USE OF CMC N DRI LLI NG FLU DS The present invention

relates to water-based drilling fluid conpositions
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conposition (also known as drilling nmud). Drilling
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string, through nozzles in the bit at the bottom of the well, and back up the
annulus formed by the hole or casing and drill string to the surface. Once it
reaches the surface, the drilling fluid is passed through a series of vibrating
screens, settling tanks, hydrocyclones, and centrifuges to remove formation
debris ‘brought to the surface. it is then treated with additives to obtain the
.desired set of properties, pumped back into the well, and the cycle is repeated.

Drilling fluid compositions are generally composed of liquids, e.g., water,
petroleum oils, synthetic oils and other organic liquids; dissolved inorganic and
organic additives; and suspended, finely divided solids of various types. Drilling
fluids ‘are classified as to the nature of the continuous phase; thus there are
four main divisions:  gaseous (including foam), water-base, oil-base, or
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four main divisions: gaseous (including foam,
wat er - base, oil-base, orsynthetic. G owi ng concern
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environmental inpact of drilling fluids has led to a
significant increase in the industry's reliance on
wat er - based nuds. n fact, about 85% of all drilling

fluid conpositions used today are water-based systens.
The types-depend on the conposifion of the water
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25
Seawater. Many offshore wells are drifled using a seawater system because of -
ready availability. Seawater muds generally are formulated and maintained in
the same way as fresh water muds. However, because of the presence of
dissolved salts in seawater, more electrolyte stable additives are needed to -

30 achieve the desired flow and filfration (qv) propetties. -

Salt Water. In many drilling areas both onshore and offshore, salt beds or salt



achieve the desired flow and filtration (qv)

properties. Salt Water . n many drilling areas both
woraiossoand of fshore, salt beds or saltdones BCEEP2004/011827

penetrated. Saturated salt nuds are used to reduce the

hol e enl argenent that would result from formation-salt

di ssol ution through contact with an undersat urated

liquid. n the United States, salt formations are
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Potassium Treated. Generally potassium-treated systems combine one or more.

polymers and a potassium ion source, primarily potassium chloride, in order to

25 prevent problems associated with drilling certain water-sensitive shales. The
flow. and filtration properties may be quite different from those of the other
water-base fluids. Potassium muds have been applied in most active drilling
regions around the world. Environmental regulations in the United States have
limited the use of potassium muds in offshore drilling owing to the apparent

30 toxicity of high potassium levels in the bioassay test required by discharge
permits.



limted the use of potassiumnuds in offshore drilling
ow ng to the apparent toxicity of high potassium
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25 are needed to bring the cuttings efficiently to the surface.

Alternatively, xanthan gum is employed as viscosity builder and suspending
agent. Xanthan gum has very suitable rheological properties. It forms a gel
within a short period of time when drilling circulation is slow or interrupted. This
30 enables immobilization of dispersed . solids in the fluid composition. After
circulation is resumed, the gel easily transforms into a flowing fluid, thereby
maintaining a good- dispersion of the solids contained in the fiuid composition. -



agent. Xanthan gum has very suitabl e rheol ogi cal
properties. t fornms a gel within a short period of
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This enabl es imobilization of dispersed solids in the
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The drilling fluid composition” of the present invention has good gelling

properties as it builds up a gel within the first 10 seconds after circulation of the

25 .drilling fluid composition is slow or interrupted. The gel strength is sufficiently

high to enable immobilization of the solids contained in the drilling fluid |

composition, and thus - maintaining their dispersion. When circulation is

resumed, the gel transforms easily into a fluid enabling the drilling fluid to flow.

The rheology profile of the CMC according ‘to the invention shows -a

30 pseuddplastic (= shear-thinning) behaviour, which makes this CMC a very

suitable additive for adjusting the rheology and suspension characteristics of

the fluid. In the context of the present specification the term “rheology profile”



high to enable i nmobilization of the solids contained
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worahosoa3ni ng t heir di spersion. Wen circul ati oPCT/EP2004/011827
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high-shear dissolution are known to.a person of ordinary skill in the art. High- .
shear dissolution typically is- achieved by using. a Waring blender or - Ultra-

25" Turrax. These apparatus typically operate at approx. 10,000 rpm or more. -

In the context of the present specification, the abbreviation CMC stands for
carboxymethyl cellulose as well as for salts of carboxymethyl eellulose like
sodium carboxymethyl cellulose, for exampie.

