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The present invention relates to drilling fluids and, nore partlcularl¥ to
drilling fluids exhibiting good fluid |oss control t zation o
shale formations. It is known that shale is predorzzgtﬂygfzbdmd of clag's
whi ch swell and di sperse when contacted with a water- based drilling fluid.

This swelling and di spersion can result &n a phenonenon known as "heaving",
in which the borehole walls can collapse. To reduce this tendency of the

clays in the shale to SWEE and disBerse it is compn practice to add
cationic salts to rendedicy ﬂimgzlﬁﬁg_ﬁeﬁkE£2L£§B¥HEEEEEhEE. When this is
done, however, anionic polg!%EBIuﬂiEHPBOEINGanmbYFnBQﬂ as viscosifiers in
drilling fluids are al so rendere ydr ophobr C, erepy | osing their
ability to V|sc03|fy the drilling fluid or nud and reduce fluid | oss from

the formation. IThe sPkedentt dnusatiiont medsatfs clad | dnitl pogyfenddancind,gh
mol ecul ar Wﬁiﬂ@tpgﬁgiéﬁygﬁh%ll@@'éHiPﬁ?néFggilﬁgegxﬂithkHg §88kee1uia

rmations,, in order t 4 e shal e
fo 'loss contro stabfllzatlon of shale formations.

It is known that shale is predominantly formed of
clays which swell and disperse when contacted with a water-
based drilling fluid. This swelling and dispersion can

—t result in a phenomenon known as "heaving", in which the
borehole walls can collapse. To reduce this tendency of
the clays in the shale to swell and disperse, it is common
practice to add caﬁionic salts to render the clays
generally hydrophobic. When this is done, however, anionic
polymers which are commonly used as viscosifiers in
drilling fluids are also rendered hydrophobic, thereby
losing their ability to viscosify the drilling fluid or mud
and reduce fluid'loss from the formation.

It is known to use mixtures of cationic polymers and
high molecular weight hydroxyethyl cellulose (HEC) when
drilling shale formations, in order to stabilize the shale
by flocculating the clay, and to impart viscosification.
Prior art cationic drilling mud systems containing HEC,
however, suffer from the disadvantages of higher than
desired fluid loss, and the inability effectively to
suspend weighting agents, such as barite, at a viscosity
which permits pumping of the fluid.

It would therefore be desirable to have a cationic
polymer-based drilling fluid which would stabilize the
shale, exhibit low fluid loss, viscosify, and effectively
suspend weighting agents, such as barite.
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by flocculating the clay, and to inpart viscosification. Prior art cationic
dr|II|ng mud systens contai ning HEC, however, suffer fromthe di sadvant ages
of " hi ghey than desired fluidoss, and t he |nability effectively to suspend
wei ghti ng-.agents, such as barite, ‘at a viscosity which permts punping of

the fluid. It would therefore be desir#ble to have a cationic pol ymer - based
drilling fluid which would stabilize the shale, exhibit Iom/fIU|d Ioss

vi scosify, and_effect.ivel $u end wei t| g2 ents, su as ba%
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i nvention prOV|des a an aqueou
medi um loss and stab111ze shale formatlons.

The present 1nvent1on prov1des a drllllng fluid Wthh
comprises: ' '

(i)  an aqueous medium,

¢ (1i) from 0.5 to 3.0 pounds per barrel (1.43 to 8.58

N g/litre) of a water-soluble cationic polymer
(iii) from 0.5 to 3.0 pounds per barrel (1.43 to 8.58
' g/litre), based on aqueous medium, of hydroxyethyl
cellulose having a molecular weight from 3000 to 40,000
and ' ' ' -
uv) from 1 to 300 pounds per barrel (2.86 to 8 58
/lltre), based on’ agueous medlum, of a generally
water-insoluble weighting agent. '
~Preferably, the cationic polymer is:-
v '

(a) a branched emulsion polymer of dlallyldlmethylammonlum_
chlorlde hav1ng a molecular welght of at 1east 5,000,

(b) a dlelkylaminoalkyl ecry]iclester polymer,
(c) .a dialkylaminoalkyl methacryllc ester polymer,
(d). a d1alky1am1noalkyl acrylic acid~acrylamide copolymer,
- (e) a dialkylaminoalky methacry11c ‘acid- ~acrylamide
. copolymer, | |
(f) an N-\Dlalkylamlnoalkyl) acrylamlde polymer,
(g) .an N- (D;alkyamlnoalkyl) meﬁhacrylamlde polymer,



(ii) fromO0.5 to 3.0 pounds per barrel (1.43 to 8.58 g/Iitﬁe) of a
‘wat er - sol ubl e cationic polynmer (iii) fromO0.5 to 3.0 pounds per barrel

