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This International Standard, which establishes testing methodologies for drilling fluid materials, is based on
API RP 13I, seventh edition/ISO 10416:2002 [2]. This International Standard was developed in response to a
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INTERNATIONAL STANDARD ISO 10416:2008(E)

Petroleum and natural gas industries — Drilling fluids —
Laboratory testing

1 Scope

This [International Standard provides procedures for the laboratory testing of both drilling flGig-thaterials and
drilling fluid physical, chemical and performance properties. It is applicable to both water-based and oil-based
drilling fluids, as well as the base or “make-up” fluid.

It is hot applicable as a detailed manual on drilling fluid control procedures. Réecommendations regarding
agitajion and testing temperature are presented because the agitation history and temperature have a
profound effect on drilling fluid properties.

2 ormative references

The [following referenced documents are indispensable for .thé. application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 91-1:1992, Petroleum measurement tables — Part 1: Tables based on reference temperatyres of 15 °C
and 60 °F

ISO 2719, Determination of flash point — PensKy-Martens closed cup method

ISO 2977:1997, Petroleum products and.-hydrocarbon solvents — Determination of aniline poifit and mixed
aniline point

ISO 3007, Petroleum products and-erude petroleum — Determination of vapour pressure — Reid|method
ISO 3016, Petroleum products'= Determination of pour point

ISO 3104, Petroleum preducts — Transparent and opaque liquids — Determination of kinematic viscosity and
calculation of dynamie viscosity

ISO 3405:2000, Retroleum products — Determination of distillation characteristics at atmospherid pressure

ISO 3675, €rude petroleum and liquid petroleum products — Laboratory determination of density —
Hydrpmeter method
ISO 3696498+ WaterforanalyticaHaberatorytse—Specification-andtestmethod

ISO 3839, Petroleum products — Determination of bromine number of distillates and aliphatic olefins —
Electrometric method

ISO 10414-1:2008, Petroleum and natural gas industries — Field testing of drilling fluids — Part 1: Water-
based fluids

ISO 10414-2:—"), Petroleum and natural gas industries — Field testing of drilling fluids — Part 2: Oil-based
fluids

1) To be published. (Revision of ISO 10414-2:2002)

© 1SO 2008 — Al rights reserved 1


https://standardsiso.com/api/?name=d46a96afaac7db67549dd25f922fd2fd

ISO 10416:2008(E)

ISO 13500:—2), Petroleum and natural gas industries — Drilling fluid materials — Specifications and tests
ASTM D 1141, Standard Practice for the Preparation of Substitute Ocean Water
ASTM D 4052, Standard Test Method for Density and Relative Density of Liquids by Digital Density Meter

ASTM D 5186, Standard Test Method for Determination of Aromatic Content and Polynuclear Aromatic
Content of Diesel Fuels and Aviation Turbine Fuels by Supercritical Fluid Chromatography

ASTM E 100, Standard Specification for ASTM Hydrometers

IP 391, Petroleum products — Determination of aromatic hydrocarbon types in middle distillates — High
performancelliquid chromatography method with refractive index detection

3 Terms|and definitions

3.1
ACS reagent grade
chemical which meets purity standards as specified by the American Chemical Society.(ACS)

3.2

base oil
solids- and water-free hydrocarbon oil, commonly used in the drilling fluid industry for preparation gnd/or
dilution of an|oil-based drilling or completion fluid

NOTE 1 Commonly used base oils are often termed “mineral oils”, “solvent oils” or “absorber oils” and also inclugle the
“diesel oils”.

NOTE 2 S¢e Clause 15.

33
darcy
k
permeability [of a porous medium, where one darcy is the flow of a single-phase fluid of 1 cP viscosity that
completely fills the voids of the porous medium, flowing through the medium under conditions of viscoug flow
at a rate o1f 1 cm3.s~Tecm=2 cross-sectional area, and under a pressure or equivalent hydraulic gradignt of
1 atmecm™

NOTE 1¢P =1 mPa:s.

3.4
flash side
side containipg residue ({flash”) from stamping and with concave indentations

3.5
quarter, verf
mix and divide“into four specimens to assure homogeneity of specimens

3.6
spurt loss
volume of fluid that passes through the filtration medium before a filter cake is formed

3.7

tube sampling

sampling method comprising withdrawal of powdered sample from bag or bulk via a cylindrical device pushed
into the sample, locked shut and withdrawn

2) To be published. (Revision of ISO 13500:2006)

2 © 1SO 2008 — Al rights reserved
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4 Symbols and abbreviations

ndred grams

AA atomic absorption spectroscopy

ACS American Chemical Society

API American Petroleum Institute

ASTM American Society for Testing and Materials

BB ball bearings

C concentration

Cg A concentration of bentonite, in kilograms per cubic metre;

Cep concentration of bentonite, in pounds per barrel;

Cpbs / is the concentration of drilled solids, in kilograms per cubic metre

Cbs s is the concentration of drilled solids, in pounds per barrel

CloA concentration of low gravity solids, in kilograms per cubic-metre;

ClaH concentration of low gravity solids, in pounds per barrel;

Cuellave  average methylene blue capacity for all low;gravity solids, in milliequivalents per hy
(meq/100 g)

Cves methylene blue capacity of commercial bentonite, in milliequivalents per hupdred grams
(meqg/100 g)

Cyveilos methylene blue capacity of drilbsolids, in milliequivalents per hundred grams (meq/1/00 g)

CAS Chemical Abstracts Service, a division of ACS

d inner diameter

D outer diameter.

DCP direct current plasma

DS dril\solids

Egg A bentonite equivalent, expressed in kilograms per cubic metre

Egg, bentonite equivalent. expressed in pounds per barrel:

e thinner efficiency, in percent

EDTA ethylenediaminetetraacetic acid

Fp the performance index (mathematical symbol)

H, corrected hydrometer reading (the hydrometer reading minus composite correction)

HTHP high-temperature, high-pressure

ICP inductively coupled plasma

© 1SO 2008 — All rights reserved
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IP standards issued by Energy Institute (formerly, Institute of Petroleum)
ISA ionic strength adjuster

ISE ion-selective electrode

LGS low-gravity solids

MBT methylene blue test

a abrasion, in milligrams per minute

Gios 10 s gel reading

G10 min 10 min gel reading

l effective depth of hydrometer, in centimetres (see Table 2)
Mpg mass of arsenic in the digested sample, in micrograms

my, initial blade mass, in milligrams

mg mass of a commercial bentonite sample, in grams

my, mass of water required for solids adjustment, in grams

m, specified mass of suspension, in grams

my mass of a dry sample, in grams

mpg mass of drill solids sample, in grams

mg final blade mass, in milligrams

Mg mass of mercury in the digested sample, in micrograms
mg mass of original sample,(inngrams

m, mass of residue, in'grams

mg mass of sample,/in grams

PAC-HV high-vis¢osity polyanionic cellulose

PAC-LV low-viscosity polyanionic cellulose

Pl performance index

Pyt phenolphthalein alkalinity of the drilling fluid

PPA permeability plugging apparatus

PPT permeability plugging test

Dy performance of reference thinner, for example yield point or gel strength as determined in

accordance with ISO 10414-1

Ds performance of test sample, for example yield point or gel strength as determined in accordance
with ISO 10414-1

4 © 1SO 2008 — Al rights reserved
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wcd

Wd

polytetrafluoroethylene

time at initial reading, in minutes

time at final reading, in minutes

mass fraction of arsenic in the sample, in micrograms per gram
mass fraction of cadmium in the sample, in micrograms per gram

mass fraction of sample in suspension, in percent

ISO 10416:2008(E)

Wh

WHg

Wt

WPb

moisture content, as percent mass fraction

mass fraction of solids, in percent

mass fraction of mercury in the sample, in micrograms per gram
part of material finer than the sieve, in percent (mass fraction)
mass fraction of lead in the sample, in micrograms per gram

mass recovery (mass residue), expressed as a mass fraction in percent
time, in minutes

volume of methylene blue solution used in titration, in millilitres
volume of filtrate collected between 7,5 min and 30 min, in millilitres
corrected volume of filtrate, in millilitres

volume of solution, in millilitres

volume of sample, in millilitres

PPT volume, in millilitres

spurt loss, in millilitres

filtrate volume after 7,5 min, in millilitres

filtrate volume after 30 min, in millilitres

static filtration rate (velocity of flow), in millilitres per minute

yield point, in pascals

N
p

1600

density, in grams per millilitre

density of cadmium in the digested sample, in micrograms per millilitre
density of lead in the digested sample, in micrograms per millilitre
viscosity of water at test temperature, in centipoise (cP) (see Table 1)
apparent viscosity

plastic viscosity, in centipoise

viscosity reading at 600 r/min, in millipascal seconds

© 1SO 2008 — All rights reserved
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5 Barite

5.1 Principle
Fines are the particles of 2 ym to 10 ym equivalent spherical diameter and are considered detrimental to

drilling fluids at high concentrations. Both sieve analysis and sedimentation methods for determining fines
concentration are described in 5.2 to 5.6.

5.2 Reagents and apparatus

5.21 Dispersant-solution-

Prepare a sqlution of 40 g sodium hexametaphosphate and approximately 3,6 g sodium carbonate dilufed to
1 1 with deionjized or distilled water. Sodium carbonate is used to adjust the pH of the solution to 9,0 or slightly
less. After thg initial pH adjustment, check the pH each day the solution is used. When the pHl falls beloy 8,0,
discard the splution.

5.2.2 Oven, capable of maintaining a temperature of 105 °C £ 3 °C (220 °F £ 5 °F).

5.2.3 Mixer, capable of operation at 11 500 r/min + 300 r/min under load, with single corrugated impeller
approximately 25,4 mm (1 in) in diameter3).

5.2.4 Coptainer, for mixing, 180 mm (7-1/8 in) deep, d = 97 mm (3-3/4 in) at top and 70 mm (2-3/4[in) at
bottom 4).

5.2.5 Sigves, of mesh sizes 75 ym, 45 ym and 30 pm, having-a’diameter of 76 mm (3,0 in) and a depth of
64 mm (2,5 ip) from the top of the frame to the wire cloth.

5.2.6 Stqpwatch, with direct-reading counter and an accuracy of 0 min to 25 min over the test interva
5.2.7 Stqpper, rubber, size 13 [diameters 68 mni(2-2/3 in) top and 58 mm (2-1/4 in) bottom].

5.2.8 Wash bottles, one containing 125 mldispersant solution diluted to 1 | with deionized water, an¢l one
with deionizgd water.

5.2.9 Balance, accuracy + 0,01 g.
5.2.10 Thermometer, with a scalé reading 16 °C to 32 °C (60 °F to 90 °F), accurate to 0,5 °C (1 °F).
5.211 Begker, 250 ml.

5.2.12 Water bath{ or constant-temperature room, capable of maintaining a convenient corjstant
temperature pt or near-20 °C (68 °F).

5.213 Cy|inder, glass sedimentation, 457 mm (18,0 in) high and 63,5 mm (2,5 in) in diameter, and marked
for a volume of T1{See ASTM D 422).

5.214 Hydrometer, ASTM No. 151H, conforming to ASTM E 100, graduated to read the specific gravity of
the suspension.

3) Multimixer Model 9B with B29 impeller is an example of a suitable product available commercially. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by I1SO of this
product.

4) Hamilton Beach Mixer Cup No. M110-D is an example of a suitable product available commercially. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by SO of this
product.

6 © 1SO 2008 — Al rights reserved
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5.2.15 Dishes, evaporating.

5.2.16 Spatulas, laboratory, of assorted sizes.

5.2.17 Desiccator, with calcium sulfate (CAS number 7778-18-9) desiccant, or equivalent.

5.2.18 Spray nozzle?®).

5.3

Sampling

Obtain_four samples of approximately 10 g and one sample of approximately 80 g of the barite by tube

sam

5.4

5.41
5.4.2
543

5.4.4

wher
b

l

5.5

5.5.1
disp€g
on th

5.5.2

ling and quartering.

Calculation of moisture content
Weigh 10 g £ 0,01 g of the barite obtained in 5.3.
Dry to constant mass at a temperature of 105 °C = 3 °C (220 °F + 5 tF).
Cool the sample in a desiccator and weigh.
Calculate wy,, the moisture content, expressed as a percent (mass fraction), from Equati

h=1002e—_"d

Mo

w

1, is the mass of original sample, expressed in grams;

14 is the mass of dry sample, expressed in grams.

Sieve analysis

Weigh 10 g = 0,01 g(of the barite obtained in 5.3, and place it in a mixing container.
rsant solution. Hand-stir, the sample and dilute to approximately 350 ml with deionized wat
e mixer.

bn (1):

(1)

Add 44 ml of
er. Stir 5 min

Wash the.sample with the diluted dispersant solution onto a 75 pm mesh sieve. Confjnue to wash

with @approximately400 ml of the dilute dispersant solution using a wash bottle. Then wash the mpterial on the

Scree

n using tap, water from a spray nozzle at 70 kPa (10 psi) for 2 min. While washing, allow th¢ elbow bend

of the¢ nozzle-to'rest on the rim of the sieve and move the spray of water repeatedly over the surface of the

screq
resid

n. After tap-water washing, wash the sample at least twice with deionized water; then| transfer the
ie_from the screen to a tared evaporating dish, using deionized water to remove the resiue from the

screen:

5.5.3

5.5.4

Dry the residue in the oven to constant mass, cool in a desiccator. Weigh to + 0,01 g.

Repeat 5.5.1, 5.5.2, and 5.5.3 using 45 ym and 30 um mesh sieves with separate barite samples.

5) Spraying Systems Company No. TG 6.5 tip with 1/4 TT body is the trade name of a suitable product supplied by
Spraying Systems. This information is given for the convenience of users of this International Standard and does not
constitute an endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to
the same results.

©1S0
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5.5.5 Cal

culate mgy, the mass of dry sample, expressed in grams; m,, the mass of residue, expressed in

grams; and wy, the part of material finer than the sieve, in percent (mass fraction), from Equations (2), (3) and
(4), respectively.

100 — wy,

-m. 22" "h 2
™d =M 00 @
w, =100 - 3)

mq
w =100 —w, )
where

wy, is the moisture content, expressed in percent (mass fraction), as determined in 5.4.4;
mg, is thle mass of original sample, expressed in grams;
w, is the residue remaining on the sieve, expressed in percent (mass fraction):

5.6 Sedimentation analysis

5.6.1 We
125ml£2m
water. Stir 5

5.6.2 Trg
and adding ¢
from the upn
cylinder.

5.6.3 WH
sample susp

5.6.4 Tal
and 360 min

When taking
reading is du
taken, carefu
dry.

5.6.5 Ca
Equation (5)
Equation (6)

Add
hized

igh the 80g+0,1g of barite obtained in 5.3, and plage” it in a mixing container.
| of dispersant solution, hand-stir the sample and dilute toxapproximately 400 ml with deio
Mmin on the mixer.

nsfer the mixture to a 1 | sedimentation cylinder, washing completely the sample into the cylinder
eionized water to the 1 | mark. Mix the contentssthoroughly by constantly changing the cylinder
ght to the inverted position and back for 60\s Wwhile holding a rubber stopper in the top ¢f the

en the cylinder is set on the countertop) start the timer immediately. Hang the thermometer |n the

ension.
e hydrometer and thermometer readings after 5 min, 10 min, 20 min, 40 min, 90 min, 18D min
(This is expected to giverparticle sizes ranging from less than 2 um to over 10 um).

a hydrometer reading;-carefully and slowly insert the hydrometer, about 20 s to 25 s before the
e, to approximatelysthe depth at which the reading is taken. As soon as the reading has [been
lly and slowly remove the hydrometer. Clean the hydrometer in deionized or distilled watey and

from
from

culate vy’ the mass fraction of sample in suspension, expressed as a percentage,
and D;-the particle diameter (equivalent spherical diameter), expressed in micrometres,
seethe subsequent example data sheet and calculation):

100 000
a= ——tx(Hg 1) (5)
mg(p=1)
where
my is the mass of dry sample, expressed in grams;
p is the density of the barite sample, expressed in grams per millilitre (determined in accordance with
ISO 13500:—, Clause 7);
H, is the corrected hydrometer reading [the hydrometer reading minus composite correction (see 5.6.7
and 5.6.8)];
8 © 1SO 2008 — All rights reserved
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p =100 |01
980( pP— 1)t
1 (6)
=17,5 | L
(p="1)
where
n is the viscosity of water at test temperature, expressed in centipoise (cP) (see Table 1);
[ is the effective depth of the hydrometer, expressed in centimetres (see Table 2);
t is the time interval from start of sedimentation to taking the reading, expressed incm{nutes.
Table 1 — Viscosity of water at various temperatures
Temperature Viscosity 2 P Temperature Viscosity 2 b
o n 17 n
OC oF CP oC oF CP
15,6 60 1,122 5 22,2 2 0,953 B
16,1 61 1,106 1 22,8 73 0,939P
16,7 62 1,091 1 23,3 74 0,929 (1
17,2 63 1,077 3 23,9 75 0,916 B
17,8 64 1,061 1 24,4 76 0,905B
18,3 65 1,047 9 25,0 77 0,893
18,9 66 1,032 4 25,6 78 0,881p
19,4 67 1,0197 26,1 79 0,871
20,0 68 1,005 0 26,7 80 0,860 1
20,6 69 0,990 4 27,2 81 0,850 |7
21,1 70 0,9785 27,8 82 0,839 b
21,7 71 0,964 6 28,3 83 0,830 b
1cP =1mPa:s.
b Values are calculated as givenin the following equation:
5= 1
0,021482 [(9—8,435) + Ja 078,4 + (0 - 8,435)2 } -1,2
where
n is the viscOsity, expressed in centipoise;
17 is thextemperature, expressed in degrees Celsius.
NOTE See'References [3] and [4].
EXAMPLE A typical data sheet for barite; the calculation follows.
Data-sheet-for-barite-with-a-specific-gravity-0f 4,30
~J Y
Time Hydrometer Temperature Hydrometer Corrected
reading correction from hydrometer reading
t P 4 curve H;
min g/ml °C °F g/ml g/ml
5 1,035 0 25,5 78 -0,0019 1,033 1
10 1,028 0 25,5 78 -0,0019 1,026 1
20 1,021 0 25,5 78 -0,0019 1,019 1
40 1,014 0 25,5 78 -0,0019 1,012 1
90 1,0120 25,5 78 -0,0019 1,010 1
180 1,008 5 25,0 77 -0,002 0 1,006 5
360 1,007 0 25,0 77 -0,002 0 1,005 0
© 1SO 2008 — Al rights reserved 9
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~ 100 000(4,30)(1,0261—1)
80(4,30 - 1)

p=175 |1l _q75 [0888N8S 44
“A(p-1)r Ty (430-1)10

Table 2 — Values of effective depth

wgy = 42,5%

Uncorrected | Effective depth Uncorrected Effective depth
hydrometer / hydrometer /
reading > cm in reading > cm in
1,000 16,3 6,42 1,020 11,0 4,33
1,001 16,0 6,30 1,021 10,7 4,21
1,002 15,8 6,22 1,022 10,5 4,13
1,003 15,5 6,10 1,023 10,2 4,02
1,004 15,2 5.98 1,024 10,0 3,93
1,005 15,0 5,91 1,025 9,7 3,81
1,006 14,7 5,79 1,026 9,4 3,70
1,007 14,4 5,67 1,027 9,2 3,62
1,008 14,2 5,59 1,028 8,9 3,50
1,009 13,9 5,47 1,029 8,6 3,39
1,010 13,7 5,39 1,030 8,4 3,20
1,011 13,4 5,28 1,034 8,1 3,31
1,012 13,1 5,16 1,032 7,8 3,07
1,013 12,9 5,08 1,033 7,6 2,99
1,014 12,6 4,96 1,034 7,3 2,87
1,015 12,3 4,84 1,035 7,0 2,76
1,016 12,1 4,76 1,036 6,8 2,68
1,017 11,8 4,65 1,037 6,5 2,56
1,018 11,5 4,53 1,038 6,2 2,44
1,019 14,3 4,45 — — —
@  Based onreadings using Hydrometer No. 151H, conforming to ASTM E 100,
graduated to read relative density (specific gravity) of the suspension.
5.6.6 Plot wy, the percent (mass fraction) of sample in suspension, on an arithmetic scale as the ordinate
(labelled “Cumulative-percent finer’) and D, the particle diameter, on a logarithmic scale as the abscissa.
5.6.7 Thqa eomposite correction is read from a curve drawn for each hydrometer. (Notice that thig is a

negative number.) The correction is necessary for the following reasons.

a) Equations for percentages of barite remaining in suspension in 5.6.5 are based on the use of deionized or
distilled water. A dispersing agent is used in the water, however, and the specific gravity of the resulting
solution is greater than that of water.

b) Hydrometers are calibrated at 20 °C (68 °F), and deviations from this standard temperature produce
inaccuracies in the actual hydrometer reading. The amount of inaccuracy increases as the deviation from
standard temperature increases.

c) Hydrometers are graduated by the manufacturer to be read at the bottom of the meniscus formed by the

liquid on the stem. Since it is not possible to secure readings of barite suspensions at the bottom of the
meniscus, readings should be taken at the top and a correction applied.

10 © 1SO 2008 — Al rights reserved
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The sum of the corrections for the three items listed is designated as the composite correction, and
may be determined experimentally as follows.

a) For convenience, a graph or table of composite corrections for a series of one-degree temperature
differences for the range of expected test temperature may be prepared and used as needed.
Measurement of the composite corrections may be made at several temperatures spanning the range of
expected test temperatures and corrections for the test temperatures calculated assuming a straight-line
relationship for the observed values (see Figure 1).

b) Prepare 11 of liquid composed of deionized water and dispersing agent in the same proportion as is used in
the sedimentation (hydrometer) test. Place the liquid in a sedimentation cylinder and the cylinder in the
constant-temperature bath set for the first of the two selected temperatures. When the temperature of the

IquUId pbecomes constant, caretully and slowly Iinsert the hydrometer and, arter a short interval

q

ydrometer to come to the temperature of the liquid, read the hydrometer at the top of themer
n the stem. For hydrometer 151H, the composite correction is equal to one minus this.read

to permit the
iscus formed
ng. Bring the

liquid and the hydrometer to the second selected temperature and read the composite cofrectign as before.
22 24 26 28 30 %7 34 36 X
0 >
//
—0,0002 //
—-0,000 4
—-0,000 6 /r/
-0,000 8 /
/
/
-0,001 //
—-0,001 2
-0,001 4 //
/
-0,001 6 //
-0,001 8 //
-0,002
Key
X  test temperature, /
expressed in degrees -0,002 2 /
Celsius /
Y correction to observed /
hygrometer reading attest 0,002 4
temperature, expressed in
grams per litre Y v
NOTE See 5.6.7.
Figure 1 — Example of a graph of composite corrections for a hydrometer
© 1SO 2008 — All rights reserved 11
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6 Barite performance
6.1 Principle
6.1.1 The rheological properties of a weighted drilling fluid vary depending upon the density, impurities

and fines in the barite. This test compares the rheological properties of a drilling fluid using a barite to a similar
system using an API test calibration barite (ISO 13500:—, 4.2) or a barite of known satisfactory performance.

6.1.2

The drilling fluid is a fresh-water, pre-hydrated bentonite/lignosulfonate slurry. A good indicator of

undesirable performance due to excessive impurities and/or fines can be when the test sample has
significantly higher rheological properties than the comparison barite.

6.1.3 Thi
specification
API RP 13K

6.2 Reagents and apparatus

6.2.1

6.2.1.1

6.2.1.2 R
Stocks of t
material sho
of results for

For locations
local materig
and using a
comparisons|

6.213 S

6.214 C

A common s

Reagents

Teést calibration barite.

5 test does not reveal all undesirable impurities and should be used in conjunction with the

tests in 1SO 13500 and the recommended practice for chemical analysis ©f-bari
3]

ference bentonite.

t calibration barite and reference bentonite have been set aside by API. Requests fo
Id be directed to the API, which will forward them tocthe supplier for all further handling. Acc
use of this calibration material is strictly the responsibility of the laboratories using it.
without ready access to the test calibration-barite and reference bentonite from API, tests
| are possible by adjusting the amount of\bentonite to give a proper base drilling fluid vis
reference barite of proven performanee. When non-API test calibration materials are
of data among laboratories can be-véry difficult or impossible.

bdium hydroxide (CAS number, 1310-73-2), cygon = 5 mol/l NaOH solution.

hrome or ferrochrome lignosulfonate, for between-laboratory comparisons.

bmple of the same high-quality lignosulfonate should be divided among laboratories for all te

6.2.2 Apparatus

6.2.2.1

6.2.2.2

Oyen, rollertype, capable of maintaining a temperature of 105 °C + 3 °C (220 °F £ 5 °F).

pH meter.

barite
e in

r this
Liracy

using
COSity
ised,

sting.

6.2.2.3

6.2.2.4
ISO 10414-1
6.225 M

6.2.2.6

Ageing cells, two or more, of capacity 500 ml and made of stainless steel.

:2008, Clause 6.

ixer ©), high-shear, equipped with a duplex blade.

Speed control, variable-transformer, for high-shear mixer.

Viscometer, capable of operation at 3 r/min, 300 r/min and 600 r/min, in accordance with

6) Dispersator® high shear mixer is an example of a suitable product available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

12
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6.2.2.7 Beaker, 1,51t021.

6.2.2.8  Flask, volumetric, 1 I.

6.2.2.9 Container, 10 1.

6.2.2.10 Balance, of capacity 0 g to 3 000 g, accuracy + 1 g.

6.2.2.11 Mixer, capable of operation at 11 500 r/min + 300 r/min under load, with a single corrugated
impeller approximately 25,4 mm (1 in) in diameter4).

The impeller shall be replaced when a mass loss of approximately 10 % occurs. Original blade mass is about
55¢g

6.2.2{12 Mixer cups, two or more depending on the number of samples for analysis) 480 mhm (7-1/8 in)
deep| d = 97 mm (3-3/4 in) at top and 70 mm (2-3/4 in) 9.

6.3 | Base drilling fluid preparation

6.3.1 Prepare approximately 3,51 equivalents of bentonite slurry having”a pH of 11,8 td 11,9 and a
600 rfmin dial reading on the viscometer of 20 to 24 at 27 °C + 3 °C (80 °E+'5 °F).

Larger or smaller batches may be prepared. Use a suitably sized~¢ontainer and proportional |quantities of
bentgnite, water, lignosulfonate and sodium hydroxide solutiondorva 59,9 kg/m3 bentonite slurfy containing
11,4 kg/m3 lignosulfonate and 3,42 kg/m3 NaOH.
6.3.2 To make a 3,5 | equivalent, add 3,5 | deionized aridistilled water into a 10 | container. While stirring
with f high-shear mixer at 8 500 r/min £+ 1 000 r/min, slowly add 210 g of bentonite. Position tHe high-shear
mixef shaft well off-centre in the container for maximum'mixing shear. Continue stirring for 30 mir}.

6.3.3 Age for a minimum of 16 h in a sealed-container at room temperature.

6.3.4 After ageing, re-stir for 5 min with(the high-shear mixer at 8 500 r/min + 1 000 r/min. Sidwly add 40 g
of lignosulfonate, then add 55 ml + 10 nil of 5 mol/l NaOH. Stir for 30 min after the addition of the NaOH.

6.3.5 Age for a minimum of 4 h:ina sealed container at room temperature.

Altholugh the base drilling fluid‘can be used after only 4 h, ageing for 16 h is recommended.

6.3.6 Stir the base_ drilling fluid for 5 min at 8 500 r/min = 1 000 r/min. Measure the pH of th¢ drilling fluid
and adjust within the-range of 11,8 to 11,9 using 5 mol/l NaOH.

6.3.7 Read.the-dial on the viscometer for the base drilling fluid at 600 r/min at 27 °C + 3 °C (80 °F £ 5 °F).
The 600 r/mindial reading shall be 20 to 24. If the reading is 18 to 19, additional high-shear stirrirjg will usually
increpse thereading to the acceptable range. If a second trial fails to give the proper dial repding, check
matefials'and techniques used. If the reading is in the 24 to 28 range, readjust by adding deionizgd or distilled
watel_ih/approximately 50 ml increments. After each addition, stir for 10 min and check the 400 r/min dial
reading. If it is still greater than 24, add more water but do not exceed 250 ml. When the 600 r/min dial reading
is within the specified range, measure and record the pH and proceed to 6.4.

6.4 Rheology test

6.4.1 Measure 240 ml of base drilling fluid into two or more mixer cups (one cup for each barite being
tested and one cup for the test calibration barite).

6.4.2 While stirring on the mixer, slowly add 480 g of the sample being tested to the base drilling fluid. Stir
for 5 min. Scrape the sides of the container to ensure that all the barite is well mixed. Stir for an additional
10 min.

6.4.3 Repeat 6.4.2 using the test calibration barite.

© 1SO 2008 — Al rights reserved 13
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6.4.4

to the nearest gram.

