


























































be highest in wet years and lowest in dry years. The annual range in river 

levels would be 2.9 to 3.4 m. 

8.7 Figures 8.6 and 8.7 show the results of an analysis of the daily fluctuations in 

predicted future levels at Cherry Island. Figure 8.6 shows duration curves of 

rates of change of river level over time for each of the simulated years. These 

duration curves indicate that rates of change of river level would generally 

vary between -1000 mm/hour (falling river level) and + 1200 mm/hour (rising 

river level) with rare rising level rates as high as 2500 mm/hr. Figure 8.7 

shows duration curves of maximum daily change in river level for each of the 

simulated years. Figure 8.2, which shows duration curves of maximum daily 

change in flow out of the Taupo gates, helps to put the data in Figure 8.7 in 

perspective. Figure 8.7 shows that, for 90% of the time, the maximum daily 

change in river level at Cherry Island would be less than about 1.6 m. The 

maximum value of maximum daily change in river level at this location would 

be about 2.4 m reflecting the maximum value of the maximum daily change 

in flow out of the Taupo gates in Figure 8.2 (230 m3/s). 

8.8 Figure 8.8 shows average flow velocities in the left and right channels 

respectively past Cherry Island as a function of total river flow based on the 

future flow simulation using transformed 1998 data. The left channel is the 

larger and deeper of the two channels and carries the greater proportion of 

the total flow although this varies with the magnitude of the flow. For 

example, at a flow of about 30 m3/s, the left channel conveys about 90% of 

the total and the right channel 10% while, at a flow of 170 m3/s, the 

proportion is about 70:30 and at a flow of 315 m3/s, the proportion is about 

65:35. I would emphasise that the average flow velocities in Figure 8.8 are 

for one measured cross-section and as such, are only indicative of flows past 

Cherry Island. Nevertheless they show that the river flow is very slow moving 

in this reach (even under flood conditions) with average flow velocities in the 

range 0.25 to 0.7 m/s in the left channel and 0.2 to 0.8 m/s in the right 

channel. Figures 8.9a and b show duration curves of simulated flow velocities 

past the island in the left and right channels respectively for the years 1998, 

1996, 1991 and 1993. For 90% of the time flow velocities in the left channel 
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would be less than about 0.6 m/s and those in the right channel would be 

less than about 0.7 m/s. 

8.9 Figure 8.10 shows duration curves for simulated future Aratiatia power 

station outflows based on historic flow data for 1998, 1996 as a wet year, 

1991 as an average year and 1993 as a dry year. Again these duration 

curves strongly reflect the hydrological wetness or dryness of each year with 

the median outflow being lowest for the dry year (1993) and highest for the 

wet year (1996). The minimum station outflow would be zero in all years 

reflecting the occurrence of station shutdown in the late evening and early 

morning (I indicated previously in section 5.3 that this could be expected to 

occur between 50 and 240 days per year depending on the hydrological 

conditions for duration of up to 8.5 hours). Under conditions of low water 

availability from Lake Taupo, Aratiatia power station would be operated to 

release a constant base flow of 110 to 120 m3/s during the day and then shut 

down in the late evening and early morning for varying durations. Under 

conditions of low to medium flow availability from Lake Taupo, the pattern of 

Aratiatia power station would change to a constant base flow of 110 to 

120 m3/s during the day, short duration mid morning and late afternoon 

peaks of 200 to 230 m3/s and short duration shutdowns in the early morning. 

Under conditions of medium flow availability from Lake Taupo, Aratiatia 

power station would be operated with a lower overnight constant base flow of 

100 to 110 m3/s changing to a higher base flow of 220 to 230 m3/s during the 

day and either a mid morning or late afternoon/early evening peak of 310 to 

320 m3/s. Under conditions of medium to high flow availability from Lake 

Taupo, the constant base flow released from Aratiatia power station over the 

whole day would increase to 200 to 230 m3/s with short duration early to late 

morning and early evening peaks of up to 310 to 320 m3/s and short duration 

early morning or mid afternoon partial shutdowns of 110 to 120 m3/s 

superimposed on this base flow. Under conditions of high flow availability 

from Lake Taupo, the outflow released from Aratiatia power station would 

generally fluctuate between 270 and 320 m3/s over the whole day. 

8.10 Figure 8.11 shows duration curves of the maximum daily change in Aratiatia 

power station outflow for the simulated future outflow records for 1998, 1996, 
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1991 and 1993. These curves indicate that for 90% of the time, the maximum 

daily change in outflow under proposed future operation of the hydro system 

would be less than about 270 m3/s. The maximum value of maximum daily 

change in outflow would be about 300 m3/s and would occur on a day when 

the station outflow was reduced from a constant base flow of about 115 m3/s 

down to 40 m3/s between 0430 and 0500 hours, and then gradually ramped 

up to a peak of 340 m3/s in the late afternoon and early evening before being 

ramped down to 40 m3/s again between 2330 and 2400 hours. The greatest 

variability in station outflows would occur in years of average flows. 

8.11 Figure 8.12 shows longitudinal profiles of maximum and minimum water 

levels from Aratiatia dam to the head of Lake Ohakuri (indicated by the brown 

and blue lines respectively) based on simulations for 1998. Both profiles 

initially drop very steeply down to Ngaawapurua (Fulljames) Rapids before 

flattening out towards Harper Bend and thereafter having a very flat gradient. 

The shape of the water level profiles reflects the variable slope of the 

riverbed over this reach. The maximum level range, as indicated by the 

difference between the two longitudinal profiles, gradually reduces with 

distance downstream due to the effect of attenuation of both positive and 

negative peaks in the Aratiatia power station outflow record. The maximum 

level range reduces from about 7 m at Aratiatia power station to about 4.5 m 

at Harpers Bend and less than 3 m at Mihi Bridge. 

8.12 Figure 8.13 shows duration curves of maximum daily change in simulated 

future levels below Ngaawapurua (Fulljames) Rapids (approximately 5 km 

from Aratiatia dam) based on historic flow data for 1998, 1996, 1991 and 

1993. These duration curves show some dependency on hydrological 

conditions although the trend is not consistent. Minimum annual values of 

maximum daily level change would be in the range 0.2 to 1.7 m, median 

values in the range 1.9 to 2.9 m and maximum values in the range 4.3 to 

6.0 m. 

8.13 Figure 8.14 compares simulated future annual river level records at River 

Road (approximately 18.9 km downstream from Aratiatia dam) for 1998, 

1996, 1991 and 1993. It appears from these records that there would be no 

32 



significant differences in the overall level range at this location between years 

of different wetness or dryness. However, during extended low flow or high 

flow periods (such as the first half and second half of 1998 respectively), the 

level range would be reduced, reflecting reduced variations in Aratiatia power 

station outflow at such times. The variability of river levels from year to year 

would be very similar except during the passage of major flood events (such 

as in July 1998 and October/November 1998) when outflows past Aratiatia 

dam would be maintained fairly constant. Figure 8.15 shows a plot of 

duration curves for predicted river levels at River Road for the different 

simulated years. This confirms that future level ranges at this site would be 

fairly similar irrespective of the hydrological conditions (the level range would 

be about 3.8 m for the selected dry and average years and about 4.1 m for 

the selected wet year and 1998). However, the median level would increase 

with the wetness of a year. 

8.14 Figure 8.16 shows a plot of rate of change of river level at River Road for the 

different simulated years. This plot indicates that the wetness or dryness of a 

year would have little effect on the rate of rise or rate of fall of the river under 

proposed future operation of the hydro system with maximum rates of 

change varying between -300 mm/hr (fall) and +450 mm/hr (rise). Figure 

8.17 shows duration curves of maximum daily change in level at River Road 

for each of the simulated years based on an 0600 hours to 0600 hours time 

window to pick up the dominant diurnal level cycle at this site. In contrast to 

the duration curves of rate of change of level, these duration curves of 

maximum daily change in level show some dependency on hydrological 

conditions with maximum daily changes in level being slightly greater for the 

selected dry and average years and lower for the selected wet year and 

1998. Minimum annual values of maximum daily change in level would be in 

the range 0.1 to 0.35 m, median values in the range 0.7 to 0.9 m and 

maximum values in the range 1.8 to 2.0 m. 

8.15 Figure 8.18 shows a plot of duration curves for predicted levels at Ohaaki 

Bridge for the different years (1998, 1996, 1991 and 1993) for simulated 

future operation of the hydro system. This indicates that the level range 

would be fairly similar each year irrespective of the hydrological conditions 
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(the predicted range is about 3.6 m for the selected dry and average years 

and 3.6 m for the selected wet years and 1998). However, the median level 

would increase with the wetness of the year (the median level for the 

selected wet year is about 1.5 m higher than the median level for the 

selected dry year). 

8.16 Figure 8.19 shows a plot of duration curves for the rate of change of river 

level at Ohaaki Bridge for the different years for simulated future operation of 

the hydro system. This shows that rates of change of level at this site would 

be very similar irrespective of the wetness or dryness of a year with 

maximum values of about -200 mm/hr (fall) and +250 mm/hr (rise). Figure 

8.20 shows duration curves of maximum daily change in river level at Ohaaki 

Bridge for each of the simulated years based on an 0600 hours to 0600 

hours time window. As with other upstream sites, there would be some 

dependency of maximum daily changes in level at Ohaaki Bridge on 

hydrological conditions, although this is reduced by the effect of attenuation 

of positive and negative outflow waves from Aratiatia power station with 

distance downstream. Minimum values of maximum daily level change would 

be in the range 0.05 to 0.2 m, median values in the range 0.4 to 0.65 m and 

maximum values in the range 1.4 to 2 m. 

8.17 I indicated in section 5.3 that, under future hydro system operation, Aratiatia 

power station could be shut down in the early hours of the morning (when 

power demand is low) for durations of up to 8.5 hours. I will now describe the 

effects of such a shutdown on downstream river levels. 

8.18 Figure 8.21 shows a plot of Aratiatia power station outflows over a 24 hour 

period which incorporates an 8.5 hour long station shutdown. The 24 hour 

period starts at 2100 hours on one day and finishes at the same time the next 

day with station shutdown commencing at 2300 hours on the first day 

(defined as time t = 0 hrs) and station startup occurring at 0730 hours on the 

second day (defined as time t = 8.5 hours). The station outflow reduces from 

125 m3/s down to zero at the time of shutdown and increases from zero to 

120 m3/s at station restart. Figure 8.21 incorporates a series of vertical lines 
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corresponding to times at which snapshots of water surface profiles have 

been plotted in Figures 8.22a and band 8.23a and b. 

8.19 Figure 8.22a shows a sequence of water surface profiles over the period 0 < 

t < 8.5 hours (starting from just before the station shuts down at t = 0 to just 

before it starts up again at t = 8.5 hours) in the reach down to below the 

Ngaawapurua (Fulljames) Rapids (about 6 km from Aratiatia dam). Figures 

8.22b shows the same sequence of water surface profiles in the reach 

Ngaawapurua (Fulljames) Rapids to Mihi Bridge (6 km to 36 km from 

Aratiatia dam). This phase of the shutdown event corresponds to a draining 

phase for the downstream river with river levels progressively falling. After 

4 hours, river levels have gradually reduced to their minimum value over the 

first 5 km downstream to the head of the Ngaawapurua Rapids with flow 

continuing to drain slowly from pool to pool. This would occur during night 

time hours. The remaining length of river down to Mihi Bridge continues to 

drain over the 8.5 hour shutdown period with river levels gradually falling over 

that whole time. 

8.20 Figure 8.23a and b predominantly show the recovery phase in the same two 

reaches downstream of Aratiatia power station. The recovery phase reflects 

the passage of a positive wave downstream induced by station startup. 

