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INTER HYDRO TECHNOLOGY

LIMITATIONS AND LIABILITY

This report was produced by Inter Hydro Technology for The Yorkshire Dales National Park
for the specific purpose of a feasibility study report.

The content of the report represents the views of Inter Hydro Technology and will not be
binding on the Yorkshire Dales National Park Authority in the determination of any
subsequent planning application which would be judged on the merits of any scheme that

comes forward.

This report may not be used by any person other than The Yorkshire Dales National Park
without their express permission. In any event, Inter Hydro Technology accepts no liability for
any costs, liabilities or losses arising as a result of the use of or reliance upon the contents of
this report by any person other than The Yorkshire Dales National Park.

The Environment Agency comments included in this report do not prejudge any decision or
guidance on licensing.

All landowners should be fully aware that further assessment will be required before the site
and its suitability are fully understood.
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LICENCE

All digital mapping reproduced from Ordnance Survey digital map data ©Crown Copyright.
All rights reserved 2008. Licence Number 0100031673.
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1.1

1.2

INTRODUCTION

Introduction to Inter Hydro Technology

Inter Hydro Technology was formed as a division of parent company R G Parkins &
Partners Ltd in 1994. The parent company's 30 year standing has seen a growing
interest in water-related projects, and specialisation in the design and project

management of hydroelectric generation projects was a natural progression.

The division satisfies an increasing demand for hydroelectric projects in an important

sector as the global commitment to renewable energy sources increases.

Inter Hydro Technology is strategically located in Kendal, Cumbria, UK, on the edge of
the English Lake District, which itself has several operating hydroelectric projects. The
company's reach continues to be global, with projects and studies completed and

underway for clients in the United States, Europe and Asia.

Introduction to Hydropower

A hydro scheme is a system that harnesses energy from water, normally including a drop
in elevation. This change in elevation is termed the ‘head’. Water that is restricted in a
sloping pipe will build up a head of pressure at the bottom (i.e. in a pressure pipe). This
pressure is used to drive a turbine. Where there is less head (or a non-pressurised pipe),

more water (or flow) is required. A higher flow will require a larger turbine.

A destination, or load, for the power generated is also required, usually the national grid.
Grid connection and line costs are often the most significant costs of a scheme, and
therefore distance from the grid, or suitability of the grid for connection, may be the
deciding factor of scheme viability. Investigations must be made into the capacity of the
local grid. The issue of access to distribution and transmission networks is facing
significant change. It is hoped that the relaxation of distribution network charges and the
Transmission Network Use of System (TNUoS) charges (paid by generators and
suppliers making direct use of the grid) in the future will make the whole process more

attractive to would-be investors in hydropower.

It is not possible to use all the water from a stretch of watercourse to power a hydro

scheme. A proportion of the total must be left in the river or stream. This depleted flow is
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1.3

1.3.1

1.3.2

termed variously a reserve flow, residual flow or environmental flow. The amount of flow
used by a hydro scheme will fluctuate with rainfall through the year, unless a storage dam
is employed. This will affect the scheme’s overall efficiency. Different turbines have
different responses to such variations in flow, and this has been taken into account both

when choosing a turbine, and when predicting the available energy.

Current Turbine Technology

Overview

All hydro turbines convert the energy from falling water into rotating shaft power, but
there is often confusion as to which type of turbine should be used in different
circumstances.

The selection of the turbine depends upon the site characteristics, principally the head
and flow available, plus the desired running speed of the generator and whether the
turbine will be expected to operate in reduced flow conditions.

Classification

Turbines can be crudely classified as high-head, medium-head, or low-head machines,

as shown in the table below.

Impulse and Reaction Turbines and Turbine Type Head Classification

Turbine type Head Classification
High (>50m) Medium (10-50m) Low (<10m)
Impulse Pelton Crossflow Crossflow
Turgo Turgo
Multi-jet Pelton Multi-jet Pelton
Reaction Francis (spiral case) Francis (open
Flume)
Propeller
Kaplan
Other Hydrodynamic screw
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Electricity generation usually requires a shaft speed as close as possible to 1500 rpm to
minimise the speed change between the turbine and the generator. Since the speed of
any given type of turbine declines with head, low-head sites need turbines that are

inherently faster under a given operating condition.

Turbines are also divided by their principle of operation and can be either reaction or

impulse turbines.

The rotor of the reaction turbine is fully immersed in water and is enclosed in a pressure

casing.

The runner blades are profiled so that pressure differences across them impose lift
forces, just as on aircraft wings, which cause the runner to rotate. The two main types of

reaction turbine are the propeller (with Kaplan variant) and Francis turbines.

In contrast, an impulse turbine runner operates in air, driven by a jet (or jets) of water.
There are 3 main types of impulse turbine in use: the Pelton, the Turgo, and the

Crossflow (or Banki) turbines.
The approximate ranges of head, flow and power applicable to the different turbine types
are summarised in the chart below (up to 500 kW power). These are approximate and

depend on the precise design of each manufacturer.

