2164373 FLU D LOSS CONTROL AGENTS FOR DRI LLI NG FLU DS CONTAI NI NG DI VALENT
CATI ONS The present invention relates to the use of enulsion copol yners:as

fluid loss control agents in low solids drilling fluids and in dense
drilling muds. copol yners provide excellent fluid |loss control to

wat er - based dri g fluids and nuds which contain | arge anounts of 5

di val ent cations such.as cal ciumand magnesium |In drilling sub

wel | s and especially when enploying rotary nethods, drilling f|UI s or
performa variety of functions which in... fluence such factors as the
drilling rate, cost, efficiency and safety of the operation. Drilling
fluids are circul ated down through the drill 10 shaft, out the bottom of
the drill bit and up the annul ar space between the drill pipe and the

formation wall to the surface where they may be nechanically or chemcally
treated and recirculated. The fluids provide lubrication at the point mhe&e
the drill bit cuts into a geologic fornma... ion as well as along the length
of the rotary drill pipe. As it lubri- 15 cates the system the fluid
removes heat which is produced by the=ciitti ng action of the bit while
additionally performng the inportant task of transporting cuttings
produced by the systemto the surface for renoval An acceptable drilling
fluid nust have body yet be free flowing with a neasurable relatively | ow

viscosity in order to ddltlon the fluid nust
have an acceptable gel ﬁpi@ﬁéﬁ@@g@ {}gff&% Lk 16 Eb VIDS naterial if
circulation is |nterrupted a N

o

The present invention relates to the use of emulsion copolymers as
fluid loss control agents-in low solids drilling fluids and in dense
drilling muds. The copolymers provide excellent fluid loss control to
water-based drilling fluids and muds which contﬁin large amounts of

5 divalent cations such as calcium and magnesium. |
In drilling subterranean wells and especially when eﬁp1oying rotary
methods, drilling fluids or muds perform a variety of functions which in.
U fluence such factors as the drilling rate, cost, efficiency and safety of
the operation. Drilling fluids are circulated down through the drill
10 shaft, out the bottom of the drill bit and up the annular space between
the drill pipe and the formation wall to the surface where they may be
‘mechanically or chemically treated and recirculated. The fluids provide
lubrication at the point where the drill bit cuts into a geologic forma-
ion as well as along the length of the rotary drill pipe. As it lubri-
15 cates the system, the fluid removes heat which is produced by the cutting
~action of the bit while additionally performing the important task of
transporting cuttings prdduced by the system to the surface for removal.
An acceptable drilling fluid must have body yet be free flowing with a

measurable relatively low viscosity in order to be easily pumped. In
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accunul ati.on of solids at the bit thus preventing mechanical jamm ng,

Drillinhg fluids, nmust also provide sufficient equalizing pressure to 5
corftai n naturallyy occurring liquid or gaseous conponents encountered in the
formations pierced by the drill. By using proper nmud fornulations;. possible
col | apses or blowouts resulting fromuncontrolled influxes of forrmation P
fluids may be prevented. Excessive |oss Qfa2liquid to the formation results(ff;)
In increased fluid 10 vi scosities which causes decreases in drilling

times in addition to poorer cuttings renoval and lubrication. Therefore, In
addition to preventing the flow of formation fluids into the hole, drilling

fl uids shoul daddizdom] thel tRiidhRudtY navefanl acidptablé dedt strieRgth AnBEFder £o BOt h
functions are served by the ability of the fluid to forma conpressible, 15

thin (but subsispehd ajhey soMumatenilad) if idireulatdee BOAntSrruptednd EPFaddNe
f or magigns conposed of native solids found in the well bore and the solids
present i n t haccamulatjog 6f sodids ratatnk thiionthus peeventthg mechadidal ejamevikg. i s
al so preferably smooth and firmyet flexible. Conversely, inferior filter
cakes are thick, DohidyingnflVuidsmustt akso piroeideh sulffiici enthteqddlizingl pressupke®
are fornmed, additional problens such as abnornal pipe drag, differential
pressur e 5t i ceantginmasyusally cacunrdng aliquidaamioageaus composents emnountesed in
common fluid | oss control agents are clay solids present in the aqueous
nuds: By provihe fgreations pigreed by §me:é!r§1b¢ r Byuesisg propesi mud Spoeylatdprss,
a dense filter cake having both | ow porosity .and_| ow 25 pernmeability is

obt ai ned as sﬁﬁils!’g}e 5023332)5(%5; P | owayts, répe ’ﬁgsf’?)!’l B'E‘Fmrﬂbl%éhﬂ%ég of
fine part | ol COTBALEAT ER9195 Bekdre BTAYRITHS of ton empl oyed g5 the primary
filtration cont rokxé%?%?%é loss of liquid to the formation results in increased fluid
10 viscosities which causes decreases in drilling times in addition to
poorer cuttings removal and lubrication. Therefore, in addition to
preventing the flow of formation fluids into the hole, drilling fluids
should also minimize the flow of 1iquid out into the formation. Both
-functions are served by the ability of the fluid to form a compressible,
15 thin (but substantially impermeable) filter cake against exposed
permeable formations composed of native solids found in the well bore and
i the solids present in the dril]iﬁg fluid. In addition to being thin, a
filter cake is also preferably smooth and firm yet flexible. Conversely,
inferior filter cakes are thick;-lumpy and/or brittle. If such deficient
20 filter cakes are formed, additional problems such as abnormal pipe drag,
differential pressure sticking, pressure surges, and swabbing will result.
The mdst éommon fluid loss control agents are clay solids pfesenf in
the aqueous muds. By proiiding a wide particle size distribution of col-
loidal solids, a dense filter cake having.both Tow porosity and low
25 permeability'is obtained as smaller size particles plug openings existing
between the larger size partices. Bentonite clay, which contains a larger

percentage of fine particles compared to other clays, is often employed as

the primary filtration control agent.



- 3- Vhen the use of clays alone does not lower the flui'd loss of a drill-
ing fluid to a sufficient level to eliminate damage to the formation as .
well as to the drilling equipment, organic colloids are of t en enpl oyed. The &

coll oids hydrate in the aqueous fluid and proceed to bridge the gaps 5
and poresCﬁSﬂmeen the clay particles resulting in a nore i nperneable fil-
ter cake. pi cal organic colloids Lngl.ude, for. exanple, pregelatinized

starch, carboxynmethyl cellul ose and pol yani onic cellul ose. These mater-
ials are not without their disadvantages. For exanple, although possess-
ing sone salt tol erance, starches are known to be subject to bacterial 10

attack and tyenmehe dReréflalliaps AlAvedoeslhet NowdP Ol Fldid 168¢ Fxyndiinyl

cel- lulose is also subject to thermal degradation, and while known to be

ef fecti viagi fagldcteina JudfRcdntMevedt tor] it ndtec aamanel €6 sthef Fomiationas salt
concentratlons exceed about 50,000 ppm Pol yanionic cellulose is used.&#gé

salt sywethsasgite tie idr$lriigatquipment| airghrieicodloiis! aré aiftesremp] oyediev
- 15 this colloid often produces undesirable thickening or gelling of the

dril- |iThg édlliodds ilydehteViar thewaaueous f1aid tandopeacerdeto birhggendhergapsl ubl e
homo- and copol ynmers based on vinyl nmononmers have al so been found to be
usebul andfpares betweepothe clapdartickes resuldisg im@ mege impemeabde fiilssued
S onciy i caksamota a1 1) B sSaseh S S rtean
1E)IO: )r/rétgfgﬂﬁ?ktﬂhgn&ya?lc?i?gzﬁb%re hole while at t ane me not
af f ect | 3§ares CACRGOMELhE cehlulasgsand W°LV§?’°P3F c%li"?9F§¢55 hess P?Eﬁﬁjed N
R LR e AR R R %:?aa%&aﬁsfgﬁ%e%' ©
~cation %n%ngom%ptsk nalollgrannca):ré,ogtacrcﬂgg aurré ,S,O,Pna%dﬁé: 'subjec act|e9§§‘les
10 attack and thermal degradation above 121°C (250°F). Carboxymethyl cel-
lulose is also $ubject to thermal degradation, and while known to be
effective incalcium and sodium systems, it becomes less effective as salt
concentrations exceed aboqt 50,000 ppm. Polyanionic cellulose is used in
salt systeﬁs due to its relatively high level of salt tolerance; however,
15 this cél]oid often produces undesirable thickening or gelling of the dril-
" 1ing fluids which overshadows its salt tolerance.
Many water soluble homo- and copolymers based on vinyl monomers
have also been found to be useful as fluid loss control additives.
In U.S. Pat. No. 2,650,905 (issued September 1, 1953_to.R. Fordyce
20 et al,), the use of sulfonated polystyrene polymers was shown to aid in.
fbrming substantially impermeable films around the walls of the bore hole
while at the same time not affecting the viscosity of the muds.
In U.S. Pat. No. 4,455,240 (issued June 19, 1984 to C. A. Costello)
drilling fluids treated with carboxylic functional polyampholytic co- or
25 terpolymers containing anionic, cationic and optionally nonionic mer units
had decreased fluid losses.