30 :
The CMC to be used in accordance with the present invention can be obtained
by the processes described by D.J. Sikkema and H. Janssen in
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20 carboxymethyl groups, and the uniformity or non-uniformity of substitution, i.e.
the distribution of carboxymethyl groups over the cellulose polymer chains.

The degree of polymerization (DP) of the CMC to be used in accordance with

the present invention can vary over a broad range. It-is noted that with the term-

25 ‘“degree of polymerization” a skilled- person will understand that this term refers
to the average degree of polymerization which means the average number of
glucose units in the cellulose polymer c¢hain. In the context of the present
invention, a distinction is made between the following DP ranges, i.e. >4,000,

- >3,000-4,000, 1,500-3,000, and <1,500. Typically, the CMC is prepared from

30 linters cellulose (DP typically >4,000-7,000), wood cellulose (DP typicaily 1,500-
’ 4,000) or depolymerized wood cellulose (DP typically <1,500). Depending on
the required performance and functionality of the fluid a CMC according to the
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be used in accordance with the present invention are

t hi xotropic. The thixotropy can be determ ned by

pr edayuiengs aolutinh8ocidhe dUMCOChs alsedi ionacnoddansaswith rige present
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onehg‘lﬂa rt ?é pa 661 560 Q )agnea %Ent%h%a‘%%{% or controlled stress rheometer
in rotational mode at 25°C using a cone-plate, parallel-plate or bob-cup
geometry. An upcurve is recorded in which the shear rate is increased from
0.01 to 300 s in 3 minutes, immediétely'followed by the recording of a
downcurve in which the shear rate is decreased over the same range and time.
25 For a CMC in accordance with the present invention, the upcurve will be at a
higher viscosity level than the downcurve and the area between the two curves
is a measure for thixotropy, also referred to as the thixotropy area. Typically,
one speaks of a thixotropic solution when the area has a value of 5 Pa.s.s” or
more when measured at 2 to 4 hours after preparation of the aqueous solution.

30 ' |
It is noted that drilling fluid compositions of the present invention are able to
form a gel with desirable gel strength within the first 10 seconds after the
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are smectite-type clays such as montmorillonites like bentonite, mixed metal

20 layer hydroxide, attapﬂlgite, and sepiolite. Of these clays bentonite is most
preferred.

Additionally, the drilling fluids of the present invention can contain other usual
additives such as weighing agents, thinners, inhibiting agents, electrolytes, pH-
25 adjusting agents, etc. : ,
The pH of the drilling fluids of the present invention is preferably maintained at
a pH of from 2-13, preferably from 8-11, most preferably 8.5-10.5. If a clay such
as bentonite is used in the drilling.fluid composition of the present invention, the
latter pH range is preferred.
30 ,
In most drilling operations the drilling fluid composition experiences a high
shear. This is particularly advantageous if the CMC of the invention is employed
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conposi tions conprising xanthan gum
deteriorates ‘above a tenperature of- about 120 O,
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: coan)@5 Wi%n pmfmrablyeat least 0.1 wi%, most preferably at least 0.2 wt%, and at-
most 3 wt%, preferably at most 2 wt%, most preferably 1 wi%, is used, based
on the total weight of the drilling fluid composition. The CMC of the invention

20 - may. have a different function from regular CMC, and can be uséd in
combination with regular CMC or other polymers. It may also serve to partially -
or completely replace the conventionally used viscosity builders such as
xanthan gum. The optimal amount of CMC to be used in accordance with the -
present: invention can be determined by a person skilled in the art by routine-

25  experimentation. '

- The CMC to be used in accordance with the present.invention typically is added

as.a dry powder, but it can also be supplied as.suspension or as an aqueous

. solution. Furthermore, the CMC according to the invention can be a. purified

30 grade or a technical grade (contains the by-products NaCl and sodium
glycolates).



i ntended use of the drilling fluid conposition.