Head-flow ranges of small hydro turbines

500 . N Pelton or
. __— Turgo Turbine
200 "~
100+
"‘E’ Francis turbine
g 20 477’ Q ) Crossflow turbine
(30 -
101 4‘;. ;/ Propeller, Kaplan
7 TR - or Screw turbine
o b 3 .’f
3 d T
05 1 5 10 20
Discharge (m¥/sec)
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14.2

Types of Turbine

Impulse Turbines

The Pelton Turbine consists of a wheel with a series of split buckets set around its rim; a
high velocity jet of water is directed tangentially at the wheel. The jet hits each bucket and
is split in half, so that each half is turned and deflected back almost through 180°. Nearly
all the energy of the water goes into propelling the bucket and the deflected water falls

into a discharge channel below.

The Turgo Turbine is similar to the Pelton but the jet strikes the plane of the runner at an
angle (typically 20°) so that the water enters the runner on one side and exits on the
other. Therefore the flow rate is not limited by the discharged fluid interfering with the
incoming jet (as is the case with Pelton turbines). As a consequence, a Turgo turbine can

have a smaller diameter runner than a Pelton for an equivalent power.

The Crossflow Turbine has a drum-like rotor with a solid disk at each end and gutter-
shaped “slats” joining the two disks. A jet of water enters the top of the rotor through the
curved blades, emerging on the far side of the rotor by passing through the blades a
second time. The shape of the blades is such that on each passage through the
periphery of the rotor the water transfers some of its momentum, before falling away with

little residual energy.

Reaction Turbines

Reaction turbines exploit the oncoming flow of water to generate hydrodynamic lift forces
to propel the runner blades. They are distinguished from the impulse type by having a

runner that always functions within a completely water-filled casing.

All reaction turbines have a diffuser known as a ‘draft tube’ below the runner through
which the water discharges. The draft tube slows the discharged water and reduces the

static pressure below the runner and thereby increases the effective head.

Propeller-type turbines are similar in principle to the propeller of a ship, but operating in

reversed mode.

H25044/CDV



Yorkshire Dales National Park Authority

Small Scale Hydro Feasibility Report Ie

Various configurations of propeller turbine exist; a key feature is that for good efficiency
the water needs to be given some swirl before entering the turbine runner. With good
design, the swirl is absorbed by the runner and the water that emerges flows straight into
the draft tube. Methods for adding inlet swirl include the use of a set of guide vanes
mounted upstream of the runner with water spiralling into the runner through them.
Another method is to form a “snail shell” housing for the runner in which the water enters

tangentially and is forced to spiral in to the runner.

When guide vanes are used, these are often adjustable so as to vary the flow admitted to
the runner. In some cases the blades of the runner can also be adjusted, in which case

the turbine is called a Kaplan.

The mechanics for adjusting turbine blades and guide vanes can be costly and tend to be
more affordable for large systems, but can greatly improve efficiency over a wide range

of flows.

The Francis turbine is essentially a modified form of propeller turbine in which water flows
radially inwards into the runner and is turned to emerge axially. For medium-head
schemes, the runner is most commonly mounted in a spiral casing with internal

adjustable guide vanes.

Since the cross-flow turbine is now a less costly (though less efficient) alternative to the
spiral-case Francis, it is rare for these turbines to be used on sites of less than 100 kW

output.

The Francis turbine was originally designed as a low-head machine, installed in an open
chamber without a spiral casing. Thousands of such machines were installed in the UK
and the rest of Europe from the 1920s to the 1960s. Although an efficient turbine, it was
eventually superseded by the propeller turbine which is more compact and faster-running
for the same head and flow conditions. However, many of these ‘open-flume’ Francis
turbines are still in place, hence this technology is still relevant for refurbishment

schemes.
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1.4.3  Hydrodynamic Screw Turbine

In the form of the Archimedean screw, the water extraction screw has been known since
ancient times. More recently inversion of the energy flow in its operation turns the

Archimedes’ screw trough pump into a power generator for the extraction of energy.

The manufacturing effort required for a hydrodynamic screw is small compared to that
required for a conventional turbine. This machine type is available in a number of forms.
The machine can be purchased with or without a trough and is also available as a pre-

assembled machine to further simplify the installation process.
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1.5 Turbine Efficiency

1.5.1 Relative Efficiencies

A significant factor in the comparison of different turbine types is their relative efficiencies
both at their design point and at reduced flows. Typical efficiency curves are shown in

Figure 3.

An important point to note is that the Pelton, Kaplan and Hydrodynamic Screw turbines
retain very high efficiencies when running below design flow; in contrast the efficiency of
the Crossflow and Francis turbines falls away more sharply if run at below half their
normal flow. Most fixed-pitch propeller turbines perform poorly except above 80 % of full
flow.

1.6 Turbines Suitable for use in the Yorkshire Dales National Park

Any of the turbines describe may be suitable for a site within the Yorkshire Dales National
Park.

If a site has been surveyed and the available head established as say 20 m and the

available flow determined as 0.5 m*/s then the turbine type can be selected
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In the above case the turbine type is likely to be a Crossflow turbine. If the available flow
were to increase to 1.0 m*/s then the turbine type would change to Francis but with the

Crossflow as an alternative.

