
5.1.1 Regional Flood Analysis 
 
Marlborough District Council (Brin Williman). This document includes a report and excerpts from 2 
other reports on use of Regional Flood formula to determine design flood flow estimates or to cross 
check flood estimates. It includes updating Marlborough regional flood formula based on more recent 
recorder information.  
 

Subject: Waitohi river (Picton) Flood Review (2004) 

1. Introduction 
The people of Picton live on the floodplains of the Waitohi river and its tributaries.  This river 
poses a risk of flooding. In order to control this flooding risk Council wishes to ensure that these 
rivers are big enough to carry large floods.  A key question following the damaging Feb 2004 
floods is - how large? 

It is only relatively recently in 1991 that legislation has defined that houses should have floor 
levels set above a flood with a 2% chance of occurring annually; or in more common jargon a 1 
in 50 year return period flood.  Prior to that there was no formal legal standard. 

Previous terminology used terms such as “grandfather flood”, and “largest flood hitherto 
observed”.  These were adopted in important situations where the consequences of flooding were 
significant. 

Council has indicated that it is desirable for the Waitohi and Waikawa rivers be capable of 
carrying a 1 in 100 year return period flood through the urban and industrial zoned areas of 
Picton, as it has adopted for the Taylor through Blenheim. 

However the determination of probable flood sizes in a river is imprecise. 

The best method is to have a long term record of water levels at a stable site on the river with 
flow gaugings during many of the flood events.  Such flood gaugings measure the water 
velocity and enable a rating relationship between water level and flow to be determined. 

There is no long term flow record for the Waitohi or Waikawa and flood flow estimation has to be 
by other less accurate means of rainfall, occasional flow observations or (more recently 
developed) regional characteristics. It could be noted that when the Wairau Valley scheme was 
designed 45 years ago the information for flood design was limited mainly to rainfall and 
occasional flood flow observations.  Compared to today’s detailed information the 1960 flood 
assessments were 20% low for the Wairau, 100% too high for the Taylor and 40% too high for the 
Upper Opawa. 

Nor are there long term Picton records of rainfall intensities for urban stormwater runoff 
determination and pipe design. 

This report details the best information we have at present on the flood hydrology. However it 
should be noted that these flood flow estimations for the Waitohi and smaller tributaries will 
still have significant margins of error because of the limited hydrological data available for 
analysis. This situation will continue for the foreseeable future in the Picton area. 
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2. Waitohi River 

2.1 1970 Analysis for Harbour Development 
Prior to 1970 the Waitohi River and Kent Street tributary had a joint estuary virtually from 
Dublin Street northwards. The Picton Borough Council carried out some works on their 
channels to the south to reduce flooding problems. 

The then Marlborough Harbour Board port development in 1970 was to fill this estuary area and 
divert the combined Waitohi and Kent Street tributary through a 300 metre long large triple 
culvert under the proposed wharves.  

The size of flood to be catered for by this wharf culvert was a fundamental parameter. The level 
of the wharves is some 1.5 metres higher than the lower levels of the Dublin Street industrial 
area inland. The industrial area would flood if the wharf culvert was not built large enough. 

The Picton Borough Council retained C C Davidson to act on their behalf to audit the proposals 
of Ian MacAllan and Partners, the consulting engineers for the Marlborough Harbour Board. 
The Catchment Board itself did not get involved although it may well have done under the then 
recent legislation of the Water & Soil Conservation Act 1967. 

Davidson carried out slope area flood flow measurements of the Waitohi and Kent Street rivers 
combined flows of 32 m³/sec (1965) and 71 m³/sec (1966).  The May 1966 was a particularly 
large flood along the east coast of Marlborough. The rainfall records at Koromiko and Picton 
Freezing Works indicated the daily 225 mm rainfall was of a 1 in 20 year return period, from 
which he recommended this flood also be regarded as a 1 in 20 year event.  This then led to 
MacAllan and Davidson agreeing to 80 m³/sec to be a 50 year return period event and to be used 
as the design size for the culvert. 

It should be noted that the correlation between flood flow and rainfall is not exact.  In the 
Marlborough Sounds the rainfall is influenced by hill topography that changes sharply over 
short distances.  Tomlinson (1980) indicates the rainfall frequency recorded at Koromiko is 
some 50% higher than that at the Picton Freezing Works site. Council’s Boons Valley recorder 
installed in 1994 has a record similar to the Freezing Works site.  It is not clear which would be 
the more appropriate for the Waitohi. 

2.2 Waitohi Direct Flood Records 
Council established a water level recorder on the Waitohi following the 1998 flood. However it 
is tidal in all but the largest floods, has had no flood gaugings, and has had problems with 
siltation. The period 1998 to 2003 has also been devoid of significant floods.  Its record 
therefore is of not value. 

K Christensen of Council carried out detailed slope area measurement of the February 2004 
Waitohi flood of 120 m³/sec for the main Waitohi and 10 m³/sec for the Kent Street tributary, 
giving a total of 125 m³/sec to 130 m³/sec depending on the (unknown) degree of coincidence of 
the peaks. 

