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[bookmark: _Toc92723683]Project Overview
The phase I research on the Feasibility Of Storing Heat In The Subsurface For Flexible Electricity Generation project focused on the characterization of subsurface thermal properties of the subsurface in Illinois to investigate the feasibility of advanced heat storage approach for electricity generation via existing wells to support grid flexibility. The major goal of this project was aligned with the Advanced Energy Storage Initiative (AESI) that focuses on research and development that improves flexibility and grid services, thereby cost-effectively improving (electric grid) reliability. Using existing oil and gas wells is appealing and can help improve the cost competitiveness of electricity generated from geothermal power plants. However, the major challenge is to determine the characteristics and suitability of the wells for thermal storage. Many wells across the USA are owned by private parties and were constructed many years ago and there is little information on their productivity or reasons why they were abandoned. Moreover, identifying the specific characteristics of wells for suitability for thermal storage needs to be investigated. 
A recent report by the DrillingInfo reported around 3.6 million abandoned wells, of which 69% are unplugged. We are proposing that these wells can be utilized for advanced geothermal energy storage (AGES) systems in subsurface formations to generate electricity. This approach involves collecting heat from renewable or industrial sources at the surface and injecting it into the existing wells to create a sustainable and artificial geothermal underground reservoir. The conceptual schematic of an AGES system is shown in Figure 1. The system involves multiple wells to inject and extract heat into/from geological formations and the magnitude of the injection depends on the heat availability from the surface infrastructure, which is shown as heat exchanger in Figure 1. The heat exchanger for instance, can be replaced with a solar array system coupled with the organic Rankine cycle geothermal generator. The main objective of this approach is to store the heat and increase the temperature of the existing reservoir sufficiently so that the extraction temperatures are enough to generate electricity, or optimally for direct heating and cooling. Identifying and converting appropriate oil and gas wells to geothermal sources of clean energy, prior to abandonment, has many advantages. In addition to protecting the environment, additional revenue streams from geothermal energy can be generated for many years. Despite the potential and numerous advantages, the existing studies have focused on only hypothetical scenarios except for a few projects in France and United Kingdom. There is a need for a full-scale demonstration, using available field measurements and modeling data to investigate the feasibility of generating electricity by injecting heat into the geothermal storage reservoir.

[image: ]
[bookmark: _Ref71539289]Figure 1 – Example schematic of an advanced heat storage system
The phase I project was focused on developing a process of storing heat generated by renewable energy resources in the subsurface via existing oil and gas wells for later use for electricity generation. To this end, the Phase I field test investigated the heat storage and hydrogeological characteristics of subsurface reservoirs in the Illinois Basin. The project team performed preliminary analyses to determine the thermal properties of the subsurface using data obtained from existing wells in the Illinois Basin. The project team had access to over a decade of high-resolution Fiber Optic temperature data from another DOE-funded (FC26‐05NT42588) project, the Illinois Basin Decatur Project (IBDP). The distributed temperature data used temperature perturbations from that project and the highly dense well logs data set and geologic models already created to help classify high-potential geothermal reservoir candidates in the basin. The team performed modeling and simulation on the identified reservoir to evaluate the heat losses of returning fluids during heat extraction. The ideal reservoir response to heat injection was evaluated for determining the evolution of temperature profiles and heat losses over time and the target reservoir/well site location for the field test was identified. A small-scale field test was designed using an existing oil well to refine and calibrate the model and to begin to demonstrate the ability to navigate production company interface, permitting, and regulatory pathways necessary for the conversion of oil and gas assets towards geothermal use. The team then developed preliminary project economics and lifecycle costs for a larger scale Phase 2 demonstration.
The M. Eckleberry #4 well site is in the Illinois Basin Northwest of Fairfield, IL and the target reservoir selected was the Cypress Middle Formation (Top of formation at 2,905’ Ground Level (GL)). The test included initial sampling and in-situ pressure measurement followed by installation of Distributed Temperature Sensing Fiber Optic cable, a downhole memory gauge, and surface instrumentation to monitor a hot water injection period followed by thermal decay period, and a cold-water injection period also followed by a thermal decay period. Additionally, a step rate test and a pressure fall off test were incorporated in the cold injection to help refine the reservoir properties. The results obtained were used to calibrate the numerical models discussed in the field simulations section of this report.


[bookmark: _Toc92723684]Background
The phase I project was focused on developing a process of storing heat generated by renewable energy resources in the subsurface via existing oil and gas wells to later use for electricity generation. The overall objective of this project was to provide proof of concept via field hot fluid injection test to characterize the heat storage properties of the subsurface in the Illinois Basin. 
The Phase II work plan was designed to satisfy the project objectives and consisted of three steps: (1) estimation of in-situ geothermal potential (2) validation of computational tools to explain thermo-hydro-mechanical response via field experiment; and (3) economic model for thermal storage utilization. The first step focused on the characterization of geothermal reserves of a formation, the transfer of those heat reserves to a working fluid, the delivery of that fluid to the surface and the ability to convert those fluids to usable energy. The Phase I field test was intended to investigate the heat storage and hydrogeological characteristics of subsurface reservoirs in the Illinois Basin. The field test would enable the characterization and calibration of thermal properties in subsurface geomaterials to evaluate suitability for thermal energy storage. Additionally, several studies existed on the feasibility and the concepts of subsurface heat storage, but an actual field test had not been implemented. The team intended to perform a field test to provide an initial procedure for converting oil and gas wells and to establish the regulatory requirements and pathways for the conversion process. The third step dealt with developing an economic estimation model that accounts for uncertainty in the preliminary study through Monte Carlo simulation. 
[bookmark: _Toc92723685]Target Reservoir Evaluation 
To identify a physically viable oil well in Illinois, the team first reviewed the well database of Illinois State Geological Survey (ISGS) and used existing oil and gas dataset pertaining to a DOE-funded Carbon Capture Storage project for the Illinois Basin. The distributed temperature data used temperature perturbations from that project and the highly dense well logs data set and geologic models already created to help classify high-potential geothermal reservoir candidates in the basin. The petrophysical, geological, and hydraulic data provided the much-needed information about the subsurface characteristics, i.e., lithology and mineral composition, porosity, initial temperature profile, time series temperature evolution in the subsurface and hydraulic conductivity (permeability) were used to evaluate the thermo-hydraulic properties of the geological formations. These datasets were combined to perform a high-level screening for the target formation for heat injection. Priority was given to formations which were prevalent throughout the basin and penetrated by most oil wells in throughout the Illinois Basin.
The team intended, to pick a reservoir that was prevalent across the Illinois basin and most oil and gas wells would likely penetrate a similar formation, for the purpose of profiling a potential reservoir for a commercial project. The geologic expertise at the ISGS Oil and Gas (O&G) industry professionals at the site host Podolsky Oil Company were consulted during the process of selecting the target reservoir. 
[bookmark: _Toc92723686]Petrophysical Analysis
Petrophysical interpretation of a formation can provide information on the assessment of properties of the reservoir such as porosity, fluid saturations, permeability, lithology, and mechanical properties of geological profile. These results can provide significant information for determining the optimal layer for a geothermal storage reservoir. Gamma ray (GR) logging is used to characterize the rock type in a borehole by measuring gamma radiation. High gamma rays are indicative of shale formation whereas lower values are more typical for limestone and sandstone. Different types of rock emit different amounts and different spectra of natural gamma radiation; therefore, formation types can be identified based on the gamma ray logs as shown in Figure 2. Although the geological profile in the Illinois Basin consist of geological formations deposited in different times, here they are represented in groups based on rock types (i.e., shale, limestone, sandstone, etc.) for simplicity. 
[image: ]
[bookmark: _Ref71539442]Figure 2 - Gamma log from CCS #1 well
The resistivity of a geomaterial is a fundamental material property, which represents how strongly a material opposes a flow of electric current. Low resistivity indicates that the formation is highly porous and rich in salty water. On the other hand, high resistivity can be linked to low porosity and presence of hydrocarbons. The resistivity logs from CCS #1 well are given in Figure 3. 
[image: ]
[bookmark: _Ref71539521]Figure 3 - Apparent resistivity profiles from CCS #1 well
The thermal and hydraulic properties of a geomaterial depends on porosity. For high porosity values for a given geomaterial, the higher the porosity the lower the thermal conductivity because of the higher volume of water in a geomaterial. However, higher values of thermal conductivity are not desirable for a heat storage system because of the correlation with higher heat loss and a resultant reduction in efficiency. Therefore, a desirable porosity value of an advanced heat storage system is a combination of thermal and hydraulic properties of the geomaterial. Total porosity is defined as the fraction of pore volume in a volume of rock meaning it includes isolated pores while effective porosity represents the volume of the connected pores in a volume of rock. The total and effective porosity profiles are shown in (Figure 4), respectively. These values are used as material properties in the numerical modeling efforts. 
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[bookmark: _Ref71539891]Figure 4 - Porosity values for different formations Total porosity (Left) Effective porosity (Right) 
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[bookmark: _Ref71539919]Figure 5 - PERMEABILITY PROFILES FROM CCS #1 WELL
The permeability profile from the CCS #1 well is presented in Figure 5. High permeability is expected in sandstones and lower values are estimated to be in the shale and siltstone layers. In shale and siltstones, particle sizes are smaller; this means they have larger specific area, which will decrease in turn the size of the pore channels leading to lower permeability values. Thermal conductivity and diffusivity are important thermophysical rock properties, needed for heat flow determination, deep thermal regime assessment, and reconstruction of thermal history of sedimentary basins. In contrast to temperature logging, in-situ measurements of thermal conductivity in wells are time consuming and technically difficult. Thus, thermal conductivity is generally measured in the laboratory on drill cores and cuttings. If rock samples are not available, it can be estimated either from other physical properties measured in the borehole or from the mineralogical composition. In this study, we calculated the thermal conductivity values of the geomaterials from the mineralogical contents based on the volume fractions of minerals obtained from the analyses as shown in Figure 6.
	[image: ]
	[image: ]
	[image: ]

	[image: ]
	[image: ]
	[image: ]

	[image: ]
	[image: ]
	[image: ]


[bookmark: _Ref71539979]Figure 6 - Volume fractions of minerals in each formation 
The values of thermal conductivity from literature for the different minerals encountered in the logs (dolomite, calcite, chlorite, quartz, feldspar, illite, kaolinite, pyrite, and anhydrite) are summarized in Table 1. 
Table 1- Thermal conductivity of different minerals
	
Minerals
	Thermal conductivity
	Minerals
	Thermal conductivity

	
	(W/mK)
	
	(W/mK)

	Anhydrite
	4.76
	Illite
	2

	Calcite
	3.57
	Feldspar
	2

	Chlorite
	5.14
	Kaolinite
	2.8

	Dolomite
	5.5
	Pyrite
	19.2

	Quartz
	8.4
	 
	 


Using the mineral fractions along with their corresponding thermal conductivity, the formation thermal conductivity can be mixture can be calculated using Equation 1 (Farouki et al, 1981) as follows:
	
	(1)


where  is the product of  factor and x are the volume fraction of the mineral. The results from the calculations are presented in Figure 7. 
[image: ]
[bookmark: _Ref71540292]Figure 7 - Calculated thermal conductivity values
[bookmark: _Toc92723687]Potential Formation Analysis
Initial analyses before the field test were performed using the existing data pertaining to the petrophysics, thermal and hydraulic properties of geomaterials, in addition to seismic logs. Downgrading of formations was further performed according to the analyses, and the physically viable targets were identified as shown in Table 2.
[bookmark: _Ref71416809][bookmark: _Ref71540308]Table 2 - Formations selected for further investigation.
	Formation
	Lithology
	Depth
	Thickness
	Total Porosity
	Permeability
	Thermal Conductivity

	
	
	(m)
	(m)
	(m3/m3)
	(m2)
	(W/m•K)

	Golconda
	Limestone
	644
	87
	0.16
	6.65x10-15
	3.45

	Menard
	Limestone
	731
	38
	0.03
	1.26x10-17
	3.57

	Vienna
	Limestone
	769
	36
	0.06
	34.04x10-16
	3.35

	Tar Springs
	Sandstone
	810
	53
	0.15
	1.22x10-15
	3.17

	Cypress
	Sandstone
	868
	45
	0.18
	6.02x10-17
	3.50

	Benoist
	Sandstone
	921
	11
	0.03
	1.15x10-17
	3.62

	Renault
	Sandstone
	932
	24
	0.03
	2.83x10-17
	3.64


[bookmark: _Toc92723688]Target Reservoir Selection
Based on the conducted analysis and consultations with the geologic expertise at the ISGS and O&G industry professionals at the site host Podolsky Oil Company the Cypress Middle Formation (Top of formation at 2,905’) was selected for the field test. The Cypress Sandstone is prevalent across the Southern Illinois Basin and extends into Indiana and Kentucky (Figure 8). The Illinois stratigraphic column highlighting the Cypress Sandstone is presented in Figure 9.
[image: ]
[bookmark: _Ref71541249]Figure 8 –  Regional Extent of the Cypress Sandstone in the Midwest (Richard C. Berg n.d.).
[image: ]
[bookmark: _Ref71541771]Figure 9 –  Illinois Basin StratiGraphic COlumn (Richard C. Berg n.d.).
[bookmark: _Toc92723689]Preliminary Regulatory Evaluation
Understanding the regulatory pathway for converting oil and gas wells for an advanced geothermal energy storage, were initiated by interviewing the regulatory bodies in the state of Illinois, to understand the regulatory environment for a commercial AGES project. Projeo conducted a preliminary review of existing regulatory frameworks and identified that the Illinois Environmental Protection Agency (IEPA) would be responsible for oversight of the AGES system. However, after preliminary discussions with IEPA in October 2020, it was further identified that any permit conversion would need to be done in collaboration with the Illinois Department of Natural Resources (IDNR) which is the regulatory body overseeing the existing O&G permits. On October 22, 2020, an additional meeting with representatives from INDR confirmed that IEPA would have jurisdiction over the AGES wells and that IDNR did not have a process to transfer an existing O&G well from IDNR to IEPA (agency to agency). The Interim Director of the IDNR, mentioned that this was a novel approach in the state of Illinois. Nevertheless, he voiced that the agency would be willing to discuss and evaluate a pathway for transferring the O&G well permitted under IDNR to IEPA, for use in AGES system and that the burden of meeting and proving that the well(s) met IEPA regulatory requirements would be on the operator. Nonetheless, interagency collaboration would be critical. A follow-on meeting with both agencies took place on November 17, 2020. During this meeting, the agencies agreed that interagency collaboration would be necessary and that there may be precedent with some United States Environmental Protection Agency projects which could be leveraged. The discussions were focused on the regulatory requirements associated with the wells and the process of transferring the wells under IDNR to IEPA classifications. The consensus was that a project would need to be identified and the operators would need to work with both regulatory bodies to allow for conversion. Both agencies expressed a willingness to work through the process once a project was identified. Projeo noted that upon identification a candidate project additional discussion would begin. Both agencies IEPA and IDNR left the meeting with actions to begin looking at what internal processes and procedures would be necessary to undertake the conversion. Overall, the preliminary steps for identifying a regulatory pathway for an AGES project in Illinois were successful in that the regulatory bodies expressed a willingness to determine a regulatory path forward to develop such a project once a candidate site was selected.
[bookmark: _Toc92723690]Well Site Selection and Setup 
Projeo Corporation reviewed the initial analysis of target formations with the site host partner Podolsky Oil Company, to identify a candidate well site for the field test. The M. Eckleberry #4 site was proposed. After assuring appropriate site geologic conditions, the team conducted a site survey of the M. Eckleberry #4, on December 7, 2020, to evaluate the site surface infrastructure for suitability. The well site provided by the site host was planned to be plugged and abandoned (P&A). Therefore, Podolsky Oil Company, benefitted by providing the well for the field test and as a result, reducing their costs associated with P&A operations. The site survey involved evaluating road conditions for access to well site, power, and water availability at well site, and site layout for operational activities. In addition to the site survey well conditions (well design, completion history, mechanical integrity, and associated geologic formation and aquifer characteristics) were also evaluated. The M. Eckleberry #4 well was selected by Projeo Corporation for the field test, due to the geologic setting, age of the well, completion history, and availability of offset well log data. The field-testing operations were delayed due to COVID-19 and then winter weather conditions and Illinois road restrictions. The site setup operations were initiated on March 10, 2021, after the frost laws were lifted. Site setup activity included improving site road accessibility, spotting a frac tank, office trailer etc. The well layout is depicted in Figure 10 and the detailed site activity is presented in Appendix A: Field Activity Report.
[image: A picture containing diagram
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[bookmark: _Ref71420436][bookmark: _Ref71541930]Figure 10 – Site Layout
[bookmark: _Toc92723691]Well Information & Details 
The M. Eckleberry #4 well in the Illinois Basin, was drilled from August 19, 2013, to August 22, 2013, and is located 480' North and 660' West of the Southeast Corner Northeast Quarter of the Northeast Quarter of Section 16, Township 01S Range 07E of Wayne County, IL (Lat 38.440375 Lon -88. 424731) (Figure 11). The M. Eckleberry #4 as-built construction parameters are presented in the well layout as depicted in Figure 12. The well ground level elevation was 446’ and the kelly bushing depth was 451’. All depths referenced in this report are from the kelly bushing depth. 
[image: ][image: ]
[bookmark: _Ref71297207]Figure 11 – M. Eckleberry Well Location in the Southern Illinoi Basin. 
Table 3 – WellBore Construction Details
	[bookmark: _Hlk50990954]Section
	Drilled Depth
(feet)
	Casing Depth
(feet)
	Bit Size
(in)
	Casing Size (in)
	Other Information

	Surface
	263’
	253’
	12-1/4”
	8-5/8”
	Cemented to surface

	Intermediate
	3,146’
	3,126’
	7-7/8”
	4-1/2”
	Top of Cement at 1,300’
Lead: 200 sks of 65/35 Poz-A blend w/6% gel and FLA
Tail: 150 sks of 50/50 Poz-A blend w/ 3% KCL and 2% Calseal

	Production
	3,146’
	Open Hole
	7-7/8”
	N/A
	Aux Vases formation, stimulated with 500 gal 15% HCl, and fracked with 4800 gal 15# Crosslink, 7500# 20/40.




