
  81

DEVELOPMENT OF THREE-DIMENSIONAL MODELS OF 
SEDIMENTARY LITHOLOGIES AND PIEZOMETRIC LEVELS TO 
UNDERSTAND GROUNDWATER AND SURFACE WATER FLOWS, 
LOWER WAIRAU PLAIN, MARLBOROUGH, NEW ZEALAND WITH 
WEB AND SMART PHONE ACCESS TO MODEL DATA  
White, P.A. 1,3, Tschritter, C. 1 and Davidson, P.2 
1 GNS Science, Private Bag 2000, Taupo, New Zealand, 
2 Marlborough District Council, Blenheim, New Zealand 
3 p.white@gns.cri.nz 
 
 
ABSTRACT 
 
Holocene sediments are a key control on the groundwater hydrology and spring-fed stream flow in the lower Wairau 
Plain, New Zealand (Figure 1), as demonstrated by three-dimensional models of lithology and static groundwater 
level measured in wells and a groundwater budget. These models have provided significant new information about 
the lower Wairau Plain groundwater and suface water system, including the association of lithology with groundwater 
gradients in three dimensions and the controls on locations and flows in spring-fed streams.  
 
In the west, Holocene Rapaura Formation gravel, deposited in a terrestrial environment, is common at the ground 
surface (Figure 1). Static groundwater levels (SGLs) typically decrease with depth indicating a vertically downwards 
component of groundwater flow.   
 
The transition zone includes spring-fed streams (i.e., Spring Creek and Blenheim urban streams), Figure 1. Holocene 
Dillons Point Formation sediments (typically sands, silts and clays) deposited in a marine/estuarine environment and 
Rapaura Formation gravels crop out in this area. Groundwater inflow to the transition zone is approximately 8.2 m3/s, 
of which 8.1 m3/s flows in the Rapaura Formation aquifer. Most groundwater outflow from the transition zone (7.1 
m3/s) is to the spring-fed streams, consistent with SGL gradients that are typically vertically upwards through Dillons 
Point Formation sediments in the area.  
 
In the east, Holocene Dillons Point Formation sediments thicken towards the coast. Vertical SGL gradients are 
typically upwards indicating groundwater flow into the Rapaura Formation from the underlying Pleistocene formation. 
 
In addition, a web-based interactive portal that provides instant access to information on groundwater systems and 
geology in three dimensions will be demonstrated.  
 
1. INTRODUCTION 
 
Groundwater is a very important water resource in the Wairau Plain, South Island, New Zealand (Figure 1). This 
resource provides the major supply for agricultural users, who are almost totally reliant on groundwater for large 
areas of vineyards, and the sole supply for the urban population in the main towns of Blenheim and Renwick 
(Davidson and Wilson, 2011). The Wairau Plain groundwater system also supplies flow to spring-fed streams. In 
Blenheim township, spring-fed streams are important amenities that are widely used for recreation and are navigable 
in part.  
 
The geology of Wairau Plain includes Holocene formations (Rapaura Formation and Dillons Point Formation) and 
Pleistocene sediments (Brown, 1981), Figure 1. The Rapaura Formation, comprised of fluviatile gravel, is the main 
aquifer in the area. Dillons Point Formation includes marine/estuarine sediments of the coastal Wairau Plain. 
Swamps (now largely drained), sands and silts were deposited in the east associated with a marine incursion that 
reached as far inland as Spring Creek and Blenheim (Brown, 1981; White and Tschritter, 2009; Raiber et al., 2012). 
Speargrass Formation is an outwash gravel of the last Pleistocene glaciation. 
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The boundary between Rapaura Formation and Dillons Point Formation, which generally coincides with the location 
of spring-fed streams, has been mapped at the ground surface. However, the three-dimensional distribution of key 
sediment types, and static groundwater levels, has not been mapped in detail to assess geological controls on the 
distribution of piezometric head, unconfined/confined conditions in aquifers and the location of spring-fed streams. 
 

