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EXECUTIVE SUMMARY 

 
A steady state groundwater flow model was built for Ruataniwha basin. The results of this model 
will be used to build the transient state model. The transient model will couple groundwater flow 
model (MODFLOW) with the surface water flow model (MIKE 11) to simulate the groundwater-
surface water interaction. 
 
Ruataniwha basin is a closed basin; there is no interaction between groundwater in the basin and 
any other groundwater body. It was formed in the last 2 million years as a result of erosion and 
uplifting of Ruahine ranges in the west. The eroded sediments were driven by rivers and deposited 
in the basin. The young sediments from late Quaternary age have higher permeability and less 
clay than the older formations underneath (Salisbury Gravel Formation). The maximum thickness 
of the gravel matrix occurs in the northern part of the basin around Waipawa River. The thickness 
at that area is about 200 metre.  
 
In the last few years extensive groundwater pumping took place and there is a great potential of 
increasing water demand in the basin in the coming few year. This casts great stresses on water 
resources and prompts the need for a groundwater-surface water model. 
 
Two layers were considered in this model; the upper layer representing the Young Gravel 
Formation and the lower layer representing the Salisbury Gravel Formation, with an aquitard layer 
in-between. Aquifer test data, lithology data and geophysical data were used to assign the 
appropriate hydraulic properties of the model. 
 
The steady state conditions were assumed in the late 1980s as there was no much groundwater 
abstraction at that time and there is sufficient data available from historical records and old reports. 
Rainfall recharge values were based on a previous study of recharge estimation and recharge 
distribution at model cells was based on rainfall amount, slope of topography and drainage 
capacity of soil. 
 
Rivers data was based on the long term annual average value. This data includes stage records, 
streambed elevation and width at each cell the rivers pass through. 
 
Parameter Estimation and Optimisation ñPESTò was used for automatic calibration of hydraulic 
conductivity and groundwater recharge; whereas riverbed conductance was manually calibrated. 
Observation data from late 1980s at 47 wells were used to calibrate the model and another dataset 
was used for model validation. 
 
Model results suggest that the groundwater flows from the west to east, with downward gradient 
upstream and upward gradient downstream. The greatest part of recharge comes from rainfall and 
rivers in general gain water from the groundwater system more than what they lose to the system. 
 
Sensitivity analysis showed that the hydraulic conductivity is the most important parameter that 
greatly affects the model results. 
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1.0 INTRODUCTION 

Aquifers and rivers in Ruataniwha basin form one of the most important sources of water 
resources in Hawkeôs Bay Region. Agricultural activities and dairy farming are the main water 
consumption sectors, whereas the domestic consumption for Waipawa, Waipukurau townships 
and the smaller communities is minor.  

Hawke's Bay Regional Council is in charge of managing the water resources (ground and surface 
water) in the basin. Due to the recent and projected dairy industry growth in the region, the Council 
is concern about the environmental impact of dairy industry on water resources in the basin. The 
current and projected dairy and farming activities will impose increasing demand on groundwater 
in the area as the surface water has been fully allocated. Any increasing groundwater abstraction 
would adversely impact the surface water flow as the groundwater and surface water are 
interconnected. The ecosystem in the area is at risk as many streams and springs dry-up, 
especially in peak summer period, as a result of increasing water demand. 

Spatial distribution of abstraction wells and their depths are real challenges for the Council as the 
basin comprises many heterogeneous aquifers, the majority of which are not known. Distribution of 
wells and their pumping rate is important in order not to adversely affect the ecosystem. 

Different models for Ruataniwha basin have been built in the past but the lack of reliable data has 
limited the accuracy and reliability of modelsô results. For example, the previous model of Phreatos 
(2003) has considered constant widths of rivers and stream and constant bed elevation all over the 
entire simulation period, which is not valid. Moreover, all rivers and streams in the previously-
mentioned study were assumed to occur in the lower layer of the model, which is not valid too. 

