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1 Introduction 

 

The Utuhina Stream drains a catchment of around 60 km
2
, rising to the west of Rotorua before 

flowing through residential and industrial areas within Rotorua City and discharging into Lake 

Rotorua.  Several tributaries join the main stream within the urban limits, including the Mangakakahi 

Stream and the Otamatea Stream.  Figures 1 and 2 show the extent of the catchment and the main 

branches of the Utuhina Stream.   

According to the BOP Rivers and Drainage AMP, Utuhina Stream flood defences downstream of 

State Highway 5 (Old Taupo Road) are required to provide a 1% AEP level of protection to the 

floodplain.   Existing defences are limited to stopbanking along the western (left bank) side and 

sections of floodwall along the right bank, downstream of Lake Road. 

Modelling work carried out over the last decade however has highlighted deficiencies in the 

protection.   While some improvements to the left bank stopbank have been carried out in recent 

years, practical difficulties in providing the design level of protection in other areas (particularly 

upstream of Lake Road) have meant that no other improvements have occurred (see Everitt, 2009). 

In order to progress design options, BOPRC commissioned an update of the modelling, with required 

outputs being flood maps of the existing flood hazard and indicative design heights for flood 

defences. 

This report documents the latest investigations and presents the model findings. 

 
Figure 1  Utuhina Stream catchment 

Topo map sourced from LINZ. Crown copyright reserved 
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Figure 2  Location map, Utuhina Stream  

2 Previous modelling 

2.1  Hydraulic models of Utuhina and Mangakakahi Streams 

The Utuhina Stream has been modelled with MIKE 11 (simulating one-dimensional unsteady flow) 

since 2002.  Riley Consultants first developed a model of the stream with MIKE 11 (Riley, 2003), with 

the aid of calibration information obtained from a flood in May 1999. 

The model was subsequently refined over the following few years, making use of additional cross-

section data and software refinements. (Wallace, 2006) 

The model was recalibrated in 2011, following two flood events in January of that year.  The 

modelling at that time also assessed the impact of a planned bridge replacement at Lake Road.  (The 

replacement was carried out in 2012.)  The recalibration led to an increase in design flood levels. 

Barnett and MacMurray developed an Aulos model (again, simulating one-dimensional unsteady 

flow) of the Mangakakahi Stream in 2009, for Rotorua District Council (RDC).  As with MIKE 11, the 

Aulos software simulates one-dimensional unsteady flow.  The model extended as far upstream as 

the urban boundary at Pukehangi Road, with its downstream boundary being the Utuhina Stream. 

The model was subsequently used in-house by RDC for investigations into upgrading the flood 

detention dam in Linton Park.     

 

Topo map sourced from LINZ. Crown copyright reserved 
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2.2 Hydrologic models of Utuhina and Mangakakahi Catchments 

 

The hydrology for the Mangakakahi Stream has previously been modelled with the aid of HEC-HMS 

software, initially by RDC and then revised by Barnett & MacMurray.  The catchment was broken up 

into 65 subcatchments as illustrated in the Barnett & MacMurray report. 

RDC subsequently used HEC-HMS to produce inflow hydrographs for a MIKE 11 model as part of 

design investigations for the Lake Road bridge upgrade (Dine, 2011).  (That MIKE 11 model was 

based on the 2006 model referred to above, and superseded by the 2011 modelling.)  The HEC-HMS 

model was presumably based on the Barnett & MacMurray HEC-HMS model, although it covers the 

entire Utuhina and Mangakakahi catchments as well as using a different loss method.  The resulting 

hydrographs shapes (Figure 3) have been used in the 2011 and current modelling, although they 

have been scaled so that the resulting Utuhina flow downstream of the Mangakakahi confluences 

matches the design flows described below.  Of note is that the inflows of the Mangakakahi and the 

lower stormwater catchments peak well before that of the Utuhina.    

An RDC report on the detention dam on the Mangakakahi Stream (RDC, 2010) indicated that further 

urban development in the catchment would take the design flow for that stream to 40m
3
/s, the flow 

adopted in the design hydrographs provided by RDC (Figure 3).  However other correspondence 

from RDC (Dine, 2010) makes it clear that no allowance need be made for further growth in the 

Utuhina Stream.  The urban catchment was almost fully developed by the 1970s, RDC does not 

support growth beyond the existing urban limits and in any case future development will be 

required to be hydrological neutral. 

 

Figure 3  MIKE FLOOD model inflow hydrograph shapes, from RDC HEC-HMS model 

3 Mike Flood Model 

 

The current modelling has been undertaken with MIKE FLOOD software.  This incorporates MIKE 21 

(i.e. 2-D flow equations) and MIKE 11 (1-D flow equations), allowing them to be dynamically linked 
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during a simulation.  This program is better suited to floodplain modelling than MIKE 11 alone.  It still 

however allows the use of MIKE 11 in well-defined flow channels such as rivers and canals.  

The model area covers the Utuhina and Mangakakahi Streams from around 300m upstream of Old 

Taupo Road to the lake (Figures 1 and 2).  The floodplain area covered by the model is shown in 

more detail in Figure 4.  The model also allows inundation from high lake levels to be simulated.  

