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1 Executive Summary

(1

2)

(3

4)

(=)

(8)

Thiz report presents the resulis of an investigation into the effect of building
a wind farm at Heckington Fen, Lincolnghire, on regulated radio links
operated by EON {Ceniral Networks East)

The report concludes:

That the proposed wind farm layout i2 predicted to reduce the
availability of the EON link below that required when using either the
JRC, or ITU-R BT805 methods of calculation and that mitigation

optiong should be sought.

It iz considered that the influence of wind turbines on UHF telemetry and
microwave links is sufficienty well understood to have confidence in the
predicied effects.

The report recommends:

That Ecolricity should continue to liaise with EON and JRC whilst the
wind energy development at Heckington Fen is being planned. This
will enable them to understand any plans regarding their radic
networks and if they have any future radio systems planned that would
be affected by the wind farm. That the best opbions to mitigate the
affected links are:

To scan the affected sites at Holme Farm PMR from the alternative
basze station at Londonthorpe at an estimated cost of £10,000.

Mote: This option would be subject to a site and radio survey to
establish the validity of the paths.
OR:

- To use GSM/UMTS as the data bearer at an estimated
maximum cost of £7 500

That thiz report should be shared with EON to establizh their opinion
regarding this report as the final decigion regarding removal or
continuation of their objection resides with them.

It must be stressed that all predictions have been made on the basis of best
available data but, since there has been little practical work to investigate
the precize nature of the effect of wind turbines on radio systems of interest
o this report, the results are subjective.

Due to the number of unknown variables involved it is not practical to
consider the interference scenarios that will be created during the
construction phase of the wind farm project, in particular the influence of any
scaffolding or tower cranes used for construction.
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2 Background

M

(@)

3

{10

(11}

The potential adverse effect of large inanimatie structures on radio
propagation iz relatively well understood, and a number of sophigticated
modelling tools exist to predict the effects. Wind farms will create a similar
effect due to their physical bulk but raize new issues because of the large
rotating elements, the effect of which iz currently poorty understood.

The majority of work reported in the public domain relates to interference fo
UHF televigion reception. There has algo been a substantial amount of
concem regarding potential interference to radar navigation systems, but
much of thizs work iz not in the public domain. Studies of the effect of wind
farms on domestic TV reception have been conducted in mainkand Europe.
It iz likely that these effects are obeserved in TV Band Il {200 MHz) as well
as the UHF bands (470-862 MHz) uzed in the UK.

JRC, as the radio spectrum manager for the UK gas and eleciricity indusiry,
is uniquely placed to investigate the potential impact of proposed wind farm
developments, being experienced in radio engineenng associated with
operational radio systems used by the utilities, and also a part of the energy
sector and therefore committed to finding solutions to the problems posed by
this new energy source.

JRC has undertaken similar studies for other wind farm developers, which
have resulted in detailed mitigation proposals that have been agreed by all
interested parties._

The utility radio services that are potentially affected by the construction of
wind farms are:

- Private Mobile Radic Systems operating in VHF and UHF
frequency bands;

- Telemetry and telecontrol systemns operating in the VHF and
UHF bands; and

- Fixed microwave radio links

. In the context of the proposed wind farm development at
Heckington Fen, JRC in thiz report has assessed the impact on
the icensed telemetry radio gystems used by EON.
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3 The Heckington Fen Wind Farm

(12) The proposed development at Heckington Fen has been revised; it will have
twenty eight turbines with a maximum 82m rotor diameter and maximum
85m hub height, giving a maximum blade tip height of 126m.

(13} The turbine layout as cumently proposed is within coordination distance of
radio syztemns operated by EON. The turbine locations used for compiling
thiz report can be seen below.

Talle 3.1: Turbine locations (British National Grid)

Turbine Easting MNorthing

1 520588 348257
3 510818 348033
4 518443 345875
5 510804 345471
3] 518882 348338
7 510814 348012
| 518838 35704
g 510938 345402
10 520046 345184
11 520204 348354
12 520232 348033
13 520352 345770
14 520258 345025
15 520372 345438
16 520550 348548
17 520888 348581
18 521372 345578
19 521008 348372
20 20721 345068
M 521148 348154
22 320710 345618
23 521081 345817
24 821382 345808
28 521038 345505
27 J20686 345310
28 520528 344880
28 J20868 345048
a0 521211 345231

(14) The wind farm development had been highlighted by Ofcom for coordination.
EON had requested JRC coordinate the proposed wind energy development
with their mdio network. The coordination process indicated that there may
be a problem and consequently an objection was raized.
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4 Radio systems affected

{15) For utility operations, there are three main classes of operational services
that might be affected.