This model will be built using the finite difference model Visual MODFLOW Premium. It was 
selected because it links USGS- MODFLOW groundwater model with the surface water model 
ñMike11ò.  

1.2 Purpose and Scope 

The main purpose of this model is to simulate groundwater movement in the area of study for pre-
development conditions (steady state). This first step will help to understand the groundwater 
system behaviour in the steady state condition. It is also an essential step towards developing of 
the transient state model. This latter model will aid regional water resources management; in 
particular, how the system responds to different abstraction scenarios. The model will serve as 
invaluable management tool for the Council.  

The model will also couple surface and groundwater interaction for the first time, as this interaction 
is high and it can significantly affect the environment. 

 

This report describes the development of the steady-state groundwater flow model for Ruataniwha 
basin. The following steps were undertaken: 

 Delineation of model area and spatial extent. 

 Building of the conceptual model, which includes boundary conditions, initial conditions and 
model set-up. 

 Assigning of different model layers and their elevation 

 Estimation of hydraulic parameters 

 Model run 

 Model calibration and validation 

 Sensitivity analysis 
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The scale of this model is only suitable at a regional level and not for local studies. This scale is, 
however, appropriate to meet the objectives of this study. 

1.3  Previous investigations 

Two models were built for Ruataniwha basin in 2002 and 2003. The first model was developed by 
Murray (2002a) and composes one layer with a resolution of 500 m by 500 m. Murray (2002a) has 
used MODFLOW GMS package to simulate different irrigation scenarios. The drawback with this 
model is that it is not representative of the basin, which is in fact a multilayer system. The model 
was calibrated (Murray, 2002b) but the water balance was not examined. Surface water/ 
groundwater interaction was not fully considered, and at that time sufficient field data was not 
available. 

The other model was built by Phreatos (2003). This model tried to overcome the limitations of the 
previous model by calibration the water balance. Groundwater recharge was based on Lincoln 
Environmentôs model (2002).  

This model, however, did not fully consider the river/groundwater interaction. There is also a great 
difference between the values of rainfall recharge and river leakage used in this model and the 
previous one, which reflects the high uncertainty in estimating these parameters. The recharge 
value of 4.2 m3/s, which the model used, looks very low given the area of study and the rainfall 
amount. Murray (2002a) has assigned the value of 14.3 m3/s as rainfall recharge. This value is 
more than three orders of magnitude greater than the value used by Phreatos (2003). The total 
inflow and outflow components contradict with the previous model (Murray 2002a, Murray 2002b) 
and with a recent water balance study conducted in 2008 (Baalousha 2008).  

Phreatos model (Phreatos , 2003) considered a constant widths of all rivers and stream and 
assumed that all rivers and streams occur in the lower layer, which is not valid. Riverbed 
elevations were assumed to be constant all over the simulation period. All these drawbacks in river 
data cast a big uncertainty in model results.. 

Both previous models considered a transient period between 1990 and 2000 but with totally 
different water balance figures. 

In summary, the two previously-built groundwater flow models have used totally different 
hydrological input values. No thorough analysis or justification of input parameters was given in 
either model report. 

1.4 The study area 

The area of study is located in the Hawkeôs Bay Region, New Zealand (Figure 1). The surface 
catchment of Ruataniwha is about 1470 km2, of which 806 km2 is the area of study. This area 
extends over Ruataniwha basin. This comprises the gravel sediment formation from the late 
Pleistocene and the more consolidated gravel deposits (i.e. Salisbury Gravel) from the 
Pleistocene. 
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Figure 1: Study area (New Zealand map, Hawkeôs Bay region, left frame and Ruataniwha basin, right 
frame) 

 

The basin rivers and aquifers supply water for domestic, agricultural, and industrial usage for the 
towns of Waipawa, Waipukura and smaller communities in the area. Despite the low domestic 
water demand in the area, as the population is low, the agricultural water demand (current and 
projected) is high. The mounting water demand for agricultural activities and dairy farming has 
resulted in stresses on water resources. Consent data from Hawke's Bay Regional Council 
suggested that the irrigated areas in Ruataniwha basin have increased from 260 hectares to 2200 
hectares in the period between 1985 to 1995 (Dravid and Cameron, 1997). The total irrigation land 
was estimated at 4569 hectares in 2003 (Hawke's Bay Regional Council, 2003), and the current 
irrigated land is about 7000 hectares. 