 

Figure 4  MIKE FLOOD model: MIKE 11 channel network and MIKE 21 topography 
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4 Hydrology  

 

This current modelling exercise has incorporated some revisions to the hydrology used in the 2011 

modelling, as described below. 

4.1  January 2011 Floods  

 

New data have been supplied by BOPRC for the January 2011 flood events.   These indicate slightly 

lower flows to the data that were supplied by BOPRC in 2011 (Figure 5).  For example, the peak flow 

on 23 January 2011 is now given as 25.0 m
3
/s, compared to 26.2 m

3
/s adopted in the 2011 

modelling.  The peak flow for 29 January 2011 has dropped from 34.8 m
3
/s to 31.1 m

3
/s.  

Flow data for the Kuirau Stream, entering the Utuhina Stream at Tarewa Street, have now been 

made available.  The existence of that data set was not known at the time of the 2011 modelling.   

Peak flows from that catchment were 1.4 m
3
/s and 2.7 m

3
/s for the 23

rd
 and 29

th
 January 2011 

events respectively.  The hydrographs peaked at similar times to the peak flows recorded in the 

Utuhina Stream at Depot Street (the location of which is shown in Figure 2). 

No changes to the Lake Rotorua levels and the stage hydrograph at the Depot Street recorder have 

been made.  

 

Figure 5  Recorded flows, Utuhina and Kuirau Streams, January 2011 events  

4.2 Design Flows 

 

In 2011, the design flows for the Utuhina Stream were based on an earlier analysis of data from the 

Lake Road recorder site.  The analysis incorporated data from start of the record in 1968 until the 

site closed in 1996, as well as the estimated peak flow of a flood in February 1967.  With a Log 

Pearson III distribution, the 2% AEP and 1% AEP flow estimates were 55 m
3
/s and 67.9 m

3
/s 

respectively (Blackwood, 2001).  
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A new recorder site (Depot Street) opened in 2005, approximately 700 m upstream.  Analysis of the 

period 2005-2012 carried out by BOPRC gives a 2% AEP flow of 34 m
3
/s (Appendix A).   

The difference in the flood estimates between the two recorder data sets is too large to attribute to 

the additional inflow (stormwater catchments and the Kuirau Stream) between the Depot Street and 

Lake Road sites.  Peter Blackwood’s memo 2001 on Utuhina flows notes that the Lake Road recorder 

site flow record straddled a cycle of the Interdecadal Pacific Oscillation (IPO) and so wouldn’t be 

expected to show any bias to flood-rich or benign periods.  Recent IPO values (e.g. 

http://www.jisao.washington.edu/pdo/) suggest that if anything, the period since 2005 might be 

expected to be a flood-rich period (following Blackwood’s logic), and the lower design flow cannot 

therefore be attributed to a benign IPO phase.   

For this current modelling, the two data sets have been combined and reanalysed to provide new 

design flood estimates.  Depot Street annual maxima flows have been increased by 10%, to allow for 

the additional catchment inflow downstream to Lake Road.  For the 29 January 2011 event, the 

Kuirau peak coincided with the Depot St peak, and was about 8% of the Depot St peak.  Other events 

don’t seem to coincide as well, so a 10% allowance for the Kuirau and the other two main 

subcatchments would be conservative. 

Annual maxima have been provided by BOPRC for the Lake Road site (the data and related 

correspondence are given in Appendix B).  These values differ slightly from those listed in 

Blackwood’s analysis, and for this current analysis the more recent values are adopted.   

With the combined and revised data set, including the 1967 peak flow used in the earlier analysis, 

the 2% AEP and 1% AEP flow estimates are 47 m
3
/s and 55 m

3
/s respectively.  (Appendix C). 

As noted above, the hydrograph shapes produced by the RDC HEC-HMS modelling have been used in 

this current modelling.  The RDC modelling used rainfall totals derived from HIRDS v1.5, which has 

now been superseded by HIRDS v3.   While HIRDS v3 gives slightly lower rainfall totals values for the 

area, this is not a concern as the design flood hydrographs are scaled to the flood frequency values 

above. 

Robert Monk of Sigma Consultants Limited carried out an analysis of the January 2011 hydrology for 

RDC.   Although his analysis of data from the Lake Road recorder gives 2% AEP and 1% AEP flows of 

52 m
3
/s and 62 m

3
/s respectively, he proposed a longer term relationship using data from the long 

Whakarewarewa rain gauge records.  That would give 2% AEP and 1% AEP flows of 41 m
3
/s and  

46 m
3
/s respectively (exclusive of climate change).  His analysis is summarised in Appendix D.  No 

assessment of his analysis is offered here but further consideration would be warranted.   

4.3  Lake Levels  

The 2011 modelling assumed design Lake Rotorua levels of 280.544 m (5% AEP lake level) and 

280.787 m (1% AEP lake level), as given in Environment Bay of Plenty (2007).  More recent analysis 

provided by BOPRC gives a 5% AEP lake level of 280.283 m (Appendix E).  Although results were 

supplied as “draft”, these lower levels seem reasonable given that control over lake levels has been 

possible since 1989 by means of stoplogs at the lake outlet to the Ohau Channel.   The lower levels 

have accordingly been adopted in the current modelling.  
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4.4  Climate change 

The 1% AEP inflow hydrographs provided by RDC incorporated climate change to 2090, with 

resulting flows increased by approximately 17% from current day values.  Thus the previous 1% AEP 

flow of 67.9 m
3
/s flow was increased to 80 m

3
/s.  The revised 1% AEP and 2% AEP flows have 

similarly been scaled up to account for climate change.   