(1.43 to 8.58 g/litre), based on aqueous nedium of hydroxyethyl- cellul ose

havi ng a nol ecul ar wei ght from 3000 to 40,000 and (iv) from 1 to 30d
pounds per barrel (2.86 to 8 58 g/litre), based on aqueous nmedi um

gener al |
is:- (a)

havi ng a nol ecul ar weight of at |east 5,000, (b) a dialkylam noal kyl

acrylic

y wat er-i nsol ubl e wei ghting ayent. Preferably, the cationic polymer

of a

a branched enul sion pol ymer of di al | yl di met hyl anmoni um chl ori de

@k era FRHW‘V’(Q%IHEFQE%HH}P%M noal kyl methacrylic ester: polyner,
(d) a dig kyd agarpﬁdMle?ﬁéaﬁime)am d- acryl am de copol yner, (e) a
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met hacryl am de pol yner,

. When the aqueous medlum contains a salt of a
multivalent cation,- the drilling fluid will also contain a
non-water—~swellable clay which can be added to the drilling
£luid before drilling, or can be picked up by the drilling
fluid, in situ, during the drilling operation.

The present inventioh also provides a method of
drilling wherein the drilling fluid described above is
circulated in a borehole during the drilling operation.

The agueous medlum used in the drxlllng fluld.

compositions of the present invention can be fresh water,
brines containing monovalent cations, such as sodium
chloride solutions or potassium chloride solutions, brines
containing multivalent cations, such as calcium chloride
solutions) sea water etc. The natu:e of the aqueous
medium, as seen hereafter, determines the composition of

‘the drilling fluid.

The cationic polymers which are useful in the

compositions and method of the present invention are those
cationic polymers which will stabilize, i.e. prevent

erosion or dispersion of, shale containing water-swellable

clays, so as to prevent heaving during the drilling
operation, which are substantially water-soluble, or
dispersible in the aqueous medium, and which act
effectively to suspend weighfing'agents, such as barite.
The cat1on1c polymers .will be present in amounts ranging
from 0. 5 to 3 pounds per barrel (ppb) (1.43 to 8.58
/lltre) of the agueous medlum. Non-limitlng examples of

W
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3 (h) a poly(2-vinylinidazoline), (i) a poly(alkyleneamine) (i) a poly
hxgroxalkylene pol yam ne) or a m xture thereof. Wien the aqueous nedi um

containskg salt of a nultivalent cation, the drilling fluid will also
contain a non-water-swellable clay which can be added to the drilling fluid
before drilling, or can be picked up by the drilling fluid, in situ, during
the drilling operation. The present invehtion also. provides a nethod of
drilling wherein the drilling fluid described above is circulated in a

bor ehol e c&g{ﬁ%?gfgeéggigﬂfg]éﬁxi 19N nd§g@gueous nedi umused in the

drilling conposi t1ons he present ‘I nvention can be fresh water,
brines containing nonoval ent cations, such as sodi um chl oride sol utions or

pot assi um c(dyor iskearsehdd | Oitgls Doh NES1ENEEST BENGiAVLY1ddhethytahm@dSunsuch
as calciumchloride sp utions, —sea ﬁateg etc.,  The_na U{e of %Qf iﬁueous
medi um as seen FREF¥FIePaHHE FiTRLE SR L oRBLERE| B8R BF 1R2SHP1190yg
fluid. (b) dialkylaminoalkyl acrylic ester polymers,. o
- {e) dialkylaminoalkyl methacrylic ester polymers,
(d) dialkylaminoalkyl acrylic acid-acrylamide copolymers,

(e) dialkylaminoalkyl methacrylic acid-acrylamide

copolymers, _
(f) N-(Dialkylaminoalkyl) acry amide polymers,
L/f {(g) N-(Dialkylaminoalkyl) methacrylamide polymers,

(h) poly{2-viny:imidazoline) .
(i) poly(alkyleneamines),
(i) polyihydroxalkylene polyamines), and mixtures thereof.

: The diallyldimethylammonium chloride polymers useful
according to the present invention can be homopolymers, or
copolymers with other monomers, such: as acrylamides.
Preferably, the polymers are branched emulsion-type
'polymers which can employ branching agents such as
triallylmethylammonium chloride on tetraallylammonium

~chloride, as well as bis-diallylammonium salts such as
tetraallylpiperazinium chloride and N,N,N',N'-tetraallyl-
e N,N'-dimethylhexamethylenediammonium chloride. The
emulsion polymers can be prepared by emulsion or suspenion
polymerization techniques, such as. those described in US-A-
3968037, and may contain from_95-to 99.99 mole percent of
diallyldimethylammonium chloride and from 0.01 to 5 mole
percerit of one of the aforementioned’branching agents. The
branched emulsion polymers can have molecular weights of at
least 5,000, and preferably from 40,000 to 5,000,000.
Especially preferred are homopolymers of
dimethyldiallylammonium chloride having a molecular weight

from 1,000,000 to 5,000,000.



