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Abstract

This Aging Management Guideline (AMG) describes recommended methods for effective
detection and mitigation of age-related degradation mechanisms in BWR and PWR commercial
nuclear power plant pumps important to license renewal. The intent of this AMG is to assist
plant maintenance and operations personnel in maximizing the safe, useful life of these
components. It also supports the documentation of effective aging management programs
required under the License Renewal Rule 10 CFR Part 54. This AMG is presented in a manner
that allows personnel responsible for performance analysis and maintenance to compare their
plant-specific aging mechanisms (expected or already experienced) and aging management
program activities to the more generic results and recommendations presented herein.
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1. EXECUTIVE SUMMARY

Continued operation of nuclear power plants for periods that extend beyond their original

40-year license period is a desirable option for many U.S. utilities. U.S. Nuclear Regulatory

Commission (NRC) approval of operating license renewals is necessary before such continued

operation becomes a reality. Effective aging management fl)r plant components is important to

reliability and safety, regardless of current plant age or extended life expectations. However, the

NRC requires that aging evaluations be performed and that the existence of appropriate aging

management programs be demonstrated for components considered important to license renewal

before granting approwfl for operation beyond 40 years. Both the NRC and the utility want

assurance that high reliability for plant components which support safety functions is maintained

during both the current license term and throughout the extended life operating period. This
aging management guideline (AMG) was sponsored by the U.S. Department of Energy (DOE),

through DOE's Light Water Reactor Technology Center at Sandia National Laboratories, as part

of DOE's Plant l_,ifetime Improvement (PLIM) Program.

1.1 Purpose and Objectives

The purpose of this AMG is to provide guidance for effective aging management of a

selected group of pumps which are important to safe and reliable nuclear power plant operation.

The pump applications studied are those found in both Boiling Water Reactor (BWR) and

Pressurized Water Reactor (PWR) facilities. The primary target audience for this guideline are

plant engineering, operations, and maintenance personnel. It will also be of interest to those

inw_lved with nuclear plant license renewal projects. The AMG is presented in a manner which

allows personnel responsible for pump perfl)rmance analysis and maintenance to compare their

plant-specific pump aging mechanisms (expected or already experienced) and aging management

program activities to the more generic results and recommendations presented in this guideline.

The objective of this AMG is to provide an analysis of the potential degradation

mechanisms tk)r pumps and to provide acceptable guidelines for developing aging management

programs for controlling significant degradation mechanisms. Use of this AMG can provide

nuclear power plant operators with a basis for verifying that an effective program for managing

age-related degradation of pumps is in place.

1.2 Scope

The nuclear plant pump applications included in this AMG are listed in Tables 1-1 and

1-2. These pumps are installed in either a BWR or PWR facility. All of these pumps are

important to plant operability and/or safety. This listing includes all major pumps which have

been identified as important to license renewal based on the NRC criteria provided in 10 CFR 54,

[1.1] with the exception of BWR Reactor Recirculation System and PWR Reactor Coolant

1-1
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System punlps, which have been studied extensively ill previously published rcporls.ll.2,
_.31

Table I-I. BWR Plant Pump Applications

I'IWR Pump l'ulnp l:luid Type

('lo,;cd ('ooling Water INotc Ii ('h_scd ('ooling Water

('ontrtd Rod l)rivc l lydr:tulic Trc,tted Water

('ore Spray Treated W;ttcr

l_:mcrgcncy l)i¢,+cl (;cncrattu Fucl ()il Transfer l:ucl ()il

limctgcncy l)ics¢l (;¢net+att+r .lackct ('tu_ling Water (.,h>scd ('t+oling Water

tli,_h Pressure ('ot>lanl in iecti_m Treated Water

l.ubricating ()il iNole 2) l+ubricating ()il

Rcactiu ('ore l,,;t_laticm ('t+cding Trcatcd WiltCl"

Rcactor Water (_"Icanuli', l"rim;+tty Watcr

Residual Ileal Rcmt,v,tl Trcatcd Watcr

Service W;ttcr tNt_te 3) Raw Water

Spcnt l:ucl l+'c_ol(.'ocdirlg Trcated W;.tler

Standby l.iquid ('ontrt_l I+oratcd Water

Note',;:

I. Includes ,+'aritms system nalncs, such as cim+pt+ncnt cording water, ct+nlainmcrll chilh.'d water,

ctncrgcncy cquiptncnt ct_olin.g w,ttcr, essential equipment cording u, atcr, reactor building ch_scd

totaling water, and auxiliary btJilding closed c<_oling w;ttcr.

..._' Includes luhricutin_ oil pumps ;tsst_ciatCd with the putnps listed in this table and the cmcrucrtcv,+ diesel

_2CII L.'I';.I|Ol'g,

3. Includes V;.ll'iOl.lS NYhll.'tll II;IIIlI..'Nsuch a.s residual heat removal service v,+,m.'r, auxiliary '.;ervicc water,

ClIlCI'ECI1C)' ,;elvice WiIICI', CN+hCtlliil] s_+'tvic¢ water, illlt] nuclc,tr ,;¢rvicc water.

1-'2
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Table 1-2. PWR Plant Pump Applications

PWR Pump Pump Fluid Type

Auxiliary l=eedwater Treated Water

Boric Acid Transfer Borated Water

i

Chargi ng Primary Water

Closed Cooling Water (Note Ii Closed Cooling Water

Containment Recirculation Treated Borated Water

Containment Spray Treated Borated Water

Emergency Diesel Generator Fuel Oil Transfer Fuel Oil

Emergency Diesel Generator Jacket Cooling Water Closed Cooling Water

Lubricating Oil (Note 2) Lubricating Oil

Primary Water Make-Up Treated Borated Water

Residual Heat Removal Treated Borated Water

Safety Injection Treated Water

Service Water (Note 3) Raw Water

Spent Fuel Pool Cooling Treated Water

Notes'

I. Includes various system names, such as component cooling water, containment chilled water,
emergency equipment cooling water, essential equipment cooling water, reactor building closed
cooling water, and auxiliary building closed cooling water.