Using similar assumptions, the design flows for Utuhina Stream (Lake Road site) considered in this 

current modelling are as given in Table 1.   While the design flows recommended here are lower 

than those used previously, simulations have also been made using the previous values as sensitivity 

tests.   

Note that the 1% AEP revised flow (no climate change) is equal to the previous 2% AEP flow estimate 

(no climate change) and the 2% AEP revised flow (with climate change).  Hence only a single 

simulation was needed to provide results for all three scenarios. 

Table 1  Design Flows, Utuhina Stream at Lake Road (m
3
/s) 

 

No changes to the lake level design values in the climate change scenario have been made, on the 

assumption that lake level control measures will not lead to a change in the level frequency 

distribution. 

5 Additional data 

 

Since 2011, a significant amount of additional data has been collected and made available.  The 

additional hydrology data are as discussed above.  Limited use of LiDAR flown in 2006 was made in 

some of the previous modelling to extend cross-sections but  new and more detailed aerial LiDAR 

data were collected in 2011 and these have been used to build the model floodplain topography for 

the MIKE 21 2-d component.  A 2 m cell size has been used.  LiDAR data (non-ground returns) have 

also been used to help build a resistance map of the floodplain. 

The LiDAR data predate the Lake Road upgrade works, and design drawings and as-built drawings 

have been used to define the model topography of the new road layout. 

Aerial photographs collected in the LiDAR survey assisted in the model development. 

Several of the Utuhina Stream cross-sections were resurveyed in 2013, where it was unclear 

precisely where previous cross-sections were surveyed.  Additional sections were also surveyed in 

the Mangakakahi Stream downstream of Old Taupo Road.  Cross-section locations are shown in 

Appendix F. 

Current climate Climate change to 2090

2% AEP flow (previous) 55.0 64.2

2% AEP flow (revised) 47.0 55.0

1% AEP flow (previous) 67.9 80.0

1% AEP flow (revised) 55.0 64.8



 

River Edge Consulting Limited  Utuhina Stream Modelling 

 8 February 2014 

Bank levels, particularly where the top of bank was obscured by vegetation in the aerial LiDAR 

survey, and profiles along the top of the concrete flood wall downstream of Lake Road were also 

surveyed in 2013.  

6 Calibration Checks 

 

The model has been rerun with the two flood events of January 2011 (23
rd

 and 29
th

).  As outlined in 

the 2011 modelling report, the calibration used 2007-2010 cross-sections.  The assumption made 

was that the 2011 cross-section survey (carried out two months after the flood event) represents 

bed changes that occurred after the flood peak, on the recession.  Mannings n values, already high, 

would also need to be raised further if the calibration was to be based on the 2011 cross-sections.  

The calibration reported in 2011 has been improved slightly by increasing effect of the rail bridge 

structure and by increasing Mannings n over a short reach upstream of that bridge.  Final results are 

presented in Figures 6 – 9. 

Figures 6 and 7 show that the model underpredicts the flood levels at the recorder site around the 

peak of the flood.  Peak flood levels in the vicinity also appear to be underpredicted (Figures 8 and 

9).  Further calibration refinements could possibly be made to improve the predictions.  However 

calibration is good in the reach of immediate interest to BOPRC (downstream of the rail bridge). 

Flood levels upstream of the Mangakakahi Stream confluence also appear to be underpredicted.   

The assumption regarding the split between the Utuhina and Mangakakahi contributions to the flow 

at the recorder site (80% and 20% of the recorder flow respectively) may be the cause of this 

underprediction.   

(Note that Robert Monk suggested that the hydrograph of the 23
rd

 January event could be broken 

down into components from the Otamatea, Mangakakahi and Utuhina catchments, and with the 

peak of each occurring in sequence and showing in the three peaks of the hydrograph for that event 

(Appendix D).  No such pattern is apparent in the event of the 29
th

.) 

A record of water levels in the Mangakakahi Stream (NIWA site 1114681), about 15 m downstream 

of Old Taupo Road is also available that could be used as another calibration check.  As yet the 

datum has not been levelled in terms of Moturiki Datum and so no firm conclusions can be made 

about the calibration in that vicinity.  However, the shape of the modelled and recorded 

hydrographs are at least similar, as shown in Figures 10 and 11.  (For the purposes of comparing the 

shapes, a recorder datum of 280.25 m is assumed.) 

