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5.7 Operational Recommendations 

Solid Energy NZ Ltd could; 

 Decide on preferred Al analysis regime for ongoing environmental monitoring, 

 Institute appropriate environmental targets for Al as outlined in section 5.4. 

 Conduct ecotoxicity work on Stockton macroinvertebrates with reference to the 

chosen Al analysis regime, in order to confirm the above environmental targets, 

 Conduct a long term trial dilution of Herbert Stream to 85% Mt Frederick quarry lake 

water. Monitor effects on macroinvertebrate communities and on water chemistry 

including Al3+. Ascertain the effect of peak flow periods on water chemistry and the 

effects of precipitates on stream ecology. 

 Investigate toxicity and ecological thresholds of other trace metals. 
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Appendix 1 

Field Data from Initial Reconnaissance 

Initial Reconnaissance 23-24/11/2010 

Sample Site north east pH Electrical 

conductivity 

(µs) 

Dissolved 

Oxygen 

(mg/L) 

Temperature  

 

(
0
C) 

T35 Head -1 5949136 2418161 6.8 62.4 9.53 10.2 

T35 Head -2 5949029 2418156 4.94 30 10.07 11.8 

T35 Head-3 5949067 2418145 4.29 124.6 6.12 11.2 

T35 Head -4 5948985 2418283 4.77 56 9.12 11.3 

T35 Head-5 5948961 2418283 4.83 32 9.57 12.3 

T35 Head-6 5948966 2418320 4.57 48.3 9.01 11.2 

T35 Head-7 5948850 2418551 5.09 28.5 9.88 11.7 

T35 Head-8 5948834 2418740 4.79 39.9 9.99 11.5 

T35 Head-9 5948860 2418757 7.06 27.9 10.43 9.7 

T35 Head-10 5948835 2418775 6.54 29.2 10.4 10.4 

T35 Head-11 5948494 2418907 6.58 29.3 10.58 11.1 

T35 Head-12 5948483 2418890 4.22 58.7 9.99 10.7 

T35 Head-13 5948474 2418918 5.55 31.1 10.52 11.1 

T35 Head-14 5948382 2418785 4.2 63 10.35 10.8 

T35 Head-15 5948373 2418775 3.89 115.9 10.12 10.4 

T35 Head-16 5948380 2418774 4.98 30.2 10.3 10.6 

T35 Head-17 5948492 2418542 4.99 27.4 9.91 12.1 

T35 Head-18 5948423 2418487 5.03 28.1 9.2 12.8 

T35 Head-19 5948423 2418417 4.87 29.8 8.5 13.8 

T35 Head-20 5948256 2418632 4.52 38 6.46 11.9 

T35 Head-21 5948242 2418700 3.65 149.2 9.76 11.1 
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T31-1/1 5947553 2418989 3.33 255 9.83 13.0 

T31-1/2 5947587 2418887 3.21 291 9.72  

T31-1/3 5947582 2418887 3.52 146 10.27 11.0 

T31-1/4 5947480 2418813 3.6 160 9.69 11.0 

T31-1/5 5947510 2418831 3.61 149.9 9.87 11.1 

T31-1/6 5947578 2418697 Creek bed dry- small dam structure 

T31-1/7 5947709 2418787 3.26 330 9.34 14.8 

T31-1/8 5947814 2417659 4.33 121.0 7.9 12.4 

Herb 1 5944126 2415196 3.15 546 9.49 8.5 

Herb 2 5943956 2415363 3.27 439 10.48 8.5 

Herb 3 5943798 2415689 3.3 390 10.05 9.6 

Mt Fred 1-lake 5944314 2414946 7.44 135.6 9.43 13.6 

Mt Fred 2-dam 

drainage 

5944230 2415110 3.88 169.6 10.17 9.5 
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Appendix 2 

Details of Hills Laboratory Analytical Methods and Sample Uncertainties 

Method Summary 
     

Test  
Method 
Description  

  

Default Detection 
Limit  

Total Digestion  Boiling nitric acid digestion. APHA 3030 E 21st ed. 2005. - 

pH  pH meter. APHA 4500-H+ B 21st ed. 2005.  3 0.1 pH Units 

Total Alkalinity  
Titration to pH 4.5 (M-alkalinity), autotitrator. APHA 2320 
B 3 (Modified for alk <20) 21st ed. 2005. 

1.0 g/m3 as 
CaCO3 

Bicarbonate  Calculation: from alkalinity and pH, valid where TDS is not 
>500 mg/L and alkalinity is almost entirely due to 
hydroxides, carbonates or bicarbonates. APHA 4500-CO2 
D 21st ed. 2005. 1.0 g/m3 at 25°C 

Filtration for dissolved 
metals analysis 

Sample filtration through 0.45μm membrane filter and 1-
2 preservation with nitric acid. APHA 3030 B 21st ed. 
2005. - 

Dissolved Aluminium  
Filtered sample, ICP-MS, trace level. APHA 3125 B 21st 
ed. 6-27 2005 0.003 g/m3 

Total Aluminium  
Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 
21st ed. 4-5 2005 / US EPA 200.8. 0.0032 g/m3 

Dissolved Calcium  
Filtered sample, ICP-MS, trace level. APHA 3125 B 21st 
ed. 1-2 2005 0.05 g/m3 

Dissolved Magnesium 
 Filtered sample, ICP-MS, trace level. APHA 3125 B 21st 
ed. 1-2 2005 0.02 g/m3 

Dissolved Potassium  
Filtered sample, ICP-MS, trace level. APHA 3125 B 21st 
ed. 1-2 2005 0.05 g/m3 

Dissolved Sodium  
Filtered sample, ICP-MS, trace level. APHA 3125 B 21st 
ed. 1-2 2005 0.02 g/m3 

Chloride Filtered  Ferric thiocyanate colorimetry. Discrete 1-2 0.5 g/m3 

sample.  
Analyser. APHA 4500 Cl- E (modified from continuous 
flow analysis) 21st ed. 2005. 

