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James Cook University School of Engineering and Physical Sciences 
Culvert Fishway Planning and Design Guidelines  
Part F – Baffle Fishways for Box Culverts 

1 INTRODUCTION 

Where provisions for fish passage are to be made at box culvert waterway crossings, designers, 
managers and scientists require information on fishway design options for box culverts, and the 
configuration and performance characteristics of fish passage devices such as baffle fishways. 

These Guidelines Part F present the baffle fishway designs for box culverts, and aim to: 

�x identify baffle fishway design options to suit particular hydraulic barriers to fish passage at 
box culverts, and describe relevant culvert fishway configurations and characteristics 

�x outline design concepts and background, and general configuration and performance 
characteristics of baffle type fishways for box culvert and for pipe culverts 

�x outline design concepts, configurations, and performance characteristics for the offset baffle 
fishway and the corner “EL” baffle fishway for box culverts 

�x illustrate baffle fishway design for box culverts through the University Creek Discovery 
Drive and Bruce Highway Corduroy Creek to Tully case study projects 

�x summarise findings of the field prototype and laboratory model testing of the offset baffle 
and corner “EL” baffle fishway designs for box culverts (Appendix F1; Appendix F2) 

The information from Guidelines Part F is used in other parts of these Guidelines to: 

�x guide the selection of fishway devices to meet fish passage requirements for box culverts 
(Part C – Fish Migration Barriers and Fish Passage Options for Road Crossings) 

�x guide the design configurations for fishway facilities in box culvert waterway crossings 
incorporating baffle fishways (Part E – Fish Passage Design: Site Scale) 
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2 FISH MIGRATION BARRIER PROBLEMS AT BOX CULVERTS 

Box culverts are used extensively for waterway drainage crossings in Australia. This ranges from 
narrow track crossings of small streams using single cell culverts less than 2 m wide, 1.2 m high, 
and 4 m long, through to multiple carriageway road crossings of major waterways using multi-
cell culverts up to 30 m wide, 4 m high, and 60 m long. A conventional design approach to 
waterway crossing design with a focus on drainage, transport and utility functions commonly 
leads to fish migration barrier problems for many box culvert structures. An alternative approach 
that provides for fish movement through the crossings can use baffle fishway devices in 
conjunction with other fishway components to overcome fish migration barriers by mitigation of 
impacts for new developments or remediation of barriers through retrofit at existing structures. 

This chapter briefly outlines the common fish migration barrier problems at box culvert 
structures. Illustrations of fish migration barriers and mitigation / remediation design using baffle 
fishway devices are provided in this chapter and in subsequent chapters for the Discovery Drive 
box culvert crossing of University Creek in Townsville (Box F2.1), where the offset baffle and 
corner “EL” baffle prototype fishway designs have been implemented as retrofits (Kapitzke 
2006b; Kapitzke 2007b), and for the Bruce Highway Corduroy Creek to Tully road project (Box 
F2.2), where the corner “EL” baffle fishway has been adopted for priority road-waterway 
crossings on the new road and existing road (Kapitzke 2006a; Kapitzke 2007a).  

Box F2.1: Discovery Drive box culvert crossing of University Creek (Source: Ross 
Kapitzke) 

Box culvert in relatively steep gradient 
stream reach - erosion at outlet (-/06/97) 

High velocity conditions and turbulent flow at 
culvert (-/04/00) 

 
Box F2.2: Multi-cell box culvert crossings of Tully Murray floodplain – existing 

Bruce Highway (Source: Ross Kapitzke) 
  

Box culvert installed in low gradient 
waterway on floodplain (29/09/05) 

Moderate velocity conditions and no water 
surface drop at culvert outlet (24/03/06) 
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Box F2.3: Hydraulic zones and fish migration barriers within Discovery Drive box culvert 
crossing (After: Kapitzke 2006b: Kapitzke 2007b) 

 

Zone A: Downstream channel (subject to fluctuating tailwater – temporarily raised since 2004) 1 

 

