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reword

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
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rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

10414-1 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor
betfroleum, petrochemical and natural gas industries, Subcommittee SC 3, Drilling and comp.
well cements.

second edition cancels and replaces the first edition (ISO 10414-1:2001), to which Annexe
e been added and other minor changes made to the sentence structure, grammar and other n

ng.

10414 consists of the following parts, under the general title Petroleum and natural gas indust
ng of drilling fluids:

Part 1: Water-based fluids

Part 2: Oil-based fluids
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rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

This part of ISO 10414 is based on API RP 13B-1, third edition, December 2003[2] and ISO 10414 (all parts)I©l.

Annexes A to H and K of this part of ISO 10414 are for information only. Annexes | and J are normative.

In this part FTSO 10474, where praciical, U.S. Customary (USC) units are included in brackets for information.

Vi © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=8a80b1c84bdfd5364fe466d83f60f0b9

INT

ERNATIONAL STANDARD ISO 10414-1:2008(E)

Petroleum and natural gas industries — Field testing of drilling
fluids

Part 1:
Water-based fluids

DANGER — As with any laboratory procedure requiring the use of potentially hazardous
the|user is expected to have proper knowledge and to have received training in“the use and disposal

of these chemicals. The user is responsible for compliance with all applicable local, re

nat

1

Thig
wat

)

onal requirements for worker and local health, safety and environmental liability.

Scope

part of ISO 10414 provides standard procedures for determining the following chara
pr-based drilling fluids:

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

water, oil and solids contents;
sand content;

methylene blue capacity;

pH;

alkalinity and lime-content;
chloride content;

total hardness as calcium.

An

exes A through K provide additional test methods which may be used for

chemicals,

gional and

cteristics of

chemical analysis for calcium, magnesium, calcium sulfate, sulfide, carbonate and potassium;
determination of shear strength;

determination of resistivity;

removal of air;

drill-pipe corrosion monitoring;

sampling, inspection and rejection;

© 1SO 2008 — All rights reserved
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rig-site

sampling;

balances;

2

Termsg-and-definitions

permeability-plugging testing at high temperature and high pressure for two types of equipment;

example of a report form for water-based drilling fluid.

calibration and verification of glassware, thermometers, viscometers, retort-kit cup and drilling-fluid

For the purposes of this document, the following terms and definitions apply.

2.1
ACS reage
chemical m

2.2

darcy
permeabilit
completely
at a rate ¢
1 atm-cm1
NOTE 1
23

quarter
(verb) mix g

24
spurt loss
volume of f

25

tube samp
sampling m
pushed into

3 Symb

3.1 Sym

g

ht grade
beting the purity standards specified by the American Chemical Society (ACS)

of a porous medium, where one darcy is the flow of a single-phase fluid of 1 cP viscosity
fills the voids of the porous medium, flowing through the medium. under conditions of viscous
f 1 ml-s—1.cm™2 cross-sectional area and under a pressure<oh ‘equivalent hydraulic gradier

cP =1 mPa:s.

nd divide into four specimens to ensure homaogeneity of specimens

uid that passes through the filtration.medium before a filter cake is formed

ing
ethod consisting of the~withdrawal of powdered sample from bag or bulk via a cylindrical de
the sample, locked Shut and withdrawn

ols and abbreviated terms

bols

that
flow
t of

vice

NOTE

ubscript “A” to symbol denotes metric units. Subscript “B” o symbol denotes U.S. customary units

Ap
Ag
“b,A
‘b,B
CcaA

Cca,B

area, in square centimetres

area, in square inches

concentration of weighting material, in kilograms per cubic metre
concentration of weighting material, in pounds per barrel
concentration of calcium ion, in milligrams per litre

concentration of calcium ion, in parts per million by mass (USC)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=8a80b1c84bdfd5364fe466d83f60f0b9

ISO 10414-1:2008(E)

CCa+Mg,A concentration of calcium and magnesium ion (total hardness), in milligrams per litre
CCa+Mg,B concentration of calcium and magnesium ion (total hardness), in parts per million (USC)
CCaSO4.A concentration of calcium sulfate, in milligrams per litre

CCaS04,B concentration of calcium sulfate, in parts per million by mass (USC)
ccoz+CO3+HCO3,A  concentration of total soluble carbonates, in milligrams per litre
ccopecossHcossconcentration of total soluble carbonates, in parts per million by mass (USC)

ol concentration of chloride ion, in milligrams per litre

ok concentration of chloride ion, in parts per million by mass (USC)

Cox-CaSO4.A concentration of excess, undissolved calcium sulfate, in milligrams per litre
Cex-aSO4.B concentration of excess, undissolved calcium sulfate, in-parts per million by npass (USC)
f KEILA concentration of potassium chloride in filtrate, in milligrams per litre

cfKE1LB concentration of potassium chloride in filtrateir.parts per million by mass (U$C)
CK A concentration of potassium ion, in milligrams per litre

KB concentration of potassium ion, in_parts per million by mass (USC)

ckelA concentration of potassium chleride, in milligrams per litre

ckels concentration of potassjum chloride, in parts per million by mass (USC)

Cig A concentration of low‘gravity solids, in kilograms per cubic metre

Clg,B concentration, of low-gravity solids, in pounds per barrel

Climd A lime content of the drilling fluid, in kilograms per cubic metre

Climd.B lime-egontent of the drilling fluid, in pounds per barrel

CNaGl A concentration of sodium chloride, in milligrams per litre

CNa1.B concentration of sodium chloride, in parts per million by mass (USC)

cs A concentration of sulphide ion, in milligrams per litre

csB coneentration-of-sulphide-oninparspermithon-by-mass{HSS)

CsS A suspended solids concentration, in kilograms per cubic metre

cssSB suspended solids concentration in pounds per barrel

CMBT methylene blue capacity

Cth thermometer correction to be added to the working thermometer reading

D outer diameter

Egg A bentonite equivalent, expressed in kilograms per cubic metre

© 1SO 2008 — All rights reserved
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Egep bentonite equivalent, expressed in pounds per barrel
f tube factor from either Table A.1 or Table A.2, for sulfide or carbonate
Fw fraction (volume fraction) of water

keor correction factor

K cell constant, in metres squared per metre

In submerged length of shear tube, in centimetres

g submerged length of shear tube, in inches

lst Drager tube stain length

My mass of the dried sample, in grams

mg mass of methylene blue, in grams

Mgy mass of shear tube, in grams

Mot total shear mass, in grams (sum of platform and weights)
myy mass of water, in grams

Am mass loss, in milligrams

M; methyl orange alkalinity of the filtrate

Pyt phenolphthalein alkalinity of the drilling fluid

Py phenolphthalein alkalinity of the filtrate

gn corrosion rate, kilograms-per squared metre per year
qs corrosion rate, pounds per squared foot per year

Faf drilling fluid resistivity, in ohm metres

¥ filtrate resjistivity, in ohm metres

Raas/sTPB ratie/of the concentration of QAS to that of STPB

R, resistivity meter reading, in ohms

R4 average reading for the standard thermometer

Ry average reading for the working thermometer

Ry cor corrected reading for the working thermometer

R300 viscometer dial reading at 300 r/min

Rg00 viscometer dial reading at 600 r/min

t exposure time, in hours

75 initial reading taken at 7,5 min

4 © 1SO 2008 — All rights reserved
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t39 final reading taken at 30 min

Vs volume of drilling fluid sample, in millilitres

VepTa volume of EDTA solution, in millilitres

VEDTA df EDTA volume of whole drilling fluid

VEDTAf EDTA volume of the drilling fluid filtrate

Vs volume of the filtrate, in millilitres

Vb volume of methylene blue solution, in millilitres

Vo volume of oil, in millilitres

Veplr PPT volume, in millilitres

2% retort cup volume, expressed in millilitres

Vs volume of the sample, in millilitres

Ven volume of silver nitrate solution, in millilitres

M volume of water, in millilitres

Z spurt loss, in millilitres

V7 4 filtrate volume after 7,5 min, in millilitres

V3 filtrate volume after 30 min, indmillilitres

Vet static filtration rate (veloeity of flow), millilitres per square root of the minutes,
per minute

Yp A yield point, in pascals

Yp 4 yield point, in pounds per one hundred square feet

A shear strength, expressed in pascals

B shear strength, expressed in pounds per hundred square feet

I A drilling fluid gradient, expressed in kilopascals per metre

Iore B drilling fluid gradient, in pounds per square inch per foot

Na apparent viscosity, immittipascat seconas

o A plastic viscosity, in millipascal seconds

o B plastic viscosity, in pounds per one-hundred square feet

0 temperature

P density, expressed in g/ml when compared to distilled water

PA density, expressed in kilograms per cubic metre

PB1 density, expressed in pounds per gallon

© 1SO 2008 — All rights reserved
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PR2 density, expressed in pounds per cubic foot

P density of weighting material, in grams per millilitre

Pt drilling fluid density, in grams per millilitre

Pr density of filtrate, in grams per millilitre

Ag density of low-gravity solids, in grams per millilitre (use 2,6 if unknown)
Po density of oil, in grams per millilitre (use 0,8 if unknown)
AW water density, in grams per millilitre, at test temperature
?p volume fraction of weighting material, in percent

Pg volume fraction of low-gravity solids, in percent

?s volume fraction of oil, in percent

Pg volume fraction of retort solids, in percent

Pss volume fraction of suspended solids, in percent

o volume fraction of water, in percent

3.2 Abbreviations

AA atomic absorption spectroscopy

ACS American Chemical Society

API American Petroleum Institute

ASTM American Society for Testing and"Materials
BE bentonite equivalent

CAS Chemical Abstracts Service

DFG drilling fluid gradient

DS drill solids

EDTA ethylenediaminetetraacetic acid

HTHP high-temperature, high-pressure

LGS low-gravity solids

MBT methylene blue test/capacity

meq milliequivalents

OCMA Oil Companies Materials Association (originally, Middle East companies)
PPA permeability plugging apparatus

PPT permeability plugging test

6 © 1SO 2008 — All rights reserved
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PTFE polytetrafluoroethylene

PV plastic viscosity, in common oilfield terminology

QAS quaternary ammonium salt

TC to contain

TD to deliver

usc U.S. Customary units, commonly used in U.S.-based testing

4 ([Drilling fluid density (mud weight)

4.1| Principle

Thig test procedure is a method for determining the mass of a given volume_of liquid (equivalent

Drrill
gall

4.2
4.2,

The

ng-fluid density is expressed as grams per cubic centimetre or kilograms per cubic metre
bn or pounds per cubic foot).

Apparatus
1 Density-measuring instrument, of accuracy to within*0,01 g/ml or 10 kg/m3 (0,1 Ib/gal or

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

des
att

gned such that the drilling-fluid holding cup, at one‘end of the beam, is balanced by a fixed co
e other end, with a sliding-weight rider free to miove along a graduated scale. A level-bubble

to density).
pounds per

0,5 Ib/ft3).

d balance is
unterweight
is mounted

on the beam to allow for accurate balancing. Attachiments for extending the range of the balance may be used

whegn necessary.

Th

1,00 g/ml or 1 000 kg/m3 (8,33 Ib/gal ¢r 62,3 Ib/ft3) at 21 °C (70 °F). If it does not, adjust the bala

ort

4.2.

4.3
4.3.
4.3.

4.3.
and

instrument should be calibrated frequently with fresh water. Fresh water should give a
e amount of lead shot in the well at the end of the graduated arm as required.

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

Procedure
1  The instrument base should be set on a flat, level surface.
P Measure and record the temperature of the drilling fluid.

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

reading of
hcing screw

holding cup
the hole in

the

. L . . , e . o c .- . 3
Cap imorder to freeany trappedairor gas (see Anmex Dformformatiomomairorgas removat):

4.3.4 Holding the cap firmly on the drilling-fluid holding cup (with cap hole covered), wash or wipe the
outside of the cup clean and dry.

4.3.5

Balance is achieved when the bubble is under the centreline.

4.3.6

Place the beam on the base support and balance it by moving the rider along the graduated scale.

Read the drilling fluid 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/ml, Ib/gal, and Ib/ft3, or as a drilling fluid gradient in
psi/1 000 ft.

© 1SO 2008 — All rights reserved
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4.4 Calculation

4.41 Report the drilling fluid density to the nearest 0,01 g/ml or 10 kg/m3 (0,1 Ib/gal or 0,5 Ib/ft3).

4.4.2 Equations (1) to (3) are used to convert the density, p, expressed in grams per cubic centimetre to
other units:

pp=1000x p (1)

where p, is the density, expressed in kilograms per cubic metre.

PR1=833 xp (2)
where pg,4 i the density, expressed in pounds per gallon.
PR =623 xp (3)
where pg, i the density, expressed in pounds per cubic foot.

Table 2 is provides the multiplication factor for conversion from one density unit.to another.

Equations (¢#) to (7) are used to convert the density to the drilling fluid gradient, /g, expressed in kilopascals
per metre (pounds per square inch per foot):

Iprg.Al =981 x g/ml (4)
Tprg al = 0,022 6 x psifft ®)
I'prg,g| = 0,052 0 x Ib/gal (6)
I'pr g| = 0,006 94 x Ib/ft® @)

where

Iprg,al s the drilling fluid gradient;“expressed in kilopascals per metre;
Iprgg| is the drilling fluid gradient, expressed in pounds per square inch per foot.

A list of derysity conversignsis given in Table 1.

Table 1 — Density conversion

Grams Kilograms Pounds Pounds per
per cubic per cubic per US cubic foot
centimetre @ metre gallon
g/ml kg/m3 (Ib/US gal) (Ib/ft3)
0,70 700 5,8 43,6
0,80 800 6,7 49,8
0,90 900 7,5 56,1
1,00 1000 8,345 b 62,3
1,10 1100 9,2 68,5
1,20 1200 10,0 74,7
1,30 1300 10,9 81,0

© 1SO 2008 — All rights reserved
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5.1

Table 1 (continued)

ISO 10414-1:2008(E)

Grams Kilograms Pounds Pounds per
per cubic per cubic per US cubic foot
centimetre 2 metre gallon
g/ml kg/m3 (Ib/US gal) (Ib/ft3)
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 2200 18,4 137,1
2,30 2300 19,2 143,3
2,40 2400 20,0 49,5
2,50 2500 20,9 155,8
2,60 2600 21,7 162,0
2,70 2700 22,5 168,2
2,80 2800 23,4 174,4
2,90 2900 24,2 180,7

Same value as relative density.

b Accurate conversion factor.

Table 2 — Conversion of density units

Mea_sured Multiply to get
" giml kg/m? Ib/gal Ib/ft3
g/ml 1 1 000 8,33 62,3
kg/m3 0,001 1 0,008 3 16,026
Ib/gal 0,120 120 1 7,49
o7t 0,016 0 16,03 0,1335 1

Alternative drilling fluid density method

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.

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 is decreased to a negligible
volume, thus providing a slurry density measurement more closely in agreement with that which is realized
under downhole conditions.

© 1SO 2008 — All rights reserved
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5.2 Apparatus

5.2.1 Density-measuring instrument, of accuracy to within 0,01 g/ml or 10 kg/m3 (0,1 Ib/gal or 0,5 Ib/ft3).

The pressurized mud balance is the instrument generally used for pressurized drilling-fluid density
determinations. The pressurized mud balance is designed such that the drilling-fluid holding cup and screw-on
lid, 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.

Calibrate the instrument frequently with fresh water. Fresh water should give a reading of 1,00 g/ml or
1 000 kg/m3 (8,33 Ib/gal or 62,3 Ib/ft3) at 21 °C (70 °F). If it does not, adjust the balancing screw or the amount

H 4lo LL . <l £ Ll pu | + <l H al
of lead shofrinthe-weltat-theendof-the graguateaarnmasrequirea:

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

5.3 Procedure

5.3.1 Meagsure and record the temperature of the drilling fluid.

5.3.2 Fill fhe sample cup to a level slightly below the upper edge of the cup [approximately 6,5 mm (0,25

5.3.3 Plape the lid on the cup with the attached check-valve in the down¢(open) position. Push thg
downward into the mouth of the cup until surface contact is made between thé ‘outer skirt of the lid and
upper edge| of the cup. Any excess slurry is expelled through the check-valve. When the lid has been pla
on the cup, [pull the check-valve up into the closed position, rinse off thecup’and threads with water and sq
the threadef cap on the cup.

5.3.4 The pressurizing plunger is similar in operation to a syringe. Fill the plunger by submerging its en
the slurry with the piston rod completely inside. Then draw the‘piston rod upward, thereby filling the cyli
with slurry.|This volume should be expelled with the plunger action and refilled with fresh slurry sampl
ensure thaf this plunger volume is not diluted with liquidsremaining from the last clean-up of the plu

cup by maiptaining a downward force on the eylinder housing in order to hold the check-valve down (o
and at the $ame time to force the piston rod inside. A force of approximately 225 N (50 Ibf) or greater sh
be maintained on the piston rod.

5.3.6 The check-valve in the lid is(pressure-actuated; when the inside of the cup is pressurized, the ch
valve is pughed upward into the closed position. To close the valve, gradually ease up on the cylinder hou
while mainfpining pressure on_the piston rod. When the check-valve closes, release pressure on the pi
rod before dlisconnecting theplunger.

5.3.7 The pressurized‘slurry sample is now ready for weighing. Rinse the exterior of the cup and wipe
Place the instrumenton/the knife edge. Move the sliding weight to the right or left until the beam is balan
The beam {s balanced when the attached bubble is centred between the two black marks. Read the de
from one of| the four calibrated scales on the arrow side of the sliding weight. The density can be read dir
in units of gfml, Ib/gal and Ib/ft3, or as a drilling fluid gradient in psi/1 000 ft.

in)].
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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.

5.4 Calculation
Report the drilling fluid density to the nearest 0,01 g/ml or 10 kg/m3 (0,1 Ib/gal or 0,5 Ib/ft3).

For conversions, use the equations given in 4.4.2.
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6 Viscosity and gel strength

6.1 Principle

Viscosity and gel strength are measurements that relate to the flow properties (rheology) of drilling fluids. The
following instruments are used to measure viscosity and/or gel strength of drilling fluids:

a) Marsh funnel — a simple device for indicating viscosity on a routine basis;

b) direct-indicating viscometer — a mechanical device for measurement of viscosity at varying shear rates.