[image: ]
[bookmark: _Ref71300721]Figure 12 – M. Eckleberry #4 Well LAYOUT.
[bookmark: _Toc92723692]Well Conversion
The M. Eckleberry #4 well was drilled and completed as an oil producing well. A procedure to test and convert this oil producing well to an Advance Geothermal Energy Storage (AGES) test well was developed by the Projeo Corporation. The procedure developed would serve as a starting point to evaluate and convert orphaned and abandoned oil and gas wells into a viable AGES well. The field program is attached in Appendix B: Field Program.
On March 22, 2021, a wireline gauge ring was run to check casing integrity for obstructions in the well was conducted prior to isolating the Aux Vases open hole production zone. The production zone of the well was then isolated with a Cast Iron Bridge Plug (CIBP) and cement was bailed on top of the CIBP creating a 10-foot cement column in the well per IDNR regulations.  Once the production zone was isolated, a cement bond log (CBL) was acquired to ensure the casing and cement integrity, a casing collar locator log was acquired to verify completion tally and a gamma ray log to was acquired to correlate formation tops with offset well log data. Additionally, a mechanical integrity test was performed on the casing and the CIBP by pressurizing the well to 500 psi at surface (Figure 13). 
[image: ]
[bookmark: _Ref71538870]Figure 13 – Casing Pressure test Performed on March 22, 2021.
[image: ] [image: ]
Figure 14 – CEMENT bond log, casing collar locator log and Gamma ray log tool ASSEMBLED ON left and cement bailer on right. 
[bookmark: _Toc92723693]Field Test
[bookmark: _Toc92723694]Testing Setup
The gamma ray (GR) log acquired was evaluated by the team and compared to the offset well data to refine the perforation interval of the Cypress Formation (Target Reservoir). Based on the available data a 5-foot interval from 2,958’ to 2,963’ (901.5m and 903m) was selected for perforation. On March 23, 2021, the well was casing swabbed with a swab rig (Figure 16) to allow for underbalanced perforating. The underbalanced perforation helps minimize perforation skin damage and helped to improve formation cleanup for sampling. Additionally, it enabled initial estimates of in-situ pressure and permeability through monitoring the formation water flow and pressure buildup at surface. The well head was configured with adequate pressure control equipment to manage fluid influx (Figure 17). The perforating guns were loaded with 21 grams of deep penetrating titan charges 4 shots per foot with 90 deg phasing for 5 feet (0.43” entry hole/42.13” penetration), as per API specification for the well casing (Figure 17). The well was shut in for 30 minutes following the perforation and surface pressure was monitored using Dwyer PR2000 data logger. After monitoring the well pressure buildup and pressure stabilization, the well was casing swabbed (Figure 19) to purge the near well bore formation fluids and acquire native formation fluid samples. The fluid level was initially tagged at 219’ before the first swab pull, and a total of 92 bbls were purged before acquiring a 5-gal formation fluid swab sample (field density was 8.8ppg). Two additional samples were acquired with the Kuster Flow Through Samplers (Figure 18) using the rig sand line at a depth of 2,900’ after purging approximately 136 bbls of formation fluid. The Kuster Flow Through Samples is timed with a clock to close a flow through valve (Figure 18), which assists with acquiring a well sample at a specific depth in the well. Detailed lab analysis results of acquired samples are discussed in the “Data Acquired & Instrumentation” section of this report. 

[image: ]
Figure 15 – Pressure BUILDUP MONITORED AFER PERFORATING THE CYPRESS FORMATION, ON MARCH 23, 2021.
[image: ]
[bookmark: _Ref71421307]Figure 16 – Swab Rig as photogrpahed on March 23, 2021.
[image: ]  [image: ]
[bookmark: _Ref71421707]Figure 17 – Well head configured with Orbit VALVE, PUMP – in SUBS (Flow -Tee) and LUBRICATOR (on Left), Perforation Gun after charges fired (right).
[image: ]         [image: ]
[bookmark: _Ref71543230]Figure 18 – Kuster sampler assembly on rig sand line (left), Clocks used to time the sampling (Right) 
On March 24, 2021, the static fluid level was tagged at 218' with the swab rig and the cement on the CIBP was tagged at 3,095' indicating minimal or no sanding (sand flow from the formation into the well). A PPS 58 (S/N 90921) memory gauge (Figure 20) was deployed in the well to record pressures (Figure 21). The gauge was held stationary for gradient stops for 2 minutes every 100’ from 0’-500’, and 2 minutes every 500’ from 500’-2,500’. The gauge was then held stationary at 2,958’ (top perforation) for 15 minutes. In-situ Cypress Pressure was 1,291 psia and temperature was approximately 97F. The gauge then softly tagged bottom at 3,096’ and was held stationary for 2 minutes at the tag depth. The gauge was also held stationary for pressure gradient stops for 2 minutes at 3,000’, 2,958’, 2,000’, 1,000’, 225’, 210’, 200’ on the way out.
[image: ]  [image: ]
[bookmark: _Ref71422035]Figure 19 – Casing Swab SETUP TO Acuire a swab sample (Left), PPS 58 (S/N 90921) memory gauge deployed to record well pressures (Right).
[image: ]
[bookmark: _Ref71544253]Figure 20 –PPS 58 (S/N 90921) memory gauge as Photographed on March 24, 2021.
[image: ]
[bookmark: _Ref71544432]Figure 21 – WELL Pressure and temperatures recorded by the PPS 58 (S/N 90921) memory gauge.

On April 1, 2021, the DTS fiber optic cable was deployed in the well, the cable specifications and data sampling is summarized in the Data Acquisition & Instrumentation section of this report. The DTS spool was mounted on a winch truck (Figure 22) and lowered in to the well through a sheave wheel hoisted by a crane (
[image: ]
Figure 23 - DTS CABLE SETUP FOR INSTALLATION THROUGH THE SHEAVE WHEEL AND CRANE.

). The downhole assembly of the DTS cable consisted of a DTS cable housing assembly a weight bar and a pressure/temperature memory gauge (PPS 58/ S. No# 90921) (Figure 24). A dual hydraulic Pack off was installed on the well head for pressure control and the DTS cable was secured with a T-bar (Figure 25). Once the DTS was securely installed in the well it was connected to the Silixa DTS interrogator and the site computer. A heat test was applied on a 1’ interval above the DTS clamp to confirm the length of the DTS cable in the well and on surface. The bottom of the DTS cable was installed at 3,091.5’/942.3m KB, and 254.71’/77.63m of DTS cable was on the surface above KB depth. Based on the DTS cable length, the perforation interval of the Cypress formation on the DTS cable was at 3,207.71’ /977.7m to 3,212.71’/979.2 and the bottom of the PPS 58 memory gauge was at 3095.5’/943.5m KB. The downhole assembly is summarized in Table 4 below.
[bookmark: _Ref92713682]Table 4 – tally of the downhole assembly
	Downhole Tally

	Component Description
	Component Length (inches)
	Cumulative Length (inches)

	Memory Gauge
	15.25
	15.25

	Battery Housing
	8.125
	23.375

	Cross-Over
	3.25
	26.625

	Cross-Over
	3.125
	29.75

	Weight Bar
	60
	89.75

	Cross Over
	5.5
	95.25

	DTS Splice Housing - 1
	19.375
	114.625

	DTS Splice Housing - 2
	5.75
	120.375

	Cross-Over
	1.375
	121.75



[image: ]
[bookmark: _Ref71545068]Figure 22 – DTS Cable Spool Mounted on the WInch Truck.
[bookmark: _Ref71545352]
[image: ]
Figure 23 - DTS CABLE SETUP FOR INSTALLATION THROUGH THE SHEAVE WHEEL AND CRANE.

[image: ]
[bookmark: _Ref71545374]Figure 24 – Downhole Assebly with DTS Cable Housing, Weight Bar, and Memorry Gauge. 
 [image: ]
[bookmark: _Ref71545390]Figure 25 – DTS cable installed and secured with DUal Pack-off and T-Bar.
On April 1, 2021, the surface flow lines (Figure 26), heater and pumps (Figure 27), and the flow line instrumentations were setup for hot/cold water injection and thermal decay monitoring. The surface instrumentation is further described in the “Data Acquired & Instrumentation” section of this report. All instrumentation were powered by generators and battery banks were setup as contingencies to avoid any data losses due to power loss or fluctuations. The site computer was configured for remote access using a wireless hotspot and to continuously upload the data on a secure cloud location for the team to access and assure offsite backup. Once the setup was complete, 660 gallons of fresh water was circulated through the surface system to test the instrumentation.
[image: ]
[bookmark: _Ref71545453]Figure 26 – Flow Lines and well head insulated and surface instrumentation installed. 
[image: ]
[bookmark: _Ref71545473]Figure 27 – Line Heater and single pump setup for hot water injection. 
[bookmark: _Toc92723695][bookmark: _Hlk71459117]Monitor Hot / Cold Injection & Thermal Stabilization
On April 5, 2021, an auto shut in switch (Figure 28) was installed on the flow lines to shut off the pumps at high- and low-pressure thresholds, and the hot water injection was initiated at 8 gal/ min at a temperature of 50oC or 122oF. Due to skin build up at the perforations the pump had stopped injecting hot water around 8 pm after injecting approximately 19 bbl into the Cypress formation (Figure 29). Higher injection pressures were required to maintain a constant rate of injection. Hence on April 6, 2021, two high pressure triplex CAT pumps were installed on the flow line (Figure 30) to overcome the formation skin for the hot water injection. The pump specifications are summarized in Figure 31 and Figure 32 . The perforations breakthrough was observed at 796 psi and the injection pressure thresholds were adjusted to 800 psi (High)/100 psi(low) (Figure 33). 
The surface instrumentation and the data acquisition system were setup to access and monitor operations remotely. Daily checks were performed by the team or site host personnel (Podolsky Oil Company) on the equipment functionality, fluid levels and general site condition. 
[image: ]
[bookmark: _Ref71545902]Figure 28 – AUTOmated Murphy switch Installed to shut the pump at high or low thresholds. 
[image: ]
[bookmark: _Ref71545918]Figure 29 – First Days of Hot Water injectioN stopped due to High pressures.
[image: ]
[bookmark: _Ref71545926]Figure 30 - Two additional CAT pumps installed for higer Pressures. 
 [image: ]
[bookmark: _Ref71548180]Figure 31 – CAT 230 Pump SPECIFICATIONS (CAT PUMPS) 

[image: ]
[bookmark: _Ref71548183]Figure 32 – CAT 740 Pump SPECIFICATIONS (Cat Pumps)

[image: ]
[bookmark: _Ref71545936]Figure 33 – Hot Water injection with Additional Pumps
After 3 days of hot water injection, on April 9, 2021. the team reviewed the heat losses in the well and decided to shut in the well to monitor pressure fall off, and formation thermal stability. Approximately 417 bbl of fresh water had been injected into the Cypress formation when the well was shut in and pressure fall off was monitored for 5 days. 
On April 15, 2021, a cycle of cold-water injection was initiated. The cold-water injection was conducted at an initial rate of 2 gpm for 3 hours, then it was ramped up to 4 gpm for an additional 3 hours. The injection rate was then increased to 6 gpm for additional 121 hours (Figure 34). After the cold-water injection at varying rates the cold-water injection was stopped, and pressure fall off and formation thermal stabilization were monitored. An additional 124 bbl of fresh water was injected into the Cypress formation. The formation thermal stabilization was monitored for additional 18 days.
[image: ]
[bookmark: _Ref71546749]Figure 34 – COld Water Injection with a Step Rate Test and Pressure Fall OFF Incororated.
[bookmark: _Toc92723696]Site Closure
On May 5, 2021, the DTS was retrieved from the well and surface instrumentations and equipment was rigged down. The well was then plugged and abandoned (P&A) on July 9th, 2021, and the P&A operations were witnessed by an IDNR inspector. The P&A operations involved setting a CIBP at 2,900’, with 2 sacks of cement on top of it. Additionally, a surface cement was set from 300’ to surface after retrieving the 4.5” casing from surface to 1,213’.  The cement truck and rig setup at the field are illustrated in Figure 35 and Figure 36.
[image: ]
[bookmark: _Ref79671411]Figure 35 – Cement truck for P&A Operations.
[image: ]
[bookmark: _Ref79671413]Figure 36 – Rig & Cement Truck Setup for P&A Operations. 
[bookmark: _Toc92723697][bookmark: _Hlk92711121]Data Acquired & Instrumentation
[bookmark: _Toc92723698]Well Logs Acquired  
Three logging tools Gamma Ray (GR), Cement Bond Log (CBL) and Casing Collar Locator (CCL) were deployed in the well. The CBL, tool was deployed to examine the condition of the cement bond between the well casing and the formation rocks. A good cement bond between the formation rocks and the well casing ensures that the injection fluid is isolated from flowing into unintended geologic formations. The GR log was used to categorize the formation properties at the well and correlate with available offset well data to refine a suitable injection interval in the target formation (Cypress Formation). The CCL log was used to confirm the tool depths with previously installed casing tally and ensure the other tool measurements are accurate.
[bookmark: _Toc92723699]DTS Real Time 
For the installation of the DTS cable, the fiber optic cable was spliced and secured in the downhole housing assembly. The (XT DTS Ruggedized) interrogator was set up and Silixa software was installed on the site computer.
The DTS fiber optic cable installed was a traditional downhole cable (0.049 wall Bare 2.50mm fibers with High Temp Acrylate). The interrogator was capable of 25 cm spatial readings at and 5 sec intervals. The sampling frequency was however set to 0.25-foot spatial readings at every minute. 
[bookmark: _Toc92723700]Downhole Memory Gauge
A pressure/temperature memory gauge (PPS 58/ SN# 90921) was added to the downhole assembly. The data acquired was used to refine the reservoir permeability properties through pressure transient analysis.
[bookmark: _Toc92723701]Surface Instrumentation
Three temperature sensors (RTD 100/ 0 deg F to 262 deg F) pre-heater, heater bath, and post heater were installed in the flow line to assess the heat losses at surfaces. In addition, two pressure gauges, a wireless Emerson pressure gauge was placed, and a Siemens (Sitrans P/0-1600 psi) were positioned next to the well head. A wireless Emerson gauge was also installed on the frac tank to monitor fluid supply level. An Omega FTB-1425 flow meter was installed in the flow line, the flowmeter (Serial No# 0Z1908A136) has a K-factor of 885.998, and a flow range 5-50 gal/min. The RTD temperature sensors, well head pressure gauge and flowmeter sensors were connected to the Campbell Scientific Data Acquisition (DAQ) system and the data logger software was configured on the site computer.
[bookmark: _Toc92723702]Samples Acquired 
A total of 4 fluid samples were collected, as summarized below. An initial analysis was conducted by the Illinois State Geological Survey (ISGS) to test for Ph, density, viscosity, total dissolved solids (TDS) etc., summarized in Table 5. Additionally, a detailed chemical analysis was performed by the Illinois State Water Survey (ISWS), summarized in Table 6 - Table 7.
Details of samples acquired:
· Swab Sample 1 – Cypress Formation
· Time - 15:15 (~5 gallons)
· Type - Surface Swab Line
· Swabbed Volume Prior to Sampling – 92 bbl
· Kuster Sampler 1 – Cypress Formation
· Time – 16:06 (clock fired)
· Depth/Type – Kuster 2,900’
· Swabbed Volume Prior to Sampling – 136 bbl
· Kuster Sampler 2 – Cypress Formation
· Time - 16:57
· Depth/Type – Kuster 2,900’
· Swabbed Volume Prior to Sampling – 136 bbl
· Injection Water Sample – Fresh Water from the Village of Geff.
· Date – 03/30/2021 (~5 gallons)
[bookmark: _Ref71549693]Table 5 – Fluid Sample Initial results.
	Date
	Sample ID
	Temp. (°C)
	pH
	EC (mS/cm)
	EH (mV)
	DO (mg/L)
	Density (g/cc)
	Viscosity (cp)
	Estimated TDS* (mg/L)

