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INTRODUCTION  

Definition of a Fish Pass 

A fish pass is not defined in the legislation. For the purposes of this manual a fish pass is defined as: 

Any form of conduit, channel, lift, other device or structure which facilitates the free passage of 

migrating fish over, through or around any dam or other obstruction, whether natural or man-made, in 

either an upstream or a downstream direction. 

In the past the provision of fish passes has usually only been concerned with the upstream migration 

of the diadromous (sea to freshwater cycle) migratory salmonid species. In recent years interest has 

widened to include the potadromous (within freshwater) coarse fish species, and other diadromous 

species such as eels and shad. This manual seeks to encourage the consideration of fish passes for the 

upstream passage of all species. 

Until recently downstream migration has largely been ignored in the UK, except in so far as it was 

covered for migratory salmonids by the legislation on screening water intakes. In 1999 this legislation 

was strengthened and extended, although still only for the protection of migratory salmonids. Safe 

downstream passage is an important issue and should not be ignored, however it is outside the scope 

of this manual. For information on this aspect the reader is referred to the Environment Agency R&D 

report on Screening for Intake and Outfalls: a best practice guide, Science Report SC030231 OôKeeffe 

& Turnpenny, 2005), and the Environment Agency training manual on screening of intakes and 

outfalls (1998). 

Recently there has been an upsurge in the use of existing, and sometimes new, obstructions for the 

purposes of electricity generation by hydropower. It is essential in such projects that account is taken 

of fish passage needs both in the upstream and downstream directions 

Purpose of a Fish Pass  

The purpose of a fish pass is to allow the free passage of endemic species of the appropriate 

developmental stage(s) at the appropriate time(s) of year. It may be necessary to consider the passage 

of juvenile salmonids (smolts) as well as adult migratory salmonids; the needs of different life stages 

of freshwater fish species, eels, lampreys and shad. If a barrage is being proposed it may also be 

necessary to consider the needs of marine species such as mullet and flounder 

Whilst the design of fish passes for adult migratory salmonids is well advanced, the requirements of 

other species, and requirements for downstream migration of all species are not fully understood. This 

manual seeks to provide a good grounding of our current knowledge but there is still extensive 

research which needs to be undertaken before we can be fully confident that fish passes will always 

achieve our design aims. 

It is worth bearing always in mind that fish are animals, not automatons, and individuals have a wide 

range of abilities, just as humans do. Fishways should be designed to allow all individuals in a 

population to have the chance to pass, and not just the `atheletes` among them. 
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LEGISLATION  

General 

Statutory responsibility for the approval of fish passes for migratory salmonids lies with the 

Environment Agency under the Salmon and Freshwater Fisheries Act 1975 (óSAFFAô). The 

responsibility was transferred from the Ministers of the Environment, England; Secretary of State, 

Wales under Section 105 of, and Schedule 15 to the Environment Act 1995 and became effective 

upon the formation of the Agency on 1
st
 April 1996. Statutory responsibility for the approval of passes 

for eels also lies with the Environment Agency under The Eels (England and Wales) Regulations 

2009, which came in to force on 15
th
 January 2010. This Statutory Instrument implements Council 

Regulation (EC) No 1100/2007 that established measures for the recovery of the stock of European 

eel. 

In addition when considering construction there are a number of other legislative requirements that 

need to be taken into account. An appropriate environmental assessment should be undertaken as with 

all other construction projects. Fish passes are also likely to require Land Drainage Consent under the 

provisions of the Land Drainage Act 1991 or the Water Resources Act 1991. An impoundment 

licence may be required under the Water Resources Act. Plannng permission may be required under 

the Town and Country Planning Act 1990. Extracts of relevant Legislation is given in Appendix II. 

 

Overview of Fish Pass Approval Legislation 

The application of fish pass approval legislation is currently confined to watercourses, which are 

frequented by migratory salmonids (ie salmon, sea trout) and eel. It does not apply to waters, which 

do not contain migratory salmonids or eel. 

Summary of responsibilities and powers in relation to fish passes 

under the SAFFA 1975 (as amended by Schedule 15 to the 

Environment Act 1995). 

 

Fish Passes on Fishing Mill Dams 

Section 8 of the SFFA refers to fishing mill dams. This section makes it a condition that such a dam 

cannot be used to take migratory salmonids unless it has an Agency approved fish pass attached to it - 

S 8(2). In fact in practice the Agency is not aware of the existence of any such structures, and this 

section is to be repealed by the Marine & Coastal Access Act 2009 with the repeal due to take effect  

from January 2011. 

  

Fish Passes on New or Rebuilt Weirs 

Section 9 of the SFFA allows the Agency to serve notice on the owner or occupier of a dam or 

obstruction, to install a fish pass where necessary. Where notice is served the owner or occupier of the 

dam or obstruction has a duty to make a fish pass within a reasonable time as specified in the notice 
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and subject to such form and dimensions as the Agency may approve and thereafter to maintain the 

pass in an efficient state. The fish pass details are now approved by the Agency, rather than the 

Minister or Secretary of State as previously - S9(1). This section applies to dams which are either new 

or have been altered to create an increased obstacle to the passage of migratory salmonids. It is also 

applicable where dams in a state of disrepair have been rebuilt over at least one half of their length. 

This section also allows the Agency to enter on any dam or land adjoining, carry out any works 

necessary to install or maintain a fish pass and gives the Agency powers to recover the costs of these 

works - S9(3).  

The important change within this section of the Act is the transfer of the responsibility for approval of 

the "form and dimensions" of fish passes for salmon and migratory trout, from the Minister, or 

Secretary of State, to the Agency. Except for the substitution of the "Agency" for the "NRA", the 

remainder of this Section is unaltered. It should be noted that this section applies only to waters 

frequented by salmon and migratory trout and to passes for those species only. (Section 156 of the 

Water Resources Act 1991 gives the Agency additional powers to purchase land and property 

associated with dams and fish passes in relation to both this Section, and Section 10 below.)  

 

Fish Passes on Existing Weirs 

Section 10 allows the Agency to build or alter fish passes on dams at its own discretion and at its own 

expense. There is no longer a requirement for the relevant Minister to approve the form and 

dimensions of fish passes built under this section; this is now left to the Agency to determine - S 

10(1). This section also allows the Agency to abolish, alter or restore to its former state of efficiency, 

any existing fish pass or free gap, or to substitute another fish pass or free gap. Again, there is no 

longer a need for Ministerial consent for such alterations - the Agency may make its own decisions in 

such matters - S10(2). Works carried out in this section should not jeopardise the operation of certain 

specified interests, which may be connected with structures altered by the Agency. The final 

subsection gives the Agency the power to recover costs incurred in repairing a damaged pass - S10(3). 

Unlike Section 9, this section contains no caveats referring to ówaters frequented by salmon or 

migratory troutô. Arguably, therefore, it provides the Agency with the power to construct fish passes 

for any fish species in any waters 

 

Powers of Approval 

Section 11 gives a number of powers to the Agency which were formerly exercised by the appropriate 

Minister. As the approving body, the Agency can issue provisional approval for a fish pass, until it is 

satisfied that the pass is working properly - S 11(1). In a new subsection, the Act makes it a condition 

that an applicant for fish pass approval will be liable for any costs incurred in determining whether or 

not a fish pass is working satisfactorily ï S11(1A)(b). 

This new subsection also makes it a condition that the applicant must supply the Agency with any 

information or assistance it needs to show that the pass is working properly - S 11(1A)(b). The 

Agency may revoke any provisional approval, provided that the applicant is given at least 90 days' 

notice - S 11(2) - and where approval is revoked, the Agency may extend the period within which the 

fish pass is to be constructed - S 11(3). The Agency may give approval to any fish pass, if it considers 

such a pass to be operating properly, whether the pass has been built under this Act or not - S 11(4). 



 14 

Where a pass has received final approval, then it is deemed to be in conformity with this Act, whether 

or not it was built in the manner or by the person specified in this Act - S 11(5). 

 

Protection of structure and operation of fish passes  

Section 12(1)(2) makes it an offence for owners of passes or any person to alter or damage a fish pass, 

or otherwise do anything that prevents or deters the passage  of salmon and trout through a fish pass, 

or to take fish passing through. It provides powers ï S12(2) - for the Agency to serve notice on the 

owner or occupier of a dam to repair a fish pass. A pass is deemed to be altered if it is damaged, 

destroyed or allowed to fall into dis-repair. 

 

Compensation to Fishery Owners  

Section 17 deals mostly with the restrictions applied to the taking or disturbing of salmonids in the 

vicinity of dams, obstructions or mill races. This section also makes it a condition that these 

restrictions will not apply until any necessary compensation has been made by the Agency, to anyone 

with commercial fishing rights which may be affected by the installation of a pass - S 17(3). This 

section is to be repealed by the Marine & Coastal Access Act 2009, with the repeal due to take effect  

from January 2011. 

 

Fish Pass Construction 

Section 18 makes additional provisions to the above sections. In particular, this section makes it an 

offence for anyone to obstruct a legally authorised person from carrying out any act authorised under 

Sections 9 and 10 - S 18(1). The section also makes it a condition that the Agency must give 

reasonable notice to the owner or occupier of a dam or other structure, where it intends to construct, 

abolish or alter any fish pass or free gap under Section 10. The Agency must supply the owner or 

occupier with a plan and specification of the proposed work, and must take into consideration any 

objections raised by these people before carrying out the work - S 18(2). If the Agency causes damage 

to a dam in the process of constructing, altering or abolishing a fish pass or free gap under Section 10, 

then the person whose interest has been affected may recover compensation from the Agency - 

S18(3)(a). In the event of a disagreement over compensation under either Section 10 or 17, then a 

single arbitrator shall be appointed by the appropriate Minister to settle the dispute - S18(4). Where 

the Agency is liable for compensation under this Part of the Act, proceedings for the recovery of this 

compensation must be started within two years of the completion of the work which was considered 

to cause the damage - S18(5). 

 

Fish pass maintenance 

Where an owner or occupier has been required to make a fish pass under S9(1) they are also obliged, 

under the same section, to thereafter maintain it in an efficient state. Failure to do so is an offence - 

S9(2). The Agency may take remedial action, enter on the structure or adjoining land for the purpose 

of taking action, and may recover the costs of so doing from the person in default - S9(3). 
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Summary of responsibilities and powers in relation to fish passes 

under the Eels (England and Wales) Regulations 2009 

This is a Statutory Instrument (SI) 2009 No 3344 made under Section 2(2) of the European 

Communities Act 1972(b), that came in to force on 15
th
 January 2010. 

Application to obstructions and reporting of obstructions 

Regulation 12 defines the types of obstruction and circumstances in which the regulations apply. It 

covers new constructions, maintenance of existing structures, and the construction or maintenance of 

any structure near waters that may affect passage of eels. Any such works must be notified to the 

Agency. Regulation 13 requires the Agency to be notified of any new obstructions that come about 

that may impeded migration (including natural or artificial events). 

Eel passes where passage is being impeded 

Regulation 14 allows the Agency to serve notice on the responsible person to install a fish pass, make 

alterations to an existing eel pass structure, operate an eel pass in accordance with conditions, remove 

an obstruction, or take any other necessary action to improve or maintain eel passage. This regulation 

also gives the Agency powers to serve notice requiring the responsible person to submit plans for 

approval of the pass, and to attach conditions regarding operation of the eel pass. Regulation 15 

requires eel passes to be maintained, and Regulation 16 makes it an offence to interfere with or 

obstruct passage of eels through a pass. 

Powers of the Agency 

Regulation 20 confers powers on the Agency to act in an emergency, if the responsible person cannot 

be identified, or where the responsible person has not complied with a notice. Costs of any actions 

may be recovered form the responsible person. Regulation 21 disapplies requirement for abstraction 

or impoundment licences in respect action required or undertaken under Eel Regulations. Regulation 

22 defines óresponsibleô persons. 

Notices and Appeals 

Regulations 23 and 24 cover how notices must be constructed and served on a person. Regulation 25 

covers rights of appeal and appeal process. 

 

Additional powers for fish pass construction and approval under 

the Land Drainage Act 1991 (and Water Resources Act 1991). 

As previously noted, the Agency does not have the power under SAFFA to require the provision of 

fish passes in waters not frequented by migratory salmonids. Even in migratory waters a developer 

cannot be required to construct a pass, and therefore to go through the approval process, where the 

barrier to migratory fish passage is not being increased or where a structure has not been taken down 

for more than half its length.  
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However, in such waters, land drainage legislation may be used to make sure provision is made for 
fish passage. S105(3) of the Water Resources Act places a duty on the Agency in exercising its flood 
defence powers to have due regard to the interests of fisheries and conservation (important for 
species such as shad and lampreys), including sea fisheries (which may be important for species 
such as flounder, mullet etc). This means that, where a Flood Defence Consent is required for a 
structure, such consent might not be issued if the structure would impede fish migration. The Agency 
may then seek the installation of a suitable form of fish pass, as an integral part of the Flood Defence 
Consent process using either: 

a) The Land Drainage Act 1991, S 23; applicable to ordinary watercourses
*
 

b) The Water Resources Act 1991, S109; applicable to main rivers 

However, it should be understood that the primary consideration of flood defence consenting relates 

to efficient drainage and it is possible that fish passage considerations may not prove determinative. 

Moreover, conditions cannot be currently imposed on consents under the Land Drainage Act 1991 

except in in relation to time and the manner of work being carried out. This is therefore not the most 

robust means for providing for fish passage. 

This route may also be used to ensure the installation of a suitable fish pass if one is proposed by a 

developer without having been required to do so by the Agency, when it would be otherwise outside 

the powers of SAFFA.  

     

Water Resources Act 1991 

Requiring fish passes or screens with Impoundment, or Abstraction or 

(Full or Transfer) licences 

As noted above the Agency does not have the power under SAFFA to require the provision of fish 

passes or screens in waters not frequented by migratory salmonids, and there are limitations even in 

migratory salmonid waters in respect of passes. 

