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Overview

The focus of the National Risk Assessment Partnerships (NRAP) Task 5 is to provide analytical approaches to evaluate and quantify liability associated with responding to potential adverse environmental events at a geologic CO, saline storage (GCS) site. The
NRAP/SMART Technoeconomic and Liability Evaluation for Storage (TALES) model provides the basis for quantitative liability assessment and cost-based insights to support developers planning GCS projects. This study used the TALES model to evaluate the cost
associated with remediating a leakage event at a theoretical CO, storage site. TALES was used in tandem with NRAP’s Remed-Res model — an analytical model that quantifies optimal production rates for fluid production wells deployed as part of a pressure
management strategy to mitigate or safeguard against upward fluid migration at GCS sites. Scenario analysis was conducted to provide a means to compare the cost implications for a potential leakage event requiring remedial response. Two remedial response
scenarios were modeled: 1) successful plugging and abandonment of a potentially leaky legacy well, and 2) brine production that successfully manages reservoir pressure to mitigate a potential leak. To quantify liability for each scenario, the scenarios’ financial
results were compared against results from a baseline business-as-usual scenario where no adverse event occurred.

Task 5 Terminology NRAP Task 5 Focus: Environmental Adverse Events Case Study Scenario Matrix
Gained

Basic Definitions 4 Leakage of brine, CO,, or both A . Lost CO,
, ° CO; Injection Rate (Mtpa) Cumu!atlve Extrinsic Cost Items Storage Penalty Cost Extrinsic Cost Items freated
CO; Injected Item Water

Term Definition from storage formation Scenario Scenario Description Revenue
The financial consequence of an adverse event relative to a baseline toward or into an e L
o ore ears
Liability . underground source of Op. Years Op. Years Op. Years Op. Year 11 Op. Years 11-12 Op. Years 11-20
(expected/hopeful) scenario where no adverse event occurs. o 1-10  11-12  13-20
drinking water (USDW) or . _ .
An incident that is not part of the typical or ordinary activities of a Environmental S directly into atmosphere. y - [Baseline Case; no environmental adverse event . . . 20 N/A
Aelsi=na s Geologic Carbon Storage (GCS) project that adversely affects the Adverse Events: - J Plug and
operations of the project. p— : Potentially leaky legacy well found at end of Op. Year USDW aband-on
e d d SECHSHOS 10; successfully plugged and abandoned ! ! ! 20 d potentially N/A
Remedial A single remedial action, or series of remedial actions, that Affects resources or entities Induced ' aecrt]ioz:,:.gi;n;ntto leaky legacy
Response completely address an adverse event, from start to finish. outside the GCS project or the seismicity ocate and assass— e
Carbon Capture and Storage Supply Chain; events Leak identified by monitoring at end of Op. Year 10, leak and Drill brine Install brine Operate Receive
- - . . . . . . . source of leak confirmed but cannot be located; CO . production o No CO, | Pay Take-Or- . Pay brine
et aedel | A unique action designed to address an aspect of an adverse event. does not include conventional business risks. .~ . . : 2 determine _._| pipeline to . brine treated
“le- 1o linjection ceases for 2 years while production well and 1 0 1 18 . N/A well outside storage |Pay penalties . treatment
\ / . . ) appropriate ERR treatment production water sales
brine pipeline to treatment plant installed, and 1 year the CO, facility revenues |to CO, source well costs revenue
. . f brine produced to mitigate leakage risk. plume
Remedial Action Types ©
. . . . . Remedial Action(s Inclusion in ERR Plan Cost
Remedial Action Type Remedial Action Description Example (5) Estimates
Results
: » o w ” . L Injection of CO, is reduced or halted for a specified period . 1co 1
Operational Baseline” or “normal” operation of the GCS project is altered. J 2 P P Yes (possibly) TALES Cash Flow OUtPUt Example (at SZO/tonne COZ price: Scenario 2)
due to leakage. $60,000,000
Action taken outside of “normal” operation of a GCS project; . . . o . Loaned I\/Ioney to
S . . . Source of leak investigated with monitoring technologies; ..
Extrinsic likely the major elements of the Emergency and Remedial Yes (definitely) $40,000,000 - cover costs and

found to be a leaky legacy well, which is located and plugged.

