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INTRODUCTION

The European Union has agreed targets to reducartteunt of carbon that is released into the
atmosphere by Member States. There is no singletisol to the current climate crisis; carbon
reduction will be achieved through a combinatioreodnomic, social and technical action. Methods of
generating electricity from renewable energy samireéll be prominent amongst the technical
initiatives employed in the efforts to drive dowarloon release. In scenarios where economically
viable Large Hydro Power sites are already utilisgdall Hydro Power (SHP) will be a very attractive
option.

Another major European-wide commitment is the Wa&iemework Directive. The directive is EC
legislation which aims to achieve good ecologigad @hemical status for rivers and other bodies of
water. A key target within its aim is to improveniversity within water-based ecosystems.

This paper describes the Osbaston Weir fish padsSatP development, a scheme which Atkins has
developed from the earliest concept stages in 20@8oject completion, with both the fish pass and
the SHP operating effectively at the start of 2009.

This scheme demonstrates the importance of the mdigil Engineer’s role in enhancing our natural
environment through opportunities such as bioditselisnprovements in our rivers, and innovative
renewable energy facilities, which contribute te tteduction in the UK's dependency on carbon-
producing energy sources.

OBJECTIVES

At the start of the conceptual/ outline design vgprktkins was appointed by the Environment Agency
Wales, which was developing the fish pass, anddideManor Electric Company, which was backing
the Small Hydro Power scheme. The brief was to yeda design for a joint fish pass and SHP
scheme at Osbaston Weir, near the town of Monmouth.

The weir was a total barrier to fish passage fobatl the most infrequent high river flows, whenvias
passable only to stronger migratory salmonids (salend sea trout). The aim for the fish pass was to
improve biodiversity within the River Monnow in @d to work towards the Water Framework
Directive target to achieve at least a “Good” egtal status in all rivers by 2018.was particularly
important to facilitate fish passage past the baof Osbaston Weir as the Monnow is one of theomaj
tributaries of the Wye, which is an important habin a European scale.

The Small Hydro Power scheme would provide a soofcdean renewable energy from the water
cascading over Osbaston Weir. The Department fasir®ss Enterprise and Regulatory Reform
estimates that untapped hydro power from all Ul€astrs and rivers could produce enough electricity
to meet 3% of the UK'’s needs. This is a significamtount in light of the UK Government’s target of

10% of electricity from renewable sources by 2010.

However, it has been reported that small hydro pdBeiP) installations could become increasingly
difficult to promote with the advent of the Waterafmework Directivé due to concerns that SHP is
potentially damaging to the aquatic environment.

Therefore it was hoped that the successful congpledf this joint development would demonstrate that
the renewable energy potential of existing weins loa harnessed without compromising on efforts to
deliver the important objectives of the Water Fraumek Directive in our river environments.

OSBASTON WEIR

The earliest record of a weir on the River MonnawOabaston dates back to the start of th® 18
century, when the weir supplied a water wheel &irge. At the start of the 20th century, the weir
provided water to a hydro power facility supplyielgctricity to Monmouth. The hydro power facility
was decommissioned in 1953; no use of the weibban recorded since that date.

1 “The WFD: putting the brakes on micro hydro sche®tie- Professor Peter Crossley, The Joule Centre



OUTLINE DESIGN
Figure 1 below illustrates the general layout that developed for the site. In brief, it consist®0
pool-and-traverse fish pass channel, and a heael channel supplying water to the generating

equipment.
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Figure 1 — Site Plan

The fish pass is designed to be suited to a brawgler of fish species which includes those indigenou
to the Monnow as well as the migratory species.

A specialist hydro power supplier, Mann Power Cdtivey Ltd, specified the generating equipment,
which consisted of two 3.6m diameter Archimedeswcturbines. The turbingsvere designed to
rotate at a speed of 28rpm, which would produceagimum power output of 150kW. The estimated
annual power output was 670,000kWh, giving an egtichannual C@saving of 288 tonnes.

2 performance information supplied by Mann Power Qtimgy Ltd.