Figure 8.23a shows that river levels down to the head of the Ngaawapurua 

(Fulljames) Rapids have almost fully recovered within 1.5 hours of station 

startup (t = 10 hours). Meanwhile Figure 8.23b shows that water levels in the 

Ngaawapurua (Ful\james) Rapids to Mihi Bridge reach continue to drop very 

slightly after Aratiatia power station first starts up at t = 8.5 hours. The 

positive wave induced by station startup takes time to advance downstream. 

SUbstantial recovery of river levels over the whole reach is achieved within 

7.5 hours of station startup (t = 16 hours) although maximum levels are not 

reached until 15.5 hours after station startup (t = 24 hours). Maximum levels 

below Ohaaki Bridge (26.8 km from Aratiatia dam) will be affected to some 

extent by the headwater level variation at Ohakuri dam (65.9 km from 

Aratiatia dam). 

35 



8.21 Figure 8.11 showed that, for 90% of the time, the maximum daily change in 

outflow from Aratiatia power station under proposed future hydro system 

operation would be less than 270 m3/s. Figure 8.24 shows a hydrograph of 

simulated future Aratiatia power station outflows over a four day period in 

which the maximum daily change in outflow was greater than 200 m3/s on 

each day. The maximum daily change in outflow was about 280 m3/s over 

three steps of several hours duration on 18 March, 270 m3/s over three steps 

on 19 March, 200 m3/s over two steps on 19 March and 280 m3/s over three 

steps on 21 March. The initial steps on 18, 19 and 21 March were in fact half 

hour duration periods in which the power station outflow was ramped down 

from and then ramped back up to a "base" flow of about 100 m3/s in the early 

morning. Figures 8.25 to 8.28 show the water level hydrographs resulting 

from this four day sequence of outflows at four downstream sites, in the 

Aratiatia power station tailrace, below the Ngaawapurua (Fulljames) Rapids, 

at River Road and at Ohaaki Bridge. Figures 8.25 to 8.28 each have a 

common range on the vertical axis (although the absolute scale differs) to 

illustrate the attenuation of the generation induced waves as they travel 

downstream. Figure 8.26 shows that the initial step down in flow in the early 

morning on 18, 19 and 21 March is rapidly attenuated by the bottom of the 

Ngaawapurua (Fulljames) Rapids and is only evident at this site as a short 

duration drop in water level of about 0.2 m. Figure 8.27 shows that the step 

changes in power station outflow of several hours duration gradually evolve 

to a fairly regular diurnal water level cycle by River Road with a single daily 

trough occurring late morning and a single peak approaching midnight. For 

the example given in Figures 8.25 to 8.28, the maximum daily change in level 

on the 18 March reduces from 4.15 m in the power station tailrace to about 

2.8 m below Ngaawapurua (Fulljames) Rapids (a 54% reduction), 1.9 m at 

Harpers Bend (a 33% reduction), 1.6 m at River Road (a 61 % reduction) and 

1.2 m at Ohaaki Bridge (a 71 % reduction). The latter value is slightly less 

than the maximum value of maximum daily change in level that could be 

expected at Ohaaki Bridge as indicated by Figure 8.20. 

8.22 In summary, future outflows from Lake Taupo would vary annually between a 

minimum of 30 m3/s and a maximum of 270 to 315 m3/s depending on the 

maximum lake level. The minimum outflow value would occur more 
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frequently in dry years. Under the most extreme operating scenario, the 

pattern of Lake Taupo outflow released through the Taupo gates could 

include up to five short duration outflow peaks of 175 to 250 m3/s during the 

day superimposed on a constant base flow of 110 to 140 m3/s. For 90% of 

the time, the maximum change in daily outflow from the Taupo gates would 

be less than 140 m3/s. This would be reflected in maximum daily changes in 

river level at Cherry Island (1.5 km downstream) of less than about 1.6 m. 

Flows past Cherry Island are very slow moving, even under flood conditions, 

with maximum average velocities of about 0.7 mls and 0.8 mls in the left and 

right channels respectively. 

8.23 Future outflow from Lake Aratiatia (either through Aratiatia power station or 

over the spillway on Aratiatia dam) would vary annually between zero and 

about 340 m3/s with station shutdown occurring frequently in the late evening 

and early morning for durations of up to 8.5 hours. For 90% of the time, the 

maximum daily change in outflow would be less than 270 m3/s with an 

absolute maximum value of about 300 m3/s. The maximum downstream level 

range resulting from the annual variation in Lake Aratiatia outflows would 

reduce from about 7 m in the power station tailrace to 4.0 m at River Road 

and 3.0 m at Mihi Bridge (at the head of Lake Ohakuri) due to the effects of 

positive and negative wave attenuation by channel friction. The variability of 

downstream river levels would be very similar from year to year with the 

wetness or dryness of the year having little effect on rates of rise or fall in 

level. At River Road, rates of change of river level would vary between 

maximum values of -300 mm/hr (falling level) and +450 mm/hr (rising level) 

with maximum daily changes in level being less than 1.5 m for 90% of the 

time and an absolute value of 2.0 m. Shutdown of Aratiatia power station 

overnight would cause downstream river levels to slowly drain over time. 

River levels would reach their minimum value in the first 5 km down to the 

head of the Ngaawapurua (Fulljames) Rapids after about 4 hours although 

river levels further downstream would continue to drain after that time. 

Following station startup, river levels would be almost fully recovered in the 

first 5 km downstream within 1.5 hours and substantially recovered over the 

rest of the reach down to Ohaaki Bridge after about 7.5 hours. Short duration 
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positive and negative peaks in the Aratiatia power station outflow record are 

rapidly attenuated with distance downstream. 

9 EFFECTS OF PROPOSED MANAGEMENT REGIME OF HYDRO SYSTEM 

ON WAIKATO RIVER BELOW KARAPIRO DAM 

9.1 The lower Waikato River below Karapiro dam is significantly affected by 

hydro system operation although the effects are diluted to some extent below 

Ngaruawahia by tributary inflows from the Waipa River. In this section I will 

describe the level and flow regime of the lower Waikato River as far 

downstream as Rangiriri, approximately 84 km from Karapiro dam. This 

description is based on the results of model simulations for selected low flow 

(December to May) and high flow (June to November) periods (the years 

being divided in this manner to reflect the strong seasonality of the lower river 

hydrology). 

9.2 Figure 9.1 compares simulated future Karapiro power station outflows for the 

wet, average and dry low flow periods of December 1995 to May 1996, 

December 1990 to May 1991 and December 1993 to May 1994 respectively. 

The low flow part of the year generally reflects lower flow availability from the 

primary storage facility for the Waikato hydro system, Lake Taupo, so that 

the 140 m3/s minimum outflow from Karapiro power station would be 

expected to occur more frequently than in the high flow part of the year. The 

six month outflow records in Figure 9.1 demonstrate that the incidence of the 

140 m3/s minimum flow would increase with the dryness of the period. In fact, 

in very dry periods such as March to May 1994, the occurrence of the 

minimum flow would be quite prevalent. The daily variability in station 

outflows would be greatest for average low flow periods with very dry periods 

showing highly suppressed variability due to the limited supply of water 

available for generation purposes. The incidence of the maximum station 

discharge of about 410 m3/s would be greatest in wet low flow periods. 

9.3 Similarly, Figure 9.2 compares simulated future Karapiro power station 

outflows for the wet, average and dry high flow periods of June to November 

1995, June to November 1991 and June to November 1985 respectively as 
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well as June to November 1998 which included the major July 1998 flood 

event. The daily variability in station outflow and the incidence of the 

140 m3/s minimum flow in this part of the year would be greatest in dry 

periods. Station outflow variability would be suppressed almost completely 

during the passage of major flood events such as July/August 1998, 

October/November 1998 and July/August 1995. 

9.4 Figure 9.3 shows duration curves of Karapiro power station outflows for the 

selected low flow period records plotted in Figure 9.1. These curves define 

the cumulative frequency distribution of simulated outflows for each six 

month period with the 50% point being the median outflow value, the 0% 

point being the minimum value and the 100% point the maximum value. The 

outflow duration curve for the wet period of December 1995 to May 1996 is 

brown, that for the average period of December 1990 to May 1991 is black 

and that for the dry period of December 1993 to May 1994 is blue. The 

outflow duration curves strongly reflect the hydrological dryness or wetness 

of each six month period with the dry period of December 1993 to May 1994 

having the lowest median value (coinciding with the proposed minimum flow 

value of 140 m3/s) and the wet period of December 1995 to May 1996 having 

the highest median value. All low flow periods have a minimum outflow value 

of 140 m3ts (corresponding to the proposed minimum flow value) although 

the frequency of occurrence of this value is much more extensive in the dry 

period (more than 65% of the time) than in the wet period (less than 15% of 

the time). The maximum station outflow for all low flow periods coincides 

approximately with the maximum machine discharge capacity of about 

410 m3ts. 

9.5 Figure 9.4 shows duration curves of Karapiro power station outflows for the 

selected high flow period records shown in Figure 9.2. The same colour 

sequence is used as in Figure 9.3 with brown for the wet period, black for the 

average period and blue for the dry period. The green outflow duration curve 

is for the additional June to November 1998 period. The outflow duration 

curves in Figure 9.4 show the same trend as those in Figure 9.3 with median 

values increasing with the wetness of the period. The minimum outflow value 

is again 140 m3/s in all cases with the frequency of occurrence quite 
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extensive for the dry period (about 45%) and non-existent for the wet period 

(0%). Maximum outflow values are close to the maximum station discharge 

capacity except for the June to November 1998 period. In this period the 

maximum outflow value is considerably higher than the station discharge 

capacity reflecting the need to spill water past the dam during the extended 

July/August and October/November 1998 flood events. 

9.6 Under proposed future hydro system operation, Karapiro power station would 

be operated with a fairly distinctive sequence of outflow patterns at differing 

levels of flow availability. Under conditions of very low flow availability, the 

station would be operated at a constant daily outflow close to the 140 m3/s 

minimum value. As more flow becomes available, this pattern of operation 

would change to a single outflow peak in the evening superimposed on a 

constant 140 m3/s base flow over the rest of the day. Under conditions of low 

to medium flow availability the predominant pattern of station operation would 

consist of morning and evening outflow peaks superimposed on a 140 m3/s 

late evening and early morning base flow and a slightly higher base flow 

during the middle of the day. At times of medium to high flow availability, this 

pattern of operation would again change to a near constant daytime flow with 

lower flows in the late evening and even lower flows in the early morning. 

Under conditions of high flow availability, the pattern of station operation 

would revert to an approximately constant daily outflow. 

9.7 Figures 9.5 and 9.6 show duration curves of maximum daily change in 

Karapiro power station outflow for the selected December to May low flow 

periods and June to November high flow periods respectively. Values of 

maximum daily change in station outflow would be greatest for average low 

flow and dry high flow periods. Median values for low flow periods would lie in 

a fairly narrow range of 140 to 170 m3/s. This range would be slightly greater 

for high flow periods with median values of 125 to 175 m3/s. However, for 

50% of the time, the range of values for maximum daily change in outflow 

would be far greater in high flow periods than in low flow periods. For 90% of 

the time, the maximum daily change in outflow would be less than 220 m3/s 

in either part of the year and the maximum value would be less than 

270 m3/s. 
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9.8 Figure 9.7 shows longitudinal profiles of simulated future maximum and 

minimum Waikato River levels from Karapiro dam to Rangiriri based on 

historic flow data for the average low flow period (December 1990 to May 

1991). The maximum water level profile is the brown line in this figure while 

the minimum water level profile is the blue line. The level range, which is the 

difference between the maximum and minimum level profiles, gradually 

reduces with distance down to just upstream of the Waipa confluence at 

Ngaruawahia due to the attenuation of daily power station outflow peaks. The 

level range increases locally in the vicinity of the Waipa confluence due to a 

slight backwater effect induced by a moderate fresh in the Waipa River in 

February 1991. Below the Waipa confluence the level range continues to 

reduce with distance due to the effects of flood and generation wave 

attenuation. The minimum water level profile reflects the occurrence of a 

minimum outflow of 140 m3/s from Karapiro power station although this is 

supplemented by additional flows sourced from minor tributaries such as the 

Karapiro Stream, Mystery Creek and the Mangaonua Stream (between 

Karapiro dam and the Hamilton Traffic Bridge gauging station) as well as the 

Waipa River at Ngaruawahia. The maximum water level profile reflects the 

occurrence of a peak station outflow of 405 m3/s occurring twice in one day 

between 0530 hours in the morning and midday and between 1700 hours 

and 2300 hours in the evening. 

