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Planning for hydropower

Desktop methodology for prospecting for micro hydro sites

more important as the price of fossil fuels

increases. These sources include solar energy,
wind energy, geothermal energy, bioreactor energy and
hydraulic energy in the forms of land and marine
based hydropower.

Land based hydropower is considered to be an
asset that can be initially assessed remotely using
geoinformation in the public, and accessible private,
domain by those who can identify the appropriate
parameters to gauge available power at a site, and
who can identify the appropriate geoinformation
resources. GIS and digital terrain models (DTM) can all
be used to remotely locate potential sites for forms of
renewable energy.

A byproduct of the methodology for prospecting for
small scale hydropower sites is the increased
development potential of land. A potential or actual
hydropower site on land is an asset. In the short to
medium term future, it is probable that costs of non
renewable energy sources will rise rapidly and the asset
values of land with potential revenue from hydropower
sites will also rise rapidly as a consequence.

RGNGUJRBLE sources of energy are becoming

Context

Research is underway on exploiting wave energy, tidal
power and geothermal energy sources. In the UK and
Ireland, there is now a premium offered by electrical
power suppliers to buy in electrical power from
renewable sources; the ‘feed in' tariff. There is also
government support for research and development in the
different areas of renewable power exploitation.
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Onshore and offshore wind farms are now well established in the UK
and Ireland. Most of this technology has been developed in Denmark
and Germany. Wind power sites range between single wind turbines
and wind farms. Site selection is dependent on topography, average
wind speed duration, site land values, location, accessibility and
environmental planning requirements. British Isles wind data are
available to assess the wind power at potential sites. The location
and proprietary turbine selection allows the calculation of power
output. Turbine installation cost, land rental, power distribution
infrastructure costs and maintenance costs allow an economic
assessment to be made in the light of the probable returns from
using or selling the power output.

The environmental planning requirements may not allow the
development of a wind power site or may permit construction
subject to certain constraints. These may comprise, for example, the
selection of certain types of turbine to satisfy noise, avian fauna and
visual requirements.

Wind power has been a historical feature of the landscape of
the UK and Ireland in the form of windmills that provided power
for corn and flour milling, and land drainage. Windmill technology
was introduced in the 16th century and having a windmill sited on
your property was considered to be a major asset which enhanced
land values. The perceived beneficial income from a windmill site
was taken into account in the valuation of the land for rating (land
tax) purposes.

Another renewable power source that was historically exploited
was hydropower from water mills. The location and survival of many
towns and villages was due to the harnessing of hydropower from
nearby rivers and streams. Indeed, before the Industrial Revolution
and the advent of steam power, hydropower was the principal form
of power used in the rural and industrial economies. Industries
previously reliant on hydropower include corn and flour milling,
textile processes and manufacturing.

Like windmill sites, the possession of a watermill on a property
was considered a valuable asset and added to the land value and the
consequent rates. The proliferation of windmill and watermill sites in
Ireland, for example, is evidenced in 19th century Ordnance Survey
maps, memoirs and Griffith's valuation of property. It is also
evidenced in some place names. The possession of land with a
windmill or watermill had the effect of increasing its value and it is
similarly probable that the location of a hydropower site on land will
increase asset value in the future.

Hydropower prospecting tools

USA

A major geoinformation hydropower prospecting tool has been
developed by the Idaho National Laboratory of the US Department of
Energy. This computer based method uses DTM, GIS and other
resources to remotely prospect for potential hydropower sites. The
methodology has provided a total appraisal for land based
hydropower potential for the USA.

England and Wales

The UK Environment Agency has undertaken an estimate of the
hydropower potential in England and Wales. It has used
geoinformation to identify sites on rivers where there is an obstacle
to flow, such as a weir, waterfall or mill site. Using geoinformation
systems, it can estimate the change in head and reliable discharge
characteristics at a site to assess the potential power output.