	3/25/2021
	Kuster Sample 1
	24.4
	5.73
	139.3
	-389
	NA
	1.0737
	1.3          @18.8⁰C
	110,287

	3/25/2021
	Kuster Sample 2
	24.2
	6.31
	129.6
	-387
	NA
	1.074
	1.2           @19.5⁰C
	110,721

	3/25/2021
	Swab Sample
	23.6
	6.45
	127.8
	NA
	NA
	1.0742
	1.3           @18.7⁰C
	111,011

	03/30/2021
	Injection Fluid Samples
	22.2
	8.38
	2.515
	397
	7.01
	0.9996
	0.8 @24.3⁰C
	__


[bookmark: _Ref78374677]Table 6 – Detailed Chemical Analysis of Fluid Samples, all measurementsw are in mg/L.
	Chemical Property Measured
	Kuster Sample 1 (Cypress Formation)
	Kuster Sample 2 (Cypress Formation)
	Swab Sample (Cypress Formation)
	Injection Fluid Sample (Fesh Water)

	Al
	<0.37 ‡
	<0.37 ‡
	<0.37 ‡
	<0.37 ‡

	As  
	<1.1 ‡
	<1.1 ‡
	<1.1 ‡
	<1.1 ‡

	B 
	2.65
	2.55
	2.46
	3.17

	Ba 
	0.276
	0.286
	0.273
	0.066

	Be
	<0.0055 ‡
	<0.0055 ‡
	<0.0055 ‡
	<0.0055 ‡

	Ca 
	2809
	2783
	2832
	78.0

	Cd 
	<0.12 ‡
	<0.12 ‡
	<0.12 ‡
	<0.12 ‡

	Co
	<0.13 ‡
	<0.13 ‡
	<0.13 ‡
	<0.13 ‡

	Cr 
	<0.058 ‡
	<0.058 ‡
	<0.058 ‡
	<0.058 ‡

	Cu 
	4.95
	1.85
	<0.016 ‡
	<0.016 ‡

	Fe
	14.6
	15.3
	10.8
	0.58

	K 
	131
	132
	131
	66.6

	Li
	3.8
	3.8
	3.8
	<1.1 ‡

	Mg 
	1095
	1085
	1103
	43.4

	Mn
	1.67
	1.36
	0.843
	0.121

	Mo 
	<0.22 ‡
	<0.22 ‡
	<0.22 ‡
	<0.22 ‡

	Na 
	38552
	38549
	38335
	1712

	Ni 
	14.5
	12.8
	<0.43 ‡
	<0.43 ‡

	P 
	<0.73 ‡
	<0.73 ‡
	<0.73 ‡
	<0.73 ‡



[bookmark: _Ref78374679]Table 7 – Detailed Chemical Analysis of Fluid Samples Continuation, all measurementsw are in mg/L.
	Pb
	0.43
	0.53
	0.44
	<0.41 ‡

	S
	408
	405
	410
	76.0

	Sb
	<0.59 ‡
	<0.59 ‡
	<0.59 ‡
	<0.59 ‡

	Se
	<1.3 ‡
	<1.3 ‡
	<1.3 ‡
	<1.3 ‡

	Si
	5.1
	5.6
	4.4
	6.8

	Sn
	<0.86 ‡
	<0.86 ‡
	<0.86 ‡
	<0.86 ‡

	Sr
	105
	101
	99.7
	5.06

	Ti
	<0.0056 ‡
	<0.0056 ‡
	<0.0056 ‡
	<0.0056 ‡

	Tl
	<0.47 ‡
	<0.47 ‡
	<0.47 ‡
	<0.47 ‡

	V
	<0.47 ‡
	<0.47 ‡
	<0.47 ‡
	<0.47 ‡

	Zn
	1.31
	0.992
	0.158
	<0.097 ‡

	TDS
	109990
	109500
	110260
	4810

	F
	<7 ‡
	<7 ‡
	<7 ‡
	3.1

	Cl
	66845
	65952
	65801
	2602

	NO3-N
	<2 ‡
	<2 ‡
	<2 ‡
	<0.06 ‡

	SO4
	1049
	1051
	1045
	230

	Br
	85
	84
	84
	11.0

	pH
	6.76
	6.73
	6.81
	8.06

	Alkalinity
	158
	150
	129
	258



DATA SUBMISSION	Comment by Manzoor Khan: For Damon’s Review
All data files were compiled to integrate and archive all project related data for future projects and to upload to the DOE OpenEI Geothermal Data Repository (GDR). The final data submissions consisted of: 
· Well Logs: CBL-CCL-GR
· Surface Pressure Data: Dwyer PR2000 data logger
· Casing Pressure Test.
· Flow data after perforating the Cypress Formation
· Swabbing for formation fluid samples. 
· Fluid Sample Analysis Data
· Surface Data: (Campbell Scientific & Emerson)
· Downhole Data: (DTS & Memory Gauge PPS 58 90921)
· Well schematic Data.
· Numerical Analysis Data
[bookmark: _Toc92723703]Field Test Results
[bookmark: _Toc92723704]Initial Temperature Profile
Prior to the start of the heat injection test, the temperature in the well was recorded using Distributed Temperature Sensing system. From these recordings, the geothermal gradient at the well site was calculated. The initial temperature profile and the geothermal gradient are given in Figure 37 respectively.
[image: ]
[bookmark: _Ref71549795]Figure 37 - Initial DTS data prior to the beginning of fluid injection tests (a) Initial temperature profile (b) Geothermal gradient
[bookmark: _Toc92723705]Temperature Profile From DTS 
The hot fluid injection test was run for 3 days from April 5-8, 2021. The temperatures along the depth until the bottom of the wellbore was recorded using the DTS system. The evolution of temperature profiles during heating is given in Figure 38. As observed on the figures, the temperature increases on the surface to 55oC, equivalent to the temperature of the hot water being injected. The formations up to 500 m gained heat because the temperature recorded is higher than the initial temperature profile. After 500 m, the temperature recorded becomes lower than the initial profile because the heat is dissipated into the upper layers.
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	(a)
	(b)

	[image: ]
	[image: ]

	(c)
	(d)


[bookmark: _Ref71550062]Figure 38 - Temperature profiles during hot water injection (a) 2021/04/05 (b) 2021/04/06 (c) 2021/04/07 (d) 2021/04/08
After the heat injection, the well was shut in for the monitoring of thermal decay from April 9-14, 2021. The changes in temperature profiles are given in Figure 39. As can be seen in Figure 39, the temperatures decreased on the surface from 55oC to 28oC at the beginning of the shut off period, followed by a further decrease to 16oC. This temperature is still higher than the surface initial temperature recorded (~14oC). 
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	(a)
	(b)


[bookmark: _Ref71550075]Figure 39 - Thermal decay monitoring after hot water injection test (a) 2021/04/09 (b) 2021/04/14
After the subsurface temperatures reached an equilibrium, a cold fluid injection test was performed by injecting water having an average temperature of approximately 62oC between April 15-16, 2021. The temperature profiles during cold fluid injection are shown in Figure 40. It can be observed that the temperature at the bottom of the well decreased from 36oC to 29oC at the end of the cooling experiment. Due to heat losses during hot water injection, the deeper formations were displayed a higher change in formation temperature during the cold water injection
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	(a)
	(b)


[bookmark: _Ref71550091]Figure 40 - Temperature profiles during cold water injection test (a) 2021/04/15 (a) 2021/04/16
Following the cold-water injection test, thermal stabilization and pressure fall off were monitored. The evolution of temperatures along the depth are given in Figure 41 for the period between April 17-21. Temperature at the target formation increased from 29oC to 35oC over the five-day thermal decay period. 
	[image: ]
	[image: ]

	(a)
	(b)


[bookmark: _Ref71550172]Figure 41 - Thermal decay monitoring after cold water injection test (a) 2021/04/17 (b) 2021/04/21
[bookmark: _Toc92723706]Time series of temperature 
The time series of temperatures during the field experiment for different depths are shown in Figure 42. The different thermal regimes can be identified as follows: 1) hot water injection, 2) thermal decay and pressure fall off, 3) cold water injection, and 4) thermal stabilization and pressure fall off. The temperatures increased until the hot fluid reached a depth of ~500 m, then cooling was observed in the deeper formations. This phenomenon occurred because the fluid injected lost heat to the formations in transition at relatively low injection rate. Hence, the injected hot water lost heat before reaching the target formation and the target formation fluid was not heated above 50°C. The injection rates chosen were designed by considering the geomechanical properties of the target geologic formation (to not fracture the reservoir rock). Nonetheless, the field experiments generated enough data for further study.
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[bookmark: _Ref71550213]Figure 42 - Time series of temperatures for different depths (a) 300m (b) 500m (c) 700m (d) 900m
[bookmark: _Toc92723707]Downhole Pressure/Temperature
Pressure and temperature data were also recorded using the downhole pressure and temperature memory gauge. The data is extracted and shown in Figure 43 and Figure 44. This data was integrated into the simulations and models to refine the AGES model. Additionally, the downhole data was also used to perform pressure transient analysis to refine formation permeability estimates, discussed further in the “Interpretation Of Pressure Transient Testing” section of the report. 
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[bookmark: _Ref71554354]Figure 43 - PPS Downhole Gauge Data
[image: Table
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[bookmark: _Ref71554356]Figure 44 - PPS Downhole Gauge Data.
[bookmark: _Toc92723708]Wellhead Pressure/Temperature 
The instrumentation was setup to record and provide real time well head pressure and temperature data throughout the field tests. This data was monitored to assess the well and the formations conditions during the hot and cold injections and for well control. Additionally, the initial formation pressures, and fluid buildup were monitored immediately after perforating the target formation (Cypress formation) at the wellhead. The buildup indicated the injectivity of the formation, without further stimulation. 
[bookmark: _Toc92723709]Interpretation of Pressure Transient Testing 
The pressure data acquired during the field test were used to conduct pressure transient analysis and refine the target reservoir (Cypress Formation) permeability properties. The hot water injection period served as a long-term injection test, followed by a pressure fall off test during the thermal decay period. A step rate test was incorporated into the cold-water injection schedule and another pressure fall off was conducted during the thermal stabilization period after the cold-water injection. 
The two fall off tests were analyzed (Figure 45) by Dr. Scott Frailey at the ISGS for an estimation of well bore storage, perforation skin, and the formation permeability. A large negative slope in the derivative of the pressure changes during wellbore storage to radial flow transition indicated a large positive skin due to partial penetration, i.e., 5 ft perforated interval of a ~53 ft thick formation. A conservative estimate of the permeability from the analysis was 820 millidarcy (8.093x10-13 m2). 
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[bookmark: _Ref81532476]Figure 45 – Type curve analysis of the two Pressure Fall Off tests (Performed by ISGS).
Based on the data and observations, a conservative formation permeability estimate was applied on the thermal storage modeling and simulations, the thermal and hydraulic parameters used in the simulation are summarized in Table 9, discussed in the “Numerical Simulations” section of the report. 

[bookmark: _Toc92723710]
Numerical Simulations
Simulation of coupled heat transfer and water flow in geomaterials requires solving a set of governing equations for fluid flow coupled with energy conservation. The governing equations for heat transfer and water flow at the continuum scale along with other relevant equations are given in Equations 2 through 7. When formulating some assumptions are made: (a) geomaterials is homogeneous, isotropic, and non-deformable; (b) fluid flow is laminar. Darcy law is used to represent the fluid flow in the porous media using Equations (2) and (3) as follows:
	

	(2)

	
	(3)



where  is the rock matrix,  is the rock matrix density (kg/m3), u is Darcy’s velocity (m/s), is the rock matrix intrinsic permeability (m2),  is the fluid dynamic viscosity (Pa.s), pf is the fluid’s pressure in the pore (Pa), and  is the fluid density (kg/m3). The heat transfer in geomaterials containing fluid in the pores are governed by conduction and convection. The heat equation is derived from the first law of thermodynamics, and it is given in Equation 4. Fourier’s law was used to compute the conductive heat transfer. The convective heat transfer is caused by the density driven fluid flow because of increase in temperature in the pore fluid. Based on the energy balance in the domain, the heat transfer in the porous matrix is governed by equations (4) through (7) as follows:
	
	(4)

	
	(5)

	
	(6)

	
	(7)


where is the volumetric heat capacity (J/m3.K),  is the effective thermal conductivity of the rock matrix (W/m.K),  is the volumetric heat capacity of water (J/m3.K).
[bookmark: _Toc92723711]Model Validation With Existing Data Set From The Literature
The numerical model was validated against the results from an existing literature study by Panja et al. (2019). They studied the feasibility of injecting hot fluid in a sedimentary basin to numerically assess the thermal performance of a hypothetical heat storage system and performed a parametric study to assess the effect of different parameters such as porosity, permeability, reservoir thickness, etc., on the thermal processes. The model consisted of three layers as a highly permeable reservoir (= =9.8x10-14 m2, =9.8x10-15 m2, and n=0.15) surrounded by two insulating layers (caprock and bedrock) with low permeability (=9.8x10-20 m2 and n=0.025) as shown in Figure 46. The initial hydrostatic pressure was 12 MPa and initial temperature was 120.
[image: ]
[bookmark: _Ref71550248]Figure 46 - Geometry of the reservoir simulated in Panja et al. (2019)
The physical, thermal, and hydraulic parameters used in the simulations are summarized in Table 9. These values are representative of a sedimentary formation in Canada. 
[bookmark: _Ref71552100][bookmark: _Ref71550293]Table 9 - thermal and hydraulic parameters used in the simulation.   
	[bookmark: _Hlk69483906]Formation
	Thickness
	Porosity
	Density
	Permeability
	Thermal Conductivity
	Rock Specific Heat

	
	(m)
	(m3/m3)
	(kg/m3)
	(m2)
	(W/m.K)
	(J/kg.K)

	Caprock/ Bedrock 
	70
	0.025
	2500
	9.8x10-20
	1.05
	770

	Reservoir
	110
	0.25
	2000
	= =9.8x10-14 
=9.8x10-15
	2.5
	930


The operational scheme consisted of daily hot water injection for 8 hours at 250  at a rate of 40 kg/s that was followed by an extraction period of 10 hours at a rate of 32 kg/s. After extraction, the well was shut in for 6 hours. This cycle was repeated daily for 100 days. To validate the numerical model developed for this study, the initial and boundary conditions in addition to the material properties were incorporated and the system of equations were solved full coupled using a cross-platform finite element analysis, solver and Multiphysics simulation software (COMSOL Multiphysics). The temperatures and pressures from numerical simulations in this study are compared against the results from numerical simulations in Panja et al. (2019) and they are shown in Figure 16(a) and 16(b), respectively. As shown in Figures 16(a) and 16(b) there is a good comparison between the results. However, a discrepancy exists, and this is attributed to the coarser mesh used in Panja et al. (2019). Regardless, similar trends in temperature and pressure profiles are an indication of good numerical model performance.  
	[bookmark: _Hlk69487615][image: ]
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	(a)
	(b)


