
Passing Debris and Bed Load

Accommodate Debris by :
Vegetation removal
Pier spacing/shape/orientation
Waterway 
width/contraction/alignment
Culvert inlet/grade

FLOW + DEBRIS + BED MATERIAL

Debris build up and blockage is a major problem at road crossings of rivers and streams.
Any opening of a waterway crossing must pass the (gravel) bed material and floating 
debris that arrives at the site, as well as the flood waters.  The design too often 
concentrates on the flows of water, with debris and bed material passage being 
overlooked.  As part of the design process, the impact of any proposed structure on bed 
material passage and debris collection should be fully considered.
The accumulation of debris depends on the spacing and shape of bridge piers or on the 
culvert inlet structure; the degree of contraction and the evenness of the flow lines into 
and through the crossing structure; and the amount of vegetation and other debris 
generating matter entering the waterway upstream.

Lavenham Bridge Whaka Ahu River



BRIDGES & DEBRIS

CULVERTS & BED LOAD 
ACCUMULATION

Example of the very common collection of tree 
debris on a bridge pier.  The following flood 
may pick up and release this debris, 
depending on how tightly it is jammed into 
the bridge piers.  However, if it is relatively 
fixed in place this debris greatly affects 
eddying and turbulence around the pier, and 
hence local scour.
Such debris should be removed, as part of 
bridge maintenance, when the debris is likely 
to stay in place over a flood event.

Pahiatua Bridge  Mangatainoka River

C M Pipe, SH35 East Cape

C M Pipe, SH35 East Cape
After a severe storm event, with the culvert 
nearly full of gravel bed material, and very 
little apparent flow capacity before overflows 
would occur across the State Highway.
An intensive investigation of options was 
carried out — from whole catchment 
retirement to a replacement bridge.



Hutt Valley

DEBRIS AND BED LOAD
Severe Storm 

Generation of Debris 
and Bed Material

Hutt Valley
Severe storms, with intense localised rainfall 
can break up catchments and break open 
stream waterways, with massive loads of debris 
laden sediment being carried down waterways.
The clean up process should follow guidelines 
based on both risk reduction (to assets) and 
protection of the capacity of channels and 
stormwater systems.  Crossing openings will 
quickly refill with material from upstream, and 
a progressive clearing of the waterway is 
required to regain capacity.  Stormwater 
entrances (catchpits) should not be clean out 
until the collection area is cleaned up, and 
should, in fact, be protected (for example by 
hay bales) while cleaning up is proceeding.  
The constricted entries quickly block, and this 
protects the pipe system from an inflow of 
sediments.  It is very difficult to flush out 
sediments from pipes once it has got into the 
pipe network, and the entry of sediments 
should be guarded against.



CULVERT 
BLOCKED BY 

DEBRIS AND BED 
LOAD

SH35 – East Cape
Culvert

Wash out of a high road embankment, due to the 
blockage of a box culvert and consequential backing 
up of flood waters until they overflowed across the 
road.

Note the debris against the entrance (with a grill) in 
the top photograph, and also the sediments deposited 
upstream when ponding occurred, before the 
overflow and breach of the road embankment.

Note, as well, the minimal safety barrier in position 
across the road, given the hazard of the drop.
A culvert blockage has given rise to an expensive 
repair, and prevented use of the road until repairs 
can be completed.



DEBRIS MANAGEMENT 
– CULVERT INLETS

Debris collection at the flow constrictions of 
culverts can be better managed by using 
deflecting vanes or cages.  Two vanes in front of 
the culvert entrance, as shown at the top, is very 
effective in lifting up larger debris, which will 
not pass through, and they allow easy machine 
cleaning away of the debris.  A deflection cage 
can also be used, but should be well detailed 
with no projecting bits, have an easy top surface 
for cleaning off and upward rise towards the 
entrance.  A set a driven poles can have the same 
effect, but it is harder to remove collected debris 
by machine bucket or grab.

The opening width of a debris grill should be as 
large as possible, to minimise the collection of 
debris on it.  As much as possible, debris able to 
pass through should be allowed to pass through 
the culvert.  The space between grill bars should, 
thus, be no less than half the culvert opening 
dimension.  Cross bars should also be under the 
in-line rising bars, for easy cleaning.

The most important addition — or retro-fit — is a 
secondary inlet as a riser just inside the entrance.  
If the main entrance blocks, flood waters will 
pond and then enter through the riser, which is 
much less likely to block given the ponding
conditions, and hence floatation of the debris.



CULVERTS – INLET EFFICIENCY

Passing Bed Load and Debris

Upstream Fins
Centralised Channel - Inlet Efficiency

The physical model study of the 
culvert nearly full of gravel bed 
material, showed that the material 
in the culvert was rapidly flushed 
out on the rise of flood flows.
However, the efficiency of the 
culvert could be greatly improved 
by the placement of vanes 
upstream of the culvert entrance.  
These vanes maintained a 
centralised channel and improved 
the flow pattern into the culvert.  
This increased flow capacity, 
prevented the build up of 
sediments in front (with the side 
deflection of the stream flow) and 
aligned debris to the culvert 
entrance.
The vanes in essence created a 
long transition.  Their shape and 
positioning was relatively robust, 
but the best position was about 1½
times the culvert opening 
dimension upstream of the 
entrance, and with each vane just 
outside the line of the culvert 
edges.



Double Fins
Bedform

CULVERTS – INLET EFFICIENCY

The bed form after a flood event with the 
vanes in place.  In this case additional vanes 
at the entrance itself were modelled.  They 
were found to be unnecessary.
Note the centralised and well aligned low 
flow channel.  Compare this to the existing 
condition (of slide 104).  This channel form 
re-established itself after each (modelled) 
flood event.

Repeatable
Fins removed and existing wide channel 
re-establishes, then when replaced again 
the central channel re-establishes again

The bed form after a flood event with the vanes 
in place.  In this case additional vanes at the 
entrance itself were modelled.  They were 
found to be unnecessary.
Note the centralised and well aligned low flow 
channel.  Compare this to the existing condition 
(of slide 104).  This channel form re-established 
itself after each (modelled) flood event.