The July 1998 flood caused significant flooding and clearly was as big or bigger than the May 
1966 flood observed by Davidson. 

Taken overall these direct records indicate three major floods in last 40 years, the least of which 
being assessed as 71 m³/sec.  This is indicative that 71 m³/sec may be approx a 15 year return 
period event; with an implication that a 50 year return period will be in excess of 90 m³/sec. 
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2.3 Regional Flood Analysis 
Flood estimation based on regional hydrological characteristics has been a 1980s initiative 
developed as an alternative and preferred flood estimation method for New Zealand. This 
approach was based on the comprehensive 1975 flood studies review carried out in the United 
Kingdom. 

This resulted in the publication “Flood Frequency in New Zealand”, (McKerchar and Pearson 
1989.) 

This approach relies on defining on a regional basis two flood parameters; the mean annual 
flood () and the ratio between this mean annual flood and the 100 year return period flood, 
Q100. McKerchar and Pearson examined these parameters for all reliable New Zealand flood 
recorder sites greater than seven years data up to 1987. Contours were then drawn defining 
regions where these parameters could be considered the same.  

In effect it means that information from a recorded catchment can be used to estimate flood 
sizes of nearby similar catchments. 

The contour plots are simply printed on one A4 sheet for the whole of the South Island, this 
being indicative of the general level of (in) accuracy.  These regional contour plots are least 
accurate where there are rapid changes in hill topography and/or very few flow recorders. In the 
hilly Marlborough Sounds area there were no flow recorders, and the contour plots are least 
accurate. 

The closest flow recorders were on the Wairoa, Motueka, Pelorus and Collins well to the west 
on the higher, wetter hill country of the Richmond Ranges; or conversely on the Taylor and 
Waihopai rivers in the drier east coast area to the south of the Wairau. 

To directly use McKerchar and Pearson’s work in the Sounds requires extrapolated guestimates 
of the contour plots. 

K Christensen of this office has interpreted a Waitohi value of 106 m³/sec for a 50 year return 
period flood from using the extrapolated guestimate contours of McKerchar and Pearson. 

2.4 Modification of Regional Flood Formuale; Furhter Information 
There is now, in 2004, river flow information from two Sounds rivers, the Kenepuru 29 km² and 
the Rai 210 km² which was not available to McKerchar and Pearson in 1989. The Kenepuru is 
particularly valuable because it is well to the east of Picton and likely to indicate trends across 
the Sounds. 

The Kenepuru water level recorder has been operated by NIWA since 1989 with a concrete 
weir installed to improve its low flow accuracy. Vital flood gaugings were carried out in 1992 
and 1997. There were also seven years of data recorded by the Marlborough Catchment Board 
from 1980-87, but without any flood gaugings taken and without the concrete weir. 

There were some peculiarities about the data and the NIWA methodology of extrapolating a 
flood rating relationship. 

I therefore examined the data in detail and this is reported on in Appendix I, including 
determining a flood frequency plot. 

The result of this examination was that I consider that reasonably reliable results are provided 
by the vital Kenepuru record. 
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The Rai record commenced in 1988 with important flood gaugings in 1997 and 2000. The flood 
rating is presumed correct, and a flood frequency plot was drawn.  

The regional flood parameters (as per McKerchar and Pearson) for these two catchments proved 
to be very similar. These regional parameters are also very much in coincidence with the higher 
rainfall Richmond and Bryant range parameters of the Wairoa, Motueka, Pelorus, and Collins 
rivers further west.  

This indicates that the one pair of regional flood parameters applies for all the Sounds rivers 
(including the Waitohi in Picton ). 

 = 5A.8 and Q100  = 2.4 .  

( is the mean annual flood; Q100 is the 100 year return period flood). 

Applying these formulae to the Waitohi catchment indicates a 100 year flood for the Waitohi of 
121 m³/sec and a 50 year return period flood of 109 m³/sec. 

2.5 Flood Hydrology Summary 
There is a significant margin of error in the calculation of flood flows for the Waitohi River and 
this will continue to be the case for the foreseeable future. 

For the Waitohi River there are several different approaches of estimating flood sizes using 
different pieces of information. This has resulted in credible 50 year return period flood 
estimates ranging from 70 m³/sec to 109 m³/sec.  The higher figures are more substantiated as 
they are based on more and more recent information.  

Furthermore Council’s preferred design flood standard is the 10% larger 1 in 100 year return 
period rather than the Building Act standard of a 50 year return period flood.  The February 
2004 flood of 130 m³/sec is assessed as a 1 in 200 year return period event. 

The preferred design flood figure for the Waitohi is therefore 120 m³/sec and this 100 year 
return period flood would be the required figure for new structures. Given the margin of error of 
the assessment, a pragmatic minimum requirement to upgrade the existing structure is 
recommended as 90 m³/sec. 

