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Abstract  

Hydromorphological alterations for water storage are among the most widespread 

pressures on water bodies in Europe. Because of the importance of the water uses 

relying on water storage, such as hydroelectricity generation and public water supply, 

many of the affected water b odies have been designated as heavily modified. However, 

in a substantial number of these water bodies, the effects of the alterations are expected 

to require some mitigation if good ecological potential (GEP) is to be achieved.  

One of the core activities for the CIS WG ECOSTAT between 2013 and 2016 has been to 

try to compare the ecological quality expected by different countries for water bodies 

impacted by water storage. The process involved the use of a number of workshops and 

questionnaires to collect r elevant information from European water managers. This report 

is based on information collected via a template on mitigation measures for water bodies 

impacted by water storage, which was completed by 23 countries.  

The key findings of the exercise are as follows:  

¶ Comparing the mitigation expected for good ecological potential by different 

countries provided a good basis for identifying similarities and differences between 

those countriesô standards for good ecological potential. It also provided a 

valuable  opportunity for the exchange of information.  

¶ There is a high degree of agreement on the typical impacts on water bodies that 

can result from the different types of water storage schemes.  

¶ The mitigation measures that the participating countries believe sho uld at least be 

considered to address the main impacts of water storage schemes are similar.  

¶ In all cases, countries design their mitigation measures with the aim of improving 

ecological quality.  

¶ The most common impacts that countries seek to mitigate so  far are impacts on 

upstream and downstream fish migration.  

¶ The second most common impacts based on mitigation measures analysis are low 

flow conditions.  

¶ There is a high degree of agreement that providing minimum environmental flow 

to rivers downstream of dams is an ecologically effective mitigation measure. 

Among most countries for which information was available, differences in the sizes 

of the minimum flows considered appropriate are small.  

¶ The most common reasons for ruling out mitigation measures are o n the basis of 

technically infeasibility or significant adverse effects on the benefits provided by 

the water use. There is general agreement that mitigation measures involving (a) 

restricting the degree of water - level draw -down in reservoirs and (b) provi ding 

minimum environmental flow to rivers downstream of dams have a greater effect 

on water storage schemes than other mitigation.  

¶ Some but not all countries have so far set minimum requirements for GEP. These 

minimum requirements aim at ensuring a basic l evel of ecosystem functioning 

and, if relevant, continuity for fish.  

¶ There remain differences in the degree of development and refinement of 

methods for mitigating impacts from water storage, and in the experience of 

implementing those methods for optimisi ng mitigation measures. The exercise 

was able to identify emerging good practice. This is described in the main report 

and we hope will provide a valuable resource for knowledge exchange between 

countries as they seek to refine and improve their methods.  
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Suggested next steps  

Several critical issues need further clarification as they seem not to be sufficiently 

covered in existing WFD guidance. It is recommended that the following should be 

addressed as part of a follow up exercise:  

 

1. Information exchange to improve understanding of:  

¶ how countries determine the level of significance of adverse effects of measures 

on use (e.g. hydropower, water supply) and, hence, at which further mitigation is 

ruled out;  

¶ how countries distinguish between ruling out measures  required for GEP and 

setting less stringent objectives (e.g. moderate or worse potential); and  

¶ the typical scales of ecological impact (including in spatial terms) resulting from 

hydromorphological alterations beyond which countries require measures to be  

considered to achieve GEP.  

 

2. To further develop understanding of comparability by:  

¶ selecting cases of rivers/lakes (theoretical or existing ones) which are impacted by 

water storage and where alterations of hydromorphological conditions, biological 

impacts  and adverse effects on uses are described with sufficient data and  

¶ assessing the (minimum) conditions that would be expected for GEP using  each 

countryôs method, including outruling of relevant measures.   
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1  Introduction  

1.1  Scope of the report  

This technic al report documents the outcome of information exchange on good ecological 

potential carried out between 2013 and 201 6, as a first step towards  

harmonising/intercalibrating ecological potential in the context of the WFD 

intercalibration exercise. Following  a general introduction the report focuses on the use of 

mitigation measures for reaching good ecological potential (GEP) for heavily modified 

water bodies impacted by water storage  for hydropower generation, water suppl y,  

irrigation and recreation . In add ition,  it should be  mentioned that in some countries the 

water storage facilities have multipurpose use.  The outcome of the information exchange 

which took place in parallel on heavily modified water bodies ( HMWB)  impacted by flood 

protection and drainage will be presented in a separate technical report.   

1.2  Key principles ï Heavily Modified Water Bodies and 

Ecological Potential  

Several key principles, conclusions and recommendations from Common Implementation 

Strateg y ( CIS )  guidance and related CIS workshops on HMWBs are still highly relevant in 

the context of a common understanding on the use of mitigation measures, HMWBs 

designation and objective setting. The most important key principles are summarised in 

the follo wing paragraphs.  

CIS 2003 Guidance no. 4 on HMWB : The 2003 CIS guidance no. 4 on heavily modified 

water bodies (WFD CIS, 2003) specifies a common understanding for the designation and 

classification of HMWB s (Figure 1)  and  defining good ecological potenti al (GEP) based on 

the biological quality elements. Since 2005, a number of CIS workshops have led to key 

conclusions and recommendations for best management practice for hydromorphology  

(hymo) issues ( available at CIRCABC ).  
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Figure 1. Steps of designation and classification of heavily modified (HMWB) and artificial water 
bodies (AWB) (from WFD CIS Guidance no. 4 on HMWBs, 2003) 

CIS 2005 (Workshop on Hydromorphology):  The Prague or the mitigation measure 

approach was agreed at the CIS workshop  on Hydromorphology  in 2005 as a valid 

method for defining GEP (Kampa and Kranz, 2005). The Prague or the mitigation 

measure approach bases the definition of GEP on the identification of mitigation 

measures . Starting from all measures  that do not have a significant adverse effect on the 

water use  (which reflects maximum ecological potential MEP) , those measures are 

excluded that, in combination, are predicted to deliver only slight ecological 

improvement. GEP is then defined as the biological v alues that are expected from 

implementing the remaining identified mitigation measures.  The main  difference to the 

reference -based approach described in the CIS Guidance No 4 is that GEP is derived from 

the mitigation measures  for maximum ecological potent ial  and not from the biological 

quality element ( BQE)  values  at maximum ecological potential . Both methods define BQE 

values for GEP.  

Both CIS 2003 and CIS 2005 state that GEP is not a ñstand aloneò objective, but is based 

on the mitigation measures in re lation to the water use. It was therefore proposed to 

develop lists of relevant mitigation measures along with estimations of their 

effectiveness.  
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Figure 2. Mitigation measures and Good Ecological Potential (from Kampa and Kranz, 2005) 

CIS 2007 (Workshop on WFD & Hydropower): In this workshop  and when discussing 

ñTechnical approaches for good practice in hydropower useò, it was stated  that 

ñStandardisation at European level is desirable, but solutions for mitigation measures will 

have to be largely site -specific. Exchange of information should be promoted on 

standards that have been developed by different countries or organisations (e.g. for 

continuity).ò  

CIS 2009 (Workshop on HMWB s):  Regarding significant adverse effect on use,  it was 

agreed, it cannot mean "no impact on use" (key conclusion ï kc 21). It was agreed that 

ecological continuum is a relevant consideration in defining GEP as well as MEP (kc 32). 

ñThere must be fishò ï fish (in particular, migratory species) is seen a s a good indicator 

of ecological continuum. There was general agreement at th is workshop that providing 

river continuum for fish migration is normally a necessary component of good ecological 

potential (kc 33). Ecological quality at GEP may be more similar  for some uses than 

others (kc 53).  

CIS 2011 (Workshop on Water management, WFD and Hydropower): In the 

conclusions from this CIS workshop in 2011 (Kampa et al., 2011), it was among others  

stated that countries and stakeholders still have much to learn fro m each other (kc 2), 

and all countries are seeking to improve the water environment with a minimum impact 

on renewable electricity generation (kc 4). Further, good practice recommendations for 

mitigation measures include providing (kc 13):  

¶ An ecologically  optimised river flow reflecting ecologically important components 

of the natural flow regime, including a relatively constant base flow and more 

dynamic/variable flows.  

¶ Where relevant, effective provision for upstream and downstream migration of 

fish inc luding sufficient flows.  

¶ Dampening of hydro peaking by, for example, gentle ramping or discharging 

tailrace flows into a retention basin.  

The choice and design of mitigation should take account of relevant site -specific 

circumstances, in particular the potential for ecological improvement.  

CIS 2015 G uidance no . 31 on Eflows: The 2015 CIS guidance on Eflows (flow needed 

for reaching at least good ecological status) identified a series of overall key indications 

to tackle some critical aspects linked to the management and restoration of water bodies 

affected by hydrological pres sures. However, the flow needs in HMWBs and thereby for 

reaching good ecological potential was only briefly mentioned in the Eflows guidance 
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(WFD CIS, 2015), with reference to the ongoing activity on ecological potential under WG 

ECOSTAT.  

