






























































8.12 These actions are linked to flows in the Waikato River at Ngaruawahia. If flood 

flows in the lower Waikato River at Ngaruawahia are rising above 650 m3/s, 

then water may be retained in Lake Taupo so as to reduce flooding in the 

lower Waikato. Possible changes to this provision are included in the high flow 

management principles that Mr Kedian has described. 

8.13 Recent floods in September 1996 and July 1998 saw diversion flows cease 

when the maximum control levels were reached as in the Agreement. Over the 

years there has been a high level of compliance with the cessation of foreign 

water diversion requirement. For the Lake Taupo maximum level rules there 

are only 11 exceedances (in 7 years) in the 20 years from 1977 to 1996 

inclusive and many of these are quite short term. 

8.14 The actual diversion flows from TPD to the Waikato River are decreasing. 

From 1980 to 1992 the main diversion flow was 32.8 m3/s. The mean flow from 

1994 to 2001 was 28.3 m3/s., while for the most recent four years, 1998 to 

2001 the mean diverted flow was 24.4 m3/s. The recently granted consents 

and the pending appeal will almost certainly reduce diversions further and 

therefore these reductions will impact on the provisions made in the 

Agreement. 

8.15 The 100 m3/s flow provision at Karapiro is therefore too high in the light of 

present and future TPD provisions. A downward adjustment of this provision 

should therefore have been considered. 

9. THIRTY FIVE YEAR HYDROLOGICAL PREDICTIONS 

9.1 Mighty River Power is seeking consents for 35 years and I will now consider 

the possible changes to the catchment hydrology that might occur over this 

period. Although my assessment is made using the best available methods, it 

should be noted that future predictions of this nature should not be considered 

precise. 
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9.2 An assessment has been made of likely changes in water yield from the 

Waikato River in the next 35 years. This is considered under two broad 

headings: 

• Changes due to climate and land use. 

• Changes due to changes in flow diverted from the TPD. 

9.3 Changes due to rainfall change and afforestation are considered to be the 

main factors to take account of when considering changes to the hydrological 

regime in the Taupo/Waikato catchment. 

9.4 A climate review suggests there could be an increase in rainfall of 12% in the 

next 35 years. This implies an increase in stream flow. 

9.5 As well as this, rainfall intensities are expect to increase too, so that a daily 

rainfall with a return period of 100 years will show a return period change to 

between 30 and 60 years. That increased rainfall is reflected over the whole 

flow spectrum. 

9.6 The Waikato catchment was divided into six sections where flow records 

existed. Likewise, 13 rain gauges were selected to provide a catchment-wide 

coverage and flows were modelled based on the 12 % increase in rainfall. 

9.7 Net land use change in the Waikato catchment is predicted to show an 

increase in afforestation resulting in reduced runoff (Table 9.1). 

Table 9.1: Land use scenarios for a continuation of present planting trends: forested areas (%) at the start and 
end of the 35 year period. 

Forested Area (%) 

Catchment Area (km2
) Start of 35 year End of 35 year 

period period 

Te Maire 2212 43 65 

Taupo 3305 41 49 

Karapiro 4547 47 51 

Waipa 2826 18 21 

Mercer 3023 10 11 
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9.8 Increased afforestation causing decreased flow has been established for a 

range of basins in New Zealand, including the Purukohukohu experimental 

basins within the Waikato catchment. I had a role in establishing these basins 

and looking at early results. Even before the forest was milled it was clear that 

infiltration rates on compacted pastures at Purukohukohu were only 10% of 

those in the forested catchment. This means that under afforestation there is 

less direct runoff but more water is available for use by the forest through the 

evapotranspiration process. 

9.9 New Zealand data shows reduction in runoff when pasture is replaced with 

pines. For example, for an annual rainfall of 1200 mm per year, runoff reduces 

by about 200 mm/year. 

9.10 Combining the increased rainfall scenario with increased afforestation 

resulting in reduced runoff and stream flow throughout the catchment, our 

study reached the conclusion that given the rainfall and land use scenarios 

used, and considering model and sampling errors, the generated runoff for the 

next 35 years is not noticeably different from the historical and present regime. 

9.11 Reductions in flow from the TPD diversions are, however, being experienced 

and following the current TPD consent process further diversion flow reduction 

is expected. 

9.12 In concluding this section, it can be noted that there is not expected to be any 

change in the Waikato River flow volume due to climate and land use change, 

because, although an increase in rainfall was allowed for, it was counter 

balanced by reduced runoff due to an increase in afforestation within the 

catchment. 

9.13 On the other hand, as I discussed earlier (Section 8), diversion water from the 

TPD has reduced since 1992/1993 and will reduce further in the future due to 

the current TPD consent process. The reduction as a result of the 1992/1993 

Whanganui hearings is about 3.9 m3/s and following the present TPD hearing 

outcome, a further reduction in diversion of 1.3 m3/s may occur, especially in 

drier years. 
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9.14 In summary then, although increased rainfall is predicted in the next 

35 years, its effect is cancelled out by increased afforestation, and therefore 

increased within-catchment water use. At this stage the likely reduction in 

diverted flow from the TPD is in the order of 1.3 m3/s (discounting the possible 

loss of 17 m3/s if a consent appeal is upheld). Thus a further reduction of 

approximately 1.3 m3/s in TPD diversion flows, is the only 

35 year forecast change for the Waikato catchment flows. 

10. LAKE TAUPO LEVELS AND FLOW HISTORY 

Lake Level Record 

10.1 Lake Taupo is a significant and critical feature (along with the Waipa River) of 

the hydrology of the Waikato River. It is also a unique water resource in its 

own right. This section looks at the hydrology of Lake Taupo levels and flows. 

10.2 Lake Taupo level and flow records are the longest continuous flow/level 

records in New Zealand. A plot of the record from 1905 to 2000 also shows 

the design levels adopted prior to constructing the Taupo gates in 1941 

(Figure 10.1). 

10.3 Table 10.1 shows the various sites where level has been measured since 

1905. 

Table 10.1: Source of the archived Lake Taupo levels (Site 82795). 

Period I Lake Level Recording Site I Instrument Used 

13/07/1905 - 23/11/1932 Lake Taupo Harbour Manual Reading 

24/11/1932 -12/09/1941 Waipahihi Littlejohn Chart Recorder 

13/09/1941- 31/12/1953 Lake Taupo Harbour Manual Reading 

01/01/1953 - 30/04/1959 Waipahihi Littlejohn Chart Recorder 

01/05/1959 - 31/08/1973 Waipahihi Kent Chart Recorder 

01/09/1973 - 02/0411975 Tokaanu Lea Chart Recorder 

03/04/1975 - 25/12/1988 Tokaanu Digital Recorder 

26/12/1988 - to present Acacia Bay Digital Recorder 
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10.4 Currently levels are in metres in terms of mean sea level Moturiki Island 

(known as Moturiki datum). The lake level datum is tied back to the Lake 

-----Ta-upo Compensation Claims Acflevel nominated in terms of the Taupo 

fundamental benchmark. 

10.5 Historic evidence of a summary of early lake records is provided by an extract 

taken from an internal Ministry of Works letter dated 20 August 1956. The 

letter was written by W.M. Fisher, Inspecting Engineer to the Engineer-in-Chief 

and reads as follows: "The recorded range of lake levels from 1905 to 1941 

was 5.8 feet between 1172.3 ft and 1178.1 ft. The designed lake control range 

was between RL 1172 and RL 1177 ft." 

1 0.6 From the archived lake level data, we find that the range of lake levels from 

1905 to 1941 was 355.955 m to 357.723 m (in terms Moturiki datum). These 

levels are the same as mentioned in the Fisher letter, by applying the datum 

conversion relationship for lake datum. Also, the designed lake control range 

between 1172 ft and 1177 ft in terms of the lake datum, equates to 

355.850 m (rounded) and 357.387 m respectively in terms of Moturiki datum. 

As Mr Kedian has explained in his evidence, these are the levels Mighty River 

Power proposes to operate within in future. 

10.7 A 1957 Ministry of Works Plan "tied" together a series of benchmarks that 

were key reference points for the 1905 to 2001 lake level record. This historic 

plan (Figure 10.2) shows two early benchmarks established by J Hannah in 

1908 and two other benchmarks established by H Jenks in 1948. All these 

benchmarks were tied into the Taupo fundamental benchmark established in 

1950. Since 1950 all levels have been referenced to the Taupo fundamental 

benchmark. This work was important in confirming the integrity of the long 

Lake Taupo water level records linking early records and present records. 

10.8 Further checks on historical files, engineering papers and reports confirm the 

validity of the early water level record. 
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Tectonic Movement and Low-Lying Land 

10.9 When considering lake levels it is important to recognise that Taupo is in a 

tectonically active area. Mr Hancox will be dealing with this in further detail in 

his evidence. However, it does not appear that the tectonic warping that is 

affecting the Taupo shoreline has had any discernible effect on the long term 

lake level record. Figure 10.1 shows the Lake Taupo water level record from 

1905 to mid 2001. Using the two level lines shown on the figure (357.387 m 

and 355.850 m) it can be seen that there has been no upward or downward 

trend with time. This suggests that there has been no differential movement 

between the level recorder and the fundamental benchmark. Similarly, there 

have been no significant changes in the lake level amplitude, particularly since 

the large floods in the mid 1950s. There were some operational high levels 

during the Second World War and prior to the Lake Taupo Compensation 

Claims Act in 1947. 

10.10 Regardless of tectonic shifts in lake edge levels (which Mr Hancox will 

describe) there have been low-lying areas around the lake which have been 

prone to flooding for at least the past 40 years. There are various pockets of 

low-lying land around the shoreline that have been used for farming, dwellings 

or other developments. Some of these areas also provide important wetland 

habitat (which Dr Schwarz will describe). 

10.11 Early compensation claims were made with respect to some of this low-lying 

land, but in recent years there appears to have been little reason to make 

claims as the lake has been managed relative to the Compensation Claims 

Act level. 

10.12 The following historic information shows that 40 years ago land was low-lying 

and that near the lake flooding was an issue. On November 1962, Lake Taupo 

exceeded the level of 357.387 m by about 30 mm, as reported at the time. A 

few days later an inspection was made of property likely to be affected by high 

lake levels (MWD file 92/12/53/6). One of the inspection team was familiar with 

areas inspected and identified two major issues relative to flood prone land 

that were additional to high lake levels. These were: 
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• Even 1 mile (1.6 km) from the lake, surface water was visible at a level of 

1188 feet (357.69 m). Flooding was observed adjacent to the Tokaanu 

Stream, the Tauranga Taupo River, and the Tongariro River and this 

flooding was noted to be river flooding. The inspection team concluded that 

the maintenance of drains was a critical issue. 

• A very wet season was also seen as a factor relative to pockets of damp 

ground. 