Figure 47 - Numerical simulations results at the end of injection (a) Temperature (b) Pressure
[bookmark: _Toc92723712]Model Calibration With Field Test
The results from the field test were used to calibrate the numerical model. Initial temperature profile given in Figure 9 was used as thermal initial condition. For the hydraulic boundary conditions, a hydrostatic pressure is applied to the domain. Then, the heat transfer between the injected fluid and the formation was calculated using temperature recorded by the DTS system and was then used as a thermal boundary condition. Losses to the surrounding formations as well as brine mixing with the injected fluid were expected. However, we were not able to incorporate these in the modeling because they were very difficult to measure in the field. The heat flux between the injected fluid and the formation is calculated using Equation 8 (Cheng, 2014) as follows:
	
	(8)



where  is the heat transfer (W/m), r is the radius (m),  is the heat convection coefficient (W/m2.K), and  is the temperature difference (K). Then, the heat convection coefficient  is calculated based on the forced convection heat transfer mechanism, which occurs when the fluid is forced to flow due to an external source. This coefficient depends on the fluid properties, the wall surface roughness, and the type of flow (laminar or turbulent). This mechanism assumes no slip condition, i.e. that the fluid velocity at the wall surface is considered zero. This was not the case in the field test because the fluid was free to flow into the pores of the surrounding formation. However, this was not considered in the calculation and no slip condition was assumed to be valid. Then, Nusslet number () which represents the ratio of convective to conductive heat transfer can be calculated using Equation 9 as follows: 
	
	(9)


where D is the well diameter (m) and  is the injected fluid thermal conductivity (W/(m2.K). In addition, for a flow in and across a cylinder, the Nusslet number  can also be calculated from Churchill and Bernstein correlation using Equation 10 as follows:
	
	(10)


where  is the Reynolds number and  is the Prandtl number. This correlation is valid for 3.5<<8000 and 0.7<<380.  is calculated using Equation 11 as follows:
	
	(11)


where  is the injected fluid density(kg/m3),  is the injected fluid dynamic viscosity (Pa.s), and u is the fluid velocity (m/s) calculated using Equation 12 as follows:  
	
	(12)


where Q is the mass flow rate (kg/s) and A is the cross-sectional area (m2). 𝜌, 𝜇, k and  are temperature dependent and were varied as the temperature changed along the depth. From equation (9) and (10), the heat convection coefficient  can be computed from which heat transfer is calculated and assigned as a heat flux boundary condition.
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[bookmark: _Ref80441342]Figure 48 - Comparison between field test and numerical results
Comparison between experimental and numerical results are shown in Figure 48. The trend of the curve from the simulation matched that of the field results. We used this model to further investigate the operational schemes for an AGES system based on the Illinois subsurface profile and thermo-hydraulic properties of the different geological formations. 

After model calibration against field tests, a 2D axisymmetric model was developed as shown in Figure 49 with coupled thermal and hydraulic processes. The vertical direction represents the different subsurface formations. In the radial direction, the cross-section is 500m, enough to limit any boundary effect errors. Initially, a single push/pull well is simulated to perform preliminary analysis. The well has a diameter of 0.34m and extends along the vertical length (z=1228m).      
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[bookmark: _Ref80441381]Figure 49 - 2D axisymmetric model with well formations
Table 9 summarizes the physical as well as the corresponding material properties of the formations used for the analysis. The data was obtained from the existing logs provided by our project partner, Podolsky Oil Company as well as the calibrated model. 
[bookmark: _Ref71550395]Table 9 - Thermal and hydraulic properties.
	Formation
	Depth
(GL)
	Thickness
	Porosity
	Density
	Permeability
	Thermal Conductivity
	Rock Specific Heat

	
	(m)
	(m)
	(m3/m3)
	(kg/m3)
	(m2)
	(W/(m.K))
	(J/(kg.K)

	Herrin Coal 
	307
	28
	0.20
	2569
	3.51E-14
	3.10
	1320

	Springfield Coal
	335
	309
	0.17
	2526
	2.89E-14
	3.63
	1320

	Golconda
	644
	87
	0.16
	2538
	6.65E-15
	3.45
	910

	Menard
	731
	38
	0.03
	2703
	1.26E-17
	3.56
	910

	Vienna
	769
	36
	0.06
	2653
	4.04E-16
	3.35
	910

	Glen Dean
	805
	5
	0.13
	2616
	3.06E-16
	2.97
	910

	Tar Springs
	810
	53
	0.15
	2542
	1.22E-15
	3.17
	930

	Barlow
	863
	5
	0.05
	2704
	9.87E-18
	3.54
	910

	Cypress
	868
	45
	0.18
	2681
	2.70E-13
	3.50
	930

	Paint Creek
	913
	8
	0.05
	2683
	1.09E-17
	3.77
	830

	Benoist
	921
	11
	0.03
	2686
	1.15E-17
	3.62
	930

	Renault
	932
	24
	0.03
	2692
	2.83E-17
	3.64
	930

	Aux Vases
	956
	17
	0.02
	2706
	3.05E-17
	3.61
	930

	St Genevieve
	973
	15
	0.04
	2712
	7.84E-16
	4.16
	910

	McClosky
	988
	27
	0.10
	2569
	7.06E-14
	4.89
	910

	St Louis
	1015
	86
	0.13
	2510
	3.73E-14
	5.14
	910

	Salem
	1101
	127
	0.07
	2677
	2.71E-15
	4.96
	910



[bookmark: _Toc92723713]Initial and Boundary Conditions 
For the thermal boundary conditions, a fixed temperature of 12 on the surface was assigned. Throughout the domain, the initial temperature varied based on the geothermal gradient as shown in Figure 50(a). The geothermal gradient (24.8) was calculated from the DTS data recorded as shown in Figure 50(b). For the hydraulic boundary conditions, a hydrostatic pressure was applied to the domain with a pressure gradient of 10,000 Pa/m to represent groundwater as shown in Figure 50(b). During injection, a temperature and mass flux boundary conditions are assigned on Cypress formation as shown in Figure 50(a) and Figure 50(b). 
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[bookmark: _Ref71550540]Figure 50 - Initial boundary condition (a) Thermal (b) Hydraulic
[bookmark: _Toc92723714]Simulation and Analyses
As a preliminary analysis, a single push/pull well configuration is considered. Initially, a preheating phase was performed to charge the formation for 90 days. It consisted of daily injection of hot water for 10 hours at 250  at a rate of 40 kg/s. The evolution of the thermal plume during heating is shown in Figure 51 for different days.
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[bookmark: _Ref71550647]Figure 51 - Thermal plume evolution at different cycles during charging period (a) 1 day (b) 5 days (c) 10 days (d) 15 days (e) 20 days (f) 30 days (g) 40 days (h) 50 days (i) 60 days (j) 70 days (k) 80 days (l) 90 days
After preheating the reservoir, four scenarios were performed for an analysis period of 5 years to assess the performance and efficiency of the reservoir. Scheme 1 was consistent with the approach followed by Zheng (2014). It consists of an injection period of one month at a temperature of 250  and a mass flow rate of 10 kg/s followed by a production period of one month at a mass flow rate of 10 kg/s. (2) Scheme 2 was like Scheme 1. The only parameter that varied was the mass flow rate. It was increased to 40 kg/s to study its effect. On the other hand, Scheme 3 followed the approach by Mcling et al. (2019) where each cycle included an injection of hot water at a temperature of 250  and a mass flow rate of 10 kg/s for three months to represent summer when there is excess of hot water. This period was followed by a three-month rest period in fall where no operation was performed. After that, three months of production at a mass flow rate of 10 kg/s was performed to simulate winter when demand is high. The cycle ends by three months rest period during spring. As for Scheme 4, the same cycle adopted in scheme 3 was followed. The only difference was the mass flow rate that was increased to 40 kg/s.
[bookmark: _Toc92723715]Simulation Results
The temperature variation over time during injection and production was plotted for the 4 schemes simulated over the analysis period of 5 years as shown in Figure 52 (a) through (d). For all schemes, during the first few cycles, the temperature variation between the injected and produced temperature was low because the reservoir was preheated for 90 days. This variation increases as the operation continues then reaches steady state with production temperature dropping from 250oC to 207oC, 182oC, 178oC, and 164oC for schemes 1, 2, 3, and 4 respectively after a few initial cycles. In addition, the difference between the injected and produced temperature increased as the mass flow rate increased. In fact, a larger volume was being produced at higher injection rates leading to the bigger gap. When a rest period was included, a further drop in temperature at the well surface was observed after the production period. This was due to thermal dissipation inside the reservoir due to convection.
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[bookmark: _Ref71550696]Figure 52 - Temperature variation over time for an analysis period of 5 years (a) Scheme 1 (b) Scheme 2 (c) Scheme 3 (d) Scheme 4
The temperature profiles at mid-height of the reservoir along the radial path for the four schemes at the end of injection and production for different cycles are shown in Figure 53 to Figure 56. At the end of the charging period, the thermal plume reached ~40 m as shown on Figure 20(l). Consequently, as observed in Figure 53, Figure 54, Figure 55, and Figure 56 the temperature in the radial distance for the 4 schemes at the end of injection was highest for the first cycle. As the operation proceeded, the thermal influence zone decreased and reaches a steady state where it slightly changed from one cycle to another. Furthermore, during production, for the first few cycles, fluctuation in the thermal plume was observed. The steady state heat transfer was reached after 20 cycles and the thermally influenced zone stabilized. 
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[bookmark: _Ref71550900]Figure 53 - Horizontal temperature profiles at mid-height of the reservoir from Scheme 1 (a) Injection (b) Extraction
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[bookmark: _Ref71550902]Figure 54 - Horizontal temperature profiles at mid-height of the reservoir from Scheme 2: (a) Injection (b) Extraction
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[bookmark: _Ref71550904]Figure 55 - Horizontal temperature profiles at mid-height of the reservoir from Scheme 3: (a) Injection (b) Extraction
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[bookmark: _Ref71550905]Figure 56 Horizontal temperature profiles at mid-height of the reservoir from Scheme 4: (a) Injection (b) Extraction
[bookmark: _Toc92723716]Power Generation Calculations
For the single well push-pull configuration, the thermal heat production rate  was calculated using Equation 13 as follows:
	
	(13)


where   was the mass flow rate and  was the specific enthalpy of the fluid produced (J/kg) which varies with the temperature produced (). The heat loss  was then calculated using Equation 14 as follows: 
	
	(14)


where  was the specific enthalpy of the fluid injected (J/kg). Then, to estimate the electric potential of this configuration, exergy analysis was performed which assesses the maximum energy that can be produced as equilibrium was reached with a reference environment (Terzi, 2018). The efficiency  of converting the thermal energy into mechanical work was calculated using Equation 15 as follows:
	
	(15)


where  was the heat rejection temperature (K) ( used is 285.15 K (12℃) equivalent to the average annual temperature in Illinois). In equation (15),  and  should be used in absolute temperature. The maximum mechanical work was then transformed into electric power using a utilization efficiency of 0.45. Thus, the electric power was calculated using Equation 16 as follows:
	
	(16)


To evaluate energy recovery in the reservoir, the thermal storage efficiency , which represents the ratio of the total amount of the thermal energy recovered from the reservoir to the total amount of thermal energy injected into the reservoir over a certain period, was calculated using Equation 17 as follows:
	
	(17)


where and  were the total thermal energy injected and produced into and from the reservoir during the cycle operation (unitless) respectively. They depend on the mass flow rates and the temperature of the fluid injected and produced.  was calculated using Equation 18 as follows:
	
	(18)


where  was the enthalpy of the injected fluid (J/kg) which is J/kg for the 4 schemes simulated (enthalpy of fresh water at a temperature of 250oC). t1 and t2 are the start and end time of the injection period. Similarly,  was calculated using Equation 19 as follows:
	
	(19)



Changes of heat production  , heat loss , electric power , and thermal storage efficiency respectively  over the 5 years analysis period for the different schemes are shown in Figure 57(a) through Figure 57(d). The heat production , electric power , and thermal storage efficiency respectively  depend on the mass flow rate and the temperature produced. The mass flow rate was constant over the analysis period (5 years) while the temperature period was varying every cycle. Thus, the three curves followed the same trend as the temperature produced for the four schemes. Initially, the temperature dropped which was translated into a decrease in the heat production , electric power , and thermal storage efficiency respectively  curves. Then, after multiple cycles, the temperature produced reached a steady state value which was also observed on the curves. On the other hand, the heat loss increased at the beginning then reached a constant value. This was also consistent with the temperature profiles in Figure 57 where the difference between the injected and produced temperature started low but increased after multiple cycles to reach a stable value. Furthermore, as the injection and production period increased, the efficiency tended to decrease. This was mainly because as the fluid was extracted for a longer period, the temperature produced decreased along with the thermal plume. In addition, mass flow rate also affected the results. For lower mass flow rates, the efficiency was the highest and the heat loss was the lowest among the 4 schemes simulated. 
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[bookmark: _Ref71551114]Figure 57 - Evolution of (a) heat production   (b) heat loss  (c) electric power   (d) thermal storage efficiency respectively  with time
The average electric power  and the corresponding generated power over a period of 5 years for the different schemes proposed are summarized in Table 10. The first scheme results in the highest power generation with 325.74 GWh, followed by scheme 3 (251.23 GWh), then scheme 2 (251.23 GWh), and lastly scheme 4 (205.68 GWh). This was expected since the efficiency of the first scheme was the highest. 
[bookmark: _Ref71551092]Table 10 - Average electric power and power generation over 5 years
	
	Average Electric Power (MW)
	Power Generation (GWh)
	Description

	Scheme 1
	7.44
	325.74
	One Month Injection at 250 . One Month production at .

	Scheme 2
	5.74
	251.23
	One Month Injection at 250 . One Month production at .

