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Figure 4-1: Extent of Alluvium Sediments, CID, and Ministers North aquifers. 
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Figure 5-1: Model domain and mesh. 
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Figure 5-2: Top of model elevations (top) and Alluvium Aquifer thickness (bottom). 
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Figure 5-3: Aquifer thicknesses for CID (top), Basement and Ministers North (bottom) aquifers. 
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Potential evaporation rates were estimated based on the average value from the SILO data set 
(1598 mm/year), while a nominal initial value of 5 m was assigned to the extinction depths. Both 
parameters were further adjusted during history matching. 

 

5.4.3 Marillana Creek seepage 
Water exchanges between Marillana Creek and underlying units have been implemented using general 
head boundaries using the GHB package. Fluxes between these boundaries and its containing cell are a 
function of the head difference between the boundary and cell, multiplied by a conductance factor 
which relates to the aquifer hydraulic conductivity, interface area and distance to the boundary. 

Seepage from Marillana Creek constitutes the main recharge source within the model domain. From a 
conceptual point of view, and given the ephemeral characteristic of this creek, recharge episodes from 
Marillana Creek are expected to occur following significant rainfall events after which the creek remains 
wet long enough to promote seepage. 

The boundary head values assigned in the model equated to the topographic elevation (as a proxy for 
the creek water elevation) and the conductance term. Conductance values were defined as a function of 
vertical hydraulic conductivity and cell size, plus an additional conductance factor was included to 
enforce rainfall-based thresholds for the conductance. Two thresholds were adopted for the monthly-
averaged daily rainfall, as illustrated in Figure 5-5. The lower threshold would ensure that significant 
seepage events occur only for months where the threshold has been exceeded, while a maximum 
conductance would be maintained by the high threshold in the case of extreme rainfall events. The 
conductance factor varies from 0 (minimum threshold) to 1 (max threshold) using a sigmoid function.  

For the steady-state stress period, the average rainfall value (413 mm/year) has been utilized for 
calculation of rainfall-based conductance factor, while historical average monthly rainfall values were 
used for the transient stress periods. 

 



  

  

BHP Yandi E8 Groundwater Model 

9 

 
Figure 5-5: Example of threshold-based conductance adjustments for the Marillana Creek boundaries. 

 

5.4.4 Surface water drainage 
Drain boundaries using the DRN package were implemented to simulate groundwater discharge in the 
main creeks in the model domain other than Marillana Creek. These boundaries were assigned with an 
elevation equating to the topographic level (i.e., top elevation of model layer 1) minus a depth of up 3 
metres which was adjusted during the history matching process. The distribution of these drain 
boundaries is illustrated in Figure 5-6. 
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Figure 5-6: Distribution of surface water drainage cells. 
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Figure 5-7: Historical groundwater abstraction rates used in the model. 
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Figure 5-8: Distribution of dewatering bores and sumps. 
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Figure 5-9: General head boundaries and diversion setup for Marillana Creek. 
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5.5.4 Creek discharge 
Excess water originatingfrom the dewatering operations was discharged to Marillana Creek in three 
discharge locations (West, Central and East) since 1996, at rates displayed in Figure 5-10. Seepage from 
the discharge into the Alluvium Aquifer was expected to occur and is simulated using prescribed flow 
boundaries (WEL package). 

The creek discharge boundaries were assigned in three stretches along the Marillana Creek. Each stretch 
was defined from the discharge point to maximum wetting front distance, based on anecdotal 
information from BHP WAIO (Figure 5-11). Historical discharge rates were split evenly between the cells 
of each discharge section, with the addition of a multiplier (adjusted during history matching) to 
represent the fraction of the discharged water that seeped into the Alluvium Aquifer. 

For the predictive period, it was assumed that discharge rates on the West and Central points will be 
ceased, and that a continuous discharge of 10 ML/d will be take place at the eastern discharge point. 

 

 

 
Figure 5-10: Marillana Creek historical discharge rates. 
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Figure 5-11: Distribution of creek discharge cells. 
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5.5.5 Rio Tinto dewatering 
Dewatering from two Rio Tinto pits (Mungadoo and Junction South West) was included in the model and 
simulated using the drain package (DRN). 

Given that dewatering information on those pits were not available, estimates of pit elevations were 
created based on historical groundwater levels from nearby monitoring boreholes (in particular, 
HYE0113M). These values (displayed in Figure 5-12) were assigned as the boundary elevations on the 
CID zone, as displayed in Figure 5-13. The elevation of the pit boundaries was kept constant, once it 
reached the lowest level (485 mAHD), towards the end of simulation, assuming both pits will remain 
active throughout the life of mine. 

Rio Tinto also have two other dewatering operations on Junction Central and South East pits, located in 
the western portion of the data. Dewatering from this pit was not included in the model given the 
absence of data. 

 
Figure 5-12: Simulated boundary elevations for the Rio Tinto Mungadoo and Junction South West pits. 
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Figure 5-13: Location of the simulated Rio Tinto pits. 