Turbine selection for a particular site is a specialist skill and the developer would be well
advised to take advice as the type of turbine chosen will affect other aspects of the

project design.
River Flow

Flow data was obtained through FEH (the Flood Estimation Handbook) and LowFlows.
These sources suggest the proportion of rainfall that reaches a watercourse. This
information is used to define a flow duration curve, which illustrates how the flow changes
over time. The mean flow, or Q3p, was taken as the design flow in all schemes for this
study. The optimal design flow would be constrained with further study of hydrology and
turbine options. Many of the watercourses of interest are not within gauged catchments,

or are too high up in a gauged catchment for data to be reliable.

Our flow data software only models surface flow, and does not model infiltration,
groundflow and springs. However, any effects on flow from these features will be
measured by in situ flow monitoring equipment on the sites deemed suitable for the next

level of investigation.

More detailed information on the hydrology of the watercourses involved in this study is
included in the appendix. This LowFlows report details the statistical flows for each month

of the year, presented in tabulated form and graphical form.
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Preliminary Design

The Park Authority compiled a list of nearly 50 potential sites, with help from the
Yorkshire Dales Rivers Trust, most having a history of milling. Inter Hydro Technology
then made investigations into the hydrology, topography, infrastructure and power

potential at each of these sites.

For each potential hydro scheme, powerhouse and intake position were considered
primarily whilst on location. These often have to work around, or with, existing

infrastructure.

Each turbine type was determined by the relationship between head and flow, using the
corresponding efficiency curves. Typical values were used for the efficiency of the

generator, transformer losses and other parasitic energy losses.

The presence of natural heritage designations such as SSSIs, SACs and SPAs would
normally imply more detailed environmental studies, a longer planning process, higher
mitigation costs, and possibly a smaller scheme than might otherwise have been
installed. In areas subject to the most stringent reviews, development would only be
allowed to go ahead if there are shown to be imperative reasons of over-riding public
interest. Of course, not all land designations are water-related, and therefore may not
have any impact in practice. Not all information on conservation areas and historical
interest has been included in this study, and the majority of these sites have not been
studied by the Environment Agency or the Yorkshire Dales National Park Authority
planners. There may be additional constraints pertaining to the sites which have not been

identified In this report.

The top 15 sites were identified by rating the sites according to simple payback time and
CO, emissions offset per year, and these sites were briefly examined by both the
Yorkshire Dales National Park planners and the Environment Agency. Their initial

comments are included in the conclusions.
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Note on Revenue

In the event of any of these schemes being developed, the client can either sell the
energy to the grid, or use the energy on site. The value of energy developed by a
renewable generator consists of the value of the electricity (i.e. sold to a distributor or
used on site by the business) and the government supported Renewable Obligations
Certificate (ROC) scheme. At the time of writing, it is possible to achieve a purchase price
for electricity sold to a distributor of £560/MWh. In 2008/2009, the UK the government
supports renewable generation under the ROC fund scheme. Under this scheme
renewable generators registered with OFGEM receive one ROC certificate for each MWh
of generation produced in the preceding quarter. Under the scheme a base or buy-out
value is set, guaranteeing the minimum value of a ROC. In reality, there are insufficient
ROCs in the market to satisfy demand. This results in a higher value for each ROC
certificate being sold in the market place. In late 2008, ROCs were selling for
approximately £45/MWh. Government is presently reviewing the ROC legislation and has
announced that generators below 50kW installed capacity will receive two ROCs for each
MWh produced.

In order to stimulate the take-up of energy from green sources, UK government also
impose fines on businesses that use a large amount of electricity, through the taxation
system. Businesses can offset some of this burden through the Levy Exemption
Certificates (LECs) scheme. The value of one LEC is set by the government and
increases annually in line with inflation. The value of one LEC in 2008 is £4.70/MWh. The
energy value stated for each scheme is calculated according to the client selling all the
energy produced to the grid. It follows that the payback time is the budget estimated cost,

divided by the annual revenue.

Alternatively, the client may wish to use the electricity on site. In this case, there is no
advantage in producing any more energy than will be required on site. The amount of
power produced can be controlled either by controlling the amount of water through the
turbine, or by ‘dumping’ excess electricity on site (e.g. via a heating system or a
swimming pool), according to how much energy is required. The total value of the power
generated a year will therefore vary according to how much has been offset. In the case
of excess power being produced and then ‘dumped’, then the client may be able to claim
ROCs for this energy produced. If the power output is controlled by how much water is

taken through the turbine, then the client will only earn ROCs for the usable power
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consumed on site. The payback time in this scenario would be calculated according to
any ROCs earned plus the value of the electricity (according to the rates of the local

power company) saved.

Note on Methods

A good example of a site report is shown in the A3 pull out, with brief explanations of
terms. Information on grid connection costs was not available for all of the sites at the
time of this report going to print. Where no information was available, a fixed fee of
£30,000 was assumed. Where this figure has been used, it has been clearly stated in the

site report. The fees and costs stated do not include professional fees.

