is important to
its survival /13/.

The origin of EMF in the marine environment is associated with both natural- and anthropogenic
sources. Emitted electromagnetic fields from such subsea power cables can be detected by mag-
neto-/electrosensitive species. By detecting these fields, many marine species can use the earth’s
magnetic field for information to orientate and navigate /13/. The following sections give a basic
description of the current understanding of magnetosensitive and electrosensitive species.

Magnetosensitive species

A variety of marine organisms use the Earth’s environmental magnetic signals for different be-
havioural purposes (e.g. feeding, reproduction, refugia). A number of invertebrates and verte-
brates have been known to sense, respond to, or orient to magnetic field signals, including mol-
luscs, crustaceans, elasmobranch fishes, bony fishes and sea turtles. It has been assessed that
magnetosensitive species will most likely be able to detect EMFs from DC cables and probably to
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5.4.1

5.4.2

a lesser (or no) extent from AC cables. However, the mechanism behind the detection and proc-
essing of magnetic stimuli in marine organisms is not definitive and there are several proposed
and competing models explaining this phenomenon /13/.

It is possible to categorise organisms that can detect magnetic fields into two groups based on
their mode of magnetic field detection; induced electric field (iE-field) detection and magnetite
based detection /14/.

Induced electric field detection relates to species that are electroreceptive and is generally as-
sumed to be used for navigation. These species can further be categorised as either passive or
active. An organism is considered passive when it senses the iE-fields produced by the interaction
between ocean currents with the vertical component of the Earth’s magnetic field. While an active
mode is when the organism senses the iE-field it generates by its own interaction with the hori-
zontal component of the Earth’s magnetic field /14/.

The mechanism behind magnetite based detection is not well understood. However, it is thought
that magnetosensitive species are sensitive to the Earth’s magnetic fields. Furthermore it is sug-
gested that magnetite deposits play an important role in geomagnetic field detection in a rela-
tively large variety of organisms, e.g. salmons, elasmobranchs and whales /16/. The sensitivity
to the geomagnetic field for many of these species is also associated with navigation /14/.

Electrosensitive species

Certain marine species that are sensitive to EMFs possess specialised sensory organs which allow
them to detect and utilise the signals from natural sources of EMFs. Electroreceptive organisms
experience electric fields induced by the movement of charges in their body through the earth’s
geomagnetic field, which again will depend on the velocity and direction of movement. Such in-
duced electric fields would also be relevant for the Utsira HVDC cables as they can be induced by
movement across the cables. Although the main function of the electroreceptor system is to de-
tect weak electric fields, it is also suggested that it can detect magnetic fields. It has been as-
sessed that electrosensitive species (e.g. elasmobranches, some teleost fish and decapod crusta-
ceans) will most likely be able to detect EMFs from both DC and AC cables, with the highest sen-
sitivity towards DC cables /13/.

Elasmobranches and their relatives (e.g. sharks, skates and rays) are the most commonly known
group of organisms that are known to be electroreceptive. The ability to detect electrical fields
(including iE-fields) is likely to vary throughout the life of an elasmobranch. It starts in the em-
bryonic and juvenile stages of the organism’s life and the sensitivity will normally increase with
age. This applies to uniform electric fields which will occur near the electrodes. However, this has
not been calculated with regards to the Utsira HVDC cables/14/.

The remaining electrosensitive species (e.g. non-elasmobranches) do not possess specialized
electroreceptors. Instead they are able to detect induced voltage gradients associated with water
movement and geomagnetic emissions. However, the actual sensory mechanism of detection is
not properly understood. It has been suggested that the induced electrical fields that these spe-
cies respond to is associated with peak tidal movements which can create fields in the range of 8-
25pv/m /14/.
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5.4.3 Sensitivity levels towards magnetic- and iE-fields
The elasmobranches are considered most sensitive to standing DC induced electric fields in the
surrounding aquatic environment, which can be induced by standing magnetic fields. However,
how they perceive an iE field is complex and depend upon various factors such as cable charac-
teristics, electric current, cable configuration, cable orientation relative to geomagnetic field, the
swimming direction of the animal, local tidal movements, etc. As such, the elasmobranches are
capable of detecting iE field from the current flow of the ocean even if there is no cable present,
making it difficult to predict distances and directions of response /13/. The actual mechanism for
how the elasmobranches detect magnetic fields is currently subjected to some uncertainties. It
has however been shown that elasmobranches can detect DC magnetic fields in the range be-
tween 25-100 uT against the ambient geomagnetic field (approximately 36 uT for areas close to
equator) /14/. The ambient geometric field in Stavanger area is 50 puT.

Fish species detecting magnetic fields and iE-fields have been closely related to navigation during
long distance migration and the locating of spawning grounds. Very low intensity magnetic fields
have been associated with behavioural responses in several species, for both elasmobranches
and other fish species. This has been suggested to be a result of changes in magnetic fields at or
below background geomagnetic levels in the range 10 - 50 uT /12/. It must however be empha-
sised that the detection level varies in the different studies /13/.

Several studies have been performed on invertebrates. Still, the precise sensitivity levels to
magnetic fields are not well known and a suggested level of <100 nT have been set. Further-
more, it has been proposed that certain species of decapod crustaceans (e.g., lobsters, crabs)
might experience a moderate level of effects from EMFs. This is due to their epibenthic habitat in
addition to their relatively low mobility which consequently could expose individual organisms to
the highest field strengths /13/.

With respect to marine mammals the detection limit is pure theoretically, since little research has
been performed on this group. Some suggestions have been made towards the effect of EMF on
stranding of marine mammals. Behavioural changes have also been shown in dolphins with per-
manent magnetic fields ranging between 32-168 pT /13/.
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6.

6.1
6.1.1

6.1.2

EMF CALCULATIONS

Terms and principles of magnetic fields
The magnetic field
Considering the term “magnetic field” commonly used when working with static and ELF electro-
magnetic fields, one usually assess the magnetic flux density or B-field, denoted B and measured
in Tesla. Also the magnetic field strength or H-field denoted H and measured in Ampere/meter is
used by some. Throughout this assessment, B-fields are considered. The relationship between H-
and B-field is

B =uH

where the permeability p is taking into account the magnetic properties of the surroundings and
is given by the relative permeability p, and the permeability in vacuum g as

1= Uity

Calculating magnetic fields

Electromagnetic fields may be calculated through solving Maxwell’s equations. From these one
may derive the law of Biot-Savart for evaluating the magnetic flux density for wires which for a
quasi-static solution has the form

where r is the vector to a point P relative to the current carrying conduction, and the integral is
evaluated over the path C which encloses the conductor. For a long and straight conductor the
equation simplifies to

w1
B(T) = Z‘r_

The magnetic field in a point P(x,y) is a vector tangential to the closed loop C. Considering multi-
ple cables as bipole HVDC-systems, 3-phase AC systems or parallel power supply systems, the
cables will tend to amplify or reduce the field depending on the direction of the current flow and
where the point P is relative to the conductors. The contribution from each cable has to be de-
composed in order to evaluate the resultant field in point P(x,y) as illustrated below for a single
conductor.

X

Figure 6.1 - Magnetic field from a long straight wire where the current direction
is heading out of the sheet /36/
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6.1.3

6.1.4

Calculating compass deviation
The compass deviation due to the HVDC sea cables is calculated considering the following fac-
tors:

e Orientation of the cables with respect to true north

e Distance from cables to sea level

True north would be following the line between the actual north and south pole, as opposed to
the magnetic pole which move constantly and rarely would equal the true north, thus there will
be a declination or compass deviation to the also when no other magnetic field influence is ap-
parent.

Worst case for compass deviation due to the HVDC sea cables would be where cables are aligned
with the magnetic north-south axis. The horizontal components of the calculated DC and geo-
magnetic field vectors are decomposed and added. The angular displacement of the resultant
field vector By res to true north yield the compass deviation. The following drawing outlines the
basic principles for the assessment of compass deviation.

I
I
N
m

DC1 DC2
B - Magnetic field g - Geomagneticfield EW - East-West
Idc  -Directcurrent h -Horizontal plane M5 - North-5outh
M - North 1,2 - Contributing cable
DC1,2-Cables res -resultant

Figure 6.2 - Basic elements considered for compass deviation assessment

General assumptions for calculations

The magnetic field calculations have been performed utilizing an in-house developed program,
solving the equations treated in chapter 6.1. The program is capable to simulate the magnetic
field flux intensity by providing relevant input data, such as conductor current and phase, number
of parallel cables with respective horizontal and vertical displacement and relative permittivity.

- Long straight conductors.

- All cables are shielded.

- Current flow as at maximum transformer/converter utilization.

- Permeability of the surrounding environment (soil, seawater, enclosures, walls etc.) of
electrical conductors equals the permeability of vacuum (Hy).

- Considering only one train operating due to e.g. a cable fault, only one HVDC cable will
be operating. In this condition the seawater will carry the return current of the system
through electrodes located near the converter stations Haugsneset and at UHPH.

- Consider appendix 1 Main issues field calculations for further details.
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6.2 DC magnetic field results
6.2.1 Main assumptions and comments
- The source of DC field is the HVDC cables only, the geomagnetic field is not present in
the following results.
- Cables from train 1 and 2 are positioned at equal elevation
- When only one train is operating, it's assumed that the current density in the seawater
between the sea electrodes is very low, thus the return current contribution to the DC
magnetic field is negligible.

6.2.2 Onshore AC/DC Converter station Haugsneset
The bipole configuration of the DC supply consists of one DC cable from each train and a neutral
connection to a subsea electrode. Other sources of static magnetic field are not assumed to be
present in the following results.