1.3  Intercalibration  of ecological status and potential  

Intercalibration is a process aimed at achieving comparable good status and potential 

classification boundaries for the biological quality elements set in compliance with the 

WFD requirements. The requirement for interca libration is specified in WFD Annex V 

1.4.1. The intercalibration exercise is to be carried out by the Member States and 

facilitated by the Commission, with a deadline set for 2007. Intercalibration activities 

started soon after the WFD came into force in 2000, as a key activity under the Common 

Implementation Strategy  (CIS) . In practice the intercalibration exercise proved to be 

much more complicated tha n originally foreseen ;  by the 2007 deadline only a part of the 

work could be completed, and a second and  even a third phase were necessary. Several 

CIS guidance documents describe the common understanding and agreed procedures:  

¶ CIS Guidance No. 6 ñTowards a guidance on establishment of the intercalibration 

network and the process of the intercalibration exer cise (2003)  

¶ CIS Guidance No. 14 ñGuidance on the intercalibration process 2004-2006ò (2005) 

¶ Updated CIS Guidance No. 14 ñGuidance on the intercalibration process 2008-

2011ò (2011)  

¶ CIS Guidance No. 30 ñProcedure to fit new or updated classification methods to 

the results of a completed intercalibration exercise (2015)  

During phase 1 (finalised in 2007) and phase 2 (2008 -2011) the intercalibration exercise 

has focused on natural water body types 1, and the intercalibration guidance documents 

do not cover eco logical potential: ñAs in Phase 1, intercalibration in Phase 2 will focus on 

[é] good ecological status. Good ecological potential (GEP) will not be intercalibrated 

[é]in Phase 2 due to the complexity of defining GEP and the fact that the procedure how 

to intercalibrate GEP is not yet clearò  (CIS Guidance No. 14).  

For natural waters, it has been possible to agree on a technical intercalibration process 

where Member Statesô classification methods are checked for their compliance with the 

normative definitio ns specified in WFD Annex V. Subsequently, the high -good and good -

moderate boundaries are compared and harmonised either directly or by using a 

common metric. A common understanding of the type -specific reference conditions is a 

key prerequisite to carry o ut the comparability analysis for good status classification 

methods. An important part of intercalibration of natural waters has been to apply/agree 

on common criteria for reference conditions. Results of the completed intercalibration 

exercises were publ ished in COM Decisions 2008/915/EC (phase 1) and 2013/480/EU 

(phase 2). The current phase 3 (2012 -2016) is aimed at completing intercalibration ( IC)  

gaps for natural water body types, and to start addressing ecological potential.  

The WFD specifies that for  maximum ecological potential, ñthe values of the relevant 

biological quality elements [should] reflect, as far as possible, those associated with the 

closest comparable surface water body type, given the physical conditions which result 

from the artificia l or heavily modified characteristics of the water bodyò  (WFD Annex V 

1.2.5). Intercalibration is ultimately about achieving comparability for good status and 

potential classification boundaries for the biological elements. The quality elements 

applicable  to artificial and heavily modified surface water bodies shall be those applicable 

to whichever of the four natural surface water categories above most closely resembles 

the heavily modified or artificial water body concerned  (WFD Annex V 1.1.5).  

                                           

1  An exception is the biological quality element phytoplankton as an indicator for the 

effects of nutrient pressure that has been intercalibrated for Mediterranean reservoirs  
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It is n ot possible to apply the intercalibration procedures that were developed for the 

natural water body types to heavily modified water bodies. The main reason is that 

setting good ecological potential boundaries for the biological quality elements can not be 

seen separately from the HMWB designation process (Figure 1) . This is further 

emphasized in WFD definition of maximum ecological potential for the 

hydromorphological elements, i.e. ñThe hydromorphological conditions are consistent 

with the only impacts on the surface water body being those resulting from the artificial 

or heavily modified characteristics of the water body once all mitigation measures have 

been taken to ensure the best approximation to ecological continuum, in particular with 

respect to migr ation of fauna and appropriate spawning and breeding groundsò (WFD 

Annex V 1.2.5).   

CIS ECOSTAT 2011  (Concept paper on Intercalibration of GEP ): This concept paper 

endorsed by the Water Directors, discusses possibilities for intercalibrating good 

ecological potential in accordance with WFD requirements and provides recommendations 

on assessing and improving comparability of good ecological potential assessments. A 

comprehensive intercalibration of GEP in the same form as undertaken for good 

ecological status is not expected to be technically possible. The reasons for this are that:  

¶ Member States' definitions of good ecological potential will always be influenced 

by their national  judgements  about the significance, and hence acceptability, of 

adverse effects on the use (e.g. water storage for hydropower) or on the wider 

environment;  

¶ Scientific understanding of the ecological impact of hydromorphological alterations 

is less well developed than is the understanding of the impact of pollution;  

¶ There is considerable variability in the nature and extent of hydromorphological 

alterations bec ause of the wide range of uses for which water bodies have been 

designated heavily modified and the wide variation in the associated 

hydromorphological modifications.  

Therefore, alternative approaches to assessing and improving comparability are needed. 

The proposed pragmatic approach had the following three components:  

a)  review of the current state of play in defining good ecological potential taking into 

account the requirements of the WFD and existing guidance documents;  

b)  development of a methodological fra mework for defining and assessing good 

ecological potential taking into account the results of the review; and  

c)  simple comparisons of good ecological potential for common uses.  

 

1.4  Mandate and scope of the information exchange on GEP 

mitigation measures  

As one  of the core activities for the CIS working group on Ecological Status (ECOSTAT) 

since  2013, a harmoni sed understanding of GEP, often mentioned as intercalibration, for 

HMWBs has been on the agenda. An ad -hoc group has been working on harmoni sing GEP 

mainly related to water storage, consisting of national experts on hymo issues and 

coordinated by a core group (the authors of this report).  

Several information exchange templates have been circulated between Member States 

and EEA countries to exc hange data on ecological indexes sensitive to 

hydromorphological alteration, available mitigation measures and approaches to defining 

GEP in relation to water storage. Workshops based on the template results have been 

arranged to clarify terms and definiti ons, highlight where there is alignment, and where 

there are differences in approaches and to start to explore the reasons behind these. 

Presentations and documents related to the groupôs work are available on CIRCABC.  

https://www.google.no/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjh1eSA6d7NAhVpYJoKHWLqALYQFgggMAA&url=https%3A%2F%2Fcircabc.europa.eu%2Fwebdav%2FCircaBC%2Fenv%2Fwfd%2FLibrary%2Fwater_directors%2Fdocuments_december_1%2Fdocuments_meeting%2F2a-iv_Concept%2520paper%2520on%2520intercalibration%2520of%2520GEP%2520v2tc.doc&usg=AFQjCNGD_D1utdaanm0M8eFwbS4Bj3KOGg&sig2=Ox3Lhvpa8LlJB-pnW4jD3A&bvm=bv.126130881,d.bGs
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp?FormPrincipal:_idcl=FormPrincipal:_id1&FormPrincipal_SUBMIT=1&id=d9bd43d1-fdbd-4778-94ee-7d09063923f9&javax.faces.ViewState=1vE9D57sLX2rv%2B0CFgvxK2nGvoJS7BUiqTqNJ147xduRjBsFms5r7aG
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The main aims of the information exchange on GEP for HMWB s impacted by water 

storage have been to:  

¶ exchange experience on good ecological potential (GEP) and hymo alterations 

caused by specific water uses,  

¶ find suitable methods for assessing comparability (intercalibratio n),  

¶ learn from each other to ensure common understanding , 

¶ sort out good management practice and  

¶ possibly define best available mitigation measures for heavily modified water 

bodies due to water storage across Europe.  

Working towards these aims, it was a greed that as a first step the following related 

questions for rivers and lakes hydromorphologically impacted by specific water uses 

needed to be addressed:  

¶ Do we look at comparable impacts, regarding type and scale?  

¶ Do our national mitigation measure lib raries contain comparable measures for 

these impacts?  

¶ Do we use comparable criteria to select/rule out mitigation measures?  

¶ Do countries have common standards for GEP, and hence is there a uniform 

ecological minimum across Europe?  

¶ Do countries have the sam e awareness of the optimal design of 

hydromorphological measures ensuring GES?  

1.5  Relevant water uses for HMWB designation  

The relevant water uses for HMWB designation are the water uses described in WFD 

Article 4(3)(a)(ii) - (v). Based on Member State ( MS)  que stionnaire results, for the 

purpose of the 2009 CIS workshop on HMWB s, the clarity provided by Member States in 

the 1st RBMPs about the ñuseò or "uses" for which they have designated water bodies as 

heavily modified has been very variable. Several uses suc h water storage, flood defence 

and navigation, were clearly specified and in line with Art. 4.3(a) of the WFD. However, 

several other uses were not as clearly specified or not mentioned in Art. 4(3), such as 

agriculture, not making clear if it refers to la nd drainage or other activity. Moreover, the 

use of the term ñequally important sustainable human development activitiesò has been 

left open to interpretation.  

In addition, in the 1st RBMP cycle, a consistent reporting of the uses (and physical 

alterations ) for which water bodies were designated as heavily modified was not made 

under the electronic reporting under WISE.  

