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1. Introduction

This report describes, at conceptual level, a proposed design for a Test Facility for Wave
energy converters for OWET/NNMREC offshore of the State of Oregon. It will have a
capacity for four wave devices. The nominal power output of each device may not exceed
1MW at peak. The power generated by the system will be around 1250kW average with
variations over the day when four 1MW devices are in place.

The report is not a detailed design and is not intended to be used to purchase any
equipment or materials. However, it may be used as an input to engineers for guidance on
the detailed design of the electrical and communication systems following US or
International standards®.

Although site selection is not complete for PMEC (at the time of writing) the ideas and
concepts outlined in this report are relevant irrespective of the particular site. Once a site
selection is made, some aspects will need further consideration to take into account specific
site-related requirements.

The scope of this report covers the overall method and approach to development of the
PMEC test facilities, the outline description of the electrical infrastructure for the test
facilities, including cables; switchgear; electrical measurement; electrical substation concept;
grid connection and ancillary equipment. The report also describes in outline the
requirements for test devices and the standards associated with them; requirements for
power conditioning; requirements for grid connection and details of the measuring devices
for both wave and tidal stream resources.

This report also highlights the importance of health and safety in design and operation of the
test facilities, including operations and maintenance carried out offshore for the deployment
retrieval and any in-situ maintenance of the test equipment and cables.

Some suggestions for further work are also made at the end of the report.

Appendices are included with this report. A list of relevant references is also provided.

! The standards published by the International Electrotechnical Commission (IEC) http://www.iec.ch/about/ are
recommended to be followed to guide detailed design.
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2. Overall Method for Development of Test Facilities

There is a whole sequence of activity that must precede the design and installation of test
site facilities and this is addressed in this section.

A number of investigations and surveys are required. It is likely that OWET/NNMREC have
already obtained some of this information, in which case gathering it need not be repeated),
these include:

- Bathymetry surveys covering areas extending at least 0.5km beyond the proposed
offshore berth positions for the best site.

- Tidal current measurements in the area around the tidal berth positions. (Note that
these will be addressed in more detail in the appendices).

- Wave climate measurements within a radius of 500m of the wave berth locations
using appropriate instrumentation. This is also reviewed in more detail in the
appendices.

- A current measuring survey using a boat-mounted instrument in the proposed area of
the wave test berths — sites should be chosen such that currents are no more than
0.5-1.0 knots at maximum. (1 knot =0.515 m/sec)

- Survey of potential cable routes with sidescan sonar and diver video survey in the
shallows leading up to the proposed cable landing site.

- Sea-bed sampling to identify the biological species in the benthic? region.

- Topographic survey onshore the proposed area for the site of the substation, also
trial holes to check strength and type of subsoil for civil engineering of plinths and
building(s).

- Environmental Impact Assessment (EIA) — in which all stakeholders in the sites are
asked for any environmental concerns to be identified. After a scoping study, the
means of mitigation of any matters of concern are then developed in the full EIA.
Further guidance on this is given in an EMEC document®.

With the results of the above investigations available, the concepts outlined in this document
can be developed for the specific site and passed to the relevant engineering groups for
detailed design. The detailed design is intended to produce all documentation required to
specify the equipment and materials, estimate bills of quantities from the design drawings
and combine with contract and procurement documentation for purchase.

The following engineering activities are required:

- Cable design considerations and cable selection.

- Cable installation specification, including onshore routing, separation calculations etc.
- Outline technical information for planning and other permits/consents.

- Land acquisition/rental.

- Earthworks and civils design.

- Detailing of the substation foundations (including cable ducts and drainage).

% This is the seabed surface region where many microscopic life-forms exist

* “Guidance for Developers at EMEC Grid Connected Sites: Supporting Environmental Documentation”, August 2011
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- Detailed investigations for the full EIA.

- Electrical Design for substation including switchgear, protection, metering and
earthing.

- Grid Connection design — simulation to investigate grid stability and establish need
for controls or storage of power.

- Technical Supporting information for all Purchase Orders (POs) for equipment and
materials.

It is not EMEC’s expertise to design in detail, so some general guidelines are provided, and
indication given where local laws and other requirements will influence detailed design.
Some typical examples of design and catalogues for typical equipment are provided with this
report — for general guidance only.
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3. Description of the Test Facilities

The Test Facilities are intended to constitute four berths in 50m water depth.

A schematic diagram of the Offshore Test Facilities could be as shown in Fig 1 below:
PMEC OREGON OFFSHORE WAVE SITE LAYOUT -

SCALE: berth circle 500 yards diamter ,.
/ . . Cardinal point buoy
OPTION 1 - 4 Cables /’ R

p \ Cable position not finalised

Waverid\ing Buoy

\
\
\
\

Figure 1 Schematic diagram of offshore layout
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The wave energy converters (WECSs) berths will be between about 11 km offshore in 50m of
water depending on the exact site bathymetry; the distances given are order of magnitude at
this stage and must be finalised in detailed design.

A three phase AC current double armoured cable specification is suggested. The cable size
will be determined by consideration of voltage levels that best suit the cable lengths to the
WEGCSs sites. It is proposed that similar sized cables will be used for all the connections. An
alternate cable configuration is also possible consisting of two double cables that are each
separated into two “tails” closer to the offshore berth locations. Each tail could be a minimum
of 500m in length

Where cables are buried onshore above the high water mark, suitable spacing between
cables must be ensured to avoid de-rating of current flow as far as possible. The subsea
cables need to be fitted with an appropriate termination that excludes water from the cables
and enables them to be recovered to the surface for jointing connections to the WECs as
necessary.

The electrical system will have switchgear located at the end of each cable in the onshore
substation and protection systems against overload of the cable from a short circuit or fault
on any of the WEC devices. A suitable earth system must be provided for the substation.

Generated energy will be metered by intelligent relays incorporated in the switchgear for
each cable. Overall metering will also be provided for total export of electrical energy from
the substation and a metered power import system will also be provided.

The substation building will be of robust construction and the finish will be in keeping with
other buildings in the vicinity. There will be a security fence, gates and vehicle access routes
and essential external lighting.

Ancillary equipment in the substation will include, but may not be limited to: uninterruptible
power supply (UPS) for essential systems; communications equipment both for Marine
Radio and to OWET/NNMREC’s remote offices as required; SCADA system (Supervisory
Control and Data Acquisition) or DCS (Distributed Control System) to collect data on wave,
and wind resource and store/transmit data as required; standby generator to power the
substation in event of power loss and essential health and safety equipment. Security
systems including CCTV and intruder alarms will also be provided.

Facilities for the testing teams and maintenance workers will also be included in the Visitor
Centre. This will include desks, chairs and telephone, storage for tools, paperwork and
personal items, welfare facilities (which may include: toilets, washing facilities and
kitchen/messing facilities).

The detail of the extent of the facilities is a matter for detailed design and the planning of
how the Test facility will be used by OWET/NNMREC and their customers who may submit
devices for testing.
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4. Test Devices

The Test Facility will incorporate up to four test devices for wave energy conversion
systems.

Wave Energy Converters (WECSs)

The types of device to be installed in the four wave berths are not known at the time of
writing. If the devices are floating point absorbers, attenuators or similar, they should be
moored in at least 50m depth in an area where the seabed is even and free from sudden
depth changes or large obstacles. Fig 1 gives an ideal layout but in any case no two devices
should be closer to each other than 200m at the extremities of their mooring footprint, which
could be up to 500m diameter centred on the device itself.

Consideration should be given to the maintenance of the devices and the means of access
to the device. EMEC advises that the devices should not be accessed at sea or any
hatchways into them be opened unless the device can be properly restrained against a
suitable vessel to permit the access in safety. The design of WECs should take this into
account. The normal means of maintaining devices should be by taking them inshore to a
sheltered harbour where they may be accessed in safety. This may be by towing or by lifting
on to the deck of a vessel for transportation. The ability to remove devices from station and
deploy moorings and umbilical to the seabed, such that they can be safely and easily
retrieved, should be taken into account in the detailed design of the moorings and umbilical
systems. OWET/NNMREC are strongly advised to designate the joint between the subsea
cable and the umbilical to the device to be the limit of their responsibility.

Consideration should be given by the Technology Developers to the means of electrical
connection of the devices by flexible umbilical cable to the permanent subsea cables of the
Test Facility. This may be:
- Subsea plug-in connectors.
- Dry connection carried out on the deck of a work boat and sealed against water
ingress.

The latter method is generally accepted as being the most effective; however it is still
necessary to be able to unplug the umbilical from the device to allow for the removal of the
device for maintenance. How this is done is a matter for the detailed design of the device.

Means of communication of data from the devices may be either by optical fibres contained
within the cables or VHF radio from an aerial on a surface-piercing part of the device to an
onshore receiver. The effectiveness of communications by VHF radio requires some testing
prior to commitment to that design to ensure that loss of data is not unacceptably high.

EMEC advises, on grounds of safety, that every effort should be made in design to avoid the
use of divers. Certainly, any system involving routine use of divers is best avoided. In the
case of seabed-mounted devices that may not be readily removed to maintain, some diving
may be necessary but care should be taken to minimise diving activity. Technology
Developers should be encouraged to use innovative approaches so that the vast majority of
operations, especially connection/disconnection, can be achieved by ROV or some other
system.
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5. Offshore Site Marking

In UK waters sites that are occupied by any permanent installations in the sea must be
marked with buoys to warn mariners of the presence of obstructions, enabling them to avoid

the area.

Sites are often marked by Cardinal Buoys — these are normally placed at the North, South,
East and West extremities of the site. An example of a Cardinal Buoy is illustrated below.

Figure 2 South Cardinal Buoy

EMEC strongly advises OWET/NNMREC to determine the requirements in National and
local legislation regarding marking the offshore obstacles which is what the test sites are

considered to be.

It is not general practice to use these buoys for any other function such as data transfer
which should be carried out using a separate buoy if required.
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6. Cable Design - Offshore Cables

A number of factors drive the design of cables including:

- Route and length of cables

- Single or three phase generation* (devices which do not produce three phase should
convert to this via a power electronics system onshore)

- Voltage drop which needs to be limited to around 3% or power losses in cables
become too large (c. 5%)

- Selection of voltage for cable systems

- Permissible currents (Ampacity) of cables at the given operating temperatures

- Whether or not any future increased capacity is to be built into the cables

- Cost of cables with increasing conductor diameter

- Potential saving of cost by having cables of similar design for all the connections

- Cable Stability on Seabed

- Other cable content such as optical fibres and smaller sized power supply or trip
signal wires

- Offshore cable ends with no device connected that enable testing of cables

- Power conditioning equipment.

This section reviews the approach to selection of cables, including preliminary consideration
of the design drivers listed above. Whilst reference is made to economic considerations,
EMEC is not familiar with costs in the USA and so suggested figures must be for the detailed
design engineer to review carefully.

Some basic calculations of cable sizes and voltage drops have been made for the subsea
cables in a spreadsheet associated with this report named “Cable Calculations (FINAL)
Newport.xls” The general method of approach used is described below.

Cable Routes & Lengths

The cable lengths that EMEC used for the calculations are those indicated in the Feasibility
Study® , as shown in the layout schematic in section 3, are various lengths for the possible
wave sites. For purposes of this study 5% has been added to the Feasibility Study length to
allow for uncertainties associated with detailed routing. These lengths have been used in the
preliminary calculations and must be adjusted following determination of precise routes after
surveys have taken place in detailed engineering. In ordering cables, an allowance should
be made of at least 5% additional length for inaccuracies in survey estimates and possible
diversions that may occur as the cables are laid. In addition, consideration should be given
to retaining spare lengths of cable for possible repairs of any damage. In 50m depth of
water, repair lengths of at least 300m should be considered and perhaps two or three such
lengths stored securely on drums.

The total cable ordered should reflect both provisions mentioned above for each type of
cable purchased and is a matter for the Detailed Design Engineer to determine.

* See “All about circuits” http://www.allaboutcircuits.com/vol_2/chpt _10/2.html for single/three phase comparison
> “Feasibility Study for a Grid Connected Pacific Marine Energy Center”, NMMREC/Oregon State University (2011)
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Three Phase Generation at 60 cycles

EMEC has not been provided with design information on the types of generation that may be
provided by the wave devices. Therefore, it has been assumed that three phase generation,
which is the most effective in minimising power losses, will be employed. If this is not the
case, the voltage drop calculations must be repeated for other types of generation that may
be installed to determine whether there is any effect on the choice of cable size. The
calculations in the associated spreadsheet® are based on three phase power generation. If
the Detailed design engineer has any specific requirement for a different mode of
generation, then this should be examined to determine the voltage drop that might result and
the cable conductor size adjusted accordingly. The ultimate choice of generation and cable
conductor size is a balance between various elements including the cost.