Microwave fixed links:
uzed for point-to-point communications over low-density
traffic routes, for hard to reach locations, and for
resilience as alternative routing to a wired connection.
These typically operate in frequency bands of
1.411.5 GHz, 5 GHz, 7.5 GHz, 13M4 GHz, 24 GHz,
38 GHz and 58 GHz. They employ a variety of digital
modulation techniques.

Scanning Telemetry and Telecontrol links:
uged for point to muli-peint communications, almost
exclusively using equipment complying with
OPANV49NNS2111 in the UHF 450470 MHz band
{although increasingly uging the 140 MHz band as well).

Private Mobile Radio (PMR):
for communications with mobile (vehicle mounted) units
and to a lesser extent hand-held radios. For the
elecinicity indusiry, these systems usually operate
around 140 MHz and employ MPT1327 trunking
profocols.
(16} Thiz report pertains to potential interference caused by the wind farm to

licensed utility radic link systems within the coordination zone operated by
EOM.

41 Exclusions
{(17) This report does not address the implications of this wind energy
development on other types of communications systems used by utilities.
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5 The study

It was agreed that JRC would produce a study comprising of the following
elements:

{18)

Undertake: a detailed study and survey into the existing radio

communication infrastructure and locations within the
area of the wind farm to confirm the data for the
services operated by EON.

Review : the theoretical analysis of the proposed wind turbine

Ligize:

layout on the licensed radio systems and in doing so
identify the exclusion zone for the affected radio
infragiructure.

with Ecotricity Ltd to present the above.

P of i
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(21}

(22)

(23)

(24)
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Mechanisms by which wind farms

may affect radio transmissions

it may be helpful to consider the effects of wind turbines on radio
transmiszions under three main headings:
Obstruction:
Physically cbstructing the direct radio path, attenuating
the received signal.
Diffraction:
Because of the wave-like nature of a radio signal, large
structures cloze to the radio path but not physically
obstructing it can cause interference patterns to be
generated, generally refermed to as Freznel Zone
interference.

Reflection/Scattering:
where the radio waves are reflected or scattered off a
large structure and interfere with the wanted signal.

The sensitivity of a particular radio service to interference will depend on a
number of radio parameters, including the frequency, modulation (gome
modulation types and coding schemes are designed to be more resilient
than others) and the polarization of the radio signal.

The intensity of the effect on radio signals will depend on a number of the
details of the conziruction of the turbine. This will include the materials used
in the construction of the fower, nacelle and blades, parlicularly whether
metallic, or incorporating metallic components. At certain radio frequencies,
the propensity of the material to absorb surface water may also be
gignificant. Although the overall size of the wind turbine will have an impact
on itz ability to cause interference, previous studies highlight the possibility
of zome elements of the wind turbine resonating at frequencies used in
practical communicaions systems, giving rise to non-inear scaling factors.

Wind turbines create a number of unigue factors, not associated with other
large structures. The turbine will offer a multiplicity of profiles, depending
on:

M The speed of rotation of the blades.

. The angle the blade subtends to the shaft (pitch)

. The angle the nacelle subtends (yaw)

. Moizture retention or icing of the turbine blades.

Wind turbines pose particular problems for radio fransmissions as the
turbines tend to occupy the high ground also used by the radio

infragtructure, and their zsize implies that they offer radio interference paths
that may be supernor to the designed radio path profile.

