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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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rights identified during the development of the document will be in the Introduction ang
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planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
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structures [for petroleum, petrochemical and naturalgas industries, Subcommittee SC 3, Drilling
completion|fluids, well cements and treatment fluids/in collaboration with the European Committee
Standardization (CEN) Technical Committee GEN/TC 12, Materials, equipment and offshore struct
for petroleim, petrochemical and natural gas industries, in accordance with the Agreement on techn
cooperatiop between ISO and CEN (Vienna Agreement).

This secon
revised.

1 edition cancels and replaces the first edition (IS013503-3:2005), which has been technidally

This docurhent supplements API'RP 13], 5th edition (2014).

API
h of
and

The techni
RP 13] has
ISO 13503
including s

ral requirementsof this document and API RP 13] used to be identical. In the meantime

been technically revised as API RP 13], 5th edition (2014). The purpose of this editio
is to bring ‘this document up-to-date, by referencing the current edition of API RP 13]
upplementary content.

The main dhanges are as follows:

— the method for measuring crystallization temperature in formate brines is described in this
document and differs from the method described in API RP 13], 5th edition (2014) due to the specific
nature of formate brines;

the method for measuring pH in formate brines is described in this document and differs from
the method described in API RP 13], 5th edition (2014), since the APl recommended method is
unsuitable for formate brines;

the method for determining carbonate and bicarbonate concentrations in formate brines is
described in this document and differs from the buffer capacity method described in API RP 13], 5th
edition (2014), since the APl recommended method is unsuitable for formate brines.

Alist of all parts in the ISO 13503 series can be found on the ISO website.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2022 - All rights reserved v


https://www.iso.org/members.html
https://standardsiso.com/api/?name=e87aa2e9e32c4cc43b58c456797be088

IS0 13503-3:2022(E)

Introduction

Crystallization temperature is an important property of well construction and intervention fluids
used in cold weather conditions and/or under high pressure. API RP 13], 5th edition (2014) defines
the crystallization temperature of a brine as the temperature at which crystals will appear in a brine
solution of a given density as it cools. The definition of the crystallization temperature of a brine
provided by API RP 13], 5th edition (2014) is not suitable for formate brines because of prominent
supercooling and metastable phase potassium formate crystals that can form at temperatures much

lower than

crystallization temperature for stable potassium formate crystals.

Formate br
from most
measurem
brines:

crysta

measujring equipment;

API RP 13
despite mu
(standards
meaningle

API RP 13
standard d
followed b
selecting s
endpoint i
unsuitable
bicarbonat
pH measut
concentrat

a significant amount of supercooling;

ines, especially potassium and cesium formate brines and their blends, behave very differeptly

other brines due to strong kinetic effects that complicate crystallization temperature

lization temperatures can be very low and can be lower than the cooling'capability of

existence of metastable potassium formate crystals that form in potasSium-rich formate brineq.

, 5th edition (2014) recommends measuring pH of a congentrated brine on a neat san
Itiple reasons indicating this approach is wrong, incliding Debye-Hiickel and pH buf

formulas being well outside of its validity range. This\causes inconsistent, ambiguous,
5s pH results. Diluting a brine sample before a pH measurement eradicates these issues.

arbonate titration to measure the combined-carbonate and hydroxide buffering capa
y titration to a randomly selected ‘targét pH’ of 7,5 (measured in undiluted brine)
ich a low target pH (corresponding to a(pH of around 6 in diluted brine) the second titra
at the part of the titration curve miasked by the formate/formic acid equilibrium an
for determining the bicarbonate. concentration, resulting in inconsistent and ambigy
e concentration results. These issues can be eradicated by using a method compromisil

ions are calculated based@©n‘this data.

|

ents. The following factors complicate crystallization temperature measurementsdn-fornpate

the

ple,
fers
and

, 5th edition (2014) recommends measuring buffer capacity of a concentrated brine By a

City,
By
[ion
d is
ous
g a

ement, a possible pH adjustment, and a phenolphthalein titration. Carbonate/bicarbonate

Vi
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Petroleum and natural gas industries — Completion fluids
and materials —

Part 3:
Testing of heavy brines

1
Thi

brine fluids manufactured for use in oil and gas well drilling, completion, and workover fluic

Thi
wit

Thi
carl
tot

Thi

brines.

Thd
con
und

API

For
the

ISO

Scope

5 document covers the physical properties, potential contaminants and test-precedure

5 document supplements API RP 13], 5th edition (2014), the requirements of which are
h the exceptions specified in this document.