So assuming a three phase/3 conductor cable, a typical cable cross-section might be as in
Fig 3 below:

_ Copper wire conductor

-

RO 0] 4. H 5 1 e
T R R e Y N e
S a0

Three wire cable for control

for auxiliary power supply

" Optical fibre cable

Bed for armour wires

Double layer galvanised steel armour

- o & .,
D orenr .’a:’l-.;- o 2
e e

Filler cores to maintain shape

Figure 3 - Three phase/3 conductor cable

The cable shown has two three-wire cables incorporated for control signals or for the supply
of power to the test device, these are optional as is the use of fibre-optic cable.

The next few subsections refer to the determination of conductor size from voltage drop and
other considerations.

6 . .
“Cable Calculations — Final xIs “
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Voltage Drop

The usual criterion for voltage drop in a transmission cable is 3-4% which represents an
energy loss of around 8%. Clearly there is little advantage in having a system with a greater
energy loss than 8%, so EMEC recommends the use of 3-4% voltage drop to determine the
conductor sizes of the cable.

For the wave site cables lengths are considered for the Newport site as 11.13km

A cable conductor size of 150mm2 leaves allows operation at 6.6kV which could have
several benefits:

- Currents will be a bit higher and may be easier to measure reasonably well at low
production levels (see voltage choice below).
- Equipment for 6.6kV (especially connectors) are cheaper and more readily available

Further considerations are needed to determine the cable conductor sizes which are
discussed later in this section.

Voltage Choice

These are the minimum sizes and voltages that must be used to remain within the 3-4%
maximum voltage drop, however there may be advantages in use of larger diameter
conductor cores as this builds in flexibility for increasing the capacity of generation
connected at a later date. This is a matter for detailed design.

There are further issues to investigate to finally determine the best combinations of voltage
and conductor size; these are discussed in the following two sections which address the
need to include additional capacity for higher generation loads and the overall economics of
the electrical system.

A further influence on the final voltage choice may be associated with very low currents
which will be more difficult to measure with acceptable accuracy, particularly when the
devices are operating in the lower portion of their load range. This may mean that a lower
operating voltage and increased currents would be beneficial. Capability to operate at 6.6kV
is an option that should be retained, except where excessive cost or some other important
issue rules it out.

Need for Increased Generating Capacity

EMEC have been advised that a generating load of 1MW for each cable is the maximum
required. It may be that some combinations of voltage and cable size will allow larger
generating capacity to be connected if this should this be required in future. In this section
the possible extra capacity is reviewed in brief.

The means of determining the extra capacity required is to estimate how much greater
capacity could be handled if voltage drops along the cables were at the full 3-4% allowable.
EMEC has no knowledge of OWET/NNMREC’s possible future requirements, but
recommends that some thought is given to the need for possible additional generating
capacity in future. This will be a further matter for the Detailed Designer Engineer to address.
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Permissible Currents (Ampacity) of cables

Ampacity is the maximum amount of electrical current a conductor can carry before
sustaining immediate or progressive deterioration. It must not be exceeded so is a limitation
to be considered by the Detailed Designer Engineer. The associated spreadsheet’ shows
that the limit may be encountered if the wave site cables are to run at 6.6kV.

The IEC standard 60092-352 (2005) lists the current carrying capacities with ambient air at
45°C and the graph shown below it indicates how currents at other ambient temperatures
may be estimated by application of the Rating Factors shown in the graph (see Fig 4 -
below).

The “3-4 core” column should be read and the ampacity shown for a given conductor size
multiplied by the factor corresponding to the ground temperature. This table is for 45°C air
temperature. The spreadsheet has a maximum air temperature of 30°C which allows slightly
higher ampacities.

Current carrying capacities in continuous service at maximum rated temperature of 90°C.
In accordance with IEC 60092-352 (2005) Annex B, Table B.4.

Conductor area 1-core 2-core 3-4 core
mm? Amp Amp Amp
16 a8 82 67
25 127 108 8o
35 157 133 110
50 196 167 137
70 242 206 169
95 283 249 205
120 339 288 237
150 389 331 273
185 444 kYN 311
240 922 444 366
300 601 511 420
400 719 - -

500 827 -
630 955 -

The tabled current ratings must be adjusted for ambient air temperatures other than 45°C.

Figure 4 Ampacities of various cable sizes

The problem of Ampacity does not generally affect the subsea sections of cable as the cable
resistance is lower at the sea temperature (around 10°C). However, onshore, in the section
from high water mark to the substation, the cable will run at a higher temperature depending
on the ground conditions and whether or not the cable is run in a duct or simply buried, and
current limitations could come into force. The method for estimating this temperature de-
rating limitation is described here. The Detailed Design Engineer should carry out
calculations for the onshore sections to ensure any Ampacity limits are identified.

Appendix 3 contains a useful guide to derating the cable ampacity.

’ See footnote 6
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Rating Factor (IEC 60092-352
Annex B Table B4)

1.4

1.2 v“\
1 \
0.8

' \ —&—Rating Fct
06 \ Poly. (Rating Fct)

0.4

0.2

0

0 20 40 60 80 100

— Figure 5 Rating Factor vs Temperature from IEC
60092-352
Cost of Cables with Larger

Conductors

EMEC wishes to draw attention to some aspects of the costs involved in using cables with
larger conductors. Although EMEC has no in-depth knowledge of the costs of electrical
cables and other items such as transformers and switchgear in USA, EMEC would draw
OWET/NNMREC’s attention to the variation of copper cost for the conductors. This should
be checked to revise the estimate at the time of detailed design as copper price fluctuates
significantly.

Another option of “double cables” split into two “tails” close to the wave berths has also been
examined.

Cable Stability on Seabed

In a tidal area the stability of the proposed cable on the seabed needs to be checked such
that the cable will not be moved in the tidal flow. As the tidal influence in the wave test area
is likely to be low, the problem of on-bottom stability will not arise. Cable stability may be
addressed if necessary using Morison’s equation viz:

V=v(F x w/d)

Where V - the water velocity in km/hr at a right angle to the cable, W - the weight of the
cable in kg/m and d - the cable outer diameter in m. F is a factor that should be assigned
according to the type of seabed. So, for example, where bare rock bed is present, the value
of F should be c. 0.2; where the seabed is more sand and/or gravel a figure closer to 0.5
may be appropriate. The velocity obtained should be compared to the likely peak velocity at
the seabed level. This is unlikely to be an issue for the Newport site.

Other Cable Contents
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Apart from the three insulated conductors, the cable to individual test devices may contain
other cores that are required for data collection, power supply or transmission of trip or
shutdown signals. These items are considered below:

Data Collection

It may be required to collect a range of data from the device under test concerning the
electrical and/or mechanical performance of the device. Clearly, without a detailed
knowledge of the test device, no information can be provided regarding the data to be
transmitted. However, if significant data is likely to be collected the use of optical fibres will
be necessary to provide the bandwidth to transmit the data. The advantage of fibre is that it
requires no surface penetrating aerials or dishes to transmit data which would be necessary
for V/UHF radio or Line-of-sight Microwave methods.

Optical fibres within the cable are usually housed inside a protective stainless steel conduit
that can contain 4, 8, 12 or more individual fibres. It is usual to specify redundancy in case of
damage to a fibre or loss of performance for any reason. Fibres may be joined at purpose-
built panels to extend on for further transmission or interfaced with the data collection
system.

V/UHF radio is a cheaper form of communication but has limitations in the marine
environment due to interruptions of the line of site from waves to the aerial onshore and the
bandwidth is much less than optical fibre. The consequence of this is that missing data
levels are too high.

Line of sight (Los) Microwave has a better bandwidth than V/UHF but is dependent upon the
presence of suitable infrastructure within good line of site to the test devices. A surface buoy
is also required to carry the transmitter. Wave action can interrupt LoS Microwave but the
installation can be designed to allow for diversity of movement to some degree. EMEC
believes it is unlikely to be cost effective to install new LoS Microwave facilities unless it is
possible to use existing onshore infrastructure.

Power Supply

The test devices may require small amounts of power to be provided to them if they are in a
dormant state. This may be of the order of 1-2kW at, say, 400 volts, which can be
transmitted via a three core wire with conductors in the 2-4mm2 size range. If this is a
requirement the Detailed Design Engineer will need to estimate the acceptable voltage and
voltage drop depending on the precise usage of the power. This can only be calculated for
the specific circumstances, but the general formulae for calculation are similar to those used
in determining the main conductor voltage drop.

A supply will be necessary from the local grid network with back-up from the emergency
generator and the uninterruptible power supply (UPS) for the facilities, the latter items are
described in later sections of this report.

Trip Signals
PMEC Concept Report REP390_0110_20130320
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It may be required as a necessary safety feature of the design that there should be a signal
generated if the grid fails or if a fault occurs on the test device that will shut the isolator at the
device and the landward end of the power cable. A three or two wire connection within the
cable may be included to carry this trip signal. This is a matter for detailed design and can
only be finalised with a detailed knowledge of the test device(s) and the exact configuration
of the substation circuits.

The rest of the cable content is made up of filler cores which are laid into the cable to
preserve the circular shape of the composite power and communication cable as shown in
the cable cross-section diagram earlier in this chapter.

Offshore Cable Ends

When a subsea cable is fully connected to a test device, there is not normally a problem with
water ingress, providing the joint is well designed and the conductors are properly insulated
from each other and the earth. One simple type of cable termination — the Henley Pulling
Head® may be used to leave a cable on the seabed unconnected to a device. A diagram of a
Henley Pulling Head is given in Appendix 2. It may be seen from the diagram that a space is
left to cap the cable ends. This should be done with a suitably specified set of caps such as
a “heatshrink” variety. A typical example of this type of joint or end cap is also given in
Appendix 2. It should be borne in mind that adequate testing of the cable — in a manner that
is widely accepted by the power industry — will not be possible with this very basic end. A
more sophisticated cable end should be considered if that is a requirement.

EMEC’s experience with cable joints has been problematic in that some types of joint are
affected by water ingress, either from the sea due to the pressure from the water depth or
the joints are adversely affected by water that may be within the conductor cores. The cable
conductors can function perfectly well if wet and if they are fully insulated, but if, when the
cable is returned to the seabed after capping or jointing, any relative movement takes place
within the joint or end, then leakage and shorting can occur.

Offshore cable conductors do contain a compound that is meant to “capture” water and limit
its ingress along the cable. EMEC’s experience shows that, despite the presence of the
compound, water can seep along cable conductors to considerable distances. It is important
to ensure from the start that water is kept out of the conductors or if they have been allowed
to become wetted, then, a specialist joint that can maintain the integrity of insulation needs
to be employed. EMEC advises strongly that the Detailed Design Engineer seeks specific
expert advice on this aspect of design from an experienced cable jointing company. An
example of the joint and method used™ is by Thorne & Derrick UK.

The testing of the cables to ensure their integrity can easily be adversely affected due to
shorting from seawater ingress. The testing is mentioned in the “Operation of the Facility”
section of this report.

8 See http://www.wt-henley.com/products/Subsea%20Cable%20accessories.html and associated document

“Henley Pulling Head Recommendation 635”
® See  http://lwww.cablejoints.co.uk/sub-product-details/heat-shrink-cable-joints-cable-terminations/heat-shrink-
cable-joints-XLPE-EPR-PVC

See http://www.cablejoints.co.uk/upload/Marine-Cable-Joint-Kits---24kV-XLPE-Power-Cables-3-Core-Lead-

Sheath.pdf
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7. Dynamic Umbilical (connection from subsea cable to wave device)

Umbilicals are widely used in the offshore oil and gas industry. Umbilical is a general term
for a combination of pipe, electrical conductors and optical fibres brought together into a
composite cable-like structure. Umbilicals can be stiff and armoured and therefore static, like
a subsea cable, or flexible and capable of operating in a dynamic (moving) situation such as
the connection between a floating wave energy converter and a static subsea cable.
Dynamic umbilicals are fitted with buoyancy to create a “W” or “S” profile enabling the flexing
and movement of the umbilical to take place without excessive bending at tight radii that
could damage the umbilical.

This is illustrated below in a diagram extracted from US Patent 6146052 which shows the
parts of the subsea catenary profile of the umbilical: Section A is the externally stiffened
length running up to where the umbilical plugs into the floating device (in this case the
heaving buoy under test). The external stiffener prevents excessive bending or kinking of the
umbilical to avoid damage as section A is the near vertical section of the umbilical. Section B
is the submersible section that can have added weights if the self weight of the umbilical is
insufficient and has a tendency to float. Section C has added buoyancy to create the “S”
shape in the umbilical with an anchor point to the seabed that locates the umbilical close to
the end of the static cable where it joins in a custom-designed joint. Note that the design of
the umbilical in the patent is far more complex than that required for OWET/NNMREC’s
purposes.

,.-—""'"6

Figure 6 Diagram of the profile of a dynamic umbilical from US Patent 6146052

! “Dynamic control cable for use between a floating structure and a connection point on the seabed”. US Patent

6146052, November 2000
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The OWET/NNMREC umbilical might consist of: 3 copper conductors; one or two twisted
pairs or triple wires to carry control signals and auxiliary power (if needed) to the wave
energy converter and a steel tube to carry a number of optical fibres for communications.
The umbilical may also contain a steel wire load bearing core to provide the necessary
strength to the umbilical so that the other elements are not unduly strained.