A full explanation of the method JRC uses o undertake an assessment of
the impact a proposed wind turbineffarm may have on the radio
infrastructure can be found on the JRC web site, www jrc_co. uk/windfarms.
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7 Theoretical EHHWSIS (30} The wind turisine Eayout showing the UHF telemetry fink can be seen below.
{25) The objection to this proposal was raised by JRC and EOM as it was thought Figure 7.1: The affected links in relation to the proposed turbine
that one UHF Telemelry links may be affected. The verified locationefthe. = }
link to be coordinated can be seen below. e = e
Table 7.1: The EOM telemetry link within the coordination zone | | ! i *
g 1 i
| ?
{26) JRC, as the licence holder for all Gas and Electricity telemetry links, e = 1
coordinates links that pass within 1 km of a propoged industrial sized (>30m e i i 1 ;
rotor diameter) wind energy development if below 1 GHz and S00m if above. N = a
The criterion iz that the assigned availability of a link should not be degraded ) . 2 =
by any wind farm development. i ik ' i o :
: I
(27) The wind farm coordination camied out within this document follows the L AT B oy 1 " pofi
methods set out in the JRC paper “Calculation of The Clearance Zone” [1]. S et T w ) d
JRC uses this for calculating the clearance zone for 460 MHz telemetry t | & T R e SR 7S
links, when turbine sizes and locations are accurately known. Thizisa | - (S O - TR | i
muodified version of the Ofcom David Bacon paper “Fixed-ink wind-turbine | .| o
exclusion zone method™ [2], which doesn't specifically address UHF and e e e
obztructed paths (zee below). Both methods specify the method of ) . ) _
calculating ti‘i'a:inn mm.::m and the generally overlooked reflection 71 UHF telemetry link diffraction clearance (Fresnel interference)
clearance zones. This report also takes inbo consideration the lateat Ofcom (31 The criterion used by the JRC and agreed by the industry iz that no part of a
paper "RF Measurement Assessment of Potential Wind Farm Interference to turbing should enter area defined by the 0.6 Fresnel zone of the link. To this
Fixed Links and Scanning Telemetry Devices" [3]. iz added a buffer zone to allow for location inaccuracy of the link ends and
. ) o ) turbine consfruction and ellipsoid conversion anomalies. In this caze 2om
(28)  The primary difference between the first two methods is in the calculation of has been used. An allowarice for micrositing must be included. In this
the reflection clearance. The Ofcom method was primarily intended for instance JRC was advized that the maximum would be S0m.
microwave fixed links above 3 GHz and assumes free-space-loss on all
paths. Lower frequency links are not always in free-space, 20 .JRC uses (32} The diffraction clearances for the turbines within coordination distance can
predicted losses for all paths within the same equation. The diffraction loss be seen below.

used iz fundamentally the same in both methods.
(29) JRC employs several aids to wind farm coordination.

Table 7.2: Two-dimensional diffraction clearance data

R 461 MHz Clearancas
These are: Hlate from
. o i Link 1D Site Turb ri Microsite  palh  0GFZ  Bulfr  Basic B
* A Mapinfo-based wind farm coordination GIS, specally JEEMQO2G | Heciington Fen 41 50 1024 a2 25 8510 | &760
develo - JEEMODZE Fen 4 50 31 P 25 | b220 4710
ped by JRC; JEEMQOZE % F 3 50 316 73 25 | 270 720 |
i i icati i JEEMOO5 | Hecungton Fen E 3 50 132 F= 25 €20 | -1a0
* ICS Telanmn,:mpmfml_ ional radiocommunications planning tool JEEmaszs | Hecungion Fen - 3 e 075 5 = s | gei
developed by ATDL, JEEMOOZ6 | Hectingion Fen ] 4 50 04 ] 25 | 6530 | 558.0 |
I . JEEMOOZ5 | Hectington F [ E 50 40 K] 25 | 3300 | 7550
. Temain height dmalm_nes_: Primarily an Clmngame Survey EEMGOE H F:ﬁ 3 - =0 0 30 35 0.0
50 metre dataset, which is cross-checked using NASA shuttle- | JEEMOOZE | H Fen 0 3 50 124 ] 25 52.0
derived data. JEEMOOZE | H Fen 1z 3 50 T 3 25 | 6090 | 6140
JEEMO0ZE | Hectngion Fen 13 3 50 513 Z5 | 410 | 3660
ation algorithms used are from 525 JEEMODZE | H F id F 50 238 25 1670 B30
*  The propagation algorithms used are from ITU-R P.525 and o e R = L I T - -
Balg JEEMOOZE | Hecungion Fen i3 a1 I 437 = 25 | 3620 | :Z0
Note: oaREEMGIIE L FeckEMprrrCen 20 £ 2 L] X b | o e Y]
; - - . - JEEMODZE Fen il 4 50 G 4 25 | 9090 | B340
Computer radio predictions have a finite accuracy limited by JEEMODDE %r. o 2 50 502 33 25 3730 75310
the algorithm employed, the accuracy of the termain-height | JEEMDOZS Fan FE] 4 50 B30 T 5 5640 | asal
databaze and the clutter layers used. The inaccuracies are JEEMOOZ6 | H Fen @ 24 4 25 T 3 25 | 6600 1 6300
L JEEMOOZE | Hectngion Fen fl] [E 50 326 Ex 25 | 2510 | 176,
nomally larger where antennas are employed within a clutter JEEMGOGE Fan pd F i [ EE] o= T0 | AN
layer in an urbanised area. If the calculated Wanted-to- [ JEEMQOZE Fen F3 E 50 PTE] 33 25 | oo | i2s0 |
Unwanted (W/U) ratio is marginal then reference is made to JEEMGDZE I 0 Ll = I
ITU-R BT805, which i used for analysing televisi JEEMQOZ6 | Hecaingion Fen 1] 4 ] 73 7] 5 20
interference.
Page 17 of i g 18 & 8
Wiloas EFIOMOSATEDN Mokbrgion VILS.Sec
o 200 Jeint Mike Costpany L 20T daint Medie Compny L
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(33)