Investigating Ireland’s potential for hydropower schemes.
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The hydropower potential of a site is a function of the reliable |
discharge, Q, and the head drop, H. Available open channel
hydropower, P for Q and H is given by:
3
P=nQHpgkw § 1 = ~ i
H |
P = available water power (before losses) W
Q = through turbine flow rate, m*/sec
H = head m
p = water density kg/m?
g = gravitational acceleration 9.81m/sec W we mn sy m B B R B o s
n = efficiency (n<0.7) Ountion ()

, i = 3 s 3 . . Figure 2: Flow duration curve logarithmic form from European Small Scale Hydro website.
Typical efficiencies with optimal turbine = 85%, and with optimal v 2 P % &l

electrical infrastructure = 85%. Therefore onsite electrical power
production efficiency = 70% approximately.

. . . reservoir or mill pond, mill race and tail race. Sometimes
Turbine generator classification P

Smail <TOMW these are still in exis_tence so that the head and water
Mini <IMW discharge can be estimated.
PMigo :;(k)‘?\’;w Flow duration curves
The upstream and downstream head are set by the
Site head drop classification elevation of thle mill and tail ra_lce. but the water flow
Head heights and bed slopes at potential hydro sites can now be through the mill wheel or turbine can be seasonally
rapidly obtained using inexpensive GNSS technology. Public and variable. It is [mportant to hav.e conflde-nce in the waFer
accessible private domain sources of geoinformation can be used to flow through the turbine. Previously this was done using
estimate this remotely, for example by using contours on public local knowledge, but the science of hydrology has
domain Ordnance Survey maps and webmaps. advanged to provide rational scientific methods for
assessing flow rate.
High head ~100m The principal method is based on flow duration curves
Medium head 30-100m (FDC), an application of Pareto curve theory. An example
Low head 2-30m of a stream flow duration curve is given in Figure 1.
The establishment of a network of gauging stations
Turbine choices based on available head and discharge over the last century has provided sufficient hydrological
Kaplan and Propellor H = 2-40m, Q = 2-80m?/sec data for the construction of flow hydrographs and
(low head/high discharge) duration curves for rivers throughout the British Isles.
Francis H = 25-350m, Q = 0.2-20m¢[sec FDC data can be interpolated to determine flow duration
Pelton H = 15-1300m, Q = 0-7m?/sec characteristics for catchments between gauged rivers.
(high head/low discharge) The assessment of flow rates at potential hydropower
Crossflow H = 5-200m sites is often expressed in terms of Q10, Q50 and Q90
Turgo H = 50-250m discharges. From Figure 1:
Small scale hydro sites are not new to to the British Isles. In Q10 = 8.0m*/sec
Northern Ireland, for example, most of the 19th and early 20th Q50 = 2.0m*[sec
century electrical hydropower sites were of the medium or low head Q90 = 0.5mé/sec
type, for example River Roe at Limavady for street lighting and River
Bush for the Giant's Causeway tram. These can also be interpolated on an FDC with the daily
Some civil works are associated with historic water mill sites, mean hourly discharge plotted on a log scale, shown in
which may be identified from geoinformation. For example, a weir, Figure 2.
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Figure 1:Typical flow duration curve from European Small Scale Hydro website.
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When there are no flow records for a particular location, it is necessary to
proceed from first principles. Rainfall data is normally available from national
agencies, for example the UK Met Office, on an annual-average basis, but often
only on a fairly small scale. Therefore, attempts should always be made to find
local records, which will indicate seasonal variation. Failing that, a standard rain
gauge should be installed in the catchment area as soon as the studies are
being considered. Even one year's records will help in the production of a
synthesised FDC.

The first step is to estimate the mean annual flow, Qm, or average daily flow
(ADF). In the UK, the mean annual flow is estimated using a rainfall catchment
water balance methodology; the long term average annual runoff of rainfall can
be assumed to be equal to the difference between standard average annual
rainfall (SAAR) and actual evaporation (AE).

