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1 Summary

This document presents part of the results of ailifeasibility study into the identification and
implementation of renewable energy generation iwtden, Powys. It was undertaken on
behalf of Newtown Action on Climate Change withdimg from Glasau.

There have been two main areas of work, firstiyidging and following up the potential for
hydro power generation and secondly looking afpitbtential for biomass sourced heating for the
Mochdre Industrial Estate. This report presentsotitput for the potential hydro scheme at
Penarth Weir. The other smaller hydro scheme amthd&ss system for Mochdre Industrial Estate
are covered in separate reports.

There is a good hydro generation potential usiedltiw over Penarth weir on the River Severn
to the east of Newtown. There is a fall of justotveo metres and large flows available in the
river. Environmental considerations will be keythe success of this proposal and in particular
the maintenance , or improvement, of migratory fiassage up the weir. The catchment of the
Severn above Penarth is considered one of theimpsttant Salmon spawning areas in the UK.
Consultations with Environment Agency and otheerested bodies were undertaken and the
initial feedback was that a hydro scheme couldiq@emented.

The outline plan is for an Archimedes screw tygbite to be placed where the existing fish
pass is located and a new fish pass constructedeXikting fish pass is not ideal and could be
greatly improved and the installation of a turbivigere the existing fish pass is located would
simplify civils works for the turbine.

The Feed in Tariff system recently announced widMde a premium price for renewable
electricity generation for a period of 20 years ailtlhelp the viability of the proposed scheme.

The initial calculations show that the Penarth wgulro would produce between 380 and 490
MWh (= 380,000 to 490,000 kWh or units) per yeapehding upon the detail of the
compensation flow and fish pass requirements. Whisld produce a gross annual income of
between £80,000 and £100,000. Net income will deged by operation and maintenance cost
and payments to British Waterways for use of tke si

Initial costings indicate a total implementatiorstof a little over £400,000 plus approximately
£30,000 for development work to produce a detatested design with planning permission and
abstraction license.

The environmental benefits of the hydro schemeddvoe a reduction in C£and other
emissions from the generation of electricity framsdil fuels

The next stage is to undertake a more detailedbiégsstudy which will include all the
information and agreements necessary to applylémmmg permission and an abstraction
license as well as agreements with the landowBeitssh Waterways, and agreeing access
through Severn Trent land. An Environmental Impessessment will be required to assess the
impact of the proposal on the weir area and themfaed to the Montgomery Canal.
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2 Scheme Layout

2.1 General Layout

There is a large weir on the Severn River approteiy&® miles downstream of Newtown,
located next to the Penarth treatment works. Thewaes constructed to provide a water flow to
the canal system, and there is still some takefoffater from the river into the canal feeder
channel by British Waterways.

See Appendix A showing Location and Existing Laydrgwings.

The site was surveyed with a level and measuripg ta produce the information required for
energy assessment and enable outline drawingsuobiae installation to be produced. Data was
also taken from the Land Registry map of the area.

The weir is approximately 40 metres wide acrosgitres. It is formed in two steps with a
narrow pool between the steps. Adjacent to the seirfish ladder structure built in brick to
facilitate the passage of migratory fish (Salmojigs past the weir.

The head was measured using a level, the drop betthe upstream and downstream water
levels was 2.25 m at the time of the survey. Wawels upstream ond downstream vary with
river flow.

2.2 Canal Feeder

There is an intake screen 8 metres wide alongbilexer approximately 25 metres upstream
from the weir. Behind the screen is a narrowinghciehleading to a tunnel. Flow into the canal
feeder is controlled by two sluice gates at theagitie to the tunnel. The tunnel feeds into the
canal feeder channel which runs off parallel torther.

There is a spillway from the canal feeder chanaeklo the river approximately 100 metres
downstream of the weir. This spillway limits thexmaum flow that can be fed into the
remainder of the canal feeder, particularly at sra€high river flow.

The intake screen, and the river bed in front,afequires cleaning several times a year. British
Waterways bring in a mechanical excavator to rengragel and debris from the river bed area
in front of the intake screens.