  

Several rivers and streams traverse the basin from west to east and join just out of the basin to 
form the Tukituki River. With rainfall values of more than 1000 mm/year, the basin receives a great 
portion of recharge from rainfall. In addition to rainfall recharge, there is a strong interaction 
between surface and groundwater. Historical flow records indicate that the rivers lose water to the 
groundwater in the western part of the basin and gain water from the groundwater in the eastern 
part of the basin.  

The ecosystem of the basin is regularly placed at risk as many streams and springs dry up every 
year, especially during summer peak demand as a result of extended dry period and groundwater 
abstraction.  
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2.0 BASIN GEOLOGY AND WATER BALANCE 

 

The basin is relatively young in geological terms; that is, it is less than 1.5 million years old. It was 
formed as a result of uplifting and erosion of Ruahine ranges to the west of the basin with 
continuous deposition of sediments derived by rivers to the lower lands of the basin.  

The southern part of the basin is characterised by many faults as a result of tectonic forces, and 
there is unconformity between the different formations due to erosion and weathering. 
Wide areas of the basin were in-filled by marine deposits up to 0.5 million years ago. This is 
evident in shell and marine sediments, which occur at different depths in the southern and eastern 
parts of the basin. Tectonic movements caused uplifting of the Rauahine ranges in the west and 
Otane anticline in the east. As a result, the sea was excluded and erosion of Ruahine ranges and 
sedimentations of deposits filled the basin. 
 
The basin geology is composed mainly of sequences of alluvial gravel from the Quaternary period 
with intermittent clay layers of different thicknesses (Figure 2). Two main gravel layers occur in the 
basin. The top is composed of young gravel layer from the late Pleistocene and Holocene epoch 
situated over an older gravel layer ñSalisbury gravelò from the early Pleistocene. The Young Gravel 
Formation is unconsolidated and contains clay, silt and volcanic ash of late Quaternary (Francis, 
2001). It is more permeable than the Salisbury gravel underneath. The Salisbury gravel is 
composed of slightly to poorly consolidated gravel, ignimbrite and clay from the Lower Quaternary 
(Francis, 2001). Intermittent volcanic activities in the central north island throughout these regions 
have resulted in the deposition of volcanic ash, pumice and ignimbrites over wide areas of the 
region. 
 
As a result, the basin matrix can be classified into two layers of gravel with high degree of 
heterogeneity (Figure 2). Thickness of gravel layers varies from a few meters in the west to about 
200 meters in the middle of the basin. 
 
A schematic geological (west-east) cross section through the basin is shown in Figure 3. The top 
layer of the Young Gravel Formation is thin and does not extend over the whole basin, whereas 
the old gravel (Salisbury) is thick and extends further to the west. The gravel formations are 
underlain a thick impermeable mudstone and siltstone. 
 
Three main rivers and streams traverse the basin from west to east; Waipawa River in the north, 
Tukituki River in the middle, and Makaretu stream in the south. In addition to the main rivers, there 
are many smaller streams in the basin. The Tukituki River and the Makaretu Stream meet just 
before leaving the basin, forming one river: the Tukituki. Waipawa River the joins the Tukituki River 
outside the basin, a few kilometres to the east of Waipawa and Waipukurau towns. 
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Figure 2: Surface geology of the Ruataniwha basin. 
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Figure 3: Typical schematic cross section of the Ruataniwha basin (West-East). 

