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ABSTRACT 

A tWo part epoxy resin system is surface mixed in a method of 
plugging an abandoned Well. This surface mixed epoxy resin 
is then placed in the Well at the desired plugging depth. 
Finally, the mixture in situ forms a cementing plug. 
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SURFACED MIXED EPOXY METHOD FOR 
ABANDONING WELL 

[0001] This application is a continuation of Us. patent 
application Ser. No. 11/162,451, ?led Sep. 9, 2005, herein 
incorporated by reference, Which application claims priority/ 
bene?t of Us. Provisional Patent Application Ser. Nos. 
60/608,255, 60/608,256, and 60/608,257, all ?led Sep. 9, 
2004, and all herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to Wells, abandoned 
Wells, Well operations, to methods, apparatus and products for 
operating Wells. In another aspect, the present invention 
relates to Wells, abandoned Wells, abandoning Wells, to meth 
ods, apparatus and products for abandoning Wells. In even 
another aspect, the present invention relates Wells, plugged 
Wells, plugging Wells, and to methods, apparatus and prod 
ucts for plugging abandoned Wells. In still another aspect, the 
present invention relates Wells, treated Wells, treating Wells, 
and to methods, apparatus and products for treating aban 
doned Wells. 
[0004] 2. Brief Description of the Related Art 
[0005] Wells of various types after theiruseful lives are shut 
doWn and usually permanently plugged for a variety of rea 
sons. For example, Wells employed in the production of oil 
and gas are usually abandoned because they reach the end of 
their useful life or they become damaged beyond repair. 
[0006] Various jurisdictions in the oil producing regions of 
certain countries require that abandoned Wells be plugged to 
protect safety and environmental interests, for example, to 
protect aquifers and the above surface environment. 
[0007] Wells are most commonly plugged With Portland 
cement, although a number of alternative materials have been 
proposed and are less commonly utiliZed. Generally, a Well is 
plugged by pouring Portland cement into the Wellbore, and 
curing the cement in situ. 
[0008] It Will be appreciated that it Would be most uneco 
nomic to attempt to completely ?ll the Well bore With cement. 
Therefore, it has become Widely knoWn to inject cement into 
the Well in such a Way that only the potential producing Zones 
are blocked off. These potential producing Zones Were aban 
doned due to the fact that they Were not commercially viable; 
hoWever, for ecological and liability reasons, it is necessary 
that these Zones be plugged to stop seepage, contamination, 
and communication betWeen Zones. The potential producing 
Zones may produce oil, natural gas, various forms of other 
hydrocarbons, salt Water and natural Water. It Will be appre 
ciated that in any one Well bore, the potential producing Zones 
may be Widely spaced apart; some may be producing a small 
amount of oil, others natural gas, While others are producing 
Water, etc. 
[0009] Ordinary drilling mud ?lls the Well bore in the 
regions betWeen the cement plugs. For the cement plugs to be 
effective, they must be properly located at the producing 
Zones and must extend a certain minimum distance, say 50 
feet, above and beloW the producing Zone thereby to reduce 
the possibility of seepage. 
[0010] Formulation of Portland cement in the ?eld is 
largely a product of trial and error by ?eld personnel to meet 
irregularities in the cementing composition and the doWnhole 
environment. Cement quality control is dif?cult to achieve 
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under such conditions. As a result, Portland cement cured in 
situ can exhibit cracking, shrinking, or poor adhesion to Well 
bore tubulars. An imperfect Portland cement plug can enable 
undesirable ?uid ?oW through the Wellbore via leaks along or 
through the cement. 
[0011] It Will be appreciated that the Well bore is ?lled from 
top to bottom With a ?uid material commonly termed “drill 
ing mud”. Thus, the regions betWeen the various plugs in the 
Well bore Will be ?lled With drilling mud. 
[0012] On such method for plugging an abandoned Well is 
taught in Us. Pat. No. 4,043,394, and While dated, is fairly 
descriptive of current methods, and is as folloWs. 
[0013] 1. Government approval to plug the abandoned Well 
is obtained including the speci?ed intervals to plug off the 
potential producing Zones. 
[0014] 2. The drill pipe is loWered doWnWardly into the 
Well until its loWer end is someWhat beloW the bottom of 
Where the ?rst cement plug is to be located. (The position of 
the loWermo st producing Zone is knoWn from information 
derived from the Well logging operation). 
[0015] 3. The cement volume is calculated having regard to 
the interval or length of the cement plug to be placed across 
the Zone or formation, the Well bore diameter and the drill 
stem dimensions. The reason Why the drill stem dimensions 
are of signi?cance is that after the cement has been injected 
the drill stem or drill pipe must be lifted out of the cement and 
thus the level of the cement Will drop by several feet depend 
ing on the displacement of the drill stem including the length 
of drill stem Which is lifted out of the cement. Thus, this factor 
must be taken into account to ensure that the producing Zone 
is properly plugged. In addition, an extra quantity of cement, 
nominally 20% above that calculated as described above, is 
included to provide a “safety factor”. 
[0016] 4. Cement is then pumped doWn the drill pipe and 
exits through its loWer end and then passes up the Well bore to 
a point suf?ciently high so that it Will cover the Zone required 
to be plugged as Well as providing for an adequate degree of 
“safety factor” after the drill pipe has been lifted above the 
cement. 

