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Basic to FA, is knowing the cost of effectively meeting the compliance mandates listed and described 
in Project Financial Assurance section above. The purpose and scope of this FA assessment (Fred 
Hansen, EPA, 1997, p. 2) is a composite and accurate estimate of the costs of that compliance. Such 
estimation is challenged on three fronts: data uncertainties, sourcing, and assumptions. 
 
11.7.1 Uncertainties 
For FA estimation, the first uncertainty is the lack - that comes with a relatively new industry - of 
corresponding historical cost data. The geologic sequestration of CO2 via the method of deep 
subsurface injection remains a relatively new undertaking. This applies most directly to data sets 
worthy of parametrization in the service of cost estimation. Data useful for infrastructure and 
operational costs evaluation continues to be scarce, and thereby subject to application only through 
indirect comparison and analogy – in particular, through the use of data reflecting oil and gas (O&G) 
fields’ subsurface infrastructure development and operations costs. Such O&G industry costs reflect 
global markets, are affected politically, and have a distinct history of price/cost volatility. Accordingly, 
the indirect nature of volatile cost-data comparisons brings compound uncertainties; and inevitably, 
estimates’ extended ranges.  
 
The second uncertainty is the evolving cost of applied technologies, materials, and their associated 
operational changes to be employed for compliant management of CO2 geologic sequestration. As 
the subsurface carbon sequestration industry grows and matures, changes to regulatory design and 
operational standards are probable, and are equally likely to materially impact the cost of doing 
business – even post-injection.  
 
The third is the uncertainty with shifting EPA, TRRC, or TCEQ standards regarding FA, FA costs 
estimation, associated risks assessment, and practical assessment of risk-underwriting scale and 
scope. 
 
11.7.2 Data Sources 
This FA analysis aligned with EPA’s UIC Program Class VI Financial Responsibility Guidance (EPA, 
2011) as the basis to define the activities required to be included in the cost estimate. Supported by 
that guidance, Milestone Carbon’s FA-relevant Permit Application sections (EPA phases) were 
reviewed for operational and technical approach, for CO2 injection model output, and post-injection 
FA activities’ durations and periodicities.  
 
Additionally, for FA required activities, both estimated costs and their stochastic treatments were 
guided by a variety of Agencies’, National Laboratories’, Universities’, and Industries’ data and 
expertise. Sources included: 
 

• Historic price data from other Petrotek managed UIC projects and FA analyses; 

• Cost quotations from third-party service providers; 

• Academic investigation and assessment of distribution functions application; 

• PNL’s Assessment of the Geomechanical Risks Associated with CO2 Injection at the 
FutureGen 2.0 Site (PNL, 2019); 

• EPA’s Geologic CO2 Sequestration Technology and Cost Analysis (EPA, 2008); 

• DOE’s Final Risk Assessment Report for the FutureGen Project Environmental Impact 
Statement (NETL, 2007); 

• NETL’s Overview of Potential Failure Modes and Effects Associated with CO2 Injection and 
Storage Operations in Saline Formations (DOE/NETL, 2020); and 

• Petrotek professional engineering, project management, and estimation expertise. 
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11.7.3 Data Assumptions 
Almost by definition, estimation of FA cost looks far into future technologies and operational cost 
relationships. Realities of carbon sequestration industry price escalation and general macroeconomic 
inflation are important factors. However, aligned with EPA Class VI Permit Application submission 
requirements (EPA, 2011, p7) for initial FA analysis, “current dollars” (December 2024) are employed. 
 
11.7.4 Monte Carlo Simulation  
Monte Carlo simulation has been used for estimating FA costs in the current evaluation. While this 
overview does not aim to be a comprehensive guide on the technique, a brief explanation of Monte 
Carlo simulation will help contextualize its application for this Milestone Carbon FA evaluation, which 
focuses on future events. 
 
Monte Carlo simulation is a computational method that uses random sampling to model and analyze 
uncertain systems or processes. In cost forecasting, this technique involves running numerous 
iterations with varying input values and assumptions to generate a range of possible cost estimates. 
By examining different combinations of input variables, such as FA cost drivers, (e.g. probability of 
events, ranges of costs), Monte Carlo simulation captures the inherent uncertainty in forecasting. 
 
The core idea behind Monte Carlo simulation is that any uncertain variable, such as the cost of an 
unanticipated event, can be represented by a probability distribution. This distribution describes the 
range of possible values and their likelihood. For example, a probabilistic cost estimate of an FA 
operational activity might be appropriately modeled using a parameterized distribution reflecting 
Gaussian (normal), Weibull, beta-PERT, Gamma, etc. distributions. According to the particular activity 
modeled, each distribution would be chosen and parameterized specific to the nature of the activity’s 
estimated scale, scope, periodicity, duration, and probability.  By assigning crafted probability 
distributions to specifically uncertain variables in the FA cost analysis, we create a mathematical 
model of the total FA cost estimate. 
 