Frequency: -

Distance phase-phase: 50 m (mid. to mid. each train)
Distance phase-neutral: ~3 m (assumed)

DC voltage level: +£150 kV

Maximum DC current:

- Normal conditions 1 000 A (£150 kV)

- Fault conditions 1 200 A (150 kV)

Conductor 800 mm? CU

Cable outer diameter (@) 88 mm

Following figure shows the magnetic field flux density measured in pT (micro Tesla). Colours refer
to threshold values of the B-field [uT] defind on the right side of the figure.

B [uT] normal operation

® 175-200
® 150-175
= 125-150
™ 100-125
= 75-100
®50-75

W 25-50
m0-25

from mid b cables [m]

Figure 6.3 - Magnetic field from HVDC cables at the converter station onshore, normal operation

The assumption that the phase-neutral distance is 3 m give reduced magnetic field during fault
conditions compared to normal operation due to that the phase-phase distance is larger (50 m).
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Figure 6.4 - Magnetic field from HVDC cables at the converter station onshore, fault condition
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Figure 6.5 Magnetic field from one HVDC cable at the
converter station onshore, normal and fault condition

6.2.3 AC/DC Converter station to seabed
This section considers the HVDC cables exiting converter station area and entering seabed
through landfall area. Other sources of static magnetic field are not assumed to be present in the
following results.

Assuming that the phase-neutral distance is 3 m, the fault condition yields the same magnetic
field as in normal operation, shifted 3 m in the horizontal plane.

Frequency: -

Cable separation: 3m

Distance Cable-Neutral: 3 m assumed
Depth: 0.6 m below ground
DC voltage level: +150 kV

Maximum DC current:

- Normal conditions 1 000 A (£150 kV)
- Fault conditions 1 200 A (150 kV)
Conductor 800 mm? CU

Cable outer diameter (g) 88 mm
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6.2.4

B [uT] normal operation
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Figure 6.6 - Magnetic field from HVDC cables from converter station to seabed

HVDC sea cable

The HVDC cables follow route as mapped by IKM. Sea cables are often laid in a seabed trench
wherever possible, alternatively covered by stones or other protection. Crossing of pipelines or
other infrastructure at seabed is usually done by establishing a protective cover between existing
object and cable in addition to the final cover. The cable burial depth is uncertain, thus a worst
case is evaluated.

Frequency: -
Cable separation: vary between 3 m - 4000 m
Distance Cable-Neutral: no neutral, seabed electrodes
Depth: 0-~600m
Cable burial -0.1m
DC voltage level: +150 kv
Maximum DC current:
- Normal conditions 1 000 A (£150 kV)
- Fault conditions 1 200 A (150 kV)
Conductor 800 mm? CU
Cable outer diameter (@) 88 mm

Figures 6.6 to 6.12 presents the EMF calculations related to the marine environment, illustrating
the EMF strength as a function of the distance from the DC cables. The vertical point above the
cable is set at 1 meter (except for fig. 6.7). The x-axis and y-axis represent the horizontal dis-
tance from the DC cables and the EMF strength, respectively. For instance, when a marine organ-
ism (e.g. a fish) passes through the magnetic field created by the cables, a current may be in-
duced in the organism dependant on the field strength and the velocity of the organism perpen-
dicular to the cables.

The magnetic field peaks during normal operation are situated above the cables since the electric
currents in the two cables go in opposite directions. The horizontal components of the field from
each cable will tend to cancel each other out, consequently reducing the resulting magnetic field.
During fault mode, only one of the cables will be functioning. Hence, the cables will not affect
each other, as during normal operation. Refer to chapter 8 for evaluations from EMF results on
marine environment.

Figure 6.6 illustrates the EMF development from the two DC cables when the distance between
them equals 3 meters. The two curves represent operational and fault mode, respectively. During
fault mode, only one of the cables will be functioning.
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EMF development at 3 m distance betweenthe DC cables
250
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15 18
Distance from the DC cables [m]

20 23 25

Fault mode

Operational mode

Figure 6.7 - EMF development, 1 m above the DC cables during normal operation and fault mode with 3
meter distance between the two cables

Figure 6.7 illustrates how the EMF will develop during operation at various vertical elevations
above the DC cables. The distance between the DC cables is still 3 meter.

Field strength: 3 m distance between DC cables
140
120 // \\
100 / \
=
60
40
20 // \
0 o = = — L
-25 -23 -20 -18 -15 -13 -10 8 -5 -3 0 3 5 8 10 13 15 18 20 23 25
Distance from DC cables [m]

=====1.5m above cables = m above cables 4 m above cables
Figure 6.8 - EMF development at different vertical depths above DC cables

Figure 6.8 shows the EMF development from the DC cables during operation. The distance be-
tween the cables equals 20 meter.
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EMF development at 20 m distance between the DC cables
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Figure 6.9 - EMF development, 1 m above the DC cables during operation with 20 meter distance be-
tween the two cables

The EMF development from the two DC cables during fault mode is presented in figure 6.9. The
distance between the DC cables is still 20 meter.

EMF development at 20 m distance between the DC cables

250

200 A

150

[KT]

100

" -~ SN—

-35 -33 -30 -28 -25 -23 -20 -18 -15 -13 -10 -8 -5 -3 O 3 5 8 10 13 15
Distance from DC cables [m]

e Fault mode

Figure 6.10 - EMF development from the DC cables during fault mode with 20 m distance between the
two cables

Figure 6.10 illustrates the EMF development from the two DC cables during operational and fault
mode at a 100 meter distance between the two cables. There will still be two peaks during opera-
tional mode. Since the situation will be the same for both cables, only one of the peaks is shown
in figures 6.10, 6.11 and 6.12.
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EMF development at 100 m distance between DC cables
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Figure 6.11 - EMF development from the DC cables during operation and fault mode with 100 m distance
between the cables

The EMF development during operation of the two DC cables is shown in figure 6.11. The dis-
tance between the two cables is 1000 meter.

EMF development at 1000 m distance between DC cables
200

180 A
160

140 ’ \

120 I \
i 100 I \
= [\

o0 / \
o _ ~—_

-525 -520 -515 -510 -505 -500 -495 -490 -485 -480 -475
Distance from DC cables [m]

s Operational mode

Figure 6.12 - EMF development the DC cables during operation with 1000 m distance between the cables

Figure 6.12 presents the EMF development from the two DC cables during operational mode with
4000 meter distance between the two cables.
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EMF development at 4000 m distance between DC cables
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Figure 6.13 - EMF development from the DC cables during operation with 4000 m distance between the
cables

6.2.5 Cable riser to Utsira UHPH DC/AC converter
The result is equal to that of section 6.2.3 AC/DC onshore AC/DC Converter station to seabed in
normal operation, as the same base assumptions apply except for no cable burial which implies
that the vertical levitation may be shifted 0.6 m downwards.

For a fault condition, the result is equal to the fault condition of section 6.2.2 Onshore AC/DC
Converter station Haugsneset.

6.3 Compass deviation (declination)
6.3.1 Main assumptions and comments

- The compass deviation is based on calculated HVDC cables horizontal component and the
horizontal component of the geomagnetic field.

- An estimated geomagnetic field for the city Stavanger is used, which according to the US
NGDC (National Geophysical Data Centre) equals approximately 50.7 uT with an declina-
tion of 0° 18’ 21’ east on the 18.06.2013. The estimation is performed using the IGRF11
model provided by The International Association of Geomagnetism and Aeronomy
(IAGA).

- Due to the fact that the two cables of the bipole HVDC supply system carry a current of
opposite direction, the compass deviation will change direction depending on from which
side of the cable the compass is situated. In the middle between the cables the deviation
will tend to zero deviation in nhormal operation. Maximum deviations will be directly above
the cables.

- The compass deviation will be unsymmetrical as long as the HVDC cables are not per-
fectly aligned to the magnetic north-south or east-west due to the north-south compo-
nent of the generated magnetic field. In the following results, the cable (current) direc-
tion of train 1 will be denoted ¢ which is the angle from true north and the train 2 cables
will be parallel and the current direction shifted 180°.

- The cable depth in the following results is representative for the cable of train 1, assum-
ing both cables are laid equally in the horizontal plane.

6.3.2 Results
In the following results the cable depths are relevant to the cable section investigated.
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Figure 6.14 - Compass deviation for the first ~1000 m from shore during normal operation
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Figure 6.15 - Compass deviation for the first ~1000 m from shore if fault on one train.
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Figure 6.16 - Compass deviation for ~1000-3000 m from shore in normal operation
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Figure 6.17 - Compass deviation for ~3000-4000 m from shore in normal operation

1.5

Compass deviation [deg]

b=254°

Distance from mid between cables [m]

Cable depth 160 m

Cable depth 170 m
= (Cable depth 200 m
= Cable depth 220 m

Cable depth 240 m
= (Cable depth 260 m
= Cable depth 280 m
Cable depth 300 m
Cable depth 320 m
Cable depth 340 m

Figure 6.18 - Compass deviation for ~4000-7000 m from shore in normal operation
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Figure 6.19 - Compass deviation from ~7000 m from shore to close to UHPH in normal operation
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Figure 6.20 - Compass deviation at UHPH approach in normal operation
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Figure 6.21 - Compass deviation during fault conditions if cables are laid north-south

6.4 AC magnetic fields
6.4.1 Main assumptions
Other power transmission installations such as the 110 kV and possibly 0.69 kV at Utsira
hub represent an uncertainty to the obtained calculated results. A full study should be

6.4.2

performed. Influence of other electrical equipment and circuits is not included.
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Cables in trefoil and flat configuration have the phases oriented as in the drawings below.

