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BREAKER AND DISPLACEMENT FLUID the mud to transport the cuttings up to the surface and to 
AND METHOD OF USE prevent the cuttings from settling out of the mud when 

circulation is interrupted . 
Many drilling fluids may be designed to form a thin , 

Matter enclosed in heavy brackets [ ] appears in the 5 low - permeability filter cake to seal permeable subterranean 
original patent but forms no part of this reissue specifica - formations penetrated by the drill bit . The filter cake is 
tion ; matter printed in italics indicates the additions essential to prevent or reduce both the loss of fluids into the 
made by reissue ; a claim printed with strikethrough subterranean formation and the influx of fluids present in the 
indicates that the claim was canceled , disclaimed , or held subterranean formation . Upon completion of drilling , the 
invalid by a prior post - patent action or proceeding . 10 filter cake may stabilize the wellbore during subsequent 

completion operations such as placement of a gravel pack in 
CROSS REFERENCE TO RELATED the wellbore . Filter cakes often comprise bridging particles , 

APPLICATIONS cuttings created by the drilling process , polymeric additives , 
and precipitates . One feature of a drilling fluid is to retain 

This application , pursuant to 35 U . S . C . 8 119 ( e ) , claims 15 these solid and semi - solid particles as a stable suspension , 
priority to U . S . Provisional Application Ser . No . 60 / 890 . 586 . free of significant settling over the time scale of drilling 
filed Feb . 19 , 2007 , and is hereby incorporated by reference operations . opo 
in its entirety . The selection of the type of drilling fluid to be used in a 

drilling application involves a careful balance of both the 
BACKGROUND OF INVENTION 20 good and bad characteristics of the drilling fluids in the 

particular application and the type of well to be drilled . The 
During the drilling of a wellbore , various fluids are primary benefits of selecting an oil - based drilling fluid , also 

known as an oil - based mud , include : superior hole stability , typically used in the well for a variety of functions . The especially in shale formations , formation of a relatively fluids may be circulated through a drill pipe and drill bit into 25 thinner filter cake than the filter cake achieved with a the wellbore , and then may subsequently flow upward water - based mud , excellent lubrication of the drilling string 
through wellbore to the surface . During this circulation , the and downhole tools , and penetration of salt beds without 
drilling fluid may act to remove drill cuttings from the sloughing or enlargement of the hole , as well as other 
bottom of the hole to the surface , to suspend cuttings and benefits that should be known to one of skill in the art . 
weighting material when circulation is interrupted , to con - 30 An especially beneficial property of oil - based muds is 
trol subsurface pressures , to maintain the integrity of the their excellent lubrication qualities . These lubrication prop 
wellbore until the well section is cased and cemented , to erties permit the drilling of wells having a significant 
isolate the fluids from the subterranean formation by pro deviation from vertical , as is typical of off - shore or deep 
viding sufficient hydrostatic pressure to prevent the ingress water drilling operations or when a horizontal well is 
of formation fluids into the wellbore , to cool and lubricate 35 desired . In such highly deviated holes , torque and drag on 
the drill string and bit , and / or to maximize penetration rate . the drill string are a significant problem because the drill 

In most subterranean drilling procedures the drilling fluid pipe lies against the low side of the hole . Often the torque 
takes the form of a “ mud , ” i . e . , a liquid having solids that must be applied to the drill string is high when water 
suspended therein . The solids function to impart desired based muds are used . In contrast , oil - based muds provide a 
properties to the drilling fluid such as to increase the density 40 thin , slick filter cake that helps to reduce the torque on the 
thereof in order to provide a suitable hydrostatic pressure at drill pipe , and thus the use of the oil - based mud can be 
the bottom of the well . The drilling mud may be either a justified . 
water - based or an oil - based mud . One of skill in the art Despite the many benefits of using oil - based muds , they 

have disadvantages . In general , the use of oil - based drilling should appreciate that an oil - based mud is typically based on 45 fluids and muds have high initial and operational costs . a combination of oil and water in the form of an invert ( water These costs can be significant depending on the diameter in oil ) emulsion . and depth of the hole to be drilled . However , the higher costs Drilling muds may further include polymers , biopoly can often be justified if the oil - based drilling fluid prevents mers , clays and organic colloids to obtain the required the caving in or hole enlargement that can greatly increase 
viscous and filtration properties . Heavy minerals , such as 50 drilling time and costs . 
barite , manganese oxides , hematite , iron oxides , calcium Disposal of oil - coated drilling cuttings is another primary 
carbonate , may be added to increase density . Solids from the concern , especially for off - shore or deep - water drilling 
formation are incorporated into the mud and often become operations . In these latter cases , the cuttings must be either 
dispersed in the mud as a consequence of drilling . Further , washed clean of the oil with a detergent solution that also 
drilling muds may contain one or more natural and / or 55 must be disposed , or the cuttings must be shipped back to 
synthetic polymeric additives , including polymeric additives shore for disposal in an environmentally safe manner . 
that affect the rheological properties ( e . g . , plastic viscosity , Another consideration that must be taken into account is the 
yield point value , gel strength ) of the drilling mud , and local governmental regulations that may restrict the use of 
polymeric thinners and flocculants . oil - based drilling fluids and muds for environmental rea 

Polymeric additives included in the drilling fluid may act 60 sons . 
as fluid loss control agents . Fluid loss control agents , such as Oil - based muds typically contain some water , either from 
starch , Xanthan gums , synthetic polymers and the like are the formulation of the drilling fluid itself , or water may be 
designed to prevent the loss of fluid to the surrounding intentionally added to affect the properties of the drilling 
subterranean formation by reducing the permeability of filter fluid or mud . In such water - in - oil type emulsions , also 
cakes formed on the newly exposed rock surface . In addi - 65 known as invert emulsions , an emulsifier is used to stabilize 
tion , polymeric additives may be employed to impart suffi - the emulsion . In general , the invert emulsion may contain 
cient carrying capacity and thixotropy to the mud to enable both water soluble and oil soluble emulsifying agents . 
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Typical examples of such emulsifiers include polyvalent drilled with this invert emulsion drilling fluid may be 
metal soaps , fatty acids and fatty acid soaps , and other simplified by using a wash fluid that contains an acid in a 
similar suitable compounds that should be known to one of concentration sufficient to protonate the amine surfactant in 
ordinary skill in the art . the drilling fluid ( and hence the filter cake ) . 