A reputable company who have extensive experience in the manufacture of umbilicals is the
Norwegian company Nexans Norway AS. A document describing their capabilities in subsea
cables and umbilicals’ can be found on their website. They are just one example of a
company that can design and manufacture umbilicals, there are a number of such
companies and OWET/NNMREC may wish to send a specification to a number of different
companies. A guide to specifying umbilicals ** is referenced.

12 See: http://www.nexans.com/Corporate/2010/Nexans_Submarine-Technology 1.pdf
3 See “API 17E_PGH_2009 Umbilical spec guide
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8. Subsea Connectors for Cables

EMEC have made contact with Seacon* through their representative in the UK David Pye.
He has recommended two of Seacon’s products for consideration by OWET/NNMREC:
Hydralight — a connector for optical fibres

The picture shows the 8 channel wet mate optical connector by Seacon. A specification
sheet is provided in the associated documents™®.

Figure 7 Hydralight Connector

CM 2000 — an electrical wet-mate connector by Seacon. A
specification sheet is provided in the associated documents®®

Figure 8 CM 2000 wetmate connector

David Pye, the Seacon representative, may be contacted at

dpye@seaconbrantner.com ; telephone: +44 7830 772689
and address: 36 Swainsea Drive, Pickering, North Yorkshire, YO18 8PR, UK. EMEC advise
that OWET/NNMREC contact Mr Pye to discuss the details of these products and their
suitability for OWET/NNMREC's purposes at the appropriate time.

% See http://seaconworldwide.com/about/
!> See: “SAPL-DS-0001-HYDRALIGHT-Rev-19-low-res” available at the Seacon website
'8 See: “SAPL-DS-0014-CM2000-3.3kVAC-Rev-1-low-res” available at the Seacon website

PMEC Concept Report REP390_0110_20130320

© EMEC 2013 22
Commercial in Confidence


mailto:dpye@seaconbrantner.com
http://seaconworldwide.com/about/

EMEC.....

The European Marine Energy Centre Ltd

9. Design of Onshore Cables
Onshore Cable Layout

The onshore cable design considerations must include the arrangement of cable routing
from the low water mark, referred to as Mean Low Water Springs (MLWS), to the high water
mark, Mean High Water Springs (MHWS) and on to the substation. As shown in the
following schematic sketch, the cables from the subsea and land based test devices must
come together in a suitable access pit that is waterproof and has a cover. This pit should
connect to the ducts that lead into the substation building and to the lay-down area for power
conditioning equipment that may be required for power coming from the devices.

S W Substation
Incoming cables

(double) Cable trench

Buried lines of 200-

High water Cable pit
mark Waterproof/ 250m length under
lockable beach

Figure 9 Schematic sketch on onshore cable layout

long distance the cables will need separation. Burial should be at least 1.25m below average
sand surface for mechanical protection. With this layout Ampacity must be checked for
thermal de-rating requirements, this has been carried out in a preliminary way and is
summarised in the table below.

Many of the principles that apply to offshore cables also apply to onshore, for example the
voltage drop calculations and conductor sizing.

Current Rating of Onshore Cables

One key difference is that the onshore cables are either buried in the ground or routed within
protective conduits or cable trenches. Unlike subsea cables they are not surrounded by a
natural cooling medium so there may be need to consider thermal limitations arising from
both the way the cables are laid and the distances between them which may reduce the
cable Ampacity.
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IEC 60287-2-1 Electric Cables — Calculation of Current rating — part 2-1 Calculation of
thermal resistance, is the Standard that may be used to calculate the limitation of current
that may arise from the cable configuration in the ground or duct. Appendix 3 Guide to
Thermal De-rating of Cable Currents’ provides a summary of the methodology of
calculations following the standard for a buried three conductor cable coming ashore to a
substation. This is to show the method only and the numbers are not directly applicable to
OWET/NNMREC's facilities. The Detailed Design Engineer will need to run such calculations
for the chosen design layout of cables.
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10. Power Conditioning for Test device Power Production

Due to the nature of some test devices they may not produce ac power at 50 cycles and the
appropriate voltage. In such cases, power conditioning equipment mounted in a container or
on a skid in a shelter will be necessary to produce power that can be transformed down to
the users’ 220v ac.

EMEC cannot advise further on any detail relating to this equipment as there are no
specified test devices. The Detailed Design Engineer of the test device will be the best
suited to design power conditioning equipment and they should be provided with a
specification of the conditions required on the inlet transformer to the public supply. They will
also need details of any relevant grid code or legal definition of power quality to meet user
requirements. The UK has a number of codes that specify power quality such that it is free
from stray harmonic frequencies that may cause “flicker” on television sets, interfere with
telephone systems or prevent some domestic appliances from functioning correctly. It is a
matter for the Detailed Design Engineer to investigate these aspects to ensure that power
supplied from the test devices is appropriate for the user community.

An example of a power quality meter is that from GE Mutilin’.

Y http:/iwww.gedigitalenergy.com/multilin/catalog/pgm.htm
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11. Substation Scheme - Electrical (Switchgear, protection etc)

The sketch plan of the proposed substation layout is shown in Appendix 4 and is for general
guidance of the Detailed Design Engineer.

The example Single Line Diagram (SLD) for a typical substation is given in Appendix 6. This
is for illustrative purposes only and is not a proposed design for the OWET/NNMREC facility.
However, a similar diagram detailed for the required Facility is a necessary deliverable for
the Detailed Design Engineer to produce. The drawing also notes a number of other key
deliverables to define the electrical system including but not limited to:

- Equipment List

- Equipment Power and Earth layout

- Cable Routing layout for the onshore site and route from the beach landing of the
offshore cables

- Cable Schedule

- Earthing Single Line Diagram

- Distribution Board Schedule

- Interconnection Diagrams.

It is a matter for the Detailed Design Engineer to determine the full list of deliverables
required to define the system adequately.

The system should include a power take-off for supply to all ancillary equipment, as well as
the lighting and small power circuits for the building. For a 6.6 or 11kV system, IEC62271-
200 is the applicable standard for switchgear up to 52kV. Other parts of the IEC2271
standard are applicable to other aspects of medium voltage design.

Earth protection design is a key feature of the electrical system — a recognised standard
should be followed by the Detailed Design Engineer. Two examples of standards are: BS
7430:1998 and ENA TS41-248, both of which are commonly used in the UK.

The Detailed Design Engineer should verify that the most recent versions of standards are
used as the basis of design.

18 BS 7430: 1998 Earthing Contents and ENA Technical Specification 41-24 Issue 1 1992
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12. Building layout

Building layout is an important feature of the substation design and the detailed design
engineer must consider a number of important features of the design, including but not
limited to:

- Positioning of cable ducts for all cables, both for incoming and outgoing power, these
ducts must allow for appropriate bending radii of cables and be large enough to
provide suitable separation of conductors to avoid thermal overload. They should
also reflect the entry position into switchgear and other equipment. EMEC has
preferred bottom entry as the most convenient configuration.

- The positioning of the main banks of switchgear and control cabinets to ensure that
adequate clearance is available for maintenance access and for routine testing. This
must follow from the selected switchgear.

- Control of access to the main switchgear to protect any person who is authorised to
be in the building (e.g. to access control and communications cabinets) who may not
be authorised to operate switchgear. Any local regulations regarding authorisation to
operate must also be borne in mind.

- Facilities required for personnel who will be working in/around the building from time
to time. This may include office workstations, kitchen facilities and welfare facilities
(toilets, first aid box etc) and storage space for any essential equipment and
documents.

- Location of lighting (normal and emergency provision) and small power sockets for
instrumentation and appliances, including heaters.

- Provision for a standby generator to provide power in event of grid failure.

- Data ducting and connection sockets.

- Positioning of any other ancillary equipment required for the facility, including
communications such as marine radio.

Error! Reference source not found.contains a conceptual layout of a substation and an
administrative building. Whilst this particular layout should be adapted to OWET/NNMREC'’s
needs, the detailed design engineer will find it a useful starting point.

Other aspects of the site design that the Detailed Design Engineer must bear in mind are:

- Requirements of local planning regulations, this may include height and external
appearance.

- Requirements for lay-down areas for any equipment necessary to condition power
from the test devices to a suitable ac output.

- Vehicular access and parking spaces including a turning circle for lorries or
articulated vehicles delivering equipment.

- Security arrangements such as fencing, gates, CCTV, external lighting and intruder
alarms

- Connections to utilities including water & drainage
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- Any other specific requirements that may be requested by OWET/NNMREC.

The choice and incorporation of these features is for the Detailed Design Engineer to
consider in response to OWET/NNMREC’s directions. EMEC believes that the above
guidelines will be sufficient to allow the Detailed Design Engineer to specify the substation
site.
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13. Grid Connection

EMEC have not been provided with details of the local grid. The design of the grid
connection is very much a matter for the Detailed Design Engineer in conjunction with the
local network operator.

One of the EMEC draft standards and guides produced in 2009 is “Guidelines for Grid
Connection of Marine Energy Conversion Systems” which will be provided as an associated
document with this report; the contents page of this document is shown in Appendix 6 Grid
Connection Standard — Contents.
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14. Grid stability
EMEC has assumed that there is no issue with Grid stability at any of OWET/NNMREC’s
proposed sites. If this is not the case the Detailed Design Engineer will need to take
appropriate action.

15. Measurement Devices

There are a number of options for the measurement of wave resource. The main types of
instruments are:

- Wave riding buoys - a heaving buoy which is slack moored to a clump weight and
connected with a rubber “Bungee” to allow free movement. The buoy contains
accelerometers that respond to movement in N-S, E-W and vertical directions or a
GPS system. On board equipment stores data and transmits it via VHF to a base
station where dedicated software “Waves@21” computes the spectral energy in the
waves. A buoy of this type is offered by Datawell bv*®. See Appendix 7 Wave
Measurement Instrument.

- Acoustic Doppler Profiler (ADP) (example, AWAC) % - this instrument, placed in a
frame on the seabed, uses high frequency sound waves to track the profile of the
surface and collects data on both wave height and direction in on-board memory.
Data is pre-processed to extend memory life. A data sheet is provided as an
associated document with this report.

- X-band radar — this uses the backscatter from ocean waves to analyse the wave
heights and direction over the area of interest. There are two main software systems:
Seadarg® offered by Nortek AS and Wamos ®11?2 offered by Oceanwaves. The
range of X-band radar is a few km from the base radar tower and the output should
be validated by a wave rider buoy or ADP.

- HF- Radar — this technology can measure ocean currents and wave height and
direction at distances up to 200km offshore. The system needs at least two base
stations and costs much more than X-band radar. Helzel Messtechnik Gmbh market
the “WERA” system,?® a commercial HF radar product.

- Secondary, Non-directional methods available include:

o Wave “staff’ is a water height measuring device®
o Wave Radar from RS Aqua Ltd®
o Pressure gauge RBR,Valeport®

19 see http://www.datawell.nl/inhoud.php?id=3

20 gee http://www.nortek.no/en/products/wave-systems/awac
2 see http://www.seadarg.com/seadarg/about-seadarg

22 gee http://www.oceanwaves.org/start.html

% gee http://mww.helzel.com

% see http://www.rsagua.co.uk/waveradar.php

% gee http://www.rsagua.co.uk/waveradar.php
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EMEC has been using the Datawell wave buoys for 10 years, the instruments can be
calibrated to meet the requirements of ISO 17025:2005 which is the international standard
for a measurement laboratory against which EMEC is accredited.

Detail of wave resource measurement may be found in the EMEC Wave resource
measurement standard?’ and the draft IEC Wave performance Measurement Standard.

% gee http://www.rsagua.co.uk/waveradar.php
27 pssessment of Wave Energy Resource, EMEC, 2009, ISBN 978-0-580-65657-6
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16. Weather Station

A suitably positioned weather station should be provided, measuring wind speed and
direction, air temperature, relative humidity, barometric pressure and dew point. The
instrument should be positioned in an open area without obstruction to the wind or sharp
changes in ground level within 200m if possible. The anemometer should be between 4 and
10m above the ground. A typical device is the “MetPak II” by Gill Instruments®® which is
illustrated below:

Wind speed and
¢ direction sensor

Radiation shield

Gortex Vent for
tric
Pressure Sensor

Temperature and
Relative humidity
sensor

Hub box

Mounting
bracket

Figure 1 MetPak Il

Figure 10 MetPak Il weather station

A datasheet for this device is provided in an associated document with this report “MetPak II
Weather Station”. The system can be mounted on a pole with a networked connection to the
communications system. Software for the system monitoring, recording and data analysis is
available from the vendor.