6.4.5

6.4.6
to the result i

6.4.7

6.4.8
the rheologi
pH in accord

6.5 Calcu

6.5.1 Si
the sample
impurities an
barite.

9

6.5.2 On
Equation (7):

Fpy = 17p
where

ne

Yp

Gios

G10 min
NOTE 1

1

NOTE2 In
equivalent to ¢

EXAMPLE
barite. In the s
in a field drillin|

Age the samples while hot-rolling for 16 h at 105 °C + 3 °C (220 °F + 5 °F).

n 6.4.4, discard and repeat the test.

Open ageing cells and stir the aged drilling fluid for 5 min on the mixer.

nce with ISO

10414-1:2008, Clauses 6 and 11. Also record the sample temperature.

ation

hificant differences between the rheological properties of the API test calibratiof barite slurr;
barite slurries are the best indicators of undesirable performance effects. ‘A barite with
d fines normally has a lower plastic viscosity, yield point and gels than.the API test calib

e means of comparison is to determine Fp|, the performance index, of the various slurries

+Yp +3 (G1gs +G10 min)

is the plastic viscosity, expressed in centipoise;
is the yield point, expressed in pascals;

is the 10 s gel reading;

is the 10 min gel reading.

CP = 1 mPa-s.

most cases, improved./performance can be expected if the performance index of the test sam
r less than the ARIt€st calibration barite.

If the Fp, forithe test calibration barite is equal to 150, an Fp, of 150 or less indicates a better perfq
ame test sequence, a test barite with an Fp| equal to 200 can add excessive fines and give high visc
g fluid.

Transfer each of the weighted slurries to an ageing cell. Seal and weigh the cells. Record the mass

Cool the cells to 25 °C £ 3 °C (77 °F + 5 °F) and weigh. If the mass change exceeds 5 g compared

Within 30 s after stirring and with the sample temperature at 27 °C + 3 °C (80 °F =+ 5 °F), measure

| and

y and
ewer
ation

using

7)

ple is

rming
Dsities

7 Abrasi

71

711

veness of weighting materials

Principle

designed to measure and evaluate this relative abrasiveness.

7.1.2

Drilling fluid weighting materials can vary considerably in relative abrasivity. This laboratory test is

The test is performed using a standard test blade attached to a high-speed mixer to mix a base

drilling fluid containing the weighting material. The mass loss of the blade is used to calculate the
abrasiveness of the weighting material in milligrams per minute (mg/min).

71.3
used to infer

14

whether or not these materials can cause abrasion problems in a field drilling fluid system.

This test is intended to give only a relative index of wear for weighting materials. It should not be
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7.2 Reagents and apparatus

7.21 API reference bentonite.

Stocks of API reference bentonite for the test have been set aside by APIl. Requests for this material should
be directed to the API, which will forward the request to the supplier for all further handling. Accuracy of
results from the use of this material is strictly the responsibility of the laboratory using it.

7.2.2 Detergent.

7.2.3 Distilled-deionized water, in accordance with ISO 3696:1987, grade 3, or prepared by passing

distillpdwater throughaseries of tatiomand-amniom exchange TesiTs:

Use dlistilled-deionized water for preparation of all reagents and calibration standards and as dilutjon water.

7.2.4 Mixer, capable of operation at 11 500 r/min + 300 r/min under load, with single} corrugated
impeller4).

The impeller shall be replaced with an abrasion test blade in accordance with 7.2.8.

7.2.5 Container, approximately 180 mm (7-1/8 in) deep, d = 97 mm (3-3/4 in) at top and 70 mm (2-3/4 in)
at boftom 5).

7.2.6 Balance, accuracy + 0,000 1 g.

7.2.7 Balance, of capacity 500 g and accuracy + 0,1 g.
7.2.8 Blade, for abrasion test, steel, of diameter 36,5 mm (1,4 in); flat side of thickness 1,4 jnm (0,05 in);
Rockjwell scale hardness of 16; four waves of depth6,4 mm (0,25 in) and width 15,3 mm (0,6 in}); centre hole
of digmeter 7,1 mm (0,28 in), and a G-90 coating with a mass of approximately 12 g.

Each|blade may be used up to a cumulative-mass loss of 200 mg (approximately four runs).

7.2.9 Screw, 13 mm (1/2 in), size 10, round-head machine screw, 32 threads/in, to fasten |the abrasion
test Blade securely onto the shaft of the abrasion mixer.

7.21p Tachometer, capable of reading 11 000 r/min £ 50 r/min.
7.211  Cylinder, graduated, TD 500 ml £ 2,5 ml.
7.21R Viscometer; direct indicating, as described in ISO 10414-1:2008, Clause 6.

7.21B Timer,/mechanical or electrical, accurate to + 0,1 min over the test interval.

7.2.1|4 Small brush.

7.3 Determination of abrasion

7.31 Prepare a base suspension by adding 15,0 g+ 0,1 g API reference bentonite to 350 ml + 2,5 ml
distilled water in a container while stirring on the base suspension mixer. At least two of these suspensions
are needed for the test.

7.3.2 After about 5 min stirring time on the mixer, remove the container from the mixer and scrape its

sides with the spatula to remove or dislodge any clay adhering to the container. Be sure that all clay clinging
to the spatula is incorporated into the suspension.

© 1SO 2008 — Al rights reserved 15
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7.3.3 Replace the container on the mixer and continue stirring for about 15 min. The container should be
removed from the mixer and the sides scraped to dislodge any clay clinging to the container walls at 5 min
intervals. Total stirring time after adding the clay shall be 20 min.

7.3.4 Pour the base suspension into the cup provided with the direct-indicating viscometer. Note the dial
reading at the 600 r/min rotor-speed setting when it reaches a constant value. The 600 r/min dial reading shall
not exceed 10 at a test temperature of 25 °C + 1 °C (77 °F + 3 °F). If necessary, the 600 r/min dial reading of
the base suspension can be lowered by adding a small amount of water.

7.3.5 Pour 300 ml + 2,5 ml of base suspension into the mixing container (use 280 ml + 2,5 ml when testing
barite).

7.3.6 Adtli 300 g + 1 g of weighting materials into the base suspension in the test container.
7.3.7 Immediately prior to use, clean the blade by washing with detergent and a small ‘brdsh. Rinse
thoroughly apd dry. Weigh a freshly cleaned and dried abrasion test blade to the nearest 0,f\mg. Recdrd as
my, in milligrams.

Only non-corfroded blades should be used.
7.3.8 Disconnect the mixer power cord to avoid accidental operation during blade installation. Centr¢ and
fasten the aljrasion test blade, with the waves in the downward position, ont¢,the abrasion mixer spindlg with
the lock washer and screw.
7.3.9 With the mixer off, place the mixing container into position on~the mixer, such that the rim engages
with the trip $witch. Start the mixer using a series of quick “on-off” flips of the switch to bring the spindle|up to
speed gently

NOTE An abrupt start slings some suspension out of the cup:

Blades shou|d be polished after manufacture to remeve rough edges and the blades should be installéd on
the mixer with the waves in the downward position.

7.3.10 Run the test for 20 min = 0,1 min.

7.3.11  Tuin the mixer off, disconnectthie power cord, remove the mixing container and the abrasiop test
blade.

7.3.12 Clegan and dry the abrasion test blade and weigh to the nearest 0,1 mg. Record as m;, in milligrgms.
7.3.13 Calculate, g, the abrasion, expressed in milligrams per minute, as given in Equation (8):

mp T ™t

a="bTHf (8)

where

my, is the initial blade mass, expressed in milligrams;
my is the final blade mass, expressed in milligrams;
t is the time, expressed in minutes (20 min in this procedure).
7.3.14 The test precision for this procedure has been determined to be as follows:
r=+0,45

R=10,78
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where
r is the within-laboratory repeatability, the maximum expected difference between two test results on
the same sample by the same lab at the 95 % confidence level;
R is the between-laboratories reproducibility, the maximum expected difference between test results by

two labs on the same sample at the 95 % confidence level.

Because this test is not an absolute measurement, test results should be evaluated cautiously. Best
evaluations are obtained by comparing test results of a sample to test results of a weighting material of proven
performance, rather than using the test-result value obtained as an absolute.

8 Mercury in drilling fluid barite

8.1

8.1.1
abso
the H

8.1.2
by H
vapo
meas

8.2

8.21
distill

Use dlistilled-deionized water for preparation-of all reagents and calibration standards and as dilut

NOTE

8.2.2

8.23

8.2.4

Prepare immediately before use by carefully adding three volumes of concentrated hydrochloric

one \V

8.2.5

Principle

This method covers the determination of mercury (Hg) in drilling fluid-barite. The cold-v|
‘ption technique is used for the analysis, following sample digestion and-oxidation to ensure
g in the sample is dissolved in the aqueous medium and converted to the mercuric ion.

The cold-vapour atomic absorption technique is based on-the absorption of light energy

ir passes through a cell positioned in the light path of antHg source lamp. Absorbance (pe
ured as a function of Hg content.

Reagents and apparatus

Distilled-deionized water, in accordance with ISO 3696:1987, grade 2, or prepareq
ed water through a series of cation and anion exchange resins.

Special reagents low in mereury are available for the chemicals described in 8.2.2 to 8.2.7.
Hydrochloric acid (HCI (CAS number 7647-01-0), concentrated.
Nitric acid (HNO3){CAS number 7697-37-2), concentrated.

Aqua regia.

olume-ef:concentrated nitric acid (HNO;).

apour atomic
that most of

at 253,7 nm

j vapour. Hg is reduced to the elemental state and purged)from solution in a closed sysfem. The Hg

ak height) is

by passing

on water.

acid (HCI) to

Hydrochloric acid, ¢ = 1,2 mol/l.

Add 100 ml of concentrated hydrochloric acid (HCI) to 500 ml of water in a 1| volumetric flask. Dilute to 1 |
with water.

8.2.6

Stannous chloride (CAS number 7772-99-8), solution.

Add 10 g stannous chloride (SnCl,) to 50 ml of 1,2 mol/l hydrochloric acid (HCI) (8.2.5) in a 100 ml volumetric

flask.

8.2.7

Dilute to volume with 1,2 mol/l hydrochloric acid.

Hydroxylamine hydrochloride (CAS number 5470-11-1), solution.

Dissolve 12 g of hydroxylamine hydrochloride in water and dilute to 100 ml with distilled-deionized water.

©1S0
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8.2.8
Dissolve 5 g

8.2.9

2008(E)

Potassium permanganate (CAS number 7722-64-7), 5 % solution.

of potassium permanganate (KMnQO,) in 100 ml of water.

Potassium persulfate (CAS number 7727-21-1), solution.

Dissolve 50 g potassium persulfate (K,S,0g) in water and dilute to 1 | with hot (60 °C) (140 °F) water.

8.210 Me

rcury, stock solution (1 ml solution = 1 mg Hg, which is equivalent to a 1 g/l Hg standard).

Dissolve 0,135 4 g of mercuric chloride in 75 ml of water. Add 10 ml of concentrated HNO and adjust the

volume to 1

NOTE
solution.

C

8.2.11
10 mg/l Hg s

Pipette 1 ml
concentrated

Lower-conce
exchange wi

8.2.12
standard).

Pipette 1 ml
containing 1

8.213  Atg

Any atomic g
area in whig
particular mg

Instruments
commercially

8.214 Me
8.215 Re
Any multi-rar

8.216 Ab

Tt

mmercial Hg stock solutions are available and can be used as an alternative to preparingythe

Mefcury, intermediate solution (1 ml solution = 10 ug Hg, which is equivalent.fo a 10 ug/

andard).

Hg stock solution into a 100 ml volumetric flask and bring to volume with water containing
HNOj per litre. Solution is expected to be stable for several weeks.

htration Hg standards (< 10 ug/ml) should be stored in glassyto avoid losses/gains of H
h the atmosphere.

of the Hg intermediate solution into a 100 ml-yelumetric flask and bring to volume with
ml concentrated HNO4 per litre.

mic absorption spectrophotometer.
bsorption unit equipped with background compensation and having an open sample presen
h to mount the absorption cell is suitable. Recommendations for instrument settings b

nufacturer should be followed:

designed specifically (far. the measurement of mercury using the cold-vapour techniqu
available and may be;substituted for the atomic absorption spectrophotometer.

rcury hollow-cathode or electrode-discharge lamp.
corder.

geqvariable-speed recorder compatible with the ultraviolet detection system is suitable.

stock

ml or

10 ml

g by

Mefcury, working solution (1 ml solution = 0,1 ug Hg, whichiis equivalent to 0,1 pg/ml or 0,1 mg/l Hg

Wwater

ation

y the

are

P

sorptionmcett:

Standard spectrophotometer cells 100 mm (4,0 in) long having quartz end windows may be used. The cell is
attached to a burner for support and aligned in the light beam to give maximum transmittance.

NOTE 1

Suitable

cels can be constructed from glass tubing with dimensions

approximately

D =25mm (1,0 in) x 100 mm (4,0 in) length with quartz windows 25 mm (1,0 in) in diameter x 1,6 mm (1/16 in) thickness
cemented in place at the ends. Gas inlet and outlet ports [also of glass but D =8 mm (3/16 in)] are attached approximately
13 mm (5/8 in) from each end.

NOTE 2

8.217 Ga

18

s source, nitrogen or argon.

Longer cells [e.g. 300 mm (12,0 in)] are common to separable Hg systems and provide lower detection limits.
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8.2.18 Flow meter, capable of measuring a gas flow rate of approximately 1 I/min.
8.2.19 Aerator, comprised of a straight glass frit having a coarse porosity.

Clear flexible plastic tubing is used for passage of the Hg vapour from the sample bottle to the absorption cell
and return.

8.2.20 Drying tube, of diameter 150 mm (6 in) x 20 mm (3/4 in), containing 20 g of magnesium perchlorate
with glass wool packed at each end.

8.2.21 Reaction bottle, 250 ml to 300 ml glass container, fitted with ground glass joint.

A gasg-washing bottle best serves as a reaction bottle.
8.2.2p Digestion vessel, 250 ml flask with a ground-glass joint fitted with a water-copled/condgnser.

8.2.2B  Filtration cell, any apparatus capable of filtering the digested sample through filter papgr number 40
or number 427).

8.3 | Preparation of standards
NOTE Some mercury test apparatus requires standards with concentratiohs ten times higher.

8.3.1 Hg standard, 0,005 ug/ml: Place 5 ml of Hg working.solution (8.2.12) in a 100 ml volumetric flask
and qilute to the mark with 1,2 mol/l hydrochloric acid (HCI).

8.3.2 Hg standard, 0,010 ug/ml: Place 10 ml of Hg werking solution in a 100 ml volumetric flgsk and dilute
as in|8.3.1.

8.3.3 Hg standard, 0,020 ug/ml: Place 20 ml of Hg working solution in a 100 ml volumetric flgsk and dilute
asin|8.3.1.

8.34 Hg standard, 0,050 ug/ml: Place*50 ml of Hg working solution in a 100 ml volumetric flgsk and dilute
as in|8.3.1.

8.4 | Sample digestion
8.4.1 Weigh a 2,0 g sample of drilling fluid barite and place in the 250 ml flask.

8.4.2 Add 40 miCaqua regia, 15 ml KMnO,, and 8 ml K,S,04 to the flask and reflux for| 1 h using a
watef-cooled condenser in a fume hood. Cool.

IMPOQRTANT =~ Take extreme care to prevent loss of mercury during the digestion step.

8.43 Add 6 ml of the hydroxylamine hydrochloride solution to reduce excess permanganate gs evidenced

by a less of colour
O055-0+-Go10ur—

8.44 Allow solids to settle and filter through number 40 or number 42 filter paper into a 100 ml volumetric
flask. Wash the digestion flask and residue several times onto the filter with water. Dilute to the mark with
water.

8.4.5 Prepare a procedural blank by carrying out 8.4.2 through 8.4.4 without a sample.

7) Whatman® filter paper number 40 or number 42 is an example of a suitable product available commercially. This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by
ISO of this product.
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8.5 Check for recovery of Hg during digestion

8.5.1

digestion flasks.

8.5.2 Tre

8.6 Analy

atas in 8.4.2 through 8.4.4.

sis of standards and samples

Transfer a 10 ml aliquot of the working solution (8.2.12), containing 1,0 ug Hg, to one of the 250 ml

CAUTION — Because of the toxic nature of mercury vapour, precautions should be taken to avoid its
inhalation. Include a trap in the system to pass the vapour through an absorbing medium, such as

equal volunies of 0,1 mol/l KMnO,4 and 10 % H,SO,.

8.6.1

NOTE

Swjtch on the Hg system, adjust airflow and zero instrument according to manufact
specifications.

Each Hg analysis system has a slightly different physical arrangement and methodology. The s
discussed belpw serves as one useful example of a single-pass arrangement.

irer’s

ystem

8.6.2 Place 5 ml of stannous chloride solution in a reaction bottle containing 100l water and allow purge
gas to pass through the aeration apparatus and the absorption cell until no absorfance signal is observed.
8.6.3 Diviert gas flow with a two-way valve and place 1 ml of the 0,005ug/ml Hg standard (8.3.1) in the
reaction bottle, wait 1 min, and then let purge gas run until a peak is observed on the recorder and the gignal
subsequently returns to zero. Rinse flask with 1,2 mol/l hydrochloric acid and then water between analyses.
Repeat with gach standard prepared in 8.3.2 through 8.3 .4.
NOTE Wijth some Hg systems, adjust airflow and zero instrument according to the manufacturer’s specification.
8.6.4 Repeat 8.6.2 and 8.6.3 for each sample, using 0,5ml to 5 ml aliquots (from the 100 ml total).
NOTE Wijth some Hg systems, the standard curve can tse 0,05 pg, 0,1 yg, 0,2 ug, 0,5 yg and 1,0 pg Hg values.
8.6.5 Alsp analyse 1 ml of the sample prepared for Hg recovery check in 8.5. Absorbance for that sgmple
shall be at lepst 95 % of that for the 0,010 pg/ml*Hg standard (8.3.2).
8.7 Calculation
8.71 Following analysis of the-standards, construct a standard curve by plotting peak height versus
micrograms ¢f mercury (0 ug, 0,005 ug, 0,01 ug, 0,02 ug, 0,05 ug, 0,10 ug).
NOTE Wijth some Hg systems, the standard curve can use 0,05 pg, 0,1 yg, 0,2 ug, 0,5 yg and 1,0 pg Hg values.
8.7.2 Mepsure the.peak height of the test sample and read its mercury value from the standard curve
8.7.3 Calculate, WHgs the mercury mass fraction, expressed in micrograms per gram sample, using
Equation (9)
mH VO
Whg = 9)
mo Vs

where

Mg is the mass of mercury in the digested sample, expressed in micrograms;

mq  is the mass of original sample, expressed in grams;

Vo, isthe volume of digested solution, expressed in millilitres (100 ml in this procedure);

Vs is the sample aliquot, expressed in millilitres.

20
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9 Cadmium and lead in drilling fluid barite

9.1 Principle

9.1.1 This method covers the determination of cadmium (Cd) and lead (Pb) in drilling fluid barite. Atomic
absorbtion (AA) is used for analysis, following sample digestion, to ensure that most of the Cd and Pb in the
sample dissolves in the aqueous medium.

9.1.2 The aqueous sample containing the dissolved Cd and Pb ions is atomized and aspirated into a
flame. During separate analyses, light beams of wavelength 228,8 nm for Cd and 283,3 nm for Pb are passed
through the flame into a monochromator and onto a detector that measures the amount of light absorbed. The
light €énergy absorbed in the flame is a measure of the concentrations of Cd and Pb in the samp]eg|

9.2 | Reagents and apparatus

9.21 Distilled-deionized water, in accordance with ISO 3696:1987, grade 2, ’or prepared by passing
distilled water through a series of cation and anion exchange resins.

Use (distilled-deionized water for the preparation of all reagents and calibration standards and as dilution
water.

9.2.2 Hydrochloric acid solution.
Add ¢ne volume concentrated hydrochloric acid (HCI) (CAS number 7647-01-0) to one volume water (1:1).
9.2.3 Nitric acid (HNO3) (CAS number 7697-37-2), concentrated, reagent grade.

9.2.4 Cadmium nitrate (CAS number 10022-68-1), for Cd stock solution (1 ml solution + 0,1 mg Cd,
which is equivalent to a 100 yg/ml or 100 mg/I standard).

Weigh 0,274 4 g of cadmium nitrate [Cd(NO3)»-4H,0, analytical reagent grade], dissolve in 200 | water in a
1 1 vdlumetric flask. Add 20 ml hydrochleri¢ acid solution (9.2.2) and dilute to mark with water.

9.2.5 Lead nitrate (CAS number. 10099-74-8), for Pb stock solution (1 ml solution = 1 mg [Pb, which is
equivalent to a 1 mg/ml or 1 g/l standard).

Weigh 1,599 g [Pb(NO3)4, Janalytical reagent grade], dissolve in 200 ml of water, add {10 ml HNO4
(congentrated) and dilute t0’1 | with water.

NOTEH Commercial.Cd and Pb stock solutions are available and recommended as an alternative to| preparing the
stock|solution. For:Cd, the 100 ug/ml stock solution (9.2.4) can be prepared by placing 100 ml of the 1 pyg/] standard in a
1 | volumetric flask, ‘adding 20 ml of hydrochloric acid (9.2.2) and diluting to the mark with water.

9.2.6 Atomic absorption spectrophotometer.

Any Tommercial_atomic absorption unit _having an_energy Source, an _atomizer purner system, a
monochromator, a detector and background compensation is suitable. Recommendations for instrument
settings by the particular manufacturer should be followed.

9.2.7 Cd and Pb hollow-cathode or electrodeless discharge lamps.

9.2.8 Fuel.

Commercial grade acetylene is generally acceptable.

9.2.9 Oxidation air, supplied from a compressed-air line, a laboratory compressor or from a cylinder of
compressed air.
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9.2.10 Digestion flask, of capacity 250 ml, with a ground-glass joint, fitted with a water-cooled condenser.
9.2.11 Filtration cell.

Any apparatus capable of filtering the digested sample through number 40 or number 42 filter paper 8) is
suitable.

9.3 Preparation of combined cadmium and lead standards

9.3.1 Standard, 0,1 ug/ml Cd plus 1 pg/ml Pb: Transfer 1 ml aliquots each of the Cd and the Pb stock
solutions to a 1| volumetric flask, fill about half full with distilled-deionized water, add 10 ml hydrochloric acid
(9.2.2) and cjlute with water to 1 I. Store in acid-washed plastic bottles.

9.3.2 St
asin 9.3.1.

ndard, 0,2 ug/ml Cd plus 2 ug/ml Pb: Use 2 ml aliquots of each stock solution and repeat dijution
9.3.3 Stgqndard, 0,5 pug/ml Cd plus 5 ug/ml Pb: Use 5 ml aliquots of each stock solution and repeat dijution
asin 9.3.1.

9.34 Stgndard, 1 pg/ml Cd plus 10 ug/ml Pb: Use 10 ml aliquots of each“stock solution and repeat
dilution as in[9.3.1.

9.3.5 Stgndard, 2 pg/ml Cd plus 20 uyg/ml Pb: Use 20 ml aliquots~0f Jeach stock solution and repeat
dilution as in[9.3.1.

All standard$ should be stored in polyethylene bottles and it iscexpected that they are stable for sgveral
months.

9.3.6 Prgpare an acid blank by the above procedure without adding Cd or Pb stock solution.

9.4 Samplje digestion

9.4.1 Wdigh out a 10 g or smaller sample of drilling fluid barite and place in the 250 ml flask.
9.4.2 Add 50 ml hydrochloric acid (9,2:2) to the flask and reflux for 1 h using the water-cooled conderser.
9.4.3 Allgw flask and contents to.cool.
9.4.4 Let| solids settle anddecant through a number 40 or number 42 filter, into a 100 ml volumetric [flask.
Wash residug and digestion{flask with water, let settle and decant through filter. Dilute to the mark with water.
Aliquots of the well-mixed;~filtered digest solution may be stored in smaller plastic containers for sqveral

weeks.

945 Prgpare @ procedural blank by performing 9.4.1 through 9.4.4 without sample.

NOTE Naolosses of Cd or Pb were found Hnring acid rligacfinn

9.5 Analysis of standards and samples

NOTE 1 One alternative procedure for determining Cd or Pb in the extract is the use of a graphite furnace, or flameless
atomic absorption spectrophotometry. In this process, a heated graphite tube rapidly volatilizes the Cd- or Pb-containing
solution; the vapour thus generated is analysed for the Cd or Pb content using an atomic absorption spectrophotometer.

NOTE 2 A second alternative method for determining Cd or Pb in the digest solution is the use of a plasma
spectrophotometer, available as either DCP or ICP. These instruments aspirate the extract into a plasma where the
solution is volatilized. The Cd or Pb atoms thus generated are excited to a high energy level by the plasma and then emit
radiation that is characteristic of the atomic structure of Cd or Pb. This radiation is then separated from other radiation
emitted by a monochromator and is measured quantitatively by a photomultiplier.
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9.5.1 Switch on the atomic absorption instrument and configure it for flame atomization for Cd at 228,8 nm
according to the manufacturer’s instructions.

9.5.2 Aspirate each of the Cd/Pb standards (9.3.1 through 9.3.5) into the instrument and record the
absorbance and Cd concentration of each standard. Repeat until each of the standards gives a uniform
absorbance. Aspirate water between the analyses of each different standard.

9.5.3 Proceed with the aspiration of acid (see 9.3.6), procedural blanks (see 9.4.5) and samples,
recording the absorbances and again aspirating water between analyses of each sample.

9.54 Re-run the standards after every 6 to 10 samples and at the conclusion of the sample set.

9.5.5 Configure the instrument for flame atomization for Pb at 228,8 nm according to the-mgnufacturer’s
instrdctions and repeat 9.5.2 through 9.5.4 for analysis of Pb.

9.6 | Calculation

9.6.1 Prepare a separate calibration curve for Cd and for Pb by plotting the absorbance versus
concentration for each standard.

9.6.2 Using the sample absorbance and the Cd and Pb calibration curves from 9.6.1, separately
determine the digest solution Cd and Pb concentrations, subtracting<any procedural blank (which is expected
to be|essentially zero).

9.6.3 Calculate the Cd and Pb mass fractions, wsy anduwpy,, respectively, expressed in mi¢rograms per
gram|sample, from Equations (10) and (11).

N%
cq = e (10)
)
Ppp V.
pp = 2O (1)
Mg
wherg

Mcq is the density of cadmium in the digested sample, expressed in micrograms per millilitre;
#pp is the density of.lead in the digested sample, expressed in micrograms per millilitre;
‘o is the volume’of solution, expressed in millilitres (100 ml in this procedure);

h, isth€sample mass, expressed in grams.

(o]

10 Arsenic in drilling fluid barite

10.1 Principle

10.1.1  This method covers the determination of arsenic (As) in drilling fluid barite. The gaseous hydride
atomic absorption method is used for analysis, following sample digestion and reduction to ensure that most
of the As in the sample is dissolved in the aqueous medium and converted to the trivalent form.

10.1.2 The gaseous hydride method is based on the absorption of light energy at 193,7 nm by As. Arsenic
in the trivalent form is converted to gaseous arsine (AsHj) using sodium borohydride (NaBH,) in an acid
medium. The gaseous hydride is swept through a heated quartz tube or into the argon/hydrogen flame of an
atomic absorption spectrophotometer. The As concentration is determined as a function of the measured
absorbance (peak height).
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NOTE An alternative procedure for determining As in the extract is the use of flameless atomic absorption
spectrophotometry. In this process, a heated graphite tube rapidly volatilizes the As-containing solution; the vapour thus
generated is measured for As using an atomic absorption spectrophotometer. This method of analysis eliminates the need
for the arsine generator and is also more sensitive to As. Graphite furnaces are commercially available from most
manufacturers of atomic absorption instruments. The manufacturer's recommendations for instrument settings for As
should be followed. However, slight modifications in these settings can be needed to optimize the sensitivity and
reproducibility of the As analysis.

10.2 Reagents and apparatus

10.2.1 Distilled-deionized water, in accordance with ISO 3696:1987, grade 2, or prepared by passing
distilled water through a series of cation and anion exchange resins

Use distilledtdeionized water for the preparation of all reagents and calibration standards and as)dilution
water.

10.2.2  Nitfic acid (HNO3) (CAS number 7697-37-2), concentrated, redistilled, p = 1,42.
Use analytical grade with an arsenic content not greater than 10 ug/l As.

10.2.3  Nitfic acid, cpyno3 = 3,2 mol/l.

Dilute 200 m| of concentrated HNO; to 1 | with water.

10.2.4 Potassium iodide (KI) (CAS number 7681-11-0), 150 g/l solution.

Dissolve 15 ¢ of potassium iodide in 100 ml of water. Store in an_amber bottle.

10.2.5 Potfassium thiocyanate (KSCN) (CAS number 333-20-0), 50 g/l solution.
Dissolve 5 g [of potassium thiocyanate in 100 ml of water;

10.2.6 Sodium borohydride (CAS number 16940-66-2), 0,8 cm (0,3 in) pellets weighing about (0,25 g
each.

10.2.7 Sodium borohydride, solution.

Dissolve GOI NaBH, in a 1 % NaOH,solution and dilute to 1 litre in a volumetric flask.