�x potential for water surface drop downstream of culvert outlet slab with 
low tailwater conditions in downstream reach 

�x no existing hydraulic barriers in this Zone due to raised tailwater 
conditions downstream 

 

(Photo: 16/01/04; Source: Ross Kapitzke) 

Zone B: Culvert outlet and downstream apron slab 

�xcon05(l)-.6  downstream 

 

(Photo: 16/01/04;  Source: Ross Kapitzke
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3 BAFFLE FISHWAY DESIGNS FOR BOX CULVERTS AND PIPE CULVERTS 

Baffle type fishways are most likely to be used in the culvert barrel or on outlet apron slabs of 
box or pipe culvert waterway structures, and in channelised waterway sections to overcome high 
velocities, shallow water depth, and lack of resting place or shelter that represent barriers to 
upstream fish movement. Baffles are used in the hydraulic design approach to culvert fishways, 
where hydraulic conditions (water depth, velocity, flow patterns) are modified to allow fish to use 
a burst-rest swim pattern to move upstream through the waterway structure. 

Velocity and other hydraulic conditions within the culvert, along with other drainage and utility 
considerations for the structure, determine the appropriate baffle fishway design for the site (e.g. 
offset baffle; corner “EL” baffle). The suitability and effectiveness of baffle type fishways that 
may be used in the culvert barrel or on culvert apron slabs must be considered within the context 
of the overall design requirements and the need to provide for fishway components to overcome 
fish migration barrier problems within each hydraulic zone of the structure (see Guidelines Part 
C – Fish Migration Barriers and Fish Passage Options for Road Crossings). Depending on 
requirements, other fishway components (e.g. ramps) may be used in addition to baffles within 
the various structure zones (e.g. culvert outlet and downstream channel). 

The following sections discuss the design concepts and background, and outline the general 
configuration aspects and hydraulic and fish passage performance characteristics of baffle 
fishways for box culvert and for pipe culvert crossings. This provides the context and underlying 
characteristics for the offset baffle and corner “EL” baffle fishway designs for box culverts (see 
Chapters 4 and 5), and for the baffle fishway designs for pipe culverts (see Guidelines Part G – 
Baffle Fishways for Pipe Culverts). The overall suitability and performance characteristics of the 
offset and corner “EL” baffle fishway designs for box culverts are summarised in Chapter 6. 
Information on prototype development and testing for the Discovery Drive offset baffle and 
corner “EL” baffle fishways for box culverts is included in Appendices F1 and F2. Example 
designs are shown in the drawings for the Bruce Highway Corduroy Creek case study project 
corner “EL” baffle fishways for box culverts, included in Guidelines Part I.  

3.1 Design concepts and background for baffle type culvert fishways 

Baffle fishways provide large scale roughness elements to modify uniform high velocity 
conditions in culverts and simulate natural conditions otherwise provided in streams by 
meandering, pools, riffles, boulders (Katopodis 1977). Baffles comprise plates, blocks, or sills 
attached to the culvert base and/or walls in regular patterns in order to achieve some or all of the 
following (Katopodis 1977; WDFW 2000): 

�x increase boundary roughness and reduce velocity within the fishway channel 
�x act as energy dissipators to reduce the hydraulic energy of the flow 
�x develop flow patterns and direct flow in order to guide fish 
�x create low velocity zones as resting places for fish 
�x alter flow conditions to affect suspension and transport of sediment and debris  