 Dissolved Non-Purgeable 
Organic Carbon (DNPOC) 

Filtration, acidification, purging to remove inorganic C, 
catalytic oxidation, IR detection. APHA 5310 B (modified) 
21st ed. 2005. 0.3 g/m3 
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Details of Hills Laboratory Analytical Methods and Sample Uncertainties 

 

Reported uncertainties are expanded uncertainties with a level of confidence of approximately 95% (ie; 2 

standard deviations). Uncertainties do not include variation due to sampling. 

   
T35-2/1 T35-2/2 T35-2/3 T35-2/4 T35-2/5 

Al     
Total 

acid 
soluble g/m3 

     

 
Diss <0.45 g/m3 

0.406 ± 
0.032  

0.369 ± 
0.030  0.438 ± 0.035 0.129 ± 0.011  1.26 ± 0.10 

 
Diss <0.22 g/m3 

  
0.446 ± 0.036 

 

 
Diss <0.10 g/m3 

  
0.427 ± 0.034 

 

Ca 
 

g/m3 
   

< 0.5 ± 0.046 
0.726 ± 
0.057 

Mg 
 

g/m3 
   

0.238 ± 0.021 
0.439 ± 
0.033 

K 
 

g/m3 
   

< 0.5 ± 0.050 
1.177 ± 
0.092 

Na 
 

g/m3 
   

2.19 ± 0.24 2.77 ± 0.30 

Cl 
 

g/m3 
   

2.96 ± 0.39 3.82 ± 0.41 

HCO3 
 

g/m3 
   

3.66 ± 0.99  
 DNOPC 

 
g/m3 5.09 ± 0.65 5.76 ± 0.72  2.18 ± 0.33  3.97 ± 0.52  1.17 ± 0.25 

        

   
T35-2/6 MI T35-2/7 MI T35-2/8 T35-2/9 T35-2/10 

Al     
Total 

acid 
soluble g/m3 

     

 
Diss <0.45 g/m3 

0.262 ± 
0.021 

0.663 ± 
0.053 13.9 ± 1.1 

 0.0864 ± 
0.0071  26.9 ± 2.2 

 
Diss <0.22 g/m3 

0.255 ± 
0.021 0.640 ± 0.051 

  

 
Diss <0.10 g/m3 

0.248 ± 
0.020 0.650 ± 0.052 

  

Ca 
 

g/m3 
0.395 ± 
0.042 0.798 ± 0.060 7.27 ± 0.46 6.08 ± 0.39 

Mg 
 

g/m3 
0.314 ± 
0.025 0.287 ± 0.024 0.694 ± 0.049 

0.931 ± 
0.064 

K 
 

g/m3 
0.275 ± 
0.039 0.609 ± 0.056  1.42 ± 0.11 1.36 ± 0.11 

Na 
 

g/m3 2.75 ± 0.30 2.32 ± 0.25 
 

3.02 ± 0.33 2.53 ± 0.28 

Cl 
 

g/m3 4.24 ± 0.43 3.31 ± 0.40 
 

3.47 ± 0.40 3.06 ± 0.39 

HCO3 
 

g/m3 26.8 ± 1.2  < 1.0 ± -0.99 
 

7.3 ± 1.0 
 DNOPC 

 
g/m3 7.20 ± 0.89  2.37 ± 0.35  1.12 ± 0.25  1.45 ± 0.27 1.51 ± 0.28 
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Details of Hills Laboratory Analytical Methods and Sample Uncertainties 

Dilution Experiment samples 

   HS1 HS3 HS6 HS8 HS14 

Al Diss <0.45 g/m
3
 9.55+/-0.76 7.04+/-0.56 5.2+/-0.41 4.23+/-0.34 2.62+/-0.21 

 Diss <0.22 g/m
3
 9.8+/-0.77 6.88+/-0.55 5.07+/-0.4 4.43+/-0.35 2.75+/-0.22 

 Diss <0.10 g/m
3
 9.17+/-0.73 7.03+/-0.56 5.11+/-0.41 4.53+/-0.36 2.7+/-0.22 

Reported uncertainties are expanded uncertainties with a level of confidence of approximately 95% (ie; 2 

standard deviations). Uncertainties do not include variation due to sampling.

   
T31-2/1 T31-2/2 T31-2/3 Herb-2/1 Herb-2/2 

Al     
Total acid soluble g/m3 

   
8.8 ± 1.3 

 

 
Diss <0.45 g/m3 1.52 ± 0.12  1.67 ± 0.14 

0.555 ± 
0.044  8.13 ± 0.64 3.06 ± 0.25 

 
Diss <0.22 g/m3 1.41 ± 0.12  1.65 ± 0.13  

0.562 ± 
0.045  8.24 ± 0.65 3.28 ± 0.26 

 
Diss <0.10 g/m3 1.47 ± 0.12  1.75 ± 0.14 

0.539 ± 
0.043 8.26 ± 0.65 3.10 ± 0.25 

Ca 
 

g/m3 0.533 ± 0.048 0.637 ± 0.052 
10.08 ± 
0.64 4.41 ± 0.28 

Mg 
 

g/m3 0.341 ± 0.027 0.368 ± 0.029 5.60 ± 0.38 2.56 ± 0.18 

K 
 

g/m3 0.880 ± 0.072 0.926 ± 0.075 2.97 ± 0.22 2.05 ± 0.16 

Na 
 

g/m3 2.33 ± 0.26 2.39 ± 0.26 
 

5.43 ± 0.59 2.05 ± 0.16 

Cl 
 

g/m3 3.26 ± 0.40 3.23 ± 0.40 
 

3.48 ± 0.40 3.15 ± 0.39 

HCO3 
 

g/m3 
     DNOPC 

 
g/m3 0.71 ± 0.22  0.64 ± 0.22  0.84 ± 0.23  0.75 ± 0.22  1.31 ± 0.26  

   
MF-2/1 Cypress Herb 1 MF1 

Blank glass 
jar 

Al     
Total acid soluble g/m3 0.166 ± 0.024 

   

 
Diss <0.45 g/m3 

0.0338 ± 
0.0034 1.234 ± 0.098  

  

 
Diss <0.22 g/m3 

0.0293 ± 
0.0031 1.27 ± 0.11  

   

 
Diss <0.10 g/m3 

0.0252 ± 
0.0029 1.30 ± 0.11 

   

