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we conducted a hierarchical analysis and assessment of the data collected. We also ensured
that any requirements of licences and permissions were been met. Finally, we provided the
final report for the current project.

4. Assessment of Project Achievements
The collaborative team are satisfied that the study has met the primary objective of the
project. Overall this unique project was extremely challenging, which resulted in a number of
delays. The delays and associated overspend provide some very useful lessons for future
projects of this type and scale. Regardless, the outcome has provided essential, scientifically
rigorous determination of a topic that has been discussed for a number of years since wind
power has been developed in coastal waters around the world. The results of the study are a
significant step forward in our understanding of one of the environmental implications of
developing offshore wind farms. The results will be of interest worldwide and are applicable to
other types of offshore renewable energies.

5. Resource Use
In general, the project was successful from a scientific perspective; however, the whole
project was overspent. Table 1 shows a summary of expenditure compared against budget.
More detail on the financial aspects of the project is available on request. The main
overspend related to the manpower, sub-contracting and salaries primarily as a result of
revised pay scales and extra work coming from project delays. Some overspend was related
to materials and development of the novel equipment used in the project.

During the project the following resources have been used:

Summary of project spend:

Project budget = £ 336542

Materials and technical support £ 240810

Manpower/salaries £ 69186

Sub-contractors £ 45185

T & S £ 5751

Miscellaneous £ 714

Decommissioning/maintenance/insurance £ 20438*

Total £ 382084

* = committed budget

Whilst the project was overspent, the remaining budget under the sub-contractor heading has
been allocated to maintenance of the mesocosms and tracking/recording equipment,
including insurance cover and decommissioning. As the main contractors, Cranfield University
has committed funds to cover this overspend.





Table 1. COWRIE 2.0 EMF project budget statement, Cranfield University Finance Section. Green highlighting shows overspend.
COWRIE 2.0 EMF Mesocosm Project WN34201E

YEAR 1 Mileage
Car
Hire

air/train
travel hotels Food/beverages

Other
T & S Manpower

Technical
supplies

Sub-
contractors

Computing
software

computer
equipment

lab
consumables

2006 4100 4110 4130 4150 4200 4260 2360 3130 3020 4510 4500 3195

October 0 293.75

November 114.4 284.96 215 86.09 406.98 427.70 100

December 175.78 256.62

January 134.62 878.89 105.00

February 112.88 6543.11 34075.00 713.37

March 7.6 5.20 174.00 43.13 134.62 4730.24 79.97

April 209.12 178.91 5.20 4781.10 20231.28

May 9333.67 54141.53

June 6201.50 74471.00

July 20 10.90 351.00 431.90 32.80 294.48 7549.06 10049.11

August 4599.00 5763.37

September 4651.58 14464.00

October 194.6 275.00 10.40 4726.00 4623.60

November 73.68 6101.24 5258.96

December 49.6 27.50 551.84 439.52 78.80 716.80 4726.00 8956.21

January 3181.00 7939.80

February 580.00

March

April 22947.00

2008 0.00

Total 781.88 38.40 1371.91 1535.42 240.82 1703.10 69185.86 240809.20 22947.00 0.00 713.37 0.00

Total 339326.96

Budget 350 300 100 350 275 125 58000 211337.00 65705 0.00 0.00 0.00

Total 336542 -2784.96 -2784.96

Total 336542.00

Expenditure 339326.96

Balance -2784.96

Budget 350.00 300.00 100.00 350.00 275.00 125.00 58,000.00 211,337.00 65,705.00 0.00 0.00 0.00

Total 336,542.00

Expenditure 781.88 38.40 1,371.91 1,535.42 240.82 1,703.10 69,185.86 240,809.20 22,947.00 0.00 713.37 0.00

-431.88 261.60 -1,271.91 -1,185.42 34.18 -1,578.10 -11,185.86 -29,472.20 42,758.00 0.00 -713.37 0.00

Total 339326.96



6. Deviation from Resource Use
When considering the whole project there was extra work and delays owing to organisational
procedures and processes, procurement and provision of services. These were not unexpected
but the unique nature of the COWRIE 2.0 EMF project meant that the deviation from resource
use was at times greater than expected.

