Task 1.0 – Project Management Plan
This section describes the proposed management plan of the research project titled “Novel Fluids for Gas Productivity Enhancement in Tight Formations.”  The overall goal of the project is to identify a remediation fluid designed to improve liquid blocked gas wells that have subjected to fracture stimulation. Both laboratory investigation and field application components are included in the proposal to validate the applicability of the proposed technique. We aim to study the effect of gas and solvent injection on the improvement of production from tight gas reservoirs. The results of this study will also help to identify improved composition of fracturing fluids suitable for fracturing in tight formations. We propose to conduct lab experiments to:

1. investigate the impact of injection of dry gas on the rate of recovery of gas flow rate during gas flowback in laboratory and field samples invaded by fracturing fluids.

2. determine the effect of injection of solvent such as methanol on the rate of recovery of gas flow rate during gas flowback in liquid blocked laboratory samples.

If successful the technique can potentially improve the productivity of underperforming wells manifold. The following paragraphs discuss the tasks planned for the successful execution of the project in a timely manner. Each paragraph below starts with a description of the task its objectives, and its role in the overall research program.
Task 2: Technology Status Assessment


A detailed review of current technology status is to be presented within the first 30 days of the contract award. The main objective of this task is to describe existing technologies and delineate the positives and the negatives of each technology used in the removal of liquid blocks to remediate and enhance productivity of underperforming gas wells in tight formations.
	Task 2: Technology Status Assessment

	Planned Expenditures
	None

	Major Milestones
	Review of current status

	Key/Decisive Milestone
	None


Task 3: Technology Transfer Agreement

This task is to establish a system to develop and transfer technology to its end user. The main sub-tasks in this category are:

1. Awardee will make a minimum of two presentations in local professional organization meetings; one each in mid-continent and rocky mountain areas.

2. Awardee will submit at least one paper for consideration for presentation at an SPE Annual Meeting.

3. Awardee will coordinate with RPSEA to make a minimum of one presentation at a program level technology transfer activity. Forty percent (40%) of the total technology transfer budget should be set aside for participation and support of program level activities as directed by RPSEA.

4. Awardee will prepare papers for publication.

5. Awardee will build and maintain a web site with information about the project and updates as appropriate.

The subtasks 1 through 4 are tasks which will be perfoemed in due course of the project as an when the results and increased knowledge become available. Task 4, development of website, will be made concurrently with the start of the project and the first webpage, containing information on the project will be made available before the end of the year. The main information to be included in the webpage are details of the research plans and preliminary results of task 4.
	Task 3: Technology Transfer Plan

	Planned Expenditures
	-$1000 travel cost to present in rocky mountain region conference in year three

-No dollar amount envisaged for website development and maintenance

	Major Milestones
	Presentation at the SPE mid-continental section locally in Tulsa and at a regional conference in Rocky Mountain area in year three
Paper presentation at SPE Annual conference meeting in year three

	Key/Decisive Milestone
	This task occurs towards the end of the research program and therefore the completion of technology transfer as per RPSEA directions will be key to completion of the task


Task 4: Lab Studies - Effect of Gas Injection
In this experimental study, dry cores will be subjected to invasion by typical aqueous fracturing liquids. The most used fracturing fluids in the Merna field are gel based fracturing fluids. For the purpose of this study, only gel based based fracturing fluids will be used. Also, no breakers will be used to reflect the hypothesized conditions in the field, namely, unbroken gel. This will be followed by dry Nitrogen gas injection to simulate the treatment procedure. Then Nitrogen, saturated with water to 100% relative humidity, will be used for conducting the gas flowback experiments to simulate production.


Experimental data collected will include flow rate of gas and the saturation of liquid in the core with time by observation of effluent fluids. The results of the experiments will be used to confirm the value of dry gas injection as a method to increase evaporation rates and reduce invaded fluid saturations quickly. We plan to conduct all the experiments with Berea sandstone cores which will be procured from local vendors.
	Task 4: Gas Injection Studies (Duration 10 months)

	Planned Expenditures
	-$20000 cost to purchase instruments, equipment and supplies.

	Major Milestones
	1) Student hiring

2) Purchase of instruments, equipment and supplies

3) Setting up of core holder, instruments and gas flow systems
4) Setting up data acquisition system
5) Procurement of sample fracturing fluids from vendor-preferably from fracturing fluid suppliers to Merna field jobs
6) Experimentation as described in proposal

	Key/Decisive Milestone
	Subtask 6


Task 5.0 Lab Studies - Effect of Solvent Injection:

Additives such as methanol/isopropyl alcohol can result in an improvement in the production of gas from reservoirs by enhancing the rate of evaporation and also by changing the wettability to expel wetting liquids. In this experimental study, dry cores will be subjected to invasion by typical aqueous fracturing liquids. The most used fracturing fluids in the Merna field are gel based fracturing fluids. For the purpose of this study, only gel based fracturing fluids will be used. Also, no breakers will be used to reflect the hypothesized conditions in the field, namely, unbroken gel. This will be followed by solvent (alcohol) injection cycle and then gas flow back. Nitrogen, saturated with water to 100% relative humidity, will be used for conducting the gas flowback experiments.

