™
AMPP SP21518-2022
Approved January 18, 2022

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

©2022 Association for Materials Protection and Performance (AMPP). All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system, or transmitted, in any form or by any means (electronic, mechanical, photocopying, recording,
or otherwise) without the prior written permission of AMPP.

AMPP SP21518-2022
1
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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).

Document History
2022-01-18: Developed by AMPP Standards Committee (SC) 18, Water & Wastewater

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

AMPP SP21518-2022
©2022 Association for Materials Protection and Performance (AMPP). All rights reserved.

2


mailto:customersupport%40ampp.org?subject=

Recovery and Repassivation after

Low pH Excursions in Open Recirculating

Cooling Water Systems

(Do Te0 114 =T 0L 1) (o] oY PSPPSR PRSP
Foreword, Scope, and RaAtIONQ@IE ..........oo ettt ettt e e e e et e e e e e et e ee e e e e e nbeeeaaeaannneeaaeeanraeeens
Section 1 LY o= - | SR
Section 2 (=701 E=TaT o1 (o Vo RSP PPPRRSOP
Section 3 RECOVETY ...ttt ettt ekt e ettt oot e e e ek bt e e a bt e e e be e e ek b e e e e be e e ene e e e anbeeenae
3.1 (€ TCT T = ST
3.2 [ oTe7 =T U] (= RS PTPURRRN
3.3 [ oTer=To [0 = | O PP PPR S PUPPPPPRON
3.4 [ oTe7=To [0 1| SRR PURRRRRN
3.5 PrOCEAUIE 1V ...ttt ettt e e e et e e e e e e sttt e e e e e nsseeeaeeaannnseeaaeaannnes
Section 4 Limited or NoNn-DiSCharge RECOVEIY .........eoiiiiiiiii ettt e e e et e e e e e eneeeeeas
41 [T 0= = | SRR
4.2 [ oTe7=To [0 ¢ SRR SUPRSRRN
4.3 [ oTe7=To [0 ¢ | SRR SURSRRN
4.4 [ oTer=To [0 = 1| SRRSO
4.5 PrOCEAUIE 1V ...ttt ettt e e e e b e e e e et e e e e e e nannee
Section 5 REPASSIVALION. ...ttt ettt e bt e et s b et e e b e et e e e nan
[RE ] 1=14=] Lo SRR
(=11 o1 TeTe ] =T o] 1 |2 PR OPPPRPPN
Appendix A Defining Terms and Associated Information and Calculations (Nonmandatory) ...........cccceeveievieeinnenn.

Appendix B

Figures

Figure 1

Figure A1
Figure A2
Figure A3

Tables
Table 1
Table 2

Indicative Comparison of Common Biofouling Ratings (Mandatory)............cccccvieiiiiiiiniecc e

Decision Plan to Select Recovery Plan for Low pH Excursions in
Open Recirculating Cooling Water SYStEMS ..........uuiiiiiiiiiiee e

Cooling System HydrauliC BalanCes ...........ccuuiiiiiiiiiiii e
Back Flushing Heat EXChanger LayOUL..........coouiiiiiiiiiiie ettt
Air Bumping Heat EXchanger LayOut........ ..o

Passivation TiME iN DAYS ......coouiiiiiiieei ettt s e b e s e s e e s nnreeeaee

Typical Corrosion Control AGENS USEA .........cuiiiiiiieiiiie e e et e e enee e e s neeeeneeas

AMPP SP21518-2022
©2022 Association for Materials Protection and Performance (AMPP). All rights reserved.

3



Table A1
Table A2
Table A3
Table A4
Table A5
Table A6
Table B1
Table B2
Table B3
Table B4
Table B5

Dispersant to Contaminant Ratio ...........ccc.uiiiiiiiiiiiiie e e 20
On-Line Sensors Available and Applicable Detection USe............ccccoviiiiiiiiiiiici e 21
Volume Calculations and EStIMations ...........cocuiiiiiiiiiii e 22
Terms and Calculations DEfiNEd ...........ooiiiiiiiiii e e e e e e e e e nes 23
Cooling System Time CONSIrAINTS .........ociiiiiiiiii e e et e e s e s e e e e e sntaeeaaeeaanes 25
Back Flushing/Air Bumping Heat EXChangers ............oooiiiiiiiiiii e 25
Checklist to Prepare for @ pH EXCUISION .......c.uiiiiiiiiiiiic ettt 28
Minimum Inventory and Maximum Feed Rate for Maximum Excursion below pH 2.5............cccccooeenee 29
Estimated Alkaline Chemical Requirements to Raise pH from 4.5t0 7.0 ......cc.ccooveiiiieiiiiieee e 29
Estimated Alkaline Chemical Requirements to Raise pH from 1.0 and Above t0 4.5 ..........ccoceeiiiiens 30
Estimated Fresh Caustic Soda Requirements to Raise pH from 1.0 and Above to 2.5..........cccccecieene 30
AMPP SP21518-2022

©2022 Association for Materials Protection and Performance (AMPP). All rights reserved.

4



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.

AMPP SP21518-2022
©2022 Association for Materials Protection and Performance (AMPP). All rights reserved.

5





