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Executive Summary 

An assessment of colour and clarity trends in the Tarawera River was undertaken to update 
records from previous surveys and reports. As part of the field work a survey of light penetration 
in the Tarawera River was conducted in July/August 2007 and January/February 2008. Colour 
and clarity were assessed using existing compliance and regional monitoring data. 

Colour in the Tarawera River is measured as the absorbance of filtered samples at 440nm and 
this data is then used to assess river state against the classification standards set in the 
Tarawera River Catchment Plan. The water colour at State Highway 30 (below the Tasman Mill 
treatment pond discharge) improved significantly between 1990 and 2000. From 2000 to 2007 
colour has been variable but largely unchanged. 

The Tasman Mill treatment pond discharge is in compliance with consent 02 4224 but the lower 
river does not meet the current classification standard for colour (applies from State Highway 30 
down). The monitoring results show that this is because the river barely meets the classification 
standard at Onepu, upstream of the Tasman discharge. It is believed that this is due to other 
discharges, including the groundwater discharge of pulp mill effluent to the river from the rapid 
infiltration basins (RIB’s) previously operated by the SCA tissue mill. 

The Tarawera River between the Kawerau Bridge and the Onepu site (upstream of the Tasman 
discharge) is managed under the plan for aesthetic purposes and the classification standard 
requires that there be no decrease in visual clarity of more than 20%. The monitoring results 
show that this standard is also often not met. However, there may be future clarity improvements 
due to the cessation of discharges from the SCA tissue mill to the RIB’s in May 2007. 

Measurements of light penetration since 1993 have shown a consistent pattern of reduction 
downriver due to the industrial discharges. In 2007 a 66% decline in the euphotic depth (the 
depth at which 1% of the surface light occurs) was recorded between Kawerau Bridge and the 
lower river at Awakaponga (reduced from 5.8m to 2.0m). Between 1993 and 2007 light 
penetration in the lower river has improved by around 50%. The euphotic depth in these areas is 
now around 2.0m which means that submerged water plants or benthic algae could now grow 
throughout most of the river bed if substrates were suitable. Results also show seasonal trends 
in colour and clarity which need to be assessed when determining trends. 
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2.1.2 Sampling sites 

Location of sampling sites for measurement of colour and clarity of the Tarawera River 
are shown in Figure 1. A non-impact site for light measurement was located above the 
Kawerau Township in the forest to avoid any possible urban run off or geothermal 
influences further down the river. The Kawerau Bridge (Boyce Park) site is the 
reference site used in earlier studies and the Tarawera River Catchment Plan. It is 
located upstream of the rapid infiltration basins and previous river discharge point for 
industrial effluent from the SCA mill and above a number of storm water and 
geothermal discharges. 

The Onepu site is also a reference site for assessing clarity in the Tarawera River 
Catchment Plan. It is above the main Tasman aeration ponds discharge but below the 
geothermal and former SCA mill discharges. 

The State Highway 30 site is another reference site which is downstream of all the 
industrial discharges to the river and is located at the bridge crossing. Awakaponga and 
Matata sites are not reference sites for the Tarawera River Catchment Plan. They are 
included to provide a clear picture of the river’s state along its entire length.  

2.2 Methods 

2.2.1 Colour 

Water samples collected in glass containers from monitoring sites were returned to the 
laboratory and passed through a 0.45 micron filter. Colour of the filtered sample was 
then measured by the absorption coefficient at 440nm on a spectrophotometer.  

2.2.2 Visual clarity (Black Disk) 

Visual clarity measurements were taken using a standard matte black disk. 
Measurements were taken in river using a mirror to view the horizontal distance over 
which the black disk can be viewed and a tape to measure the distance. Black disk 
measurements are independent of ambient lighting and yield a scientifically valid and 
reasonably accurate estimate of the beam attenuation coefficient (reduction in strength 
of a light beam). 

2.2.3 Light penetration 

Measurement of light (photosynthetically available radiation – PAR) in the Tarawera 
River was made using a Licor light meter with flat diffusing plate which records average 
down-welling light. The meter was attached to a pole marked with depth graduations. 
To record light at each site, profiles were taken with measurements taken at the surface 
(just below to exclude reflectance effect) and then at 0.2 m intervals until the bottom of 
the river or 1.2 m depth was reached. In taking the light readings care was taken to 
ensure that cloud cover remained as constant as possible and that the meter was not 
shaded by the pole or operator or any other underwater object. On each sampling 
occasion three profiles of light penetration were taken. Measurements were recorded 
for all sites on 23, 24, 31 July and 5 August 2007 except the forestry site which was 
sampled on 24 July and 5 August 2007 and then at all sites on eight days between 
25 January and 13 February 2008. 