10.2.8  Arsenic(lll) oxide (As;O3) (CAS number 1327-53-3), for As stock solution (1 ml solution = 1 mg As,
which is equivalent to 1 mg/mhor 1 g/l As).

Dissolve 1,320 g of arsenic(lll) oxide in 100 ml water containing 4 g NaOH and dilute to 1 litre with water.

Commercial |As «stock solutions are available and recommended as an alternative to preparing the [stock
solution.

10.2.9 Arsenic(lll) oxide (10.2.8), for As intermediate solution (1 ml solution = 10 yg As, which is equal to
10 pg/ml or 10 mg/l As).

Pipette 1 ml of the arsenic stock solution into a 100 ml volumetric flask and bring to volume with 3,2 mol/l
HNO,.

10.2.10 Arsenic(lll) oxide (10.2.8), for As working solution (1 ml solution = 1 ug As, which is equivalent to
1 ug/ml As).

Pipette 10 ml intermediate arsenic solution into a 100 ml volumetric flask and bring to volume with 3,2 mol/l
HNO;.
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11 Atomic absorption spectrophotometer.

Any commercial atomic absorption unit having an energy source, a heated quartz tube (preferred) or an
atomizer burner system, a monochromator, a detector and background compensation is suitable. The
manufacturer's recommendations for instrument settings for As should be followed.

NOTE With the heated quartz tube hydride generation system, experimental results indicate that
correction is not required.

10.2.

12 Arsenic hollow-cathode or electrodeless discharge lamp.

a background

10.2.13 _Arsine generator, comprised of a reaction flask of about 125 ml capacity fitted with inlet-outlet
tubeg for argon flow through the solution and a device for adding sodium borohydride in a closed

NOTH Arsine generators are available commercially from instrument manufacturers and can“have

slight
10.2.

Such

y different from that described above.
14 Digestion vessel, e.g. a PTFE-lined digestion bomb of capacity 25 ml.

bombs, which are commercially available from several manufacturers( shall be leakproo

wher| sealed, and shall be capable of withstanding operating temperatures”of at least 110 °C
presgures of at least 1 380 kPa (200 psi). Typical capacities are in the range of 21 ml to 25 ml.

10.2.

10.2.

15 Heating apparatus, e.g. a water bath, controllable to 100 °C £+ 1 °C (212 °F + 2 °F).

16 Filtration cell.

Any apparatus capable of filtering the digested sample threugh number 40 or number 42 filter pap

10.3

10.3.

Preparation of standards

I As standard, 0,025 pyg/ml: Transfef.2,5 ml of the As working solution (10.2.10)

volumetric flask and bring to volume with 3,2.mol/l HNO,.

10.3.
10.3

10.3.

10.4

10.4.
conc

10.4.
10.4.
10.4.
10.4.
10.4.
10.4.

10.4.

P As standard, 0,05 pg/ml: Use.5'ml of As working solution and dilute as in 10.3.1.

.B  As standard, 0,075 ug/ml:*Use 7,5 ml of As working solution and dilute as in 10.3.1.

B As standard, 0,10-ug/ml: Use 10 ml of As working solution and dilute as in 10.3.1.

Sample digestion

1 Weigh @250 mg sample of drilling fluid barite and place in the 25 ml PTFE bomt
entrated HINO, tightly stopper the bomb, and heat for 1,5 h in the water bath at 80 °C (175 °

System.

configurations

f and airtight
(230 °F) and

to a 100 ml

. Add 10 ml
).

P _«Cool for 1 h at ambient temperature.
N Rals 4+ £ i £ QN OM (A7 O\
J MClricat 1ur 1,9 11 at OU U\Il\) r).
4 Cool to ambient temperature.

5 Remove the cover carefully and decant into a 50 ml beaker.

6 Rinse the bomb and lid several times with water and add rinse to the beaker.
7  Add water to the beaker to bring volume to about 40 ml.
8 Filter through a number 40 or number 42 filter paper into a 50 ml volumetric flask. Wash the beaker

with small portions of water into the filter. Bring flask to volume with water.

10.4.9 To obtain a procedural blank, repeat 10.4.1 to 10.4.8 without a sample.
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10.5 Analysis of standards and samples

10.5.1 Switch on the atomic absorption instrument and configure according to the manufacturer's
directions.

10.5.2 For each analysis, add 1 ml aliquots of the standard solutions (see 10.3) and blanks (see 10.4.9) to
the arsine generator. Add 2 ml of the potassium thiocyanate (KSCN) solution, 2 ml of the Kl solution and 15 mi
of 3,2 mol/l HNOs.

NOTE Aliquots larger than 1 ml can be required with some systems.

10.5.3 Allow 10 min for the As to be reduced to the trivalent state.

10.5.4 Cophnect the generator and add 1 NaBH, pellet or pump NaBH, solution until the maximum.signhal is
obtained accprding to the manufacturer’s specifications. Record the peak height. When the recorder-retufns to
the baseline,|disconnect the generator.

10.5.5 Prgpare a standard curve by plotting peak height versus micrograms As for each\standard.

10.5.6 Rup sample solutions using 0,5 ml to 5 ml or more (from the total of 100 ml)-in the same manner as
for the standards (see 10.5.2 through 10.5.4).

NOTE Tq minimize As absorption losses on glassware, run the analysis on the_standards and sample immedliately
upon preparatjon.

10.6 Calculation
10.6.1 Defermine the mass of As in the digested sample from:the calibration curve prepared in 10.5.5.

10.6.2 Calculate, wpg, the mass fraction of As, expressed in micrograms per gram sample, | from
Equation (12)):

v
Wpg = JAs 0 (12)
1oVs

where

mpg is lhe mass of arsenic in the.digested sample, expressed in micrograms;

o is {he volume of solutioryexpressed in millilitres (50 ml in this procedure);
is {he sample mass,expressed in grams;

is {he samplevolume added to the generator, expressed in millilitres.

11 Bridging materials for regaining circulation

11.1 Principle

The ability of a material to seal a lost-circulation zone is of importance in the determination of the proper
material. The size of the opening being sealed or bridged varies with formation, and it is necessary that the
particles of sealing material be sized to adequately bridge that opening. The objective of this testing is to
determine the necessary size and concentration of drilling fluid materials, commonly referred to as lost-
circulation materials, that can bridge the permeable slots or beds described in 11.4 to 11.9 and prevent further
loss of drilling fluid from the cell. Depending on the physical characteristics of the formation drilled, test results
can suggest that one or more of the lost-circulation materials tested can reduce losses to the drilled formation.
Cells for testing bridging materials are available from suppliers of drilling fluid testing equipment, and the
manufacturer's instructions for assembly and testing should be followed. General guidelines for testing can be
found in 11.4 to 11.9.
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11.2 Apparatus
11.2.1  Cell for testing bridging materials, fitted with the following:
11.2.1.1 Stainless steel disks, 6,4 mm (0,25 in) thick and 47,5 mm (1-7/8 in) in diameter.

The disks each have one square-edged slot, 35,05 mm (1-3/8 in) in length and 1 mm (0,04 in), 2 mm (0,08 in),
3 mm (0,12 in), 4 mm (0,16 in) or 5 mm (0,20 in) in width.

11.2.1.2 Sleeve, 73 mm (2-7/8in) in diameter and 57 mm (2-1/4 in) high, with a perforated baseplate
containing approximately thirty-two 6,4 mm (1/4 in) holes.

11.2.1.3 Brass or stainless-steel marbles, minimum number of 95, 14,3 mm (9/16 in) in diameter (enough
to judt fill a bed volume).

11.2.1.4 Brass-clad or stainless-steel ball bearings (BB shot), 1 200 g, 4,4 mm (0,17 in) in diameter.
11.2./1.5 Stainless steel screen, 2 000 um mesh, 73 mm (2-3/4 in) in diameter.
11.2.2 Nitrogen, pressure-regulated.

11.2.p  Plastic container, 3,51 capacity, fitted with an inlet and<¢an outlet suitable to accommodate the
sudden discharge of drilling fluid from the cell.

11.2.4 Mixer, capable of operation at 11 500 r/min + 300\t/min under load, with a singld, corrugated
impeller approximately 25,4 mm (1 in) in diameter4).

The impeller shall be replaced when a mass loss of approximately 10 % occurs. The original bjade mass is
about 5,5 g.

11.2.6 Container, for mixing, 180 mm (7-1/8\in) deep, d = 97 mm (3-3/4 in) at the top and 70 m (2-3/4 in)
at the bottom 3).

11.2.p Base drilling fluid, consisting-ef 5 % to 8 % mass fraction Wyoming bentonite, aged f@r a minimum
of 72|h and adjusted to an apparent‘viscosity of 0,025 Pa-s + 0,002 Pa-s after stirring for 10 min on a mixer.

11.3| Preparation of test drilling fluid
To 3|51 (10 laboratory-barrels) of base drilling fluid (11.2.6), add a weighed amount of the mnjaterial being

testefl. The concentration of the test material in the drilling fluid is expressed in kilograms peil cubic metre
(pounds per barrel).

11.4| Static-slot test

11.4.1 C,Remove the perforated plate and sleeve used to support the BB or marble beds from the cell; select

d' £ | H U alat ol ol H- ] 1 dlad lo ol H
a dis , JTTITTAUTY TiavilTtyg a SiTiall STUL, aliu pialt TUTTT UTE valve UULTU Tialr=uriturt.

11.4.2 Open the cylinder bleed valve and place the graduated container under the outlet.

11.4.3  Pour the drilling fluid containing the material being tested into the cell with cell outlet valve open.
Record the volume of drilling fluid which flows out.

11.4.4 Screw the cap onto the cell. The free piston may be placed on the drilling fluid in the cell, if desired.
11.4.5 Start the timer and apply pressure at a rate of 13,8 kPa/s (2 psi/s), until a pressure of 690 kPa

(100 psi) is reached. Record the volume of drilling fluid discharged. The minimum pressure at which a seal
occurs might or might not be observed. If observed, it shall be recorded.
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11.4.6

Increase pressure at a rate of 69 kPa/s (10 psi/s) to 6 900 kPa (1 000 psi), or until the seal fails and

the cylinder empties. Record the volume of drilling fluid discharged or the maximum pressure obtained. If a

seal is obtain

11.4.7
6 900 kPa (1

ed, maintain the pressure for 10 min and record the final volume of drilling fluid discharged.

000 psi).

11.5 Dynamic slot test

Prepare the test drilling fluid in accordance with 11.3 and the apparatus as outlined in 11.4.1.

Repeat the test using disks with increasing sizes of slot until no permanent seal is achieved at

11.5.1

11.5.2 Wi
placed on to
11.5.3 Clg
11.54 Op
the slot until
11.5.5 Inc
asin 11.4.6.
11.5.6 Re
11.6 Static
11.6.1 Re
into the slee

container). P,

11.6.2
fluid into the
11.6.3 Pla

and start the

11.64 On
appearance

11.7 Dynamic marble bed test

With the cell outlet valve open and the graduated container under the outlet, pour the test d

the cell outlet valve closed, pour the test drilling fluid into the cell. The free piston may be

of the drilling fluid.
se the cap and set the gas regulator to deliver nitrogen at the test pressure of 690kPa’ (100

bn the cell outlet valve and start the timer. Record the volume of drilling fluidthat flows th
t is sealed, and the time required to seal.

fease pressure to 6 900 kPa (1 000 psi) at the rate of 69 kPa/s (10 psifs)’and maintain for 1(

beat the test using disks with increasing sizes of slot until no permanent seal is achieved.

marble bed test
mount the perforated plate and prepare a marble bed by pouring the 14,3 mm (9/16 in) ma

ace the full-bore ring in the slot groove.

cell. Record the volume of fluid passingsithrough the bed under the hydrostatic head.

ce the free piston on top of the drilling fluid and the cap on the cell. Close the cylinder bleed
timer. Apply pressure and re¢ord the results as in 11.4.5 and 11.4.6.

completion of the test,~felease the pressure. Remove the marble bed and examin
Df the seal and the depth of penetration of the sealing material.

pare thedmarble bed as in 11.6.1.

b

the ‘¢ell outlet valve closed, pour the test drilling fluid into the cell to fill the void spaces

psi).

ough

min,

rbles

e so as to form a bed 57 mm (2-1/4 in) thick above the perforated plate (just to the top of the

rilling

valve

e the

inder

marble bed until the top of the test drilling fluid is level with the top of the sleeve.

11.71 Prg
11.7.2 Wi
and within t
11.7.3

free piston may be placed on top of the drilling fluid.

11.7.4

Carefully pour the test drilling fluid into the cell so as not to disturb the drilling fluid in the bed. The

Close the cell and apply pressure with the gas regulator adjusted to 6 900 kPa (1 000 psi). Open the

cell outlet valve and start the timer. Record the volume of drilling fluid that flows through the bed and the time
to obtain a seal.

11.7.5
asin 11.6.4.
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11.8 Static ball bearings (BB shot) bed test

11.8.1  Prepare the BB shot bed by placing the 2 000 um (10 mesh) stainless-steel screen on the perforated
plate and pouring the brass-clad or stainless-steel BB shot into the sleeve so as to form a bed above the
screen (just to the top of sleeve). The thickness of the shot bed can be varied from 25 mm to 57 mm (1,0 in to
2-1/4 in). If less than 57 mm (2-1/4 in), record the thickness.

11.8.2  Place the full-bore ring in the slot groove. With the cell outlet valve open and the graduated cylinder
under the outlet, pour the test drilling fluid into the cell.

11.8.3  Proceed with the test according to 11.6.2 through 11.6.4.

11.9| Dynamic ball bearings (BB shot) bed test
11.91 Prepare the BB shot bed as in 11.8.1.

11.9.2  With the cell outlet valve closed, pour the test drilling fluid into the cell foYfill the void §paces under
and within the shot bed, until the top of the test drilling fluid is level with the top.of the sleeve.

11.9.8 Proceed with the test according to 11.7.3 through 11.7.5.

12 Filtration-control agents

12.1| Principle
12.1.1 Organic filtration-control agents can vary\greatly in chemical composition and |performance
chargcteristics in different drilling fluid environmentszJudgements are made by comparing the pgrformance of
test flltration control materials to that of known materials that have been accepted for field use.

12.1.2 In specific cases, comparisons may-be made in the actual field drilling fluid in which the material will
be uged, but in general, evaluations are performed in laboratory-prepared drilling fluids.

1218 It is recommended that filtration-control materials considered for broad applications bg screened in

different drilling fluid systems. While filtration control is the property being evaluated, the effegt of the test
matefial on rheology, pH or other properties can be of concern.

12.2| Reagents and apparatus
12.21 Reagents
12.2.1.1 Calcium chloride (CAS number 10043-52-4), ACS reagent grade.

12.2./1.2" . Magnesium chloride (CAS number 7786 30-3), ACS reagent grade.

12.2.1.3 Potassium chloride (CAS number 7447-40-7), ACS reagent grade.
12.2.1.4 Xanthan gum, drilling fluid grade dry powder.

12.2.1.5 Attapulgite, ISO 13500 specification material.
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12.2.1.6 Simulated drilled solids, for example Rev-Dust8), ball clay 9 or clay dust 19).

12.2.1.7 API reference bentonite. If fluid loss properties are not obtained within the specified range,
replace the reference bentonite.

12.2.1.8 Salt, stock solution No. 1, in accordance with ASTM D 1141, 555,6 g magnesium chloride
hexahydrate (CAS number 7791-18-6), 57,9 g anhydrous calcium chloride (CAS number 10043-52-4) and
2,1 g strontium chloride hexahydrate (CAS number 10025-70-4) diluted to 1 | with distilled or deionized water.

12.2.1.9 Salt, stock solution No. 2, in accordance with ASTM D 1141, 69,59 potassium chloride
(CAS number 7447-40-7), 20,1 g sodium bicarbonate (CAS number 144-55-8), 10,0 g potassium bromide
(CAS number 77RR-09_’2), 9,7g boric_acid ((‘AQ nnmhnr1ﬂnA’§_’%R_’l) and ﬂ,’%g sodium— flyoride

(CAS number 7681-49-4), diluted to 1 | with distilled or deionized water.

12.2.1.10 Seodium hydroxide (CAS number 1310-73-2), standardized solution, cy,on = 10 mol/lf
12.2.1.11 Lignosulfonate (chrome or ferrochrome), drilling fluid grade.

12.2.1.12 Lime, ACS reagent grade or equivalent.

12.2.1.13 Seodium chloride (CAS number 7647-14-5), ACS reagent grade.

12.2.1.14 S¢dium sulfate, anhydrous (CAS number 7757-82-6), ACS reagent grade.

12.2.1.15 Deionized or distilled water.

12.2.1.16 Defoamer.

12.2.2 Apparatus.

12.2.2.1 Balance, accuracy + 0,01 g.

12.2.2.2 Mijxer, capable of operation at 11 500'f/min £ 300 r/min under load, with a single, corrugated
impeller apptioximately 25,4 mm (1,0 in) in diameter?).

The impeller|shall be replaced when a mass loss of approximately 10 % occurs. The original blade mass is
about 5,5 g.

12.2.2.3 Container, 180 mm (7-178,in) deep, d = 97 mm (3-3/4 in) at top and 70 mm (2-3/4 in) at botton 5).
12.2.2.4 Clock or timer, diréet-reading counter with an accuracy of 0,1 min over the test interval.
12.2.2.5 Carboy, covered, approximately 4 | capacity, with wide-mouth screw-on lid.

12.2.2.6 Spatula.

12.2.2.7 Filter, press, low-temperatur
having a filte o 0 o464
7,20 in2 (diameter of 2,98 in to 3,03 in)].

with 1SO 1041

4-1:2008, Clayse 7,
er-area-of7-064n2 to

8) Rev-Dust is an example(s) of a suitable product available commercially from The Milwhite Company, 7050 Portwest,
Houston, TX 77024, U.S.A. This information is given for the convenience of users of this International Standard and does
not constitute an endorsement by ISO of this product.

9) Martin’'s number 5 Ball Clay is an example of a suitable product(s) available commercially from Kentucky-Tennessee
Clay Company, Box 449, Mayfield, Tennessee 42066, U.S.A. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by ISO of this product.

10) Standard base evaluation clay dust is an example of a suitable product available commercially. Requests for clay
should be directed to the APl which will forward the request to a supplier for all further handling. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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The filter-press gasket is the determining factor for the filter area. It is recommended that the filter-press
gasket used be tested by a conical gauge having the maximum [76,86 mm (3,02 in)] and the minimum
[75,86 mm (2,98 in)] allowed diameter dimensions marked on it. Any filter press gasket diameter measuring
outside this range should be discarded.

12.2.2.8 Viscometer, direct-reading, in accordance with ISO 10414-1:2008, Clause 6.

12.2.2.9 Roller oven, regulated to maintain a temperature of 65 °C £ 3 °C (150 °F £ 5 °F).

12.2.2.10 pH meter, in accordance with ISO 10414-1:2008, Clause 11.

12.2.2.11 Jar, small, covered, e.g. 0,5 | glass jar with screw-type lid

12.2.2.12 Oven, regulated to maintain a temperature of 105 °C + 3 °C (220 °F £ 5 °F).
12.2.2.13 Ageing cells, in accordance with Clause 21.
12.2.R.14 Filter cell, high-temperature/high-pressure, in accordance with ISO 10414-1:2008, Clguse 7.

12.2.2.15 Syringes, disposable, 3 ml capacity.

12.3| General instructions for preparation of base drilling fluids

12.3.1 Prepare a sufficient quantity of base drilling fluid for a)series of tests. This can be|achieved by
preparing a large batch or by combining small batches for uniformity prior to ageing.

12.3.2 Composition, order of addition, mixing time, shearand ageing time shall be consistent from batch to
batch.

12.3.p  Stir all base drilling fluids prior to testing totinsure uniformity.

12.3.4 Test a sample of the untreated base*drilling fluid each time a new series of tests is beglin. Subject a
sample of the untreated base drilling fluid-to the same amount of stirring, heat ageing and tg¢sting as the
treated drilling fluids.

12.4| Salt-saturated drilling fluid

12.4/1 Prepare saturated salt’ water by adding 400 g of sodium chloride and diluting to 1| with water (to
excegd the solubility of sodium’ chloride in water at room temperature).

12.4.2 Mix for 30-min, age overnight at room temperature and decant into a large coyered carboy
(approximately 4 1):

12.4.3 Prepare a suspension of attapulgite clay and simulated drilled solids using 8 g of atfapulgite and
30 g jof simulated drilled solids in 338 ml (401 g) saturated salt water in a container. Sift the clay and solids
into the water while stirring with the mixer set at high shear.

12.4. After 5 min, Temove the container from the mixer and scrape the sides to distodge any clay and
solids adhering to the container.

12.4.5 Replace on the mixer and continue stirring for an additional 25 min (for a total mixing time of
30 min).

12.4.6  Store the suspension for 24 h in a sealed carboy at room temperature.
12.4.7  Stir the suspension for 5 min on the mixer.

12.4.8 Measure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accordance with
ISO 10414-1:2008, Clause 7. The filtrate volume shall be 90 ml to 105 ml.

12.4.9 For the purpose of testing, the mass equivalent is 439 g per 350 ml.
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12.5 High-hardness, salt-saturated drilling fluid

12.5.1

chloride and diluting to 1 | with the saturated salt solution, as prepared in 12.4.1.

12.5.2

12.5.3

Mix for 30 min, age overnight at room temperature and decant into a large covered carboy.

Prepare a brine with a high hardness by adding 125 g calcium chloride and 22 g magnesium

Prepare a suspension of attapulgite clay and simulated drilled solids using 8 g of attapulgite and

30 g of simulated drilled solids in 338 ml (429 g) of high-hardness, salt-saturated drilling fluid in a container.
Sift the clay and solids into the water while stirring with the mixer set at high shear.

12.5.4 Aftgr5Tmm, Temove thecontaimer fromthe mixer and—scrape the sidesto distodge—any cthay and
solids adheriphg to the container.

12.5.5 Replace on the mixer and continue stirring for an additional 25 min (for a total mixing time of
30 min).

12.5.6  Stgre the suspension for 24 h in a sealed carboy at room temperature.

12.5.7  Sti the suspension for 5 min on the mixer.

12.5.8 Mepsure the filtrate volume using a low-temperature/low-pressure’filtrate cell, in accordancg with
ISO 10414-12008, Clause 7. The filtrate volume shall be 90 ml to 105 ml,

12.5.9 Fon the purposes of testing, the mass equivalent is 467 g per-350 ml.

12.6 10 % potassium chloride (KCI) drilling fluid

12.6.1 Prgpare a 10 % potassium chloride (KCI) solution:by adding 111 g of KCI to a container and dijuting
with water to|1 1.

12.6.2 Siff 1,0 g of Xanthan gum slowly into 360-g (340 ml) of the 10 % KCI solution while stirringjon a
mixer set at high shear.

12.6.3 Aftgr 5 min, remove the container from the mixer and scrape the sides to dislodge any polymer
adhering to the container.

12.6.4 Replace on the mixer and.continue stirring for an additional 10 min (total mixing time 15 min).

12.6.5 Add 30 g of simulated-drilled solids while continuing to stir with the mixer set at high shear.

12.6.6 After 5 min, remove the container from the mixer and scrape the sides to dislodge any $olids
adhering to the container.

12.6.7 Replace. on the mixer and continue stirring for an additional 10 min (for a total mixing time of
30 min).

12.6.8 Measure the rheological properties using the rheometer, in accordance with 1ISO 10414-1:2008,
Clause 6.

Properties shall be as follows:

plastic viscosity

0,003 Paes to 0,007 Paes (3 cP to 7 cP);

— yield point 2,9 Pato 4,8 Pa (6 Ibs/100 ft2 to 10 Ibs/100 ft2);
— 10 s gel 0,96 Pato 1,92 P (2 Ibs/100 ft2 to 4 Ibs/100 ft2);
— 10 min gel 1,44 Pa to 2,39 Pa (3 Ibs/100 ft2 to 5 Ibs/100 ft2).
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9

ISO 10414-1:2008, Clause 7. The filtrate volume shall be 30 ml to 50 ml.

Measure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accordance with

12.6.10 For the purpose of testing, the mass equivalent is 391 g per 350 ml.

12.7 Pre-hydrated bentonite slurry

12.7.1  For procedures requiring pre-hydrated bentonite in a base drilling fluid, prepare and age the
bentonite in advance.

12.7.2 Prepare a suspension of the bentonite using 26 g bentonite (as received) in 350 ml water (6,67 %
masq fraction solids) in a container for each sample being tested. Sift the clay into the water whilg stirring with
the mixer at high speed.

12.7.3  After 5 min, remove the container from the mixer and scrape the sides to dislodge gny bentonite
adhefing to the container.

12.7.4 Replace on the mixer and continue stirring for an additional 10 min (for a total mjxing time of
15 mjn).

12.7.p6  Store the suspension overnight in a sealed carboy at room temperature.

12.7.6  Stir the suspension for 5 min on a mixer before using.

12.8| Modified seawater drilling fluid

12.8.1 Prepare simulated seawater by adding 24,53'g sodium chloride and 4,09 g anhydrous sodium
sulfate to a 1| flask. Dilute to 800 ml with distilled or-deionized water. Pour 20,0 ml stock salt splution No. 1

and 1

0,0 ml of stock salt solution No. 2 into the flask-and dilute to 1 | with water while stirring. Adj

with 0,1 mol/l sodium hydroxide solution.

ust pH to 8,2

e slurry in a
tirring on the

rilled solids.

hny clay and

xing time of

12.8.2 Prepare a suspension of bentanite' clay using 150 g (144 ml) of pre-hydrated bentoni
contginer, as prepared in 12.7. Add 198 ml of simulated seawater, as prepared in 12.8.1, while s
mixef.

12.8.p  Continue stirring while ‘adding 2,5 ml of 10 mol/l NaOH and sifting in 30 g of simulated d
12.8. After 5 min, remove the container from the mixer and scrape the sides to dislodge
solid$ adhering to the container.

12.8. Replace<on”the mixer and continue stirring for an additional 10 min (for a total m
15 mjn).

12.8. Store the suspension for 24 h in a sealed carboy at room temperature.

12.8 Stir the cllcpnncinn for 5 min on the mixer

12.8.8 Measure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accordance with
ISO 10414-1:2008, Clause 7. The filtrate volume shall be 60 ml to 70 ml.

12.8.9  For the purpose of testing, the mass equivalent is 382 g per 350 ml fluid.

12.9 Low-salinity drilling fluid

12.9.

1

water, resulting in a 4 % sodium chloride brine.

©1S0
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12.9.2 Prepare a suspension of bentonite clay using 150 g (144 ml) of pre-hydrated bentonite slurry in a
container, as prepared in 12.7. Add 193 ml of low-salinity water to the suspension of bentonite while stirring
with the mixer set on high shear.

12.9.3 Continue stirring while adding 2,5 ml of 10 mol/l NaOH and sifting in 30 g of simulated drilled solids.

12.9.4 After 5 min, remove the container from the mixer and scrape the sides to dislodge any clay and
solids adhering to the container.

12.9.5 Replace on the mixer and continue stirring for an additional 10 min (for a total mixing time of
15 min).

12.9.6  Stgre the suspension for 24 h in a sealed carboy at room temperature.
12.9.7  Stin the suspension for 5 min on the mixer.

12.9.8 Mepsure the filtrate volume using a low-temperature/low-pressure filtrate cell, in’accordancg with
ISO 10414-1[2008, Clause 7. The filtrate volume shall be 35 ml to 45 ml.

12.9.9 Fon the purpose of testing, the mass equivalent is 382 g per 350 ml fluid.

12.10 Lime-treated drilling fluid
12.10.1 Prgpare a suspension of bentonite clay using 260 g (250 m})_of pre-hydrated bentonite slurry in a
container, aq prepared in 12.7. Add 73 ml of water, 4 g of chrome lignosulfonate and 2,5 ml of 10 mol/l NaOH
while stirring|on the mixer set at high speed.

12.10.2 Stin for 30 min.

12.10.3 Conptinue stirring and sift in 3 g of lime and 30 g of simulated drilled solids.

12.10.4 After 5 min, remove the container from the mixer and scrape the sides to dislodge any clay and
solids adheripg to the container.

12.10.5 Replace on the mixer and continue stirring for an additional 10 min (for a total mixing time of
45 min).

12.10.6 Roll the suspension for 16_h in a sealed container in an oven set at 65 °C (150 °F).
12.10.7 Co¢l and stir the suspension for 5 min on the mixer.

12.10.8 Mepsure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accordancg with
ISO 10414-1}2008, Clause 7. The filtrate volume shall be 12 ml to 20 ml.

12.10.9 Mepsure * the phenolphthalein alkalinity, Py, of the drilling fluid using the procedufe in
ISO 10414-1;2008, Clause 12. The P of the drilling fluid shall be 10 ml to 20 ml; adjust with lime.

