Research Management Plan

Overall Objectives of the Proposed Project

The objectives of this project are to develop new methods for creating extensive, conductive hydraulic fractures in unconventional tight gas reservoirs by statistically assessing the productivity achieved in hundreds of field treatments with a variety of current fracturing practices ranging from “water fracs” to conventional gel fracture treatments; by laboratory measurements of the conductivity created with high rate proppant fracturing using an entirely new conductivity test – the “dynamic fracture conductivity test”; and by developing design models to implement the optimal fracture treatments determined from the field assessment and the laboratory measurements. By applying a fresh approach to determining the manner in which proppant is placed and fracture conductivity created in low-permeability gas well fracturing, we aim to develop novel systematic treatment design procedures to develop the next generation of hydraulic fracturing technology for these reservoirs. 

We propose a large, integrated effort with three major components, each of which are inter-related. First, we will conduct the most extensive survey to date of current hydraulic fracturing practices in tight gas reservoirs, and more importantly, we will critically assess the production outcomes of these treatments. As this data-driven study progresses, it will provide focus to the other parts of the research program by identifying the most promising fracturing methodologies for more detailed study. 

Secondly, we will conduct an extensive series of laboratory tests of the “dynamic fracture conductivity” created when proppant slurries are pumped into hydraulic fractures in tight gas sands. Unlike conventional fracture conductivity tests in which proppant is loaded into the fracture artificially, we will pump a proppant/frac fluid slurry into the fracture cell, dynamically placing the proppant just as it occurs in the field. From such tests, we expect to gain new insights into some of the critical issues in tight gas fracturing, in particular the roles of gel damage, polymer loading (water-frac versus gel frac), and proppant concentration on the created fracture conductivity. 
Thirdly, we will incorporate findings from the first two areas of research into improved design methods and the development of new hydraulic fracturing procedures. We will modify a reservoir simulator to include the effects of gel damage on the productivity of a tight gas fractured well. We anticipate that we will be able to incorporate new correlations for gel recovery and the resulting proppant pack conductivity in this part of the research.
Breakdown Tasks of the Project
There will be 6 tasks in this project. Some of the tasks have subtasks. The details of each task is described as below.

Task 1.0 Project Management Plan

We shall develop a work breakdown structure and supporting narrative that concisely address the overall project goals as set forth in the agreement. We shall provide a concise summary of the objectives and approach for each Task and, where appropriate, for each subtask. We shall provide detailed schedules and planned expenditures for each Task including any necessary charts and tables, and all major milestones and decision points. This report will be submitted within 30 days of the award. The RPSEA shall have 20 calendar days from receipt of the Research Management Plan to review and provide comments to the Recipient. Within 15 calendar days after receipt of the RPSEA's comments, we shall submit a final Research Management Plan to the RPSEA for review and approval.  The report’s format and details shall be developed with RPSEA’s input upon award.

Task 2.0 Technology Status Assessment 
We will perform a Technology Status Assessment and submit a summary report describing the state of the art of the proposed technology. The report will include both positive and negative aspects of each existing technology. The report shall not exceed five typewritten pages in length. The report will not contain any proprietary or confidential data, as the report can be posted on the DOE/ RPSEA website for public viewing. The report will be submitted within 60 days of the award. The RPSEA shall have 20 calendar days from receipt of report to review and provide comments to the contractor. Within 15 calendar days after receipt of the RPSEA's comments, we shall submit a final Report to the RPSEA for review and approval. 

