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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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Introduction

This part of ISO 10414 is based on API RP 13B-1, second edition, September 1997 [2].

As with any laboratory procedure requiring the use of potentially hazardous chemicals, the user is expected to have
proper knowledge and received training in the use and disposal of these chemicals. The user is responsible for
compliance with all applicable Tocal, regional and national requirements for worker and local healin,| safety and

environnjental liability.

In this pgrt of ISO 10414, where practical, U.S. customary units are included in brackets for information.

© ISO 2001 - All rights reserved
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INTERNATIONAL STANDARD ISO 10414-1:2001(E)

Petroleum and natural gas industries — Field testing of drilling
fluids —

Part 1:
Water-based fluids

1 Scqpe

This parf of ISO 10414 provides standard procedures for the determining following characteristics of Water-based
drilling fluids:

a) drilling fluid density (mud weight);
b) viscosity and gel strength;

c) filtration;

d) watdr, oil and solids contents;

e) sand content;

f)  methylene blue capacity;

9) pH;
h) alkalinity and lime content;

i)  chlofide content;

j) totallhardness as calcium.

Annexes|A, B, C and E prewige additional test methods which may be used for

k) cherical analysis\for calcium, magnesium, calcium sulfate, sulfide, carbonate, potassium;

[) detefminatiensof shear strength;

m) detefmination of resistivity;

n) drill pipe corrosion monitoring.

Annexes D, F, G and H provide procedures that may be used for
o) removal of air;

p) sampling, inspection and rejection;

g) rig-site sampling;

r) calibration and verification of glassware, thermometers, viscometers, retort kit cup and drilling fluid balances.

© 1SO 2001 - All rights reserved 1
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2 Term and definition
For the purposes of this part of ISO 10414, the following term and definition applies.
2.1

ACS reagent grade
chemical meeting the purity standards specified by the American Chemical Society (ACS)

3 Abbreviated terms

ACS American Chemical Society

AlSI American Iron and Steel Institute
CAS Chemical Abstracts Service
EDTA ethylenediaminetetraacetic acid
HT/HP high temperature, high pressure
meq milliequivalents

OCMA Oilfield Chemical Manufacturer’s Association
PTFE polytetrafluoroethylene

QAS guaternary ammonium salt
STPB  sogdium tetraphenyl borate

TC to [contain

TD to [deliver

4  Drilling fluid density (mud-weight)

4.1 Pringiple

This test procedure is.admethod for determining the mass of a given volume of liquid (= density). Drilling fluid
density is ekpressedqasgrams per cubic centimetre, or kilograms per cubic metre.

4.2 AppTratus

4.2.1 Anydensity-measuring instrument of accuracy to within 0,01 g/cm3 or 10 kg/ms3.

The mud balance is the instrument generally used for drilling-fluid density determinations. The mud balance is
designed such that the drilling-fluid holding cup, at one end of the beam, is balanced by a fixed counterweight at
the other end, with a sliding-weight rider free to move along a graduated scale. A level-bubble is mounted on the
beam to allow for accurate balancing. Attachments for extending the range of the balance may be used when
necessary.

The instrument should be calibrated frequently with fresh water. Fresh water should give a reading of 1,00 g/cm3 or

1 000 kg/m3 at 21 °C (70 °F). If it does not, adjust the balancing screw or the amount of lead shot in the well at the
end of the graduated arm as required.
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4.2.2 Thermometer, with a range of 0 °C to 105 °C (32 °F to 220 °F).

4.3 Procedure

4.3.1 The instrument base should be set on a flat, level surface.

4.3.2 Measure the temperature of the drilling fluid and record.

4.3.3 Fill the clean, dry cup with drilling fluid to be tested; put the cap on the filled drilling-fluid holding cup and
rotate the cap until it is firmly seated. Ensure that some of the drilling fluid is expelled through the hole in the cap in

order to free any trapped air or gas (see annex D for information on air or gas removal).

4.3.4 K
the cup g

435 H
is achiev

43.6 H
correctio

4.4 C3g
441 H
442 1

p:

o=
where p
DFG
DFQ
where DR

A list of d

Holding the cap firmly on the drilling-fluid holding cup (with cap hole covered), wash or wipe th
lean and dry.

lace the beam on the base support and balance it by moving the rider along the_graduated sc4
bd when the bubble is under the centreline.

Read the drilling fluid density at the edge of the rider toward the drilling-fluid holding cup. Make
ns when a range extender is used.

Iculation
Report the drilling fluid density to the nearest 0,01 g/cm3:ar)10 kg/m3.

o convert the reading to other units, use the following:

1 000 x g/lcm3
16 x Ib/ft3

119,8 x Ib/USgal

s the density, expressed in kilograms per cubic metre.

=9,81 x g/cm3

= 0,022 6 x psi/1 000t

-G is the drilling fluid gradient, expressed in kilopascals per metre.

ensity canyersions is given in Table 1.

e outside of

le. Balance

appropriate

1)
)
®3)

(4)
®)
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Table 1 — Density conversion

Grams Kilograms Pounds Pounds per
per cubic per cubic per US cubic foot
centimetre® metre gallon
g/lcm3 kg/m3 (Ib/US gal) (Ib/ft3)
0,70 700 5,8 43,6
0,80 800 6,7 49,8
0,90 900 75 56,1
1,00 1 000 8,345" 62,3
1,10 1100 9,2 68,5
1,20 1200 10,0 74,8
1,30 1300 10,9 81,0
1,40 1400 11,7 87,2
1,50 1500 12,5 93/5
1,60 1600 13,4 99,7
1,70 1700 14,2 105,9
1,80 1800 15,0 112,1
1,90 1900 15,9 118,4
2,00 2000 16,7 124,6
2,10 2100 17,5 130,8
2,20 2 200 18,4 137,1
2,30 2300 19,2 143,3
2,40 2400 20,0 149,5
2,50 2500 20,9 155,8
2,60 2 600 21,7 162,0
2,70 2700 225 168,2
2,80 2800 23,4 174,4
2,90 2900 24,2 180,7
& Same value as relative density.
b Accurate conversion factor.

5 Alternative drilling fluid density method

5.1 Principle
The density of a drilling fluid containing entrained air or gas can be determined more accurately by using the

pressurized mud balance. The pressurized mud balance is similar in operation to the conventional mud balance,
the difference being that the slurry sample can be placed in a fixed-volume sample cup under pressure.

4 © ISO 2001 - All rights reserved
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The purpose of placing the sample under pressure is to minimize the effect of entrained air or gas upon slurry
density measurements. By pressurizing the sample cup, any entrained air or gas will be decreased to a negligible
volume, thus providing a slurry density measurement more closely in agreement with that which will be realized

under do

wnhole conditions.

5.2 Apparatus

521

Any density-measuring instrument of accuracy to within 0,01 g/cm3 or 10 kg/m3.

The pressurized mud balance is the instrument generally used for pressurized drilling-fluid density determinations.

The presgutized-mud-balance-is-designed-such-thatthe drilling-fluid-holding-cup-and-screw-gnlidatone end of the
beam, is| balanced by a fixed counterweight at the other end, with a sliding-weight rider free to._mgve along a
graduatef scale. A level-bubble is mounted on the beam to allow for accurate balancing.

Calibrate| the instrument frequently with fresh water. Fresh water should give a reading of 1,00 g/cm3 or
1 000 kgfm3 at 21 °C (70 °F). If it does not, adjust the balancing screw or the amount of lead*shot in th¢ well at the
end of thp graduated arm as required.

5.2.2 Thermometer, with a range of 0 °C to 105 °C (32 °F to 220 °F).

5.3 Prpcedure

5.3.1 WMeasure the temperature of the drilling fluid and record.

5.3.2  Hill the sample cup to a level slightly below the upper edge of the cup (approximately 6 mm).

5.3.3 Rlace the lid on the cup with the attached check-valve'in the down (open) position. Push the lig downward
into the mouth of the cup until surface contact is made between the outer skirt of the lid and the upper [edge of the
cup. Any|excess slurry will be expelled through the che¢k-valve. When the lid has been placed on the ¢up, pull the
check-valve up into the closed position, rinse off the cup and threads with water, and screw the thregded cap on
the cup.

5.3.4 The pressurizing plunger is similars/in~operation to a syringe. Fill the plunger by submersing it$ end in the
slurry with the piston rod completely inside. Then draw the piston rod upward, thereby filling the cylindef with slurry.
This volyme should be expelled with<the plunger action and refilled with fresh slurry sample to ensyre that this
plunger Jolume is not diluted with liquid remaining from the last clean-up of the plunger mechanism.

5.3.5 Rush the nose of the_pluhger onto the mating O-ring surface of the cap valve. Pressurize the [sample cup
by maintaining a downward+force on the cylinder housing in order to hold the check-valve down (open£ and at the
same time to force the pistan rod inside. A force of approximately 225 N (50 Ibf) or greater should be maintained on
the pistof rod.

5.3.6 he check=valve in the lid is pressure-actuated; when the inside of the cup is pressurized, the pheck-valve
is pushefl upward into the closed position. To close the valve, gradually ease up on the cylinder hqusing while
maintaining /pressure on the piston rod. When the check-valve closes, release pressure on the pistor] rod before
disconnecting the plunger.

5.3.7 The pressurized slurry sample is now ready for weighing. Rinse the exterior of the cup and wipe dry. Place

the instrument on the knife edge. Move the sliding weight to the right or left until the beam is balanced. The beam is
balanced when the attached bubble is centred between the two black marks. Read the density from one of the four
calibrated scales on the arrow side of the sliding weight. The density can be read directly in units of g/cm3, Ib/gal,
and Ib/ft3 or as a drilling fluid gradient in psi/1 000 ft.

5.3.8 To release the pressure inside the cup, reconnect the empty plunger assembly and push downward on the
cylinder housing.

5.3.9 Clean the cup and rinse thoroughly with water. For best operation in water-based slurries, the valve should
be greased frequently with waterproof grease.

© ISO 2001 - All rights reserved
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5.4 Calculation

Report the drilling fluid density to the nearest 0,01 g/cm3 or 10 kg/m3.

For conversions, use the formula given in 4.5.2.

6 Visco

sity and gel strength

6.1 Principle

Viscosity a
following in

a) Marsh
b) direct-i

NOTE In

6.2 Dete

6.2.1 App

6.2.1.1
[(70 £ 5) °F

6.2.1.11
of 1 500 ml

6.2.1.1.2
6.2.1.1.3
6.2.1.2
6.2.1.3

6.2.1.4

6.2.2 Pro

6.2.2.1
clean, uprig

6.2.2.2

nd gel strength are measurements that relate to the flow properties (rheology) of drilling thJids. The

Struments are used to measure viscosity and/or gel strength of drilling fluids:
unnel — a simple device for indicating viscosity on a routine basis;
hdicating viscometer — a mechanical device for measurement of viscosity at yarying shear ratg

formation on the rheology of drilling fluids may be found in [3].
Fmination of viscosity using the Marsh funnel

aratus

Marsh funnel, calibrated to out-flow 946 ml (1 quart) of,fresh water at a temperature of (3
in (26 £ 0,5) s, with a graduated cup as a receiver.

Funnel cone, of length 305 mm (12,0 in), diameter 152 mm (6,0 in) and a capacity to bottom
(1,6 quarts).

Orifice, of length 50,8 mm (2,0 in) and iriside diameter 4,7 mm (0,185 in).

Screen, with 1,6 mm (0,063 in) openings (12 mesh); fixed at 19,0 mm (0,748 in) below top of
Graduated cup, with capacity\at least 946 ml (1 quart).

Stopwatch.

Thermometer, with-a range of 0 °C to 105 °C (32 °F to 220 °F).

cedure

Cover the funnel orifice with a finger and pour freshly sampled drilling fluid through the scree
ht funnel:"Fill until fluid reaches the bottom of the screen.

Remove finger and start stopwatch. Measure the time for drilling fluid to fill to 946 ml (1 quart

1+3)°C

pf screen

unnel.

h into the

mark of

the cup.
6.2.2.3

6.2.2.4

Measure temperature of the fluid, in degrees Celsius (degrees Fahrenheit).

Report the time (6.2.2.2), to the nearest second, as the Marsh funnel viscosity. Report the temperature
(6.2.2.3) of fluid to the nearest degree Celsius (degree Fahrenheit).
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6.3 Determination of viscosity and/or gel strength using a direct-indicating viscometer

6.3.1 Apparatus
6.3.1.1 Direct-indicating viscometer

This type of viscometer is a rotational instrument powered by an electric motor or a hand crank. Drilling fluid is
contained in the annular space between two concentric cylinders. The outer cylinder or rotor sleeve is driven at a
constant rotational velocity. The rotation of the rotor sleeve in the fluid produces a torque on the inner cylinder or
bob. A torsion spring restrains the movement of the bob, and a dial attached to the bob indicates displacement of

the bob. lnstrument constants-have been nd}llefnrl so-that pl:\efm Viscasity and \lllﬂld point-are obtained by using

readings|from rotor sleeve speeds of 300 r/min and 600 r/min.

A direct-indicating viscometer shall meet the following specifications:

a) Rotor sleeve

Inside diameter 36,83 mm (1,450 in)
Totdl length 87,0 mm (3,425 in)

Scribped line 58,4 mm (2,30 in) above the bottom of sleeve, withtwo rows of 3,18 mm (0,125 in) holes
spaced 120° (2,09 radians) apart, around rotor sleeve just below scribed line.

b) Bob]closed, with flat base and tapered top

Diameter 34,49 mm (1,358 in)
Cylinder length 38,0 mm (1,496 in)

c) Torsjon spring constant
386 dyne-cm/degree deflection.

d) Rotdr sleeve speed

Highl speed 600 r/min
Low(speed 300 r/min

NOTE Other rotor speéds are available in viscometers from various manufacturers.
6.3.1.2 Stopwatch.

6.3.1.3 Suitable container, e.g. the cup provided with the viscometer.

6.3.1.4 Thermometer, with a range of 0 °C to 105 °C (32 °F to 220 °F).

6.3.2 Procedure

6.3.2.1 Place the sample in a container and immerse the rotor sleeve exactly to the scribed line.
Measurements in the field should be made with minimum delay (within 5 min, if possible) and at a temperature as
near as practical to that of the drilling fluid at the place of sampling, but not differing by more than 6 °C (10 °F). The
place of sampling should be stated on the test report.

WARNING — Maximum recommended operating temperature is 90 °C (200 °F). If fluids have to be tested
above this temperature, a solid metal bob or a hollow metal bob with a completely dry interior should be
used. Liquid trapped inside a hollow bob may vaporize when immersed in high temperature fluid and cause
the bob to explode.

© 1SO 2001 - All rights reserved 7
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6.3.2.2

6.3.2.3

Record the temperature of the sample.

With the sleeve rotating at 600 r/min, wait for viscometer dial reading to reach a steady value

required is dependent on the drilling-fluid characteristics). Record the dial reading for 600 r/min.