9.9 Similarly to Figure 9.7, Figure 9.8 shows longitudinal profiles of simulated 

future maximum and minimum Waikato River levels from Karapiro dam to 

Rangiriri based on historic flow data for the high flow period June to 

November 1998 which incorporates the major July 1998 flood event. For this 

high flow period, the level range gradually reduces with distance down to 

about the Narrows Bridge (23.2 km from Karapiro dam) at which point it 

starts to gradually increase as far downstream as the Waipa confluence at 

Ngaruawahia due to the very significant backwater effect induced by the 

Waipa River flow during the July 1998 flood event. Below the Waipa 

confluence, the level range again gradually reduces with distance 

downstream. The minimum water level profile in Figure 9.8 also reflects the 

occurrence of a minimum outflow of 140 m3/s from Karapiro power station 
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while the maximum water level profile reflects peak flood levels during the 

July 1998 flood event. 

9.10 The backwater effect induced by Waipa River flows entering the Waikato 

River at Ngaruawahia is illustrated in more detail by Figures 9.9 and 9.10. 

Figure 9.10 shows hydrographs for simulated future Karapiro power station 

outflows, actual Waipa River flows at Whatawhata and simulated future 

Waikato River flows at Ngaruawahia (representing the sum of the first two 

flow records plus other tributary inflows) for part of the July 1998 flood event 

from 1 to 24 July. Figure 9.9 includes several vertical lines indicating times at 

which snapshot profiles of water level along the Waikato River from the 

Narrows Bridge to Ngaruawahia have been plotted in Figure 9.10 (at 0300 

hours on 9, 10, 11, 12 and 13 July). These snapshot profiles in Figure 9.10 

show how the water level in the river between the Narrows Bridge and 

Ngaruawahia gradually rises in response to rising flows in the Waipa River. 

The rise in river levels in the Narrows Bridge to the Waipa confluence reach 

between 9 and 10 July reflect both an increase in Karapiro power station total 

outflow from about 370 m3/s to 570 m3/s and an increased backwater effect 

from Waipa flows entering the Waikato River at Ngaruawahia. However, for 

the next three consecutive days, the Karapiro power station outflow remains 

approximately constant while the Waipa flow continues to increase. 

Consequently the continuing rise in levels in the Narrows Bridge to the Waipa 

confluence reach observed between those days in Figure 9.10 is 

predominantly due to the backwater effect induced by Waipa flows entering 

the main river. 

9.11 Figure 9.11 shows simulated future records of level in the Waikato River at 

Fergusson Bridge in Cambridge (7.0 km from Karapiro dam), Hamilton Traffic 

Bridge (33.3 km from Karapiro dam), the Waipa confluence (54.3 km from 

Karapiro dam) and Huntly power station (70.7 km from Karapiro dam) for the 

average low flow period (December 1990 to May 1991). These simulated 

records have been plotted in Figure 9.11 with a common range of 4 m on the 

vertical axis although the actual level scale differs in absolute terms. 

Simulated future Karapiro power station outflows over the average low flow 

period ranged from 140 m3/s up to 405 m3/s and Figure 9.11 illustrates how 
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the daily fluctuations in river level (reflecting the daily fluctuations in power 

station outflow) gradually diminish with distance downstream. By the time the 

residual "generation waves" reach Huntly power station, the daily level 

fluctuations reduce to a value of the order of 0.1 m. I will examine the daily 

fluctuations in Waikato River flow at Huntly induced by Karapiro power 

station operation in more detail in Section 10 of my evidence as these 

fluctuations have a major bearing on the generation capacity of Huntly power 

station at times of high ambient river temperature. 

9.12 Figure 9.12 shows simulated future records of river level at Fergusson 

Bridge, Cambridge (7.0 km from Karapiro dam) for the selected wet, average 

and low flow periods. These records show a number of differences. The 

overall level range is slightly greater for the wet low flow period and slightly 

lower for the dry low flow period. The variability in levels is greatest for the 

average low flow period reflecting the greater number of occasions that the 

Karapiro power station outflow was ramped up and down on a daily or twice 

daily basis in that period. Similarly Figure 9.13 shows simulated future 

records of river level at Fergusson Bridge for June to November 1998 and 

the selected wet, average and dry high flow periods. These records also 

show a number of differences. The June to November 1998 record shows the 

effects of significant flood events in July/August and October/November with 

higher levels than normal. If these flood periods are ignored, the overall level 

range is slightly greater for the wet high flow period (June to November 1995) 

and slightly lower for the dry low flow period (June to November 1985). The 

wet high flow period includes lengthy sub-periods when river levels are 

relatively constant. The dry high flow period is the most variable because, like 

the average low flow period, the Karapiro power station outflow was ramped 

up and down more frequently in that period. 

9.13 Figures 9.14 and 9.15 provide a more comprehensive picture of the range of 

levels along the Waikato River downstream of Karapiro dam for the selected 

low flow and high flow periods respectively. These figures show box and 

whisker plots of simulated future level ranges at several key sites along the 

river (Fergusson Bridge in Cambridge, the Narrows Bridge, Hamilton Traffic 

Bridge, the Pukete boat ramp, Ngaruawahia gauging station and Huntly 
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power station) for each of the selected flow periods. Box and whisker plots 

are a succinct way of presenting information from a large number of duration 

(or cumulative frequency distribution) curves. The whiskers represent the 

o percentile or (minimum) and 100 percentile (maximum) values, the limits of 

the box represent the 10 and 90 percentile values and the centre point of the 

box is the 50 percentile (median) value. For the low flow part of the year, 

Figure 9.14 confirms that the range of simulated future river levels 

downstream of Karapiro power station is greatest for wet periods and 

smallest for dry periods with median levels being higher in wet periods also 

and lower in dry periods. The maximum level range generally reduces with 

distance downstream due to the effect of attenuation of Karapiro power 

station outflow peaks by channel friction. For example, for the average low 

flow period, the maximum level range reduces from 3.0 m at Fergusson 

Bridge to 2.3 m at the Narrows Bridge, 2.2 m at both Hamilton Traffic Bridge 

and the Pukete boat ramp, increases marginally to 2.3 m at the Waipa 

confluence and then reduces again to 1.7 m at Huntly power station. Figure 

9.15, for the high flow part of the year, shows some similar trends to Figure 

9.14 with the level range and median level values both increasing with 

increasing wetness of the period. However, for 80% of the time, the level 

range is greatest for the average high flow period. The magnitude of the 

simulated future level range for the June to November 1998 high flow period 

is dominated by the influence of the July flood event of that year. The level 

range for that period reduces from 4.6 m at Fergusson Bridge in Cambridge 

to 4.3 m at the Narrows Bridge, increases to 4.9 m at the Hamilton Traffic 

Bridge gauging station and 5.0 m at the Pukete boat ramp, and then 

decreases again to 4.9 m at the Waipa confluence and 4.0 m at Huntly power 

station. 

9.14 Figures 9.16 and 9.17 show box and whisker plots of rates of change of 

simulated future levels over time at the same key sites downstream of 

Karapiro dam for the selected low flow and high flow periods respectively. 

Note that the rate of change of level is a measure of how quickly a water 

level rises (indicated by a positive value) or falls (indicated by a negative 

value). At each site shown, maximum values of rate of change of level are 

very similar irrespective of the two parts of the year. Maximum positive 
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(rising) and negative (falling) values of rate of change of level rapidly reduce 

with distance downstream from Karapiro dam. For example the maximum 

rising and falling values of +1850 mm/hr and -950 mm/hr respectively at 

Fergusson Bridge (7.0 km downstream) reduce to +600 mm/hr and -300 

mm/hr at Narrows Bridge, +300 mm/hr and -250 mm/hr at Hamilton Traffic 

Bridge and +100 mm/hr and -100 mm/hr at the Waipa confluence. The 

maximum positive values of rate of change of level tend to be lower in wet 

periods compared to average and dry periods at least as far downstream as 

Hamilton Traffic Bridge. 

9.15 Figures 9.18 and 9.19 show box and whisker plots of daily maximum change 

in simulated future levels at the key sites downstream of Karapiro dam for the 

selected low flow and high flow periods respectively. Both maximum and 

90 percentile values of maximum daily change in level at each site are very 

similar between the two flow periods. Maximum values of maximum daily 

change in level reduce from about 2.3 m at Fergusson Bridge in Cambridge 

to 1.8 m at the Narrows Bridge, 1.7 m at the Hamilton Traffic Bridge gauging 

station, 1.5 m at the Pukete boat ramp, 1.6 m at the Waipa confluence and 

1.3 m at Huntly power station. Similarly the 90 percentile values reduce from 

about 2.1 m at Fergusson Bridge to 1.4 m at the Narrows Bridge, 1.3 m at 

Hamilton Traffic Bridge, 1.0 m at the Pukete boat ramp, 0.5 m at the Waipa 

confluence and 0.3 m at Huntly power station. 

9.16 In summary, future outflows from Karapiro power station would generally vary 

between the proposed minimum flow of 140 m3/s and the maximum station 

discharge capacity of about 410 m3/s except under flood conditions. The 

incidence of the proposed 140 m3Js minimum station flow would be more 

frequent in the low flow part of the year from December to May with the 

estimated frequency of occurrence between 15% of time for wet periods and 

65% for dry periods. In the high flow part of the year from June to November, 

the proposed minimum station flow would occur between 0% of the time for 

wet periods and 45% of the time for dry periods. Patterns of Karapiro power 

station outflow would vary from a constant daily flow under conditions of very 

low or high flow availability to single extended daytime peaks or shorter 

duration morning and evening peaks superimposed on a constant base flow 
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under intermediate conditions of flow availability. For 90% of the time, the 

maximum daily change in Karapiro power station outflow would be less than 

220 m3/s. The effects of daily variations in Karapiro power station outflow 

would gradually diminish with distance downstream. For 90% of the time, the 

maximum daily change in level would be less than 2.1 m at Fergusson Bridge 

in Cambridge, 1.4 m at the Narrows Bridge, 1.3 m at the Hamilton Traffic 

Bridge gauging station, 1.0 m at the Pukete boat ramp, 0.5 m at the Waipa 

confluence and 0.3 m at Huntly power station. Flow and level variability 

below Karapiro power station would be greatest in average low flow and dry 

high flow parts of the year. The maximum level range for each flow period 

generally decreases with distance downstream of Karapiro dam. However, 

under flood conditions, Waipa River flows entering the main river can induce 

a very significant backwater effect extending as far upstream as the Narrows 

Bridge as occurred in the July 1998 flood event. 