2.1  Water Resources 

 

The Ruataniwha basin groundwater system is being recharged by rainfall and surface flow (rivers). 
This recharge starts in the west of the basin at Ruahine ranges. The ranges receive a high rainfall 
(>1300 mm/year) and because of steep topography, most of this rain converts to surface runoff 
and enters the basin in as rivers and streams. Within the basin itself, the average annual rainfall is 
approximately 1000 mm. There is a significant amount of water in the basin which could be 
sustainably utilised without adversely affecting the ecosystem. This is the ultimate goal of this 
study. 

 

The basinôs agricultural capacity is still not fully developed. Intensive agricultural activities started 
in early nineties according to information provided by locals in the area. Estimation of rainfall 
recharge in the basin was done based on water balance model and neglecting surface runoff 
(Baalousha, 2008). Based on Baalousha (2008), allocated groundwater abstraction is only 12% of 
total rainfall volume. The actual groundwater abstraction (as in 2007) is 6% of groundwater 
recharge from rainfall (Baalousha, 2008). These results seem to overestimate the groundwater 
recharge as a result of neglecting surface runoff.  

Despite the relatively low groundwater abstraction from the basin, the effect of this abstraction on 
ecosystem thought to be high. One of the main challenges is to understand the relationship 
between groundwater and surface water and how to distribute groundwater wells in a way that 
does not adversely affect the river supported ecosystems. 
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3.0 GROUNDWATER FLOW MODEL 

 

Visual MODFLOW Premium (version 4.3) was used to simulate the groundwater flow in the 
area of study. This modelling package was selected because it is well-documented and has 
been widely used in different applications. Visual MODFLOW simulates rivers using three 
different Packages: 

 Stream flow routing (stream package) (for transient simulation only) 

 MODFLOW-River package (for steady state simulation) 

 Link to MIKE 11 (for transient simulation only) 

For the steady state simulation RIVER package (McDonald and Harbaugh, 1988) was used 
to represent rivers in the study area. 

3.1 Conceptual Model 

The hydrogeology of the area is complex and most of the aquifers are unknown. From 
geological investigations (Pattle Delamore Partners, 1999; Francis, 2001) the subsurface 
geology was classified according to the age of formations. These formations are the Young 
Gravel Formation at the top and the older gravel formation (Salisbury Gravel Formation) 
underneath. Many aquifers occur in both formations. Council wells database (WellStor) 
contains information on the lithology of wells penetrating the basin. Based on this 
information, most of shallow wells (less than 40 metre deep) are phreatic whereas all deep 
wells are confined. Therefore, the model was divided into three layers:  

 Confined/unconfined (type 3)1 layer at the top and comprises the Young Gravel 
Formation 

 A clay layer (aquitards) separating the top Young Gravel layer and the Salisbury Gravel 
underneath. 

 Confined/unconfined (type 3) layer at the bottom and comprises the Salisbury Gravel 

According to pump-tests, the top layer is more permeable, less consolidated and mostly 
unconfined. The lower layer is less permeable, contains more clay and mostly confined. The 
thickness of each layer increases gradually from the edge of the basin towards the centre 
and both layers reach a thickness of about 200 metre in the middle of the basin. 

Young Gravel and Salisbury gravel formations are underlain by a thick layer of mudstone and 
siltstone from Miocene era. This layer has very low permeability and was considered as the 
basement of the aquifer. 

 

3.1.1 Spatial Discritization 

 

The model area was delineated based on surface geology (Figure 2), well lithology and 
geophysical investigations. The surface area of the model comprises the Young Gravel 
Formation from late Quaternary period and the Salisbury Gravel Formation from early 
Quaternary period. The total area of the model is 806 km2. A model grid of 97 rows, 83 
columns and 3 layers was used to represent the Young Gravel layer, aquitard layer, and 
Salisbury Gravel layer (Figure 4). Each grid cell has a dimension of 500×500 m. The total 
number of cells in each layer is 8051, of which 3211 cells are active. The total number of 
active cells in the entire model is 9633. 

