
Hydraulic Model Calibration  

Marlborough District Council (Brin Williman). It is the Marlborough experinece that the 
hydraulic roughness of a river cannot be accurately assessed  from textbooks. Calibration of 
measured flood flows with recorded flood levels is an important part of hydraulic model 
development.   This document contains hydraulic calibration studies of 3 Marlborough rivers of 
different sizes. These items are excerpts from larger Council  documents.  
 

1. Wairau River – large braided gravel bed river – 1997 analysis 
1.  A study of the hydraulics was carried out for the Wairau River from Tuamarina to Renwick using 

the Mike 11 computer programme and river cross-section survey of 1996 (as far as Jefferies Road), 
and also for 1991 conditions. The 100 year return period design flood is 5,500 m³/sec. 

2.  The model was calibrated against the peak flood levels of two recent 3,000 m³/sec floods of 1993 
and 1994. These floods had extensive flood level data collected over this important 31 km of 
stopbanked river floodway. 

3.  There is a good degree of confidence in these flood sizes. In 1994 a flood gauging was taken at 
close to the flood peak of 2,432 m3/sec, while the 1993 flood had a gauging of 1,178 m3/sec 
somewhat after the peak. Both plotted consistently on the top end of the rating curve.  

4.  The silt and debris levels left after the flood were a reliable measure of flood level at the various 
locations up and down the river.  

5.  It was noted that flood levels varied from one side of the river to the other often by up to 0.6 
metres, and in exceptional cases by more. The side of the river on which the main channel braid 
was on had the higher flood levels.  

6.  There were also step jumps in water level along the river. These jumps coincided with whether the 
flood levels were taken immediately upstream or downstream of groynes. There was build up of 
water level upstream of groynes by typically 0.5 metres due to the stilling of the water there. 

7.  The higher of the water levels were adopted for calibration purposes. This is a conservative 
approach – but also then means that a lesser “freeboard” can be adopted.    

8.  Good calibration was achieved by setting a main channel Mannings n of 0.028 at Tuamarina 
Bridge, increasing steadily and progressively to 0.033 at Selmes Road and constant at this to 
Renwick Bridge. 

9.  The river channel cross-section survey in 1996 showed significant lowering of the river bed since 
1991, especially in areas of strategic gravel extraction over the last five years.  (Upper and lower 
Barnetts, Cravens road, Giffords/Jefferies Road.  This was reflected in calculated flood levels 
typically 0.3 m lower up to Giffords Road between the 1991 and 1996 situations. 

10.  The model has separate networked channels for four berm areas which allow for calculating 
different flood levels on these berms compared to the main channel. 

11.  The model has interesting results for the four separate berm channels that have been modelled; 
berms at McLauchlans and Giffords Road areas on the south bank, and TNL gravel site and Are 
Are Creek areas on the north bank. 
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12.  At McLauchlans only 150 m³/sec is assessed as flowing down the berm with the current high 
training bank blocking flows, with resulting flood levels approximately 1.0 metre lower than the 
main channel. This leads to higher flood levels and velocities against Steadmans area opposite. 

13.  The Giffords Road/Jeffries Road berm is assessed as carrying 600 m³/sec, a relatively small amount 
for this extensive berm with flood levels typically 0.5 m lower than the main channel.  This leads to 
higher flood levels and velocities against Huddlestones stopbank opposite. Replacement of the 
thick natural wattle vegetation with spaced commercial tree planting is desirable to increase flows. 

14.  The model indicates a flood flow of 400 m³/sec on the TNL gravel site berm.  This flow is about 
right for this berm.  It would be considerably more but for the thick vegetation here. This 
emphasises the importance of vegetation in this area to inhibit a major channel forming here; and 
the need to carefully manage any gravel processing area and stockpiling of rejects. 

15.  The Are Are Creek outlet area berm is shown as carrying some 1,200 m³/sec, quite a sizeable 
amount, again about the desired amount and a flow that is constrained by tree growth.  
Management of berm vegetation here is important to prevent reopening of major channels. 

16.  The model shows that at present all stopbanks are higher than the predicted flood levels of the 
relevant adjacent main channel or berm.  However, this is making no allowance for freeboard. An 
extensive degree of further stopbanking is required to bring levels up to adequate freeboard. 