Baffle fishways are suited to new culvert facilities or as retrofits for existing culverts, using 
prefabricated components and assemblies to assist installation. They have been used in various 
forms in North America and Europe since the 1950s (see below), and are still used extensively in 
North America, particularly in the corrugated steel pipe (CSP) culverts. Baffles are often used in 
culverts in North America to collect substrate in order to increase the hydraulic roughness of the 
base of the culvert and simulate a natural stream bed within the culvert. In North America, 
baffled fishways are sometimes recommended only as temporary retrofits due to associated 
hydraulic capacity, cost and maintenance constraints for the prevailing conditions (Bates et al. 
2003; Robison et al 1999).  
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Typical baffle fishway designs for box culverts and pipe culverts include the offset baffle, spoiler 
baffle, side / corner baffle, angle baffle, notch baffle and several types of weir baffle. Whereas 
many of these baffle types have been used in North America and other areas for many years, 
baffle fishway designs for road culverts have rarely been used in Australia. Recent applications in 
Australia include the Discovery Drive offset baffle and corner “EL” baffle prototype fishways for 
box culverts (Kapitzke 2006b; Kapitzke 2007b), the Solander Road offset baffle and corner 
“Quad” baffle prototype fishway for pipe culverts (Kapitzke 2007c), and the Bruce Highway 
Corduroy Creek corner “EL” baffle fishway for box culverts (Kapitzke 2007a). 

History of development and testing of baffle fishways for box culverts and pipe culverts 

1950s �x early culvert fishway designs including the low barrier weir fishway and the alternate barrier 
fishway were unsuccessful (McKinley and Webb 1956) 

�x the offset baffle fishway was developed and tested for Washington State Department of 
Fisheries by McKinley and Webb (1956) for use in box culverts – based on limited model 
testing and an empirical approach with no hydraulic relationships developed 

1960s – 1980s �x offset baffle fishway system most common baffled fishway design adopted by resource 
agencies in western USA and Canada (e.g. USDA Forest Service) 

�x offset baffle fishway used in circular pipes, arch culverts and box culverts, commonly as a 
corrective device rather than as a primary installation (Bryant 1981; Evans and Johnston 
1974; McClellan 1970; Utah Department of Transport, n.d.) 

1970s �x offset baffle fishway for pipes proposed by Gebhards and Fisher (1972) 

�x spoiler baffle fishways and orifice fishway for pipes studied by Watts (1974) 

�x model studies of offset baffle, spoiler baffle and side baffle fishways for pipes conducted for 
McKenzie Highway culverts by Engel (1974) 

�x standard design for offset baffle fishway for pipes developed and tested by Engel (1974) 

�x offset and spoiler baffle fishways for pipes installed in field prototypes (Katopodis 1977) 

1990s �x offset baffle, spoiler baffle and several weir type baffles for pipe culverts tested by 
Rajaratnam and colleagues in hydraulic model laboratory studies (Rajaratnam et al. 1988) 

�x offset baffle and other designs tested in hydraulic model laboratory studies (Larinier 2002a) 

�x weir baffle, notch baffle and corner baffle fishway designs identified for pipe culverts in 
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Box F3.1: General characteristics, configurations and design parameters for baffle fishways for 
box and pipe culverts 

Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Culvert fishway and baffle configuration 
Culvert size and fishway 
width 

�x Katopodis (1981) recommends a minimum pipe diameter of 2.5 m where baffles 
are used in pipe culvert in North America (typically single and double barrel 
culverts subject to ice and large debris loads) 

�x Engel (1974) recommends a minimum diameter or rise for circular and elliptical 
culverts of 2.4 m, with the minimum rise for arch culverts of 1.8 m  

�x Yee and Roelofs (1980) suggest a normal width for a baffle fishway of 1.2 m, 
with a minimum diameter pipe culvert of 1.5 m 

�x Bates et al. (2003) consider baffles to be not appropriate for culverts with less 
than 1.5 m headroom because of requirements for maintenance access  

Culvert slope �x baffle fishway devices are used in culverts with gradients of from less than 
0.5% to 5%, and use on steeper gradients must be considered very carefully 
(Larinier 2002b) 

Geometric configuration �x the geometric characteristics of baffle fishway designs are usually given in 
dimensionless form with all dimensions related to one reference dimension 
(width of fishway channel or height of baffle) 

�x the reference dimension for pipe culverts is the effective fishway width 
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3.3 General hydraulic performance characteristics of baffle type fishways 

Baffle type fishways for culvert barrels can be categorised as either roughness type or pool type, 
according to the hydraulic characteristics of flow around and over the baffle elements. For 
roughness type fishways, baffles or other fishway elements act together to increase roughness and 
dissipate energy continuously along the culvert barrel. In pool type fishways, elements such as 
weirs or baffles represent discrete hydraulic elements that dissipate flow energy and control flow 
in concentrated areas within short pools that are formed between the weirs or baffles. Weir type 
elements are relatively high with plunging flow over them, whereas baffle type elements are 
typically relatively low and spaced closely together with streaming flow over them when 
submerged (Armstrong et al., n.d.; Bates et al. 2003). 

