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Abstract  

The aim of this project was to determine if micro -hydropower (MHP) is affecting river aquatic 

fauna. MHP is objected to because it is thought to kill fish. T hese objections are based on the 

effect of large hyd ropower. The Environment Agency are also currently undergoing a 

consultation reviewing the amount of water that can be used by MHP, the propos als will render 

MHP financially unviable. 

Installers and owners of MHP claim that river fauna is not affected and that MHP may be 

beneficial. This study tests the claim that MHP is beneficial to aquatic fauna, improves water 

quality and to  determine any problems for movement of fauna up and downstream . 

Invertebrates were sampled upstream and downstream of three MHP schemes. The samples 

were used to calculate diversity using the Simpson Index and as an indicator of water quality 

using the British Monitoring Working Party, average score per taxon. At one MHP site the results 

of this study were compared to a pre-installation study and other post installation data t o 

determine if there had been an effect on the invertebrates since the MHP installation.  

It was found that at the sites sampled, invertebrate diversity was significantly improved 

downstream of all the MHP sites, there was no significant difference in water quality 

downstream of the MHP sites and that historical data varied each year showing no correlation 

to the MHP installation . It was concluded that the built environment associated with MHP 

provides many habitats, improving diversity but may  not improve water quality. Currently, 

standard rules are applied to the amount of water that can be used by MHP and what m ust be 

installed to protect fauna . It is recommended that each MHP site is assessed individually. 

 

 

 

 

Declaration  

No part of this thesis has been submitted in support of an application for any degree or 

qualification of the Keele University or any other University or Institute of learning .  

 



iii 
 

Contents  

Acknowledgements ................................ ................................ ................................ .............  i 

Abstract ................................ ................................ ................................ .............................  ii 

Declaration ................................ ................................ ................................ .........................  ii 

1 Introduction  ................................ ................................ ................................ ....................  1 

1.1 Background ................................ ................................ ................................ ..............  1 

1.2 Research aim and objectives ................................ ................................ ......................  3 

1.2.1 Aim ................................ ................................ ................................ ....................  3 

1.2.2 Objectives ................................ ................................ ................................ ..........  3 

1.2.3 Hypothesis to be tested ................................ ................................ .......................  3 

1.3 Value of research ................................ ................................ ................................ ......  3 

2 Literature Review ................................ ................................ ................................ ............  4 

2.1 Micro-hydropower and its effect on river aquatic fauna  ................................ .................  5 

2.1.1 Weirs ................................ ................................ ................................ .................  5 

2.1.2. Fish ladders/fish ways/fish passes ................................ ................................ .......  6 

2.1.3 Altered flow and water diversion  ................................ ................................ ..........  7 

2.1.5 Leats and tail races ................................ ................................ .............................  8 

2.1.6 Other effects of hydropower  ................................ ................................ ................  9 

2.2 Micro-hydropower and water quality  ................................ ................................ .......... 10 

2.3 Gaps in knowledge ................................ ................................ ................................ ...10 

2.4 Conclusion ................................ ................................ ................................ ............... 10 

3 Research Methods ................................ ................................ ................................ .......... 12 

3.1 Sampling sites ................................ ................................ ................................ ......... 12 

3.1.1 The River Frome, Somerset ................................ ................................ ................. 12 

3.1.2 Hapsford Mill ................................ ................................ ................................ ..... 14 

3.1.3 Tellisford Mill ................................ ................................ ................................ ..... 15 

3.1.4 Iford Mill  ................................ ................................ ................................ ........... 16 

3.2 Sampling ................................ ................................ ................................ ................. 18 

3.3 Analysis ................................ ................................ ................................ ................... 19 

3.3.1 Diversity ................................ ................................ ................................ ............ 19 

3.3.2 Biological water quality ................................ ................................ ....................... 19 

3.3.3 Comparison to historical data at Tellisford ................................ ............................ 20 

3.3.4 Visual assessment ................................ ................................ .............................. 21 

4 Results ................................ ................................ ................................ .......................... 22 



iv 
 

4.1 Invertebrate diversity  ................................ ................................ ............................... 22 

4.2 Biological water quality ................................ ................................ ............................. 24 

4.3 Comparison to historical data at Tellisford ................................ ................................ ..26 

4.4 Visual assessment ................................ ................................ ................................ 29 

4.4.1 Hapsford ................................ ................................ ................................ ...... 29 

4.4.2 Tellisford ................................ ................................ ................................ ........... 30 

4.4.3 Iford  ................................ ................................ ................................ ................. 31 

4.5 Other observations ................................ ................................ ................................ ...32 

5 Discussion ................................ ................................ ................................ ..................... 34 

5.1 MHP and invertebrate diversity ................................ ................................ .................. 34 