NOTE Information on the rheology of drilling fluids can be found in Reference [3].

6.2| Determination of viscosity using the Marsh funnel
6.2l Apparatus

6.2.1.1 Marsh funnel, calibrated to out-flow 946 ml (1 quart) of fresh ‘water at a temperature of
(21 3) °C[(70 + 5) °F]in (26 = 0,5) s, with a graduated cup as a receiver.

6.2.1.1.1  Funnel cone, of length 305 mm (12,0 in), diameter 152 mm- (6,0 in) and a capacity to bottom of
scrgen of 1 500 ml (1,6 quarts).

6.2.1.1.2 Orifice, of length 50,8 mm (2,0 in) and inside diameter 4,7 mm (0,188 in = 3/16 in).

6.2.1.1.3  Screen, with 1,6 mm (0,063 in = 1/16 in) openings (12 mesh); fixed at 19,0 mm (0,15 in =% in)
belqw top of funnel.

6.2./1.2 Graduated cup, with capacity at least946 ml (1 quart).

6.2.11.3 Stopwatch.

6.2./1.4 Thermometer, with a range,;of 0 °C to 105 °C (32 °F to 220 °F).

6.2. Procedure

6.2..1 Cover the funnel‘erifice with a finger and pour freshly sampled drilling fluid through the| screen into
the Elean, upright funnel-Fill'until fluid reaches the bottom of the screen.

6.2.2.2 Remove\finger and start stopwatch. Measure the time for drilling fluid to fill to 946 ml (1 quart)
mark of the cup.

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

6.2..4 Report the time (6.2.2.2), to the nearest second, as the Marsh funnel viscosity. |Report the

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
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displacement of the bob. Instrument constants have been adjusted so that plastic viscosity and yield 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);

— total length 87,0 mm (3,425 in);

— scfibed line 58,4 mm (2,30 in) above the bottom of sleeve, with two rows of 3,18 mm (0,425 in)
holes spaced 120° (2,09 radians) apart, around rotor sleeve just below scribed [ine;

b) bob, clpsed, with flat base and tapered top:
— diameter 34,49 mm (1,358 in);
— cylinder length 38,0 mm (1,496 in);
c) torsion|spring constant:
— 386 dyne-cm/degree deflection;

d) rotor slpeve speed:

— high speed 600 r/min;
— oy speed 300 r/min.
NOTE Qther rotor speeds are available in viscometers from various manufacturers.

6.3.1.2 Stopwatch.

6.3.1.3 Thermometer, with a range of\0 °C to 105 °C (32 °F to 220 °F).
6.3.1.4 Suitable container, e.g{, the cup provided with the viscometer.
6.3.2 Prgcedure

6.3.2.1 Place the sample in a container and immerse the rotor sleeve exactly to the scribed |ine.
Measuremdnts in the field-should be made with minimum delay (within 5 min, if possible) and at a tempergture
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 place6f'sampling should be stated on the test report.

DANGER —+‘Maximum recommended operating temperature is 90 °C (200 °F). If it is necessary to ftest
fluids 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 can vaporize when immersed in a high-
temperature fluid and cause the bob to explode.

6.3.2.2 Record the temperature of the sample.

6.3.2.3 With the sleeve rotating at 600 r/min, wait for viscometer dial reading to reach a steady value (the
time required is dependent on the drilling-fluid characteristics). Record the dial reading for 600 r/min.

6.3.2.4 Reduce the rotor speed to 300 r/min and wait for the viscometer dial reading to reach a steady
value. Record the dial reading for 300 r/min.
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6.3.2.5 Stir drilling fluid sample for 10 s at 600 r/min. Stop the rotor.

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 strength.
For instruments 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 pounds per 100 ft2.

NOTE To convert the dial reading to pascals: 1 Pa = 0,511 Ib/100 ft2.
6.3.2.7 Re-stir the drilling fluid sample at 600 r/min for 10 s, stop the rotor and allow the drilling fluid to

stand undisturbed for 10 min. Repeat the measurements as in 6.3.2.6 and report the maximum reading as the
10-minute gel in pounds per 100 ft4.

NOTE To convert the dial reading to pascals: 1 Pa =0,511 Ib/100 ft2,
6.3.8 Calculation

The] calculation for the plastic viscosity, 7p, expressed in millipascal seconds (centipoise), lis given in
Equation (8):

1p = Reoo — R30 (8)
where

Rsoo is the dial reading at 600 r/min;

R3o0 is the dial reading at 300 r/min.

NOTE 1 The plastic viscosity is commonly known in the-industry by the abbreviation PV.
NOTE 2 1cP =1 mPas.

The| calculation for the yield point, Yp a, €Xpressed in pascals, is given in Equation (9):

YP,A 20,48X(R300 —77p) (9)

When calculating values in USC units, the yield point (expressed in pounds per one hundred sqdiare feet) is
calqulated as follows:

Yo = Raoo —d18 (10)

NOTE 3  Thewyield point, expressed in pounds per one hundred square feet, is commonly known in the infdustry by the
abbieviation YP«

The| ealeulation for apparent viscosity, 7, expressed in millipascal seconds (centipoise), |s given in
Eqt tian (11)'

R
Ua:% (11)

NOTE 4  The apparent viscosity, expressed in millipascal seconds (centipoise), is commonly known in the industry by
the abbreviation AV.
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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.

7.2 Lowltemperaturellow-pressure test

721 Ap

7211
76,2 mm (3

This cell is
can be con

(3,54 in) diameter filter paper can be placed in the bottom of the cell just above a suitable support.

filtration are
into a gradd
Pressure G

regulators and can be obtained with portable pressure cylinders, midget pressure cartridges or means

utilizing hyd
paper (e.g.

baratus

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

made of materials resistant to strongly alkaline solutions and is so fitted.that a pressure meg
veniently admitted into, and bled from, the top. It shall also be fitted“such that a sheet of 90

ais (45,8 + 0,6) cm? [(7,1 £ 0,1) in?]. Below the support is a dréin tube for discharging the filf
ated cylinder. Sealing is accomplished with gaskets and the entire assembly supported by a s
an be applied with any non-hazardous fluid medium,.Presses are equipped with pres

raulic pressure. To obtain correlative results, one thickhess of the proper 90 mm diameter
Whatman No. 50, S&S No. 576" or equivalent) shallbé used.

r of

ium
mm
The
rate
and.
sure
for
filter

The low-tefperature/low-pressure filter press should havé a filter area of 45,2 cm?2 to 46,4 cm? (7,0 in2to

7,2in2) wh
gasket is th
by a conic
diameters 1
markings) S

NOTE i
obtained whg

ch corresponds to a diameter of 75,86 mm~to 76,86 mm (2,987 in to 3,026 in). The filter p
e determining factor of the filter area. It is’\recommended that a filter press gasket used be te
bl gauge that has the maximum 76,86 mm (3,026 in) and the minimum 75,86 mm (2,98
narked on it. Any filter-press gasket.found out of these ranges (either larger or smaller than
hall be discarded.

Results obtained from the use Of\a filter press with different filter area do not directly correlate with the re
n using the standard-sized press.

ress
sted
y in)
the

sults

7.21.2 Timer, with at least@)30 min interval.

7.21.3 Graduated cylinder, with a volume of 10 ml (TC) or 25 ml (TC).

7.2.2 Prgcedure

7221 Bedsure each part of the cell, particularly the screen, is clean and dry and that the gaskets arg not
distorted or[woern. Pour the drilling fluid sample into the cell to within 1 cm to 1,5 cm (0, 4 in to 0,6 in) of thg top
(tO minimiz L;U2 contamination or fitrate), and compliete the assemnply WILN the THer Paper I place.

7.2.2.2 Place a dry graduated cylinder under the drain tube to collect the filtrate. Close the relief valve

and adjust the regulator so that a pressure of 690 kPa + 35 kPa (100 psi + 5 psi) is applied within 30 s or less.
The test period begins at the time of pressure application.

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 ISO of these

products.
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7.2.23 At the end of 30 min, measure the volume of filtrate collected. Shut off the flow through the
pressure regulator and open the relief valve carefully. The time interval, if other than 30 min, shall be reported.

7.2.2.4 Report the volume of filtrate in millilitres (to the nearest 0,1 ml) and the initial drilling fluid
temperature in degrees Celsius (degrees Fahrenheit). Save the filtrate for chemical analysis.

7.2.2.5 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.

7.2.2.6 Measure and report the thickness of the filter cake, to the nearest millimetre (1/32 in).

7.2p.7 Although cake descriptions are subjective, such notations as hard, soft, tough, rubbery, firm, etc.,
can|convey important information of cake quality.

7.3| High-temperature/high-pressure (HTHP) test
7.3.l Apparatus

7311 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 t¢: 8'900 kPa (600 psi to 1[300 psi), a
system for heating the cell, a pressurized collection cell able to maintain/proper backpressure (seg Table 3) in
ordgr to prevent flashing or evaporation of the filtrate, and a suitable stand. The drilling-fluid| cell has a
themometer well, oil-resistant gaskets, a support for the filter medium and a valve on the filtrate delivery tube
to cpntrol flow from the cell. It can be necessary to replace the gaskets frequently.

Features such as an overheating safety fuse for the heating jacket and a pressure indicating dgvice on the
filtrgtion cell are examples of safety features that, are available. Devices are available that|aid in cell
disgssembly when trapped pressures are suspected:

DANGER — Rigid adherence to manufacturers' recommendations as to sample volumes, |equipment
temperatures and pressures is essentialFailure to do so can result in serious injury.

temperature and pressure, nitrous oxide can detonate in the presence of grease, oil or carpbonaceous

DANGER — Do not use nitrous oxide cartridges as pressure sources for HT/HP fiItralEJon. Under
materials. Nitrous oxide cartridges shall be used only for Garrett gas-train carbonate analys|

s.
7.3/1.2 Filter media2):
7.3.1.21  Filter paper, Whatman No. 50 or equivalent, for temperatures to 190 °C (375 °F).

7.31.2.2 Porous disc, Dynalloy X-5 or equivalent, for temperatures above 200 °C (400 °F). A[new disc is
required for each test.

7.3.1.3 Timer, with at least a 30 min interval.

7.3.4—Thermometerwith= rangeupto 266—=C (SGG OF).
7.3.1.5 Graduated cylinder, with a volume of 25 ml (TC) or 50 ml (TC).

7.3.1.6 High-speed mixer.

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 Procedure for temperatures to 150 °C (300 °F)

7.3.21 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 desired temperature.

7.3.2.2 Stir drilling fluid sample for 10 min with a high speed mixer. Close the valve on the drilling-fluid
cell 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 expansion. Install the filter paper.

7.3.2.3 Complete the assembly of the cell and, with both top and bottom valves closed, place it in
heating jacket. Transfer the thermometer to the well in the drilling fluid cell.

the

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

7.3.25 Connect a regulated pressure source to the top valve and collection cell, and lock inplace.
7.3.2.6 Keeping the valves closed, adjust top and bottom regulators to 690 kPa (100:psi). Open the
valve, applying 690 kPa (100 psi) to the drilling fluid. Maintain this pressure for 1 h. If.the drilling-fluid
temperaturg¢ has not reached the test temperature after 1 h, the test should be termjnated and the equipn
repaired.

NOTE An APIl-funded study has found that some equipment used for high-temperature filtration testing doeg

top
cell
hent

not

adequately Heat drilling fluid to the specified test temperature. Modifications of the drilling-fluid cell can be made with the

addition of af internal heat sink and insulation to correct this problem [7]. Accurate'temperature measurement of the df
fluid during the heating portion of the test can be ensured by installing a thermo€ouple to directly measure the drilling
temperature jn the cell.

7.3.2.7 After 1 h, increase the pressure of the top pressure unit to 4 140 kPa (600 psi) and open
bottom valve to start filtration. Collect the filtrate for 30 min, maintaining the selected temperature within +

lling
fluid

the
B °C

(5 °F). If packpressure 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 afea of 45,8 cm?2 (7,1 in2). For example, if the filter arg
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

regulators.

DANGER —+ Pressure in the drilling fluid cell is still approximately 4 140 kPa (600 psi). To a\
possible se¢rious injury, keep(eell upright and cool to room temperature, then bleed pressure from

before disassembling. Difficulty in removing the set screws from the cell can be indicative of pres;fure

remaining jn the cell. Cells with pressure-indicating devices that can provide an extra margin of s
are availablle. Devices-are available that aid in cell disassembly when trapped pressures are suspe

7.3.2.10 Removesthe cell from the heating jacket, first making certain that the bottom and top valves
tightly shut pnd<all’pressure is off regulators. Using extreme care to save the filter paper, place the cell upr
open the valie,to bleed pressure from cell contents and open. Discard drilling fluid, and retrieve filter c

ais

the
yoid
cell

ety
cted.

are
ght,
bke.

Wash filter Cakeomthepaperwithragentiestreanof water:

7.3.2.11 Measure and report the thickness of the filter cake, to the nearest millimetre (1/32 in).

7.3.212 Although cake descriptions are subjective, such notations as hard, soft, tough, rubbery, firm, etc.,

can convey important information on 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.
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7.3.3.2 Stir drilling fluid sample for 10 min with a high speed mixer. Close the valve on the drilling-fluid
cell and 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 expansion. Install the proper filter medium (see 7.3.1.2).

DANGER — Not all manufacturers’ equipment can be used above 150 °C (300 °F). Failure to know the
pressure/temperature rating of equipment in use can result in serious injury. Testing at high
temperature and high pressure calls for added safety precautions.

All pressure cells should be equipped 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 becomes
an increasingly critical design factor as test temperatures are raised. Water-vapour pressures at various

temperatures are shown in Table 3.
7.38.3 Complete the assembly of the cell, and with top and bottom valves closed, place’the |drilling fluid
celllin the heating jacket. Transfer the thermometer to the well in the drilling fluid cell.

7384 Connect the high-pressure collection cell to the bottom valve and lock in place.

7.3.8.5 Connect the regulated pressure source to the top valve and the collection cell and locK
7.3.
test
whil
tem

3.6 With top and bottom valves closed, apply the recommended backpressure (see Tab)
temperature to both top and bottom. Open the top valve, applyingthe same pressure to the
e heating. Maintain this pressure for 1 h. If the drilling-fluid cell temperature has not reach
perature after 1 h, the test should be terminated and the equipment repaired.

NOT
ade
addi
fluid

E An API-funded study has found that some equipment used for high-temperature filtration test
juately heat drilling fluid to the specified test temperature. Modifications of the drilling fluid cell can be n
tion of an internal heat sink and insulation to correct this pfoblem [7]. Accurate temperature measurement
during the heating portion of the test can be ensured by installing a thermocouple to directly measure th
erature in the cell.

After 1 h, increase the pressurexon the top by 3 450 kPa (500 psi) over the backpre

After the test pefiod; close both top and bottom valves on the pressure cell and ble
and|record the total volume: Also record the temperature, pressures and time.

DAINGER — Pressure inside the filter cell can be as high as 6 500 kPa (950 psi). To avo
serious injury,.kéep cell upright and cool to room temperature, then bleed pressure from

in place.

e 3) for the
drilling fluid
ed the test

ng does not
ade with the
of the drilling
e drilling-fluid

ssure being

and open the bottom valve to begin filtration. Collect the filtrate for 30 min, holding the test femperature

D rise, it can
Id never be

bd pressure

the regulators. Allow ayminimum of 5 min for the filtrate to cool to avoid vaporizing, then caufiously drain

d possible
cell before

disassembly:"\Difficulty in removing the set screws from the cell can be indicative of pressure

remainingsin.the cell. Cells with pressure-indicating devices that can provide an extra marg
are [available. Devices are available that aid in cell disassembly when trapped pressures are

n of safety
suspected.

7.3.3: Ire from the
regulators.
7.3.3.10 Correct the filtrate volume to a filter area of 45,8 cm? (7,1 in2). For example, if the filter area is

22,6 cm? (3,5 in2), double the filtrate volume reported.

7.3.3.11
tightly shut and all pressure is off regulators. Using extreme care to save the filter paper, place the

Remove the cell from the heating jacket, first making certain that the bottom and top valves are

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 paper with a gentle stream of water.

7.3.3.12 Measure and report the thickness of the filter cake, to the nearest millimetre (1/32 in).
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7.3.3.13
can convey

Although cake descriptions are subjective, such notations as hard, soft, tough, rubbery, firm, etc.,

important information of cake quality.

Table 3 — Recommended minimum backpressure

Test temperature Vapour pressure Minimum backpressure

°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 3105 450
8 Water, oil and solids contents
8.1 Pringiple
The retort instrument provides a means for separating and measuring_the volumes of water, oil and s¢lids
contained in a sample of water-based drilling fluid. In the retort, acknown volume of a whole drilling-fluid
sample is heated to vaporize the liquid components that are then<eondensed and collected in a graduated
receiver. Lifjuid volumes are determined directly from reading_thé oil and water phases in the receiver. [The
total volume of solids (suspended and dissolved) is obtained by difference (total sample volume minus liguid

volume). Calculations are necessary to determine the volume*of suspended solids, since any dissolved solids

are retainefl in the retort. The relative volumes of low:gravity solids and weighting material can alsq be
calculated. [Knowledge of the solids concentration and composition is considered basic to viscosity [and
filtration control in water-based drilling fluids.

8.2 Apparatus

8.21 Refort instrument.

Retorts of three sizes (10 ml. 20ml| and 50 ml) are commonly available. Specifications for these retorts| are
given below.

8.21.1 Sample cup,fin a standard size of 10 ml (precision + 0,05 ml), 20 ml (precision + 0,10 m|) or
50 ml (prec|sion +0,25 ml),

NOTE Qther samplé cup sizes are available from manufacturers of this equipment.

8.21.2 Liquid condenser, of sufficient mass to cool the oil and water vapours below their vaporizgtion
temperatur Pt tor-tor :cqv;lly the-condenser:

8.21.3 Heating element, of sufficient power to raise the temperature of the sample above the
vaporization point of the liquid components within 15 min without causing solids boil-over.

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

500 °C + 40 °C (930 °F + 70 °F).

