
  
   

 
      

        
 

 
  

 

From Rain through River Catchment to Aquifer: 
The Flow of Water through the Wairau Hydrologic 
System 
U Morgenstern P Davidson DB Townsend PA White 
RW van der Raaij MK Stewart M Moreau C Daughney 

GNS Science Report 2019/63 
December 2019 



 

   
 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  
    
   

      
   

    
     

     

 

 

  
 

      

       

    
  

  
 

 

 

        
       

    
     
  

DISCLAIMER 

The Institute of Geological and Nuclear Sciences Limited 
(GNS Science) and its funders give no warranties of any kind 
concerning the accuracy, completeness, timeliness or fitness for 
purpose of the contents of this report. GNS Science accepts no 
responsibility for any actions taken based on, or reliance placed on 
the contents of this report and GNS Science and its funders exclude 
to the full extent permitted by law liability for any loss, damage or 
expense, direct or indirect, and however caused, whether through 
negligence or otherwise, resulting from any person’s or organisation’s 
use of, or reliance on, the contents of this report. 

BIBLIOGRAPHIC REFERENCE 

Morgenstern U, Davidson P, Townsend DB, White PA, van der 
Raaij RW, Stewart MK, Moreau M, Daughney C. 2019. From rain 
through river catchment to aquifer: the flow of water through the 
Wairau hydrologic system. Lower Hutt (NZ): GNS Science. 83 p. 
(GNS Science report; 2019/63). doi:10.21420/7125-ST46. 

U Morgenstern, GNS Science, PO Box 30368, Lower Hutt 5040, New Zealand 
P Davidson, Marlborough District Council, PO Box 443, Blenheim, New Zealand 
D Townsend, GNS Science, PO Box 30368, Lower Hutt 5040, New Zealand 
P White, GNS Science Wairakei Private Bag 2000, Taupo, 3352, New Zealand 
R van der Raaij, GNS Science, PO Box 30368, Lower Hutt 5040, New Zealand 
M Stewart, GNS Science, PO Box 30368, Lower Hutt 5040, New Zealand 
M Moreau, GNS Science Wairakei Private Bag 2000, Taupo, 3352, New Zealand 
C Daughney, MFE, PO Box 10362, Wellington 6143, New Zealand (formerly GNS Science) 

© Institute of Geological and Nuclear Sciences Limited, 2019 
www.gns.cri.nz 

ISSN 2350-3424 (online) 
ISBN 978-1-98-856992-5 (online) 
http://dx.doi.org/10.21420/7125-ST46 

http://www.gns.cri.nz/
http://dx.doi.org/10.21420/7125-ST46


 

 

   
 

    
 

   
    

   
       

   
 

   

    
   

      
 

   

         
    

        
            
       

 

   

   
   

    
   

     
  

 

    
     

  
 
         

   
        

   
   

4.0 RESULTS AND DISCUSSION – GROUNDWATER PROCESSES AND 
FLOW DYNAMICS 

In this section, the surface water and groundwater tracer results of the techniques listed 
above are interpreted with respect to groundwater dynamics from recharge to discharge; 
interaction with surface water; recharge sources; catchment storage and retention processes; 
and understanding of the processes that control groundwater hydrochemistry (quality), 
including sources and expected loads of nutrients. The techniques are complementary, 
and the results improve significantly by integrating all techniques. 

4.1 Water Age 

Age tracers are used in the vicinity of the Wairau Plain to establish a) mean residence 
times (MRT) of the water at sampled locations in the Wairau Plain groundwater system and 
b) mean transit times (MTT) of the water through the catchments and groundwater systems 
into the rivers and streams. 

4.1.1 Groundwater Residence Time 

In this section we use three types of tracers to establish residence times: age tracers with 
long-term time-dependent tracer input concentrations in the atmosphere or that exhibit 
radioactive decay allowing groundwater dating in the age range 1–100 years, tracing the 
seasonal variability signals from the source through the aquifer for dating over shorter time 
scales of 0–1 years, and radon build-up in groundwater for dating periods of up to several 
weeks. 

4.1.1.1 Age Tracer Results 

Utilising convolution integral Equation 1 for conversion of tracer concentrations into water ages 
requires application of groundwater mixing models and, in absence of sufficient time-series or 
multi-tracer data, assumptions about mixing parameters. Regardless of the choice of model 
parameters, the raw tritium ratios already show a clear pattern of the groundwater flow 
dynamics in the Wairau Plain. Figure 4.1 shows tritium ratios of samples collected after 2005, 
the time at which the impact of the bomb-tritium had diminished that otherwise would cause 
elevated tritium concentrations in old water. 

In groundwaters of the Holocene gravel fans, tritium ratios are similar to those of rain water 
(c. 2 TU, Figures 4.1 and 4.2), indicating very young water. This also includes a shallow well 
in the unconfined Quaternary beach deposits and a shallow well in the Holocene deposits of 
the Omaka River. Intermediate tritium ratios in the confined aquifer north-east of Blenheim 
indicate intermediate groundwater ages. In contrast, low tritium ratios in the northern and 
southern part of the confined aquifer near the coast indicate old water. In the Quaternary beach 
deposits south of Rarangi, the Rarangi Shallow Aquifer, (Figure 4.1 insert) relatively high 
tritium ratios indicate young groundwater and, in the most northern well, medium tritium ratios 
indicate medium age and a more sluggish flow close to the boundary of the beach deposits. 
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Figure 4.1 Tritium ratios (in TU) for groundwaters sampled after 2005. The insert on the top shows TU for the 
Rarangi Shallow Aquifer, while the main figure shows TU only in the confined aquifer in this area. 

For the interpretation of age tracers, it is important to keep in mind that gas tracers in 
groundwater samples can be contaminated due to air contact during sampling or in the well 
head, and in the aquifer due to anthropogenic sources in the recharge area (Section 3.1). 
About 20% of the sites on the Wairau Fan up to the Quaternary silt deposits show CFC 
contamination, indicating the presence of local contamination sources. These elevated 
point-source CFC concentrations can be used to identify recharge from local rain, as elevated 
CFC concentrations do not occur in river water. 

Tritium, as the most robust age tracer, was given the most weight for age interpretation, with 
SF6 data being used in a complementary way. For the very young water (c. 1 year), 
the SF6 data generally showed a slight mis-match to tritium, indicating a slightly older 
water age. However, the young tritium ages are confirmed by the presence of seasonal 
variability of temperature and stable isotope composition (Section 4.1.1.2). 

Utilising convolution integral Equation 1 for identification of water age requires knowledge of 
the tritium input for both high-altitude rain for the river recharge and low-altitude rain for local 
rain recharge within the Wairau Plain. A continuous tritium record (monthly data since 1960) 
is available from Kaitoke from the foothills of the Tararua Ranges north of Wellington 
(Figure 2.2). For the high-altitude Wairau River catchment, Taylor et al. (1992) proposed an 
elevated tritium input compared to that of Kaitoke because of a contribution of precipitation 
from the high troposphere. 

Recent groundwater tritium data indicated that the low-altitude local rain in the Wairau Plain 
must also have a higher tritium input compared to Kaitoke, as it was not possible to match 
tritium ratios of young Wairau Plain groundwater with the Kaitoke input for any combination of 
model parameters. To establish the scaling factor of the Kaitoke tritium record for the 
Wairau Plain hydrologic system, we set up a rain collector in Blenheim (location in relation to 
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Kaitoke shown in Figure 2.2) and measured tritium in monthly rain samples over a period of 
two years (Figure 4.2). The results clearly show higher tritium ratios in Blenheim rain by a factor 
of 1.22 on average compared to nearby Kaitoke. This demonstrates the general influence of 
the mountain ranges in shielding the Wairau Plain from direct precipitation of low-tritium 
oceanic moisture, but with occasional periods of similar or lower tritium concentrations 
indicating periods of dominance of tritium-diluted oceanic moisture via NE weather systems 
(Section 2.2). 

Figure 4.2 Tritium ratios in rain of Kaitoke and Blenheim (Figure 2.2) measured in monthly samples and from 
the Wairau River sampled at SH 6 (Figure 2.3). 

Figure 4.2 also shows tritium ratios for the Wairau River for comparison, with similar tritium 
ratios for Blenheim rain and the Wairau River. To provide a better overlap between the 
Wairau River and Blenheim rain data, the fit to the river tritium data (Section 4.1.5) is also 
shown in light blue. The high-altitude Wairau River catchment is expected to exhibit even 
higher tritium concentrations than Wairau rain, as indicated by its significantly higher altitude 
catchment (Figure 2.2), in accordance with its more negative stable isotope signature 
(Taylor et al. 1992). However, passage of the water through the upper catchment groundwater 
reservoir provides storage that is sufficiently large that the Wairau River water is delayed and 
thus already significantly tritium-decayed when it arrives at the Wairau Plain. The decay is 
such that the tritium ratio in the Wairau River water matches that of the local Wairau Plain 
(Section 4.1.2; Figure 4.2). The scaling factor of 1.22 can therefore be applied to both – to the 
local rain input over the Wairau Plain, and to the groundwater recharged from the river into its 
Holocene gravel fan. 

