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Abstract

Future developments in utilizing current wells for Geothermal Energy should include the evaluation and appraisal of the prospects currently available. The ideal qualifying and investigative requirements of a prospect well would be its current production status, its completion history, its workover history, and any diagnostics performed on the integrity of the well’s zonal isolation. With numerous wells now having depleted resources in hydrocarbon and drilled into wet formation temperatures of 225 ºF or greater, they will become possible candidates for Geothermal Resources. 
Ideally, geopressured resources are the most likely to be sought after with their potential for flowing vast amounts of water with temperature above 275 ºF and capable of producing on a long term basis. Current and future practices of enhancing what was a former problem of water production with fracture stimulation that has potential for developing interwell communication via the reservoir architecture will gain use and create a better potential for energy generation. Well integrity and casings capable of withstanding the pressures of doing stimulation are needed with remediation costs within an economical limit.
Due to corrosion considerations, water content evaluations need to be made as to the required catholic protection and treatments necessary to keep damage minimized. Time, pressure changes, and temperature are three affects that can diminish the physical properties of cements used for zonal isolation in the original completion of wells. Often problems in gaining a proper and thorough annular fill for integrity were not met during the primary job causing further potentials for future casing problems such as leaks. Debonding and microannulus conditions often exist which can lead to cracks in the annular sheaths. Such conditions where flow paths for fluids such as oil, water, or gas can lead to or may be potentials for future problems or ones that already exist in candidates sought for geothermal energy production.
A step processes in performing evaluations and investigations on wells to be converted for geothermal energy will be discussed along with the equipment and processes used to insure methods for acquiring extended well-life and integrity. Performing workovers to re-gain annular integrity for a long life of geothermal energy production may often be major undertakings, especially on the deep, high temperature, and pressured wells in the Gulf Coast and South West Texas.
What Information Might be Available?

Looking through the collective well files that operators maintain, they generally contain the initial up to the current histories of completions, workovers, injection and production data, cost sheets, regulatory requirements and dictates, and problems addressed. Careful scrutiny of these files may give an economical insight as to the possible needed work and expenditures that might be incurred if planning to convert the oil and/or gas well to a geothermal energy resource. Ideally, many of the operators have begun to digitize their well files with a networked relationship across their units. Searching for information and details can often take several hours in reading through the massive amount of information that is often kept in well files. Using the resources of summer student employment by many operators has allowed them to take advantage of these young and computer illiterate minds to facilitate and collect the ever accumulating and pertinent information so dearly needed to understand reservoir performance. To have an ability to diagnose problems as well as the possible performance capabilities of the units, this is the starting and basic foundation for any approach.
Three types of data and well history that are often in place are (1) structured data collection within a reservoir conceptual model and its supporting information and scientific archives, (2) within software programs using such features as MS with its documentation files, spread sheets, and graphical representations through XLS, database software, or PowerPoint, and (3) developed into an internet based network system with data archives and communications linkages capable of providing real-time information on well performance and ongoing well work. 

Other resources of gaining information on reservoirs and wells alike come from the State Governments if they have produced this type of database. If needed, there are commercial resources that can collective furnish well histories, completions, evaluations of integrities, well performances, and just about any desired data needed to make an evaluation as to the proposition in developing a property. The commercial resources often are needed in states like Texas due to not having the public information available as a resource as in other states, but note that the commercial resources are available at a cost.
How does one use this information?

