





























(Group responsible for analysing data in brackets -
MDC - Marlborough District Council
WCS - Works Consultancy Services)

2.1. Peculiarities of July 1983 flood.
2.1.1. Shape of hydrographic peaks (MDC)
2.1.2. Anaylsis of flood breakout sizes (MDC)

2.2, Water Level Recorder Sites
2.2.1. Lower Wairau at Ferry Bridge 1936-60 (MDC)
2.2.2. Wairau at Tuamarina Bridge 1960-92 (MDC & WCS)
2.2.3. Diversion at Pukaka QOutlet 1968-80 (WCS)
2.2.4. Lower Wairau at Dicks Road 1964-76 (WCS)

2.3.  High Stage Flow Gaugings
2.3.1. Lower Wairau at Ferry Bridge 1936 (MDC)
2.3.2. Wairau at Tuamatina 1958-1974 (MDC & WCS)
2.3.3. Diversion at Rarangi Bridge 1963-1990 (MDC & WCS)
2.3.4. Lower Wairau at Ferry Bridge 1963 - 1990 (MDC & WCS)

2.4.  Monitored Flood Water Level
2.4.1. Diversion, 17 floods or freshes between 1963 and 1990 (MDC)
2.4.2. Lower Wairau, 17 floods or freshes between 1957 and 1990 (MDC)

2.5.  River Cross Sections and Backwater Analysis, Model of monitored flood levels (MDC)
2.5.1. Diversion, 15 sets of reaches from 1963-1990 (MDC)
2.5.2. Lower Wairau, 4 sets of reaches from 1957-1989 (MDC)

2.6.  Flow Split at Bothams Bend-Ferry Bridge area
2.6.1. Base cross sectional and monitored flood level data 1957 - 1992 (MDC)
2.6.2. Network hydraulic analysis using MIKE 11 programme (WCS)

2.7.  Historical Floods (MDC)
2.8.  Rainfall Records (MDC & WCS)

2.9.  Other adjacent (regional) rivers (WCS & MDC).
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Peculiarities of July 1983 Flood

3.2

Background

The July 1983 was an extremely large flood. In European history only the February 1868
flood is documented as being of similar magnitude.

No estimates can be made of the Feb 1868 flood, an event that also caused exceptional
flooding in the Waimakariri and other rivers.

Following the July 1983 flood an estimate of 7765m*/sec was proposed by Thomson (1983).
In a review to the Marlborough Catchment Board a year later Pascoe and Thomson (1985)
revised this estimate to 7000m?/sec.

A flood of 7000m?/sec is amongst the largest documented flood sizes of any flood in any river
in New Zealand. Within the context of Wairau floods it was much larger than any other
documented flood. The Marlborough Catchment Board therefore decided not to re-design
the Wairau river control system to cope with such a size of flood. Instead, the flood water
levels experienced during the October 1983 flood were adopted as the design standard. The
October 1983 flood was recommended as being of 5100 m?*/sec size.

This approach was echoed by Rae (1987) when drawing flood frequency plots for the Wairau
at Tuamarina. The July 1983 flood was excluded as an outlier from the plot and the October
1983 flood was adopted as the maximum recorded flood, documented as S000m?*/sec and
assessed as having a frequency of once in 75 years. On a contradictory note, 4550m*sec is
the documented October 1983 flood size using the MDC currently adopted rating curve.

Particular attention is therefore given in this review to the July 1983 flood event. Though of
course the October 1983 flood and other major floods have been reviewed in some detail.

July 1983 Flood Hydrograph

The July 1983 flood water level record had a most peculiar shape at the peak of the flood
hydrograph which is not credible for a normal situation, and has not been completely
satisfactorily explained. This is shown on figure 1. (Figure 1 is in fact an edited version in
which wave lap fluctuations have been removed).

The peculiarities to note are the sudden rises : ~

) Between 7.6 to 7.8 m in less than 10 min.
(i)  Between 8.0 to 8.5 m in 30 mins,

and sandwiched in between a fairly constant level of 7.9 m for over two hours. These sharp
changes represent inconceivable changes in flood flows in short time periods. It has not been
recorded on any other flood peak.
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An explanation of the shape of the hydrograph lies in two factors :

) Vents of the water level recorder tower at a level of 7.83 m
(i1) Soffit level of bridge just downstream of 7.90 m.

The vents in the water level recorder tower provided access for water directly into the tower
and thus recorded by the float mechanisms. The water level recorded through the static tubes
set in the main flow is different and would be lower than at the tower where afflux has an
effect. A difference of 0.23m is appropriate and thus it is quite believable that water will start
coming through the vents (at 7.83 m) when the recorded water level is at 7.60. This would
then explain the sudden rise in water level from 7.6 to 7.8 m, and also the sudden large

increase in fluctuations of water level record starting from 7.6 m.

When the bridge soffit just downstream becomes submerged, a considerable increase in flow
resistance will occur causing the water level to immediately rise substantially. The lowest
beam soffitt level of this slightly humped shaped bridge is 7.90. The bridge soffit was
observed to be submerged at the outer spans at the peak of the flood. The sudden rise in
water level from 8.0 to 8.5 m is thus well explained by the submerging of the bridge beam
soffitt and associated increase in bridge flow impedance.

The peculiar shape of the hydrograph can therefore be explained by "natural" causes. The
July 1983 flood is the only flood to have exceeded a stage of 7.6 metres for this to have
occurred. The question remains as to what water level would have been recorded had the
vents not let in water and the bridge soffitt not become submerged. It would be this level that

would be relevant to determining the flood size from the rating curve extrapolation.