	Scheme 3
	6.26
	274.22
	Three Month Injection at 250 . Three Month production at . (Seasonal rest periods)

	Scheme 4
	4.70
	205.68
	Three Month Injection at 250 . Three Month production at . (Seasonal rest periods)


[bookmark: _Toc92723717]Phase I Market Research & Business Model
The initial market research was conducted and supplemented with participation in the Energy I-Corps for SBIR / STTR program for customer discovery in the Fall of 2020, the business model was refined after interviewing industry SMEs. Interviewees were from solar, lithium-ion, utility, storage farm, and power production industries—all of which helped provide parameters to determine investment interest and the market demands for this technology. The original business model was limited to capturing heat through setting AGES with Concentrating Solar-thermal Power (CSP) technology (for instance parabolic trough collector). Several iterations of the business model were developed throughout the customer discovery process. While several target applications were identified through this process, nearly all interviewees advised that arbitraging wholesale electricity prices would provide the greatest benefit with roads to expand into the other areas after the technology is proven via arbitrage. The primary industry demand for long duration energy storage was overwhelmingly apparent from the industry experts. Hence, the customer discovery process led to the conclusion that the electricity arbitrage model may be the most viable. For the purposes of the commercialization plan we elected to use this application to develop a business model. However, Projeo maintains a position that is open to all target applications and believes the best path towards commercialization will be through demonstrating commercial viability by developing the first few projects. The key to success of the adoption of this process will lie in the development of a demonstration project to show commercial success (whatever the target application). A high-level of support for this project within the oil and gas industry and the energy and utility industry was observed during the customer discovery market research and is supported by the letters of support attached to the commercialization proposal. 
The economic analysis conducted in Phase I was built on an electricity arbitrage model. Further, the team will conduct additional customer discovery during future research, in addition to the customer market research undertaken by LARTA, to expand the economic model for other applications including AGES industrial applications, direct heating applications, loss of utility and grid resilience applications. The team will evaluate the economic models and pivot to the appropriate application based on the future research results and market demand.
[bookmark: _Toc92723718]Economic Model 
[bookmark: _Hlk71458194]An AGES system allows for long-duration energy storage with many potential applications of the technology. The simplest application is to utilize the longer-duration storage to arbitrage electricity by purchasing power in off-peak hours, storing, and reselling the electricity during peak times. A standard method of assessing project finances is to determine the net present value (NPV) or the project. Net present value is defined as the following: 
	, where r=discount rate and n=project year
	(20)



Using an assumed 40 MWe capacity for a 10 well system to purchase, convert (via electric boiler), store geothermally, and discharge for sale via steam power block, and a discount rate of 15%, the project NPV, per the DOE provided worksheet, is $9,715,000 with a DOE investment Multiple of 8.4.  The project is expected to break even during year 6 of commercial operations, post commercial expansion (doubling of project size). An additional metric used to determine the financial and economic viability of an arbitrage AGES venture is the operating margins of the project. Operating margin is defined as: 
	
	(21)


Operating margins are estimated to be extremely high, all over 50% in years without large capital expenditures. Net cash flows are positive in every year without large capital expenditures, which will occur in commercial years 1 and 4, projected to be in 2023 and 2026.  The revenue stream outlined in the commercialization plan reflect the purchase of electricity in off-peak hours at price lows, and the revenue from sale of the electricity during peak-demand hours on the MISO grid. Revenues are expected to begin in the first year of commercial operations, with profit occurring in year 2, and in every subsequent year without capital expenditures in project expansion. The assumptions for the profit reflect an anticipated 90% storage efficiency (Wendt, 2019), and 40 hours of electric purchase and 40 hours of electric sales, on average, per week each year. Additionally, expenses are projected to rise at 1% per year, as are electricity prices—as both a purchaser and seller. Based on our outputs from the model, we have determined our LCOE to be 13.8¢ per kWh. LCOE is a standard metric to determine the baseline cost of electricity generation at a $/kWh, which is defined as:
	
	(22)


The determined LCOE of the AGES operations is $0.138/kWh. Other AGES modeling has determined the LCOE of projects utilizing on-site solar for electricity generation at $0.1307/kWh but have a higher capital cost to begin operations and does not include an electricity purchase price as our operating costs require due to the arbitrage business model (Wendt, 2019). With a high operating margin, the project is extremely economically viable and profitable. Due to our continued research regarding the economics and revenues surrounding the AGES technology in Phase II, we felt the continued economic research was imperative to later developing the Monte Carlo model. We used resources instead to further our market research for the technology, establishing business connections in related industries, and the refinement of the Phase I Field Test.
[bookmark: _Toc92723719]Team for Phase II 
The team has a strong oil and gas, permitting, sales, commercialization, simulation, technical, and research background. As part of the Phase I customer discovery effort and Phase II commercialization plan development, certain knowledge gaps were identified. The team has included SMEs on geothermal infrastructure, grid integration, tax incentives and policy regulations, introduced below. 
Mr. Kevin Kitz has been included in the Phase II proposal as a consultant to guide and advise the team on technical aspects of geothermal surface infrastructure, and AGES parameters. Mr. Kitz was the key advisor for the power optimization process for the Idaho National Lab’s Geological Thermal Energy Storage project. Mr. Kitz has designed and operated many different types of geothermal power plants and holds patents on geothermal steam purification, geothermal fluid treatments and prevention of stainless cracking in geothermal brine. As part of the customer discovery and market research during Phase I, several metrics evaluated by target customers were identified. Mr. Kitz has the experience to advise on the development of the metrics required by the target customers. Mr. Kitz has also worked with utility companies to evaluate the potential of AGES on their system and can assist the team similar discussions with utility companies. 
Mr. Warren Lavey is an adjunct professor at the University of Illinois at Urbana-Champaign.  After earning graduate degrees in law, applied mathematics and economics at Harvard and Cambridge Universities, he worked on technology and environmental policies, laws, and transactions in both the federal government and private sector.  He published articles, taught courses, and testified on incentives and regulations applicable to renewable energy and energy storage systems. Mr. Lavey has been included in the team as a consultant to provide guidance energy storage policy and tax incentives. Designing and deploying the energy storage system will depend in part on the availability of government tax and other incentives as well as energy grid and utility regulations.  Additionally, laws pertaining to uses of abandoned hydrocarbon wells will affect the design, location, and costs of the proposed energy storage systems.  Mr. Lavey will assist the team assess applicable legal frameworks, which vary across states and are subject to changes via federal and state legislation and regulations. By integrating legal and policy expertise at this stage in the technology development, the team will be able to consider critical factors in guiding research and making decisions which will influence the success of the energy storage system.
In addition, CMY Solutions a grid integration evaluation company has been engaged as a consultant. They have conducted several studies for alternative generation sources including wind and solar with multiple utilities and are experienced in creating and interpreting hosting capacity maps using existing utility models. CMY solutions will assist the team with grid integration studies and evaluate potential sites with utility hosting capacities.
In addition, we have included Petrolern, as a consultant. Petrolern is actively involved in geothermal energy development from play fairway mapping and feasibility studies to design and modeling of enhanced geothermal systems in addition to repurposing late-stage oil and gas wells to geothermal sources of heat and electricity. Projeo’s expertise in O&G project management and operational expertise would work in synergy with the GIS spatial analysis and data mining services offered by Petrolern LLC. The organization chart in Figure 58 summarizes the consultants and partners involved in the phase II proposal. 
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[bookmark: _Ref71552234][bookmark: _Ref71552231]Figure 58 - Organizational Chart of the Project team (SBC, Research Institution, Consultants and Partners).
[bookmark: _Toc92723720]Additional Custom market Research
To build on the current market research conducted by Projeo, LARTA organization was engaged to acquire a custom market research. The custom market research was focused on applications for the AGES technology beyond arbitraging wholesale electricity, in industrial residential, loss of utility or direct use heating applications. A market size estimate and market ecosystem were developed in the custom market research. Additionally, a list of contact for potential customer, partners and investors was also developed in the custom market report. 
[bookmark: _Toc92723721]
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Lessons Learned
The lessons learnt during phase I are summarized below:
· The procedures applied in converting the oil producing well into a thermal storage well provide an initial standard for rehabilitation of O&G wells for thermal energy storage application. Although, each well requires its own evaluation to identify the rehabilitation approaches to be pursued, the field procedure applied serves as a standard. 
· Heat losses in the well were higher than expected and due to limited budget on the phase I, we were not able to implement the preventative measures to reduce heat losses. However, several modifications during the experiment were successful to reduce the heat losses (injection rate/travel time, wellbore volume etc.)
· The target reservoir selected satisfied the thermal and petrophysical requirements for the proposed field test. However, selecting a shallower formation would reduce the well bore heat losses and reduce the operational costs associate with managing heat losses. 
· The availability of petrophysical and geologic data was evaluated during the site selection process. This data was helpful in evaluating the injectivity (porosity/permeability) of the selected target reservoir and saved operational costs of stimulating the reservoir rock. 
· The customer discovery effort guided by the Energy I-Corps program was very helpful in early pivots to market strategy. Several iterations to the market strategy were developed as the market ecosystem understanding was refined through the process. Early customer discovery efforts are crucial in guiding the research to acquire the data required for developing a viable product for the target customer and market.
· The site selected for the field test in phase I, was located on a lease land without municipal water or power supply setup. The cost of operations can be minimized drastically by selecting a site with easier access to water and energy. 
· The site lease land was evaluated for accessibility, but due to severe wet weather conditions roads were in accessible or needed repairs. This caused operational delays and additional cost in site road maintenance. To evaluate the effects of unexpected weather and setup contingent site-hosts have been identified for future field tests.
[bookmark: _Toc92723722]Conclusion
The Phase I project research was built around a strong target reservoir evaluation, based on available petrophysical, and geologic data in the Illinois basin. Additionally, a productive initial customer discovery was performed with several use cases identified for the AGES technology and the electric arbitrage case receiving cost analysis treatment. The initial modelling and simulations provided the basis of designing a field test to calibrate and validate the built models. Similarly, the customer discovery process also identified the parameters essential for the AGES technology to be profitable.
The Team was successful in accomplishing the objectives outlined for the Phase I project research. The regulatory process of converting orphaned or abandoned wells into an asset for AGES application were identified and initial steps towards establishing a procedure were also implemented. The team was able to pick a reservoir that was prevalent across the Illinois basin for the purpose of profiling a potential reservoir for a commercial project. Preliminary analysis of the data acquired from the field test validates the hydrogeological characteristics of subsurface reservoirs in the Illinois Basin needed for heat storage. The data acquired was used to calibrate and improve the modelling and simulations, used in identifying the target reservoir in the Illinois Basin. Several lessons learnt were recognized that will assist in refining the processes developed in the phase I research to conduct future research more efficiently. The processes developed are an initial attempt to providing a standard for a commercial scale project converting oil and gas infrastructure for flexible electricity generation.  
The market research conducted assisted in developing an outline of a commercial scale AGES project, which is supported by industry professionals in both oil and gas and the utility and energy industry. Additionally, several parameters evaluated by the target customers were identified and SMEs proficient in geothermal infrastructure, grid integration, tax incentives and policy regulations were added to the team in the future research. The exceedingly qualified team assembled for the future research projects will be able to develop the initial phase I research and acquire metrics required to present this project to venture capital firms providing private investment to fund long duration energy storage solutions to developing a long duration subsurface energy storage solution to accelerate renewable energy penetration across the nation, provide solutions for improved grid resilience, support the national energy resilience objectives, and serve to stabilize volatility in energy supply-demand and energy prices.
The phase I project was successful. The outcome of the Phase 1 project indicated that a larger scale test is worth investment and required to further evaluate the technical feasibility, develop the commercial and economic models, and calibrate those models to provide the key metrics used by potential investor to invest in a commercial scale AGES project. 
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Appendix A: Field Activity Report.
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Appendix B: Field Program.
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Geothermal Field Test ProcedureFeasibility of Storing Heat in the Subsurface For Flexible Electricity Heat Storage 
M. Eckleberry #4 Field Testing Program


Well Information 
Name:		M. Eckleberry #4
Lease:		Mary Eckleberry – West Jeff Unit 
Drilled: 	8/19/2013 – 8/22/2013
Permit #:	063355
Location:	480' North and 660' West of the Southeast Corner Northeast Quarter of the Northeast Quarter of Section 16, Township 01S Range 07E of Wayne County, IL. 
Lat 38.440375 Lon -88. 424731 
Elevation: 	446’ GL & 5’ KB
Well Details
Well Sizes:	
	Bit Size
	Casing Size
	Depth (Hole/Csg)
	Weight/Grade
	Burst/Collapse

	12-1/4”
	8-5/8”
	263’ / 253’
	Unknown
	Unkown

	7-7/8”
	4-1/2”
	3,146’ / 3,126’   *
	10.5/J-55**
	3592psi/3007psi**


*	Production Open hole (3126’ – 3146) – Aux Vases
**	Burst / Collapse calculated from assumed weight and grade with 25% S.F.
TOC:	Surface casing circulated to surface
Production casing estimated at 1,300’. 
Lead 200 sks of 65/35 Poz-A blend w/6% gel and FLA
Tail: 150 sks of 50/50 Poz-A blend w/ 3% KCL and 2% Calseal
Condition: 	Sucker rod pump, and tubing has been retrieved. 
Heat Storage Formations
Possible Targets (Per CEE Simulation):
1. Cypress Middle (Top 2,905’ or 2,902’)
2. Barlow (Top 2,833’ or 2,828’)
3. Benoist (Top 3,023’ / 3,016’)
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Table 1- Formation Tops
	Formation Name
	Formation Top Depth (ft)

	(Label)
	

	Bethel
	3,011

	Paint Creek Lower
	3,021

	Benoist
	3,016

	Renault
	3,057

	Renault Upper
	3,064

	Renault Lower
	3,122

	Aux Vases
	3,136

	St Genevieve
	3,193

	Fredonia
	3,205

	Ohara
	3,206

	Ohara Lower
	3,210

	McClosky
	3,242

	St Louis
	3,331

	Salem
	3,612

	Warsaw
	4,030



	Formation Name
	Formation Top Depth (ft)

	(Label)
	

	Herrin Coal No 6
	1,008

	Springfield Coal
	1,099

	Golconda
	2,114

	Menard
	2,398

	Menard Lower
	2,448

	Vienna
	2,523

	Glen Dean
	2,642

	Glen Dean Lower
	2,651

	Tar Springs
	2,658

	Barlow
	2,828

	Cypress Upper
	2,847

	Cypress
	2,872

	Cypress Lower
	2,892

	Cypress Middle
	2,902

	Paint Creek
	2,996




Field Program: Heat Injection
WEEK 1 (3/22/21 – 3/28/21)
Prep Work
· Mobilize frac tank
· Fill frac tank with water
· Deliver wellhead Tee and fittings.
· Deliver Generator

1. Day 1 – Mobilize wireline:
0. Gauge ring run – 2 hr
0. Spot CIBP at 3,100’ and dump bail cement – 3 hr 
0. Load the hole with fresh water and RIH with CCL+CBL+GR, packoff – 3 hr
0. Pressure pass with wireline PCE if necessary.
0. Pressure test the plug and the well casing - 1 hr
0. Simultaneously:
5. Install pressure gauges on well head casing to monitor remotely.
5. Setup the generator.
5. Setup 2” trash pump, pressure washer pump, 2“suction hoses, discharge hoses, high pressure ½” hoses and return pit.
0. Finalize perf interval overnight based on GR log.
1. Day 2 – Mobilize swab rig:
1. Rig-up swab unit and open top tank, Install 4-1/2” valve and Tee– 2 hr
1. Casing swab well before perforating – 4 hr
1. Check if plug is holding by fluid level. 
1. Swab below planned perforation depth.
1. Get an echo meter shot of fluid level. – 0.5 hr
1. RIH with packoff, perforating gun, tag cement, and correlate. – 0.5 hr
1. Packoff, shoot echometer, perforate Cypress (~2,958’ – 2,963’). Wait ~20 minutes to see initial buildup (echometer and pressure gauge). POOH wireline. – 2 hr
1. Shut-In Well and monitor surface buildup overnight.
1. Day 3 – Additional swabbing and sampling:
2. Shoot echometer for overnight production – 0.5 hr
2. Bleed down well. – 0.5 hr
2. If fluid gain is less than 1000 ft, discuss acid job or additional perfs and skip sampling. 
2. Swab to ~500’ of perforations. Catch and retain samples on last 2 swab pulls. – 2 hr
2. RIH with Kuster sampler/pressure gauge on sand line, get a fluid sample – 2 hr
4. Bring samples back to ISGS. ISGS to provide analysis (minimum of pH and density)
2. Release the rig.
2. Complete Rig-up simultaneously (heater, propane, instrumentation).
1. Day 4 –Instrumentation Setup
3. Setup CAT pump
a. Wire Murphy Shutdowns
b. Wire electric for CAT pump
c. Spot Heater with Propane and Flow Lines
d. Instrumentation
0. Surface Casing Pressure - 5,000 PSI Digital and Analog
0. Surface Flow Rate – 0-7 GPM during Long Term Test, during high rate injection, Ultrasonic as backup for both
0. RTD Temperature – In flow line after heater
0. Housing or location for DTS interrogator (trailer)
0. Data Logger / PC
0. Hotspot
0. Solar or other power for pressure and DTS interrogator post-injection
0. Site Camera
0. Fill Propane
e. Deliver DTS cable mounted on spooler to wellsite.
f. PRESSURE TEST SURFACE RIGUP.
1. Day 5 – Extra Day (Instrumentation Setup)
1. Day 6-7 – SD for Weekend

WEEK 2 (3/29/21 – 04/04/21)
1. Day 8 – Install DTS
6. Perform DH splice and install memory Gauges – 3 hr
6. RIH with DTS and P/T Memory Gauge to ~3,100’ – 4 hr
6. Land DTS in Well Head – 2 hr
6. Setup DTS Interrogator – 2 hr
1. Day 9 – Extra Day (DTS Setup), Pressure Test Heater, etc.
1. Day 10 – Well Testing: 
8. Acquire freshwater sample for analysis (from frac tank).
8. Perform a step rate test and a short-term injection test, shut down for Pressure fall off. – 8 hr 
1. Day 11-14 – PFO / SD for Weekend

WEEK 3 (04/05/21 – 04/11/21)
1. Day 15-21 - Inject hot water for one week (24/7).

WEEKS 4-5 (04/12/21 -04/25/21)
1. Day 22-35 - Shut in and monitor temp decay 2-3 weeks.

WEEK 6 (04/26/21 – 05/02/21)
1. Day 36-37 – Flow back to frac tank until pressure equalizes.
1. Day 38 – Retrieve DTS from well, download memory gauges, rig down field equipment.
1. Day 39-40 – Rig down field equipment.
1. Day 41-42 – SD for weekend.