Typically, an anmount of at least 0.05 wt% preferably
wa@eooseasn1 0. 1 wt % nost preferably at | east 0.PCWEP004/011827

and a nost 3 W% preferably at nost 2 w % nost
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invention may. have a different function fromregul ar
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or other polynmers. t may also serve to partially or
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NaCl and sodium glycol ates). . 11 Exanples Vari ous
drilling fluids conprising Seawater and a viscosifier
wer eTpbleplared. n all drilling fluids, the viscosifier
was br%“n*rtiﬂ ah—an Cé?l*b of 0.5 wt% based on the
t ot alCheiuent g AMOUNEGN )i g f1 uid. The seawater was
prebﬁlﬁg&g ng- Instituents of Table 1 to
wat efa i . s. Table 1 Constituent Anmount
(g/ Mot 120611048 400 MyCl .6H 11.786 CaCl .6H
1. 596aCl.6H0 1.595 S

SrCl,.6H20 0.021

KCI 5.801

NaCl 25.402

10
As viscosifier three CMCs which are in accordance with the invention, viz.
CMC-A, CMC-B and CMC-C, were used. CMC-A, CMC-B, and CMC-C are
CMCs which are in accordance with the present invention, i.e. they form a gel
* at 25°C when dissolved in an amount of 0.3 wi% aqueous sodium chloride
15 solution under high shear.

CMC-A: Prepared from linters cellulose. DP of 6,500. DS of 1.08. A 1 wit%
- dqueous solution of this pro:duct has é Brookﬁeld viscosity (LVF, spindle 4, 30
-rpm, 25°C) of 5,840 mPa.s using a He'idol'ph mixer at 2,000 rpm. CMC-A has a
20 weak pseudoplastic and thixotropic rheology that becomes stronger in salt- |
containing solutions. 1 wt% of CMC-A in a 0.3 wt% aqueous NaCl solution has
a Brookfield viscosity (LVF, spindle 4, 30 rpm, 25°C) of 7,200 mPa.s using a |
Heidolph mixer at 2,000 rpm, and of 5,0QO m'Pé.é using a Waring blender at
10,000 fpm (i.e. high shéar). A 5 wt% équeous NaCl solution comprising 1 wt%
25  of CMC-A has a Brookfield viscosity (LVF,' spindle 4, 30 rpm, 25°C) of 7,460
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three CMCs which are in accordance with the invention,
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and CMC-C are CMCs which are in accordance with the
present invention, i.e. they forma gel at 25 C when
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4, 50&{@@@ usi ng a Hei dol ph m xer at 2,000 rpm and
of 4 rﬁ%é s using a Waring bl ender at 10,000 rpm A

B wt % aqueous NaCl solution conprising 1 wt% of CMC-B
Nas @uvc-c: Prepared from finters cellulose. DP of 6,500. DS of 0.95. A 1 wi%
aqueous solution of this product has a Brookfield viscosity (LVF, spindle 4, 30 ‘
rpm, 25°C) of 4,980 mPa.s using a Heidolph mixer at 2,000 rom. CMC-C has a
weak pseudoplastic and thixotropic rheology that becomes stronger in salt-
20  containing solutions. 1 wt% 6f CMC-C in a 0.3 wt% aqueous NaCl solution has
‘a Brookfield viscosity (LVF, spindle 4, 30 rpm, 25°C) of 4,500 mPa.s using a
Heidolph mixer at 2,000 rpm, and of 4,000 mPa.s using a Waring blender at
10,000 rpm.'A 5 wt% aqueous NaCl solution comprising 1 wt% of CMC-C has a
. Brookfield viscosity (LVF, spindle"4,. 30 rpm, 25°C) of 6,560 mPa.s using a
25  Heidolph mixer at 2,000 rpm, and of 5,460 mPa.s using a Waring blender at
10,000 rpm. | |

For. companson drmmg ﬂLlIdS comprlsmg conventional viscosifiers, viz. a
regular PAC, namely Staflo regula (ex Akzo ‘Nobel), and two commercially

30 available xanthans, namely Xanvis™ and Kelzan XCD™ (both ex Kelco Oil field
group), were prepared. '.



Brookfield viscosity (LVF, spindle 4, 30 rpm 25 C) of

5,580 nPa.s using a Heidol ph mxer at 2,000 rpm and
W@R003/08301 nPa. s using a Wari ng bl ender at 10, OPOI/EP2004/011827
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The above rheological properties of the various sea water solutions as
20 measured using the Fann viscometer are shown in the Table below.