[0017] 5. The drill pipe is then raised upWardly to a point 
above the top of the cement plug. Then, an eight hour Waiting 
period is provided to alloW the cement plug to harden su?i 
ciently as to support at least a portion of the Weight of the drill 
pipe. The drill pipe is then sloWly loWered doWnWardly until 
it contacts the hardened cement. This procedure enables the 
plugging creW to determine by “feel” the exact position of the 
top of the cement plug. The elevation of the top of the plug is 
recorded and compared With the base log data to ensure that 
the cement plug is at the proper elevation. HoWever, if an error 
has been made in calculating the volume of cement, or if some 
of the cement has spread into the producing Zone, the plug 
may be too loW, in Which event, additional cement Will have to 
be pumped into the drill hole and a further eight hour Waiting 
period provided in order to alloW the cement to harden and the 
location of the top of the plug located as described above. 
[0018] 6. Assuming the loWermost plug is found to be at the 
correct depth, the drill pipe is pulled up to a position adjacent 
the bottom of Where the next plug is to be located and the 
procedure described above is repeated. 
[0019] A number of patents and patent applications are 
directed to plugging abandoned Wells, the folloWing of Which 
are only a small feW. 

[0020] Us. Pat. No. 4,043,394, issued Aug. 23, 1977 to 
Campbell, discloses that in order to plug off potential produc 
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ing Zones in an abandoned Well, cement is injected at the 
appropriate level in an amount estimated to be su?icient to 
seal off the Zone. A selected portion of the cement, treated 
With a radioactive tracer, is injected to provide a layer of 
treated cement at the top of the Wet cement plug and a probe 
or logging tool is thereafter used to locate the position of the 
top of the plug With the probe output being recorded graphi 
cally to provide a record of the position of the plug top. 
[0021] Us. Pat. No. 4,730,675, issued Mar. 15, 1988 to 
Wygant, discloses a method of plugging an abandoned Well 
With a polymer gel, in Which an abandoned Well penetrating a 
subterranean formation is plugged using a gel comprising a 
high molecular Weight, Water-soluble carboxylate-containing 
polymer and a chromic carboxylate complex crosslinking 
agent. 
[0022] Us. Pat. No. 5,343,952, issued Sep. 6, 1994 to 
CoWan et al., discloses a method for preventing Zonal com 
munication or migration of ?uids, in a Well to be abandoned, 
by placement of a cement plug comprising a cementitious 
component, an activator and Water. 