8.2.2
cleaning an

Total volume, ml:

18

d a funnel-shaped top to catch falling drops, meeting the following specifications:

10 20 50

Liquid receiver (TC), specially designed cylindrical glassware with a rounded bottom to facilitate
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Precision (0 to 100 %), ml: +0,05 +0,05 +0,25
Frequency of graduation marks (0 to 100 %), ml: 0,10 0,10 0,50
Calibration: To contain (TC) at 20 °C (68 °F)

Scale: ml or volume fraction (as percent)

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

The receiver volume should be verified gravimetrically. The procedure and calculations are provided in
Annex H for the 10 ml, 20 ml and 50 ml liquid receivers.

8.2.8 Fine steel wool, oil-free.

“Liguid steel wool” or similar products should not be used for this application.

8.24 High-temperature silicone grease, to be used as a thread seal and a lubricant:
8.2.p Pipe cleaners.

8.2.p Putty knife or spatula, with blade shaped to fit the inside dimensiohs-0f the sample cup of the retort.
8.2y Marsh funnel.
8.2.8 Defoaming agent.

8.2.9 Corkscrew.

8.3| Procedure

8.3. Be sure that the retort sample cup, condenser passage and liquid receiver are clean, dry|and cooled
fromp previous use. The inside of the sample cup and lid shall be thoroughly cleaned with a puytty knife or
spajula prior to each test. Periodically, the interior of the sample cup should also be lightly polishgd with steel
wodl. The condenser passage should also-be cleaned and dried before each test using pipe cleangrs. A build-
up ¢f material in the condenser can decrease condensation efficiency and cause erroneous liquid|readings in
a tept.

NOTE Procedures vary slightly\depending on type of retort used. See manufacturers' instructions [for complete
progedure.

8.3.2 Collect a representative sample of water-based drilling fluid and allow it to cool to approxinately 27 °C
(80F). Screen the sample through the 1,68 mm (0,066 in) (12 mesh) screen on the Marsh funngl to remove
losticirculation material; large cuttings or debris.

8.3.8 If drilling’fluid sample contains gas or air, add two to three drops of defoaming agent to apout 300 ml
of drilling fluid\and stir slowly for 2 min to 3 min to release gases.

8.3. Lubricate the threads on the sample cup and condenser tube with a light coating of silicpne grease.
Thig prevents vapour loss through the threads and also facilitates disassembly of the equipment and cleaning
at the end of the test.

8.3.5 Lightly pack a ring of steel wool into the chamber above the sample cup. Use only enough steel wool
to prevent boil-over of solids into the liquid receiver.

NOTE This is determined from experience.

8.3.6 Fill the retort sample cup with degassed water-based drilling fluid, see 8.3.3. See Annex D for
information on air or gas removal.

8.3.7 Carefully place the lid on the sample cup and allow an overflow of the sample through the hole in the
lid to ensure that the correct volume of sample is in the cup.

© IS0 2008 — Al rights reserved 19


https://standardsiso.com/api/?name=8a80b1c84bdfd5364fe466d83f60f0b9

ISO 10414-1:2008(E)

8.3.8 With the lid held tightly in place, wipe the overflow from the sample cup and lid. Be sure that the
sample cup threads are still covered with silicone grease after wiping, and that the hole in the lid is not

plugged.

8.3.9 Screw the retort cup onto the retort chamber with its condenser.

8.3.10 Place 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 after the

last conden

sate is collected.

8.3.12 Remove-the qunid receiver from the retort. Note whether solids are in the qunid that was recovere

d. If

so, the who

e drilling fluid has boiled over from the sample cup and the test shall be repeated from 8.3.6¢

8.3.13 Read the volumes of water and oil in the liquid receiver after it has cooled to ambient témperafure.

Record the

volumes (or volume percentages) of water and oil collected.

8.3.14 Codl the retort, remove the steel wool with corkscrew and clean the sample cup with a putty knife or

spatula.
8.4 Calc

8.41 Usi

ulation

hg the measured volumes of oil and water and the volume of the original whole drilling fluid sar

(10 ml, 20 ml, or 50 ml), calculate as percentages the volume fractions of water, oil and total solids in

nple
the

ven

12)

13)

drilling fluid
a) volumd fraction water:
The volumg fraction water, ¢\, expressed as a percentage of the“total sample volume, is calculated as g
in Equation|(12):
pw =100x I;W
df
where
Mw  ip the volume of water, expressed in millilitres;
V4 i the volume of the drilling fluid sample, expressed in millilitres.
b) volumg fraction oil:
The volumg fraction oil, gy expressed as a percentage of the total sample volume, is calculated as give
Equation (113):
V.
0o = 1ooxV_:f
where
V, s the volume of oil, expressed in millilitres;
V4 is the volume of the drilling fluid sample, expressed in millilitres.

c)

volume fraction retort solids:

The volume fraction retort solids, ¢g, expressed as a percentage of the total sample volume, is calculated as
given in Equation (14):

@s =100 - (pw + ¢0)

20

(14)
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NOTE The percentage (volume fraction) retort solids in Equation (14) is only the difference between water plus oil,
and the total sample volume (10 ml, 20 ml or 50 ml). This difference is both suspended solids (weighting material and low-
gravity) and dissolved materials (e.g. salt). This percentage (volume fraction) retort solids is the suspended solids only if
the drilling fluid is an untreated, fresh-water drilling fluid.

8.4.2 Additional calculations are required to find the percentage (volume fraction) suspended solids and
relate them to the relative volumes of low-gravity solids and weighting material. To make these calculations,
an accurate drilling fluid density and chloride concentration are needed. The percentage (volume fraction)
suspended solids, ¢ss, expressed as a percentage of the total sample volume, is calculated as given in
Equation (15):

L

A
=05 ~| 680006 1 15
Vs =7s L1680000-1,21 cC|J (15)

where

cc) s the chloride concentration, in milligrams per litre;
@y is the percentage (volume fraction) of water;

ps s the percentage (volume fraction) of solids.

8.4.8 The volume fraction of low-gravity solids, Pg- expressed as a percentage of the total sampple volume,
is calculated as given in Equation (16) for Sl units and Equation (17)for USC units:

1

9lg = 100 oy + (5 — 1) x @55 ~100p414 = (21 = o) X0 | (16)
(pb _plg)
1
Pig = 100 pt +(pb — ) x 053 —12p08 = (2t ~P0) X 0% | (17)
(Pb _Plg)
where

pgra is the drilling fluid density, expressed in grams per cubic centimetre;

parg  Is the drilling fluid density, expressed in pounds per gallon;

Ps is the density of filtrate, expressed in grams per cubic centimetre, as given by Equation (18):
ps =1+0,0000001 09 x g (18)
o is the density of weighting material, expressed in grams per cubic centimetre;
Ag is thedensity of low-gravity solids, expressed in grams per cubic centimetre (use 2,6 iff unknown);
Lo is.the density of oil, expressed in grams per cubic centimetre (use 0,8 if unknown);
NOTE The ps density calculation Equation (18) is based on the sodium chloride concentration.

8.4.4— Ttevoturmefractiomof theweightimg Tmateriat, 7, expressedas a percentage; 15 catcutated as given
in Equation (19):

P = PSS~ Ag (19)

8.4.5 Concentration, expressed in kilograms per cubic metre, of low-gravity solids, ¢, A Weighting material,
cp A» @nd suspended solids, cgg A, Can be calculated as given in Equations (20), (21) and (22), respectively:

Cg,A= 10plg X Ag (20)
cpa=10p, x ¢ (21)
Css,A=CgAt ChA (22)
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where

Ng is the volume fraction of low-gravity solids, expressed as a percentage;

Po

is the volume fraction of barite, expressed as a percentage.

Concentration, expressed in pounds per barrel, of low-gravity solids, ¢,g, weighting material, ¢, and

suspended solids, cgg g, can be calculated as given in Equations (23), (24), and (25), respectively:
¢ig,B = 3,491 X ¢y (23)
cpg = 3490, x @y (24)
¢ss,B 7 €g,B * b,B 25)
where
Pg is fhe volume fraction of low-gravity solids, expressed as a percentage;
¢, s [he volume fraction of barite, expressed as a percentage.
9 Sand|content
9.1 Pringiple
The sand cpntent of drilling fluid is the percentage (volume fraction).ef particles of diameter larger than 74 |um.
It is measuned by a sand-screen set.
9.2 Apparatus
9.21 Sieyve, 74 ym (200 mesh) and 63,5 mm (2,5 in)in diameter.
9.2.2 Fur[nel, to fit sieve.
9.2.3 Glgss measuring tube, marked for‘the volume of drilling fluid to be added and graduated from 0 }o to
20 % in order to read the percentage of sand directly.
9.3 Procedure
9.3.1 Fillthe glass measuring-tube with drilling fluid to the “drilling fluid” mark. Add water to the next njark.
Close the mouth of the tube and shake vigorously.
9.3.2 Poyr the mixture onto the clean, wet screen. Discard the liquid passing through the screen. Add more
water to thg tube, shake and again pour onto the screen. Repeat until the tube is clean. Wash the dand
retained on|the s€reen to free it of any remaining drilling fluid.
9.3.3 Putlthe funnel upside down over the top of the sieve Slowly invert the assembhly and insert the tip of

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

sand.

9.3.4 Report the sand content of the drilling fluid as a percentage (volume fraction). Report the source of
the drilling fluid sample, i.e. above shaker, suction pit, etc. Coarse solids other than sand (e.g. lost circulation
material) are retained on the screen and the presence of such solids should be noted.

22
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10 Methylene blue capacity

10.1 Principle

10.1.1 The methylene blue capacity of drilling fluid is an indication of the amount of reactive clays (bentonite

and/or drill solids) present as determined by the methylene blue test. The methylene blue capacity
estimate of the total cation-exchange capacity of the drilling fluid solids. Methylene blue capacity

provides an
and cation-

exchange capacity are not necessarily equivalent, the former normally being somewhat less than the actual

cation-exchange capacity.

peroxide and acidified) until saturation is noted by formation of a dye “halo” around a-dra

suspension placed on filter paper. Variations of the procedure used on the drilling fluid can(be’pg

drill|solids and commercial bentonite to allow an estimate of the amount of each type of .sold pr
fluid (see 1ISO 104164 or API RP 131[9]).

10.1.3 Dirilling fluids frequently contain substances in addition to reactive claysthat absorb met
Prefreatment with hydrogen peroxide (see 10.3.2) is intended to remove the effect of organic m
as lignosulfonates, lignites, cellulosic polymers, polyacrylates, etc.

10.2 Reagents and apparatus

10.2.1 Methylene blue solution, reagent grade methylene blue (CAS No.61-73-4
(1 nl = 0,01 meq).

Thel moisture content of reagent grade methylene blue shall be determined each time the solution
Dry|la 1,000 g portion of methylene blue to a constant mass at 93 °C £ 3 °C (200 °F + 5 °F)
appfopriate correction in the mass, mg, of methylene, blue, expressed in grams, to be taken to
solytion as given in Equation (26):

3,2

Mmys

ms=

where myg is the mass of the driedisample, expressed in grams.
10.2.2 Hydrogen peroxide (CAS No. 7722-88-5), 3 % solution.

DANGER — H,0, is a strong oxidizer. Contact with skin should be avoided.

10.2.3 Sulfuric acid (CAS No. 7664-93-9), dilute, approximately 2,5 mol/l (5 N).

DANGER —H380, is a strong and toxic acid.

NOTE Normality (N) is not a recognized term, although many drilling fluids equipment manufactur
titrafion;jindicator, and buffer solutions with normality.

vith hydrogen

p of solids
rformed on
psent in the

ylene blue.
terials such

), 3,209l

s prepared.
Make the
prepare the

(26)

brs label the

10.2.4 Syringe, 2,5 ml (TD) or 3 ml (TD).

10.2.5 Erlenmeyer flask, capacity 250 ml.

10.2.6 Burette, 10 ml (TD); micropipette, 0,5 ml (TD); or graduated pipette, 1 ml (TD).
10.2.7 Graduated cylinder, 50 ml (TD).

10.2.8 Stirring rod.

10.2.9 Hot plate.

© 1SO 2008 — All rights reserved
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10.2.10 Filter paper, Whatman No. 13) or equivalent.

10.3 Proc

edure

10.3.1 Add 2,0 ml of drilling fluid (or suitable volume of drilling fluid to require from 2 ml to 10 ml of methylene
blue solution) to 10 ml of water in the Erlenmeyer flask. The syringe used should have a capacity of more than
2 ml, generally 2,5 ml or 3 ml. By using a larger syringe, it is not necessary to remove the air trapped in the

syringe. To
a)
discha

Again
syringe

Deliver
last grg

10.3.2 Adq
allow to boi

10.3.3 Adqg
methylene

(1mlto2m
the content
stirring rod
appears as

10.3.4 Wh
place anoth
shown in k

before (se¢ 10.3.3) until a drop taken after.2min shows the blue tint, as shown. Free dye dete

immediately
not quite be

Remove the air or gas entrained in the drilling fluid (
Stir the—dxrilli j '

assure that exactly 2,0 ml of drilling fluid is being added, use the following procedure.

ge the syrie akito
jraw the drilling fluid into the syringe until the end of the plunger is at the last graduation on
(e.g. at 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 from
duation on the syringe. This, in a 3-ml syringe, is at the 1-ml line.

15 ml of 3 % hydrogen peroxide and 0,5 ml of sulfuric acid. Boil géntly for 10 min, but do|
to dryness. Dilute to about 50 ml with water.

blue solution necessary to reach the endpoint is known from previous testing, larger increm
I) can be used at the beginning of the titration. After each:addition of methylene blue solution,
5 of the flask for about 30 s. While the solids are still suspended, remove one drop of liquid with
and place the drop on the filter paper. The initial. endpoint of the titration is reached when
a blue or turquoise ring surrounding the dyed solidsy-as shown in key item 4 in Figure 1.

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

er drop on the filter paper. If the blue ring isyagain evident, the final endpoint has been reacheg

after adding 6 ml methylene blue(solution is adsorbed after 2 min, and indicates that endpoint
en reached.

see Annex D for information on air or gas removal).

wly

the

the

not

the methylene blue solution to the flask in increments of 0;5\ml. If the approximate amount of

ents
swirl
the
dye

and
, as

by item 8 in Figure 1. If the blue ring.does not appear as shown in items 4 and 9, continu¢ as

cted
has

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

convenience

24

of users of this part of ISO 10414 and does not constitute an endorsement by ISO of these products.
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5 mi®

AWON -

© oo ~NO O

[V

3 ml?

2 ml?

o

0
@

.

endpoint overshot

moisture

dyed drilling fluid solids (no free,.unadsorbed dye present)
free dye, visible immediately-after adding the sixth ml, is adsorbed after 2 min and indicates that the end
quite been reached

dyed drilling fluid solids

free, unadsorbed dye

moisture

endpoint

appearance of spot after an additional 2 min absorption

Volume ef\methylene blue solution added, in millilitres.

Figure 1 — Spot tests for endpoint of methylene blue titration

point has not

© 1SO 2008 — All rights reserved

25


https://standardsiso.com/api/?name=8a80b1c84bdfd5364fe466d83f60f0b9

ISO 10414

-1:2008(E)

10.4 Calculation

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

Vm b

CmeT =~ (27)
Var
where
Vmp is the volume of methylene blue solution, expressed in millilitres;
V4 i the volume of drilling fluid sample, expressed in millilitres.
Alternatively, the methylene blue capacity can be reported as bentonite equivalent (based on bentorite with a
cation excllange capacity of 70 meq/100 g), Egg o, expressed in kilograms per cubic metre, as givep in
Equation (2B) or Egg g, expressed in pounds per barrel, as given in Equation (29)]:
14,25 x V,
Egea F V—mb (28)
df
5%V,
Egep =V—mb (29)
df
NOTE The kilograms per cubic metre (or pounds per barrel) bentonite equivalent from Equations (28) and (29) i$ not
equal to the pmount of commercial bentonite in the drilling fluid. Reactive clays in the drill solids contribute to this qugntity

as well as cd

commercial hentonite and drill solids present.

11 pH

11.1 Pring
11.1.1 Fie
fluid contro
additives ar

11.1.2 Thg

(activity andl concentrationare-equal only in dilute solutions): pH = — log [H*]. For pure water at 24 °C (75

the hydrogq
ion activity
10-14 (a co

unit indicatgs a tenxfold change in both [H*] and [OH~]. Solutions with pH less than 7 are termed “acidic”

those with

mmercial bentonite. See ISO 104164 or API RP 13103 for-additional information on estimating the amou

Ciple
d measurement of drilling fluid-(or filtrate) pH and adjustments to the pH are fundamental to dri
I. Clay interactions, solubility of various components and contaminants, and effectivenes
e all dependent on 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 solut
n ion activity’JH*] is 107 mol/l and pH = 7. This system is termed “neutral” because the hydr
[OH] is alse-10~7 mol/l. In aqueous systems at 24 °C (75 °F) the ion product, [H*] x [OH1]
nstant). Consequently, an increase in H* denotes a like decrease in [OH~]. A change in pH of

H. greater than 7 are termed “basic” or “alkaline”.

nt of

lling
of

L

=]

ons
OF)
oxyl
], is
one
and

11.1.3 The recommended method for measurement of drilling fluid pH is with a glass-electrode pH meter.
This method is accurate and gives reliable pH values, being free of interferences if a high-quality electrode
system is used with a properly designed instrument. Rugged pH instruments are available that automatically
temperature-compensate the slope and are preferred over the manually adjusted instruments.

Colour-matching pH paper and sticks are used for field pH measurements, but are not the methods
recommended. These methods are reliable only in very simple water-based drilling fluids. Drilling fluid solids,
dissolved salts and chemicals and dark-coloured liquids cause serious errors in pH-paper values. Readability
is normally about 0,5 pH unit.
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11.2 Reagents and apparatus

11.2.1 Buffer solutions, to calibrate and set the slope of pH meter prior to sample measurement at the
following pH values:

a) pH =4,0: potassium hydrogen phthalate at 0,05 mol/l in water; gives 4,01 pH at 24 °C (75 °F);

b) pH=7,0: potassium dihydrogen phosphate at 0,020 66 mol/l and disodium hydrogen phosphate at
0,029 34 mol/l in water; gives 7,00 pH at 24 °C (75 °F);

c) 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 24 °C (75 °F).

