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DRILLING FLUID

This invention relates to water-based drilling fluids which are
suitable for use in shale and clay formations.

A drilling fluid is used in conjunction with the rotary system
of drilling. The drilling fluid is pumped from the surface down the
inside of the rotating drill string, discharged through ports in the
bit and returned to the surface wvia the annular space between the
drill string and the hole.

The drilling f£luid serves to cool and lubricate the bit and
drill string, bring drill cuttings to the surface, consolidate the
side of the drilled hole, prevent squeezing-in or caving of the
formation, control subsurface pressures, suspend drill cuttings when
the column is static and minimise damage to any potential pay zone
that might be encountered.

Drilling fluids generally contain a carrier, a weighting agent
and chemical additives. They are commonly divided into two
categories, water based muds (WBM) and oil based muds (OBM). 1In the
former the carrier is an aqueous medium and in the latter it is an
0il. Diesel o0il was used in the past as the oil, but recently low
toxicity drilling oils have been developed for this purpose.

While WBM are more environmentally acceptable than OBM (since
the latter still give rise to the problem of disposing of large
quantities of o0il contaminated drill cuttings, even if the oil is of
low toxicity), they are recognised as being technically inferior in
a number of important areas, such as thermal stability, lubricity,

and shale inhibition.
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DRI LLI NG FLU D This invention relates to water-based drilling

fluids which are suitable for use in shale and clay formations.
Adrilling fluid is used in conjunction with the rotary system of
drilling. The drilling fluid is punped fromthe surface down the 5

inside of the rotating drill string, discharged through ports in the
bit and returned to the surface via the annul ar space between the

drill string and the hole. The drilling fluid serves to cool and
| ubricate the bit and drill string, bring driII cuttings to the
surface. cONsolL IR, Wa sl gl Lhe eilded Nales, Aveusly suags! no- i n
or caving of the fation, contro SUrfrace pressures, "sus

drill cutti ngsthxesh, 11‘- Sitlhé wsaﬁmamx moc’etlﬂes d&nd nhenﬂmléénzimgeeqxe any

potential pay ®OREsperses{dd@li1yigded tie PRGAUMN HEE0umps break offDahdi |41
fluids generally contain a carrier, a wei ghting agent 15 and chem cal

addi tives. Thdfoathe b8hswoRPIEH 0] Hﬁdspﬂeoci‘%mtam ELtigorraped #der based
muds (VBM5 anchreisbuldnsasd rﬂddéxt(rQEMcasbﬂ tdae borehofé)livﬁ'el ntabecmhpee.r is an

aqueous nedi um and?J r‘]’ﬁb%]h Iatter | t glgah pr?%oruozf ofDLE mcﬁ)s dr\lf@f &Jsed in

the past as the o HECEREEy ullfow yodrid FPRG off's Have been
devel oped for «#plsraheryoad. production wells for oil and gas, particularly in

important producing areas such as the North Sea, it is important
that drilling times and problems be kept to a minimum when drilling
10 through such formations.

Many WBM formulations incorporating additives have been
suggested in an attempt to control reactive shales. Such additives
include: '

{a) salts such as potassium chloride to limit water uptake,

15 reduce the swelling of the shale, and reduce leaching of any salt
deposits encountered,

(b) chemically modified starch or cellulosic materials which
are used to reduce fluid loss,

{c) water soluble polyacrylamides or other water soluble

20 polymers which adsorb on the surface of shale to bind it with a
coating of polymer, thereby reducing dispersion of the shale,

(d) lime or gypsum which, although sparingly soluble, act in a
gimilar manner to (a), and

{e) asphaltene derived products which assist in fluid loss

25 control by acting as blocking agents for cracks and microfractures.

To date, however, none of these formulations has been able to
provide shale inhibition to the levels achieved with OBM.

This is because an OBM does not react with shale. A
conventional WBM will, however, react to a greater or lesser extent

30 with many shales causing them to swell and can give rise to problems
such as stuck pipe, tight hole, overgauge hole, poor directional
control, poor cementing and poor mud condition (leading to extensive
dumping and diluting and therefore high mud costs).

It is an object of the present invention to develop a WBM which

35 approaches the technical performance of an OBM without sacrificing
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20 . VWiile WBM are nore environnental |y acceptable than OBM (since

the latter still give rise to the problem of disposing of |arge
quantities of oil contaminated drill cuttings, even if the oil is of

low toxicity), they are recognised as being technically inferior in a
nunber of inportant areas, such as thermal stability, lubricity, 25 and
shal e i nhibition. Al t hough shale is soft and
therefore relatively easy to drill through, it still causes many
problens for the drilling engineer. It disperses easily into the

fluid, large Iugps break off anQ%&gll

§ environmental a ages.

Although, as previously acknowledged, the use of potassium
chloride as an additive to WBM is known, its effect is not always
consistent and depends to a considerable extent on the other

5 constituents of the drilling f£fluid.

We have found that this inconsistencj is marked in the case of
polyalkylene glycol additives, and particularly so with mono—, di-,
tri- and polyalkylene glycol additives. In the case of these
compounds, the addition of a potassium salt to the mono-, di- and

10 tri-ethylene glycols has little positive effect and, indeed, can
have a negative effect and can encourage the dispersion of certain
clays and shales, e.g. London clay and to a lesser extent Oxford
clay. In the case of tetra- and higher molecular weight
polyalkylene glycols we have discovered that there is a synergistic

15 clay - stabilising effect between these compounds and the potassium
salt.

Thus according to the present invention there is provided a
water based drilling fluid comprising:

(a) an aqueous medium,

20 (b) a polyalkylene glycol of general formula:

rlo £ cHy - CH—O )5 H
R

25 wherein R is H or CH3, Rl is H or an alkyl group containing 1 to 4
carbon atoms and n is a number in the range 4 to 200, in amount 0.5
to 60%, preferably 1 to 20%, by volume of the fluid, and

(c) a potassium salt, in amount 5-50, preferably 10-30 ppb
(pounds per barrel), ie, 14.3-143, preferably 28.6-85.7 g/l.

30 The concentration of polyalkylene glycol required to achieve a
desired effect is dependent on the molecular weight of the glycol.
In general, the lower the molecular weight, the higher the
concentration required, and vice versa.

Suitable polyalkylene glycols are polyethylene glycols.

