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Recovery and Repassivation after
Low pH Excursions in Open Recirculating
Cooling Water Systems

This AMPP standard 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 standard
or not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not in conformance with
this standard. Nothing contained in this AMPP standard is to be construed as granting any right, by implication or other-
wise, 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 standard represents minimum
requirements and should in no way be interpreted as a restriction on the use of better procedures or materials. Neither
is this standard intended to apply in all cases relating to the subject. Unpredictable circumstances may negate the use-
fulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of this stan-
dard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP in accor-
dance with its governing procedures and policies which preclude the issuance of interpretations by individual volunteers.

Users of this AMPP standard are responsible for reviewing appropriate health, safety, environmental, and regulatory
documents and for determining their applicability in relation to this standard prior to its use. This AMPP standard may
not necessarily 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 standard. Users of this AMPP standard 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 require-
ments prior to the use of this standard.

CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time
in accordance with AMPP technical committee procedures. AMPP requires that action be taken to reaffirm, revise, or
withdraw this standard no later than five years from the date of initial publication and subsequently from the date of each
reaffirmation or revision. The user is cautioned to obtain the latest edition. Purchasers of AMPP standards may receive
current information on all standards and other AMPP/NACE/SSPC publications by contacting AMPP Customer Support,
15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1 281-228-6200, email: customersupport@ampp.org).
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Foreword

This standard practice presents guidelines for preplanning for, recovering from, and repassivation after a low pH ex-
cursion in open recirculating water systems, no matter what the cause. The procedures presented in this standard in
no way preclude the use of other procedures but are presented as best practices developed over years of experience
in a variety of plants. The provisions of this standard should be applied under the direction of qualified water-treatment
personnel from water-treatment suppliers and/or consultants and plant personnel.

Low pH excursions in open recirculatory cooling water systems will result in strippage of scales and protective metal ox-
ide films and elevated corrosion rates of 25 to 100 times higher than normal. The accelerated corrosion leads to greater
equipment depreciation rates, reduced life expectancy and premature heat exchanger failures. Stripped scales, oxides
and subsequent generation of suspended solids lead to fouling of heat exchangers and cooling tower fill, thus reducing
water flow, heat extraction and heat rejection rates. If low pH excursion corrective action is not taken quickly, cooling
capacity decreases and derating of process side throughput may be expected, with the potential of a forced shutdown
outage. This standard provides the sequential corrective actions, chemical alkali selection and applied concentrations
that must be adhered to in order to reduce the degree of corrosion and fouling while also avoiding a forced shutdown
and minimizing the duration of the derated process side throughput. Secondary benefits of these processes are those
associated with reduced prepared water consumption and reduced cost of post-treatment of discharge waters and of
achieving environmental compliance.

This standard will assist the following personnel associated with the process;

» Water treatment suppliers and / or consultants to develop the site-specific contingency plan, complete with water
and chemical inventory requirements to allow for corrective actions that successfully remediate the upset.

» Managers are ensured success of the application.

» Plant operating personnel are provided with the tools to counteract the upset successfully in a timely manner (hours
as opposed to weeks).

» Owners can now reasonably manage the total cost of ownership (TCO) of the excursion.

Scope

The scope of this standard practice is that of pH depression detection, correction, and restoration to safe operating
conditions that ensure future avoidance of excessive corrosion and fouling rates as well as process throughput capacity
derating. A discussion of the importance of preplanning, the elements that comprise it, in the form of a check list and
populated tables containing the types of chemicals, their federate and inventory required that are site specific for the
cooling system volume and maximum blowdown rates are provided. Auditing and identifying high-risk unit processes
that could be a source of low pH ingressors to be completed. Sampling and monitoring the outlets of the high-risk areas
with the appropriate on-line sensors or grab sample test apparatus with sufficient reagent inventories are also noted.
Knowledge of the site environmental discharge limits and the management of the cooling system discharge during
the recovery are addressed. The contingency processes to restore the pH, recover from excursion and completion of
repassivation are based upon four degrees of severity associated with excursions. The individual contingencies are
defined in the text and illustrated in Figure 1.