However, in any waters where fish passage is an issue, Water Resources legislation (Sections 24 and 

25 Water Resources Act 1991) may be used to make sure that provision is made for fish passage as 

the Agency can impose what conditions it sees fit on abstraction or impoundment licences*. This 

means that where impoundment or abstraction licences are required, and fish migration would be 

impeded, conditions can be placed on the licence to install suitable forms of fish pass or screen. 

* This is because the Agency has broad powers to impose conditions in abstraction or impoundment 

licences under Section 38(2)(a) Water Resources Act 1991 i.e. ñmay grant a licence containing such 

provisions as the Agency considers appropriateò. In exercising this power the Agency considers its 

statutory duty under Section 6(6) of the Environment Act, 1995 as amended by the Marine and 

Coastal Access Act, 2009 to ómaintain, improve and develop fisheries for salmon, trout, eels, lamprey, 

smelt and freshwater fishô. It also considers its duty to further the conservation of flora, fauna and 

geological or physiographical features of special interest under Section 7(1)(a) and take account of 

effects generally on flora or fauna under Section 7(1)(c)(ii) Environment Act 1995 and its principal 

aim in relation to attaining objective of achieving sustainable development under Section 4 

                                                      

*
 Note that the Agency will no longer be the consenting authority once the Flood & Water 
Management Act 2010 provisions are brought into force. 



 

 17 

Environment Act 1995. In addition the WFD Regulations 2003 require the Agency to exercise all our 

functions (powers & duties) including those in WRA 1991 and SAFFA 1975 so as to secure 

compliance with WFD requirements. 

 

Compulsory Purchase 

The Water Resources Act 1991 gives the Agency the ability to acquire land and other properties under 

compulsory purchase to assist the process of improving fish passage either by the construction of fish 

passes or by the removal of obstructions. S156 empowers the Agency to purchase or take on lease, 

either by agreement or compulsorily, any dam, fishing weir fishing mill dam, fixed engine or other 

artificial obstruction or any fishery connected to the structure (S156(1)(a)) This section also allows 

the Agency to take land adjoining any dam where we are involved in fish pass construction or 

maintenance under s10 of SAFFA (S156(1)(b)). Section 156(2) further gives us powers to remove 

obstructions under certain circumstances. 

 

Impoundment Licences 

There may, in certain circumstances, be a requirement for the issuing of an impoundment licence 

when a fish pass is constructed. This is particularly pertinent where new dams and weirs are being 

built but is also  relevant where fish passes are installed in existing structures. If the pass results in any 

change in the upstream water regime, essentially water level(s), then an impoundment licence is likely 

to be required. Section 25 of the Water Resources Act 1991 is applicable here and advice should be 

sought from the National Permitting Service. 

 

Abstraction Licences  

Where a fish pass is constructed on a structure within the river channel, this can be done without the 

need for an abstraction licence (full or transfer). However, where a fish pass is built to go round a 

structure and where water is taken out of the river channel upstream of the structure and is then 

returned to the river channel downstream of the structure, an abstraction (full or transfer) licence will 

be required.   Section 24 of the Water Resources Act is applicable here and advice should be sought 

from the National Permitting Service. 

  

Environment Act 1995 (and Wildlife & Countryside Act 1981)  

Conservation Duties  

In carrying out its duties the Agency has a duty to further the conservation and enhancement of 

natural beauty and the conservation of flora, fauna and geological or physiographical features of 

special interest under S7(1)(a) of the Environment Act. The Agency is also obliged to have regard to 

the desirability of protecting buildings and archaeological features of interest, to take into account any 

impact its activities may have on the beauty or amenity of any rural or urban area or on any such flora, 
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fauna, features, buildings, sites or objects and to have regard to any effect which its activities would 

have on the economic and social well-being of local communities in rural areas.- S7(1)(c). These 

responsibilities are particularly pertinent where fish passes are being constructed in weirs of historic 

interest, or in natural barriers. (While it can generally be argued that the benefits derived for fish 

species from the construction of fish passes constitutes the furthering of the conservation of fauna, 

this may not always be the case. An example of the latter might be construction of a pass in a natural 

barrier that has ramifications in terms of the genetics of fish stocks upstream). 

The Agency has a general conservation duty under section 40 of the Natural Environment and Rural 

Communities Act 2006 to have regard, so far as is consistent with the proper exercise of its functions,  

to  the  purpose  of conserving biodiversity. 

 

Recreation Duties 

The Agency has a general duty under S6(1) of the Environment Act 1995 to promote the conservation 

and enhancement of the natural beauty and amenity of inland and coastal waters and of land 

associated with such waters; the conservation of flora and fauna which are dependent on an aquatic 

environment; and the use of such waters and land for recreational purposes.  It has a more specific 

duty, under S7(4) of the EA 1995, to ensure that water, or land associated with water in the Agency's 

ownership, is made available for recreational purposes, subject to certain conditions - see S7(4) for 

details. Land associated with weirs and fish passes may well be used for a variety of recreational 

activities (walking, picnicking, bird watching, angling etc). Fish passes often make attractive location 

for canoeists and consideration may be given to making passes safe for canoe passage where feasible. 

However, the joint design of passes to include fish and canoes is likely to compromise their efficiency 

for fish passage. Usually it would be better to provide separate facilities. 

 

Sites of Special Scientific Interest  

The Agency has duties in respect of SSSIs under S8(3) of the Environment Act and section 28G, 28H 

and 28 I wildlife and Countryside Act 1981. Where the Agency is either authorising others to do 

works, or else carrying out its own works, on land designated as an SSSI then it must consult with 

either NE (Natural England) in England or else CCW (Countryside Council for Wales) in Wales. This 

must be done before carrying out or authorising any works, operation or activity likely to damage the 

special interest of the site. These duties have been replicated and supplanted by duties in section 28H 

(for the Agencyôs own works) and section 28I (for activities the Agency authorises) Wildlife and 

Countryside Act 1981 as amended by the Countryside and Rights of Way Act 2000.   

¶ The Agency also has specific responsibilities, under Section 28H of the Wildlife and Countryside 

Act 1981, when it is the owner or occupier of an SSSI. It must not carry out any operation likely 

to damage the features of special interest (OLD) without having notified and received the consent 

of either NE or CCW. OLD will be specific to each SSSI citation, and will have been notified to 

the Agency by NE or CCW 

The Agency has specific responsibilities under section 28I of the Widlife and Countryside Act 1981 

where it is permitting an operation likely to damage an SSSI. It must notify NE or CCW before 

permitting the operation and await their response before issuing any permit. 

The Agency has a general duty under section 28G of the Widlife and Countryside Act 1981 to take 

reasonable steps, consistent with the proper exercise of its functions, to further the conservation and 
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enhancement of the flora, fauna or geological or physiographical features by reason of which the site 

is of special scientific interest. 

A number of important rivers in England and Wales have been recently designated as SSSIs.  

Furthermore some of these will become SACs (see below in EC Directives). Any operations carried 

out by the Agency, or licensed or consented by the Agency, must be covered in formal Consenting 

Protocols which have been, or will be, drawn up for each site.  

Early liaison with NE or CCW is advisable where SSSIs (or SACs) are involved. It is essential that 

Agency Conservation staff be consulted, since they can provide advice on the location of SSSIs, the 

existence of particular Consenting Protocols and the normal method of contact with the relevant, local 

NE and CCW staff. 

 

Sustainable Development 

Section 4 of the Environment Act places a duty on the Agency to make a contribution towards 

attaining the objective of sustainable development. Further, consideration should be given to the fact 

that the Agency has been directed, as a key component of its contribution to sustainable development 

under Section 4 to conserve, and where practicable, enhance biodiversity. The Agency is committed 

to ensuring that the achievement of relevant targets set in the overall UK Plan is recognised in its 

regulatory, operational and advisory activities. Further information on local biodiversity targets, as 

applicable to the Agency's work, will be available through the Make it Happen Plans (formerly Local 

Environment Action Plans or LEAPS). 

 

Regard to Costs and Benefits 

Section 39 of the Environment Act places a general duty on the Agency to have due regard to the 

costs and benefits of exercising its powers. This includes the application of its powers in respect to 

fish passes. Advice can be obtained from the Agencyôs Economic Policy Unit. (page Error! 

Bookmark not defined.). 

 

EC Directives 

Formal Environmental Assessments 

Where a project is likely to have a significant effect on the environment, developers are required to 

carry out an Environmental Assessment - EC Directive 85/337/EEC (as amended). The relevant 

Planning Authority will require such an Assessment under the powers of the Town and Country 

Planning (Environmental Impact Assessment) Regulations 1999, prior to giving planning permission.  
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Planning regulations  

Where a planning application is required then it should always be accompanied by an Environmental 

Statement, or if necessary an Environmental Impact Assessment. The relevant Planning Authority 

should always be consulted to ensure that planning matters are given proper consideration. 

  

Special Areas of Conservation (SACs) 

The Agency also has responsibilities under the Habitats and Birds Directives with regards to the 

Natura 2000 network of sites.  This site network is comprised of Special Areas of Conservation 

(SACs) and Special Protection Areas (SPAs). All SACs and SPAs are made up of component SSSIs. 

The Directives have been transposed into law by the Conservation of Habitatsand Species Regulations 

2010. Where a fish pass has the potential to affect a Natura 2000 site, the Habitats Regulations must 

be applied. Ramsar wetland sites are treated as a matter of policy in the same way as SACs and SPAs. 

The stringent tests demanded under the Habitats Regulations are in many ways more demanding than 

those required for SSSIs, and certainly too complex to outline in any detail here.  The legislative 

position is summarised in Planning Policy Statement 9 (PPS9) and the Biodiversity Circular (Defra 

01-05). Detailed internal guidance is also available.  Put simply, there is a four stage process to be 

followed; 

Stage 1 - Identifying relevant applications/activities and agreeing the lead Authority 

Stage 2 - Assessing likely significant effect  

Stage 3 - Undertaking Appropriate Assessment 

Stage 4 - Determination of the application 

It is important to understand that consultation with NE/CCW is likely to be iterative, and that the 

applicant should be involved in these discussions from the very earliest stage.  If possible, pre-

application discussions should be undertaken. 

The overall aim of the decision making process is to ascertain whether it can be determined that the 

fish pass will not adversely affect the integrity of a Natura 2000 site, and record the basis for this 

decision.  In short, the precautionary principle has a statutory basis for the first time.   Also, it should 

be considered that the fish pass need not be constructed within a Natura 2000 site for a significant 

effect on site integrity to occur, and the significant effects may not necessarily be on fisheries 

interests. 
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Other Legislation 

Transport & Works Act 1992 

On its introduction, this Act provided a new legal and administration system for the authorisation of 

certain infrastructure projects, which had previously required authorisation by a Private Bill.  Under 

section 3 of the Act, the Secretary of State (SoS) may make an order relating to, or to matters ancillary 

to:- 

¶ the construction or operation of an inland waterway in England and Wales 

¶ the carrying out of works which interfere with rights of navigation in waters within or 

adjacent to England and Wales, up to the seaward limit of the territorial sea and which are of 

a description prescribed by order made under section 4 of the Act.  An order under section 3 

may not be made if the SoS is of the opinion that the primary object of the order could be 

achieved by means of an order under the Harbours Act 1964. 

 

Amongst the schemes that may be considered for approval by order under the Act, and of particular 

relevance here, are those including barrages, whether amenity or energy, river crossings and weirs 

unless these are proposed for a waterway managed or maintained by a Harbour Authority. 

The intention of the Act is to seek to avoid the lengthy Parliamentary process for the promotion of 

major infrastructure projects, replacing it with a procedure in which an applicant publishes a proposed 

order which, if it attracts opposition, can be referred by the SoS to public inquiry.   It is presumed that 

appropriate and adequate negotiation between promoter and opponent is carried out prior to public 

inquiry in order to eliminate as many sources of uncertainty and conflict as possible.  The 

requirements for Environmental Impact Assessment apply (page 19). 

The public inquiry is held in front of an inspector, appointed by the Planning Inspectorate, whose role 

is to preside over and subsequently summarise the proceedings, reporting this to the SoS with a 

recommendation.  Unfortunately the inevitable length of the inquiry, reporting and SoS decision 

making process means that there is little if any such time saving over the Parliamentary procedure. 

If a project also needs authorisation under other Acts, for example an abstraction or impounding 

licence, or else a discharge consent, then the applicant must also seek this.  However section 15 of the 

Act enables the SoS to assimilate these within the procedures of the works order itself.  It should be 

noted that this could, if deemed appropriate, include the process for fish pass approval. 

If a scheme is deemed to be of national significance then the SoS may refer it directly to Parliament, 

where both Houses must consider it.  National significance remains undefined, but is accepted as 

including schemes that affect a significant part of the country, or have extensive effects on the 

environment and ecology of an area. 

In practice, the Transport and Works Act process can be a long and expensive process.  The Usk 

Barrage was promoted under this Act in 1994 and necessitated a lengthy and expensive consultation 

process, for which there is no mechanism to seek costs from the applicant.   The subsequent public 

inquiry lasted over 3 months, and the reporting and review process 18 months, after which the scheme 

was finally rejected on economic and ecological grounds. 
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Private Bills 

Prior to the Transport and Works Act, this was the principal mechanism for substantial infrastructure 

projects, and was used for the Tawe, Tees and, initially, the Cardiff Bay barrages.  Although largely 

replaced, the method does remain available for future use by potential scheme promoters.  Under this 

process the Bill is drafted and lodged in Parliament by the promoter, where it is then considered by 

each house prior to examination by a Parliamentary Committee.  Opponents to the Bill are able to 

make representation to the Committee, after which the Committee votes on the scheme and, 

dependent on a successful outcome the Bill returns to both Houses prior to enactment. 

Unless the Acts specifically make provision for an alternative fish pass approval process, then this 

defaults to the provision for approval set out in SAFFA, as modified by the Environment Act. 

As for the T&W Act, it is generally presumed that appropriate and adequate negotiation between 

promoter and opponent is carried out prior to the drafting of the Bill, so that as many conflicts as 

possible may be eliminated.  

