
Process Design and 
Optimization Methodology 
The framework for Geosyntec’s integrated modeling uses 
GoldSim software for water- and mass- balancing. This software 
can accommodate uncertainty in inputs (i.e., probabilistic 
inputs) such as influent water quantity/quality and equipment 
efficiencies. GoldSim can represent physical separation 
processes like filtration, sedimentation, and sludge pressing. 
However, the interaction of aqueous compounds are also of 
critical importance in many treatment systems. Geosyntec 
links GoldSim to PHREEQC, a USGS general purpose 
geochemical model, to accommodate important aqueous 
interactions, like pH adjustment, chemical precipitation, 
adsorption, and redox reactions. The combination of physical 
and chemical properties of the system allow for more accurate 
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Modeling to Balance Compliance and Capital/O&M Costs
Permitting and compliance decisions can have significant cost implications for permittees. However, quantifying cost 
impacts of these decisions can be challenging due to a variety of factors, including: uncertainty in wastewater quality or 
quantity, availability of treatment equipment alternatives, uncertainty in equipment performance/reliability, and different 
management methods for internal streams/treatment residuals. Quantitatively evaluating alternative treatment approaches 
and identifying the associated risks and costs for these wastewater treatment systems can be challenging. Wastewater 
treatment systems typically involve components that are interrelated – increasingly so with the rise of water reuse, where 
soluble constituents like chloride can be cycled up over time to create future operational or compliance issues.

This white paper describes Geosyntec’s novel integrated modeling approach for estimating the cost of compliance 
decisions and optimizing capital/O&M costs based on the permittee’s preferred spending plan and risk tolerance. This 
approach can also estimate risks of non-compliance based on uncertainty in feed characteristics/equipment performance 
and identify potential future residuals management issues (e.g. hazardous waste). The same model that is constructed 
for compliance purposes can also be updated with operational data after implementation of a compliance alternative to 
further optimize operations based on actual performance.

Integrated models are 
valuable planning tools 

that can be used to 
investigate upgrades 

and configuration 
modifications to 

wastewater treatment 
systems.

Figure 1. Schematic for optimizing a 
nanofiltration system with lime softening.
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Figure 2. A plant’s pond complex, as modeled 
in GoldSim, over an aerial image of the ponds.

estimates of interactions between different unit processes and the impacts of operational choices like pH setpoint on 
system performance, cost, and effluent quality. Model parameters can be adjusted with sampling data, pilot test results, 
manufacturer’s projections, and other data sources to accommodate application-specific factors.

The PHREEQC-linked GoldSim model can be used to investigate 
modifications to wastewater treatment systems, including modulating 
flow rates throughout the system, executing routing/bypass options, 
altering water reuse rates, and replacing treatment processes or 
treatment reagents. 

Case Studies
Geosyntec has developed adaptable site-wide water- and mass-
balance GoldSim-PHREEQC-linked models for coal-fired power 
plants in Ohio and West Virginia. The models allow the client to 
predict future wastewater flows and water quality for contemplated 
modifications to wastewater management systems. The models 
were designed for the client to support strategic planning for water 
management, risk analyses, the evaluation of potential environmental 
impacts, and assessment of treatment options at the facilities.