u.S. Pat. No. 2,718,497 (issued September 20, 1955 to H Oldham et
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U.S. Pat. .No. 2,718,497 (issued Septenber 20, 1955 to W O dham et al .)
descrlbes dry aor seoelution copolyners containing carboxylic acid salt groups
i-n®a ratio of one carboxylic acid salt group to each two to six |inear
chain carbon atons to provide fluid loss control to aqueous dril.. Ii
muds. Applicable polyners included those obtained by polynerizing 5 <i?
unsat urated al i phatic nonocar boxylic aci=d4 such as acrylic or nethacry-t
acid. Hydrolyzed and saponified pol yners and copol yners of acryl am de,
acrylonitrile and the alkyl esters of acrylic acid were also described as
useful. The additives were said to sequester only a limted quantity of

cal ci um and @t hledesgnidesndrycart splusion copalymers containing sartrxylitiacid salt
2,775,557 (issued Decenber 25, 1956 to R. - Morgan) des- cribes the use of

wat er - sol ubl $ropst &0 & "QETS/IOJHP%—CQE‘PWIEC RG1 &Q)BOB?OURT@PSEQQ’ Vw0 [tossH i ng
agent th roved water-retainin erties in a drilling nud while, not
i ncr ez‘s.%nng tLﬂPe\?fsE'EPs’l"t garhon; HEP"PﬁJHg ‘%Gﬁg rféﬁ‘zd h&?ﬁn@"&é?}l%ﬂ@%r gride

nmol ar rati os, of 60:40
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of the. highly zed polyners a 0 systens contal ning | ow concen-

(ragjons of RAHPN Thedfditdvas WARE S0 POVeEAStd (@Tig‘raeﬁrﬁt@ﬁ hfantity of

benef|C|ate béntonite whi occul at1 ng ‘ot S present '1nt
calcium and other alkaline earth metal ions.

v,

10 u.S. Pat, No. 2,775,557 (issued December 25, 1956 to R. Morgan) des-
cribes the use of water-soluble salts of acrylamide-acrylié acid copoly-
" mers as wall sealing agents with improved water-retaining properties in a
drilling mud while not increasing thelviscosity of the mud. Copolymers
having acrylamide:acrylate molar ratios of 60:40 to 75:25 were shown %o
15 provide fluid loss control in salt contaminated muds containing_saturated
sodium chloride or slightly solhble calcium sulfate or calcium hydroxide,
W for example.
Though not directed to fluid loss control, U.S. Pat. No. 3,323,603
{issued June 6, 1967 to J. Lummus_et al.) aiso.describes the use of acry-
20 late-acrylamide copolymers in low solids drilling fluids. small amounts,
i.e., 0.000026-0.00036 kg./1. (0.005-0.15 pounds per 42-gallon barrel ppb)
of the highly hydrolyzed polymers added to systems containing Iow concen-
trations of bentonite and less than 500 ppm Ca++ ion were found to -
beneficiate the bentonite while flocculating other clays presenﬁ in the
25 system. | _
In U.S. 3,072,569 (issued_January 8, 1963 to F._Siege]e)_fluid Yoss



25 -system In U S 3,072,569 (issued January 8, 1963 to F. Slegele) fluid |

| oss -5- control agents, which are useful in clay based drilling nuds .
having cal- ciumion contents of at |east 500 ppm at el evated tenperatures,
are des- crjded. The agents are conprised of a substantially honogenous

| i near : hyd r bon- chai n containing both hydroxyl and carboxylic acid

gr oups suc as, for exanple, caopglynmers of vinyl acetate and either a
carboxylic acid nonomer or derivative, which upon hydrolysis.yield hydroxyl
~and carboxylic acid salt groups, respectively. Vinyl sulfonate-vinylamde

pol ymers have al so been used as fluid | oss controel agents. These polyners,

cont ai ni feht3gi OaYents {1l Al P Bse i) m%f Eﬁc;easqﬁfmgpevﬁ&s% gnésﬂsi tive

to calciumions and as such have found S In rou

el ect rol ¥fyar 4 6h ContBALS QF RS I1@aSt mnbaﬁn&aéléwt@u éaneﬁab-@mreﬁatamaes-such
as cal ci um and nagne5|un1 occurs when drilling through

el ectr ol ytivetic! canel 8 rft@r APé icCOMPrid¥idCBf G Rubs Bint 18V S WoloddndBs Findapt he}g
salt deposits. If only small quantities of 15 '~ calciumion are

encount efyirocdrbdn tn@mudatairnangfbm hydraixgll and Bapbaxdn ic kawidt groupshsin
soda ash to precipitate the ions in order to increase the efficiency of the

fluisd | oass, fontexampigge copobymersyefl . vifinl sacetate @ndt éitherne-carbexyilitgasidp
which is not effective when larger quantities of nore water-sol uble cal cium
and nmagmemiomer sart der{vatdve | ewrith aupbn| bydroll ysie ydeld Aydroxyluandraarboxylic
especially.in the formation brines of such notable basins as WIlIliston
Basi n, Nuwtitdhs@bk @raupsd raspeitinelBasi n, Okl ahona. Oftentines, fresh or sea
wat er nuds ‘are actually calciumtreated with quantities of O
Vinyl sulfonate-vinylamide polymers have also been used as fluid o/
loss control agents. These polymers, containing anionic sulfo groups,
10 have been described to be insensitive to calcium ions and as such have
found usefd]neSs in drilling through electrolyte-releasing formations.
Contamination by divalent cations, such as calcium and magnesium,
occurs when-driilihg through electrolyte-releasing formations which con-
tain gypsum, lime, and other sa]t deposits. If only small quantities of
15 calcium ion are encountered, drilling muds are often treated with a car-
bonate §uch as soda ash to precipitate the ions in order to increase the
‘efficiency of the fluid loss control'agents employed. This is a costly ;:}
time-consuming step which is not effective when larger quantities of more
water-soluble calcium and magnesium salts (i.e. CaC]z and'MgClz) are en-
20 .countefed, especially in the formation brines of such notable basins as
| Williston Basin, North Dakota and Anadarko Basin, Oklahoma. Oftentimes,
fresh or sea water muds are actually calcium treated with quantities of
gypsum or lime in order to alleviate problems that are associated with
drilling in water-sensitive shale or clay-bearing formations.
25 There is therefore a need for fluid loss control agents which are
compatible in salt-contaminated drilling fluids such as those containing

large gquantities of calcium as well as other divalent ions. If an




gypsumor,linme in order to alleviate problems that are associated with
drilling in water-sensitive shale or clay-bearing formations. 25
There is therefore a need for fluid | oss control agents which are

conpatible in salt-contam nated drilling fluids such as those conta!n ng
| ar ge quantltles of calciumas well as other divalent ions. If an 7 {
additive is inconpatible in a contam nated system dramatic increas

fluid viscosity or clay flocculation may result. If gel formation: resuTts
the formation wall nay easily becone pl ugged- t her eby preventing oil from

| ater flowing freely into the producing zone. The present invention
provides fluid |l.oss control agents for use in drilling subterranean wells
whi ch have i npREdé§iyeydiseincompadihls drareccutmming tey system, afpenasic

sol ution cont ahﬁbﬂ@a@hsl &astfthdOPQsWSt&yPQJr Bildy gﬂacflécﬂaf,\’dlatiﬂ# e@ﬁﬁgf 130“
b. mater I on ,C acr - _
sal t acryllg ggh& &%elﬁlt%p g%rIQQﬂﬁﬁ?Q%ﬁfki ifotRation o'HtbsBY in
a nDIar ratio Q#Sabvube¢0m309ﬂ@g@§d5thﬂn&bqomdewuﬂtﬂngudulEfﬂﬁﬁfﬂaﬂéw

el ONC ol al | £851y1AB° cFe 0 dde. pr AP MOl 1 6 wherei n  he

copolynmer and the bridgi are esent anDunts suff|C|ent to
reguce fluid | oss dur|ngn@?lPF?ﬁﬁntB&ngﬁﬁFb9Pn§rPHédéﬁuﬁ%Péﬁ des6l wemtrol

preferably in ageobhssfot use in drilling subterranean wells whlch have
improved divalent cation tolerance comprising

a. = an aqueous solution containing at least

:&Ji 10,000 parts per million of a divalent cation;

b. a water-in-oil emulsion copolymer of
acrylamide and a water-soluble salt of acrylic acid wherein
the acrylamide and acrylic acid are present in a molar ratio
of about 70:30 to 95:5, the copolymer having a molecular
weight of at least one million; and o

c. a bridging solid; wherein the copolymer and
the bridging solid are present in amounts sufficient to
reduce fluid loss during drilling.