For most of the wells in the Wairau Plain, sufficient tritium time-series data were available to 
constrain both parameters of the age distribution (refer to Section 3.1). Figure 4.3 shows 
examples of the model fits to the measured data. 
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Figure 4.3 Typical time-series tritium data (error bars one-sigma) with matched outputs of the exponential piston 
flow model for very young (left) and older (right) water. Note the log scale in the left and linear scale 
in the right figure. The legends show well ID, together with the matching age distribution parameters. 
The first parameter is f, the fraction of the exponential (mixed) flow volume within the total flow 
volume, and the second parameter is the MRT in years. 

The MRTs are listed in Appendix 1 and shown in Figure 4.4, together with well depth 
(outer circle) for context. The entire data set, including tracer concentrations, is attached in 
electronic form. 

Throughout the unconfined Wairau Fan, we observed only very young groundwater 
(0–1 years), even in the deeper wells (> 20 m). Along the southern boundary, between the 
Holocene and the Pleistocene gravel deposits, groundwaters are slightly older, about two 
years. In major contrast, all groundwaters within the Pleistocene gravel deposits are very old 
(> 100 years). Groundwaters in the Deep Wairau Aquifer south of the Fairhall Fan and 
Blenheim are extremely old, up to 39,000 years (Morgenstern et al. 2008), indicating they are 
trapped and not part of the current active groundwater flow. The southern-most shallower wells 
also contain old water, as well as a small contribution of young water. The shallow well in the 
Holocene deposits of the Omaka River also contains very young water, indicating connection 
to the river. 
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Figure 4.4 Map of groundwater mean residence time (MRT) in years (inner circle). Well depth in metres 
(outer circle) is shown for context. Aquifer confinement is shown in Figure 2.7. The insert on the top 
shows MRT and depth for the Rarangi Shallow Aquifer, while the main figure shows the data only in 
the confined aquifer in this area. 

In the confined part of the gravel deposits in the centre of the valley (confinement boundary 
indicated by the purple line in Figure 4.4) groundwaters are older, from two years near the 
boundary to 10–40 years near the coast in the centre of the valley. This relatively young 
groundwater near the coast indicates active groundwater flow to this part of the confined 
aquifer. 

Groundwater in the confined aquifer near the coast is much older toward the northern and 
southern boundaries of the valley, in the range of 100 years. Groundwater there also shows 
an age increase from west toward the coast, but also becomes progressively older toward the 
boundaries of the valley, indicating increasingly sluggish flow, likely due to increasingly finer 
deposits toward the northern and southern ends of the valley. 

In the Quaternary beach deposits south of Rarangi overlying the confined aquifer, 
groundwater is relatively young (Figure 4.4 insert). This groundwater is recharged from local rain 
(Section 4.3.1), and the variable ages indicate partially confined flow conditions (Section 4.3.2). 

Increasing groundwater ages from the start of confinement towards the coast along the area 
slightly off-centre to the south, with relatively young groundwater near the coast, is consistent 
with gravel lens deposits of paleochannels of the Wairau River, as modelled from lithologic 
well-log descriptions by Raiber et al. (2012). The results from multivariate statistical techniques 
of hydrochemistry indicative of evolutionary pathways (Raiber et al. 2012) are, in principle, 
consistent with our groundwater ages as determined from the age-tracer signature of the water. 
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4.1.1.2 Results from Seasonal Signals 

Tritium data and highly variable stable isotope and temperature data measured in the 
past suggest extremely young groundwater of around one year or less across the Holocene 
Wairau Fan. Such young groundwaters across the entire fan from the recharge area up to the 
main discharge area, Spring Creek, and in wells up to 50 m depth, was unexpected. To confirm 
and refine such young water ages, tracers with a variable input signal were applied, 
including temperature and stable isotopes. 

Temperature Logger Records 

Close et al. (2017) logged groundwater temperature in 14 wells in the recharge zone of the 
Wairau Aquifer during 2014 and 2015. We added three additional monitoring points to 
the network from January to April 2016. Figure 4.5 shows typical records. Using an analytical 
approach, Close et al. (2017) determined lagged responses of the sinusoidal temperature 
variation between those measured in the wells and those in the river, ranging in amplitude 
from 0.19 to 15.1°C and in lag from 1 day near the river to 325 days 5 km down-gradient. 
They modelled the temperature responses using a numerical approach in order to provide 
insight into river recharge processes. 

Figure 4.5 Mean daily temperatures of groundwater sites, showing the lagged temperature response in the wells 
in relation to the Wairau River, the main recharge source. Legend shows well ID, with locations 
shown in Figure 2.7 (red outer circle) and temperature logger position below the ground surface. 
Temperature data up to mid-2016 from Close et al. (2017). 

Differences between logged temperatures and those measured in the pumped water during 
sampling at a different well, 3009, by about 1oC and with less variability in the pumped water, 
raised concern of potential interference with the temperature loggers by heat flux from 
the surface at the well site. Even though the temperature logger at this well was placed at the 
shallowest depth (3.9 m) of all wells, at this depth the surface temperature interference is 
still expected to be insignificant. The temperature difference between the logger (unpumped 
well) and the temperature in the pumped water is likely to be because, during pumping, 
deeper groundwater with less temperature variability is drawn to the surface. 

A number of facts provide further indication that the temperature variability observed in the 
wells is a response to the temperature variability of the input signal of the water from the river 
through the aquifer. Close et al. (2017) show a reasonable correlation between temperature 
lag time and distance to the recharge source, the river. If the surface temperature was the 
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driver for the temperature variability in the wells at these depths, no such correlation would be 
observed. At several sites, two more facts rule out the possibility that the observed temperature 
variability is caused by heat flux from the surface: too short a lag and too high a variability 
at great depth. Well 10608 shows a lag time of only 2 days at a depth of 15 m. 
Well 7007 (in Close et al. 2017) shows a logged temperature range of 15oC, similar to that of 
the river water, at a depth 8.7 m, and well 3821 shows a logged temperature range of 3.7oC 
at 12.7 m depth. 

Even though temperature is not a conservative tracer due to buffering of the signal by the 
thermal mass of the aquifer material, the lag of temperature variation in the aquifer can at least 
provide a maximum water age. The retardation of the temperature signal, defined as the ratio 
of observed temperature lag to the true water age, can be established from conservative 
tracers, for example, the stable isotope lag time. 

Wairau River Seasonal δ18O Variability 

With such distinct temperature variability signals in the groundwater across the Wairau Fan, 
we also expect that the more conservative seasonal variability of stable isotope ratios from the 
river source is present in these groundwaters and that their lag can be used to determine true 
groundwater travel times. 

Water stable isotope ratios in rivers generally exhibit seasonal variability, with more negative 
ratios during the colder seasons and less negative ratios during the warmer seasons. 
Stable isotope variability was also observed in the Wairau Aquifer in near-river groundwater 
wells (Taylor et al. 1992; Stewart 2008), indicating the potential of using the stable isotope 
variability and subsequent damping as a tracer of the groundwater flow. To establish the δ18O 
input signal of the Wairau River water into the aquifer, including the amplitude of the seasonal 
variability and the mean 18O ratio, the river had been sampled monthly over several annual 
periods over the recent decade. 

Figure 4.6 Seasonal variability of δ18O of the Wairau River water over three periods at various locations 
(Figures 2.2 and 2.3). Upper figures show river flow at Barnetts gauging station (SH 1), with grey 
squares indicating the flow at approximately the time of sampling. Dotted lines show the averages, 
with their numerical values at the right. 

Figure 4.6 shows the seasonal variability of δ18O in the Wairau River over three periods, 
together with river flow. Samples were collected through a) an earlier MDC survey of 
river–groundwater interaction on paired surface water and groundwater sites during 2006–08, 
b) the Isoscapes project (Baisden et al. 2016) during 2009–10 and c) this project in 2017. 
The sampling site at Dip Flat lies in the upper catchment where the river leaves the mountains 
(Figure 2.1), and Tuamarina, Church Lane and SH 6 are within or close to the stretch where 
the river recharges the aquifer (Figure 2.3). 
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The Dip Flat data (Figure 4.6b) represent the undiluted δ18O ratio of the headwater catchment 
of the Wairau River, which has a higher rain contribution from upper tropospheric moisture 
(Section 2.2). Its mean δ18O ratio is -9.56‰, about 1‰ more negative than at the downstream 
Tuamarina site, which has a mean δ18O ratio of -8.48‰ over the same period due to 
contribution of water from lower altitude catchments. The mean δ18O ratios at the low-altitude 
sites Tuamarina, Church Lane and SH 6 (Figures 4.6a–c) are reproducible throughout 
the different periods and sites, with an overall average of -8.51‰. This value represents the 
δ18O ratio of the recent river water input to the Wairau Aquifer. 