Rationale

This standard replaces NACE standard RP0392-2001, which was withdrawn in 2011. This standard includes more
information on repassivation, approximation of contingency dispersant requirements and demands, heat exchanger
clean-up methods and improved directions on how to convert the general concepts and procedures to the site-specific
operational hydraulic balances experienced than did RP0392. Appendix A (Nonmandatory) provides such direction
which would also provide contingency chemical additives and inventories required, determination when the test result
values were representative and to allow for predicting the time to achieve the maximum resultant outcome.

In AMPP standards, the terms shall and must are used to state requirements and are considered mandatory. The
term should is used to state something that is recommended, but is not considered mandatory. The term may is used
to state something considered optional.
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Section 1: General

1.1 The discussions and procedures in this standard are applicable to low-carbon steel metallurgy. They need
to be modified for systems that contain copper-based alloys, stainless steels, galvanized steel, other metals,
and other materials of construction. Low pH excursions are perhaps the most devastating of all cooling water
system upsets. The inadvertent reduction in pH because of acid overfeed, acidic process leaks, or airborne
acid gases can result in a number of serious problems. Examples of these problems follow:

111 Corrosion rates, particularly of low-carbon steel, increase dramatically. A pH of about 4.0 can in-
crease low-carbon steel corrosion rates by a factor of 100 compared with a neutral pH.

1.1.2 In-place treatment programs for corrosion inhibition are generally ineffective at low pH.

113 Sulfates in excess of 1,500 ppm will lead to leaching of the fibers in Type 1 and Type 2 cement
board fill. Type 2 Modified and Type 5 cement board are sulfate leaching resistant.

11.4 Because elements are generally more soluble under low pH conditions, the recirculating water
may pick up large quantities of dissolved and particulate iron, zinc, calcium, copper, aluminum,
nickel, phosphate, etc. Transfer piping and heat-exchange equipment can undergo metal loss and
deposits may dissolve.

1.1.4.1 These dissolved deposits and corrosion inhibitory films can precipitate as the pH of
the water is increased to normal (typically 7.0 to 9.0) operating levels. This precip-
itation of suspended matter typically occurs on heat-transfer surfaces and in areas
with low water velocity (e.g., in the cooling tower basin and on the shell side of heat
exchangers), thereby reducing efficiency and creating localized underdeposit corro-
sion. The binding characteristics of iron compounds can aggravate the deposit and
corrosion problems.

1.1.4.2 Soluble iron and other metallic contaminants may absorb or complex with critical
treatment components, such as polymers, copolymers, and phosphorus-containing
compounds, leading to loss of inhibitor availability and performance. See Appendix
A Table A1 for suggested polymer-to-contaminant ratios.

1143 Environmental restrictions may reduce or eliminate the options available for dis-
charge of contaminated low pH water. Several environmental problems may be
present at one time with the water from the affected system. Problems such as low
pH water (<6.0), high levels of color or turbidity, and high levels of heavy metals
(iron, copper, zinc) may preclude the discharge of water from the cooling system.
Permits and environmental requirements may necessitate alternative treatments.
Environmental restrictions should be known by affected plant personnel, including
water-treatment personnel. Knowledge of these restrictions will require extensive
preplanning and development of cooling water blowdown directional flows.

1.1.5 The existing treatment program may be incapable of reestablishing control and providing adequate
corrosion protection after the upset condition has been corrected. Special clean-up and repassiva-
tion procedures may be required. These procedures are chemical additive concentration, pH, and
temperature and time dependent.

1.1.6 Fouling of pH, Oxidation Reduction Potential (ORP), conductivity, and corrosion monitoring probes
may occur as the pH excursion is corrected. Probes must be cleaned, recalibrated, and the results
verified independently.