(the time

6.3.24 Reduce the rotor speed to 300 r/min and wait for viscometer dial reading to reach a steady value.
Record the dial reading for 300 r/min.
6.3.2.5 Stir drilling fluid sample for 10 s at 600 r/min.
6.3.2.6 Allow drilling fluid sample to stand undisturbed for 10 s. Slowly and steadily turn the hand-wheel in the
appropriate| direction to produce a positive dial reading. The maximum reading is the initial gel strepgth. For
instrumentd having a speed of 3 r/min, the maximum reading attained after starting rotation at 3 r/min\is [the initial
gel strength. Record the initial gel strength (10-second gel) in pascals (or in pounds per 100 squarefeet).
6.3.2.7 Restir the drilling fluid sample at 600 r/min for 10 s and then allow the drilling fluidito stand unfisturbed
for 10 min.|Repeat the measurements as in 6.3.2.6 and report the maximum reading as“the 10-minyte gel in
pascals (or|in pounds per 100 square feet).
6.3.3 Calgulation

1P = Rgoo — Rsoo (6)

YP = 0148 x (Rgo0 — 77p) Q)

1A = Rgoo/ 2 (8)
where

p is the plastic viscosity, in millipascal seconds;

NOTE  Plastic viscosity is commonly Knewn in the industry by the abbreviation PV.

YP is the yield point, in pascals;

1A is the apparent viscosity, inmillipascal seconds;

Rs0o0 is the dial reading at-6007r/min, in pascals (or in 1b/100 ft2);

R300 is the dial readifg at 300 r/min, in pascals (or in 1b/100 ft2).
NOTE1l 1cP=1mPas
NOTE 2 Vhen calculdting values in U.S. customary units, the yield point (in 1b/100 ft2) is calculated as follows:

YP 7 Raoo — 7P

7 Filtration
7.1 Principle

Measurement of the filtration behaviour and filter cake-building characteristics of a drilling fluid are fundamental to
drilling-fluid control and treatment, as are the characteristics of the filtrate such as oil, water or emulsion content.
These characteristics are affected by the types and quantities of solids in the fluid and their physical and chemical
interactions which, in turn, are affected by temperature and pressure. Therefore, tests are run at both low
pressure/low temperature and high pressure/high temperature, and each requires different equipment and
techniques.
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7.2 Low temperature/low pressure test

7.2.1 Apparatus

7211 Filter press, consisting mainly of a cylindrical drilling-fluid cell having an inside diameter of 76,2 mm
(3 in) and a height of at least 64,0 mm (2,5 in).

This cell is made of materials resistant to strongly alkaline solutions, and is so fitted that a pressure medium can be
conveniently admitted into, and bled from the top. It shall also be fitted such that a sheet of 90 mm (3,54 in)
diameter filter paper can be placed in the bottom of the cell JUSt above a swtable support The filtration area is
(45,810 a graduated

cylinder.
applied v
with port
correlatiy
or equivg

The low
to a dia
the filter
maximun
these rarj

NOTE
obtained

7.2.1.2

7.2.1.3

7.2.2 P

7.22.1
distorted
minimize

7.2.2.2
adjust th
period b4

7.2.2.3
regulator,

7224
in degre€

Seallng is accomphshed W|th gaskets and the entlre assembly supported by a stand Pres<
ith any non-hazardous fluid medium. Presses are equipped with pressure regulators and can

e results, one thickness of the proper 90 mm diameter filter paper (e.g. Whatman, No: 50, S&
lent) shall be used.

emperature/low pressure filter press should have a filter area of 45,2 cm? t646,4 cm2, which (
eter of 75,86 mm to 76,86 mm (2,987 in to 3,026 in). The filter press gasket is the determini
area. It is recommended that a filter press gasket used be tested-by a conical gauge t
h (76,86 mm) and the minimum (75,86 mm) diameters marked on it Any filter press gasket f
ges (either larger or smaller than the markings) shall be discarded.

Results obtained from the use of a filter press with different filter ‘area do not directly correlate wit
hen using the standard-sized press.

Timer, with at least a 30 min interval.

Graduated cylinder (TC), of volume 10 ml gr-25 ml.

focedure

Be sure each part of the cell, particularly the screen, is clean and dry, and that the gask
or worn. Pour the drilling fluid sample into the cell to within 1 cm to 1,5¢cm (0, 4in to 0,6 in) 0
CO, contamination of filtrate), ‘and complete the assembly with the filter paper in place.

Place a dry graduated_tylinder under the drain tube to collect the filtrate. Close the relig
b regulator so that a_ptessure of 690 kPa = 35 kPa (100 psi £ 5 psi) is applied within 30 s or le
gins at the time of pressure application.

At the end)0f/30 min, measure the volume of filtrate collected. Shut off the flow through t
and open the-relief valve carefully. The time interval, if other than 30 min, shall be reported.

s Celsius (degrees Fahrenheit). Save the filtrate for chemical analysis.

hble pressure cylinders, midget pressure cartridges or means for utilizing hydraulic pressurg.

ure can be
be obtained
To obtain
S No. 5761

orresponds
ng factor of
hat has the
ound out of

h the results

ets are not
f the top (to

f valve and
5S. The test

e pressure

Report the volume of filtrate in millilitres (to the nearest 0,1 ml) and the initial drilling fluid femperature

7.2.25

7.2.2.6

7.2.2.7

Remove the cell from the frame, first making certain that all pressure has been relieved. Carefully save
the filter paper with a minimum of disturbance to the cake, disassemble the cell and discard the drilling fluid. Wash
the filter cake on the paper with a gentle stream of water.

Measure and report the thickness of the filter cake, to the nearest millimetre.

Although cake descriptions are subjective, such notations as hard, soft, tough, rubbery, firm, etc., may
convey important information of cake quality.

1) Whatman No. 50 and S&S No. 576 are examples of suitable products available commercially. This information is given for
the convenience of users of this part of ISO 10414 and does not constitute an endorsement by 1SO of these products.
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7.3 High temperature/high pressure (HT/HP) test

7.3.1 Apparatus

7.31.1 HT/HP filter press, consisting of a controlled pressure source (CO, or nitrogen), regulators, a drilling-
fluid cell able to contain working pressures from 4 000 kPa to 8 900 kPa (600 psi to 1 300 psi), a system for heating
the cell, a pressurized collection cell able to maintain proper back-pressure (see Table 2) in order to prevent
flashing or evaporation of the filtrate, and a suitable stand. The drilling-fluid cell has a thermometer well, oil-
resistant gaskets, a support for the filter medium and a valve on the filtrate delivery tube to control flow from the
cell. It may be necessary to replace the gaskets frequently.

WARNING |— Rigid adherence to manufacturers' recommendations as to sample volumes,. 'equipment

temperatutes and pressures is essential. Failure to do so could result in serious injury.

Do not usp nitrous oxide cartridges as pressure sources for HT/HP filtration. Under,temperajure and

pressure, nitrous oxide can detonate in the presence of grease, oil or carbonaceous materials| Nitrous

oxide cartrjdges shall be used only for Garrett gas train carbonate analysis.

7.3.1.2 Filter medium?).

a) Filter ppper, Whatman No. 50 or equivalent, for temperatures to 200 °C (400-°F).

b) Porouq disc, Dynalloy X-5 or equivalent, for temperatures above 200 _3C (400 °F). A new disc is required for
each tagst.

7.3.1.3 Timer, with at least a 30 min interval.

7.3.1.4 Thermometer, with a range up to 260 °C (500 °E).

7.3.1.5 Graduated cylinder (TC), with a volume of 25 ml or 50 ml.

7.3.1.6 High-speed mixer.

7.3.2 Progedure for temperatures to 150 °C (300 °F)

7.3.2.1 Place the thermometer in-the well in the jacket and preheat to 6 °C (10 °F) above the desired

temperaturg. Adjust the thermostat-to-maintain the desired temperature.

7.3.2.2 Stir drilling fluid /sample for 10 min with a high speed mixer. Close the bottom valve and|pour the

drilling fluid|sample into the“drilling fluid cell, being careful not to fill closer than 1,5 cm (0,6 in) from the top to allow

for expansipn. Install the<ilter paper.

7.3.2.3 Completesthe assembly of the cell and, with both top and bottom valves closed, place it in the heating

jacket. Transfer, the-thermometer to the well in the drilling fluid cell.

7324 Cannectthe high-prnccllrn collection cell to the bottom valve and lock in Ir\l:\m:\

7.3.2.5 Connect a regulated pressure source to the top valve and collection cell, and lock in place.

7.3.2.6 Keeping the valves closed, adjust top and bottom regulators to 690 kPa (100 psi). Open the top valve,

applying 690 kPa (100 psi) to the drilling fluid. Maintain this pressure until the desired temperature is stabilized. The
sample in the filter cell should never be heated for a period exceeding a total of 1 h.

2) Whatman No. 50 and Dynalloy X-5 discs are examples of suitable products available commercially. Dynalloy is a trade
name of a product supplied by Memtec America Corporation. This information is given for the convenience of users of this part
of ISO 10414 and does not constitute an endorsement by ISO of these products.
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7.3.2.7 When the sample reaches the selected test temperature, increase the pressure of the top pressure unit
to 4 140 kPa (600 psi) and open the bottom valve to start filtration. Collect the filtrate for 30 min, maintaining the
selected temperature within £3 °C (£5 °F). If back-pressure rises above 690 kPa (100 psi) during the test,
cautiously reduce the pressure by drawing off a portion of the filtrate. Record the total volume collected, the

temperature, pressure and time.

7.3.2.8 Correct the filtrate volume to a filter area of 45,8 cm2 (7,11in2). For example, if the filter area is
22,6 cm? (3,5 in2), double the filtrate volume reported.

7.3.2.9 At the end of test, close top and bottom valves on the drilling fluid cell. Bleed pressure from the
regulator

WARNING — Pressure in the drilling fluid cell will still be approximately 4 140 kPa (600psi). To avoid
possiblg serious injury, keep cell upright and cool to room temperature, then bleed pressure from cell
before djsassembling.

7.3.2.10 Remove the cell from the heating jacket, first making certain that the bottorm,and top valves are tightly
shut and|all pressure is off regulators. Using extreme care to save the filter paper, place the cell upright, open the
valve to bleed pressure from cell contents and open. Discard drilling fluid, and retrieve filter cake. Wash filter cake
on the pgper with a gentle stream of water.

7.3.2.11 Measure and report the thickness of the filter cake, to the neareSvmillimetre.

7.3.2.12 Although cake descriptions are subjective, such notations)as hard, soft, tough, rubbery, firm, etc., may
convey important information of cake quality.

7.3.3 Procedure for temperatures above 150 °C (300 °F)

7.3.3.1 Place the thermometer in the well in the>jacket and preheat to 6 °C (10 °F) above the desired

temperature. Adjust the thermostat to maintain the correct temperature.

7.3.3.2 Stir drilling fluid sample for 10 minfwith a high speed mixer. Close the bottom valve apd pour the
drilling fluid sample into the drilling fluid cell,.being careful not to fill the cell closer than 4 cm (1,5 in) from the top to
allow for lexpansion. Install the proper filter medium (see 7.3.1.2).

CAUTION — Not all manufacturersi~equipment can be used above 150 °C (300 °F). Failure td know the
pressurg/temperature rating of équipment in use could result in serious injury. Testing at high t¢mperature
and high pressure calls for added safety precautions.

All presspre cells should beyequipped with manual relief valves. Heating jackets should be equipped with both an
overheat| safety fuse and thermostatic cut-off. Vapour pressure of the liquid phase of drilling fluids hecomes an
increasingly critical design factor as test temperatures are raised. Water vapour pressures at various tgmperatures
are shown in Table 2!

7.3.3.3 Complete the assembly of the cell, and with top and bottom valves closed, place the drilling fluid cell in
the heatipg.jacket. Transfer the thermometer to the well in the drilling fluid cell.

7334 Connect the high-pressure collection cell to the bottom valve, and lock in place.

7.3.35 Connect the regulated pressure source to the top valve and the collection cell, and lock in place.
7.3.3.6 With top and bottom valves closed, apply the recommended back-pressure (see Table 2) for the test

temperature to both top and bottom. Open the top valve, applying the same pressure to the drilling fluid while
heating. Maintain this pressure until the test temperature is reached and stabilized.

7.3.3.7

When the temperature of the sample reaches the test temperature, increase the pressure o

n the top by

3 450 kPa (500 psi) over the back-pressure being held, and open the bottom valve to begin filtration. Collect the
filtrate for 30 min, holding the test temperature within £ 3 °C (£ 5 °F) and maintaining the proper back-pressure. If

© ISO 2001 - All rights reserved
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the back-pressure should begin to rise, it can be reduced by cautiously drawing off a small portion of the filtrate.
The sample in the filter cell should never be heated for a period exceeding a total of 1 h.

7.3.3.8 After the test period, close both top and bottom valves on the pressure cell and bleed pressure from
the regulators. Allow a minimum of 5 min for the filtrate to cool to avoid vaporizing, then cautiously drain and record
the total volume. Also record the temperature, pressures and time. Be sure to allow sufficient time for all the filtrate
to drain from the receiver.

WARNING — Pressure inside the filter cell could be as high as 6 500 kPa (950 psi). To avoid possible
serious injury, keep cell upright and cool to room temperature, then bleed pressure from cell before
disassembly.

7.3.3.9 Correct the filtrate volume to a filter area of 45,8 cm?2 (7,1in2). For example, if the (filter area is
22,6 cm2 (3,5 in2), double the filtrate volume reported.

7.3.3.10 Remove the cell from the heating jacket, first making certain that the bottom andtdp valves gre tightly
shut and al| pressure is off regulators. Using extreme care to save the filter paper, place the cell upright, [open the
valve to bleed pressure from cell contents and open. Discard drilling fluid, and retrieve filter cake. Wash filter cake
on the papgr with a gentle stream of water.

7.3.3.11 Measure and report the thickness of the filter cake, to the nearest millimetre.

7.3.3.12 Although cake descriptions are subjective, such notations as hatd, soft, tough, rubbery, firm, etc., may
convey impprtant information of cake quality.

Table 2 — Recommended minimum-back-pressure

Test temperature Vapour pressure Minimum back
pressure
°C °F kPa psi kPa psi
100 212 101 14,7 690 100
120 250 207 30 690 100
150 300 462 67 690 100

Limit of "normal” field testing

175 350 932 135 1104 160
200 400 1704 247 1898 275
230 450 2912 422 3 105 450

8 Water, oil @and solids contents

8.1 Principle

The retort instrument provides a means for separating and measuring the volumes of water, oil and solids
contained in a sample of water-based drilling fluid. In the retort, a known volume of a whole drilling-fluid sample is
heated to vaporize the liquid components, which are then condensed and collected in a graduated receiver. Liquid
volumes are determined directly from reading the oil and water phases in the receiver. The total volume of solids
(suspended and dissolved) is obtained by difference (total sample volume minus liquid volume). Calculations are
necessary to determine the volume of suspended solids, since any dissolved solids will be retained in the retort.
The relative volumes of low gravity solids and weighting material can also be calculated. Knowledge of the solids
concentration and composition is considered basic to viscosity and filtration control in water-based drilling fluids.
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8.2 Apparatus

8.2.1

Retort instrument.