2. Includes lubricating oil pumps associated With the pumps listed in this table and the emergency diesel
generators.

3. Includes various system names such as residual heat removal service water, auxiliary service water,
emergency service water, essential service water, and nuclear service water.

"Fables 1-3 and 1-4 list the pump manufacturers for PWR and BWR plants, respectively.
This information was obtained from the Nuclear Plant Reliability Data System (NPRDS) database
and questionnaire responses from several utilities. The aging evaluation (Section 4) and effective
program evaluation (Section 5) encompass all of these pump manufacturers. Utility personnel
should verify that their pump type and corresponding manufacturer are within the scope of this
AMG.

1-3
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!

Table 1-3. Pump Manufacturers - PWR Plants
Emergency

Emergency Diesel
Closed Containment Diesel Generator Primary Residual

Auxiliary Boric Acid Cooling Recircula- Generator Jacket Lubricating Water Heat Safety Service Spent Fuel
Feedwater Transfer Charging Water tion & Spray Fuel Oil Water Oil Makeup Removal Injection Water Pool Cooling

Ingersoll- Crane Pacific Pacific Byron- Roper Decatur Electro- Ingersoll- Ingersoll- Pacific Byron- Ingersoll-
Rand Deming Jackson Motive Rand Rand Jackson Rand

Byron- Ingersoll- Goulds Colt Ind. Byron-

Sulzer Goulds Jackson Rand Ingersoll- Viking Bingham Babcock Jackson Johnston Goulds

Bingham Rand Worthington Goulds Williamette & Wilcox
Ingersoll- Goulds Goulds Roper Ingersoll- Colt h_d. Worthington

Byron- Rand Pacific Worcester Crane Goulds Pacific Rand
Jackson Gaulin/ Worthing- Controls Deming Worcester Fairbanks Bingham

Westing- Manton ton Crane Controls Goulds Bran & Morse Williamette

Worthing- house Deming Byron- Burks Lubbe
ton Crane Babcock & Jackson Fairbanks Worthing- Sulzer
Pacific Deming Wilcox Union Morse ton Worthing- Bingham

Viking ton

7" Babcock ARMCO Sulzer Goulds Worthing- Byron- Layne &
4_ & Wilcox Bingham Colt Ion Jackson Goulds Bowler

Union Worthington Industries
Ward Biackmer Bingham Sulzer Aurora

Crane Babcock & Crane Bingham

Deming Byron- Wilcox Deming DeLaval Worthing-
Jackson ton

Ajax Iron Sulzer Johnston
Ingersoll-

DeLawal Bingham Rand

Crane Peerless
Deming

Allis Babcock &

Chalmers Wilcox

Hayward-

Tyler

Goulds

Bingham
Williamett,:
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Table 1-4. Pump Manufacturers - BWR Plants

Emergency
Emergency Diesel High Reactor

Closed Control R6d Diesel Generator Pressure Core Reactor Residual Spent Fuel Standby

Cooling Drive Generator Jacket Coolant Lubrication Isolation Water Heat Service Pool Liquid
Water Hydraulic Core Spray Fuel O;,I Cooling Injection Oil Cooling Cleanup Removal Water Cooling Control

ingersoll- Worthing- Ingersoll- DeLaval Peerless Byron- Viking Crane Ingersoll- Byron- Goulds Goulds Union
Rand ton Rand Jackson Deming Rand Jackson

Electro- Crane Sier-Bath Ingersoll- Peerless Sulzer

Milton Roy Union Crane Motive Deming Tuthill Gear Bingham Union Sulzer Rand Bingham
Deming Williamette Bingham Union

Byron- Viking Ingersoll- Ingersoll- Johnston
Jackson Worthing- Rand Rand Goulds

ton Roper Worthing-

Worthington Decatur Tuthill Pacific ton
Goulds

Goulds Allis Electro- Ingersoll- Crane
Byron- Chalmers Motive Rand Denting i

Fairbanks Jackson

'7" Morse Colt Ind. Colt Ind. Bingham Byron-
Sulzer Williamette Jackson

Peerless Bingham IMO
Layne &

Bingham Bowler

Sulzer

Bingham

Aurora

14ayward

Tyler

Allis

Chalmers

DeLaval

Bingham
Williamette
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The scope of evaluation includes the pump pressure boundary, internal moving and
stationary components, shaft/crankshaft/driveshaft/impeller, mechanical subsystems (seals,
bearings, couplings), and pump support skid. The pump driver (motor, turbine, engine) and speed
changer, if used, are not included in the scope of this AMG.

The strategy for preparing this AMG includes I) identifying pump types, major pump
subcomponents, and typical operating conditions, and 2) collecting and evaluating pump
operating/maintenance history information, identifying the stressors acting on these pumps, and
determining the significance of pump aging mechanisms. After completing these tasks and
reviewing currently utilized aging management practices, guidelines are presented for effective
aging management o" these pumps.

The input for development ot' this AMG includes design data, operating/mainlenance
history (including degradation findings and failure incidents), and current inspection, testing and
maintenance program activities. The information is obtained from a wlriety of sources including
NRC publications, computerized industry databases, pump manufacturer literature, individual
nuclear plant records, and aging management reports and papers prepared by EPRI, DOE, and
engineering consultants.

1.3 Conclusions

This guideline evaluates all known aging mechanisms for the pump applications listed in
Tables 1-1 and 1-2. Section 4 examines these aging mechanisms to determine which are non-
significant, and which are significant. Section 5 examines aging management programs/
techniques to determine which are effective for detecting and/or mitigating significant aging
mechanisms. The pump applications shown in Tables 1-1 and 1-2 involve several different fluid
types, pump types, and operating modes. Unique differences exist between plants with respect
to pump type, materials, and operating parameters tbr the same kind of service application.
Therefore, in order to contend with this diversity, some consolidation and simplification is
necessary in this AMG.

Common characteristics of pump designs and service applications are examined to
establish groupings for aging mechanism and aging management program/technique evaluations.

