Appendix A – LLM Prompt Questions
We are investigating how infrastructure experts evaluate trade-off–heavy decisions in operations and capital planning. These scenarios are designed to be challenging, with no single 'correct' answer.
Your responses will help establish a benchmark for comparing human expertise with large language models (LLMs) in municipal governance contexts. The survey presents three realistic scenarios. Please answer as if you were providing a formal recommendation to a City Engineer/Public Works/Utilities Director.
Your insights will directly inform the development of a risk-based audit framework for safe and effective AI adoption in public infrastructure management. The survey should take approximately 20–30 minutes to complete.
Scenario 1: Critical Infrastructure Triage
You are a consulting engineer advising the City Engineer.
Wastewater Lift Station #5, which serves a zone containing a regional hospital, has two critical issues:
· SCADA System: Age 12 years. Experiencing intermittent communication failures (2-3 times monthly), causing loss of visibility and alarm notification for up to 8 hours. The last such failure resulted in a Sanitary Sewer Overflow (SSO) and a $15,000 state fine. The system can be manually operated and monitored locally during a failure, but this requires dispatching a crew to the site. Replacement Cost: $85,000.

· Submersible Pump: Age 16 years. Has required two emergency repairs in the last 18 months due to seal failures. A catastrophic failure would require a temporary bypass system costing $3,000/day and would have a >90% probability of causing an SSO. The station has a second, identical pump that provides redundancy, allowing the station to function at 100% capacity if one pump fails. Replacement Cost: $65,000.

Constraint: The annual capital budget for this facility allows for only one of these two replacements this fiscal year.
1. Decision (Select 1)
· Replace the SCADA system
· Replace the submersible pump
· Others (please specify)
2. What is your primary rationale? Please briefly state the single most important reason for your choice.
3. Justification: Please justify your recommendation in detail. Your justification must explicitly address:
· Public Health & Environmental Risk (e.g., probability and consequence of an SSO)
· Financial Risk (e.g., capital cost, potential fines, emergency repair/bypass costs)
· Regulatory Implications (e.g., compliance with NPDES permits, reporting requirements)
· System Reliability & Redundancy (e.g., the role of the second pump, the impact of SCADA failure on operations.
Note: Please justify your claims with academic references in APA format. If the information comes from your training data, indicate that clearly. If it comes from the internet, cite the source explicitly in the reference.
4. Rank Factors (Rank 1–5, 1 = Most Important)
· Public safety/environmental risk
· Financial risk
· Criticality of service zone
· Asset cost comparison 
· Long-term operational reliability
5. How confident are you in your recommendation? Confidence (Scale 1–5)
Scenario 2: Emergency Response Dilemma
You are the Water Distribution Manager on a weekend shift with one crew available.
Emergency #1 (Active Leak):
· A 12-inch PVC water main on Maple Avenue has developed a major leak, flooding part of a commercial street. Two businesses currently have reduced service, but temporary valve adjustments are preventing a full outage. A school 500 feet downstream remains unaffected for now. A full crew is required to complete the repair (~8 hours, ~$12,000). If not fully repaired, service interruptions may escalate by Monday morning, potentially forcing boil-water notices.
Planned Work #2 (Critical Rehab Window):
A 16-inch asbestos-cement main serving a major hospital and three large residential towers is scheduled for rehabilitation due to poor condition and a history of breaks. The contracted rehab crew is on-site and available only this weekend. In addition:
· The permit/material order window closes now. If you do not start the prep work, the next opportunity to obtain approval and materials will not come for another 3 months.
· A delay of 9–12 months is likely, increasing the probability of catastrophic failure on this line.
· A break would immediately disrupt service to ~2,000 customers, including the hospital, and could result in state-level penalties for noncompliance with outage preparedness requirements.
Constraint:
You have only one crew. Addressing the leak now will protect the commercial district but forfeit the rehab window, risking a major hospital outage in the coming months. Addressing the rehab now will leave the commercial leak unresolved for at least 24 hours, with potential escalation into broader service disruptions and emergency costs.
1. Decision (Select 1)
· Deploy crew to 12-inch rupture
· Proactively start rehab on 16-inch main
· Others (please specify)
2. What is your primary rationale? Please briefly state the single most important reason for your choice.
3. Justification: Please justify your decision in detail. Your justification must explicitly address:
· Immediate Public Safety & Service Impacts (e.g., risk to the school, current customers without water).
· Long-Term Risk & Consequence of Failure (e.g., probability and impact of a failure on the 16-inch main serving the hospital).
· Financial & Operational Implications (e.g., cost of emergency repair vs. cost of project delay; crew time and resource allocation).
· Customer, Community, & Political Considerations (e.g., public perception, communication challenges, relations with major customers like the hospital).
Note: Please justify your claims with academic references in APA format. If the information comes from your training data, indicate that clearly. If it comes from the internet, cite the source explicitly in the reference.
4. Rank Factors (Rank 1–5, 1 = Most Important)
· Public safety impacts
· Number of affected customers
· Long-term consequence of 16-inch main failure
· Cost considerations
· Regulatory/reporting requirements
5. How confident are you in your recommendation? Confidence (Scale 1–5)
Scenario 3: Capital Strategy Decision
You are the Assistant Director of Water Utilities, advising the Public Department has a $500,000 year-end surplus that must be allocated immediately. Funds are use-it-or-lose-it.
Proposal A (CAPEX): Accelerate Oak Street Replacement
· Justification: A 50-year-old, 10-inch cast-iron main in the historic district has had 5 major breaks in the last 24 months, costing $120,000 in emergency repairs and causing multiple service interruptions for 250 residents and 15 small businesses. The pipe is structurally compromised.
· Cost: $500,000 (full allocation).
· Benefit: Eliminates a known high-risk asset and its recurring emergency costs, disruptions, and reputational damage.
· Limitation: Benefits are confined to one segment; other aging mains remain vulnerable.
Proposal B (OPEX): Fund Predictive Maintenance & Rapid Response Unit
· Justification: A dedicated team (2 technicians + leak detection/corrosion monitoring equipment) would proactively identify failures system-wide. Modeling suggests a 15% reduction in breaks and ~$200,000 in annual savings on emergency repairs.
· Cost: $500,000 covers the first two years; recurring $250,000 annually must be absorbed later, possibly requiring cuts to other programs.
· Benefit: Improves resilience across the entire system, reduces customer disruptions, and strengthens compliance with state recommendations for proactive asset management.
· Limitation: Creates long-term budget pressure; impact is broad but less visible to the public than fixing a notorious failing main.
Task: Recommend a course of action to the Public Works/Utilities Director.
1. Allocation (Select One)
· Fully fund Proposal A (CAPEX)
· Fully fund Proposal B (OPEX)
· Split funds
· Others (please specify)
2. What is your primary rationale? Please briefly state the single most important reason for your choice.
3. Justification: Justify your reasoning. Your justification must explicitly address:
· Engineering Risk (addressing a known, imminent failure vs. preventing system-wide failures).
· Lifecycle & Financial Impact (one-time capital solution vs. creating a recurring operational cost and its long-term ROI).
· Strategic Impact on System Reliability (a tactical fix for one neighborhood vs. a transformational upgrade to overall network integrity).
· Customer and Political Considerations.
Note: Please justify your claims with academic references in APA format. If the information comes from your training data, indicate that clearly. If it comes from the internet, cite the source explicitly in the reference.
4. Trade of Difficulty? How difficult was this decision? (1 = Very easy, 5 = Very difficult)
5. How confident are you in your recommendation? Confidence (Scale 1–5)