The abstraction for the canal feeder is governeddiyf Parliament, the British Waterways Bill
1987-88. British Waterways require canal feedawfimimarily during the summer months when
run off from land adjacent to the canals is minimal

The flow that can be taken for the canal feedémged during times when River Regulation is
in force which is usually when releases from Llyigju@&dog are used to support the river flow
and flush out the lower reaches of the Severn hftgr tides. During River Regulation periods
the amount is dependant upon the level and reléasad_yn Clywedog. Flows at Byles Lock
are limited to between 190 and 250 litres / seaamdss the Llyn Clywedog release is greater
than 3,500 I/s then canal abstraction is not lichiténo river regulation is in force then it
appears that there is no legal limit to canal feadbstraction.

There is a practical limit to the canal feeder awtton which is limited by intake screen,

channel/sluice gate/tunnel and canal feeder cap&mtiowing observations over several visits
to the site, and talking with British Waterwaysf&td is thought that typical canal feeder flows
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are between 200 and 400 I/s wth almost zero fldertahrough the winter. The sluice gates are
adjusted manually every few weeks or so by Brithdterways staff to get the flow they require.

2.3 Fish Pass

There is a fish pass structure alongside the Wae.structure is a deep channel 3 metres wide
leading from an intake a few metres above the Wéie. channel base level drops down in a
series of pools to the river base level below tle@ at the fish pass outfall.

The design intention is that fish can move up esdep of the fish pass using the space in each
pool created at each step to rest and build updsipeehe next step. The channel is
approximately 3 metres wide and the pool above steghapproximately 4 metres long. There
are seven steps between the top and bottom levels.

The sill at the top of the fish pass is set sligbtlow the level of the crest of the main weir and
there is a rectangular notch in the sill approxahaB00 mm wide. This arrangement ensures
that at times of very low river flow the fish passl get priority on any water flow available, and
apparently at some dry times all the river flow basn seen to go down the fish pass.

2.4 Surrounding Land

The land around the small area owned by Britisheeys is owned by Severn Trent Water as
part of the Penarth Sewage Treatment works. A lpegeof the old treatment works site near to
the weir is now managed as a nature reserve byddargryshire Wildlife Trust.

Severn Trent had considered developing a hydronsela the weir themselves some years ago,
but the initial view then was that it would notffuthe economic return criteria for the company.
However they are very much in favour of renewalnlergy, and have recently installed a 100
kW of methane gas powered generation at the site.

2.5 Access
During construction there will be a requirementyehicular access to the weir, and in particular
space to move in the single large turbine delivery.

Vehicular access will be through the sewage treatiwerks. The Severn Trent area manager
for the site was consulted and had no objectiontkeqroject or for their site to be used for
vehicular access during construction. The routearear of the treatment works was walked
and the track deemed suitable for access for amigin and moving in the turbine. Access to
the treatment works is along a length of singleknaad which is regularly used by lorries going
to the treatment works.

3 Resource Assessment

3.1 Flow Duration Curve (FDC)

The flow of water in the river is the resource éorergy generation. Assessment of the flow
throughout the year is key to being able to asbessenergy generation potential of the site. The
flow regime (distribution through the year) is déised by a Flow Duration Curve (FDC). An

FDC lists the amount of flow that will be exceededeach proportion of the year. Usually 5
percentile steps in time duration are used. Th& flaat is exceeded for 95 percent of the year is
known as the 95 percentile, or Q95. Similarly flemceed for 50 percent of the year described as
Q50.

There is a flow measuring station operated by tmarBnment Agency (EA) at Abermule for
which data was obtained. The river flow has beeasueed at Abermule for more than 40 years
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and records kept by the EA. Abermule is about £sndlownstream of Penarth weir, therefore
the flow at Abermule will be greater than that eh&rth due to the flow contribution form
catchment areas between Penarth and Abermule.

To calculate the FDC at Penarth the catchment éin@asontribute to river flow between
Penarth and Abermule were digitised from OS mapsrd are two main rivers that flow into the
Severn between Penarth and Abermule, the Mulefan8échan. For details of the calculated
flow regime at Penarth weir see Appendix C. Thewation method used in using the ratios of
catchment areas does have some inaccuracies ithéhatinfall distributions in each catchment
will be different. In this location there are redea of water from Llyn Clewedog during the
summer months for river flow support. For this gsal the inaccuracies introduced are
relatively small due to the relatively large maatahment size. A full detailed flow duration
curve analysis could be undertaken at a later stage

The flow calculation indicates an Average DailyWIADF) at Penarth weir of 10.5¥%second.

