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Project Overview
• FECM Funded: FWP-1025025
• Undocumented Orphaned Well Program
• Collaborative effort under CATALOG

o WP Leads: Greg Lackey (NETL), Dan O’Malley (LANL), David 
Buttler (LLNL), Dan Gunter (LBNL), Hamilton Link (Sandia)

• Performance period:
o Five-year program started at the beginning of fiscal year 2022

catalog.energy.gov



Most Well Information is Not Digital
• Obvious lack of information for 

undocumented orphaned wells (UOWs)
• Limited digital records for documented wells
• Hinders efforts to:

o Prioritize and plan well plugging operations
o Identify historic trends and practices
o Focus characterization efforts

Details describing the construction and use history of all wells in 
the U.S. missing from most public and proprietary well databases



Well Regulatory Records
• Regulators manage millions of records 
• Records document well permitting and 

construction process
• Many records have been scanned but are not 

in a machine-readable format

Oil & gas regulatory records contain valuable 
information about wells that remains “trapped” on 

scanned forms

Location

Casing and cement design



Digitizing Well Records
• Quality and format of well regulatory records 

vary substantially over time and between 
jurisdictions

• Information contained in each record has 
generally increased

• Most agencies rely on manual review but 
would like to digitize all records

There is a critical need to digitize well records for 
both research and regulatory purposes

Pennsylvania - 1957

Pennsylvania - 2002



Technological Solutions Exist
• Optical Character Recognition (OCR)

o Algorithmic conversion of text into machine readable format

• Large Language Models (LLMs)
o Neural networks trained on large volumes of text that can 

summarize and answer questions about documents

• Numerous public and proprietary tools available
• Performance relies on specific training

OCR and LLM approaches can reliably digitize information from 
well records but need to be trained for specific purpose



Project Goals

1. Design custom OCR and LLM approaches for extracting data 
from oil and gas regulatory records

2. Build a platform that allows users to leverage OCR and LLM 
models for rapid data extraction from records

Team will deliver a working tool prototype and summary 
report in the first year
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{“Well Location”: {
     “Location” : [“SW NE”],
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Development Approach

Tool Development

OCR & LLM Development

NETL: record collection; 
stakeholder engagement;
backend design

LBNL: Prototype design 
and development 

SNL: OCR 
development

LANL: LLM 
development

LLNL: splitting, 
clustering, field ID

Final Product

Year 1

Parallel efforts to develop tool 
alongside OCR and LLM approaches



Record Collection & Stakeholder Engagement

• Gathered ~440K well records from 
four states (CA, CO, PA, NM, OK)

• Interviewed prospective users from:
o Five oil & gas regulatory agencies
o Three research institutions
o One oil & gas major

• Documented feedback for tool 
development

Records sufficient for tool development gathered and 
key partnerships established



Form Splitting and Clustering Approach
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Form Classifier Combines Multiple Embeddings

Image patch embedding

OCR embedding

Title embedding

Classify forms by type, and era
Focus data extraction on similar forms



Clustering Embeddings Shows Clear Separation Across States

PA CO CA

Clustering embeddings show clear separation 
across states



Large Language Modeling Approach



Large Language Modeling Results

Validation and verification will be critical to this effort

Early success extracting well information 
using OCR and LLMs; Manuscript drafted



Tool Prototype



Google Document AI Case Study
1. Selected 165 CO completion reports (115 training, 50 test)
2. Trained to extract Operator Name, Spud-Date and Measured 

Depth
3. Google Reported Metrics:

 F1: 0.905 Precision: 92.1% Recall: 89%

4. Selected Another 289 reports separate from above 165
 Performed custom analysis post Google Document AI processing
 Compared Doc AI results vs state database records



Case Study Results

Google Doc AI results matched database ~90% of 
time for depth and spud date



Tool Prototype Demo

22
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Next Steps

1. Iterate tool prototype design and functionality internally
2. Partner with a small number of stakeholders (researchers, 

state agencies) that will use tool to digitize well records
3. Collect feedback and continue to improve tool design
4. Incorporate document splitting and clustering workflow
5. Progress open-source OCR and LLM approaches and replace 

Google Document AI backend
6. Expand collaborations and release general version of tool



 Contacts

Greg Lackey
Research Engineer
National Energy Technology Laboratory
Gregory.Lackey@netl.doe.gov
412-386-7590 (office)

Dan O’Malley
Subsurface Flow & Transport Team Lead
Los Alamos National Laboratory
omalled@lanl.gov

mailto:Timothy.reinhardt@hq.doe.gov
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