                                                
1 Confined unconfined is the default setting in Visual MODFLOW. It means the transmissivity of the layer is variable. It is 

calculated from the saturated thickness and hydraulic conductivity  
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The aquitard layer was identified as a separate layer because all layers should be explicitly 
identified in Visual MODFLOW with vertical conductivity for each layer instead of 
conductance computations (Schlumberger Water Service 2008).  

Data for the top and bottom layers was based on Francis (2001), and Council well database 
(WellStor). The land surface data was derived from topography contour map (Council GIS 
database). A schematic cross section of the model is shown in Figure 5. 

 

Figure 4: Model discritization and location of cross-section. 

Model layers 1 and 3 are thick in the middle of the study area (around Waipawa River) and 
their total thicknesses have been estimated at 200 metres. The basin is shallow at the model 
boundaries with an estimated thickness of a few metres (Figure 5). 

 

 

A A 
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Figure 5: Schematic cross-section A-A, as shown in Figure 4. (Vertical exaggeration is 20) 

 

3.1.2  Temporal Discritization 

 
This model is a steady state model; that is, there is no temporal discritization. The input 
values of boundary conditions (i.e. recharge, river stage, etc.) were calculated as the long 
term average of one hydrological year.  

 

3.2 Boundary Conditions  

 

The Ruataniwha basin is a closed system; that is, there is no interconnection between the 
basin and other groundwater bodies. Water flows into the basin in means of surface flow via 
streams and rivers, in addition to recharge from rainfall. The model outer boundaries are 
considered as no flow boundaries as the lateral groundwater flow into or out of the basin is 
thought to be either negligible or non-existence. All the cells within the model boundaries are 
active cells (Figure 4).  

 

3.2.1 Recharge boundary  

 

Groundwater recharge in the basin occurs by different means. Rainfall is the main source of 
recharge in addition to seepage from some river reaches. 

There are several meteorological stations within the basin, from which rainfall quantity is 
recorded. Rainfall within the basin varies between 1000 mm/year to more than 1600 
mm/year, based on more than 10 years of records. Table 1 lists the rain gauges and rainfall 
records in the basin.   

 

Spatial distribution of rainfall recharge was based on three factors: spatial rainfall distribution, 
slope of land surface (topography) and drainage capacity of the soil within the basin.  

 

Three maps of rainfall, topography slope and drainage were prepared and classified. Each 
map class was given a weight from 1 to 5. Areas with highest rainfall were given a weight of 
5 and areas with lowest rainfall have a weight of 1. The same procedure was followed in 
assigning weight for drainage and slope. Finally, the sum of the three maps was calculated to 
get a final classification map. This recharge classification map (Figure 6) has a weight varies 

Inactive cells 
Layer 1 Layer 2 

Layer 3 
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between 4 and 11. The total recharge was spatially distributed according to the weighting 
map.  

Table 1: average annual rainfall records in Ruataniwha basin 

Year 

Rain at different station [meter] 
Average 
[meter] 

Average 
volume 

[million m
3
] 

Brinkswey 
Chesterman 

Parkhill Punanui Tikokino 

1996 0.9020 1.2870 0.9430 1.1350 1.0711 840.7743 

1997 1.0220 1.5310 1.0150 1.1760 1.1680 916.8800 

1998 0.5980 0.9050 0.6030 0.7790 0.7112 558.2920 

1999 1.0140 1.2250 0.9460 1.1550 1.0769 845.3273 

2000 0.9470 1.3450 0.9530 1.0910 1.0809 848.4673 

2001 0.8970 1.1780 0.8940 1.0470 0.9945 780.6629 

2002 0.9850 1.4700 0.9445 1.0380 1.1084 870.0744 

2003 1.0060 1.2980 0.9950 1.0710 1.0961 860.4189 

2004 1.0960 1.4510 1.0320 1.1700 1.1764 923.4740 

2005 1.0350 1.4400 0.8690 1.1370 1.1126 873.4106 

2006 1.0915 1.5435 1.1240 1.3556 1.2807 1005.3103 

2007 0.7755 1.001 0.778 0.9409 1.0711 840.7743 

 
See Appendix A for detailed calculation for spatial recharge distribution 
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Figure 6: Recharge weight map. 