Ca 
 

g/m3 14.57 ± 0.92 2.19 ± 0.15 10.70 ± 0.67 
15.45 ± 
0.97 

 

Mg 
 

g/m3 3.79 ± 0.26 
1.085 ± 
0.074 6.19 ± 0.42 3.88 ± 0.27 

 

K 
 

g/m3 0.803 ± 0.068 
1.013 ± 
0.081 3.18 ± 0.24 0.873 ± 0.072 

Na 
 

g/m3 3.75 ± 0.41 2.98 ± 0.32 5.85 ± 0.63 4.17 ± 0.45 
 Cl 

 
g/m3 3.16 ± 0.39 3.26 ± 0.40 3.53 ± 0.41 3.48 ± 0.40 

 HCO3 
 

g/m3 21.0 ± 1.2 2.19 ± 0.99  
   DNOPC 

 
g/m3 0.51 ± 0.21 2.27 ± 0.34 

  
< 0.3 ± 0.21  
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Appendix 3 

Water Chemistry Results for Stockton Plateau Streams.  

Italicised numbers are calculated- all others as analysed. Alum = HACH Aluminon method for 

[Diss Al] and ICP= ICP-MS method for [Diss Al] and [total Al] 

 

 

 

 

 

 

Sample No 
 

T35-2/1 T35-2/2 T35-2/3 T35-2/4 T35-2/5 T35-2/6 

Location East 

2418952 2418908 2418890 2418773 2418775 2418765 

 
North 

5948452 5948496 5948484 5948379 5948374 5948853 

pH 
 

4.75 
 

4.93 
 

4.54 
 

5.04 
 

3.81 
 

5.65 
 Conductivity uS/cm 34.69 

 
29.37 

 
56.4 

 
21.28 

 
119.6 

 
21.8 

 D.O mg/l 9.56 
 

9.74 
 

9.2 
 

9.05 
 

9.5 
 

9.4 
 Stm Temp  

0
C 12.4 

 
12.2 

 
12.8 

 
14.2 

 
12.2 

 
13.4 

 
Al mg/l 

             
tot mg/l Alum ICP Alum ICP Alum ICP Alum ICP Alum ICP Alum ICP 

<0.45 mg/l 0.251 0.410 0.197 0.370 0.219 0.440 0.097 0.129 1.035 1.260 0.162 0.260 

<0.22 mg/l 0.216 
 

0.205 
 

0.257 0.450 0.085 
 

1.035 
 

0.068 0.260 

<0.1 mg/l 0.136 
 

0.136 
 

0.277 0.430 0.088 
 

0.839 
 

0.111 0.250 

              SO4 mg/l 2.923 
 

2.076 
 

6.174 
 

2.303 
 

25.446 
 

2.182 
 SiO2 mg/l 4.319 

 
3.944 

 
3.449 

 
2.373 

 
5.839 

 
4.917 

 Si mg/l 2.019 
 

1.843 
 

1.612 
 

1.109 
 

2.729 
 

2.298 
 Ca mg/l 0.350 

 
0.411 

 
0.117 

 
0.025 

 
0.700 

 
0.390 

 Mg mg/l 0.293 
 

0.309 
 

0.233 
 

0.200 
 

0.400 
 

0.310 
 K mg/l 0.269 

 
0.287 

 
0.201 

 
0.025 

 
1.200 

 
0.270 

 Na mg/l 2.677 
 

2.775 
 

2.300 
 

2.200 
 

2.800 
 

2.800 
 Cl mg/l 3.944 

 
4.155 

 
3.134 

 
3.000 

 
3.800 

 
4.200 

 HCO3  mg/l 20.808 
 

25.675 
 

2.164 
 

3.700 
 

0.773 
 

27.000 
 Alk as 

CaCO3 mg/l 
    

2.498 
 

3.000 
   

22.000 
 DNPOC mg/l 5.100 

 
5.800 

 
2.200 

 
4.000 

 
1.200 

 
7.200 

 Fulvate mg/l 2.550 
 

2.900 
 

1.100 
 

2.000 
 

0.600 
 

3.600 
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Water Chemistry results for Stockton Plateau Streams. 

Italicised numbers are calculated- all others as analysed. Alum = HACH Aluminon method for 

[Diss Al] and ICP= ICP-MS method for [Diss Al] and [total Al] 

 

 

 

 

 

 

 

 

Sample No 
 

T35-2/7 T35-2/8 T35-2/9 T35-2/10 MF-2/1 

Location East 

2418755 2418132 2418136 248131 2414946 

 
North 

5948848 5949094 5949100 5949102 5944315 

pH 
 

4.65 
 

3.87 
 

5.94 
 

3.52 
 

6.64 6.5 

Conductivity uS/cm 45.2 
 

258 
 

71.9 
 

461.5 
 

145.8 
 D.O mg/l 8.9 

 
7.39 

 
8.49 

 
7.82 

 
8.84 

 Stm Temp  
0
C 16.6 

 
17.1 

 
16.4 

 
20.1 

 
15.9 

 
Al mg/l 

         
Alum ICP 

tot mg/l Alum ICP Alum ICP Alum ICP Alum ICP 
 

0.166 

<0.45 mg/l 0.562 0.66 13.111 13.9 0.194 0.086 24.211 27 0.000 0.034 

<0.22 mg/l 0.476 0.64 12.111 
 

0.051 
 

24.211 
 

0.000 0.029 

<0.1 mg/l 0.597 0.65 11.461 
 

0.030 
 

22.761 
 

0.005 0.025 

            
SO4 mg/l 8.291 

 
79.621 

 
20.765 

 
217.984 

 
50.461 

 SiO2 mg/l 3.210 
 

4.831 
 

3.073 
 

6.692 
 

7.273 
 Si mg/l 1.500 

 
2.258 

 
1.436 

 
3.128 

 
3.400 

 Ca mg/l 0.800 
 

6.942 
 

7.300 
 

6.100 
 

14.600 
 Mg mg/l 0.290 

 
0.762 

 
0.690 

 
0.930 

 
3.800 

 K mg/l 0.610 
 

1.402 
 

1.420 
 

1.360 
 

0.800 
 Na mg/l 2.300 

 
2.851 

 
3.000 

 
2.500 

 
3.800 

 Cl mg/l 3.300 
 

3.381 
 

3.500 
 

3.100 
 

3.200 
 HCO3  mg/l 0.500 

 
0.847 

 
7.300 

 
0.486 

 
21.000 

 Alk as 
CaCO3 mg/l 

  
4.210 

 
6.000 

   
17.000 

 DNPOC mg/l 2.400 
 

1.100 
 

1.500 
 

1.500 
 

0.500 
 Fulvate mg/l 1.200 

 
0.550 

 
0.750 

 
0.750 

 
0.250 
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Water Chemistry results for Stockton Plateau Streams.  