After any completion operations have been accomplished , 5 The problems of efficient well clean - up , stimulation , and 
removal of filter cake ( be it water based or oil based ) completion are a significant issues in all subterranean wells , 
remaining on the sidewalls of the wellbore may be neces and especially open - hole horizontal well completions . The 
sary . Although filter cake formation is essential to drilling productivity of a well is somewhat dependent on effectively 
operations , the filter cake can be a significant impediment to and efficiently removing the filter cake while minimizing the 
the production of hydrocarbon or other fluids from the well 10 potential of water blocking , plugging , or otherwise damag 
if , for example , the rock formation is plugged by the filter ing the natural flow channels of the formation , as well as 
cake . The filter cake can also be a significant impediment to those of the completion assembly . Thus there exists a 
using the well as an injection well through which gas continuing need for completion and displacement fluids that 
( nitrogen , carbon dioxide , natural gas and the like ) or effectively remove the residual filter cake , clean the well 
aqueous fluids may be injected into the formation in a 15 bore and do not inhibit the ability of the formation to 
secondary or tertiary recovery process . Because filter cake is produce oil or gas once the well is placed on production . 
compact , it often adheres strongly to the formation and may Accordingly , there exists a need for a displacement and 
not be readily or completely flushed off of the face of the clean - up solution that will remove water base filter cake and 
formation by fluid action alone . emulsion based filter cake without damaging the formation 

The removal of water - based filter cake has been conven - 20 while allowing for easy placement of the solution in the 
tionally achieved with water based treatments that include : wellbore and providing sufficient hydrostatic control for a 
an aqueous solution with an oxidizer ( such as persulfate ) , a period of time when mechanical devices can be placed in the 
hydrochloric acid solution , organic ( acetic , formic ) acid , wellbore or activated remotely . 
combinations of acids and oxidizers , and aqueous solutions 
containing enzymes . For example , the use of enzymes to 25 SUMMARY OF INVENTION 
remove filter cake is disclosed in U . S . Pat . No . 4 , 169 , 818 . 
Chelating agents ( e . g . , EDTA ) have also been used to In one aspect , the present invention a method of cleaning 
promote the dissolution of calcium carbonate . According to a wellbore , wherein the wellbore has been drilled with an 
traditional teachings , the oxidizer and enzyme attack the invert emulsion drilling mud that forms an invert emulsion 
polymer fraction of the filter cake and the acids typically 30 filter cake . The illustrative method involves circulating a 
attack the carbonate fraction ( and other minerals ) . Generally , breaker fluid into the wellbore , and waiting for a predeter 
oxidizers and enzymes are ineffective in breaking up the mined period of time so that the invert emulsion of the filter 
carbonate portion , and acid are ineffective on the polymer cake substantially degrades . 
portions . An illustrative breaker fluid can be formulated to include 
One of the most problematic issues facing filter cake 35 an aqueous fluid ; and at least one iminodiacetic acid or a salt 

removal involves the formulation of the clean - up solutions . thereof represented by the formula 
For example one of the more common components in a filter 
cake is calcium carbonate , a clean - up solution would ideally 
include hydrochloric acid , which reacts very quickly with 

CH2COOM calcium carbonate . However , while effective in targeting 40 
calcium carbonate , such a strong acid is also reactive with W - Y — N 
any calcium carbonate in the formation ( e . g . , limestone ) , and CH , COOM it may be reactive or chemically incompatible with other 
desirable components of the clean - up solution . Further the 
clean - up solution can permeate into the formation , resulting 45 wherein the M groups each independently represents a 
in unanticipated losses , damage to the formation that sub - hydrogen atom , an alkali metal atom , an ammonium group 
sequently result in only a partial clean - up or loss of well or a substituted ammonium group ; Y represents a divalent 
control . alkyl group having from 1 to 7 carbon atoms and the divalent 

The use of traditional emulsifiers and surfactants in the alkyl group may be substituted by a hydroxyl group or a 
invert drilling fluid systems that formed the filter cake can 50 COOM group wherein M represents a hydrogen atom , an 
further complicate the clean - up process in open - hole alkali metal atom , an ammonium group or a substituted 
completion operations . Specifically , fluids using traditional ammonium group ; and W represents a hydrogen atom , a 
surfactant and emulsifier materials may require the use of hydroxyl group or a COOM group wherein M represents a 
solvents and other surfactant washes to penetrate the oil - hydrogen atom , an alkali metal atom , an ammonium group 
based filter cake and reverse the wettability of the residual 55 or a substituted ammonium group . Alternatively the breaker 
particles . Invert emulsion drilling fluids that exhibit an acid fluid may also contain an acidic buffering agent so as to 
induced phase change reaction have been previously maintain the pH below a predetermined value , preferably a 
described in U . S . Pat . Nos . 6 , 218 , 342 , 6 , 790 , 811 , and 6 , 806 , value of about 3 . 
233 and U . S . Patent Publication No . 2004 / 0147404 , the The acidic buffering agent may be selected from the group 
contents of which are incorporated by reference in their 60 acid and acid generating compounds for example mineral 
entirety . The fluids disclosed in these references all contain acids including hydrochloric acid , hydrobromic acid , nitric 
one form or another of an ethoxylated tertiary amine com - acid , sulfuric acid , phosphoric acid and mixtures of these , 
pound that stabilizes the invert emulsion when it is not organic acids including carboxylic acids such as formic , 
protonated . Upon protonation of the amine compound , the acetic , proprionic , butyric acids , fatty acids in the C5 to C30 
invert emulsion reverses and becomes a regular emulsion . In 65 range , haloacetic acids , alkyl phosphonic acids , alkyl sulfo 
most cases , deprotonation of the amine compound allows for nic acids ; compounds that hydrolyze to form acids in situ 
the reformation of an invert emulsion . The clean - up of wells including hydrolysable anhydrides of carboxylic acids , 
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hydrolysable esters of carboxylic acids ; hydrolysable esters oils ( i . e . saturated and unsaturated polyalpha olefin , satu 
of phosphonic acid , hydrolysable esters of sulfonic acid and rated and unsaturated long chain internal olefins ) , polydior 
combinations and mixtures of these and similar such com - ganosiloxanes , siloxanes or organo - siloxanes , and mixtures 
pounds as will be known to one of skill in the art . The thereof and similar compounds that should be known to one 
breaker fluid may further include a weighting agent such as 5 of skill in the art . The concentration of the oleaginous fluid 
a high density brine containing water soluble salts of alkali should be sufficient so that an invert emulsion forms and 
and alkaline earth metals . may be less than about 99 % by volume of the invert 

Other aspects and advantages of the invention will be emulsion . However , generally the amount of oleaginous 
apparent from the following description and the appended fluid must be sufficient to form a stable emulsion when 
claims . utilized as the continuous phase . In various embodiments , 

DETAILED DESCRIPTION the amount of oleaginous fluid at least about 30 percent , 
preferably at least about 40 percent , and more preferably at 