,The cat

i oni c polymers which are useful in the conpositions- and net hod of

"t he present invention are those.cationic polyners which will stabi

i.e. pr
cl ays,

substantially water-sol ubl e,

- which act effectively to suspend weighting agents, such as barite.

cati oni
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polyacrylamlde.is reacted with formaldehyde and an amine to

i ze,
event erosion or dispersion of, shale containing water-swell&hble
SO as to prevent heaving durgng the drilling operation, wiich are
or dispersible in the aqueous nedium and

The

a)

produce an aminomethylated polyacrylamide. Especially'

preferred are such polyacrylamides having molecular weights
from_40;000 to 4,000,000.

Another preferred type of cationic pdlYmer.for use in |

accordance with the present invention are the
dialkylaminoalkyl derivatives of a water-soluble copolymer
formed from an ethylenically unsaturated amide monomer and
a comonomer selected from acrylic acids, alkyl-substituted
acrylic acids and mixtures thereof, for example the
copolymer of acrylamide and methacrylic acid. Such

- polymers, which can have molecular weights from 40,000 to.

4,000,000, can be produced, for example, by the method
deécribed in'US-A—3923756. A 'particularly preferred class
of copolymer are'the dialkylamihoalkyl acrylamide-
methacrylic acid copolymers wherein the copolymer has a
molecular weight from,40,000 to 4,000,000, Especially

preferred, non-limiting examples of such copqumers include

the dimethylaminoethyl sulphates and chlorides of
copolymers of acrylamide and methacrylic acid.

It has been found that the mélecular weight of the
particular cationic polymer has very little effect on its
ability to stabilize the shale or suspend the weighting
agent. Thus, as noted above, cationic polymers of widely
diffe:ént molecular weights can be employed.

The compositions of the present invéntion also employ



(e) dialkylam noal kyl rmethacrylic. acid-acrylam de copolymers, (f)

N-(Di al kyl am noal kyl ) acry am de polyners,, (g).N-(Di alkylan1noalkyl)

met hacr yl,api de pol ymers, (h) - pol y(2-viny |n1dazoI|ne) (1)

pol y(al kyT'eneam nes), (i) pol:y(hydroxal kyl ene pol yam nes), and m xtures

t hereof . The diall yl di net hyl'anmoni um chl ori de pol ymers useful according to
the present. i nvention can be ‘honopol ymefs,  or copol ymers wi th ot her
mononers, such as acryl amides. Preferably, the polynmers are branched

| si t [ wh b h t h as .
T ol | o1 e RS e e 5 TEBE AR rhene ARLerieh (AR B4 1 as
bi s- dlalIynasmomannﬁnﬂtadauthves tEheaﬁECyIphpemammﬂlubeﬁpnesdatamd

NN N, N - ERE! é@'m'p%'mdgdﬂ 19 %%IAM) hylsenedi AN dee Gl 4e., ~ The
enuIS|on po yners can be prepare nu si on or suspenion polynerlzétlon
t echni ques (1stidhtas 8 t5f$o§a’3dla§§¢i) be@rleer}S?h1Y396§03P 228d BRINESNPAEEN from

95 to 99.93a00ke, leC@tt@fmgild)yimmt h%@rﬂw'atmééuévrmdelaﬁ;i mb@w 0. 01

to 5 nole gercegtmg ecuﬁar wé1gﬂ%(¥fom'§ d%%ed b%%“%%b”%ep%e 1ng ugon'
the degree of viscosification desired. HEC having a
higher molecular weight cannot be used to form weighted
muds in the compositions of the present invention.

L/ When the driliing £fluid of the present invention
contains a salt of a multivalent cation, e.g., calcium
chloride or sea water, it is necessary in order to achieve
acceptable fluid loss control, to include a non-water-
swellable clay.' Such clays can be dispenéed with if the
aqueous medium is fresh water, or contains only the salt of
a'monovalent'éation, such as sodium chloride.. The non-
water-swellable clay can be added to the drilling f£luid at
the start of drilling if the formation through which the
drilling progresses does not contain a non-water-swellable
clay. Alternatively, the clay can be picked up, in situ,
by the drilling fluid during the actual drilling operation,

. since many formations contain such non-water-swellable

oot clays which form: part of the drill cuttings. The non-

swellable clay will normally be present in the drilling

fluid in amounts from 1 to 15 pounds per barrel (2.86 to
42;9-g/litre) of the aqueous medium. Suitable,'non-
limiting examples of such non-water-swelllable clays
include kaolin, attapulgite and sepiolite.

