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1.0 MUD COLUMN CHARACTERISTICS AND CONDITIONS IN THE 
CHENEY RANCH FIELD 

1.1 SUMMARY 

Responsive to EPA’s December 3, 2019 letter Underground Injection Control (UIC) Permit 

Renewal Application Class 1 Non-Hazardous (NH) Permit No. R9 UIC-CA1-FY17-2R Technical 

Review Enclosure Item 1D, PEC has conducted further investigation of mud conditions in the 

nearby oil and gas wells.  Well records on file at the California Geologic Energy Management 

Division's (CalGEM) online mapping application were obtained and reviewed for documentation 

of encountered mud conditions found during either well construction or plugging activities.  

Cheney Ranch Field is located north of PEC, near the periphery of the Area of Review.  Records 

for every well that penetrated the Panoche Injection Interval were reviewed (23 wells).  Details of 

well drilling and completion and plugging chronologies were generally included within the 

CalGEM public records.  Some of the chronologies are very detailed while other records are “broad 

brush” summaries of general drilling activities.   

Several of the detailed CalGEM chronologies present documentation of encountered mud 

conditions and properties in the local area.  These details corroborate expectations from laboratory 

studies of mud properties and select well sampling of wells during reentry activities in other parts 

of the United States (see Appendix 4).  In these cases, and as substantiated in the Cheney Ranch 

Field wells, the encountered static muds show the presence of stiff, thick muds in the wells.  These 

mud have set up such that they are difficult to circulate and handle.  As such, they will provide 

significant impairment to the emplacement of formation fluid or the advancing injectate into the 

wellbore and vertical displacement of the wellbore material.  Therefore, these Cheney Ranch wells 

do not constitute a possible threat under the nonendangerment standard to human health or the 

environment as currently abandoned.   
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1.2 ENCOUNTERED MUD CONDITIONS  

Well records on file at the California Geologic Energy Management Division's (CalGEM) online 

mapping application (https://maps.conservation.ca.gov/doggr/wellfinder/#openModal) were 

obtained for the Cheney Ranch Field.  Well-specific chronologies were reviewed for 

documentation of encountered mud conditions either during well construction or plugging 

activities within the field.  Information is included for three wells identified during records review.  

The location of the wells is presented in Figure 1 and the CalGEM records are contained in 

Appendices 1 through 3. The following information was found for three of the installed and 

abandoned wells:        

• Lockhart England 1-31 (Appendix 1) – This well was spudded in December 1950 and 

drilled to a total depth of 10,357 feet in March 1951 with oil and gas shows observed below 

a depth of 10,000 feet.  A production casing string (5-1/2 inch) was set to 10,038 feet and 

cemented with 300 sacks of cement.  The oil and gas show interval from 10,038 feet and 

10,169 feet (plugged back total well depth) were tested by displacing the drilling mud with 

fresh water and then swabbing the well.  Results were inconclusive and operations on the 

well were suspended by setting a cement plug in the 5-1/2 inch protection casing from 

9,880 to 10,169 feet and filling the well with “heavy drilling mud”.  The top of the casing 

was also plugged with 10 feet of cement and was capped with a welded steel plate. The 

details are documented reported on Notice of Intention to Abandon Well - Form 108 (dated 

August 9, 1952).  The abandonment was approved was approved by the Division of Oil 

and Gas on October 27, 1952. 