12.10.10 For the purpose of testing, the mass equivalent is 373 g per 350 ml fluid.

12.11 Low solids, non-dispersed drilling fluid

12.11.1 Prepare a suspension of bentonite clay using 150 g (144 ml) of pre-hydrated bentonite slurry in a
container, as prepared in 12.7. Add 200 ml of water and 15 g of simulated drilled solids while stirring with the
mixer set at high shear.

12.11.2 After 5 min, remove the container from the mixer and scrape the sides to dislodge any clay and
solids adhering to the container.
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12.11.3 Replace the container on the mixer and continue stirring for an additional 10 min (for a total mixing
time of 15 min).

12.11.4 Store the suspension for 24 h in a sealed carboy at room temperature.
12.11.5 Stir the suspension for 5 min on the mixer.

12.11.6 Measure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accordance with
ISO 10414-1:2008, Clause 7. The filtrate volume shall be 20 ml to 30 ml.

12.11.7 For the purpose of testing, the mass equivalent is 365 g per 350 ml fluid.

12.12 Freshwater lignosulfonate drilling fluid
12.12.1 Prepare a suspension of bentonite clay using 225 g (216 ml) of pre-hydrated bentonite slurry in a
contgdiner, as prepared in 12.7. Add 127 ml of water, 15 g of simulated drilled, solids, 1 ¢ of chrome
lignosulfonate and 1,2 ml of 10 mol/l NaOH while stirring with the mixer set at high speed.

12.12.2 After 5 min, remove the container from the mixer and scrape the sides to dislodge @any clay and
solid$ adhering to the container.

12.12.3 Replace on the mixer and continue stirring for an additional\10 min (for a total mjxing time of
15 mjn).

12.12.4 Store the suspension for 24 h in a sealed carboy at roomitemperature.
12.12.5 Stir the suspension for 5 min on the mixer.

12.12.6 Measure the filtrate volume using a low-temperature/low-pressure filtrate cell, in accprdance with
ISO 10414-1:2008, Clause 7. The filtrate volume shall'be 9 ml to 15 ml.

12.12.7 Measure the pH of the suspension using a pH-meter or strips, in accordance with
ISO 10414-1:2008, Clause 11. The pH shalkbe 9,5 to 10,5 — adjust with NaOH.

12.12.8 For the purpose of testing, the mass equivalent is 369 g per 350 ml fluid.

12.13 Initial performance test

12.13.1 Select the concentrations of filtration control agent to cover a wide range (e.g. 0,1 g/350 ml,
0,5 g{350 ml, 1,0 g/350 mt~3;0 g/350 ml and 5,0 g/350 ml). Include an untreated sample of the|base drilling
fluid.

If comparison to @‘khown field-accepted material is being made, performance tests should He run on an
equivalent range ‘of known field-accepted material concentrations.

12.13.2 Weigh into each of several mixing containers the mass equivalent of 350 ml of the flesired base
drilling fluid: Place the containers on the mixer set at high speed.

12.13.3 Weigh out the desired amounts of filtration-control agents and add uniformly over a period of 30 s
while stirring on the mixer.

12.13.4 Mix for 30 min, removing the containers twice to scrape the sides to dislodge any clay and solids
adhering to the container. If foaming occurs while stirring and remains when the sample is removed from the
mixer, attempt to remove the entrained air by stirring slowly with a spatula. Add a defoamer if necessary;
however, additions of a defoamer can change filtration results. Record the amount of defoamer added.

12.13.5 Measure the pH of the suspensions using the procedure described in ISO 10414-1:2008, Clause 7.
If the pH is lower than the untreated test drilling fluid by more than 0,5 pH units, adjust the pH to that of the
untreated test drilling fluid with 10 mol/l NaOH. If the pH is higher than the untreated test drilling fluid, record
the pH, but do not make any adjustment.
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12.13.6 Determine the low-temperature/low-pressure filtrate volume, in accordance with ISO 10414-1:2008,
Clause 7. Record the filtrate volume, cake thickness and cake consistency.

The filtrate volume should be determined immediately after preparation.

12.14 Performance after heat ageing

12.14.1 Dynamically age the samples prepared and tested in 12.13 by rolling or rotating in sealed jars for at
least 16 h in an oven set at 65 °C (150 °F).

12.14.2 Cool to room temperature.

12.14.3 Mepsure the pH of the suspensions and adjust the pH with 10 mol/l NaOH to the initialigH as
described in [12.13.5.

12.14.4 Stin for 10 min on the mixer set at high shear.

12.14.5 Defermine the low-temperature/low-pressure filtrate volume. Record the filtrate volume, |cake
thickness anfl cake consistency.

12.14.6 If gn indication of the high-temperature stability is desired, age the suspensions either staticglly or
dynamically at the higher temperature in a suitable test container. See Clauses 29 and 22 for guidelines.

12.14.7 Co¢l to room temperature. Stir for 5 min on the mixer set at high“shear.

12.14.8 Defermine the high-temperature/high-pressure filtrate volume by the procedure describgd in
ISO 10414-1[2008, Clause 7. Record the filtrate volume, cake thickness and cake consistency.

13 Methylene blue test for drilled solids and commerical bentonite

13.1 Methylene blue capacity of drill solids

13.1.1 Prinrliple

13.1.1.1  The methylene blue capacity(of drill solids can be determined by a procedure that is similar tp that
used for the [drilling fluid. The methyléne blue capacity is an estimate of the cation-exchange capacity ¢f the
drill solids. Tlhe true cation-exchange ‘capacity of the drill solids will probably be somewhat higher than the
methylene blue capacity.

13.1.1.2 Methylene blue-solution is used to titrate a sample of drill solids that has been dried, ground to a
powder and [treated with.a strong dispersant and an oxidizing agent. The dispersed drill solids sample is
titrated with methylen€ blue solution until a faint blue ring or “halo” appears around a drop of dyed drill $olids
on filter papgr.

13.1.2 Reagents and apparatus

13.1.2.1 Methylene blue solution, 3,20 g reagent grade methylene blue (C4gHgN3SCI) diluted to 11
(1 ml = 0,01 milliequivalent) (CAS number 61-73-4).

If the solution is prepared in the laboratory, the moisture content of reagent grade methylene blue shall be
determined each time the solution is prepared. Dry a 1,000 g portion of methylene blue to constant mass at
93 °C £ 3 °C (200 °F £ 5 °F). Make the appropriate correction in the mass, m,, of methylene blue powder
taken to prepare the solution as follows:

3,20

mq

(13)

where m is the mass of dry methylene blue powder sample, in grams.
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13.1.2.2 Tetrasodium pyrophosphate, 2 % solution [20 g of tetrasodium pyrophosphate diluted to 11
(CAS number 7722-88-5)].

13.1.2.3 Hydrogen peroxide, 3 % solution (CAS number 7722-84-1).

13.1.2.4 Sulfuric acid, dilute, ¢ = 2,5 mol/l (5 N).

13.1.2.5 Erlenmeyer flask, of capacity 250 ml.

13.1.2.6 Burette, 10 ml; micropipette 0,5 ml; or graduated pipette 1 mi.

13.1
13.1
13.1
13.1
13.1
13.1
13.1
13.1

13.1

13.1

13.1.
for 2

13.1.
(200

13.1.
25m

13.1

13.1.
room

13.1

.2-7—Graduated—cytlinder, 56 m(TD}:

.2.8 Stirring rod.

.2.9 Hot plate.

.2.10 Magnetic stirrer, with coated stirring bar.

.2.11 Filter paper, Whatman number 1 11).

.2.12 Drying oven, capable of being maintained at 105 °C + 3 °C,(220 °F £ 5 °F).
.2.13 Mortar and pestle.

.2.14 Sieve, 75 uym (200 mesh).

.2.15 Balance, accuracy + 0,05 g.

.Bp Procedure

B.1 Clean all traces of drilling fluid-ffrom the drill solids sample and dry at 105 °C + 3 °C (2
h.

B.2 Grind the drill solids tova fine powder using the mortar and pestle, and pass throug
mesh) sieve.

B.3 Weigh 1,0 g of-the’ drill solids of size less than 75 ym, and add to the Erlenmeyer fla
of 2 % tetrasodium-pyrophosphate.

B4 Mix well.and boil gently for 10 min. Do not boil to dryness.

B.5 Add\15 ml hydrogen peroxide and 1 ml sulfuric acid. Boil gently for an additional 10
temperature and dilute with water to a volume greater than 50 ml.

20 °F + 5 °F)

h the 75 um

5K containing

min. Cool to

B3 67 Add mnfhylpnn blue solution to the flask in increments of 0 5 ml while inrring on

he magnetic

stirrer. If the approximate amount of methylene blue solution necessary to reach the endpoint is known from
previous tests, somewhat larger increments (1 ml to 2 ml) can be used at the beginning of the titration. After
each addition of the methylene blue solution, swirl the contents of the flask for 30 s. While the solids are still
suspended, remove one drop of suspension with the stirring rod and place on the filter paper The initial end
point of the titration is reached when dye appears as a faint blue ring or halo surrounding the dyed solids, as
shown in Figure 2, key item 4 for a 6 ml addition.

11) Whatman No. 1 filter paper is an example of a suitable product available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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13.1.3.7 When the initial end point is detected, shake the flask for an additional 2 min and place another
drop on the test paper. If the blue ring is again evident, the final endpoint has been reached, as shown in
Figure 2, key item 8. If the faint blue ring or halo does not appear, continue as in 13.1.3.6 until the second
drop taken after 2 min shows the faint blue tint or halo, as shown in key items 8 and 9. This is the 2 min
endpoint. Free dye detected immediately after adding methylene blue solution, which is adsorbed after 2 min,
indicates that the endpoint has not quite been reached. See key items 4 and 9.

13.1.3.8 Continue stirring an additional 10 min and place another drop on the test paper. If the faint blue ring
or halo is again evident, the 10 min endpoint has been reached. If the faint blue ring does not appear,
continue as in 13.1.3.6 until the second drop taken after stirring 2 min shows the faint blue ring or halo.

Key
1 volume oflmethylene blue solution added 5 dyed drilling fluid solids
moisture 6 free, unadsorbed dye
3 dyed drilling fluid solids (no free, unadsorbed dye 7 moisture
present) 8 endpoint, free dye is not adsorbed after stirring an

4 free dye (faint blue ring or halo), visible immediately additional 2 min
after adding 6 ml, is adsorbed after 2 min and indicates
that the end point has not quite been reached

©

appearance of spot after additional 2 min agitation

Figure 2 — Spot tests for endpoint of methylene blue titration
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13.1.3.9 The methylene blue capacity of the drill solids, CygT.ps, expressed in milliequivalents per 100 g
(meqg/100 g), is given by Equation (14).

CmBT-DS = L (14)
mps
where
vV is the volume of methylene blue solution used in titration, in millilitres;
mpg is the mass of drill solids sample, in grams.

13.2| Methylene blue capacity of commercial bentonite

13.2.1 Principle
The methylene blue capacity of commercial bentonite can be determined using“a procedure dimilar to that
used|for the drill solids. The methylene blue capacity is an estimate of the.cation exchange cgpacity of the
bentgnite. The true cation exchange capacity of the bentonite will probably be somewhat higher than the

methylene blue capacity. A well dispersed sample of the bentonite is titrated with methylene blue|solution until
a blug or turquoise “halo” appears around a drop of dyed bentonite salidson filter paper.

13.2.2 Reagents and apparatus

13.2.2.1 Methylene blue solution, 1 ml = 0,01 milliequivalent (see 13.1.2.1).
13.2.2.2 Tetrasodium pyrophosphate, 2 % solutiony(see 13.1.2.2).

13.2.2.3 Erlenmeyer flask, of capacity 250 ml,

13.2.2.4 Burette, of capacity 50 ml.

13.2.2.5 Graduated cylinder, 50 ml (TD).

13.2.2.6 Stirring rod.

13.2.2.7 Hot plate.

13.2.2.8 Magnetic-stirrer and stirring bar (coated).

13.2.2.9 Filter paper, Whatman No. 1 9).

13.2.R.10 ‘Balance, accuracy + 0,05 g.

13.2.3—Procedure

13.2.3.1 Weigh 0,5 g bentonite and add to the Erlenmeyer flask containing 50 ml of 2 % tetrasodium
pyrophosphate solution.

13.2.3.2 Mix well and boil gently for 10 min. Do not boil to dryness.

13.2.3.3 Cool to room temperature and bring volume to about 50 ml with water.

13.2.3.4 Add methylene blue solution to the flask with the burette in 1 ml increments while stirring on the
magnetic stirrer. Somewhat larger increments can be used at the beginning of the titration (10 ml to 15 ml) as

the endpoint should only be reached after 25 ml or more have been added. After each addition, swirl the
contents of the flask for 30 s and remove one drop of the suspension with the stirring rod and place on the

© 1SO 2008 — Al rights reserved 39


https://standardsiso.com/api/?name=d46a96afaac7db67549dd25f922fd2fd

ISO 10416:2008(E)

filter paper. The initial endpoint of the titration is reached when dye appears as a faint blue ring or halo
surrounding the dyed solids as shown in Figure 2, key item 4.

For best accuracy, it is recommended that increments no larger than 1 ml be used.

13.2.3.5 When the initial endpoint is detected, stir the flask for an additional 2 min and place another drop
on the test paper. If the faint blue ring or halo is again evident, the 2 min endpoint has been reached, as
shown in Figure 2, key items 8 and 9. If the ring does not appear, continue as in 13.2.3.4 until a drop taken
after stirring an additional 2 min shows the faint blue tint or halo.

13.2.3.6 Continue stirring an additional 10 min and place another drop on the test paper. If the faint blue ring

or halo is again—evident—the—10-min—endpoint-has—been—reached—f—the—faint-bive—ring—dees—ret—appear,
continue as ih 13.2.3.4 until a drop taken after stirring 2 min shows the faint blue ring or halo.
13.2.3.7 The methylene blue capacity of commercial bentonite, Cyg1.p, €xpressed in milliequivalents per
hundred grams (meq/100 g), is calculated from Equation (15).
V
CmBT-B[F —— (15)
mg

where

vV is the volume of methylene blue solution used in titration, in-millilitres;

mg is the mass of a commercial bentonite sample, in grams:
13.3 Solids content
13.3.1 Principle
The procedufe in 13.3.2 can be used to give a rough.estimate of the amount of drill solids and commgrcial
bentonite in & drilling fluid using the concentration of;low-gravity solids, C, A expressed in kilograms per [cubic
metre, or Cl g, expressed in pounds per barrel-calculated in ISO 10414- 1:2008, Clause 8, plus the benjonite
equivalent, £pg A, expressed in kilograms -per cubic metre, or Egg g, expressed in pounds per barrel
(ISO 10414- :2008, Clause 10), and the methylene blue capacity of the drill solids (13.1.3.9) and commgrcial
bentonite (13.2.3.7).
13.3.2 Calgulation
The concentration of each type-of low-gravity solid can be calculated from Equations (16) to (21):

70)( EBE A
CMBT-AYG = —=< (16)
Ceca
70)( EBE B
CMBT-AVG= o (17)
LG,B
CMBT- - CVBT-
Cop = MBT-AVG ~— “MBT-DS Cloa (18)
CmeT-8 ~ CMBT-DS
CMBT- - CyBT-
Cap = MBT-AVG ~ “MBT-DS xClgp (19)
CmgT-B ~ CMBT-DS
Cpsa =Clga—Caa (20)
Cpsg =Clce~CaB (21)
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where

CuBT-AvG is the average methylene blue capacity of for all low gravity solids, expressed in
milliequivalents per hundred grams;

CMBT-DS is the methylene blue capacity of drilled solids, expressed in milliequivalents per hundred
grams;
CMBT-B is the methylene blue capacity of commercial bentonite, expressed in milliequivalents per

hundred grams;

kB A is the bentonite equivalent, expressed in kilograms per cubic metre (ISO,1p414-1:2008,
Clause 10);

KBEB is the bentonite equivalent, expressed in pounds per barrel (ISO 10414-1:2008] Clause 10);

[ A is the concentration of low gravity solids, expressed in kilograms per |cubic metre

(1ISO 10414-1:2008, Clause 8);

LGB is the concentration of low gravity solids, expréssed in pounds| per barrel
(1ISO 10414-1:2008, Clause 8);

(B A is the concentration of bentonite, expressed in Kilograms per cubic metre;

s B is the concentration of bentonite, expressed.in pounds per barrel;

CMBT-DS is the methylene blue capacity of drilled solids, expressed in milliequivalents|per hundred
grams;

CDs A is the concentration of drilled Solids, expressed in kilograms per cubic metre

[Ds.B is the concentration of-drilled solids, expressed in pounds per barrel

If thef C\ygT.g for bentonite is not known, use a value of 70 meq/100 g, as is assumed in the calcplation of the
bentgnite equivalent of the drilling)ftuid (ISO 10414-8:2001, Clause 8) and for the calculations of the average
MBT{ CygT-Ave: Of all low gravity solids above. The solids composition calculated assuming a| Cyygt.ave Of
70 meqg/100 g for bentonité is' not as accurate as if the full procedure above is used, but the calculated
amouynts of bentonite anddrill solids can still be useful as a monitoring tool.

14 Deflocculation test for thinner evaluation

14.1| Principle

1411 The following laboratory test is designed to evaluate the relative effectiveness of a thinner in a high-
solids environment. The data obtained using this procedure should be compared to data using a reference
thinner in the same series of tests, and should not be interpreted as thinner performance in actual drilling fluid
formulations.

141.2 A 28,0% (mass fraction) suspension of Neutral Panther Creek 13) bentonite is prepared with
deionized or distilled water and aged at room temperature for 1 week or more. A laboratory barrel portion
(350 ml) of the suspension is treated with 14,3 kg/m3 of chrome or ferrochrome lignosulfonate for the
uncontaminated tests and with 22,8 kg/m3 of the reference thinner for contaminated [14,3 kg/m?3 (5 Ibs/bbl)
gypsum and 11,4 kg/m3 (4 Ibs/bbl) sodium chloride] tests and the pH adjusted to 9,5 with sodium hydroxide.
Viscometric properties are measured initially and after hot-rolling for 16 h at 65 °C (150 °F). Filtration volume
is measured after hot-rolling. After completing the measurements on the hot-rolled samples, the pH of the
suspension is adjusted to 9,5 and aged for 16 h in a stainless steel cell at 175 °C (350 °F). The cell is
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pressurized to 3 450 kPa (500 psi) with nitrogen prior to heating. Viscometric properties of the suspension are
measured after high-temperature ageing as removed from the cell. The pH of the suspension is readjusted to
9,5, and viscometric properties are remeasured and the filtration volume is determined.

14.1.3 The effectiveness of the test sample is evaluated by comparing the results with the performance of a
reference sample of lignosulfonate or other thinner.

14.2 Reagents and apparatus

14.2.1  Neutral Panther Creek bentonite (air-floated) 12).

14.2.2 Sogium chloride (CAS number 7647-14-5), 99 % minimum purity.
14.2.3 Gypsum (CAS number 7778-18-9), 92 % minimum Ca,S0O4-2H,0, 85 % through 100 mesh.

14.2.4 Sodium hydroxide (CAS number 1310-73-2) CP, used to make a solution such that 1 ml contains
0,25 g NaOH,.

14.2.5 Dejonized or distilled water.
14.2.6 Stgndard or reference thinner.

14.2.7 Mixer 13), capable of operating at 10 000 r/min + 100 r/min under’ load and designed so that the
bearings are[not exposed to the test fluid.

14.2.8 Coptainer, for mixing, with air-tight cover.

14.2.9 Balance, 3 kg capacity.

14.2.10 Drijling fluid balance.

14.2.11 Viscometer '4), in accordance with 1ISQ. 10414-1:2008, Clause 6.
14.2.12 Trgnsformer, variable speed, e.g, Powerstat® 19), type 116.
14.2.13 pH|meter, accurate to 0,1 pH-unit.

14.2.14 Minute timer, accurate t0.0,1 min over the test interval.

14.2.15 Filfer press, in accordance with ISO 10414-1:2008, Clause 7.

12) Neutral Panther Creek bentonite is the trade name of a product supplied by the American Colloid Company, Skokie,
lllinois, U.S.A. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same
results.

13) Hamilton Beach Mixer Model 936 is an example of a suitable product available commercially. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

14) Fann VG Meter Model 35 is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

15) Powerstat, type 116 is an example of a suitable product available commercially. This information is given for the
convenicence of users of this International Standard and does not constitute an endorsement by ISO of this product.
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14.2.16 Filter paper, Whatman No. 50 16).
14.2.17 Spatula.

14.2.18 Ageing cells, high-temperature, stainless steel with pressure connector, in accordance with
Clause 21.

14.2.19 Drying oven, regulated to 105 °C + 3 °C (220 °F £ 5 °F).

14.2.20 Jar, 500 ml, glass canning.

14.2.

T graduatedto O,

14.2.22 Nitrogen source, at a pressure of 3 450 kPa (500 psi) or greater.
14.2.23 Syringe, 10 ml, graduated to 0,2 ml.

14.2.24 Mixer, capable of operating at 7 500 r/min = 500 r/min under load and designed so that|the bearings
are npt exposed to the test fluid 17).

14.2.25 Roller oven, regulated to 65 °C + 3 °C (150 °F + 5 °F), preferably with gravity convention of air
(forcgd-air circulation)

14.2.26 Ageing oven, static, capable of maintaining a temperature of 175 °C + 3 °C (350 °F + 5[ °F).

14.3| Procedure for moisture content
14.3.1 Determine the moisture content of the Neutral*Panther Creek bentonite as given in 14.3|2 and 14.4.

14.3.2 Weigh 10g+0,01g of clay and dry, to a constant mass at a temperature of 105°C+3 °C
(220 FF + 5 °F). Cool the sample in a desiccator'and weigh.

14.4| Calculation of moisture content

Calcylate the moisture content, ,;'expressed as a percent mass fraction, from Equation (22):

h =100 Mo —"d

Mg

(22)

wherg
M, is the'mass of original sample, expressed in grams;

Mg~ is the mass of dry sample, expressed in grams.

14.5 Preparation of drilling fluid base

14.5.1 Prepare a 500 g suspension by dispersing 140 g of Neutral Panther Creek bentonite (dry basis) in
deionized or distilled water. The amount of water required is 350 g minus the amount of water in the clay as
determined in 14.4. The clay should be added to the water slowly, while stirring the suspension with the mixer.

16) Whatman No. 50 filter paper is an example of a suitable product available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

17) Hamilton Beach Model 30 is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.
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14.5.2 Shear the suspension for 2,5 h, seal the container airtight so that no moisture can escape and age
overnight at room temperature. On the following day, stir for 30 min and determine the solids content of the
suspension as in 14.5.3.

14.5.3 Weigh 10 g + 0,01 g of suspension and dry at a temperature of 105 °C + 3 °C (220 °F £+ 5 °F). Cool
the sample in a desiccator and weigh. Perform this test in duplicate until results agree within + 0,1 % by mass.

14.5.4 The solids content shall be 28,0 % + 0,1 % by mass. If the solids content is too low, let the
suspension stand overnight exposed to the atmosphere so that some of the moisture can evaporate. Then
again determine the solids content as in 14.5.3. Repeat until the solids content is correct. If the solids content
is too high, see 14.6.2.

14.6 CaIcuLation

14.6.1  Calculate the solids content, wg, expressed as a percent mass fraction of the- solids, |from
Equation (23)):

we =10pd (23)

Mg
where
my is the mass of dry sample, expressed in grams;
m

o Iis the mass of original sample, expressed in grams.

14.6.2 If the solids content is too high, add deionized water~-Calculate the additional mass of watef, m,,,
expressed in[grams, required for solids adjustment from Equation (24):

mp, = m|-1002S (24)

Ws
where
m, s the specified mass of the suspension, expressed in grams (500 g in this procedure);

mg is the total mass of solids"added, expressed in grams [140 g Neutral Panther Creek bentonitg (dry
basjs) in this procedure];

wg is the mass fractionof the solids, expressed in percent.
EXAMPLE Solids_content, determined as equal to 29,1 %, is too high.

my, =50Q - 100%,01

my, =500 — 4811

my, =18,9 g water required to correct solids content.

14.7 Determination of rheological properties

14.7.1  To 350 ml of the Neutral Panther Creek bentonite suspension, add 1,75 g salt and stir for 3 min at
750 r/min = 50 r/min with a mixer.

14.7.2 Add 5 g of the thinner being tested. Stir the sample for 1 min.
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Add sufficient caustic soda (1 ml=0,25 g NaOH) so that the pH measures 9,5 + 0,1

total stirring time.

14.7.4

after 20 min

Scrape down the sides of the jar at least once to ensure proper mixing. The mixing speed shall be

kept at 7 500 r/min £ 500 r/min. After 20 min total stirring time, remove the drilling fluid from the mixer. Check
to see that the pH is 9,5 £ 0,1.

14.7.5

200 r/min, 100 r/min, 6 r/min and 3 r/min viscometer readings.

Stir for 1 min and measure the flow properties with a viscometer. Record the 600 r/min, 300 r/min,

14.7.6  Record the values for the initial gel, pH and total volume of NaOH used in 14.7.3.and 14.7 .4.

14.7.f  Cap the jar tightly and hot-roll for 16 h at 65 °C (150 °F).

14.7.8  Cool the hot-rolled drilling fluid to room temperature. Readjust the pH.

14.7.p  Again take the 600 r/min, 300 r/min, 200 r/min, 100 r/min, 6 r/min and 3r/min viscomgter readings,
and the readings for the initial gel, pH,10 min gel and filtrate.

14.7.10 Place the drilling fluid in a stainless steel high-temperature ageing cell. Pressurize the ageing cell to
3 450 kPa (500 psi) with nitrogen and test for leaks by immersing in water and examining for bubbles. Place
the cgll in a 175 °C (350 °F) oven for 16 h.

14.7.11 Remove the cell, cool and transfer the drilling fluid to a pint jar.

14.7.12 Measure and record the 600 r/min, 300 r/min, 200 t/min, 100 r/min, 6 r/min and 3 r/min viscometer
readings. Readjust the pH to 9,5 + 0,1 and remeasure the-600 r/min, 300 r/min, 200 r/min, 100 {/min, 6 r/min
and 3 r/min properties and the filtrate volume.

14.7.13 To 350 ml of the base drilling fluid, add*5 g gypsum, 4 g sodium chloride, and 8 g qf the thinner
beind evaluated. Stir into the drilling fluid for 20.s'to 30 s by raising, lowering and turning the jar By hand while
the mjixer is running at 7 000 r/min to 8 000 /min with the toggle switch in the high-speed position

14.7.14 Place the jar into the jar holder’Set the timer for 20 min stirring time. After an elapsed fme of 1 min,
add p sufficient volume of NaOH\solution (1 ml= 0,25 g NaOH) rapidly with a syringe to dive a pH of
9,5 +{0,1 at the end of the 20 min)stirring time. The quantity of NaOH varies with each type of|thinner used
and ghould be determined by frial and error.

14.7.15 After 5 min stirting, remove the sample from the mixer and scrape down the sides of thejar.

14.7.116 Replace/the sample on the mixer and continue stirring for a total elapsed time |of 20 min at
7 00Q r/min to 8 000 r/min.

14.7.17 Attheend of 20 min elapsed time, remove the drilling fluid from the mixer and measure the pH; if the
pH i$ 96 0,1, stir for 1 min at 7 000 r/min to 8 000 r/min and measure the flow properlies with the
viscometer. If the pH is not 9,5 + 0,1, discard the sample and repeat the test.

14.7.18 Measure and record the 600 r/min, 300 r/min, 200 r/min, 100 r/min, 6 r/min and 3 r/min viscometer

readings, and the values for initial gel, pH and the total NaOH used.

14.7.19 Cap the jar tightly and hot-roll for 16 h at 65 °C (150 °F).

14.7.20 Cool the hot-rolled drilling fluid to room temperature and stir for 5 min at 7 000 r/min to 8 000 r/min.

14.7.21 Record the 600 r/min, 300 r/min, 200 r/min, 100 r/min and 6 r/min readings, the values for the initial
gel, the pH and the filtrate.
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14.7.22 Adjust the pH to 9,5 with NaOH and place in a stainless steel high-temperature ageing cell. Pressure
the ageing cell to 3 450 kPa (500 psi) with nitrogen and test for leaks by immersing in water. Place the cell in
an oven at 175 °C (350 °F) for 16 h.

14.7.23 Remove the cell, cool and transfer the drilling fluid to a pint jar. Stir for 5 min at 7 000 r/min to
8 000 r/min on a Hamilton Beach mixer®.

14.7.24 Measure and record the 600 r/min, 300 r/min, 200 r/min, 100 r/min, 6 r/min and 3 r/min viscometer
readings. Record the pH.

