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ABSTRACT

There has been a trand toward deeper drilling in the oil

industry ovser the past twenty years, Sinece formation temvasrs-
ture inoresses with depth and reaches 300°F or more in existing
wells, the =ffect of elevated ltemperature on drilling finild

has begome sn imporitant problem, Zlevatsd temperstures msy have

a detrimenital effect upon drilling Ffluld, especlially during

g

pericds of shul-down when the drilling fluld stays in the wsll
and ages ab high bétb@mwh@la temperature foy hours or days,

This study was underteien in order to determine ths effect
of aging &b slavabted temperaturs on the physlcal provertiss of

drilling flulde. The work is bz

[iy]

gd on the results of laboratory

P

(‘1"'"

investlgations of three kinds of clay-weler-base drilling fluids

Cu

aach of which wag hested st four different bemperatures an

sged for consideratle periods

Lﬂ

s« 4+t wag found that the physical
properties of drilliing fiulds subjected o tampersture and

aging change in the following ways, The wvisgcosity of Monimori-

cake will tend to incresse, Mesnwhile, the gel etrengih of
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THE ZFPEQTS OF AGING AT ZELAVATAD TEMIARATURRD CN

Li

T
CERTAIN FHYSICAL FRCPERTIEZS CF DRILLING FLUIDS

INTRODUCTION

The relative success of drilling cperations depends Lo
a large extent upon the properties of ths drilling fiuid

employed. Drilling fluid may vary from g siwmple mimture of

netive earth minerals snd waber to a very couplex, closely
controlled £iuid compound containing speclal clays, heavlier

minerals, snd orgenie colloide. The liguid phase of ihe
complex drilling fluid wmay be water, wals e ineardleion, 01l-
in-water-emulsion, or oll,

The first rotary drilling fluid used was water. Iis

primery functions were to trensport the cuttings to the surfacs

(a;

rably auited for thils puroose

ke

3

a’u
{t:i

snd cool ths bit., Waier 1s a
and in addition has oroved to be the fiuld whieh least retards
drilling rate. Thus, clear water remalns asg thes lcdeal drill

£iuid where no other function must be performed. The use of

water ieg almost entirely confined to drilling thrc



e
g

formatlions which have very lovw permsabllity and which 4o not

£

cave or Promoits the dspositlion of a filter cake on the wall
of the bors hole of the well, However, most rotary wells
have besn drilled through unconsolidated formetions mads up
hydrated shales, highly permeable sands, gravels, snd
Limestone, They mayv also contain ‘luiis and gases which may
migrate into the bere hols,
Une of the Iirst observations o smggest the usefulnsss
of drilling flulds wes that less hole trouble was encountered

Bl

drilling water bscams muddy with ground-up Tormatlon

B

az ths
clays, This puddy slurry was described as mud, It is also
called drilling fluld.

The use of formation and surface claye was the Lirst
step in which colloids were intentionally used in drilling
filuid, Clay forms rigid platelike particles with very large
ratic of langth to thickness, When dry, the individusl clay
carticize are bound closely topgethsr but, when hydrsated, the
water molecules migrate in beitween adjscent clay lamine and
force them further avart so that the nlxturs assumes plasticity.

When still further dispersed in water, the individual clay

particles display Brownisn movement; but iIf the fluld gsls,
thig motion cesases, The extent to which elay sxpands or is
dispersed on hydration dspends upon itsg origlin and the

chemical and colloidel natures of other substencss prasent,

€
D

L

As mention=d previcusly, funetion of drilling Iluid

o

ig to transport cubtings to ths surface. I however, the
i

Y

sirculation is temrorarily stopred, the fluld must be thixotropic
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inecluded Sawdon (193%1), who First described that drilling

filuld is an ipportant fsetor in desp well drilling; Baker

(19%2), who found {tket %the importsnce of drilling fluld ls

ineressed with the incrsase of depth of ¢ll well; snd Brok
1

(1975 ), who has tested several drilling flulds and found that

%
to gontasminstes such a8 anhydrite, gypsum, cement, snd sslt

water end does not gel at high temperature, VWatkine {1o53)

gid s successful work of testing several treated-drilling-

"