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
the buffer should be shown on bottles used in the field. Bottles should be kept tightly stoppered.
11.2.2 Distilled or deionized water, in spray bottle.
11.2.3 Mild liquid detergent.

11.2.4 Sodium hydroxide, (CAS No. 1310-73-2), 0,1 mol/l (approximately), to recondition electrode.
DANGER — NaOH is a strong caustic alkaline chemical. Aveid'skin contact.
11.2.5 Hydrochloric acid, (CAS No. 7674-01-0), 0,1 mol/l(approximately), to recondition electrogle.
DANGER — HCl is a strong and toxic acid.
11.2.6 Ammonium bifluoride (CAS No. 1341-49-7), 10 % solution (approximately), to reconditiof electrode.

DANGER — Avoid skin contact.

11.2.7 Millivolt-range potentiometér,)calibrated to show pH units for measuring the potentiall between a
glags-membrane electrode and a standard “reference” electrode.

Thel instrument should preferably be water-, shock- and corrosion-resistant and portable. Specifjcations are
the following:

a) |pH range: 0to 14;
b) |electronics_type: solid state (preferred);
c) |power.source: batteries (preferred);

d) |operating temperature range: 0 °C to 66 °C (32 °F to 150 °F);

e) readout: digital (preferred);
f)  resolution: 0,1 pH unit;

g) accuracy: + 0,1 pH unit;

h) repeatability: 0,1 pH unit;

i) adjustments:

— “temperature” compensation of electrode system;
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usl

ope” of electrode system (preferred);

preferred.)

“calibration” setting of readout. (Instrument with the above internal temperature compensation is

11.2.8 Electrode system, a combination of a glass electrode for sensing H* ions and a standard voltage

reference e

lectrode, preferably constructed as a single electrode.

The body of this probe should be constructed of durable material. A flat-end probe is preferred for better
protection and easier cleaning of the electrode. Waterproof connection to the meter is recommended.

Specificatio
a) glassp

b) electro

NOTE U
(silver) referg

c) electro
d) glassc
e) sodium

11.2.9 Tissue, soft, to blot electrodes.

11.2.10 Th

11.2.11 Tdst-tube brush, soft bristle, to clean electrode:

11.2.12 Electrode-storage vial, to keep electrodes moist.

11.3 Proc

11.3.1 Obfain a sample of fluid to be-tested. Allow it to reach 24 °C + 3 °C (75 °F + 5 °F).

11.3.2 Allg

ns are the following:
H electrode response range: 0 to 14 pH units;
Hes: glass electrode and a silver/silver chloride electrode in‘combina

having a ceramic or a plastic single or double junction;

se double-junction electrode for measuring liquids containing sulfide or bromide ioh to avoid damg
nce electrode system.

yte in reference electrode: KCI gel;
omposition: suitable for low sodium-ion error;
-ion error: at pH =13 or at 0,1 mol Na&.jon, an error less than 0,1 pH unit.

ermometer, glass, 0 °C to 105 °C (32 °F to 220.%F).

edure for pH measurement

w buffer solution to reach the same temperature as the fluid to be tested.

For accura

sample tenperature. ThépH of the buffer solution indicated on the container label is the correct pH on
24 °C (75 °F). If attempting to calibrate at another temperature, the actual pH of the buffer at this temperg
should be psed. Tables of buffer pH values at various temperatures are available from the suppliers

should be

11.3.3 Clepn-electrodes by washing with distilled water and blot dry.

e pH measurement, the test fluid, buffer solution and reference electrode should all be at

ed in-the calibration procedure.

on,

ging

the
y at
ture
and

11.3.4
11.3.5 Tur
11.3.6
11.3.7 Set
11.3.8 Set

11.3.9

28

Place probe into pH 7,0 buffer.

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

Measure temperature of pH 7,0 buffer solution.

this temperature on “temperature” knob.

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

Rinse probe with distilled water and blot dry.
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11.3.10 Repeat operations in 11.3.6 through 11.3.9 using either pH 4,0 or pH 10,0 buffer. Use pH 4,0 if
“acidic” sample, or pH 10,0 if “alkaline” sample is to be tested. Set meter to number “4,0” or “10,0,”
respectively, using “slope” adjustment knob. (If no “slope” knob exists, use the “temperature” knob to set “4,0”
or “10,0” on meter.)

11.3.11 Check the meter again with pH 7,0 buffer. If it has changed, reset to “7,0” with “calibration” knob.
Repeat 11.3.6 through 11.3.9. If meter does not calibrate properly, recondition or replace electrodes as given
in 11.4.

Discard and do not reuse the sample of buffer solutions used in calibration. Meter should be fully calibrated
every day, as per 11.3.2 through 11.3.9, using two buffers. Check with pH 7,0 buffer every 3 h when using the
meter continuously and prior to use, It more than 3 h had lapsed between measurements.

11.3.12 If meter calibrates properly, rinse electrode with distilled water and blot dry. Place electrode in sample
to b tested and 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
prolpe tip become dry.

11.3.15 Turn meter off and close cover to protect instrument. Aveid storing instrument jat extreme
temperatures [below 0 °C (32 °F) or above 50 °C (120 °F)].

11.4 Care of electrode
11.4.1 Cleaning the electrode is necessary periodically, especially if oil or clay particles coat thel face of the
glags electrode or the porous frit of the reference elecirode. Clean electrode with a soft-bristle hrush and a

mild detergent.

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

11.4.3 Recondition by soaking electrede 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.

11.4.4 Check electrode for response by performing calibration in 11.3.1 through 11.3.15.

11.4.5 If electrode continues to perform poorly, soak electrode for 2 min only in 10 % ammonium bifluoride
solytion. Repeat 11.3. hthrough 11.3.15 to check for calibration capability.

11.4.6 Replace glectrode system if steps 11.4.3 to 11.4.5 fail to recondition it.

12 | Alkalinity and lime content

12 +Principte

12.1.1 Alkalinity can be considered as the acid-neutralizing power of a substance. In drilling fluid testing,
alkalinity measurements can be made on either the whole drilling fluid (designated with a subscript “df’) or on
the filtrate (designated with a subscript f). The data collected from the alkalinity test can also be used to
estimate the concentrations of hydroxyl [OH™], carbonate [CO3‘2] and bicarbonate [HCO3] ions in the drilling
fluid.

12.1.2 Knowledge of the drilling fluid and filtrate alkalinities is important in many drilling operations to ensure
proper control of the drilling fluid chemistry. Drilling fluid additives, particularly some deflocculants, require an
alkaline environment to function properly. Alkalinity arising from hydroxyl ions is generally accepted as being
beneficial, while alkalinities resulting from carbonates and/or bicarbonates can have adverse effects on the
drilling fluid performance.
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12.1.3 The ions that are primarily responsible for filirate alkalinities are the hydroxyl (OH™), carbonate
(CO3*2), and bicarbonate (HCO3") ions. It is important to realize that the carbonate species can change from
one form to another form by changing the solution pH. The interpretation of filtrate alkalinities involves
calculating differences between the titration values obtained by the following procedures. It is for this reason
that special attention to accurate measurement of the various reagents is important in all steps of the
procedure. In addition, it is important to realize that the following calculations are only estimates of the
concentrations of the reported ionic species based on theoretical chemical equilibrium reactions.

12.1.4 The composition of drilling fluid filtrates is often so complex that the interpretation of alkalinities in
terms of estimated ionic components can be misleading. Any particular alkalinity value represents all of the
ions that react with the acid in the pH range over which that particular value was tested. Inorganic ions that
can contribute to the alkalinity, in addition to the hydroxyl, carbonate and bicarbonate ions, are borgtes,
silicates, sylfides and phosphates. Perhaps more serious in drilling fluids are anionic organic thinnersfilfrate
reducers ar|d their degradation products that can contribute to a large portion of the alkalinity valueyas well as
masking th¢ endpoint colour change. These organic materials make a particularly large contribution’ to the M;
alkalinity arld 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.

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

DANGER —+ H,80, is a strong and toxic acid.

12.2.2 Phe¢nolphthalein (CAS No. 518-51-4) indicator solution;. #.g/100 ml in 1:1 alcohol:water solution.
12.2.3 Methyl orange (CAS No. 547-58-0) indicator solutien* 0,1 g/100 ml of water.

12.2.4 pH|meter (optional).

NOTE A pH meter is more accurate than an indicator solution.

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

12.2.6 G

-

gdduated pipettes, 1 ml (TB).and 10 ml (TD).

12.2.7 Volumetric pipette, 1 ml(TD).

12.2.8 Syilinge, 1 ml (TDY:

12.2.9 Stigring rod,

12.3 Procedure — Phenolphthalein and methyl orange filtrate alkalinities

12.3.1 Me ; the
phenolphthalein indicator solution. If the indicator turns pink, add 0,02 N (N/50) sulfuric acid, drop by drop
from the graduated pipette, while stirring, until the pink colour just disappears. If the sample is so coloured that
the indicator colour change is masked, the endpoint can be taken when the pH drops to 8,3 as measured with
a pH meter. (Refer to Clause 11 for proper pH measurement).

12.3.2 Report the phenolphthalein alkalinity, P, of the filtrate as the number of millilitres of 0,02 N acid
required per millilitre of filtrate.

12.3.3 To the sample that has been titrated to the P; endpoint, add two or three drops of methyl orange
indicator solution. Add the standard acid drop by drop from the pipette, while stirring, until the colour of the
indicator changes from yellow to pink. The endpoint can also be taken when the pH of the sample drops to 4,3
as measured by a pH meter. (Refer to Clause 11 for proper pH measurement.)
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12.3.4 Report the methyl orange alkalinity, M, of the filtrate as the total millilitres of 0,02 N acid per millilitre
of filtrate required to reach the methyl orange endpoint (including that amount required for the P; endpoint).

12.4 Procedure — Phenolphthalein drilling fluid alkalinity

12.4.1 Measure 1,0 ml of drilling fluid into the titration vessel using a syringe or volumetric pipette. Dilute the
drilling fluid sample with 25 ml to 50 ml of distilled water. Add 4 drops to 5 drops of phenolphthalein indicator
solution and if the indicator turns pink, while stirring, titrate rapidly with 0,02 N (N/50) standard sulfuric acid
solution until the pink colour disappears. If the endpoint colour change cannot be seen, it can be taken when
the pH drops to 8,3 as measured by a pH meter. (Refer to Clause 11 for proper pH measurement.)

If c¢gment 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, Py, of the drilling fluid as the number of-millilitres of 0,02 N
(N/30) acid required per millilitre of drilling fluid.

12.5 Calculation of ion concentrations from Py and M;

Thel mass concentrations of hydroxyl, carbonate and bicarbonate ions cambe estimated from P and A as
shon in Table 4.

Table 4 — Concentrations of hydroxyl, carbenate and bicarbonate ions

Concentration
Relative values of mg/l
Pf and Mf
OH~ CO;572 HCO5~

Pi=0 0 0 1220 M;
2 Pf < Mf Q 1200 Pf 1220 (Mf — 2Pf)
2 Ps=M; 0 1200 P¢ 0
2Pf>Mf 340 (2Pf*Mf) 1 200 (Mf*Pf) 0

Ps= M 340 M; 0 0

12.6 Estimation of lime content
12.6.1 Determine,the P; and Py of the filtrate and drilling fluid as described in 12.3 and 12.4.

Determine thé yolume fraction, Fyy, of water in the drilling fluid using the value for volume fraction, expressed
as g decinmral-fraction, of water from the liquid and solids determination (Clause 8) in the following equation:

=20 (30)

where ¢y is the volume fraction, expressed as a percentage, of water in the drilling fluid (see Clause 8).

12.6.2 Report the lime content of the drilling fluid, Clime,A» N kilograms per cubic metre, as given in
Equation (31) [or ¢jjme g, IN pounds per barrel, as given in Equation (32)]:

Clime,A = 0,742 x (Pgs — FyyPy) (31)
clime,B = 0,26 X (Pdf — FWPf) (32)
where
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Fyy is the volume fraction of water in the drilling fluid, expressed as a decimal;
Py is the phenolphthalein alkalinity of the drilling fluid;
P; is the phenolphthalein alkalinity of the filtrate.

13 Chloride ion content

13.1 Principle

The chloridg¢ test measures the chloride ion concentration in drilling fluid filtrate.

13.2 Reagents and apparatus

13.2.1 Silyer nitrate (CAS No. 7761-88-8) solution, containing 4,791 g/l (0,0282 N; equivalent to 0,001 g/mi
chloride ionl) , stored in an amber or opaque bottle.

13.2.2 Pofassium chromate (CAS No. 7789-00-6) indicator solution, 5 g/100 ml of water.
DANGER — This product is known to be carcinogenic and should be handled with care.

13.2.3 Sulfuric acid (CAS No. 7664-93-9) or nitric acid (CAS No. 7697-37-2) solution, standardized 0,02 N
(N/50).

DANGER —+ H,80, and HNO; are strong and toxic acids.

13.2.4 Phe¢nolphthalein (CAS No. 518-51-4) indicator solution,*1 g/100 ml of 1:1 alcohol/water solution.

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

13.2.6 Distilled water.
13.2.7 Grgduated pipettes, 1 ml (TD) and 10°'ml (TD).
13.2.8 Titqation vessel, 100 ml or 150 mlpreferably white.

13.2.9 Stigring rod.

13.3 Procedure

13.3.1 Measure 1 ml of Jmore of filirate into the titration vessel. Add 2 drops to 3 drops phenolphthalein
solution. If the indicatorturns pink, add acid drop by drop from pipette, while stirring, until the colour [has

. If the filtrate was originally deeply coloured, add an additional 2 ml of 0,02 N (N/50) sulfuric pcid
id andstir. Then add 1 g calcium carbonate and stir.

13.3.2 Adq_25 ml to 50 ml distilled water and 5 drops to 10 drops potassium chromate solution. | Stir
continuously, while adding standard silver nitrate solution drop by drop from the pipette, until the colour
changes from yellow to orange-red and persists for 30 s. Record the volume of silver nitrate solution required
to reach the endpoint. If over 10 ml of silver nitrate solution is used, repeat the test with a smaller sample of
filtrate.

NOTE If the chloride ion concentration of the filtrate exceeds 10 000 mg/l, a silver nitrate solution equivalent to
0,01 g/ml (0,282 N) chloride ion can be used. The factor 1 000 in Equation (33) is then changed to 10 000.

13.4 Calculation

13.4.1 Report the chloride ion concentration, ¢, of the filtrate, expressed in milligrams per litre, calculated as
given in Equation (33):
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V.
ccl = 1000 x N (33)
Ve
where
Ven is the volume of silver nitrate solution, expressed in millilitres;

V¢ is the volume of the filtrate sample, expressed in millilitres.

13.4.2 Use Equation (34) to convert cc to the sodium chloride concentration, cyacia, €Xpressed in

. litra-
milligcams perlitre:

cNact, A =165 cg (34)

13.4.3 To convert from milligrams per litre to parts per million by mass (USC unit); use Equatipn (35) and
the density of the filtrate from Equation (18):

“NaCl,A
CNaCIB = — (35)
Pt
NOTE In very dilute solutions, milligrams per litre is equal to parts per millioh:

14 [Total hardness as calcium

14.1 Principle

Thel hardness of water or drilling fluid filtrate is dueZprimarily 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 ¢r filtrate is
expfessed as milligrams calcium per litre.’An endpoint obscured by dark components can often He remedied
by gxidizing with a reagent such as sodivumrhypochlorite.

14.2 Reagents and apparatus

14.2.1 EDTA solution (CAS-No. 6381-92-6), 0,01 mol/l; standardized disodium ethylenediaminejetraacetate
dihydrate (1 ml/ml sample'=/1 000 mg CaCO3, 1 ml/ml sample = 400 mg Ca2").

NOTE EDTA isdistributed with various supplier names, Versenate®?) or “standard Versenate solutign” being the
mosf common.

14.2.2 Buffer/solution, 67,5 g ammonium chloride (CAS No. 12125-02-9) and 570 ml ammoniuin hydroxide
(CAIS N0:1336-21-6) (15 N) diluted to 1 000 ml with distilled water.

14.2.3”Hardness indicator solution. 1 g/l Calmagite®9) or equivalent; 1-(1-hydroxy-4-methyl-2-phenylazo)-
2-naphthol-4-sulfonic acid (CAS No. 3147-14-6) in distilled water.

14.2.4 Acetic acid (CAS No. 64-19-7), glacial.

DANGER — Avoid skin contact.

4) Versenate® is 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 by ISO of this product.

5) Calmagite® is an example 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 by ISO of this product.
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14.2.5 Masking agent, 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):tetraethylenepentamine
(CAS No. 112-57-2):water.

14.2.6 Sodium hypochlorite (CAS No. 7681-52-9) solution, 5,25 % mass fraction in deionized water.
DANGER — Avoid skin contact.

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.

14.2.7 Deionized or distilled water.

The deioniged water and sodium hypochlorite solution should be tested for hardness by using 50,0-mhof the
deionized water and 10 ml of the sodium hypochlorite solution without the test sample, and continuing with
14.3.7 and [14.3.8. If the procedure is then repeated with the test sample utilizing 50 ml deionized- water [and
10 ml sodiéim hypochlorite solution in 14.3.2 through 14.3.6, the hardness of the test sdmple can be
determined|by subtracting the hardness of the deionized water and hypochlorite.
14.2.8 Titnation vessel, 150 ml beaker.

14.2.9 Graduated pipettes, 5 ml (TD) and 10 ml (TD).

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

14.2.11 Hot plate (required if filtrate is coloured).

14.2.12 pH|paper strip.

14.3 Procedure

14.3.1 Megsure one or more millilitres of sample into a 150 ml beaker. (If filtrate is clear, or is only lightly
coloured, omit steps 14.3.2 through 14.3.5.)

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 Boi| the sample for 5 minsMaintain the sample volume by adding deionized water as required dyring
boiling. Boiling is required to remave excess chlorine. The absence of chlorine can be verified by immersing a

strip of pH paper in the sampleIf the paper is bleached white, continued boiling is required.

Work in an pdequately veftilated area.

14.3.5 Coo¢l the sample.

14.3.6 Ring€-the inside of the beaker with deionized water and dilute the sample to 50 ml with deionjzed
water. Add approximatety 2 mtbuffersotutiomand-swirttomix:

NOTE The presence of soluble iron can interfere with the endpoint determination. If this is suspected, a mixture of
triethanolamine:tetraethylenepentamine:water (1:1:2 by volume) has proven to be a suitable masking agent. 1 ml of the
mixture is used per titration.