Qm = mean annual flow = average daily flow = SAAR-AE

Catchment values of SAAR and potential evaporation are estimated from rainfall
and potential evaporation (PE) maps. AE is estimated from PE using a scaling
factor (r). Where r increases with SAAR, there is increasing water availability.

For catchments with annual average rainfall in excess of 850mm per year, it is
assumed that AE is equal to PE. This relationship between SAAR and r is given by:

r=0.00061 x SAAR + 0.475 (for SAAR <850mm)
r = 1.0 (for SAAR >850 mm)

AE is calculated from:
AE =1 x PE

The average annual runoff depth (AARD) in millimetres, over the catchment

area (AREA) in square kilometres, is converted to mean annual flow in cubic
metres by:

Qm = mean annual flow = average daily flow = (AARD x AREA)/31536 m?/s

Although the mean annual flow gives an idea of the power potential of a stream
or river, an FDC is needed. The FDC depends on the type of soil on which the rain
falls. If it is very permeable (sand) the infiltration capacity will be high and the
groundwater will be a large proportion of flow in the stream. I it is impermeable
(rock) the opposite will be the case. The catchments of high permeability and
large groundwater contributions will therefore tend to have more regular
discharges with less fluctuating flow than rocky catchments, where the variations
will be great and will reflect the incidence of rainfall to a much greater extent.

In the UK, for instance, soils have been classified into 29 discrete groups that
represent different physical properties and hydrological response. The
classification system is referred to as the hydrology of soil types, or HOST,
classification. By measuring the areas of each of these categories within the
catchment as a proportion of the whole, the base flow index (BFI) can be
computed. Knowing the BFI of the catchment, a standardised FDC can be
selected. Multiplying the ordinates of the selected FDC by the catchment Qm, the
particular flow duration curve of the site is obtained.

There are actually software watershed models, based on the Flood Studies
Estimation Handbook for example, linked to GIS that permit calculation of the
runoff for a certain catchment basin taking into account the average daily
rainfall, potential evapotranspiration, soil composition, basin slope and area,
stream length and other parameters. All these programs can account for
snowmelt and its contribution to the discharge, and also the creation of flood
inundation, depths and impact maps.

FDCs for particular months or other periods

Itis always important to know when during the year water will be available for
power generation. This is required when considering the economics of schemes in
those networks where tariffs paid by utilities to independent producers vary with
the season of the year and time of day.

FDCs can be produced for particular periods of time as well as for particular
years. Indeed, it is standard practice to prepare FDCs for six winter months and
six summer months. This can be taken further for individual months if so desired.
Itis simply a matter of extracting the flow records for a particular month from

www.cices.org

each year of record and treating these data
as the whole population. If sufficient flow
records for this process do not exist, then
the rainfall record can be used.

Prospecting for hydro sites
Small scale, or local, prospecting for low
head hydro sites requires identification of a
site adjacent, or convenient, to a river with
an obstacle to flow or sufficient bed
gradient, and reliable discharge to provide
the necessary head and discharge
abstraction to supply a suitably housed
turbine. Barriers in rivers or streams make
good hydro sites because of the readily
available head. Because part of the river
flow is diverted from a reach of the river, a
consistent compensation discharge must be
provided over the diversion reach to support
the flora and fauna, satisfy adjacent
landowners with riparian rights, prevent the
loss of groundwater on neighbouring lands
and leave land drainage unaffected.

At the site of diversion, at the start of
the head race, excess erosion can be avoided
by matching diversion gradient to the river
bed gradient. Similarly water from the tail
race should rejoin the river at a similar
velocity as the compensation water to
prevent bed and bank erosion.

Low head hydro turbines require heads of
between 2m and 30m, and discharges in the
range 30m*/s and 2m?/s. Commercial turbine
manufacturers within the UK recommend
considering those sites with a head drop and
a reliable discharge producing at least 15kW.