The primary characteristic for grouping pumps is the pumped fluid. The pumped fluid
categories are listed with the pump applications in Tables 1-1 and 1-2. Pump operating mode
(standby versus continuous operation) is used as the second method for grouping pumps. In
addition, all pumps were divided into logical subassembly groupings (rotating assemblies,
pressure boundary parts, etc.). These subassembly groupings are maintained throughout the
AMG.

It is not possible for this guideline to cover all plant-unique situations. Therelk)re, it is
necessary to identify a generic standard representative of a majority of the existing plant
applications with regard to pump design, materials, operating parameters, and safety function
classification. The determination of 1) significance/non-significance for specific aging
mechanisms, 2) aging mechanism/subcomponent combinations, and 3) applicability of aging
management programs/techniques is, therefore, qualified against this approach. These

1-6
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qualifications or conditions are presented in an "if/then" format (for example; if stainless steel
materials are used, then general corrosion is non-significant). With these qualifications, plant
personnel can uniquely determine if the AMG results are directly applicable to their specific
application.

1.3.1 Aging Mechanism Conclusions

The pump aging mechanisms evaluated in this report are listed in Table 2-2. Table 1-5
summarizes the significance of the aging mechanisms with respect to the pump components. The
table identifies the aging mechanisms which are effectively managed by current plant programs.
The program enhancements to effectively manage the aging mechanisms are also identified.

The mechanisms determined to be non-significant for all pump applications are listed
below.

• Thermal Embrittlement (Section 4.3.1.1)
• Stress Relaxation (Section 4.3.1.1)
• Creep (Section 4.3.1.1)
• Thermal Fatigue (Section 4.3.1.3)
• Irradiation Assisted Stress Corrosion Cracking (Section 4.3.1.2)
• Neutron Embrittlement (Section 4.3.1.2)

Since these pump applications involve relatively low temperature pumped fluids and low
radiation level environments, very few conditions or qualifications were necessary to establish
these aging mechanisms as not significant. One exception, however, is that some BWR plants
locate the Reactor Water Cleanup (RWCU) pumps upstream from the regenerative and non-
regenerative heat exchangers. Therefore, the RWCU pumps are exposed to reactor coolant
temperature, and thermal fatigue then becomes a significant aging mechanism. This situation is
not examined in the guideline.

Mechanical fatigue, erosion and erosion/corrosion, wear, and fouling are examined
generically in Sections 4.3.1.4, 4.3.1.7, 4.3.1.8, and 4.3.1.9 respectively, and are examined in
Section 4.3.2 for each of the five subcompor_e:_t groupings listed below.

• Rotating or Reciprocating Internals (Section 4.3.2.1)
• Fixed Internals (Section 4.3.2.2)
• Pressure Boundary (Section 4.3.2.3)
• Mechanical Subsystems - Seals, Bearings, Couplings (Section 4.3.2.4)
• Support Co,nponents (Section 4.3.2.5)

On a generic basis, wear for pressure boundary subassemblies and fouling for mechanical
subsystems components is determined to be non-significant. All of these aging mechanisms are
determined to be non-significant for support components with the exception of mechanical
fatigue.
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Table 1-5. Pump Components and Aging Mechanism Significance Summary

Faugue Corrosion Stress Corrosion Cracking Embrittlement Stress
Erosion Wear Relaxation Creep Fouling

Pump Subcomponents .....
Thermal Mechanical Gen. Galv. MIC IGSCC" IASCC TGSCC Thermal Neutron _

Rotaun_/Reciprocating
-- X -- -- --

Shaft --. X X X -- X ..... -- X __ -- X -- -- X

Impeller -- X X X -- X --
__ __ -- NEM ..... X -- -- --

Piston/Plunger -- -- __ __ --. X -- -- --

Internal Rotor -- X X ......
-- "NEM -- -- X _ -- X -- -- X

Internal Vahe -- X -- -- __ __ -- X -- -- --

Driveshaft/Crankshaft -- X ..... _

Fixed Internals

Weanng Components -- -- NEM NEM -- NEM -- NEM X __ -- X -- -- --

Hove Guides __ -- NEM NEM X NEM -- X X ..... X

Suction Strainers __ -- NEM NEM X ..... X ...... X

Misc. Struct. Compts. -- -- NEM NEM X NEM -- NEM ....... _ _ X

Pressure Boundarv
-- X

Ca,sine_ -- X X X X X -- ---- xX ......... X
Suct./Disch. Nozzle -- X X X X X -- X-- X -- -- -- -- --

Disch. Head/Column X X X
-- X __ __ -- X ....

OG Cylinder/Plunger -- X -- __ .... X

Hange/Cover -- X X X X .... __ __ __ __ __ __ __ __

Fasteners -- X X .... _

Mechanical Subsystems

__ -- X -- -- --

Coupling -- X X .... __ .... X -- -- --

Radial Bearing -- -- -- __ .... X -- -- --

Thrust Bearing -- X .....

Internal Rad. Bearing --- -- X X -- X -- -- X -- ---- xX --__ __-- --__
-- X X -- X .... _

Seals

Support Feet/Skirt -- X X ..... __ __ .....

Base Frame/Skid __ -- X ..... __- x ........ _ -
Fasteners --

" IGSCC lntergranular stress corrosion cracking

"" IASCC Irradiation assisted stress corrosion cracking

"*" TGSCC Transgranular stress corrosion cracking

-- Aging mechanism is not significant for all pumped fluid applications.

X Aging mechanism is significant for some of the pumped fluid applications (_e Section 4 and Tables 4-4 through 4-!0) and current plant programs effectively manage pump component aging (see Section 5 and

Tables 5-4 through 5-10).

NEM Aging mechanism is significant for some of the pumped fluid applications (see Section 4 and Tables 4-4 through 4-10), current plant programs do not effectively manage pump component aging (see Section 5), and

enhanced aging management methods are required (see Section 6).
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The evaluations in Section 4.3.2 determined that several combinations of these aging
mechanisms and pump subassembly components are significant and, therefore, require effective
aging management programs/techniques. The evaluation conclusions for these aging mechanisms
are summarized in Tables 4-4 through 4-10. If/then criteria located in the text and table notes
provide the conditions and qualifications for significance determinations.

