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Marlborough District Council (Brin Williman). This document a report assessing the size of the very 
large Picton ( Marlborough Sounds) flood of Feb 2004, and comparing it to theoretcial flood estimates. 
Date March 2004. 
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Report To:  Brin Williman 
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Subject: Waitohi/Waikawa/Graham February 2004 Flood – Post Event Flow Estimates 

1.0 Introduction 

An extremely large, very localised and totally unpredicted rainfall event struck the Marlborough Sounds 

catchments of the Waitohi & Waikawa Streams as well as the Graham River (Whatamango Bay) on the 

morning of 17 February 2004. A detailed report has been completed on the meteorology of the storm (Ede 

M. 2004, Meteorology of the 17 February Storm, MDC unpublished report). The floods in all these rivers 

was greater than any other in human memory. 

There are no water level recorders on these rivers. A major effort was therefore made to assess the size of 

these floods based on observed flood levels taken after the flood. This report summarises the post event 

flood flow analysis and compared to theoretical flood estimates. 

2.0 Waitohi Catchment 

The Waitohi Catchment has the least detailed information in terms of rainfall data but has the best river 

flow data with very accurate flows able to be calculated for the flow over the spillways and crests of 

Barnes & Humphries Dams.  

2.1 Barnes Dam (Q = 46m3/s) 

Barnes Dam was significantly overtopped during the event and was the cause of a precautionary 

evacuation of the low-lying areas of Picton. A post flood inspection revealed a peak reservoir depth of 

0.64m above the dam crest. 
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Figure 1. Barnes Dam at 1pm ~ 31/2hrs after peak flow.  

Hydraulic calculations of flow over the crest and spillway are as follows: 

Q = 1.705bH3/2 

Where: Q = discharge m3/s 

  b = crest width 

  H = reservoir depth above crest 

Dam Crest R.L   96.685m 

Crest width   40m 

Peak Reservoir R.L  97.325m 

Dam Spillway R.L  96.228m 

Spillway width  5.5m 

Sub catchment area 4.4km2 

 

Qcrest = 1.705x40x0.643/2 

      = 35m3/s 

Qspillway = 1.705x5.5x1.0973/2        (N.B  Qspillway capacity = 1.705x5.5x0.4573/2         = 3m3/s) 
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   = 11m3/s  

QBarnesDam = 46m3/s                 

 

2.2 Humphries Dam (Q = 18m3/s) 

The Humphries Dam catchment is only slightly smaller than the Barnes Dam catchment but there was 

significantly less run-off. This is confirmed with comparison of the rainfall radar data provided in the M. 

Ede report. The dam was overtopping for a short period during the morning but the reservoir had dropped 

below the crest by midday. The peak reservoir level was measured from debris lines following the event, 

a depth of 0.4m above the crest was recorded. 

Primary Spillway R.L  10.0m (assumed datum) 

Primary Spillway width  2.7m 

Secondary Spillway R.L   10.3m 

Secondary Spillway width  3m 

Dam Crest R.L   10.8 

Dam Crest width   17.8m 

Peak Reservoir Water Level 11.2m 

Sub catchment area  3.2km2 

Qprimary spillway = 1.705x2.7x1.23/2        (N.B  Qprimary spillway capacity = 1.705x2.7x0.83/2         = 3.3m3/s) 

  = 6m3/s 

Qsecondary spillway = 1.705x3x0.93/2        (N.B  Qsecondary spillway capacity = 1.705x3x0.53/2         = 1.8m3/s) 

  = 4m3/s 

Qcrest = 1.705x17.8x0.43/2       

  =8m3/s   

QHumphries Dam = 18m3/s                

  

2.3 Waitohi Reach Analysis 

A longsection of peak water levels was surveyed from upstream of the Picton Skateboard Park to the 

outlet culvert under the wharf. The reach immediately downstream of the skateboard park extending 

down to the Broadway Bridge was selected for slope area analysis. This reach was selected because of its 

relatively uniform cross section profile as well as it being beyond the influence of backwater effects from 
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the outlet culvert. Also the channel was overtopped on the leftbank downstream of Broadway with 

floodwaters flowing through private property and then into Market St to become pounded behind the 

Dublin St embankment. This reach does not include any inputs from the Kent St Drain system. Six cross 

sections were surveyed over 185m, Manning’s n was estimated to vary between 0.045 for the sections 

upstream of Wairau Road and 0.035 downstream of Wairau Road. A MIKE 11 model was set up to 

determine a discharge that would provide theoretical water levels that matched those surveyed as part of 

the longsection.  A discharge of 120m3/s provides a good match of modelled to actual water level data. 