By employing the emulsion copolymer preferably in amounts of
0.0012-0.0190 kg./1. (0.5 to 8.0 ppb), based on dry solids,
drilling fluids containing divalent cations such as calcium
and magnesium in améunts of at least 10,000 ppm are provided

g~} with improved fluid loss control. The water-in-oil emulsion
copolymers are prepared by copolymerizing acrylamide and
acrylic acid or a water-soluble salt thereof in molar ratios
of 70:30 to 95:5, preferably 30:20 to 90:10.

The copolymers may be prepared by the
copolymerization of acrylamide and acrylic acid with
subsequent neutralization, or preferably the acrylic acid is
'in water soluble salt form prior to polymerization. The
acrylamide:acfylate copolymers useful herein will possess an
acrylamide to acrYlate molar ratio of 70:30 to 95:5,
preferably 80:20 to 90:10.

Alkali metal (i.e., sodium and potassium) or



0.0012-0.0190 kg./1. (0.5 to 8.0 ppb), based on dry solids; drilling.fluids
contai ni ng dival ent cations such as cal cium and magnesi umin anmounts of at

| east 10, 000 ppm are provided with inproved fluid | oss control. The .
wat er -i n-oit emnul si on copol yners are prepared by copol ynmerizing acryl am de
and acrylic_acid or a water-soluble sgtt thereof in nolar ratios of 70:30
to 95:5, erably 30:20 to 90:10. The copol ynmers may be prepared by the
copol ymer ion of acrylam de and acrylic acid with subsequent
neutralizalion, or preferably the acrylic acidl :s in water soluble salt
formprior to polynerization. The acryl am de: acryl ate copol yners usef ul
herein will possess an acrylam de to acrylate nolar ratio of 70:30 to 95:5,
preferably 80:20 to 90:10. Al kali netal (i.e., sodium and potassium or

anmoni um huamenides HEY: 06l 8P| MyPdbs OeRpubyali €8 hBEt2aNY/2C 3 d to the
wat er sol ubl e salt f{ﬂé? The aIk€I| ne%aL_ ydaiglges are greferabLy O
enpl oyed d3ETHG A EUTHEST BT VR00F uBPHRPLE” SAtbnEQTRr omTRSmedik@hiacr yTEt e
copol yner s medadehyir aticiesmir¢ i prefefabbgt edplbiyedgdopetat ithies. The

copol yrer i gakied] Afhild'% F IBYapfioRfl! E¥6H 26ABHILAO ALY AR NUTDEr Of
conventi onal ter-in-oil enulsion polynerization techni ques
copolymers caused by the conditions of most drilling
operations. '

The copolymerization of the monomers may be
achieved according to any number of conventional _
water-in-oil emulsion polymerization techniques \J
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known to those skilled in the art which wll provi de high nol ecul ar wei ght
cngl?hers, Sui t abl e processes include those taught in U S. Pat. Nos.
3,284,393 (issued Novenber 8, 1966 to J. Vanderhoff et al.); Re. Zgﬁgzz
(reissued July 8, 1974 to D. Anderson et al.); 3,826,771 (issued JO~=30, 5
1974 to D. Anderson et al.); 4,070,321 (issued January 24, 1978 to L.
‘Coretta et al.); and 4,077,930 (issued NE;ch.7, 1978 to S. Limet akF:). The
teachi ngs of these patents conprise formnhg water-in-oil emnulsions of

wat er - sol ubl e et hyl eni ¢ unsaturat ed nononers. The enul sions are formed by
utilizing a water-in-oil emulsifying agent. A free radical-type polyneri -
10  zationknedraltysthdse skildedtin the @ftuwAich wahll frioeidddagh ink12e@l dreded ght
order to formwater-soluble polyner |atices under radical-formng

condi-tions. capud ymerymeSaiviblle preotesséd yinbbudy ehesE tadghtdnewld . spep, iNds.
anouns, of 25-50% solids by weight. Wile not contributing to fluid |oss
control perB8o284ga82, (iisaued tNongmises 8, si866ato ant Yawderhotf @thabl); Re. 28,474
hydrophi lic/lipophilic balance (as taught in the literature, e.g., by the
HLB Sur fact breissyed alulyf8) G97Arr DeaAndenson etr el prieBeB8261771 addsded Qul pe30,
enul sion after polynerization in order to increase the ease with which the
emul si ohs w974 itavRy Andarsam et alnd; t $udd0a32]pd i ssuadn Jamuaryubud9a8itad Lag

fluid. By enploying these surfactants, the anmount 20 of time and shear
required tog&%‘f ér%e allad; 9ol iR 330 J 15puatt MaBen 17y 1835 tohdn LimeRt pdebi red
been seen Doy S8R NSA € BeSe aFSHe covemiee 9rmve: aters) by 4 SpURIpNy Of
il LSt T AT K AV AT T M I
I:gﬁtngi ;Osibggﬁﬁ%%g ' WBEHEIHSof O WmET\h e} 8Y a3Rht 95 AdFhdd radidd1ubPine WHY Gers -
10 zation catalyst is added to the emulsion and then heat is applied in order
to form water..soluble polymer latices under r‘adical-fdrming conditions.
The polymers will generally be present in the emulsion in amounts of
25-50% solids by weight. | |
‘While not contributing to fluid loss control performance, inverting
15 surfactants having a high hydrophilic/1ipophilic balance (as taught in the
literature, e.g., by the HLB Surfactant System of ICI Americas Inc.) are
*\, preferably added to the emulsion after polymerization in order to increase
the ease with which the emulsions will invert in water and thus disperse
in an aqueous drilling fluid. By efnployiﬁg these surfactants, the amount
20 of time and s_hea_r required to disperse the copolymers is signficantly less
than that required for othef typical fluid loss contrb'l additives. The
surfactants have also been seen to_provide increased polymer stability
over t*fme by dispersing the latex particles. |
The acrylamide:acrylate emulsion copolymers, having molecular

25 weights in excess of one million, have surprisingly been found to be

useful in aqueous Tow and high solids drilling fluids which contain sig-



significantly higher concentrations of divalent cations conpared to the |ow
concentrations disclosed in the references related to acryli-c acid ponnErs
. and copolyners descri bed above. High cal ciumion-containing fluids
prepared f 4% to 49. 4% (saturated) cal cium chloride aqueous sol utions
([err]10,€@§§134,800 ppm Ca++ ions) have been tested with significant fluid
| oss resu obtained. Drilling fIU|q§ cont ai ni ng saturated nmagnesi um
chloride ([err] 74,800 ppm My++ ions) 7as well as brine solutions having

| arge quantities of both cal cium and magnesi umions have al so been

eval uat ed Witgnifiddmrl surtglser toncederatdpnshefcdiviajents dadrigins t o
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(74,800 ppm Mg++ ions) as well as brine solutions having
large'quantities of both calcium and magnesium ions have
also been evaluated with similar success. ;;;

In order for the copolymers herein to provide
substantially impermeable filter cakes for effective fluid
loss control, the drilling fluid must contain at least a
minor amount of a bridging solid. While bentonite or
calcium carbonate in concentrations of as little as 0.006
kg./1. (0.25 ppb) have provided adequate bridging;_other'
typical particles such as sized sodium chloride may be
employed with similar results expected. Preferably the
bridging solid is present in an amount of at least 0.llkg
(0.251b per 190.9 1 (42 gal) of aqueous solution.

The quantity of acrylamide:acrylate emulslon
copolymer necessary to provide effective fluid loss control
will vary with circumstances depending on such factors as
the weight and character of drilling fluid treated and the
formation strata type encountered in addition to the cation
concentration of the fluid. Ordinarily, good fluid loss
control will be realized when the copolymer is added in
amounts of about 0.0012-0.0190 kg./1. (0.5% to about 8 ppb),
preferably 0.0024 - 0.0095 kg./l..(l-4 ppb). Preferably at
least 0.23 kg (0.5 1b) or up to 3.6 kg (8.0 1b) of emulsion
copolymer is present per 190.9 1 (42 gal) of agueous '
solution. It was noted that as the treatment level of the
copolymer'is increased, the thickness of the filter cake
produced generally decreases as does the amount of fluid
loss. | |