Corrosion and stress corrosion cracking aging mechanisms are evaluated generically in
Sections 4.3.1.5 and 4.3.1.6 respectively, and evaluated in Section 4.3.3 for each of the six
pumped fluids.

• Primary Water (Section 4.3.3.1)
• Borated Water/Boric Acid Solution (Section 4.3.3.2)
• Treated Water (Section 4.3.3.3)
• Closed Cooling Water (Section 4.3.3.4)
• Lubricating/Fuel Oil (Section 4.3.3.5)
• Raw Water (Section 4.3.3.6)

On a generic basis, corrosion and stress corrosion cracking in primary water service and
stress corrosion cracking in lubricating/fuel oil service were determined to be non--significant
aging mechanisms.

The generic evaluations in Section 4.3. l determined that selected combinations of wetted
pump component materials and pumped fluids were susceptible to corrosion (general, galvanic,
or microbiologically influenced) and/or stress corrosion cracking.

The specific pumped fluid service examinations in Section 4.3.3 were able to establish
non-significance for various types of corrosion and stress corrosion cracking for specific wetted
pump parts based on metallurgy and pump design characteristics. Examples include corrosion
allowances for pressure boundary components, relatively large surface areas for the more anodic
wetted parts, and the washing away of microbial growth with high fluid velocities. The
evaluation conclusions for these aging mechanisms are summarized in Tables 4-4 through 4-10.
ItTthen criteria located in the text and table notes provide the conditions and qualifications for
significance determinations.

Aging management programs/techniques that effectively manage the significant aging
mechanism/pump subassembly component combinations for each pump service application are
discussed in Section 5.

1.3.2 Aging Management Program Guidelines

The aging management programs/techniques presented in this AMG are listed in
Table 1-6. The conventional programs/techniques are currently implemented at nuclear facilities.
The nonconventional programs/techniques are implemented at most nuclear plants, but in some
cases may not be formalized with written procedures. The requirements for effective aging
management programs are listed below.
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a. Program is documented and administered in a tbrmal manner. Written procedures
describe activities, include acceptance criteria, and ensure that con'ective action is
specified in a timely manner.

b. The components' required functions are properly addrcssed.

c. The components' age-related degradation effects are properly addressed.

Aging management programs/techniques, including inspection intervals, are described
generically in Section 5.2 (Conventional Programs) and Section 5.3 (Nonconventional Programs).
The relationship between these aging management programs/techniques and the significant aging
mechanisms determined in Section 4 is examined for pump components in each pumped fluid
category. The results of this examination are shown in Tables 5-4 through 5-10. These tables
relate the aging management programs/techniques to the significant aging mechanism lot the
individual pump components. Tables 5-4 through 5-10 can be used to compare plant-specific
program coverage against programs/techniques determined to be effective at detecting and
mitigating the significant aging mechanisms.

Table 1-6. Pump Aging Management Programs/Techniques

Conventional Programs

ASME Section XI Inservice Inspection and Testing

ASME Section XI Wall Thinning Program

Technical Specification Surveillance Program

Preventive Maintenance
-- Periodic Maintenance
-- Predictive Maintenance
-- Phmned Maintenance

Pump Erosion Control

Microbiologically lnlluenced Corrosion Control

Nonconventional Programs

Pump Lay-Up Program

Thermography

Operator Activities

Coating Survey

Operating/Industry Experience Review

Spare Parts Shelf Life

Receipt Inspection
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For some pump applications, programs/techniques may not include provisions lbr the
timely detection of pump internal component corrosion and stress corrosion cracking. It is
recommended in Section 6 that disassembly and inspection be performed periodically (the
planned maintenance portion of the Preventive Maintenance Program) to effectively manage these
aging mechanisms.

1.4 References

1.1 Title !0, U.S. Code of Federal Regulations, 10 CFR Part 54, "Requirements for
Renewal ot Operating Licenses for Nuclear Power Plants," December 13, 199 I.

1.2 NUMARC Report 90-09, "BWR Primary Coolant Pressure Boundary License i

Renewal Industry Report," April 1992.

1.3 NUMARC Report 90-07, "PWR Reactor Coolant System License Renewal
Industry Report," October 1990.
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2. INTRODUCTION

2.1 Background

The DOE-sponsored PLIM Program, in cooperation with the Electric Power Research
Institute (EPRI)Life Cycle Management (LCM) Subc,mlmittee, is establishing and demonstrating
a predictable license renewal process lbr existing light water reactors (LWRs) in the United
States. An important element of this program was the development of Nuclear Management and
Resource Council (NUMARC) License Renewal Industry Reports (IRs), which cover critical
classes of equipment such as reactor pressure vessels, reactor coohmt pressure boundary piping,
containment structures, and cables. To support continued demonstration of PLIM and LCM
concepts, there is a need for further industry development of guidelines that describe and evaluate
acceptable aging management approaches for several groupings of equipment not evaluated in
the IRs. This AMG evaluates purnps determined to be important to license renewal.J2.1]

Continued operation of nuclear power plants for periods that extend beyond the original
40-year license period may be desirable for many U.S. nuclear plant operators. To allow
operation of the plant during a license renewal period, utilities must show that the aging of
components important to license renewal has been managed such that these components will not
degrade to the extent that they are incapable of supporting required functions. Therefore, to
control the aging of components important to license renewal during the license rcnewal period,
operators of nuclear power plants must identify and perform activities necessary to manage the
aging of cornponents so that proper function is assured.

For components to retain function during the license renewal period, activities such as
preventivc maintenance and refurbishment may bc necessary during the current license period
even though some of these activities may not have been necessary to guarantee function during
the current license period. These activities would be necessary to assure that there is no loss of
required functions, no unacceptable reduction in safety margins, and that higher rates of challenge
to plant safety systems do not occur during the license renewal period.

2.2 Purpose and Objectives

The purpose of this AMG is to provide cost-effective, practical methods to plant technical
staff for the effective management of aging of pumps used in commercial nuclear power plants.
An effective aging rnanagement program will ensure that each pump will continue to perform its
function or will not prevent performance of a required function during the license renewal term.