WEEK 7 (05/03/21 – 05/09/21)
1. Day 43-49 – Extra Week.

WEEK 8 (05/10/21 – 05/16/21)
1. Day 50 – Mobilize pulling unit. Cut and pull casing, plug well.
1. Day 51 – Cut and pull casing, plug well.
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Pro?eo

M. Eckleberry #4
Daily Report

vl #8355 e, PODOLSKYOL

OM P ARY

Report Date:
Wl Day Number:
Daily Objective:
site Supervisor:
Clent:

Project Name:
Operator:
Weather

‘General Information
Monday, March 22,2021

2
Set CastIron Bridge Plug on Aux Vases, Bond Log, Pressure Test

Manzoor khan

Department of Enery - Office of Science - STTR/SBIR - DE-SCO020855.
Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation
Podolsky Oil Company LLC

High 67 F / Low 42 F/ Wind 8.3 Gusting 18 mph /O in. Precip

Well Name:
|AP1 Number:
permit #:

Rig:
county:
stat
Field:

Well T (MD):

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County
n

West Geff Unit

‘Wel nformation
Latitude: 38.440375

Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

Tuesday, March 23, 2021
Wednesday, March 24, 2021

Perforate Cypress and monitor flow.

Swab 4.5" casing and acaquire formation flid samples

Daily Activity Summary

Projeo was on site and reviewed planned well it layout. Podolsky was onsite Lo review pressue {estng casing and pressure controlafter perforating the target formation on Day 2. Campbellwas or-site and spotted frac tank afte the truck got stuck a few tmes due (o wet ground.
Midstate started bringing reshwater loads, after the frac tank was spotted. Wayne County Wel Surveys was on site and started wireline ig-up. Well head was opened, and the well was observed to be on vacuum. Wireline ran 2 3.50" junk basket to 3,115' KB, then set the CIBP at
3,106' KB. The top of plug was tagged twice to confirm plug set depth, and the well s filled with fresh water. While transferring fresh water into the well, wireline bailed 1 sack of cement on top of CIBP. Afte the wel was filed with fresh water the wireline tripped in and out of hole
once to remove any air bubbles, then performed the casing bond log, casing collr locator log and gamma ray log, Midstate completed their 7th load of water totaling 440 bbi o fresh water. The casing was then pressure tested to 500 psi while setting up the well site. The ISGS traler,
[generator and pumps were spotted. The trailer was cleaned and the office was setup inthe traler. A marine battery was setup to run hotspot for remote data accessibiity options. The site was secured and shut down for the night.

From To Descript
000 730 Noite Actiity

730 800 Review site layout and well head connections

500 830 [Meet with Dennis( Podolsky's Feld Sup and discuss contingency pressure control plan.

830 1025 (Get Frac Tank Spotted (Frac tank truck stuck a few times, used backhoe to get the truck free)

1000 1025 Setup Well head connections to fill the well wth fresh water.

1025 1230 Fig up Wireline, and run gauge ring run. Then set CIBP @ 3106/ (K8) and ball 1 sk cement.

1230 1405 [Fun CBLYCCLYGR and load the hole

14:05 1445 Setup Well head for pressure test

1445 17:30 [Pressure test casing to 500 ps), setup wellsite spot generator, SGS traller, and pumps) and setup fied offce ( clean tralle, setup workstation etc)
17:30 17:40 Secure site and SOFN

17.40 2359 [No Site Activity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
Projeo Corporation - Nick Malkewicz (Project Manager)
Podolsky Ol Company LLC - Dennis (Field Supervisor)

Mid tate - James (Water Hauler)
Campbel - Frac Tank truck Driver

Wayne County Wel Surveys - Ryan Brigs (Wireline Supervisor]
Wayne County Wel Surveys - Crane Operator
Wayne County Well Surveys - Winch Operator

Wayne County Well Surveys - Hand

MidState - Jesse (Foreman)
1565 - Aaron
1565 - ich
Podolsky - Gerald ( Truck Driver)
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M. Eckleberry #4

@
Pr°jeo Daily Report

General Information

Wellinformation

ReportDate: Tuesday, March 23,2021 Well Name: . Eckleberry #4 Lattude: 38440375
Well Day Number: 3 AP Number:  12:191331.0501 Longitude: 58218332
Daily Objective: Siab well and acquire Cypress formation samples permit i: 63355 s
Site Supervisor: Manzoor Khan Well TD (MD): 3146 GL: 446’
Client: Department of Energy - Office of Science - STTR/SBIR - DE.SC0020856. Ris: NA Sec/Twn/Rng: 16./015/07€
Project Name: Feasibiltyof Storing Heat in the Subsurface for Flexble Elecriity Generation county: Wayne County
Operator: Podolsy Oi Company LLC sta "
Weather High 69F /Low 53 / Wind 16.9 Gusting 30 mph /O n. Precip Fita: West Geff Unit
2Dy Activity Forecast
‘Wednesday, March 24, 2021 Tag Bottom and Record formation pressure
Thursday, March 25, 2021 [Review Data and plan DTS Deployment

Daily Activity Summary.

Projeo and Podolsky were on site, the Podolsky swab g, swab tank and fied office were spotted and iEEed Up. Th 4.5" casing was swabbed to 3000 retrieving 48 BBl of fresh water, The acauired Iogs were reviewd with the team partners (o refine the perforation interval to 2958
2,963 (KB). Wayne County Wel Surveys was on site and started wireline perforating rig-up. The perforating gun was setup with 21 grams of deep penetrating titan charges at 4 spf-00 deg phasing for 5 feet (0.43" entry hole/42.13" penetration). Whie deploying the perf gun, fluid level
was tagged at 2,999' (KB), CIBP top of cement was tagged at 3,093' (KB) and 11 casing collars were checked to verlfy depth. The Cypress formation was peforated form 2,958' 2,963 (KB). The well was shutin immediately after perforating and surface pressure was monitored/recorded|
on Duyer PR2000 data logger (5/n P76398). The wellpressure buildup (81 ps) was monitored for 30 mins before retrieving the perf guns. The 4.5" casing was swabbed to acquire formation fuid samples. The fluid level was niialy tageed at 219 before the first swab pull, and a total of
92 bbis were purged before acauiring a5 gal formation fluid swab sample (feld density was 8 8ppg). Two additional samples were acquired with the Kuster Flow Through Samplers using the rig sand fne at a depth of 2,900' after purging approximately 136 bbls of formation fluid
[Midstate tanker emptied the swab tank in two loads. The site was then cleaned up and secured for the ight. The samples were delivered to the ISGS for processing and analysis.Intal ISGS analys's yielded an approximate density of the samples at .96 Ib/gal

From To Description
0:00 7.00 No Site Activity
7:00 500 Spot and rig-up Podolsky swab tank, swab rg and fiel office.
9:00 1100 [Swab 4 5" casing , pull approximately 48 bbl from surface to 300" Discuss perforation interval with team partners and finalize the perforation depth.
1100 1230 RIF with perf gun and shoot perforations  2,9582,963
1230 100 Monitor pressure buid-up, then retrieve perf gun out of the hole.
1230 1515 Swab 4 5" casing , purge approximately 92 bbl of formation fluid. Catch formation fuid sample at last swab (8.8 ppg)
1530 17:20 [Acauire 2 formation flid samples with kuster samplers. Mid-state hauled 2 10ads of swabbed water from swab tank.
1720 1820 Setup feld offce, clean up ste and SOFN
1820 2359 o Site Activity
Personnel Onsi
Projed Corporation - Manzoor Knan (Engineer] "Wayne County Well Surveys - Ryan Brigs (Wireline Supervisor] Podolsky Ol Company LLC - Dens (Feld Supervisor)
Projeo Corporation - Nick Malkewicz (Project Manager) Wayne County Well Surveys - Winch Operator Podolsky Oil Company LLC - Andy (Driler)
Mid State - Disposal Truck Driver ‘Wayne County WellSurveys - Hand Podolsky Oil Company LLC - Austin (Hand)

Podolsky - Martin  Truck Driver]

Podolsky Oil Company LLC - Cassey (hand)
Podolsky Oil Company LLC -Stephanie (Geologist)
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Pro?eo

M. Eckleberry #4
Daily Report

il 55555 S, PODOLSKYOL

COM Y ARY

Report Date:
Wl Day Number:
Daily Objective:
site Supervisor:
Clent:

Project Name:
Operator:
Weather

‘General Information

Wednesday, March 24,2021

4

Check for sanding, check formation pressure, site setup.

Manzoor khan

Department of Enery - Office of Science - STTR/SBIR - DE-SCO020855.

Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation

Podolsky Oil Company LLC

High 73 F / Low S6 F / Wind 16.3 Gusting 26 mph / 0in. Precip

Well Name:
|AP1 Number:
permit #:

Well T (MD):

Rig:
county:
stat
Field:

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County
n

West Geff Unit

‘Wel nformation
Latitude: 38.440375

Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

Thursday, March 25, 2021
Friday, March 26, 2021

[Review Data and Plan DT Deployment
[Review Data and Plan DTS Deployment

Daily Activity Summary

Projeo and Podolsky were on site and observed a sight vacuum o the well when it was openied. The static flud level was tagged at 218' and the bottom was tagged a1 3,095' ndicating mimmal of N0 sanding. Podolsky swab tank was de-mobbed from location. The PPS 58 (5/N 90921)
memory gauge was deployed i the wellto record pressures. The gauge was held stationary for 2 minutes every 100 from 0”500/, and 2 minutes every 500’ from 500'-2,500'. The gauge was then held stationary at 2,958 (top perforation) for 15 minutes.In-situ Cypress Pressure was
1,291 psia and temperature was approximately 97F. The gauge then softly tagged bottom at 3,096 and was held tationary for 2 minutes a the tag depth. The gauge was also held stationary for 2 minutes at 3,000', 2,958, 2,000, 1,000/, 225',210',200" on the way out. The memory.
gauge data was downloaded and the Podolsky rig was released. Basin Supply delivered a 2-7/8" casinghead mandrel {for k style head), which was nstalled on the wel and the well was shut n. The site was cleaned, securiy cameras were installed, and the site was secured for the day.

From To [Description
000 715 Nosite Actiity
715 800 (On site, open welllon sight vacuum) tag fluid level 3t 218
500 830 [Tag bottom of well a 3,095' Podolsky de-mob swab tark.
830 1015 FiH with memory gavge to record pressures
1015 1015 [Download Memory Gauge data
1015 1100 Fig down swab g and demob swab ig, and field ffice.
11:00 1200 Clean well and prepare well for mandrel and setup ste camera's. Barin Supply delivered well Mandrel
1200 1250 [Make up wellhead connections, secure site, install cameras and SOFN
1250 2359 Noite Actiity
Personnel Onsite
Projeo Corporation - Manzoor Khan (Engineer] "Podolsky Ofl Company LLC - Dennis (Field Supervisor) Basin Supply - Delivery Truck Driver
Projeo Corporation - Nick Malkewicz (Project Manager) Podolsky Ol Company LLC - Andy (Driller)

Podolsky Oi Company LLC - Austn (Hand)
Podolsky Ol Company LLC - Cassey (hand)
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M. Eckleberry #4

Daily Report

Bl S35t sne,  PODOLSKYOL

COM Y ARY

‘General Information
Report Date: Thursday, March 25, 2021

Well Day Number: 5
Daily Objective: Review Data and Plan DTS Deployment
Site Supervisor: Manzoor khan
Client: Department of Energy - Offce of Science - STTR/SBIR - DE-SC0020856
Project Name: Feasibilty of Storing Heat n the Subsurface for Flexbil Electricity Generation
Operator: Podolsky Oil Company LLC

WellName: M. Ecdeberry
APiNumber:  12-191.331.0501
permit 63355

well ™ (Mp): 3146

Rig: A

County: Wayne County
st L

‘Wel nformation

Latitude: 38.440375
Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

Weather High 53 F/ Low 4 F / Wind 7.8 Gusting 15 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Friday, March 26, 2021 [Review Data and Plan DTS Deployment
Saturday, March 27, 2021 Review Data and Plan DTS Deployment
Daily Activity Summary
Review project progress and data acauired. Consider Modfications to week 2 plan and refine DTS deployement plan
sample Acauired Temperature (deg C) pH EC(m/em) EH{mY) 0O(miA) Viscosity (cp)
Kuster Sample - 1A 24 573 1393 389 - 13@188degC
Kuster Sample - 18 22 631 1296 387 - 12@19.5degC
swab sample 26 645 1278 - - 13@187degC
Fresh Inection Water sample 22 898 2515 397 701 -
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Friday, March 26,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: & APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Data and Plan DTS Deployment permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 56 F / Low 45 F / Wind 8.3 Gusting 16 mph /019 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Saturday, March 27, 2021 [Review Data and Plan DTS Deployment
Sunday, March 28, 2021 Review Data and Plan DTS Deployment

Daily Activity Summary

[Review project progress and data acauired. Consider Modiications to week 2 plan and refine DTS deployement plan.

From To Desar

000 2359 Nosite Actiity

Personnel Onsite





image109.jpeg
0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Saturday, March 27, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 7 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Data and Plan DTS Deployment permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 77 F / Low 43 F / Wind 12 Gusting 28 mph / Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, March 28, 2021 [Review Data and Plan DTS Deployment
Monday, March 29, 2021 Review Data and Plan DTS Deployment

Daily Activity Summary

[Review project progress and data acauired. Consider Modiications to week 2 plan and refine DTS deployement plan.

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Sunday, March 28, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: & APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Data and Plan DTS Deployment permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 58 F / Low 41 F / Wind 18 Gusting 2 mph / 103 n. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, March 29, 2021 [Review Data and Plan DTS Deployment
Tuesday, March 30, 2021 Review Data and Plan DTS Deployment

Daily Activity Summary

[Review project progress and data acauired. Consider Modiications to week 2 plan and refine DTS deployement plan.

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Monday, March 29, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 9 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Data and Plan DTS Deployment permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 62 F/ Low 33 / Wind 9.2 Gusting 20 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Tuesday, March 30, 2021 [Deliver DTS reel, packoff and clamps to wellsite and load DTS reel on J.T. Wire & Roap Cable Truck.
Wednesday, March 31, 2021 [Review Data and Plan DTS Deployment

Daily Activity Summary

[Review project progress and data acauired. Consider Modiications to week 2 plan and refine DTS deployement plan.

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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Pro?eo

M. Eckleberry #4
Daily Report

Bl S35t sne,  PODOLSKYOL

COM Y ARY

Report Date:
Wl Day Number:
Daily Objective:
site Supervisor:
Clent:
Project Name:
operator
Weather

‘General Information

Tuesday, March 30, 2021 Well Name:
10 AP Number.
Deliver DTS ree!, packoff and clamps to wellsite and load DTS reel on J.T. Wire & Roap Cable Truck. Permit #:
Manzoor khan Well T (MD):
Department of Enery - Office of Science - STTR/SBIR - DE-SCO020855. Rig:

Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation county:
Podolsky Oil Company LLC stat

High 73 F / Low 44 F / Wind 16 Gusting 30 mph / 0. Precip Fietd:

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County

n

West Geff Unit

‘Wel nformation

Latitude: 38.440375
Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

Wednesday, March 31, 2021
Thursday, April 1, 2021

[Review Data and Plan DTS Deployment

[Review Data and Plan DTS Deployment

Daily Activity Summary

[Deliver DTS reel, packoff and clamps to wellste and load DTS reel on J.T. Wire & Roap Cable Truck.

From To Desar

000 840 Nosite Activity

540 540 Projeo at Podosky yard, unioad the DTS reelfrom trailer and 10ad the reel on to T Wire Rope's winch truck.

940 1100 [Drive to well site and explain setup (o T Wire Rope team. Drop pack-off, sucker rod welded crossover and T-bar on ite.
11:00 1230 Secure site and SOFN. Drive back to Podolsky yard, pickup tailer and return.

1230 2359 Noite Actiity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
JT Wire & Rope - John Trotter (Winch truck operator)

1T Wire & Rope - John (H

and)
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Pro?eo

M. Eckleberry #4
Daily Report

‘General Information

‘Wel nformation

Report Date: Wednesday, March 31, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 11 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Data and Plan DTS Deployment permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 54 F/ Low 36 F / Wind 18.4 Gusting 29 mph/ 0.09 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Thursday, April 1, 2021 Intall DTS cable inthe welland start setup for hot water injection.
Friday, April 2, 2021 compiete setup for injetion of hot water, and test the setup

Daily Activity Summary

[Review project progress and data acauired. Consider Modiications to week 2 plan and refine DTS deployement plan.