4 External consultations

4.1 Consultation with the Environment Agency

4.1.1 General

The Severn is an important migratory route for Sadids with large areas of spawning grounds
in the hills of mid-Wales upstream of the weir. &rmisg the hydro does not have a negative
impact on fisheries is a vital consideration in itth@lementation of a successful scheme.

Other issues that are of concern to the EA are:

Flood flows

Any turbine structure must not impede flood flovesging down the river and raise flood levels.
Flood levels could be observed from the debrisherailings above the old sluice gate structure
following a very large river flow in November 2009.

Weir Integrity
Maintaining the integrity of the existing weir i§ grime importance. The work of installing a
turbine shall not impact on the structural integaf the weir.

Pollution

The introduction of any pollution to the river dugiconstruction and during operation must be
avoided.

During construction it will be necessary to creatacrete foundations and side walls for the
turbine. Pouring concrete in or near a watercoigpetentially hazardous because any leakage
of cement into the river can cause damage to fishpdant life in the river. The EA publish
guidelines on Work in Rivers which will need to $tectly adhered to, and this will include the
production of detailed method statements for wairgo any construction on site. These
statements will include descriptions of the methiadise taken to avoid river pollution including
wash out areas for equipment and tools.

4.1.2 EA Fisheries experts
Consultation with Chris Bainger, Greg Armstrong &ftarles Crundwell of the EA.

The existing fish pass was thought to be ratheatisfactory as the pools are relatively small

and the flow over each step quite strong and teriiullThis does not make the fish pass attractive
to fish moving upstream. This view is echoed byepbations made by Mr Dale of the Potteries
Fisheries Society (see below).
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Delays to the travel of fish upstream whilst wagtimelow the weir are an impediment to
successful spawning as time is wasted and resodeg#sted whilst fish wait below the weir for
suitable flow conditions to be able to travel frthup river. Waiting times may be of the order of
a week or two.

Discussions were had on possible fish pass impremn&nand the proposal to put the turbine
where the existing fish pass is located and buglégimew fish pass where the obsolete sluice
gates are located was approved of. There are $exkrantages to this arrangement in terms of
work required in the river and the opportunity td p good quality fish pass in place.

It was suggested by the EA that the most suitaée fish pass would be a two stage bottom
baffle fish pass, similar to that recently instdlb Black Weir n S Wales. Two stages are needed
because of the overall height (2.2m) with a resgiogl in between. The total length of the fish
pass structure would be around 20 metres whictdgast be accommodated by making the
turbine inlet channel upstream of the existing pisiss intake.

The suggested width of the pass was 3 metres. @deesvhere the old sluice gates are is
narrower than this and without impinging on thesérg weir structure or the existing riverside
wall a pass of around 2.2 m width could be accomatext] This detail will need to be resolved
early in the next stage of design.

The flow required by the fish pass was initiallyiested at 1 fiisec, though the actual amount
will depend on detailed design, and the flow takgrithe pass will increase with rising river
water levels.

The detail of the fish pass design will need expdstice and approval by the EA Fish Pass
Panel. A local consultant to assist in the desigs suggested by the EMike Beach, Fish Pass
Consultant, Tyn-y-Wern, Dolanog, Welshpool, Pow%21 ONA, T: 01938 810740, M: 07889
900284 mike@mbeach.freeserve.co.uk . He should be contacted early on in the next detaile
design stage of the project.

Use of the Archimedes screw type turbine was apggt@{f, there was some familiarity with a
earlier screw turbine installation at Dart Courfgrk where tests were undertaken on the “fish
Friendliness” of this type of screw turbine. Usesoft rubber (or similar) strips on the leading
edges of the turbine blades was recommended tgatetany fish damage.

There is a lot of useful information in the documEA document Guidance Notes On The
Legislation, Selection and Approval Of Fish Pasadsngland And Wales which is available in
CD from the EA fish pass panel.