6 Environmental Bay of Plenty 

Colour and Clarity of the Tarawera River Environmental Report 2008/02 

The measurements from each profile were then used to calculate the vertical light 
extinction coefficient (Vlec) according to the formula; 

Vlec = (ln L1) – (ln L2)/D2-D1, where D1 is depth 1, D2 is depth 2 and L is the corresponding 
light measurement. 

Euphotic depth, which is the depth at which 1% of the surface light occurs and percent 
of surface light at 2.0 m were then derived using a reworking of the formula. The final 
values presented in the report for each variable are averages derived from the series of 
profiles taken for the winter or summer surveys. For each sampling occasion (day) at 
any given site, measurements are repeated three times to provide a more reliable set of 
values for the profile. 

Sampling was conducted under base flow conditions although there had been some 
light rain on the preceding day for measurements taken on 24 and 31 July. On these 
two occasions it was noted that the river was marginally higher (around 5 cm). All sites 
except the forestry site have been sampled in previous years. River flows (Figure 2) in 
winter were below average and during summer (January/February) flows were around 
the five year low flow level.  

 
Figure 2  Flow of Tarawera River over the period of the winter (07) and summer 

(08) surveys for light and clarity. 
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Chapter 3:  Results 

3.1 Colour 

In Figure 3 below the full length of monitoring data for the absorption coefficient at 440 
nm from the Kawerau Bridge (Boyce Park) and State Highway 30 sites (below all the 
industrial discharges) is shown. There has clearly been a marked improvement in 
colour downstream of the industrial discharges since the 1990’s. At the Kawerau Bridge 
site there has also been a significant increase (p = 0.001) in colour during the same 
period.  
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Figure 3 Absorption coefficient of filtered Tarawera River water samples 
measured at 440 nm. 

In Figure 4 below, the colour monitoring data collected from 2002 to 2007 for the 
Kawerau Bridge, Onepu and State Highway 30 sites on the Tarawera River have been 
plotted. The graph includes the six month moving average for each site and the 
Tarawera River Catchment Plan standards from 1 January 2001 (red line) and 
30 December 2005 (blue line). Since the reporting of the last colour data up to 
December 2003, there has been an improvement with the absorption coefficient at 
440 nm declining at both the Onepu and State Highway 30 sites up to around the end 
of 2005. From 2006 onwards the absorption coefficient has steadily increased back up 
to levels seen through 2002/2004. 
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Figure 4 Absorption coefficients of filtered samples measured at 440 nm from the 

Tarawera River at Kawerau Bridge, Onepu and State Highway 30 with 
six month moving averages. Straight line represents the classification 
standard. 

The State Highway 30 six month moving average for colour data exceeds the Tarawera 
River Catchment Plan classification of 0.8 which applies from 2006 onwards for the 
lower river. This limit does not apply to the river above the Tasman pond outfall, 
although as seen in Figure 4, colour in the river measured at Onepu is often in excess 
of it. 

3.2 Visual Clarity 

Figure 5 below provides a plot of the Black Disk clarity measured at Kawerau Bridge 
(Boyce Park) and at Onepu. In both the Kawerau Bridge and Onepu data there is a 
statistically significant decrease (prob = 0.000) in clarity over time up until August 2007. 
The mean Black Disk clarity at the Kawerau and Onepu sites between 1998 and 2002 
was 1.97 m and 1.41 m and between 2004 and August 2007 it was1.54 m and 1.04 m 
respectively. Since August 2007 up until February 2008, both sites showed significant 
upwards trend in clarity. Variability in clarity appears to have a strong seasonal 
component and results show a high degree of consistency between the sites. Onepu 
has consistently recorded lower Black Disk clarity than the Kawerau Bridge site. 

 

 

C440F Data for the Tarawera River at Boyce Park, Onepu Springs Rd, and SH30
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Black Disk - Tarawera River
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Figure 5 Black disk measurements from Kawerau Bridge (Boyce Park) and 
Onepu in the Tarawera River from 1992 to 2007. 
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Figure 6 Percent change (reduction) in Black Disk visibility between the Kawerau 
Bridge and Onepu sites in the Tarawera River between 1998 and 2007. 

In Figure 6 the percentage reduction in clarity between the Kawerau Bridge and Onepu 
sites is shown. A statistical analysis of the percentage change in Black Disk clarity over 
time shows that there has been no change between 1998 and 2008. 

3.3 Light penetration 

Results of light measurements in the Tarawera River are presented in Table 1 and 
Figure 7 below. Results are compared to previous surveys to allow an assessment of 
change over time. Looking at the amount of change in the euphotic depth at each site 
from 1993 to 2008, the Forest and Kawerau sites indicate better light penetration in the 
2003 and 2008 surveys which were taken in summer. For these two sites the high 
variability between sampling periods may simply reflect seasonal/climatic influence. All 
other sites have shown a more consistent trend over the same period with Onepu 
showing a 78% improvement, State Highway 30 50%, Awakaponga 90% and Matata 
76%. The improvement in light penetration between 2003 and 2008 is statistically 
significant for the Onepu, Awakaponga and Matata sites.  
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The State Highway 30 site has improved between 1993 and 2003 but shows no further 
change up to February 2008. 