10 EFFECTS OF PROPOSED MANAGEMENT REGIME FOR HYDRO 

SYSTEM ON WAIKATO RIVER FLOWS AT HUNTLY POWER STATION 

10.1 As I have described in the previous section of my evidence, proposed future 

operation of Karapiro power station would induce daily fluctuations in station 

outflow as generation was focused towards meeting morning and evening 

peak demands for power. The daily fluctuations in station outflow would 

travel downstream as generation "waves" which would be visually evident as 

gradually rising and falling water levels. These generation "waves" would be 

attenuated with distance and, although very small by the time they reached 

Huntly, they would still nonetheless impact on the generation capacity of 

Huntly power station. In this section, I will examine the impact of proposed 

future operation of Karapiro power station on river flows past Huntly and, in 

particular, the effect of the proposed 140 m3/s minimum flow relative to the 

current 148 m3/s minimum flow. 

10.2 Huntly power station, located approximately 71 km downstream of Karapiro 

dam and operated by Genesis Power, is a thermal station which draws 

cooling water from the Waikato River. After use, this cooling water is 

discharged back to the river using the assimilative capacity of the river to 
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absorb the water heat from the station turbines. Operation of the station is 

governed by conditions on the volume of cooling water that can be drawn 

from the river and on the amount that the cooling water discharge can cause 

the temperature of the river to increase at a number of monitoring locations 

downstream of the discharge point (in both absolute terms and relative to the 

ambient river temperature). The capacity of the river to assimilate waste heat 

is therefore a function of both the instantaneous river flow and ambient river 

temperature. 

10.3 Mr Freestone has described in his evidence the general patterns of monthly 

average river flows and ambient river temperatures at Huntly. Figure 10.1 

depicts these patterns with the monthly average river flows in brown and 

monthly average ambient river temperatures in blue. The key point to note 

from this figure is that there is a phase difference between the monthly 

average flow and temperature peaks. This means that, during times of high 

ambient river temperatures, river flows tend to be low and vice versa. 

10.4 Figure 10.2 summarises hourly measured ambient river temperature and 

simulated future river flow data past Huntly power station for each month of 

the year over the period March 1983 to August 2000. Each data point in 

Figure 10.2 represents the median value of all flow and temperature data for 

a specific month of the year over this entire period while the horizontal error 

bars represent the 5 percentile and 95 percentile values of all recorded 

temperature data for that month and the vertical error bars represent the 

5 percentile and 95 percentile values of all simulated future flow data for that 

month. If one used the flow and temperature error bars for each month to 

draw the outline of a box, this box would encompass all the observed 

temperature and simulated flow data for that month. 

10.5 Figure 10.2 also shows a line which represents the threshold for full 

generation capacity at Huntly power station within the constraints of the 

conditions imposed on the maximum rise in river temperature from cooling 

water mixing. This is based on an idealised 50% mixing model used by 

Genesis Power to describe the approximate distribution of measured 

temperature across the river at a location 1 km downstream of the cooling 
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water discharge point (with this model the water temperature varies linearly 

from a maximum value on the left bank to the ambient value at the 50% flow 

point across the width of the river). The threshold line for full generation 

shows that, for ambient river temperatures below 17°C and river flows above 

163 m3/s, these are no constraints on generation capacity at Huntly power 

station. However, as the ambient river temperature rises, so the minimum 

river flow must increase to maintain the maximum generation capacity. 

10.6 Flow and ambient temperature data that fall above the threshold line in 

Figure 10.2 correspond for conditions that permit full generation at Huntly 

power station. Data that fall below the threshold line in Figure 10.2 

correspond to conditions that restrict generation capacity at Huntly. 

Comparison of the threshold line with the measured temperature and 

simulated flow data in Figure 10.2 indicate that generation at Huntly would 

not be restricted during the months of June to November and very unlikely to 

be restricted in May. However, generation could possibly be restricted during 

the months of December, January, March and April and almost certainly 

restricted during February when monthly average ambient river temperatures 

peak and river flows tend to be low. 

10.7 Having established the conditions and time of year under which generation 

capacity at Huntly power station would be restricted, I will now turn my 

attention to how the operation of Karapiro power station affects flows past 

Huntly and hence impacts on the generation capacity of Huntly power station. 

This was determined by first simulating flows in the Waikato River over the 

period March 1983 to August 2000 with a synthetic Karapiro power station 

outflow record representing the current (or most recent) style of operation 

adopted by Mighty River Power and then repeating this exercise with another 

synthetic Karapiro power station outflow record representing proposed future 

operation. The two styles of operation are very similar except that the 

synthetic Karapiro outflow record for current (or most recent) operation 

incorporated the existing 148 m3/s minimum flow while that for proposed 

future operation incorporated the proposed 140 m3/s minimum flow. 
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10.8 The synthetic outflow records for current (most recent) and future Karapiro 

power station operation were derived in a similar manner. The starting point 

in both cases was a set of typical daily outflow profiles for differing levels of 

flow availability. For current (most recent) Karapiro power station operation, 

these typical daily flow profiles were obtained by examining "spaghetti" type 

overplots of a whole series of actual daily outflow records since January 2000 

for each level of flow availability and defining an average profile for that level. 

While the set of daily flow profiles obtained in this fashion represents an 

idealised description of current (most recent) Mighty River Power operation of 

Karapiro power station, they nonetheless reflect distinct daily patterns of 

operation that were observed from actual recorded data since January 2000. 

Each of the typical daily flow profiles in this set for lower levels of flow 

availability up to a daily average flow value of 215.6 m3/s (exceeded about 

60% of the time) incorporated the current 148 m3 /s minimum power station 

outflow. The proposed style of operation for Karapiro power station in the 

future will be very similar to that for current (or most recent) operation except 

that the minimum outflow will be reduced to 140 m3/s. The typical daily flow 

profiles defining proposed future operation of Karapiro power station were 

adapted from those used to define current (most recent) operation including 

being modified where necessary to reflect the proposed 140 m3ts minimum 

flow in place of the current 148 m3ts value. Both sets of typical daily outflow 

profiles were used to transform the historic Karapiro power station daily 

average flow record from March 1983 to August 2000 to obtain the half 

hourly synthetic outflow records for current (most recent) and future Karapiro 

power station operation. These synthetic outflow records were used as inputs 

to the hydraulic model of the lower Waikato/Waipa River System in order to 

obtain simulated current (most recent) and future records of flow past Huntly 

power station. 

10.9 I will now examine a series of simulated current (most recent) and future 

records of river flow past Huntly power station for which the same typical 

daily flow profile for Karapiro power station outflow was used on several 

consecutive days. I will use these records to identify the effect of the 

proposed 140 m3ts minimum flow for future operation of Karapiro power 

station relative to the 148 m3/s minimum flow for current operation. 
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10.10 Figure 10.3a shows simulated current (most recent) and future Karapiro 

power station outflows for a four day period in which the typical daily profiles 

for a daily average flow availability of 140 to 172.4 m3/s were utilised on 

consecutive days (the outflow record for simulated current (most recent) 

operation is coloured blue while that for future operation is coloured brown). 

The typical daily flow profiles on which the simulated current (most recent) 

and future outflow records in Figure 10.3a are based incorporate a 3.5 hour 

long single evening peak between 1630 hours and 2000 hours superimposed 

on a fixed constant base flow corresponding to the relevant minimum flow 

value (148 m3/s for current operation and 140 m3/s for proposed future 

operation). The magnitude of the peak flow differs for each case such that 

the daily average flow volume is the same for both records. 

10.11 Figure 10.3b compares the Waikato River flows past Huntly power station 

resulting from the Karapiro power station outflow records shown in Figure 

10.3a. Corresponding parts of the Karapiro power station and Huntly flow 

records in the two figures are indicated by the symbols "A", "B", and "C". The 

same colour sequence is used in Figure 10.3b as in Figure 10.3a. In this 

case, the single evening peak in the Karapiro power station outflow records 

gives rise to a regular diurnal cycle in the river flow at Huntly with a maximum 

value occurring about 0800 hours and a minimum occurring about 

2300 hours. The Huntly flow record for proposed future operation of Karapiro 

power station with a 140 m3/s minimum flow is less than that for current 

operation with a 148 m3/s minimum flow from about 1500 hours on the same 

day as the Karapiro flow release and 0300 hours the next day but exceeds 

that for current operation between about 0300 and 1500 hours the next day. 

The magnitude of the difference between the peaks of the two records and 

also the troughs is less than 5 m3/s. The additional river flow at Huntly the 

following morning for proposed future Karapiro power station operation with a 

140 m3/s minimum flow in this case would facilitate a marginally increased 

generation capacity for Huntly power station although this would be offset by 

a marginally decreased generation capacity over the preceding evening peak 

demand period. 
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10.12 Figure 10.4a shows simulated current (most recent) and future Karapiro 

power station outflows over a four day period in which the typical daily flow 

profiles for a daily average flow availability of 172.4 to 184.6 m3/s were 

utilised on the first two days. These daily flow profiles incorporate a morning 

peak between 0730 and 0930 hours and an evening peak between 1730 and 

1930 hours superimposed on a constant base flow. The base flow is about 

160 m3/s in the case of the daily profile for current (most recent) Karapiro 

power station operation and the proposed 140 m3/s minimum flow in the case 

of the profile for future operation. The magnitude of the morning and evening 

peaks differs in the case of the current (most recent) operation profile while 

they are the same in the case of the future operation profile. 

10.13 Figure 10.4b compares the Waikato River flows at Huntly resulting from the 

Karapiro power station outflow records shown in Figure 10.4a. 

Corresponding parts of the Karapiro power station and Huntly flow records in 

these figures are identified by the symbols "A" and "8". The pattern of 

morning and evening peaks in the Karapiro power station outflow records in 

this case gives rise to a faintly double peaked diurnal cycle in the Huntly flow 

records although it is clear that the two peaks are in the process of merging 

as the generation "wave" that they form part of travels further downstream. 

The first peak occurs about 2100 to 2200 hours on the same day as the 

Karapiro flow release while the second occurs about 0500 to 0600 hours the 

next day. The minimum flow in the regular diurnal cycle also occurs about 

1500 to 1600 hours on the same day as the Karapiro flow release. The 

Huntly flow record for proposed future operation of Karapiro power station 

with a 140 m3/s minimum flow is less than that for current operation with a 

148 m3/s minimum flow between about midday on the same day as the 

Karapiro flow release and 0200 hours the next day but exceeds that for 

current operation between about 0200 hours and mid-day the next day. 

However, during the first period, the two flow records are approximately the 

same at about 1900 to 2000 hours, just prior to the first peak in the diurnal 

cycle. The magnitude of the difference between the second and primary 

peaks of the two records and also the troughs is less than 5 m3/s. Again, the 

slightly increased river flow at Huntly the following morning for proposed 

future Karapiro power station operation with a 140 m3/s minimum flow in this 
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case would permit a marginally increased generation capacity at Huntly 

power station but this would be balanced by a marginally reduced generation 

capacity over the preceding evening peak demand period. 

10.14 Figure 10.5a shows simulated current (most recent) and future Karapiro 

power station outflows over four days in which the typical daily flow profiles 

for a daily average flow availability of 184.6 to 204.3 m3/s were utilised on 

each consecutive day. These daily flow profiles incorporate a morning peak 

between 0700 and 1000 hours and an evening peak between 1630 and 

1830 hours which is then gradually stepped down between 1830 and 

2130 hours. The magnitude of the peaks is the same (but differs between the 

two cases of current (most recent) and future Karapiro power station 

operation). The peaks are superimposed on a fixed constant early morning 

and late evening base flow of 148 m3/s in the case of current Karapiro 

operation and 140 m3/s in the case of future Karapiro operation with a higher 

base flow of about 170 m3/s during the middle of the day. 