72
(34)

(35)

(36)

{37)

(38)

(39)
(40)

{41)
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As can be seen from the table, there is a predicted diffraction problem with
this proposal with furbines 5, 9, 10, 27, 29 and 30 u=sing S0m micrositing. I
directional restrictions were applied then turbines 5, 27 and 29 would be
clear.

Reflection interference

The exizting links operate in the 460 MHz band. The worst case monostatic
Radar Cross Section (RCS) at 460 MHz of a turbine with an 85m hub and
82m rotor iz estimated to be 26 9 dB=m, using the JRC method.

The JRC coordination requirement iz that the all the turbines when added
should have a W/l equal or better than 368 dB.

All paths were plotted using ICS Telecom. Reference is now made to
ITU-R BTE05 method used for assessing TV imterference both a2 a cross-
check of our calculations and to estimate the additional degradation when
the link iz operating within the forward scatter area of the turbine. A WL of
22 dB iz used when using this specification.

As it is impractical o measure the =zignal at the hub height of the proposed
turbine, we have to rely on predictions for thiz path. Az a result of this the
predicted signal level is used for the wanted signal as well, the theory being
that if the paths are similar in horizontal angle then any inaccuracies will
appear on both paths and cancel. If the angles are vastly different then a
more in-depth investigation into local clutter is required.

If & link iz within the forward scatter zone of a turbine, which occurs at
angles below 12 degrees on this size of turbine, a= defined in ITU-R BT80S,
the Relative Amplitude (RA) figure &= defined iz used within the JRC
formula. The RCS is also reduced from the monostatic figure between the
forward scatter zone and 180 degrees, depending on the reflection angle.

The reflection angle is calculated assuming worst caze micrositing.

Yagi type antennas have a polar response off of the main beam that has
peaks and nullz, which can vary in response by up to 10 dB over small angle
changes, in addition, theze nulls can be influenced by the antenna's
proximity fo a tower and other antennas mounted on the fower. In order fo
reduce this uncertainty, when JRC coordinate they use a mask for the polar
response rather than the manufacturer's polar pattermes.

If an outstation has a non-standard antenna, as defined in YNS2111, then
the polar pattern of a standard antenna or the installed antenna is used
whichever is better.

Puge 13 af &
& 2010 Joinl Rtk Costpiny Lie

CONFEDENTIAL

7.21 JEEMGQST {Boston) to JEEMQO26 (Holme Farm PMR)

42) There are two scanning base station which are connected to two Jaybeam
7536 antennas licensed for use at Boston. 24 of the turbines are within
coordination dietance of this link and are predicted free space loss to both
ends of the link. There is a single Radio Jaybeam 7042 antenna licensed
for uze at the Holme Fam PMRL

(43) The radio path analysis for the link can be seen below.
Figure 7.2: Radic path analysis: worst case main link path

e & g
:f:ill;l, |"l'3 T &

.......

