
Freeboard/Safety factor 5.1.11 

Marlborough District Council (Brin Williman). This document  is an edited version of a memo 
setting out freeboard adopted for varoius Marlborough rivers. Dec 2009..  
 
 Freeboard 
Background 
The term freeboard is used by river engineers to denote an extra allowance over and above the calculated 
design flood level.  The freeboard allows for the imprecision and uncertainty in determining flood level at 
which a stopbank will overtop and fail. 

Traditionally a freeboard of 900mm (3 foot) was adopted for large rivers and 600 mm (2 foot) for small 
rivers. These were fairly arbitrary figures and may have been imposed across the board irrespective of the 
degree of uncertainty of the input parameters. In fact freeboard should not simply be an arbitrary factor of 
safety, but should be carefully assessed to reflect the uncertainties of the particular river.  

The uncertainty in flood size estimation is obviously a major parameter that freeboard needs to deal with. 
However there are also other parameters of similar importance as is indicated by the fact  that floods of 
the same size, but occurring at different times, often have different flood levels. 

Freeboard amounts adopted for Marlborough rivers range from 0.2 metres to 0.8 metres. The main 
parameters that assessment of freeboard was based are; 

• Design flood size assessment. 

• Flood flow hydraulics and its manner of calculation. 

• Efflux – where the waters velocity head is converted to static head when backing up against a 
groyne. 

• Changes in riverbed levels due to aggradation. 

• River channels being impeded by uncontrolled vegetation. 

• The joint probably of a tributary flood occurring at the same time as a flood in the major river, or 
at high tide. 

• Probable maintenance regime of the stopbanks. 

A greater degree of freeboard has been allowed where there is more uncertainty in these parameters. Less 
freeboard can be allowed where these parameters are known with more certainty. 

Design Flood assessment 
The uncertainties in assessing the design flood relate to - 

• The most accurate measurement is where the river has a water level recorder at the site with a 
long flow record and a reliable high stage rating curve based on actual gauging of flood flows.  

• Less accurate estimates of historical floods are based on informal observations historic flood 
levels at bridges and other locations. 

• Regional flood parameter approach where data from adjacent gauged catchments is used. 
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• The least accurate (for rural rivers) is the use rainfall data in conjunction with simple rainfall  
formulae such as TM 61 or the rational method.  

Efflux 
• Measured flood levels are higher on the upstream side of rock headed groynes (or sharp bends 

etc) where there is fairly still water, compared to the fast flowing water at the tip and just 
downstream of the groyne. A word that has been used for this effect is efflux. Differences of 0.6 
metres have been measured immediately upstream and downstream of rock headed groynes on 
the Wairau river where flood velocities of 4 metres are experienced. The stopbanks upstream of  
such groynes need to be designed for these “higher” levels. The amount of freeboard to be 
allowed for efflux will be related to the square of the river water velocity. 

• Surface waves are similar to efflux, often associated with the flow exceeding Froude number of 
0.5, and similarly freeboard allowance for this is related to water velocity. 

 
Hydraulic Analysis 

• Wide braided rivers are particularly hard to (computer) model hydraulically. The water is not flat 
across the river. Flood levels are usually higher where the main channel is on that side of the 
floodway.  Experience with the Wairau river is that flood levels can be up to 1.5 metres higher on 
one side of the river compared to the other. 

• Narrow gently sloped rivers are more accurate to model. 

• Models which are calibrated with measured flood levels have much more certainty. Hydraulic 
roughness is often underestimated where there is riparian overhanging trees, aquatic weed 
growth, sharp changes in channel direction; and calibration is essential for any confidence. Where 
there is no calibration data a greater degree of uncertainty should be allowed for through 
increased freeboard.  

• The accuracy of hydraulic models will also be influenced by the representativeness of the survey  
cross sections of the river. Again wide braided rivers are more awkward. The more cross sections 
surveyed the more accurate that the model is likely to be. How the survey treats sudden 
narrowings such as rock headed groynes etc is also an issue. 

• Calibration of flood levels taken on the upstream side of groynes will already allow for large 
degree of efflux and will be more conservative. Marlborough rivers flood calibration has been for 
flood levels taken on the upstream side of groynes or on the outside of  bends where the water 
levels are higher. The assessment of hydraulic roughness by this calibration therefore already 
takes into account efflux issues and so does not need extra “freeboard” to allow for efflux. 

Aggradation effects 
• Changes in river bed levels due to aggradation will directly effect flood levels. Where aggradtion 

is known to be happening then an extra freeboard allowance for future aggradtation is warranted. 

Vegetation effects 
• Uncontrolled or partially controlled vegetation in river and channels needs to be allowed for. One 

way to allow for this is by setting a conservative value for hydraulic roughness, another is by 
setting an extra freeboard allowance. 

Joint probability effects 
• The probability of a flood event in a tributary occurring at the same time as the the major river 

into which it is flowing is an uncertainty issue to be dealt with. (or coinciding with high tide 
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levels if it is flowing into the sea). This is probably best dealt with by making an assessment of 
the chance of levels occurring at the same time, rather than a freeboard allowance. 

Stopbank maintenance 
• A freeboard allowance may need to be made to allow for under-height stopbanks due to initial 

construction errors or subsequent deterioration from stock or traffic damage. 
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