5.2 MHP and biological water quality ................................ ................................ ............... 35 

5.3 Comparison to historical data at Tellisford ................................ ................................ ..36 

5.4 Visual assessment ................................ ................................ ................................ ....37 

5.4.1 Hapsford ................................ ................................ ................................ ........... 37 

5.4.2 Tellisford ................................ ................................ ................................ ........... 38 

5.4.3 Iford  ................................ ................................ ................................ ................. 38 

5.5 Further research ................................ ................................ ................................ ...... 39 

5.6 Recommendations ................................ ................................ ................................ ....40 

5.7 Contribution to knowledge ................................ ................................ ........................ 41 

5.8 Limitations and problems ................................ ................................ .......................... 41 

5.9 Conclusion ................................ ................................ ................................ ............... 42 

5.9.1 Conclusions from this study ................................ ................................ ................ 42 

5.9.2 Wider conclusions ................................ ................................ .............................. 43 

References ................................ ................................ ................................ ....................... 45 

Appendices ................................ ................................ ................................ ....................... 55 

Appendix A................................ ................................ ................................ .................... 55 

Appendix B ................................ ................................ ................................ .................... 57 

Appendix  C ................................ ................................ ................................ .................. 58 

 

 

 

 

 



v 
 

List of Tables 

Table 1: Simpson Index at each MHP sampling site, measured ................................ ............. 22 

Table 2: ASPT at each MHP sampling site, measured in 2012 and 2013. ................................ 24 

 

List of Figures  

Figure 1: A Typical Water Mill/MHP Site, River Frome, Somerset. ................................ ...........  4 

Figure 2: Location of the mill sites.  ................................ ................................ ..................... 13 

Figure 3: The river at Hapsford Mill................................ ................................ ..................... 14 

Figure 4: Weir at Hapsford Mill ................................ ................................ ........................... 15 

Figure 5: Weir at Tellisford with fish notch  ................................ ................................ .......... 16 

Figure 6: The river at Iford  ................................ ................................ ................................ 17 

Figure 7: Fish pass Iford Weir ................................ ................................ ............................ 17 

Figure 8: Eel pass Iford Weir ................................ ................................ .............................. 17 

Figure 9: Surber Sampler ................................ ................................ ................................ ...18 

Figure 10: Simpson Index at each sampling site, 2012, 2013. ................................ ............... 23 

Figure 11: Means of Simpson Index upstream and downstream at all MHP sites..................... 23 

Figure 12: ASPT changes with kilometres downstream, 2012, 2013. ................................ ...... 25 

Figure 13: Means of ASPT upstream and downstream at all MHP sites ................................ ...26 

Figure 14: Simpson Index at Tellisford downstream site, 2006 ï 2013. ................................ ..26 

Figure 15: ASPT at Tellisford downstream site, 2006 ï 2013. ................................ ................ 27 

Figure 16 Flow at corresponding dates for ASPT and Simpson Index Sampling ....................... 27 

Figure 17: Simpson Index in relation to flow  ................................ ................................ ........ 28 

Figure 18: ASPT in relation to flow ................................ ................................ ..................... 28 

Figure 19: Hapsford tail race joins the river ................................ ................................ ......... 29 

Figure 20: Depleted reach at Hapsford ................................ ................................ ................ 29 

Figure 21: Evidence of cattle wading into the river  ................................ ............................... 30 

Figure 22: Evidence of cattle wading into the  river ................................ ............................... 30 

Figure 23: Tellisford tail race at low flow  ................................ ................................ ............. 30 

Figure 24: Tellisford weir at  low flow ................................ ................................ .................. 31 

Figure 25: Tellisford depleted ................................ ................................ ............................. 31 

Figure 26: Iford weir  ................................ ................................ ................................ ......... 31 

Figure 27: Unimproved weir at Farleigh Hungerford ................................ ............................. 32 

Figure 28: Depleted Reach, Iford Upstream site, Farleigh Hungerford ................................ ....32 

Figure 29: Cloudy water at Hapsford. ................................ ................................ .................. 33 

Figure 30: Cloudy water at Hapsford. ................................ ................................ .................. 33 

         

 

 

 

 



1 
 

1 Introduction  

1.1 Background  

Greenhouse gas emissions are acting to warm the planet, causing climate change which has 

implications for all life on earth. I n 1997 the Kyoto Protocol required the major industrial nations  to 

reduce greenhouse gas emissions by 12.5% of 1990 levels by 2012. The European Commission in 2006 

reiterated this with Directive 2003/87/EC and in the UK the 2008 Climate Change Act set the goal of 

reducing greenhouse gas emissions by 80% below 1990 levels by 2050 (DECC, 2012a).  