The molar ratio of the copolymer employed may also
determine the treatment level required. Generally higher
treatment levels of 70:30



formation .strata type encountered in addition to the cation concentration
of the fluid. Ordinarily, good fluid | oss control wll be realized en t he
copol yner is added in anounts of about 0.0012-0.0190 kg./I. (O.SZigﬁizbout
8 ppb), preferably 0.0024 - 0.0095 kg./l. (1-4 ppb). Preferably Least
0.23 kg (0.5 1b) or upto 3.6 kg (8.0 Ib) of ernulsion copolymer is‘present
per 190.9 1 (42 gal) of aqueous solution.}J-dt was noted that as the
treatment | evel of the copolynmer is increased, the-thickness of the filter
cake produced general |y decreases as does the anmount of fluid |oss. The
nolar ratio of the copolynmer enployed may al so determ ne the treatnent

| evel requi raary)&mideral agryliatéaopolymernere necessaryoin Hdmparisonats \copalyhers
acryl ate copol ymer are necessary in conparison to copolyners which contain
hi gher . acr ylwhicbecandadar Jiigher rasirutamidei te acnybateemotar obtidsnisioridearto
fluidygss results. In the presence of the highest |levels of divalent ion
cont am nat i Abtain esimidar ufduedl 1055 craswl €54 odndthe psesenceopbitheehighest levels
containing | ess than about 25 npl ar percent of the acrylate constituent are
preferably efpddyientpien ¢ soptamination &i.encsatirated salehumchdanidely t o
accurately nmeasyre nol ecul ar, m%ights in excess of. 1 mllion, as co nly
expect e@ f r FIPPOMTENSoROMATNHRY 12388 | Hhan: abauti 4B dw0lar efcedl afi she dcrylatey

the enul sion 10 co olgners merzydetqrni ed. The relative viscosities of

the pol ymer SOREFLLYRDE 2T RTBISRANLY rHIP18¥8 %y procedure enpl oying a Dudl ey

viscosity Fﬂ'pEttﬁhe to difficulties encountered when attempting to accurately measure
bt molecular weights in excess of 1 millfon, as commonly expected from
| emulsion polymerization techniques, relative viscosities of-the_emulsion

10 copolymers were determined. The relative viscosities of the polymers were
measured by the following procedure employing a Dudley viscosity pipette
which is calibrated to deliver 100 cc. of deionized water at 38°C (100°F)
in 34 seconds. A 0.1% polymer solution was prepared by adding 0.2 g.
(based on dry solids) of the acrylamide:acrylate emulsion to a half pint

15 glass jar containing 200 g. distilled water equipped with a Bodine motor
agifating at 400'bpm. The solution was mixed for 15 minutes then allowed

G to stand for an additional 30 minutes. The relative viscosity of a sample
was the time it took for a 100 cc. portion of the 0.1% solution to flow
through the pipette at room temperature.

20 The relative viscosity of an emulsion copolymer useful herein will be
at least about 37 seconds. Although emuTsion copolymers having higher
viscosities are expected to also provide acceptable fluid loss control in
divalent;cation-containing fluids, those having relative viscosities of
40-60 seconds are preferably.employed.

25 Unless otherwise noted, the standard drilling fluid employed in the
examples consisted of 350’m1. water and 22.5 g. bentonite. The salt-

containing fluids were prepared by first dissolving the designated amount



e

whi-chris ‘calibrated to deliver 100 cc. of deionized water at 38[err] (100F)
in 34 seconds. A 0.1% pol yner-sol ution was prepared by adding 0.2 g. (based
on dry sol.ids) of the acrylamde:acrylate emulsion to a half pint 15 »

gl ass j ar.. co ing 200 g. distilled water equipped with a Bodi ne notor

agi tating ‘at. rpm The solution was m xed for 15 m nutes then allowed to
stand for an itional 30 minutes. THe relative viscosity of a sanple was
the tine it took for a 100 cc. portion of the 0.1% solution to flow through
the pipette at roomtenperature. 20 The rel ative viscosity of an
enmul si on copol yner useful herein wll be at |east about 37 seconds.

Al t hough afmskait cintoophe wates ardvdirpens g thei fladdi 16sss cantrodxpgentedotte al so
provi de acceptable .fluid loss control in divalent cation-containing fluids,
t hose haviesged aprioiryto \addingitheckensionite 60 The dnedted f updewerabstji reap| foyed.
25 Unl ess ot herwi se noted, the standard drilling fluid enployed if
t he exanAk&ipwiesi enalpyingasdiani 1tagaBeach Myl bimizeq. thesnsemliedein Tass alars::
containing fluids were prepared by first dissolving the qgsi?nq;ed'annunt

of salt iRftigrtH bpare staticallypaged Ay Fopm temperatuse arofe ThI(180dh. tAftes

tested priqr to addi t he bentonite. The treated fluids were stirred for
20 ni nu?e’s?’@ﬁp?'lﬁ/isﬂ@ggesl—ﬂﬁf? teﬂﬂ?‘@féhf%m]f‘?r&x stﬂ?m"'gi,am’eé standasds. j ars

R W N R A R T A Bl o E
standar o g SREEHES, PEREPTtha e SICRECREY sB00Y. B ABunddatB
AN chlysTent URaIHIBIGISH UL PRl Vo el -2
‘thi Ck”essii@Etﬁﬁraﬁghs only. Generally, a filter cake having a thickness after API
10 filtration up to about 0.397 cm. (5/32 in.) was regarded as acceptable,
with thinner filter cakes being preferred. In 350 ml, of fluid, 1 g. of
f]uid loss control agent corresponded to a 1 ppb treatment level.
In the examples which follow all parts are by weight and aTl degrees
are in Celsius unless otherwise noted. The gquantities of the additives
15 employed were based on dry basis. Emulsion as used herein refers to a
water-in-0il emulsion and calcium chloride refers to the dihydrate form
(i.e., CaCIZ.ZHZO).. : S S
- | EXAMPLE 1
This example illustrates the ability of an acryIamide:potassiqm
20 acrylate emulsion copolymer to effectively provide fluid loss control to
 calcium-containing drilling fluids .in comparison to a sodium polyacrylate
emulsion polymer, |
Drilling fluids prepared with 4% and saturated aqueous solutions of
CaCl2 and 4% NaCl were treated with 0.0024 to 0.0071 kg./1. (1 to 3 ppb)
25 of the polymers and aged for 16 hours at 82°C (180°F).  Fluid loss

results may be found in Table I.
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10 filtration up to about 0.397 cm (5/32 in.) was regarded as
acceptable, with thinner filter cakes being preferred. In 350 m. of fluid,
1 g. of fluid loss control agent corresponded to a 1 ppb treatnent |evel.
In the exanples which follow all parts are by weight and all deg?ezjzame in
Cel si us unl ess otherwi se noted. The quaptities of the additives 415 :Xﬁ,)
enpl oyed were based on dry basis. Enmul £on as used herein refers to-—a’
wat er-in-oil emrmulsion and calciumchloride refers to the di hydrate form
(i.e., [err]) EXAMPLE 1 This exanple illustrates the ability of an
acryl am de: potassi um 20 acrylate enul sion copolynmer to effectively
provide fluid loss control to calciumc Ing drilling fluids in
conmparison to a sodi um pol yacryl ate emnul sion polymer. Drilling fluids
prepared with 4% and saturated agueous sol utions ofAt%wkﬂth 495Nad were
treathd mﬁgglazggz4 to 0. 0071 RESMET® (1 to 2 pph) 2fcc. dn 3@ migutesier s and
%or Fl ui

aged s at 82C (1 . | gss 1t be_found in
Table 1. 12 TABLE | A P. I KOy Ploss Tr d% Hakh sélﬂa‘ﬁgrm%t“rated £atls in
30 m nutes * , "~ Level 5 :
kg. /1. pp%lgﬁé%gﬂm&{% NaCl 4% [err]” Satur af &d [ er rP'SBI ank- Contt%
; ~80:2 acryl%ﬂﬁi L. L 111680: 20 pfgylam de: 5 0.0024.
1 assium actgfate 0.0048 2 7 8 28 | 3
0.0071 3 7 8 2
., 10 sodium polyacrylate 0.0024 1 51 136 190
ke 0.0048 2 29 138 192
: 0.0071 3 9 132 176

*Both poiymers had relative viscositfes of SO,Seconds.
The results show that the polymers were both effective in a sodium
15 system,'however, only the acry]amidé:acry]ate_emu1sion copolymer was
effective in both 4% and saturated calcium chloride-containing fluids.
EXAMPLE 2 ‘
ThiS example illustrates the ability of acrylamide:acrylate emulsion
copolymers fo effectively provide fluid loss control to drilling fluids
20 which contain.either 4% NaCl or CaCI2 in comparison to polyanionic
A cellulose. The fluids were treated with 0.0024 to 0,0071 kg./1. {1 to 3
ppb) of thg polymers then aged for 16 hours at room temperature. See

Table II for the resd1ts.

TABLE 11
25 'Pdlymer '
Salt Treatment  A.P.I. Fluid Loss Resuylts
Polymer Concentration Level After Room Temp. Aging

cc. after Cake Thickmess

30 70:30 acrylamidg: 4% NaCl.  0.0024

1 10 0.079 1

sodium acrylate 0.0071 3 9 0.079 1
4% CaCl,  0.0024 1 64 0.318 &

| 0.0071 3 10 <0.079 <1



potassi um acryl ate 0.00438 2 ' 8 28 3 0.0071

3 - 7 8 2 10 sodi um pol yacrylate 0.0024 - .
1 136 . 190 0. 0048 2 29 138
192 0. 0071 9 132 176 *Both pol yners had
relative VISQH’ ties of 50 seconds. The results show that the polyners were

both effective in a sodium 15 syst emighowever, only the

acryl am de: acryl ate enul si on copol yner s effective in both 4% and
saturated cal cium chl ori de-containing fluids. EXAMPLE 2 This exanpl e
illustrates the ability of acrylanide:acrylate enul si on copol yners to
effectively provide fluid | oss codiABbE klo(denti'd)ng fluids 20  which
contain either 4% NaCl or [err] in conparison to polyanlonlc cel | ul ose.