A Supplementary Notice – Form 123 was filed on August 28, 1964, with the intent of 

salvaging as much of the 5-1/2-inch production casing as possible from the well.  The 

Division of Oil and Gas approved the plan on Report of Proposed Operations – Form 111, 

also dated August 28, 1964.   A hand-written note dated 9/21/64 on this Report of Proposed 

Operations, indicates that very heavy mud was encountered during a bailer run at a depth 

of 1,045 feet, with the bailer becoming “stuck” in the heavy mud.  The bailer was worked 

free and recovery of casing and final well plugging operations were conducted.  The 

Special Report on Operations Witnessed – Form 109-D (prepared by Division of Oil and 

Gas Inspector F. L. Hill and dated September 25, 1964) indicates that the well was cleaned 

out to 1,045 feet where very heavy mud was encountered.  Six sacks of cement were 

dumped at that point and additional plugs were placed at 987 to 1,045 feet (6 sacks), 744 
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to 794 feet (26 sacks), 552 to 629 feet (33 sacks), and 5 to 15 feet (14 sacks), with 5-1/2-

inch production casing recovered from a depth of 792 feet in the well.  

Work on the well had originally been suspended on March 19, 1952, so the encountered 

mud during final abandonment had been in place for approximately 12 years.  The gel 

strength of the 12 year old column of mud was such that a bailer on wireline could not be 

advanced deeper that a depth of 1,045 feet let alone to the shallowest cement plug depth of 

9,880 feet in the casing string.  

• American Hunter Souza 1 (Appendix 2) – The well was drilled to a total depth of 7,332 feet 

in November/ December 1983, using Benex mud (BENEX is an organic polymer designed 

for use as a bentonite extender and selective flocculant in freshwater drilling muds) with a 

final density of 11.2 pounds/gallon and a funnel viscosity of 37 seconds.  Production casing 

(5-1/2 inch) was run to 10,213 feet and cemented 2,287 cubic feet of cement.  The drilling 

rig was released in mid-December 1983. 

A completion rig was set up at the end of March 1984, three and one-half months following 

completion of drilling activity. The well history attached to the Well Summary Report notes 

that the drilling mud had to be reversed out w/fresh water every 1,000 feet below a depth of 

8,400 feet and every 6 joints below a depth of 9,000 feet with "thick drilling mud" being 

circulated from the well.   

• Bender Silver Creek 57X-18 (Appendix 3) – The well was initially drilled to a total depth 

of 7,500 feet in May 2, 1973, using Lignosulfonate mud with a weight of 74 pounds per 

cubic foot and a funnel viscosity 51 seconds. Following evaluation of the original borehole, 

the operator made a request on May 3, 1973, to sidetrack the well from a depth of 4,100 

feet and redrill the open hole to approximately 7,300 feet.  This request was approved by 

the by Division of Oil and Gas on May 4, 1973 (Report on Proposed Operations (Form 

111)).  

The well was sidetracked with a kickoff plug set at 4,300' feet with 100 sacks of cement.  

After setting the cement kickoff plug, the rig ran in the well to 3,700 feet but could not 

break circulation at that depth (History of Oil or Gas Well – Form 103, Page 2) due to the 

combination of the weight of the static mud column and the additive pressure due to the 

gel strength of the mud (i.e., could not displace the mud from that depth with the rig 

pumps). This demonstrates that the mud “set” quickly as the kickoff plug had only been 

set the previous day. The drill pipe was moved up to the shallower depth of 3,560 feet, 
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where pump pressures were sufficient to break the mud column and establish circulation.  

The drill string was then staged in hole to the top of the kickoff plug while conditioning 

and increasing the mud to a higher weight. 

These area-specific well records of encountered mud conditions confirm the longevity and efficacy 

of static mud columns within wells in and near the Area of Review for PEC.  The CalGEM records 

document that encountered static mud columns are stiff and thick, having set up such that they are 

difficult to circulate and handle.  These static clay-based muds provide significant resistance to 

inter-formational fluid flow through an abandoned well.  
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1.0 EFFICACY OF MUD PLUGS IN ABANDONED WELLS 