35 Polyalkylene glycols containing various ratios of ethylene

This Sheet Has Been Replaced

(L




»

‘into the hole, pores in the shale can contain fluids trapped under 5
pressure, and in extrene cases, the borehole wall may coll apse.

Si nce shal e makes up a high proportion of the rocks drilled in

expl oratory and production wells for oil and gas, particularly in

I mportant producing areas such as the Nogth Sea, it is inportant

that drilling times and problens be kept to a m ni num when drilling 10
t hrough such formations. Many VABM f orrmul ati ons i ncorporating
addi ti ves have been suggested in an attenpt to control reactive

shales eg. as Q%f&%r \(R&# tlonp}é%'lggeB?Q%J . (pO) units ar@“ﬁs%Rs&t%@Z“l%z ?%&to

additives inclu suc ot assi um ch

limit water upBBke&3% BOs 58% EO, 8RR E@; t47¢ 3% [EL} r?g"zo? t+ he shal e, and reduce

I eaching of any salthe salt is a p8€4Q%ink %a@ﬂcq;‘taféfa%@!y potassnzm chlorlde(b)
chem cally nodjfied starch or celluloi re used

i
to reduce flui HoYYEE, other potassium sa gJF“ﬁB?b aﬁﬁ?‘iﬁfcr%%ﬁf’ﬁ%es or
ot her wat e$s sohudlphosphate28re apsd \wuktsblehi ch adsorb on the surface of shale

to bind it Wth a g g1y54 ma‘“y?%éa[‘%}?{a&%&ﬁ&onVﬂ@éﬁ@ﬁﬁ ey @: 1 Rer sion

of the shal e, me or psum oug parlngly
sol ubl e, act i mugh as weightingsjagetts, een®arite, (bdemahifpe or galena; (e)

asphal tene der bYShsREQLLICE Sy W&hﬁihaasm,t ghdid hhlééj cbR65122gentGO N Qb alh

acting as blocklng agents for cracks and m.crofractures.
celliulose derivatives, shale inhibitors, eg polyacrylamide, and

10 PH control agents, e.g. sodium or potassium hydroxide.
The pH is suitably controlled toc a value in the range 7 to 13,
The aqueous medium may be fresh or salt water.
The invention is illustrated with reference to the following
Examples.
15 Examples
In each experiment to evaluate the inhibitive properties of a
fluid containing a polyalkylene glycol the procedure involved making
up various water and solvent concentrations, adding a known amount
of dispersive clay {(2-4 mm fraction) and rolling the resulting
20 mixture at room temperature and 20 rpm for 16 hours. At the end of
this time, the non-dispersed clay fraction (>0.5 mm) was recovered,
dried, weighed and any correlation between solvent type,
concentration and shale inhibition noted.
In some experiments, potassium chloride or other salt was added
25 to the mixture.
The tests were carried out on London clay, a Tertiary clay rich
in swelling minerals and representative of a North Sea gumbo.
Shale may be defined as a fine grained sedimentary rock
composed of consolidated silt and clay or mud.
30 Tests on clay samples are equivalent to tests on shales.
Example 1
London Clay was dispersed in seawater containing differing
concentrations of the polyethylene glycol materials mono, di, tri
and tetra ethylene glycol and in the presence or absence of

35 potassium chloride (10 ppb). The results are presented in Table 1.

This Sheet Has Been Re

TR



*To .dat e, however, none of these fornul ati ons has been able to
provi de shale inhibition to the |levels achieved with OBM

This-is because an OBM does not react with shale. A conventi onal
VWBM wi ||, however, react to a greater or |esser extent 30 with many
shal es causing themto swell and can give rise to problens such as
stuck pipe, tight hole, overgauge hol e, poor directional control,
poor cenenting and poor mnmud condition (leading to extensive

dunping and diluting and therefore high nmud costs). It is an

obj ect of the P{%?.?—%Qtld BYE etQ” J% N?&&elnﬂé’ BB WBI Gherimenty in FREPACHES

t he techni cal or rance o w thout sacrificin
3 potass1um chlorlde was present. The results indicate that the

addition of potassium chloride to seawater appears to encourage the
dispersion of London Clay for the mono, di and tri ethylene

5 glycols. However for tetraethylene glycol this effect is reversed
and the addition of potassium chloride inhibits the dispersion of

London Clay.

Table 1
2 SHALE RECLATMED {(WITH KCl @ 10 PPB)
10
VOL % SOLVENT IN SEAWATER
SOLVENT (n| O 15 30 45 60
15 Mono EG [1{2¢2)| 8(6) | 7(11)| 41(18)| 86(72)

1

Di EG 2]12(2){ 5(6) |32(14)} 86(30){100(93)
Tri EG }3]2(2)|33(11)|87(34)]100(59){100(93)
Tetra EG|4|2(2)] 3(30)] 7(53)| 16(68)| 69(99)

20 EG = ethylene glycol.
n = value of n in formula on page 3.
Example 2
London Clay was dispersed in seawater containing differing
concentrations of polyethylene glycols having values of n greater
25 than 4. These results are presented in Table 2, as in Table 1, The
results indicate that, for these higher molecular weight materials,
substantially lower amounts of glycol material are required to
inhibit the dispersion of London Clay and that the performance of
these additives is enhanced in the presence of potassium chloride to
30 the point at which London Clay may be completely prevented from

dispersion.

35
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“its environnmental advantages. Al t hough, as previously

acknow edged, the use of potassium chloride as an additive to WVBMi s
known, its effect is not always consi stent and depends to a
consi derabl e extent on the other 5 constituents of the drilling fluid.

We have found that this inconsistency is nmarked in the case of

pol yal kyl ene glycol additives, and particularly so with nono-, di-

tri- and polyal kyl ene glycol additives. In the case of these

conpounds, the addition of a potassiumsalt to the nono-, di- and 10
tri-ethylene glycols has little positiyg ebfect and, indeed, can have

a negative effect and can encourage t
e.g. London Gi-SjAlFRECLS

and shal es,

perS|on of certain cl ays
g 0 _pRYbr d clay. In

o d A IME Loy { “Ya\
the case of tetra- and 4th94—nDLeGETaL—Me+gh;——————pe#y7Ikylene gl ycol s we
have di scovered that thgre is a syn gg.ﬁrﬁmm?f §§ {%QWATE%% abilising effect

bet ween these conpoundsjand the potg

Thus

according o the presen knvcntkunf ﬂcTc~.§%p.uv.mekfr—— wat er based
2

drilling fluid conprisihg
pol yal kyl ene gl ycol of genera

10

15

20

25

30

35

LVENT forr# aquegus gredj ugy 2C (b) a

pla:
5 9(99) 10(100)112(100)
12 7{94) 9(100){10(100)

90 39(100) {42(100)}46(100)
180 | 48(l00) |43(100)|52(100)

U O ¥

Solvent A is a mixture of polyethylene glycols of average
molecular weight 280. Solvents B, C, and D are polyethylene glycols
sold under the Trade Name Breox by BP Chemicals Ltd.