-1:2001(E)

Retorts of two sizes (10 ml and 20 ml) are commonly available. Specifications for these retorts are given below.

8.2.11

Sample cup.

Standard cup sizes are 10 ml (precision £ 0,05 ml) and 20 ml (precision £ 0,10 ml).

NOTE

8.2.1.2

_Other sample cup sizes are available from manufacturers of this equipment

Liquid condenser, of sufficient mass to cool the oil and water vapours below their

temperature prior to leaving the condenser.

8.2.1.3

Heating element, of sufficient wattage to raise the temperature of the sample\above the

point of the liquid components within 15 min without causing solids boil-over.

8.2.1.4

Temperature control (optional), capable of limiting the temperature~of the retort to 50(

(930 °F 4 70 °F).

8.2.2

and a furnjnel-shaped top to catch falling drops, meeting the following spgcifications:

Total volyime: 10 ml 20 ml 50 ml
Precisior] (0 to 100 %): + 0,05 ml + 0,05 ml + 0,05 ml
Frequengy of graduation marks (0 to 100 %): 0,10 ml 0,10 ml 0,10 ml

Calibratign: To contain “TC” at 20 °C (68 °F)

Scale: m|, cm3 or volume fraction (as percent)

Material:|Transparent, and inert to oil, water andssalt solutions at temperatures up to 32 °C (90 °F).

The recejver volume should be verified gravimetrically. The procedure and calculations are provided in &

8.2.3

Hine steel wool, oil-free.

“Liquid dteel wool” or similar preducts should not be used for this application.

8.2.4
8.2.5
8.2.6
8.2.7
8.2.8

8.2.9

High-temperature-silicone grease, to be used as a thread seal and a lubricant.
Ripe cleanets-

Rutty knife or spatula, with blade shaped to fit the inside dimensions of the sample cup of the

aporization

aporization

°C+40°C

Uiquid receiver (TC), specially designed cylindrical glassware with ‘a rounded bottom to facilitate cleaning

annex H.

etort.

I‘flarsh funnel.

Defoaming agent.

Corkscrew.

8.3 Procedure

8.3.1

Be sure that the retort sample cup, condenser passage and liquid receiver are clean, dry and cooled from
previous use. The inside of the sample cup and lid shall be thoroughly cleaned with a putty knife or spatula prior to
each test. Periodically, the interior of the sample cup should also be lightly polished with steel wool. The condenser
passage should also be cleaned and dried before each test using pipe cleaners. A build-up of material in the
condenser can decrease condensation efficiency and cause erroneous liquid readings in a test.

© ISO 2001 - All rights reserved
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NOTE
procedure.

8.3.2

Procedure will vary slightly depending on type of retort used. See manufacturers' instructions for complete

Collect a representative sample of water-based drilling fluid and allow it to cool to approximately 26 °C

(80 °F). Screen the sample through the 1,68 mm (0,066 in) (12 mesh) screen on the Marsh funnel to remove lost
circulation material, large cuttings or debris.

8.3.3
drilling fluid

8.34

and stir slowly for 2 min to 3 min to release gases.

If drilling fluid sample contains gas or air, add two to three drops of defoaming agent to about 300 ml of

Lubricate the threads on the sample cup and condenser tube with a light coating of silicone grease. This

prevents va
of the test.

8.3.5 Lig
prevent boi
NOTE )

8.3.6 Fill
on air or ga

8.3.7
ensure that

8.3.8 Wit
cup threadg
8.3.9 Sci

8.3.10 PIa

condensate

pour loss through the threads and also facilitates disassembly of the equipment and cleaning 3

htly pack a ring of steel wool into the chamber above the sample cup. Use only eneugh steq
-over of solids into the liquid receiver.

his is determined from experience.

the retort sample cup with degassed water-based drilling fluid, see 8.3.8. See annex D for in
5 removal.

Cailefully place the lid on the sample cup and allow an overflow of the Sample through the hole in

the correct volume of sample is in the cup.

n the lid held tightly in place, wipe the overflow from the<sample cup and lid. Be sure that th
are still covered with silicone grease after wiping, and_that the hole in the lid is not plugged.

pw the retort cup onto the retort chamber with its condenser.
Ce a clean, dry, liquid receiver under the condenser discharge tube.
8.3.11 Heat the retort and observe the liquid falling from the condenser. Continue heating for 10 min aftq
is collected.
ove the liquid receiver from the retort. Note whether solids are in the liquid which was recove

8.3.12 Re

the whole drilling fluid has boiled over fram:the sample cup and the test shall be repeated from 8.3.6.

8.3.13 Re
the volumes

8.4 Calc

8.4.1 Usi

d the volumes of water. and oil in the liquid receiver after it has cooled to ambient temperaturg
b (or volume percentages) of water and oil collected.

8.3.14 Codl the retort, remove’the steel with corkscrew and clean the sample cup with a putty knife or spa
Lilation
Ng thé>measured volumes of oil and water and the volume of the original whole drilling flui

(20 ml or 2d

ml),\calculate as percentages the volume fractions of water, oil and total solids in the drilling fl

t the end

| wool to

ormation

the lid to

b sample

r the last

ed. If so,

. Record

itula.

l sample
Lid.

a) Volume fraction water:

v, =1

where

Vwa

00 x

sa

V,, is the volume fraction of water, expressed as a percentage of the total sample volume;

Viva is the volume of water, in millilitres;

Vsa is the volume of the drilling fluid sample, in millilitres.

14
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(10)

b) Volume fraction oil:

V, =100 x Voa

sa

where

V, is the volume fraction of oil, expressed as a percentage of the total sample volume;

Voa is the volume of oil, in millilitres;

Vga [is the volume of the drilling fluid sample, in millilitres.
c) Volume fraction retort solids, Vg:

Vs =100 — (Vy, + Vo)
where Vdis the volume fraction of retort solids, expressed as a percentage of the total sample volume.
NOTE The percentage (volume fraction) retort solids above is only the difference between water plus oil,
sample vglume (10 ml or 20 ml). This difference is both suspended solids (weighting material and low-gravity) §
materials |(e.g. salt). This percentage (volume fraction) retort solids is the suspended solids only if the drillin

untreated

8.4.2 4

fresh-water drilling fluid.

dditional calculations are required to find the percentage’ (volume fraction) suspended solids

them to the relative volumes of low-gravity solids and weighting’material. To make these calculations,

drilling fly

Pt 7

id mass and chloride concentration are needed.

3V, - V,, [(C4/1 680 000) — 1,21 x C4]

is the percentage (volume fraction).suspended solids;
is the chloride concentration,in milligrams per litre.

ercentage (volume fraction) low-gravity solids is calculated as:

1
= ——[1000; + (pb _pf)'vss -100p _(pf _po)'Vo]
(pb_plg)

1+ 0,000 00109 x Cq4

where

(11

and the total
nd dissolved
g fluid is an

and relate
AN accurate

(12)

(13)

(14)

Vig
Pm

Pt

is the percentage (volume fraction) low-gravity solids, in milligrams per litre;
is the drilling fluid density, in grams per cubic centimetre;

is the density of filtrate, in grams per cubic centimetre;

© ISO 2001 - All rights reserved
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Pb

is the density of weighting material, in grams per cubic centimetre;

pig Is the density of low-gravity solids, in grams per cubic centimetre (use 2,6 if unknown);

is the density of oil, in grams per cubic centimetre (use 0,8 if unknown);
The p; density calculation [equation (14)] is based on the sodium chloride concentration.

Percentage (volume fraction) weighting material is calculated as:

Po
NOTE
844

Vp, = Ve
where V, is
8.4.5

Cig = 1(

cp =10

Css = Cj
where

Cg Is

C, Iis

Css IS
9 Sand
9.1 Prin
The sand ¢
measured K

9.2 Apparatus

9.2.1 Sig

Concentration of low-gravity solids, weighting material and suspended solids can becalculated as

s_VIg

the percentage (volume fraction) weighting material.

plg'vlg

O Vi

g+ Cp

he low-gravity solids concentration, in kilograms per.cubic metre;
he weighting material concentration, in kilograms*per cubic metre;

he suspended solids concentration, in kilegrams per cubic metre.

content
Liple

bntent of drilling fluid-is the percentage (volume fraction) of particles of diameter larger than 74
y a sand-screen_Set.

Ve, 75:um (200 mesh) and 63,5 mm (2,5 in) in diameter.

9.2.2

Fumnel to fit sieve

(15)

(16)
17)

(18)

um. Itis

9.2.3 Glass measuring tube, marked for the volume of drilling fluid to be added and graduated from 0 % to
20 % in order to read the percentage of sand directly.

16
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9.3 Procedure

9.3.1

the mouth of the tube and shake vigorously.

9.3.2

1:2001(E)

Fill the glass measuring tube with drilling fluid to the “drilling fluid” mark. Add water to the next mark. Close

Pour the mixture onto the clean, wet screen. Discard the liquid passing through the screen. Add more

water to the tube, shake, and again pour onto the screen. Repeat until the tube is clean. Wash the sand retained
on the screen to free it of any remaining drilling fluid.

9.3.3

funnel in
screen. A

9.34
drilling fl

(e.g. lost

10 Methylene blue capacity

10.1 Pr

10.1.1 1
and/or d
estimate

exchang
exchang

10.1.2

peroxide

A

o the mouth of the glass tube. Wash the sand into the tube by playing a fine spray of water
llow the sand to settle. From the graduations on the tube, read the volume percent of the sand

Report the sand content of the drilling fluid as a percentage (volume fraction). Report)the sd
id sample, i.e. above shaker, suction pit, etc. Coarse solids other than sand will be rétained or
circulation material) and the presence of such solids should be noted.

[l

nciple

he methylene blue capacity of drilling fluid is an indication;of the amount of reactive clay
ill solids) present as determined by the methylene blue test. The methylene blue capacity
of the total cation exchange capacity of the drilling fluid solids. Methylene blue capacity
b capacity are not necessarily equivalent, the former normally being somewhat less than the g
b capacity.

and acidified) until saturation is noted by fofmation of a dye “halo” around a drop of solids

Put the funnel upside down over the top of the sieve. Slowly invert the assembly and insert the tip of the

through the

urce of the
the screen

5 (bentonite
brovides an
and cation
ctual cation

Methylene blue solution is added to a sample’;0f drilling fluid (which has been treated with hydrogen

suspension

placed on filter paper. Variations of the procedure’ used on the drilling fluid can be performed on drill solids
and commercial bentonite to allow an estimiate of the amount of each type of solid present |n the fluid
(see API|RP 13l [4]).
10.1.3 Drilling fluids frequently contain, substances in addition to reactive clays that absorb methylene blue.
Pretreatment with hydrogen peroxidey(see 10.3.2) is intended to remove the effect of organic materipls such as
lignosulfgnates, lignites, cellulosic(polymers, polyacrylates, etc.
10.2 Rgagents and apparatus
10.2.1 Methylene bluevsolution, Reagent grade methylene blue (CAS No. 61-73-4), 3,209/l {1 mI=0,01
milliequivalent).
The moigture 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 a constant mass at 93 °C £ 3 °C (200 °F =+ 5 °F). Make the |appropriate
correctioninthe mass of mp’rhylpnp blue to be taken to prepare the solution as follows:
3,2
mg = (29)
Mgys
where
my is the mass of sample to be taken, in grams;
Mys IS the mass of the dried sample, in grams.
© 1SO 2001 - All rights reserved 17
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10.2.2 Hydrogen peroxide (CAS No. 7722-88-5): 3 % solution.

10.2.3 Dilute sulfuric acid (CAS No. 7664-93-9): approximately 2,5 mol/l (5 N).

10.2.4 Syr

inge, (TD) 2,5 ml or 3 ml.

10.2.5 Erlenmeyer flask, of capacity 250 ml.

10.2.6 Burette (TD) 10 ml, micropipette 0,5 ml, or graduated pipette 1 ml.

10.2.7 Graduated cylinder, (TD) 50 ml.

10.2.8 Stil
10.2.9 Hof

10.2.10 Filt

10.3 Proc

10.3.1 Adq
solution) to
generally 2
assure that

a) The ai
removg

dischalge the syringe back into the drilling fluid, keeping, the tip submerged.

b) Again draw the drilling fluid into the syringe until the.end of the plunger is at the last graduation on th

(e.g. at

c) Deliver
gradua

10.3.2 Adg¢

ring rod.
plate.

er paper, Whatman No. 13) or equivalent.

edure

2,0 ml of drilling fluid (or suitable volume of drilling fluid to require from 2 ml to 10 ml of methy
10 ml of water in the Erlenmeyer flask. The syringe used should have a capacity of more t
5 ml or 3 ml. By using a larger syringe, it is not necessary to{remove the air trapped in the s
exactly 2,0 ml of drilling fluid is being added, use the following procedure.

or gas entrained in the drilling fluid shall be removed (see annex D for information on 3
). Stir the drilling fluid to break the gel and quicklydraw the drilling fluid into the syringe. Th

the 3-ml line on a 3-ml syringe).

2,0 ml of drilling fluid by pushing the:plunger until the end of the plunger is exactly 2 ml fron
fion on the syringe. Thus in a 3-ml'syringe, it would be at the 1-ml line.

15 ml of 3 % hydrogen peroxide and 0,5 ml of sulfuric acid. Boil gently for 10 min, but do no

boil to dryn

ss. Dilute to about 50 ml(with water.

ene blue
han 2 ml,
yringe.To

ir or gas
en slowly

P syringe

h the last

t allow to

10.3.3 Add methylene blue solution to the flask in increments of 0,5 ml. If the approximate amount of methylene

blue solutio

necessary to réagh the endpoint is known from previous testing, larger increments (1 ml to

P ml) can

be used at|the beginning-of the titration. After each addition of methylene blue solution, swirl the contents of the

flask for ab
the drop on
ring surrou

10.3.4 Wh
another dr

ut 30 s. Whilé the solids are still suspended, remove one drop of liquid with the stirring rod 3
the filter¢paper. The initial endpoint of the titration is reached when dye appears as a blue or
ding the-dyed solids, as shown in Figure 1.

n-the blue tint spreading from the spot is detected, shake the flask for an additional 2 min §

\ind place
furquoise

nd place

the blue

ring does not appear, continue as before (see 10.3.3) until a drop taken after 2 min shows the blue tint. Free dye
detected immediately after adding 6 ml methylene blue solution is adsorbed after 2 min, and indicates that endpoint
has not quite been reached.

3) Whatman No. 1 is an example of a suitable product available commercially. This information is given for the convenience of

users of this

18

part of ISO 10414 and does not constitute an endorsement by ISO of these products.
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Key

Moist
Dyed
Free

been
Dyed
Free,
Moist
Endp

A WDN P

© 00 N O O

10.4 Cq

2.cm?