A smooth hydrograph curve, as was recorded in October 1983, has therefore been drawn on
figure 1. The peak level of this curve is 8.12 m. However, from this figure must be
subtracted the increased level of approx 0.2 m, due to afflux recorded by the vent accessed
recorder.

The effective rating curve water level is thus assessed at 7.92 m.

3.3  July 1983 Flood Breakouts

Substantial breakouts of the Wairau River occurred upstream of the Tuamarina water level
recorder and this bypassed that recorder flow.

These were re-examined in this review.

) A detailed backwater/slope area analysis was carried out over a 3km reach of the
Upper Opawa/Rose's overflow into which the breakouts from Upper Conders and
lower Conders flowed. The calculated flow was 400m*/sec. This flow also included a

component of 50-100m?/sec Omaka tributary flow estimated from aerial photographs
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3.4

(iD)

(i)

(iv)

™)

(vi)

of the event and discussion with farmers. Thus total breakout flow from Conders
getting into the Opawa system is likely to be approx. 350m?%/sec.

Surveyed flood levels of where this Conders breakout flow overflow crossed State
Highway 6 at right angles, were plotted up, together with road levels and level of the
ground downstream. This enabled (with the aid of aerial photographs of the event)
waterway areas and water velocity to be assessed of the flow crossing the road. The
resultant calculated flow was 350m?/sec, approximately equally split with water from
upper Conders overflows water to lower Conders breach.

Substantial overflows occurred over the non stopbanked area at upper Conders.
Examination of aerial photographs of the event showed that much of this water
flowed back into the river shortly downstream. An estimate of 50 m®/sec was also
made of seepage into groundwater based on the area of land inundated between upper
Conders and S.H.6 and the probable infiltration rates of the soil. It is thus assessed
that only 200m?®/sec was effectively lost from the river at upper Conders, with
150m?*/sec of this crossing S.H.6 and so into the Upper Opawa River. This is down
from the estimate of 400 m*/sec of Pascoe (1983). (To be noted in the October 1983
floods practically all water overtopping at upper Conders flowed back into the river
shortly downstream, as shown by aerial photographs).

At lower Conders a 50m length of stopbank overtopped and breached, scouring down
to below ground level. The water level flowing through this breach would have
dropped to well below stopbank level as this breach become a flow control. This is
confirmed by aerial photographs. An estimate of 200m®/sec for this breach is
considered appropriate and in agreement with further downstream calculations (i) and
(i1). This is down from the 400m*/sec assessed by Pascoe (1983).

Significant flood overflows occurred on the left bank immediately upstream of
Tuamarina State Highway 1 bridge from stopbank overtopping (after the peak of the
flood resulting in stopbank breaches), and on the right bank from stopbank breaching.
From surveyed flood levels of depth of flow over these stopbanks Pascoe (1983)
determined these flows as 280 and 120m?/sec respectively. This is the best estimate of
these flow breakouts.

Summary : The individually identified breakouts and overflows total 800m3/sec. This
estimate is less than the 1200m?/sec estimated previously by Pascoe (1983). It will be
presumed that they occurred simultaneously with the peak of the flood.

Rainfall

Quayle et al (1983) examined the rainfall intensity in the Nelson Marlborough area. For the
important mid catchment areas of the Branch, Waihopai, Hillersden and Northbank tributaries
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the 48 hour rainfall of typically 300mm were assigned a return interval in excess of 50 years.
This central area is about half the total catchment. The probably more relevant 24 hour
rainfall has a slightly smaller area shown to be in excess of the 50 year return interval. The
upper and lower areas of the catchment had less extreme rainfall.

WCS (1993) and Rae (1987) have also independently examined rainfall probabilities for this
storm event. For the important mid catchment rain gauge sites of Wairau Valley, the
Leatham and Waihopai Power Station the return interval for the 24 hour and 48 hours rainfall
events is shown as between 1 in 100 and 1 in 200 years. Storm rainfall frequency for the less
important peripheral rain gauges was significantly less.

There is no evidence from the rainfall data of the July 1983 flood being extraordinarily rare.

Snowmelt

Rae (1988) suggests that snowmelt through warm rain melting snow could have been a factor
that contributed to a popular viewpoint that the July 1983 flood was of an extraordinary rare
nature.

While snowmelt occurred it was probably only a minor influence on the size of the flood.

The melting of snow reqﬁires considerable heat. Linsley et al (1958) indicates that from
simple consideration of the latent heat and ice melt that rain falling at 10°C will
approximately melt 12% of'its own volume. Quayle et al (1983) state that the measured air
temperature at 1500m over Christchurch rose from 2°C to 6°C during this storm of 9th July.
A 10°C storm rainfall temperature is a reasonable estimate for the Wairau catchment snow

areas.

Fitzharris et al (1980) from studies of snowmelt in the Clutha 1978 flood recommend that
turbulent transfer of heat energy could account for a further similar amount of snowmelt as
direct melting by rainfall. Moore and Prowse (1988) studied the July 1983 storm event in the
Craigieburn catchment and calculated from meterological conditions that snowmelt would
have contributed 21% of the storm run-off.

Applying these considerations to the Wairau July 1983 event indicates that the overall
resulting snowmelt contribution may have been 25% of storm run-off. It will be restricted to
those areas having significant snow (ie over 300mm depth), which could be approximately a
quarter of the Wairau catchment. _

To be noted is that the key period in which the storm runoff generated by flood peak was the
intense 12 hour period of rainfall between 5.00pm 9 July and 5.00am 10 July. Snowmelt (and
rainfall) occurring before or after this intense period had a much lesser effect on the flood
peak, its effect will be more on the duration on the flood.
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