Response (ERR) Plan.
lost revenue

If a leak forces a GCS project to cease injection, the GCS $20,000,000
Penalty Fine or contractual fee associated with an adverse event. project may have to pay a take-or-pay fee to the CO, source No
that can no longer claim 45Q tax credits. g $-
i o '-— === Total revenues
. . 9) $(20,000,000) mmm | oaned Money
Method Reservoir Property Assumptions = mmm \oney withdrawn from trust funds
et (010 |5 Reservoir Depth (ft) 5,454 = Total O&M costs
. o _ o Reservoir Thickness (ft) 1,956 © $(40,000,000) _
Integrated scenario-specific timing of remedial response activities based on Porosity (%) 16.8 t mmm Taxes paid
Remed-Res and a Commercial Case Basis Study into TALES to assess a Hyd'::t"a‘te;b;'::‘s's(l:'r‘:zpsi) 332% - &  $(60,000,000) €& 13 ke-Or-Pay wm= Debt pri”f’ipa' repaid
baseline case and the liability associated with two remedial response option ——— 125 © mmm Total capital costs
ScenarIOS. Salinity (mg/l TDS) 190,000 $(80 OOO OOO) Money pald into trust fund
, ., : ) ’ ’ Debt interest repaid
* Remed-Res: analytical model based on Theis’s equation; assesses the Remed-Res Effect on Pressure Based on Producer Well Distance — _ Net Cash Flow ?Baseline
placement (location) and production rate of production well(s) in the Injectionrate = IMMTyr Injection rate $(100,000,000) Brine Production and v oo Net Cash Flow - Scenario 1
. . . . . e e -1,0 .
storage.formatlon to optlmall}/ manage reseryow pressure (|.e..,. keeping 60| | | | L] « Transportation CAPEX e « oNet Cash Flow - Scenario 2
reservoir pressure at the leaking source location below the critical pressure) ., $(120,000,000)
to mitigate potential leakage events. 1 T pedme=0 1 11 21 31 41 51 61 71
- | producer at 50. 3 Lo .
« Commercial Case Basis Study: TALES model with activity inputs designed for _— P B iomnnetlll I Project Year
a theoretical commercial-scale GSC project located in Illinois. : : procucerat 190001 ¥ SRRIT
o) : | 3 mmet § e Mo, Case Study Results: Liability
e TALES: technoeconomic model that generates GSC project costs using cash "1 Ssensitivity example for = producerstsss4o i | Plume Radius
flow calculations. TALES accounts for the costs of discrete activities and the plr°d“C“°” W‘;” | i o FYBE NPV @ $20/t Total ERR Take-  Total ERR  Total Treated Water Total CO, Storage Liability (Total ERR costs and
L. L. . L. 201 | placement at fixe LLo. o SR .
timing for when those costs occur. Activities, their costs, and their timing,  production rate (IMt/yr o2 Scenario (2023$/t)  (20235M) or-pay Penalty Extrinsic Costs Sales Revenues Revenues Revenues, Relative the
i . . . i — . . : 0.0
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 .
Process for Calculating Liability year . Baseline 7.86 43.1 0 0 0 400 0.0
: i — ) Remediation Scenario i _ B}
Determine Costs of Determine Costs of Estimate Overall Liability of each Remedial : : Scenar!o - 7.97 42.7 0 2:3 0 400 2:9
Baseline Situation: Remedial Response Actions Response Option: . Scenario 1: Sce:rirézczgi::ne e 1745 > 204 236 - 20 265
« Evaluate revenues, costs, Needed to Respond to a 1. Evaluate revenues, costs, and financial P&A Producer to
and financial performance Potential Environmental performance of GCS project in TALES CO,  Abandoned stop leakage )
of GCS Project in TALES Adverse Event: assuming the remedial response option is Injector  well Conclusions

assuming no environmental * Generate a list of remedial implemented.

adverse events occur. response options and . TALES calculates key financial metrics for the
* TALES calculates key associated remedial actions. remedial response option.

financial metrics for * Input into TALES activity costs, . Compare key financial metrics for the

baseline situation (e.g., net operational and physical remedial response option with those for the

present value [NPV] for variables, and scheduling baseline situation.

project, first-year break- parameters (e.g., start time, . The difference in these financial metrics

even [FYBE] CO, price), and duration, recurrence) for each represents the overall liability of responding
cash flows. remedial action. to the environmental adverse event.

* This study demonstrated potential data flows between TALES and other NRAP tools (i.e. Remed-Res) needed to quantify the liability of responding to an environmental
adverse event. These types of inter-NRAP-tool data flows are planned to be automated in future iterations of TALES as it continues to be improved.

 Take-or-pay penalties assumed in this study ($85/t CO, undelivered in first 12 years of operations, based on 45Q tax credit value lost to a CO, source if their 3™ party

Caprocks storage provider temporarily shuts down storage services) are a significant source of liability (-5204M in Scenario 2).

 This study demonstrated TALES is capable of nuanced comparative scenario analysis, by having the ability to incorporate user-inputs for specific project design and
specific remedial actions (both cost and timing) which are needed to quantify the liability associated with relatively simple (Scenario 1), and more complex (Scenario 2)
remedial response options.

Disclaimer: This presentation was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of the presenter do not necessarily state or reflect those of the United States Government or any agency thereof.
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