The potential of some sites may be improved by modelling multiple intakes. This is
particularly relevant in the upper reaches of a catchment, where lower flows are

predicted.

Road and railway proximity was taken into account through the selection process.
Locations of transport routes relative to potential hydro schemes were deduced from OS
maps and site visits. Proximity to transport routes can decrease construction costs, but

engineering works close to road and rail will increase costs significantly.

The sites were rated according to payback time and CO, emissions offset per year. The
top 15 sites were then forwarded on to both the Yorkshire Dales National Park Authority
Planning team and the Environment Agency, for preliminary comments. This initial

feedback is included in Appendices Il and IV respectively.

A summary table of the results of all the sites is included in Appendix V. This includes

the potential carbon dioxide emissions offset annually for each scheme.
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YD4
Bainbridge High Mill, Bainbridge, River Bain
OS Grid 393430,489999

OS map of Bainbridge with suggested River Bain at Bainbridge, looking
approximate intake (IT) and powerhouse upstream
(PH) locations labelled.

Introduction

The Bainbridge High Mill site is located at the bridge over the River Bain in the south of the
village. It was assessed on behalf of the Yorkshire Dales Rivers Trust. A Gilkes vortex turbine
(no. 2340) is in situ. The mill building is registered in the Yorkshire Dales Historical records
(SMR no. MYD29277). The land owner is not positive about any refurbishment. The scheme
utilises 5.5 m head, producing 7.5 kW and this was used to supply electricity for street lighting
and houses in the village. Bainbridge is a designated conservation area. Bainbridge Low Mill
(YDS5) and a third scheme (IHT5) were also investigated within Bainbridge.

Hydrology

The catchment area of the River Bain at
Bainbridge is 46.5 km®. Annual mean flow
(Qa) at this location is 1.77 m%/s, and Qs is
0.21 m*/s. These flow figures are labelled on

the Flow Regime curve.

Power Output
The gross head for this scheme is 5.5 m,
with a rated power of 60 kW, producing a

net annual average output of 250 MWh a

year. Image of the River Bain at Bainbridge
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Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m3/s) is along the
y-axis. Mean flow and Q95 values are both labelled

Scheme Preliminary Design and Structures Required

In order to reinstate the existing scheme, the intake would need to have an improved screen
in order to prevent entrainment of fish and boulders. As the owner is not interested in
pursuing the scheme for power generation at this time, further design or costing was not
undertaken.

Impact

The depleted stretch of river will be visible from the bridge, and possibly from the road above.
Bainbridge is an attractive village and an active conservation area, with significant visits from
tourists. There are significant numbers of crayfish in the River Bain at this site, and it is likely
that fish will be present.

Grid Connection

This scheme is within NEDL distribution network, and they have appointed CE Electrical
Services as the service provider for the provision of new connections to its network. The
budget cost is based on the provision of 90 kVA distribution capacity. Preliminary
investigations have shown that in order to provide the connection it would be necessary to
Establish a new pole mounted transformer on the high voltage overhead line to the south of
the village. From the transformer a discrete underground service cable would be laid direct to

a mutually acceptable service position.
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The budget cost provided by NEDL assumes each of the recently submitted Hydro generation
schemes in Wensleydale and Swaledale are to be connected in isolation.

The budget costs provided should be treated with caution as the cost may change
significantly depending on the number of generators connected and the precise location of

their service positions.

The budget estimate for this work is £35,000 plus VAT.

Costs
Costing investigations of the existing scheme were not pursued any further for this scheme,

as the owner is not interested in any refurbishment or re-commissioning at his site.

Inter Hydro Technology Conclusions

There is good potential for a scheme at this point on the River Bain. The existing scheme is
deemed to be in the wrong place, resulting in high maintenance. The land owner is not
interested in further work for this hydro scheme and so it is not recommended that this
particular location is pursued any further. There may be further potential on the other side of
the river or slightly further upstream. Bainbridge Low Mill (YD5) and a third scheme (IHT5)

were also investigated within Bainbridge.
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YD5
Bainbridge Low Mill, River Bain
OS Grid 393499,490334

OS map of Bainbridge with suggested approximate intake
(IT) and powerhouse (PH) locations labelled.

Introduction

Low Mill tail race

The current mill comprises a low-breast shot waterwheel, an over-driven spur-wheel

gearing system and two pairs of millstones, in a grade Il listed building of special

historic or architectural interest. The mill is registered in the Yorkshire Dales Historical

Record (SMR no. MYD34359). Bainbridge is a designated conservation area. The mill

is a private residence and gardens with tail race, sluice and screen still present. The

wheel and gear remain in situ, are in working order and could be adapted for power

generation. Recently-deceased owner Dr Coles was interested in power generation,

but his widow was unable to advise on any refurbishment. Due to the personal

circumstances at Low Mill, it is not recommended that the potential for this scheme is

investigated any further at the moment.

Hydrology

The catchment area is
approximately 44.9 km?. Annual
mean flow (Qg) at this location is
1.73 m%s, and Qgs is 0.2 m*/s. The
mean flow estimate and the Qg5
values are labelled on the flow

regime report.