 

Government Bills 

In uncommon circumstances, it is conceivable that the Government might decide that a barrage 

scheme is nationally significant, warranting promotion by a Government sponsored Bill.  This was the 

case for the Cardiff Bay Barrage after abortive attempts to secure Parliamentary agreement via a 

private bill, and resulted in relatively rapid enactment. 

 

CAVEAT: The above section contains a summary of the relevant legislation applicable to fish passes 

and the approval process and is not intended as an exhaustive guide to the interpretation and use of 

this legislation. 
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NATIONAL FISH PASSAGE PANEL (NFPP)  

Role of Fish Passage Panel 

The Fish Passage Panel was set up to consider and make recommendations to the Agency for the 

formal authorisation of both internal and externally promoted fish passes. The Panel also acts as a 

centre of expertise and a focus for other issues relating to fish passage, including sceening of intakes 

and hydropower. These issues include promoting research and development projects to improve the 

understanding of fish passage requirements, developing and maintaining a comprehensive database of 

all fish passes in England and Wales, and promoting legislative changes. (Terms of reference are 

given in Appendix III).  

An important role of the Panel is to provide advice and assistance to Agency staff involved in any 

capacity with fish passes. 

It should be noted that the financial authorisation of projects is not part of the role of the Panel but 

rests with Regional PABs (Project Approval Board). 

Rationale 

The Agency is responsible for the authorisation of fish passes for migratory salmonids, both those 

built by external developers and those built by the Agency itself. As a matter of principle it is 

important that the same standards are applied to the formal Approval of both internal and external 

projects. It is also important that other National organisations are treated consistently across Regional 

boundaries. In order to be consistent, fair and equal in the treatment of both internal and external 

applications for Approval, and provide an appropriate level of independence, an expert Panel was 

established to advise the signatory (delegated Environment Management Team Leader, EMTL). The 

EMTL must consult and take advice from the delegated National Fish Pass Officer before issuing any 

Approval. Exactly the same process and standards are applied to both external and internal projects.  

Members of Panel and Reporting Links 

The Panel comprises six officers chosen for their expertise and experience in fish pass and fish 

migration issues. The Panel is currently chaired by a Head Office Senior Technical Specialist with the 

members each taking responsibility for acting as a first point of contact for one or more Regions 

(indicated in parentheses below). The Panel includes a Head Office Senior Technical Specialist (Fish 

Passage) who is also the delegated National Fish Pass Officer (NFPO), which is a dedicated 

permanent full-time technical post in  National Operations Directorate. The current membership is as 

follows: 

 

J. Gregory (Chairman) (HO) 

S. Bailey (NE) 

A.Fewings (Southern)  

K. Broad (South West)             
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K. Nash (North West) 

Generally technical advice on Fish Passes will be provided initially by the nominated Regional 

representative (but directly by the NFPO if that representative is not available at the time). Advice on 

procedures should be addressed to the NFPO.  

 

Overview of Operation 

The Fish Passage Panel meets approximately five to eight times a year depending on business 

demands to consider any concepts (effectively requests for advice about a site), applications for 

Approval of designs, and other appropriate issues.  

Concepts will normally be submitted through the Regional contacts (but may also be submitted to the 

NFPO), who will describe the challenge to the Panel and obtain some advice about the type of fish 

pass to use. They will then feed back recommendations to the Area or Region concerned. Hopefully 

the representative will have been armed with sufficient information and data to obtain robust and 

detailed advice. Generally, the earlier in a project that the Panel is consulted in a proposal, the more 

smoothly and efficiently the process runs, and the better the outcome.  

Applications for Approvals of the form and dimensions of a pass will normally be submitted to the 

NFPO (but may also be submitted through Regional representatives), who will make a technical 

assessment of the proposal prior to the next meeting. This will involve checking the key design 

features in respect of functionality for fish passage*, and ensuring that the required data have been 

submitted. Applications will be accompanied by Risk Assment forms (one each for diadromous & 

potamodromous species, or both as appropriate) that will help determine whether any approval given 

might be provisional or Final. At the meeting the Regional representative presents and describes the 

proposal to the rest of the Group for critical appraisal. If there is any contention surrounding an 

application the representative of the promoting Region is excluded from the decision-making process. 

In the event of a disagreement the Panel would refer the matter to the Head of Function for arbitration. 

If proposals are acceptable the NFPO will advise the EMTL that this is the case, and provide the 

paperwork necessary for the Approval to be issued. Should Provisional or Final Approval not be 

immediately forthcoming the NFPO will outline to the Area what modifications or further work is 

necessary to obtain Approval. 

*Note that it is not the responsibility of the NFPP to check specifically any health & safety features 

associated with the pass, nor to ensure that other permissions and consents required are obtained. It is 

the responsibility of the Project Manager to ensure that all necessary procedures are completed. 

However, the Panel will comment on any features of the design, health & safety or other matters, that 

they feel merit attention. 

 

Performance Measure and Standards of Service 

The Panel will deal with Fish Pass proposals as swiftly and efficiently as possible. Clearly this is 

facilitated if all required data have been submitted with the application. The Panel has adopted the 

following standard of service (SoS) to work to: 
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Determination Rate =    No. of fish pass applications determined to deadline  x  100 

 No. of fish pass applications 

 

Definition: Deadline of 4 months with proposed standard of service of 80% to be determined within 

deadline. Deadline to run from date application registered (ie when all plans and 

information is complete) to date of decision for Approval.  
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FISH PASS APPROVAL  

Approval Process 

Concept  

While not strictly part of the Approval process early consultation with the NFPP is to be encouraged, 

since it will avoid any unwelcome `suprises` later in a project. 

This manual should provide sufficient guidance to enable Area staff to select an appropriate pass 

type(s) for a given situation. The Panel will consider outline proposals (or proposals at any stage of 

development) and advise on their suitability. 

However a fish pass concept form providing an outline of the challenge may be submitted for 

consideration by the Fish Passage Panel, for them to provide advice in the first instance. The objective 

of the Panel will be to either, to identify an appropriate design, or else to identify those types of pass, 

that should be the subject of a feasibility study and then design in the case of a large scheme. In the 

case of a small scheme it will be to identify a solution that can be easily, and quickly, implemented. 

The initial `concept` request to the Panel can comprise a photograph or simple plan, together with an 

outline of what the current situation is, and what the outcome is intended to achieve. A concept form 

is included at Appendix IV This should be discussed with and passed to the relevant Regional 

Representative (see above). Clearly, the more of the information and data that would be used in a full-

blown feasibility study that is available at this stage the better.  

 

Treatment of Applications for Approval  

In the spirit of modern regulation every endeavour will be made to ensure that the burden placed on 

applicants for approved passes is not overly onerous. The Environment Agency will take into account 

the risks associated with any specific scheme when deciding what approval status, if any, will be 

given to the proposed fish pass. In practice, this means that provided that they follow best practice and 

offer a low to medium risk to the environment, the vast majority of schemes will be granted Final 

Approval. Provided that the pass(es) are built to the approved form and dimensions this will relieve 

the applicant of the burden of monitoring the pass to demonstrate that it is operating effectively and 

efficiently. Schemes that do not follow best practice or offer high risk to the environment will receive 

a Provisional Approval, which means that a monitoring programme will be required to demonstrate 

that the pass is operating effectively and efficiently in all respects before Final Approval can be 

granted. 

At the present time specific legislation in relation to obstructions applies to two groups of diadromous 

species including migratory salmonids (Salmon & Freshwater Fisheries Act, 1975 as amended by the 

Environment Act, 1995) and eels (The Eels - England & Wales - Regulations 2009). Formal approval 

wil l be required for passes for thse species. Other diadromous species (lampreys and shad) and 

potamodromous freshwater fish species i.e. brown trout, grayling & coarse fish are not specifically 

covered by obstructions regulations. Legislation covering obstructions for all species was anticipated 

to come into effect in 2010, but has been delayed at least until 2012. Where passes have been required 

by the Environment Agency under broader legislation or are being constructed without obligation 

proposals will be audited and agreed. In anticipation of legislation covering all species at some future 
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time, a risk-based process to help decide whether a proposal shall receive Provisional or Final 

Approval has been devised to apply in a smilar way to diadromous and potamodromous species.   

Applications for formal approval (or audit) of fish passes will be accompanied by a Risk Matrix form 

(see Appendix V) to help determine the status granted to a pass. For both diadromous and 

potamodromous species a simple additive scoring system will indicate the overall risk taking into 

account proposed pass design, significance of the obstruction in relation to the catchment, whether the 

obstruction is existing or new, and ecological status of the population. Proposals with scores of Ò10 

will receive Final Approval, while those with scores of Ó16 or not following best design practice will 

reveive Provisional Approval. Proposals scoring 12 or 14 will be reviewed on their merits with the 

likelihood that the majority will receive Final Approval, especially those with the lower of the two 

scores. 

 

Approval Application  

A detailed proposal for a new or altered fish pass will be submitted on a pro-forma application form 

(Appendix VI ) to the National Fish Pass Officer, together with any supporting information including 

a Risk Matrix form(s) as appropriate (Appendix V). This would normally follow both local liaison 

(with the Area staff and their NFPP contact) and National liaison (with the NFPP). Each application 

should include two complete sets of plans (three sets if the site is privately owned). These details will 

be technically assessed and a site visit may sometimes be required.  

When approval is given, each plan is initialled, dated, and then `sealed' with the Approval instrument 

signed by the delegated Environment Management Team Leader or a more senior officer.  

One copy of the plans and instrument is sent to the NFPO, one copy is retained by the Area, and if 

appropriate, one set is sent to the owner of the site of the proposed structure. Construction of the pass 

can then proceed. 

 

Provisional Approval 

Where an approval is Provisional this will be clearly indicated on the instrument of approval and the 

covering letter (external) or memo (internal).The covering letter or memo will indicate the likely scale 

of the monitoring programme required to demonstrate that the constructed fish pass is satisfactory in 

all respects and including effectiveness and efficiency.   

It should be noted that a Provisional Approval should also be sought in the case of temporary fish 

passes/structures. 

 

Modified Approvals & Abolishments 

Modifications to a fish pass between provisional and final approval stages will require a modified 

approval. On agreement of revised plans a new Approval (Provisional or Final) will be issued. At the 

same time notice will be given of revocation of any original PA, which will be completed after 90 

days notice as required by statute. If any changes are proposed to be made to an existing approved fish 



 28 

pass, or else associated structures that may affect the operation of the pass, then a new approval will 

be required. Application may also be made to abolish a fish pass where it is no longer required e.g. it 

has been replaced with another, obstruction has ben removed. 

 

Final Approval  

As noted above passes receiving Final Approval will require no further action on behalf of the 

applicant, save meeting the statutory duty to maintain the pass in an efficient state. However, it should 

be noted that the pass will not be in conformity with SAFFA unless it is constructed precisely to the 

approved form and dimensions approved. 

 

Final Approval (where PA granted) 

At an appropriate stage after construction, usually a minimum of three years, the Agency will require 

the owner of the fish pass to seek a Final Approval (FA) for the structure. The successful outcome of 

an application for final approval will depend on the provision of adequate data, drawn from an 

appropriate monitoring programme, which demonstrates that the fish pass is operating effectively and 

efficiently. The type of evidence and monitoring programme required is discussed in the section on 

page 215. 

If it is demonstrated to the National Fish Pass Panel that the pass is working satisfactorily then it can 

receive Final Approval. 

If the fish pass is not operating satisfactorily then proposals will need to be made to increase its 

efficiency and effectiveness. If this requires structural alterations to the pass, or modifications to 

operating procedures linked to the existing Provisional Approval, then a new PA will be required. The 

old PA will be revoked. 

 

A Risk Based Approach to Provisional or Final Approval 

It is recognised that the costs of monitoring to demonstrate that fish passes are effective and efficient 

can be very high, and indeed can be significantly very much more than the cost of construction of the 

asset itself. Recently efforts have been made  to find relatively low cost ways of demonstrating the 

effectiveness (but not efficiency) of fish passes, and to facilitate this by building in to passes standard 

features that will facilitate this process  (Washburn, Gregory & Clabburn, 2008). Notwithstanding 

this, a risk-based approach to authorisation of future fish passes has been introduced by the Agency 

that will ensure that in future only high risk sites will be issued with Provisional Approval. This will 

not only reduce the burden of administration, but will also greatly reduce the costly monitoring 

burden associated with demonstrating the effectiveness and efficiency of fish pass facilities in order to 

progress to Final Approval. In the future, proposed  fish passes following Best Practice design 

principles and being in low-medium risk situations will be given Final Approval at one step. 

Conversely, passes proposed that are novel in form, do not conform to Best Practice, and are in high 

risk situations for the fishery resource will be subject to a Provisional Approval stage. They will have 

monitoring needs to demonstrate that they work effectively before Final Approval will be given, and 

this process will be rigorously enforced. 
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To aid this process, and to help provide some transparency, a Risk Matrix form will need to be 

completed to accompany applications for fish pass approval. Separate forms are provided for 

diadromous and potamadromous fish species (see Appendix V). Risk is assessed based upon four 

tenants including whether best practice has been used in the design, relative location in the catchment 

concerned, status of the obstruction, and ecological risk for the population.  

 

Approval Criteria  

Each application will be treated according to its merits. Important factors including the proposed 

design type, current or future status of the river, the location of the obstruction within the catchment 

and the current and possible future status of migratory salmonid stocks will be taken into 

consideration. The features out-lined below will be rigorously examined where a new obstruction is 

concerned, particularly where the impact on fish stocks is potentially high. A distinction will 

generally be drawn between applications for approval of passes on new obstructions and passes on 

existing obstructions. 

 

Distinction Between New and Existing Structures 

If a new obstruction to fish migration is proposed (e.g. barrage, weir, dam, gauging weir) then the best 

available design of fish pass for the site must be incorporated within the structure. In some cases 

interim arrangements will be required to enable fish passage during construction, and these will also 

require formal approval. 

Associated with this will be a requirement to monitor the effectiveness and measure the efficiency of 

the pass through appropriate pre- and post-construction studies. The granting of final approval will 

depend on the achievement of an appropriately high efficiency (subject of risk assessment). Where 

appropriate successful passage past the obstruction via other safe routes will be taken into account in 

the determination. 