The report shall contain the following: (1) Current State of Technology (Summary of Background of Industry/Sector; Technologies/Tools/Processes/Strategies Being Used; Benefits and Inadequacies of Current Technology/Methodologies); (2) Development Strategies (Why New Technology and Research is Required; Problems to Address in this Research Project); (3) Future (What Barriers will the Research Overcome and the Impact on the U.S. Domestic Gas Supply Industry, including environmental impacts; Deliverables – Tools, Methods, Instrumentation, Products, etc.) and (4) References.
Task 3.0 Assessment of Field Treatment Results and Development of Advisory System


 The oil and gas industry has proved that case histories and field data provide invaluable information to improve today’s practice. From years of field applications, both successes and failures, a systematic study that summarizes the lessons learned from the previous designs, treatment executions, and production histories will hopefully discover the connections between the key parameters, such as reservoir properties and fracture fluid properties, to the success of effective hydraulic fracturing in tight gas sands. 
Subtask 3.1 Data Base for Tight Gas Fracturing

The Access Data Base that will be developed in this subtask will contain two parts, the field treatment data from different field locations, and the service companies’ treatment design data for typical types of tight gas fracturing. The first part of the data will be geographic location based, and the second part will design-type based. 

We have conducted a thorough literature search of the SPE eLibrary to find every paper written on tight gas reservoirs.  In this subtask, we will build an Access Data Base summarizing all the information included in all of the papers in a systematic approach.   The data base will allow us to find out what kinds of treatments have been pumped in various geographical areas as a function of time. We will include the formation properties, fluid properties, and well structure information (depth and deviation angle, completion type, and previous treatment). The data base will provide immediate general information according to the field location.
As we are building the data base, we will consult with service companies to get information on their fracture fluids and the kinds of treatments they have been pumping for operators in specific geographical areas as a function of time. We will also begin contacting operators to see if they can supply us with details concerning fracture treatments that they have been pumping in these same geographical areas. 

Once we have the data on how specific wells have been stimulated, we plan to use publicly available production data to determine how the short term and long term production behavior in certain geographical areas has varied as a function of the type of fracture fluid and fracture treatments that have been tried by various operators. The production performance will be correlated to the fracture treatment and the field location, and we will look for the trends of successes and failures. 

Subtasks 3.2 Development of Databased Advisory System


We will develop an advisory system based on the finding from Subtasks 3.1. The system will contain the summarized experiences in the previous stimulation treatment in tight gas formations, to help companies choose a specific fracture fluid and proppant schedule for a specific reservoir situation. We will present general rules of Do’s and Don’ts for the future treatment design. We will also provide guidance to the experimental portion of the project in terms of which fluids and proppants to test.

Expected Outcomes and Deliverables

(1) We will develop an Access database containing all of the information in the SPE eLibrary that deals with Tight Gas Reservoirs.  The database will be of value to any operator who is currently developing tight gas reservoirs anywhere in the world.

(2) We will use the database and other data obtained from service companies and operators to empirically evaluate the success of certain fracture fluids in specific geographic areas.   

(3) We will develop an advisor to help companies choose a specific fracture fluid and proppant schedule for a specific reservoir situation.

(4) We will provide guidance to the experimental portion of the project in terms of which fluids and proppants to test.

Task 4.0 Dynamic Conductivity Tests- Optimization of Proppant and Polymer Loading


In this project, we will use the recently built state of the art fracture conductivity apparatus in our hydraulic fracturing lab6 to implement a new experimental protocol that we call a dynamic fracture conductivity test. The schematic of the experimental apparatus is shown in Figures 2 and 3. The traditional method to measure the conductivity created by a propped fracture is to place a subscribed amount of proppant (usually measured in lbs of proppant per square foot of fracture area) between two core samples. The samples are then pressed together and the resulting conductivity measured as a function of closure stress by flowing a fluid through the proppant pack at low rates. The standard testing procedure follows an API guideline7. This method is probably appropriate to make comparisons of the response of different proppants to closure stress, but it completely misses possible interactions between the fracture walls and the proppant slurry during pumping, and it does not reproduce any of the hydrodynamics occurring as the proppant is placed. The conductivity that is created may depend very strongly on these effects, particularly with low proppant concentrations such as are used in water fracs. Because of these drawbacks, we think a new testing procedure is needed that more closely simulates the proppant placement conditions that occur during a fracturing treatment; this new testing method is the dynamic fracture conductivity test. 

