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The ancients of Greece would trek for weeks to stand before the Oracle of Delphi,
breathing intoxicating vapors to receive a fragment of prophecy. The visions they
gained were powerful but cryptic, wrapped in riddles that could either save or doom
entire empires. Humanity has always longed for a clearer glimpse into the future,
not through ambiguity, but through data, foresight, and precision.

Today, our dangers are buried not in myths but in the earth itself: thousands of
miles of steel pipelines carrying oil, gas, and hazardous liquids beneath our
communities. Just as the ancients sought prophecy, we now seek prediction. We no
longer inhale vapors from a chasm. We query oracles made of algorithms. Unlike
their cryptic ancestors, these modern oracles powered by data and artificial
intelligence speak with startling clarity.

To turn this idea into practice, | built a python script that brings scattered federal
safety reports into a single, consistent view of the nation’s pipelines. The Pipeline
and Hazardous Materials Safety Administration (PHMSA) shows that incidents in
U.S. midstream infrastructure have steadily increased over the past two decades
(see PHMSA 20-Year Trends: https://www.phmsa.dot.gov/data-and-
statistics/pipeline/pipeline-incident-20-year-trends and PHMSA Data Overview:
https://www.phmsa.dot.gov/data-and-statistics/pipeline/data-and-statistics-
overview). Between 2010 and 2024, reports reveal a troubling rise in both gas
transmission incidents and hazardous liquid pipeline failures. Gas pipelines still
record the highest number of incidents, but hazardous liquids are catching up with
a steady climb year after year (See Figure 1).
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Figure 1. Total Incidents per Year: Gas vs Hazardous
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To understand where this trend is heading, | applied Prophet, an open-source
forecasting library developed by Meta. Prophet is a time series model desighed to
capture long-term patterns, making it a good fit for pipeline incidents that evolve
over years. The model ingested PHMSA historical data from 2010 to 2024 and
projected future values. As seen in Figure 2, hazardous liquid pipeline incidents are
forecasted to continue rising, with counts expected to exceed 700 per year by 2030.
The shaded area represents the confidence interval, which captures uncertainty in
the forecast.
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Figure 2. Prophet Forecast of Hazardous Pipeline Incidents

Digging deeper into the PHMSA datasets shows two important patterns. First, the
commodities most frequently involved in incidents are crude oil, refined petroleum
products, and highly volatile liquids. Figure 3 shows the stacked bar chart where
these categories dominate the picture.

Second, incidents are not evenly distributed across the country. As seen in Figure 4,
Texas overwhelmingly leads with more than 4000 incidents, followed by Oklahoma,
California, and Colorado. This concentration reflects both infrastructure density
and exposure to geological and environmental factors.
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Figure 3. Hazardous Pipeline Incidents by Commodity
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Figure 4. Top States by Hazardous Pipeline Incidents

If prediction is the first step, prevention is the real challenge. Simply knowing that
incidents will rise does not stop ruptures from occurring. This is where digital twins
come in. A digital twin is more than a static model. Itis a living virtual replica of a
pipeline system that is continuously updated with information from sensors,
inspection logs, drone flights, and satellite scans. What once required teams of
engineers working for months in design software can now be achieved with far
greater speed. With modern APIs from generative Al platforms such as Gemini,

OpenAl, or Claude, operators can build pipeline twins without deep expertise in
three-dimensional modeling.



The real breakthrough lies in the rise of vision-enabled artificial intelligence models.
Building a pipeline twin with vision models begins with data capture. High-
resolution images and videos from drones, satellites, and ground inspections serve
as the input. These models then process the imagery to detect weld joints, bends,
coatings, and potential anomalies such as rust, cracks, or soil shifts. The detected
features are mapped into a virtual environment, replacing the need for manual CAD
work and enabling rapid structural baselines.

Over time, repeated image captures allow the twin to track changes dynamically. A
faint discoloration spotted one month later can be measured as advancing
corrosion. When combined with sensor data on pressure, flow, and temperature,
the digital twin becomes a predictive system. Engineers can interact with this twin
to simulate ruptures, leak dispersions, or stress failures, testing interventions
before they unfold in the real world.

To conclude, the Delphic Oracle guarded its secrets, its cryptic words understood
by few. The Al-powered digital twin is the opposite. For the midstream industry, the
message is clear. Pipeline incidents are rising, and forecasts show they will
continue to climb. By adopting digital twins and multimodal Al, prophecy can
become preparation and resilience. Yet even the most advanced digital twins are
notinfallible. They provide transparency, not certainty. A human presence remains
essential to interpret and act on these predictions, ensuring foresight translates
into safety rather than misplaced confidence.