Changes between sites down the river have been very consistent for each of the four 
surveys. The addition of the Forestry site (10km upstream from Kawerau Bridge) 
provides a reference site above all the possible urban and farming influences. The 
monitoring shows an average 15% reduction in euphotic depth between the Forestry 
and Kawerau Bridge sites. As mentioned above clarity has varied between surveys at 
this site and it appears that clarity is higher in summer. 

Table 1 Mean percentage of surface light at 2.0 m depth and the euphotic depth 
at sites on the Tarawera River in 1993, 2003, 2007 and 2008. 

Site % surface light @ 2.0m Euphotic depth (m) 
 1993 2003 2007 2008 1993 2003 2007 2008 

Forest - 37.5 27.3 34.0 - 9.4 7.1 8.7 
Kawerau 16.9 33.1 20.2 30.6 5.26 8.4 5.8 7.9 
Onepu 4.3 8.7 10.5 15.7 2.8 3.8 4.1 5.0 
State Highway 30 0.3 0.9 1.5 1.7 1.34 1.9 2.1 2.0 
Awakaponga 0.2 1.3 1 3.0 1.35 2.1 2 2.6 
Matata 0.4 0.7 1.9 3.6 1.53 1.86 2.3 2.7 

Figure 7 below shows the same sets of light penetration survey data graphically. The 
top graph shows the percent of surface light present at 2.0 m depth at each of the 
sampling sites. The euphotic depth at each of the sampling sites shown in the bottom 
graph is the depth at which light from the surface will be reduced down to 1%. This is 
the light levels required by aquatic plants (macrophytes) and algae for photosynthesis 
to sustain them. 

In the 2007 and 2008 surveys, all sites below State Highway 30 recorded euphotic 
depths of 2.0 m or more. As significant areas of the Tarawera River bed are around this 
depth, it would be possible for plants and algae to establish and grow there now. 
However, much of the river bed is highly mobile pumice and sand which will be one of 
the limiting factors to plants or algae trying to grow.  
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Figure 7 Percentage of surface light at 2 m depth and the Euphotic depth at sites 
along the Tarawera River for surveys in 1993, 2003, 2007 and 2008. 
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Chapter 4:  Discussion and summary 

4.1 Guidelines for the protection of aquatic life 

In a review of the New Zealand water quality guidelines and the requirements of the 
RMA, MfE (1992) concluded that protection of visual clarity would usually also protect 
aquatic life, colour and light penetration. Guidelines for protecting Class A waters 
(managed for aesthetic purposes) against conspicuous changes in visual clarity require 
“the visual clarity not to be changed by more than 20%, for other waters (including AE – 
aquatic ecosystems) it should not change by more than 33-50%”. This will generally 
provide sufficient protection for visually feeding fish and wading birds etc. However it is 
also recognised that the strongly light absorbing qualities of some pulp and paper mill 
discharges may not sit within this general guideline and may cause impacts by reducing 
the amount of light available for photosynthesis. 

MfE set a guideline for protection against significant adverse effects on aquatic life as; 

“In waters shallower than half the euphotic depth, the lighting at the bed should not be 
changed by more than 20%, or, in waters deeper than half the euphotic depth, the 
euphotic depth should not be changed by more than 10%”. 

Depth of the Tarawera River at Kawerau (maximum depth around 2 m) is less than half 
the euphotic depth so the less restrictive 20% change guideline should be used. The 
percentage change in surface light at a depth of 2 m from the Kawerau Bridge site to 
Onepu is around 48%, well above the 20% change guideline. Between the Kawerau 
and State Highway 30 sites the reduction is around 93%.  

As shown in the 2007 survey results there is a marked reduction in light penetration in 
the Tarawera River between the Forestry site which is ten kilometres above the 
Kawerau Bridge site and the urban area. The percent change at 2.0 m depth is 26% 
which is a greater degree of change than the guideline. Over this small stretch of river it 
is not clear exactly what contributes to the reduction in light in relatively dry conditions, 
although there are some geothermal inputs. Between the Kawerau Bridge and Onepu 
sites, in addition to more geothermal inputs, there are a number of other minor 
discharges including ground seepage from the rapid infiltration basins. Over this stretch 
of river the percent change is 48%. Between Onepu and State Highway 30 which 
receives the treatment ponds discharge, the percent change at 2.0 m depth is 86%. 
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4.2 Tarawera River Catchment Plan 

The Tarawera River Catchment Plan requires that, below the Tasman pond outfall, 
colour as measured by the absorption coefficient of a 0.45 micron filtered sample at 
440 nm shall not exceed: 

Up to 31 December 2000 3.8 

From 1 January 2001 2.3 

From 30 December 2005 0.8 

This represents light levels at 2.0 m depth which are 0.036%, 0.204% and 1.828% of 
surface light respectively. The first two stages of this classification (prior to 
30 December 2005) give little improvement in the percentage of light reaching the bed 
of the lower Tarawera River. The final colour limit of 0.8 does result in a significant 
improvement although it stills allows a 90% reduction in light at 2.0 m depth compared 
to the Kawerau Bridge site. The colour limit of 0.8 also equates to an expected euphotic 
depth of 2.56 m.  