14.7.25 Then adjust the pH to 9,5 with NaOH and remeasure the 600 r/min, 300 r/min, 200 r/min, 100 r/min,

6 r/min and J+tmir-properties-and-the-filtrate-votume:

14.8 Calculation of thinner efficiency

Calculate thg thinner efficiency, e, expressed as a percent of the performance of the test sample relative {o the
performance|of a reference sample of lignosulfonate or other thinner, as given in Equation(25).

e=100{s (25)
P

where

ps is the performance, for example yield point or gel strength. as determined in accordance] with
IS 10414-1, of the test sample;

p, is the performance, for example yield point or gel strength as determined in accordance| with
ISQO 10414-1, of the reference thinner.

15 Testing base oils used in drilling flujds

15.1 General

This clause gives a brief summary of the ASTM testing methods that APl Subcommittee 13 on Drilling Fluids
Materials has reviewed and found to ‘be acceptable for the testing of base oils commonly used in oil-Qased
drilling and dompletion fluids. Where' a procedure is also described in an International Standard, as is|most
often the case, the International*Standard is given in preference to the national standard, such as ASTM pr IP.
The national [standard (ASTM;IP) is given when this is the sole procedure.

15.2 Reageénts and-apparatus

The reagent$ and ‘apparatus as specified in the appropriate International Standard, or ASTM or IP proc¢dure
bulletin shall be, used. These reagents and test apparatus are mandatory to perform the standard tests
correctly and W O—reqtiremen - y \ this
International Standard in general terms onIy

15.3 Density, relative density (specific gravity), or API gravity-hydrometer method (see
ISO 3675)

15.3.1 Principle

This method covers the laboratory determination, using a glass hydrometer, of density, relative density
(specific gravity), or API gravity of crude petroleum, petroleum products, or mixtures of petroleum and
non-petroleum products normally handled as liquids, and having a Reid vapour pressure (see ISO 3007) of
180 kPa (1,8 bar; 26 psi) or less. Values are measured on a hydrometer at convenient temperatures, readings
of density being reduced to 16 °C (60 °F) and readings of relative density (specific gravity) and API gravity to
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16 °C (60 °F), in accordance with the petroleum reference tables given in ISO 91-1. By means of these tables,
values determined in any one of the three systems of measurement can be converted to equivalent values in
either of the other two, so that measurements may be made in the units of local convenience. Generally, the
drilling fluids industry prefers to use the relative density (specific gravity) units.

15.3.2 Summary of the method

The sample is brought to the specified temperature and transferred to a cylinder that is at approximately the
same temperature. The appropriate hydrometer is lowered into the sample. After temperature equilibrium has
been reached and the hydrometer is still, the hydrometer scale is read and the temperature of the sample is
noted. If necessary, the cylinder and its contents may be placed in a constant-temperature bath to avoid
exce§sive temperature variation guring the test.

15.4| Density and relative density of liquids using a digital density meter (see)ASTNI D 4052)

15.4.1 Principle

This nethod covers the determination of the density or relative density of petroleum distillates angl viscous oils
that ¢an be handled in a normal fashion as liquids at test temperatures between 16 °C and 35 °C (60 °F and
95 °R). Its application is restricted to liquids with vapour pressures below 80 kPa (11 psi) and visgosities below
abouf 0,015 m?/s at the temperature of test. It should not be applied to’samples so dark in cglour that the
absepce of air bubbles in the sample cell cannot be established with-certainty.

15.4.2 Summary of method
Apprpximately 0,7 ml of liquid sample is introduced into:the-oscillating sample tube of a digital density meter,

and the change in oscillating frequency caused by theichange in the mass of the tube is used in conjunction
with ¢alibration data to determine the density of the sample.

15.5| Kinematic viscosity of transparent.and opaque oils — Calibrated capillary tuhe method
(see|lSO 3104)

15.5.1 Principle

This [test method covers the determination of the kinematic viscosity (a measure of the resisfance to flow
undef gravity) of liquid petroleum products, both transparent and opaque, by measuring the timje for a given
volume of the liquid to flow’ under gravity through a calibrated glass capillary viscometer. The dynamic
viscopity can be obtained.by multiplying the measured kinematic viscosity by the density of the liguid.

15.5.2 Summary‘of-method

The {ime, in_séconds, is measured for a fixed volume of the liquid sample to flow under gravity through the
capillary of;acalibrated viscometer under a reproducible driving head and at a closely controlled temperature.
The kinematic viscosity is the product of the measured flow time and the calibration corstant of the
viscometer. Testing temperatures usually selected are 40 °C and 70 °C (105 °F and 160 °F) for base oils,
unless these temperatures can constitute a hazard of fire or flash explosion during the testing.

15.6 Distillation (see ISO 3405)

15.6.1 Principle
This method covers the distillation of motor gasolines, aviation gasolines, aviation turbine fuels, special

boiling-point spirits, naphthas, white spirit, kerosenes, gas oils, distillate fuel oils and similar petroleum
products.
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15.6.2 Summary of method

A 100 ml sample is distilled under specified conditions that are appropriate to its nature as shown in
ISO 3405:2000, Table 1. Systematic observation of the thermometer readings and volumes of condensate are

made and, from these data, the results of the tests are calculated and reported.
Important temperature values found are
a) initial boiling point, when the first drop is condensed,

b) final boiling point, when maximum temperature is reached, and

c) dry point, the temperature just as the last drop evaporates from the lowest point in the flask.

15.7 Aniline point and mixed aniline point (see ISO 2977:1997)

CAUTION — Application of ISO 2977 can involve the use of hazardous materials, operationland

apparatus. ISO 2977 does not purport to address all of the safety problems associated with its
is the responsibility of the user of the International Standard to consult and-establish approy
safety and Heath practices and determine the applicability of regulatory limitations prior to use.

15.7.1 Prindiple

e. lt
riate

These test methods cover the determination of the aniline point of petrleum products and hydrocarbon

solvents. Mefthod 1 (ISO 2977:1997, Annex A) is suitable for transparent samples with an initial boiling
above room [temperature and when the aniline point is below the bubble point and above the solidifig
point of the pniline-sample mixture. Method 2 (ISO 2977:1997,. Annex B), a thin-film method, is suitab
samples too| dark for testing by method 1. Methods 3 (1ISO.2977:1997, Annex C) and 4 (ISO 2977:
Annex D) arg for samples that can vapourize appreciably at-the aniline point. Method 4 is particularly su
when only small samples are available. Method 5 (ISO 2977:1997, Annex E) describes a procedure usi
automatic agparatus suitable for the range of liquids coyered by methods 1 and 2. These test methods
cover the ddtermination of the mixed aniline point, of ‘petroleum products and hydrocarbon solvents h
aniline pointd below the temperature at which aniline crystallizes from the aniline-sample mixture.

15.7.2 Summary of methods

Method 1, and perhaps method 2, are the most likely to be applicable to drilling fluid industry use for tg
base oils. The specified volumes of-aniline and oil sample (or aniline and sample and n-heptane) are plac
a tube and mechanically mixedCAhe mixture is heated at a controlled rate until the two phases be

point
ation
e for
1997,
table
g an
also
Bving

sting
ed in
come

miscible. The¢ mixture is then €oeoled at a controlled rate and the temperature at which two phases begin to

separate and cloudiness appears is recorded as the aniline point (or mixed aniline point if n-heptane is
as a solvent)

15.8 Pour point (See ISO 3016)

used

15.8.1 Prindiple

The test for pour point is intended for use on any petroleum oil. A procedure suitable for black oils, cylinder

stock and non-distillate fuel oil is also described in ISO 3016.

15.8.2 Summary of method

After preliminary heating, the sample is cooled at a specified rate and examined at intervals of 3 °C (5 °

F) for

flow characteristics. The lowest temperature at which movement of the oil is observed is recorded as the pour

point.
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Flash point by Pensky-Martens closed tester (see ISO 2719)

15.9.1 Principle

This method covers the determination of the flash point by the Pensky-Martens closed-cup tester of fuel oils,
suspensions of solids, liquids that tend to form a surface film under test conditions, and other liquids.

This method is not recommended for testing emulsions of water and oil, such as drilling fluids.

15.9.2 Summary of method

The ail Qampln is heated in a cup ata slow, constant rate with continual Q’rirring A small flame |

directed into

the clip at regular intervals with simultaneous interruption of stirring. The flash point is the lowés{ temperature
at whjich application of the test flame causes the vapour above the sample to ignite.

15.10 Aromatics content (see IP 391 or ASTM D 5186)

15.10.1 Principle

15.10.1.1 General

Both |the ASTM and the IP method measures the “aromatic content’/of 'drilling fluid oils, petrolepm distillates

and d
same
comy
more}
a col
oils,

15.1(
The

iesel fuels. The user should realize that analyses of a complex 0il by the two methods migh
onents differently and their detectors function by different\principles. Instruments for the IR
widely available and less expensive than those required.for the ASTM method. The ASTM

bmn and detector system that gives a better representation of the types of aromatics foun
put it does not measure low concentrations of aromatics.

1.2 1P 391

P 391 method is suitable for determining ‘monocyclic, bicyclic and tricyclic aromatic fractic

t not give the

values for aromatic content. The reason for variation is that the two instruments separfate aromatic

method are
method uses
d in complex

ns in drilling

fluid pils and petroleum distillates that boikin' the range of 140 °C to 360 °C (285 °F and 680 °F) with bromine
numbers (determined in accordance ‘with I1SO 3839) of less than 1,0. This method is appropriate for
conceéntrations from 0,05 % volumesfraction to 25 % volume fraction monocyclic aromatics and 0,05 % volume
fractipn to 5 % volume fraction bicyclic and tricyclic aromatics. Higher concentrations requirg appropriate
dilutipns.

NOTH Compounds containing oxygen or nitrogen can cause erroneous results for the IP method.

15.10.1.3 ASTM D 5186

The

5 % mass fraction to 75 % mass fraction of aromatics.

15.1(

ASTM D 5186-method is suitable for determining aromatic compounds in fuels with concer

.2 "Summary of the IP 391 method

trations from

A 5 ul to 10 yl sample of ail is injected into a liquid chromatograph that is fitted with a polar separation column
with hexane as the mobile phase. The column separates the aromatic components into mono-, bi- and tricyclic
fractions that appear as peaks on the chromatogram. The fractions are identified by a differential refractive-
index detector as they exit the column. Percentages are determined by integrating the areas under the peaks
based on prior calibration with known concentrations of an aromatic compound.

15.10.3 Summary of the ASTM D 5186 method

A 0,05 ul to 0,2 pl oil sample is injected into a packed silica column using supercritical carbon dioxide as the
mobile phase. Aromatic components in the sample are separated from non-aromatic components by
adsorption in the silica column. Components are measured by a flame ionization detector as they exit the
column. Concentrations are calculated from peak areas based on prior calibration using known concentrations
of an aromatic compound.
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16 Potassium ion content — lon-selective electrode method

16.1 Principle

16.1.1  Potassium compounds, primarily the chloride and, to a lesser degree, the hydroxide compounds, are
used in drilling fluids to aid in the stabilization of the formation of clays and/or shales. The ion-selective
electrode (ISE) method can provide accurate, quantitative data on samples having a range of potassium ion
concentration from a few milligrams per litre to saturation.

16.1.2 The measurement of potassium ion concentration by the ISE method is analogous to a pH
measurement and can be performed with almost the same ease and simplicity. Both procedures rely on the
measuremert of the difference in potential between a sensing and a reference electrode. Depending,an the
instrumentation used, this signal is presented as either the actual potential, measured in millivolts, or'in"some
form of direcf readout of concentration.

16.1.3  Fof monovalent ions such as hydrogen and potassium, the change in potential between a se
and a refergnce electrode is theoretically 59 mV for a ten-fold change in the activityyof the ion
measured. Tihe actual change is normally somewhat lower, usually about 56 mV + 2.mV for the potas
electrode system. This value is defined as the slope of the electrode system.

nsing
being
sium

ation.
ition,
This

16.1.4 It should be noted that the actual property being measured is activity, rather than concentr
However, since the activity of any ionic species is strongly influenced by the-fetal ionic strength of the sol
it is feasible |to use the two terms interchangeably so long as the total ionic strength is held constant

procedure p

vides for a constant background total ionic strength by the ‘addition of sodium chloride so

ution

to all standands and samples.

16.1.5 Ungler the conditions of this test method, none of the ‘materials normally present in drilling fluid
filtrate samples has been found to interfere. Errors arisingsfrom sodium contamination are eliminatg¢d by
providing a High constant background level of sodium through the use of sodium chloride as the ISA solytion.
The relatively high dilution reduces all other potential interference to a negligable level.

16.2 Reageénts and apparatus

16.2.1 Pofassium chloride, standard solution, p=1 g/l.

This solution|is readily available from mast laboratory supply firms, or can be prepared by dissolving 1,907 g
reagent grade KCI in deionized or distiled water and diluting to 1 I. Dry the KCI in an oven at 105°C 43 °C
(220 °F + 5 °F) for 2 h and store in.a-desiccator prior to preparation of the standard solution.

16.2.2  Sogdium chloride (solution, cy,c) =5 mol/l.

Dissolve 292 g reagent.grade sodium chloride in deionized or distilled water and dilute to 1 |. This solutjon is
used as an IBA and_to provide a high, constant background sodium concentration.

16.2.3  Sogium, chloride, solution, cy,c = 0,1 mol/l, saturated with the silver ion.

Dilute 2 ml of the 5 mol sodium chloride solution to 100 ml and add silver nitrate solution dropwise until a
cloudiness persists. This solution is used as the internal filling solution for the single-junction reference
electrode.
16.2.4 Specific-ion meter or pH meter.

Any of a wide variety of commercially available instruments is suitable, so long as it can provide a millivolt
readout with a resolution of at least 0,1 mV.

Either analogue or digital readout is acceptable, but the preferred type of instrument is one of the “research”
models with a digital readout and controls that permit direct indication of concentration after proper calibration.
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16.2.5 Potassium ISE, potassium electrode.

The Orion Model 93-19 18) is a two-part electrode, with a reusable body and a disposable, screw-on sensing
module. Only the module, not the entire electrode, requires replacement. Average service life of each module
is six months.

16.2.6 Reference electrode, a single-junction reference electrode 19).

NOTE Both the sensing and reference electrodes are available with durable epoxy bodies.

16.2.7 Magnetic stirrer, with coated stirring bars.

16.2.8 Beakers, 150 ml, of borosilicate glass (Pyrex®) or plastic.
16.2.p Pipettes, volumetric, various sizes for preparing dilutions of samples and standards’

The use of microlitre pipettes with disposable plastic tips20) is particularly convenient for d|luting filtrate
samples where the quantity of filtrate available is limited or extremely high dilutions.are required.

16.2.10 Graph paper, 3-cycle or 4-cycle semilogarithmic, for preparing calibration curves.

16.2./11 Flasks, volumetric, various sizes for preparing calibration standards and dilutions of filtrate samples.

16.3| Preparation of electrodes

16.3.1  If the Orion 93-19 electrode is used, remove the sensing module from the vial and screW it firmly into
the el|ectrode body, taking care to ensure that the rubber washer is in place.

16.3.2 Shake down the electrode in the manner of a-mercury-filled medical thermometer.

16.3.3 Soak the electrode in deionized or distilled water for at least 10 min, then store|in a diluted
potagsium solution containing 10 mg/l to 100 mg/l potassium until ready for use.

16.3.4 By means of either an eye-dropper or syringe, fill the single-junction reference electfjode with the
0,1 mol/l sodium chloride (saturated with-silver ion) solution (see 16.2.3).

16.3.p  If other types of sensingor reference electrodes are used, follow the instructions of the manufacturer
wher| preparing them for use.

16.4| Operational check of electrode system

16.4/1 The two properties of the electrode system having the greatest influence on afccuracy and
reproducibility are-the slope and the stability. The slope is defined as the change in potential observed when
the concentration’ changes by a factor of 10. The stability of the readings is an indication of the amount of
noisqg (rapidly, continuously changing readings) and drift (readings slowly changing in one direction).

16.4.2“OWhen performing the initial calibration with the standard solutions according to the ipstructions in
either 16.5 or 16.6, record the actual measured potential for the 10 mg/l and the 100 mg/l standard solutions.
For a new potassium electrode (or sensing module), the difference between these two readings shall be
between 54 mV and 59 mV. The slope normally decreases with time. Replace the electrode (or module) when
the slope reaches a value of approximately 48 mV.

18) Orion Model 93-19 is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.

19) Orion Model 90-01is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.

20) Eppendorf and Oxford are examples of suitable products available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of these products.
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16.4.3 If, when performing the initial calibration, there is an indication of noise or drift, refer to the
troubleshooting clause of the electrode manual. There are a number of possible causes for these effects with
any electrode system, and the cause is normally found only by a process of elimination. If the analyst is
unable to achieve a stability level that meets the manufacturer’s specifications, replace the sensing electrode
(or module).

16.5 Measurements using a meter with direct concentration readout capability

16.5.1 Prepare a 100 mg/l potassium standard and a 10 mg/l potassium standard by serial dilution of the
1 g/l standard solution.

16.5.2 Ad
100 ml of standard.

A per
16.5.3 Transfer the standards to 150 ml beakers. Place the 10 mg/l standard on the magnetic stirref and
stir at a modegrate rate. Immerse the electrodes.

16.54 W
concentratio

it for a stable reading (normally 1 min to 2 min), then adjust the controls to display the potagsium
of the standard following the procedure described in the meter instructioh“manual.

16.5.5 Remove the electrodes, rinse with distilled water, blot dry, and place in the: 100 mg/l standard. $tir at
a moderate rpte.

16.5.6 W4t for a stable reading, then adjust the controls to display{the” potassium concentration gf the
standard. The meter and electrode system are now calibrated.

16.5.7 Prgpare a 1:1 000 dilution of each drilling fluid filtrate sample.

16.5.8  Trgnsfer 100 ml of diluted sample to a 150 ml beakek;*add 2 ml ISA and stir at a moderate rate.
16.5.9 Rinse the electrodes with distilled water, blet dry, immerse in the sample and wait for a gtable
reading. The|value of the reading displayed on the meter is the potassium concentration in the diluted sample.

This value, multiplied by the dilution factor (1 000,in this case), gives the potassium concentration inh the
original sam;lrlle.

NOTE Caoncentration values that are aboeve or below the concentrations of the standards for calibration afe still
reliable, since|the 10 mg/l and 100 mg/l standards are near the midpoint of the region of linear response of the potassium
electrode.

16.6 Measurements with instruments that provide either a digital or an analogue readout
millivolts

n

16.6.1  Prgpare 100,mg/t, 10 mg/l and 1 mg/l potassium standards by serial dilution of the 100 mg/I standard
solution.

16.6.2 Add the\ISA solution (5 mol/l sodium chloride) to each standard solution at the rate of 2 ml of IS|A per
100 ml of standard

16.6.3  Transfer the standards to 150 ml beakers. Place the 1 mg/l standard on the magnetic stirrer and stir
the solution at a moderate rate. Place the electrodes in the standard solution.

16.6.4 Adjust the controls of the instrument so that the readout is in millivolts; wait until the reading is
stable, and record the reading.

16.6.5 Remove electrodes, rinse, blot dry and place in the 10 mg/l standard. When the reading is stable,
record the reading.

16.6.6 Repeat step 16.6.5 with the 100 mg/I standard.
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the logarithmic axis of standard 3-cycle or 4-cycle semilogarithmic paper.

16.6.8

Transfer 100 ml of the sample diluted 1:1 000 to a 150 ml beaker, add 2 ml of the ISA

stir at a moderate rate. Place the electrodes in the solution.

16.6.9

Plot the millivolt readings on the linear axis and potassium concentration, in milligrams per litre, on

solution and

Record the reading when stable and determine the concentration of the diluted sample by use of the

calibration curve. This value, multiplied by the dilution factor, gives the potassium content of the original
sample.

For accurate measurements, all standards and samples should be at ambient temperature. Some magnetic
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lectrodes and bl
immersion in the sample or standard solutions, check the electrode end for air bubbles
nt. Always read and carefully follow the manufacturer’s instructions regarding the care,
pe, servicing and troubleshooting of the instrument and electrodes.

Calcium ion content — lon-selective electrode method

Principle

I Calcium is present to some extent in the liquid phase’ of all water-based drilling
pntration level can vary from several percent by mass to a-few milligrams per litre. It may be

d in the form of lime, gypsum, or calcium chloride, or.it*may be introduced through the
bn water, as an impurity in various products or from drilled formations. Regardless of the
or the origin of the calcium, it is usually necessary or desirable to monitor the calcium
itative basis.

P The ion-selective electrode (ISE) meéthod is a rapid, simple and accurate me
mination of calcium at any concentration«in’ the filtrate samples. Unlike the EDTA titrimetri
le treatment is required for highly coloured or turbid samples. Under the conditions of this
of the materials normally presenthin~drilling fluids has been found to interfere. The co
Vely high dilution, ionic-strength adjustment through addition of KCI solution and adjustmen
hsures maximum conversion oficalcium to ionic form and effectively eliminates or minimizes

B This method is intended for the analysis of solution samples only and is not suitable fo
ole drilling fluid samplés)

Reagents and apparatus

I Calcium carbonate, standard solution, p=1 g/l.

Ive by the dropwise addition of concentrated hydrochloric acid (HCI) (about 10 ml is req

ial (plastic or
y with tissue.
nd remove if

aintenance,

fluids. The
intentionally
make-up or
oncentration
content on a

hod for the
. method, no
test method,
mbination of
of the pH to
interference.

the analysis

h 2,4972 g of reagent grade calcium carbonate on an analytical balance, add about 50 fnl water and

Lired). When

ution is complete dilute to 1 | in a volumetric flask

NOTE

17.2.2

This solution is also readily available from laboratory supply houses.

Potassium chloride, solution, cxc; = 4 mol/l.

Dissolve 298 g of reagent grade KCI in deionized water and dilute to 1 1. This solution is used as an ISA
solution.

17.2.3

Buffer solution, pH 5,0.

Dissolve 136 g of sodium acetate trinydrate (NaC,H;0,-3H,0) in about 500 ml of deionized water. Add
57,5 ml of glacial acetic acid (HC,H30,) and dilute to 1 I. This solution is used to adjust the pH of all standard
and sample solutions to a pH of 4,8 to 5,2.
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17.2.4 Potassium chloride, solution, cxc = 4 mol/l, saturated with silver.

Transfer about 50 ml of the 4 mol/l KCI (see 17.2.2) to a 2 ounce plastic bottle and add silver nitrate solution
dropwise until a cloudiness persists. This solution is used as the filling solution for the reference electrode.

NOTE This solution is also readily available from chemical supply houses.
17.2.5 pH meter, capable of providing a millivolt readout with a resolution of at least 0,1 mV.

There are many instruments available, ranging from battery-operated, hand-held portable units for field use to
sophisticated and versatile “research” instruments programmed to provide readouts in concentration units.
Readouts m i igi i vith a
t and controls that provide direct indication of concentration after proper calibration.

digital reado
17.2.6 Calcium ISE, calcium electrode.

The Orion Model 93-2021) is a two-part electrode, with a reusable epoxy body and a dispasable, scrgw-on
sensing modple. Average service life of the module is six months.

17.2.7 Reference electrode, single-junction 20).

17.2.8 Magnetic stirrer, with PTFE-coated stirring bars, approximately A0'mm (3/8 in) in diametef and
25 mm (1,0 ip) long.

17.2.9 Beaker, 150 ml, of Pyrex or inert plastic.

17.2.10 Pipettes, volumetric, Class A, various sizes are required for preparing dilutions of standard$ and
samples.

The use of B good-quality microlitre pipette with disposable tips is particularly convenient for quantitative
transfer of vglumes of 1 ml and smaller.

17.2.11 Flasks, volumetric, Class A, various sizes)for preparing calibration standards and dilutions of fjltrate
samples.

17.2.12 Graph paper, 3-cycle or 4-cycle.semilogarithmic, for preparing calibration curves.

17.3 Prepdration of electrodes

17.3.1  If the Orion 93-20 eléctrode is used, remove the sensing module from the vial and screw it firmly into
the electrodq body, taking eare to ensure that the rubber washer is in place.

17.3.2  Shake down(the electrode in the manner of a mercury-filled medical thermometer.

17.3.3  Sodgk thetelectrode in deionized or distilled water for at least 15 min, then store in a dilute calcium
solution, conTaining 10 mg/l to 100 mg/I calcium, until ready for use.

17.3.4 By means of either an eye dropper or syringe, fill the single-junction reference electrode with the
4 mol/l potassium chloride solution (saturated with silver ion).

17.3.5 If other types of sensing or reference electrode are used, follow the instructions of the manufacturer
when preparing them for use.

21) Orion Model 93-20 is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.
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17.4 Operational check of electrode system

17.41 The two properties of the electrode system that have the greatest influence on accuracy and
reproducibility are the slope and the stability. The slope is defined as the change in potential observed when
the concentration changes by a factor of 10. The stability of the readings is an indication of the amount of
noise (rapidly, continuously changing readings) and drift (readings slowly changing in one direction).

17.4.2 When performing the initial calibration with the standard solutions according to the instructions in
either 17.5 or 17.6, record the actual measured potential for the 1 mg/l and the 10 mg/l standard solutions. For
a new calcium electrode (or sensing module), the difference between these two readings shall be between
25 mV and 29 mV. The slope normally decreases with time. Replace the module when the slope reaches a

valugof ClpplUAilllatC:y 23 MY~

17.4.3 If, when performing the initial calibration, there is an indication of noise or(drift,|refer to the
troubjeshooting clause of the electrode manual. There are a number of possible causes for'thesg effects with
any electrode system, and only a process of elimination normally finds the cause.“Replace| the sensing
electfode (or module) if the analyst is unable to achieve a stability level that-meets the minufacturer’s
speciffications.

17.5| Measurements using a meter with direct concentration readout capability

17.5.1 Prepare a 10 mg/l calcium standard and a 1 mg/l calciumy/standard by serial dilutiop of the 1 g/l
standard calcium solution (17.2.1).

17.5.2  Add the ISA solution [4 mol/l potassium chloride (17.2.2)] to each standard at the rate ¢f 2 ml of ISA
solution per 100 ml of standard. Add 1 ml of the acetate buffer'to each standard.

17.5.3  Transfer the standards to 150 ml beakers. Place the 1 mg/l standard on the magnetic gtirrer and stir
the splution at a moderate rate. Place the electrodesdn the standard solution.

17.5.4 Wait for a stable reading (normally 1.min to 2 min), then adjust the controls to display the calcium
concentration of the standard following the procedure described in the meter instruction manual.

17.5£ Remove the electrodes, rinse with distilled water, blot dry and place in the 10 mg/I standlard solution.
Stir gt a moderate rate.

17.5.p Wait for a stable reading, then adjust the controls to display the calcium concenffation of the
standard. The meter and electrode system are now calibrated.

17.5.f  Prepare a 1:100 dilution of each drilling fluid filtrate sample.

17.5.8  Transfér~100 ml of diluted sample to a 150 ml beaker, add 1 ml of the acetate buffer solution, add
2 ml |SA solutien and stir at a moderate rate.

17.5.p _“Rinse electrodes with distilled water, blot dry, immerse in the sample and wait for a stpble reading.
The yalue displayed on the meter is the calcium concentration in the diluted sample. This value,|multiplied by
the dilution factor (100 in this case), gives the calcium concentration in the original sample.

NOTE Concentration values above or below the concentrations of the calcium standards used for calibration are still
reliable, since the response of the calcium electrode is linear from about 0,2 mg/l to above 1 g/l.

17.6 Measurements with instruments that provide either a digital or an analogue readout in
millivolts

17.6.1  Prepare 100 mg/l, 10 mg/l and 1 mg/l calcium standards by serial dilution of the 1 g/l standard
calcium solution (17.2.1).

17.6.2  Add the ISA solution [4 mol/l potassium chloride (17.2.2)] to each standard at the rate of 2 ml of ISA
solution per 100 ml of standard solution. Add 1 ml of the acetate buffer solution to each standard.
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17.6.3
and stir the s
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and record the reading.
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18 Sodium ion content — lon-selective electrode method

18.1 Principle

18.1.1 Thi
water-based
analysis.

18.1.2
less than 10
None of the
of this test. T

18.1.3
membrane 6
practices deq

Sodlium is present to some) éxtent in all water-based fluid systems. Concentrations can range

The sodium<electrode, because of the glass membrane construction, is not as sturdy as the

Repeat step 17.6.5 with the 100 mg/l standard solution.

Kis of standard 3-cycle or 4-cycle semilogarithmic p

aper.

nsfer 100 ml of the sample diluted 1:100 to a 150 ml beaker, add 2 ml of the ISA -solution
cetate buffer, place the electrodes in the solution and stir at a moderate rate.

cord the reading when stable, and determine the concentration of the diluted"sample by U
n curve. This value multiplied by the dilution factor gives the calcium content of the on

measurements, all standards and samples should be at ambient temperature. Some mag
rate considerable heat, and it can be necessary to place a layer of insulating material (plas
etween the stirrer and beaker. Between measurements, rinse’ electrodes and blot dry with ti

hys read and carefully follow the manufacturer’s instruetions regarding the care, mainten
icing and troubleshooting of the instrument and electrodes.

drilling fluids. At the present.time there is no other approved field method for performin

D mg/l to over 100 ¢g/Lin saturated salt systems. This method is applicable to all concentra
pbther materials potmally present in drilling fluids has been found to interfere under the cond
he combination ‘of dilution and treatment with ISA solution effectively eliminates interference

lectrades” such as those used for potassium and calcium. Strict adherence to the sp
cribed in the instruction manual is necessary in order to obtain reliable data.