OPERATIONAL AND ENGINEERING DESIGN

A flow-share relationship was developed for thé fimss and SHP based on the flow duration curve of
the River Monnow. The flow-share is based on aanaty between the fish pass and the SHP,
although when flows are very low there is an owerarg priority for the main river channel in order
preserve established aquatic habitats. The dekgnrange for the fish pass was between 0.2 and
1.0n?/s; the hydro power turbines could take a maximlow bf up to 6n¥s.

The fish pass/ SHP hierarchy is subject to seas@rétion, with the fish pass taking priority dugi
the fish migration season between October and Mag flow share arrangement was critical in
forming the basis of the design of the operatiragedures at the site.

The design activities undertaken for the fish passdescribed below. The detailed design of the SHP
scheme was continued by a third-party once plancamgents, flood defence consents and abstraction
licences had been granted for the development.
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Figure 2 — General Arrangement of Water Inlet Strucure
The inlet structure incorporated a penstock anddsanced electronic fish counter (Figure 2).

There are detailed guidelines for the flow area @ldcity that fish can swim through at a wateeinl

In order to satisfy these, a steel plate was usenldate a special flow control orifice which praed

the favourable hydraulic conditions across the eaofjoperating discharges. Design guidance issued
by the Environment Agenéy(EA) provided the rating equations that were usectalculate the
dimensions of the aperture in the steel plate &althe opening height for the penstock.

The inlet was considered to control two distinchditions of flow when in operation; these were
“submerged orifice” and “deep submerged notch”. Hoemal operating condition was the deep
submerged notch, with the submerged orifice opmrgbrevailing during periods of very low or high
flows. The two rating equations from the EA marara given in Figure 3 below.

Both of the equations assume a coefficient of disgph (G) for the hydraulic efficiency of the inlet.
The choice to use steel plate to form the apemtia® made to ensure good hydraulic efficiency (i.e.
higher G value) in order to maximise potential flow throule pass.

% Environment Agency Fish Pass Manual, February 2004
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Figure 3 — Rating Equations for submerged orificel() and deep submerged notch (R)
Rock Weirs

The hydraulic design of the rock weirs was thdaaitelement of this project. The design was based
the guidance given in “Fish Passes — Design, diioeasind monitoring’.
1

The design guide provided the following equation: ~+ ‘\#\
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This equation was used to develop the varying-leredt of the rock weirs. It was crucial that tleadh
drop at the rock weirs and the depth of flow ovee trest were suitable to enable fish to swim
upstream over the design range of flow, which wets/een 0.2 and 1.0%s.

The outcome of this design process was the rock stewn in Figure 4 below. A low flow notch was
utilised to create a concentrated area of flowfifglr migrating during periods of low discharge .(i.e
fish pass flow of 0.2fs). For the 1.0ffs design scenario, it was determined that a wrieh of 4.2m
would be required. With this arrangement, the irag over each weir was 0.23m.
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Figure 4 — Section through typical Osbaston rock wie

The design incorporates 9 of these rock weirs (E€idy below) which divide the total head drop over
the weir into navigable 0.23m increments in waeyel. The main driver behind the use of rock to
form the weirs was the need to provide a good degfdeterogeneity in the channel, and to achieve a
“close to nature” appearance which would sit mooenfortably within the rural environs of the
scheme.

4 published by the Food and Agriculture Organsizatbthe United Nations in arrangement with Deutséferband fur
Wasserwirtschaft und Kulturbau w.V (DVWK) Rome, 200
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Fish Pass Entrance

The fish pass entrance presented a challengingrdbsef. Due to the penstock controlling the flofv
water into the fish pass, water levels within tlasgpwould remain relatively constant. However, the
river levels at the fish pass entrance varied Saaritly over the design range of flows for whidtet
pass would need to be operational.

The independently variable water levels across ¢hrance created two problems. Firstly, the
relatively stable upstream head (i.e. in the fighg) and the varying downstream head (i.e. initlee)r
gave rise to conditions where the head differerresa the entrance structure would be too great to
enable fish to enter the pass. Secondly, high tisegls at the downstream end could “drown-out” a
significant length of the lower section of the rockannel, which would severely compromise the
chances of fish finding and using the fish pass.