Key to taking a well and converting it to another resource is “Time.” What will be the time coverage desired and the well’s capability to produce energy for an extended time? Geothermal resources have been recognized as having the capability of an extremely long extended life and having the capability to have access to regenerated heat. With this being the condition operators will be seeking, the well’s collective integrity and ability to remain competent in its isolation and stability of resisting detrimental affects from harsh conditions that exist within this environment.
Ideally, the initial completion of any well included the best possible primary cementing techniques and products available. Due to the complex nature of drilling a well and then gaining control over its many intersected intervals with various differences in pressure and rock structure, it is normally handled via the cementing process of injection of cement with laboratory analyzed properties based on its needed additives and feature chemicals down the casing, just placed into the well, and then displaced into the well’s annulus via the “casing shoe.” Once cemented, the operator is at the mercy of the formation’s various intervals that can have various differences in pressure and types of influxes from water to gas needing to be held back so not to deteriorate the just placed cement job.
Read the completion report and note how the wells were completed and with what cementing technique and slurries. It is very critical over the life of a well that the initial primary cement and its placement addressed the detrimental affects of “transit time” or the time which the slurry changes from a liquid to a solid capable of withstanding influxes and cross-flows. Understanding the way the wells were transitioned from the drilling mud used to drill them and run casing to then placing a cement slurry across the annulus is often not followed as recommended by best practices. Archives  Note if utilization of spacers, flushes, and other well conditioning packages were chosen to assist in gaining a better primary cement job. 

Ideally, the primary cementing was designed and monitored with a design program capable of determining the flow properties, hydrostatic variances during the placement, and changes in the fluids’ rheologies from the beginning to end of the job. Often the design is done with an on-location monitoring computer via a collection of information such as densities, rates, pressures, and flows during the job.

Take advantage of bond logs if available and if not, note that new technologies with interpretation methods are available to determine the well’s annular conditions with such technologies as 360 degree views around the casing. The imaging acoustic tools, CAST-V (Halliburton) uses a single rotating ultrasonic transducer to produce high-resolution, circumferential data. Data for both cement evaluation and casing evaluation are obtained in the same run or pass. Because of the high horizontal sample rate, the data are normally presented in a color-coded image instead of a single curve. The color coding, which is based on the impedances of gas, water, and cement. Archives
Acoustic impedance (Z) is a function of the bulk density (ρ) and the compressional wave velocity (V) as shown in the equation [
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] highlights the expected acoustic impedance of several materials. Ultrasonic tools normally require an impedance contrast in the materials behind pipe to differentiate between cement and fluids.  
Workover histories are another indicator for determining the initial quality of the primary cementing operation. Often, casing leaks such as pin-hole-leaks occur when the cement sheath behind casings have a micro-annulus or are cracked radially due to pressure contrasts and cycling. Influxes during the cement transition time can create conditions where the slurry begins to become so viscous it relieves the hydrostatic weight due from its vertical column in the annulus. If this occurs prior to the slurry becoming strong enough to resist influxing gas or water from one formation to another; the cement sheath in the annulus can become channeled and corrupted due to infusion or dissolution from the influxing fluid or gas.
Understanding the Complexities of the Well Completion

Often, due to the various reservoir physics, it becomes necessary to place multiple casing strings as the wells are drilled so that problems in out-of-balance and loss circulation may be minimized. Note that the file history detailing the well completion and it drilling problems should give a lot of insight as to what may occur in the future. An example of a well completion is shown in the Archives Section.
Ideally, most of the deep hot wells are completed with high pressure and temperature systems and controls. Pressures can often be considered extreme due to the gas most of these formation produced, but they may now be depleted (BHP) but should be approached with an understanding they could also still be capable of kicking with very high pressures. 
When re-entering a deep, hot, and high pressure well, operations normally utilizes a snubbing unit capable of controlling the well’s surface conditions. Archives BOP requirements are also critical and should follow guidelines set by Operators knowledgeable in these workovers. . Archives
If re-entering a deep – hot well that has been temporarily plugged, care should also be taken to have the necessary well-head control systems capable of handling extremely high pressures and still produce hydrocarbons.

How to Establish Well Integrity if Re-Entering a Well
The best practices in taking a former producing or injection well and developing a Geothermal Energy Resource well should provide essential steps to maintain integrity over an extended time and also take advantage of technologies capable of creating conditions favorable to the economics and performance of the well.