 

3.2.2 Rivers boundaries 

The major rivers in the basin with significant flow are: Waipawa River, Tukituki River and 
Makaretu Stream (Figure 7). Other smaller streams have less flow rate and these are: 
Manganuku Stream and its tributaries, Tukipo River and its tributaries, Managtewai Stream 
and Maharakeke Stream.  

For the purpose of steady state simulation, the required data included riverbed elevation, 
thickness of riverbed, river stage or flow record of the river at each cell, and streambed 
conductance. Table 2 lists the rivers and streams considered in this model with average 
inflow and outflow rates (Baalousha, 2008). 
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Figure 7: Rivers in Ruataniwha basin, and flow gauging points (red squares). 

 
All rivers and streams in Ruataniwha basin join to form two rivers that exit the basin: 
Waipawa and the Tukituki. Waipawa and the Tukituki Rivers meet about 10 Km to the east-
south of basin boundary, forming the Tukituki River. 
There are two gauging stations just outside the basin boundary on the Waipawa and Tukituki 
Rivers (Figure 7). The average annual outflow at these stations is given in Table 2.  
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Table 2: Rivers in the Ruataniwha basin (from north to south) with average annual inflow and 
outflow [million m

3
] (Baalousha, 2008) 

River/Stream Inflow rate Outflow rate 

Mangaonuku Stream ND 

453.90 Mangaoho Stream ND 

Waipawa River 297.6 

Kahahakuri Stream ND 

486.83 

Tukituki River 146.40 

Tukipo River ND 

Tangarewai Stream ND 

Mangatewai Stream ND 

Porangahau Stream ND 

Makaretu Stream 45.45 

ND: no data 

3.3 Hydraulic properties 

 

The hydraulic properties of the basin are not well researched and few reliable investigations 
have been conducted in the area. Many aquifer-tests; however, have been carried out in the 
basin over the last 30 years. Aquifer tests data have been used to assign the permeability at 
different locations in the basin. This data has not been quality assured.  

 

3.3.1 Hydraulic conductivity 

All model layers were divided into different zones of different permeability values. The 
zonation was based on surface- subsurface geology, lithology, and aquifer testsô data. 

As the basin geology is heterogeneous, hydraulic properties may significantly vary. Hydraulic 
conductivity in the basin was assumed to decrease from top to bottom as a result of 
differences in coarse material filling the basin and the difference between Young Gravel 
Formation and Salisbury Gravel. 

 

Figure 8 shows the locations of aquifer tests that were carried out in the basin over time. 
Results of aquifer tests suggest that the area around Waipawa River has the highest 
transmissivity, whereas areas in the southern part of the basin have the lowest 
transmissivity. Tritium2 data confirmed this assumption (Pattle Delamore Partners, 1999). 

 

An area between the syncline fold axis to the east of highway 50 and the eastern limit of the 
basin is covered with a thick young un-compacted gravel layer, deposited by the historical 
Waipawa River (Hawke's Bay Catchment Board & Regional Water Board, 1984). This area 
has high transmissivity values. 

 

As shown in Figure 8, transmissivity values vary between 30 and 10000 m2/day. Knowing 
that a typical aquifer has a thickness of 10 metre, the corresponding permeability values vary 
between 3 and 1000 m/day. Aquifer test data suggests a typical permeability value varies 
between 30 and 70 m/day. 

In this model, the non-calibrated permeability values vary between 10 m/day and 40 m/day 
for the Salisbury and the Young Gravel, respectively. Anisotropy factor of 0.1 was assumed 

                                                
2 Tritium ( symbol T or 3H, also known as Hydrogen-3) is a radioactive isotope of hydrogen. 
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for the vertical hydraulic conductivity. These values were selected based on previous 
modelling results and they will be adjusted in calibration process. 