The main source of greenhouse gases is the burning of fossil fuels most of which is used to generate 

electricity (DECC, 2013a). In the UK coal fired power stations are being decommissioned and replaced 

with gas power stations which produce half the COі emissions of coal (Parliamentary Office of Science 

and Technology, 2006) but most of this gas must be imported (DECC, 2011). This has implications for 

our electricity supply because gas is purchased in international markets and is therefore susceptible to 

price volatility, may be used strategically by terrorists and must be piped across Europe along a 

network of leaky pipes or shipped from Qatar along a route prone to piracy (DECC, 2011; US Energy 

Information Administration, 2012; Phillips et al.,  2013 ). MHP provides a means to contribute to the 

transition from using fossil fuels for electricity gener ation to producing electricity locally, cleanly, 

securely and renewably. 

 Hydropower is the generation of electricity using moving water to drive a turbine. Large and small 

hydropower stores water in a reservoir behind a dam. The turbines are situated in t he dam and the 

water is allowed through when electricity is needed. Conversely micro-hydropower (MHP) impounds 

river water behind a weir, diverting a proportion of the flow via a leat to a turbine, the rest of the water 

continues downstream over the weir. MHP is further divided into low head and high head. High head 

MHP takes water from high in a catchment and pipes it down using gravity to a turbine at the bottom 

of a catchment, this form of MHP is not within the scope of this study as the steep gradients needed for 

such installations act as a natural barrier to river fauna. Low head MHP is usually installed in former 

water mills 

Since the introduction of the Feed-in Tariff (FIT ) in the UK in April 2010 (DECC, 2012b), there has been a 

six fold increase in the installation of MHP in England and Wales (Environment Agency, 2011). MHP has 

less of a visual impact on the environment than other types of renewable electricity generation e.g. wind 

turbines (Boyle, 2004), produces large amounts of electricity in comparison to photovoltaic panels (Boyle, 

2004; Paish, 2009), has the lowest carbon emissions of any method of electricity generation 



2 
 

(Parliamentary Office of Science and Technology, 2006) and schemes can distribute electricity locally 

negating the need for pyl ons (Olsson, 2012).   

MHP however has its objectors. Wildlife conservation groups and anglers are concerned that MHP and 

the associated weir are detrimental for fish (Angling Trust, 2011, Rivers Network, 2011). W eirs fragment 

fish populations and hinder migration, turbines are considered to kill and harm fish and diverted water 

courses and altered flow regimes change habitats. Many of the objections cite evidence from large and 

small hydropower (British Hydropower Association, 2011) where the river is dammed, flow is intermittent 

and fish can pass through the turbines. MHP is sometimes compared to large and small hydropower 

when the environmental impacts will differ.  

The Environment Agency (EA) under the Water Framework Directive must legally improve the ecological 

status of rivers (Environment Agency, 2012). To determine this status many measurements are taken 

and the lowest indicator is then used to classify the river (Cunningham, 2012) . The EA therefore  insist 

that when MHP is installed weirs are improved with a fish pass, turbine intakes and outflows are 

screened, turbine operation  is halted when fish are migrating, water flow is slow enough at the intake to 

allow fish to swim away and the le at has a return channel to allow impounded fish to escape.   

Consultants, owners and suppliers of turbines argue that MHP may be beneficial to wildlife by filtering 

rubbish and detritus, enhancing part of the river habitat by impounding sediment, providing a range of 

habitats that were formerly not suitable for aquatic wildlife and aeration of the water by the weir and 

the turbine.  

Several MHP turbines have been installed along the River Frome, Somerset and one of its tributaries 

the River Mells ï providing an opportunity to test the claimed environmental benefits of MHP. 

Oxygenated, clean, clear water provides ideal conditions for healthy and balanced river ecosystems 

that are biologically diverse. Invertebrates can only be present in abundance if the micro-organisms, 

plants and animals below them in the food chain are abundant. Conversely the invertebrates are 

themselves predated by animals further up the food chain. Invertebrates are commonly used as 

indicators of water quality because they are ubiqui tous, sampling equipment is simple and cheap, they 

are easily sampled and identified, knowledge of their tolerance to pollution is extensive and populations 

quickly respond to environmental changes (Jeffries & Mills, 1990).  
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1.2 Research aim and o bjective s 

 

1.2.1 Aim    

To determine if there is an observable difference in the diversity of invertebrates and biological water 

quality as indicated by the benthic invertebrate population caused by the presence of low head micro-

hydropower (MHP).  

1.2.2 Objectives   

Objective 1: Compare the biodiversity of populations of  invertebrates upstream and downstream of 

MHP installations using the Simpson Index.  

Objective 2:  Evaluate the biological water quality using the British Monito ring Working Party (BMWP), 

average score per taxon (ASPT).  