Example 3

In order to assess whether the beneficial effect of adding
potassium chloride results from the presence of potassium or simply
from changing the ionic strength of the seawater, a variety of other
salts of molar concentrations identical to 10ppb KCl (0.4M) were
added to seawater. The polyglycol used was Solvent C in Table 2 in
a concentration of 0.5 volume %. The results of Example 3 are shown

in Table 3 which shows that the beneficial effect is due to

potassium.
Table 3,

Solvent % Shale Reclaimed

Seawater (SW) 10

SW/KCl1 35

SW/PEG 55

SW/PEG/KC1 100

SW/PEG/CaCly 65

SW/PEG/NaCl 81

SW/PEG/MgClg 46 S =
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‘[err] 25 wherein Ris Hor CHerr], Rerr] is Hor an alkyl group

containing 1 to 4 carbon atons and n is a nunber in the range 4 to
200, - in anount 0.5 to 60% preferably 1 to 20% by volunme of the
fluid, and (c) a potassiumsalt, in anmount 5-50, preferably 10-30
ppb (pounds per barrel), ie, 14.3-143, preferably 28.6-85.7 g/l. 30
The concentration of pol yal kyl ene gl ycol required to achieve a desired
effect is dependent on the nolecul ar weight of the glycol. I n general,
the | ower the nol ecul ar weight, the higher the concentration required,
and vice versa. I t abl e pol yal kyl ene gl ycol s are pol yet hyl ene
glycols. 35 5@Y§§?ﬁ§§ghe gl ycol s contéﬁning various ratios of
et hyl ene ' SW/PEG/AlC1j 79

Example &

In order to assess the effect of chemical composition on the

5 dispersion of London Clay, two polyalkylene glycol fluids containing
differing ratios of ethylene and propylene oxide were assessed. The
results are presented in Table 4#. The results indicate that low
amounts of polyalkylene glycol material are required to inhibit the
dispersion of London Clay and that the performance of these

10 additives is enhanced in the presence of potassium chloride to the
point that London Clay may be completely prevented from dispersion.

Table 4

# SHALE RECLAIMED (WITH KCl1 @ 10 ppb)

15 VOL % SOLVENT IN SEAWATER

SOLVENT| n 2 5 10

E 12 | 63(96) 74(89) i0(93)
20 F 4.3| 82(100) | 87(99) |80(97)

Solvents E and F are polyethylene/polypropylene glycols sold
under the Trade Name Breox by BP Chemicals Ltd.
Examples 5-9
25 Having established the inhibitive nature of the base £iuid,
other components may then be added to provide a whole mud system.
Examples 5-9 are illustrative of mud formulations and the
effect of adding a polyglycol. The following procedure was used for
preparing muds and for evaluating the effect of adding a polyglycol.
30 Muds were prepared by dissolving the polymers in seawater (with
the exception of Example 6) and allowing the mixture to age for a
minimum of 30 minutes, All mixing was carried out on a Hamilton
Beach mixer. Potassium chloride was added to the solution of
polymers and the pH finally adjusted with potassium hydroxide to
35  pHY.
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4 . oxide (EO to propylene oxide (PO units are also suitable, e.g.

75% EOQ 25% PO, 50% EO 50% PO; and 25% BO, 75% PO. The salt
is a potassiumsalt, preferably potassium chloride. However, ot her
potassium salts such as formate, acetate, carbonate 5  and phosphate are
al so suitable. The fluid may al p contain additional conventional

I ngredi ents such as weighting agents, e.g. barite, haematite or

gal ena; viscosifers, e.g. xanthan gum fluid loss control agents, eg
starch or cellul ose derivatives, shale inhibi tOLSd eg gol yacryl am de,
and 10 H control ents tassmm ydr oxi de

The pH i g suitably contg?%sh EEI&E dl(’/‘;ﬁlﬁével nTPHY farydateq yater based mud

The aqueous nemylsnemy apreorfer egdressiwnldtispais@éon test than thath@sédd@ntieon i s
illustrated w t&e(rﬂgtﬁr @%§1Ingntt41@aé OJdOB)é‘Ad"'g The tesE%( ITBS dapproximately 100
grams of London Clay chips in the size range 4-8mm. The chips are
5 placed inside a cylindrical drum whose curved surface comprises a
Smm brass or steel mesh. The drum containing the shale is partly
immersed (to half the diameter of the drum) in the mud under test
and the drum rotated for 4 hours at ambient temperature. After this
time the shale remaining is recovered, washed, dried and the amount
10 of shale lost by dispersion into the fluid calculated. Examination
of the amounts of shale recovered in differing mud systems provide
comparisons of the relative inhibitive nature of the mud systems
under test.

The results are shown in the following Table 5.

15 Table 5
COMPONENT Ex 5|Ex 6|Ex 7|Ex 8|Ex 9
Seawater Base Base|Base |Base
20 KCl 25 25 25 25
0il 100%
Xanthan Gum 1 1 1
CMC 4 4 4 4
Anionic Polyacrylamide 1 1 1
25 Polyglycol (Type/Amount) 3%Z4A |3%F
Recovery from Cuttings
Dispersion Test 15 98 40 87 85
30 — All concentrations are in ppb (pounds per barrel) unless otherwise
stated

—~ % are volume %

O0il = Low Toxicity drilling oil (ex BP 83HF from BE Chemicals Ltd).
35 Xanthan = XC polymer (ex Kelco).
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15 Exanpl es In each experinent to
evaluate the inhibitive properties of a fluid containing a

pol yal kyl ene gl ycol the procedure invol ved maki ng up various water and
sol vent concentrations, adding a known anount of dispersive clay (2-4
mm fraction) and rolling the resulting 2g mxture at room tenperature and
20 rpmfor 16 hours. At the end of this tinme, the non-di spersed clay
fraction (>0.5 mm) was recovered, dri ed, weighed and any correlation
bet ween sol vent type, concentration and shal e inhibition noted.