Baffle fishways typically operate as pool type fishways in shallow flow conditions, transitioning 
to roughness type fishways in deeper flow that overtops the baffles. In the pool type mode, 
discharge increases with flow depth, whilst velocity at baffle slots or control points remains 
relatively constant for increasing flow depth up to overtopping flow conditions for the baffles. In 
the roughness type mode, discharge and velocity increase with flow depth. 

A primar 
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Box F3.2: General hydraulic characteristics of flow for baffle fishways for box and pipe culverts 
Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Flow regimes �x culvert fishways are designed to operate under open channel flow conditions, 
where a free surface exists between the water surface and the atmosphere, and 
the culvert functions with inlet or outlet control depending on the discharge, 
culvert slope and roughness, and tailwater level 

Design configuration 
Tailwater conditions �x to avoid adverse hydraulic conditions associated with local acceleration or 

formation of a hydraulic jump in the vicinity of the entrance to a fishway, the 
downstream end of the fishway should be drowned to a depth equivalent to the 
depth of water within the fishway (Armstrong et al., n.d.) 

�x added roughness associated with the baffle type fishways typically raises the 
hydraulic profile through the culvert making it more difficult to match that of 
the downstream channel (Bates et al. 2003), and the increased hydraulic water 
surface drop at the culvert outlet may present a barrier to fish passage 

3.4 General fish passage characteristics of baffle type culvert fishways 

Culvert fishway devices are used to modify the hydraulic conditions of culvert waterway 
structures in order to provide suitable conditions (e.g. velocity, turbulence, flow patterns) for fish 
passage, whilst meeting other design requirements for the culvert such as transport, flow capacity 
and maintenance. Achieving hydraulic conditions that facilitate fish passage up to the fish 
passage design flow for the culvert is a vital aspect of culvert fishway design. Whereas the 
hydraulics of culvert baffles have been studied extensively, limited evaluation of adult or juvenile 
fish passage through baffled culverts has been undertaken (Bates et al. 2003). 

Baffles and other culvert fishway devices are configured to produce one or more of the following 
hydraulic effects to enable upstream fish passage through the culvert waterway: 

�x flow retardation – causing an overall velocity reduction and increased depth due to flow 
resistance associated with three dimensional flow submergence of the fishway elements 

�x fish shelter – reduced velocity on the downstream side of fishway elements 
�x pooling – reduced velocity and increased depth on the upstream side of fishway elements 
�x flow circulation – causing backwater and upstream movement in the two dimensional flow 

within the plane of the fishway baffles 
�x attraction flow – localised high velocity and flow concentration to attract upstream fish 

movement at fishway elements (weirs, slots or baffles) acting as hydraulic controls 

The general fish passage characteristics for baffle type fishways for box culverts and pipe 
culverts that have been so far established from the literature, from the culvert fishway R & D 
program, and from conceptual design evaluation are presented in Box F3.3. This information 
(fish movement behaviour; flow conditions for fish passage; effects of turbulence on fish; design 
configuration) guides the design and application of the offset baffle and corner “EL” baffle 
fishway designs for box culverts (Chapters 4 and 5), and the offset baffle and corner “Quad” 
baffle fishway designs for pipe culverts (Guidelines Part G – Baffle Fishways for Pipe Culverts). 