Italicised numbers are calculated- all others as analysed. Alum = HACH Aluminon method for 

[Diss Al] and ICP= ICP-MS method for [Diss Al] and [total Al] 

Sample No 
 

T31-2/1 T31-2/2 T31-2/3 Herb-2/1 Herb-2/2 Cypress  

Location East 

2418991 2418886 2418887 2415196 2416388 2416391 

 
North 

5947551 5947587 5947581 5944126 5943217 5943217 

pH 
 

3.44 
 

3.44 
 

3.77 
 

3.39 
 

3.79 
 

4.64 
 Conductivity uS/cm 256 

 
286.2 

 
161.7 

 
548 

 
215 

 
71.3 

 D.O mg/l 9.61 
 

9.58 
 

9.79 
 

7.14 
 

9.09 
 

9.17 
 Stm Temp  

0
C 11.7 

 
12.2 

 
11 

 
9.1 

 
13.9 

 
14.3 

 
Al mg/l 

       
Alum ICP 

    
tot mg/l Alum ICP Alum ICP Alum ICP 

 
8.8 Alum ICP Alum ICP 

<0.45 mg/l 1.298 1.52 1.691 1.67 0.6013 0.55 4.361 8.1 3.186 3.1 1.011 1.23 

<0.22 mg/l 0.786 1.41 0.841 1.65 0.511 0.56 3.086 8.2 2.311 3.3 0.786 1.27 

<0.1 mg/l 0.792 1.47 0.686 1.75 0.387 0.54 3.601 8.3 3.131 3.1 0.751 1.30 

              
SO4 mg/l 27.246 

 
33.958 

 
13.261 

 
159.785 

 
39.431 

 
23.396 

 SiO2 mg/l 6.590 
 

6.778 
 

3.892 
 

17.294 
 

7.870 
 

5.685 
 Si mg/l 3.080 

 
3.168 

 
1.819 

 
8.084 

 
3.679 

 
2.657 

 Ca mg/l 0.500 
 

0.640 
 

0.208 
 

10.100 
 

4.400 
 

2.200 
 Mg mg/l 0.300 

 
0.370 

 
0.154 

 
5.600 

 
2.600 

 
1.100 

 K mg/l 0.900 
 

0.930 
 

0.837 
 

3.000 
 

2.100 
 

1.000 
 Na mg/l 2.300 

 
2.400 

 
2.092 

 
5.400 

 
4.100 

 
3.000 

 Cl mg/l 3.300 
 

3.200 
 

3.508 
 

3.500 
 

3.200 
 

3.300 
 HCO3  mg/l 0.424 

 
0.424 

 
0.727 

 
0.389 

 
0.750 

 
2.200 

 Alk as 
CaCO3 mg/l 

          
0.500 

 DNPOC mg/l 0.700 
 

0.600 
 

0.800 
 

0.800 
 

1.300 
 

2.300 
 Fulvate mg/l 0.350 

 
0.300 

 
0.400 

 
0.400 

 
0.650 

 
1.150 
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Appendix 4 

Aluminium Species Derived from Geochemical Modelling in PHREEQC 

Sample No T35-2/1 T35-2/2 T35-2/3 T35-2/4 T35-2/5 T35-2/6 T35-2/7 

ICP-MS 
[Al<0.45µm] molality 1.5E-05 1.4E-05 1.6E-05 4.8E-06 4.7E-05 9.6E-06 2.4E-05 

a Al3+ activty 7.2E-06 5.4E-06 9.5E-06 8.7E-07 2.3E-05 6.7E-07 1.3E-05 

Al3+ molality 8.6E-06 6.4E-06 1.1E-05 1E-06 3.1E-05 7.9E-07 1.6E-05 

Al 3+ ppm 0.231 0.173 0.307 0.027 0.842 0.021 0.423 

AlSO4+ molality 5.4E-07 2.9E-07 1.5E-06 5.5E-08 1.4E-05 3.9E-08 2.8E-06 

   Al(SO4)2- molality 4.5E-10 1.7E-10 2.6E-09 3.7E-11 8.8E-08 2.4E-11 6.4E-09 

   AlOH+2 molality 1.9E-06 2.1E-06 1.6E-06 4.9E-07 7.2E-07 1.5E-06 3.6E-06 

   AlFulvate+ molality 3.9E-06 4.5E-06 1.7E-06 3.1E-06 9.2E-07 5.5E-06 1.8E-06 

   AlH3SiO4+2 molality 6.1E-08 6.3E-08 4E-08 7.8E-09 3.2E-08 5.2E-08 6.5E-08 

   Al(OH)2+ molality 2.4E-07 4E-07 1.3E-07 1.5E-07 9.8E-09 1.7E-06 5.4E-07 

   AlHSO4+2  molality 8.7E-13 2.9E-13 3.7E-12 4.3E-14 1.9E-10 7.5E-15 5.6E-12 

   Al(OH)3 molality 7.1E-10 1.7E-09 2.4E-10 1E-09 3.2E-12 4.3E-08 1.8E-09 

   Al(OH)4-  molality 6.7E-11 2.5E-10 1.4E-11 1.9E-10 3.6E-14 3.2E-08 1.4E-10 

 