Lake Control 

10.13 A further plot of the entire level record is shown in Figure 10.3. This also 

shows the simulated uncontrolled level from 1941 and the "no consents" level 

from that time. I shall describe the "no consents" environment in more detail 

later (see Section 10.35). In general, the controlled level tends to follow the 

natural fluctuation amplitude that would have occurred if the lake were 

uncontrolled. 

10.14 The Taupo gates, commissioned in September 1941, were constructed to 

regulate the outflows from Lake Taupo down the Waikato River. This enabled 

the storage capacity of Lake Taupo to be utilised to provide a more controlled 

flow through Arapuni power station downstream. The lake control structure 

was constructed in the dry within a new channel to the east of the old river 

channel. Construction of the new channel was accompanied by deepening of 

the lake outlet and removal of various rock bars along the existing river 

channel to reduce channel head losses and increase the lake outlet capacity. 

10.15 The Taupo gates were designed for a control range for Lake Taupo of 

between 1172 ft (355.85 m) to 1177 ft (357.387 m). In 1947, the passing of the 

Lake Taupo Compensation Claims Act set 1177 ft (357.387 m Moturiki datum) 

as the level above which compensation could be claimed if this level was 

exceeded for generation purposes. By August 1964 a policy had been adopted 

to spill water from Lake Taupo if the level reached 1176.5 ft (357.24 m). 

Following a report in 1968 on the seasonal occurrence of floods, which 

concluded that the largest floods in the Waikato River catchment tend to occur 

in the months of January to March, a seasonal maximum control level was 
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introduced. This set a maximum of 1176.5 ft (357.24 m) from April to 

December, lowering to 1176 ft (357.08 m) from January to March, to provide 

extra flood storage. These maximum levels were adopted in November 1968 

and were subsequently "rounded up" to 357.25 m and 357.10 m, respectively. 

10.16 Another way to analyse the level record is to look at the amount of time the 

lake spends at different levels (i.e. a duration analysis). Figure 10.4 compares 

the duration profiles for the actual and simulated records during the last 

decade of operation. These duration profiles show the distribution of each lake 

parameter over the length of the record as a proportion of time. The 50% point 

(the most common value) is the median value, the 0% point is the minimum 

value and the 100% point is the maximum value. The two profiles in Figure 

10.4 are very similar over the range between 356.3 m and 356.65 m. Above 

this range the effect of the controlled lake regime is to keep the controlled lake 

level lower than the uncontrolled level by up to 0.1 m. 

10.17 Variations in the level of Lake Taupo throughout the year are influenced by 

seasonal patterns of inflows, resulting from rainfall and snow melt. Figure 10.5 

summarises the overall seasonal pattern for the controlled lake, compared to 

the simulated uncontrolled levels. The monthly medians for the controlled and 

simulated uncontrolled levels follow a similar pattern of high levels over winter­

spring and low levels over late summer-autumn. Comparing the range of 

levels each month shows that there have been some small changes with 

control. In particular the levels do not now go as high as they would have 

naturally between August and March. In June and July lower levels have 

occurred under the controlled regime. 

10.18 Another important seasonal feature of Lake Taupo is the seasonal balance 

between inflow and outflow. Monthly inflows and outflows are tabled (Table 

10.2) for the natural record (1906 to 2001) and plotted (Figure 10.6). Average 

natural inflows are greater than outflows for the months of May to October 

(inclusive), but outflows are greater than inflows from November to April 

(inclusive). This characteristic seasonal imbalance relates to the storage 

characteristics of Lake Taupo. The actual natural record (1906 to 1940) was 
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checked and found to demonstrate the same patterns so it is not presented 

here. 

Table: 10.2: Lake Taupo natural inflows and outflows (1906 to 2001). Mean flow is 127.5 m3/s. 

Month 

January 110 50 276 132 78 198 

February 101 33 270 123 74 194 

March 90 33 211 114 68 187 

April 94 45 191 106 67 180 

May 116 51 231 106 67 169 

June 139 69 267 113 72 155 

July 155 67 355 126 87 204 

August 153 82 251 135 89 203 

September 151 77 285 141 99 222 

October 152 80 282 146 93 238 

November 139 59 241 146 86 230 

December 127 66 297 141 82 223 

10.19 In the same way I have considered the actual, as measured, water levels, 

which reflect recent operational management (1991 to 1998). Again monthly 

inflows and outflows are compared (Table 10.3 and Figure 10.6a). 

Table 10.3: Lake Taupo actual inflows and outflows (1991 to 1998). Mean flow is 163.1 m3/s. 

Month ~ 
January 126 98 165 156 135 216 

February 127 82 170 144 94 214 

March 103 54 145 134 100 198 

April 135 91 230 108 69 172 

May 132 86 180 136 76 248 

June 163 98 220 145 92 217 

July 220 120 367 183 118 235 

August 214 106 289 203 104 257 

September 209 110 284 197 81 267 

October 198 105 293 201 87 256 

November 180 143 282 187 78 261 

December 163 116 214 163 107 209 
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10.20 The same seasonal imbalance as is found in the natural flows is shown, 

although the April/May changeover is not so clear cut and the mean flow and 

flow amplitude is greater due to the TPD diversion inflows. Notwithstanding 

these differences, the seasonal pattern is almost identical. This shows that the 

management of Lake Taupo has not materially affected seasonal flow 

patterns. 

10.21 Another important feature of the characteristics of Lake Taupo water level is 

the variability from year to year (Figure 10.7). The figure shows a strong 

seasonal pattern in the simulated natural level but it also shows very strong 

annual variability. Over the 61 individual years of record plotted, at any time of 

the year there is a spread in possible water levels over an approximately 

one metre band. 

10.22 In a similar way, I have presented the actual lake level record (Figure 10.7a). 

The same strong seasonal pattern and annual variability is again clearly 

demonstrated, particularly when viewing the band where years overlap and 

the plot has significant "line density". There are, however, some years where 

the seasonal pattern has become very weak. These were largely the pre 

"Compensation Claims Act" years and a few years up to the late 1950s and 

drought years in the 1970s and 80s, and early 1990s. Notwithstanding this, the 

seasonal and annual variability patterns are still very strong. 

10.23 The following points can be summarised from the above: 

• The internal lake level data integrity is demonstrated by the plots and 

checks from historic files and records. 

• The lake level datum has been confirmed in terms of the Taupo 

fundamental benchmark and the Taupo Compensation Claims Act levels 

from 1905 to the present. 

• Lake Taupo fundamental benchmark has risen at a rate of 2.6 mm/year or a 

total of 108 mm in 42 years between 1956 and 1997. The various checks on 

the lake level data back to 1905 show no significant evidence of an upward 

or downward trend caused by tectonic activity. Mr Hancox in his evidence 

does show differential levels around the lake on geological indicators. 
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• Some of the inferences that a rising lake has caused water logging and 

flooding of low-lying land could equally be related to, drainage problems and 

or riverbank overflow during floods; problems that have been reported for 

well over 40 years. 

• The lake level has been managed to levels very similar to those that would 

have occurred without control, and the natural seasonal cycles in level still 

remain. 

• Lake Taupo inflows are greater than outflows from April to October and the 

outflows are greater than inflows from November to March/April illustrating 

the storage characteristics of Lake Taupo. 

• Although there is a strong seasonal pattern shown in the lake levels there is 

also a high degree of variability from year to year. This is important when 

setting controls on lake levels and flows and demonstrates the need for 

flexibility. 

Previous Management Regimes for Lake Taupo 

10.24 Most recently Lake Taupo has been managed over a 1.4 m range (355.85 m 

to 357.25 m) from April to December and a 1.25 m range (355.85 m to 

357.10 m) from January to March. The purpose of establishing the reduced 

operating range during the summer months was to provide a higher storage 

capacity buffer when the risk of tropical cyclone remnants passing over the 

northern and eastern parts of the North Island was perceived to be higher. 

The justification for this is considered further in Section 14. 

10.25 The Lake Taupo Compensation Claims Act 1947 specified a maximum 

working level for Lake Taupo of 357.387 m referenced to the 1956 Taupo 

fundamental benchmark level. If the lake level exceeds this level as a result of 

electricity generation, then a case for compensation may be presented under 

the Act for flood inundation damage. 

10.26 The Taupo gates are used to regulate the flow of water down the Waikato 

River. However, the operation of the gates has only a limited day to day 

influence on lake levels, which are primarily driven by catchment inflows. 
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10.27 Figure 10.3 showed a comparison of the controlled Lake Taupo level and the 

"no consents" level since 1941 when the Taupo gates were commissioned, 

and the uncontrolled level record since 1905. The uncontrolled record includes 

actual record levels up to 1941 and simulated levels after that time. Managed 

(controlled) lake levels closely follow the general pattern of the simulated 

uncontrolled levels except over the period 1941 to 1945, during the Second 

World War, when the lake level was held high for strategic reasons. Managed 

lake levels only approach the maximum working level of 357.387 m during 

conditions of very large catchment inflows when the lake would have risen 

similarly in its natural condition. 

10.28 Lake Taupo levels and outflows were analysed for the period January 1991 to 

February 1998. The reason for selecting this period was for consistency with 

similar analyses for each of the Waikato hydro lakes and also to identify recent 

lake operating trends, rather than previous trends. Several actions since 1990 

have significantly affected lake operating patterns including implementation of 

a revised version of the flood rules (which involved changes to the maximum 

operating levels for Lakes Ohakuri, Atiamuri, Whakamaru, Maraetai, Arapuni 

and Karapiro), implementation of the Whanganui river minimum flow decision 

(which reduced inflows sourced from the Western diversion of the TPD) and 

implementation of a centralised automation and remote control system for the 

Waikato hydro system. The selected period for the analysis of lake level and 

outflow data post-dates these actions and is sufficiently long to be relatively 

unbiased in a hydrological sense. 

10.29 Figure 10.4, presented earlier, and Figure 10.8 show the results of the 

analysis of Lake Taupo levels and outflows over the period January 1991 to 

February 1998 in the form of duration profiles of lake level and outflow. 

10.30 Figure 10.8 compares duration profiles for controlled and simulated 

uncontrolled lake outflow records for the period January 1991 to February 

1998. The duration profile for the actual record shows an outflow range of 

30 m3/s to 300 m3/s with a median value of 159 m3/s. In contrast, for an 

unmodified lake outlet and a natural lake regime, the lake outflow would have 
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been in the range 75 m3/s to 210 m3/s with a median value of 123 m3/s. A 

large part of the difference in the median values relates to TPD diversions. 

10.31 The level of lake Taupo is also affected by wind-induced seiching. When a 

steady wind blows across the surface of a large water body, the water is blown 

up against the downwind shore. This results in higher than average lake levels 

downwind and lower than the average lake levels upwind. After the wind stops 

blowing, the lake surface experiences a seesaw oscillation which is eventually 

damped out by friction at the lake bed. Such oscillations of the lake are called 

a "seiche". The predominant oscillations observed on lake Taupo are a north­

south oscillation with a period of about 35 minutes and an east-west oscillation 

with a period of about 30 minutes. Measured seiche amplitudes are typically of 

the order of 10 mm to 20 mm. This phenomena and an allied one, known as 

storm surge, are unaffected by lake control. As indicated by Figure 10A, the 

key high level part of the level distribution shows that the natural lake would 

have spent more time at high levels so that recent control has not resulted in 

more exposure to the effects of seiche or storm surge. 