17.  Such stopbank raising should be integrated with shortening and lowering of wing banks at Jefferies 
Road and Wratts Road, and berm shaping works.  Both these works will affect the amount of 
floodwaters on the berms and of flood levels in the main channel and on the berms. 

18.  Further investigation of options of wing bank shortening, berm shaping and spaced tree planting or 
other vegetative control is required.  The hydraulic effects of such works can be modelled to 
quantitatively assess the effect on design flood levels. 

19.  The study has shown insight regarding the rate at which the river adjusts to changes imposed upon 
it. The training works of 25 years ago to deliberately block off a channel braid was with the 
expectation that the  new channel will enlarge by scour, and the old channel  will fill by 
sedimentation.  However, these processes are taking much longer than was originally expected. 
Strategic gravel extraction to speed up enlargement of the (new) channels in the cleared fairway is 
proving very valuable. Conversely berm shaping to fill in old channels on the berms will in some 
areas be worthwhile. 

 

2.Lower Opawa river – very flat graded meandering silt river – 1997 analysis 

 Calibration Floods 
Significant floods occurred in 1989, 1994 and 1996.  These were gauged (at least twice) at 
Hutcheson Street bridge. Peak flood levels were surveyed down the Lower Opawa and Taylor river 
from flood silt levels, and for the 1996 actual flood  water levels were recorded right at the peak of 
the flood. 

The design 100 year return period flood for the Lower Opawa is 170 m3/sec, provided mainly by 
the Taylor from the dam of 105m3/sec, and also tributaries of Doctors and Rifle Range which may 
or may not peak simultaneously. 

The Taylor Dam water level was also recorded enabling a dam outflow hydrograph to be 
determined from the theoretical rating curve. 
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Oblique aerial photography during the flood and ground observations at culverts were used to 
assess Doctors Creek and Rifle Range Creek flood levels and flow estimates and amounts of water 
carried on the Lower Opawa berms. 

 Flood Size Adjustment 

 Table of Peak Flood Flow Measurements and Estimates 

Date Taylor Dam 
Outflow 

Doctors Creek 
tributary (est) 

Rifle Range 
Creek  trib (est) 

Lower Opawa at 
Hutcheson Street 

9/9/89 94 15 3 106 

26/7/94 89 22 6 103 

16/7/96 83 2 .5 79 
 

The discrepancy between the measured flood peak at Hutcheson Street compared to the 
contributing peaks is due to differences in flow timing, channel storage and errors.  The model was 
to show that there was little storage in the Taylor, and only moderately little in Doctors Creek. 

The different timing of the peaks was unknown, though for the 1994 flood visual observation 
indicated the Doctors peak was at the same time as the Taylor dam outflow peak. 

To get agreement with the gauged Hutcheson Street flow the dam outflow was reduced by 5%, 
which suggests that the dam outflow rating is approx 5% high.  Gaugings carried out at 
Meadowbank bridge in a small flood in August 1981 also indicate the dam outflow rating approx 
5% high , the gaugings of 60 and 67 m³/sec being lower than the culvert rating figures of 66 and 68 
m³/sec.   

This will not affect the choice of 105 m³/sec for the design dam outflow. The effect of the outlet 
culvert  rating error  be that  the dam water level will rise up to a metre higher to pass the flow,  but 
that the flow will stay similar. 

 Channel Changes 
Between 1989 and 1994 significant changes were made to the Lower Opawa channel.  Much 
overhanging willow tree removal was carried out between Campbells (15 km upstream) and 
Glovers (11 km upstream).  Berm shaping works in the form of a 40 metre wide flood overflow 
channel across the berm was made at Longbend (8 km upstream) and lesser berm shaping works in 
the vicinity of Campbells. 

These changes considerably changed the hydraulic efficiency between 1989 and 1994.  Much less 
change took place between 1994 and 1996, and the results of these floods can be considered as 
current conditions. 

 Hydraulic Roughness Calibration 
The MIKE 11 model allows each cross-section to be partitioned into as many vertical slices as 
desired and each vertical slice to have an individual Mannings roughness assigned to it.   It also 
allows this roughness value to be changed with water level.  This degree of fine-tuning was found 
to be impractical and  simpler partitioning was used. 

The berm roughness was partitioned separately or assigned to be 3, 2 or 1 times the channel 
roughness, for thick trees down to smooth grass berms respectively.  Impeding low level bridges on 
the Taylor had a berm factor of 2 assigned to them. 
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Calibration adjustment against recorded flood levels was then simply by adjusting the central 
channel Mannings roughness. 