The fluids were treated with 0.0024 to PoQORL kg (1 to 3 ppb) of the
pol ymers - then aged for 16 ho$8ld at rooﬁf@@rﬂp@tatuﬁel’ ISeéW‘HbILQSSIRe‘SQRtH\
resul ts. POlmer |1 25 Concentration Level After Room Fempyndiginml t
Treatment A P.l1. Fluid Loss Results Pol yer Concentration
Level5 After Room Tenp. Aging cc. after Ca%é TafiteRndaakey 7qknessppb
30 nin. o 079 ch/32 in 30 70 30 X8e{danippb _30 minn, 9.079 'Mdﬁazﬂ"-
10 d|un1 | at e 0.0
.9 0. 0%30 acryla 1Qe Ga ¥o 00 40024 1 §4 <0%;él8 <1 4
0.0071 Patassium achlate <0. 079 L9071 © 3 0.15 2
a% CaCI2 0.0024 1 210 0.476 6
10 _ 0.0071 3 10 0.159 2 N,
'/
polyanionic 4% NaCl 0.0024 1 - 8 0.079 1
cellulose _ 0.0071 3 7 0.079 -1
4% CaCl,  0.0024 1 162 0.79% 10
' - 0.0071 3 - 45 0.714 9
15 a-CopoTymers were prepared similarly to copolymer of Example I with
relative viscosities of about 50 seconds expected.
The ‘results show that while all the polymers provided good fluid
1oss control in the sodium system, the emulsion copolymers were superior
to the polyanionic cellulose in a system which contained a high level of
20 calcium ions, _ _
EXAMPLE 3 | O

This example illustrates the molar ratios of écry]émide to acrylate
necessary in the emulsion copolymer to provide effiéient fluid loss
control in calcium-containing systems.

25 Acrylamide was emulsion copolymerized with potassium acrylate in
molar contengrationS'of 90:10:to 50:50 with similar relative viscosities
-df approximately 49 seconds expected. An emulsion polyacrylamide |
homopolymer having a relative viscosity of 40 seconds was also prepared.
The homopolymer and copolymers were added to drilling fluids prepared from

30 4% and saturated aqueous solutions of CaCI2 in treatment levels of



TABLE 11 {cont'd) Pol ymer Salt Tr eat ment A.P.I. Fluid Loss

Resul s Pol ymer : Concentration Level _ After Room
Tenp. Aging 5 . CCsy
after . Cake Thi ckness kg./1. ppb 30 min. 0.079 cm1/32 in. 70?\@9"\_,
acryl am de: 4% NaCl 0. 0024 1 <5 <0. 079 - \e2’
pot assi um acryl at ea 0. 00@ 3. 37 0. 159 2
4% [err] 0. 0024 1 210 ~S476 6 10

0. 0071 3 10 0. 159 2 polyanionic 4% Nadl

0. 0024 1 8 0.079 - 1 cellul ose

0.0071  30.0024-0.0074 kg./V.. Q193 ppb). jaE T 162
0 794 oo - 8 /0. Q1 PES) Tﬁ_gflf;i’ldjf% were egalg@%d aa_fé(e)ﬁollsyrr%%.#ég

wer e “pr epaatdrepmntémpergtice and B2°Ce( 180°F ¢ TN F&SUIRE Ahdy’ Be VioundSiy | €S
of abduwt 50 seconds expected. The results s 'o?v that while Z‘H‘wt ﬁe&p% y{rﬁers
provi ded gbatliesl LI dndstVgcontrol in the sodi um system the enul sion

copol ymers were superior to the polyanionic cellulose in a system which

contai ned a hi ghel easalltofshid@ thatakbe wopobymer EWtdhing eflimolRrasmiits of
illustrates the nolar ratios of acrylamde to acrylate necessary in the
enul sidn capiipmide tapdpacryldte ofasi inefifective dnloth caldiuml systems. The
cal cium cont ai_ni ng systens. 25 Acrélt am de was emul si on copol yneri zed
wi t h. pot asSeRAhYEEFS IcAmBrisingndtarl eash ISnnetan pescent ocrylamide Hospérsedt h
simlar relatjye viscosities of approximtely 49 seconds expected. An
emul si on pEﬁ%ﬂéX-YyVhrﬁ’ﬂed”””‘g fluids, producing no lumps or significant changes
in viscosity, while providing good fluid loss control. It was noted that
for each useful copolymer, higher treat:hent levels were required in the 4%
10 (:a(:l2 systems than in the saturated systems in order to provide simiiar
fluid loss control. The 100% acrylamide emulsion polymer provided fluid
loss control in the saturated system; however, the drilling fluid became
undesirably thick and dilatant which can cause the filter paper t.o plug

during evaluation.

TABLE II1
15 A.P.I. Fluid Loss Results
o . : After 82°C (180°F) Agin
e _ : , (cc. after 30 minute
. 2cry}am1de:Potassium Treatment
crylate Molar Ratio Level 4% CaCl, Saturated CaCl
20 B kg./T. ppb 2
Blank - - - 115 112
50:50 0.0024 1 111 316
0.0048 2 125 312
0.0017 3 144 310
25 70:30 0.0024 1 206 319
: 0.0048 2 63 59
| 0.0071 3 11 19
80:202 -~ 0.0028 -1 295 | 4
- 0.0048 2 56 -3
30 0.0071 3 25 ' 2



honopol yner

having a relative viscosity of 40 seconds was al so pr epar ed.

The honopol yner and copol yners were added to drilling fluids prepared from.

30

in Tables |11
equi nol ar amounts of 5
cal ci um syst ens.

required in the 4% 10

4% and. 3,

14 0.0024-0. Oazgékg /1. (1-3 ppb).
at roomtenperafure and 82[err] (180[err]) aging.
and 1V. The results show fRat the copol yner containing
acryl am de anJ‘acryIate was ineffective in both

at ed aqueous solutions of CaCl 2 in treatnent
The fluids were eval uated after _
The results may be found

The copol yners conprising at
acrylam de dispersed readily in the drilling fluids,
signi ficant changes in viscosity,TABbE| HIp(oontdinogdgood fluid | oss control.
It was noted that for each useful copolyner,
. [err] systens than in theAsRhilv &laid 19s$ Resuil ts

order to provide simlar fluid |oss control.

hi gher treat ment

| east 70 nol ar percent

| evel s of
16 hours

produci ng no | unps or

| evel s were

pol ymer provided fluid |oss control in the saturate(csyarten 3domBuwdes)t he
drilliSng fAQ!‘W&Ia!b"ESt%ﬂQtQﬁidml rabl y Tneagmenthd di | at ant whi ch can cause the
filter pa t evaILfgiigﬂsl;%$BLE | 14% ¢&C1, Saturated CaCl,
A.P.I. Fluid Loss Results After 8%29«<rir]PRRL8O[err])Aging (cc. after 30 2
m nut e$) Acrylanlde Pot assi um Treatnment Acrylate Mdlar Ratio
Level Syl Perr] Sag fedl [err] 2029 5
kg./l _ . ppb .0048 2 120 2
10 0.0071 3 20 2
90:10 0.0024 1 293 5
' 0.0048 2 60 . 3
0.0071 3 16 2
~a~-Copolymer had a relative viscosity of 49 seconds.
15 TABLE 1V
Treatment A.P.1. Fluid Loss of Saturated CaCl,
Acrylamide:Potassium Level Fluid After Room Temp. Aging
Acrylate Molar Ratio  kg./T. ppb {cc. after 30 minutes
Blank - - 104 '
20 50:50 0.0024 1 - 246
0.0048 2 204
0.0071 3 160
70:30 0.0024 1 296
0.0048 2 33
25 0.0071 3 4
80:20 0.0024 1 8
: 0.0048 2 3
0.0071 3 2
90:10 0.0024 1 5
30 0.0048 2 3
0.0071 3 3
100:0 0.0024 1 2787
0.0048 2 26a
0.0071 3 2
3% a -:The tluids were very thick and dilatant.

EXAMPLE 4

This example further i1Tustrates the abjlity of two-acrylamide:-

The ABOes 82P¢ | (LBOAE) i‘_@!h%l GQ /

()
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Bl ank . T - 115 112 50: 50

0.0024 1 \ 111 316 0.0048 2 125 -
312 0.0017 3 . 144 310 25 70: 30 (

0.0024 1 . 206 ' 319 0.0048 2 f/

59 0.0071 3 11 19 80: 20a 0024

1 295 4 0.8%;8 2 56

3 30 ' : ' 25

2 TABLE I'll (continued)- AP.I. Fluid Loss Results After 82[err] (180F)

Aging (cc. after 30 mnutes) 5 Acryl am de: Pot assi um Tr eat ment

Acryl at e NtassRamt iaorylate emulsiohesopolymers to effecfivel} control f1Gddurssed

[err] 85:15 0.0024 1 294 - 5

0.0048 2 in drilling fDOids which conta1n increa®irig) amounts of calcium chloride.