The cémpositions of the present invention also include
a water-insoluble wéighting agent such as barite, although
other weighting agents such as galena, hematite and other
mineral materials may be employed. The weighting agent



branched enul si on polyners can have nol ecul ar -wei ghts of at ‘Il east 5,000,

and joreferably from 40,000 to 5,000,000. Especially preferred are )
honopol ymner s of  di net hyl di al | yl anmoni um chl ori de having a nol ecul ar d
wei ght from 1, 000, 000 to 5, 000, 000. 5 G her cationic polyners esﬁécially
sui table for use in accordance with7the present invention are N

(D al kyl am noal kyl) acryl am de pol yners, for exanple polyners prepared

via the Mannich Reaction wherein a polyacrylanide is reacted with

f or mal Wéh}dgenngaddyakenereseptodic EhancanPrsiEinpeatedaporpaér Pfani de.
Especi gl by A @300 péenauCpeROlngcie] am &6 twasey el ecuka) wvei ghts from
40,000 to 4,000, 000. _Another preferred type of cationic polyner for use in
“accor d5RecAAHEAUENBEPETent i nvention are the dial kyl ami noal kyl derivatives
of a water-soluble copolyner fornmed froman ethyl enically unsaturated am de
ronomer andThe compositions of the present invention may contain
other materials or additives, such .as additional
viscosifiers or fluid loss control additives or salts, to

tailor the mud to desired needs.

- In the method of the present invention, the drilling

fluid, if the formation contains a non-water-swellable C
clay, is circulated'in the well bore, the non-swellable
clay being incorporated in situ into the'drilling fluid.
"Alternatively, the drilling fluid having added non-
swellable clay is'¢ircu1ated in the borehole duting_the_
drilling operation, this being thé“methpd utilized when the
formation through which the borehole is being drilled is
devoid of non-water-swellable clay. |

To more fully illustrate the invention, the following
non-limiting examples are presented.

. EXAMPLE 1 ' | J

A series of drilling muds of varying compositions were
prepared and tested. In all instances, unless otherwise
indicated in this and all the other Examples, the muds were
prepared by mixing for 20 minutes oh a Multimixer following
by rolling for 16 hours at 150°F (65.5°C)'before testing.
The compositions of the drilling fluids, and test results
are shown in Table 1 below.

i
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Mud
No, 1

0.75
(86.7)
21
( 9.5)
1
{ 0.45)

1.5
( 0.63)

10
{ 4.54)
0.25

.A 0.11)

200
(90.72)

0.2

( 0.09)

15

11
(22.97)

11
(22.97)

45
(93.98)
74
(23)
8.4
16

13.0

( 1.56)

14
{29, Nov

4
( 8.35)

19

(39. mmv

.74
(23)
8.4

12.5.

13.0
( 1.56)

TABLE 1

Muad
- No. 3

0.75.
(86.7)

( 9.5)
(0.45)
(1. muv

10
(4.54)
0.25
(0.11)

200 .
(90.72)

0.2
{ 0.09)

12
(25.06)

(12.53)

40
(83.54)

74
. (23)
8.4
a.o

13.0
(1.56)

Mix
Oon

Multi
Mixer
13,0
(1.56)

Mud-

No 4a

0.75
(86.7)
21

( 9.5)

1
( 0.45)

10
{ 4.54)
0.25

( 0.11)

200
(90.72)

0.2

( 0.09) .

47

13
(27.15)"

3
( 6.27)

-1
(14.62)
74
(23)
8.0
8.2

Mud
‘No. 4b

0.75

_(86.7)
21

(9.5
( 0.45)

[ Y



6 hydroxyethyl cellulose (HEC) as a viscogsHfier - and fluid |oss
additive. The HEC, which will be present- in the conposition in

contr ol
anmount s

from0.5 to 3 pounds per barrel, (1.43 to 8.58 g/litre), préeferably 0.5 to

2.5 pounds per barrel, (1.43 to 7.15 g/litre),
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by the drilling fluid during the actual drilling operation, since nany
formati ons contain such non-mater-smelIaﬁ"b‘clays_mhich forms part of the
drill cuttings. The non- swellable clay will normally be present
driIIind*ﬁIuid in amounts from1l to 15 pounds per barrel (2.86 to 42.9
g/litre) of the aqueous nmedi um Suitable, non- limting exanples of
such non-water-swel I'l able -clays include kaoH n2 atfrap@ gi‘te ndfsgpiolite.
sol ubl e