An amplitude of the seasonal δ18O variability of approximately 1‰ was observed through the 
three sampled periods (Figure 4.6). Only during the summer of 2010 did the available 
δ18O data show a distinct peak of less negative ratios significantly exceeding the amplitude of 
1‰. The river was approximately at baseflow during this time (Figure 4.6b, upper panel), 
indicating that these peaks were not a result of individual storm events but rather due to 
enhanced input of oceanic moisture, for example, through more pronounced NE weather 
systems. 

Matching δ18O variability observed in groundwater samples from the Wairau Fan confirms that 
these groundwaters are very young, with MRTs of less than one year. The tritium 
concentrations also suggest MRT < 1y. 

Groundwater Seasonal Variability 

To obtain further insight into the age range of such young groundwater in the Wairau Fan 
unconfined aquifer, over the period of one year we collected samples from and measured field 
parameters in the river, six wells and Spring Creek (headwater), one of the main discharges 
of this aquifer. Figure 4.7 shows the observed δ18O ratios together with measured field 
parameters. 
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Figure 4.7 δ18O, electric conductivity (EC), temperature, and dissolved oxygen (DO) in the river, spring 
and groundwater. For temperature, daily means (light blue lines) are added to the temperature 
measured during sampling (dark blue points). 

The Wairau River exhibits the most negative δ18O ratios (Figure 4.7a). The less negative 
δ18O ratios of all groundwaters indicate that all groundwaters have an additional contribution 
from local rain water. Well 398, a shallow well next to the Wairau River within the area where 
river water is lost to the aquifer, shows a variability that is nearly in phase with that of the river. 
Well 3821, a deeper well at the same location, and well 1685 show a δ18O variability out of 
phase to that of the river by c. 0.04 years, and well 4724 by c. 0.08 years. The variability signals 
of Spring Creek and well 3009 further down-gradient are more out of phase to that of the river 
by c. 0.33 years. The δ18O variability of well 4025 appears to be poorly correlated with that of 
the Wairau River. However, as its δ18O ratio is significantly more negative than -8‰ but less 
negative than that of the Wairau River, this well’s main water source is likely to be the 
Waihopai River – the well is located just downstream of the Waihopai Fan. Tritium indicates a 
MRT of about 1.5 years, and also the more damped δ18O signal indicates older water than the 
other wells, so the different trend of δ18O is likely to represent the damped Waihopai River 
pulse from the previous year. 

Electric conductivity (EC), dissolved oxygen (DO), temperature and pH are not conservative 
tracers, as they change due to water-rock interaction and microbial reactions or are buffered 
by the thermal mass of the aquifer. However, a few conclusions can be drawn from the 
seasonal trends of this data. 

For EC (Figure 4.7b), wells 3821, 1685 and 4724 have outputs approximately in phase with 
that of the river. Well 3009 and Spring Creek have outputs very similar to each other but 
slightly elevated compared to the river, confirming similar evolutionary pathways and impact 
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by land use for these two groundwater discharges, and indicating slightly longer residence 
times in the groundwater system compared to the wells that are more in phase with the river. 
The highest EC in well 4025 may also confirm the older age of this water. The data for well 
398 are inconclusive, but elevated concentrations during the recharge season may point 
towards impacts of local land use. 

Measured temperatures of the pumped groundwaters (Figure 4.7c) generally confirm the 
logged temperatures (Figure 4.5) despite their significantly lower resolution and potential 
interference by the pumping. The wells that showed high amplitudes and short lag times in the 
logged temperature variability (wells 1685, 398, 3821) show similar lag times to that of the river 
in the measured temperatures. Measured temperature variability during pumping in all other 
wells that were sampled is too small at this low resolution to establish lag times. The presence 
of a large amplitude of temperature variation at well 398 confirms the immediate link of this 
well to the river. However, the delay of the temperature summer peak by about 2.5 months, 
not indicated by δ18O, the direct tracer for flow time, indicates the large lag due to the thermal 
mass of the aquifer buffering the temperature signal. 

DO in the groundwater is a reflection of the availability of electron donors in the aquifer matrix 
to facilitate microbial reactions that consume the oxygen. All analysed groundwaters are 
slightly depleted in DO (Figure 4.7d), with the least depletion during winter. This likely reflects 
slower microbial reactions due to colder conditions in the groundwater recharge zone near the 
river and less efficient exposure of the water to microbial reactions due to faster groundwater 
flow in that zone during winter, caused by higher river discharge into the aquifer at higher river 
flows. Spring Creek water is the most depleted in DO during summer, consistent with this being 
some of the oldest water in the Wairau Fan with the longest exposure to microbial oxygen 
uptake. The water in well 4025 is the least depleted in DO, despite its older age, likely reflecting 
‘cleaner’ gravels at the top of the fan that contain less organic matter to provide electron donors 
for microbial oxygen depletion. The variability in DO may reflect seasonality of oxygen uptake 
in the shallow groundwater system but does not allow the identification of lag time of the 
groundwater flow. 

The pH (not shown) of groundwater tends to increase over longer time scales (years, decades, 
centuries) due to water-rock interaction reactions. Over short time scales (days/months) 
of transition from the river to the groundwater environment, we expect the pH of the water to 
decrease due to uptake of soil CO2 in the aquifer. The water from wells 1685 and 3821 showed 
only slightly decreased pH, while the waters from well 3009 and Spring Creek have the lowest 
pH, confirming the findings from the δ18O variability that these discharges represent the 
youngest and oldest waters, respectively, of this sample set. Well 4025 shows inconsistently 
low and high pH. 

Even though temperature input variability is buffered due to the large thermal mass of the 
aquifer material, its retardation with respect to the groundwater flow can be established by 
the ratio of the temperature to the δ18O lag. Three wells had overlapping temperature and 
stable isotope data, providing retardation factors of 9.1, 7.0 and 8.7. The mean of 8.3 was used 
to convert the lags of the logged temperature signals (Figure 4.5) to groundwater residence 
time. 

Continuous groundwater temperature logs are simple to obtain and, once calibrated by the 
conservative stable isotopes, their temperature lags provide an easy means to establish water 
travel time for very young groundwater (< 1 year). Stable isotopes are conservative tracers for 
the water flow but require discrete sampling and analyses, and therefore stable isotope records 
usually have significantly less resolution. 
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MRTs for these very young groundwaters, as deduced from age tracers and calibrated 
seasonal temperature variability on a scale of 0–10 years, are shown in Figure 4.8. 
Wells down-gradient, in close proximity to the river (distance < 1 km), contain extremely young 
water of < 0.03 years. Slightly further down-gradient (2–3 km from the river) groundwaters are 
slightly older, 0.04–0.1 years. Groundwater and the spring discharge near Spring Creek have 
residence and transit times of 0.1–0.33 years. These are all extremely young waters, 
considering their groundwater travel distance of several kilometres from the river recharge 
zone. Further down-gradient, in the confined part of the Wairau Fan, groundwaters are 
becoming older but are still < 10 years near the coast in the centre of the valley. 

Figure 4.8 Map of mean residence times (MRT) for young groundwater in years (inner circle). Well depth in 
metres (outer circle) is shown for context. Aquifer confinement is shown in Figure 2.8, with the extent 
of the confining layer of the Wairau Fan indicated by the purple line. 

The unconfined Wairau Fan has a relatively large extent, and MRTs of several years were 
expected in its down-gradient part. However, these results show that the groundwater flow 
is extremely fast in this aquifer, with transit times of only 0.33 years at its main discharge, 
Spring Creek. 

4.1.1.3 Results from Radon-222 

Radon-222 (222Rn) concentrations in surface waters are low, and it takes several weeks 
for the 222Rn to equilibrate to the ambient concentration of the groundwater (Section 3.1). 
Therefore, low 222Rn concentrations may indicate very young groundwater. 

The spatial distribution of 222Rn is shown in Figure 4.9. Groundwaters older than a few 
weeks indicate that ambient groundwater 222Rn concentrations in the Wairau Fan gravels 
approximately vary between 5 and 20 mBq/L. Two wells next to the river north-west of 
Renwick have unusual low 222Rn concentration, confirming the young age of the water. 
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Sheet1

		Batch		Site ID		NZTM_E		NZTM_N		Date		Tritium Code		Tr		sigTR		SF6 Code		SF6 (pptv)		± SF6		Halon (pptv)		± Halon		CFC Code		CFC 11 (pptv)		±CFC 11		CFC 12 (pptv)		±CFC 12		CFC 113 (pptv)		±CFC 113		Ar (mL(STP)/kg)		± Ar		N2 (mL(STP)/kg)		± N2		CH4 (µmol/kg)		± CH4		Excess Air (mL(STP)/kg)		± Excess Air (mL(STP)/kg)		Temp. (°C)		± Temp. (°C)		Adjust. EA (mL(STP)/kg)		±		Adjust. Temp. (°C)		± 		Radon Code		Rn conc. (Bq/L)		± Rn		Calc.Pre.Dist.2H		sig		Calc.Pre.Dist.18O		sig