 
Figure 1. Geological map of Wairau Plain and environs (after Begg and Johnston, 2000) and depositional 
environments (after Brown, 1981) with contours of the base of Dillons Point Formation (after Ota et al., 1995).  
  
Three-dimensional models were developed to represent the distributions of key sediments and static groundwater 
level in the lower Wairau Plain. These models are used to improve the understanding of Holocene deposition in the 
area. This paper will show how the distribution of sediments and the static groundwater level is relevant to the 
locations of, and flows in, spring-fed streams. Groundwater budgets, in association with Darcy flow measurements, 
will also be used to characterise Wairau Plain hydrogeology and hydrology.  
 
In addition, this paper will outline a web-based system, including a smart phone application, that is used to access 3D 
geological model information.      
 
2. METHOD 
Marlborough District Council (MDC) holds geological data for 1165 wells located in the study area, with a total of 
approximately 22 km of lithologies logged, as of August 2012. Lithologies are generally described by drillers. Most of 
these wells (924) have their base in Holocene deposits. Data quality checks were completed during the process of 3D 
lithological property model development and poor-quality well logs were identified.  
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Three-dimensional models were developed in the lower Wairau Plain between the ground surface and 50 m depth to 
understand the distribution of three sediment classes described in well logs: 1) coarse sediments (predominantly 
where drillers describe gravel in a layer but also including other descriptions including “stones”, “cobbles”, “shingle” 
and “boulders”); 2) sand; and 3) silt and clay (either singularly or together). Note that these classes of sediment are 
not exclusive, i.e. the models represent sediment occurrence where mixes of sediments are recorded in logs. For 
example, models separately represent gravel and sand fractions where a log describes “gravel and sand”. 
 
A ‘property’ code was assigned to the sediment descriptor in a well log with a second code used to mark the absence 
of that lithology. For example, the model of coarse sediments had gravel assigned a code of 200 and other lithologies 
assigned a code of 100 (White and Reeves, 1999). These codes were then combined into pseudo-logs, which are 
representations of the presence and absence of the sediment descriptor at an interval of 0.05 m over the depth of the 
well log. 3D lithological property models were generated from the pseudo-logs of all wells in the model domain by 
interpolation of pseudo-log property codes to a 3D grid, followed by 3D contour generation using EarthVision® 
software (Dynamic Graphics, Inc., USA); White and Reeves (1999); and Raiber et al. (2012). ‘Conformal’ lithological 
models were generated on a 100 m by 100 m grid mesh in the horizontal plane, deformed in the vertical plane by the 
pre-development DTM surface, between the ground surface and -50 m R.L. In this way, a continuous (3D) distribution 
of property codes was generated with the range of property codes indicating the likely presence of the sediment 
descriptor and the likely absence of the descriptor, i.e., the property code is a de-facto probability for sediment 
occurrence. For example, the presence of a sediment descriptor in the model volume is more likely with a property 
code of 150 or above. 
  
Various 2D surfaces were developed to represent stratigraphic and chronological boundaries. For example, the top 
surface of the Speargrass Formation was the DTM where this formation is exposed at the ground surface. Below 
ground level, the Formation was estimated as a smoothed surface representing: elevations of selected clusters of 
wells with similar base elevations, the elevation of relatively fine Dillons Point Formation sediments and 
palaeoenvironmental indicators (e.g., shells and organics), White and Tschritter (2009). A 2D surface represented 
Holocene deposition at approximately 6,000 years B.P. with radiocarbon ages measured in Holocene samples and 
calculated elevations assuming constant sedimentation rates in the Holocene. 
 
Static groundwater level (SGL) was calculated at each of the 1505 wells in the study area as the sum of ground-
surface elevation at the well head, interpolated from the DTM, and the groundwater level mostly measured during 
drilling. The bases of most wells are located in the Rapaura Formation (31% of all wells with groundwater level 
measurements in the study area), Speargrass Formation (28%) and Dillons Point Formation (21%). Flowing artesian 
conditions are common near the coast and here the casing is commonly extended above ground level to measure 
static groundwater level.  
 