Sample No T35-2/8 T35-2/9 T35-2/10 T31-2/1 T31-2/2 T31-2/3 MF-2/1 

ICP-MS 
[Al<0.45µm] molality 5.15E-04 3.19E-06 1.00E-03 5.6E-05 6.5E-05 2E-05 9.3E-07 

a Al3+ activty 1.62E-04 7.87E-08 1.72E-04 2.8E-05 2.9E-05 1.2E-05 1.1E-09 

Al3+ molality 2.78E-04 1.08E-07 3.49E-04 3.8E-05 4.1E-05 1.5E-05 1.8E-09 

Al 3+ ppm 7.504 0.003 9.417 1.032 1.116 0.411 
4.82E-

05 

AlSO4+ molality 2.24E-04 4.20E-08 6.23E-04 1.7E-05 2.2E-05 3.9E-06 1.3E-09 

   Al(SO4)2- molality 3.1E-06 2.3E-10 2.2E-05 1.1E-07 1.8E-07 1.4E-08 1.6E-11 

   AlOH+2 molality 9E-06 4.4E-07 5.6E-06 3.6E-07 4E-07 3.1E-07 2.4E-08 

   AlFulvate+ molality 8.5E-07 1.2E-06 1.2E-06 5.4E-07 4.6E-07 6.2E-07 3.6E-07 

   AlH3SiO4+2 molality 2.4E-07 7.9E-09 1.7E-07 1.9E-08 2.1E-08 9.9E-09 1E-09 

   Al(OH)2+ molality 2.1E-07 1.2E-06 7.39E-08 
1.98E-

09 
2.29E-

09 
3.45E-

09 
2.18E-

07 

   AlHSO4+2  molality 3E-09 4.4E-15 2.03E-08 
5.57E-

10 
7.39E-

10 
5.69E-

11 
4.10E-

17 

   Al(OH)3 molality 1.2E-10 7.8E-08 2.29E-11 
2.65E-

13 
3.19E-

13 
9.36E-

13 
4.73E-

08 

   Al(OH)4-  molality 1.6E-12 1.2E-07 1.46E-13 
1.26E-

15 
1.52E-

15 
9.36E-

15 
2.69E-

07 
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Aluminium species derived from geochemical modelling in PHREEQC 

Sample No Herb-2/1 Herb-2/2 Cypress  

ICP-MS 
[Al<0.45µm] molality 3.08E-04 1.15E-04 

4.82E-
05 

a Al3+ activty 6.32E-05 4.75E-05 
2.19E-

05 

Al3+ molality 1.21E-04 7.15E-05 
2.97E-

05 

Al 3+ ppm 3.254 1.928 0.801 

AlSO4+ molality 1.80E-04 4.03E-05 
1.23E-

05 

   Al(SO4)2- molality 5.50E-06 3.60E-07 
7.36E-

08 

   AlOH+2 molality 7E-07 1.7E-06 3.9E-06 

   AlFulvate+ molality 6.2E-07 1E-06 1.8E-06 

   AlH3SiO4+2 molality 1.16E-07 8.96E-08 
1.46E-

07 

   Al(OH)2+ molality 2.37E-09 2.49E-08 
3.19E-

07 

   AlHSO4+2  molality 7.27E-09 6.12E-10 
3.53E-

11 

   Al(OH)3 molality 2.16E-13 8.96E-12 
6.16E-

10 

   Al(OH)4-  molality 9.33E-16 9.72E-14 
3.40E-

11 

 



Appendix 5 

114 

 

Appendix 5 

Analysed and calculated water chemistry data from dilution experiments 

Time = 573 Hours 

 

 

 

 

 

 

 

 

 

sample 
 

HS0 HS 1 HS 2 HS 3 HS 4 HS 5 HS 6 HS 7 

HS vol ml 249.93 250.15 250.60 250.13 250.35 249.89 250.37 250.19 

MF vol ml 0.00 50.03 100.05 150.17 200.51 250.02 300.11 350.04 

DF 
 

1.000 1.200 1.399 1.600 1.801 2.001 2.199 2.399 

% MF 
 

0.000 16.667 28.533 37.514 44.473 50.013 54.518 58.318 

pH 
 

3.19 3.32 3.41 3.52 3.61 3.7 3.71 3.82 

Diss Al  analysis ICP-MS 
 

ICP-MS 
 

Alum ICP-MS 
 <0.45 mg l  11.400 9.500 8.195 7.000 6.404 4.100 5.200 4.849 

<0.22 mg l  
 

9.800 
 

6.900 
 

4.290 5.100 
 <0.1 mg l  

 
9.200 

 
7.000 

 
4.486 5.100 

 SO4 mg l  160.210 141.918 128.895 119.038 111.401 105.321 100.377 96.207 

SiO2 mg l  17.926 16.150 14.886 13.929 13.188 12.598 12.118 11.713 

Si mg l  8.379 7.549 6.958 6.511 6.165 5.889 5.664 5.475 

Ca mg l  13.872 13.994 14.080 14.145 14.196 14.236 14.269 14.297 

Mg mg l  7.692 7.043 6.581 6.232 5.961 5.745 5.570 5.422 

K mg l  4.120 3.567 3.173 2.875 2.644 2.460 2.310 2.184 

Na mg l  7.417 6.814 6.385 6.060 5.808 5.608 5.445 5.308 

Cl mg l  4.807 4.539 4.349 4.204 4.092 4.003 3.931 3.870 

HCO3 mg l  0.535 3.946 6.374 8.212 9.636 10.770 11.692 12.470 
Alk as 
CaCO3 mg l  0.000 2.833 4.851 6.377 7.560 8.502 9.268 9.914 

Fulvate mg l  0.549 0.499 0.464 0.437 0.416 0.400 0.386 0.375 

DNPOC mg l  1.099 0.999 0.928 0.874 0.832 0.799 0.772 0.750 
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Analysed and calculated water chemistry data from dilution Experiments 