The Agency may require a developer to carry out mitigation to fully compensate any adverse effect 

(e.g. passage efficiency of less than 100%; poor distribution and thus availability of fish for angling 

and spawning).  

It is recognised that the term "new structure" covers a range of structures in terms of their scale and 

location, and hence their significance and potential impact upon stocks of fish. It will be a matter for 

Area staff to determine the appropriate scale of monitoring and mitigation required. 

In the case of existing structures that impede fish migration, any improvement in potential access to 

the upstream river is desirable. Although optimum designs will be preferable it is recognised that this 

may not always be technically or economically feasible. Structures that compromise to some extent 

some aspects of recognised design criteria will be considered. Monitoring requirements are also likely 

to be less stringent. 
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Key Features 

Fish passes are invariably site-specific in relation to many factors, and thus each one will represent a 

unique situation when it is considered for approval.  

The following key features will be taken into account at the provisional approval stage, and 

appropriate information and data must be provided in the application (see Appendix VI):- 

 

¶ pass type 

¶ pass location within structure 

¶ pass design 

¶ pass hydraulics 

¶ local hydrology and hydrodynamics  

¶ attraction of fish 

¶ fish behaviour 

¶ additional features 

 

Pass Type 

The type of pass (e.g. Pool and Traverse; Denil; Borland lift etc) selected at the design stage is 

dependent upon a number of factors such as type and form of structure where it is to be located, local 

topography, river characteristics and flow, and species to be accommodated.  

While the type of fish pass may be influenced by the range of species to be accommodated the 

requirements for migratory salmonids will be paramount with respect to applications for approval. 

The same will be true of any potential Conservation or Recreation opportunities identified at the site. 

Applications will be examined to determine that the most appropriate pass type has been identified. 

 

Pass Location  

The location of a pass is considered to be one of the most (if not the most) crucial factor in relation its 

success. It can easily be the case that the hydraulics of a pass is perfectly acceptable to the fish, but 

they never find the entrance. 

 Generally, the pass entrance should be located as far upriver at an obstruction as possible, bearing in 

mind the discharge characteristics of the receiving structure, and avoiding situations where 

prospective migrants would have to reverse direction to seek the relatively small entrances. 

The reasoning behind choice of fish pass location will be assessed. 
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Pass Design 

Guidelines and criteria specific to each particular type of pass are given in the fish pass selection 

section (page 42). Readers requiring much more detailed information will find many suitable 

references in the Key References & Bibliography sections.  

 

The following is a list of the important features which will be considered in respect to the different 

pass types:- 

¶ Pool :- Pool sizes, head differences between pools, pool energy dispersal 

characteristics, inter-pool traverse details. 

¶ Denil :- Length and angle of flight, baffle design, provision of resting pools, entrance 

and exit details. 

¶ Lift : - Entrance and exit design, holding capacity, operating cycle, fish clearing 

mechanism. 

Consideration should not only be given to upstream migration but requirements for downstream 

migration should also be taken into account. 

 

Pass Hydraulics 

The volumes and patterns of water flow through a fish pass may determine the success of the 

structure. It is possible to have an acceptably located pass built to adequate basic design, only for it to 

fail because of excessive within-structure turbulence or some other behavioural constraint. 

The basis for determining dimensions of the structure and calculating hydraulic characteristics of the 

passes including discharges, velocities, volumetric energy dissipation, etc. is provided in Fish Pass 

Types (page 62), and also in other source reference documents listed in the key references and 

bibliography. A description of how the hydraulic parameters vary in relation to changing river 

conditions (discharge and river levels) will be required, and will be examined as part of the approval 

process. 

It is recommended that, particularly in the case of major schemes, consideration be given to the 

construction of physical models, in order that the hydraulics characteristics of designs can be 

thoroughly examined. In some cases this should be a requirement placed upon the developer. 

 

Local Hydrology and Hydrodynamics  

Variation in river discharge and local flow patterns (hydrokinetics) in the vicinity of the obstruction 

and pass will affect fish behaviour and its ability to locate the pass. An effective fish pass is likely to 
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result from a combination of appropriate design, together with an appreciation of the local conditions 

and an understanding of fish behaviour in relation to those conditions.  

Designs will be examined, together with appropriate flow data and other information, to determine 

whether they take account of local hydrological conditions in order to maximise the success of fish in 

locating the fish pass entrance. 

 

Attraction of Fish 

An important element of attraction of fish to passes is the provision of adequate dedicated attraction 

flow (volume and plume characteristics) in relation to other competing flows, eg river flow, turbine 

flow etc. This may vary with river discharge and other factors (eg operation of structures) and will 

clearly be related to local hydrology and hydrodynamics considered above. 

How it is intended to achieve attraction at a site will be assessed. 

 

Fish Behaviour 

Fish migration patterns and physical ability will vary according to a number of environmental stimuli 

and according to the season of the year. Of particular importance will be the swimming abilities (burst 

speeds, leaping abilities, stamina etc.) as temperature changes. Information on this is provided in the 

source documents. 

For some passes, it is clear that they are only required to work at certain, possibly discrete, times of 

the year when fish are present. This may be the case in a spawning tributary, which is only entered by 

pre-spawning fish in October or later. 

In order to maximise pass efficiency adequate consideration must be given to the behaviour of fish as 

they ascend to the obstruction. This may include gaining local knowledge of preferred migration and 

approach routes (at various times and flow conditions), resting and assembly areas, and any change in 

these as flow conditions change. 

Applications will be examined to see how these factors have been accounted for. 

The design of fish passes for multi-species fish assemblages presents particular problems, as 

behaviour and swimming capabilities are likely to vary. In such a case, criteria will be defined by the 

most demanding species though other entirely separate fish passes may also be required. 

 

Additional features 

Fish passes may be designed to incorporate other fisheries management features such as monitoring 

devices, for example traps, fish counters etc. It is important that these features are properly designed 

as integral components of the fish pass so that they do not adversely affect the performance of the 

pass (e.g. compromise pass hydraulics or negatively affect the behaviour of fish using the pass) whilst 

at the same time operating efficiently themselves. Retro-fitted additions often fail to work properly or 

adversely affect the efficiency of the pass to which they are attached. 
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FISH PASS CONSTRUCTION ï THE PROJECT PROCESS 

The Project 

Any project intended to improve fish passage will follow a logical sequence, which is summarised in 

Figure 1and 2 below  

Figure 1Flow summarising the stages and inputs to a fish passage improvement project part 1 
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Figure 2 Flow diagram summarising the stages and inputs to a fish passage improvement 

project  part 2 
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Identify the Problem 

The fact that there is a fish passage issue will usually be identified using data from fisheries surveys 

or studies including population estimates, radio tracking programmes, or angling catch data. Visual 

clues may also play a part, since the observation of large numbers of leaping fish or accumulations of 

fish above or below obstructions is a sure sign that the passage of fish is being compromised. 

 

It is important to be clear about what the problem is. For example, it may relate to: 

¶ Upstream or downstream migration, or both 

¶ A complete obstruction or barrier 

¶ A partial obstruction or barrier 

¶ Particular species 

¶ Specific life stages 

¶ Particular (seasonal) river discharges 

 

The type of blockage is important as it may have an important bearing on the chosen solution. For 

example, barriers can be: 

¶ Natural 

¶ Man-made 

¶ As a result of other activities associated with its use, e.g navigation, abstraction etc 

¶ As a result of an existing fish pass which is ineffective for some reason (poor design, 

location, built with only a particular species and life stage in mind etc) 

 

In identifying problems for migrating fish the following may need to be considered: 

¶ New structures 

¶ Existing structures 

¶ Physical modifications to existing structures which then cause them to become 

barriers 
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¶ Changes to operating regimes associated with existing structures, eg abstractions, 

which then form an impediment to fish migration 

    

Identify the Solution 

Potential solutions may include: 

¶ Remove or modify barrier 

¶ Remove or modify damaging abstraction etc 

¶ Modify existing fish pass 

¶ Construct low-cost informal solution to assist passage 

¶ Construction of formal fish pass or easement 

¶ Trapping and trucking 

 

If the solution is to be a fish pass or easement, identify and list the precise needs bearing in mind the 

biological considerations and objectives in relation to: 

¶ Species 

¶ Life stage 

¶ Size range 

¶ Migration period 

¶ Direction of migration 

 

Identify at this stage: 

¶ Ownership of structures, riparian rights, fishery rights, others rights e.g. 

abstractions etc 

¶ Legal responsibilities - whose responsibility it is to solve the fish passage 

problems 

¶ Flood risk management, navigation rights, abstraction rights, listed structures and 

other archaeological and conservation designations 

¶ Poaching, public access, security 
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Consultation is essential before proceeding beyond this stage in order to clarify these issues. 

Environmental Appraisal starts at this stage. 

Consider funding carefully at this stage. Project costs can be considerable even to reach an outline 

design stage.  Additional costs associated with feasibility and detailed design may include site 

investigations such as structural, topographical, and hydrometric surveys.  Project management, legal, 

compensation, and construction supervision costs can all add substantial sums to the final total project 

budget for a fish pass. 

 

Identify the Type of Pass or Easement - The Concept Stage 

At the concept stage the range of options that are potentially available are narrowed down to those 

that are considered practical to investigate in more detail.  At this stage it is useful to have the 

following to hand if possible: 

¶ Plan of the overall layout of the site 

¶ Rough description of the size and nature structure of the obstruction 

¶ Estimate of head difference across the structure 

¶ An estimate of river discharge 

 

The type of fish pass and its location can now be identified having taken account of: the biological 

objectives; the legal & social objectives; and the available data.  Specialist advice at this stage may be 

obtained from a variety of sources, e.g. EA staff with the appropriate expertise and experience, 

framework consultants, external consultants but, most importantly the Environment Agency National 

Fish Pass Panel (NFPP) or any of its members. There is a Concept form (see Appendix IV ) that 

prompts for the basic information required to ask for the advice of the NFPP at this stage, however the 

better and more comprehensive the information made available the easier it is to provide sound 

advice. Bear in mind that photographs, particularly aerial ones, are a great help in visualising the site. 

 

Outline Design - The Feasibility Stage 

At the feasibility stage the expediency of using any of the practical options identified at the concept 

stage is investigated in depth, and outline design is prepared for the recommended option(s) chosen 

for final detailed design. 

Take into consideration the biological objectives: 

¶ species 

¶ life stage 



 38 

¶ size range 

¶ migration period 

¶ direction of migration 

 

Be aware of the swimming abilities of the target species in relation to expected water velocities in any 

proposed chosen structure, taking in to account water temperature at the time of migration. 

 

The following basic physical data will be required: 

¶ detailed plans of any existing structure (if none are available, then a 

topographical survey may be required) 

¶ head difference over the barrier 

¶ hydrograph at the site - preferably over a period of years including typically dry 

and wet years 

¶ range of water levels upstream and downstream of the barrier over a range of 

river discharges corresponding with the hydrograph  

¶ water temperature data - particularly during key migration periods 

 

Much of this data and information may be available, but additional surveys may be necessary. In 

particular, it is essential to establish the relationship between water level and river discharges, 

especially downstream since this is not readily estimated (unlike upstream). The downstream 

level at low river discharge (Q95) is particularly crucial to sound design. Data on water levels 

must be collected early in the project and in advance of the detailed design.  

The following issues should be considered: 

¶ Health and Safety issues related to the site 

¶ Public access (& Safety) 

¶ Abstractions 

¶ Recreation uses 

¶ Navigation rights 

¶ Fishing rights 

¶ Archaeology 

¶ Landscape 

¶ Conservation 

¶ Flood defence 
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¶ Utilities e.g. gas, electric, telecommunications 

 

Additional facilities that will need to be considered at this stage include: 

¶ access arrangements for maintenance 

¶ de-watering mechanisms for maintenance 

¶ trash deflectors 

 

Peripherals that may need to be considered in the design include: 

¶ fish counters 

¶ fish traps 

¶ other monitoring facilities e.g. video 

 

Structural surveys: may be required to confirm the stability of the structure before contemplating 

modification. This could have a major bearing on the desirability of building a 

pass directly on the structure, as opposed to building it around the structure. 

 

Site investigations: may be needed to determine the underlying deposits and strata and their 

suitability for supporting construction works. 

 

Once complete, the outline design can be used: 

¶ for assessment by the NFPP for further advice and guidance 

¶ for formal consultation with all Environment Agency departments (Flood 

Defence Consent, Water Transfer Licence and Impoundment Licence*) and with 

external parties 

¶ for Planning Approval requirements 

* An abstraction licence or an Impoundment Licence may be required for a fish pass in certain 

circumstances. Check with the EA Water Resources Licensing section. 

 

Application for Provisi onal Approval by the NFPP  

An application form (see Appendix VI) is designed to summarise the essential features of the pass, to 

establish the criteria used, to draw out any assumptions and the principles used in the design.  
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Sufficient copies of the location plans and detailed engineering plans showing the form & dimensions 

of the pass must be attached. External applications require three copies (applicantôs copy, Area copy, 

National file copy), where internal applications require two copies. 

Maintenance and and any monitoring plans will also be required for Approval. Advice on an 

appropriate monitoring programme can be provided by the NFPP. 

 

The final design will also be used for: 

¶ refining the final project costing to secure funding (using an engineers estimate 

for the construction cost) 

¶ cost benefit analysis  

¶ final internal and external consultation  

¶ planning permissions and other licences eg abstraction licences, impoundment 

licences etc where required 

¶ legal and ownership/access consideration, and agreements for formal 

maintenance and monitoring requirements. 

Maintenance 

A formal maintenance manual (including operation details) should be produced for the structure, 

particularly in the case of new passes. 

Any maintenance regime should take into consideration the following: 

¶ The period(s) of time when fish pass operation is critical with respect to the life 

cycle of the target species. For instance, a pass designed for salmon and sea trout 

located at the bottom of a catchment will need to be operating effectively all year 

round, while a pass designed for brown trout located at the top of a catchment 

may need to be operating only during spawning migration periods.  