Box F3.3: General fish passage characteristics for baffle fishways for box and pipe culverts 
Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Fish movement behaviour 
Movement paths and resting 
areas 

�x the velocity field within a culvert fishway, particularly recirculating regions 
within the baffle set, defines movement paths and resting areas for ascending 
fish and the appropriate fishway type for various fish species (Ead et al. 2002) 

�x fish typically use the path of least resistance as they swim upstream, moving 
against leeward flows for the greatest part of the way, using intermittent short 
spurts through jet flow as they pass obstacles, and resting in low velocity zones 
before moving upstream through the jet flow zones (Engel 1974) 
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Box F3.3: General fish passage characteristics for baffle fishways for box and pipe culverts 
Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Design configuration 
Desirable fishway features for 
least delay and energy 
expenditure of fish (McKinley 
and Webb 1956) 

�x fish going from resting areas through high velocity areas to other resting areas 
should enter high velocity areas with as little change in direction as possible 

�x resting areas must be large and well placed to allow plenty of room for numbers 
of fish in each pool 

�x energy dissipation must be complete in each fishway section so that velocities 
remain the same throughout the length of the fish passage device 

�x minimum depth in each section must be controlled so that fish will be 
submerged at all times 

�x the flow pattern must be stable with no objectionable whirlpools, hydraulic 
jumps, standing waves, or other detrimental hydraulic peculiarities 

Fish movement path �x provide a straight clear channel through the entire culvert fishway so that fish 
do not have to swim a curved, tortuous path, and baffles should be arranged so 
that they are straight with no change in cross-section, no curves, no re-entrant 
ends, or other complexities (McKinley and Webb 1956) 

�x provide a continuous alignment of baffle slots or notches along one side of the 
culvert in order to provide an uninterrupted line for fish passage along that side 
rather than forcing fish to alternate from one side to the other and cross the high 
velocity zone of the fishway (Bates et al. 2003) 

Swimming distance and space �x the maximum swimming distance for fish to move against jet currents is equal 
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fishway designs for box culverts (Chapters 4 and 5), and the offset baffle and corner “Quad” 
baffle fishway designs for pipe culverts (Guidelines Part G – Baffle Fishways for Pipe Culverts). 

Box F3.4: General flow conveyance, sediment and maintenance characteristics for baffle fishways 
for box and pipe culverts 

Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Flow conveyance / flow resistance 
Baffle configuration 
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The baffle arrangement provides sheltered resting areas on the side of the fishway downstream of 
the perpendicular baffles, which are maintained for a range of flow depths including emerged and 
submerged baffle conditions. Under shallow flow conditions up to the height of the baffles, the 
offset baffle fishway functions in a similar manner to the vertical slot fishway for weirs, with 
highest velocities occurring in the slots between the baffles, and flow circulating between the 
baffles in the horizontal plane on the culvert base. The offset baffle design is suited to Australian 
situations as, like the vertical slot fishway, the resting pools and local higher velocity conditions 
between these pools allow fish to move in a burst and rest pattern through the fishway. 

Box F4.2: Discovery Drive box culvert prototype offset baffle fishway configuration (Source: 
Kapitzke 2006b) 

 
 
 

 

Discovery Drive culvert section showing 
fishway zones 1 

Offset baffle fishway – Barrel 1 looking downstream 1 

 

Offset Baffle Fishway in Barrel 1 – Plan View 1 
  

 

Offset baffle fishway detail – showing perpendicular and 
oblong baffle arrangements 1 

Offset baffle configuration in relation to fishway 
/ culvert width (After: McKinley and Webb 1956) 

Notes 1 This is a prototype facility in which the baffle fishway devices are constructed to suit adaptation 
and performance evaluation, and which includes provisions for monitoring and access that will 
not normally be incorporated into field installations of culvert fishway facilities 

The offset baffle design used in the Discovery Drive box culvert prototype fishway on University 
Creek in Townsville (Kapitzke 2006b) provides an example of the design configuration for an 
offset baffle fishway facility (Box F4.2). The offset baffle design has also been used on the 
culvert outlet apron slab of the Solander Road prototype fishway on University Creek (Kapitzke 
2007c). These fishway configurations are based directly on, or are adaptations of, the McKinley 
and Webb (1956) design, which defines the geometric characteristics of the baffles (baffle 
spacing, offset arrangement, slot width) relative to the width of the fishway or culvert barrel. The 
Discovery Drive and Solander Road fishways are prototype facilities in which the fishway 

