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Chapter 1: Thesis Overview  

1.1 Introduction 









1.2 Thesis Aims and Objectives  

 

 

 

1.3 Thesis Outline 





Chapter 2: Fundamental Concepts of Nitrogen Cycle 

and Subsurface Denitrification  

2.1 Characteristics of Nitrogen Compounds 



.  

 

2.2 Elements of the Nitrogen Cycle 



2.2.1 Nitrogen Fixation 

𝑁2 + 6 𝑒− +  8𝐻+ → 2𝑁𝐻4
+

2.2.2 Ammonification 



𝐶𝑂(𝑁𝐻2)2 +  3𝐻2𝑂 → 2𝑁𝐻4
+ + 𝐶𝑂2

2.2.3 Nitrification 

2.2.4 Mineralisation 

𝑅 −  𝑁𝐻2 → 𝑁𝐻4
+ 𝑜𝑟 𝑁𝑂3

−

2𝑁𝐻4
+ + 4𝑂2 → 2𝑁𝑂3

− +  4𝐻+ + 2𝐻2𝑂



2.2.5 Volatilisation 

2.2.6 Nitrogen Attenuation 

2𝑁𝐻4
+ + 4𝑂2 → 2𝑁𝑂3

− + 4𝐻+ + 2𝐻2𝑂



2.3 Denitrification 

𝑁𝑂3
− → 𝑁𝑂2

− → 𝑁𝑂 → 𝑁2𝑂 → 𝑁2





 









2.3.1  Factors that Regulate Denitrification  

2.3.2  Presence of Suitable Bacteria 



2.3.3  Dissolved Oxygen Content 

2.3.4  Dissolved Carbon Content 



2.3.5  pH 

2.3.6  Temperature  



2.3.7  Nutrient Availability 

2.3.8  Nitrate-N Concentrations 



2.4 Redox in Groundwater Environments 

2.4.1  Introduction 

 

 

 

 

o 

 

 

 

 

 

o 

 



𝑪𝟒+𝑯𝟒
+ +  𝟐𝑶𝟐 → 𝑪𝟒+𝑶𝟐

𝟐− + 𝟐𝑯𝟐
+𝑶𝟐−

𝐶4− → 𝐶4+ + 8 𝑒− 

𝐻4
+ → 2𝐻2

+ 

2𝑂 + 8𝑒− → 2𝑂2
2− 



2.4.2 Redox Potential 



2.4.3  Limitations of Redox Potential Measurements 

→ → →

→HS, →

2.4.4  Redox in Groundwater 





2.4.6  Redox Fronts 



2.4.5  Redox and Denitrification in Groundwater 

→ →

→ → →

 

1

4
𝑂2(𝑔) + 𝐻+(𝑤) + 𝑒− =

1

2
𝐻2𝑂

1

5
𝑁𝑂3

− +
6

5
𝐻+(𝑤) + 𝑒− =

1

10
𝑁2(𝑔) +

3

5
𝐻2𝑂 

1

2
𝑀𝑛𝑂2(𝑠) + 2𝐻+(𝑤) + 𝑒− =

1

2
𝑀𝑛2+(𝑠) + 𝐻2𝑂 



𝐹𝑒(𝑂𝐻)3(𝑠) + 3𝐻+ + 𝑒− =  𝐹𝑒2+ + 3𝐻2𝑂 

1

8
𝑆𝑂4

2− +
9

8
𝐻+ + 𝑒− =

1

8
𝐻𝑆− +

1

2
𝐻2𝑂 

1

4
𝐶𝑂2 + 𝐻+ + 𝑒− =

1

4
𝐶𝐻2𝑂 +

1

4
𝐻2𝑂 

2.4.7  Identifying Redox Processes Occurring In Groundwater  





2.4.8  Groundwater Quality Measurements to Determine Redox 

Status  





Chapter 3:  Literature Review 

3.1 Nitrogen and Denitrification Research in New Zealand 











3.1.1  Modelling 









3.2 Manawatu Studies 











3.3 Influence of Geology, Soils, and Climate on Redox Status 



















3.4 Anthropogenic Influences on Groundwater Recharge and 

Quality. 



3.5 Summary and Conclusions 





Chapter 4:  The Tararua GWMZ  

4.1 Introduction 

4.2 Location and Description  



4.3 Landuse 



4.3 Precipitation 

4.4 Hydrology 



4.5 Potentiometric surface 
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4.6 Rocks of the Tararua GWMZ 

4.6.1  Introduction 
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Km

±





4.6.2  Basement Rocks 



/
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±



4.6.3  Cretaceous Rocks  



4.6.4  Paleogene (Paleocene to Oligocene) Rocks 
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4.6.5  Neogene (Miocene to Early Pliocene) Rocks  
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±



0 5 10 15 20
Km

±



4.6.6  Neogene (Mid to Late Pliocene) Rocks 
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4.6.7  Quaternary (Early Pleistocene to Holocene) Rocks 
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Tararua_DEM

Elevation (masl)
High : 1487.07

Low : 60
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4.7  Soils of the Tararua GWMZ 

4.7.1  Introduction 





4.7.3  Soil Texture 



4.7.2  Soil Drainage and Soil Carbon 
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4.8 Summary  





Chapter 5:  Methods and Materials 

5.1 Introduction 

 

 

 

 

 



 

 

 

5.2 Digital Data 



5.3 Site Selection 
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±



±



Area  

Ranking  Rock Type Soil Type 

Wells 

Sampled 

Direct-push 

Sampled 

Wells + 

Direct-Push  

 

o 

o 



 

 

 

o 

 

 





5.4 Direct-Push Shallow Groundwater Sampling Methodology  











5.4.1  Practical Observations of Direct-Push Groundwater 

Sampling 







5.5 Groundwater Sampling 



5.5.1  Sampling Procedure 





5.6 Laboratory Analysis of Groundwater  



5.7 Data Processing and Analysis Methods 



5.7.1  Censored Values 

4

3
 ∙ 𝑡ℎ𝑒 𝑢𝑝𝑝𝑒𝑟 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑚𝑖𝑡



1

√2 
 ∙ (𝑡ℎ𝑒 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑚𝑖𝑡)

 
1

√2 
 ∙ (𝑡ℎ𝑒 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑚𝑖𝑡)

5.7.2  Charge Balance Error 



∑ 𝑧 ∙ 𝑚𝑐 − ∑ 𝑧 ∙ 𝑚𝑎

∑ 𝑧 ∙ 𝑚𝑐 + ∑ 𝑧 ∙ 𝑚𝑎
∙ 100

5.7.3  Data Screening, Transformation, and Standardization 



 

 𝑧(𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠) =  
𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 (𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠)
 𝑎𝑛𝑑 𝑧(𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠) =  

𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠

𝑆𝑡𝑑.𝐸𝑟𝑟𝑜𝑟(𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠)

 



 

5.7.4  Outliers 





5.7.5  Water Type Classification 



5.7.5.1 Piper Diagrams 



5.7.7  Hierarchical Cluster Analysis  





5.7.8  Pearson's Product-Moment Correlation Analysis 

 



 

5.7.9  Principal Component Analysis 





5.7.10  ANOVA and Independent-Samples T-Test 





Chapter 6:  Results and Discussion 

6.1 Introduction 

 

 

o 



±

0 5 10 15 20
Km

±

0 5 10 15 20
Km





6.2 Groundwater Chemistry from Existing and Direct-Push 

Wells of Different Depths  





 

 

 





All data was transformed to a normal distribution prior to analysis with ANOVA

 

  



Parameter Depth 20 m < compared to Sig. Statistical Significance 

 

DIC  

 20 to 40 m 0.023 significant difference between DIC from shallow 

and moderately deep wells 

   > 40 m 0.206 

 

 

NO3
-
 -N   

20 to 40 m 0.207 significant difference between NO3
-
 -N from 

shallow and deep wells  > 40 m 0.023  

 

 

Na
+
  

 

 

 

20 to 40 m 

 

 

0.216 

 

 

significant difference in Na
+
 from shallow and 

deep wells    > 40 m 0.035   



6.2.1  Validity of Comparing Shallow and Deeper Wells 

  

6.3 Groundwater Chemical Analysis 

6.3.1  Charge Balance Analysis 





6.3.2  Groundwater Analytes Exceeding Maximum Acceptable 

Values and Guideline Values  





0 5 10 15 20
Km

±



6.4 Groundwater Characteristics

6.4.1  Physical Attributes 



. 