{44) The predicted worst caze (B — A) loss for thiz link iz 121.0 dB. The predicted
lozs was used for the main path, with free space loes being used between
the turbine and the both-ends of the link.

{45) The radio reflection diagram for Turbine 18 can be seen below.

Figuwre 7.J: Radio reflection diagram for Turbine 18
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{46} Aszsuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YMNS2111 would offer negligible rejection to
the umwanted signal. The basic WU using the JRC method is calculated as
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42 3 dB. The link iz within the normal forward scatter area of the turbine.
The bigtatic RCS of the turbine iz estimated to be 7.0 dB more than the
monostatic RCS thus giving a predicted WU of 35.4 dB.

{47) The radio reflection diagram for Turbine 24 can be zeen below.
Figure 7.4: Radio reflection diagram for Turbine 24
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{48} Azszuming worst case micrositing, the polar mask of a Jaybeam 7042 ora
standard antenna as defined in YINS32111 would offer negligible rejection to
the unwanted signal. The basic WA uzing the JRC method iz calculated as
42 4 dB. The link not within the normial forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 3.0 dB less than the:
monostatic RCS thus giving a predicted WU of 45.4 dB.

{49) The radio refiection diagram for Turbine 30 can be seen below.
Figure 7.5: Radio reflection diagram for Turbine 30
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(50} Aszuming worst caze micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS32111 would offer negligible rejection to
the unwanted signal. The basic WA using the JRC method i= calculated as
432 1 dB. The link iz within the nomnal forward scatter area of the turbine.
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The bigtatic RCS of the turbine iz estimated to be 10.0 dB more than the:
monostatic RCS thus giving a predicted W/U of 32.1 dB.

{21} The radio reflection diagram for Turbine 21 can be seen below.
Figure 7.6: Radio reflection diagram for Turbine 21
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(52) As=suming worst caze micrositing, the polar mask of a Jaybeam 7042 or &
standard antenna as defined in YMN52111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method is calculated as
42 2 dB. The link iz not within the normal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 3.0 dB less than the
monostatic RCS thus giving a predicted WU of 452 dB.

(53) The radio reflection diagram for Turbine 26 can be seen below.
Figuwre 7.7: Radio reflection diagram for Turbine 26
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(54} Assuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS2111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method s calculated as
41.9dB. The link iz within the nommal forward scatier area of the turbine.
The bistatic RCS of the turbine iz estimated to be 8.7 dB more than the
monostatic RCS thus giving a predicted WA of 33.2 dB.
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CONFIIENTIAL
Figure 7.10: Radio reflection diagram for Turbine 27
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(60)

(81}

Aszuming worst caze micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YN52111 would offer negligible rejection to
the unwanted signal. The basic WA using the JRC method is calculated as
42 31 dB. The link iz within the normnal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 10.0 dB more than the
monostatic RCS thus giving a predicted WU of 31.4 dB.

The radio reflection disgram for Turbine 22 can be zeen below.
Figure 7.11: Radio reflection diagram for Turbine 22
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Azsuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS2111 would offer negligible rejection to
the umwanted signal. The basic WU using the JRC method is calculated as
414 dB. The link iz within the nomnal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 7.5 dB more than the

monostatic RCS thus giving a predicted WU of 33.9 dB.
The radio reflection diagram for Turbine 2{} can be zeen below.
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CONFIIENTIAL
Figure 7.12: Radio reflection diagram for Turbine 20

(BT

-EERIIE

&

= 4

M MR 4 H A K M N
R IR Rk e
SRR K e R

E e R
ema ke K R
R, -
S

4 R N

PR

[ e

— - R
= omis e o
T e R
B i %
Am
Huszkinyleai B Dinecnloghin e lnnhins e 58 Hboagl =@ Kialscal = o EFRIEIYE

It 151 LA Envirom Ink aosml
A b 3.0 e athed oo dirsed path

lurlnnes s W60 K bromodmk U snd
o hoannuey 1100 alag eHinat bromd dract padi

(64)

(B5)

As=suming worst caze micrositing, the polar mask of a Jaybeam 7042 or &
standard antenna as defined in YMNS2111 would offer negligible rejection to
the unwanted signal. The basic WA using the JRC method is calculated as
41.5dB. The link i= just outzide the normal forward scatter area of the
turbine. The monostatic RCS was used in the calculations thus giving a
predicted WU of 41.5 dB.