Objective 3: Compare the ASPT and Simpson Index at Tellisford Mill to two previous studies. 

Objective 4: Assess each location for potential problems for fish movement and sources of pollution,   

using a visual evaluation and knowledge gained from the literature review.  

Objective 5: Formulate recommendations for further research. 

1.2.3 Hypothesis to be t ested  

There is no difference in invertebrate diversity and water quality as indicated by the invertebrates 

downstream of MHP. 

1.3 Value of r esearch  

During the first half of 2013 the EA conducted a consultation regarding MHP and water abstraction 

(Environment Agency, 2013a). In July 2013 the EA proposed changing the current guidelines, resulting 

in a reduction of the amount of wat er to be used by a turbine which could render schemes 

uneconomical to develop (Micro Hydro Association, 2013). The Micro Hydro Association (MHA) and the 

British Hydropower Association (BHA) are requesting that there is no change to the current rules for 

water abstraction, arguing that there is no scientific evidence to suggest that MHP is damaging to river 

ecology. This study will start to provide a scientific basis for a dialogue between all stakeholders to 

ensure the installation of wildlife sensitive MHP.  
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2 Literature Review  

MHP in the UK is defined as electricity generation up to 50 kW (DECC, 2013b), in most other countries 

it is defined as less than 100 kW (Moreire & Poole, 1993). Any legislation or guidelines used in this 

literature review refer to England and Wales only. Typical mill structures are illustrated in Figure 1. 

 

Figure 1: A Typical Water Mill/MHP Site, River Frome, Somerset (Edina, 2013). 

 

In the process of reviewing the literature the differing definitions of hydropower  needed to be taken 

into account and studies that were biologically focused may have omitted the size of the hydropower, 

making like for like comparisons difficult.  It was  necessary to determine if the installation included a 

weir or a dam. There is a large body of research into the effect of  dammed hydropower on aquatic 

fauna, of these impacts obstacles to fish migration and movement and changes in sedimentation and 

water flow are applicable to MHP. The impacts of MHP will differ from dammed hydropower in that a 

Tail Race 
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Return Channel 
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reservoir is not created, the obstacles are smaller and less complex, fish do not pass through the 

turbine, water flow is not determined by the need for electricity  and the flow of the river and the 

associated built environment is different.  

Studies into turbine passage of fish are not relevant to MHP because turbine intakes and outflows are 

screened. The mesh size of the screen is specific to the turbine type. Fish passage through a Crossflow 

turbine may lead to death ( Dubois & Gloss, 1993) screen mesh size is therefore 6 mm (Environment 

Agency, 2012). Archimedes screws require a screen to stop trash only from entering;  most species of 

fish can pass through safely. However eels are prone to injury from the leading edge of the screw and 

it is therefore fitted with a bumper ( Kibel et al., 2009). Turbine passage studies are therefore not 

comprehensively reviewed, but to summarise, it is found that fish can be killed, in jured, distressed or 

disoriented when passing through a turbine due to blade strike, barotrauma, cavitation and turbulence. 

Survival rates are determined by the turbine type, and the age and species of fish.  

2.1  Micro -hydropower and its effect on river aq uatic f auna  

Prior to a MHP installation the built environment is usually neglected. Behind weirs, leats and tail races 

are silted and anoxic with unfavourable pH (Santucci et al. 2005) and accumulated toxins (Davies et al., 

1998; Brekhovskikh et al., 2002; Wildi et al. 2004; Kövecses & Marcogliese, 2005; Wang et al., 2008; 

Colas et al., 2011, 2013).  

2.1 .1 Weirs  

It is claimed by anglers and wildlife conservation groups that weirs are detrimental for fish (Anglers 

Trust, 2011; Rivers Network, 2011) this is not always the case.  Salmon have been seen to leap weirs 

(Teme Weir Trust, 2013), migration may  not be significantly affected ( Smith et al.,  1997) and weir 

pools and riffle areas between weirs can be advantageous for Brown Trout (Fjellheim & Raddum, 

1996). The height of the weir does not determine if it is passable or not, other factors are involved; 

flow, water temperature, fish species and size and water depth pre and post the weir (Ovidio & 

Phillipart, 2000; Larinier, 2001). Weirs can result in salmonids laying eggs in suboptimal sites. These 

sites are imprinted in the young creating a year on year decline in reproductive success (Gosset et al., 

2006). Other reasons for fish decline are discussed in the context that they are exacerbated by w eirs. 