11.7 Severe acid upsets may result in deposit sloughing and subsequent blockage of cooling water
flow through strainers to critical equipment and equipment components. Leaks can develop during
these periods and may require system shutdown for excessive flushing, back flushing and repair.
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1.2 As a first priority, recognition of the serious consequences and many negative aspects of low pH excursions
should increase the awareness and emphasis put on the importance of prevention and recovery. The use of
sensors both on the supply and return or high-risk branch cooling water line, as well as, redundancy, will en-
sure the capability and reliability of detection in order to reduce damage and recovery times. See Appendix A
Table A2 for a list of potential sensors for use.

Section 2: Preplanning

21 The water-treatment supplier and plant personnel should prepare a detailed, site-specific operating and trou-
bleshooting procedure that is part of the plant's water-treatment manual. A review of this recovery plan should
be included in all training seminars for involved personnel.

211 Arisk-based reliability audit which includes a review and inspection of all unit operations within the
cooling water circuit should be conducted to determine all possible causes of low pH excursions
and appropriate corrective action that should be taken for each cause. For example, during a pH
reduction and subsequent generation of high suspended solids loading within a cooling system,
with film fill in the cooling tower, a slow incremental pH increase with high blowdown application
rates should be applied to avoid post fouling of the fill. This will avoid the potential of increasing the
cooling tower approach temperatures and reducing the heat rejection capacity.

21.2 The volume of each cooling system should be accurately determined (e.g., using the salt test or
other methods). See Appendix A Table A3 for system volume estimation and sizing.

2.2 A recommended checklist, chemical inventory, chemical feed rates, alkaline chemical requirements, and
chemical dosage requirements are tabulated in Appendix B (Mandatory). The tables must be modified to be
system- or site-specific. This can be accomplished by generating a titration curve of a plant’'s cooling water
that will determine the amount of alkaline material that will be required when a low pH excursion occurs. It has
been noted by others that the amounts of caustic/alkaline material required to raise the pH will vary consider-
ably from water to water, especially when the pH is below 4.5."

2.3 It is essential that operators be trained to recognize the serious consequences that a low pH excursion can
cause in a plant and to react appropriately. The installation of corrosion probes with automatic readouts and
alarms may aid in the detection of acid leaks or low pH excursions in a cooling water system. Sudden high
levels of corrosion may alert the facility to begin corrective action and control damage to a system. Where
the audit assessment had pre-identified a high-risk unit process, the cooling water outlet from the high-risk
process is to have sensors with an associated alarm set point that activates a dump valve, diverting the cool-
ing water to a waste stream. Plant operators should have predetermined contingency plans to execute in the
event other potential site-specific acidic process in-leakage sources are identified.

24 As part of a plant’s periodic review, a written inspection report on the condition of all chemical feeding and han-
dling equipment should be made, including photographic documentation, along with an inventory of required
recovery chemicals and testing equipment and materials.

241 Monitoring equipment (pH, ORP meters), corrosion probes, flow indicators and testing reagents
should be checked frequently to ensure that they provide accurate readings.

24.2 All required testing apparatus and reagents should be on hand for use if a low pH excursion occurs.
24.3 All probes to be extracted and cleaned upon detection of pH excursion.
2.5 Preplanning should also include a provision for handling the composition and volume of blowdown water that

will be discharged during the recovery period. If an in-plant wastewater treatment facility or on-site storage
is not available, a review of discharge limitations (e.g., National Pollution Discharge Elimination System [NP-
DES] permit or other environmental permits) is mandatory. A working knowledge of environmental regulations
and proper corrective action reduces the exposure to potential liability regarding environmental regulations.
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Section 3: Recovery
31 General

3141 This section addresses iron problems. The water-treatment procedure may be modified to handle
copper and other metals. Concern levels (see Figure 1) are time-dependent and become more criti-
cal as time increases. Procedures for recovery from low pH excursions in low-carbon steel systems
are provided; modifications may be required for systems containing other metals. High levels of iron
can ultimately reduce the effectiveness of components found in cooling water treatment programs.
Iron levels should be tested periodically during a pH excursion and the concentration of treatment
chemicals adjusted to handle the high amount of iron. See Appendix A Table A1.