The solution was to use an existing engineereddads design, known as a Larinier fish pass, as a
control structure. The Larinier fish pass consista sloping concrete channel with “Super-active”
baffles fixed to its base. A typical section throug Larinier fish pass is given in Figure l&elow.
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Figure 6 — General arrangement of Larinier Fish Pas

The Larinier channel had a gradient of 10% and radl length of 7 metres. The relatively steep
slope of the concrete channel controlled the varyiner levels over the 7m length of the ramp,
effectively preventing the attractive jet formed the fish pass discharge entering the river from
retreating up the rock channel, where it could iEsed by migrating fish.

5 Taken from “Baffle Fishways”, M. Larinier. Publisthén “Fishways: biological basis, design criterfalanonitoring”: Food
and Agriculture Organization of the United Natidbsmagref Editions Conseil Superieur de la Pechearuaey 2002



ON-SITE SUPERVISION DURING CONSTRUCTION

The SHP scheme effectively separated from the gebs at the detailed design stage, and the two
schemes remained as separate contracts throudteoabnstruction phase. The fish pass works were
tendered on an NEC3 Option C Contract and Atkingntaaed involvement in the scheme
undertaking the Project Manager and Site Supervides.

With the fish pass and SHP schemes progressingrall@l, it was very important to establish clese s
boundaries between the works, and demarcate tlas éoe which each contractor was responsible.
This enabled the contractors to work side-by-sideai safe and efficient manner, with a clear
understanding of which parties were responsiblefmuring health and safety along access routes and
around the various working areas.

The site itself required careful management ofgheironmental constraints as it was in a sensitive
location. The river corridor of the Monnow suppogsnumber of important habitats and it was
imperative that these were not adversely affeciethé construction works. The vast majority of the
works were located out of the river; this was aanbgnefit of the design. The design facilitatddve:
impact construction phase in which it was possitdledeliver high standards of environmental
stewardship.

The main technical challenge once the scheme wast®nvas ensuring that construction of the rock
channel followed the design as closely as possililiere was a significant degree of variation in the
boulders that were delivered to site, and it wapartant to ensure that the blocks were carefully
selected prior to placement, to ensure that theimed| hydraulic characteristics of the rock weiresrev
achieved.

In practice, it was necessary to fill the gaps leetwthe natural boulders with mass concrete. The
Contractor used a dry mix concrete to form the fation of each rock weir. Once the weirs were in
place, they were effectively “sealed” by recesshgmass concrete between the blocks. This is shown
in Figure 7 below.

Figure 7 — Rock Weirs



COMPLETION AND OPERATION

Both the fish pass and the SHP scheme have beentiopal since the spring of 2009. The fish
counter has recorded several species of fish usiagass, including salmon which have not been
observed in the Monnow upstream of Osbaston Welivimg memory. Not only is this positive in
terms of biodiversity, but the establishment oiv@ras a salmon fishery can also bring major benef

to local communities through a growth in the legsundustry supported by angling. It has been
proposed that Osbaston Weir could be used to pemestewable energy and raise awareness of the
environment within our river corridors.

The scheme was officially opened by HRH The Earl\a#ssex on the $4September 2009. Local
school children attended the opening which was @oxunity for them to learn about the need for
renewable energy and the work that the EnvironmAgency does to improve our River Environments.

This scheme demonstrates the positive impactstandetevance of Civil Engineering in modern times
when large organisations are committed to enhanttiegenvironment and contributing to carbon
reduction.

From an economic perspective the completion of soiseme has other benefits. The Stern réport
stated that ignoring climate change will eventualgmage economic growth; the business-as-usual
scenario is unsustainable. Economic benefits anerémt in any scheme which contributes to the
reduction in our reliance on fossil fuels.

It is accepted that certain sites will have envinental or other constraints that preclude smalrdyd
power generation. However, Osbaston Weir demomstiiditat environmental enhancements and SHP
can be developed in parallel to reduce,@missions and deliver environmental and sociakfien
through creating a healthy river environment witlich biodiversity.

With each SHP that is completed, the understandinthe technology and its implementation is
improved and refined. For example, monitoring thiehdmedes turbines at another small hydro power
site indicated that they were not damaging to fiaksing through them, leading to the relaxing ef th
screening conditions on the Abstraction LicencelierOsbaston site.

It is this sort of continual development that imge the economic viability and environmental
opportunities of small decentralised generatiomnmting industry interest in future investment at
other sites.
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