The concentration of fish in weir pools makes them vulnerable to predation by otters (Aarestrup & 

Koed, 2003) and anglers (Karppinen et al., 2002). Resident fish (i.e. not migratory)  populations can 

become fragmented by a weir, upstream populations become depleted due to passive downstream 

migration, which cannot be compensated by fish moving back upstream (Meldgaard et al.,  2003; 

Robson et al.,  2011). This leads to less genetic diversity, increased susceptibility to disease and 
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extirpation (Meldgaard et al.,  2003). Larger fish of a species may be able to overcome some weirs 

which can result in age class interbreeding, again leading to a decline in genetic diversity (Taggart et 

al., 2001).  

Freshwater mussels have been found to become depleted due to weirs restricting the movement of the 

fish species they rely on for distribution (Brainwood et al.,  2008) and weirs without passes have been 

found to restrict the movement of crustaceans (Herke et al., 1992). Other studies found that weirs 

changed zooplankton and invertebrates assemblages, but not necessarily size of populations (De Ruyter 

Van Steveninck et al.,  1990; Pollard & Reed, 2004; Fjellheim et al., 1989; Poulet, 2007; Komolafe & 

Arawomo, 2008; Butler & Wahl, 2011).   

Studies do not consider weir design in relation to movement of fauna or how future extreme weather 

may change the environmental impact of weirs (Whitworth et al., 2012).  

A cheaper alternative to weir improvement is weir removal (Garcia de Leaniz, 2008) and some argue 

that weirs should be removed (Rivers Network, 2011). Weirs associated with MHP are part of historical 

mill complexes and have been in situ for many centuries, they are of historical importance and for this 

reason removal is not permitted. Therefore weir removal is not  comprehensively reviewed but to 

summarize, some studies found that weir removal was beneficial due to the recreation of former river 

habitats (Garcia de Leaniz, 2008; Im et al., 2011). These studies only looked at key species of fish not 

the whole fish assemblage, other fish species have been found to decline (Fjeldstad et al., 2012). The 

removal of a weir may have other unintended consequences (Thomson et al., 2005), the modern 

environment is different to when weirs were built. There are now good reasons to keep weirs e.g. flood 

control and water storage (Olsson, 2012), weir removal must be considered case by case (Rickard et 

al., 2003).  

2.1 .2. Fish ladders/fish ways/fish p asses 

The EA have a statutory duty under the Water Framework Directive to ensure th at when MHP is 

installed it includes improvements to the weir that allow fish passage. It is commonly quoted that the 

weir improvements associated with MHP allow access to upstream reaches although this exclusively 

refers to fish (Anglers Trust, 2011, Rivers Network, 2011).  

Studies in this area have found this to be incorrect ( Jungwirth, 1996; Makrakis et al. 2011; Ordeix et 

al., 2011; Prchalova et al. 2011; Fjeldstad et al., 2012). All these studies found that not all species of 

fish or all ages of species of fish use passes.  Studies concentrate on Figurehead species and 

conclusions can be made that a pass is satisfactory because e.g. Salmon are using it without accounting 
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for other fish species. Grayling a culturally important fish in Denmark, is found n ot to use passes and 

restocking upstream reaches with locally sourced, genetically diverse fish is recommended (Jungwirth, 

1996). The installation of multiple passes allowing all fish species to negotiate the weir has been 

suggested (Boubee and Williams, 2006) this however would be very expensive and may make the MHP 

uneconomical to install (Duley, pers. comm. 2012)1. 

The few studies that have looked at invertebrate use of passes conclude that they restore natural 

movement up and downstream ( Thiele et al., 1998, Luederitz et al., 2013).  

2.1 .3 Altered flow and water diversion  

The turbine operation depends on diverted water flow via leats. The EA guidelines require that the 

amount of water that flows over the weir must maintain sufficient flow in the deplete d reach. These 

guidelines  may be changed depending on the substrate of the river, the fish species present and the 

length of the depleted reach. These stipulations are currently being reviewed by the EA with a decision 

due later in 2013 (Environment Agency, 2013a). 

Research shows that plant s, invertebrates and fish assemblages in the depleted reach are changed 

(Morgan et al., 1991; Eglund and Malmqvist, 1996; Wood et al., 2000; Bunn and Arthington, 2002; 

McIntosh et al., 2002; Dewson et al., 2007a; Konrad et al., 2008). These studies, whilst relevant, do 

not cite hydropower as the reason for the altered flow regimes, but are referred to when assessing the 

environmental impact of a proposed installation (Tiplady, 2006; Elvey, 2009).  A long term study looking 

specifically at MHP found a change in invertebrate assemblages in the depleted reach but concluded 

that the change was not detrimental to the ecological status of the river (Aftergood & Damary -Homan, 

2013). Fish biomass and numbers in the depleted reach in this study were found to increase although  

different species responded differently.  

It has been found that some fish species migrate at night suggesting that reducing flow of water 

through turbines at night  when less electricity is required may aid fish passage (Long, 1968). 