 

 

 

Subject: Flood Hydrology Assessment - Awatere River 
Bridge at Seddon (June 2001) 

Brief 
The request for this report arose from a meeting between M Jackson, R Burnett and B Williman on 
26 April regarding the need for a more detailed assessment of the flood hydrology for the proposed 
new bridge over the Awatere River near Seddon and confirmed by e-mail of 27 April. 

This report makes recommendations regarding an estimated 100 year return period flood and also 
comments on the extremely large May 1923 flood experienced at the site. 
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A 100 year return period flood is commonly used in New Zealand as the design parameter for the 
waterway area required to be provided by the bridge’s opening. 

General Description of Awatere River, Marlborough 
The bridge site near Seddon is near the mouth of the Awatere River.  The Awatere River catchment 
has an area above the bridge of 1486 km².  The valley is a long narrow one of 90 km length draining 
predominantly hilly and mountainous country.  (See attached map Fig 1). 

The catchment is in a rain shadow from practically all directions.  Although mountainous it is not on 
the main alpine divide, and is separated by two valley systems of the Acheron and Upper Wairau from 
the main divide.  This puts it in a rain shadow from northwest storms that bring heavy flood conditions 
to Canterbury alpine divide rivers. 

It is also in a rain shadow from the NNW storms that bring heavy rain to its northern neighbour the 
Wairau River.  Again the catchment is two valleys away (Waihopai and Wairau) from the northern 
divide range of the Richmond Range. 

The twin Seaward and Inland Kaikoura ranges provide a rain shadow from easterly streams for most 
of the catchment.  Only the lowest one-third of the catchment is open to such easterly storms. 

This is reflected by rainfall records.  At Molesworth and at Middlehurst  in the upper catchment the 24 
hour five year return period rainfall is only 66 mm (Tomlinson 1980).  Significantly lower daily storm 
rainfalls are only recorded in Central Otago. The 24 hour, five year return period rainfalls for the lower 
catchment near Seddon is typically 110 mm, whereas for the Waihopai catchment to the north a figure 
of 130 mm is typical. 

These 24 hour storm rainfalls are a direct indicator of flood flows. Flood flows per unit area from the 
upper catchment will be substantially less intense than the Waihopai catchment to the north, and 
indeed can be expected to be in the lower end of run-off in New Zealand.  

The Marlborough District Council has made considerable study of the storm patterns that affect the 
flood prone adjacent Wairau River and its tributaries the Waihopai, Omaka and Taylor (Rae & Others 
1987). 
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 Fig 1.  Awatere River location in comparison with other adjacent gauged catchments. 
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The Waihopai (and Wairau) rise in flood through storm rainfalls from the NNW.  The Taylor and Omaka 
Rivers are not affected by such storms. For example in the major 1983 NW storm the Wairau and 
Waihopai were in major flood whereas  the Taylor River had merely a fresh of only half its annual 
average flood size. 

On the other hand the Taylor and Omaka Rivers respond to easterly storms (eg; September 1989) and 
these storms have little effect on the rest of the much larger Wairau (and Waihopai) catchments. 

The Taylor and Omaka are the northern neighbour catchments to the lower Awatere catchment, which is 
one-third of its area .  The lower Awatere catchment, the Taylor and Omaka are all open to, and will 
respond to easterly storms. 

The upper two-thirds of the Awatere will respond to NW and NNW storms, though as explained, with a 
lesser run-off than the Waihopai catchment to the north or the Acheron River to the west. 

River Morphology 
The Awatere is a relatively steep gravel bed river.  In the middle and upper reaches the river is fairly 
narrow, confined and gorgy being contained by hard greywacke hills.  In the lower 20 km the adjacent 
banks are softer papa rock which the river has cut into more and widened to a semi-braided state. 

The road bridges that have been constructed over the Awatere River have been built to a length that 
matches the apparent natural river width at that site.  Thus bridge lengths for the Awatere bridges, 
compared to catchment areas are: 

 Bridge Length Catchment Area 
Near Seddon 255 m 1485 km² 
Near Medway confluence 110 m 1200 km² 
Jordan 70 m 1020 km² 
Awapiri 54 m 987 km² 
 

It can be seen that the Seddon bridge over the braided reach of the river is much longer per unit catchment 
area (and flood flow) than any of the other bridges.   

This is the nature of the natural width of braided and semi-braided rivers common in the South Island 
gravel bed rivers. The braided river width is very wide and even flood flows do not efficiently utilise this 
extra width. 

For several such NZ wide braided rivers it has been found possible to narrow the river and shorten the 
bridge length compared to the apparent “natural” river width. This has been done for the Hokitika River 
(Williman and Crossen 1989) and other rivers. 

It is therefore probable that the Awatere Bridge of Seddon can be safely shortened without increasing the 
hydraulic forces acting on the bridge or upstream and downstream river users (Tranz Rail bridge, other 
riparian landowners). 