10.32 In Figure 10.9 I have compared the progression from a natural uncontrolled 

lake through various previous control regimes. 

• Natural 1905 to 1941 

• 1941 to 1946 Pre-1947 Compensation Claims Act 

• 1947 to 1968 The 1947 Compensation Claims Act in force 

• 1968 to 1975 The Act and seasonal MCl's 

• 1975 to present The Act, seasonal MCl's and flood rules 

10.33 Along with a change in control procedures has come a change in access to 

storage and a subsequent loss to operational storage (Table 10A). 

Table 10.4: Lake Taupo storage comparisons from the natural range to various control regimes. 

Period I Storage (Mm3
) I Loss of storage (Mm3

) 

1905 to 1941 1081 

1941 to 1947 935 146 (14%) 

1947 to 1968 935 

1968 to 1975 819 116 (10%) 

1975 to present 825 -6 (gain) 

Total loss 256 (24%) 
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10.34 Even though the natural lake storage was not used frequently the loss of 

storage of 24% is still very significant. In addition, the remaining storage of 

825 Mm3 cannot be fully accessed because of a need to avoid breach of 

maximum and minimum control levels. This is a critical hydrological issue 

because storage is a key component of any hydro power scheme. Constraints 

on storage often lead to erratic outflow management. That is high and low 

flows are needed to either lower or hold the lake level. 

Lake Taupo "No Consents" Regime 

10.35 In this section I consider the effects of the "no consents" baseline for Lake 

Taupo. Under this regime the Taupo gates would be left fully open and the 

structure would act as an -uncontrolled (not operated) weir. The following 

effects are discussed relative to this regime. 

10.36 Lake Taupo gates provide discharge from Lake Taupo that passes through all 

power stations. If the gates are left fully open then the lake would drop about 

1.2 m and continue to operate at this lower level. 

10.37 Figure 10.10 compares the unmodified channel, natural flow rating with that for 

the gates fully open. The ratings are roughly parallel over most of the normal 

flow range. It can be seen that for any given flow it would occur at a much 

lower level under the "no consents" regime. 

10.38 Figure 10.11 compares the levels that would have occurred with the gates 

open with the actual recorded levels since 1941. These levels do not run as 

parallel as the comparison with natural levels (Figure 10.12) but both plots 

show the "no consents" lake operating much lower, by about 1.2 m. In Figure 

10.11 the introduction of TPD water in 1971 and 1979 shows up as a rise in 

the "no consents" record. 

10.39 The natural inflow lake comparisons (Figure 10.12) show that after the initial 

sudden drop of the "no consents" level in 1941 the records then run very 

parallel. The level duration curve comparing the simulated natural level with 
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the "no consents" level shows that once the lake has lowered the time 

distribution of levels runs very much in parallel (Figure 10.13). 

10.40 The outflows from Lake Taupo under the "no consents" regime show very 

similar characteristics to the natural outflow regime. 

10.41 To summarise this discussion on the "no consents" environment for Lake 

Taupo, it is useful to compare the uncontrolled level since 1905 (simulated 

since 1941), the controlled level since 1941 and the "no consents" level 

starting in 1941 (as shown previously in Figure 10.3). Apart from a few 

exceptions, particularly in the 1940s, the uncontrolled and controlled levels run 

close together. The "no consents" level drops sharply in 1941 and from then is 

1.2 m lower than the controlled level prevailing at present. This is clearly a 

significant change. 

11. HYDROLOGY AND HISTORY OF HYDRO DEVELOPMENT 

11.1 The hydrology of the Waikato River has been substantially modified by hydro 

power development and construction of the dams. Tables 11.1 and 11.2 give a 

timeline of major events and actions, which have affected water levels and 

flows in the Waikato River since 1929. Of particular note are the 

commissioning of Arapuni dam and power station in June 1929, the 

commissioning of the Taupo gates in September 1941, the commissioning of 

the remaining seven dams on the Waikato River between May 1947 and 

March 1964, the diversion of additional flows from other catchments by the 

Western and Eastern diversions of the TPD in February 1971 and October 

1979 respectively, the signing of the Tongariro Offset Works Agreement in 

March 1977 and implementation of the Whanganui River minimum flows 

decision (affecting flows from the Western Diversion of the TPD) in September 

1992 and February 1993. Table 11.1 focuses on catchment and hydrology 

issues and Table 11.2 focuses on Waikato hydro system commissioning. 
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Table 11. 1: Time/ine of major events and actions affecting the Taupo/ Waikato catchment. 

1907 Largest flood on the lower Waikato River for the 20th Century 

1941 Soil Conservation and Rivers Control Act 

1947 Lake Taupo Compensation Claims Act, sets maximum of 357.387 m (Moturiki Datum, 
1956) 

1953, 1956 Waikato floods 

1956 Waikato Valley Authority (WVA) established, Waikato Valley Authority Act (1956) 

Feb 1958 Waikato flood (largest since 1907 flood) 

30 Oct 1958 Order-in-Council authorised construction of the Tongariro Power Development 
Scheme 

Oct 1958 Minister of Works agreed that WVA should proceed with Lower Waikato Waipa 
Control Scheme (LWWCS) regardless of the effects of the Tongariro Power 
Development Scheme, agreement to be negotiated 

Oct 1959 Proposal to WVA for flood control scheme, LWWCS 

1961 LWWCS commenced, after obtaining Government approval 

1964 Negotiations between WVA and the Minister of Electricity over effects of TPD 

1964-71 Western Diversion constructed, Wairehu canal commissioned 1 Feb 1971 

1969-79 Eastern Diversion constructed, water from Lake Moawhango first diverted into 
Rangipo Dam on 8 Oct 1979 

28 Feb 1973 WVA presented a report to Ministers of Works and Electricity for approval of 
recommendations "Lower Waikato Main Channel Works and Tongariro Power 
Development Offset Works" led to revised recommendations approved 9 May 1975 
(see Statement of Intent) 

Jan 1975 At several Waikato dams, reservoir levels were lowered to compensate for Arapuni 
spillway problems 

Nov 1975 Waikato Power Development - Flood Management Rules, Specification No. HD-1080A 
agreed to; subject to revision; approx. doubled flood storage in the eight Waikato 
hydro lakes 

1977 Tongariro Offset Works Agreement signed March 1977; Karapiro minimum flow set 

1982 LWWCS works substantially complete at $125M (1996) 

1983 Rangipo power station completed 

1985 Waikato River Power Development: Flood Management Rules (HD-1080A), updated 

1989 Environment Waikato (Regional Council) formed under Local Government Act 
reorgan isation 

Feb 1991 Waikato River Power Development: Flood Management Rules, Specification HD-
1080A. Major Revision August 1990 and reissued February 1991 

1 Oct 1991 Resource Management Act came into effect 

1992/93 Whanganui Minimum Flows Decisions came into effect 

• Whakapapa Intake, 3 cumec minimum flow came into effect on 1 September 1992 

1993 

April 1995 

July 1998 

• Whanganui River at Te Maire, 29 cumec minimum flow came into effect on 1 
February 1993 

60 year drought security standard implemented 

Flood Management Rules, the API Update to Specification HD-1080A, updated 
Apr/May 1995 

Major long duration flood, largest since 1958 
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Table 11.2: Timeline of hydro system development. 

Date I Event/Action 

June 1929 

Sept 1941 

May 1947 

1952 

1956 

November 1958 

January 1961 

April 1961 

March 1964 

July 1970 

February 1971 

October 1979 

Nov 1989 - May 1990 

Arapuni dam and power station commissioned 

Taupo gates commissioned 
Control of Lake Taupo levels instituted 

Karapiro dam and power station commissioned 

Maraetai dam and Maraetai I power station commissioned 

Whakamaru dam and power station commissioned 

Atiamuri dam and power station commissioned 

Ohakuri dam and power station commissioned 

Waipapa dam and power station commissioned 

Aratiatia dam and power station commissioned 

Maraetai II power station commissioned 

Western diversion TPD commissioned 

Eastern diversion TPD commissioned 

Arapuni power station refurbishment including relining of 
headrace, reshaping of draft tube outlets, construction of 
tailrace weir and tailrace channel deepening 

11.2 Overall it can be seen that various actions have influenced the regulation of 

the Waikato River hydrology, particularly since 1929. Although for the lower 

river around Mercer drainage works were underway several decades before 

this. The hydro power influence has existed since Arapuni power station was 

commissioned in 1929 (Horahora power station not included). That is, the 

hydro power regime has been part of the hydrology of the Waikato River for 

more than 70 years. 

12. HYDRO LAKES "NO CONSENTS", PREVIOUS AND PROPOSED 

REGIMES 

12.1 In the "no consents" environment all control gates, spillway gates, sluices and 

siphons in the hydro structures would remain open. This would include the 

Lake Taupo gates and all the Waikato River hydro dams and stations. This 

section describes the hydrology of the "no consents" baseline and compares it 

to the previous and proposed regimes, which Mr Kedian has introduced. This 

will provide a basis for others' assessments of effects. 

12.2 As Lake Taupo discharges are significant to the river below Taupo so are 

discharges at Karapiro to the river downstream of Karapiro dam. 

48 



12.3 With all flow facilities open under the "no consents" regime, Lake Karapiro 

median lake level would reduce by 23.5 m. It is clear however, that the lake 

fluctuation would increase significantly due to outflow constrictions. In Figure 

12.1, the previous level and fluctuation history (A) is compared to the "no 

consents" regime,including TPD flows (B). The significance of the difference 

between previous operation and "no consents" is very obvious visually. The 

figure also compares the range of "no consents" levels with those proposed for 

future operation. 

12.4 The outflow resulting from the "no consents" regime at Karapiro is shown in 

Figure 12.2. Fluctuation activity is somewhat less than the previous operation. 

12.5 Flow duration curves (Figure 12.3) are reasonably similar 90% of the time. 

That is, under the "no consents" regime, Karapiro outflows are suppressed 

somewhat when compared to the previous operation, but for 90% of the time 

flows are similar. 

12.6 Between Lake Taupo and Karapiro, all the other dams and the hydro lakes are 

significantly different under a "no consents" regime (Figures 12.4 to 12.10). 

These figures also show that the previous recorded lake levels are all very 

similar to the ranges proposed for future operation. 

12.7 It is clear that in the "no consents" environment, water levels are significantly 

lowered at each dam and lakes are either significantly smaller or almost non­

existent. 

12.8 Figures 12.4 to 12.10 also show that the "no consents" regime would result in 

large increases in lake level range, particularly for Lake Karapiro. 