Table 2
Fann readings (rpm) AV’ -1 Py YP  |gel strength (Pa)
Product 3 6 300 600 (Pa) | (mPa.s) (Pa) 10 sec 10 min
Staflo Regular 2 4 65 98 49 33 32 22 23
A 4 7 74 107 54 -1 33 41 24 3.7
B 5 8 81 116 58 35 46 4.7 4.9
c 6 9 87 124 62 37 50 5 5.4
- Xanvis 11 14 37 53 27 16 21 6.4 275
. |Kelzan XCD 10 12 37 53 27 16 21 9.2 18.8

From Table 2 it can be deduced that the CMCs of the present invention yield
25 - drilling fluids having a good initial gel strength which changes only slightly over

time, whereas the xanthan-containing drilling fluids show a distinct increase in

gel strength within 10 minutes. Furthermore, it is shown that drilling fluids .



measured using the Fann visconeter at a rotation speed

f 600 rpmuntil a stable readi ng was obt ai ned. The
wok@sonsver was then stopped for sec. and the RCBFERPB04/§11827

was nmeasured at a rotation speed of 3 rpm The maxi mum

readi ng of the visconeter is given as the 10 sec. ge

strength. Simlarly, the 10 mn. gel strength was

neasured at a rotational speed of 600 rpmuntil a

steady state was achi eved. The ﬁ%sconeter was t hen

stopped for 10 min. and the viscbsity was neasured at

a rotational speed of 3 rpm The maxi num readi ng gi ves

the -28mBtising dSCS Sé‘ﬁr&‘ancgh\ﬁltr@kﬂﬁ’é“‘fn@hﬁ% %véaé Yield Point (YP)

properties of the various sea water solutions
neas Hiddgr thangat efthe siling ilyigs @mtsragéagtﬁ@mnregwarecmc which

Tabl 0

strendeh( bm A5 @'59%80%%96%8% Vet (8 helB S igrproved
sec @@Wﬁﬂ®C&WﬂﬁMbORQ@bH&uﬁmgﬂ 65 8 49 33 32 2.2 2.3 A
457 74 107 54 ' 33 41 2.4 3.7 B 5 8 81 116 58 35 46
4°7 4.9 C6 9 87 124 62 37 50 5 5.4 Xanvis 11 14 37 53
27 16 21 6.4 27.5 Kelzan XCD 10 12 37 53 27 16 21 9.2
18.8 From Table 2 it can be deduced that the CMCs of
the present invention yield drilling fluids having a
good initial gel strength which changes only slightly
over tinme, whereas the xanthan-containing drilling
fluids show a distinct increase in gel strength within
10 m nutes. Furthernore, it is shown that drilling
fluidsld4 conprising CMC in accordance with the

i nvention have a Yield Point (YP) higher than that of
the drilling fluids conprising xanthan or regular CMC
whi ch causes the drilling fluids according to the

i nvention to have an inproved carrying capability of
drilled cuttings.15



CLAIMS 1. A water-based drilling fluid conposition
conprising water and a carboxynet hyl cellul ose (CMO),
wok@seisot he CMC i s characterized by form ng aPQEREPAN4/011827
25 C after high-shear dissolution in a 0.3 wt % aqueous
sodi um chl oride solution, the final content of the CMC
in the aqueous sodium chloride solution being 1 wt%
for a CMC having a degree of polynerization (DP) of
>4,000, 1.5 wt% for a CMC havi ng a DP of 3,000- 4, 000,
2 Mm% for a CMC having a DP of '7500-<3,000, and 4 wt %
for a CMC having a DP of <1,500, the gel being a fluid
havi?gAl $torage nodulus (G ) which exceeds the |oss
nodul us (G') over the entire frequency region of
0.01-10 Hz when neasured on an oscillatory rheoneter
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15 2. The drilling fluid composition of claim 1, wherein the CMC has a Brookfield
viscosity of more than 9,000 mPa.s after high-shear dissolution in a 0.3 wt%
aqueous sodium chloride solution, the final content of the CMC in the
aqueous sodium chloride solution being 1 wit% for a CMC having a degree
of polymerization (DP) of >4,000, 1.5 wt% for a CMC having a DP of

20 >3,000-4,000, 2 wt% for a CMC having a DP of 1,500-3,000, and 4 wi% for
a CMC having a DP of <1,500.

3. The drilling fluid composition according to any one of the preceding claims

further comprising a smectite type of clay.
25 '

4. The drilling fluid composition according to any one of the preceding claims
wherein the smectite type of clay is selected from a group consisting of
bentonite, a mixed metal layer hydroxide, attapulgite, sepiolite and mixtures
thereof.
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