The COWRIE 2.0 EMF Phase 2 Project Plan Update, First, Second and Third Quarterly Interim
Reports and First and Second Progress Reports all cover any deviations from resource use in
detail. Since the last Interim Report the deviation has been related to the timing of final report
submission. The data collation, sorting, and analysis and the reporting were originally planned to
be undertaken by the post-doctoral officer employed through the project. However, as a
consequence of the delays that were encountered during the project the year long post-doctoral
post came to an end before the bulk of the analysis could be undertaken. The result was that the
remaining members of the team have had to allocate time that they did not originally budget for in
the subsequent. The draft final report was subject to a prolonged industry and peer review and
dealing with the comments added further delays to production of the final report.

7. Conclusions
COWRIE 2.0 EMF was commissioned to meet the objective of determining whether
electrosensitive fish respond to the EMF emitted by sub-sea cables of the type and intensity
associated with offshore wind farm cables. The project met the objective by demonstrating that
some electrosensitive elasmobranchs responded to the EMF emitted in terms of both the overall
spatial distribution of one of the species tested and at the finer scale level of individual fish of
different species.

Furthermore, the field measuring of EMF at offshore wind farms sites showed that there are both
magnetic and electric field emissions associated with the main feeder cables to shore and these
EM fields were comparable with the EM field produced in the experimental mesocosm study, and
in some cases of greater intensity.

Considering the novelty, the enormity of the logistics and the uniqueness of the project we are
satisfied that the experimental phase of the project has been completed successfully and
addressed the main objective set out in the COWRIE 2.0 EMF project specification.

8. Recommendations
Whilst the mesocosm project demonstrated some responses by the elasmobranchs to the EMFs
and the field survey provided evidence that the EM fields previously predicted to be emitted do
exist there is a requirement to be objective in the assessment of the findings when considering
recommendations that can be made.

There is no evidence from the present study to suggest any positive or negative effect on
elasmobranchs of the EMF encountered. This can only be determined through further specific
studies with clearly defined objectives and also monitoring at offshore wind farm sites with
appropriate analysis over time. Suggestions for this type of monitoring programme were included
in the COWRIE 1.5 EMF report
(http://www.offshorewindfarms.co.uk/Assets/1351_emf_phase_one_half_report.pdf) .

Research of the type and scale highlighted in the current report would reduce the time frame for
understanding any effects by helping target species for monitoring. Targetted monitoring would
be considerably cheaper than a catch-all comprehensive fishery survey to determine changes in
numbers, demographics of populations and recruitment. Hence, the value of this report is the
potential contribution to the design of monitoring procedures for these effects, and providing a
base for further research
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For some Rays there were significant differences in the distance away from the cable in the live
and also the control mesocosms. This result demonstrates the importance of including a control
to ensure that evidence of response is not misinterpreted.

In terms of the Step Length data two species, Rays and Catshark responded significantly and
these were only in the live mesocosm. The Step Length (ie. the rate of movement) was
significantly greater for three out of five Ray individuals when the cable was switched on. There
were no differences in the control data set; therefore suggesting that the Rays moved more when
the cable was on.

The Catshark moved significantly more after the cable was switched off. Two individuals out of
four showed this increased movement however there appeared to be some consistency in
response for all individual Catsharks, particularly in comparison to the control data.

Overall, the mesocosm study provided evidence that the benthic, elasmobranchs species studied
can respond to the presence of EMF that is of the type and intensity associated with sub-sea
cables. The response is not predictable and does not always occur; when it does it appears to be
species dependent and individual specific, meaning that some species and their individuals are
more likely to respond by moving more or less within the zone of EMF. The main result of
Catshark being found nearer to the cable and moving less is consistent with the area restricted
searching that is associated with feeding in benthic Catsharks. The responses of some Ray
individuals suggests a greater searching effort during cable switch on.