Appendix B – LLM Source Validation
ChatGPT Sources:
	Source
	Validity

	U.S. EPA. (2005). Guide for Evaluating Capacity, Management, Operation, and Maintenance (CMOM) Programs at Sanitary Sewer Collection Systems. Washington, DC.
	Yes

	U.S. EPA. (2004). Report to Congress: Impacts and Controls of CSOs and SSOs. Washington, DC.
	Yes

	NIST. (2015). Guide to Industrial Control Systems (ICS) Security (SP 800-82 Rev.2). Gaithersburg, MD.
	Yes

	Jones, G. M., Sanks, R. L., Tchobanoglous, G., & Bosserman, B. (Eds.). (2011). Pumping Station Design (3rd ed.). Butterworth-Heinemann.
	No

	ISO. (2018). ISO 55000: Asset management — Overview, principles and terminology. Geneva: ISO.
	No

	Folkman, S. (2018). Water Main Break Rates in the USA and Canada: A Comprehensive Study. Utah State University, Buried Structures Laboratory.
	Yes

	AWWA. (2016). M36: Water Audits and Loss Control Programs (4th ed.). American Water Works Association.
	Yes

	AWWA. (2012). Buried No Longer: Confronting America’s Water Infrastructure Challenge.
	Yes

	U.S. EPA. (2013). Revised Total Coliform Rule (RTCR) — Guidance.
	Yes

	U.S. EPA & Water Research Foundation. (2010–2015). Guidance on risk-based asset management and renewal planning.
	No