12.9 Lake Ohakuri would be lowered very significantly with the largest maximum 

change in lake level between previous and "no consents" regimes of all lakes. 

This is a very large 41.8 m. The extent of the change is shown by Figure 12.5. 
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12.10 The maximum change in lake level from the previous to the "no consents" 

regime for all lakes is shown in Table 12.1. The other hydro lakes' high levels 

are lowered by between 3.7 m at Aratiatia and 41.8 m at Ohakuri. Six of the 

eight hydro lakes high levels are lowered more than 15 m and three by more 

than 35 m. 

Table 12.1: Maximum change (faff) in lake level if "no consents" regime applied, compared to previous lake 
levels. 

L k Maximum change 
a e in lake level (m) 

Aratiatia 3.7 

Ohakuri 41.8 

Atiamuri 22.7 

Whakamaru 37.2 

Maraetai 5.8 

Waipapa 16.9 

Arapuni 39.7 

Karapiro 27.9 

Note: Because the exceeded 95% of the time level is used the maximum change is slightly understated. 

12.11 The range increases under the "no consents" regime are shown in Table 12.2. 

All "no consents" ranges increase between 0.5 m at Aratiatia to 11.61 m at 

Karapiro. Five of the eight hydro lakes double their operating ranges, with 

Atiamuri increasing 13 times and Karapiro 18 times greater. 

Table 12.2: Previous lake operating ranges compared to "no consents" ranges. 

Lake Previous range "No consents" Increase in range 

I 
90% of time (m) range 90% of time (m) 

(with TPD) (m) 

Aratiatia 1.2 1.6 0.5 

Ohakuri 1.1 3.2 2.2 

Atiamuri 0.7 9.0 8.3 

Whakamaru 1.5 2.5 1.0 

Maraetai 1.2 2.0 0.8 

Waipapa 0.8 3.3 2.5 

Arapuni 0.7 3.7 3.0 

Karapiro 0.67 12.28 11.61 

Note: Because there ;s no "operating" range under the "no consents" regime, the upper and lower 5% of the 
record was excluded to give a 90% of the time level range. 
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12.12 Table 12.3 compares the "no consents" and previous regimes with the 

proposed future operations, based on data for 1998. As Dr Webby will explain 

further, 1998 is the hydrological year that has been used for the hydraulic 

modelling carried out for these investigations. 

Table 12.3: Lake operating ranges for the proposed future, previous and "no consents" regimes, based on 1998 
data. 

Previous 

Aratiatia 0.62 0.86 1.74 

Ohakuri 0.87 0.59 3.47 

Atiamuri 1.74 0.69 7.91 

Whakamaru 0.62 0.49 2.7 

Maraetai 1.09 0.67 2.2 

Waipapa 2.81 0.33 2.4 

Arapuni 0.74 0.44 4.06 

Karapiro 0.78 0.72 14.38 

12.13 The changes in lake length in the "no consents" environment are covered by 

Dr Webby. The differences in lake area between the previous and "no 

consents" regimes is tabled (Table 12.4). 

Table 12.4: Comparison of lake area (size) under the previous and "no consents" regimes. 

Aratiatia 0.5 0.3 0.2 0.6 0.4 0.2 

Ohakuri 12.5 0.2 12.3 14.0 1.0 13.0 

Atiamuri 2.1 0 2.1 2.4 0.8 1.6 

Whakamaru 6.6 0 6.6 7.6 0.2 7.4 

Maraetai 3.9 3.0 0.9 4.3 3.6 0.7 

Waipapa 1.3 0.4 0.9 1.5 0.6 0.9 

Arapuni 8.0 0.1 7.9 8.5 0.3 8.2 

Karapiro 7.0 0 7.0 8.3 5.0 3.0 

12.14 Three of the largest hydro lake areas at Ohakuri, Whakamaru and Arapuni 

would be 95% smaller, which is collectively around 27.5 km2 of lake surface 
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area. Lake Karapiro would be non-existent at low levels, but when flooded 

would be up to 60% of its previous size. 

12.15 Comparisons of proposed and the "no consents" lake regimes are made in 

Table 12.5. An additional table (Table 12.6) compares areas of previous, 

proposed and "no consents" lakes at median lake levels. The "no consents" 

lake areas are significantly smaller than previous and future regimes. 

Table 12.5: Comparison of lake areas (size) for the lakes under proposed future hydro system regime and the 
"no consents" regime. 

Aratiatia 0.4 0.3 0.1 0.6 0.4 0.2 

Ohakuri 12.4 0.2 12.2 15.7 1.0 14.7 

Atiamuri 1.8 0 1.8 2.4 0.8 1.6 

Whakamaru 6.4 0 6.4 7.9 0.2 7.7 

Maraetai 3.6 3.0 0.6 4.2 3.6 0.6 

Waipapa 1.2 0.4 0.8 1.5 0.6 0.9 

Arapuni 8.5 0.1 8.4 9.7 0.3 9.4 

Karapiro 6.4 0 6.4 7.9 5.0 2.9 

Table 12.6: Comparison of lake areas (size) at median lake level for the proposed, previous and "no consents" 
regimes, based on 1998 data. 

Lake area (km2
) at 1998 median lake level 

Lake Proposed Previous "No consents" 

Aratiatia 0.5 0.5 0.3 

Ohakuri 14.4 14.5 0.6 

AUamuri 2.2 2.3 0.3 

Whakamaru 7.5 7.4 0.1 

Maraetai 4.0 4.1 3.3 

Waipapa 1.4 1.4 0.5 

Arapuni 9.1 9.1 0.1 

Karapiro 7.5 7.5 0.4 

12.16 The "no consents" regime would have comparatively small effects on river 

flows. The major effect is the significant lowering of levels in the eight hydro 

power lakes. There are extreme lowering effects at Lakes Ohakuri, 

Whakamaru and Arapuni, with a maximum lowering of lake level in excess of 
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40 m. An associated effect is the significant downsizing of the lakes both in 

area and in lake length. Three lakes lose 95% of their lake area and the same 

three lakes are shorter by between 22 km and 27 km. 

12.17 A "no consents" regime would have a major effect on the hydrology of the 

Waikato River. The impact would be the largest since the filling of lake 

Ohakuri around 40 years ago. The cumulative effect would, however, be much 

greater because it involves not just lake Ohakuri but all lakes from Taupo to 

Karapiro. In comparison, the operational ranges proposed by Mighty River 

Power will result in lake levels and flows very similar to those that have 

occurred in the past. Dr Webby will be discussing this further in his evidence. 

13. EFFECTS OF WAIKATO HYDRO SYSTEM ON FLOODS 

13.1 The Waikato hydro system can be operated to help reduce some of the effects 

of flooding in the lower catchment. I will now describe how this is achieved and 

consider the extent to which the hydro system can influence flooding. 

13.2 The Tongariro Offset Works Agreement (1977) requires the operator of the 

Tongariro Power Development scheme (previously ECNZ and now Genesis 

Power) to cease diverting "foreign water" into lake Taupo whenever the 

operational maximum level of the lake (previously 357.10 m, January to 

March, and 357.25 m, April to December) is reached or is clearly likely to be 

exceeded. Practically this is achieved by closing the Moawhango Tunnel on 

the Eastern Diversion of the TPD Scheme and the Wairehu Canal on the 

Western Diversion. This ensures that only water which would naturally flow 

into lake Taupo actually enters it under flood conditions. Ceasing to divert 

"foreign water" into lake Taupo is a well established procedure and is used 

during flood periods. 

13.3 Under consents recently issued to Genesis Power for operation of the TPD the 

diversion flows would be turned out (i.e. cease to divert) at the maximum 

control level set in Mighty River Power's consents. Mighty River Power is 

proposing an Mel for Taupo of 357.25 m, year round. 
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13.4 The Tongariro Offset Works Agreement (1977) also requires management of 

Lake Taupo and the Waikato hydro system by the hydro system operator 

(Mighty River Power) in accordance with the Waikato River Development 

Flood Management Rules. These rules contain a provision allowing the flood 

control authority (Environment Waikato) to direct that water be retained in 

Lake Taupo above the operational maximum level. This provision is applicable 

even if the level of Lake Taupo exceeds or is likely to exceed the statutory 

compensation level of 357.387 m and the situation in the lower river warrants 

it. The objective of the provision is to reduce flows past Karapiro dam and 

hence lessen flood impacts below Ngaruawahia. The provision was most 

recently invoked during flood events in July 1995, August - September 1996 

and July 1998. It takes precedence over normal application of the flood rules 

which, under Phase II, provide for steadily increasing flows from Lake Taupo 

as the lake level rises in response to high catchment inflows. 

13.5 As part of this consents process, Mighty River Power, Genesis Power and 

Environment Waikato have agreed a set of principles for high flow 

management which would incorporate the existing flood rules. Mr Kedian 

outlines these in his evidence. 

13.6 Phases UJ to V of the flood rules also include a provision requiring the outflow 

from Lake Taupo to be restricted to 30 m3/s irrespective of lake level. This is 

basically an extension of the principle of using the large storage capacity of 

Lake Taupo to hold back flood waters before releasing them when they can be 

safely accommodated by the chain of dams and the river downstream of 

Karapiro. 

13.7 As well as the two primary flood control methods outlined above, there are 

other strategies available for using the Waikato hydro system to provide 

additional flood control. These include: 

• Manipulation of flows to affect the timing of flood peaks. 

• Creating storage by drawing down reservoirs. 

• Pre-emptive spitl. 
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13.8 The hydro system can sometimes be used to manipulate flows in the Waikato 

River and, in particular, outflows from Lake Taupo so that flood peaks do not 

coincide with flood peaks from the Waipa River at Ngaruawahia. Water 

released from Lake Taupo takes 17-18 hours to reach Karapiro dam and a 

further 13 hours to reach Ngaruawahia. Water therefore needs to be retained 

in Lake Taupo at least 30 hours in advance of a flood peak in the Waipa River 

approaching Ngaruawahia. The travel time of flood peaks on the Waipa River 

. is relatively slow, making manipulation of flood peaks in the Waikato River 

using the hydro system easier to carry out. This action was taken during the 

multi peaked July 1998 flood event which produced a prolonged period of very 

high flows in the lower Waikato River. Water was retained in Lake Taupo for 

several days between 8-13 July and again between 15-17 July to reduce the 

Waikato contribution to flood flows below the Waipa confluence at 

Ngaruawahia. This action reduced Karapiro dam outflows by 160 m3/s. 

13.9 Given adequate advance warning of a major flood event; it is possible to 

undertake a pre-emptive spill through the hydro system to deliberately lower 

the major storage reservoirs such as Lakes Ohakuri, Whakamaru, Arapuni and 

Karapiro. Spill flows released by application of this strategy travel through the 

system and into the lower Waikato River well before the flood event. 