 

Parameter Unit Mean Std. Dev Min Max Range Median Mode Skewness Kurtosis 

Depth m 8.76 7.48 0.0 36.0 36.00 6.40 7.000 2.374 5.182 

Temp °C  15.74 2.12 10.9 23.8 12.90 15.41 14.500 1.203 2.932 

pH pH 6.08 0.60 5.0 8.0 2.92 5.97 6.020 1.009 1.318 

SPC μS cm
-1 270.71 309.10 63.9 2587.4 2523.50 204.75 73.50

a
 5.330 35.743 

Br- mg L
-1

 0.15 0.42 0.0 4.09 4.07 0.09 0.052 9.156 86.792 

Cl- mg L
-1

 28.54 61.93 5.7 590.0 584.31 16.03 10.40
a
 8.252 74.493 

Ca
2+

   mg L
-1

 17.07 14.63 1.9 85.1 83.15 13.28 11.10
a
 2.488 7.542 

K
+
  mg L

-1
 2.89 1.93 0.5 13.8 13.34 2.42 1.37

a
 2.407 10.065 

Mg
2+

   mg L
-1

 5.44 3.78 0.8 21.9 21.06 4.62 6.75
a
 1.573 3.515 

Na
+
  mg L

-1
 25.97 50.49 4.9 418.0 413.15 14.15 13.40

a
 6.149 43.029 

SiO2 mg L
-1

  13.90 15.46 6.5 81.3 74.82 19.20 15.70 1.472 2.024 

DO mg L
-1

  2.94 2.85 0.03 9.1 9.02 1.89 0.210 0.649 -0.929 

DIC mg L
-1

 17.50 17.07 1.5 113.0 111.50 11.59 8.20a 2.620 10.311 

DOC mg L
-1

 1.80 2.65 0.1 17.9 17.79 1.07 0.300 3.702 16.619 

Eh  mV 235.22 151.12 -198 554.3 752.30 237.50 -198.0 -0.267 -0.120 

Fe
2+

   mg L
-1

  1.71 3.42 0.0 16.8 16.80 0.20 0.004 2.579 6.325 

HCO3
-
   mg L

-1
 101.24 124.19 6.1 666.9 660.84 61.22 9.760 2.554 6.981 



Mn
2+

 mg L
-1

 0.31 0.44 0.0 2.6 2.58 0.15 0.004 2.493 8.164 

NH4
+
 -N   mg L

-1
 0.27 0.71 0.0 4.1 4.05 0.03 0.007 3.917 16.524 

NO2
-
 -N   mg L

-1
 0.00 0.01 0.0 0.1 0.06 0.00 0.001 5.110 34.540 

NO3
-
 -N  mg L

-1
 2.26 3.47 0.0 15.8 15.83 0.47 0.001 2.217 5.206 

SO4
2-
  mg L

-1
 13.90 14.61 0.0 101.0 101.0 10.16 0.004 3.066 13.718 

 

6.4.2  Anions and Cations 





6.4.4  Redox Sensitive Parameters 
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6.4.5  Redox Classification 
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6.4.6  Groundwater Type Classification 
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6.5 Principal Component Analysis 



6.5.1  Principal Components 













0 5 10 15 20
Km

±



6.5.2  Influences of Physical Factors on Redox Status 



6.5.2.1  Landuse 

 



 



6.5.2.2  Soils 





6.5.2.3  FSL Soil Texture 











6.5.2.4  FSL Soil Drainage 



6.5.2.5  FSL Soil Carbon 





6.5.2.6  FSL Soil pH 





6.5.2.7  Lithological Characteristics 





6.5.2.8  Water Type 







6.5.2.9  Nitrogen Attenuation Classes 
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6.6 Comparison of Direct-Push and Existing Wells  

TGWMZ_Chem_Parameters

REDOXCAT

!. Anoxic

!. Mixed(anoxic)

!. Mixed(oxic-anoxic)

!. Oxic

!. Suboxic

SUB_ROCKS

conglomerate, mudstone, limestone
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mudstone, tephra, loess

sand, loess, silt

sand, mud, peat

sand, silt

sand, silt, clay
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sandstone, mudstone, basalt, chert, limestone
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sandstone, mudstone, tephra, silt, lignite

sandstone, siltstone
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 

 

 

 



6.7 Unsuccessful Direct-Push Sites 





6.8 Additional observations 
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Chapter 7: Summary and Conclusions 

7.1 Introduction 



7.2 Direct-Push 





7.3 Groundwater Chemistry of the Tararua GWMZ  



7.4 Redox Processes and Characteristics  







7.5 Direct-push vs Existing Wells 

7.6 Further Work 
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Appendices: 



Appendix A: Geological History of the Tararua GWMZ 

 



A.1 Introduction 

A.2 Tectonic Framework and Geological Structure of the Tararua 

GWMZ  





TGWMZ_Active Faullts

active, dextral

active, reverse

TGWMZ_InActive Faullts

TGWMZ_InActive Faullts

TGWMZ Active Folds
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A.3 Early Pliocene 



A.4 Mid to Late Pliocene 





A.5 Early Pleistocene 



A.6 Early to Mid Pleistocene 

A.7 Late Pleistocene to Holocene 





Appendix B: Digital Data Sources 

 



B.1 Geographical and Hydrogeological Digital Data Sources 





Appendix C: Groundwater Quality Analysis Methods and their 

Detection Limits. 



C.1 Laboratory Analysis Method and Detection Limits 





Appendix D: Statistical Analysis Tables 



D.1 Key PCA Criteria 



D.2 Independent-Samples T-Test  





D.3 Pearson Correlation Table 





              

idf.pH Pearson 
Correlation 

.285
**
 .718

**
 .268

**
 .204

*
 -.499

**
 -.223

*
 .277

**
 .621

**
 .375

**
 .237

*
 .345

**
 .301

**
 

Sig. (2-tailed) 0.004 0.000 0.007 0.043 0.000 0.027 0.006 0.000 0.000 0.018 0.000 0.002 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.HCO3 Pearson 
Correlation 

.554
**
 .841

**
 .525

**
 .444

**
 -.453

**
 -0.053 .236

*
 .727

**
 .602

**
 .466

**
 .596

**
 .515

**
 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.605 0.019 0.000 0.000 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.DOmgL Pearson 
Correlation 

-.409
**
 -.556

**
 -.367

**
 -.260

**
 .514

**
 -0.130 -0.117 -.664

**
 -.380

**
 -.516

**
 -.399

**
 -.508

**
 

Sig. (2-tailed) 0.000 0.000 0.000 0.009 0.000 0.200 0.247 0.000 0.000 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.Eh Pearson 
Correlation 

-.436
**
 -.452

**
 -.253

*
 -0.163 .488

**
 0.088 -.206

*
 -.696

**
 -.333

**
 -.681

**
 -.455

**
 -.654

**
 

Sig. (2-tailed) 0.000 0.000 0.011 0.107 0.000 0.384 0.041 0.000 0.001 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.ORP Pearson 
Correlation 

-.436
**
 -.452

**
 -.253

*
 -0.163 .488

**
 0.088 -.206

*
 -.696

**
 -.333

**
 -.681

**
 -.455

**
 -.654

**
 

Sig. (2-tailed) 0.000 0.000 0.011 0.107 0.000 0.384 0.041 0.000 0.001 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.SpCond Pearson 
Correlation 