Image of the River Bain catchment at Bainbridge
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Power Output
The gross head for a scheme at this site is about 5 m, with a rated power of 55 kW,

giving a net annual average power of 171 MWh.

Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m®/s) is
along the y-axis. Mean flow and Qgs values are both labelled

Structures

Repairs and modifications to a weir, leat and tail race are likely to be necessary.

Impact
The depleted stretch of river will not be obvious from the popular public areas within
Bainbridge. A waterwheel is likely to meet with less opposition due to perceived lack of

intrusiveness by construction and noise during power generation.

Grid Connection

This scheme is within NEDL distribution network, and they have appointed CE
Electrical Services as the service provider for the provision of new connections to its
network. The budget cost is based on the provision of 55 kVA distribution capacity.
Preliminary investigations have shown that in order to provide the connection it would
be necessary to install a discrete underground service direct from our Bainbridge
substation to a mutually acceptable service position in the vicinity of Low Mill
Bainbridge.

The budget cost provided assumes each of the recently submitted Hydro generation

schemes in Wensleydale and Swaledale are to be connected in isolation.
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The budget costs provided should be treated with caution as the cost may change
significantly depending on the number of generators connected and the precise

location of their service positions.

The budget estimate for this work is £35,000 plus VAT.

Costs
A new axial flow turbine introduced at this site would cost in the region of £110,500.
Repairs to the existing infrastructure, gear wheel are more difficult to determine and the

degree of alteration would be decided by the owner.

Inter Hydro Technology Conclusions

It is not recommended that any queries be made of the owner at present. The
Yorkshire Dales National Park Authority has informed the family of the owner that a
brief study has been completed. Bainbridge High Mill (YD4) has also been studied, and
a scheme upstream of Bainbridge High Mill (IHT5).
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YD7
Askrigg Low Mill, Paddock Beck, Askrigg
OS Grid 394551,490824

OS map of Askrigg Low Mill with suggested approximate
intake (IT) and powerhouse (PH) locations labelled.

Introduction

The owner is interested in development of hydro power generation at this site, which is
an outdoor centre. Some minimal investigations had been completed prior to this study,
commissioned independently by the owner, who is recently retired, and interested in
supporting local hydro power. The building is registered in the Yorkshire Dales
Historical Record (SMR no. MYD2905), and Askrigg is a designated conservation area.

Askrigg has a long tradition of water power.

Hydrology

The catchment area is
approximately 11.4 km?.
Annual mean flow (Qa)
at this location is 0.38
m’/s, and Qg is 0.03
m%s. The flow regime
report for this location

has the mean flow

estimate and the Qgs

values labelled.
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Power Output
The gross head for a scheme at this site is about 70 m, with a rated power of 180 kW

giving a net annual average power of 768.9 MWh.

Flow Regime Curve for Askrigg Low Mill, with Mean flow and Q95 labelled

Scheme Preliminary Design

A new weir will be required at the head of a waterfall, with a new intake chamber. A
pressure pipe needs to be installed, laid through potentially limestone boulder-strewn
ground. A new powerhouse will be required, to be situated in the grounds of the activity
centre. A new weir, intake chamber and pressure pipe are required, plus a new
powerhouse at the back of the triangular-shaped land adjacent to the main building,

farthest point away from the road.

Impact
This scheme involves a relatively long stretch of depleted river. There is a footpath on
the left hand bank alongside the river, along the length over which the scheme would

operate. Askrigg is a designated conservation area.

Grid Connection

This scheme is within NEDL distribution network, and they have appointed CE
Electrical Services as the service provider for the provision of new connections to its
network. The budget cost is based on the provision of 215 kVA distribution capacity.
Preliminary investigations have shown that in order to provide the connection it would
be necessary to extend our existing High Voltage network underground to a proposed
new ground mounted substation adjacent to the mill. A connection would be provided in

the substation via a transformer mounted metered MCCB.
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The budget cost provided assumes each of the recently submitted Hydro generation

schemes in Wensleydale and Swaledale are to be connected in isolation.

The budget costs provided should be treated with caution as the cost will change
significantly depending on the number of generators connected and the precise

location of their service positions.

The budget estimate for this work is £45,000 plus VAT (included in the budget fees

below).

Costs

CIVILS £410,000
MACHINERY & EQUIPMENT £183,501
BUDGET FEES (e.g. grid connection, EA, | £172,000
planning)

TOTAL e.g. £766,000

With predicted revenue of £77,000 per annum, this gives a simple payback time of 10

years.

Inter Hydro Technology Conclusions
This scheme has great potential, in an area with a long tradition of water power, and

has a reasonable estimated payback time.

Initial comments from the Environment Agency and the YDNP Authority planning team

on the suitability of this site are included in the conclusions chapter.

Askrigg West Mill (YD9) and Askrigg Cotton (YD8) were also investigated in this study

along this stretch of river.
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YDS8
Askrigg Cotton/Flax Mill, Paddock Beck, Askrigg
OS Grid 394363,491141

OS map of Paddock Beck with suggested Flax mill
approximate intake (IT) and powerhouse
(PH) locations labelled.