To Desar

2359 Nosite Actiity

Personnel Onsite
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M. Eckleberry #4
Daily Report

Bl 143555 me, PODOLSKYOL

COM Y ARY

Pro?eo

‘GeneralInformation Wellinformation
Report Date: Thursday, April1,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 12 [API Number:  12-191:331.0501 Longitude: -88.218332
Daily Objective: Install DTS cable in the wel and start setup for hot water injection. permit : 63355 @: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 /07E
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podolsky Oil Company LLC ot N
Weather High 45 F / Low 29 F / Wind 136 Gusting 21 mph /0in. Precip Fielg: West Gelf Unit

2ay Activity Forecast

Friday, April2, 2021 Complete hot water injection setup, and test the setup.
Saturday, April 3, 2021 [Review Plan for one week of ot water injection

Daily Activity Summary

Projeo, 1. T. Wire & Rope, and Wayne County Wel Surveys were on site. Spotted the crane, r1gged up the cable truck, sheave wheel and pack-off.Silia field engineer on site, started preparing the DTS cable for nstalation i the well. A welder was brought out o re-weld a rossover
[connection from the DTS downhole housing assembly to sucker rod adapter. Silia'sfiber optic fusion device failed, and Wabash Communication was contacted to splice the DTS cable. Once the DTS cable was spliced and secured in the downhole housing assembly  welght bar and a
pressuretemperature memory gauge (PPS 58/ 5.Noft 90921) were added to the down hole assembly. Each component was measured, and the total assembly was 9 from the DTS cable splice to the memory gauge bottom. While deploying the DTS cable, an OTDR was used to check.
the DTS cable every 1,000" The OTOR reading at 2,166’ indicated a loss of spice connection, hence the DTS was removed from the well and inspected. No damage to the downhole assembly components was observed and the DTS cable was re-deployed In the well, The depth counter
nstalled measured 3,075 when the bottom of the wellwas tagsed softy, and the downhole assembly was picked up ' from the bottom and secured with a T-bar clamp. The Slla Engineer stated setting up the interrogator and Siixa software on the site computer. Once the DTS cable
was connected to the interrogator and the site computer, heat was applied on a ' interval above the DTS clamp to confitm the length of the DTS cable in the well and on surface. The botton of the DTS cable is installed at 3,091.5'/942.3m KB, and 254.71'/77.63m of DTS cable is on the
urface above KB depth. Based on the DTS cable length the perforation interval ofthe Cypress formation o the DTS cable is at 3,207.71" 977.7m to 3,212.71°/979.2 and the bottom of the PPS 58 memory gauge is at 3095.5'/943.5m KB. While setting up the DTS inerrogator, the line:
Iheater and pumps were also spoited on location and the crane was released. The site was secured and SDFN.

From To Descript
000 645 Nosite Actiity

645 715 Spot) T Wire & Rope cable truck and Wayne County Well Surveys crane

715 915 Rig up crane, sheave wheel and packoft.Siixa fleld engineer was on ite and started preparing the DTS cable.

915 945 [Welder on site to weld sucker 10d connection for DTS cable housing, Uofl on site

945 11:00 Siixa fiber opic fusion device failed, troubleshooting the device. Denis on location with e depth counter.

11:00 1200 [Wabash Communication on ste t splice DTS cable.

1200 1230 PPS 58 (Serial No. 50921) memory gauge programmed and installed battery at 12:26:00. Kevin Lock on location with ine heater, inspected heater and sent to welder for repair
1230 1305 Connect weight bar and memory gauge to DTS cable, and measure ength of each component ( DTS calbe housingr Welght bar + memory gauge = 121.75" or 33.27m)

13.05 1335 Start RIH, checked DTS cable with an OTOR at surface, at 1,000 and at 2,166

1335 1350 [OTOR detected loss of DTS cable spice at 2,166 indicating efther a 0ss of splice of 105 of weight bar/ other tooks.

1350 1435 Start POGH, 1o nspect DTS cable housing, weight bar and memory gauge.

1435 1517 Bottom assembly at surface, visually inspected and confirmed downiole assembly integrity and start RIH. Steve Sargent with I5GS on location

15:17 1530 Tag bottom at 3075 { depth based on Iine counter) and picked up 5'and nstalled T-bar clamp on DTS cable.

1530 1600 Fig down DTS reel from J.T Wire & Rope truck and spot next to data traller. Silxa Engineer started setting up the interregator and silxa softwater on PC.

1600 17:00 Spot ine heater, and pumps. Release Crane

17:00 17:40 Troubleshoot and setup line heater. Start ot water njection setup,

17:40 1600 Test DTS cable with heat gun above the T-bar. Testindicated 254.71 of DTS cable from the Interregator to KB and 3086.5' of cable length In the well from K. Kevin Lock off location
1800 1830 Silxa engineer explained softwaare and DTS interragator setup.

1830 19:00 Clean-up and secure site, and SOFN.

1900 2359 [No Site Activity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
Projeo Corporation - Nick Malkewicz (Project Manager)
Uofl - Tugce Baser (Proffesor)
Uofl-Josiane Jell (Research assistant)
1G5 - teve Sargent Tech]

T Wire & Rope -John Trotter (Winch truck operator)
37 Wire & Rope - John (Hand)
‘Wayne County Well Surveys - Shayne (Crane Operator)
Welder - Keegen Loss
Podolsky - Denis (Feld Supervisor)

Sixa -Taylor (Fleld Engineer)
Natural Gas Service - Kevin Lock
Wabash Communication - Chuck (Field Engineer)
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‘General Information ‘Wel nformation
Report Date: Friday, April 2, 2021 Well Name: M. Eckieberry #4 Latitude: 38.440375
Well Day Number: 13 |AP1 Number: 12191:331.0501 Longitude: -88.218332
Daily Objective: Complete hot water njection setup, and test the setup. permit #: 63355 «8: 5
Site Supervisor: Manzoor khan weil o (MD): 3146 6L a6
Client: Department of Energy - Offce of Science - STTR/SBIR - DE-SC0020856 Rig: NA Sec/Twn/Rng: 16,015/ O7E
Project Name: Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation county: Wayne County
Operator: Podolsky Oil Company LLC stat L
Weather HighSOF / Low 27 F / Wind 6.1 Gusting 9 mph / 0in. Precip. Fietd: West Geff Unit
2ay Activity Forecast
Saturday, April3, 2021 [Review Plan for one week of hot water injection
Sunday, April 4, 2021 [Review Plan for one week of ot water injection

Daily Activity Summary

Projeo, and I5GS were on ste and finalzed the hot water Injection setup plan. Flow ines from the frac tank to the pump, Ine heater and then the well head were setup. Two temperature sensors (RTD 100/ 0 6eg F to 262 deg ) were Installed n the flow ine, before and after the heater
[An Omega FT8-1425 flow meter was nstalled n the flow lne, the flowmeter (Serial No 0Z1908A136) has a K-factor of 885.998, and a flow range 5-50 gal/min. Two pressure gauges were also installed on the flow line, @ wireless Emerson pressure gauge (Serial no. 0000601/ 0-100 psi)
[was nstallec on the fine heater and a siemens (Sitrans P/0-1600 psi) was nstalled next to the wel head. The RTD temperature sensors, well head pressure gauge and flowmeter sensors were connected to the Campbell Scientific DAQ systern and the data logger software was configured
on the site computer. A bypass line was setup in the low ine to circulate back to thefrac tank and test the entire flow ine and instrumentations setup. The line heater was started, and the pump was configured to crculate fresh water at 6.2 gal/min through the flow line while
increasing the fine heater temperature. A bucket test was conducted to confirm the flowmeter accuracy. A total of 660 galof fresh water was circulated through the flow ine while gradually increasing the ine heater temperature to 200 degrees Fahrenheit. The line heater and pump
were shut down and site was secured for the weekend. While testing and setting up the low ines and instrumentation, the site computer was configured to backup the data online and access the computer remotely.

From To [Description

0:00 7:00 Nosite Actiity

700 800 Projeo o site review setup for hot water njection.

800 915 Steve Sargent on site, review setup plan and start running cables for pressure gauge, temperature sensor and flow meter,

915 1300 Setup flow lines, pressure gauge, temperature sensors and flow meter. Setup campbell scentific data acquistion system.

1200 1400 Simultaneously, setup data Logaing software, onedrive to backup data and RDP software for remote monitoring on the site computer. Synchronize DTS timeing with site omputer time.
14:00 1500 (Configure pumping rate, by setting high and low pressure thresholds.

1500 1750 Circulate fresh water through heater and flow lnes moritoring pressure, temperature and flow rate. Conduct Bucket tests to confitm flow meter accuracy. Slowly raise heater temprature.
17:50 1830 Swith of heater at 200 deg F, and stop circulationg fresh water through system. Secure site and SOFN.

1830 2359 Noite Actiity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
Projeo Corporation - Nick Malkewicz (Project Manager)
1565 - Steve Sargent (Tech]
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PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Saturday, April 3, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 14 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Pl for one week of hot water njection permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 67 F /Low 33 F/ Wind 117 Gusting 20 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, April 4, 2021 [Review Plan for one week of ot water injection
Monday, April5, 2021 Start hot water injection nto the Cypress Formation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Sunday, April4, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 15 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review Pl for one week of hot water njection permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 75 F / Low 42 F / Wind 6.7 Gusting 12 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, April 5, 2021 Start hot water injection nto the Cypress Formation.
Tuesday, April 6, 2021 [Moritor hot water injection.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Monday, April5, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 16 [API Number:  12-191:331.0501 Longitude: -88.218332
Daily Objective: Start hot water injection into the Cypress Formation. permit : 63355 @: 5
Site Supervisor: Manzoor Khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16/015 /07
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podolsky Oil Company LLC ot N
Weather High 77 F / Low 46 F / Wind 9.2 Gusting 18 mph /Oin. Precip Fielg: West Gelf Unit

2ay Activity Forecast

Tuesday,Aprl 6, 2021
Wednesday, Aprit7, 2021

[Review injection parameters and evaluate adding pumps and additional ine heater.

[Monitor hot water injection

Daily Activity Summary

[Projeo and 155 were on site and observed temperature and pressure gauges were NoLWorking. The power supply 1o the gauges (hrough the DAQ systern was fixed and the flow nes were Insulated. A temperature gauge was installed n the heater bath and the heater was bath
temperature was gradually rased to 200 deg F. Simultaneously, a failure switch to run the diesel generator when the primary gasoline generator failed was setup, and the site computer was connected to a UPS. Fresh water was circulated through the flow fines to monitor
instrumentation for 25 minutes and hot water injection into the well was started at 1 pm. Podolsky Oil Company was onsite to review the hot water injection setup for daily pumper check viits A heat test was conducted to confirm the DTS cable length. As the well head pressure:
ncreased, the pump thresholds were modified, and due to a higher load the generator turned offa few times. Wireless Emerson gauges were installed on the well head and frac tank, and the DAQ system was configured. The site was secured and SOFN.

From To Descript
000 820 Nosite Actiity

820 1150 Projeo and ISGS on sie, troubleshoot instrumentation and instal insulation on flow lines. nstal a heater bath termperature sensor. Setup fail switch to run diesel generator when gas generator fails

1150 1235 Start heater and gradually ncreasing the heater temperature. Setup a UPS for the site computer.

1235 1300 Circulate fresh water through heater and flow Ines monitoring pressure, lemperature and flow rate. Measured fresh water on site approximately 450 bbi.

13:00 15:10 Started hot water njection into the wel, at 8 gal/ min and 122 deg F. Stephanie Storckman on site o review hot water injection setup for dally pumper visis.

1510 1700 [Conducted a heat test on the DTS cable above the T-bar to conirm DTS cable lengths. Small generator turned off Gue to pump 16ad a few time and took some air The pump pressure threshold was increased,
17:00 17:00 nstall Emerson wireless pressure gauges on well head and frac tank.

17:00 1905 Setup wireless pressure gauge data acquisition,secure ste and SFN,

1830 2359 Noite Actiity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
Projeo Corporation - Nick Malkewicz (Project Manager)
1565 - Steve Sargent (Tech]

Podolsky Oil Company - Stephanie Storckman (VP Geology)
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Report Date: Tuesday, Aprl§, 2021

Well Day Number: 17

‘General Information

Daily Objective: Review injection parameters and evaluate adding pumps and additional ine heater.

Site Supervisor: Manzoor khan

Client: Department of Energy - Offce of Science - STTR/SBIR - DE-SC0020856
Project Name: Feasibilty of Storing Heat n the Subsurface for Flexbil Electricity Generation

Operator: Podolsky Oil Company LLC

Weather High80F / Low SOF / Wind 9.9 Gusting 20 mph /Oin. Precip

Well Name:
|AP1 Number:
permit #:

Rig:
county:
stat
Field:

Well T (MD):

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County
n

West Geff Unit

‘Wel nformation
Latitude: 38.440375

Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

‘Wednesday, April7, 2021
Thursday, April8, 2021

[Monitor hot water injection

[Monitor hot water injection

Daily Activity Summary

[Projeo was on ste and observed, the pump was working Intermittently a5 the well head pressure had reached the pumps high pressure threshold. The pump was stopped, and the wellwas shut In. The data logger Indicated that the pump had stopped Injecting hot water around 9 pm
after injecting approximately 19 bb into the Cypress formation. Wabash Valley FS was on site and delivered 300 gal of Liquid Propane. Podlsky O Company was on site to review the daily checks for the pumper. Two CAT pumps were installed on the flow lines with a murphy switch
The pumps were tested, and hot water injection was resumed. Wabash Valley FS was on site o review site setup and diesel delivery. The line heater bath fuid level was acjusted. A 240-psi pressure drop was observed from 796 psi, and the murphy switch thresholds were adjusted to
800 psiHigh)/100 psiflow) and the site was secured for the night.

From To [Description

000 820 Nosite Activity

700 7:20 (Get suplplies for adding two CAT pumps.

720 730 Projeo on site, observed pump had stopped working around 9 pm previous night after pumping approximately 19 bbl of fresh water into the Cypress formation. Shut n well.
730 800 [Wabash Valley Service F5 on site to deliver propane. Added 300 gals of iquid propane to tank, total propane on ste 400 gal.
800 830 [Podolsky Oi Company on ste to review daily checks.

830 1310 Setup two CAT pumps and wire murphy switch

14:10 1417 [Test CAT pumps.

1417 1500 [Resume hot water injection nto the il

1500 1600 Wabash Valley Service FS on site to review diesel delivery setup. Added water to e heater bath.

1600 1605 Injected additional 20 bbIof fresh water into the Cypress formation.

1605 17:02 [Monitored hot water njection and pressure buld-up.

17:02 1703 Observed approximately 240 psipressure drop.

17:03 1745 [Adjusted murphy switches to shutoff at 800ps {hgh pressure Imit) or 100 psl (low pressure imit).