Volune of methylene blue solution added

ire
drilling fluid solids (no free, unadsorbed dye present)

lye, visible immediately after adding sixth cm3, is adsorbed after 2 min and indicates that the end point
eached

drilling fluid solids
unadsorbed dye
ire

bint

Appegrance of spot affer,2 min

Figure 1 — Spot tests for endpoint of methylene blue titration

Iculation

has not quite

Report the methylene blue capacity of the drilling fluid, calculated as follows:

Vinb

MBT = —mb.

where

Vgt

MBT is the methylene blue capacity;

Vmb

Vi

is the volume of methylene blue solution, in millilitres;

is the volume of drilling fluid sample, in millilitres.

© ISO 2001 - All rights reserved
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Alternatively, the methylene blue capacity can be reported as kilograms per cubic metre (or pounds per barrel)
bentonite equivalent (BE, based on bentonite with a cation exchange capacity of 70 meq/100 g) calculated as

follows:

BE, in kilograms per cubic metre =

BE, in pounds per barrel =

14,25 x MBT
Vat

5x MBT
Vr

(21)

(22)

NOTE

the amount
commercial
solids preser

11 pH

11.1 Pring
11.1.1 Fie
control. Claj
dependent

11.1.2 The

e kilograms per cubic metre (or pounds per barrel) bentonite equivalent from equation (21) or (22) is.ngt equal to

h
}f commercial bentonite in the drilling fluid. Reactive clays in the drill solids contribute to this quantity

entonite. See API RP 13l [4] for additional information on estimating the amount of commercial hentonit
t.

iple

d measurement of drilling fluid (or filtrate) pH and adjustments to-the’pH are fundamental to dr
y interactions, solubility of various components and contaminants, and effectiveness of additiv
bn pH, as is the control of acidic and sulfide corrosion processes.

term “pH” denotes the negative logarithm of the hydrogen ion, H*, activity in aqueous

(activity an

concentration are equal only in dilute solutions): pH< —log [H*]. For pure water at 24 °C (7

hydrogen ign activity [H*] is 10—/ mol/litre and pH = 7. This\system is termed "neutral" because the hyq
activity [OH] is also 10-7 mol/litre. In aqueous systems.at24 °C (75 °F) the ion product, [H*] x [OHT], id

constant).

onsequently, an increase in H* denotes a like decrease in [OH-]. A change in pH of one unit

a ten-fold ghange in both [H*] and [OH™]. Solutions. with pH less than 7 are termed “acidic” and thosq
greater tham 7 are termed “basic” or “alkaline”.

11.1.3 Thd
method is &
used with 3
compensats

Colour-mat
These metk
chemicals,
unit.

11.2 Reag

recommended method for measurement of drilling fluid pH is with a glass electrode pH m¢
\lccurate and gives reliable pH'values, being free of interferences if a high quality electrode
properly designed instrumieént. Rugged pH instruments are available that automatically tem
 the slope and are prefefred over the manually adjusted instruments.

ching pH-paper and sticks are used for field pH measurements, but are not the methods recon

ods are reliable_enly in very simple water-based drilling fluids. Drilling fluid solids, dissolved
hnd dark-coloured liquids cause serious errors in pH-paper values. Readability is normally abo

ents-and apparatus

hs well as
e and drill

lling fluid
ps are all

solutions
5 °F) the
roxyl ion
1014 (a
indicates
with pH

ster. This
bystem is
perature-

mended.
salts and
ut 0,5 pH

11.2.1 Bu

fer’solutions, to calibrate and set the slope of pH meter prior to sample measurement

a)

b) pH

pH =4,

0: potassium hydrogen phthalate at 0,05 mol/l in water. Gives 4,01 pH at 24 °C (75 °F).

7,0: potassium dihydrogen phosphate at 0,020 66 mol/l and disodium hydrogen phos

0,029 34 mol/l in water. Gives 7,00 pH at 24 °C (75 °F).

c)
24 °C (

75 °F).

phate at

pH = 10,0: sodium carbonate at 0,025 mol/l and sodium bicarbonate at 0,025 mol/l in water. Gives 10,01 pH at

Buffers may be obtained from supply houses as pre-made solution, dry-powder packages, or a given formula. Shelf
life of all buffers should not exceed six months before disposal. The date of preparation of buffer should be shown

on bottles u

20

sed in the field. Bottles should be kept tightly stoppered.
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11.2.2 Distilled or deionized water, in spray bottle.

11.2.3 Mild liquid detergent.

11.2.4 Sodium hydroxide, NaOH (CAS No. 1310-73-2): 0,1 mol/l (approximately); to recondition electrode.

11.2.5 Hydrochloric acid, HCI (CAS No. 7674-01-0): 0,1 mol/l (approximately); to recondition electrode.

11.2.6 Ammonium bifluoride (CAS No. 1341-49-7): 10 % solution (approximately); to recondition electrode.

WARNING — HCl is a strong and toxic acid.

11.2.7 N
membra
The instr
a) pHr
b) elec
C) pow
d) oper
e) read
f) reso
g) accy
h) repg
i) adju
1)
2)
3)
11.2.8 B

fillivolt-range potentiometer calibrated to show pH units for measuring the potential betwe
e electrode and a standard “reference” electrode.

Liment should preferably be water-, shock- and corrosion-resistant and portable. Specifications
Ange: 0 to 14;

ronics type: solid state (preferred);

br source: batteries (preferred);

ating temperature range: 0 °C to 66 °C (32 °F to 150 °F);
out: digital (preferred);

ution: 0,1 pH unit;

racy: £ 0,1 pH unit;

atability: 0,1 pH unit;

stments:

‘temperature” compensation of electrode system;

‘slope” of electrode system¢(preferred);

‘calibration” setting of\ readout. (Instrument with the above internal temperature comp
preferred).

Flectrode system,; a combination of a glass electrode for sensing H* ions and a stand

referenceg electrode, preferably constructed as a single electrode.

The body
and easi

of thissprobe should be constructed of durable material. A flat-end probe is preferred for bette
br cleaning of the electrode. Waterproof connection to the meter is recommended. Specificatior]

en a glass-

are:

ensation is

ard voltage

r protection
s are:

a) glas

L i alactrade rasnonseranaae-0to0 14 nkH tunitc-
pr-erectoae Poh Fahge- tO—+4—pPr-uhHS;

b) electrodes: a glass electrode and a silver/silver chloride electrode in combination, having a ceramic or a plastic
single or double junction;

Use double-junction electrode for measuring liquids containing sulfide or bromide ion to avoid damaging
(silver) reference electrode system.

c) electrolyte in reference electrode: KCl gel;

d) glass composition: suitable for low sodium ion error;

e) sodium ion error: at pH = 13 or at 0,1 mol Na" ion, an error less than 0,1 pH unit.
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11.2.9 Soft tissue, to blot electrodes.

11.2.10 Thermometer, glass, 0 °C to 150 °C (32 °F to 300 °F).

11.2.11 Soft-bristle test tube brush, to clean electrode.

11.2.12 Ele

11.3 Proc

11.3.1 Ob

attempting
Tables of
calibration

11.33 C

11.3.4 Pla

11.3.5 Tun

11.3.6 Me

11.3.7 Set

11.3.8 Set

11.3.9 Rin
11.3.10 R
sample, or

“slope” adjy

11.3.11 @
11.3.6 throd

Discard anq
day, as per

11.3.12 I
be tested a

ctrode storage vial, to keep electrodes moist.

edure for pH measurement

o calibrate at another temperature, the actual pH of the buffer at this temperature should
uffer pH values at various temperatures are available from the suppliers ‘and should be us
rocedure.

an electrodes by washing with distilled water and blot dry.

Ce probe into pH 7,0 buffer.

h on meter; wait 60 s for reading to stabilize (see 11.4 if meter reading is not stable).

hsure temperature of pH 7,0 buffer solution.

this temperature on “temperature” knob.

meter reading to “7,0” using “calibration”*knob.

5e probe with distilled water and blet\dry.

epeat operations in 11.3.6 through 11.3.9 using either pH 4,0 or pH 10,0 buffer. Use pH 4,0

pH 10,0 if “alkaline” sample)is to be tested. Set meter to number “4,0” or “10,0” respectivg
stment knob. (If no “slope” knob exists, use the “temperature” knob to set “4,0” or “10,0” on me

do not reuserthe sample of buffer solutions used in calibration. Meter should be fully calibral
11.3.2 through 11.3.9, using two buffers. Check with pH 7,0 buffer every 3 h.

meter calibrates properly, rinse electrode with distilled water and blot dry. Place electrode in §

b sample
75 °F). If
be used.
ed in the

f “acidic”
ely, using
ter).

heck the meter again_with pH 7,0 buffer. If it has changed, reset to “7,0” with “calibration” knolp. Repeat
gh 11.3.9. If metérdoes not calibrate properly, recondition or replace electrodes as given in 11},

4.

ed every

ample to

nd-stir gently. Allow 60 s to 90 s for reading to stabilize.

11.3.13 Record sample pH to nearest 0,1 pH unit and the temperature of sample.

11.3.14 Carefully clean the electrode in preparation for next usage. Store in vial of pH 4,0 buffer. Never let the
probe tip become dry.

11.3.15 Turn meter off and close cover to protect instrument. Avoid storing instrument at extreme temperatures

[below 0 °C

22

(32 °F) or above 50 °C (120 °F)].
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11.4.1 Cleaning the electrode is necessary periodically, especially if oil or clay particles coat the face of the glass
electrode or the porous frit of the reference electrode. Clean electrode with a soft-bristle brush and a mild
detergent.

11.4.2 Reconditioning the electrode may be necessary if plugging becomes severe, as indicated by slow
response, drifting of readings, or if “slope” and “calibration” cannot be mutually set.

11.4.3 Recondition by soaking electrode for 10 min in 0,1 mol/l HCI, followed by rinsing in water and soaking for

10 min in

0,1 mol/l NaOH and rinsing again.

1144 ¢

11.4.5
solution.

1146 R

12 Alk

12.1 Pr

12.1.1 A
measure
(designa
concentr

12.1.2 K
proper ¢
alkaline

beneficiq],

fluid perf

12.1.3 1
bicarbon
form by
the titrat
measure
that the
theoretic

12.1.4 1
estimate

heck electrode for response by performing calibration in 11.3.1 through 11.3.15.

Repeat 11.3.1 through 11.3.15 to check for calibration capability.

Replace electrode system if above steps fail to recondition it.

alinity and lime content

nciple

Ikalinity can be considered as the acid-neutralizing powenof a substance. In drilling fluid testin
ments can be made on either the whole drilling fluid, (designated with a subscript m) or o
ed with a subscript f). The data collected fromthe alkalinity test can also be used to €
htions of hydroxyl (OH"), carbonate (CO32‘) and hicarbonate (HCOg3") ions in the drilling fluid.

bntrol of the drilling fluid chemistry. Drilling fluid additives, particularly some deflocculants,
bnvironment to function properly. Alkalinity arising from hydroxyl ions is generally acceptg

hrmance.

he ions that are primarily responsible for filtrate alkalinities are the hydroxyl (OH"), carbonate (
hte (HCO3) ions. It is impertant to realize that the carbonate species can change from one forn
hanging the solutiop-pH. The interpretation of filtrate alkalinities involves calculating differeng
on values obtaingd\by the following procedures. It is for this reason that special attention
Mment of the various’reagents is important in all steps of the procedure. In addition it is importal

h| chemical equilibrium reactions.

he composition of drilling fluid filtrates is often so complex that the interpretation of alkalinities

react with

nowledge of the drilling fluid and filtrate .alkalinities is important in many drilling operations

following calculations are only estimates of the concentrations of the reported ionic speciep

electrode continues to perform poorly, soak electrode for 2 min only in 10 % ammonium bifluoride

g, alkalinity
the filtrate
stimate the

to ensure
require an
d as being

while alkalinities resulting from carbonates and/or bicarbonates may have adverse effects on the drilling

0327, and
h to another
es between
to accurate
nt to realize
based on

in terms of
s which will

| ionie components may be mlsleadlng Any partlcular alkallnlty value represents all of the ion

ay contribute

to the alkalinity, in addltlon to the hydroxyl carbonate and blcarbonate ions, are borates S|I|cates sulfides and
phosphates. Perhaps more serious in drilling fluids are anionic organic thinners, filtrate reducers, and their
degradation products which may contribute to a large portion of the alkalinity value as well as masking the endpoint
colour change. These organic materials make a particularly large contribution to the M; alkalinity and thus render
the test highly inaccurate in drilling fluids treated with organic thinners. However, for simple bentonite-base drilling
fluid systems containing no organic thinners, the P; and M; alkalinities (see 12.3) can be used as guidelines to
determine both the presence of carbonate/bicarbonate contamination and the treatment necessary to alleviate the
contamination.
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12.2 Reagents and apparatus

12.2.1 Sulfuric acid (CAS No. 7664-93-9) solution: standardized 0,02 N (N/50).

12.2.2 Phenolphthalein (CAS No. 518-51-4) indicator solution: 1 g/100 ml in 1:1 alcohol:water solution.
12.2.3 Methyl orange (CAS No. 547-58-0) indicator solution: 0,1 g/100 ml| of water.

12.2.4 pH meter (optional).

NOTE pH_meter is more accurate than indicator solution.

12.2.5 Titation vessel, 100 ml or 150 ml, preferably white.

12.2.6 Graduated pipettes (TD), 1 ml and 10 ml.

12.2.7 Volumetric pipette (TD), 1 ml.

12.2.8 Syitinge (TD), 1 ml.

12.2.9 Stifring rod.

12.3 Procledure — Filtrate alkalinity: Pf, M¢

12.3.1 Megsure one or more millilitres of filtrate into the titration® vessel. Add two or more drop
phenolphthalein indicator solution. If the indicator turns pink, add 0,02 N (N/50) sulfuric acid, drop by drop
graduated pipette, while stirring, until the pink colour just disappears. If the sample is so coloured that the
colour charjge is masked, the endpoint can be taken when.the pH drops to 8,3 as measured with a g

(Refer to clause 11 for proper pH measurement).

per millilitre

12.3.3 To

12.3.2 Report the phenolphthalein alkalinity of the {iltrate, Pf, as the number of millilitres of 0,02 N acid
of filtrate.
he sample which has been titrated-to the P; endpoint, add two or three drops of methyl orange|

solution. Ad
from yellowj
meter. (Ref

d the standard acid drop by drop from the pipette, while stirring, until the colour of the indicaton
to pink. The endpoint can also be taken when the pH of the sample drops to 4,3 as measureq
br to clause 11 for proper\pH measurement.)

s of the
from the
indicator
H meter.

required

indicator
changes
by a pH

12.3.4 Report the methyl orange alkalinity of the filtrate, My, as the total millilitres of 0,02 N acid per npillilitre of

filtrate requ

12.4 Proc

12.4.1 Me
drilling fluid

red to reach the-methyl orange endpoint (including that amount required for the P; endpoint).

edure =< Drilling fluid alkalinity: P,

hsure \1,0 ml of drilling fluid into the titration vessel using a syringe or volumetric pipette. [
sample with 25 ml to 50 ml of distilled water. Add 4 drops to 5 drops of phenolphthalein

Dilute the
indicator

solution an

0 white sty titrate Tapidty withr 0,02 R~ (NS0 —standard—sutfuric—acid—sotutiomomntit—the i

1k colour

disappears. If the endpoint colour change cannot be seen, it can be taken when the pH drops to 8,3 measured by a
pH meter. (Refer to clause 11 for proper pH measurement.)