Implementation of this strategy is fraught with problems as it is difficult to 

forecast whether and when a major flood event will develop given the dynamic 

nature of storm events. There is a risk that a pre-emptive spill could create an 

artificial flood event downstream. The pre-emptive spill strategy was used at 

the very start of the July 1998 flood event when a peak flow of 628 m3/s was 

released from Lake Karapiro on 2 July. 

Use of Hydro System in Recent Floods 

13.10 During the July 1998 flood event, and the September 1996 flood to some 

extent, operation of the Taupo gates by Mighty River Power in consultation 

with Environment Waikato departed from the strict table discharge provision in 

the flood rules. This action is permitted under the rules. Hindcast modelling 

was used to determine the effects of this management intervention. 
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13.11 Figures 13.1 to 13.3 compare the actual water level which occurred at 

Hamilton, Ngaruawahia and Huntly with the levels that would have occurred 

under strict adherence to the flood rules during the September 1996 flood. The 

modelling shows that for this multipeaked event the first flood peak was 

reduced by using the gates to hold back water in Taupo. The water level would 

have been 0.7 m higher at Hamilton, 0.2 m higher at Ngaruawahia, and 0.2 m 

higher at Huntly. 

13.12 However, it can also be seen that management action to keep Taupo below its 

maximum control level and the release of stored flood waters from Taupo 

made the second peak 0.7 m higher at Hamilton, 0.2 m higher at 

Ngaruawahia, and 0.2 m higher at Huntly. 

13.13 During the July 1998 flood event, lake Taupo outflows were reduced by about 

280 m3/s to 38 m3/s on 15-16 July. This action allowed the daily average flow 

out of Karapiro to be reduced from 552 m3/s (on 14 July) to 392 m3/s, a 

reduction of 160 m3/s. This represented a 10-12% reduction in flow at 

Ngaruawahia below the Waipa confluence. 

13.14 Figure 13.4 shows the actual water level at Hamilton compared to the level 

that would have occurred under flood rules table discharges during the July 

1998 flood. By contrast to 1996, holding back water in Taupo reduced the two 

major flood peaks by up to 1.4 m. At most locations in the lower river water 

levels were lower as a result of using the hydro system to manage flood 

waters. 

14. LAKE TAUPO CONTROL LEVELS 

Seasonality and Large Floods 

14.1 I will now discuss the lake Taupo control levels further. Some material has 

already been presented, particularly in Section 10. The main focus of this 

section is to consider the effects of Mighty River Power's proposal to just 

operate to a single maximum operating level (MCl) of 357.25 m instead of the 

present seasonal MCl of 357.25 m (April to December) and 357.10 m 

(January to March). 
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14.2 The MCl is the maximum operating level, which is generally only exceeded 

under specified conditions. In the case of lake Taupo this is normally flood or 

approaching flood flow conditions. Prior to 1968 the maximum working level of 

357.387m, set in the lake Taupo Compensation Claims Act, was the MCl, but 

there were informal inhouse operating procedures that provided for 

constrained operation prior to this level being reached. 

14.3 The rational relating to the seasonal step in the MCl and in particular the 

lower summer level of 357.10 m was that although the seasonality of floods 

was not summer orientated, the largest floods occurred in the summer 

(Table 14.1). Table 14.1 contains data for the actual Taupo inflows and for the 

Waikato River at Ngaruawahia because the flood management of lake Taupo 

has been related to the flood prone lower Waikato River in the past. 

Table 14. 1: Lake Taupo and the Waikato River at Ngaruawahia, seasonality of annual flood peaks. 

Lake Taupo inflows 
(1905 to 2002) 

Waikato at Ngaruawahia 
(1924 to 1998 and 1907) 

28 

9 

29% 70 

13% 63 

71% 

87% 

14.4 The seasonal data is also presented in Figure 14.1 where it is clear that the 

summer season with the lower lake Taupo MCl contains a small proportion of 

annual floods. This is particularly so for the Waikato River at Ngaruawahia. 

14.5 The issue of using a lower MCl at lake Taupo in January, February and 

March, then comes down to the occurrence of large floods in summer, 

particularly of tropical cyclone origin. Certainly in 1968 when the seasonal 

regime was implemented the two largest inflow floods at lake Taupo were 

February 1958 and January 1907. However, when the record since 1968 is 

considered, the situation changes, particularly in view of the July 1998 flood, 

plus other large floods In the lower Waikato catchment. The ten largest one 

day flood flows are tabled for lake Taupo inflows and the Waikato River at 

Ngaruawahia (Table 14.2). 
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Table 14.2: Lake Taupo (1905 to 1998) and the Waikato River at Ngaruawahia, ten largest annual 1 day flow 
peaks (1958 to 1998). 

Waikato at Ngaruawahia 

Feb 1958 1357 Feb 1958 1525 

Jul 1998 941 Jul 1998 1443 

Jan 1907 858 Sept 1996 1043 

Feb 1934 804 Jul 1995 1020 

Oct 1926 802 Oct 1970 983 

Dec 1995 802 Aug 1991 981 

Nov 1994 795 Dec 1962 951 

Feb 1967 776 Jul 1986 951 

March 1964 719 Jul 1961 950 

March 1990 710 Sept 1960 929 

No. of 6 years - 60% 1905-1998 record 1 (10%) 
summer 

3 years - 30% 1958-1998 record floods 

April to Dec 4 years - 40% 1905-1998 record 9 (90%) 
floods 

7 years - 70% 1958-1998 record 

Note: If the July 2002 flood with a peak instantaneous flow of 1170m3/s at Ngaruawahia is added then it would 
rank third. 

14.6 For daily annual peak flows there is only one occurrence in the period January 

to March, whereas for Lake Taupo there are six out of the top ten. This 

reduces to three if the same period since 1958 is used. The table shows that 

although the largest flood is February (1958), the second largest is July 

(1998). which is significant because it shows not all of the very large floods 

occur in summer. 

14.7 There is, however, another very significant factor that needs consideration in 

the Waikato catchment and that is flood duration. The following factors are 

relevant: 

• Lake Taupo peak outflows are considerably less than peak inflows and so 

flood volume is important. 

• The lower Waikato flood control scheme is designed for flood water storage 

and a significant design feature is flood water volume. 
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• Large rivers are characterised by long duration persisting floods. For 

example in the Mississippi River large floods last months. The recent July 

1998 flood lasted several weeks. 

14.8 I will therefore look at seasonality for longer durations. Floods of 7 day and 14 

day duration are tabled (Table 14.3). 

Table 14.3: Lake Taupo and the Waikato River at Ngaruawahia, flood seasonality for the ten largest floods for 
durations of 7 and 14 days. 

Feb 1958 Jul 1998 Jul 1998 Jul 1998 

Jul 1998 Feb 1958 Feb 1958 Jul 1995 

Jan 1907 Jan 1907 Jul 1995 Sept 1996 

Oct 1926 Oct 1926 Sept 1996 Feb 1958 

Dec 1988 June 1956 Sept 1970 Aug 1990 

Jan 1986 May 1925 Aug 1992 Sept 1970 

March 1990 Oct 1962 Jul 1964 Oct 1962 

Jul 1915 Dec 1988 Sept 1994 Aug 1992 

Aug 1991 Sept 1996 Aug 1991 Jul 1964 

Nov 1994 Aug 1990 Jul 1961 Sept 1994 

No. of summer 4 (40%) 2 (20%) 1 (10%) 1 (10%) 
floods 

April to Dec 6 (60%) 8 (80%) 9 (90%) 9 (90%) 
floods 

14.9 The seasonal control of Lake Taupo is split into two periods, one of 3 months 

and one of 9 months, which equates to 25% and 75% of the year. Comparing 

these proportions with recorded floods in the percentage summaries from 

Tables 14.1, 14.2 and 14.3 and in Figure 14.1, we see the following: 

• At Ngaruawahia the proportions which equate to the summer 25% of the 

year are: 13%, 10%, 10% and 10% which leaves 87%, 90%,90% and 90% 

for the other 75% of the year. 

• At Ngaruawahia, there is a low risk of summer (January to March) floods. 
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• For Lake Taupo inflows, the proportions which equate to the summer 25% 

of the year are 29%, 60%, 40% and 20% which leaves 71 %, 40%, 60% and 

80% for the other 75% of the year. 

• The dominance of the 9 month period remains at Ngaruawahia and at 

Taupo, at the 14 day duration, the dominance (%) shifts from summer to the 

9 month period. 

• At Lake Taupo there is a slightly greater risk of summer floods, but this 

diminishes for the longer duration floods. 

• Taking Lake Taupo and Ngaruawahia together there is a slight bias toward 

the 9 month period being of greater flood risk. 

14.10 Table 14.3 shows that the top two floods at Taupo are February 1958 and July 

1998 for the 7 day duration but the order is reversed for the 14 day duration 

with the July 1998 flood being largest. At Ngaruawahia, for the 7 day duration, 

the two largest floods are July 1998 and February 1958. For 14 days the two 

largest are July 1998 and July 1995. The total number of summer floods has 

dropped off at Lake Taupo showing fewer summer floods than in Table 14.2. 

At Ngaruawahia there is only one summer flood out of 10 as in Table 14.2 but 

the dominant 1958 flood has dropped down to the fourth ranked flood for 2 

weeks duration. 

14.11 On the issue of seasonality, I consider it important to give weight to the lower 

Waikato seasonal flood patterns and flood records since 1968 (when the 

seasonal management of Lake Taupo is thought to have started). This period 

contains large long duration winter floods. Taking these factors into 

consideration I believe there is no justification for a lower summer Mel in 

Lake Taupo and that a single MeL at 357.25 m is reasonable. 

Seasonal Levels History 

14.12 I will now consider the Lake Taupo level history relevant to the seasonal 

MeL's. A table is produced which contains extracts from the actual water level 

record for Lake Taupo for the period 1906 to 2001 (Table 14.4). The table 

contains the minimum, mean, 10% of the time exceeded and maximum levels 

for Lake Taupo. The same data is presented in Figure 14.2. 
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Table 14.4: Lake Taupo actual/evels summary, 1906 to 2001. 