In one aspect , embodiments disclosed herein are generally least about 50 percent by volume of the total fluid . In one 
directed to chemical breaker and displacement fluids that are 15 embodiment , the amount of oleaginous fluid is from about 
useful in the drilling , completing , and working over of 30 to about 95 percent by volume and more preferably from 
subterranean wells , preferably oil and gas wells . The dis - about 40 to about 90 percent by volume of the invert 
placement and completion fluids may be formulated such emulsion fluid . 
that they form a water based fluid or an invert emulsion The non - oleaginous fluid used in the formulation of the 
based fluid . The usefulness of the fluids disclosed herein is 20 invert emulsion based fluids is a liquid and preferably is an 
not dependent on the use of ethoxylated tertiary amines in aqueous liquid . More preferably , the non - oleaginous fluid 
the fluids used to drill the well , however , the inclusion of may be selected from the group including sea water , a brine 
such compounds as a component of the drilling fluid containing organic and / or inorganic dissolved salts , liquids 
enhances the activity of the present fluids . Regardless , the containing water - miscible organic compounds and combi 
broad applicability and usefulness of the fluids disclosed 25 nations thereof and similar compounds that should be known 
herein is greatly enhanced . to one of skill in the art . The amount of the non - oleaginous 
As noted above , in one embodiment the breaker fluid may fluid is typically less than the theoretical limit needed for 

be a water based fluid that may include an aqueous fluid and forming an invert emulsion . In various embodiments , the 
at least one iminodiacetic acid or salt thereof . Additionally , amount of non - oleaginous liquid is at least about 1 , prefer 
the water based fluid may optionally include a water soluble 30 ably at least about 5 , and more preferably greater than about 
polar organic solvent , an acidic buffering agent such as 10 percent by volume of the total fluid . Correspondingly , the 
mineral acids , organic acids , and compounds that hydrolyze amount of the non - oleaginous fluid should not be so great 
to form acids in situ such as a hydrolysable anhydrides or that it cannot be dispersed in the oleaginous phase . Thus , in 
esters of a carboxylic acid ; a viscosifying agent , a weighting one embodiment , the amount of non - oleaginous fluid is less 
agent such as a high density brine solution , scale inhibitors , 35 than about 70 % by volume and preferably from about 1 % to 
corrosion inhibitors , mutual solvents and combinations of about 70 % by volume . In another embodiment , the non 
these and other commonly known agents as disclosed below . oleaginous fluid is preferably from about 10 % to about 60 % 
The aqueous fluid used in the water based fluids may be by volume of the invert emulsion fluid . 
selected from the group including sea water , a brine con The iminodiacetic acids ( and salts thereof ) for use in the 
taining organic and / or inorganic dissolved salts , liquids 40 present invention are at least one or more of the compounds 
containing water - miscible organic compounds and combi - represented by the following formula ( I ) and are synthesized 
nations thereof and similar compounds that should be known as a corresponding amino acid or amino alcohol derivative 
to one of skill in the art . using known methods : 

In an alternative embodiment , the breaker fluid may be an 
invert emulsion based fluid that may include a non - oleagi - 45 
nous internal phase and an oleaginous external phase . The 
non - oleaginous internal phase includes at least one imino CH2COOM 
diacetic acid ( or salt thereof ) and may further include a water W — Y — N 
soluble polar organic solvent , an acidic buffering agent such CH , COOM as mineral acids , organic acids , and compounds that hydro - 50 
lyze to form acids in situ such as a hydrolysable anhydride 
or ester of a carboxylic acid , a weighting agent such as a wherein the M groups each independently represents a 
high density brine solution , a viscosifying agent , and com - hydrogen atom , an alkali metal atom , an ammonium group 
binations of these and other commonly known agents as or a substituted ammonium group ; Y represents a divalent 
disclosed below . The oleaginous external phase may include 55 alkyl group having from 1 to 7 carbon atoms and the divalent 
an oleaginous fluid such as diesel or other suitable hydro alkyl group may be substituted by a hydroxyl group or a 
carbon or synthetic oil , and an emulsifier . Optionally other COOM group wherein M represents a hydrogen atom , an 
components may include a viscosifying agent , a wetting alkali metal atom , an ammonium group or a substituted 
agent , corrosion inhibitors , scale inhibitors , cleaning sol - ammonium group ; and W represents a hydrogen atom , a 
vents and other such compounds as described below and 60 hydroxyl group or a COOM group wherein M represents a 
which as should be known to one of skill in the art . hydrogen atom , an alkali metal atom , an ammonium group 

The oleaginous fluid used for formulating the invert o r a substituted ammonium group . In the iminodiacetic acids 
emulsion fluids used in the practice of the present invention ( salts ) represented by formula I of the present invention , the 
are liquids and are more preferably a natural or synthetic oil COOM group is preferably a carboxyl group or an alkali 
and more preferably , the oleaginous fluid is selected from 65 metal salt or ammonium salt thereof . The alkali metal atom 
the group including diesel oil , mineral oil , synthetic oils is sodium or potassium and preferably is sodium . Examples 
such as ester based synthetic oils , polyolefin based synthetic of groups represented by Y in formula I are set forth below . 
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COOM CH3 5 L H , 

C - CH 
CH ; 

H . H2 

| H2 H2 
OH COOM 

is to removed , the downhole conditions , etc . . . . . Routine 
CH3 ?? laboratory testing will provide guidance as to which com 

ponents are helpful or detrimental to achieving the desired - CH2 - C - CH — — CH — - CH 
CH2CH3 CH2OH results . 

In embodiments where a water soluble polar organic 
– CH — — c ” – CH — — c ” – CH — — CH? solvent is utilized , the water soluble polar organic solvent 

CH2COOM CH2CH3 should be at least partially soluble in an oleaginous fluid , but 
II HLH should also have partial solubility in an aqueous fluid . The – CH?c – - CH – CH?c – 

CH2CH2OH CH2CH2COOM OH polar organic solvent component of the present invention 
H 10 may be a mono - hydric , di - hydric or poly - hydric alcohol or 

- CH - CH – c = CH 
COOM a mono - hydric , di - hydric , or poly - hydric alcohol having ?? , ?? CH , COOM 11 H2 poly - functional groups . Examples of such compounds H2 | 

– c = CH c – CH — — c – CH? include aliphatic diols ( i . e . , glycols , 1 , 3 - diols , 1 , 4 - diols , 
CH2CH2OH CH2CH2COOM OH etc . ) , aliphatic poly - ols ( i . e . , tri - ols , tetra - ols , etc . ) , polygly 

H2 | H2 = – c - CH 15 cols ( i . e . , polyethylenepropylene glycols , polypropylene c = CH? – CH?c – 
COOM CH2OH CH2COOM glycol , polyethylene glycol , etc . ) , glycol ethers ( i . e . , dieth 

IH ylene glycol ether , triethylene glycol ether , polyethylene 
– CH?c – - CH?c – – CH?c – glycol ether , etc . ) and other such similar compounds that 

CH2CH2OH may be found useful in the practice of the present invention . H2H2 H H H 
- C CH = C = – – CH?c – – CH?c – _ 20 In one preferred embodiment , the water soluble organic 
CH2CH2COOM CH2OH CH2COOM solvent is a glycol or glycol ether , such as ethylene glycol 
TH2 H2H2H2 H2 mono - butyl ether ( EGMBE ) . Other glycols or glycol ethers 

– CH?c – – – CH?c – – – CH?c – may be used in the present invention so long as they are at 
CH2CH2OH CH2CH2COOM 

H2H2 H2 H2 least partially miscible with water . 
– – CH?c – – – CH?c – 25 The acidic buffering agent is utilized in some embodi 