For the assessment of the 1st RBMPs by the European Commission, information was 

collected on the main uses for which water bodies were des ignated as HMWB s/AWBs  at 

the RBD level. According to this assessment, water storage for hydropower generation, 

navigation, flood protection, water regulation and water storage for drinking water supply 

appeared as the most common uses for designating HMWBs  (reported in more than 60% 

of RBDs which specified the water uses of HMWBs) 2 (CSWD , 2012).  

                                           

2  Note that this does not r eflect count of absolute numbers of designated HMWB but  

qualitative assessment of the usage or not of each respective use as relevant for HMWB 

designation in the RBD.  
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Figure 3. Uses for which water bodies were designated as heavily modified water bodies and artificial 
water bodies in the 1st RBMPs. 

Source :  RBMPs, from CSWD 2012  

According to the new 2016 WFD reporting guidance (for the 2nd and next RBMPs), it is 

required to report in detail the water uses for all water bodies designated as HMWB s. 
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2  Water storage and impacts on water bodies  

Dams, abstractions and infrastructures related to water storage may have a severe 

impact on water ecology if the ecological impacts are not mitigated. Hydromorphological 

alteration (hymo) and over -abstraction of water in particular, are found to be the second 

mo st common pressures on ecological status in the EU ( COM 2012 ). Ecological flows 

(Eflows) are one of the key issues, with a separate CIS guidance published in 2015.  

2.1  Key principles ï hydropower and water storage  

What is ñwater storageò? 

In the context of th is report, water storage is considered to refer to larger structures for 

impounding water for useful purposes, such as water supply, power generation, irrigation 

and recreation, especially by abstraction intakes and dams in rivers or lakes/reservoirs 

for p ermanent longer term (days ï interannual) storage of surface water. Due to water 

storage by dams many rivers or even brook valleys may change water category from 

river/brook to larger lake reservoirs. In these cases , it is necessary to apply a 

limnological  approach to take the change in character adequately into account.  

Taking into account CIS -Guidance no. 4 on HMWB designation, physical alterations due 

to small scale hydropower (without relatively large water storage dams) normally do not 

fulfill the requ irements for HMWB designation.  

Typical hydromorphological alterations causing ecological impacts on water 

bodies from water storage  

The most obvious alteration on river ecosystems caused by water storage through dams 

or weirs with impoundments is a reduced  or interrupted river continuity. Therefore, 

natural sediment dynamic is altered and transport can be totally disrupted, especially of 

coarse sediments. This leads to changes in substrate composition and altered 

morphological processes in the river downstr eam of these structures. The continuity for 

aquatic organisms can be interrupted both upstream and downstream of barriers. The 

impacts are particularly significant on migratory species.  

Moreover, through reduced flow rates, ponded river reaches can lead to  disrupted 

morphodynamics with e.g. changed substrate conditions (accumulation of fine 

sediments), artificially stable river banks and reduced lateral erosion processes. This 

determines major changes in composition of aquatic biota, especially in rivers 

characterized by chains of ponded reaches and in large impoundments such as 

reservoirs.  

A changed flow regime through reservoirs commonly causes artificially extreme low flows 

or extended low flows. Loss of or reduction in flows which are sufficient to trigg er and 

sustain fish migration can be the result. In addition, loss, reduction or absence of 

variable flows, compared to reference conditions, is a major issue. These alterations are 

in general relevant for different types of reservoirs, but especially in s uch with water 

abstraction and transfer that lead to depleted river reaches.  

Special hydropower operation can also lead to rapidly changing flows and water level 

fluctuations (including hydro peaking) downstream of turbine outlet into the river 

(downstrea m of tailrace). Among others, this type of management can cause artificially 

extreme changes in lake level of a reservoir (lake draw down). The results frequently are 

reductions in quality and extent of shallow water and shore zone habitats in the lake.  

Furthermore, especially reservoirs, with totally changed hydromorphological conditions 

from a riverine to a lake ecosystem, often cause alteration of general physico -chemical 

conditions downstream, e.g. temperature or super saturation of oxygen. These 

param eters are not hydromorphological, but describe secondary effects that are induced 

by the hydromorphological changes and of relevance according to the ecological impacts 

from water storage.  
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Figure 4. Typical hydromorphological alterations causing ecological impacts on water bodies from 
water storage (for hydropower, drinking-water supply, irrigation or other equally important 
sustainable activities as stated in Article 4(3) of WFD). 

 

2.2  Large dams for water storage in Europe  

The tota l European reservoir surface area covers more than 100 000 km 2, 50% of which 

lies in the European part of Russia. Turkey also has a large number of reservoirs. In WFD 

implementing countries, the countries  with the largest number of reservoirs are Spain 

(ap prox. 1200), the UK (approx. 570) and Italy (approx. 570). Other countries with a 

large number of reservoirs are France (approx. 550), Norway (approx. 364), Germany 

(approx. 300) and Sweden (approx. 190).  

Bakken (2016, in prep) provide an overview of the numbers of reservoirs (large dams) 

for water storage in European countries. According to this dataset, Malta is the only WFD 

implementing country in Europe without any large dam/water storage reservoir in the 

ICOLD database. It needs to be noted that these  numbers only refer to large dams, while 

in many countries, there are many smaller reservoirs exceeding the number of large 

reservoirs. Hydropower is the dominating single or main purpose water use in multi -

purpose reservoirs in Europe, even though irrigat ion, water supply or flood control is 

dominating in some of the countries.  
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Note that for the purpose of inclusion in the World Register of Dams, a large dam is 

defined as any dam above 15 metres in height (measured from the lowest point of 

foundation to t op of dam) or any dam between 10 and 15 metres in height which meets 

at least one of the following conditions: a) the crest length is not less than 500 metres; 

b) the capacity of the reservoir formed by the dam is not less than one million cubic 

metres; c)  the maximum flood discharge dealt with by the dam is not less than 2 000 

cubic metres per second; d) the dam had specially difficult foundation problems; e) the 

dam is of unusual design. 3 

Table 1. An overview of reservoirs (large dams) for water storage in Europe.  

 

Note  1: Only countries implementing the Water Framework Directive in Europe are 

included; Data from Bakken ( 2016 in prep); CIGB ICOLD database.  http://www.icold -

cigb.org/GB/World_register/general_synthesis.asp  

Note 2: Not all stated reservoirs for water storage were designated as heavily modified 

water bodies ( HMWBs) a s part of WFD implementation.  

2.3  HMWB designation due to hydropower  

The figure below shows the percentage of HMWB s designated due to hydropower use in 

relation to total HMWB s in the 1st RBMPs of the WFD. Taking into account CIS -Guidance 

no. 4 on HMWB designat ion, physical alterations due to small scale hydropower (without 

relatively large water storage dams) normally do not fulfill the requirements for HMWB 

designation.  

SE, NO, FI, CZ and AT have the highest percentage of HMWB s due to hydropower (above 

50% of total HWMB).  

The NL, DE, UK, LV and IT have the lowest percentage of HMWB s due to hydropower 

(below 10% of total HMWB s).  

 

                                           

3 Source: http://www.icold -cigb.org/GB/Dictionary/dictionary.asp . 

Country

Total no 

of 

reservoirs

Tot single 

purpose 

reservoirs

Tot multi 

purpose

Tot 

Unknown

% 

single 

purp

Hydro
Irrigati

on

Water 

suppl

Flood 

control
Other Hydro

Irrigati

on

Water 

suppl

Flood 

control

Fish 

Farmin

g

Navigat

ion

Recreat

ion
Other

Austria 171 127 43 1 74 % 100 % 0 % 0 % 0 % 0 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Belgium 15 8 7 0 53 % 50 % 0 % 13 % 0 % 38 % 29 % 0 % 43 % 0 % 0 % 29 % 0 % 0 %

Bulgaria 181 156 24 1 86 % 13 % 76 % 10 % 2 % 0 % 46 % 17 % 29 % 8 % 0 % 0 % 0 % 0 %

Croatia 29 14 15 0 48 % 64 % 0 % 7 % 29 % 0 % 67 % 0 % 0 % 33 % 0 % 0 % 0 % 0 %

Cyprus 57 50 7 0 88 % 0 % 92 % 2 % 0 % 6 % 0 % 71 % 29 % 0 % 0 % 0 % 0 % 0 %

Czech Republic 118 52 66 0 44 % 15 % 4 % 60 % 13 % 8 % 15 % 2 % 47 % 33 % 0 % 0 % 3 % 0 %

Denmark 10 10 0 0 100 % 70 % 0 % 30 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Finland 56 47 9 0 84 % 91 % 0 % 4 % 2 % 2 % 11 % 0 % 0 % 89 % 0 % 0 % 0 % 0 %

France 691 438 247 6 63 % 64 % 14 % 13 % 2 % 7 % 21 % 30 % 25 % 6 % 0 % 8 % 8 % 1 %

Germany 308 148 158 2 48 % 22 % 5 % 26 % 36 % 11 % 9 % 0 % 35 % 43 % 0 % 6 % 4 % 3 %