See figure below. 

Figure 2. Waitohi MIKE11Reach Analysis 

 

2.3.1 Waitohi Sub-Catchment Area Analysis 

The total area of the Waitohi catchment including the Kent St Drain system is 18.1km2. The Kent St 

Drain sub catchment is 4.5km2. The run-off from the combined Barnes Dam/Humphries Dam sub 

catchments (7.6km2) is accurately known from the weir computations above. Storage and routing of peak 

flows through the dam reservoirs as well as the non-uniformity of the rainfall make the derivation of a 

total catchment, area based run-off figure, difficult. Using the area0.8 is recommended practice when 

determining run-off figures based on broader regional characteristics  (Pearson & McKerchar 1989).  

Waitohi 120m3/s Manning's n = 0.045-0.035
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Combined peak flow figures Barnes Dam & Humphries Dam:  

Q = 46m3/s + 18m3/s = 64m3/s  

Q = cA0.8 Where c is a coefficient 

c = Q/A0.8 

     = 64/7.60.8  

  = 12.6 

Using this co-efficient for the sub-catchments not included as part of the Barnes or Humphries Dam or the 

Kent St Drain allows an area based estimate of the flow through the reach where the MIKE 11 analysis 

(see above) was carried out.  

Based on the MIKE 11 model with measured water level data: 

       QWaitohi – MIKE11  = 120m3/s   

Based on calculated dam flows & regional area assessment: 

QWaitohi Dam Flows & Regional   = 64m3/s + 12.6 x (6km2)0.8   = 117m3/s 

This comparison provides a good level of confidence in the flow figures calculated.  

 

2.4 Kent St Drain Sub-catchment (10m3/s)  

No accurate post-event analysis was possible on the Kent St Drain catchment. Rainfall data from the 

Elevation reservoir and Waitohi Domain revealed far lower rainfall depths compared with the Boons 

Valley recorder.  From visual inspection the flows in the open channel at the top end of Scotland St were 

2-3m3/s The 1.600m culvert which takes water from the elevation was likely to have a flow of 4-5m3/s. 

The channel from the Gravesend Place catchment was also likely to have a flow of 1-2m3/s. The peak 

flow in Kent St Drain at the confluence of the Waitohi is estimated to have been approximately 10m3/s.  

These flows didn’t cause any significant problems in themselves within the channel or culvert network 

but the backwater effect that occurred when the Waitohi floodwaters reached the soffit of the main outlet 

culvert did. The specifically designed storage basin of Waitohi Domain was rapidly filled and water 

levels in the Kent St Drain elevated. Water flowed out of low points in the Kent St Drain banking system 

back flowing down Lagoon Rd and into Dublin St where there was ponded water up to 0.7m deep.  

3.0 Waikawa Catchment 

The Waikawa Catchment experienced some of the highest rainfall intensities of the event.  
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The Waikawa Stream spilled out over the Beach Road reserve area and flowed down Beach 

Road. It also spilled over the banks at Captains Close and flowed through a house.  

To estimate the main channel peak flow as well as the significant overflows three areas were 

selected for analysis.  

3.1 Boons Valley 

The Boons Valley site was selected to provide an estimate of the full channel flow in the Waikawa. The 

site selected runs parallel to the Boons Valley Road and is a section of channel with a bedrock base and 

thick vegetation on the left bank. Manning’s n was estimated at 0.07 for this reach. This site was chosen 

because it was the only site that was accessible and it was one of the few sites upstream of the Waikawa 

Rd Bridge where the entire flow was confined to a single channel. Four cross sections were taken over a 

distance of 25m. Extending the length of the study reach would have been desirable but significant 

channel breakouts and thick vegetation did not allow for this. 

 

Figure 3. Upstream end of Boons Valley Reach  

Figure 4. Boons Valley MIKE 11 Reach analysis 

3.2 Waikawa Rd Bridge 

To provide a second estimate of the full channel flow of Waikawa Stream a peak flow calculation through 

the Waikawa Road Bridge was carried out. The method used was the contracted opening method for 

which the following equations are applicable: 

Q = CA3[2g(∆h + α1V1
2/2g – hf]1/2 

Hf = La(Q/(K1K3)1/2)2 + L(Q/K3)2 

Boons Valley 100m3/s Manning's n = 0.07
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By substitution: 

Q = 4.56CA3(∆h/(1-α1C2(A3/A1)2 + 2gC2(A3/K3)2(L+LaK3/K1)))1/2 

Where: 

C Contraction Co-efficient 0.828
A1 Upstream Cross Section Area 46.613 m2 

A3 Contraction Cross Section Area 31.055 m2 

K1 Upstream Conveyance 1550 m3/s 
K3 Contraction Conveyance 1780 m3/s 
L Contraction length 10 m 
La Distance from Section 1 to Contraction 5 m 
δH Ηead Loss through Contraction 0.54 m 
α1 Velocity Coefficient 1.3
 

QWaikawa Rd Bridge = 105m3/s 

 

This figure is very close to the 100m3/s calculated at the Boons Valley site and provides a good level of 

confidence in the total flow estimate for the peak channel flow in the Waikawa Stream.  

