
The final Risk analysis was based on the same method as used previously, i.e.: the 
decision tree of probabilities and damages for each scenario. 

The 2300 and 2800 flows were used in place of the 2500 and 3000 flows. The new 
probabilities and flow ranges were derived in order to calculate the area under the 
probability-damages curve with the most accuracy, as shown in the table 5.01 below. A 
graph of these results is available. 

Table 4.01 : Phase One Hvdrolorical Anslvsis ~- ~~p~ d, ~ - - -  Q - ~ ~ ~ -  9 -- I Flow range I Flow I Prob. I Return I Rangeprobability ( Probability ( 
-~ 

(cumecs) I (cumecs) I I Period (yr) I I of range I 
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The first two rows were not used as the chance of breaches in those events is zero, and 
there are no damages associated with them. 

Based on the newly re-assessed hydrology of the Hutt catchment (by NIWA, March 
1999), the probabilities and return periods (T) of the design standard flows change as * 
follows: 

Table 4.02 : Hvdroloeical Re-assessment 

At this point the existing flow hydrology analysis (return period data) will be used to 
determine the annualised damages. In fufure, if any further risk analyses are catiied out 
they should incorporate this new data. 

- 

Design flow "   xi sin^ (1990) Existing T New New T 

- 
As mentioned above, the dambreak module was used to represent breach development in 
the model. To be consistent, breaches of the same size were used for each of the 
upgrade options, but they were varied according to the flow, as described below. The 

&@sic 1 OOrn width was based on the original widths used in the 1993 modelling work. 

(cumecs) 
1900 
2300 

65m width for the 1550 cumec m (if required) 
? - 

lOOm width (basic size) for the 1900 cumec flow runs 
11 5m width for the 2300 cumec runs 

's-. 130m width for the 2800 cumec runs 
-- 
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probability 
0.01 

0.00225 

(years) 
100 
444 

probability 
0.0117 
0 00275 

(years) 
85.5 
364 



150m width for the 3500 cumec (extreme) runs 

The breaches were designed to start approximately 1 hour before the peak flowllevel in 
the river adjacent to the breach location. I worked this out from the no breach results, 
using the 1900-2800 cumec runs. The 3500 run displayed so many delays and double 
peaks due to the size of the flood and overtopping that I ignored these times. 

In terms of sensitivity, even one hour before the peak flow the levels are only 0.15-0.3m 
less than those at the peak, and they stay within this range for another hour after the 
peak. The hydrograph is generally very rounded (it becomes more so downstream) and 
determining the peak to within 5 or 10 minutes is sufficiently accurate for breach timing. 

The speed of the breach development is included in a time series file. It is described as 
breach depth, width and slope. All of the breaches took one hour to develop. 

The depths of the resulting breaches depended on the floodplain levels and were based 
on the original breach depths used in 1993. 

The following assumptions were used in the Mkell breach scenario modelling: 

the assumption of independence between each of the individual floodplain areas is 
still the basis for the risk analysis 
breaches of the same size are used in the 10 breach locations for each individual 
scenario 
breaches widths are as described above. 
breaches start 45 minutes before the peak flow and reach maximum size after 1 hour 
of gradual increase. 
maximum breach depths are approximately equal to the ground level on the 
floodplain side of the stopbank 

This methodology is generally based on that used previously by Christina Robb and Phil 
Wallace, and discussions with Flood Protection staff regarding the risk analysis. 

Freeboard is a safety factor used to take account of possible errors in the hydrological 
assessment and Mike1 1 modelling, and arly unpredictable factors as a result of a flood 
event. The figure used on the Hutt is 0.9m, made up of 0.4m (for the effects of debris, 
increased sediment transport during large events, and modelling inaccuracies) and 0.5m 
(due to possible wave action). 

' d 
The question is, when modelling the stopbanks as overflow weirs, should they be treated 
as their true height, or as their design height (minus the freeboard)? This applies not 
only where stopbanks are to be upgraded, but also in areas where existing stopbanks are 
to be retained. 

In the previous analysis (in 199213) it was decided not to incorporate any effect due to 
freeboard, for a variety of reasons. However, in Phase 213 we decided to take the 
opposite approach. We believe that we should account for possible freeboard increases 
when modelling overtopping of the stopbanks and breach flows onto the floodplain. 