The aquitard layer (semi-confined) between the young and old gravel was given a hydraulic 
conductivity of 7 m/d in the horizontal direction and 1 m/d in the vertical direction. These 
values of permeability were later adjusted in calibration 

 

Figure 8: Transmissivity values (aquifer test data- not quality assured). 
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3.4.2 Riverbed conductance 
 
 
Riverbed conductance is one of the most uncertain parameters. No field data of riverbed 
conductance was available. Riverbed conductance can be computed as follows: 

M

WLK
eConductanc         Equation (1) 

Where: 

K: is the vertical hydraulic conductivity of the river bed. 

L: is the length of the river in the model cell. 

W: is the width of the river. 

M: is the thickness of the river bed. 

 

Values of river bed conductance used by Phreatos (2003) vary between 4000 m2/day and 
7500 m2/day. In general, river bed vertical hydraulic conductivity varies between 0.001 m/day 
to 1 m/day, depending on type of bed sediments and groundwater-surface water interaction. 
It is assumed that gaining river reaches have higher hydraulic conductivity than losing rivers 
as the fine-grained sediments, which can reduce conductance in a passing river, can be 
flushed away by upward movement of groundwater through the riverbed in a gaining river. 

 
Figure 9 shows the gain-loss patterns of rivers and streams in Ruataniwha (Hawke's Bay 
Regional Council, 2003). The main rivers (Waipawa and Tukituki) are losing in the west of 
the basin and drying in the east, as they leave the basin. The longest dry reach occurs on the 
Waipawa River before the Mangaonuku river joins it, as the gravel in the area is thick and 
highly permeable. It is believed that most of river water is lost to adjacent springs and the 
Kahahakuri stream (Hawke's Bay Catchment Board & Regional Water Board, 1984). 
 
Values of hydraulic conductivity of riverbed were assigned at the beginning in a range of 0.01 
to 1, depending on gain-loss relation shown in Figure 9. These values were adjusted in mode 
calibration process.  
To reduce uncertainty in riverbed conductance, values of river width and length at each cell 
of river passage were obtained from engineering survey. These values were used to 
compute riverbed conductance based on Equation (1) above. 
Riverbed conductance ñun-calibratedò vary between 10 m2/d for small streams and 4000 
m2/d for larger rivers. Table 3 lists the rivers and streams that were considered in the model. 
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Figure 9 Gain and loss river patterns in the Ruataniwha basin. 

 

3.4 Steady state groundwater head 

 
Development of the area of study started in the early nineties as agricultural activities  
intensified. Pre-development conditions can be assumed before 1990, based on information 
gathered from locals.  
 
Historical information on groundwater piezometric level is sparse. Some historic piezometeric 
level data was identified in a literature search, as shown in Figure 10 (Hawke's Bay 
Catchment Board & Regional Water Board, 1984) (Figure 10).  
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Table 3: Average widths of rivers and streams within the model domain. 

River/stream Average width [m] River/stream Average width [m] 

Waipawa 230 Maharakeke 23 

Tukituki 60 Porangahau 30 

Makaretu 28 Mangaonuku 77.6 

Tukipo 49 Mangamauku 13 

Mangatewi 12 Kahahakuri 39 

 

 

Figure 10: Pre-development groundwater piezometric level (metres above mean sea level, 
1979) 

It is assumed that no significant change occurred in groundwater head until the mid 1990s 
when agricultural activities intensified. In all cases, initial head values in steady state 
simulation do not affect the output of the model. A good initial head does not require a large 
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number of iterations, whereas a bad initial head results in non-convergence. Therefore, the 
initial head was input in a process of trial and error to obtain a good convergence. 
 

3.5 Groundwater abstraction 

 
Little is known about groundwater abstraction in the pre-development stage, but it is 
estimated to be a small amount, compared to other flow components. Data on groundwater 
abstraction and wellsô distribution was taken from Hawke's Bay Catchment Board & Regional 
Water Board. (1984). Figure 11 shows different types of wells in the pre-development stage 
of the Ruataniwha basin. Abstraction rate was taken from consent data available in the 
previously mentioned report. 
 