¶ Health and Safety considerations, which are paramount when undertaking any 

maintenance work on fish passes 

 

Monitoring  

For the final approval of fish passes, information will be required by the Agency to show that the pass 

is working effectively and efficiently. This takes two parts: 

¶ hydraulic operation 

¶ effectiveness of fish passage itself 

It should be ensured that the pass has been built to its specification, and that it operates hydraulically 

as expected. Gauge boards fixed upstream and downstream, and in any resting pools, can be helpful in 

ensuring the basic hydraulics are as expected. If present, the operating protocols of any nearby water 

control structures should also be reviewed to ensure that attraction to the pass is maximised. 
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 The NFPP can advise on the fish monitoring requirements.  

Where passes are built which do not need formal approval - easements for instance - best practice 

dictates that it is still important to monitor the effectiveness of the pass. 

The following types of data are typically used to ascertain the effectiveness of a pass: 

¶ electric fishing surveys 

¶ redd counts 

¶ angling records 

¶ tracking studies 

¶ trapping data 

¶ fish counters 

¶ video monitoring (temporary or permanent) 

¶ fish mortality data 

¶ direct observations of fish movement 

 

Where a pass has Provisional Approval a period of three years is usually taken as a standard 

monitoring period between construction of a pass and application for final approval.  However, this 

period may differ depending on the quantity and quality of the monitoring data. Once sufficient data is 

available this enables an Application for Final Approval to be made to the Agency. 

 

Fish Pass Costs 

In terms of civil engineering most fish pass constructions are small projects, but they are carried out in 

a high-risk environment (e.g. difficult access, subject to flooding events, water seeping in to the 

works, unknown or unexpected construction of weirs etc). The latter factors often make a fish pass 

construction relatively much more expensive than a similar sized civil project in a less risky situation. 

Significant additional costs may also arise as a result of health & safety requirements. The net result is 

that the cost of technical fish pass solutions can and does vary very considerably, and is often much 

higher than initially anticipated. Clearly also, construction of a pass is very much cheaper when it is 

constructed as part of other works on site so that the mobilisation and other costs can be shared. 

Engineering construction costs can also vary greatly depending on the state of the economy. Table 1, 

while based on experience, is given only as a very rough guide. 
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Table 1 Approximate guide to fish pass costs 

Fish Pass Type Construction Cost(£K)  

Baulks 5-25 

Single flight, no problems 50-80 

Single flight, with complications 

(difficult access etc) 

80-100 

Dual flight with resting pool, 

no problems   

100-150  

Dual flight with resting pool, 

with complications 

150-400 

Pool and traverse fish pass  

(>1.5m head) 

200-500 

Vertical slot 

(>1.5m head) 

350-500 

Rock ramp 25-500 

 

 

FISH PASS SELECTION 

 

In selecting fish passes it is important to have an overall perspective and appreciation of the 

challenges that are presented, and the reasons that drive fish to migrate. This is in addition to 

knowledge of individual species involved and their particular circumstances. Furthermore, it should 

always be borne in mind that fish are animals, and that not all animals behave the same!  

 

Biological Factors 

Migration and types of migrant 

As succinctly put by Northcote (1984) `the migratory behaviour of riverine fishes, and probably all 

fi shes, results from the separation in space and time of optimal habitats used for growth, survival and 

reproduction during different life-history stages. Therefore, in general, migration up and down rivers 

involves cyclic alternation between at least two, and more often three or more habitats. The migration 

may be both passive and active`. 
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Two major types of migration can be recognised, diadromy (between sea and freshwater) and 

potamodromy (entirely in freshwater). 

Diadromy can be further split into: 

Anadromy -  adults run up river to spawn, juveniles run down river to the sea to 

grow, e.g. salmon, shad. 

Catadromy -  adults run down river to the sea to spawn, juveniles run up river to 

grow, e.g. eels 

Amphidromy  -  fish run between both spending an appreciable time in each, e.g 

mullet, flounders. 

Potadromy is often associated with spawning and includes, e.g. brown trout, barbel, and 

many other coarse fish species. 

These are simple classifications. It is becoming increasingly clear as we learn more about fish ecology 

that their life styles are complex, and that migration is an important component of their life plan on 

both a macro and a micro scale. 

It should be noted that it is essential for the fish to move both upstream and downstream, and that very 

different life history stages, ages and sizes are involved. The significance of which is that they will 

have a wide range of ability to migrate within a species, let alone between them. For example contrast 

the abilities of adult salmon, kelts and smolts, or elvers and adult eels. They will also have a wide 

range of vulnerability at any facilities provided. 
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Reasons for Migrating and Consequences of not doing so 

Fish may undergo migrations for a number of different reasons including: 

Spawning - this is the most well known reason for migration. Classic examples are salmon, 

which migrate many thousands of kilometres including in the sea, and barbel & trout whom can 

migrate many kilometres in freshwater. However many other coarse fish and other species, e.g. 

chub, roach, dace etc, also make important spawning migrations. 

Dispersion - adults of many coarse fish species move upstream to spawn, and the juveniles 

including pinhead, 0+ and 1+ move downstream to disperse and colonise. Secondary 

migrations may also take place, e.g. sub-adults moving upstream. 

Feeding - fish may make regular movements to feed, and this may follow a diurnal pattern, e.g. 

fish holding in one area at night and moving to another by day to feed. 

Shelter - fish may move to avoid acute adverse conditions like floods or pollution or other 

unwelcome physiological challenges. They may move in reaction to more chronic events like 

summer or winter. 

Displacement - fish may get moved passively, being displaced downstream by pollution or 

being washed downstream by floods. They then need to move upstream to re-colonise once the 

event has passed. 

A good example of a single species exhibiting all of these traits at different times and ages comes 

from dace in the rivers Frome and Hurn (Clough & Ladle, 1997; Anon, 1995). Adults move upstream 

in spring to spawn, juveniles move downstream in summer to disperse, sub-adults move upstream to 

disperse and colonise in autumn, fish make diurnal movements between feeding and resting locations, 

fish move into side-streams to shelter from floods and also to spend the winter months. 

If fish of any species are prevented from making any of these movements then it is likely to have 

adverse consequences for the success and survival of both the individual and the population of that 

species. It is clear what the immediate consequences are from the reasons given for migration above. 

A more subtle consequence can be a threat to the population from a reduction in genetic fitness caused 

by fragmentation. 

 

Species Factors 

It is well known that migratory salmonids do not feed while they are in their freshwater migration 

phase. The fish rely wholly on their reserves of energy. The use of unnecessary energy for migration 

can only lead to a reduced spawning success and it is therefore extremely important to make it easy 

for fish to pass obstructions with the minimum of delay. Fish like all animals are individuals with 

variable ability, and facilities should not be built just with the `athletes` in mind. This is all the more 

important as fish come towards the end of their journey when they are tired and in spawning 

condition. 

Generally, it is essential that facilities for migratory salmonids, and frequently those for shad, are 

highly efficient and effective. This is because it is usual for all the fish to need to pass upstream to 

find their spawning grounds, or to get downstream to reach their growing habitat. This is particularly 

the case where the facilities are low down the river for upstream migrating fish, and high up the river 



 

 45 

for downstream migrating fish. These factors are especially important where there are multiple 

barriers on a watercourse, since the effects are additive. For example, consider the cumulative effect 

on upstream passage of passes built on six obstructions with a 90% passage rate. Out of a 100 fish 

arriving 90 pass the first barrier, 81 the second barrier, 73 the third barrier, and so on until passage 

past the sixth barrier is just 51%, or just half of the fish arriving at the first obstruction. Clearly, 

diadromous fish populations will not be sustainable in such circumstances. Of course, the same 

applies where there are obstructions to downstream passage that cause losse of fish or mortalities e.g 

abstractions, hydropower generation. 

An equally important factor is delay, particularly for diadromous species. Fish must be able to locate 

the passage facilities quickly otherwise they may not reach their destination in an appropriate time 

frame to spawn successfully or survive the rigours of passage between the sea and freshwater or the 

reverse. As with upstream passage, the cumulative effects become ever more significant as the 

number of obstructions on a watercourse increases. 

In the case of trout and coarse fish it will not normally be the case that it is imperative to provide 

highly efficient passage facilities, at least for upstream passage. It will usually be sufficient to ensure 

a reasonable freedom of passage and mixing between adjacent communities. 

The efficiency that is required of any one fish passage facility must be considered in the context of its 

location in relation to the demography of the particular species in question. 

 

General Considerations 

It is important to bear in mind that there is little that is black and white in fish passage terms. The 

behaviour and swimming performance of both individuals and species over-lap. Any fish may use any 

pass to some extent. What is important is the efficiency required of the pass, and the efficiency with 

which it is used. 

It is also important to remember that for any one target species or size of fish the idea is to be able to 

pass all the individuals, and not to add an artificial level of `natural` selection by selecting for only the 

most athletic individuals. 

The desire to build a pass to the minimum specification should always be resisted, though there will 

always be financial constraints. Use the best possible practice. A pass that does not work and costs 

money is a total waste of resources, a pass that costs more but works is extremely valuable.  

Passes are rarely of the same efficiency for different species, and there may be times when more than 

one pass are required in order to fully achieve objectives. 
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Species Applicability 

Extensive empirical trials in France and U.S.A. indicate that certain fish passes are particularly 

suitable for certain species. An example of a species with distinct preferences is that of shad. French 

experience indicates that few fish pass types are suitable for shad. These fish have been found to 

require the presence of vertical visual references, and enough free space to accommodate the passage 

of large shoals of fish at the same time. As such, vertical slot passes with a minimum free gap of 

0.45m have been found to be the only truly effective pass apart from fish lifts, although Larinier and 

Travade (1992) found that additional lighting was also a distinct necessity in dark areas of the pass. 

Coarse fish passage can often be accommodated with pool and traverse type fish passes if care is 

taken to reduce the power density in each pool and to maintain a low head loss between pools. It is 

recommended to keep the head loss between pools ¢0.3m (Larinier, 1992a) for high swimming 

performance coarse fish such as chub and barbel. For low swimming performance species of coarse 

fish (i.e. most cyprinid) a head loss between pools of 0.1-0.2m is recommended. ln particular, barbel 

appear to prefer pool and orifice or vertical slot passes rather than pool and traverse passes, because of 

their preference for swimming close to the bottom. 

Denil fish passes are generally used for migratory salmonids, lampreys and the largest and most 

powerful swimmers amongst coarse fish species. Making them small in terms of their baffle 

dimensions and reducing their slopes means that they can be adapted for many species. Larinier type 

denils may be the most suitable for broad range of species since there is evidence that even quite 

small fish can exploit the lower velocity niches that occur in the heterogenous flow patterns in such 

passes. However Denils are more selective than pool type passes. 

Pool type passes, especially deep slot or vertical slot passes, are probably the best solution where 

several different migratory species are involved. 

 

Fish Behaviour  

Time of migration 

In any one river system where migratory salmonids, eels and other species are present migration both 

upstream and downstream may be taking place virtually the whole year round. However for any one 

species the intensity of migration will usually follow a seasonal pattern. This will vary depending on 

exactly where in the catchment any obstruction is located, e.g. far up the system or low down it. 

Seasonal patterns can clearly be generalised, but it is important to know migration patterns with some 

precision if passage is to be optimised at any specific location. Migration at some life-stages, 

particularly for spawning and dispersion can occupy quite small windows of time. It is a significant 

advantage when planning passes to know precisely the local situation with respect to timing of 

migration. 

 

Diurnal  

Migration patterns may demonstrate a diurnal rhythm. Examples include salmon smolts migrating 

downstream mostly at night, at least early on in the migration season (later they migrate by day and 

night). Shad migrate during the day since they require strong visual clues to make passage and also 
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prefer to move as a shoal. Adult lampreys tend to move mostly at night, at least in the early part of 

their upstream migration.  

There is conflicting evidence for upstream movements of adult salmon and sea trout, with some 

studies demonstrating peak movement at dusk and dawn, while others have shown peak passage 

during daylight hours. It is likely that movement patterns are changeable being related to other 

environmental variables like tides in estuaries, river discharge and time of the season. For example 

peak movements may occur at dusk or dawn during low river discharges, but during the day when 

river discharge is high. Knowledge of the behaviour of fish in the immediate locality of the intended 

pass is an advantage when planning the facility. 

 

Sexual maturity / condition 

The sexual maturity and condition of the fish will clearly have some effect on the fishes swimming 

ability. The more mature and the lower the condition of the fish the lower its swimming ability is 

likely to be. Behaviour may also change in that it is quite likely that maturing fish will lie further 

downstream of the obstruction and be more reluctant to venture into areas of high velocity. The 

condition of the fish may be affected adversely by injury, disease or parasites. These factors would be 

more likely to play a part the further upstream the fish have moved, and appropriate allowances 

should be made with respect to the demands placed on them in terms of swimming speeds and 

endurance. 

 

Temperature 

Apart from the physiological effects that it has on fish swimming speed, which is covered in more 

detail below, temperature can also act as a trigger for fish migration. The threshold for active 

migration upstream of salmon (at least past obstructions) appears to be around 5 C̄, while for elvers it 

is 6-8 C̄, for small yellow eels around 13-14̄ C, and for many species of coarse fish it is about 9-10̄ C 

(Lucas et al, 1998). Conversely, there may also be upper limits above which fish will not migrate. 

Migratory salmonids will not migrate at temperatures above 21C̄, while coarse fish are unlikely to 

migrate at temperatures over 28C̄. 