The outflow from the tail race could attract migratory fish away from the main stem of the river (Giske 

et al., 1998), this effect may be more pronounced on small rivers (Robson et al., 2011). The outflow 

from the tailrace should ideally be placed near the fish pass, however in many cases this is not possible 

(OôConnor et al., 2006). 

                                           
William Duley, Director, Neen Sollars Community Hydro

1 
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Previous studies detailed above do not consider the habitats created by MHP. Fauna populations in the 

depleted reach are affected but if this is compensated for with the creation of deep slow flowing habitat 

in the leat  and behind the weir and shallow fast flowing habitat in the tail race is not studied.  

2.1 .4 Sedimentation  

Free movement of sediment within a river distributes nutrients and provides different habitats. Studies 

show that weirs, leats and sluice gates act as barriers to this movement  resulting in accumulation of 

sediment and changed sediment distribution and invertebrate habitats (Chutter, 1969 ; Gray & Ward, 

1982; Fjellheim et al., 1989; Rice et al.,  2001; Jackson et al. 2007; Bruno et al., 2009). Inorganic 

sediments; silt, sand and clay, affect invertebrates and zooplankton by reducing the  quality of their 

environment to move, feed and reproduc e, and abrades their exoskeleton (Watters, 1999; Kent & 

Stelzer, 2008). High levels of organic sediments; plant and faecal matter, encourage bacterial growth, 

reducing pH and oxygen levels (Lemly, 1982, Environmental Protection Agency, 2013). 

Sediment has been found to contain toxic heavy metals (Brekhovskikh et al., 2002; Wildi et al. 2004; 

Wang et al., 2008), agricultural organic matter, phosphorus, nitrogen ( Lemly, 1982; Gorham, 2010) and 

avermectins, anti-parasitic medicines used in agriculture and aquaculture which have been found to be 

toxic to invertebrates at low doses (Davies et al. 1998; Boxall et al.,  2003; Kövecses & Marcogliese, 

2005). Studies into the environmental impact of the accumulation of toxic sediment  behind weirs have 

been found to change invertebrate assemblages (Colas et al., 2011, 2013).  

Invertebrates are vital to the river ecosystem, feeding on and removing organic matter and as a food 

source for fish, they are routinely used as indicators of water quality and ecosyste m health due to ease 

of sampling and identification and the sensitivity of some species to dissolved oxygen levels and 

pollution (Konrad et al. 2008; Jyväsjärvi et al.,  2013).  

Whether it is better to use the weir to collect sediment or allow it to infiltr ate larger stretches of the 

river or be washed away to sea is not discussed by the authors. The impacts of toxic sediments are not 

diminished in the marine environment ( Carrasco et al., 2007; Garnier et al.,  2012) leading to the 

conclusion that unimpeded water flow containing toxic sediments only moves the problem downstream 

and containment at a weir may be preferential by allowing easier excavation.  

2.1 .5 Leats and tail r aces 

Fish can become impounded in leats when moving downstream or in tail races when moving upstream. 

Migration can be delayed stressing the fish and reducing the success and viability of spawning or 

juveniles returning to sea (Berg et al., 1986; Gerlier & Roche, 1998; Gowans et al., 1999; Aarestrup & 
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Koed, 2003; Geist et al., 2003, Rivinoja, 2005). Fish have to undergo physiological changes that enable 

survival in a different osmotic environment, migration must be achieved in a certain time window and 

delay could result in death (Scruton et al., 2007). Studies into delayed migration have found that large 

hydropower impoundments do not always delay migration and that migration rates are also dependent 

on water flow , water temperature  and health of the individual fish when starting migration  (Raymond, 

1968; Venditti et al.,  2000; Salinger & Anderson, 2006; Caudill et al., 2007).  

Impounded resident fish can become stressed and more susceptible to disease if they are unable to 

reach specific habitats at specific times (Turnbull, 2012). Fish can become entrained in the water flow 

entering the turbine (Robson et al., 2011), the EA insist on reduced flow at the intake and a return 

channel to allow entrained and impounded fish to escape from the leat (Environment Agency, 2012). 

There is no means of escape for impounded fish from the tail race other than returning downstream to 

the main stem of the river.  

Leats and tails races will affect invertebrates by changing water flow and sedimentation, the effects 

were discussed above. No studies have been conducted into the potentially enhanced environment in 

leats and tailraces pre and post MHP installation. 

2.1 .6 Other effects of h ydropower  

Eels have been found to be reluctant to pass hydropower facilities (Duriff et al., 2002; Haro et al., 

2000). They migrate in ñmeteorological windowsò and it has been suggested that with the favoured 

conditions for migration, to stop the turbine (Duriff et al., 2002). The reason for the reluctance to pass 

hydropower is not known and may not be appli cable to MHP. The EA may impose the condition that the 

turbine is stopped when fish are migra ting (Duley, pers. comm., 2012) . Eels prefer to migrate at night 

and tend to stay near the river bed  (Don, 2013; Environment Agency, 2013b). Eel pipes can facilitate 

the passage of adult eels impounded in leats (Don, 2013).  