The challenge of dynamic testing is pumping, measuring and controlling the liquid/solid flow in the system. The keys to making this possible in our laboratory was the use of a multi-stage centrifugal pump (much like the electrical submersible pumps used in oil production wells) to pump the slurry, large flow lines connecting all the parts of the apparatus to prevent blockages by the proppant, and a large pressure vessel at the outlet of the system to collect the effluent slurry while holding a significant backpressure. Details of this unique apparatus are given by Pongthunya8 and Marpaung9. To our knowledge, this is the only lab available today that can practically pump slurry at field conditions to closely simulate the actual process of proppant placement and gel damage.


In a preliminary series of dynamic fracture conductivity tests, we have found that conductivity results in these tests are markedly different from those obtained in the standard static tests9. A typical result from a dynamic fracture conductivity test is shown in Figure 4. After the proppant has been placed by circulating slurry through the cell, with leakoff through the rock samples occurring, we flow gas through the fracture at rates expected in tight gas wells. We monitor the fracture conductivity with time until a stable value is reached, indicating the gel has cleaned up all that is possible. In the test shown in Fig. 4, a stable value of fracture conductivity was reached after about 10 hours of gas flow.


A comparison of the results from dynamic conductivity tests with the standard static tests is shown in Fig. 5. The conductivity measured with the dynamic testing procedure is dramatically less than that obtained in the standard static test. The dynamic tests should be much closer to simulating proppant placement in an actual fracturing treatment. These preliminary results help explain why the effective fracture length and conductivity obtained in tight gas reservoirs is often lower than expected based on standard testing procedures.

The heart of the experimental development of improved fracturing methods for tight gas sands proposed here are an extensive series of dynamic fracture conductivity tests. In these experiments, we will try to systematically identify the combinations of frac fluids, proppants, and injection conditions that create lasting conductivity. By injecting the proppant slurry into the fracture under conditions similar to those in an actual fracture, we will be able to see effects such as buildup of gel filter cake on the fracture faces as leakoff occurs and non-uniform proppant distribution that do not occur in standard static fracture conductivity tests. In these experiments, we will vary the following key design components:

1. Proppant concentration – we will vary the proppant concentration in the injected slurry from 0.2 lbm/gal to 4 lbm/gal to simulate water fracs and gel fracs.

2. Proppant type – we will test sand and ceramic proppants to see if proppant shape has an effect on created conductivity. We speculate that the different transport characteristics and abrasiveness of these two types of proppants can lead to different created conductivities, and the effects of turbulence in the proppant pack may also be quite different.

3. Polymer concentration – We will investigate the effect on proppant distribution and the effects of residual damage by testing solutions ranging from very low, “slick water” levels to normal gel-frac concentrations.

4. Injection rate and duration – the dynamic fracture conductivity test will allow us to investigate the effects of velocity and duration of flow on the conductivity created in tight gas reservoirs.

5. Temperature – we will conduct some tests at a range of temperatures designed to test the residual gel damage resulting from unbroken polymer.

6. Fracture closure stress loading rate – Particularly in deeper reservoirs, the fracture conductivity may be reduced by proppant crushing when high closure stress is applied too rapidly. We will conduct some tests with a gradually increasing closure stress to simulate the manner that some wells are gradually brought on production to minimize proppant crushing damage.

We will begin with a systematic variation of the six fracturing parameters described. However, the testing schedule will be adjusted as appropriate to explore the parameters that appear to have the most impact to improving fracture design.

Expected Outcomes and Deliverables


The primary deliverable from Task 4 will be the fracture conductivity results for a wide range of fracturing conditions, measured under dynamic conditions. The results will be translated into recommended improved fracturing practices. Among the possible fracture design parameters that may be improved based on these tests are proppant concentration schedule, polymer type and loading, and proppant type.