1.1 SUMMARY 

Common drilling mud is largely composed of clays and water, forming a colloidal base.  Typically, 

bentonite (sodium montmorillonite) is added to the drilling mud as the clay and is used to obtain 

viscosity in the slurry and promoting the formation of wall cake (the low-permeability layer of 

clay lining the borehole).  Bentonite is hydrophilic (it readily absorbs water), and its flat platy 

shape is the primary reason it is desired for use in common drilling fluids.  The development of 

gel strength in a drilling mud is due to the tendency of the clay platelets to align in a configuration 

where positively charged edges are adjacent to negatively charged surfaces, resulting in a medium 

with thixotropic properties.  Thixotropy is the characteristic whereby certain gels evolve to a semi-

solid state when allowed to stand undisturbed but liquefy upon shock disturbance.  The gel phase 

is desirable because it assists in suspending cuttings released by the drilling procedure, producing 

the required viscosity and mud cake properties in the circulating mud system. 

The physical characteristics that make clay-based drilling mud useful during active drilling 

operations also make it an effective barrier to vertical fluid movement within abandoned boreholes.  

In thixotropic behavior, under static conditions the clay platelets aggregate (flocculate) in three 

ways: 1) face-to-face, 2) edge-to-edge, or 3) edge-to-face, because the platelets are electrically 

charged. This thixotropic or gelling property of a clay-based bentonite slurry is what gives drilling 

mud its gel strength.  In clay-based mud systems, gel structures build with time (progressive gel) 

as the positive edge of one particle or plate moves toward the negative surface of another; that is, 

when the platelets are layered (Gray et al., 1980).  Laboratory studies have shown that although 

the exact relationship between gel strength and time varies, depending on specific mud 

composition and additives, the gel strength always increases with time. Additionally, this 

orientation of the clay plates reduces the vertical permeability of the mud column significantly 

because tortuosity through the mud is increased.  

Clay-based drilling fluids that contain bentonite or natural clays provide adequate long-term 

protection against vertical fluid movement into and within in abandoned wellbores.  Field studies 

of mud conditions in decades old abandoned wellbores confirm expectations gained from 

laboratory testing data and can be used to predict the  long-term behavior of relevant mud 

properties. 
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1.2 INTRODUCTION 

Whenever effluent is injected into a subsurface geologic formation, the pressure within the 

injection interval will increase.  This pressure increase will be greatest at the injection well(s) and 

will decrease with distance away from the injection site.  Because of the driving force supplied by 

the increase in formation pressure within the injection intervals, artificial penetrations within the 

radius of the effluent plume have the potential to convey effluent out of the injection zone, and 

artificial penetrations within the Area of Review have the potential to convey formation brines into 

an Underground Source of Drinking Water (USDW).  This is especially so in the specific case 

where a well is abandoned with brine in the open spaces of the wellbore and/or annulus. However, 

in rotary drilled wells this is exceedingly rare and only occurs where a formerly productive well is 

“walked away” from without abandonment.  

In a rotary drilled well, the driving force due to injection is opposed by the flow resistance of the 

material (drilling mud and /or drilling mud and cement plugs) residing in the borehole or the 

borehole by casing annulus.  In order to pose a potential threat to a USDW (i.e., pressure buildup 

from injection sufficient to drive fluids into a USDW), the pressure increase in the injection 

interval must be greater than the pressure necessary to displace the material residing within the 

open spaces in the borehole.  This pressure necessary to displace the material residing within the 

borehole is defined as the allowable buildup pressure.   

A mud column exerts pressure.  For a well to provide a pathway for fluid movement, the pressures 

acting on the mud column (pressure due to injection plus original formation pressure) must be 

greater than the mud column pressure (Davis, 1986).  Exploration and production wells are 

commonly drilled at a mud weight that provides 200 psi or more overbalance to the formations 

encountered during the drilling activity (Pearce, 1989).  In a static fluid column of drilling mud, 

such as exists upon abandonment of the well, the gel strength of the mud must also be considered.  

Gel strength refers to the shear stress required to initiate flow after static periods of time (i.e., 

without mud circulation) and is a measure of the degree of gelation that occurs due to the attractive 

forces between particles in the mud over time.  The gel strength adds to the flow resistance in the 

well and fluid movement cannot begin until the pressure in the injection interval has increased 

beyond this critical threshold value necessary to overcome the flow resistance of the borehole 

material (weight and gel strength).   