4.2 Other Consultations

The area around the Montgomery canal is desigraatgukcial Area of Conservation for
Luronium Natans , a floating water plantain. Wdkaw, and water quality, to the canal will
need to be maintained to protect the SAC statuss@tation with the Countryside Council for
Wales will be required on this issue. This congidtawould be part of undertaking an
Environmental Impact Assessment which is likelypérequired as part of the permitting
process.

4.2.1 Potteries Angling Society
The fishing rights on the river in the region o tlveir are controlled by the Potteries Angling
Society. There was a telephone conversation witlb&e, the secretary of the Potteries Angling
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Society to collect his views on the hydro propobt.knows the weir well and says he has seen
many Salmon waiting below the weir for suitableafloonditions to pass up the weir, and that
only about 10% of fish use the fish pass. He wakemed that fish waiting in the pool below
the weir were vulnerable to poaching.

There was no objection to the concept of a hydnese at the weir as long as fish passage was
not impeded, and he would be in favour of any ilmproents to the existing fish passage.

4.2.2 Montgomeryshire Wildlife Trust

Montgomeryshire Wildlife Trust operate and mandgeRwlIl Penarth nature reserve on land
adjacent to the weir. The nature reserve is onthatused to be part of the treatment works and
consists of a number of pond areas with observétides set up around them. The area is not
designated SSSI.

Contact was made with Clive Faulkner of MWT, he s@sn the turbine installation at Dart
Country Park and was interested in their use. Hesbane concern over disturbance to the nature
reserve during construction, primarily due to ndisen construction equipment and activities.

The reserve and surrounding area is used by awaidety of wildlife including:
Wild fowl species
Water shrew
Water vole (thought not to be present)
Tree sparrow
Salmon
Otter
Lapwing
Sand martin

4.2.3 British Waterways

British Waterways are the owners of the weir aredlféimd immediately around it on the north
side of the river along the canal feeder. Theyirafavour of renewable energy developments
and would lease the site to a suitable developeaturn for an annual income. British
Waterways would have to be assured that issuesasuttte impact on canal water flows and the
existing weir structure were suitably addressed Bgheme.

4.2.4 Severn Trent Water

Severn Trent Water own the land adjacent to thatealby British Waterways including the
Nature Reserve and the Penarth Treatment Workersdvent Water are in favour of
renewable energy schemes and had considered dengtbp scheme in the past but the
economics did not fit with their requirements. Asgéor construction and occasional
maintenance would be through the treatment worklislais was considered to be acceptable by
the area manager.

5 Abstraction Issues

5.1 Effects of Abstraction

Implementing the hydro scheme would divert a proporof the river flow from going over the
weir to going through the turbine and thereby rauyevater flow over the weir. The flows to
the canal feeder and for a fish pass must be miagatas a priority above turbine and weir
flows.

There are three main affects of reducing weir fleweschange in the visual appearance of the
weir, a change ecology of the weir area and thecain the ability of fish to swim up over the
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weir. The latter two are considered the most imgrdrfrom an environmental point of view. The
fish migration issue can be addressed by buildingva fish pass. The ecology impact can be
addressed by allowing some compensation flow dwertier which would mitigate the visual
impact affect also.

5.2 Possible Abstraction Regime

The initial indications from the EA are that a “lisroff’ flow of Q90 or Q95 would be required
to be left for the weir. This equates to a flowbetween 1.5 and 1.9 m3/s. There may also be an
additional percentage of the remaining water ttefieover the weir to get some natural type fow
variation. There is also the flow required for fls pass. The turbine would operate by
monitoring upstream river level and calculating howch flow it would be allowed to take.

For initial system sizing and generation analysieteof possible abstraction regimes has been
analysed and the results are shown in the sectébn 5

5.3 System Sizing

Using the flow duration curve calculated aboveah®unt of water used for generation is
calculated during each 5% period of the year -ati.& variety of different river flow levels and
water availabilities. The water available for gextem is dependant upon the compensation flow
requirement to be left over the weir, the fish pé@s and any flow taken for the canal feeder as
outlined above.

Energy generation analysis was undertaken for iatyasf scenarios and the most appropriate
and environmentally acceptable selected for detaitealysis and presentation.