.561
**
 .655

**
 .806

**
 .716

**
 -0.179 0.095 0.090 .617

**
 .687

**
 .447

**
 .761

**
 .447

**
 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.077 0.351 0.373 0.000 0.000 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 

idf.TA_CaC
O3 

Pearson 
Correlation 

.554
**
 .841

**
 .525

**
 .444

**
 -.453

**
 -0.053 .236

*
 .727

**
 .602

**
 .466

**
 .596

**
 .515

**
 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.605 0.019 0.000 0.000 0.000 0.000 0.000 

N 99 99 99 99 99 99 99 99 99 99 99 99 



idf.Sodium Pearson 
Correlation 

.608
**
 1             

   Sig. (2-tailed) 0.000               

    N 99 99             

  idf.Silica Pearson 
Correlation 

.371
**
 .668

**
 1           

   Sig. (2-tailed) 0.000 0.000             

    N 99 99 99           

  idf.pH Pearson 
Correlation 

.231
*
 .555

**
 .456

**
 1         

   Sig. (2-tailed) 0.021 0.000 0.000           

    N 99 99 99 99         

  idf.HCO3 Pearson 
Correlation 

.501
**
 .764

**
 .629

**
 .806

**
 1       

   Sig. (2-tailed) 0.000 0.000 0.000 0.000         

    N 99 99 99 99 99       

  idf.DOmgL Pearson 
Correlation 

-.364
**
 -.500

**
 -.504

**
 -.474

**
 -.674

**
 1     

   Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000       

    N 99 99 99 99 99 99     

  idf.Eh Pearson 
Correlation 

-.232
*
 -.452

**
 -.565

**
 -.621

**
 -.691

**
 .628

**
 1   

   Sig. (2-tailed) 0.021 0.000 0.000 0.000 0.000 0.000     

    N 99 99 99 99 99 99 99   

  idf.ORP Pearson 
Correlation 

-.232
*
 -.452

**
 -.565

**
 -.621

**
 -.691

**
 .628

**
 1.000

**
 1 

   Sig. (2-tailed) 0.021 0.000 0.000 0.000 0.000 0.000 0.000   

    N 99 99 99 99 99 99 99 99 

  idf.SpCond Pearson 
Correlation 

.637
**
 .867

**
 .531

**
 .475

**
 .743

**
 -.542

**
 -.451

**
 -.451

**
 1   

 Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000     

  N 99 99 99 99 99 99 99 99 99   

idf.TA_CaCO3 Pearson 
Correlation 

.501
**
 .764

**
 .629

**
 .806

**
 1.000

**
 -.674

**
 -.691

**
 -.691

**
 .743

**
 1 

 Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000   

  N 99 99 99 99 99 99 99 99 99 99 





Appendix E: FSL Class Definitions 



E.1 FSL Soil Carbon Classes 



E.2 FSL Soil pH Classes 



E.3 FSL Soil Drainage  



Appendix F: Laboratory Analysis Results  



F.1 Laboratory Analysis Results for the Direct-push Dataset 

Qualarc SiteID Inorganic N DOC DIC Fluoride Chloride Bromide NO3
-
 -N Sulphate 

1008061 2.1 0.06 4.3 2.4 0.00354 27.1 0.058 0.012 52.7 

1008062 2.3 0.23 2.9 12 0.068 11.8 0.046 0.01 22.1 

1008063 3.1 3.09 0.6 2.6 0.038 10.7 0.063 3.09 15.4 

1008064 3.2 0.92 1.1 8 0.066 16 0.074 0.338 11.5 

1008065 3.3 5.21 0.9 5.6 0.067 17.3 0.109 5.18 14 

1008066 4.1 2.86 1.6 8.3 0.071 9.86 0.052 2.84 6.04 

1008067 4.2 5.53 0.8 5 0.08 9.54 0.052 5.5 10.6 

1008068 4.3 3.61 0.3 3.3 0.044 9.98 0.052 3.6 2.64 

1008069 5.1 0.17 1.2 14.5 0.226 10.8 0.061 0.102 12.2 

1008070 5.2 1.37 2.2 37.1 0.169 88.4 0.289 0.013 0 

1008071 5.3 6.79 1.4 4.5 0.055 24.3 0.127 6.76 24.9 

1008072 7.1 0.46 0.8 19.3 0.095 9.29 0.042 0.321 12 

1008073 8.3 11.6 0.3 8.6 0.00354 17.3 0.115 11.5 2.29 

1008074 11.2 7.95 1.3 6.5 0.113 15.4 0.08 7.89 14 

1008075 11.3 1 1.4 57.8 0.286 24.3 0.093 0.013 12.6 

1008076 12.3 8.4 1.2 11.3 0.095 24.1 0.118 8.37 27.5 

1008077 13.3 4.08 10 62.7 0.397 31.5 0.17 0.011 0 

1008078 14.2 1.37 1.2 12.9 0.098 29.3 0.106 1.35 36.4 

1008079 18.1 3.68 5 113 0.403 89.8 0.53 1.76 0.021 

1008080 18.2 0.5 17.9 43.6 0.142 30.9 0.338 0.007 1.82 

1008081 21.2 1.32 1.8 8.2 0.083 11.1 0.054 1.31 20.7 

1008082 21.3 4.22 0.6 5.1 0.052 11.2 0.064 4.2 14.9 

1008105 22.1 1.65 3.2 8.6 0.126 14.6 0.055 1.64 4 

1008083 22.2 2.26 3.3 25.6 0.151 10.4 0.056 0.014 8.25 

1008104 23.3 1.26 2.7 37.4 0.142 55.3 0.296 0.012 0 

1008084 24.1 4.67 0.3 5.5 0.031 8.3 0.039 4.66 6.61 

1008085 25.1 0.49 1.1 18.2 0.09 11.9 0.067 0.461 17.3 

1008086 25.2 0.11 2.5 17.8 0.04 16.6 0.071 0.016 38.6 

1008087 29.3 14.7 2.7 10.2 0.136 17 0.048 14.6 54.5 

1008088 30.1 1.68 6.8 2.7 0.076 16.7 0.07 1.48 53.2 

1008089 30.2 1 2.8 22 0.368 39.5 0.202 0.007 0.076 

1008090 30.3 0.73 2.5 12 0.129 15.2 0.065 0.678 9.64 

1008091 31.1 1.08 0.7 16.4 0.263 10.4 0.078 1.03 6.59 

1008093 50.1 5.18 0.6 3.5 0.052 6.31 0.049 5.16 6.5 

1008095 50.2 0.05 5.1 17.3 0.167 25.8 0.228 0.01 10 

1008096 50.3 2.36 11.2 65.6 0.36 590 4.09 0.011 0.114 

1008097 50.5 5.16 1.5 8.7 0.078 15.8 0.082 5.15 16.5 

1008098 50.6 15.5 2.1 8.2 0.00354 20.8 0.083 15.3 7.69 

1008099 50.8 0.1 1.1 22.7 0.04 40.8 0.123 0.009 101 

1008100 50.9 0.12 2.4 2.9 0.00354 11.9 0.051 0.018 12.9 

1008101 51.1 0.45 1 7.4 0.061 8.55 0.051 0.437 7.09 

1008102 51.4 0.54 8.2 5.4 0.232 17.7 0.106 0.198 19.1 

1008103 52.1 3.82 1.3 1.5 0.05 129 0.245 3.79 14.7 

                    

Detection Limits  0.01 0.1 0.1 0.005 0.005 0.005 0.002 0.005 

 



 