OH COOM ments to enhance the solubility of the filtercake solids and 
chelated compounds that may form when using the fluids - CH2CH2 - CH — - CH2CH2 - CH disclosed herein . Suitable acid buffing agents are those CH2OH CH2COOM agents that can maintain the pH of the aqueous phase such 

- CH2CH2 - CH — - CH2CH2 - CH — 30 that the formation of precipitates , especially precipitates of 
CH2CH2OH CH2CH2COOM the iminodiacetic acids ( salts ) , does not take place . For 

example when glutamic acid - N , N - diacetic acid ( salt ) is 
- CH2CH2 - CH — - CH2CH2 - CH utilized , the pH of the aqueous phase should be maintained COOM CH2COOM below a level of about 3 in order to avoid the formation of 
- CH2CH2CH2 - CH — - CH2CH2CH2 - CH — . 35 calcium glutamic acid - N , N - diacetic acid precipitate . Rou 

CH2CH2COOM tine laboratory testing and observation along with consul 
tation with the known literature properties of the iminodi 

- - CH2CH2CH2 - CH acetic acids ( salts ) will lead one of skill in the art to a 
determination of this pH level for each of the iminodiacetic 

Examples of iminodiacetic acids ( salts ) include alpha - 40 acids ( salts ) compounds disclosed . For example , the desired 
level of pH can be routinely determined in the laboratory alanine - N , N - diacetic acid ( salt ) , . beta . - alanine - N , N - diacetic prior to field use by simply titrating sufficient acid into the acid ( salt ) , aspartic acid - N , N - diacetic acid ( salt ) , glutamic fluid so as to avoid formation of a precipitate . A wide variety acid - N , N - diacetic acid ( salt ) , serine - N , N - diacetic acid ( salt ) , of acidic and acid generating materials may be utilized as ethanolamine - N , N - diacetic acid ( salt ) , iminodiacetic acid 45 acidic buffering acid 45 acidic buffering agents . Illustrative examples of such acidic 

( salt ) and nitrilotriacetic acid ( salt ) , among which glutamic buffering agents include mineral acids , such as hydrochloric 
acid - N , N - diacetic acid ( salt ) is preferably used in this inven acid , hydrobromic acid , nitric acid , sulfuric acid , phosphoric 
tion . These iminodiacetic acids ( salts ) are compounds hav - acid and mixtures of these , organic acids such as carboxylic 
ing a chelating ability and are considered to enhance the acids such as formic , acetic , proprionic , butyric acids , as 
degradation , dispersion , dissolution or clean - up of the filter 50 well as fatty acids in the C5 to C30 range , haloacetic acids , 
cake as a result of complexing with any free calcium ion due alkyl phosphonic acids , alkyl sulfonic acids and the like . In 
to a chelating action . The well bore fluids of the present one embodiment a mixture of mineral and organic acids are 
invention contain one or more of these iminodiacetic acids utilized , preferably hydrochloric acid and formic acid . In 
( salts ) . In one embodiment , the iminodiacetic acids ( salts ) addition compounds that hydrolyze to form acids in situ may 
comprises from about 1 to 99 percent by weight of a 55 be utilized as acid buffing agents . Illustrative examples of 
water - based breaker fluid , and preferably from about 10 to such compounds include hydrolysable anhydrides of car 
50 percent by weight and more preferably less than 30 boxylic acids , hydrolysable esters of carboxylic acids ; 
percent by weight . In another embodiment , the iminodi - hydrolysable esters of phosphonic acid , hydrolysable esters 
acetic acids ( salts ) comprises from about 1 to about 50 of sulfonic acid and other similar hydrolysable compounds 
weight percent of an invert emulsion - based breaker fluid , 60 that should be well known to those skilled in the art . 
and preferably about 5 to about 25 weight percent and more In one embodiment , a hydrolysable ester is selected such 
preferably , less than 15 weight percent . that the time to achieve hydrolysis is predetermined on the 
As noted above a number of other components may be known downhole conditions , such as temperature . It is well 

included in the formulation of the fluids disclosed herein . In known in the art that temperature , as well as the presence of 
selecting these other components , one must take into 65 a hydroxide ion source , has a substantial impact on the rate 
account the type of fluid being created ( i . e . water - based v . of hydrolysis of esters . For a given acid , for example formic 
invert emulsion based ) , the components of the filter cake that aid , one of skill in the art can conduct simple studies to 



US RE47 , 649 E 
10 

determine the time to hydrolysis at a given temperature . It is vents , thinners , thinning agents , scale inhibition agents , 
also well known that as the length of the alcohol portion of corrosion inhibition agents , cleaning agents and a wide 
the ester increases , the rate of hydrolysis decreases . Thus , by variety of the other components known to one of skill in the 
systematically varying the length and branching of the art may be added to the fluid compositions of this invention 
alcohol portion of the ester , the rate of release of the formic 5 for additional functional properties . The addition of such 
acid can be controlled and thus the breaking of the emulsion agents and the reasons for doing so should be well known to 
of an invert emulsion filter cake can be predetermined . In one of ordinary skill in the art of formulating drilling fluids 
one preferred embodiment , the hydrolysable ester of a ( also known as drilling muds , ) completion fluids , spacer 
carboxylic acid is a formic acid ester of a C4 to C30 alcohol . fluids , clean - up fluids , fracturing fluids , and other similar 
In another embodiment the hydrolysable ester is C1 to C6 10 wellbore fluids . 
carboxylic acid and a C2 to C30 poly alcohol including alkyl Wetting agents that may be suitable for use in this 
orthoesters may be used . In one embodiment , the hydroly - invention include crude tall oil , oxidized crude tall oil , 
sable ester of the carboxylic acid comprises from about 1 to surfactants , organic phosphate esters , modified imidazolines 
30 volume percent of a water - based breaker fluid , and and amidoamines , alkyl aromatic sulfates and sulfonates , 
preferably from about 5 to 15 volume percent . In another 15 and the like , and combinations or derivatives of these and 
embodiment , the hydrolysable ester of the carboxylic acid similar such compounds that should be well known to one of 
will comprise from about 0 . 5 to about 15 volume percent of skill in the art . However , when used with the invert emulsion 
an invert emulsion - based breaker fluid , and preferably , from fluids that undergo a pH controlled phase change , the use of 
about 1 to about 10 volume percent . fatty acid wetting agents should be minimized so as to not 

