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Business and Activity Section

(a) Contract Activity

During this quarter, there were no contract modifications or proposed modifications.  No materials were purchased either.
 (b) Status Update of Past Quarter Activities

This is the first report of this project so we don’t have an update of the past quarter activities.

(c) Cost share activity

The cost share of this work includes the graduate tuition waiver for Mathew Boothe as he is now taking three classes toward his master’s degree in Energy Environments in the Davis College of Agriculture, Natural Resources and Design, West Virginia University.


(d) Task 1; Literature review and Industry Contact
The work this quarter focused on two objectives. The first was to start an on-going literature review of how UAVs have been used for pipeline management and inspection.  The graduate student Matt Boothe has started this effort and his writeup is below.
	Using unmanned aerial vehicles (UAVs) alone to monitor oil and gas pipelines is not developed to completely monitor pipeline infrastructure at this time.  However, UAVs can be used in pipeline monitoring to support traditional based methods such as foot patrol, especially in remote areas with rugged terrain.  The use of UAVs in pipeline monitoring is expected to increase as the limitations because of financial costs will decline as components for UAV systems are becoming cheaper.  For UAVs to be fully developed to monitor pipelines, a further development of regulations, the miniaturization of sensors, and the improvement of battery life are essential for UAV technology (Gomez & Green, 2017).  
	The use of SAPR (Remote Piloting Aircraft System) can be used to determine irregularities in pipelines systems such as leaks that can be difficult to detect with the naked eye.  The machines used in the data collection included a fixed-wing SAPR and a rotorcraft SAPR, each attached with an RGB camera, spectral camera, and a thermo-graphic camera.  The proposed detection techniques include photogrammetry, spectrometric, and thermometric.  The photogrammetry technique takes photographic images that can be used to obtain three-dimensional metric information.  The spectrometric technique measures the electromagnetic spectrum wavelength, which allows for the infrared spectrum to be analyzed.  The thermometric technique allows the trend of the IR spectrum to be analyzed, allowing surface temperature and hydrocarbon gasses to be identified (Ramalli, Giovani, Pacchiacucchi, & Manneschi, 2017).  
	The use of UAVs can be used to monitor and detect pipeline leaks by using sensors inside of pipelines.  A pipeline is equipped with components including an Arduino Nano, sensors, a GPS module, and a radio transceiver.  The Arduino Nano is a microcontroller that provides computing and power supply to the sensors in the pipeline.  The sensors include a force sensitive sensor, sound sensor, and a Piezoelectric sensor.  The force sensitive sensor is a resistor that recognizes pressure and weight.  The sound sensor has a microphone that gives audio output and detects the presence of sound.  The Piezoelectric sensor detects pressure change, temperature, force, and acceleration.  The sensors can detect low/high pressure of hydrocarbons in pipelines, in which the sensors will send information to the radio transceiver including the location by coordinates, allowing UAVs to inspect the pipeline at the location determined by the coordinates (David & Omowunmi, 2016).  
	The use of UAVs to detect leaks with this method was determined to solve some problems in pipeline maintenance.  During the testing, the system was found to require improvements in performance and accuracy.  The improvements recommended an improved piezoelectric element, an improved pipeline leak detection system such as fiber optics, and an improved quadcopter drone with better capability and performance (David & Omowunmi, 2016).  
	The cost to inspect gas pipelines is expensive due to the costs of personnel and equipment but can be reduced with the use of UAVs.  One concern of using UAVs to detect leaks is the payload capacity for sensors as they are limited.  Two sensors are considered to detect methane including a mid-wave infrared (MWIR) camera and a laser-based solution.  The laser-based solution, a Laser Methane mini G is used to detect methane in pipeline leaks due to its low weight, quantitative measurements, and ease of data interpretation.  The data processing and interpretation for the laser-based solution includes video recording, recording of measurements, acquisition of telemetry data, and computation of control signals.  In pipeline inspections with UAVs, laser-based methane detectors are preferred over MWIR cameras.  Over the next few years, the use of manned helicopters in pipeline inspection is thought to decrease and be replaced with UAVs (Bretschneider & Shetti, 2015).
	The vertical take-off and landing (VTOL) type UAV can be used to provide real-time images and videos helpful in monitoring pipelines.  The VTOL UAV is used in locations where runway facilities are not available such as forest and bush areas.  The VTOL UAV is equipped with a camera with tilt, zoom, infrared, thermal, and night-vision capabilities, which connects to a ground-control station and sends real-time photos and videos to the station.  The UAV is sent to pipeline locations based upon GPS coordinates in sensors that detect pressure in the pipeline.  A highly directional antenna is attached to the UAV, which increases the range to allow for longer flying distances (Idachaba, 2016).  
	In monitoring gas pipelines, either optical and infrared remote sensing systems or synthetic aperture (SAR) remote sensing systems can be used.  Optical and infrared remote sensing systems sense the amount of sunlight reflected by the earth and sense light intensity on the earth surface.  SAR remote sensing uses radar to provide a two-dimensional microwave image of the landscape and a three-dimensional image is created in interferometric mode.  The use of UAVs with the use of sensors can be suitable for monitoring pipelines, but several issues remain before a solely based UAV inspection system can be used.  The key issues include that the data and information processing has not been developed at suitable operational standards, a total UAV operational system has not established its viability in a complete mission, and the operation standards of a UAV in uncontrolled airspace has not been developed (Hausamann, Zirnig, & Schreier, 2014).  

The second objective this quarter was to coordinate with a pipeline owner and operator to identify an area to fly during this winter season.  We were able to speak with DTE Energy who has over 170 miles of pipelines in PA and WV.  We will plan on flying the pipelines in the western part of Monongalia County WV.  They have 12 sites which we will be able to choose from.  We first have to take a short safety course to be allowed on a site.

	PLEASE NOTE: 
	We are trying to get data acquisition started this month or next since we have been in contact with DTE Energy.  They have over 170 miles of pipeline in PA and WV and are receptive to us gathering information from our UAVs on their property to provide potential insights to help them.  

	We see this data collection of this pipeline occurring in this first year of the project.  

	Our progress is consistent in setting up a study site location with our coordination with industry partners.  The only thing that is different is that we have not had conversations yet with Jericho Land Resources as noted in year 1.

[bookmark: _GoBack]	There weren’t any problems to note and our plans for the current quarter are to acquire imagery for the DTE pipeline using our true  color imagery and color infrared sensors to construct both digital terrain models and orthophotos.
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