Greece 164 89 61 14 54 % 9 % 67 % 17 % 1 % 6 % 15 % 31 % 41 % 5 % 0 % 0 % 0 % 8 %

Hungary 15 13 2 0 87 % 0 % 8 % 85 % 8 % 0 % 0 % 50 % 0 % 0 % 0 % 0 % 50 % 0 %

Iceland 29 29 0 0 100 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Ireland 16 12 4 0 75 % 50 % 0 % 50 % 0 % 0 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Italy 542 443 90 9 82 % 69 % 20 % 10 % 1 % 0 % 20 % 43 % 36 % 1 % 0 % 0 % 0 % 0 %

Latvia 3 3 0 0 100 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Lithuania 23 3 20 0 13 % 100 % 0 % 0 % 0 % 0 % 40 % 25 % 0 % 15 % 0 % 0 % 20 % 0 %

Luxembourg 3 2 1 0 67 % 100 % 0 % 0 % 0 % 0 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Netherlands 12 8 4 0 67 % 0 % 0 % 0 % 75 % 25 % 0 % 0 % 0 % 100 % 0 % 0 % 0 % 0 %

Norway 335 257 2 76 77 % 93 % 0 % 5 % 0 % 2 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

Poland 69 21 48 0 30 % 71 % 5 % 19 % 0 % 5 % 27 % 4 % 42 % 17 % 0 % 6 % 2 % 2 %

Portugal 217 157 56 4 72 % 29 % 48 % 18 % 1 % 3 % 14 % 66 % 20 % 0 % 0 % 0 % 0 % 0 %

Romania 246 97 149 0 39 % 70 % 0 % 4 % 25 % 1 % 25 % 17 % 39 % 16 % 2 % 1 % 0 % 0 %

Slovakia 50 15 35 0 30 % 67 % 0 % 33 % 0 % 0 % 14 % 6 % 20 % 57 % 0 % 0 % 3 % 0 %

Slovenia 41 28 13 0 68 % 82 % 0 % 0 % 4 % 14 % 8 % 8 % 0 % 77 % 8 % 0 % 0 % 0 %

Spain 1082 802 270 10 74 % 24 % 35 % 30 % 3 % 8 % 25 % 4 % 59 % 7 % 0 % 0 % 0 % 4 %

Sweden 190 186 3 1 98 % 90 % 0 % 10 % 0 % 0 % 100 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

United Kingdom 607 560 43 4 92 % 15 % 1 % 75 % 1 % 8 % 2 % 0 % 44 % 5 % 0 % 16 % 33 % 0 %

Number of single purpose with this purpose (%) Number of multi-purpose with this purpose as MAIN purpose (%)

http://www.icold-cigb.org/GB/World_register/general_synthesis.asp
http://www.icold-cigb.org/GB/World_register/general_synthesis.asp
http://www.icold-cigb.org/GB/Dictionary/dictionary.asp
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Figure 5. Percentage of HMWBs designated due to hydropower in relation to total HMWBs (%) 

Source: Kampa et al. (2011).  

Note: 1) Percentages were reported in the WFD and Hydropower questionnaires of 

European States. 2) Data was not available for CH, BE, HU, PL. 3) The mean is calculate d 

based on the percentages provided in the European States questionnaire.  

2.4  Key terms in this report  

Key terms used within this report are illustrated below. A more detailed list of relevant 

hydromorphology - related terms and definitions is available at 

http: //wiki.reformrivers.eu/ .4 

Term  Definition (in the context of this report)  

Abstraction  Removal of water from a water body, either permanently or 

temporarily.  

 

Barrier  Structure across a stream, equipped with a series of gates or other 

mechanisms which control the water -surface level upstream to 

regulate the flow or to divert water supplies into another watercourse . 

Diversion of 

water  

See water abstraction  

 

                                           

4 REFORM was a large integrated research project  (2011 -2015) on re storing rivers  for 

effective catchment m anagement .  
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Term  Definition (in the context of this report)  

Ecological 

effectiveness  

Improvement in water ecology from mitigation measures.  

Ecological 

flo w (eflow)  

CIS -Guidance No 31: Ecological flows are considered within the 

context of the WFD as ña hydrological regime consistent with the 

achievement of the environmental objectives of the WFD in natural 

surface water bodies as mentioned in Article 4(1)ò. 

Considering Article 4(1) of the WFD, the environmental objectives 

refer to:  

¶ non deterioration of the existing status , 

¶ achievement of good ecological status in natural surface water 

body,  and  

¶ compliance with standards and objectives for protected areas, 

inc luding the ones designated for the protection of habitats 

and species where the maintenance or improvement of the 

status of water is an important factor for their protection, 

including relevant Natura 2000 sites designated under the 

Birds and Habitats Dire ctives . 

Effect on use  Adverse effect on the water use lead s to the designation of HMWBs, 

here related to significant adverse effect upon the main purpose of 

water storage such as hydropower, water supply, irrigation or 

aquaculture . 

Hydropeaking  Rapid cha nges of flow (water level) downstream hydropower stations 

due to electricity production on demand/short term regulation in the 

grid.  

Impoundment  River water body formed by impounding. A transversal barrier (dam, 

weir) to the flow in a river impounds wate r upstream. The purpose of 

an impoundment usually is to maintain a desired water level (e.g. for 

electricity production) and/or to retain/store water (e.g. for flood 

protection, water supply, irrigation). A l arge impoundment  of a 

natural river  is often ca lled reservoir. The hydromorphological 

character of the river upstream of the dam (impounded/ponded 

section) is then totally changed from a riverine to a more stagnant 

character.  

Key measures  Categorisation of measures for mitigati on  used in this report .  

Measure 

hierarchy  

Ranking of preference if there is a choice of different mitigation sub -

measures application (eg. 1 st  rank, 2 nd  rank, 3 rd  rank, é).  If options 

are not differentiated in terms of preference, all sub -measures are 1 st  

ranked.  

Mitigation 

m easure  

Physical or biological measure to mitigate ecological effects in an 

impacted water body (in this context: impacted by water storage) 

leading to an improvement of the ecological conditions. Compare 

restoration measure .  

Mitigation Spreadsheet developed to assess comparability by collecting data 
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Term  Definition (in the context of this report)  

Measure 

Template 

( MMT)  

from each Member State (and Norway) in order to compare 

approaches for  defining good ecological potential, based on national 

measure libraries . 

Ponding  Reference to  impoundment ï see i mpoundment  

Pressure  The direct environmental effect of a driver (e.g. altered flow 

conditions, changing water chemistry, organic pollution, water 

abstraction).  

Re discharge 

of flow  

Return of abstracted water after use, typically associated with 

hydropowe r, downstream of hydropower outlet.  

Reservoir  Large water body built to store water for useful purposes, such as 

water supply, power generation, irrigation and recreation. It can be  

¶ constructed artificially and filled by transferred water  

¶ an adapted natural lake  

¶ a large impoundment of a natural river  

Ecologically it resembles a lake type . 

Restoration 

measure  

Measure needed to restore natural processes, and hence reach good 

ecological status, such as e.g. Eflows.  

Sub measures  Sub -categor y of measure mitigating the same hydromorphological  

pressure or measures needed to combine various type s of measures, 

e.g. to enhance fish migration (ladder, fish way, ramp) . 

Tailrace  Channel which conducts abstracted water away from turbine (or 

waterwhee l) and by which water usually is re -discharge d in to  a river.  

Water (flow) 

regulation  

Water/flow in a river is regulated by water control structures (to 

manage the hydrological regime by modifying the direction or rate of 

flow of water, and / or to maintain a desired water surface elevation)  

or by abstractions/diversions . 

Water storage  Impounding water for useful purposes, such as water supply, power 

generation, irrigation and recreation  (includes storage of water in 

reservoirs as well as damming o f rivers) .  

Water use  See impact on use  

Weir  Transversal structure similar to a small dam which may be used for 

controlling upstream water level and/or sediment load and also for 

measuring discharge .  

 

  



 

20  

 

3  European questionnaires on m itigation m easures for  water 

bodies impacted by water storage  

3.1  Overview of mitigation measure template  

An essential component of the work on harmoni sing the understanding of good ecological 

potential for water bodies impacted by water storage has been information exchange 

templa tes to collect and compare data.   

An information exchange template was circulated to national experts in countries 

implementing  the  WFD (EU Member States and EEA countries) to gather information on 

national measures available to a country for mitigating e cological impacts from water 

storage pressures, and how these measures are used.  Measures were grouped into 10 

key types of mitigation based on the types of water affected (e.g. rivers upstream or 

downstream of structures), water use (e.g. hydropower, dri nking water supply) and 

pressure (e.g. dam, abstraction).  

In a series of Excel worksheets, information was requested on 1) how the mitigation 

measures are used (is there a formal process and clear criteria in place for not including 

the measure, or is it l eft to local discretion?); 2) the significant effect on use; 3) 

evaluation of GEP (HMWB) vs . GES (natural water body) for water bodies affected by 

water storage.  