If cement contamination is suspected, the titration shall be performed as rapidly as possible and the endpoint

reported as

the first disappearance of the pink colour.

12.4.2 Report the phenolphthalein alkalinity of the drilling fluid, P, as the number of millilitres of 0,02 N (N/50)
acid required per millilitre of drilling fluid.

24
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12.5 Calculation of P;, M;

The mass concentrations of hydroxyl, carbonate and bicarbonate ions can be estimated as shown in Table 3.

Table 3 — Concentrations of hydroxyl, carbonate and bicarbonate ions, mg/l

OH~ CO;™ HCO;
P=0 0 0 1220 Mg
2 Pr< M 0 1200P;  |1220 (M;—2Py)
2P = M 0 1 200 P 0
2P;>M; | 340 (2 Ps—Mj) |1 200 (Ms— Py) 0
P = M 340 M 0 0

12.6 EStimation of lime content

Determine the P; and P,, of the filtrate and drilling fluid as described in 12.3 and 12.4.

Determine the volume fraction of water in the drilling fluid using the{value for volume fraction, expressed as a
percentape, of water from the liquid and solids determination (clause 8) in the following equation:

Vw

o6 )

Fw [is the volume fraction of water in the drilling-fluid;
Vyy [is the volume fraction, expressed &s @ percentage, of water in the drilling fluid (see clause 8).

Report the lime content of the drillingSfluid in kilograms per cubic metre (or pounds per barrel) from the following
equation

Estimated lime content, kilograms per cubic metre = 0,742 x (P, — F,,Ps) (24)
Estimated lime content, (pounds per barrel) = 0,26 x (P, — F,Ps) (25)
where

Fw [is the'volume fraction of water in the drilling fluid;

P, s the phenolphthalein alkalinity of the drilling fluid;

P; is the phenolphthalein alkalinity of the filtrate.

13 Chloride ion content

13.1 Principle

The chloride test measures the chloride ion concentration in drilling fluid filtrate.
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13.2 Reagents and apparatus

13.2.1 Silver nitrate (CAS No. 7761-88-8) solution, containing 4,791 g/l (equivalent to 0,001 g chloride ion/ml),

stored in an

13.2.2 Pot

amber or opaque bottle.

assium chromate (CAS No. 7789-00-6) indicator solution, 5 g/100 ml of water.

CAUTION — This product is known to be carcinogenic and should be handled with care.

13.2.3
(N/50).

Sulfuric acid (CAS No. 7664-93-9) or nitric acid (CAS No. 7697-37-2) solution, standardized 0,02 N

13.2.4 Phg

13.2.5 Cal

13.2.6 Di

S

g

13.27 G

=

13.2.8 Tity

13.2.9 Stif
13.3 Proc

13.3.1 Me

If the filtratg¢ turns pink, add acid drop by drop from pipette, while stirring, until the colour has disappear

filtrate was
Then add 1

13.3.2 Adq
while addin
orange-red
10 ml of silv

NOTE I

chloride ion per millilitre may be used Thefactor 1 000 in equation (30) is then changed to 10 000.

13.4 Calc

Report the

c[Cl]

cium carbonate (CAS No. 471-34-1), precipitated, chemically pure grade.

enophthalein (CAS No. 518-51-4) indicator solution, 1 g/100 ml of 1:1 alcohol/water solution

tilled water.
duated pipettes (TD), 1 ml and 10 ml.
ation vessel, 100 ml or 150 ml, preferably white.

ring rod.

edure
hsure 1 cm® or more of filtrate into the titration vessehAdd 2 drops to 3 drops phenolphthalein

originally deeply coloured, add an additional. 2:ml of 0,02 N (N/50) sulfuric acid or nitric acid
g calcium carbonate and stir.

25 ml to 50 ml distilled water and 5 drops to 10 drops potassium chromate solution. Stir con
j standard silver nitrate solution drop.by drop from the pipette, until the colour changes from
and persists for 30 s. Record the volume of silver nitrate solution required to reach the endpoi
er nitrate solution is used, repeat the test with a smaller sample of filtrate.

the chloride ion concentration”of the filtrate exceeds 10 000 mg/l, a silver nitrate solution equivalent
Lilation
Chloride ion‘cencentration c[CI] of the filtrate, in milligrams per litre, calculated as follows:

= 1000 X% Vﬂ
Vi

solution.
ed. If the
and stir.

inuously,
yellow to
ht. If over

to 0,01 ¢

(26)

where

Vgn is the volume of silver nitrate solution, in millilitres;

Vs

To convert u

is the volume of the filtrate sample, in millilitres.

nits:

Sodium chloride concentration, c[NaCl], in milligrams per litre =165 x c[Cl ]

Refer to Tal

26

ble 1 for density conversions.

(27)
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14 Total hardness as calcium

14.1 Principle

The hardness of water or drilling fluid filtrate is due primarily to the presence of calcium and magnesium ions. When
EDTA (or its salt) is added to the water or filtrate, it combines with both the calcium and magnesium and the
endpoint is determined with a suitable indicator. The total hardness of the water or filtrate is expressed as
milligrams calcium per litre. An endpoint obscured by dark components can often be remedied by oxidizing with a
reagent such as sodium hypochlorite.

14.2 Re

14.2.1 B
dihydrate

14.2.2 B
No. 1336

14.2.3 H
naphthol

14.2.4 A
CAUTIO

14.2.5 N
(CAS No

14.2.6 §

agents and apparatus

EDTA solution (CAS No. 6381-92-6), 0,01 mol/l; standardized disodium ethylenediamine
(1 ml =1 000 mg/l CaCO3, 1 ml = 400 mg/l Ca2*).

uffer solution, 67,5 g ammonium chloride (CAS No. 12125-02-9) and 570 ml ammonium hyd
-21-6) (15 N) diluted to 1 000 ml with distilled water.

lardness indicator solution, 1 g/l (Calmagite®¥ or equivalent); 1-(1=hydroxy-4-methyl-2-ph
4-sulfonic acid (CAS No. 3147-14-6) in distilled water.

cetic acid (CAS No. 64-19-7), glacial.
N — Avoid skin contact.

lasking agent, 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):tetraethylen
112-57-2):water.

odium hypochlorite (CAS No. 7681-52-9) solution, 5,25 % mass fraction in deionized water.

Many brInds of commercial laundry bleach contain calcium hypochlorite or oxalic acid and should n

Ensure t

14.2.7 1

The deid

e sodium hypochlorite is fresh, as it:will'deteriorate with time.
Deionized or distilled water.

nized water and sodium~hypochlorite solution should be tested for hardness by using 50

deionized water and 10 ml of the sodium hypochlorite solution without the test sample, and continuing

and 14.3
hypochlog
the hardr
14.2.8 1

14.2.9 (

8. If the procedure is:.then repeated with the test sample utilizing 50 ml deionized water and 1
rite solution in 14:3:2"through 14.3.6, the hardness of the test sample can be determined by
ess of the deionized water and hypochlorite.

itration yessel, 150 ml beaker.

braduated pipettes (TD), 5 mland 10 ml.

letraacetate

oxide (CAS

enylazo)-2-

epentamine

ot be used.

0 ml of the
with 14.3.7
D ml sodium
subtracting

14.2.10 \

olumetric ninettes (ITD)Y 1. ml 2 ml and 5 ml
T \ VAl 1 *

14.2.11 Hot plate (required if filtrate is coloured).

14.2.12 pH paper strip.

4) Calmagite® is an example a suitable product available commercially. This information is given for convenience of users of
this part of ISO 10414 and does not constitute an endorsement by 1SO of this product.
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14.3 Proc

edure

14.3.1 Measure one or more cubic centimetres of sample into a 150 ml beaker. (If filtrate is clear, or is only lightly
coloured, omit steps 14.3.2 through14.3.5.)

14.3.2 Add 10 ml sodium hypochlorite solution and mix.

14.3.3 Add 1 ml glacial acetic acid and mix.

14.3.4 Boil the sample for 5 min. Maintain the sample volume by adding deionized water as required during

boiling. Boil

ing_is required to remove excess chlorine. The absence of chlorine can be verified by immersi

ng a strip

of pH pape

Work in an

14.3.5 Cool the sample.

14.3.6 Rin
Add approx|

NOTE )

triethanolamine:tetraethylenepentamine:water (1:1:2 by volume) has proven to be a suifable masking agent. 1 ml of tl

is used per ti

14.3.7 Adg
and/or mag

14.3.8 Wh
from red to
blue colour

14.4 Calc

Total hardn

where

VEDTA

Vs

in the sample. If the paper is bleached white, continued boiling is required.

hdequately ventilated area.

5e the inside of the beaker with deionized water and dilute the sample to 50.ml with deioniz
mately 2 ml buffer solution and swirl to mix.

he presence of soluble iron may interfere with the endpoint determination.¢Should this be suspected, a

fration.

sufficient hardness indicator (2 drops to 6 drops) and mix~A wine-red colour will develop i
hesium is present.

le stirring, titrate with EDTA solution to the properendpoint. Calcium indicators will produce
blue. The endpoint is best described as the poinfiat which additional EDTA produces no furth

change. The titration volume of EDTA is used.ifi’the calculation in 14.4.
Lilation

L - Vepta
2SS as calcium, in milligrams perlitre = 400 x ———~

S

is the volume of EBTA solution, in millilitres;

is the volume.of the sample, in millilitres.

ed water.

mixture of
he mixture

f calcium

h change
er red to

(28)
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Annex A
(informative)

Chemical analysis of water-based drilling fluids

A.1 Calcium

A.1.1 Principle
When EDTA (or its salt) is added to water or drilling fluid filtrate containing both calcium~and mggnesium, it
combines first with calcium. Calcium can be determined with EDTA when the pH of the sample is sufficiently high,
so that nfagnesium is precipitated as the hydroxide, and an indicator specific for calciumlis used. Several indicators

will give polour changes when all of the calcium has been complexed by EDTA at a pH of 12 to 13. An endpoint
obscured by dark organic components can be remedied by oxidizing with a reagentsuch as sodium hypochlorite.

A.1.2 Reagents and apparatus

A.l2.1 EDTA solution (CAS No. 6381-92-6), 0,01 mol/l, standardized disodium ethylenediamineletraacetate
dihydratg (1 ml = 1 000 mg/l CaCOs, 1 ml = 400 mg/l Ca2*).

A.1.2.2 Calcium buffer solution, 1 mol/l sodium hydroxide,(NaOH) (CAS No. 1310-73-2).
A.1.2.3 Calcium indicator, Calver® 119 or hydroxy naphthol blue (CAS No. 63451-35-4).
A.l1.2.4 Acetic acid (CAS No. 64-19-7), glacial.

CAUTION — Avoid skin contact.

A.1.25 Titration vessel, 150 ml beaker:

A.1.2.6 Graduated pipettes (TD))1 ml and 10 ml.

A.1.2.7 Volumetric pipettes)(TD), 1 ml, 2 ml and 5 ml.

A.1.2.8 Hot plate (reqdired if filtrate is coloured).

A.1.2.9 Maskingragent, 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):tetraethylenepentamine
(CAS No| 112-57<2)water.

A.1.2.10| _‘pHpaper.

A.1.2.11  Graduated cylinder (TC), 50 ml.
A.1.2.12  Sodium hypochlorite (CAS No. 7861-52-9) solution, 5,25 % mass fraction in deionized water.

Many brands of commercial laundry bleach contain calcium hypochlorite or oxalic acid and should not be used.
Ensure the sodium hypochlorite is fresh, as it will deteriorate with time.

A.1.2.13 Deionized or distilled water.

5) Calver® Il is an example a suitable product available commercially. This information is given for convenience of users of
this part of ISO 10414 and does not constitute an endorsement by 1SO of this product.
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The deionized water and sodium hypochlorite solution should be tested for calcium by using 50,0 ml of the
deionized water and 10 ml of the sodium hypochlorite solution without the test sample. If the procedure is then
repeated with the test sample utilizing 50,0 ml of the deionized water and 10 ml of the sodium hypochlorite solution
in A.1.3, the calcium of the test sample can be determined by subtracting the calcium of the deionized water and

sodium hyp

ochlorite solution.

A.1.3 Procedure

g boiling.
rip of pH
mple will

A.1.3.1 With a volumetric pipette, add 1 ml or more of sample into a 150 ml beaker. This sample volume will be
used in the calculation shown in A.1.4. If filtrate is colourless or is only slightly coloured, omit steps A.1.3.2 through
A.1.3.5.

A.1.3.2 With graduated pipette, add 10 ml hypochlorite solution and mix.

A.1.3.3 With graduated pipette, add 1 ml glacial acetic acid and mix.

A.1.34 Boil the sample for 5 min. Maintain the sample by adding deionized water as xequired durin

Boiling is rgquired to remove excess chlorine. The absence of chlorine can be verified\dy immersing a s

paper in the sample. If the paper is bleached white, continued boiling is required. A sufficiently boiled sa

show a pH pf 5,0.

A.1.35 Cool the sample.

A.1.3.6
deionized W
to 13.

NOTE )

Rinse the inside of the beaker with deionized water and dilute*the sample to approximately 5
ater. Add 10 ml to 15 ml of calcium buffer solution, or sufficient sodium hydroxide to produce al

he presence of soluble iron may interfere with the endpoint determination. Should this be suspected, a

triethanolamine:tetraethylenepentamine:water (1:1:2 by volume) ista suitable masking agent. Add 1,0 ml of the mi

A.1.3.6.

A.1.3.7
present. To

NOTE
endpoint.

1

A.1.3.8
change fror
red to blue

A.1.4 Cal

Calciur

Add sufficient calcium indicator (0,19 te 0,2 g) to produce a pink to wine-red colour if ¢
b much indicator will obscure the endpojnt.

he addition of several drops of methyl orange along with the calcium indicator may improve the visib

While stirring, titrate with standard EDTA to the proper endpoint. Calcium indicators will p

colour change. Then\EDTA volume will be used in the calculation in A.1.4.
Culation

o . \Y,
N coneentration, in milligrams per litre = 400 x —EDTA

S

0 ml with
pH of 12

mixture of
ture after

alcium is

lity of the

roduce a

h red to blue. The endpoint is best described as that point where additional EDTA produces fo further

(A1)

where

VEDTA

Vs

30

is the volume of EDTA solution, in millilitres;

is the volume of the sample, in millilitres.
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The magnesium content of the drilling fluid filtrate can be calculated by subtracting the calcium ion content from the
total hardness. This gives the magnesium content in terms of calcium which is converted to magnesium by
multiplying the value by the ratio of atomic weights (24,3/40 = 0,6).

