
Water Management and Water 
Quality Modeling Using GoldSim



What is  a  Wate r Ba lance?
• A water balance tracks how water moves 

through a system: inflows, outflows, 
storage, losses, reuse, and discharge.

• It builds on the water cycle: rainfall, 
runoff, infiltration, evaporation, recharge, 
and discharge; and extends it to managed 
systems with infrastructure, operations, 
and demand.

• Water balance models support decisions 
around supply reliability, containment and 
discharge, environmental compliance, risk 
management, and operational 
optimisation.



GoldSim  Technology Group
• Originally a division of Golder Associates (now WSP)
• Began developing GoldSim in 1990

• First customers were US Department of Energy and analogous government 
organizations in Spain and Japan

• Focused on simulating complex engineering systems associated with radioactive 
waste management (probabilistic contaminant transport modeling)

• Originally provided software only to clients
• Started marketing software in 2002

• Rapidly expanded into other related arenas (mining, water resources, business 
modeling)

• Became independent company in February 2004
• Acquired by Datacor in March 2026



GoldSim  in a  Nuts he ll



“The  ability to de fine  what may happen in the  future  
and to choos e  among a lte rna tive s  lie s  a t  the  heart  of 
contemporary s oc ie tie s .”
Pe te r Be rns te in, Aga ins t the  Gods : The  Re m arkable  Story of Ris k

“Our knowledge  of the  way things  work, in s oc ie ty or 
in na ture , comes  tra iling c louds  of vaguenes s .  Vas t  
ills  have  followed a  be lie f in ce rta inty.”
Kenne th Arrow (Nobe l Laure a te , Econom ics , 1972) 



What we re  the  m ain drive rs  behind the  
deve lopm ent of GoldSim?

• Many complex engineered systems require predictions of future performance of in 
order to optimize system design and demonstrate compliance with regulatory 
requirements.

• These systems often have lots  of uncertainty (e.g., due to long time frames or lack 
of knowledge) and/or involve stochastic processes. 

• Analyses are often subject to great public and/or regulatory scrutiny and hence 
need to be transparent and easy to explain to multiple audiences.

• Projects  are often long (years) and complex, requiring frequent (and efficient) 
updates and iteration of the model as  new information was collected and the 
design evolved.

 Goal was to create a general-purpose simulation framework that could 
meet these needs.



What is  GoldSim?

GoldSim is a general purpose dynamic probabilistic simulation framework.
o Models are constructed graphically using a wide variety of modeling objects, each of 

which carries out a specific mathematical operation.

It was designed to model (predict) the performance of complex, 
uncertain systems.

o Many environmental systems are inherently uncertain due to uncertainty in 
weather, ore grade, demand, etc.

It is  used to:
o Help decision-makers choose between and defend alternatives in 

a quantitative manner.
o Gain a diagnostic understanding of the system, ask "what if" 

questions about it, and evaluate alternative designs, policies, and 
plans. 



You manipulate 
graphical objects  
(called elements) to 
draw a schematic or 
influence diagram of the 
system being simulated. 
Models  can consist of 
tens, hundreds and 
even thousands of 
elements.

How do you build a  GoldSim model?



GoldSim  provides  ove r 50 e lem ent types …



Each element carries out a 
particular operation and has a 
unique icon.  In addition to 
adding powerful capabilities, 
this helps make the model 
logic and structure more 
transparent.



Dynam ic  Sim ula tion Controls
• Model objects  can reference 

time directly
• Elapsed Time
• Elapsed number of hours or days 

or seconds, etc.
• Date, month, day of week, day of 

month, month, hour of day, etc.

• Powerful time stepping options
• Adjustable, dynamic time steps
• Telescoping time steps
• Automatically inserted steps 

(e.g., in response to discrete 
events)



Probabilis t ic  Sim ula tion

• GoldSim puts  great emphasis  on probabilistic s imulation and 
producing probabilistic predictions of performance 

• Was designed from the ground up to be a powerful Monte Carlo 
simulator

• Designed to represent:
• Uncertain parameters  and processes
• Stochastic processes and events



Probabilis t ic  Sim ula tion Res ults



Probabilis t ic  Sim ula tion Res ults



GoldSim  Unde rs tands  Units  and Dim ens ions
When building a model, GoldSim enforces dimensional 
consistency and does all unit conversions internally
GoldSim has a large internal database of units (and 
custom units  can be added if necessary)



GoldSim  m ode ls  a re  typica lly deeply 
hie ra rchica l
• GoldSim provides:

• Unlimited nesting of hierarchical models
• Local variables

• Advantages
• Easy to understand
• Reusable components
• Can support very large models





Pres enta tion and Docum enta tion
Recall one of the main drivers  for development of GoldSim:

• The goal is the model itself is the documentation and 
the presentation

As a result, GoldSim provides many tools for documenting 
and explaining a model 

• Analyses were subject to great public and/or regulatory scrutiny and 
hence needed to be transparent and easy to explain to multiple 
audiences.