6.22 - Phase orientation AC cables in trefoil and flat formation

AC supply Haugsneset
This first section consider the area from termination of 420 kV AC cables to train 1 and 2 through
the outdoor 420 kV equipment (surge arrester, voltage- and current transformer and possible

disconnection switch) which supply the outdoor power transformer (PT). Influence of other

sources of magnetic field is not included.

Frequency:
Distance HV-equipment train 1-train 2

50 Hz
~40 m
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Distance phase-phase: 5m
Distance phase-ground: ~7 m (min. 5 m)
Distance termination-PT: ~40 m
AC primary voltage level: 420 kV (currently 300 kV supply from Karstg)
Maximum primary current:
- Normal conditions ~321 A at 300 kV, cos ¢ = 0.9
- Fault conditions ~385 A at 300 kV, cos ¢ = 0.9
E = 102.4-150.0
10 S E m2561024
8 E»
6 55 m64256
4 53
‘“E 2 TSE 1664
~ 90 80 70 60 -50 -40 30 20 -10 O 10 20 30 40 50 60 70 80 90 100 T ° M0416
100 = m0.1-0.4
Horizontal distance from mid betweentrain 1 & 2[m]

Figure 6.23 - AC supply to power transformer at converter station onshore, normal operation
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Figure 6.24 - AC supply to power transformer at converter station onshore, fault condition

The below figures of this second section comprise the secondary voltage supply to AC hall and to
AC reactor hall. There will be one set of single core 1000 mm? CU cables for each train rated 145
kV. Except for the equipment connections, cables are assumed to be laid as a trefoil. Influence of
other sources of magnetic field is not included.

Frequency: 50 Hz
Distance phase-phase: ~2 m (at transformer/equipment bushing)
~87 mm (equals outer diameter of cables in trefoil)
AC secondary voltage level: 97 kV
Maximum secondary current:
- Normal conditions: ~992 A at 97 kV, cos @ = 0.9
- Fault conditions: ~1 190 A at 97 kV, cos ¢ = 0.9
£
£ - ¥ 25.6-100.0
10 o £
g 2% M64256
6 £ 8
4 2% w1664
@ E % E E H0.416
- 90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 E % w0104
100
Horizontal distance from mid between train 1 & 2[m)]

Figure 6.25 - AC supply from power transformer at converter station onshore, cables in trefoil, normal
operation
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6.4.3
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Figure 6.26 - AC supply from power transformer at converter station onshore, cables in trefoil, fault con-
dition
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Figure 6.27 - AC power transformer bushing, converter station onshore, normal operation

1 409.6-470.0
W 102.4-409.6

(=]

W 25.6-102.4
W6.4-25.6

ONB o=

m16-6.4

conductors [m]

m04-16

Vertical distance from

H0.1-04
Horizontal distance from mid between train 1 & 2[m]

Figure 6.28 - AC power transformer bushing, converter station onshore, fault condition

AC supply UHPH

The below figures comprise the secondary AC voltage supply from DC valves to hub transform-
ers. There will be one set of three 1000 mm? CU cables for each train rated 145 kV. Except for
the equipment connections, cables are assumed to be laid as a trefoil. Influence of other sources
of magnetic field is not included.

Distance between cables and connections of train 1 and 2 evaluated to be approximately 17 m
/31/.

Frequency: 50 Hz
Distance phase-phase: ~2 m (at transformer/equipment bushing)
~87 mm (equals outer diameter of cable in trefoil)
AC primary voltage level: 92 kV
Maximum primary current:
- Normal conditions: ~1 046 A at 92 kV, cos ¢ = 0.9
- Fault conditions: ~1 255 Aat92kV, cos ¢ =0.9
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Figure 6.29 - UHPH AC power transformer bushing, normal

operation
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Figure 6.31 - UHPH AC supply from DC valves, cables in trefoil, normal operation
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Figure 6.32 - UHPH AC supply from DC valves, cables in trefoil, normal operation
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6.4.4 Utsira UHPH 33 kV offshore

Transformers supply 110 kV and 33 kV from the transformer, the latter being the scope of this
study.

It is assumed that all switchgear within the 33 kV distribution network are of ABB GIS type ZX2
without instrument transformer, panel with 600 mm, spacing between cable connection 150 mm.

Regarding cables the number of parallel circuits has been evaluated in appendix 1. The total
width of the cables installed in the horizontal plane will be approximately 2.75 m. The AC cables
from the 33 kV GIS assembly at the Utsira hub are expected to be routed to a cable bridge out-
side of the hub and follow this to the connecting bridge. The cables will be routed either above or
below area accessible to people/transport, marked red and blue as shown in the figure below.
The amount of other infrastructure as telecom and piping may be substantial, but the final outline
is not known. Considering the bridge structure dimensions, it is assumed that the 33 kV trefoil
cable sets may be laid side-by-side.

7
/
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7 //
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/
Main Production, 18" |/ /

Main Production, 18" | |
|
O _ 7 Closed drain
/& |
[ |- d it
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PW injection, 207 — m
SW injection, 18 ] Essential power — 11 kv
Chemical Injection = e SAS cable
g y
MEG 8 ] F&G cable
3000 oo
Seawater S 1800t v
| >

Emergency power — 11 kv?

Figure 6.33 - Preliminary cross section drawing of bridge to Johan LQ platform /34/

Frequency: 60 Hz
Distance phase-phase: cable diameter (except GIS-connection)
- 300 mm? CU ~47 mm
- 240 mm? CU ~44 mm
Distance between sets of cables: 150 mm
AC voltage level: 33 kV
Maximum current:
- 300 mm? CU ~350 A (60 MVA, 3 sets of cables per circuit)

- 240 mm? CU ~280 A (16 MVA, 1 set of cables per circuit)
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Figure 6.34 - 33 kV AC cable layout and current flow UHPH and bridge
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Figure 6.35 - Magnetic field distribution from 33 kV AC cables at UHPH and bridge
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Figure 6.36 - 33 kV AC cable GIS termination UHPH
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Figure 6.37 - Magnetic field distribution 33 kV GIS at UHPH

Johan Sverdrup 33 kV

The 33 kV AC cables from the bridge which is to be connected to the Johan LQ platform are ex-
pected to be routed on a cable bridge outside of the main structure and follow this to the GIS
switches. There will be one set of cables per circuit connecting to Johan LQ

Frequency: 60 Hz
Distance phase-phase: cable diameter
- 240 mm? CU ~44 mm
Distance between sets of cables: 150 mm
AC voltage level: 33 kV
Maximum current:
- 240 mm? CU ~280 A (16 MVA, 1 set of cables per circuit)
o - 300 -
200 =
100 E
I ... ... 0 5
200 0 200

Horizontal distance [mm]

* Cables [ Current

Figure 6.38 - 33 kV AC cable layout and current flow
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Figure 6.39 - Magnetic field distribution from 33 kV AC cables at Johan Sverdrup
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Figure 6.40 - 33 kV AC cable GIS termination Johan Sverdrup
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Figure 6.41 - Magnetic field distribution 33 kV GIS at Johan Sverdrup

Electrical equipment as sources of magnetic field

General considerations

The magnetic field surrounding electrical equipment is challenging to predict due to the complex-
ity, of specific equipment design and the mutual influence from multiple objects on the field dis-
tribution. This is beyond the scope of this assessment.

As a general remark, compared to AC cables where the magnetic field is reduced by approxi-
mately the square of the distance (r?) from the cables, for electrical equipment with closed loops
such as the transformer and AC-motor the reduction is approximately r°.

For the converter station equipment which will be utilized connecting UHPH to shore, the EMF
hazard and shielding options should be documented by supplier upon request to comply with the
exposure level limits.

Transformer example

An evaluation of the magnetic field strength of a 250 MVA 300 kV transformer and a 220 MVA
240 kV transformer has been performed by L. Strac et al. in /35/. These transformers may vyield
similar results as the converter transformers at Haugsneset and UHPH. The magnetic field (de-

noted magnetic induction in the below figures) is investigated from four sides as depicted in the
drawings below.

56 of 75



Utsira high power hub emf study 57 of 75

o]
MYV side

LV side

CD side

HYV side

N

Figure 6.42 - Top view of 250 MVA transformer and field strength measurement points /35/
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Figure 6.43 - Calculated and measured magnetic field for 250 MVA 300 kV transformer /35/
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Figure 6.44 - Top view of 220 MVA transformer and field strength measurement points /35/
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Figure 6.45 - Calculated magnetic field for 220 MVA 240kV transformer /35/
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7.

7.1
7.1.1

7.1.2

ASSESSMENT OF HUMAN EXPOSURE RISK

Introduction

Exposure definition

Exposure may be defined as “the contact of a chemical, physical, or biological agent with the
outer boundary of an organism”. There are four important aspects (main characteristics) for de-
termination of exposure:

e The nature of the agent, e.g., Chemical, physical and biological properties
e The intensity of exposure, i.e., How much (concentration) of the agent?

e The duration of exposure, i.e., For how long a time?

e The frequency of exposure, i.e., How often?

Exposure is quantified as the concentration of an agent in a medium in contact with the human
body, averaged or integrated over time (duration) of contact. Various time frames of exposure
are:

e Short-term exposure Seconds, minutes, hours, days
e Long-term exposure Weeks, months, years, lifetime
e Cumulative exposure Total exposure over a given period of time

One must distinguish between environmental concentration, exposure concentration, and dose.

e The environmental concentration of an agent refers to its presence in a particular carrier
medium (for example, PAH in ambient air), expressed in quantitative terms (for example,
Hg/m3).

e Similarly, the exposure concentration of an agent refers to its presence in its carrier me-
dium at the point of contact (for example, PAH in breathing zone air) expressed in quanti-
tative terms (for example, pg/m3).

e Finally, the dose refers to the amount of a pollutant that actually enters the human body,
i.e. is taken up through absorption barriers.