0.00AL, 3 20 2 90: 10 0. 0024

1 2830.0048 kg./1. (2 ppb) trsatm&nm48evel of an 80:20 medar ratio

3 0.0071 3 16 2 a-Copol ymer had a relative
~ vi scosi ty afrylamnidiespatrssiam acrylate emulsion copolymer (having a relatip@LE |V

Tr eat ment A P.l. Fluid Loss of Saturated Cad _

5 viscosity of 50 sec.) and a similary prepared 70: 30 molar ratio copolymer

(with a similar relative viscosity expected) were added to a series of
drilling fluids prepared from 6% to saturated aqueous soiutions of
"/ calcium chloride. The samples were aged at 82°C (180°F) for 24 hours.

Results may be found in Table v.

10 ' - TABLE V
API Fluid Loss Results After
Acrylamide:Potassium caCl Ca++ 82°C (180°F) Agin
Acrylate Molar Ratio COncentgat1on ppm (cc. atter 30 minutes)
70:30 6% 16,362 26
15 80:20 : ' o 18
'70:30 10% 27,270 15
80:20 | 21
70:30 20% 54,540 14
o 80:20 14
~ 20 70:30 308 81,810 10
80:20 _ . 10
70:30 . 40% 109,080 . 11
80:20. ' _ 10
= 70:30 45% 122,715 5
25 80:20 | - 6
70:30 49.4%2 134,714, 168
80:20 (sat‘d. ) : . 3.6

*All filter cakes were less than 0. 079 cm. (1/32 in.) thick except for the
: saturated fluid treated with the 70:30 copolymer which resulted in a
30 1.111 em. (14/32 in.) thick cake.
EXAMPLE 5
An 80:20 acrylamide:potassium acrylate emulsion copolymer, having a

relative viscosity of 50 seconds, was added at a 0.0071 kg./l. k3 ppb)



Acrylanidé Pot assi um Level Fluid After Room Tenp. Agi ng

Acryl ate Nbl-r Rati o (cc. after 30 minutes) .
Bl ank - - : 104 20 ' 50: 50
0.0024 4% 246 0.0048 2 : 204
0.0071 3 160 7730 : 0. 0024 1

296 0.0048 2 33 25

0.0071 3 - 4 80: 20 0. 0024 1

8 0.0048 2 3 0.0071 3. 2
90: 10 addition levk10084a drilling fluid prepared w1th a satuiraped aqueous

0. 0048 2 3 0.0071 3
100: 0 so?ution of (ma(qnesﬁum ¢chloride. The treated drﬂ'lir;g;aﬂmgoq; aged at

26a 0.0071 a - The_fluids were very

t hi ck and8af¢ a(tlﬁﬁfF) ERANFG thogryHang é&%ﬁﬁéﬂ%r’fpﬁeﬂ uig| 1@ssr.at A% unfeeadied) it y
of two acryl am de:" pot assi um acryl ate enul_si on copo ners. 1o fectlv
control fisamele ¥3s alﬁodevalmaﬁgd quuPdé"WP&h dbat eentreh aéiaéuﬁ 1&n£>'eﬁﬁ 8fof

caIC|un1chIor|de A 0.0048 k

ratioSacr ybath dé: foen 30smimuts r‘y'ltri't éz e)g, %ﬁ%g&%@eveh%s}é%ﬁg&zmgar

in.). The sample containing the acrylamide:potassium acrylate copolymer
had a fluid loss of only 7.8 cc with a cake thickness of less than 0.079
cm. (1/32 in.).

EXAMPLE 6
10 This example compares the performance of a 80:20 acry]amide:potéssium
acrylate emulsion copolymer with other commonly used fluid loss control
additives. ' _
Drilling fluids were prepared from a saturated adueous solution of
calcium chloride and treated with 0.0024-0.0071 kg./1. (1-3 ppb) of the
15 various polymers to be tested, The treated samples were aged at 82°C
(180°F) for 16 hours then tested for fluid loss. The results may be
found in Table VI.
TABLE VI NS
- Polymer A.P.I. Fluid Loss'Results After
25 a Rel. Visc. Treatment 82°C 180°F) Agin .
Polymer (sec.) Level cc. After 30 min, Cage %ﬁicEness
0.079 1/32
kg./1. ppb ' cm. in.
Control (Blank) - - - 114 ' 0.318 4
30 80:20 Acrylamide: 49 0.0024 1 4 . <0.079 <1
Potassium 0.0048 2 3 <0.079 <1
Acrylate Copolymer - 0.0071 3 2 - <0.079 <1
Sulfonated 50 0.0024 1 138 0.476 6
polystyrene 0.0048 2 124 0.476 6
35 - - 0.0071 3 120 0.476 6
Sodium Polyacrylate 37 = 0.0024 1 118 0.318 4
0.0048 2 116 0.318 4
0.0071 3 - - 120 .0.318 4



5 viscosity of 50 sec.) and a simlary prepared 70:30 nolar ratio
copolymer (with a simlar relative viscosity expected) were added to_a
series of drilling fluids prepared from 6% to saturated aqueous s Iians
of calciumchloride. The sanples were aged at 82C (180[err]) for rs.
Results may be found in Table V. 10

TABLE V APl Fluid Loss Results After Acryl am de: Potassi um CaCl
Ca++ . 82C (180[err]) Aging Acrylate Mlar Ratio Concentration
ppm (cc. after 30 mnutes) 70:30 6%

16, 362 26 15 v20 ;

18 70: 30 10% _TAB"?ES##&"“""“) 15 80: 20

21 70: 30 20@6
ég ggﬂ : 70; 30  Visc. ng ¥ment gi 81 u1d Lojsé ﬁ@su%(as Aft

40% g

10 70:30 | 45% k5271 7 , :
80: 20 £ ﬁ- 6 70 30
49. 4% PAi3anTdnfic - 169.,802£01 300 (sat' g,082

3.6 *Al|l feettlalosekes were | ess tham,008892cm (1/3288 n.) thick cept Por
the saturated fluid treated with the,80780 3copol yner2avhi ch resul t2d in .53 30
1.111 cm (14/32 in.) thick cake. EXAMPLE 5 An 80: 20 acryl am de: pot assi um
acryl ate enul sion copol yner, having a
10 a - All polymers except the acrylamide:acrylate copolymer were
A employed in dry powder form,
b - Cake thickness was not measurable due to gel formation.

. The results show that the acry]amide:acfylate emulsion copolymer
‘provided good fluid loss control to the high calcium-containing fluid. In

15 comparison to the blank, sulfonated polystyrene and sodium polyacrylate
were seen to provide no fluid loss control, The polyanionic cellulose
provided some decrease in fluid l1oss which can be attfibuted to the un.-
desirable gel formation observed, which can act to plug the filter paper
during evaluation.

20 ' EXAMPLE 7

et o This example compires the fluid loss contrél brovided by an-80:20
acrylamide:acrylate emulsion copolymer with two 80:20 acrylamide:acrylate
dry solution copolymers and a hydrolyzed polyacrylonitrile emulsion
polymer. - '

25 Drilling ffuids prepared with either 4% or saturated solutions of
calcium chloride were freated with an equivalent of 0.0048 to 0.0071
kg./1. (2 to 3 ppb) of the polymers, aged 16 hours at 82°C (180°F), then
evaluated for fluid loss control, The resultS'may'be found in Table VII.