14.3.7 Add sufficient hardness indicator (2 drops to 6 drops) and mix. A wine-red colour develops if calcium
and/or magnesium is/are present.

14.3.8 While stirring, titrate with EDTA solution to the proper endpoint. Calcium indicators produce a change

from red to blue. The endpoint is best described as the point at which additional EDTA produces no further red
to blue colour change. The titration volume of EDTA is used in the calculation in 14.4.
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14.4 Calculation

The total hardness, calcium plus magnesium ion concentration, cc,, g, expressed in milligrams per litre as
calcium, is calculated as given in Equation (36):

Vi
CCarmg =400 x —EDTA (36)
s
where
it I FEDTASOtTtio H it ’
Vg is the volume of the sample, expressed in millilitres.
NOTE The concentration of calcium and magnesium is commonly known in the industry.as total hardness, and

repdrted as calcium.
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Annex A
(informative)

Chemical analysis of water-based drilling fluids

A.1 Calcium

A.1.1 Prin

When EDT
combines fi
high so tha
indicators g
endpoint oh

hypochlorite.

ciple

rst with calcium. Calcium can be determined with EDTA when the pH of the samplg’is sufficie
magnesium is precipitated as the hydroxide and an indicator specific for calcium-is used. Sev
ive colour changes when all of the calcium has been complexed by EDTA at(aypH of 12 to 13
scured by dark organic components can be remedied by oxidizing with a_.reagent such as sod

A.1.2 Redgents and apparatus

A1.21
ethylenedia

NOTE
common.

H

A1.2.2
DANGER -
A1.23
A1.2.4
DANGER -

A1.2.5
A.1.2.6
A1.2.7

A1.2.8

EDTA (CAS No. 6381-92-6): 0,01 mol/l solution, standardized disodium

EDTA is distributed with various supplier names, Versentate® or “standard Versenate solution” being the

Calcium buffer solution: 1 mol/l (1 N) sodium’hydroxide (CAS No. 1310-73-2).
- NaOH is a strong caustic alkaline chemical. Avoid skin contact.

Calcium indicator, Calver® 118) or'Hydroxy naphthol blue (CAS No. 63451-35-4).
Acetic acid (CAS No. 64-19-7), glacial.

- Avoid skin contact.

Titration vessel, 150;ml beaker.

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

Volumetricpipettes, 1 ml (TD), 2 ml (TD) and 5 ml (TD).

Hot plate (required if filtrate is coloured).

inetetraacetate dihydrate (1 ml/ml sample = 1 000 mg CaCO3, 1 ml/ml sample = 400 mg Ca?y

A\ (or its salt) is added to water or drilling fluid filtrate containing both calcium and magnesiufn, it

ntly
eral

An
ium

~

nost

A1.2.9

Masking agent: 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):

tetraethylenepentamine (CAS No. T1Z2-57-2):waler.

A.1.2.10
A1.2.11

A1.2.12

DANGER —

pH paper.
Graduated cylinder, 50 ml (TC).

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

Avoid skin contact.

6) Calver® Il is an example of a suitable product available commercially. This information is given for the convenience of

users of this
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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 deteriorates with time.

A.1.213  Deionized or distilled water.

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 as given in A.1.3, the calcium of the test sample can be determined by subtracting the calcium of the

deionized water and sodium hypochlorite solution.

A.13 Procedure

A113.1 With a volumetric pipette, add 1 ml or more of sample to a 150-ml beaker. This)sample volume is
usefl in the calculation shown in Equation (A.1). If filtrate is colourless or is only slightly celoured, pmit A.1.3.2
through A.1.3.5.

A.1{3.2 With graduated pipette, add 10 ml hypochlorite solution and mix.

A113.3 With graduated pipette, add 1 ml glacial acetic acid and mix.

A113.4 Boil the sample for 5 min. Maintain the sample by adding deionized water as required during
boiling. Boiling is required to remove excess chlorine. The absence-of chlorine can be verified by immersing a
strip of pH paper in the sample. If the paper is bleached white) eontinued boiling is required. A sufficiently
boiled sample shows a pH of 5,0.

A.1{3.5 Cool the sample.

A.1)3.6 Rinse the inside of the beaker with deionized water and dilute the sample to approximately 50 ml
withl deionized water. Add 10 ml to 15 ml of calciund-buffer solution or sufficient sodium hydroxide tp produce a
pH of 12 to 13.

NOTE The presence of soluble iron can (interfere with the endpoint determination. If this is suspected,|a mixture of
triethanolamine:tetraethylenepentamine:water (1:1:2 by volume) is a suitable masking agent. Add 1,0 ml of the mixture
aftef A.1.3.6.

A1{3.7 Add sufficient calcium’ indicator (0,1 g to 0,2 g) to produce a pink to wine-red colour {f calcium is
pregent. Too much indicator ebscures the endpoint.

NOTE The addition ef several drops of methyl orange along with the calcium indicator can improve the \jisibility of the
endpoint.

A.1)3.8 While» stirring, titrate with standard EDTA to the proper endpoint. Calcium indicatorg produce a
chapge from<red to blue. The endpoint is best described as that point where additional EDTA groduces no

further red to blue colour change. The EDTA volume is used in the calculation in Equation (A.1).

A1

4-Calculation

The calcium ion concentration, cc,, expressed in milligrams per litre, is calculated as given in Equation (A.1):

cca = 400 XVEE% (A1)
where

cca is the calcium ion concentration, expressed in milligrams per litre;

Vepta s the volume of EDTA solution, expressed in millilitres (1 ml =400 mg Ca*?);
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Vi

is the volume of the filtrate sample, expressed in millilitres.

A.2 Magnesium

A.2.1 Principle

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).
A.2.2 Progedure
A.2.21 Determine the total hardness as calcium (14.3 through 14.4).
A.2.2.2 Determine the calcium content as described in Clause A.1.
A.2.3 Calgulation
The magnepium concentration, CMgr expressed in milligrams per litre, is calculated@s given in Equation (A|2):
emg =96 X(ccasmg—cca) ®.2)
where
cca+Mg| 1S the total hardness, expressed as calcium in milligrams per litre;
cca is the calcium concentration, expressed in milligtams per litre.
A.3 Calcjum sulfate
A.3.1 Principle
The calciumn sulfate content of drilling)fluid is determined by using the EDTA method as describefl in
Clause A.1|to determine the total calcium in a drilling fluid filtrate and the whole drilling fluid. The total |and
undissolved calcium sulfate contents of the drilling fluid can then be calculated.
A.3.2 Redgents and apparatus
A.3.21 EDTA (EAS No.6381-92-6): 0,01 mol solution, standardized disodium ethylenediamine-
tetraacetatq dihydrate(1 ml/ml sample = 1 000 mg CaCOg, 1 ml/ml sample = 400 mg Ca?*).
NOTE EDTA"s distributed with various supplier names, Versentate® or “standard Versenate solution” being the nost
common.
A.3.2.2 Calcium buffer solution: 1 mol/l (1 N) sodium hydroxide (CAS No. 1310-73-2).

DANGER — NaOH is a strong caustic alkaline chemical. Avoid skin contact.

A.3.2.3

Calcium indicator, Calver® 1I7) or hydroxy naphthol blue (CAS No. 63451-35-4).

7) Calver® ll is an example of a suitable product available commercially. This information is given for the convenience of

users of this
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A.3.2.4 Acetic acid (CAS No. 64-19-7), glacial.
DANGER — Avoid skin contact.

A.3.2.5 Masking agent: 1:1:2 volume mixture of triethanolamine (CAS No. 102-71-6):
tetraethylenepentamine (CAS No. 112-57-2):water.

A.3.2.6 Sodium hypochlorite (CAS No. 7861-52-9) solution, mass fraction of 5,25 % in deionized water.

DANGER — Avoid skin contact.

Many brands of commercial laundry bleach contain calcium hypochlorite or oxalic acid and should pot be used.
Enspre the sodium hypochlorite is fresh, as it will deteriorate with time.

A.3{2.7 Deionized or distilled water.
Thel| deionized water and sodium hypochlorite solution should be tested for calcium, sulfate by usjng 10 ml of
the deionized water and 10 ml of the sodium hypochlorite solution without the test'sample. If the grocedure is
then repeated with the test sample utilizing 10 ml of the deionized water and, 40 ml of the sodium hypochlorite
solytion in A.3.3, the calcium sulfate of the test sample can be determined:-by’subtracting the calg¢ium sulfate
of the deionized water and sodium hypochlorite solution.

A.3{2.8 Titration vessel, 150 ml beaker.

A.3{2.9 Graduated pipettes, 1 ml (TD) and 10 ml (TD).

A.3]2.10  Volumetric pipettes, 1 ml (TD), 2 ml (TD), 5@l (TD) and 10 ml (TD).
A.3]2.11 Hot plate (required, if filtrate is coloured):

A.3]2.12 pH paper.

A.3]2.13  Graduated cylinder, 50 m|(TC).

A.3]2.14  Drilling fluid retort, as described in Clause 8.

A.3l3 Procedure

A.3{3.1 Add 5 ml of~whole drilling fluid to 245 ml deionized water. Stir the mixture for 15 mjin and filter
through a standard filfer press in accordance with 7.2.2. Collect only clear filtrate. Into a 150 ml beaker, add
10 i of clear filtrate with the 10 ml volumetric pipette and titrate to the EDTA endpoint as described in
Clagise A.1 and.designate this volume of EDTA as Vgpra gr.

A.313.2 Titrate 1 ml of the original drilling fluid filtrate (obtained as described in 7.2) to the EDT]A endpoint.
Desjignatethis volume of EDTA as Vepra ¢

A.3.33 Betermimethevotumefractionmrof Wdlcl, FW’ C)\plbbbbul as d dUbiIlldi, the dli“illg fluid by using
the value for volume fraction, ¢y, expressed as a percent, of water from the liquid and solids determination
(Clause 8) and Equation (A.3):

Pw
Fiy = W A.
w=Tu (A3)

A.3.4 Calculation

A3.4.1 Calculate the calcium sulfate concentration of the drilling fluid, ccag04 A, €XPressed in kilograms
per cubic metre, as given in Equation (A.4) [or ccas048, €XPressed in pounds per barrel, as given in
Equation (A.5)]:
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ccasos,A = 6,60 VepTa gf

ccaso4,B = 2,31 VepTa,df

where Vept

A3.4.2

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

(A.4)

(A.5)

Calculate the (excess) undissolved calcium sulfate concentration of the drilling fluid, cey casoa A
expressed in kilograms per cubic metre, as given in Equation (A.6) [or Cex-CaSO4,B, €Xpressed in pounds per

barrel, as given in Equation (A.7)]:
Cex-Cago4,A = 0,6 Veptaaf = 1,32 (Veptaf X Fw ) (A-6)
Cex-Cag04,8 = 2:31 Veptaar —0.463 (Vepras  Fw ) A7)
where
Cex-Cagpa,A IS the excess (undissolved calcium sulfate concentration, expressed in kilograms per cpibic
metre;
Cex-Casoa B IS the excess (undissolved calcium sulfate concentration, expressed in pounds per barre;
Fy is the volume fraction of water in the drilling fluid, expressed as a decimal,
VEDTA fif is the EDTA volume of whole drilling fluid; see A.3:3:1;
VEDTA, is the EDTA volume of the drilling fluid filtrate;'see A.3.3.2.
A.4 Sulfide
A.4.1 Principle
Ad411 The concentration of soluble sulfides in a drilling fluid can be determined by this method. Sollible
sulfides include H,S and the sulfide (S%=)~and bisulfide (HS") ions. Drilling fluid filtrate is acidified in a Garett
gas train, cpnverting all sulfides to H5S,"which is evolved by bubbling an inert carrier gas through the sanjple.

The gas trg
responds tg
drilling-fluid
tube turns f

A.41.2
presence o
a Drager tu

in separates the gas from the liquid. The gas stream is passed through a Drager®) tube, w
H,S by darkening @long its length. The darkened length is proportional to the total sulfide in

rfom pale blue t6.jet-black. No common drilling-fluid contaminant causes these colour changes.
Lead-acetate paper disks can be accommodated in the Garrett gas train to determine

absence: 0of sulfide. If the presence of sulfide is indicated by darkening of the lead-acetate pg
be shauld be used for quantitative analysis.

hich
the

filtrate. The low-range Drager tube turns from white to brownish-black and the high-range Drager

the
per,

A.4.2 Reagents and apparatus

A4.21

Sulfuric acid (CAS No. 7664-93-9), approximately 2,5 mol/l (5N), ACS reagent grade.

DANGER — H,S0, is a strong and toxic acid.

A4.2.2

Defoamer, in a dropper bottle.

8) Drager tubes are an example of a suitable product available commercially. This information is given for the

convenience

40

of users of this part of ISO 10414 and does not constitute an endorsement of ISO of this product.
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A4.23 Carrier gas, inert to hydrogen sulfide, acid and Drager tube reagents.

Nitrogen is preferred but carbon dioxide is acceptable. (Avoid air or other oxygen-containing gases.)
A4.2.4 Dréger H,S analysis tubes:

A.4.2.41 Lowrange: marked H,S 100/a (No. CH 29101, 100 mg/l to 200 mg/l H,S);

A.4.2.42 High range: marked H,S 0,2 %/A (No. CH 28101, 0,2 volume % to 7 volume % H,S).

A4.25 Garrett gas train apparatus, consisting of a transparent plastic gas train, an inert gas supply and
pregsure regulator, a floating-ball flow meter and a Drager tube.

Specifications of the Garrett gas train:

a) |Body
Chamber 1:
Depth 90 mm (3,54 in)
Diameter 38 mm (1,52 in)
Chambers 2 and 3:
Depth 90 mm (3,54 in)
Diameter 30 mm (1,18 in)
Passages between chambers:
Diameter 2,0 mm (0,08 in)
Material:

Transparent material or glass that is inert'to acid, sulfides and hydrogen sulfide gas
b) |Dispersion tube

Stem:

Diameter 8,0 mm (0,315 in)

Length 15@mm (5,9 in)
Dispersion frit (bell-shaped, fine):

Diameter 30 mm (1,18 in)
Material:

Low coefficient of expansion, heat-resistant glass

c) |Flow meter, floating-ball type preferred, capable of measuring 300 mil/min of CO, gas.
d) |Flexible tubing, type inert to hydrogen sulfide and carrier gas. Latex rubber or equivalent is prgferred.
e) |Fittings and rigid tubing, type)inert to hydrogen sulfide and acid.
f) |Rubber septum.

A.412.6 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.4.3.1 Ensure that 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 can affect the accuracy of the
Drager tube reading.

A.4.3.2 Add 20 ml of deionized water to chamber 1.
A43.3 Add 5 drops defoamer to chamber 1.

A4.3.4 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.
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A.4.3.5 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 that the O-rings seal around the body of each
tube.

A.4.3.6 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
for various sulfide ranges
Sulfide range Sample volume Drager tube Tube factor b-°
V identification @ £
mg/| ml
1,2to0 24 10,0 H,S 100/a 0,124
2,4 to 48 5,0 H,S 100/a 0,124
4,8 to 96 2,5 H,S 100/a 0,124
30 to 1 050 10,0 H,S 0,2 %/a 1450.°
60 to 2 100 5,0 H,S 0,2 %/a 1450 ¢
120 to 4 200 2,5 H,S 0,2 %/a 17450 ©
a8  See tube body.
b Used in calculation.
C I other tubes are used, it is necessary to change the tube fa¢tors in Table A.1 in accordance
with the manufacturer's specification.
d  Tube factor 0,12 applies to tubes marked H»S 100/a (Cat. No. CH 29101) with 100 mg/l to
2 000 mg/l scale. For older tubes with the 1 to 20 scale, use\a-tube factor of 12.
€  Tube factor of 1450 applies to tubes marked™*HsS 0,2%/a (Cat. No. CH 28101) with
0,2 volume % to 7,0 volume % scale. For older tubes with the 1 to 17 cubic centimetre scale, use a
tube factor 600 times the ratio: Batch Factor/0,40«
A.4.3.7 With the regulator backed off, connect the carrier gas to the dispersion tube of chamber 1 uging
flexible tubipg. If a CO, cartridge is used, install and puncture cartridge and connect to dispersion tube.
A.4.3.8 Attach the flexible tubingfrom chamber 3 outlet to the Drager tube.
Use only lafex rubber or inert plastic tubing. Do not clamp flexible tubing; unclamped tubing provides pressure
relief in the levent of over-pressurization.
A.4.3.9 Adjust the dispersion tube in chamber 1 to approximately 6 mm (0,25 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 cafrier
gas.
A.4.3.11 Cottect=sufficient votumeof sotids-freefittrate for amatysis. {if @ tow concentration of sotuble

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

A.4.3.12

Inject a measured volume of the solids-free filtrate sample into chamber 1 through the rubber

septum, using a hypodermic syringe and needle.

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 flow rate should be maintained between 200 ml/min

and 400 ml/min.

NOTE

42

One CO,, cartridge should provide about 15 min to 20 min of flow at this rate.
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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 can attain a diffuse and feathery colouration. In the high-range tube, an orange colour
(caused by SO,) can 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 qualitatively indicates the presence or absence of sulfides in the

san]
Dra

A4
the
cha
bety
deid

A.44 Calculation

The
Equ

whe

A.5

A.5

The
soly
is a
carf
a1

ple. A dark discoloration of the paper is a positive indication of sulfides. After a positive ing
jer tube should be used on a separate sample for quantitative analysis.