Transfer the standards to 150 ml beakers. Place the 1 mg/l standard solution on the magnetic stirrer

Adjust the controls of the instrument so that the readout is in millivolts, wait until the reading is stable

Remove electrodes, rinse, blot dry and place in the 10 mg/l standard solution. When the reading is

, add

se of
ginal

netic
tic or
Ssue.

ion in sample or standard solutions, check the electrode end for air bubbles and remgve if

ANnce,

5 procedure provides an accurate,” quantitative method for determining the sodium contgnt in

y this

from
ions.
tions

iquid
ecific

18.1.4

The €electrode should be stored In the designated storage solution only. Never expose the glass

sensing membrane of the electrode to fresh water . Always rinse with the rinse solution designated in the
applicable electrode manual. Never wipe or blot electrodes dry with a cloth or tissue. Let the rinse solution
drain, then shake off as much as possible of the remainder.

18.1.5
recalibration.

18.1.6

chemically resistant glass. Store standards and reagents in plastic containers when possible.

18.1.7

sure to follow instructions in the applicable electrode manual when reconditioning.

56

Verify calibration at least every 2 h during use, using a freshly prepared standard for each

Minimize the use of glass containers and apparatus and, when glass is used, ensure that it is a

Recondition the electrode when the response reading is sluggish or a noticeable drift is detected. Be
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18.2 Reagents and apparatus

18.2.1  Sodium chloride (CAS number 7647-14-5), standard solutions 22): 1 g/l sodium, 100 mg/l sodium,
10 mg/l sodium and 1 mg/l sodium; prepared immediately before use by serial dilution of the 10 mg/l standard
or the 100 mg/I standard.

These standards are prepared by dissolving sodium chloride, NaCl, in deionized water.

18.2.2 Sodium ISA solution, ¢ =4 mol/l of both ammonium chloride, NH,CI, (CAS number 12125-02-9),
and ammonium hydroxide, NH,OH (CAS number 1336-21-6).

18.2.E_E|gﬂ_mde_[i_nse§nluﬁnn, add 10 ml of ISA solution to water and dilute to 1 |
18.2. Ammonium bifluoride (NH4HF,) (CAS number 1341-49-7), for the sodium electrede rgconditioning

solution, 0,1 mol/l.

18.2.6 Sodium electrode storage solution, ¢ = 5 mol/l in sodium chloride, NaCl (CAS numbef 7647-14-5),
0,08 mol/l in ammonium chloride, NH,CI (CAS number 12125-02-9), and 0,08 mol/hin ammonium hydroxide,
NH,QH (CAS number 1336-21-6).

18.2p Reference electrode filling solution, c¢=2molll ¢ “ammonium  chloride,  NH,CI
(CAS number 12125-02-9), used for filling the reference electrode.

Do n¢t use the potassium chloride filling solutions normally suppliedwith the reference electrode.

18.2.f pH meter, capable of providing a millivolt readout*with a resolution of at least §,1 mV, or a
combination pH/ISE meter with provisions for direct concentration readout.

Use ¢f the combination instrument is recommended.

18.2.8  Sodium ion-selective electrode, Orion-Model 84-1123),
18.2.0 Reference electrode, Orion Modell80-03 reference electrode.
18.2.10 Magnetic stirrer, with plastic-coated stirring bars.

18.2.11 Beakers, 150 ml, made-of HDPE or LDPE plastic or chemically-resistant glass (plastic ig preferred).
18.2.12 Pipettes, volumetric,.Class A, various sizes for preparing dilutions of standards and samples.

The Lse of microlitre pipéttes with disposable plastic tips is recommended for measuring and transferring
small volumes (1,0 ml'or less).

18.2.13 Flasks volumetric, Class A, various sizes.

18.2.14 _Graph paper, 3-cycle or 4-cycle semilogarithmic paper for preparing calibration curve$ when using
a meter-that provides readouts in millivolts only.

18.3 Preparation and operational check of the electrode system

18.3.1 Remove the sodium electrode from the shipping container and rinse thoroughly with the electrode
rinse solution.

22) Orion sodium solutions (Orion 841108, Orion 941107 and Orion 941105) are examples of suitable products available
commercially. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of these products. Equivalent products may be used if they can be shown to lead to the same
results.

23) Orion Model 84-11is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.
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18.3.2
18.3.3  Fill
18.3.4

18.3.5

the reference electrode using the 2 mol/l ammonium chloride solution.

Connect electrodes to the meter and rinse with the electrode rinse solution.

Soak the electrode for at least 2 h, preferably overnight, in the sodium electrode storage solution.

Transfer 100 ml of the 10 mg/l sodium standard solution to a 150 ml beaker, stir solution on the

magnetic stirrer at a moderate rate while adding 10 ml of the ISA solution, and then immerse the electrodes.

18.3.6

potential in millivolts.

Operate the meter in the millivolts mode. When a stable reading is obtained, record the electrode

18.3.7 Re
Place 100 m
rate. Add 10

18.3.8 Imn
18.3.9

range of 54 1
detailed in th

18.4 Meas

18.41 Trg
(18.2.1) to 14

The difference between the two readings is the slope of the electrode. This difference shall be

move electrodes and rinse with the electrode rinse solution. Do not wipe or blot the electrod
of the 100 mg/l sodium standard in a 150 ml beaker, add a stirring bar and stir at a.y/mod
M| of the ISA solution to the standard sodium solution while stirring.

nerse electrodes and record the potential, in millivolts, once a stable reading is ebtained.

NV to 59 mV. If it is less than 54 mV, recondition the sodium electrode aceording to the proc
e electrode instruction manual.

iIrements using a meter with a direct concentration-readout capability

nsfer 100 ml each of the 100 mg/l sodium standard (18:2.1) and the 10 mg/l sodium sta
0 ml beakers.

18.4.2 Ad

18.4.3 PI
electrodes a
display the s

18.44 Re
obtained, adj

18.4.5 Prdg
depending o
the measure

18.4.6 Trg
electrodes a
sample. This

If the concer
order to proy

10 ml of the ISA solution (18.2.2) to each standard.solution.

e the 10 mg/l standard solution on the magnetic stirrer and stir at a moderate rate. Imr
d wait for a stable reading (normally 1 min-to 2 min), then adjust the controls on the instrum
bdium concentration of the standard.

move electrodes, rinse, place in the*100 mg/l standard solution and, when a stable read
ust the controls to display the sodium concentration of the standard.

pare either a 1:100 or a #:1-000 dilution with deionized or distilled water of each filtrate sa
N the expected sodium-concentration. The sodium concentration in the diluted sample in
ment is made shall be between 10 mg/l and 100 mg/l.

nsfer 100 ml of “the diluted sample to a 150 ml beaker, add 10 ml of ISA solution, imn
hd wait for a/stable reading. The value displayed is the sodium concentration of the d
value multiplied by the dilution factor gives the sodium concentration in the original filtrate.

trationrof sodium in the diluted sample is a greater than 100 mg/l, make an additional dilut
ide_a concentration between 10 mg/l and 100 mg/l. If it is between 1 mg/l and 10 mg/l, the

b dry.
erate

n the
pdure

hdard

nerse

ent to

ng is

mple,
which

herse
luted

on in
value

obtained is

xppr‘fpd ta_be reliable since the response of the electrades is nnrmnlly linear to sd

dium

concentrations less than 1 mgl/l.

18.5 Measurements using a meter with readout in millivolts

18.5.1

150 ml beaker.

18.5.2

18.5.3
electrodes, a

58

Add 10 ml of ISA solution to each standard.

nd record the reading in millivolts when stable.

Transfer 100 ml each of the 100 mg/l, 10 mg/l, and 1 mg/l sodium standard solutions to a separate

Place the 1 mg/l standard solution on the magnetic stirrer and stir at a moderate rate. Immerse
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18.5.4 Repeat step 18.5.3 with the 10 mg/l standard, then the 100 mg/l standard. Be sure to rinse
electrodes thoroughly with water when moving from one standard solution to another.

18.5.5 Plot the millivolt readings on the linear axis and the sodium concentration, in milligrams per litre, on
the logarithmic axis of 3-cycle or 4-cycle semilogarithmic paper.

18.5.6  Transfer 100 ml of sample diluted 1:100 or 1:1 000 to a separate 150 ml beaker and add 10 ml of
ISA solution to each.

18.5.7  Stir at a moderate rate, immerse electrodes and record reading when stable. Determine the sodium

18.5.p If the calculated concentration of sodium in the diluted sample is outside the ("mg/] to 100 mg/l
range¢, prepare another sample, using a dilution that provides a concentration within this_range.

19 Density of solids — Stereopycnometer method

19.1| Principle
19.1.1 This method covers the determination of the true volume of‘dry powders and granular solids. When
an agcurately weighed sample of the solid is used, the density (niass per unit volume, normally ¢xpressed as
gramjs per millilitre) can be calculated.
19.1.2 The method employs the Archimedes principle of fluid displacement for the volume measurement.
The fluid in this case is actually a gas, preferably high-purity helium. The method is used prifarily for the

determination of the density of weighting materials, stuch as barite, but it can also be used for determining the
density of drill solids and commercial clays.

19.2| Apparatus

19.2.1 Oven, regulated to 105 °C + 3-2C (220 °F + 5 °F).
19.2.2 Desiccator.

19.2.3 Balance, accuracy*0,05 g.

19.2.4  Helium bottle:

19.2.6  Stereopycnometer24), calibrated and operated according to manufacturer’s instruction

o7

19.3| Procedure — Stereopychometer method

19.3.1 “The stereopycnometer method may be used as an alternative method for determining the specific
gravity of barite and haematite. In case of dispute, the results from the Le Chatelier flask method shall prevail
(see ISO 13500).

19.3.2 Turn the instrument on and allow 10 min to 15 min for the pressure transducer to warm up and
stabilize.

24) Quantachrome Stereopycnometer model SPY-2 is an example of a suitable product available commercially. This
information is given for the convenience of the users of this International Standard and does not constitute an
endorsement by ISO of this product.
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insert the U-shaped bayonet connector into the slots near the top of the cell to lift out the sample cell.

19.3.4

Remove the sample cell by rotating the plastic cover on top of the sample cell holder clockwise and

To the tared sample cell, add 150 g + 0,05 g solid material that has been oven-dried for at least 2 h

at 105 °C + 3 °C (220 °F + 5 °F) and cooled to room temperature in a desiccator. Record the sample mass as
mg, €xpressed in grams.

19.3.5
until metal-to

-metal contact is made with the cell holder.

Insert sample cell in the compartment. Replace the sample cell-holder cover and rotate clockwise

19.3.6 Purge the system and sample with helium by closing the “FLOW” toggle valve and opening the
“CELL VENTeggte-vatve—Furn-setector-vatve-to—Vr N>
19.3.7 Opgn “CELL, VENT CONTROL” fully in a counter-clockwise direction.
19.3.8 Clgse the “FLOW CONTROL” needle valve fully in a clockwise direction. Open the “FLOW” tpggle
valve. The “FLOW CONTROL” needle valve should be adjusted to give a slow rate of gas/bubbling thfough
water in a beaker. Remove the tubing from water.
19.3.9  After 20 min of flow, close both the “FLOW” toggle valve and the “FLOW“CONTROL” needle Yalve.
With the “CHLL VENT” and “CELL VENT CONTROL” open, zero the digital display. Wait for a stable| zero
reading.
19.3.10 Sef the selector valve to “V, OUT” and close the “CELL VENTvalve slowly; otherwise the repding
on the digitalldisplay can deviate from zero.
19.3.11 Opgen the “FLOW” toggle valve and pressurize to slightly less than 134,4 kPa (19,5 psi). Use the
“FLOW CONTROL” needle valve to control the rate of pressurization. Stop the flow with the “FLOW” tpggle
valve.
Do not exceed a pressure of 137,9 kPa (20,0 psi). IfCthis happens, a flashing “20” appears on the dligital
display and if is necessary to repeat the measurement.
19.3.12 Reg¢ord display reading when stabilized.
19.3.13 Tuin the selector valve to “V, IN%:
19.3.14 Rec¢ord the display reading-when stabilized.
19.3.15 Vent pressure slowlyto prevent blowing powder out of the cell by opening “CELL VENT” with the
“CELL VENT| CONTROL” cracked open.
19.4 Calcullation —< Stereopycnometer method
19.4.1  Calculate‘the volume, Vg, of the solid material using the equation supplied with the instrument| 75 is
the calculatefl ‘volume of solid material, expressed in millilitres.
19.4.2 Calculate the density, p, expressed in grams per millilitre, of the solid material from Equation (26):
Mg
=_8 26
P v, (26)

where mg is t

60

he mass of sample, expressed in grams.
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20 Density of solids — Air comparison pycnometer method

20.1 Principle

20.1.1  The density of a drilling fluid weighting material is determined by the Le Chatelier flask method when
it is necessary to determine conformance to ISO 13500 requirements.

20.1.2 The air comparison pycnometer may be used as an alternate method for determining density.

20.1.3 The air comparison pycnometer compares the density relative to air, expressed in g/ml.

20.1.fF  Tn case of dispute, the results from the Le Chatelier flask method prevail.

20.2| Apparatus

20.2f1 Oven, regulated to 105 °C + 3 °C (220 °F + 5 °F).
20.2.2 Desiccator.

20.2.p Balance, accuracy + 0,01 g.

20.2.4 Pycnometer25), air comparison, calibrated and operated according to the mpnufacturer’s
instryctions.

20.3| Procedure — Air comparison pychometer method

20.3.1 Open coupling valve and remove sample cup> Rotate both reference and measuringl handwheels
counfer-clockwise to rest against stops.

20.3.2 Turn measuring handwheel clockwise@ntil starting number for the instrument is set on qounter.

20.3.8 To the sample cup, add 80 g £0,05 g of barite that has been oven-dried for at least 2 h and cooled
to rogm temperature in a desiccator. Record the sample mass, mg, expressed in grams.

20.3.[ Insert cup in the compartment. Lock sample cup in place by pressing the handle down firmly.
20.3. Wait 15 s. Close the coupling valve.

20.3.p Turn both handwheels simultaneously or alternately until the reference handwheel rests against the
stop.|Keep pointer on the scale during this process.

20.3.f Wait(10's. Bring the pointer to “0” with the measuring handwheel.

20.3.8 <Open the coupling valve. Record the counter reading to give the sample volume, };. Correct if
necegsany.

20.4 Calculation — Air comparison pycnometer method
Calculate the density, p, expressed in grams per millilitre, as given in Equation (27):

ls
=S 27
P Ve (27)

25) Beckman Model 930 is an example of a suitable product available commercially. This information is given for the
convenience of the users of this International Standard and does not constitute an endorsement by ISO of this product.
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where
mg is the mass of sample, expressed in grams;
Vs is the volume of sample, expressed in millilitres.

21 Ageing of water-based drilling fluids

21.1 Princi

ple
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21.2 Practices common to preparation, handling and testing over all temperature ranges

21.2.1 Watefr-based drilling fluids-and components

Most drilling
mechanically
more of the {
fine solids ar
mixture and
from ambien

hgeing is the process of allowing a drilling fluid sample that contains all required ingredien
N subject to a period of shear to more fully develop its rheological and filtration properties'th
ne for the hydration, etc. of its components. The time period needed to more fully de
ries from as little as several hours (more commonly overnight or 16 h) to as mueh”as se
eing can be carried out at either ambient or elevated temperatures, depending.upon the sy
pation.

recommended that this clause be read completely before any elevated-temperature agei
amples is carried out.

5 of this clause are

h those unfamiliar with drilling fluid formulation and testing of the techniques and appsa
ly used in a laboratory setting to mix and age drilling fluid. systems, and

d those already familiar with drilling fluid formulation and testing of some basic guideline

clause should familiarize themselves with“the types of tests, testing methods and prop
psented in ISO 10414-1, as well as the methodologies given in this International Standard.

5 not intended to cover ageing tegchnology appropriate to either oil-based drilling fluids or &
pletion, packer or workover fluids.

dispersed into-the liquid to form a homogeneous fluid. The resulting fluid may contain o
ollowing: water-dispersible (“soluble”) polymers or resins, clays or other insoluble-but-dispe
d soluble'salts. The fluids are mixed or sheared for a time sufficient to achieve a homoger
bre then'set aside to “age”. Ageing is done under conditions that vary from static to dynami
te highly elevated temperatures.
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fluid formulations” contain a base liquid and drilling fluid materials that are dissolvgd or
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21.2.2 Mixing, blending and/or shearing devices

21.2.21

Drilling fluid formulations are commonly mixed with various shearing devices that may be either

fixed speed or variable speed. The motor turns a mixing shaft with rounded “propellers”, sharp blades, wave-
form shapes or others. Single-shaft or multiple-shaft shearing devices are used26). Nozzle shear devices are
also used to prepare some formulations.

26) Examples of more widely used shearing devices available commercially are Hamilton Beach Model 936, Dispersator,
Waring Blendor®, Multimixer Model 9B with 9B29 impeller, Silverson® L4R mixer, and Oliani® mixer. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products.
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21.2.2.2 These shearing devices vary widely in the amount of shear imparted. This means that long
shearing times can be required for low-shear devices to achieve complete dissolution/hydration of fluid
components. High-shear devices can produce nearly completely homogenized and hydrated drilling fluid
blends in a few minutes. Ageing of drilling fluid samples tends to minimize differences in properties that can
result from shearing treatment.

21.2.3 Property ranges of drilling fluids or base fluids, emphasizing pH values

21.2.3.1 The pH of drilling fluid formulations containing bentonite clays usually does not fall below a value of
8,5 unless acidic materials are added to these base fluids. Except for some drilling fluid systems viscosified
with certain water-soluble polymers, the pH of these formulations is usually raised above pH 8,5 with
alkalinity-control agents, such as sodium or potassium hydroxide (caustic soda or caustic potash) or calcium
hydrgxide (lime).

CAUTION — It is strongly recommended to wear eye protection whenever drillingfluids and chemicals
are formulated, handled or tested, in order to avoid injury.

21.2.8.2 Fluid alkalinity is lowered by the reaction of hydroxide groups. with aluminosilic
gradyally at ambient temperature and rapidly at elevated temperature. Some-drilling fluid additive
alkalipities be maintained within a certain narrow, but elevated, range in order to function at op
Thergfore, pH levels are often raised after ageing if there has been a substantial pH drop.

ates (clays),
5 require that
imum levels.

21.2.4 Drilling fluid sample storage, disposal and test methods

21.2.4.1 Drilling fluid formulations or base fluid (bentonite slurries) are kept until used up or until properties

move
fluids
stora

outside acceptable ranges. Some laboratories do_fiet routinely keep unused portions o
at ambient temperatures longer than some arbifrary time, such as 1 week or 1 mont
pe is best done in refrigerated units with a maximum storage time of up to 1 year at 4 °C (40

21.2.4.2 Drilling fluid samples that containcertain organic materials or polymer product

f test drilling
n. Prolonged
°F).

5 subject to

ferméntation (i.e. starches, biopolymers, etc.) should either have a preservative added or be disdarded after a

suitable time that precedes the expected anset of biological degradation.
21.24.3 Discard unused samples .in an environmentally appropriate manner, based ppon known
ingrefdients. For example, clays, most polymers derived from celluloses and starches, and lignites pose no
special threat to living organisms.and may be sent to normal landfill sites.
21.2.4.4 Dispose of drilling fluids containing toxic materials as appropriate for chemical| waste. The
recolnmended test apparatus and methods for water-based drilling fluids are found in this |International

Stanglard and in ISO-10414-1.
21.3| Drillingfluid sample preparation and ageing at ambient temperature

21.3.1 Sample preparation

Drilling fluids may be mixed at ambient femperatures in a variety of open containers made from metal, plastic
or glass. Little or no incompatibility exists between normal, water-based drilling fluid and these container
materials under ambient temperature conditions.

21.3.2 Apparatus

21.3.2.1 Glass containers of

a) crack-resistant glass, such as home canning jars or equivalent jars or bottles;

b) heat-resistant containers or equivalent materials.
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21.3.2.2 Coverings or lids for the glass vessels, commonly plastic or metal, often lined with plastic, rubber,
enamel or other relatively “inert” material.

Plastic containers and lids may be made from polyethylene, polypropylene, or other suitably inert,
mechanically strong and durable materials. A wide variety of metal containers may be used at ambient
temperatures. Commonly used metal includes various grades of stainless steel or mild carbon steel. More
inert metal formulations may be used but these are expensive for ambient temperature use.

Metal containers/cells such as aluminium bronze are not recommended for any drilling fluid formulations.
Reactions between the bronze ageing cells and numerous drilling fluid systems or drilling fluid materials have
been observed.

21.3.2.3 Mtxer, in accordance with in 21.2.2.

21.3.2.4 Balance, accuracy + 0,01 g.

21.3.3 Procrdure for ageing at ambient temperatures

21.3.3.1 After the initial shearing/blending stages of drilling fluid base or full sample preparation, [most
additional ageing at ambient temperatures is done statically.

21.3.3.2 Piepared samples are left overnight (16 h) or for days, if necessary, to reach stable or des|rable
properties.

21.3.3.3 Rolling or tumbling (rotating) the prepared samples may,be used to combat settling of|solid
components for segregation of liquid layers, but this is seldom done-at'ambient temperatures.

21.3.3.4 Dirilling fluids are routinely aged at ambient temperatures in metal, plastic or glass conta|ners,
capped to prevent loss of moisture.

21.3.3.5 The fluid properties can continue to change’until the components are fully hydrated, and fome
components | react further in the aqueous suspension due to secondary reactions between v3rious
components |or due to bacterial attack on sensitive 'materials. Biocides may be added to prolong shelf-|ife of
these sensitiye formulations.

21.3.3.6 Diilling fluid formulations that(are kept for extended periods are usually stored under refrigeratfon at
4 °C (40 °F)| However, drilling fluids stored at ambient temperatures are often discarded after several|days
and are seldpm kept for longer than a month. Formulations are monitored to ensure that the properties rgmain
within accepfable ranges.

21.4 Drilling fluid ageingvat moderate temperatures [ambient to 65 °C (150 °F)]

21.4.1 Sample preparation

Drilling fluid samples to be aged at eIevated temperatures are m|xed at amblent temperatures in accordance
with 21.2.2 a v dded : ’ g \bient
or elevated temperatures

21.4.2 Apparatus
21.4.21 Containers, glass, plastic or metal.

Most of the acceptable containers used for ambient ageing (21.3.1) have been found acceptable for static or
dynamic ageing at temperatures up to and including 65 °C (150 °F).

21.4.2.2 Covers, to seal the container.

21.4.2.3 Oven, regulated to 65 °C (150 °F), or other suitable temperature.

64 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=d46a96afaac7db67549dd25f922fd2fd

ISO 10416:2008(E)

21.4.2.4 Mixer, in accordance with 21.2.2.

21.4.3 Procedure for ageing at moderate temperatures
21.4.31 Ageing at elevated temperature is usually done for one of the following reasons:
a) to hasten the equilibrium hydration level of clays and/or polymers in the fluid system;
b) to expose the fluid to thermal conditions similar to field conditions.

21.4.3.2 For exposure to elevated temperature, drilling fluid samples are placed in one of a w

ide variety of

commercially available or custom-built ovens. These ovens range from being tabletop, po

Thesg ovens also vary from static units to those equipped with rollers or pulley systems to-roll t
or to fumble (rotate) strapped-in cells.

21.4.8.3 Preliminary studies indicate that the methods of heating and cooling the\drilling fluid
prehgating the oven versus no preheating, cooling samples in open or closed ovens or in water),
tempgrature throughout the oven (due to the degree of adequate air circulation), and the &
expogure time affect the data values measured. To optimize data repeatability between test r
samg heating and cooling method and heat-exposure time for all samples.in a series of comparat

21.4.8.4 During ageing at temperatures through 65 °C (150 °F),‘'some glass and plastic vesse
drilling fluids, especially those with elevated salinity (e.g. seawater with a salinity of approx

rlable models
capaple of holding only a few one-pint samples, to large floor-standing units having very(lar

capacities.
e containers

samples (i.e.
uniformity of
xact heating
Lns, use the
ve tests.

Is containing
imately 19 g

chlor|des per litre) develop modest pressures in the air overlying the liquid drilling fluid. After 15 min to 30 min

of hepting, these vessels are removed from the oven and thelids carefully loosened to allow exd
to esfape (“burping”), the lids restored tightly and the containers replaced in the oven to contin
the dpsired temperature. Sometimes a second check for pressure build-up is advisable.

21.4.4 Maintaining fluid properties at moderate temperatures

As meentioned in 21.2.3.2, alkalinity levels. drop with time when exposed to clay (or other drilling f
that gxhibit weakly acidic behaviour).(The reaction between clays and hydroxyl ions is acc
increasing temperature. Therefore, for drilling fluids that are exposed to elevated temperature, it
that alkalinities be more closely monitored and, if desired, more frequently adjusted than for th
temppratures. Purging and blanketing samples with nitrogen gas appears to impart strong benefi
oxidgtive degradation of polymer-treated samples. The use of nitrogen leads to better reprodu
testing of polymer drilling fldids.

21.4.p Storage and‘testing of samples aged at moderate temperature
Even
stora
upon

for samples aged at elevated temperature for time periods ranging from hours to day
e of suchvsamples, if desired, is usually done at ambient temperatures or under refrigeratio
the length of time anticipated for storage.

ess pressure
e heating to

uid additives
blerated with
is necessary
ose at lower
s in reducing
cibility in the

s, prolonged
h, depending

|n ad dition to tha rhaoloave and filiratinonemaoacurina davicas mantionad alcawhara in thic
eHoeR—t HHe—eo+4 -—ahRo—HHaHeR-easUHRg—ae8Hces—hHeRtHoRea—erSeWnRe! H—HS

International

J
Standard and in ISO 13500 and ISO 10414-1, ambient-to-elevated-temperature dynamic-filtration and

elevated-temperature rheometers are commercially available for use 27).

27) The Fann Model 50 Rheometer, the Fann Consistometer, the Huxley Bertram Rheometer and the Haake
Rotoviscometer are examples of suitable products available commercially. This information is given for the convenience of

users of this International Standard and does not constitute an endorsement by ISO of these products.
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21.5 Drilling fluid ageing at substantially elevated temperatures [over 65 °C (150 °F)]

21.5.1 Sample preparation

Drilling fluid samples for ageing at substantially elevated temperatures are also blended at ambient
temperatures in accordance with 21.2.2 and 21.3.1. Additional quantities of pre-existing components or new
materials designed to increase stability at elevated temperature may be added to slurries that have already

been aged at ambient or elevated temperatures.

21.5.2 Apparatus

21521 O

21.5.22 A

temperatureg.

Aluminium b

21.5.3 Characteristics of metal ageing cells

21531 S
temperatureg
exceed) the

21532 B
ageing condi
which the sa

21.5.3.3 The largest percentage of ageing between 65.3C and 205 °C (150 °F and 400 °F) is done in

constructed

there is a str|
are naturally
catastrophic
sprung leaks

21.5.3.4 For prolonged exposure to elevated salinity at high temperatures [e.g. 20 g/l chlorides at 2

(400 °F)], ce

21.5.35 A
taken to ens

Leaving gap{
filling the cel
during most

ven, capable of maintaining a temperature of 175 °C + 3 °C (350 °F + 5 °F) or greater.

geing cells, constructed from metals suitable for exposure to drilling fluids ‘at~ ele

onze cells are not recommended for drilling fluids at any temperature.

hce ageing temperatures are often selected to be near the estimated or anticipated bottom
, the ageing cells chosen shall be designed and constructéd \in such a way as to me
bressure and temperature requirements of the ageing tests.

byond the issue of being able to meet the temperatureand pressure requirements of sp
tions, the choice of the proper metal is complex. It depéhds upon both the ultimate temperat
mple and cell are exposed and the salinity of the fluid'sample.

from various grades of stainless steel. Sometimes high-carbon-content steel cells are us
bng desire to simulate field conditions where “mild steel” pipe is in use and to which drilling

exposed. These stainless or mild.ssteel cells, when properly used, have never experig
failure, i.e. they have not exploded_upon failure. When these cells have failed, they have s

Is constructed from premium metals 28) can be desirable.
key consideratiomrin-the use of metal ageing cells at elevated temperatures is that care sh
of 40 mp{6 50 mm (1-9/16 in to 1-15/16 in) between the top of the liquid and the cell cap,

to morexthan 85 % to 90 % of its volume appear to be adequate precautions for safe ope
hgeing/conditions between 65 °C and 205 °C (150 °F and 400 °F).

vated

hole
bt (or

ecific
ire to

cells
bed if
fluids
nced

imply

DS °C

Bl be

Lire that the cells)are not overfilled. When enclosed liquids expand with increasing temperature,
an inadequale head space{of gas (air) can lead to a piston effect as the liquid hydraulically loads the cel

cap.
Dr not
ation

21.5.4 Addit
21.5.41

ortalsat iderations. Laacina-cel

It is necessary to emphasize that metal ageing cells shall be used to age only drilling fluids

containing the usual types or classes of drilling fluid additives. Experimental material, when high-temperature
compatibility with drilling fluid chemicals/minerals is in doubt, shall not be aged at elevated temperatures in
metal cells. Such compatibility should be tested in an apparatus such as an autoclave designed for extreme-
pressure service.