In an illustrative embodiment , weighting agent is utilized 20 adversely affect the reversibility of such invert emulsions as 
to increase the density of the overall fluid so as to match that disclosed herein . Faze - WetTM , VersaCoatTM , Sure WetTM , 
of the drilling fluid and to provide sufficient hydrostatic head VersawetTM and VersawetTM NS are examples of commer 
so that the well can remain under control . Preferably a high cially available wetting agents manufactured and distributed 
density brine containing salts of alkali and alkaline earth by M - I L . L . C . that may be used in the fluids disclosed 
metals is used to weight - up the fluids disclosed herein . For 25 herein . Silwet L - 77 , L - 7001 , L7605 , and L - 7622 are 
example , brines formulated with high concentrations of examples of commercially available surfactants and wetting 
sodium , potassium , or calcium salts of the halides , formate , agents manufactured and distributed by General Electric 
acetate , nitrate , and the like ; cesium salts of formate , acetate , Company ( Wilton , Conn . ) . 
nitrate , and the like , as well as other compounds that should Organophilic clays , normally amine treated clays , may be 
be well known to one of skill in the art , can be used as solids 30 useful as viscosifiers and / or emulsion stabilizers in the fluid 
free weighting agents . The selection of a weighting agent composition of the present invention . Other viscosifiers , 
may partially depend upon the desired density of the breaker such as oil soluble polymers , polyamide resins , polycarbox 
fluid , as known by one of ordinary skill in the art . ylic acids and soaps may also be useful . The amount of 

The emulsifier used in the formulation of the illustrative viscosifier used in the composition can vary upon the end 
invert emulsion breaker fluid will be selected so as to form 35 use of the composition . However , normally about 0 . 1 % to 
a stable invert emulsion . The selection of the emulsifier may 6 % by weight range is sufficient for most applications . 
be such that the invert emulsion breaks with time and / or VG - 69TM and VG - PLUSTM and VG - Supreme are organoclay 
upon application of heat . For example the emulsifier may be materials distributed by M - 1 , L . L . C . , Houston , Tex . , and 
selected such that when the pH of the invert emulsion ' s Versa - HRPTM is a polyamide resin material manufactured 
non - oleaginous phase changes , the emulsifier ' s hydrophilic - 40 and distributed by M - 1 , L . L . C . , that may be used in this 
lipophilic balance ( HLB ) value is sufficiently shifted to invention . Other examples of commercially available com 
destabilize the invert emulsion . One of skill in the art should pounds include the BentoneTM line of products produced by 
know that the HLB value indicates the polarity of the Rheox as well as similar such materials widely known and 
molecules in a range of 1 to 40 that increases with increasing available in the drilling fluids industry . 
hydrophilicity of the emulsifier . Given the large variety of 45 Suitable thinners that may be used in the breaker fluids 
invert emulsion emulsifiers available , one of ordinary skill disclosed herein include , for example , lignosulfonates , 
in the art need only do a routine screen of emulsifiers by modified lignosulfonates , polyphosphates , tannins , and low 
forming an invert emulsion to select an emulsifier suitable molecular weight polyacrylates . Thinners are typically 
for use in the fluids disclosed herein . In one embodiment , an added to a drilling fluid to reduce flow resistance and control 
emulsifier can selected such that after forming the invert 50 gelation tendencies . Other functions performed by thinners 
emulsion and the addition of a small amount of formic acid include reducing filtration and filter cake thickness , coun 
will result in the emulsion breaking . Preferred emulsifiers teracting the effects of salts , minimizing the effects of water 
may include VERSAWETTM and VERSACOATTM , which on the formations drilled , emulsifying oil in water , and 
are commercially available from M - I L . L . C . , Houston , Tex . stabilizing fluid properties at elevated temperatures . 
Alternatively , an amine - based acid sensitive emulsifier such 55 The inclusion of cleaning agents in the fluids disclosed 
as those described in U . S . Pat . Nos . 6 , 218 , 342 , 6 , 790 , 811 , herein should be well known to one of skill in the art . A wide 
and 6 , 806 , 233 , the contents of which are incorporated by variety of synthetic and natural product derived cleaning 
reference herein , may be used . Examples of such emulsifiers agents may be used . For example , a common natural product 
are commercially available from M - I L . L . C . , Houston Tex . derived cleaning agent is d - limonene . The cleaning ability of 
under the tradename FazeMul . 60 d - limonene in well drilling applications is disclosed in U . S . 

Both the invert emulsion fluids and water based fluids of Pat . No . 4 , 533 , 487 , and in combination with various spe 
the present invention may further contain additional chemi - cialty surfactants in U . S . Pat . No . 5 , 458 , 197 , the contents of 
cals depending upon the end use of the fluid so long as they which are incorporated herein . 
do not interfere with the functionality of the fluids described The methods used in preparing both the water - based and 
herein . For example , wetting agents , organophilic clays , 65 invert emulsion breaker fluids utilized in the methods of the 
viscosifiers , fluid loss control agents , surfactants , disper - present disclosure are not critical . Specifically , with respect 
sants , interfacial tension reducers , pH buffers , mutual sol - to the invert emulsion fluids , conventional methods can be 
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used to prepare the invert emulsion fluids in a manner ment to ensure an economic flow of hydrocarbons out of the 
analogous to those normally used to prepare oil - based well or in the case of injector well allow the injection of gas 
drilling fluids . In one representative procedure , a desired or aqueous fluids into the subterranean formation . Comple 
quantity of oleaginous fluid , such as C16 - C18 internal tion operations may specifically include open hole comple 
olefin , is mixed with the selected water in oil emulsifier , a 5 tions , conventional perforated completions , sand exclusion 
viscosifying agent , and a wetting agent . The internal non - completions , permanent completions , multiple zone comple 
oleaginous phase is prepared by combining a polar organic tions , and drainhole completions , as known in the art . A 
co - solvent , an imino diacetic acid salt and a hydrolysable completed wellbore may contain at least one of a slotted 
ester into the selected brine with continuous mixing . An liner , a predrilled liner , a wire wrapped screen , an expand invert emulsion of the present invention is formed by 10 able able screen , a sand screen filter , a open hole gravel pack , or vigorously agitating , mixing , or shearing the oleaginous casing . 
fluid and the non - oleaginous fluid in a conventional manner Another embodiment of the present invention involves a to form the invert emulsion . method of cleaning up a well bore drilled with the invert The breaker fluids disclosed herein may be used in emulsion drilling fluid described above . In one such illus various embodiments as a displacement fluid and / or a wash 15 
fluid . A displacement fluid is typically used to physically trative embodiment , the method involves circulating a 
push another fluid out of the wellbore , and a wash fluid breaker fluid disclosed herein in a wellbore , which has been 
typically contains a surfactant and may be used to physically drilled to a larger size ( i . e . , under reamed ) with an invert 
and chemically remove drilling fluid reside from downhole emulsion drilling mud , and then shutting in the well for a 
tubulars and / or the residual filtercake in the open hole . In 20 predetermined amount of time . During such time period , the 
some embodiments , the viscosity of the breaker fluids will invert emulsion based filter cake breaks , thus forming two 
be sufficiently high such that the breaker fluid may exhibit phases , and oil phase and a water phase . These two phases 
a dual role and act as its own displacement pill in a well . can be easily produced from the well bore upon initiation of 
Thus in one embodiment , a water - based breaker fluid and / or production and thus the residual drilling fluid is easily 
the invert emulsion breaker fluid may be used as a displace 25 removed from the well bore . ment fluid to push fluids out of a wellbore . For example an The fluids disclosed herein may also be used in a wellbore invert emulsion breaker fluid as disclosed herein may act as where a screen is to be put in place down hole . After a hole a push pill or displacement fluid to effectively displace the is under - reamed to widen the diameter of the hole , drilling invert emulsion drilling mud . A water based breaker fluid string may be removed and replaced with production tubing may act as a displacement fluid to effectively displace brine 30 having a desired sand screen . Alternatively , an expandable from the wellbore . In yet another embodiment , the water - 30 tubular sand screen may be expanded in place or a gravel based breaker fluid and / or invert emulsion breaker fluid may pack may be placed in the well . Breaker fluids may then be further be used as a wash fluid to physically and / or chemi placed in the well , and the well is then shut in for a cally remove the invert emulsion filter cake once the filter predetermined period of time . During this time period , the cake has been disaggregated by the breaker system . filter cake is dispersed / degraded / broken down . In some In one embodiment , a breaker fluid as disclosed herein 35 instances , such as when an invert emulsion based drilling may be utilized in a method of cleaning a wellbore that has mud was used in the under - reaming process , the breaker been drilled with either a water - based drilling mud or an fluids can be designed to form two phases , an oil phase and invert emulsion based drilling mud . One of skill in the art a water phase which can easily produced from the wellbore 
will appreciate that in such instances a water - based filter upon initiation of production . Regardless of the fluid used to 
cake or an invert emulsion filter cake will be formed on the 40 conduct the under - reaming operation , the breaker fluids 
face of the wellbore . The breaker fluid may be circulated into disclosed herein effectively degrade the filtercake and sub 
the wellbore , contacting the filter cake and any residual mud stantially remove the residual drilling fluid from the well 
present downhole . The breaker fluid can be allowed to bore upon initiation of production . 
remain in the downhole environment until such time as the It should be appreciated that the amount of delay between 
well is brought into production . The breaker fluid may also 45 the time when a breaker fluid according to the present 
be circulated in a wellbore that is to be used as an injection invention is introduced to a well and the time when the fluids 
well to serve the same purpose ( i . e . remove the residual mud have had the desired effect of breaking / degrading / dispersing 
and filter cake ) prior to the well being used for injection of the filter cake may depend on several variables . One of skill 
materials ( such as water surfactants , carbon dioxide , natural in the art should appreciate that factors such as the downhole 
gas , cuttings , etc . . . . ) into the subterranean formation . 50 temperature , concentration of the components in the breaker 