 

River flow 

Fish will tend to move in windows of opportunity that will rarely be in a drought or a flood. Coarse 

fish, for example, will be moving upstream to spawn in the spring when flows will usually be within a 

certain range around Annual Daily Flow (ADF). Changes in river flow can act as a stimulus to fish to 

migrate, so that for example salmon will frequently respond to rising river discharges, and also falling 

river discharge following a spate. Fish will arrive at different obstructions at different times of the 

season and under differing hydrological conditions. The conditions in which fish will run may vary 

both with the season and the location in the catchment. The difficulty of passing any particular 

obstruction is likely to vary depending on river discharge.  
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It is important to know the hydrological conditions in which fish are moving so as to define the range 

of operation of any passage facilities. There is no substitute for knowing or establishing the local 

conditions for the specific site where it is intended to provide a pass. However, if information on fish 

migration and flow is not available for the site, then it is suggested that the facility for upstream 

migration should be designed to operate across a flow range from Q90 to Q10 for salmon, Q95 to Q10 for 

sea trout and brown trout, Q50 to Q20 for coarse fish and shad, and Q99 to Q70 for eel. 

If data is available on the local migration pattern and flow then it should be used to define the 

operating limits of any passage facility. If it is available in respect of the specific location so much the 

better. Where the latter is the case a useful way of assessing the data and the `windows of operation` 

is given by Solomon in Fish Pass Technology Training Course (Ed Mann & Aprahamian, 1996). 

 

Swimming performance 

Swimming Speeds 

In the design of any fish pass facility the first question which needs to be considered is what is the 

swimming capability of the fish. Bell (1984) defined three levels of speeds as follows: 

 

Cruising -  a speed that can be maintained for long periods of time (hours). 

Sustained -  a speed that can be maintained for minutes (²200 minutes). 

Burst -  a single effort that is not sustainable (Ó20 seconds). 

 

This is a useful principle that permits swimming ability to be sensibly and simply categorised. 

However it is also useful to modify the definitions a little to include the notion of maximum speed. 

Thus: 

Burst speed is one that can be maintained for Ó20 seconds. 

Maximum speed is a swimming speed that is a single effort that can be sustained only 

momentarily, a single darting movement.  

There will of course be very seamless transition between these categories as demonstrated by the 

generalised Figure 3 (after Clay 1995). Speed attainable is related to endurance: slow speeds can be 

maintained for long periods while the fastest speeds may only be maintained for tens of seconds or 

less. The precise relationship for any one species will be different. 
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Figure 3 Schematic illustration of the swimming speeds of a particular species (After Clay, 

1995). 

 

 

 

 

 

 

 

 

 

 

Fish have two types of muscle fibres, red and white. The red fibres are situated just below the skin and 

cover the main muscle, which consists of white fibres. The red muscles are well vascularised, 

designed for aerobic activity and are used by the fish for cruising. Most of the mass of a fish consists 

of white muscles that are poorly vascularised and have few mitochondria. They are designed for 

anaerobic activity and are used for burst swimming. The length of time the fish can maintain their 

burst speeds is dependent on how quickly their glycogen store becomes exhausted, which is faster at 

higher temperatures. Once the glycogen store is exhausted then it takes a significant period of time, up 

to 24hrs, for it to be restored. 

Temperature also effects the rate at which the muscles contract, with the frequency of contractions 

increasing with increasing temperature (Zhou, 1982), resulting in an increase speed according to the 

formula:- 

U = 0.7L/2t   ......................................................................................... (Wardle, 1975) 

where: 

U = maximum swimming speed (ms
-1
) 

L = length of fish 

t  = muscle twitch contraction time 

and where muscle contraction time (t) is equal to: 

t  = 0.1700L
0.4288 

+ 0.0028logeT - 0.0425L
0.4288 

x LogeT - 0.0077  ....... (Zhou, 1982) (1) 

where  = muscle temperature (̄C). 

Velocity

Time

Cruising Speed

Sustained Speed

Darting or Burst speed
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The length of time the fish can maintain their burst swimming speeds can be determined from the 

equation:- 

 

tm = E / (Pc-Pr)  ..................................................................................... (Beach, 1984) (2) 

 

where: 

 

tm = endurance time (s) 

Pc = Chemical power = 0.9751 x e
-0.00522T

 x U
2.8 

x L
-1.15

  (Zhou, 1982) 

Pr = Power from oxygen uptake (W) = 4.44 x 10.836L
2.964

 

E = Total energy store (J Kg
-1
) = 2790 x 10.836L

2.964
 

 

Using equations 1 and 2, Beach (1984) produced two sets of curves one relating maximum swimming 

speed to fish length and temperature (Figure 4) and the other showing the length of time (i.e. 

endurance) the maximum swimming speed could be maintained in relation to temperature and size 

(Figure 5). These factors were combined by Larinier (1992b) to demonstrate the relationship between 

swimming speed and endurance for different sizes of fish at different temperatures  (Figure 6) . It has 

been assumed in the construction of the graphs that all fish of the same size have the same swimming 

capability.  
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Figure 4 Maximum swimming speed in relation to fish length and temperature (After Beach, 

1984) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Endurance at maximum swimming speeds in relation to fish length and temperature 

(After Beach, 1984) 
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Figure 6 Swimming speed and endurance for different sizes of fish at different temperatures 

(After Larinier, 1992b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Maximum swimming distance attainable at different water velocities and temperatures 

for two lengths of salmonid (After Larinier, 1992b) 
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The estimates of swimming performance, which were reported by Beach (1984) were determined 

from tail-beat frequency and the physiological relationship with temperature but relates to maximum 

swimming speed.  These estimates are theoretical rather than empirical, but nevertheless the useful 

relationships derived are widely used to provide the criteria for designing passes for migratory 

salmonids, including salmon, sea trout and brown trout. Given the nature of the data it is sensible, 

when considering the capacity of fish to manage the hydraulic conditions in any particular facility, to 

allow a healthy margin of tolerance. Thus, in pool passes the traverse velocities should be well inside 

the maximum swimming ability and preferably nearer burst speed, while the resting pool areas should 

generally have velocities within the sustained or cruising capability of the fish. In passes where fish 

have to swim a considerable distance, such as baffled type fishways, then the mean water velocities 

should not usually be higher than the burst speed of the fish. Alternatively fish should be able to swim 

a net distance some two to three times the length of the flight of pass proposed between resting areas. 

Laboratory studies on burst and endurance swimming speeds for some UK species including barbel, 

bream, brown trout, chub, dace, eel & elver, grayling, roach, smelt and twaite shad have been 

completed in recent years (Clough & Turnpenny, 2001; Turnpenny, Blay, Carron & Clough, 2001; 

Clough, Lee-Elliott, Turnpenny, Holden, & Hinks 2004a & b; Clough, Le-Elliott, Holden, & 

Turnpenny, 2003; Clough, Le-Elliott, Holden, & Turnpenny, 2004; Clough, Oô Keefffe, & Holden, 

2004; Watkins, Liney, & Turnpenny, 2007; and OôKeeffe & Clarke, 2008). Some typical results are 

given in Table 2 below. Swimming speeds of eel are low particularly in relation to body length, 

probably because these anguilliform shaped fish lack the caudal fin of carangiforms and therefore 

cannot generate the same momentum. 

 

Table 2 Examples of Swimming speeds for some UK fish of 15cms fork length at 10̄C and eel of 

30cms at 15°C (SWIMIT version3_3 Nov 2006) 

 

Species 

Mean Burst Speed Median Sustained Speed 90%ile Sustained Speed 

ms
-1
 bls

-1
 ms

-1
 bls

-1
 ms

-1
 bls

-1
 

Roach 1.27 8.46 0.70 4.67 0.45 3.00 

Dace 1.35 9.00 0.58 3.87 0.48 3.20 

Chub 1.30 8.67 0.93 6.20 0.53 3.53 

Trout 1.35 9.00 1.17 7.80 0.81 5.40 

Eel 1.14 3.80 0.25 0.83 0.11 0.37 
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Data from these empirical studies have been used to generate models for the swimming performance 

of these species, and these are presented in the program SWIMITversion3_3 Nov06.  The program 

estimates the burst swimming speed and endurance time as well as the sustained swimming speed (i.e. 

that speed which can be maintained for >200min), dependent on fish size and temperature. The 

program also allows the operator to select that proportion of the population that can maintain a certain 

sustained speed. For example it is possible to estimate the speed that can be obtained by 50% of the 

population (i.e. the median speed), or say 80 or 90% (i.e. percentiles) whatever is desired. This has 

obvious benefits when looking at the implications of different designs, but essentially it facilitates an 

approach that permits designs to be produced that we can be more confident will cater for the majority 

of the population, rather than an average one. In addition it is also possible to calculate how long the 

fish can maintain their burst swimming speed in relation to water velocity. For more information see 

the series of Environment Agency R&D reports referenced above. 

It must be recognised that while empirical data, the swim speeds have been compartmentalised in the 

sense of creating discrete windows or periods of time in which any described speed can be sustained. 

Clearly, actual performance of speed and endurance has a continuously inverse relationship. In 

particular the Critical Burst Speed (CBB) methodology used for swimming speed trials in laboratory 

conditions probably provides a conservative estimate of the actual ability of fish in the wild. For 

example, migratory fish are often forced to swim at speeds that are greater than their maximum 

sustained speed (defined as sutainable for 20 seconds), can volitionally sustain faster speeds for short 

durations, and can change gait to maximise distance travelled against a particular water velocity 

(Peake 1998, Castros-Santos 2005). Nevertheless, the swim speeds generated by SWIMIT for 

example, provide robust guidelines for designing fish passage mitigation devices in most cases. 

Preceding the work by Clough et al, 2003 there was very limited information about the swimming 

ability and endurance of Alosa alosa and Alosa fallax.  Litaudon (1985) estimated that the burst 

swimming speed of Alosa alosa ranged from 3.1 ms-1 to 4.7 ms-1 at temperatures of 16 to 17
°
C.  At 

these temperatures the fish could maintain such speed for approximately 6.5s.  The maximum speed 

was estimated at between 4.1 ms-1 and 6.1ms-1, but could only be sustained for a few seconds. Table 

3 summarises the swimming capabilities of shad measuring 0.30 to 0.50 m in length (Larinier, 1996), 

and Table 4 gives some examples of swimming capability of Alosa fallax from SWIMIT 

version3_3Nov06. 

Table 3 Swimming capabilities of shad (0.30 to 0.50 m in length) from Larinier (1996). 

 

Temperature 

(
o
C) 

Maximum speed (ms
-1
) Endurance at maximum speed 

(sec) 

Cruising speed (ms
-1
) 

10 2.75 ï 3.30 15 ï 60 

0.8 ï 1.5 15 3.50 ï 4.30 10 ï 25 

20 4.40 ï 5.40   5 ï 10  
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Table 4 Examples of swimming speed of shad (Alosa fallax) at 15 -20°C from SWIMITversion 

3_3 Nov06 

 

Size (cms) Mean Burst Speed ms
-1 

Median Sustained 

Speed ms
-1 

90%ile Sustained 

Speed ms
-1 

30 1.52 0.44 0.35 

40 2.06 0.59 0.47 

 

There is not a great deal of swimming performance data available for the anguilliform lampreys. 

Huun and Young (1980) reviewed the literature and noted that adult sea lamprey were capable of 

burst speeds up to 3.9ms
-1
 that could be maintained for a few seconds. It might be expected that the 

smaller river lampreys would more than likely only attain about half of this burst speed. However, in 

the specific case of lamprey what may be more important to successful passage at obstructions may be 

their ability and behaviour in using their suckers (see later section on lamprey passage). 

Swimming performance can depend on the prevailing environmental conditions. The level of 

dissolved oxygen can affect prolonged and sustained swimming speed since these depend on using the 

red muscles aerobically. Once oxygen levels are below a certain threshold level swimming 

performance declines rapidly. Above the threshold concentration of dissolved oxygen level does not 

limit swimming performance. Beamish (1978) showed that the sustained swimming speed of Atlantic 

salmon (@15̄C) was lower at 4mgl
-1
 at approximately 50cms

-1
 than at 5mgl

-1
 when the fish could 

swim at nearly 80 cms
-1
.  

Similarly, pollutants can cause a reduction in swimming performance. Carling & Dobson (1992) 

reported that a change in swimming behaviour occurred at concentrations of toxicants of less than 

16% of the average concentration that caused mortality. The presence of parasites may also reduce 

swimming performance (Sprengel & Luchtenberg, 1991) although clearly it is difficult to take any 

account of this in pass design. 

It is important not only to ensure that the water velocity is within the swimming capability of the fish 

but that the fish can migrate the distance required before becoming exhausted. The distance a fish can 

migrate can be calculated as follows:-  

D = (U-V)/tm  ....................................................................................... (3) 

where:-  

D = distance travelled (m) 

U = maximum swimming speed of the fish 

V = water velocity (ms
-1
) 

tm = endurance time (secs) 
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As swimming performance is dependent on temperature such estimates need to be made for the range 

of temperatures the migrating fish might experience. Examples of the distances that might be covered 

by relatively small salmonids of two different size is shown in  Figure 7 (After Larinier, 1992b). 

 

Some Simple Swimming Speed Criteria for Fish Passes 

While more detailed consideration can be given to specific species and sizes of fish using the various 

sources outlined above to match to the individual site, some general guidelines can be provided. Table 

4 below gives some guidelines for maximum water velocities and head drops in pool passes, and 

mean water velocities and maximum flight lengths in baffle fishways. 

 

Table 4 Some simple guidelines for basic parameters of pool, and baffle, fish passes 

 

Pass Parameters 

SPECIES 

Coarse fish Brown trout Sea trout Salmon 

POOL 

PASS 

Max 

Vel  

(ms
-1
) 

1.4-2.0 1.7-2.4 2.4-3.0 3.0-3.4 

Head 

drop 

(m) 

0.1-0.2 0.15-0.3 0.3-0.45 0.45-0.6* 

BAFFLED 
PASS 

Mean 

Vel 

( ms
-1
) 

1.1-1.3 1.2-1.6 1.3-2.0 1.3-2.0 

Length 

(m) 
8-10 8-10 10-12 10-12 

 

 

*It would only be in exceptional circumstances that a head drop of >0.45m would be used, for 

example for a pre-barrage or else a single jump amongst many others. 