For each of the 10 key types of mitigation, national experts were asked to indicate which 

of t he ecological impacts are recognised and addressed by mitigation in the country's lists 

of mitigation measures, which mitigation measures must be in place to achieve GEP (as 

long as ecological impact is significant), whether there can be exceptions, and if  so, the 

common reasons for these.  

3.2  Specific questions in the mitigation measure template  

The following sequence of questions were asked to be filled in for each of the key types 

of mitigation and their specific measures (options) in the European mitigatio n measure 

template, based on information from and use of national measure libraries.  

Typical scale of impact for considering mitigation  

Countries were asked to fill in the typical minimum scale of impact (length - range of 

impacted rivers or for lakes lake level fluctuation) for which mitigation would be 

considered [i.e. adverse impacts on lengths shorter than this typical minimum would not 

be considered significant in terms of water body classification].  

Ranking of measures (options)  

A considerable number o f measures exist in Europe to mitigate the same main impact 

from water storage. E.g. interrupted continuity for fish may in some countries be 

mitigated by a fish pass, by -pass channel, catching and transporting fish, a fish ramp or 

fish stocking.  Where th ere are multiple mitigating measures within a countryôs measures 

library, experts were asked to fill in a ranking (measure hierarchy) to differentiate 

between 1 st , 2 nd , 3 rd  choice etc., according to use, ecological effectiveness and effect on 

water use.  

Ecological effectiveness of measures  

Countries were asked to indicate (***) for measures shown to be ecologically effective at 

a wide range of sites or for measures whose ecological effectiveness is otherwise not the 

subject to any real doubt; (**) for measures that have been applied at a lim ited number 

of sites or their general ecological effectiveness is not yet widely accepted; (*) for 

measures that have not yet been applied in practice or only in one -off (and not yet 

conclusive) trials.  This section is not asking you to judge, for example , the relative 

effectiveness of the precise value of the magnitude of a mitigation flow versus the 
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magnitude of slightly different mitigation flow. It was  about confidence that the 

mitigation measure is effective whether or not a higher or lower flow might  be even 

more, or no less, effective, respectively.  

Practical effectiveness of measures  

At the measure level, national experts were asked to evaluate the practical effectiveness 

of measures, in relative terms from high (***) for measures shown to be self - sustaining, 

medium (**) to low (*) for measures that need regular maintenance e.g. annually.  

Relative magnitude of effect on water use  

Measures assigned "+++" are expected to have a larger effect  on the use than other 

measures in the national list of mitiga tion measures. It does not mean that the effect  on 

use is significant. Measures assigned "+" are expected to have the least effect  on use 

(other than measures that have no effect  on use. For example, providing flow to operate 

a fish pass during periods of fish migration should normally be assigned "+". In contrast, 

mitigation that would require major changes in the operation of a reservoir to remedy 

severe drawdown - related impacts might be among those measures assigned "+++"  

How mitigation measure librarie s for GEP are used?  

In this part of the template , we asked whether there are any fixed rules (e.g. minimum 

criteria) for implementing or not each of the measures in each country. We also collected 

information on the most widespread reason for out ruling me asures linked to reasons for 

exemptions in the relevant articles of  the WFD.  

Effect on use test  

The focus in this part of the template is on the country -specific national framework 

criteria for deciding upon "significant adverse effect on hydropower or wat er supply" (Art 

4.3 in WFD) as basis for ruling out certain mitigation measures. For those countries 

having a national framework for this, how does it look like (e.g. scheme or national level, 

% or related to hydropower production), and how has it  been dev eloped (public 

consultation)?  

GEP vs . GES 

For the final HMWB designation for water bodies affected by water storage, good 

ecological status (GES) should not be possible to reach. According to the  CIS guidance on 

Eflows  (WFD CIS, 2015), the  "definition of e cological flow and identification of the 

necessary measures to deliver it and achieve GES should, where hydrology is 

significantly altered, be considered as part of the designation test for HMWB s and justify 

that these measures cannot be taken. Ecological flows are defined as ña hydrological 

regime consistent with the achievement of the environmental objectives of the WFD in 

natural surface water bodies as mentioned in Article 4(1). In the template, countries 

were asked: 1) Do you have water bodies affected  by water storage reaching or nearly 

reaching good ecological status (GES)? 2) What do you expect to be the most common 

reasons for water storage affected water bodies reaching GES?  

3.3  Responding countries  

In total, 23 European countries implementing the WFD have provided relevant 

information or filled in all or part of the template for their country (see Table 2). In 

addition, 3 countries (HR, IC  and  SI) have responded that they could not fill in the 

template due to pending issues e.g. mitigation measure library still under development. 4 

countries (BE, EL, LV, PL) have not responded to our template and thereby have not 

contributed yet to a more common understanding.  

In some cases, inconsistencies in answers were identified when evaluating the Mitigation 

Measures Templates. For example, there are countries indicating that a specific measure 
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or type of mitigation is not i ncluded in the national mitigation library but then give details 

on implementation of this measure in other  parts of the template (or vice versa).  

Table 2. Overview of responding countries to the knowledge exchange on available mitigation 
measures and their use (green = MMT completed including use of measures, yellow = MMT 
incomplete, some relevant information of template not filled in, brown = no country response. 

  

Completen

ess of 

informatio

n  

A -  

Mitigati

on 

Overvie

w  

Filled in 

meas ur

e sheet 

1 -  10 

(%)  

B -  Use 

of 

librarie

s for 

GEP 

C -  

Frequen

cy of 

measure 

use  

D -  

impact 

on use 

test  

E -  

GEP 

vs. 

GES 

Austria ï AT OK x 100  x x x x 

Bulgaria -  BG Some gaps  x 100          

Cyprus -  CY OK x 100  x x x x 

Czech 

Republic -  CZ 
Some gaps  x 90     x   x    

Estonia -  EE OK x 100  x x x x 

Denmark ï DK  OK x 100  x x x x 

Finland ï FI  OK x 100  x x x x 

France ï FR OK x 100  x x x x 

Germany  -  

DE 
OK x 100  x x x x 

Hungary -  HU Some gaps  x 40  

 

x x 

 

Ireland ï IE  OK x 100  x x x x 

Italy ï IT  (Ok)  x 100  x x 
  

Lithuania ï LT OK x 100  x x x x 

Luxemburg ï 

LU 
Some gaps  x 100  

    

Malta* -  MT OK x 100  n.r.  n.r.  n.r.  n.r.  

Netherlands ï 

NL 
Some gaps  x 100  

    

Norway ï NO OK x 100  x x x x 

Portugal -  PT OK x 100  x x x x 

Romania ï RO OK x 100  x x x x 
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Slovakia -  SK OK x 100  x x x x 

Spain ï ES OK x 100  x x x x 

Sweden ï SE OK x 100  x x x x 

UK ï UK OK x 100  x x x 
 

Croatia ï HR No information provided   

Iceland ï IC  No information provided   

Slovenia -  SI  No information provided   

Belgium ï BE No information provided   

Greece ï EL No information provided   

Latvia ï LV No information provided   

Poland ï PL No information provided   

* Mitigation of impact from water storage not relevant .  
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4  Report structure & content  

The purpose of this report is to present the responses of 23 European countries on the 

Mitigation Measures Template for water storage and draw relevant conclusions on the use 

of mitigation measures for reaching GEP.  

Chapter 5  of the report presents the key types of mitigation for water storage (10 ty pes 

of mitigation) and the main relevant mitigation measures as well as their use in national 

libraries of measures.  

Chapters 6 to 11 describe the ten key types of mitigation and the relevant mitigation 

measures in detail, while reflecting on country respo nses with respect to the use of these 

measures, their effectiveness and reasons for ruling them out (among others).  

Chapter 12 addresses sustainable versus non -sustainable mitigation solutions referring to 

examples of non -sustainable measures especially f ish stocking. Chapter 13 discusses the 

scale of impacts typically mitigated to reach GEP in the different countries. Chapter 14 

presents the country responses on the determination of significant effects of measures on 

water storage from hydropower and wate r supply  and on the wider environment . Chapter 

15 presents the main reasons for outruling measures when defining GEP and chapter 16 

addresses  minimum requirements for GEP as reported by countries. Chapter 17 

summarises the key findings of the report, while  chapter 18 draws key conclusions and 

makes recommendations for further action.  

This report is accompanied by a technical annex (separate document available on 

CIRCABC) which provides the detailed analysis of the mitigation measures templates for 

water bodies impacted by water storage.  

Aspects that have not been specifically addressed in this report  

Concerning flow, this report concentrates upon those flow issues which  are directly 

related to water storage and does not refer to all uses leading to flow alterations such as 

water abstraction by small hydropower plants. It also does not include a detailed 

discussion on the interdependency between hydrological alterations a nd morphological 

conditions as well as type -specific sensitivities; however morphological modifications are 

dealt with in case of being a relevant, typical measure option for mitigating flow 

alterations.  

Most of the countries delivered information on flow  alterations due to hydropower use, 

but  only a few countries with regard to drinking water supply. The templates were 

focused on these two uses, but it has to be mentioned that in some countries storage 

facilities/reservoirs are used for multi ple  purposes.  