If a wellbore that has already begun production of hydro - fluid , pH , amount of available water , filter cake composition , 
carbons ( or injection operations ) and it is believed to be etc . may all have an impact . For example downhole tem 
impaired by any residual filter cake left in the well following peratures can vary considerably from 100° F . to over 400° F . 
the drilling operations , a breaker fluid of the present inven depending upon the formation geology and downhole envi 
tion may be used to clean the wellbore . In such a case , 55 ronment . However , one of skill in the art via trial and error 
remedial operations will be necessary to place the breaker testing in the lab should easily be able to determine and thus 
fluid into the downhole environment . For example a work correlate downhole temperature and the time of efficacy of 
over rig can utilize coiled tubing to conduct such remedial for a given formulation of the breaker fluids disclosed 
activity as one of skill in the art should appreciate . Thus the herein . With such information one can predetermine the time 
fluids disclosed herein may be used in work over operations 60 period necessary to shut - in a well given a specific downhole 
and other remedial well activity . temperature and a specific formulation of the breaker fluid . 

Generally , a well is often " completed ” to allow for the However it should also be appreciated that the breaker 
flow of hydrocarbons out of the formation and up to the fluid formulation itself and thus the fluid ' s chemical prop 
surface . One of skill in the art should appreciate that erties may be varied so as to allow for a desirable and 
completion processes may include the strengthening the well 65 controllable amount of delay prior to the breaking of invert 
hole with casing , evaluating the pressure and temperature of emulsion filter cake for a particular application . In one 
the formation , and installing the proper completion equip - embodiment , the amount of delay for an invert emulsion 
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filter cake to be broken with a water - based displacement TABLE I - continued 
fluid according to the present invention may be greater than 
1 hour . In various other embodiments , the amount of delay Heat aged @ 155° F . • 16 hrs Rheology at 120° F . 
for an invert emulsion filter cake to be broken with a 200 RPM 
water - based displacement fluid according to the present 5 100 RPM 38 
invention may be greater than 3 hours , 5 hours , or 10 hours . 6 RPM 

3 RPM Thus the formulation of the fluid can be varied to achieve a Gels 10 " 8 lbs / 100 ft ? predetermined break time and downhole temperature . Gels 10 ' 9 lbs / 100 ft 
One of skill in the art should appreciate that in one Plastic Viscosity 30 CP 

embodiment , the amount of delay for an water based filter 10 Yield Point 35 lbs / 100 ft 
cake to be broken with a water based breaker fluid may be 
greater than 15 hours . In various other embodiments , the A filter cake built from the above water base polymer 
amount of delay for an water - based filter cake to be broken drill - in fluid was subjected to a modified High Temperature with a water based breaker fluid may be greater than 24 High Pressure ( HTHP ) filtration test . The HTHP Filtration hours , 48 hours , or 72 hours . In second embodiment , the 15 test utilized a HTHP cell fitted with a fritted disk as a porous amount of delay for an invert emulsion filter cake to be medium , on which the filter cake was built . In this example broken with a water - based breaker fluid may be greater than the filter cake was built on a 35 microns disk . Upon 15 hours . In various other embodiments , the amount of delay 
for an invert emulsion filter cake to be broken with a water application of 500 psi at 155° F . to the disk of the filter cake , 
based breaker fluid may be greater than 24 hours , 48 hours , 20 em 20 . effluent was collected as shown in Table 2 . 
or 72 hours . In a third embodiment , the amount of delay for 
an invert emulsion filter cake to be broken with an invert TABLE 2 
emulsion displacement fluid may be greater than 15 hours . Time Disk 
In various other embodiments , the amount of delay for an 
invert emulsion filter cake to be broken with an invert 25 Spurt 4 . 6 

1 min 4 . 8 emulsion displacement fluid may be greater than 24 hours , 4 min 5 . 4 
48 hours , or 72 hours . 9 min 

The following examples are provided to further illustrate 16 min 
the application and the use of the methods and compositions 25 min 

30 min 8 . 7 of the present invention . Unless otherwise noted , standard 30 2 hrs 13 . 0 
laboratory practices were utilized during the formulation and 
testing described below using commercial grade or better 
chemicals . The rheological measurements were made using A water based displacement breaker fluid was formulated 
the procedures set forth is the applicable American Petro - having the following components , all of which are commer 
leum Institute Bulletins , such API 13A - D . In some 35 cially available , as shown below in Table 3 . 
instances , proprietary products were utilized including : 
ECF - 986 is a sodium salt of glutamic acid - N , N - diacetic TABLE 3 
acid ; ECF - 974 is a hydrolysable ester of formic acid and C4 