Time = 573 Hours (continued) 

sample 
 

HS 8 HS 9 HS 10 HS 11 HS 12 HS 13 HS 14 HS 15 

HS vol ml 250.26 250.20 249.85 249.86 250.46 250.10 250.25 250.00 

MF vol ml 400.14 450.40 500.05 550.17 600.15 650.19 700.13 751.30 

DF 
 

2.599 2.800 3.001 3.202 3.396 3.600 3.798 4.005 

% MF 
 

61.522 64.288 66.682 68.769 70.555 72.220 73.668 75.032 

pH 
 

3.9 4.03 4.06 4.19 4.3 4.42 4.49 4.61 

Diss Al  analysis ICP-MS 
 

Alum 
 

Alum 
 

ICP-MS 
 <0.45 mg l  4.200 4.178 2.643 3.675 2.196 3.287 2.600 2.492 

<0.22 mg l  4.400 
 

2.749 
 

2.332 
 

2.800 
 <0.1 mg l  4.500 

 
2.236 

 
1.959 

 
2.700 

 SO4 mg l  92.690 89.655 87.027 84.737 82.776 80.949 79.360 77.863 

SiO2 mg l  11.372 11.077 10.822 10.600 10.410 10.232 10.078 9.933 

Si mg l  5.316 5.178 5.059 4.955 4.866 4.783 4.711 4.643 

Ca mg l  14.320 14.340 14.358 14.373 14.386 14.398 14.408 14.418 

Mg mg l  5.297 5.190 5.097 5.015 4.946 4.881 4.825 4.772 

K mg l  2.078 1.986 1.906 1.837 1.778 1.722 1.674 1.629 

Na mg l  5.192 5.092 5.005 4.930 4.865 4.805 4.752 4.703 

Cl mg l  3.818 3.774 3.735 3.702 3.673 3.646 3.623 3.601 

HCO3 mg l  13.125 13.691 14.181 14.608 14.974 15.315 15.611 15.890 
Alk as 
CaCO3 mg l  10.459 10.929 11.336 11.691 11.994 12.277 12.524 12.756 

Fulvate mg l  0.365 0.357 0.350 0.344 0.338 0.333 0.329 0.325 

DNPOC mg l  0.730 0.714 0.700 0.687 0.676 0.666 0.658 0.650 
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Analysed and calculated water chemistry data from dilution Experiments 

Time = 573 Hours (continued) 

sample 
 

HS 16 HS 17 Modelling dilutions only MF-2/1 

 HS vol ml 100.13 100.88 100.00 100.00 100.00 100.00 0.0 

 MF vol ml 400.08 500.17 600.00 700.00 750.00 800.00 600.0 

 DF 
 

4.996 5.958 7.000 8.000 8.500 9.000 
  % MF 

 
79.982 83.216 85.714 87.500 88.235 88.889 100.0 

 pH 
 

5.05 5.31 
    

6.640 

 Diss Al  analysis Alum Alum 
    

0.166 total Al 

<0.45 mg l  0.728 0.468 1.771 1.570 1.488 1.414 0.034 

 <0.22 mg l  0.666 0.309 
    

0.029 

 <0.1 mg l  0.709 0.250 
    

0.025 

 SO4 mg l  72.430 68.881 66.139 64.180 63.373 62.655 50.461 

 SiO2 mg l  9.405 9.061 8.795 8.605 8.526 8.457 7.273 

 Si mg l  4.396 4.235 4.111 4.022 3.985 3.953 3.400 

 Ca mg l  14.454 14.478 14.496 14.509 14.514 14.519 14.600 

 Mg mg l  4.579 4.453 4.356 4.286 4.258 4.232 3.800 

 K mg l  1.465 1.357 1.274 1.215 1.191 1.169 0.800 

 Na mg l  4.524 4.407 4.317 4.252 4.226 4.202 3.800 

 Cl mg l  3.522 3.470 3.430 3.401 3.389 3.379 3.200 

 HCO3 mg l  16.903 17.565 18.076 18.442 18.592 18.726 21.000 

 Alk as 
CaCO3 mg l  13.597 14.147 14.571 14.875 15.000 15.111 17.000 

 Fulvate mg l  0.310 0.300 0.293 0.287 0.285 0.283 0.250 

 DNPOC mg l  0.620 0.601 0.586 0.575 0.570 0.567 0.500 

  

 

 

 

 

 

 

 

 

 



Appendix 5 

117 

 

Kinetic pH, Electrical Conductivity, Turbidity and Aluminon [Al] 

data for HS0-HS8, from Dilution Experiments. 

 

 

 

 

 

 

 

 

pH Time HS0 HS1 HS2 HS3 HS4 HS5 HS6 HS7 HS8 

 
0 3.19 

 
3.41 

 
3.61 

 
3.71 

 
3.9 

 
1 3.19 

 
3.35 

 
3.51 

 
3.71 

 
3.83 

 
75 

  
3.36 

 
3.52 

 
3.7 

 
3.82 

 
285 3.2 

 
3.2 

 
3.4 

 
3.6 

 
3.8 

 
573 

      
3.8 

 
3.96 

Conductivity Time 
         

 
0 527 

 
397 

 
319 

 
270 

 
236 

 
1 528 

 
394 

 
319 

 
269 

 
239 

 
75 

  
398 

 
330 

 
282 

 
237 

 
285 552 

 
427 

 
384 

 
292 

 
254 

 
573 

      
296.4 

 
258.5 

Turbidity 
(FAU) Time 

         

 
1 6 8 11 10 9 12 13 18 18 

 
75 

 
3 7 

 
18 

 
17 

 
21 

 
285 0 3 12 2 25 16 25 21 17 

Al (aluminon) Time [Diss Al] 
       

 
1 <0.45 

        

  
<0.22 

   
4.814 

    

 
285 <0.45 

        

  
<0.22 

        

 
573 <0.45 

    
4.100 

   

  
<0.22 

    
4.290 

   

  
<0.1 

    
4.486 
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Kinetic pH, Electrical Conductivity, Turbidity and Aluminon [Al] 

data for HS9-HS17, from Dilution Experiments. 