S 88 followst

5

fluids at high tempersture, The [lulds
Yo Lims-trested fluld which contelins flive pounds Der barrael

high grads bentonite; & ounds per barrel csustic soda;

stabilizer; two pounds

o5y

two pounds per barrel lignitic emulsion
per barrel gusbracho: one pound per barrel CMC polya acryvlonitrils

$

E&s

or gimilarly stabls orgenic water-loss reducing materlal

ssired weight; and ten veolume DPer

1)

some barite to yield the
cant of diesel cil snd lime added when necesgary to malntain
a pH of 10.5 o lz.

), Low pH red drilling fluid, a fluid whose pH 1s ncb greater
then 12, sontsining natursl tannins and lignltic materisls,
or a combinstion of those or eguivalent materisles ss dispersing
agente,

). Lime-base fluid similar to the foregoing but containing

oo
fe Y
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THE }ﬁY“IG&L FPROFERTIES OF DRILLING FLUID
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nropertls

w

in

of drililing fluild diszcussed
in this paper can be described zs followsi
1, Density: The density of drilling £Iuild is significent

in Lifting Srililing cubtings and cifsetting high formabtion
sl )

pressurs. It can be rspresented by welght, in pounds per gallon

or pounds per cuble foot. The primary functicn of weighted
fluid is to control gas, oil, and water pressure in the
formation tenetrated within the wsll., This is sceomplished by
uging a finild heavy snough to furnish a positive hydrostatic
differential agalingt the contents of the formation, 4 s=cond
functlion of welghted fluld 1s to prevent caving and 1s scoome

plished through two sffects of heavy fluidst the first one

applies & pogitive differential Dressure against the formation
te neld 1t in place; the sscond ubilizes the houyant effect of
heavy fluld and lessens the tendency of unconsolidated or

fractured formation to gravitats Inte the hole, Formation
sclids and surface clays were the flrst meisriale used to add

welght to drilliing Tlulds, The higher the pesrecentage of lnerd

,

[

golids, the higher the density of the fluid, The inert sclids



nave & specific gravity of about 2,5, and thsey ars capable

of making fluid welghing 11 and 12 pounds per gallon; but
at higher demsities such & fluld becomes too plastlc to use.
Sueh flulds are ususlly low in colloids and have undesirably
have been caused by a combination of light vwelght and high
vigeoslty, with resultent of reeyeling of gas and swahbing

of hole, In ordsr 40 make & heavy Tfluid it is necsssary to

use materlials having speciflc graviity greater than clays,
gands and limestone,
Zeo Viscosity: The viscosity eof drilling fluld influsncss

viscrelty alffects zre surperimposed on the Hewtonlisn or

Tundsmenteal condition of flow. The wellepgrounded Fformulation

of wiscoglty ig that of Zinstelin, whoe applisd o opdinsry

2

formila of hydrodynamics to Brownisn mobion, viscosity and

2 p

iiffueion of colloideasl particles, However, Einstein asssunmed

.

that the particles were zpherical and lerge as compared with

e molecule of golvent; that they wers unchenged, and there

LT

actually In contect 3 and, finally, that turbulsice was 2voidod.
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svanpla, bentonlits has well developsd colloldal and thizotro
rropertles,
%, el Strengths Wheress viscosity ls a msesure of the

resistance of Tiluid te infinltzsloal uniform shs

a measure of plasticity and thixotropy. In drilling fluld,
the gel sitrongth is responsible for ithe abillity of the [
oward, but also for the ability of the

&

uttings in suspension when cireulabticn is

o
C-L
®
G

guspended, Noncolleldal particles will eventually sink in =
brue fiuld baving zero gel strength, regerdless of lts visco

fluids. These are the followingt
(1), Gel strengtb ilucreases az the time of gulescencs

increasag.