Lake Level (metres, Moturiki datum) 

Year Minimum Mean Ecceedance 10% Maximum 
of Time 

1906 356.500 356.850 357.100 357.240 1960 356.120 356.560 356.800 356.860 
1907 356.810 357.090 357.320 357.420 1961 356.040 356.360 356.550 356.620 
1908 356.320 356.600 356.780 356.990 1962 356.380 357.040 357.290 357.420 
1909 356.460 357.020 357.600 357.720 1963 356.680 357.010 357.210 357.310 
1910 356.500 356.770 356.960 357.120 1964 356.390 356.970 357.250 357.340 
1911 356.150 356.450 356.690 356.820 1965 356.470 356.870 357.210 357.340 
1912 356.520 356.850 357.210 357.240 1966 356.640 356.960 357.190 357.270 
1913 356.210 356.570 356.960 357.050 1967 356.590 356.970 357.190 357.310 
1914 356.130 356.470 356.700 357.040 1968 356.590 356.980 357.120 357.250 
1915 355.960 356.470 356.970 357.140 1969 356.000 356.560 357.070 357.140 
1916 356.200 356.610 357.090 357.210 1970 356.260 356.680 357.230 357.350 
1917 356.370 356.820 357.190 357.240 1971 356.400 356.860 357.100 357.170 
1918 356.640 356.900 357.140 357.170 1972 356.720 357.000 357.160 357.290 
1919 356.200 356.570 356.860 357.050 1973 355.830 356.450 356.870 357.080 
1920 356.470 356.790 356.950 356.990 1974 355.870 356.500 357.060 357.130 
1921 356.140 356.530 356.850 356.930 1975 356.680 356.970 357.090 357.220 
1922 356.290 356.580 356.830 356.930 1976 356.210 356.630 357.020 357.150 
1923 356.380 356.620 356.800 356.840 1977 355.970 356.540 356.780 356.870 
1924 356.260 356.650 356.930 356.990 1978 355.770 356.260 356.790 356.860 
1925 356.380 356.940 357.220 357.300 1979 356.300 356.820 357.130 357.240 
1926 356.350 356.980 357.590 357.630 1980 356.660 356.910 357.030 357.180 
1927 356.630 357.000 357.230 357.460 1981 356.200 356.590 356.820 356.980 
1928 356.170 356.730 357.260 357.390 1982 355.940 356.270 356.610 356.910 
1929 356.470 356.800 357.050 357.120 1983 355.920 356.410 357.160 357.330 
1930 356.290 356.630 357.090 357.170 1984 356.440 356.870 357.000 357.140 
1931 356.320 356.590 356.840 356.870 1985 356.310 356.870 357.140 357.250 
1932 356.260 356.440 356.600 356.710 1986 356.580 357.010 357.190 357.320 
1933 356.350 356.520 356.660 356.750 1987 356.290 356.560 356.770 356.910 
.1934 356.170 356.460 356.660 356.750 1988 356.150 356.730 357.180 357.320 
1935 356.380 356.800 357.120 357.170 1989 356.080 356.550 357.010 357.180 
1936 356.660 356.900 357.170 357.240 1990 356.210 356.580 356.870 357.000 
1937 356.350 356.570 356.780 356.840 1991 355.980 356.370 356.720 356.780 
1938 356.230 356.5tO 356.660 356.720 1992 355.960 356.490 356.870 357.020 
1939 356.050 356.460 356.740 356.810 1993 356.370 356.570 356.840 356.990 
1940 356.350 356.570 356.810 357.000 1994 356.310 356.820 357.170 357.230 
1941 356.260 356.700 357.380 357.460 1995 356.670 356.980 357.160 357.230 
1942 357.040 357.320 357.440 357.480 1996 356.370 356.890 357.090 357.310 
1943 356.490 357.150 357.400 357.490 1997 356.340 356.620 356.780 356.900 
1944 357.020 357.240 357.370 357.430 1998 356.280 356.780 357.250 357.490 
1945 356.790 357.160 357.380 357.420 1999 356.060 356.410 356.700 356.840 
1946 355.770 356.470 357.220 357.360 2000 356.140 356.500 356.800 356.950 
1947 356.090 356.870 357.330 357.370 2001 355.930 356.310 356.710 357.160 
1948 355.940 356.730 357.150 357.310 *2002 356.510 356.810 357.100 357.220 
1949 356.600 357.050 357.250 357.390 
1950 356.110 356.460 356.870 356.920 
1951 356.000 356.550 356.950 357.070 
1952 356.000 356.660 357.100 357.340 
1953 356.410 357.060 357.340 357.420 
1954 356.290 356.620 356.890 357.160 
1955 356.140 356.620 356.830 356.890 
1956 356.050 356.990 357.550 357.630 
1957 356.210 356.740 357.300 357.560 
1958 355.910 356.360 356.840 357.200 
1959 356.520 356.890 357.240 357.370 
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14.13 The control of lake Taupo in 1941 and the approximate time of the 

introduction of the seasonal MCl has also been marked on this plot. The 

purpose of the plot is to present a visual comparison of change at control 

(1941) and at the introduction of the seasonal MCl (1968). Some observations 

are as follows: 

• Annual maximum levels have changed since the 1941 to 1968 period and 

are lower than then. 

• Annual minimum levels are generally slightly lower than before control in 

1941. 

• Some of the extremes relate to either large flood events (1909, 1926, 1958 

and 1998) or severe droughts (1915 and 1973/74). 

14.14 The 10% of the time exceeded level has been extracted and plotted separately 

(Figure 14.3). I consider that the 10% of the time exceeded lake level is a 

good indicator of the change since 1968. The figure shows this level is 

generally lower since 1968 and in particular is of lesser amplitude than in the 

past. 

14.15 Between 1941 and 1968 the design maximum operating level (MCl) of 

357.387 m (also the Compensation Claims Act level) was the maximum 

operating level. In 1968 this was lowered to 357.25 m (rounded) and 357.10 m 

(rounded) as a composite seasonal MCL. It was this lowering of the maximum 

operating level that has produced a comparable change in the 10% of the time 

exceeded level (Figure 14.3) and not the seasonal component of this lowering. 

This is clearly shown in Figure 10.9, where it can be seen that the greatest 

change is the introduction of the lowered MCl and not the summer step in it. 

14.16 I have already made a case for removing the summer low step of 357.1 Om by 

looking at seasonality and the emergence of large winter floods since 1968. 

The impact of this on the mean MCl can be seen as follows: 

Present mean MCl over a year = [357.25 m x 9/12 + 357.10 x 3/12] = 357.213 m 

Proposed mean MCl over a year = 357.250 m 

Proposed change to mean MCl = + 37 mm 

62 



14.17 That is, the mean MCl is raised by only 37 mm compared to its reduction of 

174 mm (357.387 - 357.213) in 1968. The impact of this adjustment is small, 

but the single MCl has more basis than a seasonal one, particularly when 

flooding throughout the catchment is considered. 

14.18 In addition to the reductions in 1947 and 1968 there has been a loss of the 

original flood zone as envisaged by the design (Figure 10.9). The design MCl 

was 357.387 m and it included a "flood zone" up to the maximum natural 

recorded level (1905 to 1941) of 357.72 m (Bloodworth 1943)1
. Th is is an 

additional 333 mm above the Compensation Claims Act level and 507 mm 

above the MCl of 357.25 m as proposed by Mighty River Power. 

14.19 The scheme design provided for 935 million m3 of operating storage. Current 

operating storage is 825 million m3 (Figure 10.9). That is 110 million m3 less 

than design. Using 357.25 as a single MCl will provide an operating storage 

of 848 million m3
, which is 87 million m3 less than design. As with any 

constraint, operation of the lake becomes conservative and the effective 

available storage is even further reduced. 

14.17 To summarise, I conclude that the seasonal criteria used in 1968 to set 

seasonal MCl's is in need of review on the basis that there have been several 

large floods occurring in winter and, in particular, the 1998 flood. In addition, 

some of these floods have been of long duration placing emphasis on the 

need to consider storm volume as well as storm peak. Further, lake Taupo is 

part of the entire Waikato catchment and flood design and water management 

during high flows must be catchment wide. 

14.18 I further conclude that the proposal to adopt the present 9 month MCl of 

357.25 m for the whole 12 months is not going to produce an adverse effect 

on water management in lake Taupo and, in particular, on the occurrence of 

high lake levels. 

14.19 Both seasonal MCl's have a "water may be retained above" clause in the 

flood rules. The 357.25 m MCl allows for retention to 357.32 m (0.07 m), 

Bloodworth, W.A. (t943) Lake Taupo control. Proceedings of the Institute of Engineers - Proceedings 29(1 ):t08-144. 
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which will still apply. Similarly, for 12 months, the 357.10 m level provides 

retention to 357.25 m (0.15 m). It is important that the 357.32 m, retention 

level be retained. In its present form it requires Environment Waikato's 

permission to use these retention zones. 

14.20 Finally, it is fair to say that although guideline levels can be put in place, Lake 

Taupo catchment is dynamic and is subject to natural rainstorms. It is not 

possible to exert complete control over such a system. Notwithstanding this, it 

is clear from Figure 14.3 that the lake can generally be managed within its 

natural limits and that this small change as proposed will not alter that. 

15. HAMILTON FLOW AND WATER LEVEL HISTORY 

15.1 In his evidence, Dr Hicks will be addressing the matter of degradation of the 

Waikato River bed below Karapiro. Some insight into past changes in bed 

levels at Hamilton can be obtained from the hydrological record. The following 

analysis of Hamilton water level records is presented by way of background 

and supporting evidence for Dr Hicks' later discussion. 

15.2 The water level recorder at the Traffic Bridge, about 33 km downstream of 

Karapiro, has a continuous record since 1975. In addition, I have accessed, 

from Environment Waikato, some monthly mean data based on 8:00 am staff 

gauge readings for the period 1921 to 1961. The data is from a site at the old 

water treatment plant slightly upstream of the present site. 

15.3 Both records have been combined to form a water level plot from 1921 to 2000 

(Figure 15.1). A mean level of 13.79 m (Moturiki Datum) has been computed 

for the 1921 to 1961 record. Similarly a mean of 12.89 m has been computed 

for the 1975 to 2000 record. 

15.4 There is a difference of 0.9 m between the two records whereby the later 

record mean is 0.9 m lower. Some of the reason for this will relate to the fact 

that the earlier record is located slightly upstream. Another factor could be a 

survey datum issue, even though care has been taken over this. A third factor 

relates to river bed degradation. 
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15.5 The 1921 to 1961 record (41 years) shows considerable stability about the 

mean with no evident upward or downward trend in the water level. 

15.6 The 1976 to 2000 record (25 years) shows a downward trend over the 

25 years. 

15.7 Another means of viewing the change in water level is to look at the stage 

discharge curves for the Hamilton Traffic Bridge gauging station. Because 

rating curves have been drawn from 1960 this allows a longer time period to 

be viewed. The period 1960 to 1969 will probably reference a water level at 

the old treatment plant. 

15.8 To view the rating curve data I have selected four flows between 110 m3/s and 

260 m3/s and read off a level from each of the rating curves. That is, for a 

constant flow, a level has been read off each of the rating curves which span a 

period from 1960 to 1994 (to which the last curve applies). This curve is still 

current and stable although it may be reviewed soon in a minor way. 

15.9 The constant flow data has been plotted (Figure 15.2). It can be seen that 

between 1960 and 1976 the water level has fallen about 1 m in 16 years and 

from 1976 to 2000 the water level has fallen about 0.4 m in 24 years. In 

addition the water levels have been reasonably stable since 1994. 

15.10 Others will discuss the process involved in water level trends in the Hamilton 

area. In this discussion the effect of the dams in the degradation process is 

raised as is the removal of sand from the riverbed. 

15.11 To provide a connection between Karapiro flow and levels at the Traffic Bridge 

and the current water treatment plant at Peacocke Road, the results of some 

comparisons are presented. 

