Accepted Manuscript

Title: A comprehensive method for safety management of a %m
complex pump injection system used for shale-gas well

fracturing

Authors: Laibin Zhang, Xin Zhang, Jinqiu Hu, Huizhou Liu o
PII: S0957-5820(18)30801-2

DOI: https://doi.org/10.1016/j.psep.2018.08.033
Reference: PSEP 1504

To appear in: Process Safety and Environment Protection
Received date: 14-5-2018

Revised date: 18-8-2018

Accepted date: 31-8-2018

Please cite this article as: Zhang L, Zhang X, Hu J, Liu H, A comprehensive
method for safety management of a complex pump injection system used for
shale-gas well fracturing, Process Safety and Environmental Protection (2018),
https://doi.org/10.1016/j.psep.2018.08.033

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


https://doi.org/10.1016/j.psep.2018.08.033
https://doi.org/10.1016/j.psep.2018.08.033

A comprehensive method for safety management of a complex pump

injection system used for shale-gas well fracturing

Laibin Zhang, Xin Zhang, Jingiu Hu*, Huizhou Liu

College of Mechanical and Transportation Engineering, State Key Laboratory of Petroleum Resources and

Prospecting, China University of Petroleum, Beijing 102249, China

* Corresponding author. Tel.: +86 010-89733406.

E-mail address: hujingiu@gmail.com (J. Hu).

Abstract: A pump injection system used in the shale-gas well fracturing process is subjected to various
adverse factors during its service, such as high pressures of up to 105 MPa and a large displacement,
leading to a high failure rate and a rapid degradation in system performance. To ensure the safety and
reliability of such a system, a comprehensive safety management method based on a dynamic
object-oriented Bayesian network (DOOBN) is proposed in this article. The approach provides a
framework that integrates a system function model, causal model, system behaviour model, and online fault
diagnosis model with a remaining life prediction model, to characterise the behaviours in a complex system,
such as fault propagation and system degradation. This method could achieve fault diagnosis and also
predict the degradation trend of critical components and system performance in the long term, starting from
the current system state. The application of the integrated safety management approach to the specific
example of the pump injection system demonstrates how each phase of the presented method contributes to
the achievement of fault diagnosis and residual life prediction in a systematic and holistic way. It is shown
that the proposed model is a reasonable starting point for forecasting the remaining life of pump injection

systems. This approach could be integrated into a real-time safety warning device for field application.
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