The results show that the hydrolyzed polyacrylonitrile emulsion poly-

30 mer did not provide fluid loss control in the presence of high concentra-



relative viscosity of 50 seconds, was addgd at a 0.0071 kg./I". (3 ppb)

17 addition Level to a drilling fluid pr ghred with a saturated aqgueous
sol uti on ofFdygnesi um chloride. The treated drjlling fluid was aged at
82[err] (18 ~rr]) for 16 hours and then tested for fluid | oss. ‘"An
unt r eat ed ‘s&fmpl e was al so evaluated as a contrpl. The control had a fluid
loss of 5 - 76 cc. after 30 mnutes with a fi|Jter cake thickness of 0.318

cm (4/32 in.). The sanple containing the acry
copolynmer had a fluid | oss of ofl%§ 758%cc d/v'l._,th

than 0.079 cm (1/32 in.).2BXAMBIE 63518 =3

performance of a |808p0 acr;yl:am Bpo@Esi mract

wi th other commo Iy., sed P d kdss &oht r @ . 2ad
prepared froma Bt at ed ,é'qﬂeoﬂé"so’f‘tj‘l’i ofr ‘bf
with 0.0024-0.00 AN pB) o ot hes 15

am de: pot assi um acryl ate

a cake thickness of |ess

Thi s exanpl e conpares the

yl ate emulsion copol yner
Hitives. Dr&lI&ing fluids were
"al cium chlg,rs,de and treated

tested. The tre sarrplmsewe 63 ag&dsat ‘BB00
tested for flu§d 5. The”r®suf’t's nay “be % Bun
Pol yrmer ARl iid Loss Results After 25
Vi sc. Treat ngr 6_;320&_, (%B‘QF)‘dAgln & Boly
Level cc.4 30 mn. e Thi ckness kg
cm in. Gagt ( Bl ank)
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30 80:20 Acrylamide: 49 0. 00241 4

<1 Potassium . 0.0048 2 3
<f Acryl ate Copol yner 0.0071 3 2
<1 Sul f onat.ed 50 0.0024 1 138
6 pol ystyrene 0.6p48 2 124 -
6 35 : =~ 0.0071 3 120
0.476 6 Sodi um Pol yacrygte 37 ‘S 0.0024 1 118
0. 318 4 0.0048 2 2% 116 5, : 0. 318 4 0.0071 3
120 0.318 ®w4 ® STABLE VI (continued) Pol ymer A P.l1. Fluid
Loss Results Afte§ RA? vissd.  Tred nent .~ 180[err] Aging
Pol ynera o ® .g(gecg_‘; Letel cc. After 30 min. Cake Thickness
5 . %3 S8 55 > 0.079
1/32xg. /1 ppbp g aa =< gcm in. Polyanionic -
0.0024 1 =<} 300 132  [err] Cellulose _
0.0048 2 g | 88 _ L5 b 0.0071 3 24
- - 1 8| All polyners ex@é@bt the acryl am de: acryl ate copol yner
were enpl oygASHB Ny .ppWlgyeef orm P& Cake thickness was not neasurabl e due
to gel formg. —~[The results showttgat the acryl am de: acryl ate enul si on
copol yner prbwi@ed good fluid losf&ntrol to the high cal ci umcontaining
fluid. In B mpari sow b0 t he Dlagank, sul fonated pol ystyrene and sodi um
pol yacryl at & %k &Jseen t ogiBovi de.atz fluid | oss control. The pol yanionic
cel | ul ose 1 11 oo o a .
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provided

sone decrease in fluid | oss which can be attributed to the un-

desirabl e gel formation observed, which can act to plug the filter paper
durjng eval uation. 20 EXAMPLE 7 Thi s
exanple‘ggﬁpares the fluid | oss control provided by an 80: 20 ‘

acryl am
dry solu
pol yrer .

acryl ate emul sion copolynmer with two 80:20 acryl ani de: acryl ate
n copol yners and a hydrol yz pol yacrylonitrile enul sion
25 Drilling fluids prefared with either 4% or. saturated

solutions of calciumchloride were treated with an equivalent of 0.0048 to
0.0071 kg./1. (2 to 3 ppb) of the polymers, aged 16 hours at 82[err]

160L %, PR’ Fihe, " A K114 SOnEARIRG phe adtiRanfIdldchyTRe 71
Qﬂh’s‘ioﬁocopmﬁlep'rﬁdggéttﬁrroﬁtﬁ‘%i h1bsd LohPron Ciﬂ“ﬁgf}w@aﬁ%& R Hgeaence

(180[ err]
found in
enmul si on

of high concentra-

the acryl aghetind

~comparison to th

I ons of calciumions.

e containing the dry solution copol yners.

fluid | osgng esaturared ChUP, Sybtény @fipidying €he'SBTHL IAPLSPH1Ies Appeandd €9
copol yners appeared to

5

10

15

20

25

be gpod, the results may be due to the'p)ugging of the filter paper by
the undesirable patchy gel observed. |
EXAMPLE 8

This example compares the fluid toss control provided by a 70:30
acrylamide:acrylate emulsion copolymer in a 24,000 ppm Ca++ ion-
containing system with a vinyl sulfohate:vinyl amide solid copblymer
known to be tolerant of calcium contamination.

Drilling fluid samples containing 14 g. bentonite, 35 g. sodium
chloride, and 35 g. calcium chloride in 350 ml. of water were treated wifh'
7 9. (equivalent to 7 ppb.) of the copolymers. The samples were aged at
room.temperature for 16 hours then evaluated for fluid loss. Both
copolymers provided smooth, uniform filter cakes of 0.079 cm. (1/32 in.)
in thickness and excellent fluid loss control (only 4.8-5.0 cc. after 30
minutes).

EXAMPLE 9

This example illustrates the necessity of having at least a small
amount of bridging solids present in the drilling fluid in order for the
emulsion acrylamide:acrylate copolymer herein to provide fluid Toss
control in calcium containing systems. | |

Low solids drilling fluids were prepared by adding 0-0.0048 kg./1.
(0-2.00 ppb) of either bentonite or calcium carbonate bridging solids to:
saturated aqueous calcium chloride. The fluids were further treated with

0.0071 Kg./1. (3 ppb) of an 80:20 acrylamide:potassium acrylate emulsion

ul ds contai ri‘mg
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5 be good, the results may be due to the plugging of the filter paper by
t he undesirabl.e patchy gel observed. EXAVMPLE 8 This exanpl e conpargs—the
fl'uid | oss control provided by a 70:30- acryl ani de: acryl ate enulsiQﬁEZ<g/
copol ynmer i.n a 24,000 ppm Ca++ ion- 10 containing systemw th azw.oy
.sul fonate:vinyl am de solid copol yner known to be tolerant of cal cium
contam nation. Drilling fluid sanples coMﬂQrﬂng 14 9. bentonite, 35 g.
sodiumchloride, and 35 g. calciumchloride in 350 m. of water were
treated with 7 g. (equivalent to 7 ppb.) of the copolyners. The sanpl es
were aged at 15 roon1Lenperaiurg for 16 _hours then evaluated for fluid

| oss. Both EOMIYPREMAYIRG\A gelakivsoyiscasity afA8isecondsakdeeatiedoand cm
(/32 in.) in thi%kness ?nd excellent fluid | oss control (only 4.8-5.0 cc.
af ter.30 ni nHPEpted smples yesp aded at rpomstemperature for d6r heuns and fluid

necessity of ving at |east a small unt of bridging_solids present in
the drilli ng] r&gi‘i]‘etSMHedf'orﬁl%ée§ SsM3h c??‘!'!ﬁ%"ﬂ&%?y\'%kle copol yner
herein to provide fluid | oss control inlgggihggbcontaining systens. Low
solids drilling fluids were prepared by -0.0048 kg./I. 25 (0-2.00

ppb) of gither bentonite or cal ci um'carbgnat ridging solids to satuyrated
aqueous 5ial ciumchloride. The fluids vverg'?tffﬂgft?‘ﬁé %@Isﬁf‘frﬁ.t;gzah'“d

kg. /1. (3 : dofi n@e 39420 | ami de: A S-Sy R ‘
Cgpolyrrér Ep@'l fing 519420 acryl am ;‘ g?Séﬁid%eﬁ s Tre%% 000 AR

) Bentonite 0 0 340 250
./ 10 0.0006 0.25. 334 30
0.0024 1.00 328 24

0.0048 2.00 336 8

Calcium -0 0 342 248

_ Carbonate 0.0006 0.25 344 6

15 . 0.0024 1.00 170 3
0.0048 2.00 326 7

As caq be seen from the data, at least about 0.0006 kg./1. (0.25 ppb)
of bridging solids are necessary in a dri]ling'f1uid in order for the
emulision copolymer to provide fluid loss control.

20 o EXAMPLE 10

- This example i]lustrates.the ability of 80:20 acrylamide:potassium
acrylate emulsion copolymers to effectively provide fluid loss control to
drilling fluids prepared from a brine which contains high concentrations
of divalent cations. | |

25 Williston Basin Brine which generally contains between 20,000-90,000
ppm divalent cations and an additional 50,000-90,000 ppm monovalent
cations was employed. The divalent cations consist primarily of Ca++ and
Mg++ with minor amounts of Zn++ and Fe++. The monovalent cations consist
primarily of Na+ with smaller amounts of K+ jons.