I n sone experi ts.. potassiumchlqride or her..salt died 25 to the
m xt ure. %w"ﬁgﬁ%%ﬁ%%%%ﬁ%dé#%%ﬁhﬁﬁ%%faTmHmy
clay rich ApjondwePelimagrniandde | s Algahere i Bsemmiil viedofolloyds t h Sea

gunbo. A ,Shﬁbgh@ayopqhgﬁgﬁpgg as a fine grained sedinmentary rock
conposed of consolidated silt and clay or nud. 30 Tests on cl ay

sanpl es are eqfii valodnent § pedFample &hal es. Exanpl e
1 5 Lomgdaip1el 8Yis\asbalispwssetlol Re6ERIIME Yo €RE iptleBMY idvédtabhny
concentratlonsEof the6ppl¥§ﬁﬂ¥lgpgmglgcologp grug%idnnno, di, tri and
tetra ethyl eneZ5FRASI © affd A& PrrebiPe ot PABEEAEE of 35  potassium
chloride (10 ppkympleThelis dilustgative pf eweimpdved WAibt cbaked mud, not
according to the present invention.
Example 8 is the mud according to Example 7 with 3% polyglycol A
10 added.
Example 9 is the mud according to Example 7 with 3% polyglycol F
added.
Examples 8 and 9 are in accordance with the present invention
and show greatly improved properties in comparison with the other
15 WBM and approach the standard of the OBM.

20
25
30

35
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‘5 . Figures in brackets represent the results of experinents in which
pot assi um chl ori de was present. The results indicate that the addi tion
of potassiumchloride to seawater appears to encourage the di spersi on
of London Clay for the nono, di and tri ethylene 5 gl ycols. However for
tetraet hyl ene glycol this effect is reversed and the additioRggi(a)
potassi um chl oride inhibits the dispersion of London C ay.

Table 1 Z SHALE RECLAI MED (W TH KO @ 10 PPB)

eet Has Been Re lmxﬁ
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Claims
1. A water based drilling fluid comprising:
(a) an aqueous medium, characterised by the fact that it also
contains the combination of
(b) a polyalkylene glycol of general formula:
5 Rl-(-crxz—?n-o-)-nn
R
wherein R is H or CHg, Rl is H or an alkyl group containing 1 to 4
carbon atoms, and n is a number in the range 4 to 200, in amount 0.5
to 60% by volume of the fluid, and
10 {c) a potassium salt in amount 14.3-143 g/1.

2. A water based drilling fluid according to claim 1 wherein the
concentration of the polyalkylene glycol is in the range 1 to 20% by
volume of the fluid.

3. A widter based drilling fluid according to either of the

15 preceding claims wherein the concentration of the potassium salt is
in the range 28.6 to 85.7 g/l.

4, A water based drilling fluid according to any of the preceding
claims wherein the polyalkylene glycol is a polyethylene glycol.

5. A water based drilling fluid according to any of claims 1-4

20 wherein the polyalkylene glycol contains ethylene oxide and
propylene oxide units in a ratio in the range 1:3 to 3:1.

6. A water based drilling fluid according to any of the preceding
claims wherein the potassium salt is potassium chloride.

7. A water based drilling f£luid according to any of claims 1-5

25 wherein the potassium salt is a formate, acetate, carbonate or

10 ——
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" 10. VOL % SCOLVENT | N SEAVWATER

SCLVENT n O 15 30 45 =60 15 ... —Mno EG 1 2(2)
8(6)" 7(11) 41(18) 86(72) D EG 2 2(2) 5(6) 32(14
86(30) 100(93) Tri EG 3 2(2) 33(11) 87(‘BfyShid 3)
Tetra EG 4 2(2) 3(30) 7(53) 16(68) 6QA(99) 20 EG = | .
n = value of n in fornula on page 3.
Exanpl e 2 London C ay was dispersed in seawater contal ning
differing concentrations of polyethylene glycols having values of n
greater 25  thaR fa.re These results are presented in Table 2, as in Table
1. The rengts indicate that, for these higher nolecul ar weight
materials,  8-SubStalntikaspy drdhbineafibitht soeArddpy dol ammosr the ParRediagui red
to | nhi bid14ihe dbnSRAi%EOM Afd16REO0MCoRncradcdnlpahed i sORIOE NBoge Of
these additiveg, |, ennancadetsy LIS RLRRANCS, Sl O ARRLHS! LSS L2,

5 control agents, shale inhibitors, and pH control agents.

10

15

20

25

30

35
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30 " the point at which London Oay may

di spet si on.

be conpl etely prevented frogn

1

35

7683(2)

Abstract
DRILLING FLUID

A water based drilling fluid comprises:

(a) an aqueous medium,

(b) a polyalkylene glycol of general formula:

' Rl¢cHy - c- 0% &

R

wherein R is H or CH3, Rl is H or an alkyl group containing 1 to 4
carbon atoms, and n is a number in the range 4 to 200, and

(c) a potassium salt.

In the case of tetra- and higher molecular weight polyalkylene
glycols, there is a synergistic clay-stablising effect between these
compounds and the potassium salt.
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Tabl e 2 | ' 9% SHALE RECLAI MED (W TH KO - @ 10 BRage™®

VOL % SCLVENT | N SEAWATER 5 SOLVENT n 2 5
10 . A 5 - 9(99) 10(100) 12(100)
B 12 7(94) 9(100) 10(100) 10 C
39(100) 42(100) 46(100) D 180  48(100) 43(100)
52(100) Solvent Ais a (r;ixture of pol yet hyl ene gl ycol s of
average 15 nol ecul ar wei ght 280. Sotvents B, C, and D are pol yethyl ene
gl ycol s sol d under the Trade Nanme Breox by BP Chem cals Ltd.
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DRILLING FLUID

This invention relates to water-based drilling fluids which are
suitable for use in shale and clay formations.

A drilling fluid is used in conjunction with the rotary system
of drilling. The drilling f£luid is pumped from the surface down the

5 inside of the rotating drill string, discharged through ports in the
bit and returned to the surface via the annular space between the
drill string and the hole.

The drilling fluid serves to cool and lubricate the bit and
drill string, bring drill cuttings to the surface, consolidate the

10 side of the drilled hole, prevent squeezing-in or caving of the
formation, control subsurface pressures, suspend drill cuttings when
the column is static and minimise damage to any potential pay zone
that might be encountered. .