 

5.5.6 Future dewatering 
Throughout the predictive period, all active BHP Yandi dewatering was simulated using drain boundary 
conditions (illustrated in Figure 5-14). Boundary elevations were assigned based on target groundwater 
levels provided by BHP WAIO, as shown in Figure 5-15. 
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Figure 5-14: Location of predictive BHP pits. 
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Figure 5-15: Simulated Yandi pit elevations for the predictive period. 
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6. Parameterization 

6.1 Pilot point setup 
The definition of model parameters was conducted using the highly-parameterized approach with pilot 
points, as described by Doherty and Hunt (2010). In this approach, values for the various parameters (for 
both aquifers and boundary conditions) were assigned at multiple locations, known as pilot points. The 
values for each model cell were then determined by interpolation of the pilot point values. This method 
captured the variability within the different hydrogeological units and boundaries, and also laid the basis 
for the uncertainty analysis workflows. 

Multiple pilot point groups were defined for the different hydrogeological units and boundary 
conditions, displayed in Figure 6-1. Pilot points for the different aquifer properties were defined in a 
regular grid pattern with local refinement, while pilot points for the boundary parameters were 
distributed along their extension. The pilot point spacing was defined roughly as the distance between 4 
cells to ensure a smooth transition of pilot point values. 
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Figure 6-1: Distribution of the pilot points for the different zones. 
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6.2 Hydrogeological parameter ranges 
Pre-calibration ranges for the different model inputs were developed based on conceptualization and 
earlier hydrogeological studies conducted in the area.   
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Table 2 summarizes the parameter ranges adopted in the model recalibration. Prior parameter 
realizations were used using the initial values as parameter means, while the upper and lower bounds 
roughly equate to the 95% confidence intervals. Spatial correlation between pilot points was also 
incorporated in the definition of prior realizations with the use of covariance matrices, under the 
assumption that pilot point values lose correlation (i.e., reach the sill of the defined variograms) beyond 
three times the pilot point spaces. 

 

7. History Matching 

7.1 Methodology 
History matching refers to the process of adjusting model parameters, within ranges compatible with 
hydrogeological conceptualization, until the model is able to adequately reproduce historical data or 
past system behavior. The PESTPP-IES (White et al., 2018) iterative ensemble smoother (IES) was 
employed to calculate a suite of parameter fields, all of which minimize the misfit between simulated 
and measured observations. In broad terms, IES works by iteratively adjusting an ensemble of initial 
model parameter sets (the prior parameter ensemble) until they all adequately fit observation data. The 
prior parameter set is generated by sampling random parameter values from a user-specified statistical 
distribution which encapsulates expert knowledge (i.e., conceptualization) of parameter values and their 
co-variances. Thus, the parameter sets obtained through history matching (the posterior parameter 
ensemble) reflects the information content of both expert knowledge and measured observation data. 
By simulating a prediction with the posterior parameter ensemble, a sample of the forecast uncertainty 
is obtained. 

The IES procedure was performed using an ensemble of 1,000 parameter realizations and over 55,000 
observations. A relatively large number of parameter realizations (typically between 200-500) has been 
adopted to avoid the need of localization procedures (which may delay the IES iterations on model runs 
with more than 10,000 parameters) and minimize the potential for spurious correlations. 

Parameter bounds were enforced both during the generation of the prior realizations and throughout 
the IES iterations, ensuring that the parameter values stayed within the conceptual model ranges. 
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7.2 Observation data 
The history matching was undertaken against historical groundwater level measurements from 
hundreds of monitoring boreholes (Figure 7-1) distributed over the entire model domain and dating 
back to 1991. For reporting purposes, priority boreholes were chosen based on their location, data 
quality and time series length. All the groundwater levels utilized in the history matching are presented 
in the Appendix A. 

Temporal head differences were included as an additional metric for history matching. This metric was 
particularly important for the Yandi model to encapsulate information regarding the drawdown induced 
by the mining operations, as well as groundwater level changes associated with transient recharge (both 
diffuse rainfall infiltration and seepage from Marillana Creek). Groundwater level time series from each 
monitoring borehole were evenly divided in five parts, and head differences between the start and end 
of each part were included as observations. Furthermore, the total head difference between the first 
and last measurement of each borehole was also included as an observation. 

Lastly, given that the auto flow reduce option was enabled in the model, simulated pumping rates were 
compared against their corresponding prescribed values to ensure that historical rates were properly 
simulated. This metric was introduced to constrain hydraulic parameters to ranges that would enable 
historical pumping rates to be simulated (for example, high-yielding dewatering boreholes would 
require high conductivity values). 



  

  

BHP Yandi E8 Groundwater Model 

27 

 
Figure 7-1: Location of monitoring boreholes used in the history matching. 
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Figure 7-2: Simulated (median) and observed groundwater levels at selected locations. 
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Figure 7-3: Simulated (median) and observed groundwater levels at selected locations (continuation). 
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Figure 7-4: Simulated (median) and observed groundwater levels at selected locations (continuation). 

  



  

  

BHP Yandi E8 Groundwater Model 

32 

 

 

 

 
Figure 7-5: Simulated (median) and observed groundwater levels at selected locations (continuation). 

  
























































