 

pH Time HS 9 HS10 HS11 HS12 HS13 HS14 HS15 HS16 HS 17 

 
0 

 
4.06 

 
4.3 

 
4.49 

 
5.05 5.05 

 
1 

 
4.03 

 
4.24 

 
4.47 

 
4.9 4.9 

 
75 

 
4 

 
4.23 

 
4.49 

 
4.81 4.91 

 
285 

 
3.9 

 
4 

 
4.3 

 
4.7 4.9 

 
573 

 
4.12 

 
4.33 

 
4.54 

 
4.94 5.2 

EC Time 
         

 
0 

 
214.8 

 
198 

 
184 

 
164 163.5 

 
1 

 
215.6 

 
198 

 
183 

 
171 171.1 

 
75 

 
218.2 

 
199 

 
184 

 
171 157.5 

 
285 

 
226 

 
205 

 
190 

 
177 161.1 

 
573 

 
229.8 

 
208 

 
193 

 
181 164.4 

Turbidity 
(FAU) Time 

         

 
1 20 19 27 18 16 14 14 14 16 

 
75 

 
13 

 
13 

 
14 

 
13 14 

 
285 15 13 14 13 12 12 10 12 12 

Al 
(aluminon) Time [Diss Al] 

       

 
1 <0.45 

      
1.107 0.366 

  
<0.22 2.903 

 
1.416 

   
0.829 0.491 

 
285 <0.45 

      
0.807 

 

  
<0.22 2.533 

     
0.745 0.339 

 
573 <0.45 2.643 

 
2.196 

   
0.728 0.468 

  
<0.22 2.749 

 
2.332 

   
0.666 0.309 

  
<0.1 2.236 

 
1.959 

   
0.709 0.250 
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Al Speciation data modelled for selected dilution experiment 

samples.  

Time= 573, [Diss Al]= ICP-MS <0.45µm 

Sample 
 

HS0 HS 1 HS 3 HS 6 HS 8 HS 14 

[Al] molality 4.27E-04 3.52E-04 2.60E-04 1.93E-04 1.56E-04 9.64E-05 

[Al] mg/l 11.400 9.503 7.002 5.202 4.201 2.600 

a Al3+ activity 8.65E-05 7.68E-04 6.19E-05 5.09E-05 4.18E-05 2.65E-05 

Al 3+ mg/l 4.638127 3.993268 3.08129187 2.4024363 1.966145 1.207694 

Al3+ molality 1.72E-04 1.48E-04 1.14E-04 8.90E-05 7.29E-05 4.48E-05 

AlSO4+ molality 2.42E-04 1.97E-04 1.40E-04 9.94E-05 7.85E-05 4.47E-05 

Al(SO4)2- molality 6.90E-06 5.18E-06 3.25E+06 2.04E-06 1.53E-06 7.84E-07 

   AlOH+2 molality 8.62E-07 1.02E-06 1.28E-06 1.57E-06 2.01E-06 4.90E-06 
   
AlFulvate+ molality 8.45E-07 7.68E-07 6.72E-07 5.94E-07 5.62E-07 5.06E-07 

AlH3SiO4+2 molality 1.06E-07 1.13E-07 1.22E-07 1.30E-07 1.57E-07 3.37E-07 

AlHSO4+2 molality 1.61E-08 9.60E-09 4.24E-09 1.92E-09 9.73E-10 1.41E-10 

   Al(OH)2+ molality 2.95E-09 4.76E-09 9.58E-09 1.85E-08 3.70E-08 3.54E-07 

AlOH3 
 

2.58E-13 5.63E-13 1.81E-12 5.43E-12 1.68E-11 6.29E-10 

Al(OH)4- 
 

7.26E-16 2.13E-15 1.08E-14 5.00E-14 2.39E-13 3.47E-11 

        
Sample 

 
HS 15 HS 16 

Calc 86% 
MF 

Calc 89% 
MF MF-2/1 

 [Al] molality 9.24E-05 7.51E-05 6.57E-05 5.24E-05 9.27E-07 

 [Al] mg/l 2.492 2.025 1.771 1.414 0.025 

 a Al3+ activity 2.51E-05 2.11E-05 8.23E-06 4.01E-06 1.13E-09 

 Al 3+ mg/l 1.14051 0.946243 0.36371116 0.1756 4.82E-05 

 Al3+ molality 4.23E-05 3.51E-05 1.35E-05 6.51E-06 1.79E-09 

 AlSO4+ molality 4.18E-05 3.31E-05 1.22E-05 5.69E-06 1.34E-09 

 Al(SO4)2- molality 7.21E-07 5.38E-07 1.88E-07 8.42E-08 1.65E-11 

    AlOH+2 molality 6.12E-06 5.11E-06 1.93E-05 1.49E-05 2.37E-08 

    
AlFulvate+ molality 5.00E-07 4.77E-07 4.51E-07 4.35E-07 3.64E-07 

 AlH3SiO4+2 molality 4.14E-07 3.27E-07 1.15E-06 8.51E-07 1.03E-09 

 AlHSO4+2 molality 9.97E-11 7.86E-11 2.95E-12 8.67E-13 4.10E-17 

    Al(OH)2+ molality 5.83E-07 4.89E-07 1.82E-05 2.22E-05 2.18E-07 

 AlOH3 
 

1.37E-09 1.15E-09 4.18E-07 8.11E-07 4.73E-08 

 Al(OH)4- 
 

9.92E-11 8.32E-11 2.95E-07 9.08E-07 2.69E-07 
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Appendix 6 

Macroinvertebrate Sampling Results 

Taxa 
T35-
2/1 

T35-
2/2 

T35-
2/3 

T35-
2/4 

T35-
2/5 

T35-
2/6 

T35-
2/7 

T35-
2/8 

T35-
2/9 

T35-
2/10 

Ephemeroptera 
         

Ameletopsis  1 
  

1 
 

1 
    

Austroclima  1 9 1 10 
 

36 
    

Coloburiscus  
          

Deleatidium 1 
 

16 15 
 

5 3 
 

1 
 

Ichthybotus 
          

Nesameletus  
          

Zephlebia 
   

1 
 

1 
    

Plecoptera 
          

Austroperla  
 

1 
 

4 
 

8 
    

Cristaperla 
     

1 
    

Megaloptperla  3 
 

2 5 1 
     

Spaniocercoides 
 

14 
 

26 
  

2 
  

Stenoperla  
          

Zelandobius  3 17 53 11 
 

16 
 

1 
  

Trichoptera 
          

Alloecentrella 1 1 1 
  

12 
    

Aoteapsyche 
 

1 1 3 
      

Confluens 
          

Costachorema 
          

Helicopsyche 
          

Hydrobiosella 
 

1 
 

33 
      

Hydrobiosidae 
       

1 
  

Hydrobiosis  
   

1 
 

2 
    

Hydrochorema 
   

2 
      

Hydroptilidae 
  

18 
 

1 
 

165 
   

Olinga 
          

Oxyethira 4 1 
 

1 11 
  

2 2 
 

Paroxyethira 
          

Polycentropodidae 
      

1 
  

Polyplectropus  1 
  

1 
    

1 
 

Psilochorema  1 
 

2 8 1 1 4 2 
  

Pycnocentria 1 
  

4 
 

5 
    

Pycnocentrodes 
   

1 
      

Rakiura 
   

1 
 

2 
    

Tiphobiosis 
         

1 

Triplectides 
          

Zelandoptila 
      

1 
   

Zelolessica 
  

5 
       

Megaloptera 
          

Archichauliodes  2 
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Macroinvertebrate Sampling Results 