Drilling fluids generally contain a carrier, a weighting agent

15 and chemical additives. They are commonly divided into two
categories, water based muds (WBM) and o0il based muds (OBM). In the
former the carrier is an aqueous medium and in the latter it is an
oil. Diesel oil was used in the past as the o0il, but recently low
toxicity drilling oils have been developed for this purpese.

20 While WBM are more envirommentally acceptable than OBM (since
the latter still give rise to.the problem of disposing of large
quantities of o0il contaminated drill cuttings, even if the oil is of
low toxicity), they are recognised as being technically inferior in
a number of important areas, such as thermal stability, lubricity,

25 and shale inhibition.
This is the replacement sheel
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Examﬂl e 3 In order to assess whet her the beneficial effect of
addi ng pot assi um chloride results fromthe presence of pot assi um or

sinmply 20 from changi ng the ionic strength of the ged ty of
ot her salts of nolar concentrations identical Iﬁ
added to seawater. The pol ygl ycol used was Sol vent C

M vvere
concentration of 0.5 volune % The results of Exanple 3 are shown
Tabl e 3 which shows that the beneficial effect is due to 25 pot assi um

Tabl e 3. Sol vent Z Shal e Recl ai ned

Seawat er (SW Although shald0is3Qoft and thefbifde relatively easy to drill
35 SW PEG 55 SW PEG KCL

100 SHogopeh cady fgﬁyq causes many problgms for the driljipppmeipesr.
81 35 SW RECHMIGk[ &d9illy into the fluid, Hérge lumps break off and fall

into the hole, pores in the shale can contain fluids trapped under
5 pressure, and in extreme cases, the borehole wall may collapse.

Since shale makes up a high proportion of the rocks drilled in
exploratory and production wells for oil and gas, particularly in
important producing areas such as the North Sea, it is important
that drilling times and problems be kept to a minimum when drilling

10 through such formations.

Many WBM formulations incorporating additives have béen
suggested in an attempt to control reactive shales. Such additives
include:

(a) salts such as potassium chloride to limit water uptake,

15 reduce the swelling of the shale, and reduce leaching of any salt
deposits encountered, -

(b) chemically modified starch or cellulosic materials which
are used to reduce fluid loss,

(c) water soluble polyacrylamides or other water soluble

20 polymers which adsorb on the surface of shale to bind it with a
coating of polymer, thereby reducing dispersion of the shale,

(d) lime or gypsum which, although sparingly soluble, act in a
similar manner to (a), and

(e) asphaltene derived products which assist in fluid loss

25 control by acting as blocking agents for cracks and microfractures.

To date, however, none of these formulations has been able to
provide shale inhibition to the levels achieved with OBM. .

This is because an OBM does not react with shale. A
conventional WBM will, however, react to a greater or lesser extent

30 with many shales causing them to swell and can give rise to problems
such as stuck pipe, tight hole, overgauge hole, poor directional
control, poor cementing and poor mud condition (leading to extensive
dumping and diluting and therefore high mud costs).

It is an object of the present invention to develop a WBM which

35 approaches the technical performance of an OBM without sacrificing
Thig is the replacement sheet
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7 ’ SW PEG FeCd [err] 90 SWPEG Al Cl [err]
79 Exanpl e 4 In order to assess
the effect of chem cal composition on the 5  dispersion of London d ay,
two pol yal kyl ene gl ycol fluids containing differing ratios of ethylene
and propyl ene oxi de were assessed. The 3 results are presented in Table
4. The results indicate that | ow anount s of pol yal kyl ene gl ycol

material are required to inhibit the di spersion of London Clay and that
t he performance of these

its environmental advantages.

Although, as previously acknowledged, the use of potassium
chloride as an additive to WBM is known, its effect is not always
consistent and deﬁends to a considerable extent on the other

5 constituents of the drilling fluid.

We have found that this inconsistency is marked in the case of
polyalkylene glycol additives, and particularly so with mono-, di-,
tri- and polyalkylene glycol additives. In the case of these
compounds, the addition of a potassium salt to the mono-, di-~ and

10 tri-ethylene glycols has little positive effect and, indeed, can
have a negative effect and can encourage the dispersion of certain
clays and shales, e.g. London clay and to a lesser extent Oxford
clay. In the case of tetra- and higher molecular weight
polyalkylene glycols we have discovered that there is a synergistic

15 clay - stabilising effect between these compounds and the potassium
salt.

Thus according to the present invention there is provided a
water based drilling fluid comprising:

(a) an aqueous medium,

20 (b) a polyalkylene glycol of general formula:

rlo £ cny~ CH—0}g H
R

25 wherein R is H or CHj, R! is H or an alkyl group containing 1 to 4
carbon atoms and n is a number in the range 4 to 200, in amount 0.5
to 60%Z, preferably 1 to 20Z, by volume of the fluid, and

(c) a potassium salt, in amount 5-50, preferably 10-30 ppb
(pounds per barrel), ie, 14.3-143, preferably 28.6-85.7 g/l.

30 The concentration of polyalkylene glycol required to achieve a
desired effect is dependent on the molecular weight of the glycol.
In general, the lower the molecular weight, the higher the
concentration required, and vice versa.

Sujtable polyalkylene glycols are polyethylene glycols.

35 Polyalkylene glycols containing various ratios of ethylene

This is the replacement sheej
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10 additives is enhanced in the presence of potassiumchloride to the
point that London Clay may be conpletely prevented from di spersion.

Tabl e 4 _ % SHALE RECLAI NED (WTH KO @ 10 ppb) 15

VOL % SCLVENT | N SEAWATER ' SOLVENT n 2 5

10 E 12 63(96) 5, 74(89) 70(93) 20

F 4.3 82(100) 87(99) 80(97) Solvents E and F are

pol yet hyl ene/ pol ypr opyl ene gl ycols sold under the Trade Nane Breox by
BP Chem cal s Ltd. Exanpl es 5-9 25

Havi ng established, t Inhibitiye nature t he base fluid,, ot her
conponents may PHElE ggo)a&ﬁeﬁrﬂ%y eoﬁf’cfge égé\)né’lnét?n?d'esyﬁ"eﬁ’l”‘table' e.g- 75%
Exanpl es 5-9 ar 80j |125@8se¢;a60% E0ef S0fUE0{ Gmdul & EONS?S&NEOL he ef fect of

adding a polyglycol g, Ihg,;, 0l ] QW 00 REQESIAYE € P8R 33) JRhssium chloride.
However, other potassium salts such as formate, acetate, carbonate
5 and phosphate are also suitable.