3.17  To clean the gas train, remove the flexible tubing and remove the top. Take\the Drag
flowmeter out of the receptacles and plug the holes with stoppers to keep them dry. W
mbers with warm water and mild detergent, using a soft brush. Use a pipe cleaner to clean th
veen the chambers. Wash, rinse and blow out the dispersion tube with g dry gas. Rinse t
nized water and allow to drain dry.

sulfide concentration, cg, expressed in milligrams per litre, in~the sample can be calculated
ation (A.8):

/
cg = —StVXf
S

re

Iy is the Drager tube's maximum darkened length, in units marked on the tube;

st

V.

s is the measured sample volume, expressed in millilitres;

is the tube factor from Table A.1.

f

Carbonate

1 Principle

ble carbonates include CO, and the carbonate (CO42-) and bicarbonate (HCO3"~) ions. Drilling
Cidified<inna” Garrett gas train, converting all carbonates to CO,, which is then evolved by bubb
er gag'through the sample. The gas train separates the gas from the liquid. The gas stream is
| @as bag (to allow CO, to mix uniformly) and subsequently drawn through a Drager® tub

flow

ication, the

er tube and
hsh out the
e passages
ne unit with

as given in

(A.8)

concentration of soluble carbonates in a drilling fluid filtrate can be determined by this method. Total

fluid filtrate
ing an inert
collected in
b at a fixed

ata__Thao Dracaar tiha racnandc 6 OO0
ot e orager—tup TS pottaS—t

A reaction

hy nroaraccivalyy ctainina nienla alana o lanath
ooy T STV eTy Sttty — OHg—Tto—eHgt:

between CO, and a hydrazine chemical causes a crystal violet indicator to turn purple. The stain length is
proportional to the total carbonate concentration in the filtrate.

A.5

A.5.

.2 Reagents and apparatus

21

pressure regulator, a floating-ball flow meter and a Drager tube.

9)

Garrett gas train apparatus, consisting of a transparent plastic gas train, an inert gas supply and

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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Specifications of the Garrett gas train:
a) Body
Chamber 1:
Depth 90 mm (3,54 in)
Diameter 38 mm (1,52 in)
Chambers 2 and 3:
Depth 90 mm (3,54 in)
Diameter 30 mm (1,18 in)
Passages between chambers:
Diameter 2,0 mm (0,08 in)
Material:
Transparent material or glass that is inert to acid, sulfides, and hydrogen Sulp
gas
b) Dispersion tube
Stem:
Diameter 8,0 mm (0,315 in)
Length 150 mm (5,9 in)
Dispersion frit (bell-shaped, fine):
Diameter 30 mm (1,18 in)
Material:
Low coefficient of expansion, heat-resistant glas$
c) Flow neter, floating ball type preferred, capable of measuring 300.mil/min of COZ2 gas.
d) Flexibl¢ tubing, type inert to hydrogen sulfide and carrier gas. Latex rubber or equivalent is preferred.
e) Fittingd and rigid tubing, type inert to hydrogen sulfide and acid.
f)  Rubbef septum.
A.5.2.2 Carrier gas, high-purity nitrogen (N,) bottlewith low-pressure regulator (preferred), or N,O
cartridges.
DANGER + Do not use nitrous oxide cartridges as pressure sources for high-temperature/high
pressure (HTHP) filtration. Under high temperature and pressure, nitrous oxide can detonate in
presence of grease, oil or carbonaceous materials. Use nitrous oxide cartridges only for Garrett

train carbonate analysis.

A5.23
A5.2.4

A.5.2.5
equivalent.

A.5.2.6

Dréger CO, analysistube, marked CO, 100/a (cat. No. 8101811), 100 mg/l to 3 000 mg/l.

Drager 1 | Alcotest'gas bag, No. 7626425, or equivalent.

Driager Accuro® 10) hand-operated bellows gas-detector vacuum pump, Model 31

Stopcock, 2-way bore, 8 mm (0,315 in) glass with PTFE plug.

A.5.2.7

Sulfuric acid (CAS No. 7664-93-9), approximately 2,5 mol/l (5 N), ACS reagent grade.

DANGER — H,80, is a strong and toxic acid.

A.5.2.8
A.5.2.9
A.5.2.10

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.

gas

or

10) Drager Accuro® is an example of a suitable product available commercially. This information is given for the

convenience

44

of users of this part of ISO 10414 and does not constitute an endorsement of ISO of this product.
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diaphragm in the regulator, prolonged N,O flow causes the regulator to perform erratically.

A.5

A.5.

.3 Procedure

31 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

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 20 ml deionized water to chamber 1.

A.5
A5
A.5

A5
flex

A.5
unit

A5
gas
ess
leak
con
bell

A5
cha

A5
hyp

A5
syri

3.3 Add 5 drops of defoamer to chamber 1.
3.4 Install the top on the gas train and hand-tighten evenly to seal all O-rings.
3.5 Adjust the dispersion tube to approximately 6 mm (0,25 in) off bottom.

3.6 With regulator backed off, connect carrier gas supply to glass dispersion tube of chan
ble tubing.

3.7 Flow carrier gas through train for 1 min to purge air from the system. Check for leaks

3.8 Fully collapse the gas bag and simultaneously check the€ system for leaks. To do this,
bag and stopcock to the hand pump. (Use a discarded Dragér tube as connection and start \
bntially empty.) Fully depress and release the hand pump. When the bag is completely emptyi

hections. To check the pump alone, insert a sealed Drager tube into the pump opening and
bws. It will remain depressed if pump does not leak,

mber 3.

3.10 Inject a measured sample volume-of solids-free filtrate into chamber 1 through the se|
bdermic syringe and needle. See Tablé A.2.

3.11 Slowly inject 10 ml sulfuricacid solution into chamber 1 through the rubber septum us
nge and needle. Gently shake.the gas train to mix acid with sample in chamber 1.

Table A.2 — Drager tube (or equivalent) identification, sample volumes and tube fact
for various carbonate ranges

ber 1 using

in gas train

connect the
vith the bag
and free of

s, the pump will remain depressed for several minutes, \If leakage is detected, check the pump and all

Hepress the

3.9 With the bag fully collapsed, install flexible tubing from the stopcock and bag onto the outlet of

ptum with a

5ing a clean

ors

Vs identification @ f
mg/I mi

Carbonate range Sample volume Drager tube Tube facfor b:°

25t0 750 10,0 CO, 100/a 2,59

50 to 1 500 5,0 CO, 100/a 2,59

1'UU 10 5 UUU £,0 CUys TUU/a £,0

250 to 7 500 1,0 CO, 100/a 254

See tube body.
Used in calculation.
If other tubes are used, the tube factors in Table A.2 shall be changed according to manufacturer's specification.

Tube factor 2,5 applies to tubes marked CO5 100/a (Cat. No. 8101811) with 100 mg/l to 3 000 mg/l scale.

A.5.

3.12  Open the stopcock on the gas bag. Restart gas flow and allow gas bag to fill steadily during a
10 min interval. When bag is firm to the touch (do not burst it) shut off flow and close the stopcock.
Immediately proceed to next step.

© 1SO 2008 — All rights reserved
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A.5.3.13

A.5.3.14

Break the tip off each end of the Drager tube.

Remove the tubing from chamber 3 outlet and reinstall it onto the upstream end of the Drager

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

A.5.3.15 Open the stopcock on the bag. With steady hand-pressure, fully depress the hand pump. Release
the pump so that gas flows out of the bag and through the Drager tube. Operate the pump and count the
strokes until the bag is empty. (Ten strokes should empty the bag. More than ten strokes indicates that
leakage has occurred and that the test results will not be correct.)

A.5.3.16 [Observe the purpte stain on the Drager tube when CO5, 1S present in the gas bag and record the
stain length|in units marked on the Drager tube. (Include the faint blue tinge in the purple stain length reading.)
For best Driager tube accuracy, the “stain length” should fill more than half the tube length, therefore; “sample
volume” shall be carefully selected.
A.5.3.17 |[To clean the gas train, remove the flexible tubing and remove the top. Wash’out the chambers
with warm |water and mild detergent, using a brush. Use a pipe cleaner to clean the passages between
chambers. Wash, rinse and then blow out the dispersion tube with dry gas. Rinse the_unit with deionized wlater
and allow tp drain dry. Periodically replace the disposable gas bag to avoid leaks’and contamination inf the
bag. (Bag rgplacement is suggested after ten analyses).
A.5.4 Calgulation
Calculate tptal soluble carbonate concentration, ccoo,cos+Hcos<€Xpressed in milligrams per litre, in| the
filtrate sample using Equation (A.9):
lspx f
€C02+¢03+HCO3 = SV (A.9)
S

where

Vs is fhe sample volume, expressed in millilitres;

lgt is [he Drager tube stain length;

fis [he tube factor from Table A.2.
A.6 Potassium (concgentration above 5 000 mg/l)
A.6.1 Principle
Potassium Jon_is' used in drilling fluids to aid in the stabilization of shales and to control swelling clays. [The
accurate determination-of the pnfneeinm ion-content is necessary to caontrol the prnpnrfinc of-the Hrilling fluid.

This procedure is used to measure the potassium ion content in drilling fluid filtrates at levels above
5 000 mg/l, which is 10 kg/l (3,5 Ib/bbl) potassium chloride. Potassium is precipitated in a centrifuge tube as
the perchlorate salt and the volume of precipitate is measured. The potassium ion content is read from a
prepared standard curve.

A.6.2 Reagents and apparatus

A.6.2.1 Sodium perchlorate (NaClO,) (CAS No. 7601-89-0), solution: 150,0 g/100 ml distilled water.
DANGER — 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 decompose
harmlessly in water.
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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.

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 "'-’ 01D ;' 1€ ateo :::‘ his Ko ,' S TeTarCTre—1MaS viw e q 0 Hres /60)X5]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 can be
obtdined in 15 s to 20 s. It is necessary to add the interval used to adjust to the 1 800 r/min to the centrifuge time of the
sample.

A.6]2.4 Clinical centrifuge tube, 10 ml Kolmer type.
A.6]2.5 Graduated volumetric pipettes, 1 ml (TD), 2 ml (TD) and 5 ml (TD).
A.6/2.6 Hypodermic syringe or serological (graduated) pipette, 10@{(TD).

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 centrifuge. A minimum of three points
[10 kg/m3 (3,5 Ib/bbl), 30 kg/m3 (10,5 Ib/bbl) and 50 kg/m®’(17,5 Ib/bbl) KCI] is required to obtain an accurate
graph.
A.6{3.2 Samples can be prepared by using-the standard potassium chloride solution [0,5 ml|of standard
potgssium chloride solution is equivalent to‘10 kg/m3 (3,5 Ib/bbl) KCI]. To obtain KCI conceptrations 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 apd 2,5 ml of
the ptandard potassium chloride solution,respectively.

A.6{3.3 Dilute each sample to‘the' 7,0 ml mark with distilled water and agitate.
A.613.4 Add 3,0 ml of standard sodium perchlorate solution (but do not agitate).

A.6{3.5 Centrifuge. @t a constant speed (approximately 1 800 r/min) for 1 min and read thg precipitate
volyme immediately.

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

A.6{3.6 Clean the centrifuge tube immediately after use to facilitate ease of cleaning.

A.6)3:7 Plot the volume of precipitate (millilitres) versus potassium chloride content in kilograms per cubic
metre (or pounds per barrel) on rectangular graph paper as shown in Figure A-T.

A.6.4 Test procedure

A.6.4.1 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.
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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.

YA

1,4

1,2 |

08 |-

0,6 -

0,2 -

70

80 90 X1

Key

10,5

X1 ckcia €Xpressed in kilograms per cubic metre
X2 ckci g, €Xpressed in pounds per barrel
Y volume ¢f precipitate, expressed in millilitres

21 2

a Do not upe this procedure for concehtrations less than 10 kg/m3 (3,5 Ib/bbl).
b Refer to[Table A.3 beyond thig\point.

Figure Al1 — Example of plotted calibration curve for potassium chloride (do not use for calibration)

4,5

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

| -
28 31,5 X2

KCI concentration range K+ in filtrate Filtrate volume to use
CkalA kol B Vs
kg/m3 (Ib/bbl) mg/l M
10 to 50 3,5t017,5 5250 to 26 250 7,0
50 to 100 17,510 35 26 250 to 52 500 3,5
100 to 200 351070 52 500 to 105 000 2,0
over 200 over 70 over 105 000 1,0
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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 of the diluted test sample by comparing the
precipitate volume measured with the standard calibration curve as prepared in A.6.3. Report the potassium
chloride concentration as ckc) o, €xpressed in kilograms per cubic metre (or as ckc g, expressed in pounds
per barrel) KCI. The potassium concentration may also be reported as milligrams per litre potassium ion. If the
diluted sample potassium chloride concentration, ¢y A (ckcig): 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.

A.6L5 Calculation

Calgulate the filtrate potassium chloride concentration, ¢ fkclA expressed in milligrams ‘per litre,|as given in
Equation (A.10) [or ¢t k¢ g, €Xpressed in pounds per barrel, as given in Equation (A.11)}:

7

CFKCIA = (WJ X CKCIA (A.10)
7

CfKCI,B = [Vf]chCl,B (A.11)

whdre

ckcia IS the corresponding concentration on thie X1 axis of the standard curve (see Figure A.1),
expressed in kilograms per cubic metre;

ckcig IS the corresponding concentration: on the X2 axis of the standard curve (see Figure A.1),
expressed in pounds per barrel;

Vi is the volume of filtrate used,-expressed in millilitres.
Calgulate the filtrate potassium ioniconcentration, cx a, expressed in milligrams per litre, from ckg A expressed
in kllograms per cubic meter, as'given in Equation (A.12) [or ¢k g, expressed in pounds per barre|, from ckcig
as given in Equation (A.13)]:
CK,A = 525XCKC|,A (A12)

CK,B =1 500 X CKCLB (A13)

where cxcaand cgc g are as defined above.

A.7 Potassium (concentration below 5 000 mg/l)

A.7.1 Principle

This procedure is used to measure potassium ion content in drilling fluid filtrates at levels below 5 000 mgl/l.
Potassium ion is precipitated as the tetraphenylborate salt by adding an excess of standard sodium
tetraphenylborate (STPB) solution. The unreacted STPB is then determined by titration with a quaternary
ammonium salt (QAS), hexadecyltrimethyl ammonium bromide, using bromophenol blue as an indicator. The
endpoint is a colour change from purple-blue to light blue. The potassium ion concentration, cy, in the sample
is calculated by subtracting the amount of unreacted STPB from the amount of STPB originally added to the
sample.
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A.7.2 Reagents and apparatus

A7.21 Standard sodium tetraphenylborate (STPB) (CAS No. 143-66-8), solution: 8,754 g in 800 ml
deionized water.

Add 10 g to 12 g of aluminium hydroxide, stir 10 min and filter. Add 2 ml of 20 % NaOH solution to the filtrate
and dilute to 1 | with deionized water.

A7.2.2 Quaternary ammonium salt (QAS) (CAS No. 57-09-0), solution: 1,165 g hexadecyltrimethyl
ammonium bromide per 500 ml deionized water.

A.7.23 Sodium hydroxide (CAS No. 1310-73-2), solution: 20 % mass fraction in deionized water.
DANGER —+ NaOH is a strong caustic alkaline chemical. Avoid skin contact.

A7.24 Bromophenol blue (CAS No. 115-39-9), indicator: 0,04 g tetrabromophenolsulfonphthalein| per
3 ml 0,1 mdl/l NaOH. Dilute to 100 ml with deionized water.

A.7.2.5 Deionized or distilled water.

A.7.2.6 Graduated pipettes, 2 ml (TD) graduated in 0,01 ml subdivisions, 5 mI(TD) and 10 ml (TD).
A.7.2.7 Graduated cylinders, capacity 25 ml (TD) and 100 ml (TC).

A.7.2.8 Beakers, capacity 250 ml.

A.7.29 Funnel.

A.7.2.10 Filter paper.

A.7.3 Procedure

A.7.31 Place the proper amount of filtrate.into’a 100 ml graduated cylinder, using Table A.4 to deterrhine
sample sizg. Be sure to use a pipette to measure the amount of filtrate.

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

KCI concentration range K* in filtrate Filtrate volume to us¢
g/m3 (Ib/bbl) mg/| mi
0,p to 3,0 0,18 to 1,05 263 to 1575 10,0
3,pt06,0 1,05 10 2,1 1575to 3 150 5,0
6,d t0-20,0 21t07,0 3150 to 10 500 2,0

A.7.3.2 Add 4 ml of NaOH solution (20 % mass fraction; measured with a 5 ml pipette), 25 ml of STPB
solution (measured with a 25 ml graduated cylinder), and enough deionized water to bring the level of the
solution to 100 ml mark.

A.7.3.3 Mix and allow to stand 10 min.

A.7.3.4 Filter into a 100 ml graduated cylinder. If the filtrate is cloudy, re-filter the solution.

A.7.3.5 Transfer 25 ml of the above filtrate (measured with a 25 ml graduated cylinder) into a 250 ml
beaker.
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3.6 Add 10 drops to 15 drops of bromophenol blue indicator.

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

It is important to check the concentration of QAS solution versus the STPB solution at monthly intervals. To
determine the equivalent QAS, dilute 2 ml of the STPB solution in a titration vessel with 50 ml deionized water.
Add 1 ml of 20 % NaOH solution and 10 drops to 20 drops of the bromophenol blue indicator. Titrate with the
QAS solution until colour changes from purple-blue to light blue.

The ratio, Roas/sTpe. Of the concentration of QAS to that of STPB is calculated as given in Equation (A.14):

whsg

If th
ion

A.7

If th
cald

whsg

If a
in

Cal
as g

R _Vaas
QAS/STPB =

re Vqas is the QAS volume, expressed in millilitres.

e ratio is other than 4,0 + 0,5, calculate a correction factor, k.,

concentration, ¢k yoas, €xpressed in milligrams per litre, as given in Equation (A.15):
keor = 8/VQAS

4 Calculation

e ratio falls in the 4,0 £ 0,5 range, the potassium ion concentration, c yqas, in milligrams
ulated using Vg as given in Equation (A.16):

1000x(25-Vqas)
Vs

CK,VQAS =

re V; is the filtrate volume, expressed in millilitres.

correction factor is necessary, calculate the potassium ion concentration in the filtrate, ck yoas
illigrams per litre, as given in Equation (A.17):

25- (kcor x Vaps ) ]

CK,VQAS = 1 OOOI: Vf

fulate the potassiym.chloride concentration in the filtrate, ¢; k¢ A, €Xpressed in kilograms per ¢
iven in Equation(A.18) [or ¢t k¢ g, €Xpressed in pounds per barrel, using Equation (A.19)]:

YK,VQAS
525

CHKCIA T

CK,VQAS

Cegolp =
g g

1900
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for use in the_calculation of th¢ potassium

(A.15)

per litre, is

(A.16)

, expressed

(A17)

ubic metre,

(A.18)

(A.19)

51


https://standardsiso.com/api/?name=8a80b1c84bdfd5364fe466d83f60f0b9

ISO 10414-1:2008(E)

Annex B
(informative)

Shear strength measurement using shearometer tube

B.1 Principle

B.1.1 Exf tatic
s to

use

erience has shown that some drilling fluids tend to develop excessive shear strength unders
conditions, fespecially at elevated temperatures. Excessive shear strength results in high pump pressure
“break circtilation,” and can, therefore, result in loss of circulation. High shear strength can also cg
difficulties in logging, perforating and other “downhole” operations.

hich

B.1.2 The following technique can be used to determine this tendency and to estimate‘the extent to w|

the drilling

a static, he
bottom-holg
requiremen

luid will develop excessive shear strength. This shear strength measurement'is normally mads
t-aged drilling fluid sample. Ageing temperatures are, therefore, selected.to be near the estim

s for the test are required.