B see http://www.gill.co.uk/products/anemometer/metpak main.htm#weatherstation
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17. Metering of electrical power

The OWET/NNMREC Test Facility will require metering on the individual incoming power on
circuits from each test device as well as an overall meter on the outlet power from the
substation. Metering must be capable of measuring power imported to as well as power
exported from each test device, so that accurate net power production can be measured for
all devices. The design engineer should bear in mind that not only the aggregated power
produced by a test device will need to be measured, but at certain times in the testing
process the rate of power produced by the device must be constantly monitored and
recorded.

Consider the situation where, for example four devices are producing power and two are not,
but are instead importing power. Then the imported power will come from the bus-bars in the
substation and will reduce the output from the substation. It is important to ensure that the
metering arrangement allows the true power outputs of each device to be determined to
match the measurement of resource.

Although standards for performance measurement of wave and tidal devices usually state
that power output should be measured at the generator terminals of the device, this is often
impracticable, therefore losses in cables, power conditioning equipment and transformers
must be evaluated to infer the true output of the devices from the onshore measurement.
Electrical measurement is as per the EMEC Measurement Standard (see references), also
see the Appendix 13 outlining the losses in cables.

Metering at Substation Outlet ,_
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EMEC use the Elster 1700%° as the meter for each Berth and the ION 7650 transducer to
interface with the SCADA system. Figure 13 shows an incoming cable from one device with
the meter and protection relay arrangements for the outgoing supply to the grid with a tariff
meter installed which is the meter for the power purchase agreement (PPA). The auxiliary
supply to the substation is also shown at the left of the diagram. This diagram is indicative
only for the guidance of the detailed design engineer and is not a design in itself.

The SCADA (Supervisory Control and Data Acquisition) system is described in the next
Section.

Appendix 9 gives a list of the data to be supplied and recorded from the metering.

» see Appendix 9
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18. SCADA System

The SCADA system is a vital part of the Test Facility equipment. It is a computer based
system that receives, selects and stores data for reporting and analysis. All outputs of
permanently installed measurement devices need to be interfaced with this system to enable
test results to be calculated and reported properly.

Appendix 10 shows an example of the overall system architecture for both EMEC sites. The
principle of operation of SCADA is shown in Figure 12.

For remote office

connection
WWW

Dedicated communication
or internet connection

ADSL Modem

Firewall

Multi-port  switch

PLC
Server —
Interlinked by } Meters
History —— local area
Server — network (LAN)

I } Test Devices
Work Stations{ ——

(Clients) T

Figure 12 Principle of Operation of SCADA

The data sources (meters, device Instruments etc) and the servers, workstations and
controller are linked by a standard network as a LAN or extended area network and then via
the internet or some other dedicated communication link (this may be optical fibre, LoS
Microwave or similar depending on required bandwidth) to remote office or control locations.
The system must be defined to provide defined functions at locations which could include:
receipt of data in raw or processed state, storage and retrieval of data, display of data and
remote operation with access protection.

The process for definition of SCADA begins with a statement of operational functions listed
by location together with an associated operational philosophy (an example of the latter is
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the statement found in the later section titled “Operation of Facility”. This is followed up by
preparation of a Functional Design Specification (FDS)* which contains enough description
to enable the System Designer to identify suitable building blocks of hardware, firmware and
software, with the appropriate communication protocols, to fully specify the system for
purchase and assembly.

SCADA requires a careful testing programme that takes place in the factory (Factory
Acceptance Test - FAT) and then, when assembled on the site(s), the Site Acceptance Test
(SAT). Such testing includes functions of the hardware, integrity of communications and end-
to-end tests that demonstrate that input data is replicated at the workstations and in the
server databases.

The capacity of the data handling system is an issue that may affect the available modes of
communication. Ideally the internet can be used, but only if it has sufficient speed to
accommodate the data flows required. If this is not the case, other methods must be utilised,
although these may be more costly than the internet.

The man-machine interface (MMI) is an important aspect of SCADA to specify display
requirements in terms of function, colours, location and type of alarm displays, remote
operation facilities and voice and data communications.

EMEC recommends careful thought concerning the functions and accessibility to the SCADA
system and avoiding “cutting corners” in defining the requirements of the system. At times
economic considerations may call for compromise instead of building in every ideal
requirement. Most providers of these systems will be able to offer work-around solutions to
prevent excessive downgrade of requirements.

EMEC emphasises that the material in this section on SCADA is not a design as such but
offers a framework and guideline for the Detailed Engineering Designer.

* An example contents page of an FDS is also given in Appendix 10
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19. Communications Requirements

There are a number of communications systems that may be relevant to the operation of the
OWET/NNMREC Test Facility, these include:

- Routine telephony — this may be landline or mobile based and dependent on any
existing systems at the location.

- Marine Radio - Ship-to-shore/Shore-to-ship marine band radio for co-ordination of
offshore activity, including the agreed emergency channel for communications and
vice versa in event of emergency.

- Data Communications — this may be by internet, optical fibre or line-of-site
microwave communications to achieve the bandwidth required.

- SMS Messaging — To avoid full time manning of control points, the SCADA system
can be designed to provide an SMS message to a duty officer’s cell-phone or to ring
a landline to advise that an alarm situation exists.

- VHF Radio — This may be required for data transmission (e.g. from a wave-rider
buoy) or may be used as a further form of communication as a back-up to normal
systems.

- Local Hand-held Radios — These may be required for local communications during
testing and maintenance activities either on or offshore.

It is a matter of Operational Philosophy and the decision of the Detailed Design Engineer to
determine which of the above means of communication are to be incorporated into the
Facilities.

EMEC would remind OWET/NNMREC’s Design Engineer that radio communications may be
governed by local or State Government legislation and the requirements of this must be
observed to obtain appropriate licenses and permits and to meet any specific technical
standards that may be associated with the legislation.
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20. Uninterruptible Power Supply (UPS)

This supply is maintained by batteries to provide 30 -60 minutes of back-up power to
essential instruments in the event of a delayed start to the emergency generator. A suitable
vendor of these systems is Eaton PW9130% series with battery packs to give cover for 30-45
minutes downtime. A sample specification of this type of system (Eaton 9130 UPS) is
provided with the report.

Eaton 9130 UPS

1. Multilingual graphical LCD

display
2. Panel for replacing batteries
3.1 USB port + 1 sernial port

4. 1 Relay Output + 1 EPO
connector

EBM battery unit connector bt . e ® . . 2 3

6. Load segments e SH7
5 b . e l - "

7. Communication card slot .. v . . v

Figure 13 Example of UPS device

o O,

The Detailed Design Engineer should ensure that the necessary systems for SCADA,
communications and the services to the building, such as the Fire/Security system, have all
been specified so that the power consumptions can be added up and a contingency amount
(20-50%) included for future expansion of equipment. The extent of the contingency is a
matter for the detailed design engineer to determine.

*1 see http://powerquality.eaton.com/UPS/selector/SolutionEMEA.asp?SOLID=650539&ResellerIDCode=1
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21. Standby Generator

The standby generator is there to support the facilities for up to 24 hours in event of a failure
of the grid. It will maintain lighting, power to instrumentation so that monitoring and control is
not lost preventing unsafe situations arising. The generator will need to generate approx.
25kVA at 110volts (single phase) and is of the type shown in the associated document “FG
Wilson P26-1S"%,

Figure 14 A typical image of the generator type

In general, the generator should be able to support the following approximate power
requirements:

Substation lighting (1.5kW)

Substation small power (3kW)

Substation instrument supply (via transformer) (3kW)
Switchgear closing/tripping supply (3kwW)

Fire and security system (1kW)

Substation heating/cooling (8kW)

External lighting (0.5kW)

Data equipment (SCADA) (3kwW)

Generator own use (0.5kW)

The power usages given above are indicative only and should be derived by the Detailed
Design Engineer once the equipment has been selected to ensure the capacity of the
generator is adequate. The designer should also note that a three phase power supply may
be preferred for improved stability of the electrical system.

The generator should be housed in a separate enclosure from the other parts of the
substation building with direct access to external air supply. The generator should be fire-
protected by a fusible link®.

*2 See http://www.fgwilson.com/cda/files/2076241/7/P26-15%284PP%29GB%280211%29.pdf
¥ Afusible link is a taut wire device with a link that melts and severs rapidly, thereby closing the generator down and
shutting off the fuel line, in the presence of fire.
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The diesel fuel tank should be sized to contain 24 hours supply at 100% output of the
generator plus a margin of at least 25%. In the case of the machine indicated, an hourly
usage of 2 gph (US) is required, so a suitable tank should hold at least 60 US gallons of
diesel. The tank should be sited outside the substation building in a bunded area that can
contain the full contents of the tank in event of a serious leak. The supply pipe to the
generator should be in steel suitable to withstand damage by fire.

22. Closed Circuit TV

As the substation site at the test facilities will be normally unmanned, there is a need to
maintain security with fencing and the use of CCTV to show areas outside and inside the
building. It is important to include the HV switchgear area as only authorised personnel
should enter it and any visitor or non-authorised person should be accompanied.

Externally, the immediate vicinity of the building would need to be covered and
OWETNNMREC may wish to consider having controllable cameras that can view the wave
and tidal berth areas. The value of this is, that if there is any unauthorised accessing of the
sea around the devices, records of the camera views can be held on the SCADA history
server for, say, 24 hours giving time for the record to be accessed after any incident.

A data sheet for the type of camera®* that EMEC have used can be found in

* Axis M10
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Appendix 11 Axis Network Camera Series Datasheet.

23. Health and Safety Equipment

Appropriate equipment for welfare health and safety should be provided at the substation.
This should include, at least: fire extinguishers (CO, type); High Voltage rescue equipment
(including insulated personnel hook and gloves); First Aid kit; Eyewash kit; Torch with mains-
charger facility also personal protective clothing for visitors.

Signage should be erected to comply with local and State legislation and to clearly designate
areas where access to live electrical equipment is situated and to forbid interference by
unauthorised persons with any equipment, other than designated MMI's and computers.
First aid instructions including dealing with electrocution and the administration of heart
massage, with clear graphics, should be posted in the substation.

Any other local factors that may impact health and safety should be evaluated by the
Detailed Design Engineer and appropriate measures included in the design and equipment
provided to minimise any risk.

24, Health and Safety — General

Electrical Equipment operating at any voltage above that of the normal 110v power supply
should be operated and maintained only by suitably qualified and authorised personnel. The
prevailing regulations for electrical safety and working with electrical equipment must be
properly followed in design as well as in operating instructions and guides.
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Consideration should be given in the design process for such matters as the need for lone
working at the substation site. Risk assessments should be carried out and recorded and
appropriate facilities provided as well as a specific operating instruction for lone working.

Personnel working with the substation equipment should be properly trained and qualified to
do the tasks they are called upon to perform.

Safe systems for electrical work must be implemented fulfilling both national/local regulations
and that are in line with international standards. These should include supervision by an
Authorised Person who is qualified in handling and operating high voltage systems and the
control of the work of subcontractors and access of visitors to the site. This should include
systems for locking off electrical circuits to be worked on and permits to work for non-
electrical works as well as other Electrical safety rules that are advised by the Detailed
Design Engineer.

Some other aspects of health & safety (H&S) are covered in the following section on
Operating Philosophy.

25. Operation of the Facility

This section consists of a high-level operating philosophy for the test site inclusive of the
offshore test berths, cables and electrical equipment, buildings and services.

GENERAL
The Test Facility will provide four offshore test positions as described in Appendix 1.

Each of these test positions will be connected to the substation and have appropriate
communications links back to the substation and the offices or control point of the Users. It
is envisaged that the Users of the Facility will provide their own cable system for connection
onto the Test Facility cables. The connection arrangement will be provided by the User as
agreed with the Facility Operator (Operator) and the end of the Facility cables will be the
division point between Operator and User. Activities around each berth location will be
coordinated by the Operator.

The communications link from the shore base to the device under test will be via an optical
fibre, which will be laid up as part of the cable. Alternates of VHF or line-of-sight microwave
may be investigated as necessary.

ONSHORE

Onshore Substation

The test positions will each be fed from a circuit breaker which will be connected to a
common busbar at 6.6kV. Each circuit breaker will be fitted with its own metering and
protection system giving each test device a generating load up to 1MW at 0.95 power factor.
It is envisaged that the test units will have power conditioning either on board or at the
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substation lay-down area. Pilot wire tripping may be required from the offshore device to the
onshore switchgear, as some devices may not have circuit breakers on board. The
protection system and the circuits feeding the test devices will consist of a digital over-
current / earth fault relays. Also fitted to each circuit breaker will be a multifunction metering
unit able to meter imported and exported power and fitted with a communications port to link
to SCADA.

The incoming circuit breaker would also be fitted with a digital protection relay and such
other conditioning that may be needed for embedded generation, these would be arranged
to trip the test device circuit breakers. The overall substation metering would be undertaken
from the incoming circuit breaker. The operation and ownership of the incoming circuit
breaker may be with the substation or the local network operator.

The substation building may also house a standby generator (if required) to maintain power
to the Facility in event of grid failure. The generator will be sized to power the services
within the substation building. A UPS will support the communications and essential
instrumentation system during a changeover for up to 30 minutes.