15.12 On 8 January 2000, with Karapiro on a steady flow of 145 m3/s the Hamilton 

Traffic Bridge flow was 167 m3/s. At the same time Hamilton City Council 

reported that the water level reached 12.25 m at the water treatment plant 

(Figure 15.3). 
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15.13 On 28 February, during flow testing at Karapiro the Traffic Bridge flow 

bottomed out at a gauged flow of 146 m3/s (rated 148 m3/s) and a level of 

11.57 m (Figure 15.4). The City Council observed a level of 12.05 m at the 

water treatment plant. This trial is close to the 7 day 5 year return period flow 

of 142 m3/s at the Traffic Bridge. As Mr Kedian has explained, the 140 m3/s, 

7 day, 5 year minimum flow has been proposed as the normal minimum flow 

for Karapiro. 

15.14 We are unaware of the precision of the relationship between Karapiro and 

Hamilton Traffic Bridge flows and the City Council water treatment plant levels 

because comparative records are not extensive. 

15.15 In summarising this section the following is noted relative to water levels at the 

Hamilton Traffic Bridge: 

• Water levels appeared to be generally stable between 1921 and 1961. 

• Water levels showed a degradation change from 1960/1961 to 1976 that 

was quite marked. 

• From 1976 to about 1994 water levels degraded at a lesser rate. 

• For the Mighty River Power proposed control flow of 140 m3/s at Karapiro it 

seems that levels at the water treatment plant will be about 12.0 m, 

depending on local inflows and bed conditions at the time. 

16. HUNTLY AND LOWER RIVER EFFECTS 

16.1 In their submission, Genesis Power expressed concern about the possible 

effects of a reduced Karapiro power station flow on the operation of Huntly 

power station, which is downstream. In operating Huntly station, Genesis 

Power rely on the Waikato River for cooling water. After use, this cooling water 

is discharged back to the river. A fundamental issue therefore is the 

relationship between flow and water temperature. Because there is a link with 

river water temperature and flow at the Huntly power station, I will now briefly 

consider the seasonal distribution of flow and water temperatures. Dr Webby 
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will address the matter of Karapiro's operation on downstream flows and the 

constraint this poses to power generation at Huntly. 

16.2 River flow and river temperature at Huntly are presented on an annual 

seasonal basis in Figure 16.1. This shows 16 years of flow record (1984 to 

2000) plotted year by year. Superimposed on this record are the mean 

monthly flows and the minimum recorded flow (1984 to 2000). The monthly 

river temperature at Huntly is also superimposed on the flow record. 

16.3 Figure 16.1 clearly shows considerable variability from year to year over all 

months of the year. Just as evident are the strong seasonal patterns of both 

river temperature and flow. Another feature evident in Figure 16.1 is the high 

minimum flow. The river rarely goes below 200 m3/s due to the influence of 

pumice hydrology with its high base flows and the influence of Lake Taupo 

storage characteristics. 

16.4 In Figure 16.2 the monthly mean flows at Huntly and the monthly mean river 

temperatures at Huntly, are compared again and a "seasonal low flow zone" is 

added. This shows a two month period from mid February to mid April when 

flows are lowest. The first half of this period also coincides with high river 

temperatures. The mean monthly flows in this period exceed 260 m3/s which is 

considerably higher than the mean flow of all other North Island rivers. 

16.5 Most of the time when river temperatures are high there is a substantial flow in 

the river. A short period from mid February to mid March may see occasional 

very high water temperatures coinciding with low flows, but this is generally 

not the case most of the time. Dr Webby will address the effect of these 

fluctuations in flow and temperature on Huntly generation. 
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17. RESPONSE TO STAFF REPORT 

17.1 In this section of my evidence I will draw attention to some issues raised in the 

Staff Report, in particular the material presented in Appendices 2 and 3. 

Appendix 2 is entitled "Erosion Issues in the Waikato River from Taupo Gates 

to Lake Ohakuri". Appendix 3 is entitled "The Effects of Mighty River Power 

Operations on the Waikato River Below Karapiro". 

17.2 I will consider the hydrological issues relative to the Staff Report by using data 

from the Waikato Power Archive. 

17.3 The main outflow record for Lake Taupo is based on the Reid's Farm gauging 

station. It mirrors the Taupo gates operation with respect to flow amplitude 

although it is slightly downstream and there is a minor time delay. Dr Webby 

will provide more detail of this. 

17.4 The Aratiatia power station outflows are used as the flow source relative to 

describing the main inflows in the river between Aratiatia and Lake Ohakuri. 

17.5 The detailed long term record is presented for outflows from Lake Taupo 

(Figure 17.1), Aratiatia (Figure 17.2), and Karapiro (Figure 17.3). 

17.6 I have superimposed reference lines on each plot. These lines are marked to 

allow easy comparison between early records and recent records and, apart 

from the Taupo outflow of 30 m3/s and Karapiro of 140 m3/s, the lines are not 

related to flow constraints. The 30 m3/s and 140 m3/s are, however, the 

proposed minimum flows. 

17.7 Mr Kedian has discussed the various historic events that have affected the 

Waikato hydro system operation in the past. I want to make the point that 

Mighty River Power is applying for 35 year consents and so it is reasonable 

and logical to look at historic generation patterns and flow records over a 

similar period of time, or close to it. Both Appendix 2 and 3 in the Staff Report 

generally use only short time periods of records and so they do not present the 
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sort of variation that may occur over 35 years. Short records can, however, be 

used for detailed modelling studies where comparable data is sporadic, but 

not, in this instance, where the length of record is critical to ensure that a full 

range of historical changes can be captured. 

17.8 The purpose of Figures 17.1 to 17.3 then is to allow a comparison to be made 

with present and past operations to evaluate comments and recommendations 

as contained in the Staff Report appendices. 

17.9 In all three figures, it can be seen that flow amplitude and generating density is 

little, if any, different from what has occurred in the past. In fact, Aratiatia is 

well within the past fluctuation range. Karapiro's flow fluctuation, amplitude 

and operation density for the last three years has been repeated in the past. 

17.10 Comparisons in the appendix reports are made between natural and controlled 

flows. This sort of comment is surprising given the nature of hydro power 

operation worldwide. Clearly the flow patterns are different from natural 

patterns, as that is the whole purpose of controlling them. Fluctuating flow 

patterns were part of the scheme design that has existed for in excess of 30 

years throughout the Taupo/Waikato catchment (Figures 17.1 to 17.3). 

17.11 The number of fluctuations per day is also a surprising statistic to have 

focused on. To review the data presented (Figure 2.5 in the Taupo-Ohakuri 

Staff Report appendices) I have over plotted the Staff Report Appendix 2 and 

3 data and have extended it back in time. Plots for Taupo outflow, Aratiatia 

outflow and Karapiro outflow were produced (Figures 17.4, 17.5 and 17.6) 

17.12 The three plots show that short records were used by the reviewers, compared 

to the longer record I have produced. Although we endeavoured to match the 

methodology, there are some differences in the "calibration". The calibration 

for Taupo outflow (Figure 17.4) is not very tight but adjusting for the 

differences would increase numbers for the earlier record. That is the 

comparison is conservative. It is obvious in all three figures (17.4, 17.5 and 

17.6) that the recent period used by the reviewers is not out of keeping with 
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the longer period of records. In fact, the inferred trends and increases have all 

featured as part of the past variability. There have also been larger annual 

total peaks in the past than the reviewers' data shows, at all three locations. In 

essence then, the conclusion that the number of fluctuations has increased 

recently is clearly incorrect when considering a longer time period. 

Furthermore the drastic change to the proposed regime recommended by the 

reviewers of one fluctuation per day cannot be justified when viewing the 

longer data records. 

17.13 Daily fluctuations as raised in the reviews are addressed by Dr Webby, so 

here I will just briefly consider Karapiro fluctuation patterns. 

17.14 To avoid seasonal displacement of generating patterns, I have chosen three 

years from 1980 to 1982 and another three years from 2000 to 2002. These 

groups of years are all post TPD and they are over plotted, commencing 1 

January 1980 and 2000 respectively (Figure17.7 a to e) 

17.15 The first six months are characterised by a three month period where the 

ramping activity was much greater in 1980 than in 2000. By contrast there was 

more ramping activity for two months in winter 2000 than in 1982. 

17.16 Fluctuation amplitude may overall be greater by approximately 50 m3/s for the 

most recent period, but the extended amplitude does not occur all of the time 

(Figure 17.8). The three year period is different with the earlier period mean 

flow being about 20% wetter. The flow duration curves reflect this, but the 

upper and lower ends tail off quite closely indicating that overall amplitude 

differences cover only a small period of time. In general, the plots simply show 

that flow fluctuations have always been variable and that wet and dry periods 

produce some contrasts. 

GENERAL COMMENT 

17.17 I was very surprised to see the number of dramatic photographs in Appendix 2 

and even more surprised to find that the erosion was being attributed to hydro 

power generation. Dr McConchie will cover erosion issues in detail but I want 
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to consider briefly the issue of relating such erosion to hydro power 

generation. 

17.18 To anyone familiar with pumice land hydrology it is well known that there are 

many such examples away from the Waikato River. It is also clear that much 

of the Waikato River channel is free of erosion and so the photographs are not 

representative. Dr McConchie's comparative data on erosion scars per unit 

distance of the river should be considered because he puts the Waikato River 

into perspective with other rivers. 

17.19 Furthermore, the comparisons with Matahina dam are also inappropriate. The 

Rangitaiki River below Matahina dam has a mean flow to large flood ratio of 

about seven or eight. Whereas for the Waikato River downstream of Taupo, 

the ratio is barely two. At Karapiro the ratio is around three. The ratios are a 

measure of flow variations and flood size. What this means is, that it is more 

significant flood activity that predominantly shapes the Rangitaiki River 

channel and activates erosion scars. Flood activity on the controlled sections 

of the Waikato River to the reach immediately downstream of Karapiro is 

minimal and this supports the fact that there is generally a minimal amount of 

channel erosion. 

17.20 I n Section 7 of the Karapiro review study (Appendix 2) there is a section 

heading "Practice overseas for Hydro Cascade Regulation". The Opuha dam 

is given as an example whereby a "regulatory dam" is used downstream to 

"overcome flow fluctuations". The mean flow at Opuha dam is less than 10 

m3/s compared to over 240 m3/s at Karapiro and 160 m3/s at Taupo outflow. 