We are also aware that all relevant mitigation measures that may be needed to fully 

mitigate (long term) impacts directly or indirectly from water storage are not covered in 

this report.  This is partly due to terminology and/or main focus from a specific  mitigation 

measure. However, management and mitigation dealing with invasive plant species, 

riparian vegetation or in -channel vegetation are example s of issue s specifically not 

covered, even though they are  partly related to sediment management and flow 

m itigation.  

  

https://circabc.europa.eu/w/browse/c5681e93-0882-4231-acf3-59008d2865d2
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5  Key measures to mitigate impacts from water storage in 

Europe  

5.1  Overview of key measure types  

The following Table 3 maps the key types of mitigation for water storage (10 types of 

mitigation) against specific mitigation measures (as specified in  the Mitigation Measures 

Template because of their relevance at European level) and the most comparable 

mitigation measures as listed in Annex 8m of the 2016 WFD Reporting Guidance.  

In Table 3 (as well as in other tables and diagrams of this report), the s pecific mitigation 

measures are abbreviated. Their full wording is provided in Table 4 thereafter, while the 

following sections of the report describe them in more de tail. Please note that when 

describing the mitigation measures, we focus on their main mitigation effects. At the 

same time, we acknowledge that many of the mitigation measures also have side -

effects; however, these cannot be treated in detail as this woul d exceed the scope of this 

report.  
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Table 3. Overview of the most widespread key measures to mitigate water storage, linked to the main WFD related ecological impacts and mitigation 
measures in the 2016 WFD reporting guidance.   

Hydromorphologic

al alteration *  

Main ecological 

impact* *  

Mitigation 

for  

Mitigation measures 

options  

Mitigation 

measures in 2016 

WFD reporting 

guidance  

Pictogram  

River continuity for 

upstream  fish 

migration 

reduced/disoriented 

or interrupted  

Fish: Populations 

of migratory fish 

absent or 

abundance 

reduced  

Upstream 

continuity for 

fish  

Ramp  

Fish pass  

By-pass channel  

Catch, transport & release  

(Fish stocking from 

hatchery)  

Fish ladder*  

Bypass channels*  

Removal of structures  

 

River continuity for 

downstream  fish 

migration reduced or 

interrupted  

Fish: Populations 

of migratory fish 

absent or 

abundance 

reduced  

Downstream 

continuity for 

fish  

Fish- friendly turbines  

Fish screens  

By-pass channel  

Trap, transport & release  

Fish pass  

 

 

Artificially extreme 

low flows or 

extended low flows  

 

Reduced 

abundance of plant 

& animal species. 

Alterations to 

composition of 

plant & animal 

species  

Low flow  Provide additional flow  

River morphology changes  

Setting of Ecological 

flows  
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Hydromorphologic

al alteration *  

Main ecological 

impact* *  

Mitigation 

for  

Mitigation measures 

options  

Mitigation 

measures in 2016 

WFD reporting 

guidance  

Pictogram  

Loss of, or reduction 

in, flows sufficient to 

trigger  & sustain fish 

migrations  

Migratory fish 

absent or 

abundance 

reduced  

Fish flow  Provide fish flow  

 

Loss, reduction or 

absence of variable 

flows  sufficient for 

flushing   

Alteration/reduced 

abundance of fish 

& invertebrate 

species  

Variable flow  Passive flow variability  

Active flow variability  

 

Rapidly changing 

flows  (including 

hydro peaking)  

Reduction in 

animal &  plant 

species abundance 

due to stranding & 

wash out  

Rapidly 

changing flows  

Balancing reservoir(s) 

(internal)  

Relocate tailrace  

Reduce rate  

Modify river morphology  

Balancing reservoir(s) 

(external)  

(Fish stocking)  

Operational 

modification for hydro  

peakin g* (only partly 

the same)  

Retention basins  
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Hydromorphologic

al alteration *  

Main ecological 

impact* *  

Mitigation 

for  

Mitigation measures 

options  

Mitigation 

measures in 2016 

WFD reporting 

guidance  

Pictogram  

Alteration of general 

physico -chemical 

conditions  

downstream (e.g. 

temperature, super 

saturation etc.)  

River: Altered 

composition or 

growth of macro 

invertebrate 

communities and 

fish or fish 

mortality  

Lake: Impact on 

organic matter, 

primary production  

Physico -

chemical 

alteration  

Flexible intake  

Multiple intakes  

Manage reservoir level  

 

 

River continuity for 

sediment disrupted  

or reduced leading 

to changes in 

substrate 

composition, 

disruption of 

morphodynamics in 

the ponded reaches 

(artificially stable 

river banks, 

disruption of lateral 

erosion processes)  

Reduction in fish & 

invertebrate 

abundance & 

alterations in 

species 

compo sition  

Thermal changes  

Alteration or 

reduction in 

hyporheic species  

Alteration of self -

purifying 

properties  

Sediment 

alteration  

Mechanical break -up of bed 

armouring  

Removal of sediment  

Re- introduce sediment 

(intake structures)  

Re- introduce sediment 

(reservoirs)  

Restore lateral erosion 

processes  

Introduce mobilising flows  

(Fish stocking)  

Sediment 

management  

Removal of structures  

Restoration of bank 

structure  

Ecological flows  

Dredging 

minimisation  

Restoration of 

modified bed 

structure  
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Hydromorphologic

al alteration *  

Main ecological 

impact* *  

Mitigation 

for  

Mitigation measures 

options  

Mitigation 

measures in 2016 

WFD reporting 

guidance  

Pictogram  

Artificially extreme 

changes in lake 

level , reductions in 

quality and extent of 

shallow water & 

shore zone habitat  

Reduction in 

abundance of plant 

& animal species. 

Alteration to 

species 

composition  

Alteration of 

spawning grounds 

and nursery areas  

Hydrol ogical 

disconnection of 

wetlands  

Lake level 

alteration  

Reduce abstraction  

Increased inflows  

Create embayment(s)  

Manage shore/shallow 

habitats (renaturalisation)  

Connectivity to tributaries  

Artificial floating islands  

(Fish stocking)  

Restoration of bank 

structure  

 

Dewatered shore line 

and reduced river 

flow ï ponded river  

Alterations to plant 

& animal species 

composition (e.g. 

favouring 

disturbance -

tolerant 

species/still water 

species)  

Barrier 

effect/disoriented 

fish migration  

Ponded rivers 

(impoundment

s)  

Bypass channel  

Reduce storage level  

In -channel habitat 

improvements  

Lateral reconnection  

Bypass channels  

Habitat restoration  

Reconnection of side 

arms  

 

* Including general physico -chemical conditions which are not described by hydromorphological parameters but indirectly caused by the changed 
hydromorphological conditions.  

* *  For certain types of mitigation, there is emphasis on fish as biological quality element according to GEP, especially accordi ng to continuity. 
Nonetheless, all relevant BQEs have to be taken into account for the assessment of ecological potential and evaluation of measure effects . 
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Table 4. Full wording and corresponding abbreviation of mitigation measures for the 10 key types of 
mitigation of impacts from water storage. 

Key type of 

mitigation  

Mitigation 

measures 

(abbreviation)  Mitigation measures (full wording)  

1. Upstream 

continuity fish  

Ramp  Ramp  

Fish pass  Fish pass (e.g. lift, ladder etc)  

By-pass channel  By-pass channel  

Catch, transport & 

release  

Catch, transport & release of fish  

Stock from hatchery  Stock from hatchery*  

2. Downstream 

continuity fish  

Fish- friendly 

turbines  

Fish- friendly turbines  

Fish screens  Fish screens/grids  

By-pass channel  By-pass channel  

Trap, transport & 

release  

Trap, transport & release  

Fish pass  
Fish pass (e .g. notch in small intake 

structure; lift, ladder, ramp, etc)  

3. Low flow  

Provide additional 

flow  

Provide additional flow to river  

River morphology 

changes  

River morphology changes to make best use 

of available flow  

4. Fish flow  Provide fish flow  Mitigation flows for fish migration  

5. Variable flow  

Passive flow 

variability  

Passive flow variability (e.g. using natural 

variability via V -notch weir)  

Active flow 

variability  

Actively delivered flow variability e.g. timed 

release from dam  

6. Rapidly changing 

flows  

Balancing 

reservoir(s) 

(external)  

Install a balancing reservoir external to the 

river channel  

Relocate tailrace  

Relocate tailrace, including to the sea, a 

lake, a larger river or  a separate channel 

alongside the original or a recreated river 

channel  

Reduce rate  Reduce rate at which flow (and hence 
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Key type of 

mitigation  

Mitigation 

measures 

(abbreviation)  Mitigation measures (full wording)  

tailrace recharge) ramps down (including 

using a  

bypass valve)  

Modify river 

morphology  

Modify river morphology e.g. by introducing 

structures to reduce velocity and provide 

shelter for fish  

 Balancing 

reservoir(s) 

(internal)  

 Install a balancing reservoir or series of 

balancing reservoirs in the river channel  

Fish stocking  Fish stocking*  

7. Sediment 

alteration  

Mechanical break -up 

of bed armouring  

Mechanical break -up of bed armouring  

Removal of sediment  
Mechanical removal of accumulations of 

sediment (e .g. to reform pools)  