A22 P

rocedure

A2.21

A.2.2.2

A.2.3 C

Magnesiyim concentration, in milligrams per litre = 0,6 x (Total hardness, mg/l — Calcium’content, mg/l)

A.3 Calcium sulfate

A3.1 P

The calc
determin

sulfate contents of the drilling fluid can then be calculated.

A3.2 R

A3.21
dihydrate

A.3.2.2
A.3.2.3
A3.2.4
CAUTIO

A.3.2.5
(CAS No

A.3.2.6

Determine the total hardness as calcium (14.3 through 14.4).

Determine the calcium content as described in A.1.

alculation

Finciple

um sulfate content of drilling fluid is determined by ‘using the EDTA method as describe
e the total calcium in a drilling fluid filtrate and the whole drilling fluid. The total and undissol

eagents and apparatus

EDTA solution (CAS No. 6381-92-6), 0,01 mol/l, standardized disodium ethylenediamine
(L ml =1 000 mg/l CaCO3, 1 ml =.400-mg/l Ca2*).

Buffer solution, 1 mol/l sodium hydroxide (NaOH) (CAS No. 1310-73-2).
Calcium indicator, Calver® 118 or hydroxy naphthol blue (CAS No. 63451-35-4).
Acetic acid (CAS.No. 64-19-7), glacial.

N — Avoid skinvcontact.

MaskKing agent, 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):tetraethylen
112-57<2):water.

(A.2)

d in Al to
ed calcium

[etraacetate

epentamine

vater.

Sodium hypochlorite (CAS No. 7861-52-9) solution, mass fraction of 5,25 % in deionized

Many brands of commercial laundry bleach contain calcium hypochlorite or oxalic acid and should not be used.
Ensure the sodium hypochlorite is fresh, as it will deteriorate with time.

6) Calver® Il is an example a suitable product available commercially. This information is given for convenience of users of
this part of ISO 10414 and does not constitute an endorsement by 1SO of this product.
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A.3.2.7 Deionized or distilled water.

The deionized water and sodium hypochlorite solution should be tested for calcium by using 10 ml of the deionized
water and 10 ml of the sodium hypochlorite solution without the test sample. If the procedure is then repeated with
the test sample utilizing 10 ml of the deionized water and 10 ml of the sodium hypochlorite solution in A.3.3, the
calcium of the test sample can be determined by subtracting the calcium of the deionized water and sodium

hypochlorite solution.

A.3.2.8 Titration vessel, 150 ml beaker.

A.3.2.9 Graduated pipettes (TD), 1 ml and 10 ml.

A.3.2.10 |Volumetric pipettes (TD), 1 ml, 2 ml, 5 ml and 10 ml.

A.3.2.11 [Hot plate (required, if filtrate is coloured).

A.3.2.12 pH paper.

A.3.2.13 |Graduated cylinder (TC), 50 ml.

A.3.2.14 Drilling fluid retort, as described in clause 8.

A.3.3 Profedure

A.3.3.1 Add 5 ml of whole drilling fluid to 245 ml deionized water..Stir the mixture for 15 min and filter {hrough a

standard filfer press in accordance with 7.2.2. Collect only clear filtrate. Into a 150 ml beaker, add 10 m

| of clear

filtrate with the 10 ml volumetric pipette and titrate to the EDTA.endpoint as described in A.1 and call this yolume of
EDTA V,.
A.3.3.2 Titrate 1 ml of the original drilling fluid filtrate\(obtained as described in 7.2) to the EDTA endgoint. Call
this volume|of EDTA V;.
A.3.3.3 Retort the drilling fluid. Determine ‘the volume fraction of water in the drilling fluid, F,,, by bsing the
value for v@lume fraction, expressed as a percentage, of water from the liquid and solids determination] and the
following equation:

| = A.3

w =100 (A.3)

where

Fw is [he volume.fraction of water in the drilling fluid;

V,, is fhe yolume fraction, expressed as a percentage, of water in the drilling fluid (see clause 8).
A.3.4 Calculation
A3.4.1 The calcium sulfate content of the drilling fluid in kilograms per cubic metre (or pounds per barrel) is
calculated by using the following equations:

Total calcium sulfate content, in kilograms per cubic metre = 6,79V, (A.4)

Total calcium sulfate content, in pounds per barrel = 2,38V, (A.5)

where V; is the EDTA titration volume of whole drilling fluid; see A.3.3.1.

32
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The (excess) undissolved calcium sulfate content of the drilling fluid in kilograms per cubic metre (or
pounds per barrel) may be calculated by using the subsequent equation:

Excess calcium sulfate content, kilograms per cubic metre = 6,79 V, — 1,37 (V¢ F,)

Excess calcium sulfate content, in pounds per barrel = 2,38 V; - 0,48 (V¢ F)

where

Fw

is the volume fraction of water in the drilling fluid;

(A.6)

(A7)

Vi

Vs

A.4 Su

A4l P

A4.1.1

sulfides i
train, cor
train sep
by darke
low-rang
jet-black,
A.4.1.2

absence
should b

A42 R
A4.21
A.4.2.2

A.4.2.3
dioxide ig

A4.2.4

a) Low

is the EDTA volume of whole drilling fluid, see A.3.3.1;

is the EDTA volume of the drilling fluid filtrate, see A.3.3.2.

Ifide

Finciple

The concentration of soluble sulfides in a drilling fluid can<be determined by this meth
hclude H,S and the sulfide (SZ‘) and bisulfide (HS") ions. Drilling fluid filtrate is acidified in a
verting all sulfides to H,S which is evolved by bubbling an.inert carrier gas through the samq
prates the gas from the liquid. The gas stream is passéd-.through a Dréger?) tube which resp
ning along its length. The darkened length is proportional to the total sulfide in the drilling fluid
b Drager tube turns from white to brownish-black and the high-range Drager tube turns from

No common drilling fluid contaminant will cause.these colour changes.

Lead-acetate paper disks can be accommmodated in the Garrett gas train to determine the

of sulfide. If the presence of sulfide is indicated by darkening of the lead-acetate paper, a
b used for quantitative analysis.

eagents and apparatus
Sulfuric acid (CAS No.,7664-93-9): approximately 2,5 mol/l, ACS reagent grade.
Defoamer in a dropper bottle.

Carrier gasi.ihert to hydrogen sulfide, acid and Drager tube reagents. Nitrogen is preferred
acceptable. (Avoid air or other oxygen-containing gases).

Drager'H,S analysis tubes:

range: marked H,S 100/a (No. CH-291-01);

od. Soluble
Garrett gas
le. The gas
bnds to H,S
filtrate. The
pale blue to

bresence or
Drager tube

but carbon

b) High range: marked H,S 0,2 %/A (No. CH-281-01).

7) Drager tubes are an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 10414 and does not constitute an endorsement of ISO of this product.
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A.4.25 Garrett gas train apparatus, consisting of a transparent plastic gas train, an inert gas supply and
pressure regulator, a floating-ball flow meter and a Drager tube.

Specifications of the Garrett gas train:

a) Body
1) Chamber 1:
— Depth 90 mm (3,54 in)
— Diameter 38 mm (1,52 in)

2) Chambers 2 and 3:
—| Depth 90 mm (3,54 in)
—|{ Diameter 30 mm (1,18 in)

3) P4dssages between chambers:
—| Diameter 2,0 mm (0,08 in)

4) Material:
—1 Transparent material or glass which is inert to acid, sulfides, and hydrogen sulfide gas.

b) Dispergion tube

1) Stem:
—| Diameter 8,0 mm (0,315 in)
—1 Length approx. 150 mm 5,9 in)

2) Digpersion frit (bell-shaped, fine):
—| Diameter 30 mm (1,18 in)

3) Material:
—1 Low coefficient of expansion, heatiresistant glass.

c) Flow meter, floating ball type preferred, capable of measuring 300 ml/min of CO, gas.

d) Flexible tubing, type inert to hydrogen sulfide and carrier gas. Latex rubber or equivalent is preferred

e) Fittingp and rigid tubing,type inert to hydrogen sulfide and acid.
f)  Rubbef septum.
A.4.2.6 Lead-acetate paper disk (see A.4.3.16).

A.4.2.7 Hypodermic syringes, 10 ml and 2,5 ml (for acid), and 5 ml and 10 ml (for sample).

A.4.2.8 Hypodermic needles, 38 mm (1,5 in) 21-gauge needles.

A.4.3 Procedure

A.43.1 Ensure the gas train is clean, dry and on a level surface, with the top removed.

NOTE Moisture in the train can cause the ball in the flow meter to float erratically and may affect the accuracy of the
Dréager tube reading.

A.4.3.2 Add 20 ml of deionized water to Chamber 1.

A.4.3.3 Add 5 drops defoamer to Chamber 1.

34 © ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=286eabe64166e62be096019ff79865eb

A.4.3.4

A.4.3.5

A.4.3.6

ISO 10414-1:2001(E)

See Table A.1 for sample volume and type of Drager tube required for the expected sulfide range.
Select the proper type Drager tube. Break the tip from each end of the tube.

Install the Drager tube with the arrow pointing downward into the bored receptacle. Likewise, install the
flow meter tube with the word TOP upward. Ensure O-rings seal around the body of each tube.

Install the top on the gas train and hand-tighten all screws evenly to seal the O-rings.

Table A.1 — Dréager tube (or equivalent) identification, sample volume, and tube factors to be used for
various sulfide ranges

Sulfide range Sample volume Drager tube Tube factor @
identification
mg/I ml (see tube body) (used in
calculation)
1,2to 24 10,0 H,S 100/a 0,233
2,41048 5,0 H,S 100/a 0,133
4,8 to 96 2,5 H,S 100/a 0,133
30to 1050 10,0 H,S 0,2 %/A 1330
60to 2 100 5,0 H,S 0,2/%/A 1330
120 to 4 200 2,5 H,S.0,2 %/A 1330
a|f other tubes are used, the tube factors in Taklé A.1 shall be changed according to
manufacturer's specification.

A.4.3.7 With the regulator backed off, conneetythe carrier gas to the dispersion tube of Chamber 1 using
flexible tybing. If a CO, cartridge is used, install.and puncture cartridge and connect to dispersion tube.
A.4.3.8 Attach the flexible tubing from €hamber 3 outlet to the Drager tube.

Use only|latex rubber or inert plastictubing. Do not clamp flexible tubing; unclamped tubing provides prg¢ssure relief
in the event of over-pressurizationg

A.4.3.9 Adjust the disperSion tube in Chamber 1 to approximately 5 mm (0,2 in) above the bottom.
A.4.3.10] Gently flow carrier gas for 30 s to purge air from the system. Check for leaks. Shut off the carrier gas.
A.4.3.11| Collecta'sufficient volume of solids-free filtrate for analysis. (If a low concentration of soluble sulfides is

to be detpcted, a-large volume of filtrate is required. Use Table A.1 as a guide.)

A.4.3.12| CAnject a measured volume of the solids-free filtrate sample into Chamber 1 through the rubper septum,
using a hypodermicsyringeancneette:

A.4.3.13  Slowly inject 10 ml sulfuric acid solution into Chamber 1 through the rubber septum using the
hypodermic syringe and needle.

A.4.3.14  Immediately restart the carrier gas flow. The flowrate should be maintained between 200 ml/min to
400 ml/min.

NOTE One CO, cartridge should provide about 15 min to 20 min of flow at this rate.

A.4.3.15 Observe changes in appearance of the Drager tube. Note and record the maximum darkened length

(in units marked on the tube) before the front starts to smear. Continue flowing for a total of 15 min although the
front may attain a diffuse and feathery colouration. In the high-range tube an orange colour (caused by SO,) may
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appear ahead of the black front if sulfites are present in the sample. The orange SO, region should be ignored
when recording darkened length.

For best Drager tube accuracy, the "darkened length" should fill more than half the tube's length, therefore the
filtrate "sample volume" shall be carefully selected.

A.4.3.16 A lead acetate paper disk fitted under the O-ring of Chamber 3 can be substituted for the Drager tube
in the gas train. The lead acetate paper will qualitatively indicate the presence or absence of sulfides in the sample.
A dark discoloration of the paper is a positive indication of sulfides. After a positive indication, the Drager tube
should be used on a separate sample for quantitative analysis.

A.4.3.17 lTo clean the gas train, remove the flexible tubing and remove the top. Take Dréager tube and flowmeter
out of the rg¢ceptacles and plug the holes with stoppers to keep them dry. Wash out the chambers with*'wgrm water
and mild dgtergent, using a soft brush. Use a pipe cleaner to clean the passages between the chambeis. Wash,
rinse and blow out the dispersion tube with a dry gas. Rinse the unit with deionized water and allow-to draip dry.

A.4.4 Calg¢ulation

Using the measured “sample volume” Vg, in millilitres, the Dréger tube's maximum darkened length | and the tube
factor f fromh Table A.1, calculate the sulfide concentration in the sample:

Sulfide|concentration, in milligrams per litre = — (A.8)

|- f
VS

NOTE [parkened length in units marked on the tube.

A.5 Carbonate

A.5.1 Principle

The concertration of soluble carbonates in a_ drilling fluid filtrate can be determined by this method. Total soluble
carbonates|include CO, and the carbonate (C©527) and bicarbonate (HCO3™) ions. Drilling fluid filtrate i acidified
in a Garretf gas train, converting all carhonates to CO,, which is then evolved by bubbling an inert carrier gas
through the|sample. The gas train separates the gas from the liquid. The gas stream is collected in a 1 | ggs bag (to
allow CO, fo mix uniformly) and subsequently drawn through a Drager®) tube at a fixed flowrate. The Dréger tube
responds t¢p CO, by progressively” staining purple along its length. A reaction between CO, and a hydrazine

chemical cquses a crystal violet indicator to turn purple. The stain length is proportional to the total darbonate
concentration in the filtrates

A.5.2 Apparatus

A521 Gadrrett gas train apparatus, consisting of a transparent plastic gas train, an inert gas sypply and
pressure regulator, a floating-ball flowmeter and a Dréger tube.

Specifications of the Garrett gas train:
a) Body

1) Chamber 1:
— Depth 90 mm (3,54 in)

8) Drager tubes are an example of a suitable product available commercially. This information is given for convenience of
users of this part of ISO 10414 and does not constitute an endorsement of ISO of this product.
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— Diameter 38 mm (1,52 in)

2)

Chambers 2 and 3:

— Depth 90 mm (3,54 in)
— Diameter 30 mm (1,18 in)

3)

Passages between chambers:

— Diameter 2,0 mm (0,08 in)

4)

Material:

-1:2001(E)

b) Disq

1)

2)

3)

c) Floy

d) Flex
e) Fitti
f)  Rub

A5.2.2
cartridge

WARNIN
(HTHP)
grease,
analysis
A.5.2.3

A.5.2.4

— Transparent material or glass which is inert to acid, sulfides, and hydrogen sulfide gas.

ersion tube

Stem:

— Diameter 8,0 mm (0,315 in)

— Length approx. 150 mm (5,9 in)

Dispersion frit (bell-shaped, fine):
— Diameter 30 mm (1,18 in)

Material:
— Low coefficient of expansion, heat-resistant glass.

meter, floating ball type preferred, capable of measuring 300 ml/min of CO, gas.
ible tubing, inert to hydrogen sulfide and carriér,gas. Latex rubber or equivalent is preferred.
ngs and rigid tubing, inert to hydrogen sulfide and acid.

ber septum.