The fluid may algo contain additional conventional ingredients
such as weighting agents, e.g. barite, haematite or galena;
viscosifers, e.g. xanthan gum, f£luid loss control agents, eg starch
or cellulose derivatives, shale inhibitors, eg polyacrylamide, and

10 pH control agents, e.g. sodium or potassium hydroxide.

The pH is suitably controlled to a value in the range 7 to 13.

The agueous medium may be fresh or salt water.

The invention is illustrated with reference to the following
Examples.

15 Examples

In each experiment to evaluate the inhibitive properties of a
£luid containing a polyalkylene glycol the procedure involved making
up various water and solvent concentrations, adding a known amount
of dispersive clay (2-4 mm fraction) and rolling the resulting

20 mixture at room temperature and 20 rpm for 16 hours. At the end of
this time, the non-dispersed clay fraction (>0.5 mm) was recovered,
dried, weighed and any correlation between solvent type,
concentration and shale inhibition noted.

In some experiments, potassium chloride or other salt was added

25 to the mixture.

The tests were carried out on London clay, a Tertiary clay rich
in swelling minerals and representative of a North Sea gumbo.

Shale may be defined as a fine grained sedimentary rock
composed of consolidated silt and clay or mud.

30 Tests on clay samples are equivalent to tests on shales.

Example 1

London Clay was dispersed in seawater containing differing
concentrations of the polyethylene glycol materials mono, d4i, tri
and tetra ethylene glycol and in the presence or absence of

35 potassium chloride (10 ppb). The results are presented in Table 1.
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preparing nuds and for evaluating the effect of adding a polyglycol. 30

Muds were prepared by dissolving the -polyners in seawater (with t he
exception of Exanple 6) and allowi.ng the m xture to age for a. m ni num
"of 30 mnutes. Al mxing was carfied out on a Ham |ton Beach m xer.
Pot assi um chl ori de was added to the sol ut ison of pol ymers and the pH
finally adjusted with potassi um hydroxide™to 35 pHo.

To assess highly inhibitive, fully formul ated water based nud syst ens,

a nore aggressive dispersion test than that used in the

Figures in brackets represent the results of experiments in which
potassium chloride was present. The results indicate that the
addition of potassium chloride to seawater appears to encourage the
dispersion of London Clay for the mono, di and tri ethylene

5 glycols. However for tetraethylene glycol this effect is reversed
and the addition of potassium chloride inhibits the dispersion of

London Clay.

Table 1
& SHALE RECLAIMED (WITH KCl @ 10 PPB)
10
VOL % SOLVENT IN SEAWATER
SOLVENT {n}| O 15 30 45 60
15 Mono EG {112(2)] 8(6) 7(11)] 41(18) B86(72)
Di EG 212(2)] 5(6) 132(14)] 86(30)1100(93)
Tri EG J3]2(2)133(11)}87(34)]1100(59)}100(93)
Tetra EG]4]2(2)} 3(30)] 7(53)] 16(68)] 69(99)

20 EG = ethylene glycol.
n = value of n in formula on page 3.
Example 2
London Clay was dispersed in seawater containing differing
concentrations of polyethylene glycols having values of n greater
25 than 4. These results are presented in Table 2, as in Table 1. The
results indicate that, for these higher molecular weight materials,
substantially lower amounts of glycol material are required to
inhibit the dispersion of London Clay and that the performance of
these additives is enhanced in the presence of potassium chloride to

30 the point at which London Clay may be completely prevented from
dispersion.

35
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" previous experinents was adopted. The test uses approxi mately 100
granms of London Clay chips in the size range 4-8mm The chips are 5

placed inside a cylindrical drum whose curved surface conprises a 5nm
brass or steel mesh. The drum containing the shale is partly I mer sed
(to half the dianeter of the drum) in thegmud under test and the drum
rotated for 4 hours at anbient tenperature. After this time the shale
remai ning i s recovered, washed, dried and the amount 10 of shale |ost, by
di spersion into the fluid cal cul ated. Exam nation of the anmounts of
shal e recovered in differing nud syste royvi de conpari sons of the
relative inhibitive nature of the nud g@%ﬂ%ﬁ% under test.
The results are shown in t esﬁmklmmmmﬁg 13 10 ppb)
Table 5 COVEONE Ex 5 Ex 6 Ex 7 Ex 8 Ex 9
Seawat er Base Base Base Base 20 KC1
25 25 25 25 QOI|VFOL % SOLVENT IN SEAWATER 100%
Xant han Guny 1 1 1. 1 cMC
4 4 4 4
SOLVENT | n 2 5 10
A 5 9(99) |10{(100){12(100)
B 12 7(94) 9(100)|10(100)
10 c 90 39(100) {42(100){46(100)
D 180 | 48(100) |43(100)]52(100)

Solvent A is a mixture of polyethylene glycols of average
15 molecular weight 280, Solvents B, C, and D are polyethylene glycols
sold under the Trade Name Breox by BP Chemicals Ltd.
Example 3
In order to assess whether the beneficial effect of adding
potassium chloride results from the presence of potassium or simply
20 from changing the ionic strength of the seawater, a variety of other
salts of molar concentrations identical to 10ppb KCl (0.4M) were
added to seawater. The polyglycol used was Solvent C in Table 2 in
a concentration of 0.5 volume Z. The results of Example 3 are shown
in Table 3 which shows that the beneficial effect is due to
25 potassium.

Iable 3.

Solvent Z Shale Reclaimed
Seawater {(SW) 10
30 SW/KC1 35
SW/REG 55
SW/PEG/KC1 100
SW/PEG/CaCly 65
SW/BEG/NaCl 81
35 SW/PEG/MgCly 46
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Ani.oni ¢ Pol yacryl am de | 1 1 125 - Pol ygl ycol

(Type/ Anount>) - 39%A 3% Recovery from Cutti ngs
Di spersi on Test 15 98 40 87 85 30 - Al concentrations
are in ppb (pounds per barrel) unless otherw se stat ed - %are
vol ume % al Low Toxicity drilldng oil (ex BP 83HF from BP

Chem cal s Ltd). 35 Xanthan XC pol yner (ex Kel co).