Eggs do not pass through turbines because they are anchored but could be exposed and dehydrated as 

water levels decrease or subjected to increased hydrostatic pressures if water levels increase (Cada, 

1990a). Two studies of larval turbine passage predicted a loss of less than 5% (Cada, 1990a, 1990b), it 

must be noted that prediction was based on a statistical model and has not been investigated in the 

field, these losses could be within normal parameters for loss of larvae, although multiple MHP 

installations on a river may have a cumulative effect, no research has been done to test this.  
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2.2  Micro -hydropower and water q uality  

Water quality research is related to reservoirs and large hydropower no studies have looked at MHP 

turbines and water quality, although  weirs, even low ones, efficiently oxygenate water (Kim & Walters, 

2001). Large hydropower turbines effect aeration minimally due to abstraction from the bottom of the 

dam where the water is  cold and anoxic (Daniil et al., 1991; Bunea et al. 2010) Dissolved oxygen 

content, nutrients, pollution and dissolved nitrogen exist at levels detrimental to wildlife just below the 

dam and improves with distance (Ashby, 2009); these effects are not appli cable to MHP. No research 

has been conducted into the holistic impact of the whole MHP installation and water quality.  

2.3  Gaps in k nowledge  

Further study is required into the cumulative effect of multiple micro-hydropower installations on one 

river, the l ayout of the installation in relation to water flow , weir design, investigating the effects on all 

fauna not just iconic fish species, turbine passage of fish larvae, MHP turbine aeration and filtration of 

water, improvement in fish ladder design to allow use by all species, the implications of upstream 

restocking of depleted fish populations, censuses of all species in each river and historical comparisons 

to determine whether the river is now able to provide the necessary habitats for reintroduction.  

Research currently tends to looks at one aspect  of the effect of hydropower on aquatic fauna, more 

holistic studies need to be carried out.  Long term studies also need to be done on the effect of 

agricultural, industrial and urban pollution on the river ecosystem against the background of climate 

change, to determine if MHP and the associated built environment mitigates or exacerbates these 

impacts. 

2.4  Conclusion  

Assumptions have been made about the environmental impact of MHP largely based on research of 

dammed hydropower looking at the potential for environmental damage not enhancement. Some of 

these assumptions are incorrect and may or may not apply at different MHP installations.  

Research is biased towards fish species of recreational and economic importance; other species are 

usually not studied but are still important for the river ecosystem (Thompson et al. 2012).  

The effect of MHP on invertebrates has not been considered. Studies have found that there are many 

factors that affect them: the quality of  the catchment environment, river bed changes, water quality 

and quantity, flood and drought, temperature  and fish numbers (Fjellheim & Raddum, 1996; Seddon, 

2000; Cheeseman et al.,  2010; Schäfer et al., 2012; Beketov et al., 2013).Their importance in the 

ecosystem, particularly as a food source for fish makes this an essential area of investigation especially 

considering how they are affected by sedimentation.  
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Robson et al. (2011) highlighted the range of results of the impact of hydropower,  noting the lack of 

research specific to MHP. Studies have highlighted the importance of the layout of the installation, the 

different species that exist or have existed in the river and other river uses and the potential for 

environmental damage from these uses. Major threats to aquatic fauna include; sediment loading, 

eutrophication and pollution from agriculture (Schäfer et al., 2012; Beketov et al.,  2013), invasive 

species (Defra, 2010), altered water flow (Richter et al. 1997) and climate change (Whitworth et al., 

2012; Verdonschot, 2013).  The impact of MHP on aquatic fauna must be assessed site by site taking 

into account these other threats.  
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3 Research Methods  

The literature review highlighted the contradictory results of the few studies that have looked 

specifically at MHP and its effects on aquatic fauna and water quality. There is a well understood 

correlation between the presence of certain invertebrate species and water pollution and oxygenatio n 

and for this reason invertebrates are used as an indicator of biodiversity and water quality. The control 

samples were taken upstream of three MHP sites, the other samples were taken downstream of the 

MHP sites. By comparing the two different sets of samples one can determine if the MHP is increasing 

biodiversity (objective 1) and improving water quality (objective 2). Upstream control samples were 

downstream of a weir so that the samples could be fairly compared. The diversity and ASPT at 

Tellisford Mill were compared to the results of a pre -installation study (Tiplady, 2006) and a post 

installation study (Elvey, 2009) (objective 3). Using knowledge gained from the literature review a 

visual assessment of each site was also conducted to determine any possible problems posed to fish 

movement and potential sources of pollution in the riparian environment  (objective 4).  