28) Hastalloy®, Inconel® 600 and Incolloy® 825 are examples of suitable products available commercially. This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by
ISO of these products.
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21.5.4.2 The only known catastrophic failures (explosions) of stainless steel ageing cells resulted either
from the cells being used inappropriately as chemical-reaction autoclaves (instead of for drilling fluid ageing)
or from the cells being overfilled.

21.5.4.3 The reported types of failure of metal ageing cells, either from inadequate inspection and
maintenance or from prolonged use for ageing of drilling fluids, were simply leaks that developed in the cells.
The drilling fluids leaked into the ageing ovens but caused no danger to laboratory personnel.

21.5.4.4 Rupture disks may be placed in the cell caps if there is concern about cell failure. Since the use of
rupture disks lowers the pressure rating of the metal ageing cell, conduct tests at temperatures that keep the
pressure lower.

21.5.p Maintenance of metal ageing cells

21.5.p.1

Cell bodies and cell caps should have serial numbers recorded whenever they-aré us

the
freshiwater fluids, high-chloride fluids and oil-based fluids. The cells exposed to fresh.water shd
longgst useful life.

21.5.p.2 Stainless steel ageing cells tend to experience chloride stress €orrosion cracking
envirpnments where there is prolonged exposure at temperatures oven 60 °C (140 °F)
subsfantially elevated chloride levels (over several thousand milligrams per litre). Such g

bd along with

Il contents. Further, it is suggested that separate sets of metal ageing cells be-maintaingd for testing

uld have the

or pitting in
o fluid with
oncerns are

ate, but there are a number of mitigating circumstances existing in the technology of
ageing. These tend to lessen the severity of the effects experienced:

drilling fluid

21.5.p.3 One drilling fluids ageing practice that mitigates actelerated corrosion is the washir
inspgction of metal ageing cells after each use to see if they have been affected by the exposure.
pitting and cracking corrosion is often detected at such a_time. Affected stainless steel cells are
sandtblasted to remove corrosion spots. The cells can be then returned to useful service.

g and visual
The onset of
then usually

pberience has
passive and

21.5.p.4 Even when no obvious corrosion in a.metal ageing cell is detected, historical ex
shown that periodic grit-blasting of the cells removes developing problem sites, keeps the surface
significantly increases the useful life of the cell

21.5.6.5 Other mitigating circumstances.include the following.

a) The cells are used intermittently and cleaned, and are not used in continuous-process exposjires.

b) The cells used in drilling fluids)testing are made from metal bar stock and are not welded. Thie absence of
the stress point that is presént in welded or cast cell bodies mitigates against the likelihood pr severity of
¢orrosion that can be experienced under certain aggressive conditions of exposure;

¢) The drilling fluid farmulations have a high pH and, typically, a low oxygen content.

21.5.p Procedurefor ageing at elevated temperatures

21.5.6.1 If<the correct match of cell metallurgy and drilling fluid is established for a given|temperature

regine, then the samples may be statically or dynamically aged in a suitable oven, in accordance|with 21.4.3.

21.5.6.Z Dynamic ageing should be performed in rolling or rotafing ovens capable of achieving and safely

maintaining temperatures of 65°C to 205°C (150 °F and 400 °F). A 16 h minimum ageing time is
recommended for such exposures. Depending upon the temperature stability of the product(s) being
evaluated, the time and temperature can need to be adjusted.

21.5.6.3 For static ageing, any qualified oven or a dynamic oven, with the rollers/rotating mechanisms
switched off, may be used. Static ageing at elevated temperatures simulates the conditions of a drilling fluid
that is left quiescent downhole during regular rig operations.

21.5.6.4 For high-temperature wells over 150 °C (302 °F), the usual 16 h ageing interval is a reasonable
simulation of the time a drilling fluid is left in the hole during a bit trip. For longer operations, such as extended
electric well-logging runs, a 48 h to 72 h ageing period is more appropriate.
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21.5.6.5 In choosing a test temperature, it should be noted that fluid left in the hole can take many hours to
even approach the actual bottomhole temperature, since the circulating fluid cools the wellbore. Therefore, a
test temperature below the bottomhole temperature can be a more realistic simulation of downhole conditions

for bit-trip periods.

NOTE
found in ISO 1

0414-1.

21.6 Inertness and chemical compatibility in high-temperature ageing cells

21.6.1 Chemical compatibility of materials with metal ageing cells

A meaningful test to use in evaluating long-term gelation of heat-aged drilling fluids is the shear strength test

21.6.1.1 As mentioned in 21.5.4, do not subject materials of unknown or suspicious reactivity_ to’|high-
temperature pgeing in cells containing drilling fluids.

21.6.1.2 D¢ not include materials that are known to produce, or suspected of initiatingportaking part in,
highly exothgrmic reactions in heat-aged drilling fluid formulations.

21.6.1.3 Exclude materials that are known or suspected strong redox (oxidation-reduction) reagents| from
heat-aged dnlling fluid formulations.

21.6.2 Inert

21.6.2.1
corrosive co

Metal ageing cells of nickel-based alloys 29) provide the greatest degree of inertness to pote

ess of metal ageing cells to chemicals

ditions.

ntially

21.6.2.2 Irgn can be leached from the various stainless steels.by high-chloride fluids at high temperatures.
This removal of iron causes pits and cracks after stainless steel cells are exposed to sgvere
temperature/chloride conditions.

21.6.2.3 Various materials can be used as more finert” liners within standard stainless steel cells. T

materials are

21.6.3 Use ¢f lining materials in metal ageing cells

21.6.3.1 S
soluble polyn
from the cell

21.6.3.2 |In

lining materials may be applied in the ageing cells. Materials that have received widespread acceptan

liners include

21.6.3.3 |t
highest degr

listed in 21.6.3.

bme investigators have found that test results from high-chloride drilling fluids containing v
hers might not be reproducible when stainless steel vessels are used. Iron appears to be lez
bodies causing these-anomalies.

order to use the more economical stainless steel cells under aggressive fluid ageing condi

PTFE, glass and ceramic.

pe_of inertness to a wide variety of drilling fluid formulations.

hese

ater-

ched

fions,
Ce as

s generally agreed that PTFE liners can be safely used to at least 205 °C (400 °F) and off¢r the

21.6.3.4 Glass liners can be attacked at the high pH levels used in many drilling fluid formulations. Glass
liners are also susceptible to attack under certain highly saline conditions at elevated temperatures.

21.6.4 Considerations regarding metal plating to enhance contamination resistance of ageing cells

21.6.41

the much greater expense of fabricating new cells from premium metal alloys.

Plating of stainless steel cells with inert or noble metals, such as gold, has been suggested to avoid

21.6.4.2 The otherwise attractive consideration in 21.6.4.1 has one serious drawback: if the plated cell is
scratched, the exposed steel experiences severe localized corrosion at accelerated rates above those of
unplated steel. Therefore, the scratching of plated cells leads to a likelihood of earlier cell leaks and failures.
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21.6.4.3 Since drilling fluid samples aged at elevated temperatures often become very viscous or even hard,
it is sometimes necessary to scrape solidified sample material from the cells. Even when taking great care,
there is a risk that scratches will occur when removing solidified drilling fluids. Therefore, gold-plated cells are
not recommended for ageing drilling fluids at elevated temperatures.

21.6.5 Contrast between drilling fluid material performance in inert and real work environments

21.6.5.1 Be cautious about interpreting results from laboratory ageing studies using cells that contain inert
metals or inert material liners. Drilling fluids in field applications are exposed to drill pipe, usually made from
mild carbon steel.

21.6.5.2  \While the amount of steel surface nypnend to rlrilling fluids is less in steel aning cells than that in

drill gipe, it is still more than can be experienced within inert ageing cells.

21.6.p.3 Therefore, field results can be at variance with the results obtained from agéing tesfs conducted
undef the more ideal, inert conditions in the laboratory environment.

21.7| Obtaining supplies and services for the ageing of drilling fluid samples

21.7.1 Apparatus suppliers

21.7.1.1 Glass and plastic jars and bottles are widely available fremlaboratory supply housgs, container
suppliers and many retail and wholesale outlets.

21.7.1.2 Metal ageing cells, ovens suitable for ageing drilling.fluids at elevated temperatures gnd/or drilling
fluid festing apparatus and ancillary supplies can be obtainéd-from the recognized oilfield testirjg equipment
supply houses.

21.7.2 Metallurgical consultants

For Qest advice on acquiring the proper metal ageing cells required for severe service (elevateq chlorides at
high [temperatures), contact a reputable consulting metallurgist or firm that specializes in [metallurgical
consylting.

21.7.8 Pressure-vessel consultants

For gdvice on pressure-vessel-design for a situation not adequately addressed by commercially available or
special-order metal ageing cells, contact a firm or individual with established credentials in prgssure-vessel
design.

22 Ageing of oil-based drilling fluids

22 1| Principle

This Elause is written to inform those unfamiliar with formulating and testing drilling fluids about tHe techniques
and apparatus—eemmoenty—used—n—alaborateryto—mband—age—oi-based—drilling—fluid—systems. It is also a
reminder of the basic guidelines and safety considerations in working with ageing practices. It is strongly
recommended that this clause be read in its entirety before any ageing of drilling fluid samples at elevated

temperatures is attempted.

Drilling fluid ageing is the process in which a drilling fluid sample, previously extensively sheared, is allowed to
more fully develop rheological and filtration properties. The time period to develop properties may be from
16 h to as much as several days, at either ambient or elevated temperatures.

Users of this clause should familiarize themselves with the types of tests, testing methods and properties
found in ISO 10414-2, and the methodologies described in this International Standard.

This clause is not intended to cover ageing technology of water-based drilling fluids or brines used for
completion, packer or workover fluids.
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22.2 Apparatus

22.21 Shearing device 27), used to blend drilling fluid formulations.

Shearing devices may be either fixed speed or variable speed. The motor turns a mixing shaft with rounded
“propellers”, corrugated impellers, sharp blades or wave-form shapes, among others. Either single-shaft or

multiple-shaft devices are used. Nozzle shearing devices are preferred by some users.

Shearing devices can vary widely in the amount of shear that they impart. Ageing of drilling fluid samples
tends to minimize differences in properties that can result from being prepared by different shearing devices.

22.2.2 Glgssjarsand botties, usedto prepare batches up to4Hmvotume:

Crack-resistant glass containers, such as jars supplied for home canning purposes29), or equjvalént fypes
of jars/bottle$ that are equipped with metal screw-on caps, commercially available straight-sidediround jars,
and wide-mduth round jars are suitable. The latter types are commonly used in rolling ovens_up_ to about 5 °C
(150 °F). All fypes may be securely fastened in tumbling ovens operating below 65 °C (150-2F).

Heat-resistant containers made of Pyrex or equivalent materials are also used to temiperatures of up to §5 °C
(150 °F).

Coverings/lids for glass vessels are made of plastic or metal. Inert seals or liners (e.g. those made of HTFE)
are recommgnded for the best long-term use, regardless of the composition of the lid.

22.2.3 Plastic jars and containers.

Acceptable flastic materials for containers and lids include polyethylene, polypropylene or other suitably(inert,
mechanically strong and durable materials. These materials \might not be compatible with some oil-hased
fluids. Most qgil-based drilling fluids may be mixed and stored’in thick-walled polyethylene commercial buckets.

Thin-walled plastic containers, such as milk, soft drinksgrjuice bottles, are not recommended.
22.2.4 Metal containers.

A wide variely of metal containers may betused at ambient temperatures. The most commonly used rmetals
are various grades of stainless steel ormild carbon steel. More inert metal formulations may be used, but
these are expensive for ambient-temperature use.

Aluminium bfonze cells are not“recommended for any drilling fluid formulations. Electrochemical reagtions
between brgnze ageing cells-and numerous drilling fluid systems or drilling fluid materials have |been
observed.

Ageing-cell Qodies and cell caps should have serial numbers that are logged, whenever they are used, plong
with the cell ¢ontents:

A concern rg¢darding the use of stainless steel ageing cells is their tendency to experience chloride-gtress
corrosion cracki ftting vi W Xposu ares over

60 °C (140 °F) to fluids with substantially elevated chloride levels (over several thousand milligrams per litre).
This should not be a concern when testing oil-based drilling fluids in which the water-in-oil emulsion is
maintained throughout the ageing process.

29) Mason, Kerr and Ball glass containers are examples of suitable products available commercially. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products.
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Such concerns are legitimate, but there are a number of mitigating circumstances existing in the technology of

drilling fluid ageing, such as the following.

a)

One drilling fluid ageing practice that mitigates accelerated corrosion is the washing and visual inspection

of metal ageing cells after each use to see if they have been affected by the exposure. The onset of
pitting and cracking corrosion is often detected at such a time. Stainless steel cells, when the beginnings
of corrosion are observed, are usually grit-blasted clean to remove corrosion spots. The cells can then be

returned to useful, frequent service for as long as 25 years.

b) Even when no obvious corrosion in a metal ageing cell is detected, experience has shown

that periodic

grit-blasting of the cell removes developing anionic anode sites, keeps the surface passive and increases

the-useful life of the cell.

c) etal ageing cells used in drilling fluids testing are made from metal bar stock and are not
bsence of welded stress points reduces the potential of corrosion initiation points under sev
onditions.

d) any oil-based drilling fluids have a high pH in the internal water phase andra-low oxygen c
e oil phase; these are factors that reduce corrosion.

22.2. Liners for metal cells.

When concerns exist about reaction at elevated temperatures between a particular type of metal
cell

Suitaple liner materials include glass, ceramic and PTFE:\or equivalent. Liners of each t
commercially obtained.

22.2. Ovens.

Ovenls may be static or dynamic [equipped with-rollers or pulley systems which provide rolling o
or tumbling (rotating) of strapped-in cells]. Static ovens range from portable (tabletop) models
only a few sample jars or cells, to larger (flaor-standing) multi-shelf models that can hold dozens ¢

It is gxpected that ovens be rated to operate at temperatures from 65 °C to 260 °C (150 °F to 500

Adequate air circulation within_ovens to ensure uniform temperature distribution is essential to t
ageing.

CAUTION — Ovens used’ with oil-based fluids should not have exposed heating eleme
causg ignition of combustible materials in the event of sample leakage.

22 3| Practicesicommon to preparation, handling and testing over all temperature 1

22.3.1 Qil-based drilling fluids and their components

welded. The
Bre exposure

bntent due to

static-ageing

nd the contained drilling fluid, liners of material believed to b&)more inert to such fluids may be used.

ype may be

f jars or cells
hat can hold
f samples.

°F).

he validity of

nts that can

anges

22 3.1 1 Oit-based driing TiJias contain one or more pase lquias ana darfing 1uia materials

dissolved or

mechanically dispersed into the liquid to form a homogeneous fluid. The resulting fluid may contain oil-
dispersible, soluble polymers or resins, and organophilic clays or other insoluble but dispersible fine solids.

22.3.1.2 The oil-based drilling fluids may be “all-oil” drilling fluids, i.e. formulated without an aqueous phase,
or “invert” oil-based emulsion where the oil is the continuous phase and the emulsified water phase is the
dispersed phase. Typically the water phase contains sodium chloride (NaCl) or calcium chloride (CaCl,).

22.3.1.3 Fluids are mixed or sheared to achieve a homogeneous mixture of the components and then set
aside to “age”. Ageing may be done under static or dynamic conditions and from ambient to elevated
temperatures.
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22.3.2 Mixing/blending/shearing devices

Shearing devices vary widely in the amount of shear that they impart. Long shearing times can be required for
low-shear devices to achieve fairly complete dissolution or solvation of fluid components. High-shear devices
can produce nearly completely dispersed blends in a few minutes.

Ageing of drilling fluids samples tends to minimize property differences that can result from using different
shearing devices.

22.3.3 Property ranges of oil-based drilling fluids or their base fluids

22.3.3.1 Tlhe base oils vary widely in their inherent ViSCosIties. These VISCOSITIeS also vary differenily with
temperature for different base fluids. Therefore, the drilling fluid properties vary widely.

22.3.3.2 Dirilling properties can also be affected by the presence of different emulsifier packages'(or the lack
of them for ajl-oil fluids), and/or organophilic clays and/or the oil-soluble viscosifying polymers*used to prpvide
suspending ¢haracteristics.

22.3.3.3 S¢pme emulsifiers or wetting agents require the presence of lime to be activated into calcium spaps.

Sometimes lime is also added to control acid gases, such as hydrogen sulfide or carbon dioxide, which can be
encountered|in drilling operations or from the high-temperature breakdown of some drilling fluid materials

22.3.4 Sample storage and disposal
22.3.41 Olfl-based drilling fluid samples are usually not subject to_deterioration with time. However] it is
considered good practice to limit testing reliance on samples that are over 1 month old, unless the samplg has
been refrigerpted at 4 °C (40 °F).

22.3.4.2 Upused samples should be discarded in accordance with local statutory regulations based [upon
their known ipngredients.

22.4 Drilling fluid ageing at ambient temperatures

22.4.1 Contpiners for preparation and storage
The drilling fluids may be mixed at ampient temperature in a variety of open containers made from metal,

plastic or glgss, in accordance withy22.2.2, 22.2.3 and 22.2.4. Incompatibility can exist between oil-yased
drilling fluids [and some plastic materials. There are not likely to be problems with metal or glass containefs.

22.4.2 Procedure for ageing at ambient temperatures

22.4.21 After the initial shearing/blending stages of drilling fluid base or full sample preparation, [most
additional ageing at. ambient temperatures is done statically.

22.4.2.2 Prepared samples are left overnight (16 h) or for days, if necessary, to reach stable or des|rable
properties.

22.4.2.3 Rolling or tumbling (rotating) of the prepared samples may be used to combat settling of solid
components or segregation of liquid layers, but this is seldom done at ambient temperatures.

22.4.2.4 Oil-based drilling fluids are routinely aged at ambient temperatures in metal or glass containers that

are capped to prevent loss of organic vapours. The fluid properties are expected to change very little from this
point on.
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22.4.3 Storage
22.4.3.1 Drilling fluids to be kept for extended periods are usually stored under refrigeration at 4 °C (40 °F).

22.4.3.2 Drilling fluids stored at ambient temperatures are often discarded after several days and are
seldom kept for longer than a month.

22.4.3.3 Fluid samples are monitored to ensure that acceptable properties are maintained.
22.5 Drilling fluid ageing at moderate temperatures [ambient to 65 °C (150 °F)]

225,

22.5.1.1 Oil-based drilling fluid samples to be aged at elevated temperatures are usually blended at ambient
temperatures, in accordance with 22.3.2 and 22.4.

22.5.1.2 Additional materials may be added to slurries that have already been aged“at ambierjt or elevated
tempgratures.

22.5.1.3 Most of the acceptable glass and metal containers used for ambient-temperature|ageing (see
22.3.p and 22.4) have been found to be acceptable for static or dynamic ageing up to 65 °C (150 ['F).

22.5.p Procedure for ageing at moderate temperatures

22.5.21 Ageing of drilling fluids at temperatures above ambient is usually done for one of fthe following

a) speed up the chemical equilibrium of the system;

b) expose the fluid to thermal conditions similar to-the field conditions.

22.5.2.2 For exposure to temperatures abqve, ambient, drilling fluid samples are placed in any one of a
variety of commercially available or custom-built ovens, in accordance with 22.2.6.

22.5.2.3 The methods of heating and ,cooling samples (i.e. preheating the oven versus not preheating,
cooling samples in open or closed ovens or in water), uniformity of temperature throughout the joven (due to
the dpgree of adequacy of air circulation) and exact heat exposure time can affect the data meas{ired.

22.5.2.4 To optimize data repeatability between test runs, the same heating and cooling methpds and heat
expogure times shall be employed for all samples in a series of comparative tests.

22.5.3 Maintaining fluid properties at moderate temperatures

Purging and blanketing samples with nitrogen gas appears to have strong benefits in reducjng oxidative
degradation of\polymer-treated samples. This use of nitrogen leads to better reproducibility.

22.5.4 Storage and testing of samples aged at moderate temperatures

Storage of samples is usually done at ambient temperatures or under refrigeration, depending upon the length
of time anticipated for storage, even though the samples have been aged at elevated temperatures for time
periods ranging from hours to days.

In addition to the rheology- and filtration-measuring devices mentioned in 1ISO 13500, ISO 10414-2 and this
International Standard, ambient-to-elevated-temperature dynamic-filtration rheometers and elevated-
temperature rheometers are commercially available for use 30).

30) Fann® Model 50C Viscometer, Fann Model 5STDL Consistometer, Fann Model 70 viscometer, EG&G Chandler®
Engineering Model 7400 Rheometer, and Haake® RV20/D100 Viscometer are examples of suitable products available
commercially. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of these products.
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22.6 Drilling fluid ageing at substantially elevated temperatures [over 65 °C (150 °F)]

22.6.1 Sample preparation

22.6.1.1 Drilling fluid samples for ageing at substantially elevated temperatures are usually blended at
ambient temperatures in accordance with 22.3.2 and 22.4.

22.6.1.2 Additional quantities of pre-existing components or new materials designed to increase stability at
elevated temperatures may be added to slurries that have already been aged at ambient or elevated
temperatures.

226.1.3 O
(150 °F), as

22.6.2 Choi

22.6.21 A
and for app|
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addition, the
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22.6.2.3 For prolonged exposure of ageing cells to elevated salinity at high temperatures, cells constr
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40 mm to 5(Q
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between 65
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stated in 22.6.2.

ce of ageing cell and temperature

b5 °C

jeing temperatures are often selected to approximate the anticipated bottemhole temperature

ications where specific systems or drilling fluid materials are used. Ageing cells sha
0 meet or exceed the pressure and temperature requirements of the ageing test parametsg
choice of the proper metal depends on the ultimate temperature to which’' the sample and ce
the chloride content of the aqueous phase in the oil-based fluid sample.

far, the ageing of most drilling fluids between 65 °C and 190.°C (150 °F and 375 °F) is dg
cted from various grades of stainless steel. Sometimes high<carbon-content steel cells are
ent is to simulate field conditions where “mild steel” pipe.is*in use and to which drilling fluid
posed. These stainless or mild steel cells, when properly used, have never experig
failure, i.e. they have not exploded upon failure. When these cells have failed, they have s

h metals 29 can be desirable.

key consideration in the use of metalageing cells at elevated temperatures is that care shoy
pverfill the cells. When enclosed liquid expands with increasing temperature, an inadequate
(air) can lead to a piston effect as the liquid hydraulically loads the cell cap. Leaving a g
mm (1-9/16 in to 1-15/16 in), between the liquid and the cell cap (or not filling the cell to
o of its volume) appears(io be adequate precaution for safe operation under ageing cond
C and 205 °C (150 °F(and 400 °F).

22.6.3 Proc

22.6.3.1

22.6.3.2 Dynamic ageing shall be performed in a rolling or rotating oven capable of achieving and s
maintaining femperatures of 65 °C to 205 °C (150 °F and 400 °F). A 16 h minimum ageing time is u

If the correct tatch of cell metallurgy and contained drilling fluid has been established for a
elevated temperature, the sample may be statically or dynamically aged in an oven in accordance with 22

dure for ageing at elevated temperatures
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recommended. Depending upon the temperature stability of the product(s) being evaluated, the time and
temperature may be adjusted.

22.6.3.3 For static ageing, any qualified oven or a dynamic oven with the rollers/rotating mechanisms
switched off may be used. Static ageing at elevated temperatures simulates the conditions of a drilling fluid
that is left quiescent downhole during regular rig operations.

22.6.3.4 For high-temperature wells over 135 °C (275 °F), the usual 16 h ageing interval is a reasonable
simulation of the time a drilling fluid is left in the hole during a bit trip. For longer operations, such as extended
electric well-logging runs, a 48 h to 72 h ageing period is more appropriate.
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22.6.3.5
approach the actual bottomhole temperature, since wellbores are cooled by the circulating fluid.

In choosing a test temperature, it should be noted that fluid left in the hole can take many hours to

Therefore, a

test temperature below the bottomhole temperature may be a more realistic simulation of downhole conditions

for bit-trip periods.

NOTE
found in ISO 10414-2:—, Annex B. This is especially useful for oil-based drilling fluids considered for use as

22.6.4 Safety considerations for metal ageing cells

22.6.4.1

A meaningful test to use in evaluating long-term gelation of heat-aged drilling fluids is the shear strength test

packer fluids.

Metal ageing cells shall be used only to age drilling fluids containing known, common drilling fluid

materiats:

22.6.4.2 Experimental material, where high-temperature compatibility with the usual chemicals/
doubj, shall not be aged at elevated temperatures in metal cells. Such compatibility should be
appafatus such as an autoclave designed for extreme-pressure service.

22.6.4.3 The only known catastrophic failures (explosions) of stainless steelrageing cells re
from [the cells being used inappropriately as chemical-reaction autoclaves (instead of for drilling
or frgm the cells being overfilled.

22.6.
are s

.4 The types of failures of metal ageing cells resulting from inadequate inspection and
mply leaks in the cells.

22.6.
of ru
keep

.5 Rupture disks may be placed in the cell caps if there\is a concern about cell failure. S
ture disks essentially lowers the pressure rating of the*ageing cell, conduct ageing at temg
the pressure lower.

CAU
caus

FNION — Ovens used with oil-based fluids shall not have exposed heating elements
e ignition of combustible materials in the évent of sample leakage. This is especia

Mminerals is in
tested in an

sulted either
fluid ageing)

maintenance

ince the use
eratures that

Wwhich could
lly critical if

cells|with rupture disks are used.

22.7| Inertness and chemical compatibility in high-temperature ageing cells

22.7.1 Chemical compatibility of materials with metal ageing cells

Do not include materials that are known to produce, or suspected of initiating or taking part in, highly
exothermic reactions in heat-aged drilling fluid formulations.

22.7.R Inertness of metal ageing cells to chemicals

22.7.2.1 Metal'ageing cells of nickel-based alloys 29 provide the greatest degree of inertness [to potentially
corrogive envirenments.

22.7.R.27 Iron can be leached from the various stainless steels by high-chloride fluids at high temperatures.
This |removal of iron leads to the pits and cracks seen after exposing stainless steel cells to severe

temperature/chloride conditions.

22.7.2.3 Various materials can be used as more “inert’ liners in standard stainless steel cell
listed in 22.7.3 below.

s. These are

22.7.3 Considerations regarding metal plating to enhance contamination resistance of ageing cells

22.7.31

Gold-plated cells are not recommended for ageing drilling fluids at elevated temperatures. Plating

stainless steel cells with inert or noble metals, such as gold, has been suggested as a means of avoiding the
greater expense of fabricating new cells from the premium metal alloys. This attractive consideration has one
serious drawback: if the plating is scratched, the exposed steel is prone to accelerated, more severe localized
corrosion rates than unplated steel experiences. Scratching the plating can lead to earlier cell leaks and

failures.
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22.7.3.2 Since drilling fluid samples aged at elevated temperatures often become very viscous or even hard,
scraping solidified samples from the cells is often required. Even when great care is taken, there is a risk that
scratches will occur when removing solidified drilling fluids from ageing cells.

22.7.4 Contrast between drilling fluid material performance in inert and real work environments

22.7.41 Be cautious about interpreting results from laboratory ageing studies using cells made from inert
metal or containing inert material liners. In field applications, the drilling fluids are exposed to the steel in drill
pipe, which is usually made from mild carbon steel.

22.7.4.2 Field results can differ from the laboratory results obtained under more ideal conditions. While the
amount of steet-surfaceexposedtodrittmgftuidsTsmuchtessimsteetageing tettstham i drittpipe;itis still
more than cgn be expected within inert ageing cells.

22.8 Obtaining supplies and services for the ageing of drilling fluid samples

22.8.1 Appdratus suppliers

22.8.1.1 Glass and plastic jars and bottles are widely available from laboratory stpply houses, container
suppliers, and many retail and wholesale outlets.

22.8.1.2 Metal ageing cells, ovens suitable for ageing drilling fluids at elevated temperatures and/or dilling

fluids testing|apparatus and ancillary supplies may be obtained from companies who specialise in drilling fluid
testing appafatus.

22.8.2 Metallurgical consultants
For the best|advice on acquiring the proper metal ageing cells' required for severe service (elevated chloride

content at High temperatures), contact a reputable metallurgist or firm that specializes in metallufgical
consulting.

22.8.3 Pressure-vessel consultants
For advice on pressure-vessel design, if assituation is expected that might not be adequately address¢d by

commercially available or special-order~metal ageing cells, contact a firm or individual with establjshed
credentials in pressure-vessel design.