D

G — Do not use nitrous oxide cartridges as pressure sources for high temperature/hig
iltration. Under high temperature and pressure, nitrous oxide can detonate in the p
Dil or carbonaeeols materials. Use nitrous oxide cartridges only for Garrett gas train

Drager,CO, analysis tube, marked CO, 100/a.

Drager 1 litre Alcotest gas bag, No. 7626425, or equivalent.

Carrier gas, high purity.nitrogen (N,) bottle with low-pressure regulator (preferred), ar N,O gas

[1 pressure
esence of
carbonate

A.5.2.5

A.5.2.6

A.5.2.7

A.5.2.8

A.5.2.9

A.5.2.10

Drager Multigas Detector hand-operated vacuum pump, Model 31, or equivalent.
Stopcock, 2-way bore, 8 mm (0,315 in) glass with PTFE plug.

Sulfuric acid (CAS No. 7664-93-9): approximately 2,5 mol/l ACS reagent grade.
Defoamer in a dropper bottle.

Hypodermic syringes, 1,0 ml, 5 ml and 10 ml (for acid) and 10 ml (for sample).

Hypodermic needles, 38 mm (1,5 in) 21-gauge needles.

© ISO 2001 - All rights reserved
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NOTE
the regulator

, prolonged N,O flow will cause the regulator to perform erratically.

A.5.3 Procedure

A53.1

Ensure that the gas train is clean, dry and on a level surface, with the top removed.

Nitrogen is preferred over N,O as the carrier gas. Because N,O cools upon expansion and chills the diaphragm in

If CO, has been used as the carrier gas in the previous test (i.e. sulfide analysis), the regulator, tubing and
dispersion tube should be purged with carrier gas at this time.

A.5.3.2 Add-20mideronized water to Chamber 1
A.5.3.3 Add 5 drops of defoamer to Chamber 1.
A.5.3.4 Install the top on the gas train and hand-tighten evenly to seal all O-rings.
A.5.35 Adjust the dispersion tube to approximately 5 mm (0,25 in) off bottom.
A.5.3.6 With regulator backed off, connect carrier gas supply to glass dispersion tube of Chamber 1 using
flexible tubipg.
A.5.3.7 Flow carrier gas through train for 1 min to purge air from the system. Check for leaks in gas train unit.
A.5.3.8 Fully collapse the gas bag and simultaneously check the system for leaks. To do this, connegt the gas
bag and stdpcock to the hand pump. (Use a discarded Drager tube,as connection and start with the bag essentially
empty.) Fully depress and release the hand pump. When the bag.is‘completely empty and free of leaks, the pump
will remain |[depressed for several minutes. If leakage is detectéd; check the pump and all connections. [fo check
the pump alone, insert a sealed Drager tube into the pump opening and depress bellows. It will remain depressed if
pump does|not leak.
A.5.3.9 With the bag fully collapsed, install flexible tubing from the stopcock and bag onto the |outlet of
Chamber 3
A.5.3.10 Inject a measured volume of solids-free filtrate into Chamber 1 through the septum with a hypodermic
syringe and needle. See Table A.2.
A.5.3.11 | Slowly inject 10 ml sulfuric” acid solution into Chamber 1 through the rubber septum using a clean
syringe and needle. Gently shake(the' gas train to mix acid with sample in Chamber 1.
Table Aj2 — Drager tube,-or equivalent, identification, sample volumes and tube factors to be usgd for
various carbonate ranges
Carbonate range | Sample volume Drager tube Tube factor @
identification f
mg/I ml (see tube body) (used in
calculation)
25to 750 10,0 CO, 100/a 2,5
50 to 1 500 50 CO, 100/a 25
100 to 3 000 2,5 CO, 100/a 2,5
250 to 7 500 10,0 CO, 100/a 2,5
2|f other tubes are used, the tube factors in Table A.2 shall be changed according to
manufacturer's specification.
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ng a 10 min

A.5.3.12  Open the stopcock on the gas bag. Restart gas flow and allow gas bag to fill steadily duri

interval. When bag is firm to the touch (do not burst it) shut off flow and close the stopcock. Immediately proceed to
next step.

A.5.3.13 Break the tip off each end of the Dréager tube.

A.5.3.14  Remove the tubing from Chamber 3 outlet and reinstall it onto the upstream end of the Dréager tube.

(Observe that an arrow on the tube indicates gas flow direction.) Attach Drager hand pump to downstream end of
Dréager tube.

A.5.3.15
pump so
the bag

test resu

A.5.3.16

in units marked on the Drager tube. (Include the faint blue tinge in the purple stain lengthreading.)

Open the stopcock on the bag. With steady hand-pressure, fully depress the hand pump. Release

that gas flows out of the bag and through the Dréger tube. Operate the pump and count the
s empty. (Ten strokes should empty the bag. More than ten strokes indicates leakage has,o
ts will not be correct.)

Observe a purple stain on the Drager tube if CO, is present in the gas bag, andyrecord the

strokes until
ccurred and

stain length

For best|Drager tube accuracy, the "stain length" should fill more than half the~tube length, therefgre "sample
volume" ghall be carefully selected.
A.5.3.17| To clean the gas train, remove the flexible tubing and remoyvelthe top. Wash out the chambers with
warm wdter and mild detergent, using a brush. Use a pipe cleaner te.Clean the passages between chambers.
Wash, ripse and then blow out the dispersion tube with dry gas. RinSe\the unit with deionized water and allow to
drain dry. Periodically replace the disposable gas bag to avoid leaks and contamination in the| bag. (Bag
replacement is suggested after 10 analyses).
A.5.4 Calculation
Using theé measured “sample volume,” Vg in millimetres; the Dréager tube “stain length” I; and “tube fagtor” f of 2,5
(see Tabje A.2) calculate total soluble carbonate (CO, + CO32” + HCO3") concentration in the filtrate sample using
equation|(A.9):
L . lgt- f
Carljonate concentration, in milligrams per litre = (A.9)
S

A.6 Potassium (concentration above 5 000 mg/l)
A.6.1 Principle
Potassium ion is used in drilling fluids to aid in the stabilization of shales and to control swelling clays. The accurate
determinption of-the potassium ion content is necessary to control the properties of the drilling fluid. This procedure
is used fo-measure the potassium ion content in drilling fluid filtrates at levels above 5 000 mg/l ([L,75 Ib/bbl).

Potassiu
The pota

A6.2 R

A.6.2.1

N is precipitated in a centrifuge tube as the perchlorate salt, and the volume of precipitate ig

measured.

ssium ion content is read from a prepared standard curve.

eagents and apparatus

Sodium perchlorate (NaClO,4; CAS No. 7601-89-0) solution, 150,0 g/100 ml distilled water.

CAUTION — Sodium and potassium perchlorates are explosive in the dry state if heated or if in contact
with organic reducing agents. The perchlorates are not hazardous if kept wet. They will decompose
harmlessly in water.

A.6.2.2

Standard potassium chloride (CAS No. 7447-40-7) solution, 14,0 g made up to 100 ml with
deionized or distilled water.
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A.6.2.3 Centrifuge, horizontal-swing rotor head (manual or electric) capable of producing approximately
1 800 r/min.
NOTE A fairly constant 1 800 r/min can be obtained with a manual centrifuge as follows. Determine the number of

revolutions of the rotor per each turn of the crank; i.e. move the crank very slowly and count the number of revolutions of the
rotor head during one turn of the crank. For example, 15 revolutions of the rotor per one turn of the crank. Calculate the number
of crank turns required to obtain 1 800 revolutions of the rotor head. In the example, to obtain 1 800 revolutions of the head
would require 120 turns of the crank (1 800/15). Thus the crank must be turned 120 times in one minute to obtain the rate of
1 800 r/min. At this rate, in 5 s the handle must be turned 10 times [i.e. (120/60) x (5)]. By counting the crank turns in 5 s and
adjusting the rate to obtain the required number of turns, a constant 1 800 r/min should be obtained in 15 s to 20 s. The interval
used to adjust to the 1 800 r/min should be included in the centrifuge time of the sample.

A.6.2.4 Clinical centrifuge tube, 10 ml Kolmer type.

A.6.2.5 Graduated volumetric pipettes (TD), 1 ml, 2 ml and 5 ml.

A.6.2.6 Hypodermic syringe or serological (graduated) pipette (TD), 10 ml.

A.6.2.7 Distilled or deionized water.

A.6.3 Preparation of standard calibration curve

A.6.3.1 A standard calibration curve is required for each type of céentrifuge. A minimum of thrge points
[10 kg/m3, 0 kg/m3 and 50 kg/m3 (or 3,5 Ib/bbl, 10,5 Ib/bbl and 17,5 Ib/Bkl) KCI] is required to obtain an{accurate
graph.

A.6.3.2 Samples can be prepared by using the standard gpotassium chloride solution [0,5 ml of |standard
potassium ¢hloride solution is equivalent to 10 kg/m3 (3,5 Ib/bbl) KCI]. To obtain KCI concentrations of [10 kg/m3
(3,5 Ib/bbl),| 30 kg/m3 (10,5 Ib/bbl) and 50 kg/m3 (17,5 Ib/bbl), KCI, use 0,5 ml, 1,5 ml and 2,5 ml of the |standard
potassium ¢hloride solution, respectively.

A.6.3.3 Dilute each sample to the 7,0 ml mark with-distilled water and agitate.

A.6.3.4 Add 3,0 ml of standard sodium perchlorate solution (but do not agitate).

A.6.3.5 Centrifuge at a constant speed- (approximately 1 800 r/min) for 1 min and read the precipitate volume
immediately.

Counterbalance the centrifuge tube with another tube and liquid of the same mass.

A.6.3.6 Clean the centriftige tube immediately after use to facilitate ease of cleaning.

A.6.3.7 Plot the valume of precipitate (millilitres) versus potassium chloride content in kilograms per cubic
metre (or pounds penrbarrel) on rectangular graph paper as shown in Figure A.1.

A.6.4 Tes} procedure

A6.4.1 Measure the appropriate volume of filtrate into the centrifuge tube (see Table A.3 for range).

A.6.4.2 If less than 7,0 ml filtrate volume is used, dilute to 7,0 ml with distilled water and agitate.

A.6.4.3 Add 3,0 ml of standard sodium perchlorate solution, but do not agitate. If potassium is present,

precipitation occurs at once.

A.6.4.4

Centrifuge at constant speed (approximately 1 800 r/min) for 1 min. Read the precipitate volume
immediately and record.

Counterbalance the centrifuge tube with another tube and liquid of the same mass.

40
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1 Do ndt use this procedure for concentrations less than 10 g/l.(3,5 Ib/bbl).
2 Refer|to Table A.3 beyond this point

Figure A.1 — Example of plotted calibration-curve for potassium chloride (do not use for caliration)

Table A.3 — Filtrate volumes to be used at various KCl concentrations

KCI concentration range K*in filtrate Filtrate volume
to use
kglm3 (Ib/bbl) mgl/l ml
10-to 50 3,5t017,5 5250 to 26 250 7,0
50 to 100 17,5t0 35 26 250 to 52 500 3,5
100 to 200 35t0 70 52 500 to 105 000 2,0
over 200 over 70 over 105 000 1,0

A.6.4.5 Add 2 drops to 3 drops of the sodium perchlorate solution to the tube. If precipitate still forms, the total
amount of potassium was not measured. See Table A.3 and use the next smaller filtrate volume. Repeat A.6.4.1
through A.6.4.4.

A.6.4.6 Determine the potassium chloride concentration by comparing the precipitate volume measured with
the standard calibration curve as prepared in A.6.3. Report the potassium concentration ¢(K*) as kilograms per
cubic metre (or pounds per barrel) KCI. The potassium concentration may also be reported as milligrams per litre
potassium ion. If the filtrate potassium chloride concentration ¢(KCI) from the standard calibration curve exceeds a
50 kg/m3 (or 18 Ib/bbl) reading, accuracy of the results is reduced. For more accurate results, use the next smaller
filtrate volume as noted in Table A.3, and repeat A.6.4.1 through A.6.4.4.
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A.6.5 Calculation

c[KCI],
c[KCl],

c[K*] =

kilograms per cubic metre = (7/Vj) x (x-axis value from standard curve, milligrams per litre)
pounds per barrel = (7/V;) x (x-axis value from standard curve, pounds per barrel)

525 x (c[KCI], kilograms per cubic metre)

c[K*]* = 1 500 x(c[KCI], pounds per barrel)

(A.10)
(A.11)

(A.12)

(A.13)

where
c[KCI]
Vs

c[K*]

A.7 Pota

A.7.1 Prin

This proceglure is used to measure potassium ion content in drilling fluid filtrates at levels below 5

Potassium
tetraphenyl
ammonium
endpoint is
calculated |

A.7.2 Red
A7.21
deionized W
filtrate and

A7.2.2
ammonium

A.7.2.3

A7.24
0,1 mol/l Ng

A.7.2.5

is the potassium chloride concentration;

is the volume of filtrate used, in millilitres;

is the potassium ion concentration, in milligrams per litre.

Sssium (concentration below 5 000 mg/l)

ciple

ion is precipitated as the tetraphenylborate salt by adding an excess of standard
porate (STPB) solution. The unreacted STPB iscthen determined by titration with a g
salt (QAS), hexadecyltrimethyl ammonium bromide, using bromophenol blue as an indic
a colour change from purple-blue to light bluecThe potassium ion concentration c[K*] in the §
y subtracting the amount of unreacted STPB-from the amount of STPB originally added to the

gents and apparatus

Standard sodium tetraphenylborate (STPB) (CAS No. 143-66-8) solution: 8,754 i
ater. Add 10 g to 12 g aluminum hydroxide, stir 10 min and filter. Add 2 ml 20 % NaOH solut
Hilute to 1 | with deionized water.

Quaternary ammonium salt (QAS) (CAS No. 57-09-0) solution,
bromide/500 ml deionized water.

1,165 g hexadecy

Sodium hydfroxide (CAS No. 1310-73-2) solution, 20 % mass fraction in deionized water.

JOH. Bilute to 100 ml with deionized water.

Deionized or distilled water.

D00 mgl/l.
sodium
baternary
htor. The
sample is
sample.

n 800 ml
on to the

Itrimethyl

Bromophenol blue (CAS No. 115-39-9) indicator, 0,04 g tetrabromophenolsulfonphthalein/3 ml

A.7.2.6

A.7.2.7

A.7.2.8

A.7.2.9

A.7.2.10

42

Graduated pipettes (TD), 2 ml graduated in 0,01 ml subdivisions, 5 ml and 10 ml.
Graduated cylinders, capacity 25 ml (TD) and 100 ml (TC).

Beakers, capacity 250 ml.

Funnel.

Filter paper.
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A.7.3 Procedure

A.7.3.1

sample size. Be sure to use a pipette to measure the amount of filtrate.