There are several factors that determine the 8 ¢apacity) of turbine(s) proposed. A usual
starting point is to use the ADF flow (10.5/sec) as total the turbine(s) design flow. Fona lo
head site like this it would require two screw fods to carry this much flow, with a total
maximum electrical power output of around 160 kévigrating about 860 MWh of electricity
annually. A single machine would have a maximunwftapacity of around 7.5 #sec,
maximum power of 115 kW and produce around 650 MVaniually.

The proposed Feed in Tariff (FIT) that will be mduced from April 2010 will provide premium
prices for renewable generation. The prices palddepend on technology and plant size. The
proposals for hydro power are for payments for gemen of £110 per MWh for systems
between 100 kW and 2 MW and for £178 per MWh fatems between 15 kW and 100 kW.
Calculating income for different sized schemes itlear that financially it is advantageous for
this scheme to be sized at just below 100 kW teivecthe rate of £178 per MWh.

Note that the FIT prices above are for generatidyg, ahere will be additional payment of £30
per MWh for electricity exported to the grid. Psoeill be guaranteed for 20 years, with an
allowance for inflation on the FIT price with thefil Price Index.

5.4 Energy Generation Analysis

The predicted energy generation figures shown bel@\based on a turbine with electrical
capacity of 99 kW to suit the FIT requirements.sTthirbine would take a maximum flow of 6.5
m3/sec. A series of compensation flow and fish flassrequirements have been analysed. The
canal feeder flow has been assumed to be con¢taf0d/s (0.3 m3/s).

The power output generated at each abstractionsratdculated based on manufacturers quoted
efficiencies at river flows at 5 percentile intdszal' he total annual energy generated is
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calculated from the sum of the energy in eachvadeiT his is then reduced by the expected
amount of downtime due to maintenance and rep2ds.(

Minimum fixed Additional percentage| Fish pass flowf  Annual energy
compensation flow compensation flow m3/s generated MWh
over the weir over the weir

Q95 0% 0.5 494

Q95 10% 0.5 483

Q95 25% 0.5 435

Q90 0% 0.5 469

Q90 10% 0.5 451

Q90 25% 0.5 413

Q95 0% 1.0 467

Q95 10% 1.0 447

Q95 25% 1.0 406

Q90 0% 1.0 443

Q90 10% 1.0 423

Q90 25% 1.0 386

Q95 10% 1.5 419

Q90 10% 15 398

The table above shows the possible variations muarenergy capture in a few selected
scenarios of weir compensation flow regime and fiiaks flow requirement. In summary it is
likely the annual generation will be between 386 480 MWh per year depending on the type
of abstraction regime required and details of tble pass flow requirements. There will be
variations in generation year by year as river fdvanges both in quantity and variation, and
this may well be affected by climate change whippears to be making rainfall more flashy.

The details of weir compensation flow and fish pg®s requirements will need discussion and
agreement with the EA. The fish pass requiremeiit€@me from the details of the fish pass
design agreed with the Fish Pass Panel. The waipensation flow requirement will partially
depend on the outcome of the environmental impss#ssment on the weir area.

Reasonable care has been taken in the calculdtibese figures but it should be noted that
there are uncertainties and variations in the ptigglis. These come from what the actual water
flow regime will be at the weir, how the flow isstlibuted through the year, year on year
variations in flow, and what is the exact hydratléad available for generation which is subject
to a detailed site survey and observation of upstrand downstream water levels.

6 Implementation

6.1 System Components
An outline layout of the proposed system is showthe drawings in Appendix B, with the
existing layout of the area shown in Appendix A.

6.1.1 Turbine and Generator

The turbine is a large helical screw set into antbbottomed channel sloping at 22 degrees. At
the bottom end of the screw is a single bearingchvvill remain underwater, sitting on a re-
enforced concrete pad. The screw will be about®&&es diameter and will turn very slowly,
maybe around 20 rpm.
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At the top end of the screw there is a gearboxhéd to the end of the shaft to take the slow
rotational speed of the screw up to a reasonalgledsfor a generator, usually 1,500 rpm. The
generator is attached to the high speed shafeafélarbox. The gearbox and generator are
mounted on a plate above the intake chamber whi@lvawater from the river into the screw.
There is a mechanically operated sluice gate irchiaenber, or channel leading to the river,
which is used to isolate river flow from the turbiwhen the turbine is not running either due to
insufficient water or a system problem.