No flow data are available for the two urban subcatchments that enter the Utuhina Stream at the 

old railway crossing.  The size of each of these two catchments is of the same order of magnitude as 

that of the Kuirau Stream.  For the calibration, however, the flow in each of these two is assumed to 

be 50% of the recorded Kuirau Stream.  If the contributions were actually greater, then lower stream 

resistance values would be needed to calibrate the model, so this assumption is likely to be 

conservative for design purposes. 
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Figure 6  Observed and modelled water levels and flows at Depot St recorder site, 23 January 2011 

flood event 

 

 

Figure 7  Observed and modelled water levels and flows at Depot St recorder site, 29 January 2011 

flood event 
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Figure 8  Model calibration, peak Utuhina Stream levels, 23 January event 

 

 

Figure 9  Model calibration, peak Utuhina Stream levels, 29 January event 
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Figure 10  Comparison of modelled and predicted water level hydrograph shapes, Mangakakahi at 

Depot St recorder, 23 January event   

 

 

Figure 11  Comparison of modelled and predicted water level hydrograph shapes, Mangakakahi at 

Depot St recorder, 29 January event   
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model uses the most recent cross-section data available:  

• 2011 and 2013 cross-sections of the Utuhina Stream (downstream of Old Taupo Rd)  

• A single surveyed cross-section (c2006) plus sections extracted from Lidar (with an assumed 
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• A single surveyed cross-section (c2006) and 2003 cross-sections of the Mangakakahi Stream, 

upstream of Old Taupo Road. 

Cross-section 1 immediately upstream of the mouth has been assumed to scour out, similar to the 

assumption made in the 2006 and 2011 modelling (Figure 12).  The scour assumption and its impact 

are discussed in more detail in Appendix G, but in summary it lowers the 1% AEP peak flood levels by 

up to 300 mm in the lower reaches of the stream (and even so, the results are expected to be 

conservative). 

 

Figure 12  Surveyed mouth cross-section and assumed cross-section for design flood simulations  

The model has been run for the 1% AEP flood scenario, this being the level of protection specified in 

the Asset Management Plan.  As in the 2011 modelling, a climate change allowance has been 

included.  (Due to the difficulties of providing a 1% AEP level of protection in this urban 

environment, it would be preferable to only go through a construction process once rather than 

repeating it.)  However, a scenario without climate change has also been modelled for comparison. 

Peak flood extent and depth maps are shown in Figures 13 and 14 while peak stream levels are 

shown in Figure 15.  No freeboard has been applied to the results.  Model results indicate that flow 

would overtop both Old Taupo Road and Lake Road.  

The model has also been run with the previous design flow estimates.  Results indicate more 

extensive inundation downstream of Lake Road, as shown in the flood map presented in 

 Appendix H.  

The model was also run with a potential upgrade to the Mangakakahi Stream detention dam.  Model 

hydrograph outputs from the RDC modelling mentioned in Section 2.1 above, for the case of a higher 

dam crest level (288 m RL), were applied to the Mangakakahi Stream in this current modelling.  

Results indicated that the delayed peak outflow from the dam would coincide more closely with 

Utuhina flows, and hence result in greater flooding downstream of the confluence.  (Appendix I). 
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Figure 13  Peak flood extent and depths, 1% AEP flood event with climate change, revised flows, 

existing situation 
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Figure 14  Peak flood extent and depths, 1% AEP flood event, current climate, revised flows, existing 

situation (also 2% AEP climate change, revised flows and 2% AEP current climate, previous flows) 
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Figure 15  Peak flood levels, Utuhina Stream, existing situation 

 

 

Figure 16  Peak flood levels, Mangakakahi Stream, existing situation 
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8 Design Stopbank and Floodwall Requirements  

 

The model has been run with raised stopbanks or floodwalls along the entire modelled reaches of 

the Utuhina Stream and Mangakakahi Streams, including upstream of Old Taupo Road.  Results are 

indicative as levels would depend on the exact location and batter slopes of the flood defences and 

the width of the flood channel. 

Design levels are as indicated in Figures 17 and 18 and Appendix J.   A freeboard of 500 mm is 

assumed, as specified in the Rivers and Drainage Asset Management Plan. 

 

Figure 17  Design levels (including freeboard) for indicative flood defence option, Utuhina Stream 
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Figure 18  Design levels (including freeboard) for indicative flood defence option, Mangakakahi 

Stream 

9 Discussion and Recommendations 

 

Extending the Utuhina model to the floodplain, utilising the latest LiDAR data, has enabled the flood 

hazard to be more accurately mapped.  It is clear that the industrial and residential properties in the 

vicinity, as well as the road network, are at risk of significant flooding, more so under climate change 

scenarios.   

A reduction in estimated design flows has however significantly reduced the predicted flood extent 

downstream of the abandoned railway line.   The flood hydrology of the stream nonetheless remains 

an area for further monitoring and analysis.  The HEC-HMS hydrologic model used by RDC could be 

reviewed, and at the least updated for HIRDS v3.  The sensitivity of downstream flows to temporal 

and spatial patterns of storm rainfall in the Utuhina and Mangakakahi catchments could be tested.  

The work of Robert Monk in using the long record of Whakarewarewa rainfall data to refine the 

stream flood frequency estimates could also be reviewed.    

Further design work on the effect of changes to the Mangakakahi detention dam should be carried 

out, again in conjunction with tests on sensitivity to temporal and spatial patterns of storm rainfall.  

Continued monitoring of flood events, including high flow gauging and collecting flood level data, is 

strongly encouraged.    