 

Location and Attraction 

There are many different types of fishway which are known to provide hydraulic conditions that fish 

can pass through readily. Several of these are outlined in this manual. However, in many respects the 
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most significant problem in passing fish, either upstream or downstream, is that of attracting the fish 

into the fish pass facility.  For species such as migratory salmonids where it is necessary to provide 

passage for all fish waiting to move upstream (which can be the whole or a significant part of the 

migrating population) this is clearly an onerous requirement.  For species such as coarse fish it may be 

acceptable for only a proportion of fish to move upstream and location and attraction is less critical.  

The reader is directed to the excellent description of the factors applying to the location and 

attractivity of fish passes is given by Larinier, 2002 in Chapter 4 of the BFPP supplement on 

Fishways.  This concisey examines factore influencing choice of location of fishawys and the 

hydraulic coditions required at the fish pass entrance(s). 

 

Choice of Location at an Obstruction 

Fishways should be located where migrating fish are observed either to congregate, or else attempt to 

pass, when actively trying to move upstream. The observation may be direct visual means or else by 

means of a monitoring study employing, for example, radio-tracking or acoustic tracking techniques. 

The value of such information cannot be over-stated and every effort should be made to collect it 

before committing to pass design. This should be possible where a migratory population is present but 

is clearly not possible when one is not, eg. in a river subject to a restoration programme, or when a 

new obstruction is being constructed. In the latter case the experience of the fishway designer has to 

be relied upon. 

The general principle i.e. best practice should be to locate the entrance to the fishway at the most 

upstream point which migrators can reach at an obstruction since this is where they will tend to move 

too.  The topography of a pool might suggest where holding areas or approach locations may be. In 

some cases the topography might be altered by using rip-rap etc to create shallower areas that deflect 

approaching fish into correspondingly deeper areas that lead them to the fish pass entrance(s). 

A location near one or other banks should be favoured since this is where many species tend to 

migrate and especially salmonids and shad.  Generally location at the bank also facilitates monitoring 

and maintenance of the facility.  In some cases, particularly on large watercourses consideration may 

need to be given to installing facilities on both banks.  Mid-river locations should be avoided unless 

this is clearly where fish move to, are led to or attracted by existing configurations which cannot 

easily be changed. Siting of a pass where significant active aggregation of alluvial material is taking 

place, often on the inside of bends, should generally be avoided. 

It is recommended that the entrance to the fishway is not located more than 2m downstream of the 

edge of the barrier unless conditions are such that entrance to the facility is masked by other hydraulic 

conditions e.g. significant turbulence, standing wave.  If the entrance is located too far downstream, 

and especially if it is without sufficient attraction, then fish are unlikely to find it since they will tend 

pass the entrance and congregate immediately below the obstruction. These fish will be reluctant to 

search downstream for an alternative route. In these circumstances the very least that will occour is 

that fish will be delayed, and it will almost certainly reduce the passage rate efficiency of the facility. 

If the entrance has to be well downstream of the obstruction because of site constraints, then this 

should be compensated for, by increasing the attraction flow significantly. 

In the case of low-head hydropower developments the associated fish pass(es) should have entrances 

that are co-located and co-terminus with the turbine discharge, and preferably the pass jet will 

discharge parallel to that from  the turbine outflow.  
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The upstream exit of a pass should not be located where there is a danger of fish being immediately 

swept back downstream. 

If the river bed downstream can be modified to lead fish to the entrance of the pass, or else control 

structures can be managed to lead fish, then this should be taken account of in deciding the fishway 

location. 

 

Flow Conditions at the Entrance 

The jet of water issuing from a fishway must be discernible to the fish amongst all the other 

competing flows and from as far away as possible.  Attractivity will depend on the direction and the 

momentum (discharge x velocity) of the pass entrance jet. The greater the momentum of the jet the 

further the entrance jet penetrates the tailwater and the more attractive is the fish pass (Larinier, 2002 

c). Exit velocity must be in excess of 1ms
-1
 for all species and preferably be of the order of 2-2.4ms

-1
 

for large salmonids (corresponding to head drops of 0.2 ï 0.3m).  In order to maintain a high velocity 

the occurrence of hydraulic jumps must be avoided since this will dissipate the energy. Where a pass 

entrance is located competing with the flow from low-head hydro turbines the velocity of the pass jet 

should be at least twice that of the turbine outflow. 

Care should be taken to avoiding the attraction jet from a fishway being masked by cross-flows or by 

injecting it into an area of high turbulence.  Every effort should be made to align the jet issuing from 

the fishway with the other local velocity lines.  It is also good practice to avoid a situation where the 

issuing jet is not in the vicinity of a re-circulation eddy where fish may take up orientations which do 

not facilitate their finding the entrance. 

Given a choice in the construction of a new structure, or refurbishment of an old one, it is better to 

have overshot water-control structures adjacent to the fishway rather than under-shot ones. Radial 

gates or double-leaf sluice gates that drop a little to permit fine control are far better than bottom-only 

opening gates. This is because the high velocity jets that issue from such structures at low to medium 

river discharges is both highly attractive to fish, and impassable. They thus draw fish away from the 

fishway, to areas where they have no hope of passing. While there will be a limit to the period of the 

river hydrograph over which over-shot conditions can be maintained, it is likely that it will include the 

whole or the greater part of the migration window of flow. The overshot condition can attract fish 

because of the noise it generates but the velocity away from the structure is low and does not compete 

unduly with the exit jet from the fishway. 

 

Discharge from the Fishway 

Deciding upon the discharge through a fishway is not an easy or clear-cut decision.  Clearly a major 

part of the attraction to the facility is the volume of flow and the larger the proportion of flow in the 

fishway compared to that in the watercourse, the better. Where fish passes are not positioned 

optimally then much greater discharges may be required to compensate and maintain pass efficiency.  

The problem of deciding just how much flow is exacerbated on large watercourses of tens m
3
s

-1
 

because of the increasing size and cost of the facilities involved. 

French guidelines for larger (>100 m
3
s

-1
) watercourses are for the fishway to take between 1-5% of 

the competing flow at the obstruction, during the migration period (Larinier, 1992c). On some of the 

large French rivers such as the Garonne and Dordogne with discharges of several hundred cumecs, 

attraction flows are taken of about 10% of minimum flow, equating to around 1 ï 1.5% of highest 
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design flow (twice ADF)(Larinier, 2002c). In the  western USA with recommended design pass flows 

are taken as 5 ï 10% of  ódesign high flowô, where design high flow is taken as that flow exceeded for 

5% of the time during the migration season (NMFS, 2008). In practice the Columbia River Dams, 

with discharges around 3,500 ï 5,000 cumecs, usually have around 3% of design high flow. For 

example, the Bonneville Dam has a pass attraction flow split between several entrances of nearly 

350cumecs (J. Williams, pers com). 

On watercourses in England & Wales a minimum target discharge of 5% of annual daily flow (ADF) 

is recommended, and if possible considerably more (²10%), in order to provide a sensible size of 

fishway with good attraction. Ten per cent or more of ADF is generally achievable on rivers with an 

ADF less than about 15m
3
s

-1
. Some types of pass, eg. super-active baffle type, lend themselves to 

situations where a large attraction flow can be provided.  However, there can be no prescriptive 

definition of discharge because the range of flow hydrographs in different types of watercourse is very 

variable. In addition there may be other significant constraints and competing factors, e.g. space, 

navigation, water abstraction etc. It is critical that flows during the known migration period of the 

target species are taken into account. 

Where hydropower facilities are being developed on obstructions the discharge from the hydro may 

attract migrating fish to the area where the turbine discharge is situated. Here it is recommended that 

pass discharge (at Hands off Flow, HoF) is between 5 ï 10% of maximum turbine discharge, the 

larger % applying at smaller facilities and those where the location of the fish pass entrance does not 

follow best practice and is not optimally located. 

Where constraints mean that insufficient attraction flow can be accommodated in the pass itself, then 

the provision of auxiliary attraction flow should be considered. This might be discharged immediately 

adjacent to the pass, but is better discharged in to the final pool or fishway entrance after appropriate 

dissipation of energy. 

 

Fish Pass Selection Matrix 

The fish pass selection matrix provides a simple method by which some initial criteria can be used to 

reduce the number of fish pass types that could be considered for a particular site. These criteria have 

been broken down into five features that generally have the greatest influence in the selection of 

suitable fish pass designs. It should be stressed that this method can only form a starting point in the 

iteration process towards the goal of an optimal design. The process does not however take account of 

cost and in reality a number of designs may be equally suitable for a given site. 

The five main criteria are listed in the leftmost column. They comprise fish species category, fish pass 

slope, the resilience of the fish pass to debris, the capacity of the fish pass to operate under conditions 

of high bed load, and the ability of the fish pass to function under a range of upstream water level. 

Fish species category groups species by their ability to overcome the challenge of high water 

velocities, or sometimes the ability to leap. It also takes into account some factors such as the likely 

size of the fish as for example adult chub would be considered high performance coarse fish but adult 

dace are generally too small to fall into this category. Lampreys are not particularly fast swimmers but 

have the ability to rest by attaching to fixed objects. 
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The slope of the structure is important for two reasons. The first is that some pass designs will only 

operate over a small range of slopes. The second is that most fish pass projects are spatially confined 

in some way, and this often precludes the use of some types of pass.  

Many rivers carry substantial amounts of debris due to the nature of the catchment and the hydrology 

of the catchment. In some catchments the proximity of a supermarket is as important as the area 

covered by forest in terms of the amount of debris the fish pass is challenged by. Some fish passes are 

much more resilient to debris than others. 

For some rivers the resilience to bed load movements could be a major factor influencing the final 

design. For example, some pool and traverse passes have been known to fill up with gravel where 

they have been built on rivers with a high bed-load movement. In contrast, side baffle Denil fish 

passes do not have bottom baffles, and therefore do not accumulate bed material. 

Under many circumstances the range in upstream water level limits the choice of fish pass. The super 

active baffled pass is an excellent fish pass in many respects but is limited in the range of upstream 

water levels that can be accommodated before the pass is drowned. In contrast, the side baffle Denil 

pass requires fish of relatively high swimming performance but can accommodate a large range in 

upstream water level whilst remaining operative. 

A simple procedure is included below in a selection matrix. 
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Fish Pass Selection Matrix 

Pool Fishways Baffled Fishways Notes
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Species Salmonid sp. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y ND= NO DATA AVAILABLE

Hi perf coarse sp. Y Y Y Y Y ND ND Y Y Y Y ND Y Y n n

Lo perf coarse sp. n Y Y n Y ND ND Y Y n n ND n Y n n

Alosa sp. n Y Y n Y Y ND Y Y n n ND n Y n n

Eel sp. n n Y n n n ND Y Y n n ND n n n n

Slope <5% Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Excludes resting pools in the case of baffled fishways

>5%<10% Y Y Y Y n Y Y Y Y Y Y Y Y Y Y Y

>10%<20% n n Y n n n n n Y Y Y Y Y Y Y Y

>20%<25% n n n n n n n n n Y Y n Y n n Y

>25% n n n n n n n n n Y n n n n n n

Debris resilience High n n n n Y n n Y Y n n n n Y Y n Relates to basic properties of the pass type 

Bed Load Capacity High n n n n n n n Y n n n n n n n Y Some passes can clog with gravel etc.

Range in upstream head capacity Large n n Y n n n n Y n Y n n n n n Y

Total

Operation of fish pass selection matrix

Step

A Photocopy the matrix sheet

B On the copy use a highlighter pen to select the important rows for the desired installation

EG. High light the Salmonid and Alosa sp. rows along with the range in upst. head capacity

C For each fish pass column add all of the highlighted cells with a Y in them and place the numerical result in the Total row for that column

D The highest scoring fish passes should be good options with which to start actual calculations for the site
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FISH PASS TYPES 

There are many different types of fish pass, which are generally variations on the themes of steps, 

slopes or lifts. The `step` approach involves splitting the height to be passed into a series of small 

drops with various forms of traverse separating resting pools. The `slope` approach involves spilling 

water down relatively steep slopes where various forms of baffles are used to dissipate energy and 

slow down the water velocity. Lifts involve attracting fish into confined spaces and then lifting them 

either mechanically or hydraulically and depositing them upstream. 

To these can be added diversion or by-pass channels that may vary from the totally artificial to the 

`natural stream-mimicking` type, and many forms of `easement`.  

In England and Wales the vast majority of fish passes are installed in `low-head` situations and this 

has tended to limit the type of passes considered. In recent years the range of passes being used has 

begun to expand. For completeness most types are covered in this section, although some are rarely if 

ever used. 

 

Pool Passes 

General 

Pool passes are perhaps the oldest type of pass in use. They are generally applicable for most fish 

species, are extensively used throughout the world and in most cases require low maintenance. They 

can frequently change direction, even very sharply, and therefore may be integrated into some 

locations much more easily than some other types of pass. 

Pool and traverse fish passes largely fall into two categories distinguished by the type of flow between 

pools (Figure 8). When the lower pool water level is substantially above the level of the notch 

between the pools (i.e. H2 ²0.5-0.6H1) then the pool pass is of the `streaming flow` type (Larinier, 

1992). Energy is dissipated by large re-circulation eddies in the downstream pool. When the lower 

pool water level is below, or not far above the level of the notch between the pools, then the energy is 

dissipated by turbulent mixing and a hydraulic jump at the bottom of the fall. This type of pass is of 

the `plunging flow` type. The transition between plunging and streaming flow is associated with 

instability and hysteresis. In pool passes with notches the notch flow, particularly at the downstream 

entrance, may in some cases become streaming while the flow over the adjacent overfall may remain 

plunging. 
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Figure 8 Plunging and streaming flow passes (After Larinier, 1992a). 
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The connection between the pools may take one of several forms including simple over-falls, a variety 

of notches, vertical slots, or orifices. There may also be a combination of these. Pool & traverse or 

Pool & Weir passes are not suitable for benthic species such as barbel, which will require a Vertical 

Slot or Orifice pass i.e. with openings extending to the bottom of the cross-walls, to be effective. 

The following guidelines are generally adopted for the head loss between the pools, for the size of the 

traverses, slots and orifices, and for the power density in each pool. These apply to all the major types 

of pool pass detailed below.  