10.15 Figure 10.5b compares the Waikato River flows at Huntly resulting from the 

Karapiro power station outflow records shown in Figure 10.5a. 

Corresponding parts of the Karapiro power station and Huntly flow records in 

these two figures are identified by the symbols "A", "8", and "C". The pattern 

of morning and evening peaks in the Karapiro power station outflow records 

in this case gives rise to a similar double peaked diurnal cycle in Huntly flows 

to that shown in Figure 10.4b for a slightly lower level of flow availability. The 

Huntly flow record for proposed future operation of Karapiro power station is 

less than that for current (most recent) operation between about 1030 hours 

and midnight on the same day as the Karapiro flow release but exceeds that 

for current (most recent) operation between about midnight and 1030 hours 

the next day. The magnitude of the difference between the primary peaks of 

the Huntly flow records or the troughs is less than about 2 m3/s. 

10.16 Figure 10.6a shows simulated current (most recent) and future Karapiro 

power station outflows for a four day period in which the typical daily flow 

profiles for a daily average flow availability of 204.3 to 227.0 m3/s were 

utilised on three consecutive days. These typical daily flow profiles 

52 



incorporate a morning peak between 0730 and 0930 hours, which is ramped 

down in two steps to a constant daytime base flow of about 200 m3/s, and an 

evening peak between 1630 and 1900 hours, which is ramped down in two 

steps to a constant base flow of about 160 m3/s in the late evening. The 

minimum flow (148 m3/s in the case of current operation and 140 m3/s in the 

case of future operation) is applied in the early morning from midnight to 

0730 hours. The magnitude of the morning and evening peaks is the same 

(but differs between the two cases of current and future Karapiro power 

station operation). 

10.17 Figure 10.6b compares the Waikato River flows at Huntly resulting from the 

Karapiro power station outflow records shown in Figure 10.6a. 

Corresponding parts of the Karapiro power station and Huntly flow records in 

these two figures are identified by the symbols "A", "8", and "C". In this case, 

the magnitude of the constant daytime base flow is sufficiently large for the 

morning and evening peak outflows from Karapiro power station to have 

merged together by the time the daily generation "wave" that the peaks form 

part of reaches Huntly. The daily flow pattern of Karapiro power station 

outflows gives rise to a mid to late afternoon trough at Huntly at about 1400 

to 1600 hours the same day and an early morning peak flow at about 0500 to 

0600 hours the following day. The Huntly flow record for proposed future 

operation of Karapiro power station is less than that for current (most recent) 

operation between 0900 to 1000 hours and 2200 to 2300 hours the same day 

but exceeds that for current (most recent) operation between 2200 to 2300 

hours and 0900 to 1000 hours the next day. The magnitude of the difference 

between the peaks of the two Huntly flow records and the troughs is less 

than about 3 m3/s. 

10.18 Figure 10.7 a shows simulated current (most recent) and future Karapiro 

power station outflows for a four day period in which the typical daily flow 

profiles for a daily average flow availability of 227 to 263 m3/s were utilised 

on consecutive days. These daily flow profiles are very similar to those for a 

daily average flow availability of 204.3 to 227 m3/s on which the outflow 

records in Figure 10.6a are based. They incorporate a constant early 

morning and late evening base flow of about 180 to 200 m3/s. The early 
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morning base flow is stepped down between 0300 and 0700 hours to 150 to 

170 m3/s in the case of current (most recent) Karapiro power station 

operation and the proposed 140 m3/s minimum flow in the case of future 

operation. During the daytime the flow profile has a morning peak between 

0700 and 1100 hours and an evening peak between 1700 and 2100 hours. 

Both peaks are of the same magnitude for each case (about 310 to 340 m3/s) 

and are separated by a constant daytime flow of about 210 to 230 m3/s. 

10.19 Figure 10.7b compares the Waikato River flows at Huntly resulting from the 

Karapiro power station outflow records shown in Figure 10.7a. 

Corresponding parts of the Karapiro power station and Huntly flow records in 

these two figures are identified by the symbols "A", "B", and "C". As with the 

double peaked pattern of Karapiro power station outflows shown in Figure 

10.6a, the same pattern of outflows in Figure 10.7a gives rise to a single 

peaked diurnal cycle in river flows at Huntly. The tough in this cycle occurs 

mid to late afternoon about 1500 to 1600 hours the same day as the Karapiro 

flow release while the peak occurs about 0500 to 0700 hours on the morning 

of the following day. The Huntly flow record for proposed future operation of 

Karapiro power station is less than that for current (most recent) operation 

between 1130 to 1400 hours on the same day as the Karapiro flow release 

and 0100 to 0230 hours the next day but exceeds that for current (most 

recent) operation between 0100 to 0230 hours and 1130 to 1400 hours the 

next day. The magnitude of the difference between the peaks of the two 

Huntly flow records and the troughs is less than 2 m3/s. 

10.20 For daily average flow availabitities in excess of 263 m3/s, the typical flow 

profiles for Karapiro power station outflow for both current (most recent) and 

proposed future operation are identical. This implies that the corresponding 

Waikato River flow records at Huntly would be the same for periods when 

these typical flow profiles were applied. 

10.21 As I have discussed in the preceding sections, the maximum differences 

between the Waikato River flow records at Huntly in Figures 10.3b, 10.4b, 

10.5b, 10.6b and 10.7b for proposed future and current (most recent) 

operation of Karapiro power station are of the order of 2 to 5 m3/s and 
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generally occur near the peaks and troughs of the records. The differences 

are positive at the peaks (meaning that river flows at Huntly for proposed 

future operation of Karapiro power station are slightly higher than those for 

current (most recent) operation) and negative at the toughs (meaning that 

river flows at Huntly for proposed future operation of Karapiro power station 

are slightly lower than those for current (most recent) operation). Assuming 

for example an ambient river temperature at Huntly of 22°C (corresponding 

approximately to the monthly average value for February in Figure 10.1), a 

river flow of 230 m3/s (similar to the magnitude of the river flows in Figure 

1 GAb), an average Huntly power station generation output to waste heat ratio 

of about 0.77, and that the downstream left bank temperature constraint 

governs the generation capacity of Huntly power station, I would estimate 

that the change in generation capacity due to a 2 to 5 m3/s maximum 

difference between the two flow records would be in the range 4.8 to 12 MW 

or about 0.9 to 2.2% of the full generation capacity at the time. The 

predominantly double peaked nature of the Karapiro power station daily flow 

profile under conditions of low to medium flow availability gives rise to a flow 

trough at Huntly about 1400 to 1600 hours the same day and a flow peak 

about 0500 to 0600 hours the following morning. Consequently the effect of 

the proposed minimum 140 m3/s flow for Karapiro power station with this 

style of operation would provide a marginal disbenefit to the generation 

capacity at Huntly power station during the evening peak demand period on 

the same day but a marginal benefit to the generation capacity during the 

peak demand period the following morning (and extending through to mid 

morning). Whenever a single peaked daily flow profile was utilised for 

Karapiro power station outflows under conditions of very low flow availability, 

a similar disbenefit would occur to the Huntly power station generation 

capacity during the evening peak demand period and a similar benefit would 

occur during the morning peak demand period on the following day. 

However, in this latter case, the peak in the Huntly flow records would be 

aligned almost directly with the morning peak demand period on the day 

following the Karapiro flow release while the flow trough would occur in the 

late evening of the same day when power demand is very low. 
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10.22 In summary, the capacity of the Waikato River to assimilate waste heat from 

Huntly power station is a function of both instantaneous river flow and 

ambient river temperature. Under conditions of ambient river temperatures 

below 17°C and river flows above 163 m3/s, there are no constraints on 

generation capacity at Huntly power station. However, as the ambient river 

temperature rises, so the minimum river flow must increase to maintain 

generation capacity. Measured ambient river temperature and simulated flow 

data indicate that the generation capacity of Huntly power station would not 

be restricted during the months of June to November and very unlikely to be 

restricted in May. However, the generation capacity could possibly be 

restricted during the months of December, January, March and April and 

almost certainly restricted during February when monthly average ambient 

river temperatures peak and river flows tend to be low. 

10.23 Under conditions of low to medium flow availability, Mighty River Power 

currently (most recently) operates Karapiro power station with a 

predominantly double peaked daily flow profile, which gives rise to a regular 

diurnal cycle in river flows past Huntly power station consisting of a mid­

afternoon trough the same day and an early morning peak the following day. 

If Mighty River Power continues with the most recent style of operation for 

Karapiro power station, but with a 140 m3/s minimum flow in place of the 

current 148 m3/s, this will cause small differences of the order of 2 to 5 m3/s 

in the magnitude of the peaks and troughs in the flows at Huntly. Assuming 

average February conditions of ambient river temperature and the river 

temperature along the left bank downstream of the cooling water discharge 

point as the governing constraint for generation capacity at Huntly power 

station, flow differences of this order equate to a difference in Huntly 

generation capacity of 4.8 to 12 MW. For future Karapiro power station 

operation, these generation capacity differences amount to a marginal 

disbenefit in the evening peak power demand period but a marginal benefit in 

the morning peak power demand period the following day. 
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11. RESPONSE TO STAFF REPORT 

11.1 In the technical reviews of. Mighty River Power's application, appended to the 

Staff Report, there are a number of recommendations regarding maximum 

rates of change of flow (or ramping rates) and maximum changes in flow over 

a 24 hour period for Lake Taupo outflows (through the Taupo gates), 

Aratiatia power station outflows and Karapiro power station outflows. The 

objective of these restrictions is stated to be to return the river to a more 

natural flow regime in the reaches immediately downstream of these 

structures so that significant daily fluctuations in river level are removed, 

present erosion processes are slowed and the level of safety for other river 

users is improved. In order to respond to the recommendations on maximum 

ramping rates and daily changes in flow for the Taupo gates, Aratiatia power 

station and Karapiro power station, it is useful to consider the magnitude of 

downstream level changes that would be induced by flow changes from 

these structures under the proposed management regime for the Waikato 

hydro system compared to equivalent values for historic operation of the 

hydro system over the last 20 years. 

11.2 Figure 11.1 compares values of maximum rate of change of simulated 

historic levels at Cherry Island, approximately 1.5 km downstream of the 

Taupo gates, for the period 1980 to 2001 with similar values for simulated 

future levels for an average year (1991), a dry year (1993), a wet year (1996) 

and 1998. This figure is in the form of a box and whisker plot in which the 

whiskers represent the 0 percentile (minimum) and 100 percentile 

(maximum) values, the limits of the box represent the 10 and 90 percentile 

values and the centre point of the box is the 50 percentile (median) value. 

Figure 11.1 suggests that maximum positive (rising) and negative (falling) 

rates of change of simulated future levels are higher than historic values, in 

particular for 1996 (a wet year) and 1998. These extreme values of rate of 

change of simulated future level occur during the course of large flood events 

when the Taupo gates are opened from a near minimum setting to their 

maximum value and reflect a sharp change in level over a maximum duration 

of half an hour. However, the apparent difference between the maximum 

values of rate of change of simulated historic and future levels is probably an 
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artefact of the modelling process. Model simulations of the historic flow 

regime for the Taupo gates to Huka Falls reach used the Reids Farm 

gauging station flow record as the upstream boundary flow input (this being 

the most accurate record of Lake Taupo outflows). This flow record smooths 

~ut the sharp changes in flow from the Taupo gates due to the effects of 

channel friction over the 5 km distance between the gates and the gauging 

station site, although it preserves the general character of the gates outflow 

record (in other words, step changes in flow resulting from the gates opening 

in a matter of a few minutes become spread out over time as they travel 

downstream). In contrast, model simulations of the future flow regime 

incorporated step changes in gates outflow over one minute and this would 

be reflected in the maximum rates of change of simulated future level at 

Cherry Island. Therefore comparison of the 10 and 90 percentile values of 

rate of change of simulated historic and future levels is a more valid 

approach in this instance. For 80% of the time (the difference between these 

percentile values represented by the area within each box in Figure 11.1), 

future rates of change of level at Cherry Island are seen to be less than those 

that have occurred historically over the period 1980 to 2001, except between 

1991 and 1996. 