To better understand the effect of bank overflows upstream of Old Taupo Road on downstream 

flows, as well as assessing any flood risk to those upstream areas, it is recommended that the 

hydraulic model be extended upstream at least as far as the Otamatea confluence.  Survey cross-
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sections in the Utuhina Stream between the Otamatea Stream and Old Taupo Road will be required 

for that. 

Similarly the model should be extended up the Mangakakahi Stream, at least as far as the detention 

dam.  The model could be combined with the RDC model for this, but in the first instance the raw 

Mangakakahi Stream survey data used in the RDC model should be obtained and reviewed.   After 

such review, it may be that a new survey is deemed necessary.  At the same time, the datum of the 

Mangakakahi at Depot St recorder should be levelled in terms of Moturiki Datum. 

The likelihood and effect of additional scour of the main channel bed, over and above that assumed 

in the current  modelling, is another issue that could be investigated further.   As the model stands 

now the predictions are likely to be conservative, although this is entirely appropriate for design 

purposes at this stage. 

Finally, it is worth noting that it is now possible within MIKE FLOOD to combine stormwater and 

surface water models and run them as a single dynamically linked model (i.e. a 3-way coupled 

model:  pipes-open channel –floodplain).  The ability of the stormwater network to cope with runoff 

and deliver it to the stream is of relevance to the flood hazard, especially in the lower catchment in 

flood events.   At some point in the future, it will be worthwhile to at least consider developing such 

a 3-way coupled model to provide a more complete understanding of the flood hazard.  
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Appendix A  Flow Summary, Utuhina Stream at Depot Street, 2005-2012 

 

 

  

Environment Bay of Plenty 
Hydrological Flow Summary 

 
Date Complied November 2013 Site Number 14637 
Compiled by C G Putt River Utuhina 
  Station S.H.5 Bridge. 
Metric Map Reference U16:939 358   
Catchment Area (km2) 55 Period of Summary 2005 to 2010 
 

Statistical Summary 

Flow (l/s) 

Minimum Flow  613 Maximum Flow 31146 

Mean Annual Minimum Flow  963 Mean Annual Maximum Flow 18111 

Mean Flow 1852 Mean Summer Flow 1684 

Median Flow 1666 Mean Autumn Flow 1754 

Mean Specific Flow (/km2) 34 Mean Winter Flow 2180 

  Mean Spring Flow 1854 

Low Flow Distribution Fit GEV Peak Flow Distribution Fit GEV 

7 day Low Flow (Minimum) 877 Peak Flow (5 yr Return) 25250 

7 Day Low Flow (Mean Annual) 1283 Peak Flow (10 yr Return) 28800 

7 day Low Flow (5 yr Return) 1055 Peak Flow (20 yr Return) 31400 

7 Day Low Flow (10 yr Return) 918 Peak Flow (50 yr Return) 34000 

  Peak Flow (100 yr Return)  

 

Annual Summaries  

Year 
Flow (l/s)  

Year 
Flow (l/s) 

Minimum Mean Maximum Minimum Mean Maximum 

2006 1273 1850 21688      

2007 825 1638 15071      

2008 711 1791 22012      

2009 969 1739 15982      

2010 613 1723 11667      

2011 1245 2117 31146      

2012 1386 2122 22244      

         

 

Flow Distribution  

Flow  (l/s) 

Percentiles 0 1 2 3 4 5 6 7 8 9 

0 31146 5689 4019 3416 3099 2888 2730 2621 2537 2468 

10 2408 2354 2312 2274 2236 2203 2172 2140 2112 2086 

20 2061 2038 2018 1999 1981 1965 1949 1935 1922 1909 

30 1896 1885 1873 1860 1848 1836 1825 1813 1801 1790 

40 1777 1766 1753 1741 1728 1717 1706 1695 1685 1675 

50 1666 1656 1645 1636 1626 1617 1608 1599 1590 1581 

60 1572 1564 1556 1547 1539 1531 1522 1515 1508 1500 

70 1492 1484 1476 1468 1461 1452 1443 1436 1428 1421 

80 1413 1404 1394 1385 1373 1361 1349 1337 1326 1311 

90 1298 1283 1262 1234 1193 1151 1115 1080 1020 923 

100 613          
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Appendix B  Utuhina Stream Flow Recorder Data 

 

Email correspondence between Craig Putt (BOPRC) and Philip Wallace (River Edge Consulting). 
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Appendix C  Utuhina Stream Flood Frequency Analysis 

 

Table C.1  Stream Flow Annual Maxima (m
3
/s) 

 