Flood Estimation Methodology 
The flood analysis in this report is primarily based on historical records of flood flows recorded at 
hydrological recorder stations on the Awatere and adjacent catchments of the Waihopai, Acheron, Taylor 
and Omaka. These records have been interpreted and adopted to the Awatere at Seddon based on the 
principles set down in the text “Flood Frequency in New Zealand”.  (McKerchar and Pearson 1989). 
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This 1989 text was published by a division of the then DSIR and is recognised as the most authorative 

text on flood estimation for New Zealand. The text analyses all verifiable flow recorder information 

collected by river authorities, government river research agencies and hydro-electric power investigations.  

Many of these recorders commenced around 1960, so that there is now a reliable length of hydrological 

record. 

The text develops the theme that the mean annual flood of a catchment Ǭ is a base parameter on which 
floods of any return period can be estimated.  This was initially proposed in the British document Flood 
Studies Report (National Environmental Research Council 1975). 

The publication “Regional Flood Estimation in New Zealand” (Beable and McKerchar 1982) applied this 
to New Zealand rivers, then later improved and reported by McKerchar and Pearson. 

Both publications contain recommended flood formulae covering all of New Zealand which can be used 
to assess the Awatere at Seddon. 

• Using “Flood Frequency in New Zealand” (McKerchar and Pearson) contour maps of mean 
annual flood and the relevant equations. 

Ǭ= 1.6 x Area 0.8 

=> Ǭ= 517 

and  Q100 = 3 x Ǭ 
=> Q100 = 1500 

• Using “Regional Flood Estimation in New Zealand”  (Beable and McKerchar) flood formulae 
and regional areas. 

Ǭ =  0.964 Area 0.88 
=> Ǭ= 596 
and  Q100 =  2.35 x Ǭ 
=> Q100 = 1400 m³/sec. 

These estimates  imply a Q100 of some 1500 m³/sec.  This should be regarded as indicative, because the 
regional contour maps rely on relatively widely spaced flow information and interpolation between them 
has to be presumed. The mountainous nature of the Awatere area and its rain shadowing effect indicate 
that these flood flow interpolation estimates are likely to err, and on the high side. 

These flood estimates can be improved on by using the principles of the regional flood study but also 
incorporating – 

• Incorporating the flow recorder information from the Awatere at Awapiri which has 22 years of 
record since 1977, and this information was not available for the regional flood studies report. 

• Looking in detail at the extra flow recorder information available from adjacent catchments of the 
Acheron, Waihopai and Taylor each of which now has 40 years of record including some quite large 
floods in the last 12 years since the McKerchar and Pearson’s report. 
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• River observations by the Marlborough District Council. 

• Storm rainfall information. 

Awatere at Awapiri Flow Recorder  
There are 22 years of water level record for the Awatere River at Awapiri, from 1977 to present day, with 
a period of missing record in the 1986 – 1988 (a flood free time).  This is a Marlborough District Council 
recorder site. 

The site is in a narrow rock bound gorge, so that the high stage rating is likely to be stable. 

Nor is the rating curve considered to have been affected by the bridge reconstruction in the late 1980s as 
it did not impose into the waterway and the old bridge abutment was left in place. 

Two high stage flood gaugings have been carried out at above 100 m³/sec, as well as several around 
50 m³/sec.  The highest gauging of 137 m³/sec is to nearly to the size of the annual average flood. The 
rating curve has been extrapolated to the very high flood stage levels by using the approved procedure of 
measured area and extrapolated velocity.  The gauging velocities plot a smooth curve, giving confidence 
in its extrapolation. 

There is reasonable correlation of recorded flood flows with the adjacent catchments of Acheron and 
Waihopai with all catchments showing the July 1983 as the maximum flood on record, and the November 
1994 and July 1998 floods also as being large floods. Clearly all catchments are responding to Northwest 
storm conditions. 

The July 1983 flood is shown as being particularly large at approximately 80 year return period flood size 
for both the Acheron and Waihopai. The Wairau further north experienced a 1 in 150 year return period 
flood (Williman 1995) in this event. 

In this 1983 flood the Awatere at Awapiri bridge and attached recorder were was washed away before the 
full peak of the flood was reached, so that the recorded 324 m³/sec is less than the actual peak. 

An assessment of what the Awapiri would have risen to was made by comparing the timing of its 
hydrograph with that of the Acheron and Waihopai. All three recorders showed a steady increase in flood 
flow during July 9, and from midnight a sudden increase in flood which continued for the Acheron and 
Waihopai till their flood peaks at around 7.00 am.  The Awapiri recorder failed at 2.00 am.  Had it 
similarly continued to rise and peak at around 7.00 am a flood peak of approximately 500 m³/sec would 
have eventuated, some 50% greater than the recorded 2.00 am figure of 324 m³/sec. 

Figure 2 shows a Gumbel flood frequency plot of the Awatere at Awapiri including the indication of the 
July 1983 flood being 500 m³/sec and plotting as position A. The plot indicates that the 100 year return 
period flood to be 460 m³/sec. And the July 1983 flood to be of about that size. 