 

Fishway Zone 1A 
Offset Baffle 
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4.2 Hydraulic performance characteristics of offset baffle fishway 

The offset baffle fishway operates as a pool type fishway in shallow flow conditions, 
transitioning to a roughness type fishway in deeper flows that overtop the baffles. The offset 
baffle design demonstrates desirable hydraulic characteristics in relation to fish passage, flow 
continuity, and self-cleaning features for a range of flow depths. For low flow through the 
fishway with emerged baffle conditions, flow continuity and recirculating flow in the horizontal 
plane of the baffle sets not only provide high and low velocity areas for fish sheltering and 
assistance in fish passage, but also enhance hydraulic conveyance, debris passage, and self-
cleaning characteristics for the offset baffle fishway. For higher flows with submerged baffle 
conditions, spiraling flow over the oblong baffle, streaming flow over the perpendicular baffle 
and above the baffle slot, and the open top nature of the offset baffle culvert fishway enhance 
hydraulic conveyance, debris passage, and self-cleaning characteristics. 

McKinley and Webb (1956) found that the offset baffle design was the most suitable fishway for 
box culverts over a range of slope and discharge conditions when evaluated in terms of effective 
energy dissipation, flow depth for fish, path for fish moving upstream from cell to cell, 
availability of resting places for fish, and other adverse hydraulic conditions such as whirlpools, 
jumps and high turbulence.  

The general hydraulic characteristics of flow for the offset baffle fishway for box culverts that 
have been so far established from the literature, from the culvert fishway R & D program, and 
from conceptual design evaluation are presented in Box F4.cflow for 

4 . 2
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Box F4.4: Hydraulic characteristics of flow for offset baffle fishway for box culverts 
Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Velocities – Discovery Drive 
prototype fishway 

�x velocities within the offset baffle fishway zone were consistently less than 
velocities in the adjacent plain culvert zones (up to 1.6 m/s), and flow depths 
were correspondingly greater within the fishway (Kapitzke 2006b) 

�x for flows up to the baffle height of 300 mm, the baffle slot has the maximum 
velocity condition within the baffle fishway zone, typically reaching 0.5 m/s – 
0.7 m/s (Kapitzke 2006b) 

�x a backwater effect with virtually still water is produced downstream of the 
perpendicular baffles, and negative (upstream) velocities are produced in the 
recirculation zone along this side of the fishway (Kapitzke 2006b) �x

� 
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Box F4.5: Fish passage characteristics for offset baffle fishway for box culverts 
Design aspect / parameter Performance characteristic, design consideration, comment and rationale 

Emerged baffle condition 
(flow depth < baffle height) 

�x for flow depths of 200 mm, upstream fish passage of 160 fish / hour was 
achieved through the fishway zone, compared with 15 fish / hour through the 
plain culvert barrels (Kapitzke 2006b) 

�x the relative fish passage effectiveness (fish passage / hour / unit width) for adult 
Plotosid Catfish in the offset baffle fishway was at least 25 times that of the 
adjoining plain culvert barrels, although adversely affected by “supply” of fish 
to the culvert site (Kapitzke 2006b) 

Effects of attraction flow �x the numbers of catfish using the fishway were lower (50 fish / hour) for no flow 
through the adjoining culvert barrel, than fish passage numbers achieved (120 
fish / hour) when flow through the adjoining culvert barrel provided auxiliary 
attraction flow at the fishway entrance / culvert outlet (Kapitzke 2006b) 

Design configuration 
Fishway configuration �x the 30-degree angle for the oblong baffle provides the best configuration (baffle 

spacing, baffle angle, slot location) to ensure sheltered low velocity areas of 
adequate flow depth are provided in line with the high velocity jets through the 