Flows, Utuhina @ Lake Rd

Year Annual maximum flow Comment

1967 48.5 from PLB memo 25May2001:  48.5

1968 11.615 19680410 55000

1969 13.982 19690925 224000

1970 21.243 19700814 50500

1971 25.418 19710513 64500

1972 18.241 19720309 210300

1973 13.881 19730421 33000

1974 35.509 19741203 150200 PLB memo 25May2001:  35.5

1975 17.017 19750615 2000

1976 27.383 19760708 50000

1977 15.6 19770628 200000

1978 13.251 19780418 50000

1979 13.733 19790802 34500

1980 10.196 19801220 140546

1981 15.569 19811116 13234

1982 11.498 19820622 190751

1983 17.493 19831025 84500

1984 17.149 19840401 50000

1985 12.993 19850904 20000

1986 28.403 19860104 170000

1987 11.1 19871217 154500

1988 22.488 19880808 200000

1989 18.408 19890926 120000

1990 22.759 19900805 190028

1991 15.874 19910928 164500

1992 18.702 19921203 133000

1993 22.79 19930516 184308

1994 20.454 19940412 103000

1995 24.785 19950528 231500

1996 47.746 19960522 50000 PLB memo 25May2001:  54

2006 23.8568 Assumed = Depot St flow + 10%

2007 16.5781 Assumed = Depot St flow + 10%

2008 24.2132 Assumed = Depot St flow + 10%

2009 17.5802 Assumed = Depot St flow + 10%

2010 12.8337 Assumed = Depot St flow + 10%

2011 34.2606 Assumed = Depot St flow + 10%

2012 24.4684 Assumed = Depot St flow + 10%



 

River Edge Consulting Limited  Utuhina Stream Modelling 

 29 February 2014 

 

Figure C.1  Annual maxima flows for Utuhina Stream at Lake Rd (assumed for 2006-2012) 

 

 

Table C.2  Analysis of annual maxima using Log-Pearson III  

 

(from http://ponce.sdsu.edu/onlinepearson.php) 

 

  

0

10

20

30

40

50

60

1960 1970 1980 1990 2000 2010 2020



 

River Edge Consulting Limited  Utuhina Stream Modelling 

 30 February 2014 

Appendix D  Alternative Flood Frequency Distribution (Robert Monk) 

 

Analysis of the 2011 flood event hydrology by Robert Monk of Sigma Consultants, outlined in email 

correspondence between Robert Monk and Philip Wallace.  Selected attachments to these emails 

are reproduced here (Figures D.1 and D.2). 
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Figure D.1  Attachment “Utuhina Hydrograph.pdf” to Monk email of 11 May 2011 6:15pm. 
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Figure D.2  Attachment “Gumbel 5” to Monk email of 11 May 2011 5:49pm. 
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Appendix E  Lake Rotorua Level Summary (Post-Control, 1972-2010) 
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Appendix F  Cross-section Locations 

  

 
Figure F.1  Stream cross-section locations 
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Appendix G  Scour Assumptions at Mouth  

 

The Utuhina Stream mouth cross-section (cross-section 1) widened progressively between 2002 and 

2013 (Figure 12).  Aerial photographs also illustrate this, as well as an occasional tendency for a bar 

to develop (Figures G.1-G.6). 

 

 
Figure G.1  Stream mouth, December 2012 (cross-section locations shown) 

 

 
Figure G.2  Stream mouth, 28 May 2007  
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Figure G.3  Stream mouth, 14 March 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G.4  Stream mouth, 9 September 2011 
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Figure G.5  Stream mouth, 2011 

 

 

 
Figure G.6  Stream mouth, 12 May 2013 
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Some scour of the mouth could reasonably be expected in a design flood, and the 2006 modelling 

first introduced a scoured mouth section.  Figure 12 shows how a similar assumption has been made 

in the current modelling.    

 

Competent velocity theory argues that channel scour of cohesionless material occurs when velocity 

exceeds a critical value given by Figure G.7.   No data are available on the sediment size in the lower 

stream, but data from the near-shore zone elsewhere in Lake Rotorua gives a median grain size of 

ranging from 0.2 mm to 0.7 mm, averaging out at 0.5 mm (Stephens et al, 2004).  Channel depths 

peak at around 3m, indicating a competent velocity of around 1 m/s.  

 

 

 
 Figure G.7  Competent velocity chart for cohensionless sediment (reproduced in Melville and 

Coleman) 

 

With unscoured section assumed for the calibration, the model predicts that the channel-averaged 

velocity peak would have been about 1.5 m/s in the lower reaches (Figure G.8).  For the design runs, 

with the scoured section, the velocity peaked at around 1.8 m/s at section 1 but 2.7 m/s at section 2.  

Hence, it seems that some scour could reasonably have been assumed for the calibration runs and 

that the scour has been underpredicted for the design scenarios.  In particular, scour at least as far 

as cross-section 3 could have been assumed.   Model results as they stand are therefore likely to be 

conservative. 
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Figure G.8  Channel-average peak velocities, lower Utuhina Stream (model predictions) 

 

It could be argued that the mouth cross-section would widen rather than deepen, but the impact on 

water levels is unlikely to be much different and furthermore such detail is beyond the scope of this 

exercise.   

 

The sensitivity of the results to mouth scour has also been investigated, for the 1% AEP (climate 

change) scenario.  If no scour is assumed, levels would be up to 300 mm higher in the lower stream 

channel compared to the case where scour is as assumed in Figure 12 (Figure G.9).  Flood depths on 

the lower floodplain would generally be up to 150 mm higher (Figure G.10). 