3.3 Lower Waikawa 

Immediately downstream of the Waikawa Road Bridge there was a significant channel breakout into a 

purpose designed secondary overflow path (Beach Road). The channel was also overtopped adjacent to 

the Captains Close subdivision with floodwaters flowing through a residential property. To estimate the 

secondary flow down Beach Road another reach was chosen for analysis downstream of the breakouts. 

Four cross sections were surveyed over a distance of 104m at the bottom end of Nautique Place. 

Manning’s n was estimated to vary from 0.04 at the lower end of the reach to 0.05 at the top end. These 

figures are the same as those used on the existing RICODA Model (Williman) of the Lower Waikawa. 

Lower Waikawa 85m3/s Manning's n = 0.05 - 0.04
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There was little value in using the complete model to assess the flood due to the significant channel works 

that have been carried out since the channel cross sections were surveyed (1993). A MIKE 11 model 

running a flow of 85m3/s provided a good match of theoretical to measured water levels. 

 

 

 

 

The only other significant input between the Waikawa Road Bridge and the Nautique Place reach is the 

Turners Rd Creek. From visual inspection on the day of the flood event this channel appeared to be have 

a peak flow of ~2m3/s.  

With 100-105m3/s at the Waikawa Rd Bridge & 83m3/s (+2m3/s Turners Creek) in the Lower Waikawa 

and approximately 2m3/s overflow down Captains Close it can be deduced that the peak overflow down 

Beach Road was 17-22m3/s.  

In terms of area based run-off: 

Q = cA0.8 Where c is a coefficient 

c = Q/A0.8 

     = 105/9.060.8  

  = 18 

4.0 Graham River 

The Graham River experienced extreme flooding and debris flows during the event. From the rainfall 

radar it can be seen that the whole catchment experienced similar rainfall intensities to those in the 

Waikawa catchment. With significant overland flow and channel breakouts it was not possible to have a 

direct estimate of peak flows.  

 

Figure 7. Graham River at Peak Q~185m3/s 

An indirect method for obtaining an estimate of the flow is to use the run-off characteristics of the 

adjacent Waikawa Catchment. The Waikawa catchment had a coefficient (c) equal to 18 in the formula Q 

= cA0.8 for the event. Applying this to the Graham River Catchment: 

Q =cA0.8 

    = 18 x 18.250.8 
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    = 185m3/s 

This figure seems realistic based on the size and extent of the tree debris and gravel movement further up 

the catchment. 

Comparison with 1998 Flood Event 

Table 2. Summary of comparative results 

Catchment 1998 Flood 
Estimate 

(20yr Return 
Period) 

2004 Flood Estimate 

(200yr++ Return 
Period) 

 

Waitohi 

(Including Kent St Drain) 

60m3/s 130m3/s 

 

Waikawa 

(At Waikawa Rd Brg) 

35m3/s 100-105m3/s 

 

Graham 60m3/s 185m3/s 
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5.1 Waikawa 

A longsection of flood levels from the Waikawa Road Bridge to the outlet was surveyed following the 

1998 flood event. The event was estimated to be of approximately 20yr return period based on the 

accurately known flood volume of the Pukaka Catchment (Williman pers comm). Based on the existing 

design flow (50yr) of 40m3/s a 20yr return period flood for the Waikawa is 30-35m3/s. A MIKE 11 model 

was setup using the 1993 cross section data and the previous RICODA backwater models Manning’s n 

values (Williman) to provide another assessment of the flood flow figure for this event. A flow of 35m3/s 

provided a very good match of theoretical to modelled water levels.  This provides some confidence that 

this event was of approximately 20yr return period for the inner Sounds catchments. Flood levels for the 

1998 event were on average 0.6m lower than the 2004 event.   