SiteID NO2
-
 -N  TON NH4

+
 -N Boron Calcium Iron Mg

2+
   Mn

2+
 

2.1 0.0014142 0.01 0.04 0.018 11.6 4.03 8.38 0.325 

2.3 0.003 0.01 0.21 0.038 20.7 13.3 3.92 0.507 

3.1 0.0014142 3.09 0.007071 0.016 8.53 0.378 2.09 0.093 

3.2 0.0014142 0.34 0.58 0.043 11.1 8.99 3.97 0.229 

3.3 0.01 5.19 0.02 0.029 15.3 0.326 3.69 0.152 

4.1 0.009 2.85 0.01 0.03 8.16 0.04 2.88 0.208 

4.2 0.003 5.51 0.03 0.017 9.01 0.364 4.09 0.169 

4.3 0.0014142 3.6 0.01 0.01 3.84 0.254 2.41 0.054 

5.1 0.0014142 0.1 0.07 0.028 10.6 2 4.78 1.14 

5.2 0.007 0.02 1.35 0.105 75 11 21.9 0.695 

5.3 0.008 6.77 0.02 0.054 11.6 1.39 6.97 0.32 

7.1 0.0014142 0.32 0.13 0.016 15.9 1.03 7.18 0.541 

8.3 0.01 11.5 0.06 0.024 16.1 0.112 6.22 0.143 

11.2 0.011 7.9 0.05 0.02 13.6 1.22 5.91 0.168 

11.3 0.0014142 0.01 0.99 0.453 19.1 0.218 4.99 0.15 

12.3 0.01 8.38 0.02 0.039 21.7 0.916 7.42 0.254 

13.3 0.009 0.02 4.06 0.304 28.3 9.4 11.7 1.66 

14.2 0.003 1.35 0.02 0.036 19.4 0.201 8.84 0.459 

18.1 0.0014142 1.76 1.92 1.17 18.3 3.49 6.31 0.116 

18.2 0.0014142 0.008 0.49 0.041 25.6 9.36 12.3 2.58 

21.2 0.01 1.32 0.007071 0.047 14.1 0.667 2.84 0.077 

21.3 0.006 4.2 0.02 0.013 11.9 0.607 2.28 0.136 

22.1 0.0014142 1.64 0.02 0.029 9.13 0.167 3.67 0.013 

22.2 0.009 0.02 2.24 0.045 15.7 8.96 7.19 0.95 

23.3 0.0014142 0.01 1.25 0.094 62.9 16.8 7.31 0.343 

24.1 0.0014142 4.66 0.01 0.009 10.5 0.037 3.79 0.048 

25.1 0.008 0.47 0.02 0.047 20.7 0.495 4.57 0.376 

25.2 0.0014142 0.02 0.09 0.04 21.9 1.82 6.75 1.01 

29.3 0.024 14.6 0.04 0.05 34.4 0.405 10.5 0.071 

30.1 0.0014142 1.48 0.2 0.04 13.6 3.61 5.59 0.155 

30.2 0.0014142 0.007 0.99 0.048 13 13.2 8.09 1.56 

30.3 0.0014142 0.68 0.05 0.05 15.3 0.074 4 0.066 

31.1 0.017 1.05 0.03 0.03 10.9 0.074 6.78 0.405 

50.1 0.003 5.16 0.02 0.019 6.32 0.649 3.29 0.17 

50.2 0.0014142 0.01 0.04 0.05 11.9 1.18 5.05 0.37 

50.3 0.0014142 0.01 2.35 0.812 48.3 2.89 15.7 0.813 

50.5 0.0014142 5.16 0.007071 0.033 12 0.008 4.49 0.005 

50.6 0.062 15.4 0.09 0.036 20.9 0.042 6.26 0.555 

50.8 0.007 0.02 0.08 0.049 57.8 9.28 10.6 0.388 

50.9 0.001 0.02 0.11 0.017 6.17 3.91 2.61 0.205 

51.1 0.001 0.44 0.01 0.027 6.23 0.14 2.51 0.14 

51.4 0.001 0.2 0.34 0.032 7.15 3.83 5.39 0.202 

52.1 0.001 3.79 0.03 0.02 34.9 0.255 15.4 0.058 

                  

 D/L 0.002 0.002 0.01 0.005 0.01 0.005 0.01 0.005 

  



SiteID Potassium Sodium Silica Total Dissolved P Dissolved Reactive P Arsenic pH  

2.1 3.76 12 22.3 0.003535534 0.003535534 0.000707 5.4 

2.3 1.48 8.81 25.5 0.021 0.003535534 0.008 6.02 

3.1 2.81 7.51 11.5 0.003535534 0.003535534 0.000707 5.33 

3.2 2.36 7.77 17.9 0.003535534 0.003535534 0.003 5.64 

3.3 3.07 9.24 12.7 0.026 0.003535534 0.000707 5.53 

4.1 2.19 9.4 15.4 0.03 0.011 0.000707 5.81 

4.2 2.47 9.59 16.6 0.003535534 0.003535534 0.000707 5.83 

4.3 1.37 9.06 19.2 0.003535534 0.003535534 0.000707 5.67 

5.1 2.57 15.8 35 0.003535534 0.003535534 0.000707 6.09 

5.2 6.7 60.2 50.9 0.031 0.017 0.008 7.1 

5.3 4.49 16 16.9 0.017 0.003535534 0.000707 5.91 

7.1 2 14.2 27 0.04 0.044 0.001 6.73 

8.3 1.7 15.2 24.9 0.121 0.122 0.000707 6.02 

11.2 3.74 10.6 18 0.003535534 0.003535534 0.000707 5.91 

11.3 6.23 94.8 15.7 0.018 0.017 0.001 7.95 

12.3 3.61 22.8 18.3 0.028 0.003535534 0.000707 5.93 

13.3 6.46 95.7 49.7 0.032 0.007 0.006 6.86 

14.2 3.25 17.5 26.7 0.007 0.006 0.000707 5.82 

18.1 6.81 248 61.4 0.118 0.115 0.009 7.81 

18.2 1.61 24.7 24.8 6 0.003535534 0.004 5.87 

21.2 5.37 10.4 15.7 0.017 0.003535534 0.000707 5.52 

21.3 3.29 8.37 10.2 0.003535534 0.003535534 0.000707 5.49 

22.1 3.54 10.5 25.2 0.02 0.02 0.000707 5.91 

22.2 5.24 21.6 65 0.025 0.014 0.000707 6.43 

23.3 5.19 50.3 54.7 0.005 0.003535534 0.003 6.55 

24.1 1.06 5.41 14.1 0.003535534 0.003535534 0.000707 5.77 

25.1 2.88 14.7 28.2 0.016 0.009 0.000707 6.07 

25.2 2.18 21.6 32.6 0.003535534 0.003535534 0.000707 6.11 

29.3 1.87 15.9 15.2 0.034 0.003535534 0.000707 6.15 

30.1 4.88 12.1 10.4 0.003535534 0.003535534 0.003 5.82 

30.2 2.81 31.4 48.4 0.003535534 0.003535534 0.057 6.66 

30.3 1.37 13.4 12.7 0.017 0.016 0.000707 7.25 

31.1 2.21 14.1 22.9 0.006 0.006 0.001 6.94 

50.1 2.09 6.97 16.3 0.003535534 0.003535534 0.000707 5.9 

50.2 1.02 28.8 21.7 0.009 0.007 0.000707 5.87 

50.3 7.44 418 30 0.029 0.008 0.042 7.31 

50.5 4.81 15.3 16.7 0.015 0.015 0.000707 5.64 

50.6 3.95 16 24.1 0.012 0.009 0.000707 5.96 

50.8 3.38 23 28.1 0.026 0.003535534 0.002 6.03 

50.9 1.61 7.23 18.4 0.003535534 0.003535534 0.000707 5.38 

51.1 1.21 9.89 17.3 0.007 0.007 0.000707 5.7 

51.4 1.51 16.1 36.2 0.005 0.003535534 0.002 6.03 

52.1 2.92 41.7 18.6 0.005 0.006 0.000707 5.52 

                