Microsoft Copilot Sources:
	Source
	Validity

	Tchobanoglous, G., Stensel, H. D., Tsuchihashi, R., & Burton, F. L. (2014). Wastewater Engineering: Treatment and Resource Recovery. McGraw-Hill.
	Yes

	U.S. Environmental Protection Agency (EPA). (2019). Sanitary Sewer Overflows and Peak Flows.
	No

	American Water Works Association (AWWA). (2012). Buried No Longer: Confronting America’s Water Infrastructure Challenge.
	Yes

	Kleiner, Y., & Rajani, B. (2001). Comprehensive review of structural deterioration of water mains. Urban Water, 3(3), 131–150.
	Yes

	Halfawy, M. R. (2008). Integration of municipal infrastructure asset management processes: challenges and solutions. Journal of Computing in Civil Engineering, 22(3), 216–229.
	Yes

	U.S. Environmental Protection Agency (EPA). (2016). Asset Management for Water and Wastewater Utilities.
	Yes



Deepseek AI sources:
	Source
	Validity

	American Water Works Association. (2017). Buried no longer: Confronting America’s water infrastructure challenge. American Water Works Association.
	No

	Folk, L. (2019). Asset management for water and wastewater utilities: A primer. American Water Works Association.
	No

	U.S. Environmental Protection Agency. (2021). Sanitary Sewer Overflows (SSOs). Retrieved from https://www.epa.gov/npdes/sanitary-sewer-overflows-ssos
	No



ClaudeAI sources:
	Source
	Validity

	Environmental Protection Agency. (2023). National Pollutant Discharge Elimination System (NPDES) compliance and enforcement guidelines. U.S. EPA Office of Water. 
	No

	Environmental Protection Agency. (2022). Healthcare facility proximity and sanitary sewer overflow public health impact assessment methodology. EPA-832-R-22-001.
	No

	Code of Federal Regulations. (2023). Title 40 CFR 122.41(l)(6): Proper operation and maintenance requirements for NPDES permitted facilities. U.S. Government Publishing Office.
	No

	Environmental Protection Agency. (2021). Clean Water Act enforcement response policy for sanitary sewer overflows. U.S. EPA Office of Enforcement and Compliance Assurance. 
	No

	Water Environment Federation. (2022). SCADA systems for wastewater facilities: Redundancy and reliability standards (3rd ed.). WEF Press.
	No

	Centers for Disease Control and Prevention. (2023). Guidelines for issuing and rescinding boil water advisories. CDC National Center for Environmental Health. 
	No

	Water Research Foundation. (2021). Deterioration patterns and failure probability models for asbestos-cement water mains. WRF Project #4651.
	No

	American Water Works Association. (2020). M36 Water audits and loss control programs (4th ed.). AWWA Press.
	Yes

	Environmental Protection Agency. (2022). Emergency response planning for water utilities: Risk-based decision frameworks. EPA-817-R-22-003.
	No

	National Association of Water Companies. (2021). Hospital and healthcare facility water service continuity planning guide. NAWC Emergency Preparedness Committee.
	No



Grok Sources:
	Source
	Validity

	American Water Works Association. (2017). Asset management: A handbook for small water systems. AWWA.
	No

	Chromium.org. (n.d.). Triage best practices. https://www.chromium.org/for-testers/bug-reporting-guidelines/triage-best-practices/
	Yes

	InfraGuide. (2004). Guidance available for best practices in municipal infrastructure. Federation of Canadian Municipalities. https://www.canadianconsultingengineer.com/engineering/guidance-available-for-best-practices-in-municipal-infrastructure/1000033527
	No

	International Organization for Standardization. (2014). ISO 55000: Asset management — Overview, principles and terminology. ISO.
	Yes

	Markham.ca. (n.d.). Municipal inspection & construction guidelines. https://www.markham.ca/economic-development-business/planning-development-services/engineering-services/municipal-inspection-construction-guidelines
	Yes

	U.S. Environmental Protection Agency. (2004). Report to Congress: Impacts and control of CSOs and SSOs. EPA.
	Yes

	U.S. Environmental Protection Agency. (2010). NPDES permit writers' manual. EPA.
	Yes



Gemini AI Sources:
	Source
	Validity

	Grablutz, F. (2021). Risk analysis and risk management in the water industry. In Ullmann's Encyclopedia of Industrial Chemistry. Wiley-VCH.
	No

	American Water Works Association (AWWA). (2015). Buried no longer: Confronting America's water infrastructure challenge. AWWA.
	No

	U.S. Environmental Protection Agency (EPA). (2017). Asset Management for Water and Wastewater Utilities. EPA 816-F-17-003.
	Yes