		203		age of recharge for Wairau Aquifer						08/06/2015		TMB194

		203		age of recharge for Wairau Aquifer						18/05/2015		TMB193

		203		age of recharge for Wairau Aquifer						02/05/2015		TMB192

		203		age of recharge for Wairau Aquifer						27/03/2015		TMB190

		203		age of recharge for Wairau Aquifer						15/03/2015		TMB191

		203		age of recharge for Wairau Aquifer						13/03/2015		TMB189

		161		Spring Creek						06/03/2015		TMB181		2.123		0.037																																																												-53.64		0.95		-7.67		0.39

		161		P28w/1634						06/03/2015		TMB175		1.359		0.029		SMB91		4.81		0.77		0.98		126		FMB101-1		54		9		195		28		15		4		0.397		0.013		15.665		0.325		0				1.599		1.284		10.556		2.81																-41.29		1		-7.85		0.4

		161		Fulton Creek						04/03/2015		TMB185		1.947		0.037																																																												-61.58		1.58		-8.17		0.39

		161		Doctors creek						04/03/2015		TMB184		1.786		0.035																																																												-55.85		1.23		-8.04		0.39

		161		Murphys Creek						04/03/2015		TMB182		1.938		0.036																																																												-57.37		1.08		-7.8		0.39

		203		age of recharge for Wairau Aquifer						28/02/2015		TMB188

		161		Tuamarina River						26/02/2015		TMB183		1.452		0.032																																																												-47.4		1.34		-7.92		0.39

		161		P27w/0448						26/02/2015		TMB178		1.501		0.031																																																												-38.3		1.41		-7.12		0.4

		161		P28w/3009						24/02/2015		TMB180		2.213		0.041																																																												-54.29		1.35		-7.85		0.4

		161		P28w/0398						24/02/2015		TMB179		2.072		0.041																																																												-52.92		1.52		-7.49		0.4

		161		P28w/3120						24/02/2015		TMB177		1.984		0.039																																																												-55.71		1.24		-6.75		0.4

		161		P28w/1634						24/02/2015		TMB176		1.42		0.031																																																												-43.05		1.54		-6.38		0.4

		156		Malthouse road well						19/02/2015		TMB174		1.221		0.026		SMB90		2.55		0.27		0.22		0.03		FMB100-1		4		1		375		38		1		2		0.399		0.009		16.085		0.177		0.68		0.681		2.355		0.815		11.005		1.906

		156		Hardings road South Well						19/02/2015		TMB173		0.697		0.02		SMB89		0.24		0.09		0.10		0.02		FMB99-1		0		0		1		3		0		2		0.399		0.007		15.863		0.176		1.724		0.191		1.86		0.713		10.46		1.569

		156		Hardings road North Well						19/02/2015		TMB172		0.877		0.023		SMB88		0.37		0.09		0.11		0.02		FMB98-1		1		0		3		3		1		2		0.395		0.007		16.062		0.17		0.844		0.045		2.612		0.675		11.763		1.553

		203		age of recharge for Wairau Aquifer						09/02/2015		TMB187

		203		age of recharge for Wairau Aquifer						19/01/2015		TMB186

		9		Pickering Well						12/03/2014		TMB171		1.723		0.037																																																												-54.56		1.51

		9		Fairhall Coop Drain Upstream of Doctors Creek						12/03/2014		TMB170		1.871		0.039																																																												-54.29		1.22

		9		Doctors Creek upstream Fairhall Coop Drain						12/03/2014		TMB169		1.59		0.035																																																												-53.5		0.96

		218		980						12/06/2013		TMB168		0

		218		398						12/06/2013		TMB167		0

		218		3291						12/06/2013		TMB166		0

		218		3278						12/06/2013		TMB165		0

		218		PLR-5						27/03/2013		TMB163		1.586		0.033																																																												-38.64		0.89		-6.65		0.42

		218		P27w/0546						27/03/2013		TMB162		1.488		0.032		SMB87		7.41		0.56						FMB97		158		10		428		26		59		6		0.366		0.005		14.348		0.152		0				1.033		0.529		13.602		1.233																-35.06		0.87		-5.83		0.4

		218		WKR-1						27/03/2013		TMB161		1.609		0.031																																																												-34.65		1.75		-6.12		0.44

		218		P27w/0490						27/03/2013		TMB160		1.646		0.032		SMB86		8.03		0.92						FMB96		392		37		743		65		75		9		0.37		0.008		14.051		0.15		0				0.114		0.728		12.092		1.784																-38.37		1.63		-6.33		0.44

		218		114 Camping ground						27/03/2013		TMB159		1.521		0.031		SMB85		6.89		0.55						FMB95		205		13		581		36		66		6		0.366		0.005		14.103		0.15		0				0.514		0.531		13.016		1.213																-36.76		1.62		-5.91		0.45

		218		P27w/0469						27/03/2013		TMB158		0.436		0.018		SMB84		0.84		0.07						FMB94		2		1		56		10		0				0.395		0.006		16.286		0.242		0				3.115		0.744		12.472		1.525																-38.19		1.8		-6.2		0.42

		218		RAR-1						26/03/2013		TMB157		1.452		0.03																																																												-36.35		1.39		-5.96		0.42

		218		RAR-8						26/03/2013		TMB156		1.431		0.031																																																												-32.98		1.66		-5.6		0.43

		218		O27w/0119						26/03/2013		TMB155		0.883		0.023												FMB93		4		1		147		18		0				0.396		0.009		16.745		0.434		367		7		4.039		1.207		13.419		2.327																-34.5		1.44		-5.77		0.43

		218		HLS-2						26/03/2013		TMB154		1.451		0.032																																																												-33.01		0.99		-5.42		0.4

		218		10323						26/03/2013		TMB153		1.446		0.03		SMB83		6.53		1.07						FMB92		167		22		569		68		54		9		0.387		0.015		14.894		0.415		0				0.614		1.261		10.563		2.439																-34.57		1.65		-5.62		0.41

		218		O27w/0120						26/03/2013		TMB152		1.177		0.026		SMB82		4.34		0.38						FMB91		59		5		295		25		21		4		0.386		0.007		15.799		0.244		0				2.731		0.758		13.141		1.61																-35.02		1.32		-5.58		0.44

		218		027w/0074						26/03/2013		TMB151		1.487		0.029																																																												-33.68		1.49		-5.56		0.42

		218		BRN-2						26/03/2013		TMB150		1.4		0.03																																																												-32.19		1.33		-5.57		0.43

		218		RAR-9						26/03/2013		TMB149		1.454		0.03																																																												-32.16		1.52		-5.52		0.44

		218		P28w/3278						25/03/2013		TMB148																FMB90		1		1		2		10		0				0.416		0.008		17.323		0.425		287		7		3.746		1.139		10.618		1.854																-59.71		1.57		0.01		0.39

		218		1634 Rarangi Golf Club						25/03/2013		TMB147						SMB81		7.11		0.85						FMB89		82		7		298		25		32		4		0.377		0.007		14.444		0.319		0				0.454		0.899		11.652		1.632																-45.79		1.51		0.01		0.39

		218		P28w/3291						25/03/2013		TMB146		0.035		0.013												FMB88		1		1		6		7		1		3		0.431		0.007		17.871		0.28		0				3.806		0.846		9.025		1.479																-57.71		1.26		-8.51		0.5

		218		P28w/0980						25/03/2013		TMB145		0.001		0.013												FMB87		2		1		26		9		2		6		0.392		0.006		16.283		0.21		0				3.33		0.69		13.085		1.523																-60.15		1.47		-8.43		0.41

		218		Spring Creek						15/03/2013		TMB164		2.269		0.041																																																												-55.23		1.22		-8.34		0.42

		218		P28w/4402						20/11/2012		TMB144		1.557		0.033																																																												-53.15		1.93		0.01		0.39

		218		P28w/3120						20/11/2012		TMB143		1.89		0.038																																																												-59.18		1.48		0.01		0.39

		218		P28w/1733						20/11/2012		TMB142		1.288		0.032																																																												-59.37		2.12		0.01		0.39

		218		P28w/1634						20/11/2012		TMB141		1.665		0.036																																																												-55.41		1.86		0.01		0.39

		218		Mill streem MST-21						12/06/2012		TMB140		2.031		0.04																																																												-65.53		1.15		0.01		0.39

		218		Rai Valley 10323						28/05/2012		TMB139		1.512		0.035																																																												-32.94		0.8		0.01		0.39

		218		Mill Streem MST-21						24/05/2012		TMB138		2.083		0.04																																																												-55.36		0.93		0.01		0.39

		218		O27w/0119						07/03/2012		TMB137		0.132		0.016		SMB79		1.53		0.12						FMB85		32		3		762		61						0.442		0.007		18.809		0.226		0.4		3.3		5.011		0.765		8.755		1.447

		218		P27w/0542						07/03/2012		TMB136		1.695		0.031		SMB78		5.44		0.40						FMB84		108		8		328		30						0.403		0.006		16.111		0.136						2.077		0.576		10.29		1.272																-37.1		1.06		0.01		0.39

		218		P28w/3390						07/03/2012		TMB134		0.027		0.014																																																												-69.66		1.06		0.01		0.39