[0023] Us. Pat. No. 6,098,712, issued Aug. 8, 2000, and 
Us. Pat. No. 6,750,179, issued Jun. 15, 2004, both to Burts, 
Jr., both disclose a Well plug additive, Well plug treatment 
?uid made therefrom, and method of plugging a Well. The 
Well plug additive includes a dry mixture of Water soluble 
crosslinkable polymer, a crosslinking agent, and a reinforcing 
material of ?bers and/or comminuted plant materials. The 
method of forming a Well plug ?uid includes contacting the 
additive With Water or an aqueous solution, With a method of 
plugging the Well further including the step of injecting the 
?uid into the Wellbore. 
[0024] Us. Pat. No. 6,374,915 issued Apr. 23, 2002 to 
AndreWs, discloses processes and apparatus for sealing aban 
doned Well bores Which includes includes a hopper for dis 
pensing comminuted Well bore packing material such as a 
bentonite clay onto an inclined screening surface Which 
removes undesired ?ne materials. A chute for collecting 
material ?oWing off of the screening surface and directing the 
same into the Well bore is generally funnel shaped. The appa 
ratus includes an eccentric vibrating mechanism for vibrating 
the inclined screening surface to remove the undesired ?ne 
materials. 
[0025] Us. Pat. No. 6,715,543, issuedApr. 6, 2004 to Svin 
dland, discloses a particulate matter plug that is placed along 
all or portions of a Well to be permanently or temporarily 
abandoned, the plug being arranged to hinder/reduce ?uid 
?oW to surface. The plug consists of a mass of particulate 
matter composed of naturally occurring and/ or synthetically 
produced granular matter, including gravel, sand, silt, clay 
and a mixture of these, and preferably of a poorly sorted mass 
of particulate matter. The granular particulate matter having 
average particle diameters included in the statistical range of 
variation of the mass is comprised of particles With an average 
particle diameter >1/256 millimeters, thus comprising approxi 
mately 2/3 of all particles in the mass. 
[0026] Us. Patent Application Publication No. 2004/ 
0020651, published Feb. 5, 2004, by Burts, III, discloses a 
Well plug additive, Well plug treatment ?uid made therefrom, 
and method of plugging a Well. For Well plug treatment to 
plug an abandoned Well, the Well plug additive includes a dry 
mixture of Water soluble crosslinkable polymer, a crosslink 
ing agent, and ?lter aid, and optionally, a reinforcing material 
preferably of ?bers and/or comminuted plant materials. The 
method of forming a Well plug ?uid includes contacting the 
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additive With Water or an aqueous solution, With a method of 
plugging the Well further including the step of injecting the 
?uid into the Wellbore. 
[0027] Us. Pat. No. 6,767,398, issued Jul. 27, 2004 to 
Trato, discloses cementitious compositions and cementitious 
slurries for permanently plugging abandoned Wells and pro 
cesses and methods therefor. A dry cementitious composition 
Which When slurried With Water produces an economical 
hydraulic cementitious slurry for closing abandoned Wells. 
The dry cementitious composition is a cement/CKD blend as 
the major component With a Weight ratio of parts cement to 
parts of CKD betWeen about 2/3 and about 3/1. Hydraulic 
cementitious slurries When cured can produce hard cementi 
tious bodies Which Will meet or exceed the API speci?cation 
for a competent hard plug. A process for blending the cement 
and CKD during transit from the cement source to the off 
load site Without requiring further blending after off-loading. 
Methods are provided for determining the formulation having 
the cheapest cost per unit volume of hydraulic cementitious 
slurry thereby enabling competitive quotes based on cf of 
hydraulic cementitious slurry required. 
[0028] In spite of the advances in the prior art, conventional 
cement systems suffer from a 6 hour safety margin to dump 
the slurry; long set times; loW shear bond values; long cement 
lengths, and long Wait on cement (WOC) times causing high 
expense. 
[0029] Thus, there still exists a need in the art for improved 
methods, apparatus and products for abandoning Wells. 
[0030] There also exists a need in the art for improved 
methods, apparatus and products for plugging abandoned 
Wells. 

SUMMARY OF THE INVENTION 

[0031] According to one embodiment of the present inven 
tion, there is provided an abandoned Well comprising a Well 
bore, and a cementing plug comprising a polymeric compo 
sition, preferably an epoxy composition. 
[0032] According to even another embodiment of the 
present invention, there is provided a method of treating an 
abandoned Well. The method includes providing a tWo com 
ponent polymeric cementing system, preferably an epoxy 
system, surface mixing the tWo component system, and then 
placing the mixed system in the Well. 
[0033] According to still another embodiment of the 
present invention, there is provided a method of plugging an 
abandoned Well. The method includes providing a tWo com 
ponent polymeric cementing system, preferably an epoxy 
system, surface mixing the tWo component system, and then 
placing the mixed system in the Well, and ?nally alloWing the 
formation of a cementing plug to plug the Well. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] The method of the present invention for plugging an 
abandoned Well involves the use of a tWo part plugging com 
position, Which is incorporated into knoWn plugging meth 
ods. 