11.3 As discussed previously in section 8.7, future rates of rise of river level over a 

half hour period at Cherry Island will generally be less than 

1200 mm/hr which equates to 20 mm/min. Such values of rate of change of 

level would be typical of the whole reach from Taupo gates to Huka Falls. In 

my view, rates of change of level of this magnitude are not likely to pose a 

significant hazard to other river users. Historically, other river users have 

coped satisfactorily with larger rates of change of level than these. 

11.4 Figure 11.2 compares values of maximum daily change in simulated historic 

levels at Cherry Island from 1980 to 2001 with similar values for simulated 

future levels for 1991, 1993, 1996 and 1998 as in Figure 11.1. Figure 11.2 

indicates that maximum daily changes in simulated future level at this 

location are less than maximum daily changes in level that would have 

occurred historically, particularly in the decade 1980 to 1990. 
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11.5 The daily level fluctuations in the Waikato River between the Taupo gates 

and Huka Falls (including at Cherry Island) are caused by variations in 

outflow from the Taupo gates. Figure 11.3 compares values of maximum rate 

of change of historic outflow from the Taupo gates (based on the Reids Farm 

gauging station flow record) from 1980 to 2001 with similar values for 

simulated future flows at the same location for an average year (1991), a dry 

year (1993), a wet year (1996) and 1998. These values of maximum rate of 

change of outflow are derived from half hourly flow values. Figure 11.3 shows 

that maximum values of rate of change of simulated future flow at Reids 

Farm are lower than historical values. For more than 80% of the time, future 

rates of change of flow based on the Reids Farm flow record would be less 

than the maximum ramping rate value of 30 m3/s/hour recommended by the 

technical reviewers for Environment Waikato. However, it is important that 

Mighty River Power is able to maintain flexibility in its operation of the Taupo 

gates and be able to occasionally use higher ramping rates than this. This is 

particularly true under flood conditions where it may be desirable to hold 

water back in Lake Taupo to relieve pressure in the lower river while 

maintaining a minimum outflow of 30 m3/s and then subsequently to release 

water as quickly as possible out of the lake (as happened during the July 

1998 flood under instructions from Environment Waikato). 

11.6 Figure 11.4 compares values of maximum daily change in historic outflow 

from the Taupo gates with similar values for simulated future outflows as per 

Figure 11.3. Figure 11.4 in fact mirrors the comparison of simulated historic 

and future maximum daily changes in level upstream at Cherry Island in 

Figure 11.2. Figure 11.4 indicates that future maximum daily changes in flow 

based on the Reids Farm flow record would be no greater than historic 

values. The maximum variation in flow over a 24 hour period recommended 

by Environment Waikato's technical reviewers would severely restrict the 

flexibility of operation of the Taupo gates and is not supported by historical 

precedent. 

11.7 The daily level fluctuations in the Waikato River below Aratiatia dam result 

from variations in outflow from Aratiatia power station and tourist releases 

over the spillway. In section 8.14 of my evidence, I indicated that future 
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maximum positive rates of change of level at River Road (approximately 18.9 

km from Aratiatia dam) would be about 450 mm/hr over a half hour period. 

Similarly, future maximum rates of change of level below the Ngaawapurua 

(Fulljames) Rapids (approximately 5 km from Aratiatia dam) would be about 

4000 mm/hr over a half hour period although for 95% of the time they would 

be less than 1000 mm/hr. The rates of change of level at each location would 

be very similar to historic rates of change of level based on a comparison 

with simulated historic level data for 1998. The maximum rates of change of 

level occur either when Aratiatia power station is shut down overnight for a 

lengthy period and then starts up again in the morning with an initial flow of 

about 130 m3/s or when the spillway gates are opened to rapidly release 

water downstream under flood conditions (as occurred in the July 1998 flood 

event). The maximum rates of change of level equate to values of about 65 

mm/min and 7.5 mm/min for below the Ngaawapurua (Fulljames) Rapids and 

River Road respectively. The 95 percentile value for below the Ngaawapurua 

(Fulljames) Rapids equates to less than 17 mm/min. In my opinion, the 

95 percentile value of rate of change level for below the Ngaawapurua 

(Fulljames) Rapids and maximum value of rate of change of level for River 

Road would not pose a significant threat to other river users as they would be 

no worse than historic rates of change of level at these locations. The 

Ngaawapurua (Fulljames) Rapids are an important recreational venue for 

kayakers and, although the maximum positive rate of change of river level of 

65 mm/min at this location would occur relatively infrequently, it may be 

appropriate to have warning signs advising kayakers and other recreational 

users of the river of the possibility of significant changes in level at this 

location at any time due to generation requirements at Aratiatia power 

station. 

11.8 In sections 8.12 and 8.14, I indicated that the future maximum values of 

maximum daily change in level below the Ngaawapurua (Ful/james) Rapids 

and at River Road would be in the range 4.3 to 6.0 m and 1.8 to 2.0 m 

respectively. These values would be very similar to historic values at these 

locations. 
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11.9 The daily level fluctuations in the lower Waikato River below Karapiro dam 

are predominantly caused by variations in outflow from Karapiro power 

station. Figure 11.5 compares values of historic rate of change of level at a 

river cross-section immediately downstream of the Narrows Bridge, 23.5 km 

from Karapiro dam, with similar values for simulated future levels. The 

historic data in Figure 11.5 show that there has been a change in 2000 and 

2001 compared to previous years with the 10 and 90 percentile values 

indicating an increased range of rate of change level compared to previous 

years (this reflects an increased ramping rate for outflows from Karapiro 

power station). However, the maximum and minimum values are similar to 

maximum and minimum values that have occasionally occurred in previous 

years since 1983. Figure 11.5 also indicates that future values of rate of 

change of level at this location would be very similar to rates of change of 

level experienced since 2000. This is not surprising because the proposed 

future style of operation for Karapiro power station would be very similar to 

that adopted by Mighty River Power over the last three years with the 

minimum station outflow (140 m3/s for proposed future operation and 

148 m3/s for current operation) being the only significant difference. I have 

discussed this previously in Section 10 of my evidence in relation to the 

effects of Karapiro power station operation on Waikato River flows past 

Huntly power station. 

11.10 Figure 11.6 compares rates of maximum daily change in simulated historic 

level at the same cross-section below the Narrows Bridge with similar values 

for simulated future levels. This figure tells the same story as Figure 11.5 that 

there has been a change in flow regime in 2000 and 2001 compared to 

previous years. Maximum values of maximum daily change in simulated 

historic level for 2000 and 2001 are similar to maximum values for previous 

years. However, the 90 percentile values have increased significantly since 

2000. Simulated future values of maximum daily change in level at this 

location would be very similar to historic 2000 and 2001 values. 

11.11 The general trends of the rate of change of level and maximum daily change in 

level data observed for this site below the Narrows Bridge, although not the 

absolute values, can be regarded as indicative of the flow regime over 
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different time periods for the Karapiro dam to Hamilton Traffic Bridge gauging 

station reach of the Waikato River. Figures 9.16 to 9.19 provide further 

information on future rates. of change in level and maximum daily changes in 

level in this reach. The maximum positive (rising level) values of future rate of 

change of level shown in Figures 9.16 and 9.17 of 1800 mm/hr over a half 

hour period at Fergusson Bridge in Cambridge, about 7 km from Karapiro 

power station, equate to 30 mm/min. In my view, rates of change of level of 

this magnitude would not constitute a significant hazard to other river users, 

particularly if they occurred infrequently. Drs Hicks and McConchie will be 

addressing effects on bed degradation and erosion, respectively, in their 

evidence. 

11.13 In summary, future rates of change of level and maximum daily changes in 

level in the Taupo gates to Huka Falls and Aratiatia dam to Ohaaki Bridge 

reaches of the Waikato River would be very similar to historic values. Future 

rates of change of level and maximum daily changes in level in the lower river 

below Karapiro dam would be very similar those that have occurred since 

2000. The maximum rates of change of river level experienced in each of 

these reaches are unlikely to pose a significant hazard to other river users in 

my opinion. 

12. SUMMARY 

12.1 Lake Taupo, with its very large available storage volume, provides long term 

storage capacity for the Waikato hydro system while the Waikato hydro lakes, 

with their much smaller potential storage volumes, provide short term storage 

capacity to meet daily peak power demands. 

12.2 The large storage capacity of Lake Taupo means that the lake level will 

fluctuate predominantly on a seasonal basis. In contrast, the very small 

storage capacities of the Waikato hydro lakes mean that these lakes will 

fluctuate on a daily basis in response to mismatches in lake inflow and 

outflows. 
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12.3 A computational hydraulic modelling approach was used to assess the effects 

that the proposed operating regime for the Waikato hydro system will have on 

water levels and flows in the upper Waikato River between the Taupo gates 

and the head of Lake Ohakuri, through the middle Waikato hydro lakes and in 

the lower Waikato River below Karapiro dam. Model simulations of each 

discrete reach of the Waikato River between the Taupo gates and Rangiriri in 

the lower river were carried out using synthetic records of future power station 

flows based on historic daily average flow volumes, Although this approach 

has some limitations (for example it takes no account of factors that cannot be 

predicted such as future volatility in the New Zealand electricity market), it is 

considered that the results of model simulations can be used to draw reliable 

conclusions in general terms about the future level and flow regime of the 

Waikato River in these reaches. 

12.4 A computational modelling approach was also used to provide an approximate 

indication of the level and flow regime in each river reach for the "no consents" 

baseline environment. 

12.5 Under the "no consents" regime, water levels and flows would vary only very 

gradually over time along the Waikato River in contrast to the large daily level 

and flow fluctuations that would be experienced under proposed future hydro 

system operation. The length and depth of many of the hydro lakes would be 

substantially reduced (Lakes Aratiatia and Maraetai being the exceptions) with 

the reaches between the residual lakes becoming more riverine in character. 

The level range in the upper river reaches between the Taupo gates and 

Ohakuri dam and below Karapiro dam down to Ngaruawahia would in general 

be reduced compared to that for proposed future hydro system operation. 

12.6 Under the proposed future hydro system operation, the smaller hydro lakes 

(Aratiatia, Atiamuri and Waipapa) will normally use all or a significant 

proportion of their proposed maximum ranges. Lake Maraetai, which supplies 

water to two power stations, will also normally use a significant proportion of 

its proposed maximum range. In contrast, the other larger hydro lakes 

(Ohakuri, Whakamaru, Arapuni and Karapiro) will each normally use only part 

of their proposed maximum range. 
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12.7 The hydrological wetness or dryness of a year will have minimal impact on the 

annual range and distribution of future hydro lake levels. There may be 

reduced lake level variability in some of the hydro lakes, notably Lakes 

Arapuni and Karapiro, in wetter years and particularly during the passage of 

significant flood events. 

12.8 Under future hydro system operation, many of the hydro lakes are likely to 

show a fairly regular diurnal lake level cycle in response to patterns of 

upstream and downstream power station outflow. However, the magnitude of 

the resulting lake level range will vary depending on the magnitude of the daily 

flow volumes being passed. 

12.9 Most of hydro lakes (Aratiatia and Ohakuri being the exceptions) extend back 

upstream to the base of the preceding dam. Lake Aratiatia extends back to the 

base of the Huka Falls and Lake Ohakuri extends back to just above Mihi 

Bridge. 