To draw comparison between the EMF within the mesocosms at Ardtoe and the EMF emitted by
wind farm cables we used the same pod dataloggers that were deployed within the mesocosm
set up with additional measurements using hand held EMF probes. EMF measurements were
obtained for two operational offshore wind farms, North Hoyle and Burbo Bank, both located in
Liverpool Bay, UK during January and February 2008.

Measurements were made in the shallow water around the outgoing tide line over a period of 2-3
hours. Buried wind farm cables were located with a combination of GPS to within 1-5m, a
magnetometer and real-time measurements of iE fields with a hand-held sensor. The hand-held
sensor and magnetometer were first used to find the point of greatest field strength in water up to
half a metre deep.

Current flows in each of the 36kV cables (i.e. wind farm generating statistics) at the time of survey
were kindly provided by the wind farm operators (npower at North Hoyle and SeaScape Energy at
Burbo). Variation in electrical current within the cable will have changed the B and iE Field
readings taken on site, therefore the data were normalised to 100A in order to make comparisons
with the results taken at Ardtoe.

At Burbo, the maximum magnetic field recorded was 0.6µT and when normalised to 100A was
0.23µT. Moving away from the cable the electric field decreased with the measured E field
varying from approximately 30µV/m close to the cable to around 15 µV/m approximately 150m
away from the cable. This is a much slower rate of decay than anticipated (theoretically electric
fields are expected to decay as 1/distance3). The reason for the persistence of the electric field
was not clear. The E field along the cable was different when compare with other cables, which is
likely to be a result of different current applied to different cables.

At North Hoyle, the maximum normalised electric field measured was larger than at Burbo
(maximum approximately 110µV/m). The electric field detected at North Hoyle appeared to be
potentially confounded with other EMF sources which resulted in less comparability with the
Ardtoe and Burbo data. The source of these E fields is not known, they may be due to return
currents through the earth or other non identified sources of interference.

The cable set up, the depth of burial (to approximately 1m) and the magnetic and electric fields
recorded at Ardtoe were comparable to the wind farms. The maximum B field was just under 8µT
which was associated with an iE field of approximately 2.2µV/m. These EMF intensities were
lower than we originally planned. This can be explained by the fact that there were small
differences between the cable parameters used in the modelling and the characteristics of the
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cable that was actually used in the study. Furthermore, the realities of variability in where divers
located the pod dataloggers with respect to the cable position within the sea bed would lead to
differences in the EMF measured. The differences were not large when we consider that we were
dealing with very small E fields (µV/m) and B fields (µT).

Based on the responses of the fish in the Ardtoe experiment and the level of EM-emission at one
of the wind farm sites we would predict that EM-sensitive species would encounter fields at or
above the lower limit of their detection 295m from a cable. Hence there is potentially a large area
that the species could respond within.

Considering its novelty, the enormity of the logistics and its uniqueness the project met its
objective by demonstrating that some electrosensitive elasmobranchs will respond to the EMF
emitted in terms of both the overall spatial distribution of one of the species tested and at the finer
scale level of individual fish of different species. The field survey provided evidence that the EMF
previously predicted to be emitted by OWF cables do exist.

There remains a real requirement to objectively determine if the responses we observed will have
either positive or negative effects on elasmobranchs of the EMF encountered. This was not an
objective of the study and it can only be determined realistically through a combination of
monitoring at offshore wind farm sites with appropriate analysis over time and further
experimental based studies of specific behavioural responses that could indicate potential
impacts.
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smaller emissions we recorded at the experimental mesocosm site. The cable emissions for
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above the lower limit of their detection 295m from a cable. Hence there is potentially a large area
that the species could respond within.

Considering its novelty, the enormity of the logistics and its uniqueness the project met its
objective by demonstrating that some electrosensitive elasmobranchs will respond to the EMF
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previously predicted to be emitted by OWF cables do exist.

There remains a real requirement to objectively determine if the responses we observed will have
either positive or negative effects on elasmobranchs of the EMF encountered. This was not an
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