The mathematical relationship for exposure as a function of concentration and time can be repre-
sented by the equation:

_ (2
E = Ll C(1)dt

in which E is the intensity of exposure, C(t) is exposure concentration as a function of time, and
t2-t1 is the duration of exposure.

Scope of exposure assessment
Exposure assessment includes:

e Identification and evaluation of sources of hazardous agents (type, amount released,
geographic location)

¢ Determination of concentrations of agents in environmental media such as air, water,
food and soil

o Identification of (major) pathways and routes of exposure

e Determination of intensity, duration and frequency of exposure

e Determination of dose resulting from exposure
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e Estimation of number of persons exposed
e Identification of high-risk groups (highly exposed or more susceptible to effects)

7.1.3 Exposure and exposure assessment of electrical power magnetic field

There are some uncertainties about how to define “exposure” from electrical power magnetic field
because future studies have yet to show which aspect of the field, if any, may be relevant to
reported biological effects. Important aspects of exposure could be the highest flux density, the
average flux density, or the amount of time spent above a certain baseline level. One of the most
widely used measures of EMF exposure has been the time weighted average magnetic field level.

7.2 Exposure assessment of HV AC/DC onshore conversion substation and landfall

7.2.1 Description of area:
Drawing below shows the Utsira HPH AC/DC onshore conversion station in Haugsneset (ref.
/27/). The area is fenced off, i.e., no access for general public. According to the drawing the area
allocated to the substation is about 135 m long and 95 m wide. The minimum distance between
HV areas inside the conversion building walls and fences is about 15 m. DC cables leave the re-
stricted area from the south-east corner. Drawing shows no fences to restrict the area for public
access.

Figure 7.1 - AC/DC converter station area (ref. 27/)

As shown in drawing below, this facility consists of two identical buildings accommodating AC/DC
conversion train 1 and 2. Since these conversion trains are identical, only one of the trains is
discussed further.
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Figure 7.2 - 3D view of conversion substation

Following drawings from ref. /29/ and /30/ show which areas in the conversion train buildings are
regarded as HV areas with assumedly access restriction (marked by red colour) and non-
restricted areas during operation (marked with green colour). There are two HV feeder/supply
transformers at the front of the buildings.
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Figure 7.3 - Conversion train building — plan level 1 (ref. /29/)
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Figure 7.4 - Conversion train building — plan level 2 (ref. /30/)

As drawings shows, cooling equipment room, MCC and MV rooms are adjacent to the HV room in
level 1 and HVAC and rest room in level 2.

It is assumed that there is a work station in LER in level 1 for use of vendor's staff. Distance be-
tween LER and conversion train hall is about 7 m.

Drawing below shows HV AC power supply cables within substation facility area.

Figure 7.5 - Onshore conversion substation (ref. /38/)

7.2.2 Planned safety barriers
Doors interlock system
According to ref. /10/, it is not allowed to enter the high voltage areas (AC and DC) during opera-
tion. All doors to IGBT and reactor areas are equipped with a lock system that is integrated to a
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7.2.3

7.2.4

key interlocking system in order to prevent access when the Converter system is energized.
Safety shutdown logic should be designed in this regards. The purpose of the key interlocking
system is to ensure safety for personnel during maintenance and/or inspection. Access to a high
voltage area is only permitted when the equipment in the area is earthed. Consequently it is not
permitted to open/remove earthling devices as long as access to the area is permitted.

Faraday cage — not a barrier for ELF EMF

According to ref. /10/, the basic EMC principle for the HVDC Converter is to control the high fre-
quency current and voltage so that they are not spread out. The same principle as for the Fara-
day cage shall be adopted. The motivation is for avoiding RI emission from the scheme and for

avoiding that high frequency currents “pollute” the surroundings.

Facility fences
Facility fences prevent access of general public to the facility area.

Operation, inspection and maintenance
Following assumptions are made:
- The facility is not permanently manned and is remotely monitored. Thus it is visited when
a demand arises or inspection/maintenance routines require such visit.
- The inspections are performed by two persons, based on a weekly routine.
- Itis also assumed a monthly demand to visit the station due to alarms or other requests.
- The inspections of HV rooms require work permit and de-energising of rooms - access
only by authorized people
- Each inspection covering both trains lasts for 2 hours
- Some of maintenance work can be done during operation
- Maintenance is down four times a year (two times a year for each train)
- Each maintenance lasts for 5 days
- A working shift last for 8 hours
- Vendor's staff can be present in LER rooms for longer period for collection of data and
monitoring during their campaigns. It is assumed that they visit the facility twice each
year with duration of 5 days each week. Their working shift lasts for 8 hours.
- Start up phase/commissioning is not part of this study/scope

Exposure time

Operational staff:
(2 hrs x 52 weeks) + (2 hrs x 12 months) + (8 hrs x 5 days x 2 ) = 208 hrs / yr

Vendor's staff:
(8 hrsx5daysx2) =80 hrs/ yr

Assuming that long term exposure means that one person should be exposed at least 1/3 of his
daily time in average during a year, i.e., 2920 hrs/yr., then the time durations estimated above
could be considered as marginal.
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7.2.5

Estimated magnetic flux intensity and exposure

Table 7.1 - DC cables inside and outside substation fenced area
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Investigation level

Reference level for gen-
eral public exposure

Reference level for oc-
cupational exposure

Limits

Not defined

400 mT

2 T for head and trunk
8 T for limbs

Calculated value

DC cables inside the substation: 6.2.2
Vertical: 204 pT in a distance of 1 m
Horizontal: 200 pT in a distance of 1 m

DC cables outside the substation and landfall area: 6.2.3
Vertical: 300 puT up to 2 m above the cables
Horizontal: 300 uT 3 m from the cables

In fault condition, the values are slightly higher.

Does the calculated
value exceed the
limit?

N/A

No

No

Remarks /
recommendations

Since the calculated values even in close distance to sources are much
lower than reference levels for exposure of general public and workers,
the exposure time and duration will be irrelevant however it is recom-
mended as an ALARP measure to evaluate the installation of signs at the
area the cables exit the fenced area to enter the sea e.g., "Keep distance,
static magnetic field", otherwise the area should be provided by fences.
This is to protect people with implanted electronic devices or implants
containing ferromagnetic material, where the restriction level is 0.5 mT.

Table 7.2 - AC cables to transformers

Investigation level

Reference level for gen-
eral public exposure for
60 HZ

Reference level for oc-
cupational exposure for
60 HZ

Limits

0.4 uT

83.3 uT(200 pT byNRPA)

416.6 uT

Calculated value

Vertical: It is assumed that the cables hang from the masts at an eleva-
tion about 7 m. Perimeter for magnetic field stronger than 83,3 pT is
about 5m from ground level and thus no exposure to this level is foreseen.

Flux intensity of 416.6 uT is not generated.

Horizontal: to get below 0.4 pT, the person needs to be at least 35 m
away from the furthest out 3 phase cable. Both cables together generate
magnetic field stronger than 0.4 uT with an extension of 65 m from mid-
point between cables to both train. Since the area within the fences is only
95 m wide, then the investigation level outside the fences will be ex-

ceeded.

Does the calculated
value exceed the
limit?

Yes

No

No

Remarks /
recommendations

To prevent general public from any exposure to 0.4 uT, investigation level,
the facility should be widened to 130 m. However, assuming that the area
outside of the fence is quite a remote place and visit by general public will
take place in rare occasion, then widening of facility from 95 m to 130 m
is deemed to be unnecessary. Because of low level of flux intensity and
short term exposure of any bystander, the risk for ELF EMF outside the
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fences is assessed to be extremely low, however as an ALARP measure it
is recommended to evaluate the installation of signs at the periphery of
the facility to warn public to stay away from the facility.

Table 7.3 - transformers bushings

Investigation level

Reference level for gen-
eral public exposure for
60 HZ

Reference level for oc-
cupational exposure for
60 HZ

Limits

0.4 uT

83.3 pT(200 UT by NRPA)

416.6 T

Calculated value

the fences.

Flux intensity of 416.6 uT is not generated.

Horizontal: to get below 0.4 uT, the person needs to be at least 45 m
away from the transformers. Both transformers together generate mag-
netic field stronger than 0.4 pT with an extension of 70 m from midpoint
between transformers. Since the area within the fences is only 95 m wide,
then the investigation level will be exceeded by a distance of 22.5 m from

The reference level for public exposure can be reached in a distance of
about 3.5 m from the source but since this area is inside the fences then
such risk does not exist.

Does the calculated
value exceed the
limit?

Yes

No

No

Remarks /
recommendations

As stated in table 7.2.

Table 7.4 - AC cables from transformers to converters

Investigation level

Reference level for gen-
eral public exposure for
60 HZ

Reference level for oc-
cupational exposure for
60 HZ

Limits

0.4 uT

83.3 uT(200 uT by NRPA)

416.6 uT

Calculated value

Vertical: The reference level for public exposure can be reached in a dis-
tance of about 1m above the cables but since this area is inside the fences
then such risk does not exist.

Flux intensity of 416.6 pT are not generated

Horizontal: to get below 0.4 pT, the person needs to be at least 15 m away
from the furthest out 3 phase cable. Both cables together generate mag-
netic field stronger than 0.4 pT with an extension of 35 m from midpoint
between cables to both train. Since the area within the fences is 95 m wide,
then long term exposure is not likely.

Does the calcu- Yes No No
lated value ex-

ceed the limit?