The radio reflection diagram for Turbine 28 can be seen below.
Figuwre 7.13: Radio reflection diagram for Turbine 28
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{67)

Azsuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YN52111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method is calculated as
41.2 dB. The link is within the nomnal forward scatier area of the turbine.
The bistatic RCS of the turbine iz estimated to be 9.0 dB more than the
monostatic RCS thus giving a predicted WU of 322 dB.

The radio reflection diagram for Turbine 1 can be zeen below.
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CONFIIENTIAL
Figure 7.14: Radio reflection diagram for Turbine 1
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(68)

(69)

Aszuming worst case micrositing, the polar mask of a Jaybeam 7042 or a

standard antenna as defined in VINS211 1wouid offer negligible

rejection to

the unwanted signal. The basic W/ using the JRC method is calculated as

41.4 dB. The link iz not within the normal forward scatter area of the turbine.

The bistatic RCS of the turbine s estimated to be 3.0 dB less than the

monostatic RCS thus giving a predicted WU of 44 4 dB.
The radio reflection diagram for Turbine 15 can be seen below.
Figure 7.15: Radio reflection diagram for Turbine 15
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{71)

Assuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS2111 would offer negligible rejection to
the umwanted signal. The basic WU using the JRC method is calculated as
40 8 dB. The link iz within the nomnal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 9.7 dB more than the

monostatic RCS thus giving a predicted WU of 31.1 dB.
The radio reflection diagram for Turbine 13 can be zeen below.
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Figure 7.16: Radio reflection diagram for Turbine 13
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(T2) Azzuming worst case micrositing, the poltar mask of a Jaybeam 7042 ora
standard antenna as defined in YMN52111 would offer negligible rejection to
the unwanted signal. The basic WU u=ing the JRC method is calculated as
40.6 dB. The link iz within the nomal forward scatter area of the turbine.
The bistatic RCS of the turbine iz eatimated to be 4.0 dB more than the
monostatic RCS thus giving a predicted WU of 36 .8 dB.

7y The radio reflection diagram for Turbine 14 can be seen below.
Figuwre 7.17: Radio reflection diagram for Turbine 14
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(74) Azzuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YNS2111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method s calculated as
40.7 dB. The fink iz within the nommal forward scatier area of the turbine.
The bistatic RCS of the turbine iz estimated to be 9.3 dB more than the
monozstatic RCS thus giving a predicted WU of 31.4 dB.

(73) The radio refliection diagram for Turbine 12 can be seen below.
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Figure 7.18: Radio reflection diagram for Turbine 12 Figure 7.20: Radio reflection diagram for Turbine 9
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(76} Aszuming worst caze micrositing, the polar mask of a Jaybeam 7042 or a (B0) As=suming worst caze micrositing, the polar mask of a Jaybeam 7042 or &
standard amtenna as defined in YINS2111 would offer negligible rejection to standard antenna as defined in VNS2111 would offer negligible rejection to
the unwanted signal. The basic WA using the JRC method is calculated as the unwanted signal. The basic WU using the JRC method is calculated as
40.6 dB. The link iz not within the normal forward scatter area of the turbine. 39.9dB. The link iz within the nommal forward scatter area of the urbine.
The bigtatic RCS of the turbine is estimated to be 3.0 dB less than the The bistatic RCS of the turbine is estimated to be 10.0 dB more than the
monostatic RCS thus giving a predicted WU of 43.6 dB. monostatic RCS thus giving a predicted WU of 299 dB.

(77) The radio reflection dizgram for Turbine 10 can be zeen below. (81) The radio reflection diagram for Turbine 8 can be zeen below.
Figure 7.19: Radio reflection diagram for Turbine 10 Figuwre 7.21: Radio reflection diagram for Turbine 8
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(78) Aszuming worst case micrositing, the polar mask of a Jaybeam 7042 or a (B82) Assuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS52111 would offer negligible rejection to standard antenna as defined in YINS2111 would offer negligible rejection to
the unwanted signal. The basic WU uzing the JRC method iz calculated as the unwanted signal. The basic W/ using the JRC method iz calculated as
40.2 dB. The link iz within the normal forward scatter area of the turbine. 3599 dB. The link iz within the nomal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 10.0 dB more than the The bigtatic RCS of the turbine iz estimated o be 6.2 dB more than the
monostatic RCS thus giving a predicted WU of 302 dB. monostatic RCS thus giving a predicted WU of 33.7 dB.