[0035] In particular, the tWo part plugging composition of 
the present invention comprises a tWo polymeric cementing 
system comprising a polymeric component and an activator 
component. The polymeric component Will in the presence of 
an activator component be set up, reacted, hardened, cured, 
catalyZed or crosslinked into a cementing plug. 
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[0036] The polymeric component utilized in the present 
invention may be any material suitable polymeric material for 
forming a cementing plug that Will adequately plug that aban 
doned Well. Examples of suitable polymeric systems include 
that described in the references cited herein, all references of 
Which are herein incorporated by reference. This polymeric 
component may comprise a thermoplastic or therrnoset, that 
is Water soluble or insoluable Preferably, this polymeric com 
ponent is an epoxy resin. 
[0037] In the present invention, the polymeric system not 
only contains the polymeric material and activator, but may 
optionally include additives to improve thermal stability, con 
trol set time, generate expansion, and control ?uid loss. The 
additives may be incorporated into the system directly, or into 
one or both of the components. 

[0038] Any suitable polymeric system may be utiliZed, 
With epoxy systems being preferred. In selecting a suitable 
polymeric system, it is desired that the system exhibit one or 
more, preferably several if not all, of the folloWing character 
istics: liquid system that is solid free, no shrinkage upon set 
up, maintains (or causes an increase in) the Wellhole pressure; 
hydrophobic; density alloWs it to fall thru the Well ?uid at a 
suitable rate; and non-gas generating (so as not to cause micro 

channels). 
[0039] As utiliZed in the present invention, the activator 
component serves not only to activate, set up, crosslink and/ or 
cure the polymeric compound, but also to accelerate such, so 
as to reduce the Wait on cement (WOC) time. The activator 
causes the sealant to set under doWnhole temperature and 
pressure conditions at an accelerated rate. Of course, this 
activator component Will have to be carefully selected 
depending upon the material utiliZed as the ?rst component. 
[0040] In the present invention, accelerated set times are 
generally less than 12 hours, preferably less than 10 hours, 
more preferably less than 8 hours, even more preferably less 
than 6 hours, still more preferably less than 4 hours, and yet 
more preferably less than 2 hours. 
[0041] The activator Will cause the polymeric sealant to set 
under doWnhole conditions to cause the sealant to bond to the 
casing and or other formation surfaces in the Well. The pipe 
may have coating of oil or Water based drilling mud. 
[0042] The activator component may be selected to not 
only accelerate cement set, but may optionally be selected to 
also alter slurry density, clean doWnhole surfaces, and/or 
improve bond. 
[0043] The activator Will be selected for its knoWn property 
for accelerating the setup, activation, cure, crosslinking, of 
the polymeric material. For the preferred epoxy resin system, 
activators for epoxies are Well knoWn, and any suitable one 
may be utiliZed. In many instances paired resin-activator sys 
tems are commercially available. 

[0044] Examples of commercially available materials fol 
loWs and possible formulations folloW. All materials are 
Benchmark. All are manufactured by Resolution Chemicals. 
Concentrations are parts by Weight. 
[0045] Materials: Epon 862 or 863-resin, Epicure 3046 
loW-temp hardener, Epicure W high temp hardener, Heloxy 
7-primary reactive diluent, CarDura ElOP-secondary, high 
temp diluent. Formulations: (l) 100 Epon 862 or 863+l7 to 
40 Epicure 3046 good 50 F to 100 F; (2) 100 Epon 862 or 
863+20 to 50 parts Heloxy 7+20 to 40 parts Epicure 3046 
good 70 F to 125 F; (3) 100 Epon 862 or 863+20 to 50 parts 
Heloxy 7+l0 to 20 parts Epicure 3046+l0 to 20 parts Epicure 
W good 125 to 175 F; (4) 100 parts Epon 862 or 863+0 to 50 