5 document provides more suitable method descriptions for determining the formate
bonate/bicarbonate concentrations and crystallization temperature at ambient pressurg
he methods provided by API RP 13], 5th edition (2014).

5 document is intended for the use of manufacturers,seérvice companies and end-usef

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document” For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

RP 13], 5th edition (2014), Testing of heavy brines

Terms and definitions

the purposes of thisdocument, the terms and definitions given in API RP 13], 5th edition
following apply.

and I[EC mainfain terminology databases for use in standardization at the following addj

[SO Onliné browsing platform: available at https://www.iso.org/obp

b for heavy
S.
applicable

brines pH,
compared

s of heavy

Pir content
pplies. For
[s) applies.

(2014) and

esses:

[ECElectropedia: available at https://www.electropedia.org/

3.1

crystallization temperature

CT

temperature at which crystals and liquid exists in stable equilibrium

Note 1 to entry: This definition takes precedence over the description of Crystallization Temperature in API RP
13 ], 5th edition (2014), 7.1.3.

©IS
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4 Supplements to API RP 13], 5th edition (2014)

4.1 General

The requirements specified in API RP 13], 5th edition (2014) shall apply, with the exceptions specified
in 4.2 to 4.5.

4.2 Method for determining iron content

The requirements specified in API RP 13], 5th edition (2014), Clause 11 shall apply with the following

exception:

The metho
4.3 Metl

4.3.1 Ge

The requir
exception:

The m

Carbonate
brines:

— sodiun
potass
cesiun

sodiun

potass

4.3.2 D¢

Carbonate and bicarbonate determination method described\in 4.3.2 to 4.3.6 shall be applied.

d for determining iron content shall not be used on formate brines.
hod for determining carbonate and bicarbonate concentrations

neral

ements specified in API RP 13], 5th edition (2014), Clause 13 shall-apply with the follow

bthod for determining buffer capacity shall not be used in formate brines.

and bicarbonate concentrations can be measured in all formate single-salt and blen|

h formate brine;

jum formate brine;

formate brine;

1/potassium formate brine blends;

ium/cesium formate brine blends.

termination of carbonate concentration by titration in the titration sample
ng steps shallbeexecuted:

ample is,eontaminated with solids, it shall be filtered using an API filter press and nitrg
2 gas shall not be used.

mple 'shall be diluted with 9 parts of deionized water. Using 5 ml of brine and 45 mnj

fing

ded

gen

| of

red‘water is recommended

and recorded.

pH of the diluted brine sample (original sample) shall be measured with a calibrated glass electrode

If the measured pH is not between 9,5 and 11,0, it shall be adjusted to 10,0 t0o10,5 range with a

strong acid (HCI, HNO3 or H2S04) or a strong base (NaOH or KOH). If it is between 9,5 and 11,0,
but outside 10,0 to 10,5, it is recommended to adjust it to 10,0 to 10,5 range with a strong acid (HCI,
HNO3 or H2S04) or a strong base (NaOH or KOH).

The sample, referred to as the titration sample, shall be titrated down to pH=8,2 using HCI, HNO3 or

H2S04 (0,2 N is the most suitable concentration for formate brines used in the field). It is achieved
by dropwise adding an acid solution and recording the volume added and the sample’s pH.

The follow

a) Ifthes
gas. C(

b) The s3
deioni

c)

d)

e)

2
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f) Once the sample’s pH reaches 8,2, the volume acid used shall be recorded (Vacid). The carbonate

concentration in the titration sample shall be calculated from Formula (1).

2
[CO3™ Liitr =Cacid %Vacid / Vbrine

where

4.3

4.3

Car

[CO52-], is the carbonate concentration, in mol/l, in the titration sample;

C,ig is the concentration of HCl, HNO- or H,SO%, in N used for titration;

(D

Vicid is the volume of HCl, HNO; or H,S0%, in ml, used for titration;

Virine is the volume of brine, in ml, before dilution.
3 Calculation of carbonate fraction in the titration sample

3.1 General

bonate fraction in the titration sample shall be calculated and the‘calculation depends

of fprmate brine.