This section will detail the quantitative part of the research; the sampling sites and why they were 

chosen and how samples were collected and analysed. 

 

3.1 Samp ling s ites  

3.1.1 The River Frome, Somerset  

The River Frome and its tributary the River Mells start as groundwater springs in the limestone of the 

Mendip Hills and the chalk Cranbourne Chase (Figure 2). This river was chosen because there are a 

number of MHP installations in the vicinity and by sampling one river would eliminate the variable of 

sampling from different rivers with different geology and environment. Downstream of Frome town the 

river is listed by the EA as being of poor ecological quality and the upper reaches are designated a 

nitrate vulnerable zone (Environment Agency, 2013d). The upper reaches are a priority catchment  

highlighted by Natural England due to phosphate and ammonia contamination and sedimentation due 

to agricultural soil erosion (Natural England, 2013). Migratory fish species found in the river are eel 

(Tiplady, 2006). Rainbow Trout and Brown Trout are restocked by the local angling club at Tellisford 

(Lewin Fryer, 2004).  
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                                          Figure 2: Location of the mill sites (Edina, 2013).  
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The river historically had a mill every half a mile (Battersby & Feilden, 2009) which has resulted in 

many changes to its course. Currently there are seventeen weirs between Hapsford and the River 

Avon, varying in height and design, creating navigable stretches for canoeing and deep pools used 

locally for swimming. The mills in the study are part of Mendip Power Group; their involvement was 

kindly coordinated by the chairman Anthony Battersby.  

The river was sampled on the 28th - 30th July 2012 when flow at Tellisford was measured as 6 m³/s  

and 22nd ï 24th July 2013 when flow was measured as 2.6 m³/s . Flow in the river has been measured 

from 116 m³/s to 0.7 m³/s with an average flow of 3.8  m³/s (Battersby,  pers. comm., 2013c).    

3.1.2 Hapsford Mill  (OS grid ref: ST760495) 

Hapsford Mill (Figure 3) was built in the 18th Century and is the furthest upstream of the sites.  

 

 Figure 3: The river at Hapsford Mill (Edina, 2013). 

It was fitted with a Crossflow turbine in July 2010, the height of the weir was raised and as yet a fish 

pass has not been installed (Figure 4). The abstraction licence requires that flow over the weir is 
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maintained above 0.253 m³/s . If flow drops below this amount the turbine operation must be 

stopped; known as hands off flow. This ensures flow in the depleted reach that occurs 95% of the 

time (Q95). The tail race has been excavated and is now free flowing, not as illustrated in Figure 3. 

The downstream sampling site was one hundred metres downstream of the mill. The control site was 

600 m upstream of the mill.  

 

 

Figure 4: Weir at Hapsford Mill (Somersetrivers.org, 2013) 

 

The riparian environment is deciduous woodland with a small industrial estate with diesel pumps for a 

haulage company.  There is a quarry outflow two kilometres upstream and surface water runoff 

drainage into the river between sampling sites (Jones, pers. comm., 2012)2.  

3.1.3 Tellisford Mill  (OS grid ref: ST805555)  

Tellisford Mill (Figure 1, Chapter 2) is first mentioned in the Doomsday Book. The mill was restored and 

fitted with a Kaplan turbine in 2007 the weir improvements included the ad dition of a fish notch  

                                           
2 Dave Jones, Regulatory Scientist, Wessex Water 
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(Figure 5). The downstream sampling site was just beyond  where the tail race joins the river, the 

control sampling site was 500 m upstream of the mill at Langham Farm.  

  

Figure 5: Weir at Tellisford with fish notch (Battersby, 2005).  

 

Tiplady (2006) conducted a pre-installation study which was followed by a comparitive study post 

installation (Elvey, 2009).  The results from these were used for a historical comparison. The sampling 

location is the same in all the studies. The licence requires a hands off flow of 0.33 m³/s . This ensures 

flow in the depleted reach that occurs 95% of the time (Q95). The riparian environment is agricultural, 

cattle wade into the river on the  opposite bank to the mill for drinking, there is also a sewage treatment 

works 1 km upstream.  

3.1.4 Iford Mill (OS grid ref: ST799587)  

Iford Mi ll (Figure 6) is part of the medieval Iford Manor estate  and is the furthest downstream of the 

sampling sites. An Archimedes screw was installed on the weir in December 2011, the weir was 

improved and includes a fish pass (Figure 7) and an eel pass (Figure 8). The downstream sampling site 

was below the weir (X in Figure 6), the control sampling site was  one kilometre upstream of the mill by 

 






















































