The process involves using a random number generator to sample values from each distribution and 
calculate a total event cost. Repeating this process many times produces a large set of simulated 
event costs, which form a frequency distribution. This distribution reveals the most likely FA total cost, 
percentiles of cost, as well as the minimum and maximum possible costs. It also shows the probability 
of achieving a specific cost target or staying within a certain range. This information helps assess the 
likelihood or probability of the FA cost based on the model. 
 
Monte Carlo simulation is particularly useful for addressing and quantifying uncertainties in complex, 
future, and non-linear systems. In the context of FA, it combines multiple cost and probability estimates 
- first individually and then aggregated through Monte Carlo analysis - to provide a range of possible 
FA costs and associated probabilities. Compared to other forecasting methods, such as deterministic 
or single-point estimates, Monte Carlo simulation offers several advantages. It: 
 

• Captures the complexity and interdependence of multiple variables and factors that affect FA 
cost, such as resource availability, quality issues, and external risks; 

• Provides a realistic and comprehensive view of the uncertainty and variability of FA cost, and 
quantifies the level of confidence and accuracy of the estimate; 

• Identifies the key drivers and contributors of FA cost and highlights potential areas of high 
risk and/or opportunity; 

• Supports decision making and risk management by providing quantitative treatments and 
metrics.  These include FA total and FA phases’ costs range, mean, median, mode, standard 
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11.8.3 Charts of Monte Carlo Output Distributions 
Associated charts for each major category and the final project output displayed in Figures 11-1 
through 11-6 which contain the output distributions for each FA Phase. Several of the distributions 
contain long tails indicating worst-case scenario(s) were contemplated but they are low probability 
event(s). 
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11.9 Update Schedule 
Milestone will provide updates on an annual basis to the EPA UIC Director if there are any changes 
to the Financial Assurance portion of the permit. Milestone will adjust the Financial Assurance within 
60 days after changes approved by the Director. Milestone will maintain financial instruments during 
the review period. If permit sections or cost estimates change regarding area of review and corrective 
action plan, injection well plugging plan, post-injection site care and or site closure plans, the 
associated FA section and costs will be updated. Changes with written estimates will be submitted to 
the UIC Director within 60 days.  
 
If there are no changes, Milestone will submit a letter stating that no changes are needed at this time, 
except for inflation adjustments. 
 
11.9.1 Inflation Adjustments 
Milestone will automatically adjust the FA instruments for inflation based on CPI tables for the 
preceding calendar year. This adjustment will be included in the annual update. 
 
11.10 Duration 
Milestone will maintain adequate FA instruments and renew instruments for the entire duration of the 
geologic sequestration project until the EPA UIC Director receives and approves a completed post-
injection site care and site closure plan and approves the site closure plan.  
Milestone may request release of FA obligations if it has completed a phase of the geologic 
sequestration project for which the financial instrument was required and has fulfilled all its financial 
obligations as determined by the UIC Director. 
 
11.11 Third Party Instruments 
When using a third-party instrument to demonstrate financial responsibility, Milestone will provide a 
proof that the third-party providers either have passed financial strength requirements based on credit 
ratings; or has met a minimum rating, minimum capitalization, and ability to pass the bond rating when 
applicable. 
 
11.12 Increases or Decreases 
The EPA UIC Director must approve any decrease or increase to the initial cost estimate. During the 
active life of the geologic sequestration project, Milestone will revise the cost estimate no later than 
60 days after the Director has approved the request to modify the area of review and corrective action 
plan, the injection well plugging plan, the post-injection site care and site closure plan, and the 
emergency and response plan, if the change in the plan increases the cost. If the change to the plans 
decreases the cost, any withdrawal of funds must be approved by the Director. Any decrease to the 
value of the financial assurance instrument must first be approved by the Director. The revised cost 
estimate will be adjusted for inflation (Section 11.9.1).  
 
Whenever the current cost estimate increases to an amount greater than the face amount of a financial 
instrument currently in use, Milestone, within 60 days after the increase, will either cause the face 
amount to be increased to an amount at least equal to the current cost estimate and submit evidence 
of such increase to the Director, or obtain other financial responsibility instruments to cover the 
increase. Whenever the current cost estimate decreases, the face amount of the financial assurance 
instrument may be reduced to the amount of the current cost estimate only after the owner or operator 
has received written approval from the Director. 
 