31.2 During recovery, pH should be monitored at return headers or other representative sampling
points, such as critical areas of high risk and at-risk heat exchangers several times each hour,
typically every 10 minutes.

3.1.3 Initial dosages of alkaline materials should be about 80% of the calculated theoretical require-
ments or the empirical requirements indicated by the titration curve recommended in Paragraph
2.2. After the pH has stabilized following the initial dose, a decision can be made whether to add
more material, and if so, how much. This procedure is illustrated in Tables B3, B4, and B5 in Ap-
pendix B.

31.4 A decision diagram to assist the recovery planning process is shown in Figure 1.

Condition Concern Procedure Refer to
Level pH Range Level Number Paragraph

pH is within one pH unit below the -

I o ) Minor [~ | —® | 3.20r4.2
. minimum set point

pH is 4.5 or above but more than
I one pH unit below the minimum —® | Moderate % I — | 3.30r4.3

set point

" pH is between 2.5 and 4.5 — Major [ 1] — | 3.40r4.4

pH is below 2.5 — Extreme [—9 v — 3.50r4.

Figure 1: Decision Plan to Select Recovery Plan for Low pH Excursions
in Open Recirculating Cooling Water Systems

Note that the Concern Levels are time-dependent. The Concern Level becomes more critical as time passes
and action should always be taken as quickly as possible.
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3.2 Procedure | — This procedure shall be followed when pH is within 1 pH unit of the control range and below
the minimum set point.

3.21 Verify pH readings with an independent recalibrated pH meter.
3.211 Notify supervisor(s) and contact water-treatment supplier to inform them of the issues

and allow them to address any concerns the operators may have with the process.
Make the necessary adjustments in water treatment as recommended by the supplier.

3.2.2 Check make-up water for pH change.
3.23 Check for the proper operation of acid delivery system, feed injector and the check valves.
3.24 Determine the level of acid in day or storage tank to see whether the actual feed rate is as speci-

fied or whether the specified rate has been exceeded. In order to minimize the volume of acid over
addition, consider the use of a day tank if not already present.

3.25 Look for acid leaks in the risk areas and at-risk heat exchangers, as well as unusual events such
as the draining of chemical storage sumps into the cooling tower basin.

3.2.6 Look for process leaks or airborne cause(s) of low pH.

3.2.7 Make necessary adjustments of blowdown and acid feed and/or notify supervisor. Recovery ac-
tions are site-specific. Refer to Section 5 for repassivation procedures.

3.2.8 Verify proper operation of monitoring and/or control equipment and recalibrate pH equipment.
3.3 Procedure Il — This procedure shall be followed when pH is greater than 1 pH unit of the control range and

above 4.5.

3.31 Verify pH reading with an independent recalibrated pH meter.

3.31.1 Immediately notify supervisor(s) and water-treatment supplier to inform them of the
issues and allow them to address any concerns the operators may have with the
process.

3.3.2 Check for the proper operation of acid delivery system, feed injector and the check valves.

3.33 Stop all acid feed and block off acid feed system.

3.34 If environmentally acceptable, increase blowdown.

3.3.5 Stop gaseous chlorination or other oxidizing biocide addition to prevent excessive corrosion of

non-ferrous metals.

3.3.6 Determine the level of acid in the day or storage tank to see whether the actual feed rate is as
specified or whether the specified feed rate has been exceeded. In order to minimize the volume
of acid over addition, consider the use of a day tank if not already present.

3.3.7 Check make-up water for pH change.

3.3.8 Look for acid leaks in risk areas and at-risk heat exchangers, as well as unusual events, such as
the draining of chemical storage sumps into the cooling tower basin.

3.3.9 Look for process leaks or airborne cause(s) of low pH.

3.3.10 Verify proper operation of monitoring and/or control equipment and recalibrate pH equipment.
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