The objective of this AMG is to provide an analysis of the potential degradation modes
for pumps and to provide acceptable guidelines for developing effective aging management
programs that control significant age-related degradation mechanisms.

This AMG is intended for use by nuclear plant pcrsonncl performing pump aging
ewduations and to provide additional it_formation and guidance in the lk_rmulation of their aging
management programs. This AMG also provides additional value to nuclear plant operators as
follows.
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!. The AM(; is a well-researched technical document that can he used by maintenance

and systenl engineering personnel for the identification, characterization, and

management of age-related degradation in pumps. !I can also he used as a base
docuinent for plants developing a license renewal application.

2. The results in this AM(; are based on an extensive literature search. Therelore,

nuclear plant personnel can use this AM(; as an cxhausliv¢ reference document for
relevant information about pumps. Some of the references used include"

• EPP, i Reports

• tI:.PR! Nuclear Maintenance Application Center (NMACI Reports and
Maintenance Guides

• NR(" Bulletins, Information Notices, Circulars, Generic l,etters, and Reports

• Code of Federal Regulations

• Vendor Manuals

• American Socicly of Mechanical Engineers (ASME) Codes and Standards

• Miscellaneous References and Technical Papers

3. This AM(; consolidates historical maintenance and industry operating information

int_ one source. The plant maintcn.nc¢/systen_ engineer and inscrvice testing

engineer will find this useful for bolt1 the identification of age-related degradalion

I including root causesl and the verificalion _f appr_priale corrective acli_m. Issues
discussed in the AMG include:

• Equipnlent design differences relcvanl to aging considerations

• l::,quipmcnt obsolescence as it affects aging Inanagenlenl

• Service cnvironmems

• Operating and maintenance history from the lnstilutc for Nuclear Power

Operations (INPOI NPRDS and NRC l,iccnsc Event Report {l,liR/ databases

• Historical overhaul data from refurbishment facilities

• Additional operating and maintenance history from responses tt_ plant surveys

4. l:'ump aging phcnonlcn;t are described in detail. This will be useful lk_l"pump
maintenance interval and reliability evaluations. The following :,opics arc discussed"

• Slressors acting on pump stlbcomponertls
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• Aging mechanism identification

• Significance of aging nmchanisms using "it7then" criteria

• Age-related degradation of pump subcomponents

• Potential failure modes

5. The AMG can be an effective tool for pump aging managenlent and personnel
training. That is, it:

• Identifies the need lor aging managernent and compliance with Maintenance
Rule requirements

• Contains a correlation between the scope and frequency of maintenance
practices and pump perlk)rmance and rate of degradation

• Presents intormation that can be used in the construction of meaningful life-
cycle management charts and to improve the accuracy of cost/benefit
determinations

• Discusses both conventional and non-conventional maintenance techniques, and
considers how these practices can be utilized to effectively manage equipment
aging

• Characterizes initiation and progression of equipment aging for use in training
personnel responsible for maintenance and inspection activities

• Identifies concepts, principles, and methods for evaluating pumps not in the
scope of this guideline.

2.3 Contents of Aging Management Guideline

The nuclear plant punlps selected for evaluation in this AMG were chosen from previous
BWR and PWR Lead Plant License Renewal studies, draft NUREG-1299,[2.21 and

Appendix B of Draft Regulatory Guide DG-1009.[2.31 Pumps that are unique with respect
to manufacturer/nlodels (lk_rexample, fire protection pumps), or are used in only one or very few
plants were not selected for evaluation in this AMG. The BWR and PWR Lead Plant License
Renewal studies relied on a screening process to identify and select specific system pumps that
are important to license renewal. The screening process primarily uses a systematic approach
to identify pumps with important-to-safety operating functions or that contribute to initiating or
challenging safety systems. Table 2-1 uniquely identifies those PWR and BWR plant pumps
evaluated in this AMG.
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The pumps listed in "Fable 2-1 are installed in either a BWR or PWR facility. All of these
pumps are important to plant operability and/or safety. This listing includes till major pumps
which have been identified as important to license renewal based on the NRC criteria provided
in 10 CFR 54,[2.11 with the exception of BWR Reactor Recirculation System and PWR Reactor
Coolant System pumps, which have been studied extensively in previously published reports.[ 1.1,
i.2j

Table 2-1. Pumps in Scope of AMG

Pumps l.ocaied in PWR Plants Pumps l.ocaied in BWR Plants

Auxiliary Feedwater System Pumps Closed Cooling Water System Pumps (Note !)

Boric Acid Transfer System Pumps Control Rod l)rive Hydraulic System Pumps

Charging Pumps (Chemical and Volume Control Core Spray System Pumps
System )

Closed Cooling Water System Pumps (Note I) Emergency Diesel Generator Fuel Oil Transfer
Pumps

Containment Recirculation System Pumps Emergency Diesel Generator Jacket Water Cooling
Pumps

Containment Spray System F'umps ltigh Pressure Coolant Injection System Pumps

Emergency Diesel Generator Fuel Oil Transfer Miscellaneous Imbricating Oil System Pumps
Pumps (N¢_le2 I

Emergency Diesel Generator Jacket Water Reactor Core Isolation Cooling System Pumps
Cooling Pumps

Miscellaneous l.ubricating Oil Svslem Pumps Reactor Water Cleanup System Pumps
t Note 2 )

Primary Water Makeup System Pumps Residual Heat Removal System Pumps

Residual Heat Rernoval System Pumps Service Water System Pumps INote 3)
!

Safety Injection System Pumps Spent l:uel Pool Cooling System l'umps

Service Water System Pumps (Note 3) Standby l.iquid Control System Pumps

Spent l:uel Pool Cooling System Pumps

Notes

I lnc'ludes various system names, such as component cooling water, c_mtainment _.hilled water,
emergency equipment co_flin_ water, essential equipment cooling water, reactor building closed
cooling water, and auxiliary buildin_ closed cooling water.