The output from the generator will be connectetheogrid via a pair of solid state motor drives.
This arrangement allows the rotational speed ofuhgne screw to be finely controlled and
turbine efficiency maximised for any given flow. @mlling the turbine speed controls the
amount of water is taken by the turbine and thegrqwoduced.

6.1.2 Noise containment
There will be two main sources of noise, firstlgrr the turbine screw itself and secondly from
the gearbox and generator.

The turbine screw noise will be a regular splasimoige as each blade cuts into the water at the
top of the turbine.

The gearbox / generator noise will be higher pitlcbentinuous noise (when the turbine is
operating) and require some containment. This eaachieved with a suitable sound-proofed
cabin enclosing the gearbox and generator.

Noise effects are mitigated by the fact that thibitwe will only be operating when there is
sufficient water flow in the river and there wikkla compensation flow over the weir and flow
down the fish pass both of which will create backgnd noise.

There are no houses within hearing distance o$theme, the noise abatement will be for
visitors to the river bank and wildlife reserve anaebiding disturbance to wildlife.

6.1.3 Screening

There needs to be some screening of the intakewatfall from the turbine. Screening is

required to maintain safety (ensure people canebingo the turbine) and to exclude large debris
and wildlife from the turbine. The EA have suggdsievertical bar screen with a spacing of
80mm to suit otters.

6.1.4 Control and Protection System

A control and protection system is required to nmmiiver level, plant and grid conditions and
control the turbine accordingly. The prime contrngdut is a measure of upstream water level
which will be used to determine if there is suffici water for the turbine to operate and at what
flow / power level it should be operating.

If there is an electrical or mechanical problemhwite turbine the control system will slow it
down and close the inlet sluice gate to shut taatgdown. Similarly if there is a grid problem
which would cause the system to be disconnectedttiesturbine will be shut down.

The inlet gate will have a backup power supplydeie or hydraulic) to enable the gate to be
closed in the case of a complete loss of powendgtant.

There will be a computerised SCADA system whicH wmibnitor the plant and collect data on
operation, bearing and winding temperatures, tersjeed, water levels etc. There will be

Page 11



Penarth Weir Hydro Pre-Feasibility Report  March 2010

telephone access to the SCADA system so that gteraycan be monitored remotely and the
SCADA can be configured to send a text message tparator if there is any plant problem.

6.1.5 Electrical Connection

There is a three phase line running very closeh{wi25 metres) of the site. This can be used for
a connection to the grid system to allow electyiexport. An initial enquiry has been made with
Scottish Power and they have indicated that anréxjpaip to 100 kW would be possible at the
location.

The connection will require the installation of @gmounted transformer on the existing pole.
From there a low voltage cable will run undergrotmad metering and fuse cabinet that will be
located adjacent to the hydro power and controlosuice.

Inside the metering cubicle will be a set of maiads and import / export metering which will
belong to Scottish Power (SP). The SP meter wilidael automatically via a mobile phone link.
When the turbine is not operating the control systéll receive power from the grid to keep the
system alive and operate communications, with battackup on vital system components.

Scottish Power will a right of vehicular access$hte connection point, which will require an
agreement between themselves and Severn Tremmikaisagreement s already n place between
the two parties for the supply to the treatmentksor

The quotation received from Scottish Power is vEdid3 months , from February 2010, and line
capacity is reserved until then. When the quotdfpses it is possible for another generator to
request that capacity form the line. The likelihaddhis happening in this location is thought to
be low but it is possible to loose the offered amton capacity.

6.2 Construction issues

The implementation of any construction works withimear water courses must comply with
the requirements of the EA Pollution Preventiondaiines for “Works in near or liable to affect
watercourses” PPG5 and “Working at ConstructioDemolition Sites” PPG6. Key aspects of
these requirements are to exclude wildlife fromstaurction areas and ensure there is not a
negative impact on wildlife from pollution which Mbe particularly focussed on maintaining
water quality and not allowing and cement or cotecresidues into the water course.

The area beside the weir has public access thesiggwwhich are outlined below.