The conpositions of the present invention also include a water-i
wei ghti ng agent such as barite, although other meightL%? gg

gal ena,” hematite and other nineral material spmag beFe

1 to 300 pounds per barrel (2.86 to 858 glligrexgofﬁthg ageo®s

conpositions of the present invention nmay coBt aign ol hegr
additives, such as additional 2
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if the formation contains a non-water-swellable clay, is circulatedAn the
wel | bore, the non-swellable clay béing incorporated in situ into tHhe
drilling fluid. Aternatively, the drilling fluid having added non-
swellable clay is circulated in the borehole during the drilling operation,
this being the met hod utilized when the formation through which the
borehole is being drilled is devoid of non-water-swellable clay. To nore
fully illust m}vgftm@el ﬁ\e@m !m:n]gthgefﬁt@vmg%mn?l1mﬁn@ga@1<amsehqs are
present ed. seri-es rilli nuds varying c osi tions
wer e prggé’rlle%@an%lgt eél?%d PreRed 'lrl?svt%ﬂggson i g'klsbbtthe?gn fg"n?ﬁﬂl cated in
this andhaidledicalhepr éRrenplies ahd nlitlsiderkopseparredr by. ni xWhghf or 20
m nut es %;t‘eaké\%é'%mﬁdfﬁb' oy ngtbxfh%bl eeforthlaf‘f Bﬂ%ﬁ é‘&o[ﬁ th before
testing. The conp03|t|ons of l'i ng : test resu ts are
shown ,ﬁEﬁﬂpgvlngmqulg er molecular welgh e g., 40,000, is

present, the drilling fluid becomes unacceptably thick.
Indeed, it has been found that using HEC having molecular
weights of several million makes it virtually impossible to
formulate an acceptable drilling fluid containing a water-
insoluble weighting ageht. Although Mud No. 4a shows

acceptable rheological properties, it has been found that o/

it shows very pdor shale stability, indicating the
necessity of the presence of the cationic polymer to
achieve shale stability. Note that when the HEC is not
present (Mud No. 4b), tﬁere is virtually_no fluid loss
control. The.data in Table 1 also demonstrate that the
weighted muds can contain up to 400 pounds per barrel (1144
g/litre) of the weighting agent and still be an acceptable
drilling fulid. It is to be noted' however, (See Mud No.
10) that the yield point of such heavily welghted mud is
higher than would normally be desired.

EXAMPLE 2 . ;‘J

Several drilling fluid formulations were prepared and
tested. The compositions of the muds and the test results
are shown in Table 2 below.

. . - ° ... . M - - oL . - * (A wern i T LAY :.'.i::'.-
viscosifiers or fluid loss control additives or salts, to tailor the mud to
‘desired needs. In the nmethod of .the present invention, the drilling fluid,

<
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’

[err] [err} ~[err] As can be seen fromthe data in Table 1, the

drilling fluids of the present invention exhi'bit excellent rheol ogi cal
propertids and fluid |l oss control. W.t moreference to Mud No. 4,
seen thd¥ when too much HEC having a hi gher nol ecul ar weight, e.g., 40,000,
is present, the drilling fluid becones unacceptably .thick.:
TABLE 2
_ Mud Mud
Formulation No. 1 No. 2
 Tap water, bbl (litres) 0.7 (80.9) 0.7 (80.9)
Sea Salt, 1lb (Kg) 11 ( 4.99) 11 ( 4.99)
LV214 283 E, 1lb (Kg) . -1 ( 0.45) 1 ( 0.45)
_ HEC-10, 1b (Kg) - T
W HEC-QP300, 1lb (Kg) 3.0 ( 1.36) 3.0( 1.36)
BAROID, 1lb (Kg) 300 (136.2) 300 (136.2)

XC Polymer,-1b (Kg) -

ZEOGEL, 1b (Kg) g -

BARABRINE DEFOAM, 1lb (Kg) . 0.2 (0.09)
o Premix_(l bbl1(115.6 litres)

Tap Water 100 1b (45.4 Kg)

Kaolin, bbl litres) -

Plastics Viscosity, cP 60
Yield Point,
' 1b/100 sqg £t (Pa) 22 (45.95)

l10-sec gel, |
- 1b/100 sq £t (Pa) 3 (6.27)
I "10-min gel

1b/100 sq £t (Pa) 4 ( 8.35)

Fluid Temperature, ©°F (°C) 74 (23)

pH ' 7.5

API Fluid Loss, 1lml 50%

Mud wt, 1lb/gal (g/cm3)  14.5 (1.74)

15 ( 6.81)
-2 (Kg)

54
21 (43.86)
4 ( 8.35)

17 (14.62)
74 (23)
7.4
6.0
14.5 (1.74)