Task 5.0 Gel Damage Investigation 

Gel damage has been suspected as a main reason that fracturing with gelled frac fluids does not work as expected in tight gas reservoirs10-17, and is likely one of the reasons for the popularity of water fracs. In the relatively low proppant concentration fracture treatments applied in tight gas formations, the fracture conductivity created under ideal conditions is relatively low, making such fractures very susceptible to damage in the proppant pack. We expect that the survey of well productivity conducted in Task 3 will shed light on conditions in which fractures are severely damaged by unbroken polymer gel. On the other hand, we expect that there is a “critical flow rate” that is required to lift filter cake or unbroken gel in the fracture pack for the well to flow back after fracturing. The condition for a gel to flow back can be defined by the concept of “yield stress” which is directly related to the property of the filter cake, the permeability of the formation, and the production rate. To supplement this information, in this task we will conduct two kinds of experiments, a static filter cake study for yield stress, and a series of experiments to systematically identify the conditions that lead to gel damage under dynamic conditions.


Unbroken polymer can cause damage (defined as impairment in permeability) in the proppant pack in the fracture and/or in the matrix along the fracture face. Because all flow is collected in the fracture while there is very large fracture surface area, damage to the permeability of the proppant pack is much more likely to cause significant impairment to well productivity than is damage to the matrix permeability around the fracture. Stated another way, the permeability impairment in the matrix would have to be much more severe (orders of magnitude greater) than the permeability impairment in the proppant pack for the matrix damage to be important. Thus, we will focus on damage in the fracture and on the fracture wall in our experiments; however, our apparatus includes leakoff into the matrix, so we can find the effect of unbroken polymer on the matrix if it is important.

Task 5.1 Static Filter Cake Test


A standard drilling fluid filter cake procedure will be applied in this subtask to identify the flow rate that can lift the filter cake and initiate flow. Disks with different permeabilities in the range of low permeability tight gas formations will be used. We will apply the field condition (pressure and temperature) for cake build up and gas flow back. We will gradually increase the gas flow rate when flowing back, and find the critical flow rate at each condition. The critical flow rate then will be correlated to the polymer gel used, the experimental condition and the permeability of the sample to develop a yield stress relationship that will be implemented in Task 6. The result of this subtask can also provide input for Task 3 on optimal polymer concentration based on the reservoir permeability and gas production rate.

Task 5.2 Dynamic Testing for Gel Damage

Based on our literature survey, we will select a commonly used polymer system for the gel damage studies. We will then conduct a series of dynamic fracture conductivity tests as follows. For a given proppant concentration and polymer concentration, we will conduct experiments for a range of temperatures spanning the temperature at which complete breaking of the polymer is expected. The frac fluid/proppant slurry will be pumped at a lower temperature, then the temperature will be increased after shut in. We will then repeat this series of experiments with different proppant concentrations and polymer concentrations (3 total proppant concentrations and 4 polymer concentrations).


We expect that the dynamic fracture conductivity tests may reveal new information about gel damage, and in particular the interplay between proppant concentration and polymer loading. With low proppant concentrations, non-uniform distributions of proppants are likely and non-uniform proppant packs should be more susceptible to damage effects. By examining the distribution of proppant and unbroken gel in some of the tests, we plan to investigate such effects.


Combining the results from the two subtasks, and the analysis of leakoff fluid, we will be able address the relative roles of gel damage in proppant pack, fracture surface damage, and formation damage by fracturing fluid in hydraulic fracturing in tight gas sands.

Expected Outcomes and Deliverables


The deliverables from Task 5 are:

1. An understanding of yield stress for polymer gel filter cake flow back. 

2. New dynamic fracture conductivity measurements of the damage resulting from unbroken polymer gel in the proppant pack. The results will be implemented as a correlation that can be incorporated into a fractured well performance model.

3. Guidelines for proppant concentration/polymer loading to minimize gel damage.
Task 6 Advanced Treatment Design with New Conductivity Information 


The above tasks of this proposed project cover a wide range of problems that are critical issues in unconventional tight gas stimulation. They include field experiences, experimental studies of conductivity, and experimental studies of gel damage. To summarize the findings of this project, and apply them to field applications, we propose to develop and apply a new fracturing design methodology based on the tasks mentioned before. We will develop an advanced treatment design program that combines the advisory system from Task 3, a hydraulic fracture simulation/design program, models or correlation of fracture conductivity based on Task 3 and 4, and also the effect of gel damage from Task 5. We will include feedback from the industrial support of the project to modify the advisory system and the design program.