Re- introduce 

sediment (intake 

structures)  

Re- introduce sediment downstream of river 

intake structures (e .g. through sluice gate; 

passively by weir design; by returning 

dredging downstream)  

Re- introduce 

sediment 

(reservoirs)  

Re- introduce sediment downstream of water 

storage reservoirs (including by actively 

introducin g sediment or passively via a 

constructed bypass channel)  

Restore lateral 

erosion processes  

Restore lateral erosion processes in river 

(e .g. by removing engineering) to enhance 

local sediment supply  

Introduce mobilising 

flows  

Introduce flows sufficient  to mobilise 

sediment (flush fine sediment if colmation 

and/or mobilise coarse sediment)  

Fish stocking  

Fish stocking(*) where interruption of 

sediment transport means bed 

characteristics are unsuitable for spawning 

and/or for juvenile fish  

8. Ponded rivers 

(impoundments)  

Bypass channel  
Create an artificial bypass channel to 

provide some flowing water habitat  

Reduce storage level  

Reduce storage level (e .g. by raising bed or 

lowering dam) to increase flowing water 

habitat  
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Key type of 

mitigation  

Mitigation 

measures 

(abbreviation)  Mitigation measures (full wording)  

In -channel habitat 

improvements  

In -channel habitat improvements  

Lateral reconnection  
Lateral reconnection e.g. tributaries, 

floodplain features such as oxbows  

9. Lake level 

alteration  

Reduce abstraction  
Limit level variation by reducing abstraction 

during ecologically sen sitive periods  

Increased inflows  

Limit level variation by balancing abstraction 

with increased inflows (e .g. by transfers 

from another reservoir etc) during 

ecologically sensitive periods  

Create 

embayment(s)  

Limit level variations in part(s) of the 

reservoir by creating a separate area 

(embayment) in which levels are maintained  

Manage 

shore/shallow 

habitats  

Manage shore/shallow habitats e.g. control 

erosion, plant overgrowth. Renaturalisation 

of lake shore or artificial habitats.  

Connectivity to 

tributaries  

Maintain connectivity between reservoir and 

tributaries for fish movement  

Artificial floating 

islands  

Create artificial floating islands with 

associated shore/shallow habitats that follow 

level variations  

Fish stocking  
Fish stocking(*) to compensate for lost 

spawning/rearing habitat  

10. Physico -

chemical alteration  

Flexible intake  
Flexible intake (i .e. floating intake able to 

take water from surface layer of reservoir)  

Multiple intakes  
Multiple intakes at different heights that can 

be alternated as reservoir levels rise and fall  

Manage reservoir 

level  

Manage reservoir levels so that water from 

surface layers provides the river flow 

mitigation during ecologically sensitive 

periods  

(*) Fish stocking may be a strategy to compensat e various impact s of water storage on 

fish populations o f selected fish species, and/or to optimi se fishing. However, as the 

majority of countries are not considering this as an alternative to reach GEP, this 

mitigation measure is handled separate  from othe r measures .  

5.2  Mitigation of impacts in national lists of mitigation measures  

An overview of the most widely used types of mitigation for defining GEP are given in 

Table 5. More than 50 % of countries are typically requiring at least one measure to 
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mitigate impacts from interrupted upstream and downstream continuity for fish, from low 

flow, variable flow, fish flow , lake level alteration  and rapidly changing flows . 

In the  same time, many countries are lacking relevant measures to mitigate other 

significant impacts from water storage. Less than half of the countries require measures 

for mitigating impacts from sediment alteration, ponded rivers (impoundments) and 

physico -chemical alterations. For these types of impacts, several countries (8 to 10) 

responded that they have not identified a need for this type of mitigation (i.e. not 

identified the impact(s) that this mitigation is designed to address). Several reasons 

could be  related to this response:  

1)  The country(s) are lacking an appropriate assessment system to capture this type 

of impact  

2)  There is no significant impact present in the country(s)  

a)  Impact may already be mitigated (to a certain level)  

b)  Impact may not be considered significant (due to type of criteria used)  

3)  Type -specific reasons related to natural ecological situation (e.g. native fish 

species do not need triggering flow).  

4)  No management tradition/practice/priorisation to mitigate certai n type of impacts, 

even if similar types of measures are available in national libraries.  

5)  Unknown situation, legal limitations  

Overall, certain types of impacts from water storage may be much more relevant and 

wide -spread across Europe than the level indic ated in the country replies in the table 

below. The reasons for not identifying the need for certain types of mitigation need to be 

clarified in the next steps of the GEP intercalibration process.  

Table 5. Ranking of key types of mitigation for impacts from water storage for which measures are 
included in national libraries (based on responses from 23 European countries). 

Mitigation for  Yes  

No measure in 

library but impact 

identified/relevan

t  

Not 

relevant  

No 

answer  
% yes  

Upstream 

continuity for 

fish  21  0 2 0 91  

Downstream 

continuity for 

fish  18 3 2 0 78 

Low flow  17 1 5 0 74 

Variable flow  15 3 5 0 65 

Fish flow  13  1 8 0 57  

Lake level 

alteration  13  2 7 0 57  

Rapidly 

changing flows  12  3 8 0 52  



 

34  

 

Sediment 

alteration  11 4 8 0 48 

Physico -

chemical 

alteration  8 4 10  0 35  

Ponded rivers 

(impoundments

)  8 5 10  0 35  

Note: Original response options from the Mitigation Measures Template:  

ñYesò = Yes 

ñNo measure in library but impact identifiedò = No -  we have identified the impact(s) that  

this mitigation is designed to address but not included mitigation in our library of 

mitigation measures  

ñNot relevantò = No -  we have not identified a need for this mitigation (i .e. not identified 

the impact(s) that this mitigation is designed to address )  

 

Table 6 presents the individual country replies on whether or not mitigation for the 

different key types of impact from water storage is included in their national lists 

(libraries) of mitigation measures for defining GEP.  

Possible reasons for not having specific measures in the national library, even though 

impact is recognised, are:  

¶ Due to management traditions, legal restrictions  

¶ Implementing measures from other countries still pending (R&D not in place); 

knowledge exchan ge might be welcome  
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Table 6Φ hǾŜǊǾƛŜǿ ƻŦ ŎƻǳƴǘǊȅ ǊŜǇƭƛŜǎ ǘƻ ǉǳŜǎǘƛƻƴ άLǎ ƳƛǘƛƎŀǘƛƻƴ ŦƻǊ ǘƘƛǎ ƛƳǇŀŎǘ ƛƴŎƭǳŘŜŘ ƛƴ ƴŀǘƛƻƴŀƭ ƭƛǎǘ ƻŦ ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎΚέ 

  
1. Upstream 

continuity  

fish  

2. 

Downstream 

continuity fish  

3. Low 

flow  
4. Fish 

flow  
5. Variable 

flow  

6. Rapidly 

changing 

flows  

7. Sediment 

alteration  

8. Ponded 

rivers 

(impound

ments)  

9. Lake 

level 

alteration  

10. 

Physico -

chemical 

alteration  

Austria ï AT 
Yes Yes Yes Not 

relevant  

Yes Yes Yes Yes Yes Yes 

Belgium ï 

BE 
 ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Bulgaria ï 

BG 
Yes 

Not relevant  
Yes Yes 

Not 

relevant  Not relevant  Not relevant  

Not 

relevant  

Not 

relevant  

Not 

relevant  

Croatia ï HR  ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Cyprus -  CY 

Not relevant  Not relevant  

Yes 
Not 

relevant  

Not 

relevant  Not relevant  

No measure 

in library 

but impact 

identified  

Not 

relevant  

Not 

relevant  

Not 

relevant  

Czech 

Republic -  

CZ 

Yes  Yes  Yes  Yes  Yes  Yes Yes Yes  Yes 

 No 

measure in 

library but 

impact 

identified  

Denmark ï 

DK 

Yes Yes 

Yes*  

Not 

relevant  

Not 

relevant  Not relevant  Not relevant  

Not 

relevant  

Not 

relevant  

Not 

relevant  

Estonia -  EE Yes Yes Yes Yes 
No 

measure in 

library but 

Yes 
No measure 

in library 

but impact 

No 

measure in 

library but 

Yes 
No 

measure in 

library but 
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1. Upstream 

continuity  

fish  

2. 

Downstream 

continuity fish  

3. Low 

flow  
4. Fish 

flow  
5. Variable 

flow  

6. Rapidly 

changing 

flows  

7. Sediment 

alteration  

8. Ponded 

rivers 

(impound

ments)  

9. Lake 

level 

alteration  

10. 

Physico -

chemical 

alteration  

impact 

identified  

identified  impact 

identified  

impact 

identified  

Finland ï FI  Yes Yes Yes Yes Yes Yes 

No measure 

in library 

but impact 

identified  

Yes Yes 

No 

measure in 

library but 

impact 

identified  

France ï FR Yes Yes Yes 

Yes 

(depends 

on basin)  

Yes Yes Yes Yes Yes 

No 

measure in 

library but 

impact 

identified 

(depends 

on 

structure)  

Germany  -  

DE 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Greece -  EL  ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Hungary -  

HU 
Yes  Yes  Yes 

 Not 

relevant  

 Not 

relevant  

Not 

relevant**  

Not 

relevant**  

Not 

relevant**  
Yes*  

Not 

relevant**  

Iceland ï IC   ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  
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1. Upstream 

continuity  

fish  

2. 