This example shows thét when salts of multivalent

cations, such as are contained in sea salt are present, a

non-water-swellable clay must be present in order for the

it can be



.I'ndeed, it has been found that using HEC havi ng nol ecul ar wei ghts of.
several mllion makes it virtually inpossible to formul ate an acceptabl e
drilling fluid containing a water- insoluble weighting agent. Al t hough .
Mud No. 4a shows acceptabl e rheol ogicgd properties, it has been f ound t hat
it shows very poor shale stability, indicating the necessity of the
presence of the cationic polyner to achieve shale stability. Note that

when t heg G iirgg NOtu 34 e@@r@xﬁi\bﬂtl\bccépiabiéefﬁuaa Ybé&uﬁ}:bﬁeﬂeléku' d loss
control .. The dag@ in Tabl e al so %ﬁnstrate hat the wei nmuds can

cont ai n A% £3"466 FhUs ﬁé‘re’ba??el yP| PrePent (Me ‘(}rht})ng ‘agent
and sti I'dhebee ahsattephatllley adrad [8lnpd fubsd. cohtriod.t 0The metsard tdawever,

See Mu t h is
§1| ‘gher t an ot dégg%?ra?% ggﬁng%?;lrééﬁd ‘P;E%zd\ﬁ’ﬁﬁ ?gggevegr/\%rggi %% fluid
f or mul atwhereirr ther éﬁaﬁéésamqw eenR@Eng o3y t Rors@ldf hawinaid® and the
test respdisvaiéEnshenpibn (RBLE dnbelvdYérein acceptable fluid 1loss

control could be achieved even in the absence of any non-
water~swellable clay (see Mud No. 9 in Table 1).

EXAMPLE 3

A series of drilling fluids were prepared by mixing
the ingredients for 20 minutes on a multimixer. The
drilling fluids were then hot rolled for 16 hours at 150°F
(65.5°C) and tested. The compositions of the muds and the
test results are shown in Table 3 below.
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( 4.99) LV214 283 E

mud FornYJation :
- -l 7 (80.9)

b (Kg) .
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(23) pH
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3 ( 6.27)
74 (23)
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1b/ 100 sq ft (Pa)
| b/ 100 sqg ft . (Pa)
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7.5 -
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Fluid Loss,.
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6.0 .Mud wt
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As can

drilling fluid to exhibit acceptable fluid | oss properties.
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17 As can be seen fromthe data in Table 3, drilling fluids-made in
accordance with the .present invention have excellent rheol ogical propertles
and exhibit good fluid |loss control. Note that when there is no | ow -

nol ecul ar wei ght HEC (Mud Nos. 7-10), there is essentially no f1uid™oss
control. EXAMPLE 4 To denobnstrate that,the drilling fluids of the present

I nvention are effective in stabiliziné shale, a series of drilling fluids
was prepared and conpared with a conventional prior anionic polyner-based
drilling mud comonly used where shale stabilization is inportant. In

testing the ability of the drilling fluids to stabilize the shale, Pierre

shal e sanpl esAfeicHn nhe 15eGmnkr afd thei fata ditaaklebdywedmi bldadand 0. 19

i nches (halaadnéd% A ¥€ESr ddhcé Obied ahe ewelsexweinaeﬁtzoﬁanaﬁerl od.
The shal e saml e was, r

peri odi cGFCF ﬁ%t5?&9%%%%%9Lﬁghﬁg%gﬁﬁgéxﬁéﬁ Efgﬂégd £y %fﬂggedThe'

mud conpdeists amntandlt esNoteattd sy ewlshnvmthlerteTam end behomolecular
weight HEC (Mud Nos. 7-10), there is essentially no fluid
loss control.

EXAMPLE 4

- To demonstrate that the drilling fluids of the present
invention are effective in stabilizing shale, a series of
drilling fluids was prepared and compared with a
conventional prior'aqionic ?olymerebqséd drilling mud
commonly used where shale stabilization is important. 1In
testing the ability of the drilling fluids to stabilize the
shale, Pierre shale samples weighing 15 grams and having a

. diameter between 0.08 and 0.19 inches (1.8 and 4.3 mm) were
hot rolled at 150°F (65.5°C) over a six day period. The
shale sample was removed from each dr1111ng fluid and re-
weighed periodically to determine the amount of erosion _
that was occurring. The mud compositions and test data’ ot
‘are shown in Table 4 below.