Remarks/

recommendations | None

Inside onshore converter substation, HVDC equipment such as reactors can generate magnetic
field. It is recommended that rest room planned on second level adjacent to HV converter area is
relocated to provide maximum distance.
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7.3

7.3.1

Utsira High Power Hub platform

Description of area:

Utsira HPH platform is a Normally Not Manned (NNM) installation. According to ref. /11/, NNM
UHPH platform has 3 main and 6 mezzanine deck levels. The HVDC train 101 is located on the
Main deck areas E120 and E130 (EL.500.000) and on the mezzanine deck areas E220
(EL.505.000) and E330 (EL.508.000).

The HV transformers related to HVDC are also located on the main deck at east side. AC and DC
cable J-Tube and cable hang-offs are located on the Main Deck area Q130 at the south side of
platform.. AC sub-sea cables will be routed as single core cables in trefoil groups to the HV GIS
Switchgear. Gas Insulated Switchgear (GIS) is located on Centre deck. /11/

Bridge landing area is located at north-west corner of this area.
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Figure 7.7 - Elevation 508000, Lower AC-Hall deck (ref. /32/)

The HVDC train 201 is located on the Centre deck areas E520 and E530 (EL.517.400) and on the
mezzanine deck areas E620 (EL.522.400) and E730 (EL.525.400). HV Gas Insulated Switchgear
(GIS) system is located on this deck too.
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Figure 7.9 - Elevation: 525300, Upper AC hall deck

Pedestal crane is located at the north side of the platform

7.3.2 Planned safety barriers
It is assumed that offshore HYDC DC/AC conversion trains are protected by the same safety bar-
riers as described for the onshore conversion train.

7.3.3 Operation, inspection and maintenance

As stated for onshore substation in previous chapter.

In addition, rotation offshore of offshore personnel on a basis of 2 weeks onboard and 3 or 4
weeks home will reduce the exposure time to any possible ELF EMF sources.

Regarding crane operation, lifting operation by pedestal crane is performed every second weeks.
Duration of work is assumed to be 2 hrs. Standby boat approach is from the north side of plat-
form.
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7.3.4 Exposure time

As stated for onshore substation in previous chapter but with a reduction with respect to offshore
rotation arrangement.

Operational staff:

((2 hrs x 52 weeks) + (2 hrs x 12 months) + (8 hrs x 5 days x 2 )) x (2/5) = 83 hrs / yr
Vendor's staff:

(8hrs x5daysx2) =80 hrs/ yr

For crane operator:

2 hrs x 52/2 =52 hrs / yr

Assuming that long term exposure means that one person should be exposed at least 1/3 of his
daily time in average during a year, i.e., 2920 hrs/yr., then the time durations estimated above

could be considered as marginal.

7.3.5 Estimated magnetic flux intensity and exposure

Table 7.5 - DC cables, riser, hang-off area, DC cable route to converters

Reference level for oc-
cupational exposure

Reference level for gen-
eral public exposure

Investigation level

Limits Not defined 400 mT 2 T for head and trunk
8 T for limbs
Calculated value Vertical: 200 uT in a distance of 0.5 m
Horizontal: 220 pT in a distance of 0.5 m
In fault condition, the values are slightly higher.
Does the calculated N/A No No

value exceed the
limit?

Since the calculated values even in close distance to sources are much
lower than reference levels for exposure of general public and workers,
the exposure time and duration will be irrelevant.

Remarks /
recommendations

Table 7.6 - AC cables from DC/AC converter to AC transformers

Investigation level

Reference level for gen-
eral public exposure for
60 HZ

Reference level for oc-
cupational exposure for
60 HZ

Limits

0.4 pT

83.3 uT(200 pT by NRPA)

416.6 uT

Calculated value Flux intensity of 416.6 pT is not generated.

To get below 0.4 pT, the person needs to be at least 6 m away from the
furthest out 3 phase cable. Both cables together generate magnetic field
stronger than 0.4 uT with an extension of 16 m from midpoint of cables
between both trains.

To be exposed for 83.3 uT, person should be in a distance less than 1 m
from cables. This level is for general public exposure and not relevant for
the offshore platform.

Does the calculated Yes No No
value exceed the

limit?

Remarks / As stated in table 7.5

recommendations
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Table 7.7 - transformers bushings

Reference level for oc-
cupational exposure for

Investigation level | Reference level for gen-
eral public exposure for

60 HZ 60 HZ

Limits

0.4 uT 83.3 uT(200 T by NRPA) | 416.6 uT

Calculated value

Flux intensity of 416.6 uT could be possible in a distance of about 3 m
from bushings.

To get below 0.4 pT, the person needs to be at least 60 m away from the
transformers. Both transformers together generate magnetic field
stronger than 0.4 uT with an extension of 120 m from midpoint between
transformers. This means that all areas on the platform will see that level
of flux density.

The reference level for public exposure can be reached in a distance of
about 7 m from the source but since this area is part of offshore facility
then such risk does not exist.

Does the calculated
value exceed the
limit?

Yes No Yes

Remarks /
recommendations

Stair tower and escape chute area at north side can be exposed for mod-
erate magnetic field at public exposure level, however since the occupa-
tional exposure level is much higher and platform is a NNM installation,
no further measures assumed to be required.

Risk reduction measure: Entrance to transformer room shall follow the
work permit system with strict time limitation for entrance to the room
when the transformer is in operation. Since the reference level for occu-
pational exposure exceed at places 3 m from the bushings, if necessary
at all, any inspection to the room requiring approach to the equipment
shall not exceed more than few minutes.

In addition, a sign board at the entrance door to the transformer room
warning about the hazard is recommended. For instance, "No entrance,
Non-ionizing magnetic field)

ALARP measure: evaluate the installation of warning signs at the area
close to the HV transformer rooms. For example "keep distance, HV
area".

Table 7.8 - HV AC cable GIS termination UHPH

Reference level for oc-
cupational exposure for

Investigation level | Reference level for gen-
eral public exposure for

60 HZ 60 HZ

Limits

0.4 uT 83.3 uT(200 pT by NRPA) | 416.6 T

Calculated value

Flux intensity of 13 uT could be possible in a distance of about 3 m from
the termination points.

To get below 0.4 pT, the person needs to be at least 20 m away from the
termination points.

Flux intensity of 416.6 uT or 83.3 uT is not generated.

Does the calculated
value exceed the

Yes No Yes
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limit?

Remarks /
recommendations

Areas adjacent to the GIS room can be exposed for low magnetic field,
above 0.4 uT. However, since UHPU is a NNM platform then prolonged
exposure is not possible. As an ALARP measure, evaluate the installation
of warning signs at the area close to the HV transformer rooms. For ex-
ample "keep distance, HV area".
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7.4 Bridge between Utsira HPH and Johan Sverdrup

7.4.1 Description of area
The Utsira HPH platform will be installed close to the Johan Sverdrup platform and platforms will
be linked with a bridge connection of about 120 meters long. The AC cables from the 33 kV GIS
assembly at the Utsira hub are expected to be routed to a cable bridge outside of the hub and
follow this to the connecting bridge. The cables will be routed either above or below area accessi-
ble to people/transport.
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Figure 7.10 - Preliminary cross section drawing of bridge to Johan LQ platform /34/

7.4.2 Planned safety barriers
Traffic on the bridge is assumed to be restricted only for staff required to visit Utsira HPH plat-
form.

7.4.3 Operation, inspection and maintenance

- Itis assumed there are no equipments on the bridge requiring maintenance.

- The inspections are performed by two persons, based on a weekly routine.

- It is assumed that travel from one end of bridge to other end of the bridge takes no
longer than 2 minutes.

- Itis also assumed a monthly demand to visit the station due to alarms or other requests.

- Maintenance is down four times a year (two times a year for each train)

- Each maintenance lasts for 5 days

- Vendor's staff can be present in LER rooms for longer period for collection of data and
monitoring during their campaigns. It is assumed that they visit the facility twice each
year with duration of 5 days each week. Their working shift lasts for 8 hours.

-  Start up phase/commissioning is not part of this study/scope

- In addition, rotation offshore of offshore personnel on a basis of 2 weeks onboard and 3
or 4 weeks home will reduce the exposure time to any possible ELF EMF sources.

7.4.4 Exposure time
Operational staff:
2x2x(52+ 12+ (4 x5)) x(2/5)= 67 min pr. year
Vendor's staff:
2x 2 (2 x5) =40 min pr. year
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Assuming that long term exposure means that one person should be exposed at least 1/3 of his
daily time in average during a year, i.e., 2920 hrs/yr., then the time durations estimated above
could be considered as marginal.

Estimated magnetic flux intensity and exposure

Table 7.9 - AC cables on bridge

Investigation level

Reference level for gen-
eral public exposure for
60 HZ

Reference level for oc-
cupational exposure for
60 HZ

Limits

0.4 uT

83.3 pT(200 UT by NRPA)

416.6 T

Calculated value

Vertical: The investigation level is reached in a distance of about 8m
above or below the cables. Thus this will affect the whole walkway on the

bridge.

Maximum level of 15 pT can be expected in about 1 m distance from the
cables. 3 uT can be expected in the walkway.

Flux intensity of 416.6 uT is not generated.

Does the calculated
value exceed the
limit?

Yes

No

No

Remarks /
recommendations

It is recommended as an ALARP measure to locate the cables underside
the bridge instead of routing on the top to reduce the exposure of head
and upper body parts. It is also recommended to locate the cables at the
side allocated for the lift truck traffic, away from the personnel walkway.
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7.5 Johan Sverdrup connection point

7.5.1 Description of area

Johan Sverdrup LQ platform is designed for 550 persons. High voltage electrical room is located
at east-south corner of LQ platform on cellar deck. High voltage switchgear is located on the
lower mezzanine deck, approximately in the mid section. Telecom & Instrument room is located
on the lower mezzanine deck adjacent to the HV SWG room. Operational Offices are located on
utility mezzanine deck above lower mezzanine deck. Project offices are located wall-to-wall with
high voltage switchgear room and operation offices are located one deck above (utility). Cables
are routed from transformers to switchgear at the periphery of the platform (i.e., not crossing
the walls to other rooms). 11 kV cable from LQ is not included in the scope of this study.
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Figure 7.11 - Johan Sverdrup LQ, Cellar deck, ref. /39/
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7.5.2

7.5.3

7.5.4

7.5.5

Planned safety barriers

74 of 75

- Access to HV area only by authorized personnel.