		218		O28w/4476						06/03/2012		TMB135		2.101		0.036		SMB77		6.13		0.46						FMB83		188		14		524		42						0.377		0.006		15.148		0.138						2.025		0.562		11.589		1.343																-52.32		0.78		0.01		0.39

		218		P28w/3390						06/03/2012								SMB76		0.19		0.04						FMB82		19		4		95		31						0.366		0.006		16.895		0.152		1132.2		54.2		6.602		0.575		21.167		1.866

		218		P28w/3667						24/02/2012		TMB133		0.105		0.016																																																												-67.29		1.08		0.01		0.39

		218		O28w/0015						22/02/2012		TMB132		2.019		0.039																																																												-58.6		0.87		0.01		0.39

		218		MST 21						22/02/2012		TMB131		2.125		0.039																																																												-57.61		1.42		0.01		0.39

		218		O28w/0015						10/02/2012		TMB130		2.103		0.038																																																												-59.8		1.02		0.01		0.39

		218		MST 21						10/02/2012		TMB129		2.171		0.041																																																												-54.52		1.18		0.01		0.39

		218		P28w/0034						24/11/2011		TMB127		0.522		0.018																																																												-57.78		0.79		0.01		0.39

		218		P28w/0736						22/11/2011		TMB128		0.299		0.016																																																												-61.32		0.82		0.01		0.39

		218		20117111 P28w/3668						17/11/2011		TMB126		2.116		0.045																																																												-50.29		0.95		0.01		0.39

		218		20117112 P28w/4442						17/11/2011		TMB125		1.787		0.039																																																												-45.33		0.85		0.01		0.39

		218		O28w/0015						27/10/2011		TMB123		2.159		0.042		SMB75		7.02		0.69						FMB81		252		22		471		43						0.39		0.008		15.009		0.143						0.64		0.69		10.254		1.588																-55.81		1.1		0.01		0.39

		218		20116263 MST 21						27/10/2011		TMB122		2.029		0.037																																																												-56.25		0.92		0.01		0.39

		218		20116262 MST 26						27/10/2011		TMB121		2.11		0.038																																																												-56.33		1.09		0.01		0.39

		218		P28w/4403						18/08/2011		TMB120		1.554		0.031																																																												-55.93		0.95		0.01		0.39

		218		P28w/0188						18/08/2011		TMB118		2.158		0.038																																																												-57.27		1.14		0.01		0.39

		218		P28w/0765						18/08/2011		TMB117		0.729		0.021																																																												-59		0.79		0.01		0.39

		218		P28w/3069						17/08/2011		TMB119		2.015		0.036																																																												-55.24		0.97		0.01		0.39

		218		WVL-10						17/03/2011		TMB116		2.118		0.037																																																												-56.45		0.91		0.01		0.39

		218		O28w/0015						17/03/2011		TMB115		2.305		0.038																																																												-57.62		0.91		0.01		0.39

		218		O28w/0220						17/03/2011		TMB114		2.198		0.038																																																												-58.62		0.78		0.01		0.39

		218		MST-28						17/03/2011		TMB113		2.113		0.038																																																												-50.74		0.73		0.01		0.39

		218		MST-21						17/03/2011		TMB112		2.269		0.041																																																												-58.07		0.74		0.01		0.39

		218		O28w/0144						17/03/2011		TMB111		2.177		0.038																																																												-57.32		0.84		0.01		0.39

		218		MST-26						17/03/2011		TMB110		2.222		0.039																																																												-57.47		0.88		0.01		0.39

		218		WTS-7						17/03/2011		TMB109		2.004		0.036																																																												-54.66		0.87		0.01		0.39

		218		P26w/0398						15/02/2011		TMB108		2.408		0.047																																																												-58.55		0.78		0.01		0.39

		218		P28w/1634						15/02/2011		TMB107		2.251		0.05																																																												-46.26		0.91		0.01		0.39

		218		20117106 P28w/0188						16/01/2011		TMB124		1.891		0.04																																																												-53.29		1		0.01		0.39

		218		P28w/3375						28/05/2009		TMB106		0.089		0.022

		218		P28w/4402						17/02/2009		TMB105		1.63		0.05

		218		P28w/3120						17/02/2009		TMB104		2.16		0.06

		218		P28w/3009						17/02/2009		TMB103		2.36		0.06

		218		P28w/1733						17/02/2009		TMB102		1.3		0.04

		218		P28w/1634						17/02/2009		TMB101		2.14		0.05

		218		P28w/0398						16/02/2009		TMB100		2.33		0.06

		218		P28w/0981						25/07/2008		TMB99		1.76		0.05

		218		P28w/0708						25/07/2008		TMB98		0.777		0.031

		218		P27w/0518						05/06/2008		TMB97		1.51		0.05

		218		P28w/0518						26/03/2008		TMB96		1.78		0.04

		218		P28w/0679						26/03/2008		TMB95		1.32		0.04

		218		P28w/0572						26/03/2008		TMB94		1.14		0.03

		218		P28w/0765						17/03/2008		TMB93		0.772		0.034

		218		P28w/0708						17/03/2008		TMB92		0.577		0.028

		218		P28w/0981						17/03/2008		TMB91		0.924		0.031

		218		P28w/3009						17/03/2008		TMB90		2.27		0.05

		218		P28/3278						29/01/2008

		218		O28w/0219						23/01/2008

		218		Well 3291						23/01/2008

		218		Well 980						23/01/2008

		218		P28w/4732						29/11/2007		TMB89		1.29		0.04		SMB74		3.10								FMB80		212				480								0.424				17.274				0		0		3.003				8.943

		218		P28w/4650						29/11/2007		TMB88		1.67		0.04		SMB73		5.46								FMB79		198				490								0.395				15.251				0		0		0.823				9.935

		218		o28w/0219						04/07/2007		TMB87		0.003		0.026		SMB72		1.08								FMB78		2												0.304				14.443				873.149		53.714		5.8				32.114

		218		P28w/4174						29/06/2007		TMB86						SMB71		0.02								FMB77		122				286								0.422				18.728				217.522		0		6.36				12.795

		218		P28W/3009		1675131		5408637		20/06/2007								SMB69		5.50		1.17						FMB75		225		28		540		73						0.364		0.008		13.99		0.628						0.41		1.607		12.935		2.396

		218		P28W/3120		1678209		5404358		20/06/2007								SMB70		5.21		0.90						FMB76		240		28		777		93						0.379		0.007		14.807		0.609						1.038		1.511		11.88		2.175

		218		P28W/3217		1670554		5398702		20/06/2007								SMB68		0.00								FMB74		15		4		47		18						0.453		0.009		19.403		0.71						5.493		1.776		7.933		2.32

		218		P28W/4402		1682327		5402296		20/06/2007								SMB67		2.97		0.39						FMB73		240		32										0.41		0.009		17.749		0.665						5.127		1.641		12.803		2.551

		218		P28W/0398		1667685		5406335		19/06/2007								SMB66		5.04		0.99						FMB72		207		26		514		70						0.377		0.008		14.511		0.629						0.613		1.601		11.616		2.304

		218		P28W/1634		1686791		5415992		19/06/2007								SMB64		3.96		0.52						FMB70		92		11		318		42						0.397		0.007		16.238		0.575						2.796		1.415		11.717		2.083

		218		P28W/1733		1686358		5407091		19/06/2007								SMB65		1.45								FMB71		3				85												15.608		0.652																		12.5

		218		O28w/0219						09/05/2007		TMB85		0.014		0.021

		218		P28w/4174						02/05/2007		TMB84		-0.044		0.028												FMB69		2				5								0.473				21.161				599.802		0		7.815				8.523

		218		028w/0220						14/12/2006		TMB83		1.91		0.05		SMB63		5.26								FMB68		166				441								0.394				15.409				0		0		1.275				10.558

		218		Well 679						23/05/2006		TMB82		1.4		0.04		SMB61		0.62								FMB66		0				29								0.378				15.67								3				14.4

		218		P28w/0736						23/05/2006		TMB81		0.24		0.025

		218		Well 981						23/05/2006								SMB57		2.90								FMB62		11				476								0.387				15.5								1.9				12

		218		Well 34						22/05/2006		TMB80		0.255		0.027

		218		Wairau River @ Gifford Rd		1672451		5409646		22/05/2006		TMB79		2.11		0.06		SMB55		5.56								FMB60		241				539								0.375				14.12								-0.2				11.1

		218		Well 3009						22/05/2006		TMB78		2.27		0.05		SMB56		5.56								FMB61		246				531								0.358				13.45								-0.3				13.1

		218		Well 394						22/05/2006		TMB77		1.97		0.04		SMB58		4.96								FMB63		106				988								0.373				14.28								0.3				11.9

		218		Well 624						22/05/2006		TMB76		1.89		0.04		SMB59		3.39								FMB64		13				596								0.379				15.52								2.6				13.8

		218		Well 874						22/05/2006		TMB75		-0.008		0.021		SMB62		0.07								FMB67		0				0								0.421				17.91								4.6				11