The mean annual average flood Ǭ for the 22 years of record is 180.2 m³/sec.  In the next paragraph this 
figure is used with an assessed regional multiplier as an alternative method of determining a 100 year 
return period flood.  This method has the advantage that errors in determining the 1983 flood size are then 
spread over 22 years.  

Acheron and Waihopai Records 
There are water level recorders on the Acheron at Clarence of 973 km² and Waihopai at Craiglochart 
744 km² are adjacent catchments to the west and north respectively that receive heavier northwest storm 
rainfalls than the Awatere at Awapiri catchment.  Both recorder sites have over 40 years of reliably 
measured records up to 2001. 
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A flood frequency plot for the Acheron indicates a Q100 value of 1080 m³/sec, Ǭ = 330 and a ratio of Q100 
to Ǭ of 3.27.  For the Waihopai a Q100 of 1120,  Ǭ= 413 is indicated and a Q100 : Ǭ ratio of 2.7. These 
flood runoffs are higher than that for the Awatere, but this is consistent with the storm rainfall figures for 
the catchments.  

 

 

These flood frequency plots use more years of data than that used by McKerchar and Pearson. These later 
Q100: Ǭ ratios are about 13% higher than those assessed by McKerchar and Pearson. 

McKerchar and Pearson contour Q100 to Ǭ value of 3.0 for the Awatere at Awapiri is considered also to 
be 13% low, and a value of 3.40 is preferred.  Applying this 3.40 multiplier to the Ǭ of 180.2 m³/sec gives 
a Q100 value of 610 m³/sec. 

Summary of Awatere at Awapiri Estimate 
The frequency plot indicates a Q100 to be 490 m³/sec and the regional parameter method a Q100 of 
610 m³/sec. 

A figure of 550 m³/sec is recommended as the 100 year return period flood and one that will occur in 
northwest storm conditions,. 

Awatere at Seddon (Northwest Storm Conditions) 
McKerchar and Pearson show that catchment run-of can be adjusted for area based on its exponent to the 
0.8 power.  This presumes that rainfall and other parameters are the same. 

Fig 2:  Flood frequency curve for Awatere at Awapiri.  The July 1983 flood estimate is shown as A. 

A 0.01 “Annual probability greater” is a 1 in 100 year return period flood.
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To adjust the Awatere at Awapiri 987 km² to the Awatere at Seddon 1485 km2 would therefore require to 
be multiplied by 1.38. 

For northwest storm conditions with a 550 m³/sec (Q100) flood occurring at Awapiri, the flood flow at 
Seddon is assessed at 750 m³/sec.  This may be a slight over-estimate as the lower valley is sheltered from 
northwest storm conditions. 

Easterly Storm Conditions 
During easterly storms the lower third of the Awatere valley is exposed to heavy rainfall.   Many 
observations of the flood response of the Taylor, Omaka and Waihopai immediately to the north show 
that the Taylor and Omaka respond to easterly storms, but the Waihopai does not. The location of the 
Awapiri recorder on the Awatere is considered to mark  where there is a  sharp lessening of heavy 
easterly storm rainfall conditions. 

An assessment of easterly storm flood conditions for the Awatere will be made by: 

• Assessing flood run-off from the lower 498 km² of the lower catchment below Awapiri based on 
Taylor and Omaka flood response to the adjacent north. 

• Plus flood run-off from the 987 km² Awatere at Awapiri catchment during known easterly storms. 

Taylor Record 
Some 39 years of flow records are available for the Taylor at Borough Weir, as well as records of flood 
storage in the Taylor detention dam and flood gauging of the Taylor through Blenheim in all major 
storms since 1963, and flood assessments of the tributary of Doctors Creek. 

These have been studied in considerable detail by Marlborough District Council staff and also at times 
consultants in order to confirm the adequacy of the Taylor flood detention dam {eg; (Williman 1993), 
(Connell Wagner 2001), (NIWA 2001)}. 

The outcome of these studies is that at the Borough Weir flow recorder above the dam a 100 year return 
period flow for the Taylor River is 270 m³/sec. This hilly catchment is an area of high storm rainfall.  
Further downstream, tributary inflows  bring the estimated Q100 for the Taylor at Blenheim to 340 
m3/sec, presuming the detention dam not to be in place. The catchment area at Blenheim has an area of 
125 km²,  with the lower tributaries being of a lesser rainfall than the upstream catchment. 

The adjacent Omaka/Fairhall catchment has also been observed, albeit not to the same degree of detail, 
again with pegged flood levels in major floods since 1963.  This catchment of 210 km² is assessed as 
having a Q100 of 540 m³/sec.  (Williman 1993). The flood run-off per unit area to the 0.8 exponent is 
similar for the Taylor as the  Omaka/Fairhall. 