The advanced treatment design will have three subtasks:

Subtask 6.1 Advisory System
We will first use the advisory system developed in Task 3 to generate guidelines for field designs. This will include the fracture treatment size, the fluid type, the proppant type and pumping schedule for the optimal end-job proppant concentration. Preliminary suggestions will be based on the location and the reservoir conditions (permeability, depth of the target zone, pressure and temperature), and will be updated and modified if necessary after simulation study. 

Subtask 6.2 Fracture Treatment Design

We will start from a commercial fracturing program to create fracture geometries, and then incorporate the findings from our studies of dynamic conductivity (new correlations for low permeability tight gas formation), proppant distribution, frac fluid, and gel damage to modify the results of the standard fracturing program. We will predict the propped fracture length, the effective fracture length, and the fracture conductivity distribution based on our study.

Subtask 6.3 Fracture Performance Prediction and Validation

With the new conductivity information, we will predict fractured well performance. We will develop a fracture performance model including gel damage effect by modifying a previously developed simulator. A 3-phase 3-D reservoir simulator will incorporate gel behavior and its effect on well performance by replacing the oil phase with a non-Newtonian viscous fluid, and considering the rheological properties of the gel in the simulator. The gel yield stress results from Task 5 will be used when simulating flow back. This fractured well performance model will be used to compare with the field production data to validate the advanced fracture design procedure. From the field data matching, we will also refine our design procedure and validate the conclusions drawn from the first four tasks. We will generate guidelines for future stimulation treatment design for tight gas formation.

Expected Outcomes and Deliverables

The new design technology will modify the result from the standard fracturing design with the information of tight gas fracture conductivity and gel damage from the other subtasks of the project. The deliverables are:
1. An advanced design methodology for tight gas fracturing considering the new conductivity results;
2. A prediction model of fracture conductivity and fractured well performance including gel damage effects;
3. Design guidelines based on the studies of conductivity and gel damage and comparisons with field production results for the future fracture treatment design.

Timeline and Milestones of the Project
We propose a three-year (36 months) project.  The summarized schedule by main tasks is:

Task 1.  Assessment of Field Treatment Results: first month.

Task 2.  Assessment of Field Treatment Results: first 2 months.

Task 3.  Assessment of Field Treatment Results: 36 months.

Task 4.  Dynamic Testing of Fracture Conductivity: 36 months.

Task 5.  Gel Damage Investigation: first 24 months.

Task 6. Treatment Design with New Conductivity Information: 36 months 
The project schedule with milestones of each task and subtask is shown in Figure 6. 
The timelines with major milestones are summarized in Figure 1. The labor assignment associated with the tasks is listed in Table 1. 

	Tasks 
	Year 1
	Year 2
	Year 3

	Task 1
	PI 1: 0.5
	
	

	Task 2
	PI 2: 0.5
	
	

	Task 3
	MC: 0.5

GS: 12
	MC: 0.5

GS: 12
	MC: 0.5

GS: 12

	Task 4
	PI 2: 1.5

GS: 12

PD: 6
	PI 2: 2

GS: 12

PD: 6
	PI 2: 2

GS: 24

PD: 12

	Task 5
	PI 1: 1.0

GS:12

PD: 6
	PI 1: 1.5

GS:12

PD: 6
	

	Task 6
	PI 1: 0.5

MC: 0.5

GS: 12
	PI 1: 0.5

MC: 0.5

GS: 12
	PI 1: 1

MC: 0.5

GS: 12


PI: Principle investigators, Ding Zhu and A. D. Hill
MC: Major contributor, S. A. Holditch

GS: Graduate students

PD: Post-Doc researcher.