2 Includes lubricatin_d _il pumps associated w'ilh the pumps listed in this table and the emergency
diesels.

3. Includes various ,,ystem names such as residual heat removal service water, auxiliary service water,
emergency service water, essential service water, and nuclear service water.
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Section 3 lists and describes the components evaluated, component boundaries and

discusses manufacturers' design differences. It also includes a discussion of the design

requirements that apply to pumps, including applicable Codes, Standards, and Regulations.
Lastly, Section 3 includes a detailed study of the operating history of the components evaluated
from LER data, NPRDS data, and from other sources.

Section 4 discusses slressors acting on the pump subcomponents. Stressors acting over

time produce aging mechanisms that ultimately can cause component degradation. ]'he results

of aging studies are used to describe the aging mechanisms (see Table 2-2) known to cause

degradation. An aging mechanism is significant when, if allowed to continue without detection

or mitigation measures, it will cause the component to lose its ability to perform its required

function. Aging mechanisms for the suhcomponents are identified and evaluated. Operational
demands, environnlental conditions, failure data, and industry operations and maintenance history

are considered, and tile significance of the aging mechanisms determined.

Section 5 discusses effective aging management techniques tor aging mechanisms

determined to be significant in Section 4. Conventional maintenance, inspection, testing, and

surveillance techniques or programs are described. A brief discussion of non-conventional

activities and techniques is also included. The effectiveness of these techniques or programs to

manage the significant aging mechanisms is studied. Variations in plant aging management

programs or techniques are considered. Requirements for an effective technique or program are

presented in the form of "itTthen" criteria whenever possible.

Section 6 discusses management options to deal with action items identified in Section 5.
Returhishment criteria are also discussed.

2.4 Generic License Renewal Requirements

10 CFR 54.2112.11 describes tile requirements for the content of technical intornmtion in

tile license renewal application. Secticm 54.21 states that a supplement to the Final Safety

Analysis Report (FSAR) must he prepared that contains an Integrated Plant Assessment (IPA)
that must"

1. identify and list all systems, structures, and components (SSCs) important to license
renewal.

2. identify those structures and components (S(Ts) that contribute to the performance of

a required function or could, it"they fail, prevent an SSC important to license renewal

from pertorming its required function.

3. for the identified SCs, determine those that could have age-related degradation that

is unique to license renewal.

2-5



AGING MANAGEMENT GUIDELINE FOR PUMPS

Table 2-2. Aging Mechanisms

I. Fatigue

A. High Cycle

B. l.ow Cycle

C. Thermal

II. Corrosion

A. General/Unitorm

B. Localized and/or Galvanic

i C. Microbiologically Influenced Corrosion

III. Stress Corrosion Cracking

A. Intergranular

B. Irradiation Assisted

C. Transgranular

IV. Erosion and Erosion/Corrosion

V. Embrittlement

A. Thermal

B. Neutron

VI. Wear

A. Adhesive

B. Abrasive

C. Erosive

VII. Stress Relaxation

VIII. Creep

IX. Fouling
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0 :¢

To identify the age-related degradation that is unique to license renewal (in item (a)(3)

of Section 54.21), the definition of age-related degradation unique to license renewal must be

applied. Age-related degradation unique to the license renewal period is degradation:

I. that occurs during the term of the current operating license, but whose effects are
different in character or magnitude after the term of the current operating license (the

period of extendcd operation), or

2. whose cffects were not explicitly identified and evaluated by the licensee for the

period of extended operation and the evaluation found acceptable by the NRC; or

3. that occurs only during the period of extended operation.

Thc criteria for determining SSCs important to license renewal, the criteria for evaluating

whcthcr an SC is necessary for the performancc of a required function, and the tcchnical criteria
used to determine whether an SC is subjcct to age-related degradation unique to license renewal
must bc dcfincd.

For cach of the SCs having age-rclatcd degradation that is uniquc to license renewal, the

agc-related dcgradation must bc addressed by an effcctivc program or shown not to nced to bc
addrcssed by an effective program. An effective program is a documented program to manage

age-related degradation unique to the licensc renewal period that ensures that a SSC important
to license renewal will continue to perlorm its required function or will not prevent the

performancc of a rcquircd function durinu the pc:ru d of cxtended operation.

The effective program must:

!. identify and mitigate age-rclatcd degradation unique to license renewal

2. contain acceptance criteria against which the need for corrective action can be

evaluated and assure timely corrective action when the acceptance criteria are not met

3. be implemented by the facility operating procedures and reviewed by the onsite
review committee.

I0 CFR 54.21 continucs with a discussion of changcs to the current licensing basis and

plant modifications, which arc outside thc scope of this report.

Additionally, this AMG supports thc dctcrmination that existing aging management

practices arc satisfactory for fulfilling license renewal requirements and meeting review
conditions ,,tared in the draft version of NUREG-1299, "Standard Review Plan tor the Revicw

of " " " S " -.Linen. c Renewal Applications for N.Jclear Power Plants."[ "_21 Components included in the

classification of "important to license enewal" are identified, and stressors, aging mechanisms,
and failure modes for these components are defined. Furthermore, this AMG states the type of

Scc list _f dcfinilmns t_r aging lcrmim_h_gy used in this reporl.
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existing practices that are acceptable for the management of aging as well as areas requiring
further plant-specific evaluation. Exemptions and requests tbr relief (pursuant to 10 CFR 50.12
and 10 CFR 50.55a, respectively) were not considered under this AMG in that these issues are
plant-specific in nature and therefore must be considered on a plant-by-plant basis.

This report will evaluate pumps with respect to the requirements of 10 CFR 54.21 and
will provide a discussion of the types of pumps important to license renewal and the age-related
degradation affecting components and subcomponents of pumps. The following sections detail
the analysis leading to the determination of age-related degradation and the means necessary to
address it.

2.5 Method Used to Define the Scope of Components Important to License
Renewal

To determine the pumps covered by license renewal requirements, the definition of SSCs
important to license renewal[2.1] must be evaluated. The current definition of SSCs important
to license renewal includes:

1. Safety-related SSCs, which are those relied upon to remain functional during and
following design basis events to ensure:

(i) The integrity o1"the reactor coolant pressure boundary;

(ii) The capability to shut down the reactor and maintain it in a safe shutdown
condition; or

(iii) The capability to prevent the consequences of accidents that could result in
potential offsite exposure comparable to the 10 CFR I00 guidelines.