 D/L 0.01 0.02 0.02 0.005 0.005 0.001   



SiteID DO %sat DO mg/L pH Eh ORP SPCond Salinity Resistance 

2.1 0.71 0.07 5.4 284.580 84.58 239.41 0.1 5190.2 

2.3 0.5 0.05 6.02 150.800 -49.2 229.8 0.1 5167 

3.1 67.125 6.51 5.325 277.950 77.95 122.125 0.1 9820.5 

3.2 0.9 0.08 5.64 -2.200 -202.2 176.2 0.1 6514 

3.3 34.6 3.36 5.53 251.100 51.1 186.2 0.1 6591 

4.1 65.2 6.42 5.81 264.600 64.6 121.9 0.1 10481 

4.2 74.2 7.02 5.83 234.600 34.6 146.7 0.1 8128 

4.3 64.5 6.22 5.67 238.300 38.3 101.8 0 12028 

5.1 3.6 0.3 6.09 -1.400 -201.4 188.5 0.1 5431 

5.2 2.1 0.21 7.1 -72.400 -272.4 823.5 0.4 1550 

5.3 71.5 7.13 5.91 185.700 -14.3 230.2 0.1 5396 

7.1 2.2 0.21 6.73 -25.900 -225.9 221 0.1 5443 

8.3 11.5 1.1 6.02 216.500 16.5 233.1 0.1 5190 

11.2 32.1 3.07 5.91 155.100 -44.9 214.2 0.1 5593 

11.3 0.4 0.03 7.95 -66.700 -266.7 620.5 0.3 1726 

12.3 35.2 3.35 5.93 201.600 1.6 305 0.1 3853 

13.3 5.1 0.48 6.86 130.600 -69.4 697.6 0.3 1687 

14.2 11.6 1.11 5.82 141.000 -59 288.6 0.1 4089 

18.1 3.3 0.28 7.81 121.700 -78.3 1443 0.7 724 

18.2 51.2 4.64 5.87 194.900 -5.1 388.7 0.2 2912 

21.2 16.1 1.5 5.52 178.000 -22 166 0.1 6971 

21.3 25.5 2.47 5.49 235.000 35 155.5 0.1 7918 

22.1 50.56 5 5.91 321.400 121.4 150.3 0.1 8335 

22.2 2.7 0.26 6.43 179.500 -20.5 276.9 0.1 4307 

23.3 1.4 0.14 6.55 142.500 -57.5 703.3 0.3 1773 

24.1 53.72 4.97 5.77 269.600 69.6 127.9 0.1 9126 

25.1 10.6 1.03 6.07 73.500 -126.5 218.9 0.1 5497 

25.2 3.4 0.34 6.11 25.300 -174.7 295.8 0.1 4276 

29.3 0.8 0.07 6.15 231.600 31.6 383.9 0.2 3216 

30.1 19.6 1.82 5.82 3.800 -196.2 225.2 0.1 5141 

30.2 6.6 0.65 6.66 -198.000 -398 355.3 0.2 3445 

30.3 59.5 5.65 7.25 168.800 -31.2 184.9 0.1 6361 

31.1 15.5 1.42 6.94 33.300 -166.7 191.9 0.1 6020 

50.1 67.78 6.5 5.9 256.500 56.5 114.8 0.1 10479 

50.2 51.5 4.89 5.87 164.700 -35.3 252 0.1 4682 

50.3 18.2 1.6 7.31 113.400 -86.6 2587.4 1.4 423 

50.5 37.2 3.77 5.64 318.400 118.4 208.6 0.1 6014 

50.6 64.4 5.67 5.96 260.300 60.3 271.3 0.1 4030 

50.8 0.6 0.06 6.03 187.000 -13 531.5 0.3 2239 

50.9 10.3 1.04 5.38 182.100 -17.9 107.4 0.1 11724 

51.1 36.2 3.4 5.7 301.500 101.5 104.1  n/a n/a  

51.4 2.4 0.23 6.03 -71.800 -271.8 177 0.1 6866 

52.1 92 8.77 5.52 378.500 178.5 564.1 0.3 2091 

                  

                  

                  

                  

                  



SiteID TDS HCO3
-
  TA_mgCaCO3 TA_meq/L TitrantVol TitrantTemp TApH TaTemp 

2.1 0 62.666 50.537 1.011 2.349 19.9 5.55 19.7 

2.3 0 103.083 83.131 1.663 3.864 21 6.13 21 

3.1 0 16.407 13.231 0.265 0.615 16.8 5.41 16.4 

3.2 0 71.283 57.486 1.15 2.672 18.9 5.91 18.4 

3.3 0 31.426 25.344 0.507 1.178 18.1 5.59 17.8 

4.1 0 35.455 28.592 0.572 1.329 18.2 5.86 17.9 

4.2 0 32.493 26.204 0.524 1.218 18.9 6.14 18.7 

4.3 0 24.624 19.858 0.397 0.923 21.2 5.91 20 

5.1 0 145.500 117.339 2.347 5.454 21.1 6.35 21.3 

5.2 1 401.420 323.725 6.475 15.047 19.8 7.19 19.8 

5.3 0 27.691 22.232 0.477 1.038 18.1 5.99 18.1 

7.1 0 143.126 115.424 2.308 5.365 20.5 6.92 20.2 

8.3 0 52.715 42.512 0.85 1.976 18.5 6.09 18.1 

11.2 0 90.197 72.74 1.455 3.381 20.3 6.00 20.2 

11.3 0 437.461 352.791 7.056 16.398 20.9 8.07 21.1 

12.3 0 78.432 63.252 1.265 2.94 17.5 6.10 16.9 

13.3 0 411.771 332.073 6.641 15.435 18.7 6.78 17.4 

14.2 0 74.351 59.96 1.199 2.787 19 5.97 18.7 

18.1 1 666.943 537.857 10.757 25 20.6 8.03 20 

18.2 0 237.698 191.692 3.834 8.91 19.7 6.09 19.7 

21.2 0 36.815 29.69 0.594 1.38 19.9 5.67 19.9 

21.3 0 28.892 23.3 0.466 1.083 18.1 5.57 17.7 

22.1 0 55.490 44.75 0.895 2.08 20.3 6.08 20.8 

22.2 0 254.265 205.053 4.101 9.531 20.3 6.60 20 

23.3 0 403.127 325.102 6.502 15.111 21.2 6.61 21 

24.1 0 34.894 28.141 0.563 1.308 16.5 5.89 16.1 

25.1 0 140.111 112.993 2.26 5.252 20 6.21 19.7 

25.2 0 124.718 100.579 2.012 4.675 19.3 6.27 18 

29.3 0 71.336 57.529 1.151 2.674 19.1 6.32 11.8 

30.1 0 26.598 21.54 0.429 0.997 20.5 5.88 20.2 

30.2 0 158.145 127.537 2.551 5.928 22.2 6.53 21.8 

30.3 0 91.478 73.772 1.475 3.429 22 7.22 21.8 

31.1 0 91.398 73.708 1.474 3.426 17.9 7.42 17.4 

50.1 0 25.637 20.675 0.414 0.961 16.3 6.03 16 

50.2 0 116.368 93.845 1.877 4.362 19.5 6.11 19 

50.3 2 574.718 463.482 9.27 21.543 20.8 7.45 20.6 

50.5 0 54.609 44.04 0.881 2.047 18 5.93 17.6 

50.6 0 99.374 80.141 1.603 3.725 19.8 6.49 19.8 

50.8 0 447.305 360.73 7.215 16.767 21.5 7.59 21 

50.9 0 26.518 21.385 0.428 0.994 19.8 5.65 19.7 

51.1   48.153 38.833 0.777 1.805 20.8 5.95 20.5 

51.4 0 56.263 45.374 0.907 2.109 19.9 6.09 19.6 

52.1 0 12.138 9.789 0.196 0.455 20.1 6.73 19.8 

                  

                  

                  

                  



SiteID Density Baro Temp SpActual Salinity Pressure AirTemp SampleDate 

2.1 0.999 989.8 14.8 192.69 0.1 -0.0074 20.36 15-Nov-16 

2.3 0.999 1008 16.73 193.5 0.1 -0.013 38.5 19-Dec-16 

3.1 0.999 1002.2 16.3 101.825 0.1 0.0005 0.00375 05-Dec-16 

3.2 0.999 1004.3 18.26 153.6 0.1 -0.002 35.6 17-Dec-16 

3.3 0.999 982.8 15.33 151.8 0.1 -0.01 21.3 28-Nov-16 

4.1 0.999 961.9 13.64 95.5 0.1 -0.018 16.9 17-Nov-16 

4.2 0.999 982.7 16.55 123.1 0.1 0.008 33.8 18-Nov-16 

4.3 0.999 978.1 15.39 83.1 0 -0.021 24.9 20-Dec-16 

5.1 0.997 994.2 23.8 184.2 0.1 -0.0003 50.1 03-Dec-16 

5.2 1 991.7 13.66 645.1 0.4 0 16.1 13-Oct-16 

5.3 0.999 998.2 14.81 185.4 0.1 -0.007 19.2 29-Sep-16 

7.1 0.999 973.6 16.22 184 0.1 -0.0008 27.1 18-Dec-16 

8.3 0.999 972.9 15.97 192.9 0.1 -0.01 23.4 28-Nov-16 

11.2 0.999 989.7 16.35 178.8 0.1 0 31.1 07-Dec-16 

11.3 0 986.7 21.59 579.9 0.3 -0.004 29.7 07-Dec-16 

12.3 0.999 1004.3 17.21 259.6 0.1 0.0007 40.7 01-Dec-16 

13.3 0.999 996.7 17.14 592.9 0.3 -0.02 21.1 01-Nov-16 

14.2 0.1 1004.7 17.01 244.6 0.1 -0.009 20.2 02-Dec-16 

18.1 0.998 999 22.76 1381.4 0.7 -0.015 31 01-Nov-16 

18.2 0.999 987.8 18.9 343.4 0.2 -0.012 24 25-Nov-16 

21.2 0.999 1000.5 17.91 143.5 0.1 -0.006 34.4 08-Nov-16 

21.3 0.999 978.9 15.19 126.3 0.1 -0.017 24.6 28-Nov-16 

22.1 0.999 990.8 14.44 120 0.1 0.01 13.1 05-May-17 

22.2 0.999 988.1 16.55 232.2 0.1 -0.019 24 31-Oct-16 

23.3 0.999 994.8 14.63 563.9 0.3 0.026 16.8 04-May-17 

24.1 0.999 980.6 17.51 109.6 0.1 0.006 30.7 06-Dec-16 

25.1 0.999 1001.9 15.96 181.9 0.1 0.005 24.5 13-Oct-16 

25.2 0.999 1005 14.32 234 0.1 -0.016 17.8 02-Dec-16 

29.3 0.999 1000.4 15.04 310.9 0.2 -0.007 20.8 22-Nov-16 

30.1 0.999 1000.3 18.23 196.3 0.1 0.024 24 11-Apr-17 

30.2 0.999 1002.3 15.41 290.2 0.2 0.026 18.6 27-Apr-17 

30.3 0.999 999.9 17.15 111.9 0.1 0.02 23.1 28-Apr-17 

31.1 0.999 978.8 18 166.1 0.1 -0.005 18.9 19-Nov-16 

50.1 0.999 981.9 16.16 95.4 0.1 0.006 29.8 06-Dec-16 

50.2 0.999 996.5 17.02 213.6 0.1 0.01 35 24-Nov-16 

50.3 0.999 999.3 20.49 2364.6 1.4 -0.007 22.1 25-Nov-16 

50.5 0.999 1003.2 14.36 166.3 0.1 2.594 31 01-Dec-16 

50.6 0.998 990 20.56 248.2 0.1 -0.02 27 04-Dec-16 

50.8 0.999 1009.9 16.63 446.6 0.3 -0.012 27.2 21-Dec-16 

50.9 0.999 992 14.25 85.3 0.1 -0.02 22.8 21-Dec-16 

51.1 n/a  1002.2 16.9 n/a  n/a  n/a  n/a 10-Apr-17 

51.4 0.999 976.3 15.72 145.7 0.1 0.015 17.6 30-Apr-17 

52.1 0.999 1002.2 17.04 487.4 0.3 0.021 24.1 10-Apr-17 

                  