(79) The radio refiection diagram for Turbine 9 can be seen below. (83) The radio reflection diagram for Turbine 7 can be zeen below.
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CONFIIENTIAL
Figure 7.22: Radio reflection diagram for Turbine 7
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(84)

(83}

Aszuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in VIN32111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method i calculated as
43.3dB. The link iz not within the nomal forward scatter area of the turbine.
The bistatic RCS of the turbine is estimated to be 3.0 dB less than the
monostatic RCS thus giving a predicted WU of 429 dB.

The radio reflection diagram for Turbine 6 can be seen below.
Figure 7.23: Radio reflection diagram for Turbine 6
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(B6)

(87)

Assuming worst case micrositing, the polar mask of a standard antenna as
defined in VN52111 would offer 2.2 dB rejection to the unwanted signal.
The basic WU using the JRC method is calculated as 42 .3 dB. The link not
within the normal forward scatter area of the turbine. The bistatic RCS of
the turbine s extimated fo be 3.0 dB less than the monostatic RCS thus
giving a predicted WU of 45.3 dB.

The radio reflection diagram for Turbine 5 can be =een below.
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Figure 7.24: Radio reflection diagram for Turbine 5
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(88) As=suming worst caze micrositing, the polar mask of a Jaybeam 7042 or &
standard antenna as defined in VMNS2111would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method is calculated as
39.0 dB. The link iz within the nomnal forward scatter area of the turbine.
The bistatic RCS of the turbine is estimated to be 9.9 dB more than the
monostatic RCS thus giving a predicted WU of 29.1 dB.

(B9) The radio reflection diagram for Turbine 3 can be seen below.
Figure 7.25: Radio reflection diagram for Turbine 3
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(90} Azsuming worst case micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in YINS2111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method is calculated as
39.2 dB. The link iz not within the normal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 3.0 dB more than the
monostatic RCS thus giving a predicted WU of 422 dB.

{81} The radio reflection diagram for Turbine 4 can be zeen below.
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Figure 7.26: Radio reflection diagram for Turbine 4 CONFIDENTIAL

8 Definition of an Exclusion Zone

(87) In this instance the reflection/scattering clearance requirement is greater
than the diffraction clearance requirement.

-
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(58) For the worst five turbines to add and produce a combined WL better than
the JRC recommended level then each individual turbine needs to be equal
or exceed a Wil of 45 dB.

L
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i_. (99) Az can be seen from the figures only three of the existing turbines (TE, T21
e i & T24) within the coordination zone actually exceed this figure. This in
s o affect means that defining an exclusion zone is not practical as 21 turbines

— o el would need to be excluded.
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(92) Aszuming worst caze micrositing, the polar mask of a Jaybeam 7042 or a
standard antenna as defined in VINS2111 would offer negligible rejection to
the unwanted signal. The basic WU using the JRC method is calculated as
38.6 dB. The link iz within the nomnal forward scatter area of the turbine.
The bistatic RCS of the turbine iz estimated to be 7.3 dB more than the
monostatic RCS thus giving a predicted WU of 31.3 dB.

(33) it can be seen that 15 of the turbines are individually below JRC
recommended levels and when combined predict a WU of 19.9 dB.

(94) The analysis alzo shows that 17 of the turbines are working to a greater or
leszer extent in forwand scatier mode; these are more likely to add under
similar wind conditions than those operating in side scatter mode, if the
worst five are added they predict a WL of 23.3 dB.

(95) WWhen using ITU-R BT80S the predicted figures are 1.1 dB betier with
respect io the specifications, however both methods predict a WU well
below JRC recommendations.