 

Figure 11: Wells in the Ruataniwha basin - pre-development stage. 

The total average historical water consumption (in 1980) in Waipawa, Waipukurau and the 
smaller communities in the area was approximately 4555 m3 per day (Hawke's Bay 
Catchment Board & Regional Water Board, 1984). This amount was secured by some wells 
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that existed outside the model boundary. There is only one well close to Takapau (Figure 
11), which was used for public water supply. 
Agricultural water wells were clustered around the Waipawa River and Tukituki River. Most of 
them are shallow and penetrating the young gravel layer. 
Water abstraction for industry was mainly for Hawkeôs Bay Farmersô Meat Company 
Freezing Works at Takapau and some minor industries such as eel processing and pet food 
manufacturing plants at Waipukura were exist.  
In general, the total abstraction was minor compared to the greater water balance. As the 
steady state conditions were assumed prior to 1990, the historical data of 1990 was used in 
the model. 
 
Based on literature information and old consent data, the total water use in 1990 was 
estimated at 6.0 million m3 per year.  
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4.0 UNCALIBRATED MODEL RESULTS 

 
As many input parameters are either estimated or literature values, the first model run was based 
on trial and error in which adjustment of hydraulic parameters was required to achieve a 
convergence. The results of the model are described as follows. 
 

4.1 Groundwater head 

 
Figure 12 shows the resulted groundwater head. Head values vary from 150 metre downstream 
(blue colour) to 350 metre upstream (light green). Values of groundwater head are shown in the 
bar at the left side of Figure 12. The arrows in the figure identify the inferred flow direction and the 
length of the arrows representing flow magnitude.  
 

 

Figure 12: Groundwater head contour map (un-calibrated). 
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5.0 MODEL CALIBRATION 

Model calibration is an important part of model development. The model was calibrated by 
changing input values of uncertain parameters such as hydraulic properties and groundwater 
recharge. The model output was compared to field observation. In this study, groundwater head 
data from 47 wells were used for calibration (Figure 13). This data was obtained from late 1980s 
historical records. In this model three parameters were calibrated: hydraulic conductivity of the 
three layers, groundwater recharge and riverbed conductance.  

Hydraulic conductivity was automatically calibrated using Parameter Estimation and Optimisations 
ñPESTò within Visual MODFLOW environment ñWinPESTò. Riverbed conductance, however, was 
manually calibrated as WinPEST does not handle this variable.  

 

Figure 13: Location of observation wells used for calibration. 
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The following model calibrations were conducted: 

 Automatic calibration of hydraulic conductivity. 

 Calibration of recharge. 

 Calibration of riverbed conductance. 

 

5.1 Automatic calibration of hydraulic conductivity 

The three layers of the model were divided into zones of different hydraulic conductivity values for 
the purpose of calibration. Each zone has a range for hydraulic conductivity value, and WinPEST 
adjusts the value within the assigned range during calibration. Zonation of layers 1, 2 and 3 is 
shown in Figures 14, 15 and 16; respectively.  

 

Figure 14: Zonation of layer 1 (numbers indicate zone number). 
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Figure 15: Zonation of layer 2 (numbers indicate zone number). 

 
This zonation was based on surface and subsurface geology, to reflect any change in hydraulic 
properties. WinPEST reads the initial values of hydraulic conductivity for each zone, runs the 
model and solves for Jacobian matrix3 with respect to each zone. Based on Jacobian matrix, 
WinPEST assigns new values of hydraulic conductivity and runs the model based on the new 
adjusted values. This optimization process continues until the residual (i.e. the root mean square 
error between modeled and observed head) is as small as possible.  
The calibrated values of hydraulic conductivity for each zone are shown in Table 4. Note that zone 
1 was assigned to inactive cells (by default). 

                                                
3 The Jacobian matrix is the matrix of all first-order partial derivatives of a vector-valued function 
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