Nov. 13, 2008 

parts Heloxy 7+l7 to 35 parts Epicure W good from 175 to 
250 F; (5) 100 parts Epon 862 04 863+30 to 50 parts Heloxy 
7+1 5 to 25 parts Epicure W+0 to 20 parts CarDura ElOP good 
from 250 t0 350 F. 
[0046] The present invention also contemplates the use of 
tWo or more activator systems, generally selected to operate at 
various temperatures to assist in controlling any set, activa 
tion, curing, or crosslinking. A blend of polymeric material 
may also be utiliZed. 
[0047] The method of the present invention for plugging 
abandoned Wells, includes any of the knoWn plugging meth 
ods in Which is utiliZed the tWo component plugging compo 
sition as the cementing material. While a generaliZed plug 
ging method is described beloW, it should be understood that 
any suitable plugging method as is knoWn in the art, including 
any described above in the backgound or described in any 
cited reference (all of Which are herein incorporated by ref 
erence), may be utiliZed With the plugging composition of the 
present invention. 
[0048] Very commonly, the plug and abandonment method 
of the present invention Will be carried out using one or more 
of the folloWing steps. A bridge plug or cement plug is ?rst 
run into the Wellbore and set therein, typically by mechanical 
means Whereby some sealing element extends radially out 
Ward to seal the annular area formed betWeen the outside of 
the device and the casing Wall. Thereafter, a perforating gun is 
loWered into the Wellbore to a predetermined depth and dis 
charged to perforate the casing. The perforating gun is typi 
cally discharged by a ?ring head. The ?ring head used may be 
pressure actuated ?ring heads or mechanically actuated ?ring 
heads. After the perforations are made, the perforating gun 
may be retrieved. Thereafter, a cement retainer is loWered into 
the Wellbore and set above the bridge plug. The cement 
retainer, like the bridge plug, acts as a packer to seal an 
annulus betWeen the body of the cement retainer and the 
casing and isolate the area Where the casing Will be perfo 
rated. The components of the cementing composition of the 
present invention are then supplied into the cement retainer 
through a run-in string of tubulars attached thereto. UtiliZing 
pressure, cement ?lls the isolated area of the Wellbore and 
also extends through the perforations into the surrounding 
areas in the formation. After the cementing composition is 
squeezed, the run-in string is disengaged from the cement 
retainer. Cement is then typically deposited on the cement 
retainer as a ?nal plug. 

