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Water Analysis for Corrosion Prediction —
Sampling Analysis and Interpretation

This AMPP Guide represents a consensus of those individual members who have reviewed this document, its scope,
and provisions. Its acceptance does not in any respect preclude anyone, whether he or she has adopted the Guide or
not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not in conformance with
this Guide. Nothing contained in this AMPP Guide is to be construed as granting any right, by implication or otherwise,
to manufacture, sell, or use in connection with any method, apparatus, or product covered by letters patent, or as
indemnifying or protecting anyone against liability for infringement of letters patent. This Guide represents minimum
requirements and should in no way be interpreted as a restriction on the use of better procedures or materials. Neither
is this Guide intended to apply in all cases relating to the subject. Unpredictable circumstances may negate the useful-
ness of this Guide in specific instances. AMPP assumes no responsibility for the interpretation or use of this Guide by
other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP in accordance with
its governing procedures and policies which preclude the issuance of interpretations by individual volunteers.

Users of this AMPP Guide are responsible for reviewing appropriate health, safety, environmental, and regulatory doc-
uments and for determining their applicability in relation to this Guide prior to its use. This AMPP Guide may not neces-
sarily address all potential health and safety problems, or environmental hazards associated with the use of materials,
equipment, and/or operations detailed or referred to within this Guide. Users of this AMPP Guide are also responsible
for establishing appropriate health, safety, and environmental protection practices, in consultation with appropriate
regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory requirements prior to
the use of this Guide.

CAUTIONARY NOTICE: AMPP Guides may be revised or withdrawn at any time in accordance with AMPP standards
committee procedures. The user is cautioned to obtain the latest edition. Purchasers of AMPP Guides may receive

current information on all AMPP publications by contacting AMPP Customer Support, 15835 Park Ten Place, Houston,
TX 77084-5145 (Tel: +1 281-228-6200, email: customersupport@ampp.org).

Document History:

2024-05-06: Approved by AMPP Standards Committee (SC) 20, Internal Corrosion Management

AMPP values your input. To provide feedback on this standard, please contact: standards@ampp.org
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Foreword

The purpose of this document is to provide guidance on water analysis for internal corrosion prediction including sam-
pling analysis and data interpretation during the corrosion risk assessment of pipelines and facilities in the oil and gas
industry. It is used as a guide to help identify gaps in water analysis data, use the right water analysis data, and provide
a best practice for estimation when lacking data. References are also made to other relevant documents and standards.

Scope

This Guide focuses on those water chemistry parameters that are key for corrosion prediction. Additional parameters
may be required for other materials and corrosion evaluations and decisions. This Guide does not provide a procedure
for how, when, and where to take water samples or how to preserve samples.

Rationale

Water sample analysis and data interpretation are critical to internal corrosion prediction, especially with respect to CO,/
H,S and organic acid corrosion. Misunderstanding of the water data is a frequent source of error in corrosion prediction.
This Guide provides guidelines on using water chemistry data for corrosion prediction, in particular, the issue of how to
deal with organic acids and alkalinity including sampling analysis and interpretation.

Referenced Standards and Other Consensus Documents

Unless specifically dated, the latest edition, revision, or amendment of the documents listed in the table below shall apply.
AMPP/NACE/SSPC, www.ampp.org:
NACE SP21469 Corrosion Inhibition Selection and Management for Oil and Gas Production

NACE/ASTM G193 Standard Terminology and Acronyms Relating to Corrosion
NACE Publication 21413  Prediction of Internal Corrosion in Qilfield Systems from System Conditions

American Petroleum Institute (API), www.api.org:
API RP 45 Recommended Practice for Analysis of Oilfield Waters

ASTM International, www.astm.org:

ASTM D3875 Standard Test Method for Alkalinity In Brackish Water, Seawater, And Brines
ASTM D1067 Standard Test Methods for Acidity or Alkalinity of Water
ASTM D4327 Standard Test Method for Anions in Water by Suppressed lon Chromatography

International Organization for Standardization (ISO), www.iso.org:

ISO 5667-3 Water quality — sampling — Part 3: Guidance on the preservation and handling of water
samples

ISO 9963-1 Determination of alkalinity — Part 1: determination of total and composite alkalinity

ISO 6107 Water quality — Vocabulary

Standard Methods Committee of APHA (American Public Health Association), AWWA (American Water Works
Association), and WEF (Water Environment Federation), www.standardmethods.org/aboutsm:

APHA 2320 B Standard Methods for the Examination of Water and Wastewater: Alkalinity by Titration
APHA 1060 B Standard Methods for the Examination of Water and Wastewater: Collection and Sampling
APHA 4110 Standard Methods for the Examination of Water and Wastewater: Determination of An-

ions by lon Chromatography
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AMPP Guides present the user with information about alternative procedures, materials, or technologies that enable
the user to select the best option for a specific use. They may contain recommendations to assist the user to make
an informed decision based on the desired outcome. Information on health, safety, and environmental issues may be
included, but the user is responsible for knowledge of and compliance with appropriate national and local regulations.

Section 1: Introduction

Various corrosion prediction tools for CO,/H,S corrosion have been developed in the past thirty years. For corrosion
prediction in oil and gas production, the water chemistry largely determines the corrosion rate which is mainly driven
by in-situ pH. The term “water chemistry” includes calculations based on the measured chemical composition of the
reservoir brine and the soluble gaseous species which are influenced by the partial pressures of each gas, temperature,
and ionic species within the brine.

The in-situ water or brine is pressurized with acid gases (CO,/H,S) which results in a decrease in pH and typically an in-
crease in the corrosion rate. Water samples are typically taken from the process stream, then depressurized (with acid-
izing by CO, and H,S reversed) and analyzed. So, two items require attention to determine the specific water chemistry:
a) What are the pressurized conditions (to use as input conditions)?
b) What is the measured chemical composition of the water (brine) sample?