- HV rooms are

Operation, inspection a

locked.

nd maintenance

- As for HV rooms described for Utsira HPH

Exposure time

- This is a LQ platform and exposure of personnel is deemed to be higher than Utsira HPH.

Estimated magnetic flux intensity and exposure

Table 7.10 - HV AC cables on Johan Sverdrup platforms

Reference level for oc-
cupational exposure for

Investigation level | Reference level for gen-
eral public exposure for

60 HZ 60 HZ

Limits

0.4 uT 83.3 uT(200 pT by NRPA) | 416.6 puT

Calculated value

Vertical: The investigation level is reached in a distance of about 4m
above or below the cables. Thus this might affect the whole walkways on
the decks. A maximum level of 5 uT can be expected from the cables.

Flux intensity of 416.6 uT or 83.3 UT are not generated

Does the calculated
value exceed the
limit?

Yes No No

Remarks /
recommendations

It is recommended, as an ALARP measure to locate the cables underside
the decks instead of routing on the top to reduce the exposure of head
and upper body parts or in case not possible provide the maximum dis-
tance from the escape / access routes.

Table 7.11 - HV AC cabl

e GIS termination Johan Sverdrup

Reference level for oc-
cupational exposure for

Investigation level | Reference level for gen-
eral public exposure for

60 HZ 60 HZ

Limits

0.4 uT 83.3 uT(200 uT by NRPA) | 416.6 uT

Calculated value

Flux intensity of 40 uT could be possible in a distance of about 1 m from
the termination points.

To get below 0.4 pT, the person needs to be at least 8 m away from the
termination points.

Flux intensity of 416.6 uT or 83.3 uT is not generated.

Does the calculated
value exceed the
limit?

Yes No Yes

Remarks /
recommendations

Utility rooms / corridors adjacent the GIS room can be exposed for low
magnetic field, above 0.4 uT. However, since none of these areas are
considered to have a status as a workshop or office, then no measure is
deemed to be required. As an ALARP measure, evaluate the installation
of warning signs at the area close to the GIS room. For example "keep

distance, HV area".
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8.1

ASSESSMENT OF MARINE ENVIRONMENT EXPOSURE
RISK

The subsea power cables from Haugsneset to Utsira High have the potential to disturb the natural
magnetic field in surrounding waters. Some marine organisms have the ability to sense magnetic
and/or electric fields and often utilise them for several essential life functions, e.g. feeding, mi-
gration, navigation etc. As such, any disruption to the natural sources of electromagnetic fields
(EMF) could possibly affect the marine fauna. Hence, the possibility for interference with biologi-
cal processes must be assessed.

This chapter includes an overview of the areas relevant for anthropogenic magnetic field expo-
sure to the marine environment, the marine environment in the project area as well as assess-
ments of the interactions and potential effects from these fields.

The marine environment in the project area

In order to assess the potential impacts on marine organisms in the vicinity of the planned DC
cables, it is essential to determine the relevant marine species in the area. This section provides
a brief description of the surrounding marine environment, focusing on species possible sensitive
to disturbance of the natural magnetic field .. This section is primarily based on the report “Utsira
High electrification - Environmental and social impacts”, which comprise the two planned DC
cables from Haugsneset to Utsira High /5/. Please refer to reference /5/ for details. The possible
impact on the surrounding is described in section 8.3.

The Norwegian part of the North Sea consists of a diverse benthic fauna, typically with benthic
invertebrates living on or buried beneath the seabed. In Boknafjorden, where the cables are
routed through, the benthic composition will vary with depth and sediment conditions. In areas
where the water depth exceeds 500 m the benthic fauna have been found to consist of 45 spe-
cies, e.g. crustacean /5/. Few studies have been performed on electromagnetic sense on inverte-
brates. Still, recent evidence points to electromagnetic senses in decapod crustaceans (e.g.
crabs, shrimps and lobsters) /13/.

Shallow waters also have a rich benthic fauna, where several of the species are buried in the
sediments, e.g. sea urchins which have shown some physiological changes when exposed to EMF
/5/, /13/. Coral reefs are mostly found in the northern part of the North Sea and no registrations
have been made of coral reefs within the project area /5/.

Several fish species can be found in the North Sea. E.g. species such as cod, haddock, hake, ling,
angler, blue whiting and grayfish are characterized as bottom fishes, while herring, mackerel,
Norway Pout and blue whiting belong to the pelagic group. Pollock which can be characterized as
both a pelagic and bottom fish is also typically found in the North Sea. With respect to abundance
and economic value, pollock, herring, Norway pout, mackerel, horse mackerel, cod, ling and hake
are assessed as the most important fish species /5/. It is however uncertain if these non-
elasmobranches are sensitive to magnetic or/and electric fields /5/.

Minke whale, porpoise and some type of dolphins occur regularly in the Norwegian part of the
North Sea, whereas porpoise is considered as the predominant. In addition, harbour seal and

grey seal will also be present in the area /5/. The current literature only provides a theoretical
effect to these marine mammals with respect to EMF /13/.

The cable will cross two areas that are considered to be particularly vulnerable, referred to as the
Karmgyfeltet and Boknafjorden. Karmgyfeltet is characterised as a spawning ground for Norwe-
gian herring, while Boknafjorden is considered a moulting ground for seals. No red-listed species
have been registered along the planned DC cables since 2000 /5/.
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8.2

8.2.1

Identified areas relevant for exposure to EMFs

As previous pointed out, DC cables are considered to cause a lager degree of possible impacts
compared to AC cables. In order to assess the potential effects from the High Voltage Direct Cur-
rent (HVDC) subsea cables it is essential to identify and describe the areas which are relevant for
exposure to EMFs. With regards to the marine environment the routing of the two HVDC cables
are of outmost concern and are therefore described in the following.

DC sea cable to the hub (Utsira)

The planned DC cables will start at the converter station at Haugsneset and end at the Utsira
High Power Hub (UHPH) in the Norwegian part of the North (see fig. 1.2). In addition to the
Earth's geomagnetic field, the DC cables will contribute as a new source of static magnetic field.
It is assumed that the cables will be shielded, which in practice mean that the cables will not be a
direct source to the electrical field. However, the potential for an induced electrical field (iE-field)
is still present.

The iE-field is described by e.g. Faraday’s law of induction and Lenz’s law, the latter stating that
“an induced electromotive force always gives rise to a current whose magnetic field opposes the
original change in magnetic flux”. Relating this statement to the HVDC cables and consequence
for the marine organisms, the HVDC cables will set up a static magnetic field which for an organ-
ism that moves within the perimeter of the cables will be experienced as a changing magnetic
field dependent upon the velocity and direction of movement.

This movement (change in magnetic flux) will result in an induced current in the organism (set-
ting up a counteracting magnetic-field) opposing the change. This current may also be described
by an induced electric field and the current carrying properties of the organism. The latter not
being well known, the induced electric field is commonly used as measurement level concerning
the influence of magnetic field. The strength of the induced current (subs. Electric field) is de-
pendent upon the rate which the magnetic field changes when an organism moves, and is there-
fore related to the velocity and direction of movement, the worst case being high speed move-
ment perpendicular to the cables at close distance.

Several aspects regarding a subsea cable system must be evaluated during the planning phase.
Factors such as type and configuration of cable systems will highly affect the characteristics of
EMFs. For instance, design and installation factors such as distance between cables, cable orien-
tation relative to the geomagnetic field (DC cables only), burial depth (as it indicate the distance
between the cable and an organism) and current flow will affect EMF levels in the vicinity of a
cable /13/.

Both the DC cables will exit at the onshore converter station located at Haugsneset and enter the
seabed through a landfall area. The conditions set for the EMF calculations include a cable sepa-
ration and distance cable-neutral of 3 m. Furthermore, the cable burial depth has been set at 0.6
m.

From a certain distance from land the DC cables, respectively DC1 and DC2, will follow different
individual mapped routes to the Utsira hub station. The cable separation at the seabed will vary
between 3 m and 4,000 m and there will be seabed electrodes instead of cable-neutral. Due to
uncertainties regarding the cable burial depth, a worst case scenario of 0.1 m has been imple-
mented in the calculations. If possible, the sea cables will be laid in a seabed trench. An alterna-
tive is to cover the sea cables by stones or other protection.

Typically, the cable sheaths, armouring and burial will block the electric field of the conductors
from reaching the environment. Hence, the magnetic field and induced electric fields are the
most relevant components which are to be taken into consideration when planning subsea cable
systems. Lower voltage cable systems, e.g. cable systems carrying power from individual wind
turbines, are either laid on top of the seabed or buried approximately one meter below the sea
bottom. High voltage cable systems are normally buried underneath the seabed in order to mini-
mise the possibility of physical damages on the cables. However, there may be certain sections of
the higher-voltage cable systems that are not completely buried, e.g. edges, cable crossing over
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rocks or with already existing pipelines etc.