		218		Well 708						22/05/2006								SMB60		0.04								FMB65		0				0								0.379				15.55								2.7				13.8

		218		p29w/0164						10/05/2006								SMB54		6.02

		218		P28w/0765						08/03/2006		TMB74		1.01		0.032		SMB51		0.23								FMB57		5				17								0.387				15.76								2.6				12.8

		218		Well 736						08/03/2006		TMB73

		218		Well 572a						08/03/2006		TMB71		1.24		0.04

		218		P28w/0518						08/03/2006		TMB70		1.82		0.04		SMB53		2.54								FMB59		9				443								0.389				15.77								2.4				12.3

		218		P28w/0572						08/03/2006								SMB52		0.00								FMB58		1				2								0.393				16.24								3.2				12.7

		218		P28w/0736						08/03/2006								SMB50		1.08								FMB56		2				4								0.344				12.07								-2.3				12.5

		218		P27w/0247		1676666		5429087		07/03/2006		TMB69		0.888		0.039		SMB49		0.54								FMB55		52				125								0.398				15.63								1.4				10.2

		218		Ada Stream @ Shellcrass bridge		1676413		5428203		07/03/2006		TMB68		1.78		0.06

		218		P27w/0492		1676422		5428224		07/03/2006		TMB67		0.745		0.032		SMB48		1.67								FMB54		43				107								0.425				18.01								4.6				10.5

		218		P27w/0496		1675368		5429176		07/03/2006		TMB66		1.58		0.05		SMB47		4.79								FMB53		407				1515								0.375				14.49								0.7				12.2

		218		Cullen Creek upstream of bridge		1671802		5428178		07/03/2006		TMB65		1.76		0.06		SMB46		5.43								FMB52		225				510								0.386				14.82								0.5				10.6

		218		P27w/0494		1671859		5428201		07/03/2006		TMB64		1.81		0.06		SMB45		6.22								FMB51		230				523								0.348				12.05								-2.6				11.6

		218		P27w/0447		1671838		5428220		07/03/2006		TMB63		1.7		0.06		SMB44		4.99								FMB50		209				486								0.396				15.33								0.9				10

		218		P27w/0495		1671816		5427665		07/03/2006		TMB62		1.73		0.05		SMB43		4.75								FMB49		170				466								0.398				15.24								0.6				9.4

		218		P27w/0235		1673082		5428554		06/03/2006		TMB61		0.003		0.021		SMB42		0.04								FMB48		14				36								0.424				17.11				7.7		1.1		2.6				8.7

		218		P27w/0485		1673696		5428475		06/03/2006		TMB60		1.49		0.05		SMB41		6.14								FMB47		197				410								0.354				12.05								-3				10.5

		218		P27w/0493		1672009		5429542		06/03/2006		TMB59		1.37		0.05		SMB40		2.57								FMB46		121				271								0.413				16.33								1.8				8.9

		218		Jones mine shaft seep		1671591		5426691		06/03/2006		TMB58		1.75		0.04		SMB39		5.36								FMB45		168				401								0.366				13.82								-0.1				12.3

		218		Cullen Creek @ Cullensville		1671502		5426155		06/03/2006		TMB57		1.62		0.05		SMB38										FMB44		230				482								0.343				12.97								-0.3				15

		218		P27w/0276		1671583		5426839		06/03/2006		TMB56		1.62		0.05		SMB37		4.72								FMB43		195				458								0.383				14.98								1.2				11.7

		218		P27w/0472		1671288		5428866		06/03/2006		TMB55		1.43		0.05		SMB36		3.76								FMB42		209				459								0.396				15.02								0.2				9.2

		218		Flaxbourne River @ Corrie Downs		1693890		5371517		23/02/2006		TMB54		2.06		0.07		SMB35		6.01								FMB41		163				457								0.348				12.99								-0.6				14

		218		Flaxbourne River @ Beach Rd ford		1696491		5369488		23/02/2006		TMB53		1.92		0.05		SMB34		6.10								FMB40		177				556								0.337				13.03								0.4				16.8

		218		Well 981						23/02/2006		TMB40		1.84		0.04

		218		Well 338						23/02/2006		TMB39		1.88		0.04

		218		Well 708						23/02/2006		TMB38		0.972		0.031

		218		Flaxbourne River in upper catchment		1685414		5371690		22/02/2006		TMB52		1.97		0.05		SMB33		5.91								FMB39		223				495								0.324				13.12								1.5				20.3

		218		Flaxbourne River tributary in upper catchment		1685841		5372846		22/02/2006		TMB51		2		0.05		SMB32		5.48								FMB38		225				493								0.334				12.6								-0.3				16.2

		218		P29w/0163		1693430		5369853		22/02/2006		TMB50		1.94		0.06		SMB31		6.21								FMB37		52				295								0.402				16.77								3.6				12.2

		218		P29w/0189		1693993		5369508		22/02/2006		TMB49		1.38		0.05		SMB30		2.36								FMB36		30				76								0.366				14.44								1.2				13.8

		218		Needles Creek @ Peter's Culvert		1694076		5369533		22/02/2006		TMB48		1.75		0.06		SMB29		5.15								FMB35		154				416								0.356				14.19								1.4				15.3

		218		Pond at Chapman seep		1694306		5368714		22/02/2006		TMB47		1.95		0.06

		218		P29w/0188		1694105		5369509		21/02/2006		TMB46		1.91		0.06		SMB28		6.53								FMB34		1				49								0.377				14.91								1.5				12.8

		218		Flaxbourne River @ SH1		1695152		5370886		21/02/2006		TMB45		1.89		0.06		SMB27		5.60								FMB33		192				471								0.342				13.09								0.1				15.6

		218		P29w/0087		1695181		5370951		21/02/2006		TMB44		1.92		0.06		SMB26		5.72								FMB32		177				473								0.371				14.48								1				12.9

		218		Wiffen Seep		1692147		5368788		21/02/2006		TMB43		0.406		0.038

		218		P29w/0164		1692341		5368892		21/02/2006		TMB42		1.87		0.06												FMB31		25				344								0.373				14.19								0.2				11.8

		218		P29w/0187		1694164		5368269		21/02/2006		TMB41		1.14		0.04		SMB24		4.83								FMB30		83				368								0.38				13.93								-0.9				9.7

		218		P28/3242		1685015		5412374		27/07/2005		TMB28		1.98		0.05

		218		P28/3439		1684279		5413571		27/07/2005		TMB27		0.047		0.002

		218		P28/4442		1684450		5413798		27/07/2005		TMB26		1.8		0.06

		218		P27/0448		1679470		5421272		27/07/2005		TMB25		1.72		0.05

		218		P28/0662		1672739		5403920		27/07/2005		TMB20		2.14		0.05

		218		P28/2333		1668090		5404901		27/07/2005		TMB19		2.29		0.06

		218		P28/4118		1673074		5405246		27/07/2005		TMB17		2.26		0.07

		218		P28/3447		1685856		5401900		26/07/2005		TMB29		0.351		0.026

		218		P29/0169		1694585		5369518		26/07/2005		TMB24		1.75		0.06

		218		P28/4403		1683817		5404764		26/07/2005		TMB23		1.79		0.07

		218		P28/4404		1678588		5407267		26/07/2005		TMB22		2.17		0.06

		218		P28/3069		1665829		5401051		26/07/2005		TMB21		2.08		0.05

		218		O28/0015		1643497		5399615		26/07/2005		TMB18		2.26		0.07

		218		P28/4402		1682327		5402293		25/07/2005		TMB37		1.67		0.05

		218		P28/3120		1678209		5404337		25/07/2005		TMB36		2.09		0.05

		218		P28/1945		1667503		5399389		25/07/2005		TMB35		0.059		0.022

		218		P28/3217		1670555		5398702		25/07/2005		TMB34		0.004		0.024

		218		P28/0398		1667687		5406335		25/07/2005		TMB33		2.11		0.05

		218		P28/3009		1675125		5408643		25/07/2005		TMB32		2.19		0.05

		218		P28/1634		1686837		5416076		25/07/2005		TMB31		1.85		0.05

		218		P28/1733		1686354		5407087		25/07/2005		TMB30		1.58		0.05

		218		P28W-3242		1685015		5412374		04/05/2004								SMB22		3.62								FMB28		68				337								0.366				15.29								3.09				16.2

		218		P28W-3668						04/05/2004								SMB20		4.09								FMB26		99				342								0.369				14.17								0.39				12.4

		218		P28W-4349						04/05/2004								SMB23		3.92								FMB29		66				311								0.384				15.35								1.86				12.3

		218		Matthews domestic						03/05/2004								SMB19		4.13								FMB25		88				313								0.381				15.19								1.75				12.5

		218		P28W-4246						03/05/2004								SMB21		1.82								FMB27		127				376								0.387				17.682								6.7				18.1

		218		P28W/0001						03/05/2004								SMB17		5.61								FMB23		135				474								0.379				14.7								0.79				11.7

		218		P28W/4100						03/05/2004								SMB16		2.76								FMB22		44				218								0.401				16.82								3.79				12.4

		218		P28W/4297						03/05/2004								SMB18		1.56								FMB24		9				55								0.378				16.66								5.17				17.3

		218		P27W/0124		1665005		5428168		15/10/2003								SMB15		2.75								FMB21		101				311																												0				12.8