Quality checks of SGL data were completed, primarily to identify measurements that were not representative of static 
conditions, i.e., due to the influence of pumping on groundwater level measurements. Groundwater level was below 
sea level in 24 wells located generally near the coast. These wells were removed from the data set because few of 
the SGL estimates were below sea level in the coastal area. Forty-five wells identified where the difference between 
SGL estimates in neighbouring wells was 2 m, or greater; 5 of these wells were removed from the data set where the 
original drillers’ logs indicated uncertainty in static groundwater conditions. 
 
The 3D SGL model was calculated from measurements in 1475 wells using a conformal 3D grid and 3D contour 
generation between the water table and – 50 m R.L. with a 50 m by 50 m by approximately 1 m grid in the easting, 
northing and vertical directions, respectively. This model did not use control points to represent either the water table 
surface near the coast or the water surface elevation in spring-fed streams, so as not to impact the assessment of 
groundwater flow directions. Piezometric surfaces were calculated from this grid, and vertical SGL gradients across 
saturated Holocene sediments were represented by the difference between SGL at the water table surface and SGL 
at the base of the Holocene sediments, divided by the thickness of these sediments.  
 
The three lithology models were merged in 3D plots to represent mixtures of major sediment types. Lithological and 
SGL models were combined to assess the controls on the location and flows of spring-fed streams in the Spring 
Creek and Blenheim urban area. A groundwater budget was developed to represent inflows to, and outflows from, the 
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Wairau Plain in three zones that largely follow the boundaries of Holocene sediments. Groundwater flows in 
formations at transition zone boundaries were then estimated with the water budget and the Darcy equation. 
  
3. RESULTS 
The transition of Holocene sediments from the west to the east is a key control on the groundwater hydrology and 
surface water flows in spring-fed Spring Creek and Blenheim urban streams in the lower Wairau Plain as 
demonstrated by 3D models of lithology and static groundwater levels (SGLs) that use available well log data from 
wells drilled since at least 1866. 
 
In the west, Holocene Rapaura Formation gravel, deposited in a terrestrial environment, is common at the ground 
surface. Typically, SGL decreases with depth in the west indicating a downwards component of groundwater flow. 
The location of Spring Creek is possibly associated with pre-historic Wairau River channels as Holocene gravels are 
typically relatively shallow below the stream. Holocene gravels below Blenheim urban streams are mostly shallow in 
the west and associated with deposition by the Opawa, Omaka and Fairhall rivers. 
 
Groundwater inflow to the transition zone, which is located between unconfined aquifers in the west and confined 
aquifers in the east, is an estimated 8.2 m3/s, including a flow from the west of 8.1 m3/s in the Rapaura Formation 
aquifer. Most of this flow (7.1 m3/s) discharges to Spring Creek and Blenheim urban streams. The predominant 
sediments at the ground surface near Spring Creek and Blenheim urban streams are sands, silts and clays. SGL 
gradients are typically vertically upwards in this area and the potential groundwater flow to surface water bodies, 
estimated with the Darcy equation, is similar to the flow to spring-fed streams. In the east, Dillons Point Formation 
sediments which are mainly sands, silts and clays form an aquiclude. SGL contours suggest the potential for 
vertically upwards groundwater flow which is consistent with the occurrence of artesian conditions in this area. 
 
An interactive portal has been developed that provides instant access to information on groundwater systems and 
geology in three dimensions. It is possible to instantly call up relevant information by entering a street address, map 
coordinates or a smart phone’s GPS location. This information currently includes geological layer elevation, in the 
form of profiles and cross sections; the system is being expanded to include layer properties and uncertainty.    
 
4. CONCLUSION 
The results described in this paper were comparable with current knowledge (e.g., Davidson and Wilson, 2011). In 
addition, the lithology and SGL models have provided significant new information about the lower Wairau Plain 
groundwater system, including the association of lithology with groundwater gradients in three dimensions and the 
controls on locations and flows in spring-fed streams. 
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