In order to gain an overall picture of the possible effects from the Utsira power cable, the areas
containing sections with cable crossings must be identified and assessed. According to the cur-
rent Statoil drawings of the planned HVDC cables there will be 13 and 14 crossings with existing
pipelines/cables for the DC1 and DC2 cable, respectively /17/, /18/. These crossings are pre-
sented in Table 8.1, which also shows the assumed crossing points relative to the onshore con-
version station /18/.
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8.3

Table 8.1 - Crossings associated with DC1 cable and DC2 cable

1

Cable (TBC) - - NA 302
ROGASS gas .
2 pipeline Operating Exposed 601 16 141
3 Cable (TBC) - - 20171 23451
Telecom Cable
4 (Kvitsgy-Karmgy Operating Exposed 27769 28 955
1)
Telecom Cable
5 (Kvitsgy-Karmay Out of use Exposed 27 893 29131
2)
Telecom Cable
6 (Kvitsgy-Karmay Operating Exposed 27 897 29179
3)
7 EUROPIPE Il gas Operating Exposed 30567 34200
pipeline
8 DC3 cable Future NA 36 034 35348
TAMPNET fibre .
9 optic cable Operating Exposed 69 185 80 244
10 SLEIPNER con- Operating Exposed 69 253 80 296
densate pipeline
Statpipe S34 gas .
11 pipeline Operating Exposed 69 446 80 509
12 DANICE Operating Exposed 100 034 100 823
13 CANTAT 3 tele- Operating Exposed 105 870 106 886
com cable
14 ZEEPIPE 2B Operating Exposed 159 450 164 710

*NA: Not applicable

From Table 8.1 it is possible to see that the majority of the existing pipelines are assumed ex-
posed. As indicated in the drawings, these crossings will typically be subject to pre-lay rock in-
stallation, a post-lay cover and finally supplemented with counterfill. The pre-lay rock will be
installed in accordance with Statoil specification TR 1370, “Subsea rock installation”. The post-lay
cover will be extended to the touch down points of the different crossing cables, while the coun-
terfill will stretch additional 10 meters in width. The geometry and length of the transition zones
at the crossings will affect the required length of the post-lay covers. These have however not
been defined at this stage of the project. The height of the post-lay cover will be expressed rela-
tive to the touch down points of the crossing cable. Unless otherwise is specified the minimum
slide slope ratio of the post-lay cover and counterfill will equal 1:2:5, giving approximately 2 and
3 meters of counterfill at the sides. This should indicate that the crossings are completely cov-
ered.

Assessment of EMF impacts from DC cables to the marine environment

The subsea power cables constitute possible environmental concern due to the potential effects
of EMFs. With regards to the Utsira HVDC cables, this is only related to the organisms that are
sensitive towards magnetic- and iE-fields, as the species that does not possess these properties
are not believed to be affected. The current understanding with respect to potential impacts to
marine species from anthropogenic EMFs, such as subsea power cables, is rather limited /13/. It
is evident that knowledge gaps exist in certain areas affiliated with this matter and that the need
for more direct evidence is required.

Previous studies have shown that measured and calculated EMF from subsea power cables lie
within the expected range of detection of marine species receptive of EMF. Still, even though
some species may be able to detect these fields, the current research results do not indicate a
definitive negative impact /19/. In addition there are a number of conditions that has the poten-
tial to influence an observed EMF effect. For instance, EMF effects may depend on the source,
location, and characteristics of the anthropogenic source, as well as the presence, distribution,
and behaviour of aquatic species relative to this source /16/. Currently it is a large number of
uncertainties regarding how EMF might impact marine species. Hence a more general description
is given in this section.
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8.3.1 Potential effects
The majority of the research on environmental effects from EMF has been related to AC power
cables. However, it is currently assessed that there does not exist enough information to evaluate
the specific differences between AC and DC transmission with respect to environmental effects
from EMF /19/. Hence, the following section presents results from studies affiliated with AC
power cables, which are used when assessing the calculated values for the magnetic fields from
Utsira HVDC cables.

As described previously, various species use the Earth’s magnetic field to provide orientation
during migrations. The natural magnetic field could be subject to local differences as a conse-
quence of e.g. HVDC subsea cables. Depending on how the cables are situated in relevance to
the magnetic north-south, the static magnetic field could either intensify or reduce the resulting
magnetic field. The DC cables from Haugsneset to Utsira High will mainly be situated east-west of
the magnetic north-south, which will give a somewhat smaller deviation. In the area near Haugs-
neset, the cables are routed north-south, giving a larger deviation from the Earth’s magnetic
field. Receptor species that can detect EMF will normally either avoid or be attracted to the EMF.
If an effect has been identified then it is essential to determine whether the effect is avoidance or
attraction to the EMF in order to predict the specific impacts for the individual animal /14/.

Several suggestions have been made towards the possibility that migratory species may be nega-
tively affected if their navigation is impaired by the EMF. For instance, it is proposed that these
species may be slowed or deviated from their intended routes, consequently hindering them in
reaching essential feeding, spawning or nursery grounds. Furthermore, it is suggested that spe-
cies that utilises EMF to seek food or detect predators could unnecessarily alter their behaviour,
or this ability could be undermined by anthropogenic EMF sources. If these behavioural devia-
tions are adapted by enough individuals, the idea is that the population and communities that
these species belong to may be adversely affected /13/. Thus, depending on the magnitude and
persistence of the altered magnetic field it could either give a trivial temporary change in swim-
ming direction or a more serious delay to migration. However, currently it has not been deter-
mined whether anthropogenic induced electric fields will cause attraction or repulsion for fish and
other receptor species /14/.

A recent study, “Impact of Electric and Magnetic Fields from Submarine Cables on Marine Organ-
isms”, has been modelling the magnetic field from five different buried AC power cables and in-
duced electric fields /19/. It is pointed out that the DC cables of Utsira have the potential to
cause a larger degree of possible environmental impacts compared to AC cables, as previously
described. The modelling showed that the maximum strength of the magnetic field produced by
the cable ranged from 2 - 35 uT, depending on the cable setup and current load.

In addition, the study included a literature review regarding impacts from EMF on marine organ-
isms. Comparison of the thresholds identified in the literature study with the modelling results,
indicated that species receptive to EMF may come across detectable EMF emitted by a power
transmission cable in a range of up to a few hundred meters. The relevant distance will depend
on the species and the cable characteristics/19/.

The same study also showed that the field strength decreased rapidly with the distance from the
cable. For instance, a maximum of 35 uT immediately above the cable was estimated to be re-
duced to 2.2 yT at a distance of 2 meters from the cable. This was also the conclusion during a
study on effects from EMFs from undersea power cables on elasmobranchs and other marine
species /13/. The modelling of magnetic fields along the seabed perpendicular to AC undersea
cables from different wind energy projects indicated that the intensity of magnetic and induced
electric fields would be experienced as a gradient relative to distance from the cable. In other
words, when a fish approaches the cable the intensity of the field would increase and diminish
when it moves away from the cables. This could either be vertically or horizontally /13/. From
this, it would be reasonable to anticipate that fields emitted by a submerged or buried subsea
cable would influence benthic species and those present at depths to a higher degree than those
occupying the upper portion of the water column. However, it must be emphasised that this as-
sumption has not yet been validated in an in-situ environment with EMF measurements /15/.
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8.3.2

Benthic species have been known to use electroreception for locating food, while induced electric
fields would only be relevant for pelagic (open water) species during specific periods such as re-
productive season. From this, it is assumed that the potential for an impact from EMFs is largest
for species that depend on electric cues to detect benthic prey and mates, as well as early life
stages that use electroreception to detect predators or migratory routes which take them into
shallow coastal waters /14/.

It has been indicated that AC power cables (assumed to be buried 0.5 meter within the sea bot-
tom) have the potential to produce magnetic field varying between 2 to 35 pT, immediately
above and 2 metres from the cables respectively. According to the available literature this range
is within the detection thresholds species sensitive to EMF. The minimum sensitivity values, with
respect to magnetic fields, have found to be 10, 25 and 32 uT, varying between different species,
please refer to chapter 5.4. Based on the relative low sensitivity levels of magnetosensitive spe-
cies, it is assumed that these species are most vulnerable with respect to potential impacts pos-
sible caused by the power cables. It is underlined that the DC cables are in general considered to
cause a lager degree of possible impacts compared to AC cables. The majority of the subsea
power cables from Haugsneset to Utsira High is planned to be buried below the seabed and
shielded, minimising any possible impacts. The shielding will however not affect the magnetic
field and hence have little effect on an iE-field /5/.

Evaluation of EMF results

The EMF calculations presented in chapter 6 gives a good indication of the DC magnetic field de-

velopment affiliated with the two DC cables. Regarding the marine environment, it has previously
been stated that the marine organisms most likely to be affected by the magnetic field are those

in the near vicinity of the power cables.

As pointed out in chapter 8.2.1, the magnetic field calculations were based on a burial depth of
0.6 m near Haugsneset while the subsea cables further out from shore were set with a worst
case scenario of 0.1 m. Due to burial or rock dumping, it is normally not possible to get closer
than approximately 0.5-1 m in a distance from the sea cables. Hence, the vertical distance of 1
meter from the DC cables was chosen as most relevant for this evaluation and implemented in
the magnetic field calculations for the marine environment. It is also emphasised that the Earth’s
geomagnetic field has not been accounted for in the EMF calculations.

From Figure 6.6 it is seen that the strength of DCmagnetic field is to some extent different when
the DC cables operate during fault mode and operational mode. The distance between the cables
in this situation is approximately 3 m. During operational mode, with two functioning cables, the
peaks will be approximately 180uT. In the low point between the cables, the magnetic field is
about 175uT during operational mode. However, during fault mode, with only one functioning
cable, the peak will be 220 puT.