Presenter Notes
Presentation Notes
One of the most powerful and unique features of GoldSim is its ability to incorporate graphics, text, images and hyperlinks into a model.
These capabilities, coupled with GoldSim’s ability to create “top-down” models, allow you to describe your model at different levels of detail to different audiences



Im ages , Graphics , Text and Hype rlinks



Creating Das hboards
• You can design and construct a "dashboard" 

interface for models. 
• The interfaces can be designed to look like "control 

panels", with buttons, gauges, s liders  and display panels, 
instructions, etc.

• A “dashboarded” model can be distributed and then 
viewed and run using the free GoldSim Player.



Das hboard Exam ples



GoldSim  Applica tions



Types  of GoldSim  Applica tions
• Solving a very specific problem (e.g., water balance for a mine).
• Using GoldSim as a system integration tool to represent all aspects  

(e.g., flows, water quality, costs, risks) of a very complex system in 
a s ingle model.



Site -Wide  Wate r Ba lance
• Security of Supply
• Environmental compliance
• Operational Efficiency
• Encompass the life of the 

mine from feasibility to 
post-closure.

• Time-dependent definition 
of input data and system 
rules.

Presenter Notes
Presentation Notes
GoldSim is used extensively in mining industry for decision-support modelling, and mine site water balance is a strong example because it connects technical modelling directly to operational, environmental, and financial decisions. This slide shows a site-wide mine water balance model, where all major water sources, storages, transfers, treatment processes, and discharge pathways are represented in one integrated system. The value of this type of model is that it helps answer practical questions such as: Do we have enough water for operations? Are we storing too much water? When might we need to discharge, treat, recycle, or supplement supply? A key benefit is security of supply. The model can test whether water is available when and where it is needed, especially under different climate conditions, production schedules, or mine development stages. It also supports environmental compliance by tracking controlled releases, treatment requirements, sediment ponds, discharge points, and the risk of exceeding licence or water-quality limits. From an operational perspective, the model improves efficiency by showing where water can be reused, where bottlenecks occur, and how infrastructure such as ponds, pumps, pits, and treatment plants interact. One of GoldSim’s strengths is handling uncertainty and future scenarios, such as wet years, dry years, changing pit geometry, expansion phases, or post-closure conditions. The model is not just for operations; it can encompass the full life of mine, from feasibility and design through active mining, closure planning, and post-closure water management. The main message is that GoldSim turns a complex water management system into a transparent, scenario-based decision tool that helps mine operators plan ahead rather than react to problems.



Mine  Wate r Trea tm ent

Presenter Notes
Presentation Notes
This slide highlights GoldSim’s Contaminant Transport module, which allows the model to go beyond water volumes and also represent water quality. In mine water treatment, that means we can simulate processes such as chemical dosing, neutralisation, precipitation, sludge generation, aeration, and effluent quality. The key message is that GoldSim can link flows and concentrations, so changes in water movement through the site can be reflected in treatment performance and downstream water quality. This is especially useful for testing different treatment strategies and checking whether the system can meet discharge or compliance requirements under changing operating conditions.



Sim ula tion of Heap Leach Fac ility

Presenter Notes
Presentation Notes
This slide is simply to show another example application of GoldSim: simulating a heap leach facility. The model can represent the key water movement processes, including rainfall, evaporation, runoff, infiltration, percolation, and flow collection at the pad base. It is useful for testing how the facility behaves under different weather conditions, operating assumptions, and closure scenarios.