23 Shale-particle disintegration test by hot rolling

23.1 Principle

23.1.1  Thik procedure involves grinding, sieving and placing a known mass of shale particles into a dfilling
fluid and agging).either statically or dynamically with hot rolling, the fluid with shale particles. Retrigving,
cleaning and reweighing the particles, to determine mass loss, indicates the tendency of the fluid to prevent
dispersion of the shale into the fluid. This test is only a relative measure and should be included as part of a
comprehensive testing programme.

23.1.2 The ability of a drilling fluid to inhibit the disintegration of shale cuttings is important. The laboratory
method presented in this clause can be used for evaluating the properties of drilling fluids with regard to
inhibiting shale-particle disintegration. This test is intended as a comparison of various whole drilling fluid
compositions.

23.1.3 There are many laboratory techniques used to assess the degree to which a drilling fluid formulation
can cause a shale to weaken and disintegrate when immersed in a fluid. The present method, although
commonly used, is not the only test that indicates the ability of drilling fluids to inhibit shale disintegration. This
test can give a wide variability of results. Strict control and reporting of the condition of the test shale, the
rheology of the test fluid and the washing of shale are all necessary.
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23.1.4 Shale selection and condition (e.g. water content), while extremely important, are neither specified
nor limited by the procedure. Properly preserved shale samples should be used. It is strongly recommended
that the shale be as near to its in situ moisture content as possible, and not having been previously air-dried or
oven-dried. The way the shale was preserved prior to its use in the test should be recorded with the results.

23.1.5 Drilling fluid rheology is one variable that has proven difficult to control from test to test. As this can
have an independent influence on shale recovery from the drilling fluid, it is recommended that the rheological
properties be measured at the test temperature and be recorded with the results. This enables consideration
of the effect of the rheology along with the other variables. Modest changes in the rheology from one fluid to
another can strongly influence shale dispersion final results.

23.1.6 : . VEVY
appropriate for evaluating the inhibiting properties of certain drilling fluid materials.

might not be

23.2| Reagents and apparatus

23.2.1 Wash water, inhibitive, that is either

a) & synthetic version of the drilling fluid base brine, or
b) a fluid known to inhibit the disintegration of the shale used [e.g. 42,75,kg/m3 potassium chloride].

NOTH Wash water of salinity much greater than the drilling fluid base brine can cause sieve blocking|due to drilling
fluid doagulation.

23.2.2 Supply, for inhibitive wash water, at a flow rate of 21l/min+ 0,2 I/min with an [outlet, d, of
apprgximately 7,5 mm (1/3 in).

23.2.3 Balance, accuracy + 0,01 g.
23.2.4 Oven, roller, capable of achieving, typieally, 17 r/min to 35 r/min.

For best results, all tests should be condugted with the same roller oven to ensure constant test cpnditions.

23.2. Ageing cells, not made from aluminium bronze.

23.2. Clock or timer, accurate to 0,1 min over the test interval.
23.2. Weighing boats.

23.2. Spatula,

23.2. Wash bath or sink, at least 2 | in size.

23.2.110 £Sieves, 10 cm (4 in) in diameter with mesh sizes of 0,5 mm (0,02 in) (U.S. Sieve number 35), 4 mm
(0,16[iR)(U.S. Sieve number 5) and 2 mm (0,08 in) (U.S. Sieve number 10).

23.2.11 Sieve base, 10 cm (4 in) diameter.
23.2.12 Drying oven, regulated to 105 °C £ 3 °C (220 °F £ 5 °F).

23.2.13 Desiccator.

23.3 Procedure

23.3.1  Obtain shale pieces with moisture content as near to that in situ as possible. Sieve shale pieces just
prior to use to fractions of less than 4 mm (0,16 in) and greater than 2 mm (0,08 in). The moisture content of

bulk shale supply shall be established at the time of sampling by the method for bentonite in accordance with
ISO 13500:—, Clause 9, and recorded.
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can be incorrectly reported as recovered shale.

23.3.3

23.3.4

Add 350 ml of drilling fluid to each ageing cell, measured either by volume or by mass.

agitate gently to wet and separate the particles.

NOTE

to achieve separate wetting of particles or gently stir the drilling fluid with a spatula while adding shale.

23.3.5 PI

Pre-screen the drilling fluid through a 0,5 mm (0,02 in) sieve to remove any oversize particles that

Add 20,0 g of shale pieces (screened prior to use) to the fluid in each ageing cell, seal and quickly

With high-viscosity drilling fluids, it can be advantageous to add the drilling fluid and the shale simultaneously

or a

predeterming

The rolling
dependent o
occur to pern

233.6 Aft
transfer to
operations (€

A

[«
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while applyin

e the agning cells in 2 roller oven prnhnnfnr'l to the desired fnmpnrnhlrn and roll

d period of time.

n the shale and some shales require more rolling time than others for sufficient,disintegrati
nit discrimination among fluids.

static position to cool further to a temperature that is constant foryall sequential rec
.g. from a cold-water bath to room temperature).

Polir the contents of each ageing cell onto a numbered pre-weighed 0,5 mm (0,02 in) mesh

g inhibitive wash water (23.2.1) to the screen to prevent{viscous blocking. Also displac

residual contents of the ageing cell onto the sieve with wash water (the‘use of a wash bottle is convenien

NOTE Vi
above the siey
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systematical
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2341 Th

Equation (28)):

scous blocking, if it occurs, can be alleviated by applying‘@ slight pressure with a stream of wash
e.

sh the drilling fluid from the remaining shale pieces using a wash-water flow ra
/min through a hose with a circular coutlet approximately 7,5 mm (0,3in) in dian

b and screen are visually free of drilling fluid residue.

nsfer the sieve to a 2 | bath containing tap water and quickly but gently submerge the sieve
d an air trap) and remove it s@:that the sieve and shale have been rinsed of wash water.

ce the sieve onto a pre-weighed sieve base and dry in the drying oven to a constant mass,
br and reweigh to 0,01\g: This is the final dry mass.

flation

mass fraction of shale recovered (mass residue), w,, expressed in percent, is give

Dy

me should be the same for all fluids being evaluated for a given shale. The rolling time is

on to

r the rolling period is complete and the ageing cells have cooled to a safezxhandling temperature,

bvery

sieve
e the
).

water

te of
heter,

y passing across the full area of the screen many times for a period of approximately 1 min or

at an

Cool

n by

(28)

w, =100 =
Mo
where
my is the mass of dry recovered shale, in grams;

UL

is the mass of the initial shale sample, corrected for moisture content, in grams.

In this example, which uses an initial shale sample of 20,0 g, the mass of dry recovered shale is calculated as
given in Equation (29):

md=20

78

(100 — w,)/100

(29)
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where wy, is the moisture content of initial shale, expressed as a mass fraction, in percent.

23.4.2 Record conditions used (shale preservation technique, history prior to test, initial moisture content,
drilling fluid rheology, test temperature and rolling time) and the shale mass recovered. Replication of the test
is recommended. Differences between test values are typically less than 4 %.

24 Drilling fluid materials — High-viscosity polyanionic cellulose (PAC-HV) (regular)

24.1 Principle

PAC-HV is a water-soluble polymer produced only from cellulose chemically)-feacted with
carbgxymethyl (anionic) groups and does not contain any other polysaccharides, such as starch, lguar or other

PAC-HV is widely used in water-based drilling fluids for a variety of applications, such as filtration
contrpl, viscosity control and inhibition. Although field use can vary, this procedure)focuses on piscosity and
filtratjon-control characteristics.

241. The intention of this procedure is to present a simple and reproducible method for gssessing the
performance properties of PAC-HV. Specification parameters have not yet been developed for this material.

241. A synthetic-seawater drilling fluid is used for determining the filtration control and apparent viscosity
of PAC-HV.

24.2| Determination of moisture content

24.21 Apparatus

24211 Oven, regulated to 105 °C £ 3 °C (220 °F £ 5 °F).

24.2.1.2 Balance, accuracy + 0,01 g.

24.211.3 Dish, evaporating.

24.2.1.4 Spatula.

24.2.1.5 Desiccator, wijth calcium sulfate (CAS number 7778-18-9) desiccant, or equivalent.
24.2.p Procedure

24221 Weigh 10 g+ 0,1 g PAC-HV sample into a tared evaporating dish.

24.2.22. “Dry the sample in the oven (24.2.1.1) for 4 h. Cool to room temperature in a desiccatol.

24.2.2.3 Reweigh the evaporating dish containing the dried sample. Record the mass, my, of the dry
sample.

24.2.3 Calculation of PAC-HV moisture content

Calculate the mass fraction moisture, wy,, expressed in percent, of the PAC-HV sample as given in
Equation (30):

wp, =100 —d.
mq

(30)
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where

m, is the mass of original sample, expressed in grams;

my is the mass of dry sample, expressed in grams.

24.3 Procedures with test fluid containing PAC-HV

24.3.1 Reagents and apparatus

24311 S i i i : i oride
hexahydrate| (CAS number 7791-18-6), 57,9 g anhydrous calcium chloride (CAS number 10043-52-4] and
2,1 g strontiym chloride hexahydrate (CAS number 10025-70-4) diluted to 1 | with distilled or deionized whter.

24.3.1.2 Stock salt solution No. 2, in accordance with ASTM D 1141: 69,5g potassjum ch|oride
(CAS number 7447-40-7), 20,1 g sodium bicarbonate (CAS number 144-55-8), 10,0 g potassium brgmide
(CAS number 7758-02-3), 2,7g boric acid (CAS number 10043-35-3) and 0,3,g.0 sodium flJoride
(CAS number 7681-49-4) diluted to 1 | with distilled or deionized water.

24.3.1.3 S¢dium chloride (CAS number 7647-14-5), ACS reagent grade.

24.3.1.4 So¢dium sulfate, andydrous (CAS number 7757-82-6), ACS reagerit grade.
24.3.1.5 Standard evaluation base clay, such as provided by API of:equivalent.
24.3.1.6 Potassium chloride (CAS number 7447-40-7).

24.3.1.7 Sodium bicarbonate (CAS number 144-55-8).

24.3.1.8 Deionized or distilled water.

24.3.1.9 PAC-HV, for testing, of known moisture €ontent (see 24.2).

24.3.1.10 Thermometer, with a scale of 0°C to 60 °C, accurate to =1 °C (32 °F to 150 °F, accurate to
+ 2 °F).

24.3.1.11 Balance, accuracy + 0,04hg.

24.3.1.12 Mjxer, capable ofCmaintaining 11 500 r/min + 300 r/min under load, with a single, corrugated
impeller apptoximately 25,4nm (1 in) in diameter4).

The impeller] shall besreplaced when approximately 10 % mass loss occurs. Original blade mass is about
5,5 g. Each dpindle shall be fitted with a single sine-wave impeller mounted flash-side up.

24.3.1.13 Container, for mixing, approximately 180 mm (7-1/8 in) deep, d = 97 mm (3-3/4 in) at the to;r and
70 mm (2-3/4-aj-atbettom-2:

24.3.1.14 Spatula.

24.3.1.15 Container, glass or plastic, with stopper or lid for salt solutions.

24.3.1.16 Viscometer, motor-driven, direct-indicating, in accordance with ISO 10414-1.
24.3.1.17 Timers, two, mechanical or electrical, accurate to 0,1 min over the test interval.
24.3.1.18 Filter press, in accordance with ISO 10414-1.

24.3.1.19 Cylinders, graduated, one 10 ml + 0,1 ml and one 500 ml + 5 ml.
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24.3.2 Measurement of test fluid filtrate volume

24.3.21

Prepare simulated seawater by adding 24,53 g sodium chloride and 4,09 g anhydrous sodium

sulfate to a 1 | flask. Dilute to 800 ml with distilled or deionized water. Pour 20,0 ml stock salt solution No. 1
and 10,0 ml of stock salt solution No. 2 into a 1| flask and dilute to 1 | with water while stirring. Adjust the pH
to 8,2 with a 0,1 mol/l sodium hydroxide solution.

24.3.2.2 To 358 g of the sea salt solution, add 35,0 g + 0,01 g potassium chloride (KCI).

24.3.2.3 After stirring for 3 min +£ 0,1 min, add 1,0 g + 0,01 g sodium bicarbonate.

24 3.pA—After-stirringfor-3-min08;+mimadd-28;6-g+6;04+gof standardevatuationbase—ctay-

24.3..5 After stirring for 5 min + 0,1 min, remove the container from the mixer and scrapg the gides with the
spatyla to dislodge any material adhering to the container wall. Be sure all material clinging to the spatula is

incorporated into the suspension.

24.3.2.6 Replace the container on the mixer and continue to stir for an additionalk5 min + 0,1 min.

243.2.7 Weigh 1,09+ 0,01 g PAC-HV (24.3.1.9). Add the PAC-HV slowly at a uniform ratg over a time
interyal of about 60 s while stirring the suspension on the mixer. Add the PAC-HV away from| the impeller
shaft| but in the vortex, to minimize dusting.

24.3.2.8 After stirring for 5 min £ 0,1 min, remove container frotn the mixer and scrape the sjdes with the

spatd
incor|

24.3.
contd
10m

24.3.
Reco

porated into the suspension.
.9 Replace the container on the mixer and_continue to stir. It can be necessary to|
n. Total mixing time elapsed from the beginning of PAC-HV addition shall equal 20 min + 1 1

.10 Age the suspension for 16 h + 0,5th in a sealed or covered container at 25 °C + 1 °C (
rd storage temperature and storage‘duration.

la to dislodge any PAC-HV adhering to the container walls»'Be sure all PAC-HV clinging to {he spatula is

remove the

iner from the mixer and scrape the sides tozdislodge any adhering PAC-HV after another 5 min or

nin.

77 °F + 3 °F).

24.3.2.11 After ageing, stir the suspension on the mixer for 5 min + 0,1 min.
24.3.2.12 Pour the PAC-HV suspension into a filter-press cell. Before adding the suspension, be sure each
part pf the filter cell is dryyand that none of the gaskets is distorted or worn. The tempefature of the

susp

of the cell. Complete_the) assembly of the filter-press cell. Place the filter cell in the frame and cl

bnsion shall be 252G+ 1 °C (77 °F = 3 °F). Pour the suspension to within about 13 mm (1/2

in) of the top
bse the relief

valvd. Place a container under the drain tube.
24.3.2.13 Setlone timer for 7,5 min + 0,1 min, and the second timer for 30 min + 0,1 min. Start both timers
and fpdjust_the pressure on the cell to 690 kPa + 35 kPa (100 psi + 5 psi). Pressure shall be| supplied by

comy

ressed air, nitrogen or helium, and applied within 15 s.

24.3.2.14 After 7,5 min £ 0,7 min on the first timer, remove the container and any liquid adhering on the drain
tube and discard. Place a dry 10 ml graduated cylinder under the drain tube and continue collecting filtrate
until the end of the 30 min period as measured by the second timer. Remove the graduated cylinder and
record the volume of filtrate collected. This filtrate volume represents the volume collected in the time interval
from 7,5 min to 30 min.

24.3.3 Calculation of corrected test fluid filtrate volume
Calculate 74, the corrected volume of filtrate, expressed in millilitres, using Equation (31):

Ve =2V, (31)
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where V. is the volume of filtrate, expressed in millilitres, collected between 7,5 min and 30 min.

Record the calculated value.

24.3.4 Measurement of test fluid viscosity

24.3.41

Add 42 g £ 0,01 g of sea salt to 1 | + 2 ml of deionized water.

24.3.4.2 To 358 g of the sea salt solution, add 35,0 g + 0,01 g of potassium chloride (KCI).

24.3.4.3 Weigh 3,0 g+ 0,01 g of PAC-HV. Add the PAC-HV slowly at a uniform rate over a time interval of

about 60 s W
minimize dus

ting.

hile stirring on the mixer. Add the PAC-HV away from the impeller shaft, but in the varfex to

24.3.4.4 After stirring for 5 min + 0,1 min, remove the container from the mixer and scrape thé-sides with the

spatula to di
incorporated

24345 R
container frg
10 min. Tota

24.346 A
Record stora

24.3.4.7 After ageing, stir the suspension on the mixer for 5 min.40,1 min.

24348 P
dial reading
temperature
2435 Ca

Calculate 74,

n
77A:_E

where 759 i
NOTE 1

Record the ¢

Elodge any material adhering to the container wall. Be sure all material clinging, to the spat
into the suspension.

bplace the container on the mixer and continue to stir. It can be neeessary to remov
m the mixer and scrape the sides to dislodge any adhering PAC-HV after another 5
mixing time elapsed from beginning of the PAC-HV addition shall €gual 20 min + 1 min.

je the suspension for 16 h + 0,5 h in a sealed or covered container at 25 °C + 1 °C (77 °F £
ge temperature and storage duration.

bur the suspension into the viscometer cup provided with the direct-indicating viscometer
at the 600 r/min rotor speed setting of theVviscometer shall be taken at a suspensior
pf 25 °C £ 1 °C (77 °F + 3 °F). Record the 600 r/min dial reading.
culation of test-fluid apparent viscosity

the apparent viscosity, using Equation (32).

AT
o

the viscosity reading at 600 r/min, expressed in millipascal seconds.
CP = 1 mPa-s;

plculatéd-value.

ula is

e the
in or

B °F).

The
test

(32)

25 Drilling fluid materials — Low-viscosity polyanionic cellulose (PAC-LV)

25.1 Princi

25.1.1

ple

PAC-LV is a water-soluble polymer produced only from cellulose chemically reacted with anionic

groups and does not contain any other polysaccharides, such as starch, guar or other naturally occurring
polymers or their derivatives. The material is a free-flowing or granular powder.

25.1.2

PAC-LV is widely used in water-based drilling fluids for a variety of applications, such as filtration

control, viscosity control and inhibition. Although field use can vary, this procedure focuses on viscosity- and
filtration-control characteristics.

82
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25.1.3 The intention of this procedure is to present a simple and reproducible method for assessing the
performance properties of PAC-LV. Specification parameters have not yet been developed for this material.

25.1.4 A synthetic-seawater drilling fluid is used for determining the viscosity and filtration control properties
of PAC-LV.

25.2 Determination of moisture content

25.2.1 Apparatus

25.2.1.1  Oven, regulated to 25 °C + 1 °C (77 °F + 3 °F).

25.2.1.2 Balance, accuracy + 0,01 g.
25.2.1.3 Dish, evaporating.
25.2.1.4 Spatula.

25.2.1.5 Desiccator, with calcium sulfate (CAS number 7778-18-9) desiccant.or equivalent.

25.2.p Procedure
25.2..1 Weigh 10 g = 0,1 g of the PAC-LV sample into a tared eyaporating dish.
25.2.2.2 Dry the sample in the oven (25.2.1.1) for 4 h. Cool.toyroom temperature in the desiccator.

25.22.3 Re-weigh the evaporating dish containing the*dried sample. Record the mass, mf;, of the dry
sample.

25.2.3 Calculation of moisture content
Calcylate the mass fraction moisture, w,,, expressed in percent, of the PAC-LV sample, using Equation (33):

=100 —"d
Mo

(33)

wher

w

I, isthe mass ofgriginal sample, expressed in grams;

o]

Mg is the massof dry sample, expressed in grams.

25.3| Procedures with test fluid containing PAC-LV

25.3.1 Reagents and apparatus

25.3.1.1 Stock salt solution No.1, in accordance with ASTM D 1141: 555,6 g magnesium chloride
hexahydrate (CAS number 7791-18-6), 57,9 g anhydrous calcium chloride (CAS number 10043-52-4) and
2,1 g strontium chloride hexahydrate (CAS number 10025-70-4) diluted to 1 | with distilled or deionized water.

25.3.1.2 Stock salt solution No.2, in accordance with ASTM D 1141. 69,5g potassium chloride
(CAS number 7447-40-7), 20,1 g sodium bicarbonate (CAS number 144-55-8), 10,0 g potassium bromide
(CAS number 7758-02-3), 2,7g boric acid (CAS number 10043-35-3) and 0,3g sodium fluoride
(CAS number 7681-49-4) diluted to 1 | with distilled or deionized water.

25.3.1.3 Sodium chloride (CAS number 7647-14-5), ACS reagent grade.

25.3.1.4 Sodium sulfate, andydrous (CAS number 7757-82-6), ACS reagent grade.
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25.3.1.5

25.3.1.6

25.3.1.7

25.3.1.8

Standard evaluation base clay, such as provided by API or equivalent.
Potassium chloride (CAS number 7447-40-7).
Sodium bicarbonate (CAS number 144-55-8).

Distilled-deionized water.

25.3.1.9 PAC-LV, for testing, of known moisture content (see 25.2).

25.3.1.10 Thermometer, with a scale reading 0 °C to 60 °C, accurate to + 3 °C (32 °F to 150 °F, accurate to

+ 5 °F).

25.3.1.11 Balance, accuracy + 0,01 g.

25.3.1.12 Mjxer, capable of maintaining 11 500 r/min + 300 r/min under load, with a single,” corru

impeller app

The impeller|
blade is abol

253113 C
70 mm (2-3/4

253114 S

253115 C

oximately 25,4 mm (1 in) in diameter4).

t 5,5 g. Each spindle shall be fitted with a single sine-wave impeller, mounted flash-side up.

| in) at the bottom ).
patula.

bntainer, glass or plastic, with a stopper or lid, for salt;solutions.

25.3.1.16 V

25.3.1.17 Timers, two, mechanical or electrical, accurate-to 0,1 min over the test interval.

253118 F

253119 C

25.3.2

253.21 P
sulfate to a 1
and 10,0 ml
8,2 with a 0,1

25.3.2.2

Mdgasurement of test-fluid filtrate volume

T 358 g of.the sea salt solution, add 35,0 g + 0,01 g potassium chloride (KCI).

scometer, motor-driven, direct-indicating, in accerdance with ISO 10414-1.

ter press, in accordance with ISO 10444-1.

ylinders, graduated, one 10 ml + 0;4' ml and one 500 ml + 5 ml.

epare simulated seawater by adding 24,53 g sodium chloride and 4,09 g anhydrous sq
| flask. Dilute to 80@mlI with distilled or deionized water. Pour 20,0 ml stock salt solution

bf stock salt solution No. 2 into a flask and dilute to 1 | with water while stirring. Adjust the
mol/l sodium-hydroxide solution.

25.3.23 A

ter/stirring for 3 min + 0,1 min, add 1,0 g + 0,01 g sodium bicarbonate.

jated

shall be replaced when a mass loss of approximately 10 % occurs. The original mass ¢f the

bntainer, for mixing, approximately 180 mm (7-1/8 in) deep, d =,97 mm (3-3/4 in) at the top and

dium
No. 1
DH to

25.3.24

25.3.2.5

After stirring for 3 min + 0,1 min, add 28,0 g + 0,01 g standard evaluation base clay.

After stirring for 5 min £ 0,1 min, remove the container from the mixer and scrape the sides with the

spatula to dislodge any material adhering to the container wall. Be sure all material clinging to the spatula is

incorporated

into the suspension.

25.3.2.6 Replace the container on the mixer and continue to stir for an additional 5 min £ 0,1 min.

25.3.2.7 Weigh 2,0 g+ 0,01 g of PAC-LV (25.3.1.9). Add the PAC-LV slowly at a uniform rate over a time

interval of ab

The PAC-LV

84

out 60 s while stirring on the mixer.

should be added away from the impeller shaft, but in the vortex, to minimize dusting.
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25.3.2.8 After stirring for 5 min £ 0,1 min, remove container from the mixer and scrape the sides with the
spatula to dislodge any PAC-LV adhering to the container walls. Be sure all PAC-LV clinging to the spatula is
incorporated into the suspension.

25.3.2.9 Replace the container on the mixer and continue to stir. It can be necessary to remove the
container from the mixer and scrape the sides to dislodge any adhering PAC-LV after another 5 min or 10 min.
Total mixing time elapsed from the beginning of PAC-LV addition shall equal 20 min = 1 min.

25.3.2.10 Age the suspension for 16 h = 0,5 h in a sealed or covered container at 25 °C + 1 °C (77 °F £ 3 °F).

Record storage temperature and storage duration.

25.3.2.11 After ageing, str the suspension on the mixer for 5 min £ 0, T min.

25.3.2.12 Pour the PAC-LV suspension into a filter-press cell. Before adding the suspension,
part pf the filter cell is dry and that none of the gaskets is distorted or worn. The téempe
suspension shall be 25 °C £ 1 °C (77 °F + 3 °F). Pour the suspension to within about 13 mm (1/2

of th

valve

25.3.

adjus

air, n

25.3.
tube
until

recor

cell. Complete the assembly of the filter-press cell. Place the filter cell in thexffame and cl
. Place a container under the drain tube.

.13 Set one timer for 7,5 min + 0,1 min and the second timer for 3Q mjnr’+ 0,1 min. Start bo
t pressure on the cell to 690 kPa + 35 kPa (100 psi + 5 psi). Pressure shall be supplied by
trogen or helium and applied within 15 s.

.14 After 7,5 min = 0,1 min on the first timer, remove the:container and any liquid adhering
and discard. Place a dry 10 ml graduated cylinder under.the drain tube and continue collecti
the end of the 30 min period as measured by the second timer. Remove the graduated
d the volume of filtrate collected. This filtrate volumeé.represents the volume collected in the

be sure each
ature of the
in) of the top
bse the relief

th timers and
compressed

on the drain
hg the filtrate
cylinder and
time interval

from [7,5 min to 30 min.

25.3.B Calculation of corrected test-fluid filtrate volume

Calcuylate 74, the corrected volume of filtrate, expressed in millilitres, using Equation (34):
Ve =2V (34)

wherg V. is the volume of filtrate; expressed in millilitres, collected between 7,5 min and 30 min.

Recdrd the calculated value:

25.3.4 Measurement of test-fluid viscosity

25.3.4.1 Add42 g+0,01gofseasaltto 11+ 2 mlof deionized water.

25.3.

|4.2 To 358 g of the sea salt solution, add 35,0 g + 0,01 g of potassium chloride (KClI).

25.3.4.3 Weigh 5,0 g+0,01 g of PAC-LV (25.3.1.9). Add the PAC-LV slowly at a uniform rate over a time
interval of about 60 s while stirring on the mixer.

The PAC-LV should be added away from the impeller shaft, but in the vortex, to minimize dusting.

25.3.4.4 After stirring for 5 min £ 0,1 min, remove the container from the mixer and scrape the sides with the
spatula to dislodge any material adhering to the container wall. Be sure all material clinging to the spatula is
incorporated into the suspension.

25.3.4.5 Replace the container on the mixer and continue to stir. It can be necessary to remove the
container from the mixer and scrape the sides to dislodge any adhering PAC-LV after another 5 min or 10 min.
Total mixing time elapsed from beginning of the PAC-LV addition shall equal 20 min + 1 min.
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25.3.4.6 Age the suspension for 16 h = 0,5 h in a sealed or covered container at 25 °C + 1 °C (77 °F £ 3 °F).
Record storage temperature and storage duration.

25.3.4.7 Stir the suspension on the mixer for 5 min £ 0,1 min.

25.3.4.8 Pour the suspension into a viscometer cup provided with the direct indicating viscometer. The dial
reading at the 600 r/min rotor speed setting of the viscometer shall be taken at a suspension test temperature
of 25°C +1°C (77 °F £ 3 °F).

25.3.5 Calculation of test-fluid apparent viscosity

Calculate na[tteapparentviscosity, using Equatiorm(35):

n
77A:_E

LA )
o

(3%)

where 759 i$ the viscosity reading at 600 r/min, expressed in millipascal seconds.

NOTE 1¢P =1 mPa:s.

Record the cplculated value.

26 Preparnation and evaluation of invert-emulsion drillingflaids

26.1 Principle

26.1.1 Ocgasionally, evaluation and comparison of invertsémulsion drilling fluids are required. The|tests
described arg designed to provide a standardized method.for preparing and evaluating the slurries undér the
same conditjons. Significant changes in rheological properties, electrical stability or HTHP fluid |OSI can
indicate instability of the test drilling fluid. It is recommended that the test apparatus and procedurgs be
agreed upon|between vendor and client prior to initiation of testing.

26.1.2 The¢ test methods provide specific mixing and heat-ageing procedures in an attempt to minimize
interlaboratory variations.

26.1.3 WHere possible, the test methqds and apparatus used are in accordance with ISO 10414-2.

response to [heat ageing anddo,'the incorporation of reasonable levels of various contaminants that can be

26.1.4 ThI test protocol is deliberately simple, designed only to provide a means of comparing the fluids'
expected duting drilling, such as drill solids, seawater and formation brines.

26.1.5 Other methads €exist for evaluating invert-emulsion drilling fluids.

the

26.2.2 Evaluation base clay 32).

31) Merck 33153 3P-Seawater Corrosion Test Mixture is an example of a suitable product available commercially. This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by
ISO of this product.

32) API evaluation base clay, OCMA base evaluation clay or Hymod Prima clay are examples of suitable products
available commercially. This information is given for the convenience of users of this International Standard and does not
constitute an endorsement by ISO of these products.
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