SW/BEG/FeC13 90
SW/PEG/AIClg 79
Example &

In order to assess the effect of chemical composition on the

5 dispersion of London'CIay, two polyalkylene_glycol fluids containing
differing ratios of ethylene and propylene oxide were assessed. The
results are presented in Table 4. The results indicate that low
amounts of polyalkylene glycol material are required to inhibit the
dispersion of London Clay and that the performance of these

10 additives is enhanced in the presence éf potassium chloride to the
peint that London Clay may be completely prevented from dispersion.

Table 4
%Z_SHALE RECLAIMED (WITH KC1 @ 10 ppb)

15 VOL % SOLVENT IN SEAWATER

SOLVENT| n | = 2 5 10

E {12 ] 6396y | 74(89) |70(93)
20 F l4.3] 82¢100) | 87¢99) [80¢97)

Solvents E and F are polyethylene/polypropylene glycols sold
under the Trade Name Breox by BP Chemicals Ltd.
Examples 5-9
25 Having estab;ished the inhibitive nature of the base fluid,
other components may then be added to provide a whole mud system.
Examples 5~9 are illustrative of mud formulations and the
effect of adding a polyglycol. The following procedure was used for
preparing muds and for evaluating the effect of adding a polyglycol.
30 Muds were prepared by dissolving the polymers in seawater (with
the exception of Example 6) and allowing the mixture to age for a
minimum of 30 minutes. All mixing was carried out on a Hamilton
Beach mixer. Potassium chloride was added to the solution of

polymers and the pH finally adjusted with potassium hydroxide to
35 pH9.
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CME = Na car boxynet hyl cel | ul ose - CMC LoVis (ex Baroid). Ani oni ¢

Pol yacryl am de - Al coner 120L - ex Allied CollI'oi ds. A  Solvent A of
Exanpl e 2. F - Solvent F of Exanple 4. 5 ‘Exanple 5 is a basic WM
not according to the present invention. Exanple 6 is illustrative of
an oil based nud. Exanmple 7 is illwstrative of an inproved water based
mud, not according to the present invention. Exanple 8 is the nud
according to Exanple 7 with 3% pol yglycol A 10 added. Exanple 9 is
the nud according to Exanple 7 with 3% pol ygl ycol F added.

Exanpl es 8 and 9 & obleACRONAINE Wi el NERYCHGRIILINCULLAN paced LBRD SHOW
greatly inproved properties Tn conparison wth the other R
approach the Syaieff»dadlonehasBREive dispersion test than that used in the

previous experiments was adopted. The test uses approximately 100
grams of London Clay chips in the size range 4~8mm. The chips are

5 placed inside a cylindrical drum whose curved surface comprises a
SSm brass or steel mesh. 'The drum containing the shale is partly
immersed (to half the diameter of the drum) in the mud under test
and the drum rotated for 4 hours at ambient temperature. After this
time the shale remaining is recovered, washed, dried and the amount

10 of shale lost by dispersion into the f£luid calculated. Examination
of the amounts of shale recovered in differing mud systems provide
comparisons of the relative inhibitive nature of the mud systems
under test.

The results are shown in the following Table 5.

15 Iable 5
COMPONENT Ex 5|Ex 6|Ex 7|Ex 8|Ex ¢
Seawater Base Base|Base|Base
20 KC1 25 25 25 | 25
0il 100X
Xanthan Gum 1 1 1 1
CMC 4 4 4 4
Anionic Polyacrylamide 1 1 1
25 Polyglycol (Type/Amount) 3ZA 13%F
Recovery from Cuttings
Dispersion Test 15 } 98 | 40 87 85
30 -~ All concentrations are in ppdb (pounds per barrel) unless otherwise
stated

- % are volume %

0il = Low Toxicity drilling oil (ex BP B83HF from BP Chemicals Ltd).
35 Xanthan = XC polymer (ex Kelco).
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CMC = Na carboxymethylcellulose - CMC LoVis (ex Baroid).
Anionic Polyacrylamide ~ Alcomer 120L ~ ex Allied Colloids.
A = Solvent A of Example 2.

"F = Solvent ¥ of Example 4.

Example 5 is a basic WBM, not according to the present invention.
Example 6 is illustrative of an o0il based mud.
Example 7 is illustrative of an improved water based mud, not
according to the present invention.
Example 8 is the mud according to Example 7 with 3% polyglycol A
added.
Example 9 is the mud according to Example 7 with 3% polyglycol F
added.

Examples 8 and 9 are in accordance with the present invention
and show greatly improved properties in comparison with the other
WBM and approach the standard of the OBM.
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Claims

1. A water based drilling fluid comprising:

(a) an aqueous medium, characterised by the fact that it also
contains the combination of

(b) a polyalkylene glycol of general formula:

Rl ¢ cHy - CH ~ 0 3y H
R

wherein R is H or CH3, R! is H or an alkyl group containing 1 to 4
carbon atoms, and n is a number in the range 4 to 200, in amount 0.5
to 60% by volume of the fluid, and

(¢) a potassium salt in amount 14.3-143 g/1.

2. A water based drilling fluid according to claim 1 wherein the
concentration of the polyalkylene glycol is in the range 1 to 20% by
volume of the fluid.

3. A water based drilling fluid according to either of the
preceding claims wherein the concentration of the potassium salt is
in the range 28.6 to 85.7 g/l. .

4. A water based drilling fluid according to any of the preceding
claims wherein the polyalkylene glycol is a polyethylene glycol.

5. A water based drilling fluid according to any of claims 1l-4
wherein the polyalkylene glycol contains ethylene oxide and
propylene oxide units in a ratio in the range 1:3 to 3:1.

6. A water based drilling fluid according to any of the preceding
claims wherein the potassium salt is potassium chloride.