 

 

Figure G.9  Sensitivity of peak channel levels to scour assumptions, lower Utuhina Stream (1% AEP 

climate change, existing situation) 
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Figure G.10  Sensitivity of peak flood depths to scour assumptions, (1% AEP climate change, existing 

situation) (Note: positive values indicate an increase in depth if no scour occurred.) 
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Appendix H  Model Results, Previous Flow Estimates  

 

 

Figure H.1  Flood Extent, 1% AEP (climate change), previous flow estimates, existing situation 
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Figure H.2  Flood levels for  Utuhina Stream, existing situation (previous design flows) 

 

 

Figure H.3  Flood levels for  Mangakakahi Stream, existing situation (previous design flows) 
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Appendix I  Effect of Raising Mangakakahi Detention Dam 

 

RDC had earlier modelled the effect of raising the Mangakakahi Detention Dam crest level (from 

287.4 m RL to 288 m RL) on dam outflows.  Results were extracted from the RDC modelling, and are 

shown in Figure H.1 (for a 1% AEP event, with climate change).  The dam outflows were then used in 

the current MIKE FLOOD model to predict the effect of a raised dam on flood extents (Figure H.2).   

 

(Note that the model was not the final version used – for instance it did not extend upstream of Old 

Taupo Road –and so the prediction for the existing case differs slightly from that shown in Figure 

G.1.)    

 

 
Figure I.1  Effect of raising Mangakakahi detention dam crest on dam outflows 
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Figure I.2  Flood extents for 1% AEP (climate change, previous flow estimates) for existing and raised 

Mangakakahi Dam crest 

  



 

River Edge Consulting Limited  Utuhina Stream Modelling 

 48 February 2014 

Appendix J  Bank Levels and Peak Flood Levels 

 

Peak water level predictions at stream cross-sections are given in Tables J.1 (for the existing banks) 

and J.2 (for the design option modelled) for each model simulation.  Table J.2 also includes levels 

incorporating freeboard (“+FB”).  A freeboard of 500 mm is assumed for the design levels (as 

specified in the Rivers and Drainage Asset Management Plan). 

Note that the Mangakakahi Stream cross-section labels are as for those surveyed in 2013 (rather 

than 2006) and shown in Appendix F.   

Table J.1 Bank levels and peak flood levels (existing situation) 

 
 

 

 

 

 

 

Cross-section Chainage Left   

Bank

Right 

Bank

2% AEP 

(no CC)

2% AEP 

(CC)

1% AEP 

(no CC)

1% AEP 

(CC)

2% AEP 

(CC)

1% AEP 

(no CC)

1% AEP 

(CC)

25A 10020 284.64 283.72 283.56 283.74 283.79 283.90 283.56 283.56 283.79

24 10075 284.08 283.47 283.44 283.62 283.69 283.81 283.44 283.44 283.70

23 10144 284.04 283.16 283.37 283.56 283.63 283.75 283.37 283.37 283.64

22 10236 283.48 283.50 283.31 283.49 283.57 283.69 283.31 283.31 283.58

21 10288 283.67 284.02 283.21 283.38 283.46 283.57 283.21 283.21 283.47

20 283.01 283.14 283.24 283.35 283.01 283.01 283.28

19 10400 284.08 283.66 282.99 283.13 283.21 283.32 282.99 282.99 283.25

18 10500 283.53 283.39 282.85 283.01 283.07 283.20 282.85 282.85 283.11

17 10560 283.68 283.43 282.78 282.98 283.01 283.16 282.78 282.78 283.04

16 10657 283.27 281.82 282.71 282.90 282.93 283.09 282.71 282.71 282.97

15 10706 282.75 282.85 282.66 282.84 282.87 283.03 282.66 282.66 282.91

14 10761 282.08 282.46 282.56 282.75 282.78 282.94 282.56 282.56 282.82

13 10844 282.58 282.65 282.42 282.60 282.64 282.79 282.42 282.42 282.68

12 10953 282.29 282.56 282.27 282.41 282.48 282.61 282.27 282.27 282.52

11 10999 282.28 282.31 282.16 282.30 282.38 282.50 282.16 282.16 282.42

10A 11018 282.40 282.26 282.12 282.28 282.35 282.49 282.12 282.12 282.39

9A 11073 282.37 282.12 282.02 282.14 282.20 282.30 282.02 282.02 282.23

8 11208 282.02 282.09 281.70 281.79 281.88 281.94 281.70 281.70 281.90

7 11279 282.01 282.43 281.53 281.59 281.72 281.75 281.53 281.53 281.74

6 11354 281.78 281.66 281.31 281.40 281.51 281.56 281.31 281.31 281.53

5 11414 281.72 281.57 281.18 281.27 281.37 281.41 281.18 281.18 281.39

4 11481 281.62 281.32 281.04 281.15 281.22 281.28 281.04 281.04 281.25

3 11557 281.39 281.38 280.73 280.90 280.86 281.01 280.73 280.73 280.88

2 11609 280.62 280.98 280.44 280.67 280.52 280.76 280.44 280.44 280.53

1 11704 280.35 280.32 280.29 280.34 280.30 280.36 280.29 280.29 280.30

6 10021 283.97 283.94 283.52 283.71 283.75 283.86 283.52 283.52 283.80

5 10063 283.64 283.51 283.45 283.62 283.70 283.84 283.45 283.45 283.74

4 10092 283.33 282.77 283.44 283.62 283.69 283.83 283.44 283.44 283.73

3 10135 283.41 282.70 283.40 283.57 283.64 283.76 283.40 283.40 283.67

2 10205 284.33 283.32 283.35 283.54 283.61 283.74 283.35 283.35 283.63

1 10232 283.69 283.88 283.36 283.54 283.61 283.74 283.36 283.36 283.63
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Existing Top of Bank