6.2.1 Access

There is public access along the riverbank antiéanaiture reserve from a walkway starting at
the treatment works entrance. As well as visitorthe nature reserve the path is used by
recreational walkers going south along the riverkoand is a scenic area to visit. It is understood
that this is not a Public Footpath but rather aecegranted by Severn Trent and British
Waterways.

Vehicular access during construction, and the aonakneed during operation, will be through
the sewage treatment works and onto the track mgrshown to the river. The Severn Trent area
manager has agreed to this in principle, a forrgeg@ment will need to be put in place.

There appears to be space for a large crane tadfthe turbine and lift it into position. The area

will need checking in detail, and in particular dogding there may be on the land directly
above the tunnel leading to the canal feeder.
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During operation access for checking and regulant@aance visits can be by foot along the
existing walkways.

There will be occasional requirements for machiceesas to the turbine for large scale
maintenance operations which will be required eety 10 years.

During construction work there will be a need favarking and compound area for the
contractor. It s expected that this can be acconateadadjacent to the weir without restricting
public access. There will be a requirement fonaeles of tools and materials which will be
along the access track. Suitable arrangements@akdl to be made to ensure these can be done
safely whilst member of the public may also be gshe track on foot.

When the turbine is moved in it is expected thdtligtaccess to the area around the weir and the
access track between the treatment works and thiemillchave to be stopped for safety reasons
there will be large vehicle movements and uselafge crane. This work will take about a day

to undertake, so with allowance for on/off site mment the access may need to be restricted for
3 days.

7 Benefits of the scheme

7.1 CO;emssions

The scheme will generate somewhere in the regigi®0fto 500 MWh of electrical energy
which will save the emission of around 250 to 3@dstof CQ per year. Calculation based on an
estimate of 0.5 kg/C{per kWh for fossil fuel based generation

7.2 Financial benefits

The Feed in Tariff rate for hydro up to 100 kW 78 / MWh plus a sale of electricity at £30 /
MWh. These rates will come into force ofiApril 2010 and are secured for 20 years with & lin
to the Retail Price Index. The gross total incomexpected to be between £80,000 and
£100,000 per year.

This is an initial financial analysis based on &xmate figures and is subject to several
uncertainties as noted above in the energy genaratialysis.

There will be costs to operate and maintain theseh The main ones will be:

Operation and maintenance

Someone to visit the site weekly to check operadind clean screens as required. Also to
respond to alarms for the system, including clephblocked screens.

Replacement of failed components such as levebsgns

See section 8.2 for more information.

Long term servicing and repairs
For example the replacement of turbine and genebaiarings, maybe every 5 to10 years.

Meter operator costs
Operation of the electricity meter and aggregatibdata into the electricity trading system.
Approximately £1,000 per year

British Waterways license

British Waterways will require a fee from the ogerapossibly based on a percentage of output
or on a fixed annual fee.
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8 Costing

8.1 General

An outline costing has been undertaken to getldde¢he costs involved in implementing the
scheme. At this stage there is not a sufficiengttadled design, or final regulatory requirements,
to be able to accurately cost the scheme.

The budget costing is based on a quotation froumtarte manufacturer for supply and
installation of the turbine, generator and coné@liipment, a quotation from Scottish Power for
the grid connection, and an estimate of civils €asipplied by Dorricott Construction of
Minsterley near Shrewsbury. Estimates for the coktee use of a consultant to undertake
environmental impact assessment, fish pass defagnipg and abstraction licensing and a
project manager to oversee and coordinate projedt hias also been included.

The civils costs are subject to a degree of unicgytanainly in what the ground conditions will
be like when holes are actually dug for the fouimtet This uncertainty can be reduced by
digging trial pits, and this is recommended eanlyhie next stage of the design process. The
civils contractors contacted, Dorricott Constructitave visited site and have experience of
work in rivers which is essential for successfupiementation.

The turbine suppliers quote is subject to chargetare details of supply that may change costs
and it is possible that some discount could beiobtawhen it comes to being able to place an
order. An outline cost for the turbine and genaratdy was obtained from another turbine
supplier and costs were similar (slightly highettett stage).

Costs are preliminary, and exclude VAT where ajatblie.