As long as the pressure buildup in the injection interval is less than the threshold value, the artificial 

penetration cannot serve as a conduit for either effluent or formation brines (Davis, 1986; Collins 
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1986).  Therefore, as long as the  threshold value is not exceeded, the artificial penetration is safe, 

and corrective action tore-enter and plug the well is not necessary. 
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1.3 PROPERTIES OF CLAY-BASED DRILLING MUD 

The physical characteristics which make drilling muds useful during drilling also make them 

effective barriers against formation fluid entry into a wellbore and mud-column displacement into 

a wellbore. This is particularly true of a commonly used base for mud, bentonite, which is 

predominantly sodium montmorillonite clay.  Bentonite-based mud types are used the Cheney 

Ranch field wells.  The platy electrically charged clay particles comprising bentonite strongly 

attract water, a polar molecule.  This causes the clay to swell, thereby increasing the borehole fluid 

viscosity (Davis, 1986).  Of the clays, montmorillonite has the greatest hydration potential and 

effects the greatest viscosity enhancement for a given amount of solids.  This accounts for its long-

standing popularity of bentonite as an additive. 

A second important property, the gel strength of clay-based drilling muds comes from the tendency 

of the plate-like clay particles to align so that positively charged edges are adjacent to negatively 

charged flat surfaces.  The gel is "a disheveled yet interconnected network of parallel clay particles 

separated by an average distance" (Jahnke, 1987).  If the mud is agitated, then the gel breaks down.  

If, on the other hand, the mud sits at rest, then gel strength increases with time as the additional 

clay particles come into alignment.  This is documented by studies conducted by both Garrison 

(1939) and Gray, et al. (1980). If the drilling fluid is at rest for a long time, high pump pressures 

are sometimes necessary to restore circulation in the borehole (see example from Cheney Ranch 

field below).  This strong resistive force in a mud column would also need to be overcome during 

injection. 

For many years, alternating cement and mud plugs have been advocated for properly abandoning 

well bores because they provide an effective barrier to vertical fluid flow.  The “balanced method” 

is the most common method used for the placement of cement plugs during well abandonment 

procedures.  Mud plugs have been shown to have a very low permeability and provide great 

resistance to fluid movement.  In addition, mud plugs have been shown to plug an artificial 

penetration through time and under the various conditions encountered within a wellbore.  A mud 

plug, with its inherent low permeability, in combination with the hydrostatic head of an 

overbalanced mud column, is sufficient to counterbalance increased formation pressure due to 

injection effects, thereby creating an effective barrier to fluid flow.  These sealing and fluid barrier 

characteristics of mud plugs, combined with hydrostatic pressures and natural borehole closure 

processes, minimize the chance of encountering a truly open conduit in an artificial penetration 

that was drilled in unconsolidated sediments. 

Drilling mud is largely composed of clays and water.  Commonly, bentonite-type clays  (sodium 
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montmorillonite) is added to the drilling mud to obtain viscosity in the slurry, in addition to 

promoting the formation of wall cake (the low-permeability layer of clay lining the borehole).  

Bentonite is hydrophilic (it readily absorbs water), and its flat platy shape is the primary reason it 

is desired for use in drilling mud fluids.  Clay platelets aggregate (flocculate) in three ways:  

1) face-to-face,  

2) edge-to-edge, or  

3) edge-to-face  

Because the platelets are electrically charged.  This thixotropic or gelling property of a bentonite 

slurry is what gives drilling mud its gel strength, as discussed below.  Gel structures build with 

time as the positive edge of one particle or plate moves toward the negative surface of another; 

that is, when the platelets are layered (Gray et al., 1980).  This orientation reduces the vertical 

permeability of the mud column significantly because tortuosity is increased. 