1
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Baroid, tnc. 2Tr ademark of a | ow nol ecul ar wei.ght carboxynet hyl cell ul ose
mer ket ed by NL Baroid, Inc. 3Trade nane _of ~.a partially hydrolyzed
pol yacry‘l"am de (anionic polynmer) marketed by  NL Baroid, Inc. [err] Trademark
of a sulfonated acryl am de copol ynmer marketed as a fluid | oss additive by
NL Baroid, Inc. Mud No. 2 is a commonly used prior art anionic pol ynmer-
based drilli ng fluid used in drilling shale formations. Wile as can be
seen, Mud No. 2 shows acceptable shale stabilization, it. cannot be
effectively weighted wth weighting agents such as barite or other
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-20- water-soluble weighting agents. On the other hand, Mid No. 1, made in
accordance with the. present invention, is equally as effectlve at shale
stabilization and, as shown by previous data, can be easily melghted,mnth
barite. As can al so be seen, driIIing flui ds which contain neither thg
cationic polymer nor HEC are not effé8tive at stabilizing the shale (see
Mud No. 3 and Mud No. 4). It can also be seen (Mud No. 5) that unless both
the cationic polyner and the | ow nol ecul ar wei ght HFC are present, the

drilling fluids are not as effective in stabilizing the shale, even in the
presence of an anionic polyner commonly used for shale stabilization. It
can thus be seen that the drilling fluids of the present invention are

effective at shale stabilization, exhibit lowfluid | oss and can be easily
wei ght ed Wirlly eCOHaRY ¥ diseté,.-.xqﬁ}%elthmmabeuumsgéub&x@rw@te@t ibg agents
such as barite.
Baroid, Inc. _
2Trademark of a low molecular weight carboxymethyl cellulose
marketed by NL Baroid, Inc.
3Trade name of a partially hydrolyzed polyacrylamide
(anionic polymer) marketed by NL Baroid, Inc.
fTrademark of a sulfonated acrylamide copolymer marketed as

a fluid loss additive by NL Baroid, Inec.

Mud No. 2 is a commonly used prior art aniqnic polymer-
based drilling fluid used in drilling shale formations.
While as can be seen, Mud No. 2 shows acceptable shale
stabilization, it cannot be effectively weighted with
weighting agents ,such as barite or other geherally non-

)
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- 21 - CLAIMS:1. - Adrilling fluid which conprises: (i) an aqueous
nediun1/(lj) from0.5 to 3.0 pounds per barrel (1.43 to 8.58 g/litre)
of a water-soluble cationic polyner, (|||£ fromO0.5 to 3.0 pounds per
barrel (.43 to 8.58 g/litre), based ™©n aqerus medi um  of

hydr oxyet hyl cel lul ose having a nol ecul ar wei ght from 3000 to 40000, and
(iv) from1l to 300 pounds per barrel (2.86 to 858 g/litre), based on
aqueous nedium of -a generally water-insoluble weighting agent. 2. A
drilling fluid as clined in Caim1l wherein the cationic polyner is: (a) a

branched enybsieensBelpTer w@flgwtaln yla Iemtshyl ORMRAELUBLRBEOREAE, NAVENT0R
nol ecul ar wei ght qQf at | east 8 a glalk | am noal kyl acrxllc ester
pol yner, 1, made 1in accordance 1th t esent inventio
-equally as effective at shale stabilization and, as shown
by previous data, can be easily weighted with barite. As
‘can also be seen, drilling fluids which contain neither the
cationic polymer nor HEC are not effective at stabilizing
-the shale (see Mud No. 3 and Mud No. 4). It can also be
seen (Mud No. 5) that unless both the cationic polymer and
the low molecular weight HFC are present, the drilling
. fluids are not as effective in stabilizing the shale, even
v in the presence of an anionic polymer commonly used for
shale stabilization. .

It can thus be seen that the drilling fluids of the
present invention are effective at shale stabilization,
exhibit low fluid loss and can be easily weighted with
commonly used, genérally water-insoluble weighting agents
such as barite. |



(c) a‘UTa#kyFaﬁ+ngaLk¥L_gpthacryl|c ester polyner, (d)- a -

di al kyl al k acrylic acid-acrylam de copolymer, (e) a —

di al kyI gﬁ!@ u ylic acid-acryl am de copol yner, - 22 '« (f)
.an acrylam de polynmer (g) N (D alkylan1noalk )

nethacrylan1de polynér 1h) a poly(2-vinghimdazoline), (i) a
pol y(al kyl eneam ne), (i) a polythydroxal kyl ene polyam ne) or a m xture

t hereof. 3. Adrilling fluid as clained in Caim2 wherein the branched

emul si on polyner (a) has a nol ecul ar wei ght of 40,000 to 5, 000, 000. 4.