Integra ted Wate r Managem ent

Presenter Notes
Presentation Notes
This slide moves beyond mining and shows the broader application of GoldSim in Integrated Water Resources Management
. The framework is driven by four main components: natural elements, structural components, viewpoints, policies and economics, and external human and environmental factors. In the real world, there are uncertainties associated with each of these components, such as climate variability, infrastructure performance, allocation rules, demand growth, environmental requirements, and stakeholder priorities. GoldSim provides a way to encapsulate and quantify these uncertainties within a modelling framework, so we can assess how they affect the robustness and reliability of a water supply system. The purpose is not only to predict the future, but also to support exploration, communication, negotiation, and decision-making. This is important because water management decisions are rarely made in isolation. A decision that improves one part of the system may create unintended impacts elsewhere. GoldSim helps make those system interactions and feedbacks visible, including how supplies, demands, policies, and infrastructure performance change over time. For practitioners working with broad stakeholder groups, the model becomes a useful communication tool, helping different perspectives be incorporated into a common decision-support framework. The key message is that simulation provides a powerful way to compare management options, understand long-term implications, and design measures that improve the reliability and resilience of the overall water system.



Wate r Supply Re liability

Presenter Notes
Presentation Notes
This example shows GoldSim being used to assess water supply reliability under uncertainty. The model can combine supply sources, demands, infrastructure, operating rules, and population growth assumptions in one framework. The dashboard view is useful because users can quickly test scenarios, such as different demand growth rates, source availability, or infrastructure constraints. The main message is that GoldSim helps quantify how often shortages may occur, and which parts of the system are most important for improving reliability.



Wate r Supply Planning

Presenter Notes
Presentation Notes
This slide extends the idea into broader water supply planning and decision support. GoldSim can compare different management options, such as surface water, groundwater, reuse, desalination, transfers, storage, and conservation. It can also include decision criteria, stakeholder preferences, constraints, supply uncertainty, and demand uncertainty. The key point is that GoldSim provides a transparent framework for testing long-term planning options and understanding the trade-offs between reliability, cost, policy, and demand growth.



Long-Te rm  Wate r Planning

Presenter Notes
Presentation Notes
This example shows GoldSim being used for long-term regional water planning, where future system behaviour is assessed over many years or decades. The model can test different hydrology, development, demand, and climate scenarios to understand how reservoir storage and supply performance may change over time. The key point is that GoldSim helps planners look beyond a single forecast and explore a range of possible futures.



Clim ate  Change  and Variability 
Assessment of the system performance under projected climate conditions to identify the shortfalls and 
necessary mitigative measures at future milestones. 

Presenter Notes
Presentation Notes
This slide highlights the importance of assessing water systems under future climate uncertainty. Climate change can affect rainfall, evaporation, runoff, recharge, demand, and the frequency of droughts or extreme events. GoldSim allows these future climate scenarios to be incorporated into the model, so we can identify potential shortfalls and test mitigation measures at key planning milestones.
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Presenter Notes
Presentation Notes
This slide shows that water consumption behaviour is not uniform across a system. Demand patterns can vary by location, geography, climate exposure, land use, and demographics. These differences may occur at a broad regional scale, but also at a much finer level, such as precinct-by-precinct or suburb-by-suburb. By using observed consumption data, we can develop more realistic demand projections rather than relying only on broad averages. This allows GoldSim to represent different demand zones and produce more informed, robust projections over time.



Dem and Managem ent Planning
• Probabilistic representation of water demand, daily and seasonal variations 

and annual trends.
• Actual demand values used rather than “maximum” or “average”.
• System readiness for projected growth in population and water consumption .
• Simulate the effectiveness of demand management measures. 

Sources: Estimating Peak Daily Water Demand under Different Climate Change and Vacation Scenarios, Vonk et al. (2019), 
Water Demand Management, Ali El-Naqa, Hashemite Univ. 

Presenter Notes
Presentation Notes
This slide focuses on representing demand as an uncertain and variable input, rather than a single fixed value. GoldSim can account for daily variation, seasonal peaks, long-term trends, population growth, and changing consumption behaviour. This helps assess whether the system is ready for future demand growth and peak demand periods. It also allows demand management options, such as restrictions, conservation measures, or water efficiency programs, to be tested before implementation.



Wate r Supply Re liability Me trics

Presenter Notes
Presentation Notes
Once the scenarios are simulated, we need clear metrics to interpret the results. Common performance measures include reliability, which is how often the system avoids failure; resilience, which is how quickly it recovers after a failure; and vulnerability, which is the severity of the failure when it occurs. GoldSim is particularly useful because it can generate many possible future traces, allowing these metrics to be quantified rather than judged subjectively.
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