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Business and Activity Section

(a) 	Contract Activity
The contract activities have been continued.

(b) 	Status Update of Past Quarter Activities
Dr. Noor Quddus (Assistant Research Engineer) has been leading the team for the project. Graduate students working in the project are Guanyang Liu (3rd year PhD student) and Pallavi Kumari (3rd year Ph.D. student). An undergraduate researcher, Mason Boyd, has been working since last Summer. 

(c) Cost share activity
Due to some unforeseen difficulties, financial information is not available at this moment. In the next quarter, all cost sharing activity will be updated. 

(d) Task 1: Development of methodology for creating root cause analysis reports
Task 2: Selection of training samples and development of the learning algorithm 
	
Both Task-1 and Task-2 have been continued. 
Detailed discussion and descriptions for the following:

1. Background and Objectives 
Pipeline incidents data obtained from the PHMSA incident database and incident investigation reports are being analyzed to develop a predictive model based on artificial neural network. Since incident reports collect only one apparent cause or root cause and one sub-cause per incident, the interdependency or relationship among the causal factors cannot be identified. Incident descriptions and incident investigation reports are analyzed to develop a taxonomy and relationships among the causal factors. Then along with other data that contributed to past incidents will be used to develop the artificial neural network (ANN) model as a predictive model. The overall objective is to develop a knowledge based predictive model to assess pipeline failure through:
1. Learning about causes behind pipeline failure: Conducting root cause analysis of past incidents to identify those factors that have to potential to contribute to failure. The findings are to be specific to the extent that they can be applied into a predictive model.
1. Implementation of learning to predict failure: Utilizing the learnings about contributing factors behind pipeline failure to develop a predictive model based on artificial neural networks that monitors current existing conditions to determine dynamic failure probability of a pipeline

2. Analysis in the Quarter
This quarter primarily focused on analysis of incident data, development of natural language processing technique, and development of an artificial neural network model. Causal factors structure of PHMSA data collection method was compared with that of other pipeline incident databases. The study conducted detail analysis of the PHMSA incident data (3,616 incident counts) on hazardous liquid (HL) pipeline for the period of 2010-2019. A natural language processing (NLP), a sub-field of artificial intelligence, model is being developed to analyze the incident descriptions as reported in the incident reports for more insight. On separate effort, ANN model has been developed and incident data have been analyzed to identify the suitable input data for the ANN model.   
	Comparison of causal factors: The incident causes and sub-causes from pipeline incident data sources e.g., the Pipeline and Hazardous Material Safety Administration (PHMSA), Canada National Energy Board (NEB) and European Gas Pipeline Incident Data Group (EGIG) are compared. The causal factor categories reported in the PHMSA incident reports have been compared with that of other pipeline incident datasets. The analysis has been completed in this period. 
	Pipeline failure data analysis: To understand the factors that contributed to pipeline failure, failure data were analyzed and compared from different perspective. Causal factors (contributed directly to the incidents), background factors (factors that have association with pipeline incident, but do not contribute directly to the incident), and underlying causes (underlying factor of the incident) have been defined. Extracted information showed intricate relationship among various types of parameters and demands a comprehensive model to explain it. These data should be the first line of ANN input variables. 
	Development of natural language processing (NLP) model: The incident descriptions of 3,616 incident counts were gathered and pre-processed for NLP analysis. A workflow that have been used for the NLP analysis is shown in the Figure below. We have used K-means clustering and Hierarchical clustering techniques to identify any pattern present in the data. The smaller data set helps us to refine our technique and develop the strategy that can be applied to larger data sets and also to more detail incident investigation reports
Development of the artificial neural network (ANN) model: An ANN model is being developed for corrosion failure. The corrosion model has been targeted because there are a lot of corrosion model to compare and validate. Moreover, the number of input data are much more than other failure causes. The ANN model will be expanded upon validation of the corrosion model. 

[image: ]
Figure Development of incident analysis tools

3. Results and Discussions
Some representative results include: 
Comparison of causal factors: The incident causes and sub-causes from pipeline incident data sources e.g., the Pipeline and Hazardous Material Safety Administration (PHMSA), Canada National Energy Board (NEB) and European Gas Pipeline Incident Data Group (EGIG) are compared. 
Pipeline failure data analysis: The failure data were compared calculated for all causal factors and compared with that of other failure datasets. Number of pipeline incidents and their percentage distribution for different causal factors for PHMSA HL, PHMSA GTG, NEB, and EGIG datasets are compared. A article has been submitted to the Journal of Process Safety and Environmental Protection and it is under the second phase review process now. A copy of the article has been attached. 
Development of natural language processing (NLP) model: After preprocessing K-mean clustering algorithm has been employed on incident description that involved corrosion failure (752 incident counts in HL 2010-2019). The analysis has been extended with other clustering techniques such as Hierarchical clustering technique. A manuscript is under preparation and submitted to another journal soon.
PHMSA R&D Forum: A poster has been presented at the PHMSA R&D Forum on February 2019 and a lot of support and feedback have been obtained. 
Publications: Several abstracts have been submitted to conferences and symposiums and all of them have been accepted. Unfortunately, some of the submission might have to be retracted due to current COVID-19 condition. 
· Syeda Z. Halim, Mengxi Yu, Harold Escobar, and Noor Quddus, Towards a causal model from pipeline incident data analysis, Submitted to Journal of Process Safety and Environmental Protection. (Under review)
· Guanyang Liu, Mason Boyd, and Noor Quddus, Extracting Causal Relations from Incident Reports: A Natural Language Processing and Topic Modeling, 2020 Spring Meeting & 16th Global Congress on Process Safety (accepted for both presentation and poster)
· Pallavi Kumari and Noor Quddus, Causation Analysis of Pipeline Incidents Using Artificial Neural Network, 2020 Spring Meeting & 16th Global Congress on Process Safety (accepted for presentation)
· Guanyang Liu, Mason Boyd, and Noor Quddus, Analysis of Pipeline Incident Data and Investigation Reports Using Natural Language Processing (NLP), paper submitted to Hazards30, 18-20 May, Manchester, UK (accepted).
· Pallavi Kumari, Guanyang Liu, Mason Boyd, Syeda Zohra Halim, and Noor Quddus, Causation Analysis of Pipeline Incidents Using Artificial Intelligence, Submitted to International Pipeline Conference (IPC2020), Sep 28- Oct 2, 2020 Calgary, Canada (Abstract accepted)
· Guanyang Liu, Mason Boyd, Pallavi Kumari, Syeda Zohra Halim, and Noor Quddus, An Intelligent Learning Framework for Analysis of Pipeline Incident Investigation Reports, Submitted to Process Safety International Symposium 2020, College Station, October 2020. (accepted for presentation)

4. Future work
Future work will be continued on the following 
· The developed NLP model will be applied to incident investigation reports available at PHMSA and NTSB, and to identify relationship among the causal factors, background factors and underlying factors. Other NLP techniques will be explored for best extraction of information using the dataset. 
· ANN model will be further refined and applied to corrosion failure dataset.
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