o

(£)., Agitation restores the originsl fluidity of the g

vy

(

i

fluid, which sgain gels 1T it is allowed to return to

qulescencs, This charscteristic ls inown as thixetropy,
Due to the charscteristic of incressing gel strength with

increase of bime, 1t becomss nscessary to obtain a measure

this inecrsage, This ls done by coaparing the zZero=time or

12l gel strength with the ten-minute gel strength. The

h)

1
differsnce 18 the measure of thixotropy of the drilling flul

The thixotropic character of drilling fluid performs the

iy

id

i

1led

L

Tle

ot o
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e fluid which enters into the forualtiocn may sucounit:
shales and clsys susceptibls Lo
- R T s . ” - 2, o~ E o & o, i R .
which vesults mey csuse heaving or slippling of shales op

Lo

¢lay into the hole, The hydretion or swelling of clay in

producing sands may impair productlon through ths 1oss ©

pelcygin bll?wy of the formation.
Thers 1s noe unit of the golloidal propsrity of dyrilling
nd bhe colleldsl velue cormot be meagured guantl
However, relative colloidal value and its effect on the
rroperties of drilliug

of filter ceke and thes rate of filtration,

hedpration, asnd the swelling

AR ST S A e T T ————



LABCRATORY WORK AND RESULTS

i

|

J
The laboratory work performed in commectlon with this
study consisted of the following threse steps:d

» 2

First step: Freparstion of Drilling Fluid,

Th= clay was used tov meke drilling fiuvid semplss for
sboreatory sbudy, The procedurs was to grind the c¢lay to
laborat tudy, Ti Turs was to grind t lay to

sbout 40 or 5O mesh and then wmix it with 4i2tilled water in

te
£
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a five-liter Jar prov
fluld depends upon the relative ancunts of clay and wabtasr;
the denslity was made o vary from &4 to TO vpounds per cubilo

jar and its

=

foot, The fluld was sitlrred throughly in the
pPhysicel vroperitles were then observsed at reom teuperaiure.

Second otepnd Measurement of Fovslesl Frovertles,

& o

1o Density: The density of the drilling fluld was messursd
by means of o Barocid Balsnce. The procedure was to fill the

s
q

n the balance arm with Fluid to be bestsd and seal the

&

o

ihhe)

s
{a

1id slowly with a twisiting wmotion, maling sure that some of
the fiuld ren out of the hole on the cover of the cup, ALl
Pluid Wag wipsd ITrom the 1ld, cup, and bssm of the balsncs,
Then the knife edge was set on the fulcrum, asnd the rider

was moved along the gradusted beawm until the cup and
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i

wers balance The deneitv of the Lested fluid was then

given by the value whieh was recorded on the beam, It was read

2, Viscoslity: The Stormer Viscoslmsier was used for measuring
vigcoslty. The proced ungaed was as followst Flrest the

roares mabterials were repovaed from the £Iuld o be bested.

fHext the cup of the vissosimeter was filled Lo within ons

guartesr inech of the top and placed in the waber bhath,

un
e E:*
s
o)
14
By
)
L
&
i
&_‘.}n
ot

agssenbly was then rai would go on the support

5

rods of the viscosimebtsr and waes held in place by meansg of
set sorew, Free rotation of the spindle was obteinsd by rel-

@

engling the brake screw located on the gear case.

After the drilling fluld in the cup was throughly

the spindle was revolved by turning the rsel, Metric
were added to or substrachtsd from the vlunbt line until the
spindle rotated at é gpeed of 600 REM,

The vigcosity of the fluld to be tested was detesrmined
by mesns of the welghts attached on the plumb line and was
convertsd into centipolises with the calibratlion chart,

Gel Btrengtht The gel strength of the drilling Tluld was

&

2lso measured by the Stormer Viscosimetsr. The procedurs

wes to aglitate the fluld throughly and pour 1t immediatsly
into the test cup of the viscosimeter., The Initlal geld

strength msssurenent wes mads by determining the minluum
t

raguired to effect s movement of the spindle of

e
E]

sroroxinstaly ons quarter revolution after the Lrake h

mh

Desn 210wly relsased. Then the totel welight in grams
o 5
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cylinder, the screw press was tightened, and pressure was appllsd