The gel strength and wall cake of bentonite clay mud systems provide an effective barrier against 

both vertical fluid migration within the wellbore, and migration of fluids into overlying formations.  

The following subsections examine various aspects of mud plugs and their ability to effectively 

prevent migration of fluids. 

The permeability of drilling mud in abandoned wells depends on the amount and size of the clay 

particles and other colloids available in the mud slurry, as well as the time the mud has been left 

in the hole.  Although the permeability of mud in deep boreholes has not been measured directly, 

the permeability of other similar clay mixtures, such as those used in slurry wall construction and 

bentonite grout slurry mixtures used to plug shallow borings, has been measured and quantified.  

Alther (1982), while investigating the use of bentonite for clay caps and slurry wall containment, 

found that a mixture of bentonite and high-permeability soils reduced the coefficient of 

permeability to 10-9 cm/sec.  Alther (1982) used a falling head permeameter to measure the 

permeability of a mixture of 8 percent bentonite and 92 percent Lake Michigan sand. 

Polk and Gray (1984) investigated the adequacy of mud as a sealing agent in abandoned boreholes 

related to mineral exploration.  Their focus was on the ability of a bentonite mud to form a filter 

cake with a low enough permeability to ensure that there would not be fluid flow between aquifers 

penetrated during drilling.  Polk and Gray (1984) directly measured filter cake permeabilities using 

the cake formed in a standard American Petroleum Institute (API) filter press filtration test run for 

30 minutes at a differential pressure of 100 psi.  The cake that formed on the filter paper was then 
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tested with water to determine the cake’s permeability.  The cake had measured permeabilities 

ranging from 2 x 10-8 to 8 x 10-9 cm/sec, which are regarded as low enough permeability values to 

prevent fluid flow from one aquifer to another through an open borehole.  The filter cake 

essentially keeps all the solid particles within the mud column.  The formation of these low 

permeability filter cakes is one of the most desirable properties of clay-based mud systems.  

Experiments show the filter cake to have permeability below microdarcy values (Kelessidis, et al, 

2007; Elkatatny et al., 2012). This mud filter cake acts as a membrane “skin” or barrier that 

effectively seal off formations and prevent fluid loss from the mud column to the formation or loss 

of fluid from the formation when the well was drilled. 

Because the EPA defines “low permeability” for soil as 1 x 10-7 cm/sec, the minimum required 

permeability of the three feet of compacted clay beneath a landfill or surface impoundment, then 

it is reasonable to believe that the permeability of a column or mud plug (1x10-7 cm/sec or less) is 

more than sufficient to prevent movement of fluids within an “open” unplugged well bore. 

1.3.1 Long-term Properties of Drilling Mud 

The functions of the drilling mud result from its physical properties.  The primary functions of 

drilling mud are to prevent the inflow of formation fluids and prevent the collapse of formation 

materials into the wellbore.  These are primarily accomplished by altering the mud weight during 

drilling.  Mud weight can be increased by increasing the salinity of the mud or adding insoluble 

solids, typically barite (BaSO4).  In general, mud weight is increased with depth so that the mud 

column will overbalance the encountered formation pressures by 200 to 400 psi (Pierce, 1989). 

The physical characteristics that make the mud useful during drilling also make it an effective 

barrier to vertical fluid movement over the long-term.   

1.3.1.1 Static Mud Column Height 

In general, the top of the mud column is found at, or very near, ground level for re-entered 

boreholes.  Documentation offered from several field examples are: 

 In the Nora Schulze wellbore, located in Nueces County, Texas, was reentered by K.  E.  