- -- 
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We took account of this freeboard factor by increasing the roughness so that the flood 
levels increased by approximately 0.6m. The figure of 0.6m was chosen to represent 
0.4m (see above) plus 0.2m from wave action, since wave action did not represent an 
overall level increase, but a localised flood wave. We felt we could neither leave out the 
wave action completely, nor incorporate it fully. 

This method was incorporated into all model runs. 

The freeboard issue is yet another assumption that should be taken into account when 
considering the application of the results of this risk assessment. 

A Risk workshop was held on March 17 at RCC. In addition to Flood Protection (WRC) 
staff, the participants were: 

Gary Williams, G & E Williams Cons. Ltd 
Richard Croad, Opus Intl. Cons. Ltd. 
Graham Ramsay, Beca Carter Ltd. 

The intention of this workshop was to re-assess parts of the risk assessment process, and 
to determine breach arobabilities for all of the aossible breach scenarios under the 
design upgrade options. The workshop was successful and produced u s e l l  discussion 
on the application of the risk process to the design standard. Notes from the workshop 
are included in Appendix 6. 

- 

After the workshop, I adjusted the risk factors for the existing situation to account for the 
change in flows, and then checked the figures for each upgrade option against each 
other, and against the factors for the existing situation. Once consistency had been 
achieved the final risk factors were put into the risk process. These figures are shown in 
Appendix 7. 
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I ~ ~ ~ e n d i x  6 : Notes from the Risk Workshop 

I Agendalconsiderations for the workshop. 

I 
1. Do we need to re-assess the previous risk factors (1 993 workshop) ? 

1 
2. Decide whether or not the existing runs have to be re-run 

3. Consideration of the chosen reaches, and the issue of independence of breaches in 
each reach 

4. Consideration of the probability tree, and the overall damageslrisk process 

5. Determine the basic ability of the design stopbank (intended upgrade design, 4m 
crest and 3.5:l slopes) to hold back water 

6. Consider the accuracy and appropriateness of the preliminary freeboard vs. 
chance-of-breach graph 

7. Should we re-assess the size and timing of breaches in the new stopbanks, in 
relation to the sizes and timings used for the existing situation 

Notes from the workshop 

We should be able to design the 1900 upgrade to a 95% level of protection. This 
means that there is a 95% chance that the stopbank' will hold in the design flood. 
We should be able to achleve a reduced level of protection of about 90% for the 
2300 and 70% for the 2800. This reduction in protection is due to the more 
unpredictable and powerful nature of these floods, and the difficulty in protecting 
certain areas under these flood conditions. In some cases it will be almost 
impossible to raise the level of protection to the 2800 standard, without retaining a 
considerable chance of a breach. 

It is all second-guessing (Gary W) with regards to the upgrade, i.e.: what exactly 
will be done (or can be done) to achieve the design standard in a certain area. 

One of the main issues with breach probabilities is the mechanism of failure, in 
terms of relating the stopbank capacity to the channel alignment, berm width, and 
bank-edge protection. 

We are upgrading the standard of the stopbanks, while degrading the risk with the 
channel alignment - two different areas of analysis 

Is the upgrade standard, whichever is chosen, an overall composite standard, or is 
4 it just a stopbank (capacity) standard? - can we do this? can we say this? If we 

k+Ci design to a 95% level of protection, do all the factors satisfy that standard? 

The assumption of independence may need to be revisited - in the large scale 
(area by area) and the small (reach by reach). This applies es@ecially in the Upper 
Hutt/Totara park area. 

.A . 
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Erosion on the downstream face during overtopping is a major issue affecting 
breach probabilities. 

The "breach probability vs freeboard" diagram is highly dependent on stopbank 
configuration and location, and should not be applied generically. 

There are too many assumptions in the entire process to warrant more accurate 
consideration of risk processes. 

The assumption was made that the flood took up the entire freeboard (as a worst 
case scenario), when determining risk factors 

There should a 100% chance of breach (failure by overtopping) where the flood 
level exceeds the stopbank crest height by 1.0m. At a 0.5m overtopping, the 
chance of breaches would vary, but could be at least 50-70%. 

The issue of how overtopping would affect flood levels and breach probabilities 
downstream was discussed. A breach upstream would obviously reduce the 
chance of a further breach at the downstream end of a reach. However, the effects 
of overtopping are less, but still worth considering. 

So much of this is time-dependent, which is something we have little of at present. 
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