2. All non-safety-related SSCs whose failure could directly prevent satisfactory
accomplishment of any of the required functions identified in paragraphs (1) (i), (ii),
or (iii) of this definition.

3. All SSCs relied on in safety analyses or plant evaluations to demonstrate compliance
with the Commission's regulations for fire protection (10 CFR 50.48), environmental
qualification (10 CFR 50.49), pressurized thermal shock (10 CFR 50.61), anticipated
transients without scram (10 CFR 50.62), and station blackout (10 CFR 50.63).

4. All SSCs subject to operability requirements contained in the facility's Technical
Specifications' Limiting Conditions for Operation.

The evaluation of this definition with respect to pumps and the components determined
to be important to license renewal is given in Section 3.1.
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2.6 Method Used to Define Aging Mechanisms Assessed in This Study

To define the aging mechanisms assessed in this study, a two-part evaluation was

performed. First, the effects of stressors, such as mechanical, hydraulic, chemical, electrical,

environmental, and tribological, on equipment operation were determined. The aging mechanisms
associated with those stressors that cause degradation were then determined. This evaluation is
contained in Section 4.1.

Second, industry-wide operating experience, particularly that reported in NRC LERs,
Information Notices, Bulletins, and Circulars and the NPRDS data, was examined. A review of

NRC Inlormation Notices, Bulletins, and Circulars was conducted to identify age-related failures.

The aging mechanisms associated with reported age-related failures were then determined.
Events described in the NPRDS data and LERs were then analyzed for age-related deterioration

and failures to identify the numbers of particular types of failures. The aging mechanisms
associated with these failures were then determined. This review of industry-wide operating

experience is contained in Section 3.6 o1 this AMG.

This multi-source analysis (i.e., using data l'ronl NPRDS and NRC documentation)

provides a comprehensive characterization of equipment aging by using actual plant and vendor
data to substantiate and refine those aging mechanisms postulated to occur due to stressors.

After a list of all possible aging mechanisms was developed (see Table 2-2 and Section

4.2), the significance of each aging mechanism was determined. Those aging mechanisms that
were confirmed by operating or overhaul experience, had a high probability of occurrence, or

would result in a failure having a large impact on equipment operation were designated as

significant aging mechanisms, and are discussed in Sections 4.3.1, 4.3.2, and 4.3.3. Aging

mechanisms designated non-significant are discussed in Seclion 4.3.1.

Conventional maintenance, inspection, testing and surveillance techniqucs or programs

determined to effectively manage aging of pumps are discussed in Section 5.2. A brief
discussion of non-conventional activities and techniques is provided in Section 5.3. The aging

management techniques and programs that effectively manage significant aging mechanisms are

discussed in Section 5.4. Aging mechanisms that arc not effectively managed by current

techniques and programs are also discussed in Section 5.4. Effective management options for

these aging mechanisms are identified in Sections 6.1 through 6.5.

It should be noted that aging mechanisms and their associated degradations were not
categorized either as occurring in the current license period or as being unique to license
renewal. Aging as a whole is covered in this document. There is no generically applicable

methodology thai has been agreed upon for identifying age-related degradation mechanisms lhat

are unique to license renewal. Theretk_rc, the approach herein identifies techniques that manage

aging mechanisms to preclude advcrsc effects during lhe current and license renewal periods.

Because the age-related degradation unique to license renewal screen was not used in the

evaluation process, the scope of components in this AMG may be much larger than if screening
criteria were used.
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To provide a basis for the discussions ot"stressors, aging mechanisms, and failure modes,
Section 3 describes pumps that are in common use in the nuclear industry. Appendix A provides
definitions of aging terminology used in this report. Appendix B provides a list of acronyms.

2.7 References

2.1 Title 10, U.S. Code of Federal Regulations, !0 CFR Part 54, "Requirements for
Renewal of Operating Licenses for Nuclear Power Plants," December 13, 1991.

2.2 NUREG-1299, "Standard Review Plan for the Review of License Renewal
Applications lot Nuclear Power Plants," Draft, November 1990.

2.3 Draft Regulatory Guide, DG-1009, "Standard Format and Content of Technical
Information for Applications to Renew Nuclear Power Plant Operating Licenses,"
December 1990.
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3. EQUIPMENT/COMPONENTS EVALUATED: SCOPE

This section identifies LWR pumps evaluated. Sections 3.1 through 3.4 describe the

selection methodology, the pumps in the evaluation scope, and the groupings of pumps,

components, and service applications cstablishcd t'or evaluation. The key design codes and

standards, operating history, and the associated aging implications are discussed in Sections 3.5

and 3.6, rcspectively.

3.1 Pump Selection Methodology

The list of pumps evaluated liar life cycle management was established by reviewing

industry documents, phmt documents for a typical BWR and PWR, and a survey of utility

engineers. The review of industry documents included the following.

I. Review of 10 CFR 54, Definitions of Systems, Structures, and Components Important
to License Renewal.[3.11

2. Review of BWR Lead Plant Project Technical Reports.

3. Review of PWR Technical Demonstration Project (EPRl) Technical Findings.

4. Review of 10 CFR 50.65 Maintenance Rule and Draft NUMARC Industry Guideline.

13.2, 3.31

These documents provide current industry thinking with respect to selecting pumps that

are important to a life cycle management program, and the aging and performance issues that
need to be evaluated. The License Renewal Rule and Maintenance Rule use similar criteria for

selecting systems, structures, and components that need to be addressed by the requirements of
these rules. The i,icense Renewal Rule focuses on the detection and mitigation of age-related

degradation, while the Maintenance Rule focuses on maintaining performance. Pumps meeting
the selection criteria of these two rules are also important to life cycle management. Many of

these pumps are included in the scope of this ewtluation. The methodology used to select the

pumps evaluated in this AMG is provided in Section 2.5. The list of pumps selected (Table 3-1)

compares favorably with the scope of pumps provided in Appendix B of the Draft Regulatory
Guide for License Renewal (DG-1009)and the Standard Review Plan for License Renewal

(NUREG-1299).