Introduction

Some equipment remains in situ here. The site was historically a water-powered textile
mill and farmhouse and is now a private residence. The building is designated as being
of special historic or architectural interest, and is grade Il listed (SMR no. MYD32964).

Hydrology

The catchment area is
approximately ~ 11.6  km®.
Annual mean flow (Qg) at this
location is 0.39 m¥s, and Qgs
is 0.03 m*s. The flow regime
report for at this location has

the mean flow estimate and

the Qg5 values labelled.

Image of the catchment of Paddock Beck at the
Cotton/Flax Mill

H25044/CDV



Small Scale Hydro Feasibility Report “
Yorkshire Dales National Park Authority

INTER HYDRO TECHNOLOK

Power Output
The gross head for a scheme at this site is about 3 m, with a rated power of 8.6 kW

giving a net annual average power of 30 MWh.

Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m®/s) is along the y-
axis. Mean flow and Qgs values are both labelled on the curve.

Scheme Preliminary Design

The cotton mill presently has no water. The water was historically provided from
Paddock Beck higher in the catchment via Askrigg West/Mill Gill House. However, the
discharge from Askrigg West Mill was reconstructed some time ago and now
discharges directly to the river. A waterwheel, as was historically used at the site, would
be suitable for this scheme.

Structures

Reconstruction of the discharge at Askrigg West is required, with the installation of a
large bore pipe to feed to the mill pond and a new leat to the Flax Mill. A new
powerhouse is required for the waterwheel installation in the existing, but derelict,
waterwheel pit.

Impact

Due to the reliance of this scheme on the mill upstream, there is likely to be some
disturbance to the residents of both mills, and possibly the proximal footpath users.
With both mills operating, there would be quite a long depleted reach of river.
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Grid Connection
The relatively small generating capacity for this scheme means that connection is
possible using a G83 relay. This will cost approximately £5000, and has been

incorporated into the machinery and equipment costs.

Costs

CIVILS £97,000
MACHINERY & EQUIPMENT £24,080
BUDGET FEES (e.g. grid connection, EA, | £30,000
planning)

TOTAL e.g. £151,100

With predicted revenue of £4515 per annum, this gives a simple payback time of 33

years.

Inter Hydro Technology Conclusions

The fact that this mill wholly relies on Askrigg West (YD9) for its water, makes it one of
the more unfeasible schemes. In the event of Askrigg West being up and running, it
should be looked at again under its own merits. Askrigg Low Mill (YD7) has also been

investigated in this study.
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YD9
Askrigg West Mill, Paddock Beck, Askrigg
OS Grid 394363,491141 (at intake)

Askrigg West Mill from the public footpath

OS map of scheme with suggested approximate
intake (IT) and powerhouse (PH) locations labelled.

Introduction

Historically this site has been a corn mill and a saw mill, and dates back to the 15"
century. There is a wooden wheel in situ, a pond, and leat. The weir needs rebuilding,
and the owner has invested in restoration and upkeep of the grade Il listed building.
The building is registered in the Yorkshire Dales Historical Record (SMR no.
MYD34289). The water from the mill used to be discharged back to the river via the
Flax Mill, but now flows straight back to Paddock Beck. There is a second set of
powerhouse buildings upstream, but the landowner is not interested at present in
investigating these further.

Hydrology

The catchment area of
Paddock Beck at this
location is approximately
11.6 km® Annual mean
flow (Q3) at this location is
0.39 m%s, and Qgs is 0.03
m¥/s.

The flow regime report at

this location has the mean

flow estimate and the
Qos Image of the Paddock Beck catchment at Askrigg West

values labelled.
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Power Output
The gross head for a scheme at this site is about 3 m, with a rated power of 8 kW

giving a net annual average power of 30 MWh.

Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m®/s) is along the y-
axis. Mean flow and Qgs values are both labelled on the curve.

Scheme Preliminary Design and Structures Required

The current scheme would be renovated, keeping the mill pond, leat, mill and
waterwheel. The weir would need to be repaired, as well as the inlet from the river. The
leat between the river and the mill is silted up. The wheel is in good condition but would
need some conversion/adaptation for electricity generation. The main construction is

limited to rebuilding the weir in the river and clearing the leat.

Impact
There is likely to be some disturbance to the users of the proximal footpath, and some
trees may need to be felled in order to get access for construction.

Grid Connection

The relatively small generating capacity for this scheme means that connection is
possible using a G83 relay. This will cost approximately £5000, and has been
incorporated into the machinery and equipment costs.
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Costs

CIVILS £40,000
MACHINERY & EQUIPMENT £24,080
BUDGET FEES (e.g. grid connection, EA, | £18,800
planning)

TOTAL e.g. £82,900

With predicted revenue of £4520 per annum, this gives a simple payback time of 18

years.

Inter Hydro Technology Conclusions

The existing mill and remaining infrastructure are in relatively good condition, and the
land owners at the site are active in repairing, improving and preserving the mill.
Access for construction may be complicated, as the river banks are steep. Pipe lines

may also have to work around existing buildings.

Initial comments from the Environment Agency and the YDNP Authority planning team

on the suitability of this site are included in the conclusions chapter.