12.10 All power stations except Atiamuri and Karapiro will be shut down in the late 

evening and early morning for varying numbers of days per year depending on 

the hydrological conditions. Atiamuri power station is presently used to supply 

power overnight to consumers in the Bay of Plenty so that it will generally pass 

a minimum station outflow of about 30 m3/s. The proposed minimum outflow of 

140 m3/s for Karapiro power station will generally be passed in the late 

evening and early morning and very occasionally during the day at times of 

low water availability. Any of the hydro lakes which experience an overnight 

condition of zero inflow and outflow will develop a horizontal water surface 

without draining the tailrace of the preceding dam. 

12.11 Future outflows from Lake Taupo will vary annually between a minimum of 

30 m3/s and a maximum of 270 to 315 m3/s'depending on the maximum lake 

level. The most extreme Taupo gates daily outflow pattern, occurring at times 

of average flow availability could include four (and sometimes five) short 

duration peaks of 175 to 250 m3/s superimposed on a constant base flow of 

110 to 140 m3/s. At other times, daily outflow patterns would be less extreme 
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with either double peaks morning and evening or a single extended daytime 

peak superimposed on a constant base flow. For 90% of the time, the 

maximum change in daily .outflow from the Taupo gates would be less than 

140 m3/s. 

12.12 Daily variations in outflow from the Taupo gates would be reflected in daily 
~ 

variations in river level downstream. For 90% of the time, the maximum daily 

change in level at Cherry Island (1.5 km downstream) would be less than 

1.6 m. Flows past Cherry Island are very slow moving, even under flood 

conditions, with maximum average flow velocities of about 0.7 m/s and 

0.8 m/s in the left and right channels respectively. 

12.13 Future outflows from Lake Aratiatia (either through Aratiatia power station or 

over the Aratiatia dam spillway or both) would vary annually between zero and 

about 340 m3/s with station shutdown occurring frequently in the evening and 

early morning for durations of up to 8.5 hours. For 90% of the time, the 

maximum daily change in outflow would be less than 270 m3/s with an 

absolute maximum value of about 300 m3/s. 

12.14 The general pattern of Lake Aratiatia outflows would give rise to a fairly regular 

diurnal river level cycle by River Road (18.9 km downstream) with a trough 

occurring late morning and a peak approaching midnight. 

12.15 The maximum downstream level range resulting from the annual variation in 

Lake Aratiatia outflows would reduce from about 7 m in the power station 

tailrace to 4 m at River Road (18.9 km downstream) and 3 m at Mihi Bridge 

(35.6 km downstream at the head of Lake Ohakuri). The hydrological wetness 

or dryness of a year would have little effect on the variability of water levels or 

the rates of rise and fall of river level at specific locations along the upper river. 

At River Road, rates of change of river level would vary between maximum 

values of -300 mm/hr (falling level) and +450 mm/hr (rising level) with 

maximum daily changes in level being less than 1.5 m for 90% of the time. 

12.16. Shutdown of Aratiatia power station overnight would cause downstream river 

levels to slowly drain over time. River levels would reach their minimum value 
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in the first 5 km downstream to the head of the Ngaawapurua (Fulljames) 

Rapids after about 4 hours and would be almost fully recovered within 

1.5 hours of station startup. Further downstream, river levels would continue to 

fall over the period of the station shutdown and for a further short period after 

station startup with substantial recovery of levels occurring within about 

7.5 hours of startup. 

12.17 Future outflows from Karapiro power station would generally vary between the 

proposed 140 m3/s minimum flow and the maximum machine discharge 

capacity of about 410 m3/s except under flood conditions. The incidence of the 

proposed minimum flow would be more frequent in the December to May low 

flow period and in dry periods. 

12.18 Daily patterns of Karapiro power station outflow would vary from a constant 

flow value under conditions of very low or high flow availability to single 

daytime peaks or double peaks in the morning and evening superimposed on 

a constant base flow at intermediate conditions of flow availability. For 90% of 

the time, the maximum daily change in power station outflow would be less 

than 220 m3/s. 

12.19 The effects of daily variations in Karapiro power station outflow would 

gradually diminish with distance downstream. For 90% of the time, the 

maximum daily change in level would be less than 2.1 m at Fergusson Bridge 

in Cambridge, 1.4 m at the Narrows Bridge, 1.3 m at the Hamilton Traffic 

Bridge gauging station, 0.5 m at the Waipa confluence and 0.3 m at Huntly 

power station. Rates of change of level at the Hamilton Traffic Bridge gauging 

station would generally vary between +300 mm/hr and -250 mm/hr. 

12.20 Flow and level variability in the lower river below Karapiro power station would 

be greatest in average December to May low flow and dry June to November 

high flow periods. 

12.21 Under flood conditions, Waipa River flows entering the main river of 

Ngaruawahia can induce a very significant backwater effect extending as far 

upstream as the Narrows Bridge (a distance of more than 30 km). 
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12.22 The generation capacity of Huntly power station is affected by the ability of the 

Waikato River to assimilate waste heat contained in the cooling water 

discharge, the assimilation capacity of the river being a function of both 

instantaneous river flow and ambient river temperature. Measured ambient 

river temperature and simulated flow data indicate that the generation capacity 

of Huntly power station would not be restricted between June and November 

and very unlikely to be restricted in May. However, the generation capacity 

could possibly be restricted during December, January, March and April and 

almost certainly during February. 

12.23 The predominant double peaked daily outflow pattern for current (most recent) 

operation of Karapiro power station gives rise to a regular diurnal cycle in river 

flows past Huntly power station with a mid-afternoon trough the same day and 

an early morning peak the following day. If Mighty River Power continues with 

this style of operation for Karapiro power station in the future but with a 140 

m3/s minimum flow in place of the current 148 m3/s, the reduction in the 

minimum Karapiro flow value and the increase in the peak values will cause 

small differences in the peaks and troughs of the corresponding Huntly flows 

of the order of 2 to 5 m3/s. Under average February conditions of ambient river 

temperature and assuming the downstream left bank temperature is the 

governing constraint for generation capacity at Huntly power station, flow 

differences of this magnitude at a low river flow of 230 m3/s equate to a 

difference in generation capacity of 4.8 to 12 MW or 0.9 to 2.2% of the full 

generation capacity at the time. The generation capacity differences amount to 

a marginal disbenefit in the evening peak power demand periods but a 

marginal benefit in the morning peak power demand periods. 
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Figure 2.1: Recent daily level fluctuations in Lake Ohakuri under medium daily average flow conditions. 
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Figure 2.2: Recent daily level fluctuations in Lake Karapiro under medium daily average flow conditions. 
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Figure 4.3: Longitudinal extent of Lake Ohakuri. 
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period. 
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Figure 5.1: Simulated future level record for Lake Aratiatia based on historic low data for 1998. 
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Figure 5.2: Duration curve for simulated future levels in Lake Aratiatia based on historic flow data for 1998, 
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Figure 5.3: Longitudinal profiles of simulated future maximum and minimum levels in Lake Aratiatia based on historic flow data for 1998. 
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Figure 5.4: Simulated future level record for Lake Ohakuri based on historic flow data for 1998. 
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Figure 5.5: Duration curves for simulated future levels in Lake Ohakuri based on historic flow data for 1998. 
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Figure 5.6: Longitudinal profiles of simulated future maximum and minimum levels in Lake Ohakuri based on historic flow data for 1998. 
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Figure 5.7: Simulated future level record for Lake Atiamuri based on historic flow data for 1998. 
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Figure 5.8: Duration curve for simulated future levels in Lake Atiamuri based on historic flow data for 1998. 
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Figure 5.9: Longitudinal profiles of simulated future maximum and minimum levels in Lake Atiamuri based on historic flow data for 1998. 
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Figure 5.10: Simulated future level record for Lake Whakamaru based on historic flow data for 1998. 
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Figure 5.11: Duration curve for simulated future levels in Lake Whakamaru based on historic flow data for 1998. 
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Figure 5. 13: Simulated future level record for Lake Maraetai based on historic flow data for 1998. 
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Figure 5. 15: Longitudinal profiles of simulated future maximum and minimum levels in Lake Maraetai based on historic flow data for 1998. 
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Figure 5.16: Simulated future level record for Lake Waipapa based on historic flow data for 1998. 

130.0 ..,------------------- --------- ----------- ---------

129.0 i=1=2B=.8=9=m=(::p=ro:::po=s=ed==m=ax=im=u=m=) =========================::t 

12B.0 +--------------------~-~-=-------------

127.0 

126.0 +------1---------------- ------------------ ------ ---- ----------------------------

125.0 +-1------------------------------------ -- -----

124.27 m (proposed minimum) 
124.0 +---,...--~---r-____r--~-_.___-~-_._-___._-____, 

o 10 

Figure 5.17: 

20 30 40 50 60 70 BO 90 100 

Percentage of time 

Duration curve for simulated future levels in Lake Waipapa based on historic flow data for 
1998. 



131 
maximum 

E 
C\J -~. -- minimum 

0 
C\J 

-- --. 130 
Cl. 
C\J 
Cl. ·co 

129 -~-~~ .. ----~.~" .. -~~-=======~~~~-~--~--~~~~-~ 

128 

E 
Q) 127 -- --- ---- -- --

> 
~ 

126 

125 

124 

123 

o 2 4 6 8 10 12 

Distance from Maraetai Dam (km) 

Figure 5. 18: Longitudinal profiles of simulated future maximum and minimum levels in Lake Waipapa. 
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Figure 5.19: Simulated future level record for Lake Arapuni based on historic flow data for 1998. 
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Figure 5.21: Longitudinal profiles of simulated future maximum and minimum levels in Lake Arapuni based on historic flow data for 1998. 
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Figure 5.22: Simulated future level record for Lake Karapiro based on historic flow data for 1998. 
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Figure 5.24: Longitudinal profiles of simulated future maximum and minimum levels in Lake Karapiro based on historic flow data for 1998. 
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Figure 6.1: Duration curves for simulated future Ohakuri power station outflows based on historic data for 
selected years. 
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Figure 6.2: Duration curves for simulated future Karapiro power station outflows based on historic data for 
selected years. 
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Figure 6.3: Simulated future level records for Lake Ohakuri based on historic flow data for selected years, 
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Figure 6.5: Simulated future level records for Lake Atiamuri based on historic flow data for selected years. 
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Figure 6.7: Simulated future level records for Lake Arapuni based on historic flow data for selected years, 
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Figure 6.8: Duration curves for simulated future levels in Lake Arapuni for selected years. 
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Figure 6.9: Simulated future level records for Lake Karapiro based on historic flow data for selected year. 
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Figure 6.10: Duration curves for simulated future levels in Lake Karapiro for selected years. 
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Figure 8.4: Simulated future Waikato River levels at Cherry Island based on historic flow data for selected years. 
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Figure 8.5: Duration curves of simulated future river levels at Cherry Island for selected years. 
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Figure 8.6: Duration curves of rates of change of simulated future river level at Cherry Island for selected years. 



2.S -~~~---~-~~~~--~~"~-------------~ 

-1998 
-1996 (wet) 

2.0 -1991 (average) 
-1993 (dry) 

g 
1.S Q) 

> 
..9:? 
c 
(1) 
0> 

1.0 c 
ro .c 

U 

O.S 

0.0 -+-.."g:;;::;.;......:;;.....==::=.-----..--------,-----.-------, 

o 20 40 60 80 100 

Percentage oftime 

Figure 8.7: Duration curves of maximum daily change in simulated future river level at Cherry Island for selected 
years. 