[0049] Generally in the practice of the method of the 
present invention, the resin component and the activator com 
ponent is mixed at the surface and then placed doWnhole at the 
desired location of the plug and alloWed to form into a plug. 
[0050] Preferably, in the practice of the present invention, 
epoxy system is e heavier than the Well ?uid to alloW gravity 
?oW thru the Well ?uid to the plug location. 
[0051] Any suitable apparatus and method for the delivery 
of the components may be utiliZed. As non-limiting 
examples, suitable delivery systems may utiliZe a dump 
bailer, coiled tubing and jointed tubing. They require a base to 
stack up against such as a packer, petal basket or sand plug. 
While any suitable delivery mechanism can be utiliZed, more 
speci?c non-limiting examples of suitable delivery mecha 
nisms include: dump bailer run on electric line or slick line; 
pumping through tubing, drillpipe, Work strings or any tubu 
lars; alloWing fall through ?uids via gravity; and pumping 
into an annullas or pipe Without displacing (i.e., “bull head 
ing”). 
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[0052] In some instances epoxy system Will not have suit 
able density, speci?cally, the density may not be greater than 
that of the Well ?uid. 
[0053] The present invention provides for the utilization of 
Weighting agent additives to the ?rst component or the second 
component, or to the resultant combined system, to change 
the density of the mixed system. Suitable additives to change 
the density include metal salts, preferably calcium chloride. 
Other examples of Weighting agents include sand, barite, 
hemitite, calcium carbonate, FeO, MgO, and manganese ore. 
Su?icient amounts of the additive are utiliZed to achieve the 
desired density. 
[0054] In the plugging method of the present invention the 
?rst and second components are surface mixed. The mixed 
components are then introduced into the Well ?uid at a posi 
tion on top of sand/petal basket to alloW for in-situ formation 
of the cementing plug to plug the Well. 
[0055] It should be appreciated that at some point, the den 
sity differential betWeen the polymeric system and the Well 
?uid is so loW as to result in too sloW of displacement. 
[0056] On the other hand, it should further be appreciated 
that at some point, the density differential betWeen the system 
and the Well ?uid is so great as to result in problems. 
[0057] Thus, the density differential should be selected so 
as to provide suitable gravity feed of the system thru the Well 
?uid to the desired location. 
[0058] Typical densities for the Well ?uid Will be in the 
range of about 8.33 ppg up to about 20.0 ppg, With typical 
densities for the activator in the range of about 8.33 ppg up to 
about 21.0 ppg, and With typical densities for the sealant 
system in the range of about 8.54 up to about 22.0 ppg. 
[0059] It should be understood that other Well ?uid addi 
tives as are Well knoWn in the art may be incorporated into the 
?rst and/ or second component, or added before, along With, 
or after the introduction of the ?rst and/or second component, 
non-limiting examples of Which include surfactants, surface 
bond enhancers (non-limiting examples include styrene buta 
diene latex, polyvinal alcohols, resins, other adhesives), 
emulsi?ers, ph control agents, ?uid loss additives, gas pre 
vention additive, dispersants, expanding agents, and Wetting 
agents. 
[0060] Although the present invention has been illustrated 
by preferred reference to epoxy systems, it should be under 
stood that any plugging composition having tWo or more 
components can be utiliZed in the present invention. 
[0061] All materials cited herein, including but not limited 
to any cited patents, publications, articles, books, journals, 
brochures, are herein incorporated by reference. 
[0062] While the illustrative embodiments of the invention 
have been described With particularity, it Will be understood 
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that various other modi?cations Will be apparent to and can be 
readily made by those skilled in the art Without departing 
from the spirit and scope of the invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the examples and descriptions set forth herein but 
rather that the claims be construed as encompassing all the 
features of patentable novelty Which reside in the present 
invention, including all features Which Would be treated as 
equivalents thereof by those skilled in the art to Which this 
invention pertains. 
What is claimed is: 
1. A method of treating an abandoned Well having a Well 

?uid residing in the Well, the method comprising: 
(A) providing a epoxy resin component and an activator 

component; 
(B) surface mixing the components to form an epoxy sys 

tem, Wherein the system has a density greater than the 
density of the Well ?uid; and 

(C) placing the system in the abandoned Well. 
2. The method of claim 1, Wherein steps (C) and (D) are 

carried out utiliZing one or more of a dump bailer; pumping 
through tubing, drillpipe, Work strings or tubulars; gravity 
?oW; and bull heading. 

3. The method of claim 1, Wherein the Well ?uid density is 
in the range of about 8.33 ppg up to about 20.0 ppg, the 
activator density is in the range of about 8.33 ppg up to about 
21.0 ppg, and the resin density is in the range of about 8.54 up 
to about 22.0 ppg. 

4. A method of plugging an abandoned Well having a Well 
?uid residing therein, the method comprising: 

(A) providing a epoxy resin component and an activator 
component; 

(B) surface mixing the components to form an epoxy sys 
tem, Wherein the system has a density greater than the 
density of the Well ?uid; 

(C) placing the system in the abandoned Well; and 
(D) alloWing the mixture to form a cementing plug. 
5. The method of claim 4, Wherein steps (C) and (D) are 

carried out utiliZing one or more of a dump bailer; pumping 
through tubing, drillpipe, Work strings or tubulars; gravity 
?oW; and bull heading. 

6. The method of claim 4, Wherein the Well ?uid density is 
in the range of about 8.33 ppg up to about 20.0 ppg, the 
activator density is in the range of about 8.33 ppg up to about 
21.0 ppg, and the resin density is in the range of about 8.54 up 
to about 22.0 ppg. 

7. An abandoned Well comprising: 
a Well bore; and 
an epoxy mixture residing in the Well bore. 

* * * * * 