Background Monitoring

The sea conditions will be continuously monitored using a wave rider buoy situated near the
test device berths. Each will relay by VHF radio to the Data Centre wave height, period and
direction. Current strength and direction may also be monitored. The weather station located
onshore will measure wind speed, direction, barometric pressure, temperature & humidity.

Support to Operations

The safety operation of the Facility is a critical for all personnel involved in the use of the
Facility. It is therefore of paramount importance that the Operator is able to ensure the safe
connection onto test devices and safe operation of the facilities provided. Further, the
Operator should ensure that any structures to be placed in the sea are fit for purpose.

The Operator will initially need to be satisfied that any new device proposed for test is safe to
connect onto the cabling. This will probably be by means of a submission of a third party
design review of the electrical systems. For the offshore devices, an independent review of
the structure of the test device will also be needed to minimize the chance of failure of a
device structure that the User is unable to rectify. Such reviews may also be required to
ensure compliance with the local or National Regulations.

EMEC recommends that a permit system is established for Users to access the cable end
and enter the sea area around the Facility with construction vessels or workboats. Prior to
the start of installation on site, a review of the essential safety requirements and method for
the work should be carried out with the user. This would normally include a Hazard
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Identification and Risk Assessment (HIRA), from review of the methods and procedures, the
Facility Operator can gain assurance that a safe system of work is to be implemented.

When the electrical connection is to be made, the Facility will test the cable to demonstrate
its fitness and then will issue a certificate showing that the electrical supply to that cable is
isolated. A permit to work can then be given to the User who will carry out the connection
and retest the cable, the isolation certificate may then be signed off once the final
connections were made and the Operator and the User are satisfied of the safety of the
connection and system on board the test device before it is re-energised.

All operation of the equipment within the substation would be the responsibility of the
Operator, Developers will not be allowed to operate the HV switchgear. Rights of access to
the switchgear room will be limited to the Operator. Inspection of the facilities by the User
may be carried out with the Operator’s Authorised Person present throughout.

It is envisaged that the communications system between the devices and the data centre will
be a straight- through optical fibres with VHF radio as back-up. Therefore the input from the
Operator for this section of the communications centre will be limited to ensuring that the
system is correctly routed through from the test device cables to the SCADA.

The operation of the permanent data collection devices, such as the wave rider buoy,
Meteorological station and metering will be the responsibility of the Operator. These data
will be available to the Users at the Facility and relayed to the User’s via the internet and will
also be archived for an indefinite period.

Personnel Requirements

The Operator will supply personnel with training and authorisation to allow the safe operation
of the switchgear. This will include the capability to issue Isolation Certificates and Permits to
Work.

Independent safety validation will be undertaken by a suitably qualified external authority
such as a certification authority or appropriate consultant.

The operation of the data network will be by the Operator who will contract for maintenance
of the systems by an appropriate IT specialist or employ an in-house specialist.

Maintenance of the Waverider Buoys, Met Station and Video System will be let to the
equipment suppliers or suitably qualified local companies.

The Operator will be responsible for continuous monitoring of the facility including offshore
and onshore equipment. The SCADA system can assist with this if it is necessary to avoid
manning a control centre 24/7. The SCADA can be engineered to send SMS messages in
event of alarms being received. A system of duty officers, who carry the cell phone on a rota
basis, can assess any alarm calls and take action in accordance with the operating
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procedures. The detailed design engineer will need to assist the Operator's personnel to
develop the procedures, which should cover routine and emergency situations. This is an
area that EMEC may also be able to assist with in future. Appendix 10 contains a sample
alarm list for a similar (but not identical) facility that can be used to assist the Detailed
Design Engineer and Operator to draw up the required operating instructions and design the
matching system within the SCADA.

Maintenance Facilities

The Operator may provide small workshop facilities the repair / modification of electronic and
small equipment by the Users. This may form part of the facilities available to the Users.
OFFSHORE

The safety of the offshore facilities will be monitored by the Operator from the aspect of
integrity of navigation aids and station keeping of devices. Users will be required to include
appropriate systems in their devices to allow monitoring of station keeping of moored
devices. The following items are identified as the interfaces that should be maintained
between Users and the Operator for the range of offshore activity that takes place.

Installation

This will be the Developer’s responsibility, however the Centre Operator retains the right to
review the proposed procedure to ensure the Centre is safeguarded. The installation
warranty surveyor’s report and advice should be lodged with the Centre and communication
arrangements set up for the installation activity itself.

Mooring

The type of mooring varies between devices. The Operator does not provide the mooring
and electrical riser. The means of attachment and any special requirement such as a “break
free” weak link for floating devices (to avoid damage to the subsea cables) must be agreed
between the Developer and the Centre. Moorings should be supplied and installed by
competent suppliers and contractors who co-operate with the Centre in notifying entry and
exit from the designated Centre area(s) and advising promptly of any potentially dangerous
or damaging events. Moorings should be certified or verified appropriately and the Operator
supplied with relevant reports on these aspects.

Marine Facilities and Maintenance

These are the User’s responsibility and they should make maximum use of local companies,
providing they can offer the skills and capability required. A system of notification for routine
and unscheduled maintenance activity will be agreed between the Operator and each User.

The onus is on Users and their sub-contractors to maintain high standards of health safety
and environmental management at all times. Users should permit the Operator to review and
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hold copies of their Health Safety & Environmental procedures and Emergency Procedures
so that the Operator can play any necessary role in the event of an incident or accident.
Similarly the Operator should ensure that all necessary documentation, including Emergency
Procedures, is provided to Users.
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26. Suggestions for Further Work
EMEC has a number of recommendations for further work in follow up to this report. The
suggested work items are:

Review of selected key documents produced in the conceptual and detailed engineering
activity for the facility. This might include, but not be limited to: Cable routing and cable
lengths Report; Cable Technical Specification; Single Line Diagram for the Substation;
Substation Building and Lay-down Area Layouts; Instrumentation Specifications and the
Environmental Statement or Environmental Impact Assessment (EIA).

Specific review of Functional Description document for SCADA system to ensure the
functionality meets OWET/NNMREC requirements in addition to good practice.

Writing a Management System for Health & Safety, Environmental and Quality Management.
This would include the high level manual describing the policies and arrangements to
implement them, also the procedures for operating the facility, and the standard record forms
that are required for device testing, routine operations; offshore operations; maintenance
system and health, safety and environmental management.

Preparation of a Permit-to-Work system and a Permit-to-Access Offshore Sites system,
including overall rules, format of permits and checklists of matters that must be attended to
in order to issue permits.

Review of Resource Assessment and Survey progress including relevant reports and
method statements.

Review of overall plans for the test facility including schedules.

Provision of support personnel for critical parts of site testing of facilities, early deployment
and testing of wave and tidal devices.
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Appendices

Appendix 1 - Conceptual Cable Layout (not to scale)

The sketch below shows a conceptual scheme for the Test Facility layout which consists of
four wave berths. The notional cable lengths are shown for two possible sites and the exact

lengths will be subject to detailed design. The distances comply with those indicated by
OWET/NNMREC.

It is proposed to use a common cable type for all test berth connections. A typical cable
specification is supplied (for guidance of the Detailed Design Engineer) as an appendix of
this report.

PMEC OREGON OFFSHORE WAVE SITE LAYOUT -

SCALE: berth circle 500 yards diamter /,.\

® cCardinal point buoy
OPTION 1 - 4 Cables

Cable position not finalised

Waveridin,g(Buoy

N ./ 6Nmiles to Newport
Waveriding Buoy ’

50m Water Depth

Note that options to be examined include: individual cables to each berth site; two double
cables each splitting into two close to the berth sites; one single larger cable with a passive
subsea hub to split into four cables closer to the berth sites. The ROM costs of these options
have been estimated in a separate cost report.
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Appendix 2 - Cable Design Information

The essential principles of cable sizing are summarised in an associated document
“Principles of Cable Sizing” from the “CableSizer” website http://www.cablesizer.com/ .
These may be used for general guidance by the Detailed Design Engineer, who should
follow the appropriate IEC standards or equivalent for the actual detailed design.
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Heatshrink Joints

Information provided below is from one typical vendor of these joints. It should be noted that
EMEC does not recommend this vendor above any other and the Detailed Design Engineer
should evaluate the most suitable products as part of the design process. Care must be
taken to ensure that the joints are suitable for subsea service at the required water depths.
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CABLE JOINTS, CAELE TERMIMATIONS, CAELE GLAMDS, CABLE CLEATS
FEEDER PILLARS, FUSE LINKS, ARC FLASH, CABLE ROLLERS, CUT-OUTS

11N 33KV CABLE JOINTS & CABLE TERMIMATIONS
FURSE EARTHING
W canlejoints co.uk
Thorns and Derrick UK
Tel 0044 191 490 1547 Fax 0044 199 477 5371
Tel 0044 117 O77 4547 Fax 0044 117 0775562

Heatshrink Joints to suit Low Voltage
Cables type Xlpe/Swa/Pvc 0.6/3.3kV

Meets the jointing requirements of

BS 6910 part 1

Unlimited shelf life

Slim profile

Allows for immediate backfill

No messy toxic resins involved

Non armoured, lead sheathed and Zero
Halogen cable joints are also

available on request

= Independent test reports available

Shrink Polymer Systems type SPA heatshrink joint Kits are intended for use with Pvc and xipe cables for
voltages up to 3.3kV.

The system comprises of adhesive lined connector insulation tubes, Heavy duty armour cage (copper
mesh on the smallest joints), ammour support rings, armour clamps and an outer thick wall adhesive lined
heatshrink tube.

The single core joints contain a heavy duty Aluminium cage if the cable has aluminium wire armours.

Many thousands of joints are installed worldwide including critical locations such as ministry of defence,
department of transport and subsea offshore sites.

HEATSHRINK JOINTS TO SUIT SINGLE CORE XLPE/AWAIPVC

PART CABLE
NUMBER RANGE VOLTAGE
SPA 50-95-1 50-95mm’ 0.6/3.3kY
SPA 120-185-1 120-185mm° 0.6/3.3kY
SPA 240-300-1 240-300mnm° 0.6/3.3kY
SPA 400-530-1 ADD-E30mnT 0.6/3.3kV

HEATSHRINK JOINTS TO SUIT XLPE/SWAPVC

PART CABLE VOLTAGE
NUMBER RANGE
SPA 1525 1.5 - 2.5mnt £00/1000V
SPA 4-6- 4 Bt 600/1000V
SPA 10-16- 10 - 16mn? 600/ 1000V
SPA 25-50- 25 - S0mn? 0.6/3.3KV
SPA T0-95- 70 - 95mm 0.6/3.3KY
SPA 120-185- 120 - 185mny’ 0.6/3.3kV
SPA 240-300- 240 - 300mm? 0.6/3.3KV

To denote number of cores, add number to end of
reference. Example: 12 core 2.5mm* = SPA 1.5-2.5-12
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Appendix 3 Guide to Thermal De-rating of Cable Currents

ELECTRIC POWER CABLES - WHATEVER HAPPENED TO THE FACTOR OF SAFETY?
By R. (Dick) Hardie Pr Eng, Technical Marketing Manager, Aberdare Cables (Pty) Ltd

INTRODUCTION

Good engineering design has always incorporated factors of safety. For mechanical design,
the maximum design load would typically range from 25% of the ultimate tensile strength
(U.T.S.) of the material, up to perhaps 70% of the U.T.S. In civil engineering, the Factors of
Safety are sometimes even more conservative, for example in the design of concrete
structures. A similar philosophy is required when selecting electrical components and
equipment in order to design reliably, thus preventing overheating and eventual failure. In so
doing, reliable engineering design implies that the equipment will never be called upon to
perform beyond its rated capacity.

CURRENT CARRYING CAPACITY OF ELECTRIC CABLE

The ACTUAL current rating of an electric cable is based on the thermal environment in
which the cable is installed. In particular, the ambient temperature, depth of burial in the
ground, presence and spacing in relation to other cables or other heat sources, and type of
soil will have a profound effect on the actual current rating of an electric cable. After the
application of applicable derating factors (see tables below) the cable’s actual current rating
will usually be lower than the standard (un-derated) value quoted by manufacturer’s
brochures.

To assist in determining the rated capacity of motors, transformers and cables, there are a
number of formulae, charts and tables available from the equipment manufacturer. These
allow compensation for factors which may enhance or detract from the rated capacity of the
equipment. In the case of electric cables, manufacturers quote and publish tables of current
ratings which are based on standard conditions of installation, not taking any of the derating
factors, mentioned above, into account (ie: un-derated; based on standard conditions of
installation).

STANDARD CONDITIONS

PVC XLPE
Maximum sustained conductor temperature 70° 90°
Ground temperature 25° 25°
Ambient air temperature (free Air shaded) 30° 30°
Ground thermal resistivity 1,2KmW 1,2 KmWwW

Depth of laying to top of cable or duct (Low Voltage Cable) 500mm 500mm

Table 1 Parameters for standard current rating (as published by manufacturer) for low
voltage cable
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DERATING FACTORS FOR NON STANDARD CONDITIONS FOR LOW VOLTAGE
CABLE(applicable to multi-core cable up to 300mm?)