A key element for water analysis is alkalinity, which can be explained as the capacity of an aqueous electrolyte to resist
acidification. The amount of alkalinity determines the effect of the pressurization with acid gases on the shift in pH (from
a water sample to in-situ conditions).

Another relevant set of chemical components that influences the alkalinity is the organic acid species. Organic acids
are analyzed as a total amount (which includes both ion and anion/acid and acetate). The amount reported is always
the total of the acid and the conjugate base whether reported as an acid (i.e., acetic acid) or base (i.e., acetate) as the
reported values are provided with respect to the method used for the measurement. This total value is always used
as an input to water chemistry and corrosion prediction models, as the concentrations of the ‘free’ organic acid and
conjugate base vary depending on the pH of the brine, which is highly influenced by the environmental conditions. The
last part of the water analysis is the influence of salts and chemicals (including total dissolved solids [TDS]), as these
trigger different effects on the corrosion:

e The general presence of iron (Fe?*) reduces the corrosion rate, increases pH, and reduces corrosion product
solubility (less effect on H,S corrosion due to the very low solubility of FeS).

e High TDS can reduce the solubility of H,S and CO, in brines (salting-out effect).

e Chlorides impact localized corrosion in the sour regime.

e Chlorine can influence corrosion significantly at low O, conditions (<100 ppb).

e TDS, sulfate, carbon, nitrogen, and microbial activity are all relevant to microbiologically influenced corrosion
(MIC).

e Biocide and inhibitor concentrations measured in the brine can be a good indicator of the efficiency of cor-
rosion mitigation (residuals and other aspects can have an impact on CI-IOW [Integrity Operation Window]).
This is out of scope here and is addressed in NACE SP21469 and elsewhere.'

e Ca?" at saturation conditions with CaCQO; indicates precipitation of CaCO; and higher alkalinity would be ex-
pected upstream.

In short, a good water analysis is crucial for corrosion analysis, and having reliable data is the key to a robust corrosion
prediction.? Current issues with water analyses and their interpretation for corrosion prediction are:

¢ Analysis of oil and gas field waters may not include concentrations of organic acids even if they are present.
Some operators accept default values for organic acids if no data is available.

e Data for alkalinity is lacking, ambiguous, or not correct. In a water chemistry analysis, the measurement of
total alkalinity is by titration. However, the value is titrated to pH 4.5. This causes the use of bicarbonate alka-
linity as the total alkalinity, and this can lead to a significant difference in corrosion prediction, especially at low
pCO, and higher organic acids.

e Data for pH lacks reference to a well-defined condition.
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e Oxidation, precipitation of solids, and intentional acidification by strong acids may have destroyed the water
chemistry.

e Re-partitioning of species, for example, organic acids, between oil, gas, and water phases along the produc-
tion system requires re-calculation of the water chemistry for other locations if different from the sample point.

o Produced water can be a mixture of formation and condensation waters, and can change over time, which
needs to be considered. Multiple samples over time can provide an improved insight that can be used for
sensitivity analysis as well.

e Point of origin, or location where the brine sample was taken from, is not always provided. This is important,
as it should come from the process upstream of the scope for corrosion predictions.

This Guide does not provide a procedure for how, when, and where to take water samples or how to preserve samples;
see I1ISO 5667-3 and APHA 1060 B for details. However, the following are essential for providing a well-documented
water analysis:

e  Selection of a proper sample point location (representative, if possible, with picture and location indicated on
a process flow diagram [PFD]).

*  Water samples should have as little gas cap as possible.

e  Containers must not allow oxygen to enter or diffuse into the sample, as oxidation can change the chemistry.

e Timely analysis should be defined and should be indicated by having an input field on the water chemistry
document for when the sample was taken and when the analysis was conducted.

¢ Qil and water may be difficult to separate, which may require centrifuging. The use of an emulsion breaker
should be avoided, as it may influence results.

e Water samples should not be acidified during sampling. If required, a separate sample for brine analysis must
be collected.

e For corrosion prediction (and especially when used for testing) purposes, water samples should be preferably
free of injected chemicals.

e  Stimulation or acidizing acids may be present, but not representative of normal production conditions.

Section 2: Definitions

Alkalinity: The quantitative capacity of aqueous media to react with hydrogen ions, also called total alkalinity (ISO
6107). The focus of alkalinity in this Guide is on typical oil field waters which are different from traditional freshwater
systems that contain only bicarbonate and carbonate. Organic acids, borates, phosphates, sulfides, and other pro-
ton-accepting species produce alkalinity.

Methyl Red Endpoint Alkalinity: Any arbitrary measurement of the total alkalinity of water obtained by titration to the
methyl red (Methyl orange) indicates endpoint (pH 4.5). (ISO 6107).

Other corrosion-related terms used in this Guide are given in the latest revision of NACE/ASTM G193.

Section 3: Theory Background

For oil field water, the main water solution chemistry includes:
¢ Dissolution of CO, and H,S in water (Henry’s law)
e Hydration of CO, to carbonic acid (H,CO3)
¢ Dissociation of H,CO; and HCO4
¢ Dissociation of H,S and HS-
e Dissociation of organic acids: HAc <-> H* + Ac
¢  Dissociation of H,O
¢ Presence of other cations (Na*, Ca?, etc.) and anions (CI, SO,?, etc.)

Based on the charge neutrality relation, Equation (1) has to be satisfied for all ionic species involved.

[Na*] + 2[Ca?'] + 2 [Fe?'] + [H] = [HCO4] + 2[CO4?] + [HS]+ 2[S?] + [Ac] + [OH] + [CI] + 2[SO,?] 1)
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