Downstream 

continuity fish  

3. Low 

flow  
4. Fish 

flow  
5. Variable 

flow  

6. Rapidly 

changing 

flows  

7. Sediment 

alteration  

8. Ponded 

rivers 

(impound

ments)  

9. Lake 

level 

alteration  

10. 

Physico -

chemical 

alteration  

Ireland ï IE  Yes Yes Yes Yes Yes Yes 

No measure 

in library 

but impact 

identified  

No 

measure in 

library but 

impact 

identified  

Yes 

No 

measure in 

library but 

impact 

identified  

Italy ï IT  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Latvia -  LV  ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Lithuania ï 

LT 
Yes Yes 

Not 

relevant  

Not 

relevant  
Yes Not relevant  Not relevant  

Not 

relevant  
Yes 

Not 

relevant  

Luxemburg 

ï LU 
Yes 

No measure 

in library but 

impact 

identified  

No 

measure in 

library but 

impact 

identified  

No 

mitigation 

measure in 

library but 

impact 

identified  

No 

measure in 

library but 

impact 

identified  

No measure 

in library 

but impact 

identified  

Not relevant  
Not 

relevant  

Not 

relevant  

Not 

relevant  

Malta -  MT Not relevant  Not relevant  
Not 

relevant  

Not 

relevant  

Not 

relevant  
Not relevant  Not relevant  

Not 

relevant  

Not 

relevant  

Not 

relevant  

Netherlands 

ï NL 
Yes Yes 

Not 

relevant  

Not 

relevant  

Not 

relevant  
Not relevant  Not relevant  Yes 

Not 

relevant  

Not 

relevant  

Norway -  

NO 
Yes Yes Yes Yes Yes Yes Yes 

No 

measure in 

library but 

impact 

Yes Yes 
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1. Upstream 

continuity  

fish  

2. 

Downstream 

continuity fish  

3. Low 

flow  
4. Fish 

flow  
5. Variable 

flow  

6. Rapidly 

changing 

flows  

7. Sediment 

alteration  

8. Ponded 

rivers 

(impound

ments)  

9. Lake 

level 

alteration  

10. 

Physico -

chemical 

alteration  

identified  

Poland ï PL  ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Portugal -  

PT 
Yes 

No measure 

in library but 

impact 

identified  

Yes Yes Yes 

No measure 

in library 

but impact 

identified  

 

Yes 

No 

measure in 

library but 

impact 

identified)  

No 

measure in 

library but 

impact 

identified  

 

Yes 

 

Romania ï 

RO 
Yes Yes 

Not 

relevant  

Not 

relevant  
Yes Yes Yes 

Not 

relevant  

Not 

relevant   

Not 

relevant  

Slovakia -  

SK 
Yes Yes Yes 

No 

measure in 

library  

Yes Not relevant  Yes 

No 

measure in 

library but 

impact 

identified  

No 

measure in 

library  

No 

measure in 

library  

Slovenia -  

SI  
 ------   ------   ------   ------   ------   ------   ------   ------   ------   ------  

Spain ï ES Yes Yes Yes Yes Yes Yes 

No measure 

in library 

but impact 

identified  

Not 

relevant  

Not 

relevant  
Yes 

Sweden ï 

SE 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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1. Upstream 

continuity  

fish  

2. 

Downstream 

continuity fish  

3. Low 

flow  
4. Fish 

flow  
5. Variable 

flow  

6. Rapidly 

changing 

flows  

7. Sediment 

alteration  

8. Ponded 

rivers 

(impound

ments)  

9. Lake 

level 

alteration  

10. 

Physico -

chemical 

alteration  

UK Yes Yes Yes Yes Yes Not relevant  Yes 
Not 

relevant  
Yes Yes 

Notes: (*) Core groupôs understanding that  measure is already in place. (**) Changed from "Yes" to "Not relevantò because there is no detailed 

measure reported.  

Colour code of countries: Green = MMT completed concerning the use of measures in libraries; Yellow = MMT incomplete, some relevant information of 

template not filled in; Brown = No country response to template .  
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6  Mitigation for interrupted continuity for fish  

6.1  Description and applicability  

The free passage of migratory fish is a key requirement of the WFD, and may be used as 

an indicator for assessing whether water bodies are meeting good ecological potential or 

status. River continuum is explicitly mentioned in Annex  V of the WFD, and even covers 

more than fish migration, including other water related biota. WFD Art .  4 and Annex  V on 

ecological potential have a special emphasis on ensuring ecological continuity. This is also 

a key conclusion from several CIS workshops on HMWB s referred to in  chapter Error! 

eference source not found. .   

Mitigation measures to ensure fish migration both up stream  and downstream for all 

relevant species, or the ecological function of migratory fish species in all relevant water 

bodies, is no rmally to be expected for both GES as well GEP in water bodies affected by 

water storage, to be in line with the key principles in the Directive. Most countries have 

self - sustainable measures like various fish pass installations as first option for mitigat ing 

barrier effects.   

However, impacts on the abundance of relevant species may be mitigated by 

maintenance measures like trap/transport or fish stocking if there are no other viable 

options. Several countries like DE and NL have also stated that ñpermane nt fish stocking 

cannot be used as a measure to mitigate impacts according to WFD. Fish from stocking 

cannot be considered as an indicator for a certain ecological status or potential. Initial 

stocking might be an exemption for resettlement of speciesò.  

Many of the same mitigation or restoration measures are relevant to other pressures and 

impacts from man -made obstacles/interruption of fish migration other than water storage 

impacts such as weirs, road crossings etc. Several detailed manuals, design guidan ce 

documents and good practice reports have been produced to mitigate or even restore 

river continuity and fish migration ( e.g. Jungwirth et al . 1998, Scottish Executive, 2000 ; 

FAO, 2002 ). There are fewer standards for mitigation of downstream continuity a nd fish 

protection so far. However, in France , several recommendations for intake water 

arrangements linked to downstream migration of fish  have been developed (e.g. Porcher 

& Travade, 2002) . Existing mitigation measures refer to the status quo for most 

countries; further development is necessary and forthcoming.  

 

 

 

 

 

 

Types of pressures 

(from water storage)  

 

Dams/turbines  

Intakes/abstractions  

Flow depletion  

Typical 

hydromorphological 

impacts  

Continuity reduced or interrupted fish migration due to e.g. 

barriers, turbine intake  or depleted reach  

Typical ecological 

impacts  

Populations of migratory fish absent or abundance (species 

and/or year classes) reduced  
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REFORM wiki 

(category, type and 

link to case studies)  

Category 04. Longitudinal connectivity improvement  

Install fish pass/bypass/side channel for upstream 

migration  

Success criteria for  

mitiga tion measures  

Increased no of fish passing/surviving and increased/re -

established access to spawning and/or rearing habitats 

leading to increased abundance of fish species/year 

classes.  

 

6.1.1  Mitigation measure options or combinations  

The following measures (options) for mitigating interrupted fish continuity are identified.  

Typical measures (options or combinations for mitigating fish continuity interruption)  

For both upstream and downstream continuity for fish  

Dam removal/modification  (NB! Not explicitly  mentioned in 

MMT)  

If the water use linked to a storage dam is not considered to be of 

significant importance for society, dam removal or modification is 

always considered as the ecologically most effective restoration 

measure.  
 

Construction  ramp   

A rock - ramp fish way uses normally large rocks and/or timbers to 

create pools and small falls that mimic natural structures, most 

appropriate for relatively short barriers. Normally a construction 

that covers only a part of the river width, with as gentle a slop e as 

possible to ensure that fish can ascend.  
 

Construction of  fish pass   

This measure is concerned with a range of in -channel structures, 

typically referred to as fish passes, and designed to facilitate the 

upstream and downstream movement of fish (and other aquatic 

fauna).  Fish passes can be applied to water bodies where dams, 

weirs, or other hydromorphological  alteration from water storage 

prevent or interfere with fish migration. Various types of fish pass 

constructions may be relevant such as e.g. t raditional fish ladders 

(in concrete), eel ladders and weir passes or baffled passes. Even 

quite high height differences may be relevant to mitigate by fish 

passes like fish ladders or lifts.   

Construction of by - pass channel  

Construction of by -pass channels are particularly well suited to 

small scale barriers,  where the height difference does not lead to 

an overly long bypass section, and if there is enough space close to 

the river or outflow from reservoirs. A bypass channel  provides 

opportunity to wholly circumvent the barrier to fish migration and 

should aim to resemble, in form and function, a side channel or 

natural tributary of the main river system.  

 

http://wiki.reformrivers.eu/index.php/Install_fish_pass/bypass/side_channel_for_upstream_migration
http://wiki.reformrivers.eu/index.php/Install_fish_pass/bypass/side_channel_for_upstream_migration

























































































