drllllngcté;hg as claimed in Gaim2 or 3 wherein the branched enuI5|on
pol ymer obtained from95 to 99.99 nol e percent of

dlalIyId|nethylannonlun1chlor|de and from0.01 to 5 ol e percent of
triallylyethyhagponh ¥fyCel@iad@hicht ebppakkgkamonium - chloride,

(i) an aqueous medium,

(ii) from 0.5 to 3.0 pounds per barrel (1.43 to 8.58
g/litre) of a water—-soluble cationic polymer,-

(iii) from 0.5 to 3.0 pounds per barrel (1.43 to 8.58
g/litre), based on aqueous medium, of
hydroxyethyl cellulose having a molecular weight
from 3000 to 40000, and '

(iv) - from 1 to 300 pounds per barrel (2.86 to 858
g/litre), based on aQueous medium, of a generally

water-insoluble weighting agent.

2. A drilling fluid as climed in Claim 1 wherein the
cationic polymer is:

(a) a branched emulsion polymer of diallyldimethylammonium
chloride having a molecular weight of at least 5,000,

(b) a dialkylaminoalkyl acrylic ester polymer,
(c) a dialkylaminoalkyl methacrylic ester polymer,
(d) a dialkylaminoalkyl acrylic acid-acrylamide copolymer,

(e) a dialkylaminoalkyl methacrylic acid-acrylamide
copolymer,

A

C



5
tetraal | yl pi peraziniumchloride or NN, N ,Ntetraal |'yI—=
N,N'-dinaghylhexanethylenedlannnnlun1ch|or|de as bran

drillin _fIU|d as claimed in daim1l Whe%‘elnthe vvateﬂmm ,Hm
copoly conprises a di net hyl am noal kyl acrylan1de

copol ynmer. 6. Adrilling fluid as clainmed in Caim5 mhereln t he

mol ecul ar wei ght of the dinethyl am noal kyl “acryl ami de- nethacrylic aC|d

" copol ymer (#)5 f4pmp0iii) Kyl #hiHER1068MA) TacryPamliidéd Ipsiymdd ui d as cl ai ned
in any one of the preceding clains wherein the weighting agent conprises

barite. -23- 8. Adrilling fluid as clainmed in any one of the
precedi ng(f) alM(Wﬂl@hmmm;enusnememmiée moklymedt of a nonoval ent
cation. 9. Adrilling fluid as clainmed in any one of Clalns l1to7

wherei n the aqueous redi um contains a salt of a
(h) a poly(2 vinylimidazoline),

(i) a poly(alkYiéngamine),

e T
LZa

(i) a polythydroxalkylene polyamine) or a mixture thereof.

‘3. A drilling fluid as claimed in Claim 2 wherein the
U branched emulsion polymer (a) has a molecular weight of
40,000 to 5,000,000.

4. A drilling fluid as claimed in Claim 2 or 3 wherein
the branched emulsion'polymer, (a) is obtained from 95 to
99.99 mole percent of diallyldimethylammonium.chloride and -
from 0.01 to 5 mdle percent of triallylmethylammonium
chloride, tei:raialIly].an1m<>ni11m chloride,
tetraallylpiperazinium chloride or N,N,N',N-tetraallyl-
N,N'-dimethylhexamethylenediammonium chloride as branching
agent. -

5. A drilling fluid as claimed in Claim 1 wherein the
oo water-soluble cationic copolymer comprises a

dimethylaminoalkyl acrylamide-methacrylic acid copolymer.

6. A drilling fluid as claimed in Claim 5 wherein the
molecular weight of the dimethylaminoalkyl acrylamide-
methacrylic acid copolymer is from 40,000 to 4,000,000.

7. A drilling fluid as claimed in any one of the
preceding claims wherein the weighting agent comprises.
barite. '



nultivalent‘tarfon—aﬂd—%he—dﬁkkling fluid contains a non- water:swellable '

cla f|UId as claimed in daim 1 and substantially asi
her ei nbeforemmuynﬂﬁ ference to any one of the Exanpl es. 11:}A b
*met hod of dri rehole ipgwhich a drilling fluidis ™
circulated within the borehole wherein the drilling fluid is a fluid

according to any one of the preceding cl ai ns.

8. A drilling £fluid as claimed in any one of the
preceding Claims wherein the aqueous medium contains a salt .
of a monovalent cation.

9. A drilling fluid as claimed in any one of Claims 1 to
7 wherein the aqueous medium contains a salt of a
multivalent cation and the dfilling'fluid contains a non-
water-swellable clay. ' '

10. A drilling fluid as claimed in Claim 1 and
substantially as hereinbefore described with reference to
any one of the Examples.

11. A method of drilling an earth borehole in which a
drilling £fluid is circulated within the botehole, wherein
the dtilling fluid is a £luid according to any one of the
preceding claims.