Askrigg Low Mill (YD7) and Askrigg Cotton Mill (YD8) were also investigated in the

study along this stretch of river.
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YD10
Nappa Mill, Nappa
OS Grid 961,905

OS map of Bainbridge with suggested approximate intake (IT) and powerhouse (PH)

Introduction

This mill is adjacent to a private farmhouse on the floodplain of Newbiggin Beck. The
post-medieval dam is registered in the Yorkshire Dales Historical Record (SMR no.
MYD34270), and Nappa House is a grade Il listed building.

Hydrology
The catchment area is approximately 217.4 km?. Annual mean flow (Qg) at this
location is 8.5 m*/s, and Qg5 is 1.03 m®/s. The flow regime report for at this location has

the mean flow estimate and the Qg5 values labelled.

mage of Newbiggin Beck at Nappa Farm.

H25044/CDV



Small Scale Hydro Feasibility Report “
Yorkshire Dales National Park Authority R AR TR B,

Power Output
The gross head for a scheme at this site is <0.5 m, with a rated power of 20 kW, giving

a net annual average power of 73 KWh.

Image trom rEH sottware ot the
catchment at

Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m®/s) is along
the y-axis. Mean flow and Qgs values are both labelled on the curve.
Scheme Preliminary Design
Due to the very low head at this site, an undershot water wheel is the only viable type
of machinery. Historically, the leat cut the meander via the farm, and was likely to have
supplied water for the house and farm before reaching a water wheel. If the scheme
were re-commissioned, it would be sensible to straighten the leat, and reposition it as

extensions to buildings have been constructed over part of the leat.

Structures
Construction of a new weir will be necessary, as well as re-excavation of the leat
(which has silted up) with a small section of new leat to avoid farm buildings, as well as

a new powerhouse and tailrace.

Impact

This farm is in a quiet and isolated location. There is a footpath which meets the west
corner of the farm buildings. The powerhouse and outlet will be very close to the
railway embankment. If construction of a scheme were to go ahead, the access road to
the mill would have to be significantly improved. Flood risk at this site would also have

to seriously assessed.
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Grid Connection

This scheme is within NEDL distribution network, and they have appointed CE
Electrical Services as the service provider for the provision of new connections to its
network. The budget cost is based on the provision of 30 kVA distribution capacity.
Preliminary investigations have shown that in order to extend the existing high voltage
overhead network towards the site with 3 spans of high voltage overhead line
terminating at a new pole mounted transformer. From the transformer an underground
service would be installed to a mutually acceptable service position. Budget costs

exclude any on site excavation and reinstatement of the service cable trench.

The budget cost provided assumes each of the recently submitted Hydro generation

schemes in Wensleydale and Swaledale are to be connected in isolation.

The budget costs provided should be treated with caution as the cost may change
significantly depending on the number of generators connected and the precise

location of their service positions.

Costs

CIVILS £185,000
MACHINERY & EQUIPMENT £27,000
BUDGET FEES (e.g. grid connection, EA, | £52,000
planning)

TOTAL e.g. £264,000

With predicted revenue of £7,300 per annum, this gives a simple payback time of 36

years.

Inter Hydro Technology Conclusions

Construction at this site is likely to be relatively difficult, as access may not be possible
for the necessary vehicles. There is a single track road and small bridge over the
railway embankment. Flooding may be an issue at this site, restricting the operating
period of a turbine.
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YD11
Woodhall, Thackthwaite Beck
OS Grid 398086,490490

a : .,‘- -. - .1.1‘ y

OS map of Woodhall with suggested approximate i .
intake (IT) and powerhouse (PH) locations labelled. ~ Flow over the weir at Woodhall

Introduction

The quarries at Haw Bank were opened up for bulk production of limestone in the late
18" century, but are now disused. Small quantities of lead ore were extracted at Haw
Bank during the eighteenth and nineteenth centuries. There is a 1902 Gilkes Vortex
turbine at the base of Disher Force that was installed in 1936 by the owners of
Woodhall garage to provide hydro-electricity to the hamlet. It is thought that this turbine
may have been Turbine #1571, producing 11 kW on 6.7 m of head and a flow of 0.23
m?%s. The water at this site is sourced from quarry and mine workings. Consequently it
was not possible to determine accurate flow data and hence power potential at this site.
The relevant software predicted very low flows compared to the water evident from our
site visit. Without the commitment of in situ flow monitoring equipment, the potential for

this location cannot be determined.

Hydrology

The hydrology of Thackthwaite Beck is
very difficult to constrain. This is due to a
combination of the geology and the
industrial extraction at the site (including
quarrying of limestone and mining of lead).
Some information is available from
historical reports of pot holers and cavers
in the area. However, flow data cannot be

sourced. It is recommended that in situ

flow monitoring equipment be installed at

Image of the Thackthwaite Beck catchment at
Woodhall

H25044/CDV



Small Scale Hydro Feasibility Report Ie

Yorkshire Dales National Park Authority

INTER HYDRO TECHNOLOK

the site for at least 12 months in order to determine a flow duration curve.