                  

                  

                  



QualarcID SiteID DOC DIC Chloride Bromide NO3
-
 -N Sulphate NO2

-
 -N 

20140609 319002 0.220 5.168 7.072 0.026 0.156 4.344 0.006 

20140597 319004 0.310 5.350 7.107 0.030 0.193 4.683 0.001 

20140811 329032 1.530 31.180 10.341 0.050 0.001 0.004 0.005 

20140593 329092 3.420 91.550 74.946 0.308 0.001 0.028 0.001 

20140406 338005 1.070 19.700 49.583 0.252 0.131 11.146 0.001 

20140509 338006 1.000 26.670 12.414 0.080 0.053 11.073 0.001 

20140508 338066 1.300 29.960 24.273 0.110 0.002 0.004 0.001 

20140527 339001 1.800 10.020 57.861 0.217 4.652 31.041 0.001 

20140531 339008 1.800 28.740 20.988 0.090 1.080 6.921 0.016 

20140529 339013 1.100 41.370 62.776 0.207 0.001 2.282 0.001 

20140530 339047 1.600 23.180 22.541 0.100 0.055 16.344 0.002 

20140669 347023 0.300 13.640 12.845 0.068 0.868 6.320 0.003 

20140523 347031 0.800 11.650 16.050 0.085 0.599 7.525 0.001 

20140761 347053 0.300 11.210 7.109 0.054 0.072 5.082 0.006 

20140590 348028 0.106 24.320 14.600 0.098 2.158 10.915 0.001 

20140380 348134 0.670 10.790 14.420 0.077 2.898 17.506 0.001 

20140506 348137 0.900 6.640 10.163 0.057 0.529 5.877 0.001 

20140385 348138 8.750 6.310 46.420 0.117 0.424 19.773 0.002 

20140760 349011 0.640 25.600 47.049 0.143 0.003 30.812 0.001 

20140591 349012 1.190 30.180 77.992 0.360 0.007 18.617 0.001 

20140525 349013 0.800 24.140 37.049 0.143 0.027 27.274 0.001 

20140386 356043 0.360 2.060 15.429 0.113 4.129 9.421 0.001 

20140387 357058 0.650 2.870 8.796 0.046 0.455 4.383 0.011 

20140453 357103 0.300 7.210 12.328 0.093 3.351 3.176 0.001 

20140456 357109 0.300 7.030 13.817 0.103 5.037 10.289 0.003 

20140382 357111 0.350 3.090 9.900 0.059 1.605 8.668 0.001 

20140374 357114 0.300 5.250 14.141 0.099 5.318 10.161 0.001 

20140370 357115 0.300 6.770 11.208 0.081 3.860 9.058 0.001 

20140375 357116 0.300 7.090 14.149 0.102 5.426 10.154 0.001 

20140381 357117 0.62 3.53 8.9782 0.0518 0.332 4.8077 0.00141 

20140504 357118 0.300 4.844 8.735 0.051 0.595 4.815 0.001 

20140455 357119 0.400 9.120 13.043 0.096 3.797 9.983 0.007 

20140503 366076 0.300 11.040 16.663 0.108 1.006 8.925 0.001 

20140642 367006 1.000 14.870 13.051 0.094 5.032 15.680 0.004 

20140641 367017 0.300 19.800 53.388 0.294 0.348 2.961 0.009 

20140639 402001 0.3 25.44 15.6113 0.0692 0.002 14.5018 0.002 

20140605 402029 0.140 17.400 16.711 0.100 0.001 2.238 0.005 

20140688 410050 2.210 48.670 17.180 0.073 0.001 4.322 0.006 

20140813 411043 0.400 11.530 10.482 0.056 0.001 15.207 0.004 

20140607 412001 2.200 120.300 35.657 0.128 1.026 160.885 0.284 

20140608 412016 0.550 35.180 18.981 0.097 0.007 15.284 0.007 

20140814 420057 1.140 46.000 24.802 0.103 5.100 32.651 0.025 

20140594 420075 1.070 23.370 25.524 0.144 0.003 6.589 0.001 

20140595 420087 1.320 26.590 21.555 0.115 15.827 39.039 0.003 

20140606 421003 0.970 63.940 46.654 0.144 0.006 6.946 0.007 

20140546 430001 1.300 29.730 25.430 0.138 0.003 20.047 0.001 

20140544 430005 1.500 13.310 20.193 0.092 1.013 15.414 0.001 

20140545 430008 1.500 35.670 18.418 0.140 0.007 9.902 0.001 

20140551 430016 1.000 16.890 28.596 0.114 11.620 20.690 0.003 

20140758 798002 0.59 9.6 10.9563 0.0685 0.4886 6.7443 0.00141 

20140759 798003 0.800 16.320 16.799 0.109 3.138 14.076 0.003 

20140810 798004 0.530 21.750 9.203 0.104 0.001 5.482 0.005 

20140644 799002 2.010 24.880 11.271 0.166 0.271 13.281 0.014 



20140670 799003 0.300 15.030 18.008 0.090 2.962 9.953 0.003 

20140689 799004 0.300 5.340 5.690 0.022 0.101 4.280 0.009 

20140690 799005 0.300 5.030 5.692 0.019 0.035 4.690 0.006 

         