B on
ated

temperature of the well. Ageing cells or vessels meeting thg“pressure and temperdture

B.2 Apparatus

B.2.1 Stajinless steel shearometer tube, with the following characteristics:

length 89 mm (3,5 in);

outsidg diameter

36 mm (1,4 in);

wall thickness 0,2 mm (0,008 in).
NOTE

results.

A slight outside taper on the bottom of the shear tube has been found to improve reproducibility of the| test

B.2.2 Platform, for weights.

B.2.3 Sef of weights, in gram:ihcrements.

B.2.4 Ruler, graduateddn millimetres (inches).

B.3 Prodedure

B.3.1 The shear tube and platform are placed and balanced carefully on the surface of the aged sample
cooled to room temperature. It can be necessary to shift the weights on the platform to assure that the tube's
initial penetration 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
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penetration depth. A small ruler held at the drilling fluid surface and alongside the tube facilitates this
measurement. The length of the tube minus the exposed length equals the submerged portion.

B.4 Calculation

B.4.1 Calculate the shear strength, j,, expressed in pascals, as given in Equation (B.1) [or s,
expressed in pounds per square foot, as given in Equation (B.2)]:

4,40 x(mg +m
e (l 2 et) g g (B-1)
A

where

mg  is the mass of the shear tube, expressed in grams;

myot  is the total shear mass (sum of platform and weights), expressed in grams;
In is the submerged length of shear tube, expressed in centimetres;

pgia s the drilling fluid density, expressed in grams per cubic centimetre.

B.42 Calculate the shear strength, j5, expressed in“pounds per square foot, ag given in
Equation (B.2):

3,61 x (meg + m
7B = (]St ) —0,256p418 (8.2)
B

whegre

mg  is the mass of the shear tube; €xpressed in grams;

myot  is the total shear mass (sum of platform and weights), expressed in grams;
Ig is the submerged length of shear tube, expressed in inches;

pgrp s the drillingfltid density, expressed in pound per gallon.
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Annex C
(informative)

Resistivity

C.1 Principle

Control of the resistivity of a drilling fluid and drilling fluid filtrate can be desirable to better evaluate formation
characterisfics from electric logs.

C.2 Apparatus

C.2.1 Dirgect-reading resistivity meter, or similar resistivity meter.

Follow manufacturer's instructions for current source, calibration, measurement @and calculations.
C.2.2 Calibrated resistivity cell.

C.2.3 Thermometer, reading 0 °C to 105 °C (32 °F to 220 °F).

C.2.4 Bottle brush, suitable for size and type of cell.

C.2.5 Laboratory detergent solution, appropriate for cleaning metal or plastic surfaces.

C.3 Procedure

C.3.1 Fillthe clean, dry resistivity cell with freshly stirred drilling fluid or drilling fluid filtrate. No air or|gas
should be gntrained in the sample.

C.3.2 Connect cell to meter.

>

C.3.3 Meagsure the resistivity<ih ohm metres (direct-reading) or resistance in ohms (not direct-reading).

Meter or manufacturer's instructions will indicate type of reading.
C.3.4 Meagsure the sample temperature to the nearest 0,5 °C (1 °F).

C.3.5 Clean the.cell: Scrub with brush and detergent if necessary. Rinse with distilled water and allow to|dry.

C.4 Calculation
C.4.1  Report the drilling fluid resistivity, ry, or filtrate resistivity, 75, in ohm metres, to the nearest 0,01 Q-m.

C.4.2 Report the sample temperature in degrees Celsius (Fahrenheit).
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C.4.3 Ifthereading, R,, is in ohms, convert to ohm-metres as given in Equations (C.1) and (C.2):

rgf = Ry xK (C.1)
rf =R xK (C.2)
where

K is the cell constant, expressed in metres squared per metre;

») HP 128 4 A H P =Y
EAY IS TTITCTCT T AUy, CAPTCSSCU T T OUTTTTTS Y
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Annex D
(informative)

Removal of air or gas prior to testing

D.1 Principle

The majori

of drilling fluids require no special equipment to remove entrained air or gas prior to(tes

Usually, geintle agitation together with a few drops of an appropriate defoamer are all that is(necess
Stirring witH a spatula or pouring back and forth is sufficient in most cases. When a drilling fluid is.éncountg
that retains|air or gas after the preceding steps have been taken, the following procedure can be followe

de-aerate t

NOTE
can be used

e drilling fluid.

[ drilling fluid density is the only property desired, the pressurized fluid density balance described in Clay

D.2 Apparatus

yice, which can be evacuated.

oamer, commercial liquid drilling fluid.

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

several drops of defoamer to the 'drilling fluid surface.
rt stirrer and cap; cover with~gasketed lid.
K vacuum line from the, pump to the instrument to hold about 83 kPa (620 mm Hg; 24,4 in
ease the vacutim to 10 kPa to 16 kPa (75 mm Hg to 120 mm Hg; 3,0 in to 4,7 in Hg) and prod
b the manufacturer's instructions.

en drilling” fluid has been de-aerated, partially relieve vacuum to about 50 kPa to 65
j t10490'-mm Hg; 14,8 in to 19,3 in Hg) vacuum and observe drilling fluid for air bubbles.

ing.
ary.
pred
d to

se 5

Hg)

eed

kPa

D.2.1 Dey
D.2.2 Def
D.3 Proc
D.3.1 Fill
D.3.2 Adq
D.3.3 Ins
D.3.4 Affi
vacuum.
D.3.5 Inc
according t
D.3.6 WHh
(8375 mmH
D.3.7 Ifd
D.3.8 Wit
56

e : 4 PrI + P - B - WY PE R !
S=aCldlUIT IS TIOU SUTTIVICTIL, TepEal U.o.4 U U.o.U Ullll ail 15 TCITIOvVEU.

h cylinder on end, relieve vacuum completely and remove drilling fluid sample for testing.
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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 techniques 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
corrosiveness of the drilling fluid as well as to the type of corrosion encountered. An.gxaminatign of scales
and| pits on the exposed rings gives clues as to the cause of the corrosion, thus,aiding in chogsing proper
remeedial action.
E.1]2 The ring technique is specifically designed for detection of the type’ of corrosion chargcterized by
methal loss, whether it be localized pitting or generalized attack. The\test ring is not desigped to give
infofmation relating to hydrogen embrittlement, stress-corrosion cracking or other forms of fracture formation,
except in the manner in which pitting may relate to these failures.

E.2 Reagents and apparatus
E.2/1 Hydrochloric acid (CAS No. 7647-01-0), inhibited, mass fraction of 15 % in distilled water}
DANGER — HCl is a strong and toxic acid.
E.2]2 Acetone, anhydrous (CAS No. 67-64-1).
E.2]3 Methanol (CAS No. 67-56-1).

E.2}[4 Petroleum ether (CAS No:8002-05-9).
E.2)5 Deionized or distilled'water.

E.2)6 Detergent solution.

E.2{7 Corrosionring.

a) |Ring construction:

turbulence.
b) Ring composition:

Ideally, the ring should be made from steel identical to that of the tool joint in which it is placed to avoid
galvanic corrosion. However, such a requirement is impractical and the use of a steel that is similar in
chemical composition, such as AlSI 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:
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The rings should be stencilled with a serial number for permanent identification.

d)

Ring preparation (by the supplier):

The rings should be scrubbed with a stiff fibre-bristle brush and detergent solution and 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 be shipped to the field in sealed envelopes or wrappers to minimize atmospheric
corrosion.

E.2.8 Ultrasonic bath, (preferred) or brush, fibre-bristle, or fine-grade (000) steel wool.

E.29 Gld

E.2.10 Ird

E.3 Proc

E.3.1 Diril
exposure is
be unusuall
stand abov

be placed in the kelly-saver sub to monitor corrosion at that point. Care €hould be taken to ensure that the
ean to prevent interference with proper make-up of the joint and to avoid damage to the ring. In

recess is ¢
some insta
installation,

E.3.2 The
have a spa
mass, time

specific test.
with the ring.

E.3.3 The
pulled from
severe corr|
be taken.
vapour-pha

E.3.4 The
cleaning fo

ves, acid resistant, part of personal protective equipment when handling strong acids.

n sulfide test solution — Acid arsenic test.

edure

100 h). Exposure periods of less than 40 h should not be used because initial corrosion rates
y high and can give misleading data. The ring is usually placed in the tool joint at the top of the
p the drill collars and can be left in the drill string for more than~one bit run. An additional ring

hces, specially manufactured subs have been used fof the ring placement in the string. DU
the ring should be handled with clean, dry gloves.

drill-pipe corrosion coupon form should be fillediout completely. At a minimum, each form sh

depth in, depth out, ring number, colour of,scale and any other information of significance in
The form may be printed on a mailing envelope for the ring or on a separate form to be enclq

drilling fluid residue should be removed from the coupon by wiping with a cloth when the rin
the drill string. The ring should be examined for severity of corrosion or mechanical damag
bsion is evident, the cause of the corrosion should be determined promptly so remedial action
ollowing visual observation, place the coupon in the original envelope or wrapper contai
5e corrosion inhibitor-forreturn to the laboratory.

recommended ¢leaning solution is a detergent solution, not acetone or petroleum ether. Prig
weighing, a‘spot test should be made for corrosion by-products and mineral scale. For exani

the surface
rings should
ring for 5s
products. T

can be examined qualitatively for sulfides by the acid arsenic (iron sulfide test solution) test.
| be cleaned with a detergent solution and a stiff, fibre-bristle brush. It can be necessary to dig
0 10%»nh inhibited 10 % to 15 % hydrochloric acid solution one or more times to remove corro
e rlng should be scrubbed with detergent solution after each aC|d d|p Rlnse thoroughly W|th c

-pipe corrosion rings should be kept in the drill string for a minimumi-of 40 h (a normal time

for
can
first
can
box

ring

buld

be for ring material, drilling fluid properties, type of corrosion, location of ring in the drill string, initial

the
sed

gis
e. If
can
ning

r to
ple,
The
the
sion
ean

water and then’w als or

strong, uninhibited acids should not be used. An ultrasonic bath can be useful in cIeamng the rings.

For the inhibited 10 % to 15 % hydrochloric acid, several inhibitive additives may be used to prevent further
corrosion of the ring after cleaning with acid. These include chemicals of the classes propargyls, acetylenics,
pyridines and amines. Other appropriate chemicals may be suggested by the manufacturer of the corrosion
rings.

E.3.5 After the pre-weighed drill pipe corrosion coupon has been properly cleaned and the corrosion 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/m2-year or mm/year (Ib/ft2 or
mils/year). Equations for calculating for corrosion rate are given in Clause E.5.
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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.

E.4.2 In assessing the magnitude of the corrosion rates as calculated from mass loss measurements, it
should be remembered that the rate is also influenced by the erosive effects of the drilling fluid. Since the bore
of the ring is exposed to the drilling fluid pumped down the drill pipe, the loss of metal includes that removed
by erosion as well as from corrosion. Loss from erosion can be substantial when the drilling fluid contains a
high concentration of sand.

E.4]3 Examination of the ring can reveal a few deep pits with a relatively low mass 10ss: This condition
wodld indicate a rather severe corrosion problem, even though the calculated corrosion rate'is considered low.

E.§ Calculation

E.5/1 The corrosion rate, g5, expressed in kilograms per square metre per year, is calculated according to
Equation (E.1) and as g, expressed in kilograms per square foot per year, as given in Equation (E{2):

Am [ 1x10% )8 760 Am
- -87,6 E.1
o [Moﬁj( Ap J[ ‘ j X[AA'IJ D

whdre

Am is the mass loss, expressed in milligrams;
A, is the area, expressed in square centimetres;

t is the exposure time, expressed.inhours.

Am_ (144 (8760
O e e e

whefe

Am is the mass.Jass, expressed in milligrams;
Ag is the @rea, expressed in square inches;

t is.the exposure time, expressed in hours.

NOTE-] Total surface area of the ring is used in these calculations.

NOTE 2  Time used is based on total time in the drill string.

NOTE 3 Equations (E.3) to (E.7) give the conversion rates between the various units for steel coupons (with a relative
density of 7,86):

mils/y = 5,01 x g4 (E.3)
mils/y = 24,6 x qg (E.4)
mm/y = 0,127 x g, (E.5)
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mm/y = 0,621 x gp (E.6)

Ib/ft2ly = 1,61 x (mmly) (E.7)

NOTE 4  Corrosion rings available from drilling fluid service companies or corrosion test laboratories are generally
supplied with a multiplication factor that includes the metal density and surface area of the ring. Thus, it is necessary only
to multiply the mass loss divided by the total exposure time in the string by the supplied factor to obtain the corrosion rate.
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Annex F
(informative)

Sampling, inspection and rejection

F.1 General

The| following procedure provides the sampling, inspection and rejection method for materials\ednforming to
ISO[13500[1]. It is applicable to barite, hematite, bentonite, nontreated bentonite, attapulgite¢, sepiolite,
technical-grade low-viscosity carboxymethylcellulose, technical-grade high-viscosity carbexymethylcellulose
and|OCMA-grade bentonite.

F.2 Sampling of powdered material in packages

F.21 The number of samples taken to be combined for the test¢sample (see Clause F.4) should be
15 gamples of 0,5 kg (1 Ib) or more per lot.

F.2]2 For each lot of 1 000 packages or less, 15 packages should’be sampled.

F.23 The sampling may be carried out by either of the following methods as agreed upon by|contracting
parfjes.

a) |A sample weighing at least 0,5 kg (1 Ib) should be taken from the top of each package.

b) |A sampling tube capable of taking a core potless than 2,5 cm (1 in) in diameter should be usgd. The tube
should be inserted into the package being sampled so that it takes a core of material for essentially the
entire length of the package.

F.3 Sampling of powdered-material in bulk

F.31 Tube sampling is-used in the collection of samples from storage containers holding 25 000 kg to
100{000 kg (25 tonnes to.400 tonnes), with a sampling tube capable of taking a core not less than 2,5 cm
(1 in) in diameter should\be used. The tube should be of sufficient length to permit taking a samplg essentially
fronp the top to the Ho6ttom of the mass being sampled.

F.32 Fifteen \samples should be taken from each lot (considering each container as one| lot). If the
dimgnsions_ofthe container are such that the sample cannot be taken in this manner, the sample should be
taken by a>method agreed upon by the contracting parties.

F.3.83 ~“For containers hnlding less than 20 000 l(g (9(\ fnnnnc)7 at least one cnmpln should beltaken from

each container up to lots of 10 containers, and the total number of samples taken from each lot of 100 000 kg
(100 tonnes) or less should not be fewer than 10.

F.4 Preparation of test sample

F.41 The samples from each lot should be combined, mixed and quartered or riffled to furnish a test
sample of 7 kg (15 Ib), which should be divided into three equal portions.

F.4.2 Each portion should be sealed in a suitable airtight, moisture-proof container. One sample should be

delivered to the purchaser, one to the supplier and the third sample should be retained for a reference test, if
required.
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F.5 Test

Each party

-1:2008(E)

should make one measurement on his test sample. A control or known reference sample should

be tested in the same manner, at the same time as part of the test series. If this test result is within the
acceptable range, the test results are considered valid.

F.6 Inspection

The purcha

ser's inspector should be afforded all reasonable facilities for careful sampling and inspection.

bedave chauld ha allawwad for camnlina-and-comblation-of-sccantancetact
T e PO o To—SarH Py eSO pre oottt pante oSt

A period of

F.7 Rejegtion

7Ty o-oTToor

Rejection of material, based on failure to pass the test prescribed in the specifications, should be reported to

the supplief

F.8 Retesting

F.8.1 Eith
test report.

F.8.2 Shq
delivered u
should be b

immediately upon completion of the tests and the cause for rejection should be'stated.

er of the contracting parties may make claim for retest within oné week of the date of the original

uld the contracting parties be unable to reach agreementi; the third sample of material should be
hopened, to a mutually satisfactory referee laboratopy for tests, and the results of this ref¢ree
inding on both parties.
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Annex G
(informative)

Rig-site sampling

General

The)

agreement by contracting parties, this procedure can be used for testing the properties’ of

deli

G.2

G.2
G.2
G.2

G.2

G.2
G.2

G.2
app

NOT
non-
the
very|
from
emp

G.2
trap

NOT
with

ered to the rig site.

roximately 1/4, 1/2 and 3/4 of the Ioad has been transferred.

E One 4 kg to 7 kg (9 Ib tox15'b) sample can be taken with the recognition that there is a chance ¢

top surface or from the yeny first material out of the bottom. A second potential for error in sampling is t4
the side-stream sampler when the transfer hose is only partially full. This can occur when the contal
ty or material flow has, been interrupted. Segregation has been shown to occur in these instances.