14 . 2 ppg CaBra briue 180 . 0 ppb to C30 alcohol ; ECF - 979 is a phosphonic acid scale pre ECF - 986 102 . 00 ppb 
ventor utilized as an acid buffer ; Flo - V is Plus is a dispers - 40 ECF - 979 0 . 2 % ( v / v ) 
ible and clarified xanthan gum ; FloTrol is a hydroxypropy 
lated starch ; Safe Carb is a size calcium carbonate . All of the The breaker fluid was added to the filter cake disk above noted materials are commercially available from M - 1 , formulated from the water base polymer drill - in fluid , and L . L . C . ( Houston , Tex . ) or their functional equivalent are 5 subjected to a modified HTHP Filtration test . Upon the available from other competitive drilling fluids companies . 45 application of an initial pressure of 500 psi at 155° F . to the The following examples demonstrate the effectiveness of 
the solutions disclosed herein : disk of filter cake having the breaker fluid poured thereon , 

effluent was collected as shown in Table 4 . The modified 
HTHP cell was then shut in at a pressure of 100 psi at 155° Example 1 
F . for 48 hours . From an initial production flow of 200 mls 

A water based polymer drill - in fluid was formulated to of LVT 200 base oil fluid of 24 . 29 sec and a final production 
contain : water ( 141 . 65 ppb ) ; 11 . 2 ppg CaCl , ( pre - mixed flow of 200 ml LVT - 200 base oil fluid of 24 . 8 sec . a return 
with dry CaCl2 ) 251 . 42 ppb ; Flo - V is Plus 0 . 75 ppb ; FloTrol to production flow rate of 97 . 94 % was calculated for this 
7 . 00 ppb ; magnesium oxide 1 . 50 ppb ; sized calcium car 
bonate 30 ppb composed of Safe Carb 10 1 . 00 ppb ; Safe 55 
Carb 20 2 . 00 ppb ; Safe Carb 40 23 . 00 ppb ; and , Safe Carb TABLE 4 
250 4 . 00 ppb ( commercially available from M - I , L . L . C . Time Disk 
( Houston , Tex . ) . The polymer mud was heat - aged by hot 
rolling for 16 hours at 155° F . and exhibited the following Spurt 0 . 2 ml 

1 . 5 ml properties , as shown in Table 1 . 4 min 1 . 8 ml 
9 min 2 ml 

TABLE I 16 min 2 . 2 ml 
25 min 3 . 25 ml 

Heat aged @ 155° F . • 16 hrs Rheology at 120° F . 30 min 4 ml 

50 

test . 

1 min 
60 

95 600 RPM 
300 RPM 65 One of skill in the art should appreciate that a high 

production flow rate and removal of the filter cake was 



15 

3 RPM 

30 . 
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achieved by the breaker fluid . It should be noted that upon TABLE 7 - continued 
examination of the disk , some precipitation of solid material 
was observed on the fritted disk . Based on analysis of the Product Unit Fluid 1 Fluid 2 Fluid 3 Fluid 4 Fluid 5 
precipitate , the precipitate is believed to be a chelated form 11 . 6 ppg CaCl2 ppb X X X X 97 . 30 
of ECF - 986 caused by a rise in the pH of the solution . We 5 Density lb / gal 10 . 4 10 . 4 10 . 4 10 . 4 10 . 25 
have found and one skilled in the art would appreciate that pH 1 . 49 1 . 28 0 . 99 2 . 65 0 . 44 
the inclusion of a low pH buffer system so as to maintain a 
low pH value in the breaker solution prevents the formation Breaker fluids 1 thru 5 were added to filter cakes 1 thru 5 of this precipitate . respectively , formulated from water based drill - in fluid , and 

10 subjected to a modified HTHP Filtration test . Upon appli Example 2 cation of an initial pressure of 400 psi at 155° F . to the disks 
of the filter cake having breaker fluids 1 thru 5 poured A water base polymer drill - in fluid , containing : water thereon , effluent was collected until breakthrough , repre 315 . 00 ppb ; Dry CaCl , 77 . 95 ppb ; Flo - V is L 1 . 76 ppb ; 

FloTrol 7 . 00 ppb ; magnesium oxide 1 . 50 ppb ; sized carbon - 15 sented by a steady stream of effluent resulted through the 
ate 30 ppb , was formulated and heat aged at 200° F . for 4 hrs disk . After 400 psi was applied until breakthrough , the 
and exhibited the following initial properties , as shown in applied pressure was reduced to 200 psi . With the reduction 
Table 5 . of pressure , the modified HTHP cell was shut - in . The filter 

cake disks were allowed to soak for 72 hours at 155° F . 
TABLE 5 20 Visual examination of the disks 1 thru 5 showed full 

dissolution of the filter cake , however , Disk 1 showed a 
Heat aged @ 200° F . • 4 hrs Rheology @ 120° F . minimal amount of precipitate believed to be that of a 

600 RPM chelated ECF - 986 . 
300 RPM Further , while reference has been made to particular 
200 RPM 25 applications for the displacement and completion fluids of 
100 RPM 

6 RPM the present invention , it is expressly within the scope of the 
present invention that these fluids may be in used in a variety 

Gels 10 " 6 lbs / 100 ft of well applications . Specifically , the fluids of the present Gels 10 ' 20 lbs / 100 ft 
Plastic Viscosity 20 CP invention may be used in both producing and injection wells , 
Yield Point 23 lbs / 100 ft ? and may have further application in remedial clean - up of 

wells . 
The drill - in fluid was hot rolled at 155° F . for 16 hours and Advantageously , the present invention provides for a 

filter cakes built from the above water base polymer drill - in wellbore fluid that may degrade / disperse / break down a filter 
fluid were subjected to a modified High Temperature High 35 cake and substantially remove such filter cake without 
Pressure ( HTHP ) filtration test . The HTHP Filtration test inflicting damage on the surrounding formation . A delay in 
utilized a HTHP cell fitted with a fritted disk as a porous the dissolution of the filter cake may be achieved by con 
medium , on which the filter cake was built . In this example trolling the effectiveness and reactivity of the chemical 
the filter cakes were built on a 35 microns disks . Upon compositions of the breaker fluids disclosed herein . The 
application of 500 psi at 155° F . to the disk of the filter cake , 40 chemical properties of the fluids disclosed herein may allow 
effluent was collected as shown in Table 6 . for the degradation of a water - based filter cake and the 

dissolution of acid soluble bridging materials in the filter 
TABLE 6 cake . The chemical properties of the fluids disclosed herein 

may also allow for the degradation of the emulsion of the Time Disk 1 Disk 2 Disk 3 Disk 4 Disk 5 45 invert emulsion filter cake and the dissolution of acid soluble 
Spurt 4 . 6 ml 4 . 6 ml 5 . 2 ml 3 . 4 ml bridging materials in the filter cake . The displacement and 