30 Drilling fluids were prepared from a Williston Basin Brine ﬁhich was

| mixed with 0-0.0006 kg./1. (0-25 ppb) attapulgite clay, 0-0.2756 kg./1.
(0-116 ppb) barite, 0-0.0535 kg./1. (0-22.5 ppb) bentonite.and 0-0,01434



untreated sanples were-aged at roomtenperature for 16 hours-and fluid | oss
was deternined. The results may be found in Table VIII. TABLE VIII 5 ~

AP FIuL’, oss of Saturated [err] Fluiid After Room Tenp. Aglng Brldglng

Solid Solids + 0.0071 kg/l. kg./1l.

ppb Sofids Only (3 ppb) Copol ynmer Bentonite 0 ‘ 0

340 250 10 22 0.0006 0.25 334

30 0.0024 1.00 328 24 0.0048 2.00

336 8 Cal ci um 0 0 342

248 Car bonate 0006 0. 25 344 - 6 15

0.0024 kgefl. (0-6 ppﬁocalcium carbonate. The fluids wg_rgdzmatett wigh 0-0.009%26
7 As can be see fron1§he dat %st abaut 0. 0006 kg (Q.25 ppb) of

bri dgi ng §SH"d-s Gré Apd e%fszﬂ"y ‘rP"aCBP‘? I-W“Fﬁﬁ haying "eﬂaBerl’”f‘Eﬂs’ttFl%s é’rful si on

copol ymer to pr,ovi f|UId Igss CO

EXAVPLE 18PRTAINESaINpA8 99008 s Aded. fafb 16009urs, at, roge. tagperature or 82°C i

1 o1 osd 88T ophea, e T4atefl, far, T ﬁe%%-'réﬁ%?@#ﬁﬁa&éﬁﬁoﬁnﬁ’éﬁﬂ ai ns

hi gh ncz { \ons of dival ent cations. Wl liston Basin Brine
whi ch¥ gen ﬁf} ¢ont ai ns between 20, 000- 90, 000 ppm di val ent cations and an

aditi onal 50, 3007 30900 PRY' FRBUEL ©¥ne BN 3030 EiDOPRUSE erFlEs fly ther

cations consis I marl ranoun n++ and

Fe++. Thegmﬂw%eﬂtmaan&n%om' th BHThBREdt%iRInd P Tuid,n SRl I er anountss

of K+ ion
Summarizing, fluid loss control additives which are useful in dival- \J

ent cation-contaminated drilling fluids are provided. Drilling fluid
10 formulations with improved fluid loss control are obtained when high mole-
cular weight water-in-o0il emulsion copolymers-'of acrylamide and a water-

soluble salt of acrylic acid are employed as fluid loss control agents.



.

30 .Drilling fluids were prepared froma WIIliston Basin Brine which
was mxed with 0-0.0006 kg./l. (0-25 ppb),attapul gite clay, 0-0.2756 kg./I.
(0*116 ppb) baritg, 0-0.0535 kg./I. (0-22f§'ppb) bentonite and 0-0, 014
kg. /1. (0-6,pp§§ al cium carbonate. The fluids were treated with 0-0.

kg./1. (0-4 pp f enmul sion copolyners having relative viscosities o
approxi matel y c’econds, aged for 16 hours at roomtenperature or 82[err]
(180[err]), t heédegdval uated for fluid |l oss. The results may be found in 5
Table I X. As camdle s@gdythg izt a,Q¢he Qgissi on copol yner was effective

in providing fligq | oss contr to brrne-containing fluids. Summari zi ng,
fluid | oss contg®} additives which are useful in dival- ent
cation-contam rguiHd drilling fluids are provided. Drilling fluid 10

formul ati ons Wi P|i nproved fluid | oss control are obtai ned when high nol e-
cul ar fxei ght waterf-in-oil enul sion copol yners of acryl anmide and a water-
soluble-salt offacrylic acid are enployed as fluid | oss control agents.
CLAIMS 1. Adrilling fluid coqﬁpkskn So8. Aagueous sol ution contai ni ng at
| east 10,000 par&{ per nilliorefen @ ¢al effiegation;

O 0 N

O

0

RT

b b
[- X~ 4

RT

Aging
82°C (18

Temperat
82°C (180
82°C (180°F

82°C (18
82°C (18
82°C (1
82°C (1
82°C (1

0
0
2
3
0
2
0
2
3

Treatment .
Level of
Copolymer
kg./T. ppb N
0
0.0095 4
0.0095 4 .
0.0095 4
00
00
0.0048

NN LI . |

TABLE IX
CaCO3

2

2

4

6

barite bentonite

Solids in Williston Brine kg./1. {ppb)

Attapulgite
Clay

0.0475 (20) 0,2756 (116) 0.0119 (5)
0.0475 (20) 0.2756 (116) 0.0119 (5)
0.0475 (20) 0.2756 (116) 0.0119 (5)

0.0594 (25) 0.2756 (116) -
0.0594 (25) 0.2756 (116) -

Sample
A
B
C
E
F
G
H
|
J
K
L



b. a water-in-oil enulsion copolyner of 5 acryianide and a’ water-sol ubl e
salt of acrylic acid wherein the acrylam de and acrylic acid are present-.in
a nolar ratio of about 70:30 to 95:5, the copolyner having a nol ecul ar

wei ght of | east one mllion; and c. a br 0 wheérein the
copol yn’@d the bridging solid are presen“mmluﬂ““muﬂ“ll cient to
reduce dloss during drilling. 2. The drrllé¢ng-flMuid of Caiml

wherein at least 0.23 kg. (0.5 I bs.) of the enul sion copol yner are used per

190.9 1. (42 gal.) of aqueous solutu@g,and the bridging solid is 15 present
In an anount of at least 0.11 kg 51b.) per 190.9 1. (42 gal.) of

aqueous solution. 3. The drilling f|UId of Caiml or 2, wherein the
enul si on copol ynmer is present in aQLA@M8Nt up to 3.6 kg. (8.0 Ib.) per
190.9 1. (42 gal.) of aqueous solution. 20 4. The drilling fluid of any_c of

Clainms 1 to 3, wherein the bridging solid is bentonite or cal cium -LJE
car bonat .. $‘dﬂuikWH9IfhwldIGOUPO sing:of Cains 1 to 4, wherein the ™2

divalent cation is Preaehlqudo@dOuBlatabnaBAkalh P 40 ﬂéés@oﬂopeobs per

mllion and is calciu magnesi um_or m xt ure tHereof

drillingRa%hs RAT Mylbicon afnd ﬁlf’él?ntvw?@r%qp't he acrylic aci d sal t is a

sodi um or potassi urg sai tyaerL PR- 871l en@N sGROIEEI1 Jwesr o). 1% sol i ds

aqueoug SerLaﬂlde and a wa»er-soluble salt of acrylic acid

wherein the acrylamide and acrylic acid are present in a

molar ratio of about 70:30 to 95:5, the copolymer having a _

molecular weight of at least one million; and ~/
c. a bridging solid; |

10 wherein the copolymer and the bridging solid are present in

amounts sufficient to reduce fluid loss during drilling.

2. The drilling fluid of Claim 1, whérein at least 0.23 kg.
(0.5 lbs.) of the emulsion copolymer are used'per 190.9 1.
(42 gal.) of aqueous solution and the bridging solid is

15 present in an amount of at least 0.11 kg. (0.25 1lb.) per
190.9 1. (42 gal.) of agqueous solution.

3. The drilling fluid of Claim 1 or 2, wherein the emulsion
copolymer is present in an amount up to 3.6 kg. (8.0 1lb.) NG

per 190.9 1. (42 gal.) of aqueous solution.

20 4. The drilling fluid of any of Claims 1 to 3, wherein the
bridging solid is bentonite or calcium carbonate.

5. The drilling fluid of any of Claims 1 to 4, wherein the

divalent cation is present in amounts of about 10,900 to

134,800 parts per million and is calcium, magnesium or a
25 mixture thereof. '



relative VISCOSIty as defined herein of at |east 37 seconds. 7. The
drilling fluid of Claim®6, wherein,the enuLSLQH_QQEQLXEE%_Eﬂg a reliphm
visscosity as defined herein of from about 40 to 60 seconds . The dgd.ji ng
fluid of any of* Claims 1 to 7, wherein the”ﬂ“ﬁ" nmol ar r a0 0f
acrylamide to acrylic acid of 70:30 to 90: mm, m’"m ng fluid of
Claim 8,- wherein the enul sion copol yner has* a‘noltar®rati o of about 80:20
and is present in an anmount of 1.0 to 4.0 pounds per barrel (0.0024-0.0095

kg./1.). 10. The drilling fluid of Caimg substantially as described in
any one of the enbodiments in the foregoi' Exanples.. 11. A process for
drilling a subterranean formation well conprising circulating into the

wel |, during dgilleng. atPe1ihyi €10iq20¥ QByckﬁ'EEa}mgollQb 5, wherein the
. acrylic acid salt is a sodium or potassium salt and the
"Lé. emulsion copolymer has a 0.1% solids aqueous solution
relative viscosity as defined herein of at least 37 seconds.

7. The drilling fluid of Claim 6, wherein the emulsion
copolymer has a relative viscosity as defined herein of from
about 40 to 60 seconds.

N 8. The drilling fluid of any of Claims 1 to 7, wherein the
copolymer has a molar ratio of acrylamide to acrylic acid of
70:30 to 90:10.

9. The drilling fluid of Claim 8, wherein the emulsion
copolymer has a molar ratio of about 80:20 and is present in
an amount of 1.0 to 4.0 pounds per barrel (0.0024-0.0095

kg./1.).

10. The drilling fluid of Claim 1 substantially as described
in any one of the embodiments in the foregoing Examples.

_ 11. a process for drilling a subterranean formation well
N _ comprising circulating into the well, durlng drilling, the
fluid of any of Claims 1 to 10.