{96) The figures used in the calculation can be seen in the appendix
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9 Mitigation options o CONFIDENTIAL

Other Technologies

(100} Antenna upgrades, private circuits and satellite are not viable mitigation (108} As this site iz a Pole Mounted Reclozer rather than a primary substation,
options for thiz link as it iz a Pole Mounted Recloser installation (see cover EON have in the past have used GSM/UMTS bearers on these class of
page for an ilustration of a PMR). links.

9.1 The use of other radio scanner sites (109) ftis mﬁlg “ﬁf‘m:ﬂﬁ” h;ﬂ““pll’f’?ad hl m; -

(101}  The normal maximum link length defined in OAW49 iz 30 km, although this is excess of £7 500 ) ng ca
not a hard and fast rule. The logical site that the link could be diverted fo is .

Londonthorpe. This would give a path length of approximately 24 km. {110}  Thiz report prezents the results of an investigation into the effects of
. ; 5 Scrrliie potential interference caused to the EON licensed radio systems by the
(102} The forward link path prediction for Holme Fam using existing licensed construction of a wind farm at Heckington Fen.

power at Londonthorpe can be seen below.

Figure 9.1: The proposed path from Londonthorpe to Holme Farm

e K|
Tl ! "'..__,_.: e L

(103} The link iz predicted to only just have adequate signal with licensed power at
Londonthorpe.

(104} K iz recommended that if this option is to be considered that a survey is
undertaken to check the path from Holme Farm. i may be possible to
increase the power if required at Londonthorpe however thiz would be
subject to co-channel coordination checks.

(105} EON would alzo need to confirm they could from an operational point of view
add these sites to the scanner proposed. if acceptable the finks would need
o be re licensed and the RF power of the links would alzo need to be
adjusted to meet the new licensed parameters.

(106} The estimated cost for changing the affected sites to the Londonthorpe base
station would be in the order of £5,000.

(107} JRC = not aware of any wind farms on this proposed reroute. There are no
wind famms, built, consented or in planning according to the Renewable UK

database.
o
e chiagion VLS80
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{111}

(112}

CONFIDENTIAL

Conclusions

The report concludes:

* That the proposed wind farm layout iz predicted to reduce the
availability of the EON link below that required when using either the
JRC, or ITU-R BT80S methods of calculation and that mitigation
golutions should be sought.

It is considered that the influence of wind turbines on UHF telemetry and
microwave links iz sufficiently well understood to have confidence in the
predicted effects.

Pugas 30 of §0
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CONFIDENTIAL

11 Recommendations

{113} The report recommends:

. That Ecotricity ghould continue to liaize with EON and JRC whilst the
wind energy development at Heckington Fen iz being planned. This
will enable them to understand any plans regarding their radic
networks and if they have any future radio systems planned that would
be affected by the wind farm. That the best options fo mitigate the
affected links are:

. To =can the affected sites at Holme Farm PMR from the alternative
basze station at Londonthorpe at an estimated cost of £10,000.

Note: This option would be subject to a site and radic survey to
establish the validity of the paths.
OR:

. To uze GEMUMTS as the data bearer at an estimated maximum cost
of £7,500.

{114}  This report should be shared with EON {Central Networks) to establish their
opinion regarding this report as the final decision regarding mitigation
rezides with them.
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12 Disclaimer

(115}  Although JRC has used best endeavours io produce an accurate
assessment, the nature of predictions of radio effects and approximations
inherent in the planning tools mean that JRC cannct offer any guarantee
that the effects will be as predicted. In particular, the report highlights the
uncertainties sumounding the new phenomenon of wind turbines in respect
of their impact on radio propagation, especially in the use of unproven radio
formulae. JRC seeks to validate all input data received from third party
sources, but within the constraints of the contract cannot independenthy
verify the data and therefore cannot be held responzible for any
inaccuracies in data provided by third parties.

(116} It mus=t be stressed that any changes subzequent to thiz report, especially
changes in the location or profile of any of the turbines, could negate the
analyses that have been conducted.

{117} I should be noted that this repornt appertains only to the date of its issue. As
the use of the radio spectrum iz dynamic and the use of the 460 MHz band
iz changing on an ongoing basis you are advized fo seek re-coordination
prior to submitting a formal planning application. This will avoid the
possibility of an objection being raized at that time as a congequence of any
linkz being assigned between your enquiry and the finalization of yvour
project.
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