NO3
-
 -N = Nitrate nitrogen   



SiteID NH4
+
 -N Boron Calcium Iron Magnesium Manganese Potassium 

319002 0.007 0.000 4.994 0.005 1.255 0.004 0.832 

319004 0.007 0.000 5.540 0.004 1.270 0.004 0.704 

329032 1.440 0.000 9.456 0.039 5.720 0.362 3.950 

329092 2.300 0.000 7.048 0.037 4.630 0.004 3.550 

338005 0.024 0.000 20.998 0.036 5.324 0.004 3.188 

338006 0.030 0.000 16.720 1.059 3.946 0.243 2.487 

338066 0.929 0.000 16.133 0.194 5.771 0.362 1.713 

339001 0.007 0.000 19.600 0.010 6.848 0.004 3.298 

339008 0.036 0.000 21.890 0.358 5.780 0.940 2.886 

339013 0.115 0.000 45.990 0.030 6.750 0.066 1.802 

339047 0.007 0.000 16.470 1.856 4.338 0.108 4.210 

347023 0.007 0.000 7.210 0.013 1.820 0.004 0.852 

347031 0.007 0.000 2.896 0.016 1.600 0.016 5.406 

347053 0.093 0.000 3.020 6.190 0.842 0.284 0.465 

348028 0.007 0.000 32.080 0.004 2.950 0.004 1.871 

348134 0.007 0.000 18.401 0.004 4.350 0.004 2.023 

348137 0.007 0.000 7.338 0.004 1.699 0.004 1.452 

348138 0.134 0.000 13.910 0.289 4.995 1.007 3.931 

349011 0.168 0.000 24.100 0.800 8.450 0.417 3.160 

349012 0.209 0.000 36.400 2.056 10.100 0.843 3.096 

349013 0.027 0.000 18.100 0.132 7.640 0.095 2.605 

356043 0.013 0.000 7.885 0.005 2.065 0.024 2.140 

357058 0.007 0.000 4.005 0.004 1.161 0.004 1.553 

357103 0.010 0.000 1.913 0.004 1.754 0.007 1.214 

357109 0.007 0.000 6.710 0.037 2.590 0.011 2.930 

357111 0.007 0.000 4.820 0.004 1.950 0.004 1.653 

357114 0.007 0.000 9.616 0.004 3.050 0.004 1.880 

357115 0.007 0.000 8.220 0.004 2.564 0.004 2.108 

357116 0.007 0.000 9.641 0.004 3.288 0.004 1.368 

357117 0.021 0 4.671 0.00354 1.29 0.00354 1.187 

357118 0.007 0.000 4.449 0.004 1.198 0.004 1.005 

357119 0.007 0.000 10.298 0.009 2.063 0.008 3.038 

366076 0.007 0.000 3.366 0.030 2.671 0.014 0.946 

367006 0.007 0.000 13.550 0.004 1.980 0.043 3.890 

367017 0.142 0.000 10.320 0.251 3.010 0.224 1.380 

402001 0.253 0 21.44 0.052 11.59 0.662 1.97 

402029 0.076 0.000 11.614 0.064 7.634 0.593 1.085 

410050 3.968 0.000 3.010 0.077 1.380 0.046 5.350 

411043 0.044 0.000 8.810 2.180 4.670 0.257 2.060 

412001 7.374 0.000 76.239 0.009 35.271 0.083 21.640 

412016 0.046 0.000 22.742 0.157 14.952 0.982 1.893 

420057 0.007 0.000 85.060 0.005 6.160 0.022 2.130 

420075 0.158 0.000 11.100 5.530 4.940 0.561 1.710 

420087 0.007 0.000 17.400 0.004 7.550 0.004 13.800 

421003 0.627 0.000 0.263 0.034 0.026 0.004 5.579 

430001 0.256 0.000 23.700 0.216 9.210 0.480 2.470 

430005 0.007 0.000 12.100 0.004 5.020 0.004 3.020 

430008 0.076 0.000 22.300 0.076 11.500 1.346 1.819 

430016 0.007 0.000 23.300 0.008 10.100 0.024 2.280 

798002 0.007071 0 9.65 0.00354 2.04 0.00354 1.65 

798003 0.007 0.000 10.690 0.004 3.280 0.004 3.590 

798004 0.288 0.000 15.100 1.140 6.540 0.693 2.880 

799002 0.279 0.000 31.990 0.247 2.910 0.289 6.070 

799003 0.012 0.000 10.370 0.004 3.940 0.004 4.330 

799004 0.015 0.000 4.990 0.004 1.230 0.004 0.794 

799005 0.007 0.000 5.990 0.004 1.310 0.004 0.669 



SiteID Sodium Silica pH HCO3
-
 DO mg/L Eh ORP SPCond 

319002 5.152 10.086 6.180 20.736 9.050 440.600 240.600 70.000 
319004 5.770 9.090 6.310 25.614 8.820 418.400 218.400 73.500 
329032 39.500 57.100 7.040 160.868 0.070 125.000 -75.000 295.800 
329092 205.365 11.800 8.350 473.029 0.180 97.800 -102.200 929.000 
338005 20.326 22.758 5.900 70.754 0.410 353.300 153.300 303.300 
338006 13.400 27.660 5.920 81.733 0.570 262.700 62.700 202.100 
338066 35.400 36.800 6.640 146.337 0.210 155.000 -45.000 329.600 
339001 32.100 21.250 5.900 34.157 7.410 465.600 265.600 362.600 
339008 23.700 32.500 6.530 120.739 0.400 157.900 -42.100 292.200 
339013 49.900 29.810 6.750 201.190 0.370 27.400 -172.600 523.600 
339047 17.000 25.870 5.940 67.094 0.660 175.700 -24.300 226.600 
347023 17.870 37.390 6.170 48.792 5.740 348.900 148.900 141.100 
347031 14.580 81.277 5.380 25.619 5.430 369.100 169.100 122.400 
347053 6.450 11.400 6.030 14.638 0.620 236.700 36.700 93.000 
348028 14.200 13.200 6.010 87.831 4.260 344.500 144.500 224.300 
348134 11.160 13.390 6.020 59.773 5.380 356.700 156.700 207.400 
348137 7.550 7.940 5.810 30.498 4.590 360.700 160.700 99.900 
348138 21.393 12.310 5.700 36.598 0.150 368.000 168.000 269.300 
349011 30.900 31.700 6.200 86.606 0.210 156.100 -43.900 369.200 
349012 37.500 39.500 6.200 123.201 0.250 198.900 -1.100 114.600 
349013 31.770 26.600 5.990 86.612 0.570 297.900 97.900 326.600 
356043 8.197 9.560 5.100 8.540 4.240 532.100 332.100 130.700 
357058 5.554 6.460 6.020 14.638 4.710 425.900 225.900 71.200 
357103 9.371 15.700 5.080 6.100 7.200 448.700 248.700 92.200 
357109 8.807 10.840 5.340 10.980 8.540 469.100 269.100 135.600 
357111 6.826 10.170 5.460 17.079 5.280 361.700 161.700 95.100 
357114 8.873 11.800 5.310 9.760 8.500 554.300 354.300 146.900 
357115 7.636 10.270 5.250 9.760 7.690 400.600 200.600 124.500 
357116 8.589 11.240 5.350 9.760 8.350 515.600 315.600 147.900 
357117 5.503 7.08 5.8 19.5184 3.55 371.1 171.1 77.2 
357118 5.837 7.840 5.760 17.079 5.070 366.200 166.200 73.500 
357119 8.119 11.290 5.960 28.057 5.700 256.700 56.700 147.600 
366076 10.570 16.837 5.030 12.200 2.850 425.700 225.700 108.400 
367006 8.740 8.220 5.320 17.080 2.140 505.800 305.800 154.000 
367017 48.550 24.080 6.540 86.590 1.960 305.400 105.400 316.700 
402001 14.67 45.71 6.95 124.3278 0.24 38.5 -161.5 274.2 
402029 10.921 44.365 6.570 76.831 0.230 90.900 -109.100 189.500 
410050 94.370 62.300 7.920 257.794 0.210 28.000 -172.000 114.100 
411043 10.800 57.400 6.310 46.350 0.570 185.100 -14.900 155.700 
412001 135.120 28.682 7.450 591.336 0.430 292.200 92.200 1308.000 
412016 20.807 35.924 6.440 154.898 0.220 115.300 -84.700 333.700 
420057 18.500 21.790 7.360 236.157 1.490 246.000 46.000 115.900 
420075 23.800 35.300 6.160 76.849 0.330 114.800 -85.200 244.800 
420087 47.100 19.200 6.060 93.929 1.300 391.200 191.200 435.600 
421003 146.210 65.090 6.940 307.183 0.120 204.800 4.800 642.000 
430001 28.500 32.700 6.610 136.585 0.180 137.700 -62.300 352.800 
430005 13.700 16.300 5.920 45.136 4.960 377.900 177.900 186.700 
430008 23.200 31.200 6.260 150.033 0.200 210.300 10.300 313.700 
430016 19.200 19.600 5.830 54.896 3.240 333.500 133.500 322.100 
798002 8.72 9.09 5.97 34.1564 5.21 350.8 150.8 114.6 
798003 13.100 16.900 5.530 32.939 2.510 342.700 142.700 171.400 
798004 10.960 66.100 6.590 95.123 0.130 113.700 -86.300 208.900 
799002 7.240 9.070 6.560 103.662 0.210 277.700 77.700 241.600 
799003 14.280 26.130 5.810 42.697 2.170 352.800 152.800 175.300 



799004 4.850 10.550 6.050 19.517 6.490 351.600 151.600 63.900 
799005 5.020 10.080 6.650 24.387 8.650 333.000 133.000 68.400 

  

  

  



Appendix G: Charge Balance Analysis  



G.1 Charge Balance Equations for Both Datasets 

Site Sum of Anions Sum of Cations CBE 

 
Red text indicates the site exhibited a high negative CBE, Bold text indicates the sample also plotted as an outlier 
with SPSS. 