The accessibility of potential hydropower
sites, the proximity to transmission networks
and power users can also be assessed
remotely in advance using geoinformation.
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Proposed methodology for remote
prospecting

Proposed methodology for remote prospecting for small
scale hydropower sites is:

1. Given OS grid reference.

2. Locate site on Google Earth, Google Map, public
domain 0S map or other digital map site.

3. Identify land ownership.

4. |dentify access.

5. Identify proximity of transmission line and
power users.

6. Check local place names for evidence of potential
sites in English, Gaeilge, Gaidhlig and Welsh, using
historical map source.

7. Identify nearby rivers and streams.

8. Identify existing flow barriers and associated
head drop.

9. Estimate flow channel bed gradient (bed profile)
from contours.

10. Identify bends in flow path for potential

head race.

11. Identify historical mill sites from place names,
historical maps or land taxation records.

12. Estimate head fall over 500m (say 10-20m
required therefore bed gradient >1:50).

13. Synthesise flow duration curve if not available.
GIS linked hydrological software for catchment may
be available.

13. Estimate available power using efficiency, n=0.7.

14. Select head type (low probably).
15. Select discharge type.
16. Select turbine type.

Using the local feed-in tariff and the capital and
construction costs, a payback period can be estimated.
Ireland, in particular, is rich with historical
geoinformation in the form of Gaelic place names
(logainmeacha) and their components:

Abh (aw or ow): River

Abhainn (owen): River; owen, avon and in the end of
words with an h; hown, hone, howna, hivnia.

Alt: Height, cliff, glen side

Biorra: Water, stream

Braghad (braud): Throat, gorge; braid, broad, braud.
Bun: The end or bottom, or the mouth of a river.

Caenach (keenagh): Moss; keenagh.

Cala: Marshy meadow along a river or lake, landing place for
boats; callow and cola.

Clais: Ravine

Cluain (cloon): Meadow, a fertile piece of land among bogs,
marshes, or woods; cloon, clon, clin, cloony.

Cora: Weir; cor, corra, curra, cur.

Corcach: Marsh; corcagh, corkey, cork.

Currach: Marsh; curragh, curry, curra.

Eanach (annagh): Marsh; annagh, anna, anny.

Eas (ass): Waterfall; ass, ess, assy, assa.

Eisc (esk): Water channel; esk.

Feadan (faddaun): Streamlet; faddan, feddan, fiddan,

fiddane, eddan.

Glaise, glais, glas (glasha, glash, glas): Streamlet; glasha, glash,
glas, glush.

Gleann (glan): Glen or valley; glen, glin, glynn, glan, glanna.
Greuch (greagh): Marshy place; greagh, greugh.

Imleach (imlagh): Marsh on the margin of a lake or river; emlagh,
emly, imilagh.

Inbhear (inver): Mouth of a river; inver, enner, ineer.

Inis (Inish): Island, @ low meadow along a river; inis, inish,
ennis, inch.

Maethail (mwayhil): Soft spongy land; mohill, mothel, mothell,
mehill, moyle, weehill.

Miliuc (meeluck): Low marshy ground, land near a lake or river;
meelick, mellick.

Moin (mone): Bog; mone, mon, mona, vone.

Muilenn (mullen): Mill; mullen, mullin, willin.

Riasc (reesk): Marsh; riesk, reisk, risk, reask.

Rusg: Marsh; roosk, rusk, rusky, rusky.

Sruth (sruh): Stream; sruh, srue, srough, strew.

Sruhair (sruher): Stream; shrule, shruel, struell, srool, sroohill.
Sruhan (sruhaun): Stream; sroughan, sruffaun, straffan,

truan, trone.

Tochar (togher): Causeway over a bog or marsh; togher.
Turlach (toorlagh): Lake that dries up in summer; turlough, turly.
Uisce (iska): Water; iska, isky, isk.

Conclusions

Small scale hydropower sites as a property asset are going to become
more and more important, along with the use of geoinformation to
remotely identify these run of the river sites.

JF Lyness and WRC Myers, School of the Built Environment,
University of Ulster at Jordanstown
JFlyness@ulsterac.uk www.ulsterac.uk
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