Depth of laying(mm) Direct in ground In single way ducts

500 800 1000 1250 1500 2000 1,000,970,950,940,930,92 1,000,970,960,950,940,93

Table 2 Derating factors for depth of laying

Thermal Resistivity(K.m/W) Direct in ground In single way ducts

1,01,21,52,02,5 1,081,000,930,830,78 1,041,000,960,880,87

Table 3 Derating factors for ground thermal resistivity

No of Direct in ground In Single way ducts

cables

in Axial spacing (mm) Axial spacing (mm)

group  Touching 150 300 450 600 Touching 300 450 600
2 0.81 0.87 0.91 093 094 0.90 093 095 0.96
3 0.70 078 084 087 090 0.82 0.87 090 0.93
4 0.63 0.74 081 086 089 0.78 085 089 0.91
5 0.59 0.70 0.78 083 087 0.75 0.82 087 0.90
6 0.55 0.67 0.76 082 086 0.72 081 086 0.90

Table 4 Derating factors for grouping of cables in horizontal formation, at standard
depths of laying and in standard soil conditions

Maximum Ground Temperatures (°C)
Conductor
Temperature
(°C)
25 30 35 40 45 50
70 (PVC) 1.00 0.95 0.90 0.85 0.80 0.70

90 (XLPE) 1.00 0.96 0.92 0.88 0.82 0.76

Table 5 Derating factors for ground temperature
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Maximum Air Temperatures (°C)

Conductor

Temperature

(°C) 30 35 40 45
70 (PVC) 1.00 0.94 0.87 0.79
90 (XLPE) 1.00 0.95 0.89 0.84

Table 6 Derating factors for air temperature

No. of cables 1 > 3 6 9
Condition DERATING FACTOR
Cable touching 1 0.9 0.84 0.80 0.75
*
Clearance D between1 0.95 0.9 0.88 b 85
cables
Table 7 Derating factors for grouping of multicore cable installed horizontally in the
air

D* is the overall diameter of one cable

Note:

Cables may be grouped in air without derating, provided that the cables are installed on
ladders, and that:-

(a) For horizontal formationThe clearance is greater than 6 x D (or 150mm, whichever is
the least) for multi core cables, and 2 x D or 150mm for single core cables.

(b) For vertical formation

() The clearance from a vertical wall is greater than 20mm, and

(ii) The vertical clearance between cables is greater than 150mm.

(c) If the number of cables > 4, they are installed in the horizontal plane.

Correction Factor

Cross-sectional area ofConductormm? Solar Radiation
1000 W/m?(Coastal) 1250 W/m2(Highveld)

1,5-1016-3550 - 95 120 - 400 240 - 400 | 0,700,680,650,620,59 | 0,620,570,530,490,44

Table 8 Derating factors for exposure to solar radiation

Note:
The correction factor applicable to cables exposed to direct solar radiation (ie: exposed to
sun) is an extremely important derating factor which is often overlooked.

AN EXAMPLE

Assume that we need to select a Low Voltage PVC insulated electric cable to be installed
1250mm below ground, the cable will be together with 3 other similar cables in the trench,
the soil thermal resistivity has been measured, and the sand was found to have a thermal
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resistivity of 2,5 K.m/W. The slope of the land is north facing, as a result the soil temperature
can reach a temperature of 35°C on hot summer days.

Calculating the overall derating factor

Depth of burial: Table 2.1 yields a derating factor of 0.94

Group derating for 4 cables touching: Table 2.3 yield a derating factor of 0.63
Ground thermal resistances: Table 2.2 yields a derating factor of 0.78
Ground temperature: Table 2.4 yields a derating factor of 0.9

The overall derating factor is 0,94 x 0,63 x 0,78 x 0,9 = 0,41

Now apply this factor to the standard current rating tables as published by electric cable
manufacturers.

It soon becomes apparent, that a cable with a current rating under “standard” conditions of
say 100 Amps, would only have a current rating of 41 Amps under the conditions listed
above.In other words, such a cable will be fully loaded when carrying only 41 Amps.

NOTE: This article is a simplified approach to thermal de-rating of current carrying capacity
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Appendix 4 — Substation Sketch Plan
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Appendix 5 - Substation Single Line Diagram (Example)
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Guidelines for Grid Connection of Marine Energy Conversion Systems
The European Marine Energy Centre Ltd 2009, ISBN 978-0-580-65030-7

Introduction

1 Scope

2 Normative references

3 Terms and definitions

4 Electrical parameters

4.1 General

4.2 Frequency

4.3 Voltage range

4.4 Power factor and voltage control
4.5 Power quality

5 Protection

5.1 General

5.2 Protection at the point of connection
5.3 Electrical infrastructure protection
6 Electrical islanding

7 Earthing

7.1 General

7.2 Electrical infrastructure onshore
7.3 Electrical infrastructure offshore
7.4 Marine generators

8 Electromagnetic compatibility

9 Commissioning and Information
9.1 Commissioning

9.2 Information

10 Operation

Bibliography 16
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Appendix 7 Wave Measurement Instrument

Datawell Directional Waverider MK Il

Wave motion sensor based on a stabilised
platform, accelerometers, and magnetic
compass

e measures wave height for wave
periods of 1.6 to 30 seconds, accuracy
0.5 % of measured value

e measures wave direction
e measures water temperature

e GPS for buoy monitoring and tracking
through HF link

¢ internal logger
e LED flash antenna

e 0.9 m (0.7 m) diameter spherical hull of
AlSI 316

e optional Cunifer hull, warranted not to
corrode

o 3 years (1 year) battery life

e HF transmitter range 50 km over sea

optional Argos module for ocean wide
coverage and unlimited range

optional Orbcomm module (incl. GPS module)
for two-way communication with buoy,
independent of global position

optional Iridium module for ocean wide two-
way communication, full spectra every 30
minutes

optional GSM module for data transmission via
the GSM network

optional Solar Panel system.

optional hull painting
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W@ves21 software

The data acquisition and processing software -
w@ves?21 - is available now. New features are:

¢ new file formats available for reading the
new data logger and Argos data;

e adding a location ID to the file names;

e right-click a chart to save, print or copy to
clipboard;

e acquisition progress indication;
e automatic restart in last mode.

Please contact Datawell if you would like to
purchase the w@ves21 v2.1 software or if you
want to try the demo version.

W@ves21 is available for download at the
Datawell bv website
(http://www.datawell.nl/inhoud.php?id=11 )
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Appendix 8 Tidal Measurement Instruments

The following extract from the Teledyne RD Instruments website serves as an introduction to the
Acoustic Doppler Current Profiler (ADCP). A datasheet is contained in the associated documents
folder.

Sentinel ADCP

The self-contained Sentinel is Teledyne RD Instruments’ most popular and versatile Acoustic Doppler
Current Profiler (ADCP) configuration, boasting thousands of units in operation in over 50 countries
around the world.

By providing profiling ranges from 1 to 165m, the high-frequency Sentinel ADCP is ideally suited for a
wide variety of applications. The Sentinel also offers unbeatable precision, with unmatched low power
consumption, allowing you to collect more data over an extended period.

The lightweight and adaptable Sentinel is easily deployed on buoys, boats, or mounted on the seafloor.
Real-time data can be transmitted to shore via a cable link or acoustic modem, or data can be stored
internally for short or long-term deployments. The Sentinel is easily upgraded to include pressure,
bottom tracking, and/or directional wave measurement—for the ultimate data collection solution.

Nortek AS also sell current profilers as this extract from the website shows:

Aquadopp Profiler (datasheet in the associated document folder)

Small and easy-to-use, this current profiler has become a favorite for use in estuaries and shallow
coastal water. With the introduction of the new "mid-life" electronics in 2008, it has become shorter
by 10 cm, the profiling range has increased, and the power consumption has come down even
further.

When the Aquadopp Profiler was introduced in 2000 it represented a
completely new generation of current profilers, and even today it remains a
cutting edge current profiler. At 2.4 kg, you can carry 2 under each arm,
you can deploy it with ease, and you can mount it in places you never
dreamed of. The Aquadopp Profiler provides high quality accurate and
unbiased data, and it has the classical advantages of acoustic Doppler
systems including insensitivity to biofouling and no moving or protruding
parts.

The Aquadopp Profiler is an inexpensive tool for shallow water
measurements on time scales larger than 1 second. It gives you speed and
direction in up to 128 different layers of the water column. The system electronics integrates
Doppler velocity with temperature, pressure, tilt, and compass information — all standard with each
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instrument. The system also has built-in solid state recorder and batteries. State-of-the-art power
management and miniaturized electronics combine in a compact single-canister design that is
suitable for real-time operation or self-contained deployments.

PMEC Concept Report REP390 0110 20130320
© EMEC 2013 61
Commercial in Confidence



EMEC......

The European Marine Energy Centre Ltd

Appendix 9 Metering Information

Metering Data

The System halds the Tollowing matering dala:

Logging
o Description Intersal
1. Phass Vollsge WAB 1 min
. Fhass Vollage VBT 1 min
3 Phass Vollage WCA 1 min
4. Phass Curenl L& 1 min
o Phass Curent 1B 1 min
[ 8 Fhase Curent 11T 1 min
T. Freguency 1 min
B A Priass Raal Power 1 min
B B Phass Real Power 1 min
i0. C Phass Resal Pawer 1 min
11. A Priass Reaaciive Power 1 min
12. B Priass Raaciive Power 1 min
13. C Phass Reaclve Power 1 min
14, A Priass Apparent Powsesr 1 min
15. B Priass Apparent Powesr 1 min
1. C Fhass Apparent Fower 1 min
i7. Total Cumulalive iImpon Real Powsr Consumplion (kK¥ing 1 min
fa. Total Cumulalive Exporl Real Power Consumplion (E¥WHi 1 min
18. Total Cumulalive Impon Reactive Power Consurmgtion (kWh) 1 min
20, Total Cumulalive Export Reactve Powsr Corsumpiion (K¥Wh) 1 min
1. Import Real Power (Max Demand SLE} 1 min
22, Export Real Power (Max Demand ELR) 1 min
23, Lagging Reaclive Power (Max Cemand SLR) 1 min
24, Leading Reaclive Power (Max Cemand SLR) 1 min
23, Pasitive Apparent Power (Max Demand SLR) 1 min
Fi= N Megatve Apparsn Power (Max Deamand SLRJ 1 min
7. & (Max Demand SLR) 1 min
an. I8 (Max Demand SLRY 1 min
Fa- IS {Max Deamand SLR) 1 min

The data above is typical of the data that should be recorded and stored for measurement

purposes.
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Elster Meter Information
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A1700

Direct Connected or
CT Metering

A1700 Features

Acourocy Class 0.2s or 0.55 for CT operation and Class 1 or
Closs 2 for drect connected, CT or CT/VT operation
EC Directive 2004/22/EC (WD Class A, Bor C

Direct connected, CT or CT/VT operated
Comprehensive sanff struchuee

2 ine, mubiingual dot matrx disploy

nsiontanecus nstrumentation volues
nstrumentation monfionng

rutrumentation profing

Extensive load prodle data

2 module slots for exsended functionaly

Veltoge imbalonce defection

Temperature compensation 1o maintain RTC accurocy
during power cutoges

Summation of 3 nput values

3 co-incident demand volues

2 kVA registers

High security design

Communication modules [RS232 or RS483)
Communications media [PSTN, GSM, Ethernet, PAXNET)
Dalo sreom mode commanications
Transformer loss compensation

Short terminal cover

Desplay backight

Reploceable RTC backup bamery

Reod without power

Audbory o c. supply

EMEC

®

b oo
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The A1700 offers cutstanding measurement and complex

tartff copabiities for use In both indusinial and commercial
dred connecied, CT and CT/VT operated applcatons. The
meder con operale os a stond olone unitor aspartof a

comprehensive mefering system

The A1700 fectures indude a fully progrommable customer
defined desploy and on optical port for local
communications. Two slots ore provided for the addition of
an nput jor outpuy ond a communications module. Lood
profile dota can be stored for up Yo 900 days Ason
abernative the meter can stare 430 doys of lood proble
and 370 days of Insrumersaton profile dato Dalo syeam
mode communicotions alows up 1o 0 doys of 30 minuee
profile data 1o be collected in less $han 30 seconds

Communications modules can be RS232 or #5483

A ronge of communicotions medio PSTN, G5M, Ethemes,
PAKNET) plug into @ module direcly under the meter
ferminal cover

An optional input module provides the ideal salution for
mult-utilty mefering. As an aliernotive, o module with four
outputs can be provided 1o ncrease the number of cutputs
© egh

A module with bamery can be provided 10 read meter dosa
when power has been removed from the meter

Windows ™ Fower Master Unir software progroms or
reads the meter dato

The meter con be suppled 1o meest occurocy Closs 025 or
0.3s for CT operoon ond Closs 1 or Closs 2 foe drect
connecied, CT or CT/VT operotion.