		218		P28W/1147		1686135		5402448		15/10/2003								SMB13		0.21								FMB19		1				1																												0				12.8

		218		P28W/1678		1683717		5402573		15/10/2003								SMB14		1.51								FMB20		5				706																												0				12.8

		218		Fonterra Marlborough Bore2 P19820-1						07/10/2003																		FMB18		164				469																												0				12.5

		218		O28/122		1642297		5396306		11/09/2002		TMB16		0.011		0.02

		218		O28/96		1644996		5398505		11/09/2002		TMB15		2.154		0.061

		218		O28/147		1642297		5396406		26/06/2002		TMB12		0.537		0.028

		218		Wairau River		1644491		5360516		25/06/2002		TMB14		2.33		0.051

		218		O28/134		1638798		5395606		25/06/2002		TMB13		0.545		0.028

		218		P28w/0544		1680043		5404640		20/09/2001		TMB9		0														FMB15		240				1028																																12.8

		218		P28w/3120		1678209		5404337		20/09/2001		TMB8		0														FMB14		272				1006																																12.8

		218		P28w/2333		1668105		5404914		20/09/2001		TMB7		0														FMB13		214				533																																12.8

		218		P27w/0067		1679476		5421298		20/09/2001		TMB11		0														FMB17		193				537																																12.8