A maximum head loss of 0.3-0.45m for migratory salmonids and non-migratory trout, 0.20-0.30m for 

the more powerful swimming coarse fish (Chub) and shad, and 0.10-0.20m for other cyprinids and 

piscivorous fish. Maximum head drop between pools will generally occur at the minimum design flow 

in the pass, corresponding with the minimum river discharge for which the pass is designed to be 

operational. 

The maximum water velocity occurring in the drop between the pools, which the fish have to `burst` 

or jump through approximates to: 

 

V = (2g DH) 
0.5

  ms
-1
 

  

As a guide this gives the following velocities: 

 

Head Drop (m) Velocity (ms
-1
) 

 0.10 1.4 

 0.15 1.7 

 0.20 2.0 

 0.25 2.2  

 0.30 2.4 

 0.45 3.0 

 0.60 3.4 
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When considering the design of pool passes and the distribution of head drops it is often sensible to 

put a maximum head drop at the fish pass entrance at lower flows, and to distribute smaller head 

drops in the remaining pools. This is because tail-water levels often rise more rapidly than head-water 

levels, which results in reduce head drops, water velocity, and therefore attraction at the pass entrance 

on rising fows. If it facilitates smaller head drops in the remainder of the structure it will also help 

constrain power densities in the pools, resulting in easir passage and an extension of the operational 

window for the pass. 

The traverses (notches, slots etc) in `streaming flow` passes must be at least 0.30-0.40m wide for large 

migratory salmonids, 0.45m for shad, 0.20m for trout and 0.15m for small coarse fish. In `plunging` 

flow passes they should be wider and a minimum of 0.6m is usually taken for large migratory 

salmonids and 0.3m for trout and coarse fish. 

The traverses should usually be a minimum of 300mm thick, with well-rounded nappes in order to 

ensure that flow adheres to its surface. An adherent nappe is important since flow breaking away from 

the traverse and creating an air gap is not conducive to the passage of fish, and especially the smaller 

individuals. Fish are forced to jump and this means that they can easily be dis-orientated. This is a 

particularly important consideration in plunging flow type passes. Thinner walls, with chamfered or 

specially angled shapes may be employed in vertical slot type passes.  

Power densities (strictly power dissipation per unit volume) up to 150-200Wm
-3
 are suitable for 

migratory salmonids dependent on the number of pools and the discharge in the pass. Maximum 

values at the lower end of this range should be used as the number of the pools increases, and for 

smaller passes with modest discharge (<1.0m
3
s

-1
). Power densities of up to 100-150Wm

-3
 are suitable 

for trout, shad, and coarse fish species, but maximum values at the lower end of this range are 

recommended, especially for coarse fish. These recommended maximum power densities should be 

achieved for the smallest pool at the highest discharge for which the pass is designed to operate 

(usually at Q10 river discharge). Pools at sharp turns i.e. approaching 180° in a fishway should 

normally have significantly lower power density values e.g. 100Wm
3
 for large migratory salmonids 

Power density is a measure used to describe the turbulence in a volume of water. It is the potential 

energy per unit time spread throughout a known volume of water in a pool. The potential energy 

entering a pool per second may be calculated using the following formula: 

 

PE = Q . p . g . DH 

Where:  

PE  = the potential energy entering the pool per second 

Q  = the water flow in the fish pass (m
3
s

-1
) 

p  = the density of water (1000kgm
-3
) 

g  = acceleration due to gravity (9.81 ms
-1
) 

DH  = the drop between pools (m) 

      

This has units of energy per unit time, in this instance Joules per second or Watts, a unit of power. To 

calculate the power dissipation or density value this figure is divided by the volume of the receiving 

pool, i.e. the volume of water throughout which the input power is spread or dissipated: 
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   Pv =   PE        

      V 

where 

Pv = the power dissipation per unit volume or power density [Wm
-3
] 

V  = the volume of the receiving pool [m
3
] 

 

Put more simply: 

 

Pv (Wm
-3
)  = 9810 x Q x DH 

 L x W x Dm 

where 

L = length of pool (m) 

W = width of pool (m) 

Dm = mean depth of pool (m) 

 

Pool dimensions for these estimates are applied using the precautionary principle. Guidelines for 

length of pool are 7-12 times the head loss between pools (width of slot in slot fishways, diameter of 

orifice in orifice fishways). The minimum length can be taken as three times the length of the largest 

fish expected to pass. In the case of large migratory salmonids a minimum length of pool 

recommended is 3m. Guidelines for width of pool are set by the length and power density constraints 

but a normal minimum for large migratory salmonids is 2m. The minimum depth must be at least 

twice, and preferably three times, the head drop in plunging flow passes. A minimum depth of 1.2m is 

generally used for large migratory salmonids. For trout and coarse fish the pool sizes may be reduced 

subject to satisfactory power densities being present, however lengths and widths less than 1.8m & 

1.2m respectively and depths less than 0.6m would not normally be satisfactory. 

It should be borne in mind that a failure to dissipate power satisfactorily would lead to the transfer of 

residual power to the next pool, thus creating a tendency for conditions in subsequent pools to worsen 

incrementally.  

A problem that can occasionally occur in long pool passes is a phenomenon known as surge or seiche. 

An oscillating transverse wave or clapotis is formed that can reach a height of several feet. It was 

observed in a long fishway at the McNary Dam on the Columbia River, USA, where after a series of 

tests it was resolved by bevelling the tops of the weirs (Clay, 1995). Clay also describes how a better 

solution for preventing oscillation waves was found by laboratory testing using a combination of 

bevelled crests at each side of a higher centre section, and short wing or stub-walls projecting 

upstream. This is the Ice Harbor type of pool pass described later in this section. This phenomenon 

has been observed in several other locations (Larinier, pers comm), including a long pool pass ï the 

Deep Navigation Cascade- on the R. Taff-Bargoed in South Wales. In the latter case a solution for this 



 

 67 

problem, which occurs at low to medium flows, has yet to be developed but is expected to include the 

provision of stub-walls in some of the pools. 

Pool & Weir or Pool & Traverse 

In Britain pool and traverse passes have typically been based on the plunging type form shown in 

Figure 9, which gives the minimum recommended dimensions for a pass for large migratory 

salmonids, i.e. salmon & most sea trout (Anon, 1942). In the case of populations of smaller sea trout, 

or non-migratory salmonids and coarse fish, there is some potential for reducing these minimum 

dimensions a little. Of course, passes may also be very substantially bigger. 

The notches are effectively designed to provide effective communication and passage between pools 

at low flows. However, they may also serve to constrain flows as river discharge rises if the cross-

wall(s) beside it are increased in height i.e. forming a tall notch, so that as river discharge rises flow in 

the pass is constrained by what can pass the notch width only. When head is allowed to rise on the 

cross-walls as well, then the total pass discharge rises very quickly and power densities soon exceed 

the guidelines. 

Suitable Species: Plunging flow passes, requiring fish to swim in the nappe formed from pool to pool 

are more suited to salmonids, but can be used by coarse fish (except the more benthic 

species)provided that the head difference and energy densities are limited. Streaming flow pool passes 

are essential for shad, and generally more suitable for coarse fish. Pool & Weir or Pool & Traverse 

passes are not particularly suitable for eel or lamprey though they may be adapted to be partly 

effective (see relevant sections on eel & lamprey). 

Head difference: A maximum head loss of 0.3-0.45m for migratory salmonids, 0.20-0.30m for brown 

trout and the more powerful swimming coarse fish (e.g chub,) and shad, and 0.10-0.25m for other 

cyprinids and piscivorous fish. 

Length & Width of pools: Minimum length and width of pools is 3m & 2m respectively for large 

migratory salmonids. Minimum length is 3 x length of largest fish requiring passage for other species. 

Minimum width is 3 x notch width. Notch widths and depths are not generally <0.6m x 0.25m for 

large migratory salmonids, 0.3m x 0.25m for other species. However, the depth of the notch might be 

reduced to say 0.2m where head drops are <0.45m, e.g. 0.3m drop. 

Gradient: Should not exceed 10% but may be further influenced by the pool dimension and power 

density guidelines above. 

Flow: The flow in the minimum sized pass for large migratory salmonids, illustrated in Figure 9, is 

0.13m
3
s

-1
. It may vary substantially. Pass discharge (m

3
s

-1
) in this contracted notch is best estimated 

using the Francis equation (Beach, 1984) Q = 1.84. [b - 0.2h]. h
1.5

 . For the rounded traverse Q = 1.85. 

b. h
1.5

. A more generalised diagram of a Pool & Traverse pass and an equation for estimating flow is 

also given in Figure 8 (After Larinier, 1992a). The coefficient Cd is determined mainly by the 

thickness of the wall and the profile of the notch. Cd may vary from 0.33 for a sharp broad-crested 

weir type to 0.50 for a profile shaped to achieve an adherent nappe (ogee profile). Usually it is near to 

0.40. 

Velocity: 1.4 to 3.0 ms
-1
  

Strengths: Extensively tried and tested, applicable to many species, low maintenance requirements. 
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Weaknesses: The overall slope of this type of pass is generally low at 10-12.5%, thus costs are 

generally high. Generally an inability to cope with large increases in upstream head because total flow 

and thus energy transfer becomes very large very quickly. Can be prone to debris blockage & 

sedimentation where there is movement of large material such as cobble. Not suitable for the more 

benthic coarse fish species such as barbel. 

Figure 9 Schematic diagram of a typical Pool & Traverse fish pass with notched traverse and 

plunging type flow. Dimensions given are the recommended minima for large migratory 

salmonids (After Beach, 1984 & Larinier 1992a). 

Generalised geometric characteristics and discharge equation for a pool and 

traverse pass (downstream pool level lower than invert of the notch)  

(After Larinier, 1992a) 
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Vertical Slot 

Vertical slot fish passes  (Figure 10) consist of a rectangular channel with a sloping floor. Pools are 

formed by partitions between the pool with either one or two vertical slots. A water jet is formed at 

each slot and the energy dissipated in the pool below. Normally a projection is incorporated on the 

upstream edge of the slot, which is considered important to maintain a stable flow through the slot. If 

the flow becomes unstable fish may become disoriented.  

A number of different configurations for single slot passes (Nos 1-7, Figure 12) were model-tested by 

Rajaratnam, Van der Vinne & Katopodis (1986) and they commended the designs 1 & 2 (same 

configuration but with or without a sill). Later, Rajaratnam, Katopodis & Solanki (1992) carried out 

further tests and recommended three designs (Nos 6, 16 & 18, ), for practical use that had good 

overall performance, and the virtue of simplicity of design and construction when compared to the 

earlier configurations. Descriptions of other tried and tested configurations may also be found in R&D 

Note 110 and Larinier (1992a). 

 In single slot passes a small sill of approximately 0.2-0.3m has often been included at the bottom of 

the slot to stabilise and direct the water jet issuing into the pool where its energy is dissipated, and 

also to limit the flow in the fish pass. This is because single slot passes are not as effective as 

dissipating energy as paired slot passes, and because otherwise there is a tendency for the flow to 

direct itself directly from slot to slot down the pass, effectively by-passing the pool. It is particularly 

important to include the sill if the pools are <1.7m deep, or if the head drops are more than the usual 

0.3m. On the other hand, there are advantages for the slot to be full depth with substrates used on the 

bed to ensure roughness and good connectivity for the more benthic and the smaller fish species, and 

also for invertebrates. This latter approach is much more likely where passage is being considered for 

a wide variety of species including potamodromous ones 

Vertical slot passes can be considered to be ubiquitous and cater for a wide variety of species and 

sizes of fish, offering the full range of depth for passage, and are capable of functioning effectively 

across a wide range of water levels. 

The Fitzroy River fishway in Queensland, NE Australia was adapted to pass a wide range of non-

salmonid fish species, some as small as 40-120mm, by reducing the slot width to 0.15m, and the head 

difference between pools to 0.10m (Stuart & Mallen-Cooper, 1999). Slot velocities were around 

1.4ms
-1
 and pool energy dissipation values around 40W/m

3
. Pools were 1.95m long x 1.83m wide x 

1.3m deep. The pass slope was 5%.  

Manipulation of the dimensioning and hydraulic characteristics particularly in terms of energy 

dissipation can modify the performance of these passes (Tarrade, Texier, David, & Larinier, 2008). 

Modifying the length to width ratios of vertical slot passes and introducing energy dissipating devices 

near the slots helped improve energy dissipation and reduce re-circulation eddies, both of which 

features tend to limit the use of passes by small fiss. 

On the Murray River several vertical slot passes have been constructed at 3 ï 5% slopes that pass 

small fish, but at 5% slopes are not effective for fish <100mm, which excludes several species that do 

not grow that big. Recently trials have been conducted to increase the range and size of species using 

such passes by increasing bed and wall roughness, introducing middle sills that partially block the 

vertical slot, and reducing head drops at the entrance (Mallen-Cooper, Zampatti, Stuart & 

Baumgartner, 2008). The wall roughness consisietd a secondary wall at a twenty degree angle to the 
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side-wall, consisting an array of 30cm perforated pipes set at a forty five degree angle in a frame. The 

reduced turbulence resulting from these measures permitted much smaller fish down to 25mm to pass, 

and increased passage rates by up to four times with wall roughness and six to thirteen times for 

middle sills. However, the method was selective with some species still not able to pass.   

It should be borne in mind that adapting such a pass for less able swimmers, or to cater for small fish, 

by reducing head drops between pools can have a significant effect on attraction velocity at the 

downstream entrance ï perhaps greatly reducing attraction for migratory salmonids for example.  

In some cases the bottom of slots has been adapted for species such as lamprey by providing brushes 

on the sill (Laine, Kamula & Hooli, 1998). More recent evidence has shown that adapting slots, by for 

example making them rounded rather than having sharp edges, can improve lamprey passage 

characteristics because lampreys can use their suckers to aid passage (Moser, pers com).  
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Figure 10 Single and paired vertical slot passes (after Larinier, 1992a) 

  

Generalised geometric characteristics and discharge equation  

for a vertical slot pass (After Larinier, 1992a)   


































































































































































































































































