4.3

Car

whyd

3.2 Single salt formate brines

bonate fraction shall be calculated using Formula (2):

fearb (PH) _ pla+(bxin(pH)+c)/pH? |

bre f...,(pH) is the molar fraction of buffer that is carbonate as a function of pH.

dn the type

(2)

Table 1 — Formula (2) a, b, and cparameters for sodium, potassium, and cesium formpte brines

Brine type a b c Validity pH-range
sodium formate 2,36 12,22 -23 029
potassium formate -12,29 3383 -6 638 8,20t0 11,48
cesium formate -12,55 3496 -6 881
4.313.3 Na/Kd{ormate blend
The following steps shall be followed:
a) |Cafbonate fraction shall be calculated using Formula (3):
T carb (PH)=PNaHC00 X7 carb(NaHC00) (P ) FPKHCO0 X/ carb(KHCOO) (P11) (3)
where
fearb(NaHC00) (pH) is the molar fraction of carbonate in Na formate brine, calculated by
Formula (2);
Sfearb(krcoo) (PH) is the molar fraction of carbonate in K formate brine, calculated by
Formula (2);
@ NaHCOO is the volume-fraction of Na formate brine (1,30 g/cm3 / 10,9 Ib/gal) in
the blended brine;

© IS0 2022 - All rights reserved
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P xHCOO is the volume-fraction of K formate brine (1,57 g/cm3 / 13,1 Ib/gal) in

the blended brine.

b) Ifthe volume fractions of the Na formate and K formate brines are unknown, they shall be estimated

based on the density of the blended brine using Formula (4) and Formula (5) [or Formula (6)
Formula (7) if using field units], provided the brine is not heavily diluted with water.

— Metric unit:

1,57-d

and

PNaHCO0 =~ 55— (4)
d-1,30
= 5
PKicop =~ (5)
where d is fhe density of the blend, in g/cm3 or specific gravity.
— Field unit:
13.1-d
= 6
PNaHCPO =5 (6)
d-10.9
= 7
PrHcop =7 (7)
where d is fhe density of the blend, in Ib/gal.
4.3.3.4 (s/K formate blend
The follow|ng steps shall be followed:
a) Carbomate fraction shall be calculated usingFormula (8):
fearb (PH) =0csuco0 X fearb(cshcoo) (PH)A @krcoo X fearb(kcoo) (PH) (8)
where
fearb(aHC00) (pH) is’the molar fraction of carbonate in Cs formate brine, calculateq by
Formula (2);
fearb(HCO0) (pH) is the molar fraction of carbonate in K formate brine, calculated by
Formula (2);
@ csHego is the volume-fraction of Cs formate brine (2,20 g/cm3 18,4 1b/gal) in[the
blended brine;
P xHCoO is the volume-fraction of K formate brine (1,57 g/cm3 / 13,1 Ib/gal) in
the blended brine.

b) If the volume fractions of Cs formate and K formate brines are unknown, they shall be estimated

based on the density of the blended brine using Formula (9) and Formula (10) [or Formula (11)
Formula (12) if using field units], provided the brine is not heavily diluted with water:

— Metric unit:

2,20-d
0,63

PkHCOO =

and

(9)

4 © IS0 2022 - All rights reserved
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d-1,57

_ 10
®csHCOO 0.63 (10)

where d is the density of the blend, in g/cm3 or specific gravity.

— Field unit:
18.4—-d
PKHCOO = ¢ 5 (11)
d-13.1
PesHC00 = ¢ 5 (12)
wheére d is the density of the blend, in 1b/gal.
4.3/4 Calculation of bicarbonate concentration in the titration sample
Bicarbonate concentration in the titration sample shall be calculated using Formula (13):
- — 1-fem (PH)
[HCO5™ Lty =[CO5* Jyier —27— = (13)
. o fcarb (pH)
whére
[HCO3™ Ly is the bicarbonate concentration, iftmiol/l, in the titration solution;
[C032_ Teier is the carbonate concentration,in mol/], in the titration solution calculated in 4.3.2;
fears(PH) is the molar fraction of buffer that is carbonate in the titration sample{ calculated

in 4.3.3.

4.3)5 Calculation of total carbonate and bicarbonate concentration

The total carbonate and bicarbohate concentration, which is pH-independent in the relevanf pH-range,
is the same in the original sample and the titration sample. It shall be calculated using Formula (14):

[C032_ +HCO3™ ] =[€05" Jyer +[HCO5 Jyr (14)

4.316 Calculation of carbonate and bicarbonate concentrations in the original sampld (before
pH pdjustment)

4.3)6.1, \\General

1 1 rad 1 1 - L 1 11 1 - I'l_nf\ 2_—| r'Yﬂf\ - .
Th IS0 Ol CalCuldtlily O Cal'DUIIAdLE dIIU DICATI DOIIALE COIICCIILT atlOI1S LLLU3 J, Ll’lbU3 ) 1n the

original sample depends on the original sample’s pH and whether a pH adjustment was performed
before the titration.

