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1: Items Completed During this Quarterly Period:

	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	1
	1
	Review& analysis of the literature on zonal isolation issues in UNGS
	Comprehensive literature review containing findings & insight on zonal isolation issues in UNGS
	$29,985.50
	$7,514.30

	4
	5
	2nd Quarterly Status Report 
	Submit 2nd quarterly report
	$2,995.85
	$75.43


2: Items Not-Completed During this Quarterly Period:

The first deliverable is due after the second quarter of the project. The rest of the project is moving according to the plans.

	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	3
	2
	Review and assessment of various practices to remove micro-annulus
	Protocols for micro-annulus removal in UNGS wells, for different geologies, well configuration, downhole temperature, wellhead conditions, and failure severity
	$29,985.5
	$7,514.30


3: Project Financial Tracking During this Quarterly Period
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4:  Project Technical Status –
We continued the second quarter of the project focused on an extensive literature review. This review aims to amass comprehensive knowledge about the development of micro-annuli, the pathways of gas migration, and the exploration of potential techniques and solutions crucial for achieving and ensuring well integrity in Underground Natural Gas Storage (UNGS). 
This literature review report provides an in-depth exploration of the complexities associated with achieving zonal isolation in Underground Gas Storage (UGS) wells, focusing on the role of cement sheaths in safeguarding well integrity and environmental safety. Focusing on the pivotal role of cement sheaths, this study systematically reviews mechanical failures, thermal cycling effects, chemical degradation, and pressure differentials that compromise cement integrity, leading to micro-annuli development and gas migration. The cement sheath of the UGS injection & production well may deform plastically when loading casing pressure and form micro-annulus when unloading due to continuous varied casing pressure and temperature. Through an exhaustive analysis of peer-reviewed articles, case studies, including the Aliso Canyon incident, and current industry practices, the review highlights the limitations of traditional cementing techniques and standards under the dynamic operational and environmental conditions of UGS wells.

Significantly, this review delves into the effectiveness of the optimization of cement plug heights for effective zonal isolation of UGS wells by comparing the API and Norsok standards in terms of the analysis of reservoir characteristics and unique properties of each gas. By evaluating methods for estimating barrier heights and associated risks, stored gases' physical and chemical properties significantly influence the interaction between the gas and cement matrix. Those standards may not be effectively set for the UGS wells in terms of the gas type. Recent research shows that the compressive strength of the cement sheath is an important factor for debonding. It has been reviewed that inadequate cement bonding to the formation rock or casing is the first cause of the annulus failure. The interplay between Poisson's ratio and the elastic modulus of the cement sheath presents both challenges and opportunities for enhancing well integrity. The reasonable matching relationship between the elastic modulus and Poisson's ratio of the cement sheath presents a new perspective for the research and development of innovative cement slurry systems. Cement with low elasticity modulus and high Poisson's ratio is favorable for improving the stress state of cement sheath and preventing micro-annulus for UGS wells. The variations of casing pressure, temperature, pore pressure, and in-situ stress during gas injection and production are key factors affecting the stress of cement sheath and the formation of micro-annulus. Injecting cold gas is beneficial to improving the elastic limit casing pressure of cement sheath. It has been observed that all these parameters can vary directly according to the type of hydrocarbon, and these variables have a direct impact on the severeness of the microannulus. Additionally, operational applications affect the cement quality and density distribution of the cement sheath changes by the used technology. The change in slurry density due to the fluid loss passing in front of a permeable layer led to insufficient cement bonding which increased in micro-annulus volume. As a result of this, encountering sustained casing pressure (SCP) problems in UGS wells becomes inevitable.

Our review process includes an examination of issues published in recognized industry journals such as SPE (Society of Petroleum Engineers), JPT (Journal of Petroleum Technology), AADE (American Association of Drilling Engineers), and other peer-reviewed scientific journals.

5: Project Schedule – 
In the second quarter of the project, everything is on the track. The scheduled deliverable is going to be submitted to USDOT. The team is working to deliver the next item by the end of the second quarter. 