Table A.4 — Filtrate volumes to be used at various KCI concentrations

ISO 10414-1:2001(E)

c[KCI] range

c[K*] in filtrate

Filtrate volume

Place the proper amount of filtrate into a 100 ml graduated cylinder, using Table A.4 to determine

A.7.3.2

mark.

A.7.3.3

A.7.3.4

A.7.3.5

A.7.3.6

A.7.3.7

to use
kg/m3 (Ib/bbl) mgl/l ml
0,5t0 3,0 0,1751t0 1,05 262,5t0 1575 10,0
3,0t0 6,0 1,05t02,1 157510 3150 50
6,0 to0 20,0 2,1t07,0 3150 to 10 500 2,0

Mix and allow to stand 10 min.

Add 10 drops to 15 drops of bromophenol blyeindicator.

Add 4 ml of NaOH solution (20 % mass fraction; measured with a 5 mipipette), 25 ml of ST|
(measured with a 25 ml graduated cylinder), and enough deionized water to bring-the level of the solutig

Filter into a 100 ml graduated cylinder. If the filtrate is cloeudy, re-filter the solution.

Transfer 25 ml of the above filtrate (measured withi@ 25 ml graduated cylinder) into a 250 n

Titrate with QAS solution until colour changes from purple-blue to light blue.

PB solution
n to 100 ml

| beaker.

It is impprtant to check the concentration of \QAS solution versus the STPB solution at monthly intervals. To

determing the equivalent QAS, dilute 2 ml of the STPB solution in a titration vessel with 50 ml deionized
1 ml of 20 % NaOH solution and 10 drops to 20 drops of the bromophenol blue indicator. Titrate wi
solution dintil colour changes from purple-blue to light blue.

Ratip of QAS to STPB = (Vgas)/2

where Vgas is the QAS volume, in millilitres.

If the ratip is other than.4,0 + 0,5, calculate a correction factor to be used in the calculation of c[K*], mi

litre.

Correctionfactor (CF) = 8/Vgas

water. Add
th the QAS

(A.14)

ligrams per

(A.15)
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A.7.4 Calculation

C[KCI] |

1000 x (25-V,
c[K*] in filtrate, in milligrams per litre = X ( Qas) (A.16)
mud filtrate, ml
If correction factor is necessary:
25—-(CF)V,
c[K*] in filtrate, milligrams per litre =1000 M (A.17)
mud filtrate, ml
+ . .
h filtrate, in kilograms per cubic metre = oK ] m;lg;ate, mo/l (A.18)
+ . .
h filtrate, in pounds per barrel = clK "Jin filtrate, mg/l (A.19)

cKCl] i
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Annex B
(informative)

Shear strength measurement using shearometer tube

B.1 Principle

-1:2001(E)

B.1.1 xperience has shown that some drilling fluids tend to develop excessive shear strength
conditionss, especially at elevated temperatures. Excessive shear strength results in high pump pressur
circulatiop," and may therefore result in loss of circulation. High shear strength may also.cause d
logging, perforating and other "downhole" operations.

B.1.2 he following technique can be used to determine this tendency and to estimate the extent t
drilling flid will develop excessive shear strength. This shear strength measurement'is normally made
heat-agef drilling fluid sample. Ageing temperatures are therefore selected to be.near the estimated

temperatpure of the well. Ageing cells or vessels meeting the pressure and temperature requirements for
required.

B.2 Apparatus

B.2.1 $tainless steel shearometer tube.

Length 89 mm (3,5 in)

Outside ¢liameter 36 mm (1,4 in)

Wall thickness 0,2 mm (0,008 in)

NOTE A slight outside taper on the bottom of the shear tube has been found to improve reproducibility of the te
B.2.2 PRlatform for weights.

B.2.3 $et of weights, in gram-increments.

B.2.4 Ruler, graduatedin‘millimetres (inches).

B.3 Prpcedure

inder static
ps to "break
ifficulties in

D which the
on a static
bottom hole
the test are

st results.

B.3.1 The-shear tube and platform are placed and balanced carefully on the surface of the aged sample cooled
to room tgmmmmmwmmmnmmrmﬂenetraﬂon

into the drilling fluid is vertical. If a crust develops on the heat-aged sample, this crust should be gently broken

before placing the shear tube in place for the test.

B.3.2 Sufficient weights are placed carefully on the platform to start the downward movement of the

shear tube.

Unless too much mass is added, the tube will stop its downward travel at the point where the shear strength of the
aged drilling fluid against the surface of the tube is sufficient to support the applied mass. It is desirable to

submerge at least one-half the length of the tube.

B.3.3 Record the total mass in grams which includes the platform and weights. Measure the portion

of the tube

submerged in the fluid, in centimetres. The length of the tube submerged can be most accurately determined by
measuring the length of the non-submerged portion while the tube is at its maximum penetration depth. A small
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ruler held at the drilling fluid surface and alongside the tube will facilitate this measurement. The length of the tube

minus the exposed length equals the submerged portion.

B.4 Calculation

4, 40 x (mst + mtot)
|

Shear strength (), Pa = -102p

Shear strength (), Ib/100 ft2 = 2,083 x (y, in Pa)

(B.1)

(B.2)

where

m; is [he mass of shear tube, in grams;
Myt IS [he total shear mass, in grams (sum of platform and weights);
I is the submerged length of shear tube, in centimetres;

p isthe drilling fluid density, in grams per cubic centimetre.
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Annex C
(informative)

Resistivity

C.1 Principle

Control

C.2 Apparatus

cz21

Follow mlanufacturer's instructions for current source, calibration, measurement and calculations.

Cc.z22

c.23

cz24

C.25

C.3 Procedure

Ci31

be entraiped in the sample.

C3.2

C.33

manufacfurer's instructions-will indicate type of reading.

C34

C.3.5

Direct-reading resistivity meter, or similar resistivity meter.

Calibrated resistivity cell.
Thermometer, reading 0 °C to 105 °C (32 °F to 220 °F).
Bottle brush, suitable for size and type of cell.

Uaboratory detergent solution, appropriate for-cleaning metal or plastic surfaces.

Kill the clean, dry resistivity cell with-freshly stirred drilling fluid or drilling fluid filtrate. No air or|

Connect cell to meter.

Veasure the resistivity)in ohm metres (direct-reading) or resistance in ohms (not direct-readin

Measure the\sample temperature to the nearest 0,5 °C (1 °F).

Clean the cell. Scrub with brush and detergent if necessary. Rinse with distilled water and allow

f the resistivity of a drilling fluid and drilling fluid filtrate may be desirable to better evaluatle formation
charactefistics from electric logs.

gas should

). Meter or

to dry.

C.4 Calculation

C.4.1 Report the drilling fluid resistivity (o) or filtrate resistivity (o) in ohm metres, to the nearest 0,01 Q-m.

c4.2

c43

Report the sample temperature in degrees Celsius (Fahrenheit).

If reading is in ohms, convert to ohm metres by:

£, Qm = (p, Q) x (cell constant, m2/m)
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Annex D
(informative)

Removal of air or gas prior to testing

D.1 Principle

The majorit]
gentle agita
spatula or
gas after th
fluid.

NOTE |
be used.

y of drilling fluids require no special equipment to remove entrained air or gas prior to testing

ouring back and forth is sufficient in most cases. When a drilling fluid is encountered. that rets
e preceding steps have been taken, the following procedure can be followed toydeaerate th

D.2 Appéaratus

D.2.1 De

ice which can be evacuated.

D.2.2 Commercial liquid drilling fluid defoamer.

D.3 Progq

D.3.1 Fill

D.3.2 Adq
D.3.3 Ins
D.3.4 Affi
D.3.5 Inc
manufactur
D.3.6 Wh
490 mmHg
D.3.7 Ifd

edure

clean, dry reservoir about one-half full with the air-cut drilling fluid.

several drops of defoamer to the 'drilling fluid surface.

prt stirrer and cap; cover with~gasketed lid.

K vacuum line from the-pump to the instrument to hold about 83 kPa (620 mmHg) vacuum.

ease the vacuum~to 10 kPa to 16 kPa (75 mmHg to 120 mmHg) and proceed accordin
Br's instructions:

en drillingfluid has been deaerated, partially relieve vacuum to about 50 kPa to 65 kPa (375
vacuum-~and observe drilling fluid for air bubbles.

paeration is not sufficient, repeat D.3.4 to D.3.6 until air is removed.

D.3.8 With cylinder on end, relieve vacuum completely and remove drilling fluid sample for testing.

48

Usually,

tion together with a few drops of an appropriate defoamer are all that is necessary; Stirring with a

ins air or
e drilling

drilling fluid density is the only property desired, the pressurized fluid density balance described in clalise 5 may

g to the

mmHg to

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=286eabe64166e62be096019ff79865eb

ISO 10414-1:2001(E)

Annex E
(informative)

Drill pipe corrosion ring coupon

E.1 Principle

E.1.1 The placement of corrosion test rings in the drill string is one of the more common techhiqiies used to
evaluate [the corrosiveness of drilling fluid environments on the drill string and other steel equipment. Removal and
examination of these rings after a period of exposure downhole can be highly informative as to.the corrgsiveness of
the drilling fluid as well as to the type of corrosion encountered. An examination of scales and pits on the exposed
rings gives clues as to the cause of the corrosion, thus aiding in choosing proper remedial action.
E.1.2 The ring technique is specifically designed for detection of the type of corrosion characteriz¢d by metal
loss, whather it be localized pitting or generalized attack. The test ring is not designed to give informatiop relating to
hydrogen embrittlement, stress-corrosion cracking or other forms of fracture“ormation, except in thg manner in
which pitfing may relate to these failures.

E.2 Refagents and apparatus

E.2.1 Hydrochloric acid, inhibited (CAS No. 7647-01-0): mass fraction of 15 % in distilled water.
E.2.2 Acetone, anhydrous (CAS No. 67-64-1).

E.2.3 Methanol (CAS No. 67-56-1).

E.2.4 PRetroleum ether (CAS No. 8002-05-9).

E.2.5 [Deionized or distilled water.

E.2.6 Detergent solution.

E.2.7 Ring.

a) Ring construction:

The [ring-type_ drill string corrosion coupon, or corrosion ring, should be machined to fit in the tool box recess at
the e¢nd of the.pin, and should have a bore the same as that of the tool joint to minimize turbulence.

b) Ring composition:

To avoid galvanic corrosion, the ring should be made from steel identical to that of the tool joint in which it is
placed. Such a requirement is impractical and use of a steel that is similar in chemical composition such as
AISI 4130 is recommended. The grade of steel used should be identified on the report form. The rings are
normally cut from tubes that have not been quenched and tempered. The similarity in composition of the 4130
steel and the tool joint should be adequate to minimize galvanic effects and provide useful data.

c) Ring marking:

The rings should be stencilled with a serial number for permanent identification.
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d) Ring pr

-1:2001(E)

eparation:

The rings should be scrubbed with a stiff fibre-bristle brush and detergent solution, rinsed with clean water and
with anhydrous acetone or methanol. Allow to dry, weigh to nearest milligram, and record this mass on the
report form. Store the ring in a dry container, such as a desiccator, to prevent corrosion. The corrosion rings

should

E.2.8 Ultr

E.3 Proc

be shipped to the field in sealed envelopes or wrappers to minimize atmospheric corrosion.

asonic bath (preferred) or fibre-bristle brush.

dure

E.3.1 Diril
is 100 h). E
high and cg
drill collars
saver sub t
interferencs
manufactur
handled wit]

E.3.2 Thg
ring materia
depth out,
be printed @

E.3.3 The
from the d
corrosion ig
Following
corrosion in

E.3.4 Bef
suitable so
cleaning fo
surface carj
detergent s

to 15 % hydrochloric acid solution-one’ or more times to remove corrosion products. The ring should be

with deterg
methanol. A
An ultrason
NOTE H
corrosion of
amines. Othg

pipe corrosion rings should be kept in the drill string for a minimum of 40 h (a normal timefor
Xposure periods of less than 40 h should not be used because initial corrosion rates may be

n give misleading data. The ring is usually placed in the tool joint at the top of the first stand g
and can be left in the drill string for more than one bit run. An additional ring can bé placed in
Db monitor corrosion at that point. Care should be taken to ensure that the box reeess is clean t
with proper make-up of the joint and to avoid damage to the ring. In\some instances
bd subs have been used for the ring placement in the string. During installation, the ring §
h clean, dry gloves.

drill pipe corrosion coupon form should be filled out completely. ‘Each form should have a
I, drilling fluid properties, type of corrosion, location of ring in the\drill string, initial mass, time,
ng number, colour of scale and any other information of sighificance in the specific test. The
n a mailing envelope for the ring or on a separate form to fie enclosed with the ring.

drilling fluid residue should be removed from the coupon by wiping with a cloth when the ring
ill string. The ring should be examined for severity of corrosion or mechanical damage.
evident, the cause of the corrosion should be:determined promptly so remedial action can
isual observation, place the coupon in theoriginal envelope or wrapper containing vapad
hibitor for return to the laboratory.

pre proceeding with a quantitative evaluation of corrosion of the ring, the ring should be rin
vent, such as acetone or petroledm“ether, to remove the oil applied to the ring on location
weighing, a spot test should be made for corrosion by-products and mineral scale. For exa
be examined qualitatively forsulfides by the inhibited acid test. The rings should be clean
blution and a stiff fibre-bristle-brush. It may be necessary to dip the ring for 5 s to 10 s in inhib

bnt solution after each\acid dip. Rinse thoroughly with clean water and then with anhydrous a
llow to dry prior te weighing. Very abrasive materials or strong, uninhibited acids should not
¢ bath can be usefdl in cleaning the rings.

or the inhibited 10 % to 15 % hydrochloric acid, several inhibitive additives may be used to prevd
the ring after cleaning with acid. These include chemicals of the classes propargyls, acetylenics, pyri
r appropriate chemicals may be suggested by the manufacturer of the corrosion rings.

E.3.5 Aftgr-the pre-weighed drill pipe corrosion coupon has been properly cleaned and the corrosion

pxposure
Linusually
bove the
the kelly
b prevent
specially
hould be

space for
depth in,
orm may

is pulled
If severe
be taken.
ur-phase

sed with

Prior to
mple, the
bd with a
ted 10 %
scrubbed
cetone or
be used.

nt further
dines and

film and

type of attack noted, the ring should be re-weighed to the nearest milligram and the mass loss determined. If
significant loss of metal due to mechanical damage is evident, it should be noted and taken into consideration in

evaluation of the ring. The corrosion rate may be reported as kg/mz-year or mm/year. Formulas for calculating for
corrosion rate are given in clause E.5.

E.4 Comments on visual examination

E.4.1 If visual corrosion is evident, it is normally detectable as pitting corrosion. Uniform attack or general
corrosion can best be determined by a mass loss measurement. Mechanical damage to the ring is most often
evidenced by cuts or dents on the outer surfaces of the ring. In some cases, the ring exhibits a series of dents and
worn spots, indicating considerable movement of the ring in the box recess.
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