Davis Associates during 1988.  The top of the mud plug was encountered immediately 

below the cement plug at the top of the wellbore (top cement plug), with no fallback in the 

mud column. 
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 Subsurface, Inc.  (1976) reentered and replugged the Brewster Bartle Drilling Company 

(British American Oil Production Company), University of Texas No.  1B well located in 

Galveston County, Texas, during 1976, at the request of Amoco and Monsanto.  During 

the re-entry operation, drilling mud was found immediately below the surface cement plug 

with its properties relatively intact.  This confirms that mud properties maintain their 

plugging capabilities and offer major resistance as fluid barriers. 

 AIC (1988), in a study of well reentries originally plugged 20 to 30 years prior, found that 

in the Texas Gulf Coast and West Texas, most operators reported finding the top of the 

mud just below the surface plug.   

 Mr. John Luttig, PE,  stated in a letter that he has never encountered voids in e a wellbore 

devoid of mud in any well reentry in his more than 30 years in the oil fields of East Texas 

(Luttig, 1990: Pers.Com.).  This includes wells that had been plugged for more than 50 

years following plugging.  He also indicated that he confirmed this statement with his 

contemporaries.  

It is not possible to force significant quantities of mud out of the borehole and out into a permeable 

formation because of the effect of nearly impermeable residual mud cake that forms along the 

formation wall.   

1.3.1.2 Mud Column Properties 

The long-term properties of mud can be determined from a theoretical standpoint.  Mud weight 

should not vary significantly from that at abandonment because virtually all the weighting (barite) 

particles will remain in suspension due to mud gel strength, which quickly develops.  Pearce (1989) 

found that gravitational settling of barite or other mud additives has been overestimated.  Even 

though settling of the largest drill cuttings particles may occur, overall, this effect does not 

diminish mud density, or more importantly, affect the plugging and sealing characteristics of a 

column of mud in an abandoned borehole.  The higher the gel strength of a mud column, the larger 

the particle that can remain in indefinite suspension.  This is completely analogous to a solid 

mechanics problem where a sphere is suspended in an elastic solid.  Only when the maximum 

shear stress on the surface of the particle exceeds the gel strength of the mud will the particle have 

the potential to settle out of the mud column.  For mud-based barite weighting particles, with a 

density of 4.2 gm/cm3, the critical diameter (in centimeters) for settling is approximately equal to 
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the gel strength of the mud (lb./100 ft2) divided by 100.  For a reasonable low-end gel strength of 

20 lb./100 ft2 (typically required at 30 minutes measurement time) all barite particles smaller than 

0.2 cm will remain in indefinite suspension.  In a typical weighted drilling mud, barite particles 

are generally an order of magnitude less than 0.2 cm in diameter (NL Baroid, 1988).  The 

maximum diameter of the largest 3 percent of the barite particles in standard API weighted mud 

systems can be no greater than 0.00635 cm (Gray et al., 1980), or 31 times smaller than the 

theoretical settling size.  A gel strength of only 6 lb./100 ft2 is needed to suspend 97 percent of the 

barite in the mud column and the larger drilled solids in the well (Pearce, 1989).  Even if these 

larger drilled solids settle out of the mud, this will not readily affect the weight of the mud as these 

larger drilled particles are routinely screened out of the mud at surface during active drilling and 

circulation of the mud system (Pearce, 1989). 

Since the solids remain in the mud column, the only way to relieve formation stresses imposed on 

the static mud column is by compaction and the consequent movement of water from the mud out 

into the formation.  However, this process is self-limiting, any water movement from the mud 

column will increase the average density of the mud due to the loss of low density water, increase 

the gel strength and the solids are brought closer together and decrease the effective permeability 

of the mud column (Pearce, 1989).         

1.3.1.3 Mud Column Gel Strength 

The relationship between gel strength and time varies with the mud type, depending on such 

variables as composition, pH, temperature, pressure, solids, and degree of flocculation (Figure 1).  

Srini-Vasan (1957) investigated the affect of temperature (up to 220 oF) on water-based muds with 

drilling weights like the wells in the Cheney Ranch Field.  Annis (1967) showed that the gelling 

process is depends on both time and temperature, with 18 parts per billion (ppb) bentonite solution 

at any temperature having a gel strength six times that of the initial gel strength of the mud.  Vryzas 

et al. (2016) found that the gel-like structure of water/bentonite suspensions proved to be 

rheologically stable after an aging period of 30 and 60 days. 