The largest flood recorded in the Taylor since 1960 is the September 1989 flood,  and that for the 
Omaka/Fairhall is in 1966,  in both cases having an assessed return period of 50 years for their respective 
catchments.  The 1994 flood was also large and had about a 20 year return period flood for both 
catchments. 

Lower Awatere Run-off in Easterly Storm Conditions 
The lower Awatere catchment below Awapiri has a catchment area of 498 km².  The catchments of the 
Taylor River at Blenheim, and the lower Awatere have a  similar proportion of hill land and flat land and 
a similar storm rainfall (Tomlinson 1980).  With these two parameters being similar the flood run-off for 
the two catchments can be calculated to be proportional  to their areas to the 0.8 power exponent.  
(McKerchar and Pearson 1989). 
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Taylor Q100 = 340 m³/sec   A = 125 km² A0.8  = 47.6 
Lower Awatere catchment A = 498 km² A0.8 = 143.8 
=> Lower Awatere Q100  = 3.0 x Taylor Q100 

= 1020 m³/sec 

Upper Awatere at Awapiri Easterly Flood Response 
The (Upper) Awatere at Awapiri is relatively sheltered from easterly storm conditions and has a much 
lesser flood run-off. 

Comparison of the Taylor at Borough  Weir record and the Awatere at Awapiri record was made to assess 
a correlation between the two.  For the six largest easterly storms (between 1997 and 2000) the Awapiri 
flood sizes ranged from 45% to 147% of the Taylor at Borough Weir record, and a maximum of  240 
m3/sec in the July 1994 flood.  On average the Awatere at Awapiri is 1.02 times the Taylor at Borough 
Weir. 

The Taylor at Borough Weir has an assessed Q100 of 270m³/sec, thus during a 100 year easterly storm the 
Awatere at Awapiri is forecast to be at 275 m³/sec. 

Recommended Awatere at Seddon Flood Sizes 
During an easterly storm the 100 year return period flood from the lower Awatere is assessed at 
1020 m³/sec, but the contribution  from the upper catchment at Awapiri only 275 m³/sec, giving a total of 
1300 m³/sec. 

In severe  north westerly storm conditions the 100 year return period flood at Awapiri is 550 m³/sec, but 
with limited input from the lower catchment  the total at Seddon downstream is assessed at only 750 
m³/sec. 

1923 Flood 
The May 1923 flood was an extremely large easterly storm that brought severe flooding to South Island 
east coast rivers from Blenheim to Ashburton and caused major damage.  It is reported on in “Floods of 
New Zealand” 1920 – 1953 (Soil Conservation and Rivers Control Council 1957) as the most disastrous 
flood since 1868.  Most major SH 1 bridges north of Rangiora were damaged (Wairau, Kowhai, Hurunui, 
Conway, Ure, Clarence, Hapuka, Kowhai). The Awatere at Seddon bridge withstood the flood but the 
Medway Bridge in the upper Awatere was swept away. 

The flooding in Blenheim from severe from the Taylor, Omaka and Fairhall rivers which were reported to 
be the worst since 1868.  The result of this Blenheim flooding was major river investigations and 
subsequent works of the Fairhall Diversion and Taylor Dam, the design of which was based on these 
1923 flood observations. 

Flood levels were pegged for the Taylor River through/downstream of Blenheim but no actual guagings 
were taken..  These pegged flood levels formed the basis of hydraulic calculations for the approval and 
design of the Taylor detention dam at an assessed flow of 615 m³/sec (Davidson 1960). This estimate was 
revised downward (Davidson 1963) following his detailed flood gauging and flood level pegging of the 
large 1963 Taylor flood.  This subsequent review was the flood size to be less than 70% of the initial 
calculation, thus 430 m³/sec. 

Further detailed hydraulic measurements of the Taylor in flood (Williman 1997) confirm the inefficient 
hydraulic performance of the Taylor/Lower Opawa through and downstream of Blenheim, and that 
Davidsons revised estimate be preffered. 
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This figure of 430 m³/sec the largest Taylor flood in at least the last 130 years, and perhaps over a much 
longer time period.  Thus it has a return period of approximately 1 in 250 years, or alternatively can be 
stated as being 25% larger than the Q100 flood size. 

Applying this to the Awatere bridge at Seddon would indicate the 1923 flood as being 25% larger than 
the Q100  of 1300 m³/sec, ie; equal to 1600 m³/sec. 

1923 Flood Size Calculation from Observed Awatere Levels 
An estimate of flood size is theoretically possible from observed flood levels at a bridge such as the 
Awatere at Seddon. From discussions with local Seddon residents there are memories that the 1923 flood 
“lapped the deck”. 

Such estimates are inaccurate and often considerably over estimate the flow.  The reasons for inaccuracy 
is: 

• The level of the flowing water is poorly measured, and the observed  water level is likely to include 
surface waves or tree debris. Bridge piers have standing waves against them due to the high velocity 
water being brought to a halt against the pier. These waves will be proportional to the square of the 
local velocity. In the Awatere the peak local velocity in the main channel will reach 4.5 m³/sec, and 
the standing wave water levels could reach approximately 1 metre higher than the flowing water 
level.  Floating tree debris can be even higher. 