0.9 

0.8 

0.7 

0.6 
en -S O.S 
>. -'(3 

0.4 a 
Q) 

> 
0.3 

0.2 

0.1 

0 
0 so 100 

rig ht channel at Cherry Island (looking downstream) 

left channel at Cherry Island (looking downstream) 

1S0 200 2S0 300 3S0 

River flow (m3/s) 

Figure 8.8: Simulated future average flow velocities in Waikato River past Cherry Island based on historic flow data for 
selected years. 



0.8 

0.7 

0.6 
-.. 
rn 
E --

-~~~~--~~~---. --------~~~----- .... ----------~-----.--------

-1998 
-1996 (wet) 

_ -1991 (average) 
-1993 (dry) 

-.----~.-- ---------1 
I 

--------~-----==-~""! 

~ 0.5 ---~~----~-=~-----j/------

u o 
(!) 

> 
0.4 ----/---~--~--------------------.-----

0.3 

0.2 +--------.-------r-------.------.----------, 

o 20 40 60 80 100 

Percentage of time 

Figure 8.9a: Duration curves of simulated future average flow velocities past Cherry Island for selected years (left 
channel). 

0.8----------------------~-------~-------·- -- ~.-~ ------------~ 

-1998 

0.7 
-1996 !wet) 
-1991 average) 
-1993 dry) 

0.6+-------~~----_r-_==_~---~----
-, 
rn g 
~ 0.5 +------::;~--=--~------==--=---.------­
u o 
(!) 

> 
0.4----+--ff------+------~--- --~~ ----- -------~----- --~---

0.3 

0.2 +------"T-----,-----,---------r------, 

o 20 40 60 80 100 

Percentage of time 
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Figure 8.10: Duration CUNes of simulated future Aratiatia power station outflows based on historic flow data for 
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Figure 8.11: Duration CUNes of maximum daily change in simulated future Aratiatia power station outflow for selected 
years. 
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Figure 8,14: Simulated future Waikato River levels at River Road based on historic flow data for selected years. 
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Figure 8.15: Duration CUNes of simulated future river levels at River Road for selected years. 
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Figure 8.16: Duration CUNes of rates of change of simulated future river level at River Road for selected years, 
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Figure 8.17: Duration curves of maximum daily change in simulated future river level at River Road for selected years. 
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Figure 8.18: Duration curves of simulated future river levels at Ohaaki Bridge for selected years, 
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Figure 8.20: Duration curves of maximum daily change in simulated future river level at Ohaaki Bridge for 
selected years. 
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Figure 8.21: Simulated future Aratiatia power station outflow record incorporating 8.5 hour shutdown. 
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Figure 8.23a Downstream effects of Aratiatia power station shutdown to Ngaawapurua (Fulljames) Rapids (8.5< t < 24 hours) 



296 

294 

292 

290 

~ 288 
E 
(]) 
> 
(]) 

---l 286 

284 

282 

280 

-t=8.5h 
t = 9 h 
t = 10 h 
t = 12 h 

-t=16h 
-t=18h 
-t=24h 
- Minimum bed level profile 

(]) 
a 
"0 

t6 
en 
en = o 

278 I I, I, 
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

Distance (km) 

Figure 8.23b: Downstream effects of Aratiatia power station shutdown, Ngaawapurua (Fu/ljames) Rapids to Mihi Bridge (8.5 < t < 24 hours). 
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Figure 8.24: Simulated future Aratiatia power station outflow hydrograph for four day sequence when maximum daily change in outflow was greater than 200 m31s on each 
day. 
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Figure 8.26: Simulated future Waikato River levels below Ngaawapurua (Full james) Rapids (5.84 km from Aratiatia dam) resulting from variable Aratiatia power station 
outflows over a four day sequence when the maximum daily change in outflow was greater than 200 m31s on each day. 
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Figure 8.27: Simulated future Waikato River levels at River Road (18.9 km from Aratiatia dam) resulting from variable Aratiatia power station outflows over a four day 
sequence when the maximum daily change in outflow was greater than 200 m31s on each day. 
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Figure 8.28: Simulated future Waikato River levels at Ohaaki Bridge (26.8 km from Aratiatia dam) resulting from variable Aratiatia power station outflows over a four day 
sequence when the maximum daily change in outflow was greater than 200 m31s on each day. 
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Figure 9.1: Simulated future Karapiro power station outflow records for selected low flow periods (December to May). 



600.------------------------------------------------------

500+-----------~~-----~----------------------------------

~ 400+----4r-~~~~~~~~~~+.r_-___ -~~~~--~~-~~----~ 

i 300 
~ 
LL 200 

100 +--------------

O+-------~--------_r--------~--------r_------~--------

Jun-98 Jul-98 Aug-98 

600.-----~------------~---­
-Jun - Nov 95 (wet) 

Sep-98 Oct-98 Nov-98 

Time 

500~--------------------------------~------------------------------

~ 400~~~r_~~~~~~~~~~~~~.~~lt~-~-.~~~I~~~~·--L-~ 

5 300 PlJilllJI 

~ 200+--~l-+---+~---~------------------------~~--~~~--~---+~"-~--~ 
1 00 +----------------

O+---------.--------r--------._--------.-------~--------

Jun-95 Jul-95 Aug-95 Sep-95 Oct-95 Nov-95 

Time 

600~--------------------------------------------------~ 
- Jun - Nov 91 (Average) 

500+--------------------------------------------------------

~ 400 +-.---.----------------­
E 
i' 300 
o 

u::: 200 

100+--------------~--------------~-~-------------------------------

O+--------.--------.-------~--------._------_.,_------

Jun-91 JUI-91 Aug-91 
Time 

600 ....--------------------------------------­
-Jun - Nov 85 (dry) 

500 +---------------- -~---- ------

Sep-91 Oct-91 Nov-91 

? 400+----.----~-1-------------~----.--~------------------1-----~-­
.s 300 +--I-~1 ... -•• _t: 

~ 200 

100+------------------~-------------------------------------

O+-------~,_------_r--------._--------._------~--------

Jun-85 Jul-85 Aug-85 Sep-85 Oct-85 Nov-85 

Time 

Figure 9.2: Simulated future Karapiro power station outflow records for selected high flow periods (June to 
November). 
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Figure 9.3: Duration curves for simulated future Karapiro power station outflows for selected low flow periods 
(December to May). 
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Figure 9.4: Duration curves for simulated future Karapiro power station outflows for selected high flow periods (June 
to November), 
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Figure 9.5: Duration curves for maximum daily change in future Karapiro power station outflow for selected low flow 
periods (December to May). 
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1600 ----_._------_._. -----.. -~--------~-.-.. _------_._--_. __ .. -. 

1400 ---- -----.---.. -.-.- .... --.----- --ft--t-------\;?~-

1200 - .. ~~-- .. -.---.~.--____r_.._j_f____i-----

1000 en 
M-

E. 800 
3: 
0 

LL 
600 

--~--------~ .• ~ 

+-~---~--~~~~+-~~+-+-----~------------

400 

200 
Karapiro power station 

.."i--'-I----~l+~+~------"'_=+:,/-- += Waipa at Whatawhata flow -+- W~ikato at Ngaruawahia cableway flow 
O+-------.-------r_~~--r_------._------._----

01-J ul-98 05-J ul-98 09-J ul-98 13-J ul-98 17 -J ul-98 21-J ul-98 

Time 

Figure 9.9: Flow hydrographs for July 1998 flood event for simulated future operation of Karapiro power station. 
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flood event for simulated future operation of Karapiro power station. 
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Figure 9.11: Simulated future levels in Waikato River at Fergusson Bridge (Cambridge), Hamilton Traffic Bridge, Waipa 
confluence and Huntly power station for average low flow period (December 1990 to May 1991). 
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Figure 9.12: Simulated future levels in Waikato River at Fergusson Bridge (Cambridge) for selected low flow periods. 
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Figure 9.14: Box and whisker plots of simulated future level ranges in Waikato River at Fergusson Bridge, Narrows Bridge, Hamilton Traffic Bridge, Pukete Boat Ramp, Waipa 
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Figure 9.15: Box and whisker plots of simulated future level ranges in Waikato River at Fergusson Bridge, Narrows Bridge, Hamilton Traffic Bridge, Pukete Boat Ramp, Waipa 
confluence and Huntly power station for selected dry, average and wet high flow periods (Jun - Nov 85, Jun - Nov 91 and Jun - Nov 95 respectively) and June 
to November 1998. 
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Figure 9.16: Box and whisker plots of rate of change of simulated future level in Waikato River at Fergusson Bridge, Narrows Bridge, Hamilton Traffic Bridge, Pukete Boat 
Ramp, Waipa confluence and Huntly power station for selected dry, average and wet low flow periods (Dec 93 - May 94, Dec 90 - May 91 and Dec 95 - May 96 
respectively). 
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Figure 9.17: Box and whisker plots of rate of change of simulated future level in Waikato River at Fergusson Bridge, Narrows Bridge, Hamilton Traffic Bridge, Pukete Boat 
Ramp, Waipa confluence and Huntly power station for selected dry, average and wet high flow periods (Jun - Nov 85, Jun - Nov 9'1 and Jun - Nov 95 
respectively) and June to November 1998. 
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Figure 10.1: Monthly average ambient temperatures and flows in Waikato River at Huntly. 
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Figure 10.2: Comparison of measured ambient river temperature and simulated future river flow data at Huntly for period March 1983 to August 2000 with threshold line for 
full generation capacity at Huntly power station. 
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Figure 10. 3a: Simulated Karapiro power station outflows for period when typical flow profile for daHy average flow of 140 - 172.4 m31s used on consecutive days. 
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Figure 10.3b: Simulated Waikato River flows at Huntly power station for period when typical Karapiro power station flow profile for daily average flow of 
140-172.4 m31s used on consecutive days. 
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Figure 10. 5a: Simulated Karapiro power station outflows for period when typical flow profile for daily average flow of 184.6 - 204.3 m3/s used on consecutive days. 
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Figure 1O.6a: Simulated Karapiro power station outflows for period when typical flow profile for daily average flow of 204. 3 - 227.0 m31s used on consecutive days. 
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Figure 10. 6b: Simulated Waikato River flows at Huntly power station for period when typical Karapiro power station flow profile for daily average flows of 
204.3 - 227.0 m3/s used on consecutive days. 
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Figure 10.7a: Simulated Karapiro power station outflows for period when typical flow profile for daily average flow of 227. 0 - 263. 0 m3/s used on consecutive days. 
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Figure 10. 7b: Simulated Waikato River flows at Huntly power station for period when typical Karapiro power station flow profile for daily average flow of 
227.0- 263.0 m3/s used on consecutive days. 
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Figure 11.1: Comparison of simulated historic and future rates of change in level at Cherry Island. 
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Figure 11.2: Comparison of simulated historic and future maximum daily changes in level at Cherry Island. 
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Figure 11.3: Comparison of historic and simulated future rates of change of flow out of Lake Taupo through Taupo gates. 
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Figure 11.4: Comparison of historic and simulated future maximum daily change in Lake Taupo outflow. 



600 .... -------
.,. 

.. T 
... 

400 -1----1--

"-1- - I-

I !it 

-.::- 200 ..c: 

----E 
E-
m 
> 
(J) 

I-~ I-£ 0 (J) 
0) 
c: 
(Ij 

..c: 
I <:l 

0 
(J) 

ro a: -200 -- - - ------;±--

-400 ----- ---------

( historic )( future) 

-600 I --, 
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991 1993 1996 '1998 

Year 

Figure 11.5: Comparison of simulated historic and future rates of change of level at Environment Waikato Section 159A below Narrows Bridge. 
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Figure 11.6: Comparison of simulated historic and future maximum daily change in level at Environment Waikato Section 159A below Narrows Bridge. 