Figure 8. MIKE 11 model Waikawa Stream 1998 Flood (1993 cross sections) 

Waikawa Stream 1998 35m3/s
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5.2 Waitohi 

From the flood level longsections the 1998 event produced peak water levels 0.6-1.2m lower than the 

2004 event. It is likely that the total flow in the Waitohi including Kent St Drain was very close to that of 

the similar sized Graham River, being 60m3/s. This also ties in with the hydraulics of the outlet culvert 

considering that flows of 60m3/s cause the water level to hit the soffit and cause water to back up the Kent 

St Drain system which occurred during the 1998 event. This flow has a return period of approximately 

20yrs. More detailed hydraulic investigation hasn’t been carried out on the Waitohi due to the difficulties 

of modelling the storage and overflows that occurred during these events.  

Figure 9. Longsection of Waitohi Flood Levels 
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5.3 Graham River 

There was no flood flow estimation carried out for the Graham River for the 1998 event. Using an area 

based estimate and assuming that the Waikawa catchment had similar rainfall intensity to the Graham an 

approximate flood flow calculation is as follows. 

Qwaikawa = cA0.8  

Qwaikawa = 35 = c 9.060.8 

C = 6  

Qgraham = cA0.8 

  = 6x18.250.8  

  = 60m3/s 

This figure has a return period of approximately 20 years based on the 50yr design flow of 70m3/s. There 
was a water level recorder temporarily installed on the Graham River for a short period during the mid 
1990’s. During this period a 5yr return period event of 40m3/s was recorded (1995). 

Table 1. Summary of Results 

Catchment Catchment 
Area 

 

Design Flow 

 

(50yr Return 
Period) 

Modified 
Regional 

(Williman) 

(50yr Return 
Period) 

Pearson & 
McKerchar 

Regional 

(50yr Return 
Period) 

Feb 17 2004 

Estimate 

 

Waitohi 

(Including Kent 
St Drain) 

18.1km2 80m3/s 

(Marlborough 
Harbour Board & 

Davidson 
Partners) 

70m3/s 106m3/s 130m3/s 

(10m3/s Kent 
St Drain) 

Waikawa 

(At Waikawa 
Rd Brg) 

9.06km2 40m3/s 

(Marlborough 
Catchment Board 
& Marlborough 
County Council) 

37m3/s 54m3/s 100-105m3/s 

15-20m3/s 
(Overflow 

Beach Road) 

Graham 18.25km2 N/A 70m3/s 107m3/s 185m3/s 

 

 

Note: Design Flow Estimations 
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Various organisations have had involvement in management of the Waitohi/Waikawa systems with 

different methods of estimating the design 50-yr flood. The existing design figures show close agreement 

with those calculating using the Modified Regional Assessment (Williman) which is based on the nearby 

Rai, Pelorus and Pukaka catchments. The Pearson and McKerchar Regional Estimation is a broader 

assessment which requires huge interpolation from contour maps at a scale of 1: 4,000,000; and very 

limited pre 1989 recorder information.  All the estimates are limited in the fact that there is very little 

long-term rainfall or flow data available for the Marlborough Sounds.  Of more importance is the fact that 

all the estimates are significantly lower that the flow estimates for the February 2004 flood event.    
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5.0 Discussion 

• The 17 February 2004 Waitohi/Waikawa/Graham Rivers flood event was extraordinarily large 

with all of the main rivers in these catchments experiencing flows of approximately double their 

50 year return period design flows. 

• The Waikawa and Graham Rivers experienced the most severe flows with flood peaks estimated 

at 3 times the largest previous flows on record (1998).  

• The 17 February 2004 flood flows would certainly plot as outliers if an Extreme Value type 1 

(EV1)/Gumbel distribution analysis was used.  

• Analysis of the event rainfall data using Gumbel plots derived from the Boons Valley Rainfall 

station and the HIRDS software package put the 1hr and 2hr rainfall depths at a return period of 

in excess of 1000 years. If a two-component extreme value frequency distribution was to be 

applied (Connell & Pearson 2001) the return period assigned to this event would be more like 

300-400yrs.  

• This event as well as the other extreme rainfall events across the lower North Island in February 

2004 is perhaps indicative of the predicted changes in weather patterns for the region. Salinger & 

Hicks (1990) suggest a regional precipitation increase of 5-10% by 2050 as well as higher 

intensities and greater frequency of extreme rainfall events with the recurrence interval of 100yr 

daily extreme rainfall decreasing to 35-55yrs. Griffiths (1990) also predicts an increase in run-off 

of 10-40% by 2050 for Marlborough.  

• These factors should be taken into account when considering the implications of the February 

2004 event in terms of future design scenarios and levels of protection.   
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