• The bridge and its piers is likely to have a small constriction effect on the flow; say 0.1 m for the 
Awatere.  

• Where the main channel is on the outside of the bend of braided rivers the recorded flood level can be 
considerably higher than on the inside of the bend.  On the 700 m wide Wairau River differences in 
levels have been recorded in the order of 1 metre.   At the Awatere bridge at Seddon the main channel 
is (and has usually been) on a bend hard on the northern side of the river. A water level difference of 
0.5 metres could be expected across the river. 

• The riverbed level at the date of the flood needs to be known. This can change with time. For the 
Seddon bridge the average riverbed level in 2001 is shown to have lowered 0.7 metre from an average 
level of 51.4 metres as shown on the 1902 bridge plans.  River bed levels between  1902 and 2001 are 
not known.  

• Much of this lowering may be since 1983 as the temporary 1983 bridge piles are now well exposed.  
The lowering could be partly attributable to gravel extraction in the vicinity of the bridge currently 
averaging 5000 m³/year. 

The higher 1902 bed levels will be more applicable to the 1923 situation than today’s bed levels.  In 

1923 the riverbed levels could possibly  have been even higher, as there is evidence that there have 

been occasional (once every 100 years or so) major slumps of the riverside cliffs into the riverbed. A 

slump of over 1 million m³ of material was initiated 14 km upstream in the 1989 storm, though has 

since stabilised – for the time being.  Pulses of sediment could be moving down the Awatere River 

channel with raising and lowering of the bed over time. 
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Bed levels downstream and upstream also affect the hydraulic grade through the bridge waterway.  
These are also unknown for 1923. 

• Verbal anecdotal evidence without photographs or verified survey data is less reliable, especially 
nearly 80 years after the event.  It also should be noted that the deck itself is some half a metre thick. 

Taking these factors into account, hydraulic calculations indicate that the 1923 flood was in the order of 
between 1000 to 3000 m³/sec.  The previous calculated estimate of 1600 m³/sec for the 1923 flood based 
on the Taylor record fits within this 1923 observation estimate. 

Other Local Observations at the Bridge 
Local residents’ memories are that the 1950 and 1963 floods were nearly up to the deck with waves 
reaching the deck.  No photographs or confirmed survey levels are available.   

These two dates are times the Taylor River was recorded as being in a large flood from easterly storm 
conditions. 

This confirms the previous assessment that it is easterly storms that cause major Awatere at Seddon 
floods, and not northwest storm conditions. 

The 1963 flood was measured for the Taylor River at the Borough Weir recorder.  This shows this flood 
to have a 17 year return period for its peak flow.  The flood was high for an unusually long period, and its 
return period in terms of flood volume is 80 years. 

For the larger adjacent Awatere catchment with a larger “time of concentration” the flood peak may have 
been relatively larger, greater than 17 year return period, perhaps in the order of a 50 year return period. 

The previously calculated estimate of 1300 m³/sec for Q100 for the Awatere at Seddon implies a Q50 of 
1150 m³/sec and Q17 of 850 m³/sec.  Again the observations of the floodwater level being nearly up to the 
deck fit are not contradictory with the recommended flood flows. 

Photographs of the July 1983 flood (northwest storm) show it as being relatively small  with the flood 
levels well below the bridge deck.  The earlier assessment of 750 m³/sec in this report places it as having 
a return period of 10 years. 

I am not aware of any reported observations of the large (easterly storm) flood of 1989 which would have 
been greater in size than the July 1983 flood. In 1989 the rainfall intensity in the lower Awatere was 
sufficient to trigger a major slump of the 100 metre high riparian cliffs 14 km upstream. The peak flow 
would have occurred in the darkness of the early hours of the morning and thus may not have been seen 
by anyone. 

Comment on Bridge Flood Standard  
A 100 year return period flood has commonly been used as a suitable design parameter for sizing the 
waterway (width and depth) to be provided by state highway bridges. 

Bridge floodway waterway capacity is a parameter for resource consent as it is of relevance and potential 
concern to other neighbouring river users who may suffer damage as a result of the bridge construction. A 
new bridge should not detrimentally affect other people and their property. The upstream and downstream 
riparian landowners can be affected by a new bridge blocking, diverting or intensifying flood flows.  In 
this case of the Awatere at Seddon, there is a downstream bridge owned by Tranz Rail as well as riparian 
landowners. 
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Regional councils have often adopted a 100 year return period flood as the standard required in a resource 
consent to demonstrate that a new bridge will not detrimentally affect others. 

I believe that a 100 year return period flood is the suitable design parameter for resource consent purposes 
in this situation. 

Sensitivity analysis should also be carried out on the 1600 m3/sec estimate of the 1923 flood; this being 
the largest flood on record.  