4.3.6.2 No pH adjustment was performed before the titration

If no pH adjustment was performed [see 4.3.2 d)] before the titration, the original sample is identical to
the titration sample and Formulas (15) and (16) apply:

[C032_ } =[CO5" Jyir (15)

© IS0 2022 - All rights reserved 5
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[HCO5™ |=[HCO; L (16)

4.3.6.3 pH adjustment was performed before titration

If a pH adjustment was performed [see 4.3.2 d)] before the titration, the molar carbonate and
bicarbonate concentrations in the original sample depend on the original sample’s pH and can be
calculated by Formulas (17) and (18):

a) [Iforiginal pH larger than or equal to 11,48:

[CO5%] ]=[CO5%™ +HCO5™] 17)
[HCO4 ]=0 18)

b) Iforiginal pH isless than 11,48 and larger than 8,2:

1. Carbonate fraction for the original sample shall be determined according to the method
in|4.3.3, but the pH value of the original sample shall be used instead of the pH value of|the
titjration sample.

2. THe molar carbonate and bicarbonate concentrations in the-driginal sample shall be calculdted
using Formulas (19) and (20):

[CO32_ ]=[CO32_ +HCO3_ ]Xfcarb (pHorig ) :19)

[HCO3™ =[C05*” +HCO5~ |-[CO3*" ] 20)

where|pH equals the pH of the originaksample [before adjustment, see 4.3.2 c)].

orig

c) Iforiginal pH is less than 8,2, the molar carbonate and bicarbonate concentrations in the origfinal
sampl¢ shall be calculated using Formulas (21) and (22):

[CO3%T]=0 21)
[HCO4™ +[CO, I,q =[ GO3%+ HCO;™] 22)

where [CO4],, is the dissolved carbon dioxide concentration, in mol/I.

Low CO, sg¢lubilityin formate brines means that most carbonate/bicarbonate buffer in Formula (22) is
HCO3™, buf itS'exact concentration cannot be determined.

4.4 Method for determining CT

4.4.1 General

The requirements specified in API RP 13], 5th edition (2014), Clause 7 shall apply with the following
exception.

The method for determining CT of formate brines shall be in accordance with 4.4.2 to 4.4.6.

6 © IS0 2022 - All rights reserved
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4.4.2 Application and procedure

The CT can be measured in all formate single-salt and blended brines:

The

4.4

4.4

For
mat

For
cry

4.4

sodium formate brine;
potassium formate brine;
cesium formate brine;

sodium/potassium formate brine blends;

potassium/cesium formate brine blends.

overall procedural steps for measurement of CT of formate brines shall be as follows:
prepare seeding material (see 4.4.3);

select seeding material (see 4.4.4);

determine approximate CT (see 4.4.5);

determine accurate CT (see 4.4.6).
3 Preparation of seeding material

3.1 General

mate single-salt and blended brines’ CT shall be measured with one or more of the follow
erials:

sodium formate crystals;
potassium formate stable crystals;
cesium formate crystals.

mate brine seeding crystals:may be stored in plastic containers in the freezer. Format
stals should never be stored in glass containers.

3.2 Sodium andleesium formate brine seeding crystals
Prepare a sample with density in the range:
— sodjutg formate brine: 1,25 g/cm3 to 1,33 g/cm3;

— , eesium formate brine: 2,15 g/cm3 to 2,35 g/cm3.

b)

Cool the sample to a temperature of approximately —40 °C and let it stay for minimum 1

ng seeding

e brines or

hour.

c) Verify visually that crystallization has occurred in the sample; these are the seeding crystals that

d)
e)
)

©IS

shall be stored at a temperature lower than -10 °C.

If crystallization is not observed, shake the sample by hand to attempt initiating crystallization.

If shaking by hand does not initiate crystallization, transfer the cold sample to a glass container.

If the sample still has not crystallized, increase the brine concentration by either evaporation or by
adding more salt in powder form to the sample without exceeding the limits stated in the first step,

and return to b).

02022 - All rights reserved
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4.4.3.3 Potassium formate brine

a)
b)

c)

d)
e)
f)

g)

Prepare potassium formate brine sample with density in the range 1,50 g/cm3 to 1,59 g/cm3.
Cool the sample to a temperature of approximately —40 °C and let it stay for minimum 1 h.

Observe visually whether crystallization occurs in the sample; if crystals are observed, proceed to
8)-

If crystallization is not observed, shake the sample by hand to attempt initiating crystallization.

If Shal(ing hy hand does notinitiate r‘rycf:\”i7ah'nn, transfer the cold cnmp]n toa g]acc container

If the gample still has not crystallized, increase the brine concentration by either evaporatioh o by
adding more salt in powder form to the sample without exceeding the limits stated in théfirst step,
and refurn to b).