Development Costs Budget cost
Option agreement with British Waterways £1,000
Site investigation work for civils £2,000
Detailed feasbility / design / costing £10,000
Environmental impact Assesment and consutations 5007,
Fish pass detailed design £3,000
Planning permission and licensing application fees £1,000
Legal agreements with Severn Trent and British

Waterways £5,000

Total £29,500
Implementation costs

Grid connection £20,000
Detailed civils design and method statements £10,00
Civils construction £65,000
New fish pass £68,000
Screens and wakway access £10,000
Turbne equipment supply and installation £180,000
Noise containment £5,000
Project management £20,000
Contingency £25,000

Total £403,000
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8.2 Operation and Maintenance costs

There will be some operation, maintenance and ceplant costs throughout the life of the
plant. There will be a telephone connected momitpaeind data acquisition system (SCADA) at
the site which will be able to send out alerts gt message) on any alarms. An operator can
then respond by dialling in, identifying a causecofion and either re-setting the fault remotely
or visiting site.

There should be a regular site visit every weegaooto oversee the plant, have a look around and
clean the screens as required. On site observati@ewould be minimal, about 15 minutes.
Requires a person with basic technical knowledglghility and experience, and as much
consistency as possible so that changes (in saurekémple) are noticed and flagged for
investigation.

The intake screen will need cleaning occasionaltypw often is difficult to tell until the plant is
running. Likely to be more often n the autumn aftdréheavy floods when there will be more
debris in the river that could collect on the irgacreen.

The outfall screen will also need occasional clegr@ind some items may pass through the
intake screen and then get stuck on the outfadlescr

Screen cleaning may take around 15 minutes a visit

From the observation of the canal feed intake piossible that some in-river clearing will be
necessary every 6 or 12 months. This work coulddeedinated with British Waterways.

There is likely to be a need for replacement okbrosensors maybe every year or two, depends
greatly on firstly the susceptibility of the sitelightning (probably medium to low) and how
much physical damage is caused by debris cominghdbriver, and possibly vandalism.

Turbine bearings will need replacement every 5-déry, which will require bringing in a crane
to lift the turbine runner. Replacement of generagarings is probably at similar intervals and
replacement of generator itself every 10- 15 years.

The above are estimates based on manufacturersengee It should be recognised that
unexpected damage from for example a very largalflringing down a tree which jams in the
intake screen and needs a machine to remove itauke extra unpredictable expense.

9 Further work

The next stage of work is to undertake a detaiksigth and feasibility study which will include
producing all the information that will be requirtad planning permission and abstraction
license applications. This work will include:
- A full digital survey of the site

Preparation of an Environmental Impact Assessment

Detailed fish pass design

Negotiations with British Waterways and Severn Tregarding access and fees.

Implementing legal agreement with British Waterways

Agreement with EA on compensation flow requirememtd how they are implemented.

Design and specification for all the components

Completion of Abstraction License application ahanRing Application

Detailed project costing and outline implementaftsm
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This work could take around 6 months. There magdyécular time of year requirements for
some ecological surveys that could extend this peréd.

Costs for thee items has been estimated in thersckesting described above and should be
considered as development costs.
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A - Location and Existing Layout
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B - Possible Turbine Arrangement
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C - Calculated flow regime

Compensation flows
Minimum fixed 1.52 m¥/s

Additional percentage 10%
Fish pass at minium start up 15 m®/s
Canal feed 0.3 m3/s
Percentile Total Available Turbine Remaining

Q Flow flow flow flow
5 40.54 33.32 6.50 34.04
10 29.62 23.49 6.50 23.12
15 22.97 17.50 6.50 16.47
20 18.41 13.40 6.50 11.91
25 14.93 10.27 6.50 8.43
30 12.31 7.91 6.50 5.81
35 10.24 6.05 6.05 4.19
40 8.69 4.66 4.66 4.04
45 7.48 3.56 3.56 3.91
50 6.39 2.59 2.59 3.81
55 5.57 1.84 1.84 3.72
60 4.86 1.21 1.21 3.65
65 4.31 0.71 0.71 3.60
70 3.78 0.23 0.00 3.78
75 3.29 -0.20 0.00 3.29
80 2.80 -0.65 0.00 2.80
85 2.38 -1.02 0.00 2.38
90 1.97 -1.39 0.00 1.97
95 1.52 -1.80 0.00 1.52
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D — Environment Agency response
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