Previous flows Revised flows

Peak flood levels (existing stopbanks/floodwalls)



 

River Edge Consulting Limited  Utuhina Stream Modelling 

 49 February 2014 

 

Table J.2  Existing bank levels and design peak flood levels for floodwalls/stopbanks 

 

 

  

Cross-section Chainage Left   

Bank

Right 

Bank

1% AEP 

CC

+FB 2% AEP 

CC 

+FB 1% AEP CC 

(revised)

+FB

25A 10020 284.64 283.72 284.07 284.57 283.54 284.04 283.85 284.35

24 10075 284.08 283.47 283.97 284.47 283.42 283.92 283.76 284.26

23 10144 284.04 283.16 283.92 284.42 283.36 283.86 283.71 284.21

22 10236 283.48 283.50 283.86 284.36 283.30 283.80 283.65 284.15

21 10288 283.67 284.02 283.75 284.25 283.20 283.70 283.55 284.05

20 283.55 284.05 283.00 283.50 283.34 283.84

19 10400 284.08 283.66 283.52 284.02 282.97 283.47 283.31 283.81

18 10500 283.53 283.39 283.40 283.90 282.83 283.33 283.18 283.68

17 10560 283.68 283.43 283.33 283.83 282.77 283.27 283.11 283.61

16 10657 283.27 281.82 283.27 283.77 282.70 283.20 283.05 283.55

15 10706 282.75 282.85 283.20 283.70 282.65 283.15 282.99 283.49

14 10761 282.08 282.46 283.10 283.60 282.55 283.05 282.89 283.39

13 10844 282.58 282.65 282.97 283.47 282.39 282.89 282.75 283.25

12 10953 282.29 282.56 282.81 283.31 282.23 282.73 282.58 283.08

11 10999 282.28 282.31 282.72 283.22 282.12 282.62 282.48 282.98

10A 11018 282.40 282.26 282.69 283.19 282.08 282.58 282.45 282.95

9A 11073 282.37 282.12 282.46 282.96 281.98 282.48 282.28 282.78

8 11208 282.02 282.09 282.12 282.62 281.66 282.16 281.94 282.44

7 11279 282.01 282.43 281.93 282.43 281.48 281.98 281.75 282.25

6 11354 281.78 281.66 281.70 282.20 281.28 281.78 281.54 282.04

5 11414 281.72 281.57 281.54 282.04 281.15 281.65 281.39 281.89

4 11481 281.62 281.32 281.40 281.90 281.02 281.52 281.25 281.75

3 11557 281.39 281.38 281.03 281.53 280.73 281.23 280.91 281.41

2 11609 280.62 280.98 280.65 281.15 280.45 280.95 280.57 281.07

1 11704 280.35 280.32 280.32 280.82 280.29 280.79 280.31 280.81

6 10021 283.97 283.94 284.00 284.50 283.59 284.09 283.94 284.44

5 10063 283.64 283.51 283.95 284.45 283.44 283.94 283.78 284.28

4 10092 283.33 282.77 283.95 284.45 283.43 283.93 283.78 284.28

3 10135 283.41 282.70 283.91 284.41 283.38 283.88 283.72 284.22

2 10205 284.33 283.32 283.90 284.40 283.35 283.85 283.70 284.20

1 10232 283.69 283.88 283.91 284.41 283.35 283.85 283.70 284.20
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Existing Top of Bank Design flood levels, with raised stopbanks/floodwalls

Previous flows Revised flows
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Appendix K  Model Files  

 

All model input and result files can be tracked via the following .couple files. 

 

Table K.1  Model files 

 

(Note: Greyed cells indicate preliminary version of model used) 

 

 

Scenario .couple file

Calibration

23rd January 2011 flood 23rdJan2011 Utuhinav5

29th January 2011 flood 29Jan2011 Utuhinav5

Design flows, existing situation

2% AEP (previous flows), climate change Q50 Utuhina v3

2% AEP (revised flows), climate change Q50 Utuhina v4 ScaleBack

1% AEP (previous flows), climate change Q100 Utuhina v4

1% AEP (revised flows), climate change Q100 Utuhina v4 ScaleBackQ100

Design flows, existing situation, no scour assumption

1% AEP (revised flows), climate change Q100 Utuhina v4 ScaleBackQ100 NoScour

Design flows, raised stopbanks/floodwalls

2% AEP (previous flows), climate change not modelled

2% AEP (revised flows), climate change Q50 Utuhina v4 DesignOption1 ScaleBack

1% AEP (previous flows), climate change Q100 Utuhina v4 DesignOption1

1% AEP (revised flows), climate change Q100 Utuhina v4 DesignOption1 ScaleBack

Design flows, raised Mangakakahi detention dam

1% AEP (previous flows), climate change Q100 Utuhina v3 TrialDam288