The parameter is also of relevance to the bridge designer in assessing structural loading on the bridge and 
its abutments including also the degree to which the bridge may suffer temporary closure.  Transit NZ 
also uses a projected estimate of a 2000 year return period flood for its structural analysis. This is 
obtained by the (less accurate) extrapolation of the Gumbel flood frequency plot from 100 years to 2000 
years.  This extrapolation ratio for the Taylor record is 1.55 and this figure is appropriate for the Awatere 
at Seddon.  A 2000 year return period for the Awatere is therefore suggested as 2000 m3/sec, being 55% 
greater than 1300m3/sec. 

Summary and Conclusions 
The Awatere catchment is in a rain shadow  in its large upper catchment and its flood flows are less than 
adjacent rivers to the north and west. 

Major floods for the Awatere at Seddon are caused by easterly storm conditions predominantly in its 
lower catchment. 

The detailed flood flow record from the Taylor catchment immediately to the north is the best information 
on which to calculate lower Awatere catchment flood flows based on the principles of McKerchar and 
Pearson’s regional flood study. 

The MDC flow  recorder at Awapiri provides good information for the lesser run-off from the upper 
Awatere catchment. 

A 100 year return period flood is recommended as suitable for bridge waterway design and resource 
consent purposes.  This is calculated at 1300 m³/sec. Sensitivity analysis should also be carried out on a 
1600 m³/sec flood being the estimated size of the 1923 flood – the largest on record. 

These recommended flood figures are not inconsistent with less accurate anecdotal observations of flood 
levels at the existing Tranz Rail bridge. 
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Subject; Wairau River Regional Flood Formula Assessment (1992) 
(This is an excerpt of  the paper “Flood Frequency Analysis for the Wairau River Marlborough” 
published in Journal of Hydrology (NZ) Vol 33 No 2 1995. ) 

Regional flood formula were used as a check of the Tuamarina recorder site flood frequency assessment 
for the Wairau river. 
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Regional flood formulae have been proposed by Beable and McKerchar (1982) who have shown that 
within hyrdologically similar regions a flood of recurrence period Qi can be directly related to the mean 

annual flood Q
_

.  The ration of  Qi/Q
_

 varies from hydrological region to region. 

McKerchar and Pearson (1989) have subsequently refined the definition of region by drawing contour 

lines of the Qi/Q
_

 ration.  They demonstrate that the ration of Q100/Q
_

 for the highest rainfall areas of the 
West Coast is less than 1.8, while that for the driest East Coast area exceeded 5. 

Their plot of contour ratios for the Wairau spans the contour lines of 2.5 and 3.0 and is to quite a coarse 
scale.  The available records can be examined in more detail. 

 

Sub 
Catchment 
of Wairau 

Zone 

% of 
Wairau 
Flood 
Flow 

Recorder 
Site 

Length of 
record 
years 

Q
_

 
m³/sec 

Assessed 

Q100/Q
_

 for 
recorder 

Average 

Q100/Q
_

 
ratio for 

zone 

Contribution 

to Q100/Q
_

 for 
Wairau at 
Tuamarina 

Richmond 
Range 
Northbank 

24% Motueka 
Wairoa 
Pelorus 
Collins 

18 
29 
9 
26 

292 
707 
377 
31 

2.72 
2.35 
2.3 
2.84 

2.55 0.61 

Upper 
Wairau 

16% Dip Flat 32 342 2.32 2.32 0.37 

Branch 22% Branch 20 464 2.45 2.45 0.54 

Waihopai 20% Craiglochart 30 430 2.43 2.43 0.49 

Other 
southern 
bank 
tributaries 

18% Waihopai at 
Craiglochart 
Taylor at 
Weir 

30 
 
32 

430 
 
68 

2.43 
 
4.00 

3.0 0.54 

    
Total Q100/Q

_
 for Wairau at 

Tuamarina 

2.55 

The expected ratio of Q100/Q
_

 for the total Wairau from this use of adjacent regional records is thus 2.55.  
Some or all of these records may be no better or even less reliable than for the Wairau at Tuamarina.  
These records could be considered as cross checks of each other.  The Waihopai and Branch water level 
records are both known for significant bed movement at high stages and uncertainty of their major flood 
stage rating relationships. 

It would be expected that the Q100/Q
_

 ratio would increase from the wetter northern Richmond Range area 
to the drier Southern Waihopai subcatchment.  The actual records do not show this, with all the assessed 



Picton Rivers Flood Review 

 
Picton MARLBOROUGH DISTRICT COUNCIL 

Q100/Q
_

 ratios except the hydrologically different Taylor, plotting randomly between 2.3 and 2.8.  This may 
be due to errors in those other regional river records. 

This regional records analysis is certainly adequate to indicate that the expected ratio to be is the range of 
2.45 to 2.7. 

As the Q
_

 for the Wairau at Tuamarina is shown from Section 5 to be 2100 m³/sec, this regional rivers 
analysis check would indicate a Q100  flood as being 2.55 x 2100 = 5350 m³/sec. 
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