		218		P28w/1678		1683717		5402573		20/09/2001		TMB10		0														FMB16		7				814																																12.8

		218		P27w/0124		1665005		5428168		19/09/2001		TMB6		0														FMB12		99				302																																12.8

		218		O28w/0013						19/09/2001		TMB5		0														FMB11		195				518																																12.8

		218		P28/3278						03/07/2001

		218		P28W/0188						03/07/2001																		FMB7		135				431																																12.8

		218		P28W/1223						03/07/2001																		FMB9		262				623																																12.8

		218		P28W/2657						03/07/2001																		FMB8		5				15																																12.8

		218		P28W/3606						03/07/2001																		FMB6		1				35																																12.8

		218		Stalker						03/07/2001																		FMB10		27				401																																12.8

		218		Well 980						03/07/2001

		218		P28W/0662		1672759		5403907		02/07/2001																		FMB5		216				2438																																12.8

		218		P28W/0708		1687533		5403283		02/07/2001																		FMB1		21				52																																12.8

		218		P28W/1652						02/07/2001																		FMB4		234				541																																12.8

		218		P28W/1678						02/07/2001																		FMB2		6				838																																12.8

		218		P28W/3120		1678209		5404337		02/07/2001																		FMB3		299				1088																																12.8

		218		Talley's Fisheries Ltd, Blenheim						08/06/2000		TMB4		2.518		0.081

		218		P28/2333		1668090		5404901		02/06/1999

		218		P28/3278						02/06/1999

		218		P28/3333						02/06/1999

		218		P28/3333						20/08/1998		TMB3		0.021		0.015

		218		P28/3287						21/06/1998		TMB2		-0.036		0.016

		218		P28/3278						13/05/1998		TMB1		0.027		0.018

		218		P28/2096						29/11/1990		TM508 		-0.059		0.07

		218		P28/373						11/05/1989		TM472 		3.405		0.181

		218		P28/1895						08/02/1989		TM471 		0.098		0.08

		218		P28/1863		1667690		5399802		26/10/1988		TM448 		0.766		0.07

		218		Wairau River		1666491		5406800		21/10/1988		TM447 		4.181		0.201

		218		P28/543		1685786		5404699		15/07/1988		TM432 		4.702		0.201

		218		P28/398		1667691		5406300		15/07/1988		TM431 		4.064		0.181

		218		P28/1283		1681587		5402100		14/07/1988		TM434 		4.496		0.191

		218		P28/748		1683686		5402600		14/07/1988		TM433 		4.947		0.201

		218		P28/205		1684987		5409198		14/07/1988		TM430 		3.043		0.171

		218		P28/154		1685187		5409798		14/07/1988		TM429 		6.567		0.301

		218		P28/922		1665191		5400102		22/06/1988		TM425 		4.83		0.201

		218		P28/981		1685686		5407198		22/06/1988		TM415 		5.929		0.291

		218		P28/662		1672789		5403900		22/06/1988		TM414 		3.985		0.211

		218		P28/874		1675588		5399701		17/06/1988		TM401 		0.098		0.07

		218		P28/596		1688485		5404399		15/06/1988		TM405 		1.099		0.08

		218		P28/955		1667890		5400202		14/06/1988		TM400 		0.609		0.07

		218		P28/1733		1686386		5407198		13/06/1988		TM406 		4.859		0.211

		218		P28/85		1684487		5411098		10/06/1988		TM411 		0.609		0.07

		218		P28/1616		1683087		5407699		10/06/1988		TM409 		4.614		0.221

		218		P28/371		1681887		5406799		10/06/1988		TM407 		4.211		0.191

		218		P28/1154		1663691		5396503		10/06/1988		TM399 		4.839		0.221

		218		P28/1047		1675189		5404700		09/06/1988		TM413 		4.123		0.211

		218		P28/5		1684387		5414197		09/06/1988		TM412 		0.049		0.06

		218		P28/188		1682587		5409298		09/06/1988		TM410 		4.329		0.221

		218		P28/595		1683387		5404499		09/06/1988		TM408 		4.643		0.201

		218		P28/677		1686786		5403699		09/06/1988		TM404 		5.183		0.231

		218		P28/765		1686186		5402299		08/06/1988		TM403 		3.092		0.151

		218		P28/1477		1679387		5402100		08/06/1988		TM402 		5.134		0.231

		218		P28/47		1684087		5412597		24/05/1988		TM424 		4.849		0.201

		218		P28/34		1683987		5412897		23/05/1988		TM426 		0.157		0.07

		218		P28/1833		1682787		5410798		23/05/1988		TM423 		1.728		0.1

		218		P28/403		1685786		5403299		23/05/1988		TM422 		5.006		0.221

		218		P28/1396		1684587		5414197		23/05/1988		TM421 		3.573		0.161

		218		P28/1831		1684187		5413297		23/05/1988		TM420 		3.092		0.161

		218		P28/13 or P28/14						23/05/1988		TM419 		-0.01		0.07

		218		P28/125		1681988		5410298		23/05/1988		TM418 		4.251		0.211

		218		P28/196		1682987		5409298		23/05/1988		TM417 		4.486		0.331

		218		P28/110		1683587		5410598		23/05/1988		TM416 		4.329		0.221

		218		P28/1119		1681787		5402800		19/05/1988		TM427 		4.152		0.181

		218		P28/703		1680887		5403200		18/05/1988		TM428 		4.418		0.191

		218		P28/1830		1680787		5402900		18/05/1988		TM391 		4.025		0.241

		218		P28/990		1673289		5402401		18/05/1988		TM390 		4.103		0.241

		218		P28/642		1673689		5404000		18/05/1988		TM389 		4.732		0.261

		218		P28/1829		1674189		5404000		18/05/1988		TM388 		4.8		0.271

		218		P28/1681		1674289		5403001		18/05/1988		TM387 		4.741		0.291

		218		P28/1731		1675788		5403100		18/05/1988		TM386 		4.653		0.271

		218		Walsh P28/787642		1668690		5402501		18/05/1988		TM385 		4.388		0.251

		218		P28/678		1670390		5403601		17/05/1988		TM384 		4.035		0.251

		218		P28/681		1668990		5403701		17/05/1988		TM383 		4.555		0.261

		218		P28/972		1667990		5403601		17/05/1988		TM382 		1.414		0.12

		218		P28/683		1667091		5403601		17/05/1988		TM381 		4.025		0.251

		218		P28/1366		1667790		5398402		17/05/1988		TM380 		0.039		0.07

		218		P28/857		1687586		5404499		31/05/1979		TM247 		1.371		0.18

		218		P28/773		1670889		5396902		14/04/1978		TM193 		0.162		0.144

		218		P28/770		1672189		5402301		13/04/1978		TM192 		9.429		0.413

		218		Chapman-Cowen property		1674388		5399201		12/04/1978		TM191 		0.466		0.174

		218		P28/222		1675289		5408799		12/04/1978		TM190 		11.761		0.517

		218		P28/384		1681487		5406499		12/04/1978		TM188 		13.383		0.62

		218		P28/736		1687086		5402699		12/04/1978		TM187 		1.115		0.154

		218		P28/572		1687386		5404599		12/04/1978		TM186 		3.346		0.206

		218		P28/679		1683586		5402600		12/04/1978		TM185 		5.171		0.207

		218		Shallow well close to P28/5		1684287		5406299		12/04/1978		TM184 		12.775		0.517

		218		P28/338		1685886		5407398		12/04/1978		TM183 		12.674		0.517

		218		P28/518		1684286		5405099		12/04/1978		TM182 		12.471		0.517

		218		P28/624		1683587		5404199		12/04/1978		TM181 		12.775		0.517

		218		P28/875		1674788		5399701		11/04/1978		TM189 		0.243		0.216

		218		Taylor River		1677787		5396502		11/04/1978		TM180 		8.517		0.413

		218		Wairau River		1665091		5406101		01/12/1977		TM178 		13.078		0.517

		218		P27/??						01/12/1977		TM174 		9.935		0.414

		218		P28/??						01/12/1977		TM173 		11.05		0.414

		218		P28/532		1688086		5404899		30/11/1977		TM172 		1.004		0.185

		218		S28/W344						30/11/1977		TM171 		0.294		0.103

		218		P28/864		1673689		5400101		30/11/1977		TM170 		0.395		0.092

		218		P28/875		1674788		5399701		30/11/1977		TM169 		0.182		0.103

		218		Tuamarina River		1679689		5421296		15/07/1977		TM157 		10.441		0.414

		218		S21/W435						14/07/1977		TM159 		1.318		0.206

		218		P27/65		1679489		5421296		14/07/1977		TM158 		9.529		0.413

		218		S49/4						14/06/1977		TCB158 		0.051		0.134

		218		P28/857		1687585		5400500		18/05/1977		TM154 		0.203		0.103

		218		S49/90						17/05/1977		TCB157 		0.122		0.021

		218		P28/950		1678188		5404600		29/10/1974		TM133 		14.587		0.517

						1678188		5404600

						1678188		5404600

						1678188		5404600

		218		P28/874		1675588		5399701		25/10/1974		TM138 		0.041		0.102

		218		P28/864		1673689		5400101		18/10/1974		TM139 		-0.01		0.102

		218		P28/347		1677788		5407099		27/09/1974		TM137 		16.815		0.62

		218		P27/44		1682089		5425695		21/03/1974		TM130 		0.699		0.174

		218		P27/43		1684288		5428294		21/03/1974		TM129 		11.445		0.515

		218		P28/865		1675288		5400101		21/03/1974		TM128 		0.182		0.113

		218		P28/208		1677289		5409099		20/03/1974		TM127 		16.002		0.721

		218		P28/419		1681987		5405999		29/11/1973		TM132 		18.026		0.722

		218		P28/419		1681987		5405999		27/11/1973		TM131 		21.368		0.826

		218		P28/518		1684286		5405099		27/11/1973		TM126 		17.722		1.13

		218		P28/208		1677289		5409099		26/11/1973		TM125 		8.203		0.514

		218		P28/208		1677289		5409099		23/11/1973		TM124 		8.912		0.514

		218		P28/208		1677289		5409099		21/11/1973		TM123 		18.938		1.539

		218		S49/4						23/10/1973		TCB130 		0.101		0.031

		218		S49/55						23/10/1973		TCB129 		17.722		1.13

		218		S49/3						23/10/1973		TCB128 		2.228		0.103

		218		S49/37						23/10/1973		TCB127 		14.988		0.925

		218		Havelock supply new well						23/08/1973		TM121 		14.359		0.883

		218		P27/44		1682089		5425695		23/08/1973		TM120 		0.901		0.072

		218		S49/1						12/04/1973		TCB120 		0.435		0.041

		218		S49/85						12/04/1973		TCB119 		1.62		0.103

		218		S49/86						12/04/1973		TCB118 		17.618		1.129

		218		Wairau River		1667891		5407600		11/04/1973		TM118 		21.871		1.335

		218		S49/90						11/04/1973		TCB121 		0.314		0.041

		218		P28/34		1683987		5412897		20/12/1972		TM111 		0.456		0.041

		218		P28/14		1684087		5413497		20/12/1972		TM110 		0.213		0.031

		218		Shallow well close to P28/5		1684387		5414197		20/12/1972		TM109 		18.73		1.13

		218		P28/25		1682988		5413097		20/12/1972		TM108 		15.491		0.924

		218		P28/47		1684087		5412597		19/12/1972		TM112 		13.972		0.822

		218		P28/59		1683687		5411898		19/12/1972		TM107 		1.012		0.102

		218		P28/41		1682888		5412697		19/12/1972		TM106 		15.794		0.924

		218		P28/62		1682388		5411798		19/12/1972		TM105 		22.679		1.335

		218		P28/50		1681688		5412398		19/12/1972		TM104 		24.299		1.438

		218		P28/35		1681488		5412898		19/12/1972		TM103 		26.931		1.643

		218		Kowhai River						18/12/1972		TCB113 		21.869		1.335

		218		Hapuku River						18/12/1972		TCB112 		22.687		1.336

		218		P28/782		1683386		5402100		03/10/1972		TM92 		6.783		0.411

		218		P28/749		1683586		5402600		03/10/1972		TM91 		7.087		0.411

		218		P28/816		1685086		5401700		03/10/1972		TM90 		3.948		0.206

		218		P28/744		1685186		5402599		03/10/1972		TM89 		1.822		0.103

		218		P28/765		1686186		5402299		03/10/1972		TM88 		1.519		0.103

		218		P28/848		1686785		5400800		03/10/1972		TM87 		0.629		0.051

		218		P28/839		1686485		5401300		03/10/1972		TM86 		0.213		0.031

		218		P28/736		1687086		5402699		03/10/1972		TM85 		0.872		0.062

		218		S49/110						30/08/1972		TCB110 		18.931		1.231

		218		S49/90						30/08/1972		TCB109 		0.273		0.041

		218		S49/104						30/08/1972		TCB108 		18.628		1.129

		218		S49/109						29/08/1972		TCB107 		21.572		1.335

		218		P27/58		1679689		5421896		16/02/1972		TM81 		22.168		1.334

		218		P27/60		1679889		5421696		16/02/1972		TM80 		21.257		1.334

		218		P27/63		1678589		5421596		15/02/1972		TM79 		21.358		1.334

		218		P27/72		1679689		5420496		15/02/1972		TM78 		21.156		1.334

		218		P27/75		1678589		5419596		15/02/1972		TM77 		18.422		1.129

		218		Blue Hole Spring		1679289		5420896		11/02/1972		TM75 		21.965		1.334

		218		P27/65		1679589		5421296		11/02/1972		TM74 		19.946		1.231

		218		Tuamarina River		1679689		5421296		09/02/1972		TM76 		19.84		1.231

		218		P28/42		1682488		5412697		27/06/1971		TM59 		22.878		1.436

		218		P28/572		1687386		5404599		27/06/1971		TM58 		2.025		0.103

		218		P28/403		1685786		5403299		26/06/1971		TM57 		5.061		0.308

		218		P28/376		1683287		5407798		26/06/1971		TM56 		25.004		1.538

		218		P28/338		1685886		5407398		26/06/1971		TM55 		18.12		1.128

		218		P28/384		1681487		5406499		26/06/1971		TM54 		31.179		1.949

		218		P28/394		1684287		5406299		26/06/1971		TM53 		25.004		1.538

		218		P28/624		1683587		5404199		26/06/1971		TM52 		23.688		1.436

		218		P28/615		1681787		5404299		26/06/1971		TM51 		29.255		1.846

		218		P28/679		1685886		5403599		26/06/1971		TM50 		3.745		0.205

		218		P28/572		1687386		5404599		26/06/1971		TM49 		2.025		0.103

		218		P28/775		1684486		5402200		25/06/1971		TM48 		3.341		0.205

		218		P28/785		1681487		5402100		25/06/1971		TM47 		3.341		0.205

		218		P28/840		1685886		5401200		25/06/1971		TM46 		0.638		0.051

		218		P28/708		1687585		5403099		25/06/1971		TM45 		1.053		0.072

		218		P28/3						19/06/1970		TCB61		3.845		0.205

		218		P28/663		1682687		5403899		26/02/1970		TM40 		16.798		1.025

		218		P298/68		1683387		5411698		26/02/1970		TM39 		1.619		0.102

		218		P28/327		1677289		5409099		26/02/1970		TM38 		29.043		1.844

		218		P28/199		1681088		5409198		26/02/1970		TM37 		26.412		1.639

		218		P28/32		1680488		5412998		26/02/1970		TM36 		25.298		1.537

		218		Spring Creek		1676689		5408999		26/02/1970		TM35 		32.078		1.947

		218		P28/222		1675289		5408799		26/02/1970		TM34 		30.662		1.947

		218		P28/634		1671490		5404101		26/02/1970		TM33 		28.435		1.742

		218		P28/323		1669690		5407400		26/02/1970		TM32 		29.65		1.844

		218		Wairau River		1665791		5406800		10/03/1969		TM31 		29.642		1.843

		218		Wairau River		1665791		5406800		06/12/1968		TM30 		32.169		2.047

		218		Wairau River		1665791		5406800		23/08/1968		TM29 		30.042		1.843

		218		P28/532		1688086		5404899		21/03/1968		TM26 		3.742		0.205

		218		Wairau River		1665791		5406800		21/03/1968		TM25 		33.174		2.047