7. A water based drilling fluid according to any of claims 1-5

wherein the potassium salt is a formate, acetate, carbonate or

|
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10 Cl ai nms - 1. Awater based drilling fluid conprising:

(a) an aqueous nedi um characterised by the fact that it al so contai ns
t he conbi nation of (b) a polyal kyl ene gl ycol,  of general formnula:
5 [err] wherein Ris H of; cen Rablaced] | s
H or an al kyl group containing 1 to 4 1icarbon atons unmber
in the range 4 to 200, in anmount 0.5 to 60% by vol id,
and 10 (c) a potassiumsalt in anount 14.3-143 g/|. 2. A water
based drilling fluid according to claim1l wherein the concentration
of the polyal kybaasngkycol is in the range | to 20% by vol une of the
fluid. 3. @ ter based drilling fluid according to either of the

water based drilling f£luid according to any of the preceding
claims containing in addition one Or more components selected from
the group consisting of weighting agents, viscosifiers, fluid loss

5 control agents, shale inhibitors, and pH control agents.
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15 pfeceding clainms wherein the concentration of the potassiumsalt is

in the. range 28.6 to 85.7 g/l. 4. A water based drilling fluid
actording to any of the preceding cl ai ms wherein the pol yal kyl ene

gl ycol is a polyethylene glycol. 5. A water based drilling fluid
according to any of clainms 1-4 20 wherein the polyal kyl ene gl ycol contains
et hyl ene oxi de and propyl ene oxide units in aratio in the range 1:3
to 3:1. 6. A water based drilling fluid according to any of the
precedi ng cl aims wherein the potaséth1saIt i s potassium chlori de.

7. A water based drilling fluid according to any of clains 1-5 25 wherein

the potassiumsalt -is a formate, acetate, carbonate or

Abstract

DRILLING FLUID
A water based drilling fluid comprises:
(a) an aqueous medium,

_(b) a4 polyalkylene glycol of general formula:
Rl-(-CHz-tCH—O')'nH

R

wherei i i
ein R is H or CH3, Rl is y or an alkyl group containing 1 to 4
carbon atoms, and nis an :

umber in the range 4 to 200, and
(c) a potassium salt,

Blycols, there is a Synergistic clay-stablisi

compounds and the potassium salt.
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phosphat e. 8. A water base drilli np flm;d ,»a%@@qtng_[,;% Ty

“the preceding clainms containing in adp rz’nQnJ ORRMOT, g ?0 ﬁ nt S
selected fromthe group consi stl ng of el ghtdégg a qE} """""

-viscosifiers, fluid |oss cont r ol agen;t $7 1! Q@,In jgré“ Pa%ﬁji p\-l
control agents. : A Wt er based i} Iy |an9& cor i

claim8 containing a shal e i nhi bitor V\/m ch'is a pBT‘ gcr‘y D RPBEE. ...

10. A water based drilling fluid according t gﬂ_ m 6 wherein the

pol yal kyl ene gl ycol is a pol yethylene gl ycol ¥ntE OF RECEIPT...47lag

pol yet hyl ene/ pBit 9ii’rgépihaéﬁésg?%féo?“daﬁtfrﬁfqr§ gelgbively easy £o FAIT A WaTer
based dri lghichgH,| 14 dtachudwg:aﬁp pebAlkt Goolthd W MNEMEI dhgineer. t he anount

of polyal kﬁé' &l pegzlz scgaszlly into QKe fluid, larg]é51u.ups break off and fall

into the hole, pores in the shale can contain fluids trapped under

5 pressure, and in extreme cases, the borehole wall ndy collapse.

Since shale makes up a high proportion of the .xocks drilled in
exploratory and production wells for oil and gas, pirticularly in
important producing areas such as the North Sea, it is important
that drilling times and problems be kept to aminimm when drilling

10 through such formations,

Many WBM formulations incorporating additives have been
suggested in an attempt to control reactive shaleseg. as described in USA-2786027
and FR-A-2624132. Such additives include:

(a) salts such.as potassium chloride to limit water uptake,

15 reduce the swelling of the shale, and reduce leaching of any salt
deposits encountered,

(b) chemically modified starch or cellulosic materials which
are used to reduce f£luid loss,

(e) water soluble polyacrylamides or other water soluble

20 polymers which adsorb on the surface of shale to bind it with a
coating of polymer, thereby reducing dispersion of the shale,

(d) lime or gypsum which, although sparingly soluble, act in a
similar manner to (a), and

(e) asphaltene derived products which assist in fluid loss

\/ 25 control by acting as blocking agents for cracks and microfractures.
To date, however, none of these formulations has been able to
provide shale inhibition to the levels achieved with OBM.
This is because an OBM does not react with shale., A
‘conventional WM will, however, react to a greater or lesser extent
30 with many shales causing them to swell and can give rise to problems
such as stuck pipe, tight hole, overgauge hole, poor directional
control, poor cementing and poor mud condition (leading to extensive
dumping and diluting and therefore high mud costs),
It is an object of the present invention to develop a WBM which

35 approaches the technical performance of an OBM without sacrificing
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Claims

1. A water based drilling fluid comprising:

(a) an aqueous!nediJnn,characterised by the fact that it also
contains the combination of

{(b) a polyalkylgﬁe glycol of general formula:

R'O & CHy ~ FH- 03 H
R

wherein R is H or CHj, R! is H or an alkyl group containing 1 to &
carbon atoms, and n is a number in the range 4 to 200, in amount 0.5
to 60% by volume of the £luid, and

(¢c) a potassium salt in amount 14.3-143 g/l.

2. A water based drilling fluid according to claim 1 wherein the
concentration of the polyalkylene glycol is in the range 1 to 20% by
volume of the £luid.

3. A water based drilling fluid according to either of the
preceding claims wherein the concentration of the potassium salt is
in the range 28.6 to 85.7 g/1.

4, A water based drilling fluid according to any of the preceding
claims wherein the polyalkylene glycol is a polyethylene glycol.

5. A water based drilling £luid according to any of claims l-4
wherein the polyalkylehe glycol contains ethylene oxide and
propylene oxide units in a ratio in the range 1:3 to 3:1.

6. A water based drilling fluid according to any of the preceding
claims wherein the potassium salt is potassium chloride.

7. A water based drilling fluid according to any of claims 1-5

wherein the potassium salt is a formate, acetate, carbonate or

W
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phosphate.

8. A water base drilling fluid according to any of the preceding
claims containing in addition one or more components selected from the
group consisting of weighting.agents, viscosifiers, fluid loss control
agents, shale inhibitors, and pH control agents.

9. A water based drilling fluid according to claim 8 containing a
shale inhibitor which is a polyacrylanide.

10, A water based drilling fluid according to claim 6 wherein the
polyalkylene glycol is a polyethylene glycol or
polyethylene/polypropylene glycol and n is 4-12,

11. A water based drilling fluid accord;pg to claim 6 or 10 wherein

the amount of polyalkylene glycol is 2-10%,
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