17:45 2359 [NoSite Actiity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]

Wabash Valley F5 - Jerry (Propane Salesman)

Projeo Corporation - Nick Malkewicz (Project Manager)
Podolsky Oil Company - Stephanie Storckman (VP Geology)
Podolsky Oi Company - Dylan (Pumper)

Villge of Geff-Shannon
Wabash Valley S - Jeremy (Diesel Salesmar)
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‘General Information

‘Wel nformation

Report Date: Wednesday, April 7, 2021 Well Name: M. Eckieberry #4 Latitude: 38.440375
Well Day Number: 18 AP Number. 12191:331.0501 Longitude: -88.218332
Daily Objective: Monitor hot water injection and heat losses in the wellbore. Permit #: 63355 e: 5
Site Supervisor: Manzoor Khan wellTo(vD): 3146 6L a6
Client: Department of Energy - Offce of Science - STTR/SBIR - DE-SC0020856 Rig: NA Sec/Twn/Rng: 16./015 / O7E
Project Name: Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation county: Wayne County
Operator: Podolsky Oil Company LLC stat M
Weather High81F /Low 59 F /Wind 13.1 Gusting 21 mph /O in. Precip Fietd: West Geff Unit
2ay Activity Forecast
Thursday, April8, 2021 [Review heat losses n the well and evaluate shuting in the welland adding aditona line heater
Friday, April9, 2021 [Monitor hot water injection.
Daily Activity Summary
[Padolsky pumper on site for Gaily checks. Injected approximately 191 5bl o fresh water into the Cypress formation
From To Desar
000 730 Nosite Actiity
730 800 [Podolsky pumper on site for daily checks. Injected approximately 191 Bbi o fresh water nto the Cypress formation. Used 100 gals of propnac.
500 1230 Nosite Actiity
1230 245 Water delivered (10900 gals / 4 loads)
245 2359 Noite Actiity

Personnel Onsite

Podolsky Oi Company - Randy (Pumper)

Mid State - James (Water Hauler]
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‘General Information

WellInformation
Report Date: Thursday, April 8, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 19 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Review heat losses i the well and evaluate shutting in the well and acding additonal ine heaer permit : 63355 K@: 5
Site Supervisor: Manzoor Khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 65 F / Low 55 F / Wind 15.7 Gusting 25 mph/0.18 n. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Friday, April9, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Saturday, April 10, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

Projeo and Uofl reviewed the heat losses n the well and to evaluate the need for additional Ine heater, monitor pressure fall of, and formation therma stabilty, the well was shut In. Approximately 417 bbl of fresh water has been Injected nto the Cypress formation so ar

From To Desar

000 830 Nosite Actiity

830 9:00 [Podolsky pumper on site for daily checks. Added 10 gallons of desel o the generator. Used 125 gals of propane.
500 1027 Noite Activity

1027 1045 Shutin well Injected 417 Bbi o fresh water into the Cypress formation. Monitor Pressure faloff

1045 2359 Noite Activity

Personnel Onsite

Podolsky Ol Company - Randy Starks (Pumper)





image122.jpeg
0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Friday, April 9, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 20 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 62 F/ Low 4 F / Wind 8.7 Gusting 16 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Saturday, April 10, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Sunday, Apri 11, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Saturday, Apri 10, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 21 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 69 F/ Low 51 F / Wind 15.8 Gusting 23 mph/ 0.03 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, Apri 11, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Monday, April 12, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Sunday, April 11,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 22 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 54 F/ Low 47 F / Wind 14.2 Gusting 23 mph/0.22 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, April 12, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Tuesday, April 13, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Monday, April 12,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 23 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 69 F / Low 54 F / Wind 10.1 Gusting 16 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Tuesday, April 13, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Wednesday, Aprl 14, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Tuesday, Aprl 13,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 24 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 64 F / Low 51 F / Wind 5.5 Gusting 10 mph /004 n. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
‘Wednesday, Aprl 14, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Thursday, April 15, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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‘GeneralInformation WellInformation
Report Date: Wednesday, Aprl 14,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 25 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 63 F/ Low 47 F / Wind 9.4 Gusting 17 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Thursday, April 15, 2021 Start Cold Water Injection
Friday, April 16, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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Report Date:
Wl Day Number:
Daily Objective:
site Supervisor:
Clent:

Project Name:
Operator:
Weather

Thursday, April 15, 2021
%

Start Cold Water Ijection
Manzoor khan

‘General Information

Department of Enery - Office of Science - STTR/SBIR - DE-SCO020855.
Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation

Podolsky Oil Company LLC

High 60 F / Low 39 F / Wind 8.5 Gusting 17 mph /O in. Precip

Well Name:
|AP1 Number:
permit #:

Well T (MD):

Rig:
county:
stat
Field:

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County
n

West Geff Unit

‘Wel nformation
Latitude: 38.440375

Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

Friday, April 16, 2021
Saturday, April 17, 2021

Stop cold water injection and monitor pressure fall-off and formation thermal stabilzation.

[Monitor pressure Fall off and formation thermal stabilzation

Daily Activity Summary

Projeo was onsite and inspected instrumentation functionalty. The generator had turned off, the UPS powering the site computer was o and one of the battery chargers was not functioning. The Taylor diesel generator was turned on and al the systems were restored. The battery.
charger connection was replaced. The Cat 760 and Cat 230 pumps were connected to the generator and a bucket test for rate vs frequency was conducted. The Cat 760 pumps flow rate at 29 H was 2 gom according to the bucket test and 1.5 gom according to the low meter. The Cat
760 pumps flow rate at 60 Hz was 4 gpm according of the bucket test and 3.9 gom according to the flow meter. The Cat 760 and Cat 230 pumps combined at 60 Hz and 48 Hz was 6 gpm according ot the bucket test and 5.85 gom according to the flow meter. After circulating cold fresh
water through the flow lines and confirming rate vs frequency, cold water inection Into the well was initated. The inection was nitated at 2 gpm for the first three hours and ramped up to 4 gam for the next tree hours. The injection was set to 6 gom for the remaining volume after
that. The frac tank was partiallyrig down to de-mob.

From To [Description

0:00 850 Nosite Actiity

850 1010 (Check instrumentationt, setup second Honda generator as backup (EU 3000is), and fx battery charging setup. Refuel, add ol and stat Taylor diesel generator.

1010 1131 Circulate flow through flowines back o tank and conduct bucket tests to confirm rate and frequencies. (2 gorm at 20Kz one pump, 4 gorm at 60z one pump, 6 g with 60Hz + 48 Hz two pumps)
1132 132 Start njecting cold water into the well ot 2 gom, with Cat 760 purmp, simultaneously troubleshoot the honda EU2000 s generator.

1432 1731 Increase the injection rate to 4 gom, with Cat 760 pump, simultaneously fuel up the honda EU2000 i generator.

1731 1748 Increase the injection rate to 6 gom, with Cat 760 pump and Cat 30 purp.

17.44 1815 (Check fresh water level In tank, approximately 220 bblof resh water on site. Adjust frequency at (60 +53) to set rate at 6.08 gprm. Prepare frac tank for de-mob. Secure sie for the nght and depart.
1610 2359 [NoSite Actiity

Personnel Onsite

Projeo Corporation - Manzoor Khan (Engineer]
Wabash Valley 5 - Jeremy (Diesel Salesman)
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Friday, April 16,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 27 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 62 F/ Low 44F / Wind 2.9 Gusting 6 mph /. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Saturday, April 17, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Sunday, Apri 18, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

Padolsky Ol Company on ste 1o stop cold water Injection and add fuelto the generator.

From To Desar

000 10:00 Nosite Actiity

1000 1030 Podolsky Oil Company on site 1o top cold water Injection and add fuel to the generator. An additional 124 BbI of fresh water was njected Into the Cypress formation.
1030 2359 Noite Actiity

Personnel Onsite

Podolsky Oi Company - Randy (Pumper)
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Saturday, Apri 17, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 28 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 59 F / Low 46 F / Wind 4.9 Gusting @ mph /. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, Apri 18, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Monday, April 19, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Sunday, April 18, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 29 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 65 F / Low 41 F / Wind 4.3 Gusting 10 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, April 19, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Tuesday, April 20, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Monday, April 19, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 30 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 59 F/ Low 44F / Wind 6.9 Gusting 10 mph / in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Tuesday, April 20, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Wednesday, Aprl 21, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite

Midstate personnel
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0 M. Eckleberry #4
Projeo Daily Report

‘GeneralInformation WellInformation
Report Date: Tuesday, Aprl 20,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 31 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 53 F / Low 33 F/ Wind 116 Gusting 22 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
‘Wednesday, Aprl 21, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Thursday, April 22, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

(De-mab Frack Tank

From To Desar

000 2359 Nosite Actiity

Personnel Onsite

Campbell Winch Truck Driver





image134.jpeg
0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Wednesday, Aprl 21,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 32 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall off and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 517/ Low 32 F / Wind 8.3 Gusting 16 mph /0.2in. Precin Fiel: West Gelf Unit
2 Day Activity Forecast
Thursday, April 22, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Friday, April 23, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Thursday, April 22, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 33 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 56 F / Low 37 F / Wind 6.8 Gusting 15 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Friday, April 23, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Saturday, April 24, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Friday, April 23, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 34 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 60'F / Low 40 F / Wind 8.6 Gusting 16 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Saturday, April 24, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Sunday, April 25, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Saturday, April 24,2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 35 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall off and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 57 F/ Low 49 F / Wind 8.3 Gusting 13 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, April 25, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Monday, April 26, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Sunday, April 25, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 36 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 67 F / Low 44 F / Wind 6.7 Gusting 10 mph /0.15 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, Aprl 26, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Tuesday, April 27,2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Monday, April 26, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 37 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 78 F / Low 44F / Wind 147 Gusting 26 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Tuesday, April 27, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Wednesday, Aprl 28, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Tuesday, Aprl 27, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 38 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High3 F/ Low 54F / Wind 16.7 Gusting 26 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
‘Wednesday, Aprl 28, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Thursday, April 29, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Wednesday, Aprl 28, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 39 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 75 F / Low 66 F / Wind 8.9 Gusting 15 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Thursday, April 29, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Friday, April 30, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Thursday, April 29, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 40 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 71 F /Low 57 F / Wind 1.1 Gusting 20 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Friday, April 30, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Saturday, May 1, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Friday, April 30, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 41 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 74 F / Low 52 F / Wind 119 Gusting 23 mph/ 0.02in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Saturday, May 1, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Sunday, May2, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Saturday, May 1, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 42 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 78 F / Low 44F / Wind 12.1 Gusting 21 mph /0in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Sunday, May2, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Monday, May 3, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Sunday, May2, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 43 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 72 F/ Low 57 F / Wind 9.6 Gusting 17 mph /Oin. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Monday, May3, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Tuesday, May 4, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Daily Activity Summary
o Site Actvty,
From To Desa

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Monday, May 3, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 44 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 77 F / Low 59 F / Wind 6.7 Gusting 13 mph /019 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
Tuesday, May 4, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.
Wednesday, May 5, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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0 M. Eckleberry #4
PI'OjeO Daily Report

‘GeneralInformation WellInformation
Report Date: Tuesday, May 4, 2021 Well Name: M. Eckleberry 4 Latitude: 38.440375
Well Day Number: 45 APINumber:  12-191.331.0501 Longitude: -88.218332
Daily Objective: Monitor Pressure Fall of and formation thermal stabization. permit : 63355 K@: 5
Site Supervisor: Manzoor khan Well o (MD): 3146 6L: a4
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rie: NA Sec/Twn/Rng: 16./015 / 7€
Project Name: Feasibilty of Storing Heat in the Subsurface or Flexibile Electrcity Generation county: Wayne County
Operator: Podalsky Oi Company LLC stat i
Weather High 69 F / Low 54 F / Wind 10.6 Gusting 17 mph /0.1 in. Precip Fiel: West Gelf Unit
2 Day Activity Forecast
‘Wednesday, May 5, 2021 Compare Oryx Data, Retrieve DTS, Rig Down and De-mob.
Thursday, May 6, 2021 [Moritor Pressure Fal off and formation thermal stabilzation.

Daily Activity Summary

NoSite Activity,

From To Desar

000 2359 Nosite Actiity

Personnel Onsite
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Projeo

M. Eckleberry #4 Bl 55585y, PODOLSKYOIL

Daily Report CaMPENY
prevmre— Well nformation
ReportDe: Wednescay, May 5,202 Wellname: . eckisbery Latiude: 38440975
WellDay Number 46 einumber: 121513310501 Longitude: 58218332
Dl Objective: Compare rysDats, Retreve DTS, g Down and De-mob pemive: 3355 @ 5
Site Supervisor: Manzoor Khan Well TD (MD): 3146 GL: 446"
Client: Department of Energy - Office of Science - STTR/SBIR - DE-SC0020856 Rig: N/A Sec/Twn/Rng: 16 /015 / 07€
roject Name: Feasiit of SoringHeat nthe Subsurface orFledbile Eectrcy Generation Couny: Wayne County
‘opersor: Podalsky Oi Company LC s M
Weather High61 £/ Low 48 /Wind 105 Gustig 16 mph /0. Precip fec: et
Z oy pctuy e
Toursda, May s, 2021 o ste ety
Frday, Wiy 7,2021 o Ste Aty

Daily Activity Summary.

Projeo was on site, reviewed the site condiion and shut n the well The heater and heater peripherals were rigged down and de-mobilized on PRI shop traler. The second channl of the DTS cable was connected to the Oryx Interrogator and a heat est was conducted o correlate the
[two interrogators. The time difference between both the inerrogators and computers was documented (Watch time 10:58:00/Oryx PC time 10:59:35/ Siixa Interrogator time 3:26:56/1SGS PC time 10:57:55). The temperature differences at two points were aiso observed (Siixa 13.6
deg C at 80.8" and 34.36 deg C at 984.1/ Oryx 13.1 at B2.6' and 33.7 deg C at 984.0'). Both the interrogators were disconnected from the DTS cable reel and the spool was loaded on to LT. Wire & Rope winch truck, The crane and the sheave wheel were rigged up and the DTS cable
was retrieved from the well. Once retrieved the DTS cable was securely wrapped, the well head and al other equipment was rigged down. The ISGS trailer was cleaned and prepped for transport, the U-Haul trailer was loaded with all equipment and supplies. The site was secured and
Projeo departed the st

PRI Shop - Travis

From To Description
0:00 830 No Site Activity
30 5:30 Projeo on Site, closed well head and start rig down
930 550 PRI Shop and 1565 on ste. Start setting up Oryx.
950 1040 [Wayne County crane on Ste. Load heater and heater's accessories on shop trailer. De-mob heater from location
1040 1120 Heat test DTS, and compare Oryx data with Silixa data. .t Wire & Roap on site Stop DTS data acquistion
1120 1225 Load the DTS spool on winch truck and setup the crane and sheave wheel o retreive DTS
1235 1327 Start retreving DTS cable from well { Bottom of downhole assembly at: 2,600"at 14:47, 1,270 at 13:03, 600" at 13:10, 480'at 13:12. Tool out of the well at 1327,
1327 15:00 [Wrap DTS cable and housing on reel. g down the crane, sheave wheel, and winch truck. Release 1T Wire & Roap. Rig down wellhead and release Wayne County crane,
1500 1800 Rig down other surface instrumentations surface, flow ine equipment pumps, generators, offce site camera etc. Load in the U-haul traler for transport, Secure site and leave.
1800 2359 o Site Activity
Personnel Onsi
Projed Corporation - Manzoor Knan (Engineer] 1565 - Steve Sarget ( Tech)
Projeo Corporation - Nick Malkewicz (Project Manager) Wayne County Wireline Servies - Shayne ( Crane Operator
Podalsky Oi Company - Dennis (Field Sup) LT Wire & Rope - John Trotter (Winch Operator)

1T Wire & Rope - John (Hand)
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Pro?eo

M. Eckleberry #4
Daily Report

Bl S35t sne,  PODOLSKYOL

COM Y ARY

Report Date:
Wl Day Number:
Daily Objective:
site Supervisor:
Clent:
Project Name:
operator
Weather

‘General Information
Sunday, March 21, 2021

1
AllPre-field Activites.

Manzoor khan

Department of Enery - Office of Science - STTR/SBIR - DE-SCO020855.
Feasibilty of Storing Heat n the Subsurface for Flexbile Electricity Generation
Podolsky Oil Company LLC

High 67 F / Low 33 F/ Wind 6 Gusting 12 mph / 0in. Precip

Well Name:
AP Number.
Permit #:

Well TD (D):

Rig:
county:
stat

Field:

M. Eckieberry #4
12191:331.0501
63355

3146

NA

Wayne County
n

West Geff Unit

‘Wel nformation

Latitude: 38.440375
Longitude: -88.218332
«8: 5
6L a6
Sec/Twn/Rng: 16 /015 / 076

2ay Activity Forecast

Monday, March 22, 2021 et Cast Iron Bridge Plug on Aux Vases, Bond Log, Pressure Test
Tuesday, March 23, 2021 perforate Cypress and monitor flow.

Daily Activity Summary

[AlTLead in Activites

03/10/2021 - Wilson g to pullandi ay down sucker rods and tubing,

03/18/2021 - Padolsky moved rods and setup ste.

03/19/2021 - One load of 2" rock was delivered and spread with a backhoe for better road access
03/21/2021 - Transport fttngs, tools, gauges, hoses, trash pump, pressure washer etc.

To Desar

2359 Nosite Actiity

Personnel Onsite
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