Taxa 
T35-
2/1 

T35-
2/2 

T35-
2/3 

T35-
2/4 

T35-
2/5 

T35-
2/6 

T35-
2/7 T35-2/8 

T35-
2/9 T35-2/10 

Diptera 
          

Austrosimulium 
 

1 
 

2 
      

Ceratopogonidae 1 3 18 12 19 1 1 
 

3 
 

Chironominae 
        

11 
 

Empididae 
  

2 3 
 

2 1 
   

Eriopterini 2 
 

1 
     

1 
 

Hexatomini 2 
 

1 
 

4 
 

1 
   

Muscidae 
    

4 1 
    

Orthocladinae 9 10 44 275 53 101 33 10 19 3 

Paralimnophila 
   

2 
      

Podonominae 
       

8 
  

Stratiomyidae 
         

1 

Tanypodinae 5 4 3 10 1 11 17 5 13 
 

Tanytarsini 3 1 5 21 
 

7 5 5 
 

1 

Hemiptera 
          

Microvelia 
     

1 
    

Mollusca 
          

Potamopyrgus  
          

Coleoptera 
          

Elmidae (larvae) 7 
  

5 
 

15 2 
   

Hydraenidae (adult) 3 
 

8 
      

Scirtidae 1 
         

'Worms' 
          

Nematoda 
 

7 
 

3 
 

1 1 
   

Oligochaetea 7 17 2 4 1 2 
 

4 
  

Platyhelminthes 
          

Acarina 1 2 
 

7 
 

7 4 6 8 2 

Crustacea 
          

Amphipoda 
  

30 
 

1 4 7 
   

Ostracoda 1 2 1 7 
 

4 
 

2 
  

Paranephrops 
   

1 
      

Taxa Richness 21 18 20 30 12 25 14 13 9 5 
Total Taxa 
Abundance 56 83 220 462 123 247 245 49 59 8 

 
0.30 0.37 0.51 0.2 0.3 0.4 0.7 0.2 0.1 0.1 

%EPT 30.4 37.3 51.4 22.1 32.5 36.4 70.6 18.4 6.8 12.5 

EPT Taxa Richness 10 7 10 17 5 12 4 6 3 1 
EPT Taxa 
Abundance 17 31 113 102 40 90 173 9 4 1 

Mayfly richness 3 1 2 4 0 4 1 0 1 0 

Mayfly Abundance 3 9 17 27 0 43 3 0 1 0 
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Taxa 
 

Herb-2/1 Herb-2/2 MF-2/1 T31-2/1 T31-2/2 T31-2/3 

Ephemeroptera 
      

Ameletopsis  
       

Austroclima  
       

Coloburiscus  
       

Deleatidium 
       

Ichthybotus 
       

Nesameletus  
       

Zephlebia 
       

Plecoptera 
       

Austroperla  
       

Cristaperla 
       

Megaloptperla  
       

Spaniocercoides 
   

13 3 34 

Stenoperla  
       

Zelandobius  
       

Trichoptera 
       

Alloecentrella 
       

Aoteapsyche 
       

Confluens 
       

Costachorema 
       

Helicopsyche 
       

Hydrobiosella 
       

Hydrobiosidae 
       

Hydrobiosis  
    

1 
  

Hydrochorema 
       

Hydroptilidae 
  

17 
 

326 96 11 

Olinga 
       

Oxyethira 
 

1 
 

1 
   

Paroxyethira 
       

Polycentropodidae 
      

Polyplectropus  
       

Psilochorema  
  

1 
 

2 1 1 

Pycnocentria 
       

Pycnocentrodes 
       

Rakiura 
       

Tiphobiosis 
       

Triplectides 
      

1 

Zelandoptila 
       

Zelolessica 
       

Megaloptera 
       

Archichauliodes  
    

11 2 
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Macroinvertebrate Sampling Results 

 

Taxa 
 

Herb-2/1 Herb-2/2 MF-2/1 T31-2/1 T31-2/2 T31-2/3 

Diptera 
       

Austrosimulium 
       

Ceratopogonidae 
  

10 
 

4 
 

2 

Chironominae 
       

Empididae 
  

1 
 

2 
  

Hexatomini 
     

1 1 

Muscidae 
 

4 
 

1 3 3 
 

Orthocladinae 
 

209 52 2 325 485 33 

Paralimnophila 
    

1 
  

Tanypodinae 
     

1 3 

Tanytarsini 
  

1 31 1 
  

Hemiptera 
       

Microvelia 
       

Mollusca 
       

Potamopyrgus  
       

Coleoptera 
       

Antiporus (adult) 
   

2 
   

Antiporus (larvae) 
  

1 
   

Elmidae (larvae) 
       

Scirtidae 
      

1 

'Worms' 
       

Nematoda 
       

Oligochaetea 
  

3 12 2 11 1 

Platyhelminthes 
       

Acarina 
 

3 5 
 

14 37 
 

Crustacea 
       

Ostracoda 
   

9 
   

Paranephrops 
       

        
Taxa Richness 

 
4 8 8 12 10 11 

Total Taxa Abundance 217 90 59 694 649 90 

  
0.0 0.2 0.0 0.5 0.2 0.5 

%EPT 
 

0.5 20.0 1.7 49.3 15.4 52.2 

EPT Taxa Richness 1 2 1 4 3 4 

EPT Taxa Abundance 1 18 1 342 100 47 

Mayfly richness 
 

0 0 0 0 0 0 

Mayfly Abundance 0 0 0 0 0 0 
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