17.21 The Opuha weir about 1 km downstream of the dam is in a gravel bed that 

under very low flows has shallow water flows. The weir is a small regulatory 

device that ensures the minimum flow is met in the event of power station flow 

intermittency. The Waikato River channels by contrast are deep and contain 

significant channel storage. There is no real comparison between the two 

systems. 
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17.22 Examples of cascade dam systems from around the world are given in Section 

7 of Appendix 3. However, no data is given by the reviewers to illustrate how 

this regulation works. The limited examples that are presented are selective 

and do not represent the different types of dam cascade. To give an example, 

the cascade of dams on the Mousel River, a tributary of the Rhine, are 

configured so that the highest dam is the regulating dam, in much the same 

manner as Lake Taupo regulates the Waikato hydro system. Furthermore, I 

have already explained that Lake Taupo is a major flood buffer and a seasonal 

water store which provides the characteristic high base flow in the Waikato 

River. The storage in Lake Taupo is such that it overshadows any storage in 

Karapiro. The suggestion to use limited storage in Lake Karapiro to match 

generation to peak power requirements overlooks the fact that Karapiro 

storage is limited and that a base flow of 140 m3/s plus provides considerable 

downstream channel buffer storage. The main point here is that Lake Taupo 

provides significant cascade control over two thirds of the water passing 

Karapiro. This cascade control is very significant because Lake Taupo is many 

times larger than all of the hydro system in total. 

17.23 Turning to consent conditions as proposed in Sections 7 (Appendix 2) and 

Section 9 (Appendix 3) of the Staff Report appendices, I wish to first make a 

general point which is that although quite detailed and very restrictive 

conditions are proposed, no real basis for them has been presented. Nor is 

there any proof that such constraints will lessen erosion or provide benefits. 

The underlying premise that a hydro power system must work to close to 

natural conditions is opposite to the very purpose of hydro power generation 

operation. 

17.24 No basis for the idea of one peak per 24 hours is presented. The ramping rate 

restrictions would need considerable modelling to determine the effects on the 

chain of dams and their generating ability. I have mentioned in an earlier 

section that a multiplicity of operating rules can pose very real practical 

problems to water management, and in particular those rules relating to water 

level management of Lake Taupo and the eight hydro lakes that are closely 

linked to water flow management. 
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17.25 In conclusion, it is my opinion that the consent conditions as proposed in 

Appendices 2 and 3 cannot be supported, firstly by concrete linkage to 

perceived or real problems in the river. Secondly, they have evolved out of 

some limited numerical and descriptive analysis but this type of condition 

specification development requires detailed simulation modelling of the 

hydrological and dam system using a long record of inflows in order to 

understand the resultant outcomes of such controls. However, I do not believe 

an exercise like this is warranted because a cause and effect case has not 

been presented. 

18. CONCLUSIONS 

18.1 Extensive hydrological records have been kept for Lake Taupo and the eight 

Waikato River dams. These are very detailed for both flow and water level. 

The longest of these, Lake Taupo, the longest in New Zealand, extends back 

nearly 100 years to 1905. The records have allowed extensive analysis to be 

carried out on "no consents", previous, and simulated future operational 

regimes of the hydro system. Use of such records provides a solid basis for 

understanding the hydrology of the Taupo/Waikato catchment. From this 

understanding a sensible management strategy for the Waikato hydro system 

has developed over the years. 

18.2 A study of rainfall patterns in the Waikato catchment has shown distinct wet 

and dry seasons throughout much of the catchment (Figure 3.2). Large storms 

can and do upset the seasonal rainfalls at times. As stated earlier, seasonal 

patterns provide guidelines for water management, but variability is such that 

predictive use of seasonal patterns is not precise. 

18.3 A study of the flow records has shown that the catchment can be divided into 

controlled and uncontrolled parts. At Mercer 41 % of the mean catchment flows 

are not influenced by hydro power control. Annual variability of flows is 

significant as are seasonal variations, the latter particularly downstream of 

Karapiro power station. 
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18.4 At Mercer the mean flow in the Waikato River is 420 m3/s. The North Island's 

largest river by far, the Waikato River is therefore a major water resource. 

18.5 Drought flows impact on every river system in New Zealand from time to time. 

Significant widespread droughts have occurred in the Waikato catchment in 

1915, 1921, 1970, 1983 and 1993/94. These natural occurring phenomena 

must be taken into account so that constraints are not set that fail to recognise 

natural drought 

18.6 Floods are a very significant feature in the Waikato catchment, as in many 

other catchments around the world. Problems of floods and flooding are not 

new (Figures 6.1 and 6.2). A commission in 1917 and 1921 considered 

flooding issues (including the historic 1907 flood which is still the largest flood 

peak to have passed Mercer). This was prior to the present flood control 

scheme of course. 

18.7 The uncontrolled Waipa River makes a significant if not dominant impact on 

flooding in the lower river (Figure 6.5). Thus significant rain in the west part of 

the catchment poses flooding problems. 

18.8 Following on from a discussion on flooding it is appropriate to mention the 

Waikato Power Development Flood Management Rules. These have been in 

use continuously for the last 27 years. They are comprehensive (Figure 7.1) 

being based on extensive modelling. Updates have been produced from time 

to time. Although there are mandatory sections in the rules for dam safety 

purposes, there is considerable provision for interaction and co-operation with 

Environment Waikato. Mighty River Power is proposing to continue operating 

to the flood rules. 

18.9 In 1971 TPD diversion. water first entered the Waikato catchment and 

diversion was at full capacity by 1979. 
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18.10 The TPD diversions are 24% of the mean flow at Taupo but by the time the 

river reaches Mercer the mean flow effect is about 7%. The TPD diversion 

flows have decreased since 1992/1993, and the long term prediction is that 

they will decrease further, at least by another 1.3m3/s. 

18.11 In a similar vein we studied the likely effect of climate and land use change 

over the next 35 years and found that water yield would increase with 

increasing rainfall but would decrease an equivalent amount as a result of 

increased afforestation. The net result is no significant change, except of 

course for reduction in TPD diversion flows. 

18.12 Considerable checks were made on the Taupo water level record and 

associated flow records. The cyclic fluctuations in lake level have not altered 

significantly since 1906 when records began, or since control in 1941 (Figure 

10.1 ). 

18.13 Lake Taupo has a natural inflow/outflow storage exchange which has not 

varied much under pre and post control conditions (Figures 10.6 and 10.6a). 

18.14 The "no consents" environment in Lake Taupo sees a considerable drop in 

water level of about 1.2 m (Figure 10.3). Others will discuss the impact of this. 

18.15 Natural (pre-1941) and controlled water level ranges for Lake Taupo are 

shown schematically in Figure 10.9. The unrestricted operating storage of the 

lake at present of 825 million m3 is 256 million m3 less than before control. 

Some flood storage is accessed periodically but not specifically for generation 

purposes. 

18.16 The dynamic nature of Lake Taupo water level fluctuation, both naturally and 

under control, are shown in Figures 10.7 and 10.7a. This is an important 

understanding to embrace when considering Lake Taupo. Storms in particular 

can cause significant rises in lake level in a very short space of time. 
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18.17 The "no consents" and previous operational regimes were compared for the 

eight hydro lakes. The "no consents" regime would cause dramatic changes to 

the hydrology of the river lake system from Taupo to Karapiro. 

18.18 The lake level and lake area changes as a result of a "no consents" regime 

are, to say the least, very dramatic. The greatest change is at lake Ohakuri 

where the "no consents" lake level would be 41.8 m lower than under previous 

operation (Figure 12.5). "No consents" levels in lakes Arapuni and 

Whakamaru would be up to 39.7 m and 37.2 m, respectively, lower than 

previous levels. 

18.19 Three of the largest lakes (Ohakuri, Whakamaru and Arapuni) would lose 95% 

of their surface lake area. 

18.20 Karapiro level would be reduced by a maximum of 27.9 m, but during floods 

would rise over a range in excess of 20 m (Figure 12.1). 

18.21 The hydro power influence on the Waikato River has existed since 1929 when 

Arapuni was commissioned (not counting Horahora). It is clear that the hydro 

power regime has existed in the river for over 70 years and is thus a relatively 

stable hydrological regime. 

18.22 The effect of the Waikato hydro system on floods relates to flood periodicity 

and water management. The flood rules are a responsible means of flood 

management, but the dynamic nature of floods means that a lot of the flood 

phenomena cannot be managed. Examples have been given on the 

management of the 1996 flood and the long duration 1998 flood. 

18.23 The seasonal Mel introduced to lake Taupo about 1968 was based on a 

premise that summer floods were the largest and needed special provision to 

be made to accommodate them. In the 34 years since then the large July 1998 

flood has occurred. This ranks as a major flood not occurring in summer. 
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18.24 Another critical factor that has changed since 1968 is that of long duration 

floods. These have occurred in July 1995, September 1996 and July 1998. 

These facts weaken the case for a seasonal MeL and so a single Mel of 

357.25 m is proposed, with retention also of the 357.32 m for flood storage. 

Lowering of the Mel to 357.25 m provided additional flood storage and the 

summer step did not add significantly to this. 

18.25 Other downstream effects such as the interrelation between flow and water 

temperature at Huntly are shown in Figures 16.1 and 16.2 where low flows 

and high water temperatures coincide for a few weeks. This sort of 

phenomena occurs in many rivers in New Zealand and is not limited to a partly 

controlled river system. 

18.26 In concluding I would like to state that the hydrology of the Waikato River and 

Lake Taupo is better documented and understood than most river systems in 

New Zealand. Further, I conclude that the hydrological regime existing in the 

catchment is relatively stable and in fact more stable than many other river 

systems. Mighty River Power is not proposing any future measures that would 

change this present healthy hydrological regime. 
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Figure 6.1: 

Figure 6.2: 

Rangitahi Street, Otorohanga. Note the entire valley floor, or floodplain, is under water in the 
February 1958 flood. 

Huntly West, with Huntly College in the centre, in the February 1958 flood. Similar flooding 
occurred at Huntly College in 1998. 
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Figure 10.6: Lake Taupo natural inflow and outflow (1906 - 2001). 
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Figure 10.6a: Lake Taupo actual inflow and outflow (1991- 1998). 
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Figure 12.10: Previous Arapuni lake level compared to "no consents" lake level, and showing "no consents" and proposed ranges. 
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Figure 14,3: Lake Taupo - actual level record 1906 to 2001. Annual level exceeded 10% of the time, 
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Figure 15. 1: Water levels (Moturiki datum) for the Waikato River at the old water treatment plant (1921- 1961) and Hamilton Traffic Bridge (1976 - 2001). 
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Figure 15.3: Karapiro and Hamilton Traffic Bridge flows, 8 January 2000. 

380 

350 

300 

{ 250 

3 
o 

u::: 

200 

150 

A -' Discharge from Karapiro Power Station 
Walkato River Flow at Hamilton Traffic Bridge 

1800 2000 2200 2400 

100 +-----------+-----------~----------~----------+-----------+------------
25 Feb 26 Feb 27 Feb 28 Feb 29 Feb 1 Mar 
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Figure 16.2: Mean monthly flow for Waikato River at Huntly power station (1984 - 2000) and mean monthly temperature at Huntly (2000). 
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Figure 17.7b: Karapiro generation pattern comparisons between 1980 and 2000 (July to December). 
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Figure 17.7d: Karapiro generation pattern comparisons between 1981 and 2001 (July to December). 
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