EC Directive 2004/22/EC WIDf: Class A Bor C
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kwh sosal imporvexport Locat EC 02050-21 flormerly EC 01107)
kvorh 01, 02, Q3. Q4 Remofe: nserchangeable modules R5232, RS483 or
kviah 2 cakculated values| customer specficy
3 customer delned regisiers -
summation of up 1o 3 volues Media ; GSM, PSTN, Bfhemet, PAKNET
4 inputs for external meters i ftted)
Case
Tariff Struchure Sealed fijp-up Sd
32 Time of use regtsiers ¢  Conceals utity/reset pushbution
8 Maximemn demand registers (block or skdngy *  Prowdes for customers own infoemaion %o be
3 Co-incidert demands securely added 1o the nameplate
2 Sliding demonds o Allows visuol idernficoson of modules fited
12 Seasons Optians
24  Seazon chongeover dotes . ANSI port
ooyt e 9.3 me erminal block
The obove may vary according to femwore version Technical Data
Frogramenable dederred 1onff ond disploy T
Dato Storage
Frogrammable infegration pericd
Load peofie storoge or Insyumeniation guantity
Demand & instrumentasion infegration periods independenty
Gefined

Mmbuofdspbmdm:lommiod Id'tmrd

Up 10 36 sets of hissoricdl data. Fully customer defined,
mulsingual

Input/Output

Four input module - End of bifing, end of Inmegronen pertod,
Inputs from esserncl meters

Four oufput relay modie - Rexonsmit pulses from energy
registers, customer defined registers or any Sme-of -use register
Option of three sclid-siate refoys and one 34 relay or four sold-
state reloys

Eister Metering Systems
Toligate Business Pork,
Poton Drive
Thr o — 8 — o —— -

Beocoraide
Sioflord, Stoffordshiss, ST10 36F = msentte Sestly o sy S + e s e womd Sutee
Unted Kingdom

Tel 444 4 1783 279200
Fae 544 )0 1783 273300
www elslermeterng com

AIT00 CT & OC 30 012009
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Appendix 10 SCADA System Details (Example)
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Typical Contents for a SCADA Functional Design Specification (FDS)
SECTION 1

Introduction

1.1 Project Background

1.2 Purpose of Document
1.3 Structure of Document
1.4 Glossary of Terms

1.5 References

SECTION 2

System Architecture

2.1 Overview

2.2 Data Gathering and Transmission System, Location A
2.3 Area Supervision System, Location B
2.4 Hardware

2.5 Archiving

SECTION 3

System Interfaces

3.1 Tidal Stream Devices
3.2 Tidal Flow Data

3.3 Tidal Power Quality Data
3.4 Wave Devices

3.5 Wave Data

3.6 Wind Devices

3.7 Wind Data

3.8 Solar Devices

3.9 Solar Data

3.10 Metering

3.11 Switchgear Controls, Status and Alarms
3.12 Alarming

SECTION 4

SCADA Application software
4.1 Introduction

4.2 Design Objectives

4.3 Design Standards and Policies
4.4 Displays

4.5 Historical Data

4.6 Reporting

SECTION 5

Testing Considerations

5.1 Pre FAT and FAT

5.2 SAT

5.3 Commissioning
Appendix A

System Architecture
Appendix B

PLC Inputs and Outputs
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Appendix C
Metering Data
Appendix D
Alarm List
Operational Information
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Alarm List

The system maintains the following alarms:

Category
Alarm Description A | B | C| Maintenance Action Text
Switchboard G59 Initiate 4 hour call-out + manual
v reference
Incomer Overcurrent/Earth Fault Trip Initiate 4 hour call-out + manual
v reference
Incomer Trip Circuit Supervision Fault in control system circuit initiate 8
> hour call out or check in new working
day + manual reference
Incomer Loss of closing voltage v Initiate & hour call-out + manual
reference
Incomer 80% rating exceeded v Initiate & hour call-out + manual
reference
Device A CB Overcurrent/Earth Fault | ¥ Initiate 4 hour call-out + manual
Trip reference
Device A CB On-board trip v Call Developer - await response +
manual reference
Device A CB Trip Circuit Supervision Fault in control system circuit initiate 8
> hour call out or check in new working
day + manual reference
Device A CB Loss of closing voltage o Initiate & hour call-out + manual
reference
Device A CB 80% rating exceeded v Initiate & hour call-out + manual
reference
Device B CB Overcurrent/Earth Fault | ¥ Initiate 4 hour call-out + manual
Trip reference
Device B CB On-board trip v Call Developer - await response +
manual reference
Device B CB Trp Circuit Supervision ¥ Fault in control system circuit initiate 8
hour call out or check in new working
day + manual reference
Device B CB Loss of closing voltage o Initiate & hour call-out + manual
reference
Device B CB 80% rating exceeded > Initiate & hour call-out + manual
reference
Device C CB Overcurrent/Earth Fault | ¥ Initiate 4 hour call-out + manual
Trip reference
Device C CB On-board trip v Call Developer - await response +
manual reference
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Category

Alarm Description A | B | C | Maintenance Action Text

Device C CB Trip Circuit Supervision v Fault in control system circuit initiate 8
hour call out or check in new working
day + manual reference

Device C CB Loss of closing voltage v Initiate & hour call-out + manual
reference

Device C CB 80% rating exceeded o Initiate & hour call-out + manual
reference

Device D CB Overcurrent/Earth Fault | ¥ Initiate 4 hour call-out + manual

Trip reference

Device D CB On-board trip v Call Developer - await response +
manual reference

Device D CB Trip Circuit Supervision v Fault in control system circuit initiate 8
hour call out or check in new working
day + manual reference

Device D CB Loss of closing voltage ‘" Initiate & hour call-out + manual
reference

Device D CB 80% rating exceeded d Initiate & hour call-out + manual
reference

Option - Device E CB v Initiate 4 hour call-out + manual

Overcurrent/Earth Fault Trip reference

Option - Device E CB On-board | v Call Developer - await response +

trip manual reference

Option - Device E CB Trip Circuit i Fault in control system circuit initiate

Supervision 8 hour call out or check in new
working day + manual reference

Option - Device E CB Loss of v Initiate 8 hour call-out + manual

closing voltage reference

Option - Device E CB B0% rating v Initiate 8 hour call-out + manual

exceeded reference

Substation Alarms

Substation Aux. Supply Failure ¥ If stand-by Generator off, initiate & hour
call out + manual reference

Diesel Generator Alarm ¥ Initiate 4 hour call-out + manual
reference

UPS Fault v Initiate & hour call-out + manual
reference

Diesel Room Extract Fan Failure ¥ Initiate 4 hour call-out + manual
reference

Switchgear Trip/Close Supply Fault v Initiate & hour call-out + manual
reference

Substation Security ¥
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Category

Alarm Description Al B | C| Maintenance Action Text

Mizcellaneous

Developer A communications failure ¥ Initiate & hour call-out, advise Developer
+ manual reference

Developer B communications failure ¥ Initiate & hour call-out, advise Developer
+ manual reference

Developer C communications failure « Initiate & hour call-out, advise Developer
+ manual reference

Developer D communications failure ¥ Initiate & hour call-out, advise Developer
+ manual reference

Option - Developer E ¥ Initiate 8 hour call-out, advise

communications failure Developer + manual reference

The alarm list reproduced above is for a scheme with 4 test berths, with an option to expand to a
fifth. The table lists the typical alarms that a Facility Operator may wish to see and categorises
them into three groups A, B and C which are of decreasing urgency and importance. Also
identified are the actions that would be required if each alarm was received at any time of day or
night.

The alarm list will form the basis of detailed instructions to any Duty Manager who may be
responsible for the Facility operation outside of working hours. The Operator would draw up
instructions to personnel with responsibility for staffing the round-the-clock rota to guide them in
taking essential actions and decisions.

Note that this alarm list is indicative only, it is not a design for an alarm system but it does provide
broad guidance to the Detailed Design Engineer who will carry out the design work.
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Appendix 11 Axis Network Camera Series Datasheet

AXIS a

COMMUNICATIONS

Smallest and smartest network cameras from the market leader.

AXIS M10 Series offers small and smart cameras, ideal for securing locations such as smal

businesses, boutiques, restaurants, hotefs or residences. These intuitive and dependable cameras g

offer best-in-class image quality and professional monitoring capabilities.

AXIS M10 Network Cameras with their functicoal and

smart design offer a high quality yet affordable video
survedlance solution. Using progressive scan technology

VGA

the cameras provide VGA or HDTV (AXIS M1054) images

of moveng objects without motion blar

Muitiple H 264 and Motion JPEG streams can be provided
simuRtaneously, indmdually optmized for different quai-
and bandwidth AXIS NN,
AXIS M1071-W and AXIS M1031-W additionally support

ty needs

constrants

MPEG-4 Part 2 for backward compatindity
AXIS M0 Seres is designed for easy and fiexible
imstallation. AXIS M1011-W and AXIS M3031-W offer the
choice of either a2 wireless or a wired connection to the

network, and M1054 can be powered either over

Ethernet or by power supply
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llumnating the scene at an event

one input and one

AXIS M1031-W anx
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support with built-;m microphone and speaker, allowing
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Appendix 12 Eaton UPS

Eaton 9130 UPS

700 - 6000 VA

Multilingual LCD

Ach dp protection for:

* [T and networking environments

* Servers, networking gear

* Telecommunications, VolF, security systems .
* Medical systems

* Diagnostics and medical screening
* Patient record archives

* Manufacturing systems

* Chip fabrication

* Pharmaceutical production

¢ Chemical processing

E-T°N

Poweering Business Worldwide
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Double conversion UPS

Highest power performance

Double conversion tepolegy. The 9130 constantly monitors
power conditions and regulates voltage and frequency. Even
when presented with the most severe power problems,
UPS’s cutput remains within 3% of nominal voltage.

More real power. High 0.9 cutput power factor enables the
9130 to provide its full power capabdity to modenm IT equip-
ment.

Highest efficency 10 reduce utility and cooling spending.
The 9130 can provde up 10 95% efficency in online double
conversion mede and up to S8% in hagh-efficdency mede.

Unmatched reliability

The intemal bypass allows service contnuity in case of
miemal faull, a mainteénancs bypass s also avadable (as
option) for easy replacement af the UPS without powering
down crtical systems.

Strenger, longer battery life. Eaton ABME batery manage-
ment technolegy usSes an innovative three-stage charging
technique, that only recharges the battery when necessary,
S0 the battery expanences kess corosion and service life
prolonged by up to 50%.

Bamneries can be hot-swapped without ever having 1o shut
down connected equipment.

Possiility to add more runtime at any tsme with up 1o four
external hot-swappable battery modules 10 run systems for
hours ff necessary.

Enables prolonged runtime of essantial equipment during
power outages by allowing for orderly, remote shutdown of
non-critical systems and procasses thanks to a cagability to
control load segments (avalable up 1o 3xVA).

Outstanding versatility

One platformn, two factors, dozens of choices. Up 10 3000
VA of UPS power is packed into only 2U of rack space. The
tower option i about the size of a moderm, compact PC.

Enhanced configuration capabdity threugh easily navigated
multlingual graphecal display.

Remote monitofing. The 9130 comes complete with the
Eaton Software Suite CD including SNMP-compatible power
management software providing contrel and visaility over all
your UPS systems.

Connectivity opticns are avadable for aimost any network
environment.

74

Commercial in Confidence



display

CONnECior

Z. Fanad for replacing hameres
21 U8 poit <+ 1 sanal pon
4.1 Raday Output + 1 EPOD

5 EEM hamany unit connecnon
6. Load segmants
T Communication cand sho

EMEC......