Power Output
The gross head for a scheme at this site is about 25 m. Assuming a flow of 0.2 m%/s,

the installed capacity would be 40 kW and average annual energy 140 MWh.

Scheme Preliminary Design
There is an existing reservoir, previously supplying a hydroelectric installation
generating power for the quarry. This could be re-used, with a new pipeline feeding to a

powerhouse at the edge of the disused quarry and returning water to the beck.

Structures

Weir repairs, a new pipeline and powerhouse.

Impact

This site seems ripe for development of a hydro scheme, with its industrial past and
locally engineered landscape. Footpaths do cross the site, and some disruption these
access routes would be expected during the construction period. The site is also close
to, and possibly within, the local Ballowfields Nature Reserve, and so construction
methods and scheme design will have to be particularly sensitive of the local
environment. The existing pond and weir will probably need repairs.

Grid Connection
The suitability of the location for a connection to the national grid, is unknown at the
time of this report going to print. A suggested fee of £30,000 has been used.

Costs

CIVILS £200,000
MACHINERY & EQUIPMENT £37,501
BUDGET FEES (e.g. grid connection, EA, | £30,000
planning)

TOTAL e.g. £267,501

With predicted revenue per annum of around £18,000, this scheme has a simple

payback time of 15 years.

Inter Hydro Technology Conclusions

It is recommended that flow monitoring equipment be installed to constrain the flows on
this watercourse. It will then be possible to complete an accurate pre-feasibility report
on the potential for hydro power at Woodhall.
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YD12
West Burton schemes, Walden Beck
OS Grid 401926,486753
. R 3 e
OS map of West Burton with suggested approximate Bridge over the lower falls at West

intake (IT) and powerhouse (PH) locations labelled for Burton
the 5m head scheme.

Introduction

The scheme described and investigated on site uses just one of the falls giving a head
of 5 m. the pipe route and weir construction here are likely to be relatively
straightforward. A second, a higher head scheme, may be worth further investigation.
This could utilise the full potential of 10 m on both waterfalls. However, the cost of
construction due to the topography and the pipe route, is likely to make this second

scheme unfeasible. There would also be reduced flows over the main waterfall which

may result in lower amenity value. West

Burton is a designated conservation area.

Hydrology

The catchment area is approximately 27.8
km?. Annual mean flow (Q3p) at this location is
0.9 m¥s, and Qg is 0.09 m®s. The flow
regime report for at this location has the mean

flow estimate and the Qg5 values labelled.

Power Output
The gross head for a scheme here is about 5
m, with a rated power of 30 kW, giving a net

annual average power of 88 MWh. Image of the Walden Beck catchment at
West Burton

H25044/CDV



Small Scale Hydro Feasibility Report I(‘

Yorkshire Dales National Park Authority

INTER HYDRO TECHNOLOK

Flow Regime Report. Exceedance probability (%) is along the x-axis and flow (m®/s) is along the y-
axis. Mean flow and Qgs values are both labelled on the curve.

Scheme Preliminary Design

The intake for this scheme would be situated above the footbridge and below the main
waterfall. A pipe would convey the water to a location below the footbridge where water
would be passed through the turbine and discharged back into the river. A screw
turbine would probably be the most suitable turbine type at this location, and is also the
most fish-friendly option. A weir would need to be reinstated on the river, and this would
possibly need a fish pass to be incorporated into it. A powerhouse would not be
required if a screw turbine were chosen, although some small structure to house the
turbine electrics would be required.

Impact

The reinstatement of a weir at this location would require river works, and the presence
of fish and other species would need to be carefully assessed and impacts on the
ecology minimised. The deprived reach for this scheme is very small. There would be
reduced flows over the waterfall which may result in lower amenity value. West Burton

is a designated conservation area.
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Grid Connection

Northern Electric Distribution plc (NEDL) has appointed CE Electrical Services (CEES)
as its service provider for the provision of new connections to its network. The budget
proposals are based on the provision of a 53 kVA capacity. Preliminary investigations
have shown that in order to provide the connection it would be necessary to install a
new discrete underground service from the existing West Burton Central substation to a
mutually acceptable service station. Budget cost excludes any on site excavation and

reinstatement of the service cable trench excavation to the rear of Waterfall Cottage.

As there is no three phase network in the close proximity of the requested connection,
it has been assumed that the customer will install a single phase (230V) generator of

the requested capacity (53kW).

The budget cost provided assumes each of the recently submitted Hydro generation

schemes in Wensleydale and Swaledale are to be connected in isolation.

The budget costs provided should be treated with caution as the cost may change
significantly depending on the number of generators connected and the precise

location of their service positions.

Costs

CIVILS £165,000
MACHINERY & EQUIPMENT £230,200
BUDGET FEES (e.g. grid connection, EA, | £40,000
planning)

TOTAL £435,200

With predicted revenue of £22,050 per annum, this gives a payback time of 20 years.

Inter Hydro Technology Conclusions
The payback time of this scheme could possibly be improved by keeping construction
costs to a minimum. A detailed study may well prove that this scheme would be

possible. The required infrastructure would need to be carefully incorporated.
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