Often it may become best practices to run a full liner in the old wells and cement it in with slurry capable of giving attributes desirable for a long life. Ideally, the cementing operations needs to consider being placed based on a designed focal point(s) which when studied, can provide a feasible way of gaining the best annular sealing potential along with an insulating property. In studies conducted to achieve a cement design for the life of the well, high pressure – high temperature wells need specialized systems and technologies to help eliminate future failures and losses of integrity.
A three step approach should help direct the re-construction of a well so that it can produce the geothermal energy economically. The design should incorporate an engineering analysis to help provide the optimum cement sheath properties needed to withstand the well conditions. Step one looks at the different well operations that will affect the integrity of the cement sheath. Step two involves the design and testing of cement slurry that will provide a cementing system to match or exceed the cement-sheath properties evaluated in step one. Examples of slurry properties such as thickening time, rheology, static gel strength, and fluid loss need to be determined. Tensile strength, Young’s Modulus, Poisson’s ratio, plasticity parameters, and shrinkage/expansion during curing also need evaluating. These values become the evaluation data for step one. The capability of the cement sheath to sustain cyclic stresses experienced during the continued life of the well can be determined by the engineering analysis and laboratory testing. Step three is very important in future requirements, by determining placement and continued integrity evaluations. 
Emerging Technologies in Wellbore Stabilization

With the advent of emerging technologies to assist and provide protection of the integrity of wellbores, operators should investigate the use of these to provide needed attributes in providing the necessary well control in Geothermal Energy operations. One such development in deep and hot wells is the use of expandable casing-liner through Enventure, a technology provider. The ability to run a casing into a well and then expand and clad it if desired to an older casing is gaining use to address complex problems with multiple intervals where well integrity may be compromised. Another use of the expandable casings addresses the multiple variations in pressure and reservoir capabilities to withstand the hydrostatic loading associated with completions. The ability to utilize the expandable casings lets operator get to their completion depths with larger size diameter casings by using the run-in process and then expand out the casing strings to a diameter that could not have been inserted. 
Another new emerging technology is the Easywell Swellable casing packer technology. The product enables previously unachievable oilfields performance through the invention and practical application of unique downhole technologies. Easywell technology utilizes a swellable packer element coated on casings and liners at specified points that are capable of swelling up to seal the annulus at their assigned points once in place. The swellable elements are capable of either performing this feat in water or in oil depending on design. 
Archived Information:

Best Practices on Primary & Secondary Cementing [where similar]:

1. Cement quality and weight:  You must choose cement slurry that is designed to solve the problems specific to each string of pipe.
2. Waiting time: You must hold the cement slurry in place and under pressure until it hardens.  A cement slurry is a time-dependent liquid and must be allowed to undergo a hydration reaction to produce a competent cement sheath.  A fresh cement slurry can be worked (thickening or pump time) as long as it is plastic, and the initial set of cement occurs during the rapid reaction stage.  If the cement is not allowed to hydrate; it will be subject to changes in density, dilution, settling, water separation, and gas cutting that can lead to lack of zonal isolation with resultant bridging in the annulus.
3. Pipe movement:  Pipe movement may be one of the single most influential factors in mud removal. Reciprocation and/or rotation mechanically breaks up gelled mud and constantly changes the flow patterns in the annulus for better cement bonding.
4. Mud properties (for cementing):  Plastic viscosity (PV) should be less than 15 centipoise (cp), and less than 10 cp, if possible, yield point (YP) should be less than 10 pound/100-square feet (lb/100ft²) decreasing down to about 5 lb/100 ft².  These are guidelines that should be reviewed with the Mud Engineer to make sure the hole is not jeopardized by following the guideline.
5. Mud gel strength:  A nonthixotropic mud is desirable for good mud removal.  Mud left in the hole prior to running casing should have 10-second/10-minute/30-minute gel strength such that the 10-minute is less than double the 10-second and the 30-minute is less than 20 lb/100 ft²).  Sufficient shear strength may not be achieved on a primary cement job to remove mud left in the hole should the mud develop more than 25 lb/100 ft².
6. Mud fluid loss:  Decreasing the filtrate loss into a permeable zone enhances the creation of a thin filter cake.  This increases the fluid mud in the hole, which is more easily removed.  Generally, an API fluid loss of 7 or 8 milliliter (ml) is sufficient with high-temperature/high-pressure fluid loss (HTHP) no more than double this amount.
7. Circulation:  Circulate bottoms up twice, or until well conditioned mud is being returned to the surface.   There should be no cutting in the mud returns.  An annular velocity of 260 feet per minute is optimum (SPE/IADC 18617), if possible.
8. Flow rate:  Turbulent flow is more desirable flow regime for mud removal.  If turbulence cannot be achieved, better mud removal is found when maximum flow energy is used.  The maximum pump rate should be determined to obtain the best flow regime.
9. Hole size:  The optimum hole size recommended for good mud removal is 1.5 to 2 inches larger than the casing or liner size.  Hole sizes larger than 2 inches annular space can be dealt with, but those that are smaller than 1.5 inches present difficult problems.
10. Pipe Centralization:  This helps to create a uniform flow area perpendicular to flow direction.  Cement will take the path of least resistance so that centralization is important in keeping the pipe off the walls of the hole.  At least a 70 percent standoff should be achieved for centralization.
11. Rat hole:  When applicable, a weighted viscous pill in the rat hole prevents cement from swapping with lighter weight mud when displacement stops.
12. Shoe joint:  A shoe joint is recommended on all primary casings and liners.  The length of the shoe joint will vary, although the absolute minimum length is one joint of pipe. If conditions exist, such as not running a bottom plus, two joints should be the minimum lengths.
Example of a schematic showing a well’s completion and casing depths
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10,236 –10,252’ 10,540 –10,550’

10,360 –10,370’ 10,604 –10,612’

10,504 –10,512’ (2 spf)

Stimulation: 346,000# 20/40 EconoProp + 9400# 30/50 EconoProp

Rate = 50 bpm, ISIP = 4970#, 15 min = 4711#

Tubing Assembly:  

•1 jt2 7/8”, 8’x 2 7/8”sub, (2) 10’x 2 7/8”sub, 2’x 2 7/8”

sub, 317 jts. 2 7/8”6.5# EUE L-80

•Baker L10 on/off tool w/ 2.31”“F”Profile

•Baker “WL”Retrievable Packer @ 10,125’

•8’x 2 7/8”pup joint

•Baker 2.31”“F”Nipple

•Wireline entry guide

•Baker Model “D”packer at 10,770’
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Penn Lime Perfs:

10,865 –10,877’ (2 spf)

Stimulation: 2000 gal 20% slick, 8936 gal 20% LCA, 3000 gal 20% 
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at that time.
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11,284’ –11, 298 11,324 –11,330’

11,309 –11,314’ 2 spf/ 60 degree

Stimulation: 7000 gal 20% slick, 9600 gal 20% XLA, 14 

bfww/ 40 7/8”1.3 B.S., 9600 gal 20% XLA, 5000 gal 20% slick

Rate = 15.5 bpm,   ISIP = 5000#, 15min = 4655# 

TLN 1/2/03
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CAST-V (Halliburton)
A Snubbing Assembly
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The Maximum Allowable Snub Load should NEVER be exceeded under any circumstances.  This is the maximum snub load that can be safely applied to the pipe. 
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Liner Hangers Currently Available



Components tested - Outstanding performance (7-5/8” x 9-5/8”) 

over one foot seal length



Over 7,000 psi seal



Over 500,000 lbf load capacity 



~ 4,000 psi Collapse rating

Enventure ELH™ System


Easywell Swellable Technology
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Reverse Circulating Cement Designs
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