1 min 1 . 4 ml 1 ml 1 . 2 ml 1 . 0 ml 
4 min breaker fluids disclosed herein may be effectively used with 2 . 4 ml 2 . 2 ml 2 . 4 ml 2 . 2 ml 1 . 8 ml 
9 min 3 . 4 ml 32 ml 3 . 4 ml 3 . 6 ml 2 . 6 ml either conventional invert emulsion or reversible invert 

16 min 4 . 6 ml 4 . 0 ml 4 . 4 ml 4 . 8 ml 3 . 0 ml emulsion drilling fluid filter cakes as noted above . 
25 min 5 . 4 ml 5 . 2 ml 5 ml 5 . 8 ml 4 . 0 ml 50 While the invention has been described with respect to a 30 min 6 . 0 ml 5 . 4 ml 5 . 6 ml 6 . 0 ml 4 . 6 ml 
16 hrs 29 . 5 ml 28 . 0 ml 29 . 0 ml 30 . 2 ml 13 . 0 ml limited number of embodiments , those skilled in the art , 

having benefit of this disclosure , will appreciate that other 
embodiments can be devised which do not depart from the Water based breaker fluids were formulated in divalent 

brines having the following components ; all of which are 55 scope of the invention as disclosed herein . Accordingly , the 
commercially available , as shown in Table 7 . scope of the invention should be limited only by the attached 

claims . 
TABLE 7 

What is claimed : 
Product Unit Fluid 1 Fluid 2 Fluid 3 Fluid 4 Fluid 5 60 1 . A method of cleaning a wellbore , wherein the wellbore 
ECF - 986 ppb 46 . 20 46 . 20 46 . 20 46 . 20 46 . 20 has been drilled with an invert emulsion drilling mud that 
Formic Acid % ( v / v ) 2 . 86 3 . 86 2 . 86 2 . 86 3 . 86 forms an invert emulsion filter cake , the method comprising : 
??? % ( v / v ) X 1 . 43 2 . 86 X 2 . 86 circulating a breaker fluid into the wellbore , the breaker ( 34 % ( w / w ) ) 
Water ppb 101 . 5 102 101 . 5 101 . 5 fluid comprising : 70 . 00 
ECF 974 - X X X 10 an aqueous fluid ; and 
14 . 2 ppg CaBr2 ppb 65 . 53 65 . 53 65 . 53 65 . 53 at least one iminodiacetic acid or a salt thereof repre 

sented by the formula 

4 . 4 ml 
1 . 6 ml 

ppb 65 
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CH2COOM CH2COOM 
W - Y - N W — Y — N 

CH2COOM CH2COOM 

wherein [ the M groups each independently represents a wherein [ the M groups each independently represents a 
hydrogen atom , an alkali metal atom , an ammonium hydrogen atom , an alkali metal atom , an ammonium 
group or a substituted ammonium group ; 1 Y repre - 10 group or a substituted ammonium group ; ] Y repre 

sents a divalent alkyl group having from 1 to 7 sents a divalent alkyl group having from 1 to 7 carbon atoms and the divalent alkyl group may be carbon atoms and the divalent alkyl group may be substituted by a hydroxyl group or a COOM group substituted by a hydroxyl group or a COOM group [ wherein M represents a hydrogen atom , an alkali [ wherein M represents a hydrogen atom , an alkali metal atom , an ammonium group or a substituted 
metal atom , an ammonium group or a substituted ammonium group ; and ) ; W represents a hydrogen 
ammonium group ; and ) ; W represents a hydrogen atom , a hydroxyl group or a COOM group 
atom , a hydroxyl group or a COOM group [ wherein ) ; and M each independently represents a 
[ wherein ) ; and M each independently represents a hydrogen atom , an alkali metal atom , an ammonium 
hydrogen atom , an alkali metal atom , an ammonium 20 group or a substituted ammonium group ; [ and 
group or a substituted ammonium group ; a weighting agent ; and ] 

wherein the breaker fluid is selected so that after a shutting the well for a predetermined time to allow the 
substantial degradation of the invert emulsion filter predetermined period of time the invert emulsion of the cake . filter cake substantially degrades . 8 . The method of claim 7 , further comprising : 

2 . The method of claim 1 , wherein the breaker fluid 25 allowing the formation fluids to enter into the [ well ] 
further includes an acidic buffering agent so as to maintain wellbore ; and 
the pH below a value of about 3 . producing fluids from the ( well ] wellbore . 

3 . The method of claim 2 , wherein acidic buffering agent 9 . The method of claim 8 , wherein the completed wellbore 
is selected from the group consisting of mineral acids contains at least one of a slotted liner , a predrilled liner , a 
including hydrochloric acid , hydrobromic acid , nitric acid . 30 wire wrapped screen , an expandable screen , a sand screen 
sulfuric acid , phosphoric acid and mixtures of these , organic filter , a open hole gravel pack , and casing . 
acids including carboxylic acids such as formic , acetic , 10 . The method of claim 7 , wherein the breaker fluid 
propionic , butyric acids , fatty acids in the C5 to C30 range , further includes an acidic buffering agent . 
haloacetic acids , alkyl phosphonic acids , alkyl sulfonic 11 . The method of claim 10 , wherein the acidic buffering 
acids ; compounds that hydrolyze to form acids in situ 35 age tu 35 agent is a mixture of mineral acid and organic acid . 

12 . The method of claim [ 11 ] 10 , wherein the acidic including hydrolysable anhydrides of carboxylic acids , 
hydrolysable esters of carboxylic acids ; hydrolysable esters buffering agent is a hydrolysable ester of a carboxylic acid . 
of phosphonic acid , hydrolysable esters of sulfonic acid and 13 . A solution , comprising : 
combinations thereof . an aqueous fluid ; 

4 . The method of claim 2 , wherein the acidic buffering 40 at least one iminodiacedtic acid or a salt thereof 
agent is a hydrolysable ( ester of the carboxylic acid is al represented by the formula 
formic acid ester of a C4 to C30 alcohol . 

5 . The method of claim 1 , wherein the breaker fluid 
further includes a weighting agent that is a high density brine CH2COOM containing water soluble salts of alkali and alkaline earth 45 
metals . WY — N 

6 . The method of claim 1 , further comprising : CH2COOM 
removing the broken invert emulsion filter cake from the 

wellbore . 
7 . A method of producing a hydrocarbon from a forma - 50 wherein Y represents a divalent alkyl group having 

tion , the method comprising : from 2 to 7 carbon atoms and the divalent alkyl 
drilling a wellbore through the formation with an invert group may be substituted by a COOM group , W 

emulsion drilling mud and thereby forming an invert represents a hydroxyl group or a COOM group , 
emulsion filter cake on the formation ; wherein each M independently represent a hydrogen 

atom , an alkali metal atom , an ammonium group or performing at least one completion operation in the well - 55 
bore ; a substituted ammonium group ; 

emplacing a breaker fluid in the wellbore , the breaker an acidic buffering agent ; and 
fluid comprising : a weighting agent , 
an aqueous fluid ; wherein the aqueous fluid forms the discontinuous phase 
at least one iminodiacetic acid or a salt thereof repre - 60 of an invert emulsion fluid . 

sented by the formula 