However, the strength of the magnetic field will decrease rapidly with increasing horizontal dis-
tances from the cables. At roughly 2 and 4 meters away from the cables, the EMF strength during
operational mode has decreased to 70 and 30uT, respectively. As the Earth’s geomagnetic field
typically will vary between these two values (normally at 50 uT), this indicates that the intensity
of the induced magnetic field is reduced to the background level at a distance between 2 and 4
meters.

If there is a fault in the system, only one of the cables might be functioning. Such faults could
potentially have long duration times (months) and create a more powerful magnetic field. This
phenomenon is also illustrated in Figure 6.6, where the strength of the magnetic field decreases
as a function of distance with a slower rate compared to two functioning cables. The magnetic
field flux density has decreased to 70 and 30uT at approximately 3 and 7 meters away from the
cables, respectively.
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As previously described, Figure 6.7 demonstrates that the intensity of the magnetic field will de-
crease as a function of the distance to the power cables. During normal operation the peaks from
the distances 1.5, 2 and 4 meters above the cables will be 124, 89 and 31T, respectively. This
indicates that at a vertical distance of 4 m above the cables the EMF is almost below the range of
the Earth’s natural geomagnetic field. This will depend on the geometric field in the area in ques-
tion, whereas in this case, for instance, equals 50 UT in Stavanger. The generated magnetic field
from the DC cables will thus be well below the natural geometric field in Stavanger at 4 meters
above the cables.

It is pointed out that the maximum magnetic-field strength at a certain vertical distance, for the
distances between the cables as relevant in this assessment, will be almost the same even
though the distance between the cables changes. For instance, at a vertical depth of 1 meter the
peaks are still at 180uT during operation mode, even though the distance between the cables has
increased to 20 meters, please refer to Figure 6.8. The same applies during fault mode, where
the peak will stay at 220 uT with a vertical distance of 1 meter above the cable, illustrated in
Figure 6.9. However, the low point between the peaks will decrease as the distances between the
DC cables increases. In Figure 6.8 the lowest point between the cables is approximately 40uT,
which is 135uT lower compared to distance of 3 m between the DC cables (please refer to Figure
6.6).

In addition, an increasing distance between the cables will consequently increase the horizontal
distance required for the intensity of the magnetic field to fall back to the background level. For
instance, in areas where the DC cables are separated with 1000 (Figure 6.11) and 4000 meters
(Figure 6.12), the intensity of the magnetic field will be reduced to 30uT at approximately 7 me-
ters away from the cables. This can be seen in comparison with the situation where the cables
are separated by 3 meters (Figure 6.6). The intensity of the magnetic field will then be reduced
to 30uT at approximately 4 meters distance from the cables.

From Figure 6.10 it is seen that the EMF results during operational and fault mode starts to over-
lap as the distance between the DC cables increases. This is due to the fact that the two cables
will have a decreasing effect on each other during normal operation as the distance between
them increases.

As pointed out in chapter 5.4.3, the minimum detection thresholds for magnetosensitive species
are found to be 10, 25 and 32 pT, varying between different species. The appurtenant maximum
detection limits will vary between 50, 100 and 168 pT, respectively. Assuming a burial depth of
1 meter for the planned DC cables, the results from the magnetic field calculations indicate that
the magnetic field from the cables will lie above the expected detection range for these organ-
isms. According to the magnetic field calculations the maximum strength of the magnetic field
one meter above the cables will be 180 and 220 uT for operational- and fault mode, respectively.
It must however be emphasised that a burial depth of 1 m is not a definitive burial depth for the
planned DC cables. In addition, the cables will be subjected to post-lay rock and counterfill in
areas of crossing etc.

Supporting previous modelling of magnetic fields along the seabed perpendicular to subsea ca-
bles, the results from the EMF calculations indicate that the intensity of induced EMF will be ex-
perienced as a gradient relative to the distance from the cable, both vertically and horizontally.
From this, it is assumed that the benthic species would potentially be affected in a larger degree
compared to the pelagic species. Such impacts from the magnetic field are limited to the area in
vicinity of the DC cables.

The current research indicates some behavioural effects in certain experiments for species that
utilises the magnetic field for navigational purposes (eel) and for detecting prey (elasmo-
branches). Still, these effects have either been evaluated as small or the results have not been
suitable to use to determine potential negative or positive environmental impacts /19/. However,
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in the case of a potential effect, this would depend on site specific and project specific factors
related to both the magnitude of EMFs as well as the ecology of the specie in question. In addi-
tion, the research results regarding the detection range and thresholds of the species are rela-
tively inconsistent. Even though the magnetic field calculations indicate that the magnetic field
might exceed the magnetic thresholds in the near vicinity of the cables, the information neces-
sary to understand the potential response and resulting consequences to marine individuals or
populations are limited.
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9.

9.1

9.2

9.3

RISK REDUCTION MEASURES

General
The magnetic field from electrical equipment may in general be reduced effectively by the follow-
ing measures

- Reduce current flow, e.g. by reducing consumption or increase voltage level

- Keep distance between conductors as low as possible, trefoil for sets of AC-cables

- Increase distance between conductors and sensitive areas

- Establish active or passive current loops between source of field and sensitive areas
- Ferromagnetic shielding (AC only)

- High conductivity screen (AC cables only)

All measures may have economical, practical or environmental consequences and/or issues de-
pending on e.g. the type of installation, existing or planned installation and the surroundings.

Human exposure
Exposure risk to magnetic field can be also reduced by limiting the frequency and duration of
visits to areas susceptible for higher magnetic field flux intensity.

Layout design of facilities shall follow all the criteria required by working environment best prac-
tices, including the aspects related to ELF magnetic field to provide an optimal solution for a
healthy working environment.

Marine environment exposure

In spite of the scarce literature on the subject there are still some potential aspects to consider
regarding to the marine environment. Changing the burial depth will not reduce the strength of
the magnetic field, it will only increase the distance between the cable and the marine organism.
Even though, the most prominent way of reducing the produced magnetic field is to choose a
proper cabling technique. For instance, a technique where the magnetic fields from several con-
ductors cancel each other out could be an option. This would consequently reduce the anthropo-
genic magnetic field strength. Moreover, other cable design parameters, such as conductivity and
permittivity, could also affect the emitted /19/.
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10. RECOMMEND SCOPE FOR FOLLOW UP EMF STUDY

In general, it is recommended that the project follows up the result of this study during the next
steps when more detail data is provided. This study as any other coarse risk assessment is based
on some preliminary data and assumptions and these require to be validated further during the
project development.

- For major equipments used in HV circuits such as HV transformers and switch gears,
vendors of equipments have to be consulted by qualified personnel to collect reliable data
about ELF EMF generated by such equipment. Bus bars within and between switchgears is
one of the main sources for generation of ELF EMF.

Supplier of HYDC VSC has to be consulted with respect to generation of ELF EMF from
their equipment such as reactors and IGBT valves inside the converter areas. Faraday's
cage used in construction of building surrounding the HVDC VSC is only effective against
radio interference (RI). The supplier has to provide data either by direct measurement
from existing facility and extrapolation to predict the level of magnetic field or perform
his own predictions by calculations.

- A follow-up study is recommended to be carried out when the supplier of HVDC VSC has
been selected and updated data regarding equipment and cable routing offshore and on-
shore are available. Such a follow-up study has to be carried out in a more extended time
frame with possibility for more detail review of all possible sources from national and in-
ternational sources.

- Considering the AC cables routed between UHPH and Johan Sverdrup, further calculations
may be performed including the knowledge of e.g. bridge construction materials and de-
sign to determine the field distribution more accurately. If wanted, one may investigate
other cable layouts, such as cables placed at e.g. two vertical layers to compress the
higher level fields to low exposure areas.

- It is recommended that EMF studies are expanded to cover all HV power transmissions
and distributions to platforms intended for Johan Sverdrup Field Centre. This includes
also the bridge between the platforms.

- Itis also recommended that field measurements are performed at facilities with similar
characteristics and type of performance (e.g., Kollsnes/Troll A power transmission) to
gain a better understanding of the scale of electric and magnetic fields.

- This study is based on infrequent inspections and remote monitoring of facilities assump-
tion with respect to occupational exposure risk. It takes into account normal inspection
and maintenance activities during a year, however it does not discuss the cases when
one of the conversion trains is broken down requiring extensive maintenance / replace-
ment which might lead to longer exposure time from the other train in operation. It is
thus recommended that this case is evaluated further in consultation with the HVDC sup-
plier to find ALARP measures to reduce any likely exposure.
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APPENDIX 1
MAIN ISSUES FIELD CALCULATIONS
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APPENDIX 2
GEOGRAPHIC EXTENT OF AREAS/ZONES WITH HIGH COMPASS DEVIA-
TION NEAR SHORE
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APPENDIX 3
CLARIFICATION 1

From: Heidi Ovidie Midbrgd [heimi@statoil.com] Sent: fr 23.08.2013 14:11
To: ‘@ Farhad Pakshad
Ce Arno Pont;  Jostein Nordland
Subject: RE: Track changes pé final report?
Hei igjen. =

Ref. diskusjon | motet | dag
Har sjekket internt hvor TR0926 gjelder i forhald til kravene til Statens Stralevern TR0926 gjelder pa vére anlegg innenfor gjerdet. Dvs at vi forholder oss til
Statens Strélevern utenfor gjerdet pa Karste og Haugsneset. Kan dere ta det inn i rapporten og serge for at anbefalinger er iht det?

Best regards

Heidi Midbrad

HSE Manager

Utsira High Powerhub Project
Statoil ASA

m: +47 99158919

f+47 51 99 00 50
e heimi@statoil.com

Visitor address: Forusbeen 50, Forus
Incorporation number: NO 923 609 016 MVA

www.statoil.com

ng
¥ statoil