The European Marine Energy Centre Ltd

L Kultilingual graphical LOD

(1 o[ BpeBd

H _ Cermmeme=aliem
_— . Graphical LLD with bl backlight and 1ealin - AE-212 and USH HID pan as smndard
Bl Enighist, Frasch, Girmas, Azasian and Spasish aliy detpun Cedumen aim aandaid

LEDS Foud itanus-ndicating LEDS

SRMP Al cand for moniorreg in SRMPBEsed nE-

Tepalogy Trisa el S0 bl- Lo s Dpienal comwrarscalint  works, wasiang Trough Wab beswain imaia.
Diagresstics Fidl systin sall-tuss eards |BOJKES Slet) Rilay eard far intiyraten 18 néduine arrosman ad
UPE byais Auromatc bnpass BBIS rermpne shudemn o IBM ASISN polens
[ wathi Enerermmzalal
Blairicad lagan Saluty ared EMC markings | S |1, IEC/EN 52040-2, CE muarks
Raminal sekage T Audibhs g 5 03
allegi rarge 153t 1 H 276 WAL |dapandineg o lad kel s el ipiratieg DC o +81C
F I 0-70 He -G o 80T v B sl
— Biorage Imparatend o 1y JEC veitheun Banaties
- x 2 r
H_B‘Enm 0 Al itrvs heamiity £l i fc Eredarriany
Volige 23 % of neminal ragulatien len ity and bamery|
Fi i st 13 Hz it
Lol it lacior iml
E Farl ramber casrclion Dissansions B « W a D, s :
Torwenr Mades _ _ . _ _
FUWETITIOT (e T TUVESD CH [ETHE 330 x b5l x 350 122
WS IDOOT-5L 1 N34 5581 NS00 CH (AT 230 « 50 x 380 145
WY1 1S00T-5L ENEAEE- 5 15081350 CH [ETE 130 x b5l = 430 144
FWSTHIRIO0T-5L e =] ANV EDD CH [N 055 1M = 4N 385
WS TIIEO0T 5L e f=r]] T CH i, [1| CH 2055 1 = 4N FT
FPVWETHEIOOT-EL NI 1651 SIS Hardwin Hardwie 574 1 244 i G2 55
FPWETHREIOOT-EL 1 NI 3-6581 oy Hardwie Hardwie 574 244 G2 55
Torwer Extended Ballory Madubes
FWTLHIA IDOOT-E2M 1 CNGA3E- 5581 MA K& K& 230 « 50 « 380 125
FWYETHIN IS0OT-ESM | G355 MA m m 130 x 50 = 430 3
FWTIHRAT-E2 e HA hA hA 135 5 1 = 4N FiT]
FWTIHEIT-E2 | N7 -5 HA ha ha 574 = 284 = 541 il
Barch Wiesdels
FUEIIRILER. %120 e T CH [ B85 s im0 &
FWETIRIS0A- A0 [FETT =] [ErE=] CH [EHE WAL x & 250 [E]
FWSTIGIOA- A2 [Er o= ANAVIEDD CH I, [N CH B x &5 x G0 =
WS- AL e =] E TR0 (1] [FEENOEE BA.5 x &3 1 G0 5
Barch Extamied Ballery Waduins
FWWE1HK ID0DA-ESMIL e =] HA ha ha BA.5 x &3 x 250 ]
FWT1HIN IS00A-ESMIL 1 IENGEEE 55 MA [ [ BA.C x &30 n 550 =i
PSR AR B2 [Ereames HA WA WA BAL Ao G (K]
Ierternal Ballerie +1 EBM +2 EBNS +3 EEMls <A EBM
BATTERY RUNTIMES® 7%lasd  SPiload 79 Load S lewd  75% load S load 5% Load SO Lead  79%Lead S0 Laad
Fiack modaks
[TEIE L R 1] 135 n 55 7] W 18 151 =) m ETH
Pt 6 NS00 XL Ll i a a1 Ex 14 F.] e ] ;|
PG SN2 TLI0 15 1] [ 3 [ 150 ] i ] 15
[EE e T ] M ET] & n [ 35 15 7] 21l
Towr musdels
PG T XL 13 i LT L] 1) KA TE] L] L] Kd
PR 38 BT B 13 n 3 ar ] 18 151 =0 m FTH
T E e A 1 [ [1] #l = ] (3 HE Va5 A
PR 06 M- 5L | E.| &l ] L] L] 164 = 24 a1
[EIE E A 12 ] & ] 50 143 13 16 '35 F]
PR R SRAT-L F ET] 8l 18 = = 17 2 m &7
PR RSNT-EL [T I & (1] 12 138 18 = i) A
- LT e R 5 s Vgl b B g, i .. -
e XA
WL DN DO A TPl oy e S PELY ]

Appendix 13 Assessment in Losses in Cables

20130320 PMEC Concept Report
© EMEC 2013

Commercial in Confidence



EMEC.Z....

The European Marine Energy Centre Ltd

EMEC have used the method following to calculate power losses in cables. The Tyco sheet (014-

Drop-0901) gives a calculation method for voltage drop.

To determine factor A, at 0.95 PF Table 4 was extrapolated as shown:

-

Factor A vs Conductor Size ([mm?2)

At 75°C

conductor
temp

—l—tactor A{750€—

Faktor 'A"

—— Power (Factor A (75

c\)
A i/]

y = 6.8259x 0813

For a cable of 11.13 km length, this gives a voltage drop of 81.6 volts at 92 Amps current and
15°C (corresponds to 1MW power), then the power loss from the equation shown below at point 1

is then 81.6*92/1000 = 7.53kW or 0.75%.

Points 2 to 5 below show a sample calculation for a 50mm2 cable of around 2.7km length —

typical .
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Rationale for TYCO method: see doc

1

5

Using Formula: Run length (ft) x Conductor current (amps) x Factor "A" = Voltage drop
1000
Factor A interpolated for table 4 of 14-DROP-0901 using table 2, where A reduces by a ratio of 0.519 from AWG 4 to AWG 1

This is done as no value for AWG 1 is given in table 4, so the AWG 1 value is inferred as the same ratio as that given in table 2.
Applying 0.519 to A in table 4 for AWG 4 (3 conductor cable at 75 Deg C) gives: 0.512x 0.519 = 0.2657

Some 30% greater than the pure ohmic
Reducing to temperature of 15 Deg C at "delta A" = 0.0016/Deg C gives: A= 0.170 resistance
NB - The Difference between Factor A at 75 Deg C for a triple conductor - table 4 (0.512) and at 90 Deg C - table 3 (0.536) is) 0.024 for the 15 deg
interval hence 0.024/15 = 0.0016 per degree

Expressing Power loss (kW) results as percentage of total power gives the range between 0.12% and 0.75% depending on cable length

Table showing Properties of stranded bare copper conductors size AWG 1

Nominal Approx. Weight OHMS/

0.D. of 0.D. (in.) Lbs/Mft GG Ene Source: Industrial Electric Technical Guide - Bare Stranded Copper
Strand Per Mft http://www.iewc.com/Tech7.htm

Stranding

Matched to cable spec. EMEC Dwg No CAB 2310
1 | 19/.0664 0.0664 0.332 266 0.13 | 50mm2 plain stranded copper diam 8.44 mm
1 | 133/.0251 0.0251 0.38 264 0.132
1 | 259/.0180 0.018 0.378 265.24 0.121
836/30 0.001 0.365 266 0.133
2107/34 0.0063 0.376 268 0.134

Using the method of estimating resistance in IEC 60287 for three core cable (at high current), the AC resistance for this cable approximates to

20130320 PMEC Concept Report
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36.8% more than the dc ohmic resistance. Given that these currents are not high - the proximity factor should be less than suggested in
the paper by General cable of New Zealand No 10.3.2.1 "AC Resistance Skin and Proximity Effect”

This method would increase the Factor "A" by a little over 5% - explained by the modest current regime considered here.
The method is deemed fit for purpose to demonstrate that "Copper Loss" is a low percentage of power measured even at very modest currents

JWG/Copper loss/27-06-05
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COMPREHENSIVE VOLTAGE DROP CALCULATIONS

Voliage drop calculations are best made using the
information provided in Tables 1 through 4. These tables
give a muliiplying facior, Factor A, expressad in units of
volts per ampere per one thousand feet of conductor.

For current loads at or abowe 75% of the conductor's rated
ampacity, wse the daia presenied in either of Tables 1 or 3
as apphcable. Values are based on an assumed condwchor
temperature of 90°C. For loads less than 75% of the
conducior's rabed ampacity, wse the dala presenied in
gither of Tables 2 or 4, again as applicable. Here, values are
based on an assumed conductor temperature of 75°C.

Tables 1 and 2 have been derived on the basis of cables
installed as per Pyrotenax recommendations for single
conductor, three phase circuits, that is, in trilodl bundles
containing one conducior from each phase. However, the
factors given are sufficiently accurate when applied to other

pwposes of voliage drop estimation withowi comecton.
Other configurations may include:

1} Three phase, four wire installations in which the neutral
conducior is included in the bundle of phase conduciors.
Thiree phase insiallations employing three or fouwr wires
in which the conductors are laid fat beneath a common
resiraining clip.

Single phase, twao or threse wire nstallations in which
the conductors are insialled with sheaths in contact in
8 single bundle.

2}

k]

Tables 3 and 4 are applicable io three conductor cable
installations.

Onca the proper Factor A has been selected from the
tables, the woliege drop i easdly calculated with the
following equations:

installaon configurations thai they can be used for the

Vollage drop =  Run Length (i) X Conductor Casrend (amps) X Factor A [from fable)
{in voits) 110esd
Viollage drop =
{in percant) Carcuit Voltage (vods)

Moie that these calculated voltage drops represent the line io line voltage drop in a three phase system. To estimate the
single phase voltage drop, samply mulisply the three phase lne io ne voltage drop by 1.16. In those rare instances in
which tha line to neutral woltage drop in a three phase system is required, multiply the line o ne volisge drop by 0.58.

EXAMPLE 1

Fram Table 2 ter siwgle conducter imsinllatinns ot 73°C,

Factor & « B 20N wults por om pore por thensand et

Lowd Conrwmt
Coble Ewlerance
Ppsbem WaMage
Fowmar Facher
Eonm Lomgih foom
semrce e lead = 300 fesl

Cobbes Imsiallnd In 3 phase. 3 wivw Sriwil boowd

[ AT « 10 am pEIwy
= [JUJa-50E, #1
= B0 vel, 3 phiasa

Vultaqe Brap IDF T IBD T B.EDY

108
10.4 veHs

Forcont Yolage Deap 10,4 T 0G93

Esbm wis: Limw i llne veFags dEap

Ferconingw dowjp .71

B oabed wmpuciep DJUJO-S0E, #0700 shwqbe comdwetor cubin B 2d0
wmperes (NEC): TA50 [CEC)

oot wf lwwd T robed wm paciey 13 1 0QE43 =0 800 Thwrwdure nsw
ekl Baswd on T3 € comdmcior fom perainew

a®
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TABLE 1 - voltage drop Factor A - for
Cable Conductor Size Lagging Power Factor in Percent
Reference AWG / MCM 100 a5 20 85 80 75

1/6-340
/4-402
1/3-449
1/2-449
1/1-496
1/1/0-512
1/2/0-580
1/3/0-621
1/4/0-684
1/250-746
1/350-834
1/500-1000

0.874
0.550
0.438
0.347
0.276
0.220
0.175
0.141
0.114
0.097
0.074
0.056

RBEERS

BRARTZS

COOO00O000000
— ol b —

%

%

0816
0.523
0.421
0.339
0274
0.223
0.182
0.151
0.126
0.111
0.089
0.072

0.778
0.501
0.405
0.327
0.266
0.218
0.179
0.149
0.125
0111
0.090
0.074

0.740
0.479
0.388
0314
0256
0211
0.174
0.146
0.123
0.110
0.090
0.075

TABLE 2 - voltage drop Factor A - foy

Cable Conductor Sze Lagging Power Factor in Percent

Reference AWG / MCM 100 05 20 85 80 75
6

1/6-340 6 0.834 0.813 0.780 0.744 0.707 0.670
1/4-402 4 0.525 0.518 0.500 0.480 0458 0.436
1/3-449 3 0.418 0.416 0.403 0.388 0372 0.355
1/2-449 2 0.331 0.334 0.325 0314 0.302 0.289
1/1-496 1 0.263 0.269 0.263 0.255 0246 0.237
1/1/0-512 10 0.210 0.218 0214 0.209 0203 0.196
1/2/0-580 20 0.167 0.177 0.175 0.172 0.168 0.163
1/3/0-621 30 0.135 0.145 0.145 0.144 0.141 0.138
1/4/0-684 40 0.109 0.120 0.122 0.121 0.120 0.118
1/250-746 250 0.093 0.105 0.107 0.107 0.107 0.105
1/350-834 350 0.071 0.084 0.087 0.088 0.088 0.087
1/500-1000 500 0.054 0.067 0.071 0.073 0.074 0.074
TABLE 3 - voltage drop Factor A - fo

Cable Conductor Size Lagging Power Factor in Percent

Reference AWG / MCM 100 a5 ; 20 85 80 75
3/14-387 14 5.587 5.328 5.057 4783 4508 4233
3/12-480 12 3.508 3.352 3.184 3.014 2843 2671
3/10-480 10 2209 2116 2012 1.907 1.801 1.694
3/8-580 8 1.389 1.336 1.273 1.208 1.143 1.077
3/6-621 6 0.873 0.845 0.808 0.769 0729 0.688
3/4-746 4 0.549 0.536 0.515 0.402 0.468 0.443
TABLE 4 - voltage drop Factor A -

Cable Conductor Size Lagging Power Factor in Percent

Reference AWG / MCM 100 , 05 20 85 7 80 ) 75
3/14-387 14 5.329 5.083 4824 4564 4302 4.039
3/12-480 12 3.346 3.198 3.038 2.876 2713 2.549
3/10-480 10 2107 2019 1.921 1.820 1.719 1.617
3/8-590 8 1.324 1.275 1.215 1.154 1.002 1.029
3k-621 6 0.833 0.807 0.772 0.734 0.696 0.658
3/4-746 4 0.524 0.512 0.402 0.470 0.448 0.424
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