Experiments that combine both cycles, of dry gas injection and solvent injection will be performed in sequence. Two sequences will be investigated: The first sequence will be dry gas injection followed by alcohol injection and subsequently flowback; The second sequence will be a reverse, with alcohol injection, followed by dry gas injection and finally flowback. The experimental parameters measured will be similar to that in the gas injection case and the results can be used to ascertain the effect of methanol addition and the treatment cycle.
	Task 5: Solvent/Gas Injection Studies: Duration 12 months

	Planned Expenditures
	-$500 cost to purchase the following:

1) Isopropyl alcohol
2) Nitrogen/Air supply

	Major Milestones
	1) Purchase of supplies

2) Setting up of core holder, instruments and gas flow systems

3) Setting up data acquisition system to successfully acquire flow rate and other parameters

4) Procurement of sample fracturing fluids from vendor-preferably from fracturing fluid suppliers to Merna field jobs

5) Experimentation as described in proposal

	Key/Decisive Milestone
	Subtask 4 and 5


Task 6.0 Modeling of Dry Gas and Solvent Injection:

This section of the study is mainly aimed at determination of the volume of nitrogen gas and the volume of alcohol that will be used in the subsequent field testing. The experimental results will be the determining factor in deciding the optimum treatment strategy for the next task. For this purpose a modeling study will be carried out to understand the role of both dry gas injection and solvent injection on the gas flowback rates. It is expected that the injection of dry gas will produce drying fronts that will propagate through the rock core. When a solvent is injected through the core a miscible displacement takes place. There are two regimes that will be considered for modeling during fluid injection and gas flowback: 1) displacement regime; 2) evaporation regime. A model for displacement, including relative permeability and capillary pressure effects, and for evaporation will be developed from conservation equations for components of gas and liquid phases. Consequently the evaporation regime model will be developed independent of displacement regime. The following assumptions will be made:

a. 4 components: water; nitrogen; alcohol; and fracturing liquid;
b. 2 phases: liquid and gas;

c. Local thermodynamic equilibrium.
d. surfactant will not be considered as a component and study of its effect on results will solely be experimental
The following assumptions will be made about the mass fractions in each phase:

e. mass fraction of water and methanol in gas phase is greater than zero;

f. mass fraction of fracturing liquid in gas is zero;

g. mass fraction of nitrogen in liquid phase is zero;

h. mass fraction of methanol, water in liquid phase is greater than zero.


The development of conservation equations for gas injection in laboratory core will be similar to that described in reference 1 and that for the field will be similar to that developed in reference 3. The conservation equations will be solved using either numerical or analytical methods. The result of this effort will be a model to predict the residual liquid saturation when a dry gas and methanol are injected, respectively, and humidified nitrogen gas is flowed back. The model will be used to compute the rate of evaporation of volatile components from fracturing fluids and the residual fracturing fluid saturations in the near fracture region. Reservoir parameters such as height of reservoir and completions information will be obtained with the help of company personnel.
	Task 6: Modeling Studies: 24 months

	Planned Expenditures
	-$3500 cost to purchase the following computer hardware and software:

1) Dell workstation
2) Monitor

	Major Milestones
	Development of 
1) conservation equations for each component for formation linear flow condition and boundary conditions

2) Numerical solution of the equations
3) Prediction of field nitrogen and methanol consumption

	Key/Decisive Milestone
	Subtask 3


Task 7.0 Field Testing of Solvent/Gas Injection

We expect the laboratory experiments to provide quantitative information on the rate of cleanup of the fracturing liquids under different treatment procedures. The choice of the optimum treatment procedure will depend on the findings of the results in the laboratory. The rate of cleanup in the field could be predicted with the help of model and hence the volume of gas injection and solvent injection could be obtained from fractured well model. The field treatment design will follow the modeling of gas and solvent injection process described in Task 6.


Based on the laboratory injection studies of the solvent/surfactant mixture, and subsequent modeling, the field requirements can be computed. Once the field treatment volumes of chemicals are identified, the operation in the field can be performed with the coordination of the company staff.
	Task 7: Field Testing

	Planned Expenditures
	$175,244, Refer to Williams supporting letter for details

	Major Milestones
	1) Calculated volumes of gas and methanol to be consumed from modeling
2) Collection of data, cores

3) Procurement of supplies

4) Well treatment

	Key/Decisive Milestone
	Well treatment and observation of well performance


F. 
Schedule
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