2.3 Beforé "each individual sample is taken, open the valve momentarily to flush out g
ped in the'side pipe. Tie a clean canvas bag to the sampler and fill it with one valve-opening op

E Partial closing of the air-jet valve on the bottom outlet prior to taking the sample often helps to g
arminimum of dusting.

following is a recommended procedure for obtaining test samples at the rig site from specific’loads. Upon
material as

Bottom-flow sampling (preferred)
.1 Apparatus
1.1 Side-stream sampler, as shown in Figure G.1.
1.2 Canvas bag, approximately 14 cm (5,5 in) diameterand 30 cm (12 in) long.
1.3 Suitable container, e.g. a tie-bag, so constructed as to retain all fines.
.2 Procedure
21 Connect a side-stream sampler to,the truck outlet.
2.2 Take three 1,5 kg to 2,5 kg (371b to 5 Ib) samples while unloading, spaced so as to be taken when

f obtaining a

representative sample. The greatest potential for error in sampling is contamination from prior shipments jof material in
ame vessel. This potential error can be minimized by following the instructions closely. Do not take samples from the

king material
ner is nearly

ny material
eration.

et a full sack

G.2.24 Carefully transfer the sample from the canvas bag to a tie-bag or other suitable container. Label

this

container with all pertinent information.

G.2.25 Empty the canvas bag before taking the next sample. Always use a clean or new can
each container.

© 1SO 2008 — All rights reserved
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Key

1 DN50 cm (2 in) ball valve in DN50 cm (2 in) side pipe
2 bead or |ip to hold bag

3 drawstripg

4 14 cm x[80 cm (5,5 in x 12 in) canvas bag

2  Flow dirgction.

Figure G.1 — Side-stream sampling device

G.3 Grah sampling

G.3.1 Apparatus

G.3.1.1 Sample scoop, as shown in Figure G.2, of dimensions 10 cm to 15 cm (4 in to 6 in) deep |and
30cmto49 ém (12 in to 18 in) long.

G.3.1.2 Suitable container, e.g. a tie-bag, so constructed as to retain all fines.

G.3.2 Procedure
G.3.21 Open the top hatch carefully. Do not let the cover bump the top of the tank.

G.3.2.2 Remove the top surface material under the hatch to form a trench 1,5 times wider than the
sample scoop.

G.3.23 Scoop out a 1,5 kg to 2,5 kg (3 Ib to 5 Ib) sample from the bottom of this trench and transfer to a
tie-bag or other suitable container. Label the container.
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G.3.24 Repeat this operation at two other spots on the top of the material near the midpoint between the
middle and the ends of the truck tank.

| [ ’ [ [ 3

Key
1 painter's extension handle with end piece flattened for hinge
2 ptrap hinge

3 metal can

Figure G.2 — Sample scoop
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Annex H
(informative)

Calibration and verification of glassware, thermometers, viscometers,

retort-kit cup and drilling fluid balances

H.1 Gengral

This annex

H.2 Calik

H.2.1 Vol

Calibration
supplier an
obtain doc

gravimetrically. Periodic re-calibration is not required. See Clause H.3*for the procedure for calibratio

graduated ¢

H.2.2 Thermometers

Calibrate th
standard th
periodically
for the proc

H.2.3 Vis¢

Calibrate vi

calibrated before being put into ¢initial service and then periodically, depending on the importance of

measuremsg
monthly an
of viscomet

covers calibration of field testing equipment not covered as part of a test procedure.

)ration of apparatus

imetric glassware

of pipettes, graduated cylinders and similar equipment is generally, performed by the glassv
H can be part of the purchase specification. Where deemed important, glassware users sh
imented evidence of glassware calibration from the supplier. Calibration can be cheg

ylinders.

ermometers used in field testing, especially ‘commonly used metal dial thermometers, again
ermometer. Thermometers should be calibrated before being put into initial service and

depending on the importance of the mgasurement and the stability of the thermometer. See H
edure for calibration of thermometers.

cometer
scometers used in field tésiing against traceable standard viscosity fluids. Viscometers shoul
nts and the stability-of the viscometer. While in service, viscometers should be checked at |

il more frequentlyCifythe viscometer indicates instability. See H.3.3 for the procedure for calibrg
or's.

H.2.4 Dril

Calibrate drilling, fluid balances as specified in the test procedure using deionized water. The requ

frequency i

ing fluid balance

vare
buld
ked
n of

st a
hen
3.2

i be
the
past
tion

ired

set prior to each set of measurements or as specified by the operator, drilling fluid compan

y or

other interested party.

H.2.5 Retort-kit cup

Calibrate retort-kit cup as specified in the test procedure using deionized water. The required frequency is set
prior to its being put into initial service and then periodically or as specified by the operator, drilling fluid
company or other interested party. See H.3.4 for the procedure for calibration of retort-kit cups.
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H.3 Procedure for calibration

H.3.1 Liquid receivers
H.3.1.1 Allow the receiver and distilled water to reach ambient temperature. Record the temperature to
the nearest 0,5 °C (1 °F).
H.3.1.2 Place the clean, empty receiver with its base on the balance and tare to zero.
H.3.1.3 While the receiver is on the balance, fill it with distilled water to the various graduations marks:
2ml, 4 ml, 6 ml, 8 ml, 10 ml for the 10 ml receiver; 4 ml, 8 ml, 12 ml, 16 ml, 20 ml for the 20 ml receiver; and
10 r I:, 20 III:, 30 III:, 40 III:, alld SC III: fUI thU \EJC III: IUUU;VUI . UO;IIU [<} }JIPUttU T Oyl;llyc, wdl fU“y fl” the
recgiver to the desired graduation mark without leaving water droplets on the walls of the receivér:
H.3[1.4 Record the mass, myy ; for each incremental volume of water at graduation marki, to(the nearest
0,01 g.
H.3{1.5 Calculate the volume, 7, of the receiver at graduation mark i, as given in Equation (H.1):
m .
V; _ Wi (H.1)
Pw
whgre
myy; is the mass of water at graduation mark i, expressedin.grams;
P is the water density, expressed in grams per cubic.centimetre, at test temperature; seg Table H.1.
Table H.1 — Density of water as a function of temperature
Temperature Density. Temperature Density
°C (°F) ghond °C (°F) g/mi
15,0 59,0 0,999 1 25,5 77,9 0,996 9
15,5 59,9 0,999 1 26,0 78,8 0,996 8
16,0 60,8 0,999 0 26,5 79,7 0,996 6
16,5 61,7 0,998 9 27,0 80,6 0,996 5
17,0 62,6 0,998 8 27,5 81,5 0,996 4
17,5 63,5 0,998 7 28,0 82,4 0,996 2
18,0 64,4 0,998 6 28,5 83,3 0,996 1
18,5 65,3 0,998 5 29,0 84,2 0,995 9
19,0 66,2 0,998 4 29,5 85,1 0,995 8
19,5 67,1 0,998 3 30,0 86,0 0[995 6
20,0 68,0 0,998 2 30,5 86,9 0,995 5
205 68.9 0,998 1 31,0 87.8 0,995 3
21,0 69,8 0,998 0 31,5 88,7 0,995 2
21,5 70,7 0,997 9 32,0 89,6 0,995 0
22,0 71,6 0,997 7 32,5 90,5 0,994 9
22,5 72,5 0,997 6 33,0 91,4 0,994 7
23,0 73,4 0,997 5 33,5 92,3 0,994 5
23,5 74,3 0,997 4 34,0 93,2 0,994 4
24,0 75,2 0,997 3 34,5 94,1 0,994 2
24,5 76,1 0,997 1 35,0 95,0 0,994 0
25,0 77,0 0,997 0
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H.3.2 The

H.3.2.1

rmometers

Place the thermometer to be calibrated side-by-side with a standard thermometer in a constant-
temperature bath [or suitable container of 4 | (1 gal) or more] filled with water on a countertop in a room where
temperature is relatively constant and allow to equilibrate for 30 min.

H.3.2.2 Read both thermometers and record the readings.
H.3.2.3 Repeat the readings at 5 min intervals to obtain at least four sets of readings.
H.3.2.4 Calculate the average reading for each thermometer.
H.3.2.5 Set adjustable thermometers to read the same as the standard thermometer. For) gther
thermometgrs, refer to H.3.2.6.
H.3.2.6 Calculate the value, Cy,, of the thermometer correction to be added to the working thermometer
reading as given in Equation (H.2):
Cih=Rh - R, (H.2)
where
R, s [he average reading for the standard thermometer;
R, is [he average reading for the working thermometer.
EXAMPLE 1 Thermometer correction determination:
In Sl units:
Ry=23l9°C
Ry,=24[2°C
Cipn=239°C-242°C=-0,3°C
In USC units
Ry =750 °F
R, =755 °F
Cyp =75,0 °F - 75(55F =— 0,5 °F
EXAMPLE 2 Calculation of the corrected reading, Ro,cor
Cip = — 6:35€
R,=25,0°C
Ry cor = 25,0 °C + (- 0,3 °C) = 24,7 °C
H.3.2.7 Mark and identify the thermometer with its correction and calibration date.
It is not good practice to use thermometers whose correction exceeds twice the allowable tolerance of the
measurement.
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H.3.3 Viscometers

H.3.3.1 Obtain a certified calibration fluid or fluids with a chart (viscosity versus temperature) or viscosity
data table, to cover the range of interest: for example, 50 mPaes (50 cP), 100 mPaes (100 cP), and so forth.
Make certain that the lot number on the chart matches the lot number on the fluid container. Each lot of
standard fluid is individually certified. The viscosity normally varies slightly from lot to lot.

NOTE Most calibration fluids are labelled in centipoise. 1 mPaes = 1 cP.
H.3.3.2 Clean and dry the viscometer bob, rotor and cup.
NOTE Water contaminates the standard fluid.

Plage the viscometer and the fluid side-by-side on a countertop in a room with reasenably constant
temperature [temperature variation, A< 3 °C/hr (< 5 °F/hr)]. Allow to stand at least 2 h to~equilibrafe.

H.3]3.3 Operate the viscometer in air for 2 min to 4 min to loosen bearings andigears.
If roffor wobbles excessively, correct or replace rotor.

H.3{3.4 Fill cup to scribed line with calibration fluid and place on meter stage. Move the stage until fluid
levdl is to inscribed line on rotor sleeve.

H.3)3.5 Place a thermometer [capable of measuring to + 0,43€/(£ 0,2 °F)] into the fluid and hqld or tape it
to prevent breakage. Operate the viscometer at a low-speed setting until the thermometer reading is stable to
withiin 0,1 °C (0,2 °F) per 30 s. Record temperature reading

H.3]3.6 Operate viscometer and take readings at*600 r/min and 300 r/min. Estimate reading$ to nearest
0,5 fial unit. If needed, use a magnifying glass.

H.3]3.7 Using the temperature-viscosity ,chart or table supplied with the calibration fluid| determine
cerfffied viscosity to the nearest 0,5 mPaes. ‘Compare the 300 r/min dial reading to standard viscosity and
recgrd deviation (plus or minus). Divide th€,600 r/min dial reading by 2,00, compare to standard viscosity, and
recgrd deviation.

H.3{3.8 Deviations exceeding-1;5 units are not acceptable. If deviation exceeds these tolerances, adjust
or r¢pair the viscometer.

H.3]3.9 Record the viscometer serial number, date and deviation. Mark the viscometer with|the date of
calibration and indication-of calibration status.

H.3l4 Retort-kit cups

H.3/4.1 Allow retort cup, lid and distilled water to reach ambient temperature. Record the temperature to
the hearest0,5 °C (1 °F).

H.3.4:2—Ptacethecleam empty retortcopandtidomrthe batanceandtare tozero————

H.3.4.3 Fill retort cup with distilled water. Place lid on the cup. Rotate lid to obtain proper fit. Be sure a
small excess of water flows out of the hole in the lid. Wipe excess water from lid; avoid wicking out water.

H.3.4.4 Place filled retort cup with lid on the previously tared balance. Record mass of water to the
nearest 0,01 g.
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H.3.4.5 Calculate retort cup volume, Vg, expressed in millilitres, using the density of water at ambient
temperature (see Table H.1), as given by Equation (H.3):

Ve =W (H.3)
Pw

where

myy is the mass of water, expressed in grams;

H lo 4 ol b ol lo. '+ + s s 4 L T ol Ll 4\
A/v Is 1S wWaltcl Ucllally, CAMNITOOTU T HIGIIIO M CUUIL COTIUTITUT, At ICTOoL ITTTTYTTALUlT \OUU raviC 11.1

H.3.5 Filter press gasket and O-rings

H.3.5.1 Gaskets or O-rings for the low-pressure, low-temperature filter press shall have an ingside
diameter bgtween 75,8 mm (2,99 in) and 76,9 mm (3,03 in).

H.3.5.2 Check the gasket or O-ring using a gauge having these diameters.

H.3.5.3 Do not use gaskets or O-rings outside these tolerances for filter loss testing.
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High-temperature/high-pressure filtration testing of water-based drilling
fluids using the permeability-plugging apparatus and cells equipped with

set-screw-secured end caps

HigD|1—temperature/high—pressure filtration testing of water-based drilling fluids using the permeabi

app

1.1

1.1.1
fung
wat

1.1.2
phy:
higH
up t
HTH

1.2

1.2.1
type
theq
maj
dou

1.2.2
and
the

1.2.3
con

1.2.4
or f
inst

bratus and cells equipped with set-screw-secured end caps

Principle
Measurements of the filtration behaviour and wall-building characteristics of drillin
amental to drilling fluid control and treatment, as are the characteristics 0f the filtrate itself, su

br or emulsion concentration.

These characteristics are affected by the types and quantities of solids in the fluid, 3
5ical and chemical interactions. The permeability plugging apparatus (PPA) is a modified high-
-pressure filter press used to evaluate these interactions through various types of filter media &
p 13 800 kPa (2 000 psi) and temperatures from ambient e as high as 260 °C (500 °F). Like t
1P filter press, the PPA is suitable for use in either the field or the laboratory.

Safety considerations

The pressure limitation in the use of\the PPA depends upon the sample cell in use. Th
s of cell available: those with threaded-end caps and those with set-screw-secured end c3
e cells are a total of five differentpressure ratings. For safety, it is imperative that the operat
imum operating pressure of the test apparatus with certainty and that this pressure not be exd
bt, contact the manufacturer er'use the lowest of the possible limits.

Safe operation of the_PPA requires that the operator understand and practice the corre
operation of the apparatus. Improper assembly, incorrect operation, or the use of defective
bossibility of cell leakage or failure, which could result in serious injury or apparatus damage.

The sample.cell is hot during operation. The operator should be aware of the hot area
act with them.*Burns can result from touching hot parts of the apparatus during normal operatig

These instruments are electrically heated and, as with any electrical device, if the wiring
hulty, electrical short circuits can occur and create the risk of fire, injury and apparatus dam
uments should be used only on grounded circuits.

ity-plugging

y fluid are
Ch as its oil,

nd by their
emperature,
t pressures
he standard

ere are two
ps. Among
br know the
eeded. If in

ct assembly
pbarts create

5 and avoid
n.

s damaged
age. These

1.2.5

1.2.5.1

For safe operation of the hydraulic pressurization system, follow the instructions below.

Make sure the hydraulic pressure has been released and that the pressure gauge o

reads zero, before

a)
b)

c)

attempting to disconnect pressure hose from cell at quick coupler,
attempting to remove cell from heating jacket,

moving the PPA,
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d) refilling

the hydraulic pump,

e) performing any maintenance, including tightening leaking fittings on the hydraulic pump, hydraulic fittings,
or cell assembly.

1.2.5.2
hazardous.

1.2.5.3
tightened.

After refilling or repairing the hydraulic system, clean up any spilled oil. QOil left on floors is

Also, accumulations of spilled oil near the PPA are fire hazards.

Make sure, when assembling the cell, that the end cap set screws are properly aligned

and

1.2.6 For

1.2.6.1

only nitroge
be supplied
laboratory.
cartridges g

DANGER -

DANGER -

safe pneumatic pressurization of backpressure receiver, follow the instructions below.

Always use either nitrogen or carbon dioxide to pressurize the receiver. With silicate fluids,
n. Never use compressed air, oxygen or other non-recommended gas. If nitrogen ishused, it 4
in an approved nitrogen gas cylinder or the nitrogen supply system should e’ built into
Nitrogen cylinders should be secured to meet safety standards. CO, is normally supplied in s
ressurized to about 6 200 kPa (900 psi). They are primarily used for field opefations.

- Do not use nitrous oxide cartridges as pressure sourcés for HT/HP filtration. Un

use
hall
the
mall

- Do not allow CO, cartridges to be heated or exposed to fire.”They can explode if
overheated.

der

temperatune and pressure, nitrous oxide can detonate in the presence of grease, oil or carbonaceous

materials.

1.2.6.2 Maintain pressure regulators and gauges in good condition. Never use oil on pressure regulators,

Nitrous oxide cartridges shall be used only for Garrett.gas-train carbonate analysis.

pking pressurization systems, hydraulic or pneumatic, should be repaired or replaced. Gau
hoses should be kept in good condition and leaks should be found and corrected. Periodically
p-relief valve on the hydraulic pump to verify that it will function properly should excessive pres
ver plug or bypass this safety valve.

hen pressurizing the backpressure~assembly, always open the supply pressure first, then ag
br. Do not attempt to operate the apparatus at pressures in excess of the apparatus ratin
settings. When relieving baekpressure, shut the supply pressure, bleed the pressure from
then back out the regulator T-screw.

safe heating, follow the instructions below.

Caution should-be’exercised to avoid injury while operating the PPA, which becomes hot eng
Fious burns. Never leave a hot or heating PPA unattended without posting a warning.

The practice of removing the cell and cooling it with water is dangerous and should be avoi
ries can.be caused by the steam generated when a hot cell contacts water, by direct contact
y aCeidentally dropping the cell.

hes,
test
sure

just
yj or
the

ugh

ded.
with

1.2.6.3 Le
fittings and
the pressur
develop. Ng
1.2.6.4 W
the regulat
relief-valve
system, ang
1.2.7  Forn
1.2.7.1

to cause se
1.2.7.2

Serious inju
the cell or b
1.2.8 For
1.2.8.1

1.2.8.2

safe electrical operation, follow the instructions below.

Make sure that the electrical source is fused and grounded (earthed). Verify that the power cord
on the heating jacket is in good condition and that it is properly grounded.

Electrical problems in the wiring or heaters cannot always be detected by visual inspection.

The

first sign of trouble is often blown fuses, tripped breakers, lengthened heating time or erratic thermostat
performance. Never begin any electrical repairs without first disconnecting the unit from the power source.

1.2.9

For test-cell maintenance, the user should be aware that the filtration cell is a pressure vessel and

should be considered a source of potential danger. The safety precautions listed below should be followed to
ensure safe operation.
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