As shown in Davis and Pearce (1989), Chevron conducted laboratory experiments to determine 

the expected condition of mud left in wellbores.  Chevron formulated muds like those used in 

Mississippi and “aged” the mud samples at temperature and pressure for a two-week period.  The 

testing showed that the muds developed  significant compressive strength and was described as a 

“plug”, with a gel strength too high to measure with standard equipment (Davis and Pearce, 1989).  
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Field evidence of the longevity of mud as a plugging material has been demonstrated during well 

reentries.  The Nora Schulze No.  2, located in Nueces County, Texas, was reentered by Envirocorp 

in the late 1980’s.  The well was plugged with 10.6 to 11.0 lb./gal mud when abandoned in 1959 

(Pearce, 1989).  Mud samples were taken upon reentry to a depth of approximately 754 feet using 

tubing pushed into the mud column from a depth of 120 feet.  Below a depth of 754 feet, the mud 

could only be displaced from the well by breaking circulation (Pearce, 1989).  Results of measured 

mud characteristics are presented in Figure 2. The average mud weight of the recovered samples 

was 11.1 lb./gal, showing that the mud did not appreciably change over the intervening 29 years 

following abandonment.  The gel strengths of the samples ranged between 217 lb./100 ft2 to greater 

than 320 lb./100 ft2.  These values are over an order of magnitude greater than the 20 lb./100 ft2 

value required in California plugging rules and commonly used for modeling purposes (Pearce, 

1989).  In addition, shear strengths of the mud samples ranged from 170 lb./100 ft2 to 7,000 lb./100 

ft2, increasing with depth (Pearce, 1989). 

Additional information on mud characteristics from well reentries are: 

 Subsurface, Inc.  (1976) reentered and replugged the Brewster Bartle Drilling Company 

(British American Oil Production Company), University of Texas No.  1B well located in 

Galveston County, Texas, during 1976, at the request of Amoco and Monsanto.  Cement 

plugs were placed from 11,000 to 11,200 feet, and from 130 to 180 feet, and near the 

surface (top cement plug) with mud-laden fluid filling the remainder of the wellbore 

(conforming to Texas Railroad Commission plugging and abandonment requirements of 

1961).  During the re-entry operation, drilling mud was found immediately below the 

surface cement plug with its properties relatively intact.  The mud had to be circulated out 

using 12-lb/gal mud. 

 AIC (1988), in a study of well reentries originally plugged 20 to 30 years prior, found that 

in the Texas Gulf Coast, most operators reported that the mud was generally hard, with the 

following comments reflecting the condition of the drilling mud and/or borehole fluids 

encountered in the Gulf Coast: 

 mud set up like cement; 

 mud set up firm after about five years; and 

 mud encountered is hard and firm 
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1.4 CONCLUSIONS 

The long-term properties of clay-based drilling mud can be determined from a theoretical 

standpoint.  Mud weight is not expected to vary significantly from that at abandonment (start of 

static conditions) because virtually all of the weighting barite particles (97%) will remain in 

indefinite suspension due to gel strength of the mud. Gel strength in clay-based muds generally 

increases with time due to the electrical attraction of the clay platelets in the mud to continually 

align.  

Field investigations from well reentries have found that measured mud properties support the 

expectations associated with extrapolating laboratory studies over an extended period of time.  In 

the reentry of the Nora Schulte wellbore, mud density remained essentially unaltered, gel strength 

exceeded 100 lbs./l00 ft2, and, even for the most highly gelled samples, the mud remained a fluid. 

All evidence gathered to date indicates clay, water-based drilling fluids provide adequate 

protection against vertical fluid migration over short and long time periods. 
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