Produge stable potassium formate crystals by stirring a new sample of the potassium formate|[a)]
with the metastable crystals formed in c) at the approximate metastable CT.

This can b¢ achieved with the CT-measuring equipment shown in Figure 3. Thetransition is obsenjved
by a signifficant and rapid increase in temperature and increase in amount-of visual crystals. If|the
transition does not take place after one hour, the stirring rate should beincreased. Patience is often
required, als transformation does not always take place easily. Stable potassium formate crystals cajnot

convert batk to metastable crystals and can safely be stored at a temperature below -10 °C.
4.4.4 Selection of seeding material

4.4.4.1 (eneral

Seeding miterial should be selected based on brine composition. Figures 1 and 2 can be used as

guidance.

© IS0 2022 - All rights reserved
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30

20 1 ,
. /1 /

b LS. N P
N

-7
1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 2,1 2,2 4,3 X
Key]
density [g/cm3] 3 potassium formate - metastable phase
temperature [°C] 4 cesium formate

sodium formate

NoR < X

potassium formate - stable phase

Figure 1 — CT of sodium, potassium, and cesium formate single-salt brines as function of brine
density
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Figure 2 + CT of blends of 1,57 g/cm3 potassium formate and 2,20 g/cm3 cesium formate brijne
as function of brine density

4.4.4.2 Single salt brinés

If the brinp’s density is on the left side of the eutectic point (minimum in Figure 1), seeding is[not
required.

If the brin¢’s’density is on the right side of the eutectic point (minimum in Figure 1), a crystal of|the
same brine, produced as per 4.4.3 shall be used. If measuring CT of potassium formate brine, a stable
crystal should be used [see 4.4.3.3 g]].

4.4.4.3 Blended brines

If measuring CT of a blended brine (cesium/potassium formate and sodium/potassium formate), the salt
that crystallizes first when the brine is cooled down shall be used as seeding material. If it is not known
which salt crystallizes first, it can be determined in the following way, using Figure 2 as guidance:

a) If the brine dilution causes water crystallization (freezing) before salt crystallization, seeding is
not required.
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b)

4.4

4.4

An
det

4.4

Figlire 1 shall be used to read the approXimate CT for the relevant brine.

4.4
The

a)

ISO 13503-3:2022(E)

For cesium/potassium formate blends not covered in a):

1) If the density higher than 1,95 g/cm3, cesium is the dominant cation and cesiu
crystals shall be used.

m formate

2) If the density of the blend is in the range from 1,85 g/cm3 to 1,95 g/cm3, use cesium formate

crystals and stable potassium formate crystals.

3) Ifthe density is lower than 1,85 g/cm3 in a brine that has not been diluted with water,
is the dominant cation and stable potassium formate crystals shall be used.

'V D G

a significant amount of water, use cesium formate crystals and stable potassi
crystals.

For sodium/potassium formate blends not covered in a):
1) [Ifitis known that sodium is the dominant cation, use sodium formaté-erystals.
2) Ifitis known that potassium is the dominant cation, use stable petassium formate @

3) Ifthe composition is unknown or sodium and potassium concentrations are similar,
formate crystals and stable potassium formate crystals.

5 Determination of approximate CT

5.1 General

hpproximate CT is needed for programming the-temperature controller described in 4
ermine when the seeding crystals should beagdded.

5.2 Single salt brines

5.3 Blended cesium and:potassium formate brines
following provisions apply for blended cesium and potassium formate brines:

If it is a straight blefid of concentrated cesium formate (density around 2,20 g/cm?3) and
formate (density’around 1,57 g/cm3) brines with no water added or removed, the appr
can be readfrom Figure 2.

If it is khown that the brine can contain some extra water, 5 °C to 10 °C should be subtn
the value read from Figure 2.

potassium

iluted with
m formate

rystals.

1se sodium

4.6 and to

potassium
pximate CT

hcted from

4.4.

4.4.

If5it is known that water can have been removed from the blend, for example by evaj
addition of dry sait, 5 ~Cto 10 -C3should be added to the value read [rom rigure 2

6 Accurate determination of CT

6.1 General

poration or

The sample should only be seeded once. For the subsequent cycles, no seeding is required. Figure 5
shows the sequence of three such cycles, indicating the various steps required for measurement.

If appropriate seeding crystals have been used, the three values FCTA, TCT and LCTD should be very
close. If no seeding material was used, the first TCT is likely to be much too low because of supercooling,
assuming the temperature of the cooling bath is low enough to overcome the supercooling. For
potassium formate, if metastable potassium formate crystals, no seeding material at all, or seeding

© IS0 2022 - All rights reserved
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