Mannings ‘n’ roughness varied considerably for different reaches of the Lower 
Opawa/Taylor/Doctors Creek channel, being particularly influenced by bank edge overhanging 
willow and other tree vegetation. 

Good calibration agreement for all three floods was achieved in the following river reaches 
distances measured upstream from Opawa mouth. 

Lower Opawa Vernon Lagoons area, 4 km, wider estuarine channel,  n = 0.026 

Lower Opawa Vernon Lagoons to Jeffries, 2.5 km,  progressively 
having more willow trees,  

 
n = 0.038 - 0.050 

Lower Opawa above Campbells, 1.1 km;  and Taylor below Doctors 
Creek confluence, 5.3 km,  smooth sloping grass 
berms,  

 
n = 0.040 

Lower Opawa Campbells to Youngs, 0.8 km, cleared shaped berms 
with occasional trees, 

 
n = 0.045 

Calibration for the 7 km willow tree lined reach of the Lower Opawa from Jeffries to Youngs were 
not so consistent.    

In the 1989 flood an ‘n’ of 0.070 was calibrated for the thick tree overhanging reaches, and of 
0.060 for the less thick reaches.  The reaches of thicker trees were subsequently removed and in the 
1996 flood the Mannings ‘n’ for this reach averaged 0.055.   

Data from the 1994 flood and 1996 flood were used respectively to calibrate Doctors Creek with an 
‘n’ of 0.060 and the Taylor above Doctors confluence of 0.050. 

The separately identified berm channels were assumed to have an ‘n’ of 0.060, typical of rough 
pastoral conditions with occasional trees. 

3 Murphys creek – small urban stream – 2006 analysis 
Murphys creek has a steady spring fed base flow of typically 0.8 m3/sec. Probale future 

stormwater inputs are likely to be approx 1.5 m3/sec. The hydraulic roughness of the creek is 

dominated by aquatic weed growth. This weed growth is partially controlled by annual hand 

scything. 

There are four surveyed water level longsections of Murphys Creek. The June 1957, September 

1998 and December 1998 are all roughly the same and are likely to represent channel 

conditions with a reasonable degree of weed growth. The November 2006 water level 

longsection was surveyed following a very thorough weed clean.  
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The effect of aquatic & riparian weed growth is clearly displayed by the comparison of the 

November 2006 water levels (Fig 3 below) with the other surveyed levels with water levels up to 

1m lower in the reach between Colemans Road and Middle Renwick Road.  

The effect of weed growth on hydraulic roughness has been examined by running a hydraulic 

model of gauged spring flows and comparing the computed water levels with those surveyed.  

To achieve water levels representing the weedy channel condition requires Manning’s ‘n’ 

channel roughness of between 0.15 – 1.5.  This is significantly higher than most standard texts 

recommend..  

The EV1 Building Industry Authority guidelines suggest a Manning’s n of 0.1 for “very weedy 

irregular winding stream with significant overgrown vegetation and debris”. Open Channel 

Hydraulics (Chow) suggests Manning’s n of 0.12 for channels with dense weeds, up to the 

depth of flow with overhanging brush.  

Hydrometry: Principles & Practices (Herschy) discusses examples of heavily weeded channels 

with Manning’s ‘n’ as high as 1.9.   

Following a thorough weed clean the Manning’s ‘n’ roughness figure drops to 0.075, which is 

still hydraulically inefficient.  

A further complication is that Manning’s ‘n’ in natural channels usually varies with stage. There 

are examples in Roughness Characteristics of NZ Rivers (Hicks & Mason) of Manning’s ‘n’ 

increasing or decreasing with stage depending on the relative significance of bed roughness 

and bank vegetation. 

The vertical, horizontal and longitudinal variation in Manning’s ‘n’ can be specified in MIKE 11.  

Due to the uncertainty regarding the effects of weed at higher flows as well as the highly 

variable overhanging vegetation a single Manning’s ‘n’ value has been used for this study.  

Murphys Creek - Manning’s ‘n’ = 0.1 

A Manning’s ‘n’ value of 0.1 represents a main channel maintained in a relatively weed free 

condition with overhanging vegetation and other structures causing some turbulence as the flow 

depth increases.    
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Murphys Creek Hydraulics
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Figure 3. Water Levels for spring flows in Murphys creek. 
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