As measured in the 2007/08 surveys of light penetration, the euphotic depth is 2.0-2.1m 
at State Highway 30 (below the Tasman pond discharge). This is still less than what is 
now required by the equivalent colour absorption values in the Tarawera River 
Catchment Plan. The light surveys effectively provide an alternative direct measure of 
light penetration which is complimentary to the colour and clarity standards used in the 
plan.  

Over the next year further improvement in colour is possible. As previously mentioned 
the SCA pulp mill was still operating up until May 2007 with effluent discharged to the 
rapid infiltration basins. Although it only takes a week or two on average for water 
movement through to the river from these basins, it is likely that it will take considerably 
longer for colour to be totally flushed through due to the very porous pumice soils.  

For the stretch of river between the Kawerau Bridge and the Tasman Pond outfall, the 
Tarawera River Catchment Plan has a rule to protect the visual clarity based on Black 
Disk which states; “…no decrease in visual clarity of more than 20%”. This is equivalent 
to the MfE guideline for protection of aesthetic qualities and above that considered 
necessary to protect ecological values. Monitoring data shows that this limit is 
frequently exceeded. Taking all the measurements for 2007 (n=14) the average 
percentage change is 18.8%. Even with further clarity improvements in this part of the 
Tarawera River, it is likely that on the basis of an absolute limit, the rule is always going 
to be exceeded at times. Consideration could be given to rewriting this rule in terms of a 
percentile or moving average. 

Results from the clarity and colour surveys have also highlighted seasonal variations 
which make interpretation of results more complex. It is also likely that climatic 
variations will also influence the colour and clarity measurements in the river to some 
degree. These influences need to be considered when assessing trends. The recent 
2007/08 light readings have been done under lower than average river flows so the 
measurements could be better in the upper river, but worse below the Tasman pond 
discharge as a result. The Tasman pond discharge had also previously shown 
seasonal variation in colour load, but this has now changed. To assess possible future 
improvements at Onepu and the lower river another winter survey should be conducted 
in 2008 and seasonality assessed. 
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4.3 Consent for colour discharge to river 

Consent 02 4224 allows the Tasman Pulp and Paper Mill to discharge treated waste 
water into the Tarawera River from the treatment ponds. Section 7.3 of the consent 
contains conditions relating to the amount of colour that can be discharged and defines 
a timetable over which the mill is required to meet lower limits. Initially under the 
consent the 30 day moving average limit for colour was 80 tonne/day (in terms of 
equivalent platinum cobalt units). This limit reduced to 70t/d on 1 January 2004 and 
31 t/d on 1 January 2006. Compliance data for colour is graphed in Figure 8 below and 
shows that compliance with the consent limits has been met. The amount of colour 
discharged from the treatment ponds has decreased substantially over the period 1998 
to 2007.  

Figure 8 Colour load (tonnes/day) discharged from the Tasman treatment ponds 
into the Tarawera River with consent limits shown. 

Although the Tasman Pulp and Paper Mill is achieving compliance against the consent 
limit for colour discharge to the river, the classification standard for colour set in the 
Tarawera River Catchment plan is not being met.  

4.4 Summary 

The current industrial discharges to the lower Tarawera River have been shown to have 
a significant impact in terms of colour and light penetration (euphotic depth). This in 
turn can affect the diversity and abundance of aquatic macrophytes and microflora. 
However, since 1998 colour and light penetration have improved in the lower river due 
to reductions in the colour discharged from the Tasman Mill. 
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The consent conditions restricting colour input to the river should achieve the objectives 
of the Regional Plan for the Tarawera River Catchment. However, monitoring shows 
that even though the Tasman Mill is complying with its discharge limits, it is not 
sufficient to meet the plan classification. In addition the colour standards laid out in the 
plan represent a reduction of surface light that is less than the MfE guidelines 
established for the protection of aquatic life. The percentage change in water clarity 
between the Kawerau Bridge and Onepu sites (upstream of the Tasman mill discharge) 
still exceeds on occasion the 20% standard given in the plan. It is possible that further 
improvement may occur over time as remaining colour is flushed from the rapid 
infiltration basins. 
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