 



Appendix H: Analytes Exceeding MAV 



H.1 Groundwater Analytes Exceeding MAV’s and GV’s 

Analyte MAV GV units SiteID Value Units 

As 
0.01 -- mg L

-1
 

30.2 0.06 mg L
-1

  

50.3 0.04  

NH4
+
 -N   -- 1.50 mg L

-1
 5.2 1.74 mg L

-1
  

13.3 5.23  

18.1 2.47  

22.2 2.89  

23.3 1.61  

50.3 3.03  

410050 5.11  

Fe
2+

  -- 0.20 mg L
-1

  47 sites Fe
2+

 > 0.2 mg L
-1

  

Mn
2+

  0.05  mg L
-1

  60 sites Mn
2+

 > 0.5 mg L
-1

  

Na
+
  

-- 200 mg L
-1

  
18.1 248.00 mg L

-1
  

50.3 418.00  

       

       

NO3
-
 -N 11.3 -- mg L

-1
 8.3 11.5 mg L

-1
  

29.3 14.6  

50.6 15.3  

420087 15.83  

430016 11.62  

pH -- 7.0 - 8.5 pH 87 sites pH < 7.0 pH 

       

As = Arsenic NH4
+
 -N  = Ammoniacal nitrogen 

B = Boron Fe
2+

 = Ferric iron 

Mn
2+

 = Manganese Na
+
 = Sodium 

NO3
-
 -N = Nitrate nitrogen  

 

 



Appendix I: QMap Lithological Classes 



I.1 Description of QMap Lithological Classes  
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Appendix J: Attenuation Classes 



J.1 Parameters used to Derive Attenuation Factors 

   QMap layers FSL layers 

 

Water Type Slope Class Subrocks Carbon Rocks Drainage Soil Gravel Class Soil pH Soil Drainage Soil Texture Soil Carbon 

Combination All X X X X X X X X X 

Combination 2 
  

X X X X X X X 

Combination 3 
  

X 
 

X X X X X 

Combination 4 
  

X 
 

X 
 

X X X 

Combination 5 
  

X 
   

X X X 

Combination 6 
  

X 
 

X 
 

X X X 

Combination 7 X 
 

X 
 

X X X X X 

Combination 8 X X 
  

X 
 

X X X 

Combination 9 X 
      

X X 






	Abstract
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	List of Equations
	List of Abbreviations and Acronyms
	Chapter 1: Thesis Overview
	1.1 Introduction
	1.2 Thesis Aims and Objectives
	1.3 Thesis Outline

	Chapter 2: Fundamental Concepts of Nitrogen Cycle and Subsurface Denitrification
	2.1 Characteristics of Nitrogen Compounds
	2.2 Elements of the Nitrogen Cycle
	2.2.1  Nitrogen Fixation
	2.2.2  Ammonification
	2.2.3  Nitrification
	2.2.4  Mineralisation
	2.2.5  Volatilisation
	2.2.6  Nitrogen Attenuation

	2.3 Denitrification
	2.3.1  Factors that Regulate Denitrification
	2.3.2  Presence of Suitable Bacteria
	2.3.3  Dissolved Oxygen Content
	2.3.4  Dissolved Carbon Content
	2.3.5  pH
	2.3.6  Temperature
	2.3.7  Nutrient Availability
	2.3.8  Nitrate-N Concentrations

	2.4 Redox in Groundwater Environments
	2.4.1  Introduction
	2.4.2  Redox Potential
	2.4.3  Limitations of Redox Potential Measurements
	2.4.4  Redox in Groundwater
	2.4.6  Redox Fronts
	2.4.5  Redox and Denitrification in Groundwater
	2.4.7  Identifying Redox Processes Occurring In Groundwater
	2.4.8  Groundwater Quality Measurements to Determine Redox Status


	Chapter 3:  Literature Review
	3.1 Nitrogen and Denitrification Research in New Zealand
	3.1.1  Modelling

	3.2 Manawatu Studies
	3.3 Influence of Geology, Soils, and Climate on Redox Status
	3.4 Anthropogenic Influences on Groundwater Recharge and Quality.
	3.5 Summary and Conclusions

	Chapter 4:  The Tararua GWMZ
	4.1 Introduction
	4.2 Location and Description
	4.3 Landuse
	4.3 Precipitation
	4.4 Hydrology
	4.5 Potentiometric surface
	4.6 Rocks of the Tararua GWMZ
	4.6.1  Introduction
	4.6.2  Basement Rocks
	4.6.3  Cretaceous Rocks
	4.6.4  Paleogene (Paleocene to Oligocene) Rocks
	4.6.5  Neogene (Miocene to Early Pliocene) Rocks
	4.6.6  Neogene (Mid to Late Pliocene) Rocks
	4.6.7  Quaternary (Early Pleistocene to Holocene) Rocks

	4.7  Soils of the Tararua GWMZ
	4.7.1  Introduction
	4.7.3  Soil Texture
	4.7.2  Soil Drainage and Soil Carbon

	4.8 Summary

	Chapter 5:  Methods and Materials
	5.1 Introduction
	5.2 Digital Data
	5.3 Site Selection
	5.4 Direct-Push Shallow Groundwater Sampling Methodology
	5.4.1  Practical Observations of Direct-Push Groundwater Sampling

	5.5 Groundwater Sampling
	5.5.1  Sampling Procedure

	5.6 Laboratory Analysis of Groundwater
	5.7 Data Processing and Analysis Methods
	5.7.1  Censored Values
	5.7.2  Charge Balance Error
	5.7.3  Data Screening, Transformation, and Standardization
	5.7.4  Outliers
	5.7.5  Water Type Classification
	5.7.5.1 Piper Diagrams
	5.7.7  Hierarchical Cluster Analysis
	5.7.8  Pearson's Product-Moment Correlation Analysis
	5.7.9  Principal Component Analysis
	5.7.10  ANOVA and Independent-Samples T-Test


	Chapter 6:  Results and Discussion
	6.1 Introduction
	6.2 Groundwater Chemistry from Existing and Direct-Push Wells of Different Depths
	6.2.1  Validity of Comparing Shallow and Deeper Wells

	6.3 Groundwater Chemical Analysis
	6.3.1  Charge Balance Analysis
	6.3.2  Groundwater Analytes Exceeding Maximum Acceptable Values and Guideline Values

	6.4 Groundwater Characteristics
	6.4.1  Physical Attributes
	6.4.2  Anions and Cations
	6.4.4  Redox Sensitive Parameters
	6.4.5  Redox Classification
	6.4.6  Groundwater Type Classification

	6.5 Principal Component Analysis
	6.5.1  Principal Components
	6.5.2  Influences of Physical Factors on Redox Status
	6.5.2.1  Landuse
	6.5.2.2  Soils
	6.5.2.3  FSL Soil Texture
	6.5.2.4  FSL Soil Drainage
	6.5.2.5  FSL Soil Carbon
	6.5.2.6  FSL Soil pH
	6.5.2.7  Lithological Characteristics
	6.5.2.8  Water Type
	6.5.2.9  Nitrogen Attenuation Classes

	6.6 Comparison of Direct-Push and Existing Wells
	6.7 Unsuccessful Direct-Push Sites
	6.8 Additional observations

	Chapter 7: Summary and Conclusions
	7.1 Introduction
	7.2 Direct-Push
	7.3 Groundwater Chemistry of the Tararua GWMZ
	7.4 Redox Processes and Characteristics
	7.5 Direct-push vs Existing Wells
	7.6 Further Work

	References:
	Appendices:
	Appendix A: Geological History of the Tararua GWMZ
	A.1 Introduction
	A.2 Tectonic Framework and Geological Structure of the Tararua GWMZ
	A.3 Early Pliocene
	A.4 Mid to Late Pliocene
	A.5 Early Pleistocene
	A.6 Early to Mid Pleistocene
	A.7 Late Pleistocene to Holocene

	Appendix B: Digital Data Sources
	B.1 Geographical and Hydrogeological Digital Data Sources

	Appendix C: Groundwater Quality Analysis Methods and their Detection Limits.
	C.1 Laboratory Analysis Method and Detection Limits

	Appendix D: Statistical Analysis Tables
	D.1 Key PCA Criteria
	D.2 Independent-Samples T-Test
	D.3 Pearson Correlation Table

	Appendix E: FSL Class Definitions
	E.1 FSL Soil Carbon Classes
	E.2 FSL Soil pH Classes
	E.3 FSL Soil Drainage

	Appendix F: Laboratory Analysis Results
	F.1 Laboratory Analysis Results for the Direct-push Dataset

	Appendix G: Charge Balance Analysis
	G.1 Charge Balance Equations for Both Datasets

	Appendix H: Analytes Exceeding MAV
	H.1 Groundwater Analytes Exceeding MAV’s and GV’s

	Appendix I: QMap Lithological Classes
	I.1 Description of QMap Lithological Classes

	Appendix J: Attenuation Classes
	J.1 Parameters used to Derive Attenuation Factors