28 soon 28 possible, With & graduatesd cylinder in plscs to
receive the filtratge, ths volume sccumulation in 30 minutes
was vecorded in cuble centlmebtsr. The pressure ussd wa

x )

abbzined from sn 2ir bomb znd regulated to 100 pounds per

el

squere inch, avplied to the cylinder by means of regulstor,
At the expiration of the 30 wninute test period, ths DPregsures

S

was relesased through s valve connected to the presgure inlet

43

line, the cylindsr and bettom plate were wilthdrawn from the
vrass intact, excess fluld was poured out, and the filter
cake was removed from the bottom plate, After the vplate had

sevarated from the cylinder, the filter cake was washed Iree

]

£ expese Tluid and ite thickness messursd in thirity-~seconds
of an inch,

Third sten: Heating the Drilling Fluid.

4 60C~ce bronze cylinder having a wall thicknsss of %/8

of an inch and a renovable cap fitted with a gasket was used

55 the fluld conteiner. The cyiindsr wes filled with fluid, and
the cap was pub in plaece and tightened. The assembly was ut

in the slesetricsal oven and heated to the deslired temperaiture.

o

The temperatures used in the experiment were 90°F, 12C°F
180°F, =nd 250°F, The hesting tlms at each temperature wers
nericds approximately of 1

50 hourz, so that sixteen batches of heating { end aging )
wers naseded for each sampls of drilling fluid. after the

-

drilling fluid had been heated and aged through each scheduled

temperaturs and heating time, the fluld contelinsr wes taken
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3. Gel Strength,

(1). The Montmorillonite Fluid: Its gel strength, both

initlal and ten-minute, decreased with temperature riss.

The gel strength of drilling fluid is a meagure of the
property of thixotropy which depends upon the size, form,
arranging figure, and amount of the suspended solids in the
fluid. There 1s a tendency that these factors in the mon-
ﬁmorillonite fluid will be changed due to hydration snd
dispersion of the sgoliad particles, caused by the aging process
at elevated temperatures, This is probably the main reason for
the decrease in gel strength of the ﬁontmorillonite fluia,

(2). The Agusgel Fluid: Its gel strength, both initial

and ten-minute, increased with temperature rise.

As mentioned previously, the total nomber of finely divided
partiéles In the Aquagel fluid will be increased due to the
aging procesé at elevated temperatures. Therefors, the open
space aumong ithe dlspersed particles in the Aquagel fluid ic
desreased. In other words, the suspended solid particles in
the fluld ars closer together. Hence, a thixotropice structure
in the Aquagel fluid occurs, and an increase in gel strength
will result. |

(3). The 30% Aquagel end 70% Baroid Fluid: Its gel

‘strength, bpth initial and ten-minute, increased with
temperature rise,

1t can be explained using the same reason described
in the foregolng paragravhs.
4. Rate of Flltration and Thickness of Filter Cake.

(1). The Montmorillonite Fluid:
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elevated temperatures?
The montmorillonite clay, extracted from a deposit near
Socorro, is a relatively pure clay. It is estimated from
data obtained by electrodialysis by Lr, Schufle that less
than one out of every four exchange posiylons cerries an
exchangeable cation. Particlss of this clay should be
relatively free of absorbed lons, therefore relatively
uncharged, and tend to coagulate on aging at high temperature.
The Aquagsl, on the other hand, ls a commercial bentonite
clay probably tresated with salt solution. In water suspension,
the\Aquagel particles would carry relatively large amounts
of absorbed lons, and be relatively highly charged. Therefore,
they tend to rspsl each other. On aging at slevated temperatures
the Aguagel particles would break up into smaller rarticles
dus to thsrmal agltatlon, and the charges carried would

prevent these finer particles from coaugulating.
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