The review of industry documents resulted in an initial listing of pumps (Table 3-1). The

sal_ty analysis reports lk)r several plants were consulted to verify that the listing is representative

for all plants, and of the types of pumps used in the above functions. This activity determined

that plants may use different pump name designations, but their configuration, functions, and

aging characteristics are bounded by the Table 3-1 listing.
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A survey/questionnaire was sent to every commercial nuclear power planl in lhe Untied
States. Plant-specific pump daU.l was provided by len units and of lhe ten, six units also provided
maintenance and operating hislories. This d;.ilawas used for comparison of pump selection and
tbr comparison lo industry doctlnmnl summaries of maintenance and operalion histories. Utility
data compared favorably with pumfl selection and historical data. No previously unkrlown
degradation mechanisrn was identified,

"Fable 3-1. Pumps Evaluated

Punlps l,ocaled in PWR Plants Punlps I,ocated in BWR Plants

Auxiliary l;eedwater System F'unlps Closed ('t_oling Waler System Punqls (Note I)

Boric Acid Transfer Sysletn ]_umps ('onlrol Rod I)rive Hydraulic System l'ttnips

Charging l_tnnps (Chemical and Volttnle Control ('_u'e Spray System l'umps
SySlelll )

('losed Cooling Water System i_ttmps (Nole I) Ihnergency Diesel (ierieri.ltor lguel Oil Transfer
Pumps

('_mtainment Recirculation System Punlps l_,mergency i)iesel Generator .hlckel Water
Cooling Punlps

('otlfaininenl Spray System i)umps tligh Presstne ('oohmt Injection System l)tnnps

l']nlergency Diesel (]erieralor Fuel Oil Transfer Miscellaneous l,tthrJcaling {)il Sysleln i_unIps
i_unlps (Note 2 )

l'mergency Diesel (ieneramr ,lackcl Water ('l_uling Reactor Core Isolation Cooling ,"gystetn Punlps
I_unips

Miscellaneous l,ubricaling ()il _ysleln I_ulnps Reachlr Waler ('leallup _ysleln Punips

(Note 2)

Prinlary Water Makeup Systein l_tinlps Resithial Heat Removal System l_tilnps

Residual Heal Rclnilval ,V,ysl¢ln Ptllnrls Service Waler System Ptltnps (Note 3)

Safely Injection Systein I:)utnps Spent l:uel Pool ('oilling System Puinl)s

Service Water Syslein Punlps {N_ie 3) Slandhy l,iquid ('onlrol Sysleln Punlps

Spenl Fuel lhiol Cooling Syslenl Pulnps

Notes:

I. Includes various syslem names, such as colnponenl cooling water, c_mlairunenl chilled water,
emergency etluiplnerlt c_olillg water, essenlial equipnleni cooling waler, reaclor building closed
cooling water, and auxiliary building closed cooling waler.

2. Includes lubricating _lil punips associ;.lled with the pun]ps lisled in this table and the emergency
diesels.

3. Includes various system naines such as residual heat reinoval service water, auxiliary service water,
elnergency service waler, essential service waler, and nuclear service walef.
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3.2 Evaluation Scope

The pump selection methodology described in Section 3.1 was used to establish the
Table 3-1 listing of BWR and PWR pumps. These pumps are evaluated in this AMG. The
reactor coolant pumps (PWR) and reactor recirculation pumps (BWR) are evaluated in References 3.4
and 3.5, respectively, and therefore are not in the scope of this AM(;.

The design, construction, materials, and other characteristics/features of each type of pump
are described in Section 3.4. Most of these pumps are of the dynamic centrifugal type. Some
are reciprocating or displacement pumps. Both vertical and horizontal _rientations, and single
or multiple stage pumps tire employed. Cast and forged carbon steel and stainless steel materials
are generally used for pressure boundary elements. Bronze and alloy steels tire used Ik_rinternals.
Some of the pumps operate continuously while others tire periodically _perated or tire in standby
(only operated during periodic testing or maintenance).

3.3 Component Boundaries

Pumps are mechanically coupled to a driver (i.e., steam turbine, engine or eleclric motor).
The drivers tire typically standard designs. The pulnp driver assembly for horizontally mounted
pumps is mounted on a c_)mmon fabricaled steel base or skid that is stiffly connected to some
structural floor section within the plant. For vertically mcmnted pumps, the pump is usually
connected to the structure through a fabricated steel base or skid, and the motor is mechanically
coupled and fastened to the top _1 the pump. The pumps arc hydraulically and mechanically
connected to a fluid flow circuit through their inlet (suction)and outlet (discharge) m_z/les. The
boundaries of the evaluation tire defined by the suction and discharge nozzles, shaft coupling,
pump casing, and mounting baseplate and lklsteners. Pump drivers, speed changers, and attached
auxiliary lubrication, cooling, etc. systems tire outside of the component boundary. Degradation
of these interfacing components is not evaluated in this AM(;. Figure 3-1 illustrates the pump
component boundaries.

3.4 Description of Components Evaluated

This secti_m describes the pumps and the associated subassemblies and comp_ments
evaluated in this AMG.

3.4.1 Major Pump Types

Pumps are machines which apply fl)rces Io fluids to raise lhe lluid energy level (static and
velocity pressure) for the purpose of transporting the fluids from one l_cati_m to another. The
three ma,jor pump types utilized in nuclear power plants are centrifugal, reciprocating, and r_tary.
These types are described bel{_w.
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Figure 3-1. Pump Component Boundarics.[3.61

Centril'ugal Pumps

Centrifugal pumps increase the l]uid energy level by spinning the fluid in a circular
direction using the principle of centrifugal force. The force is transferred to the fluid by one or
more paddles or wines (typically called an impeller) which are attached to a rotating shaft. The

flow rate is determined by the rotational speed of tile shaft and the static and dynamic flow

characteristics of the system. Fluid enters and leaves the pump in a continuous steady flow
manner.

Centrifugal punips arc general service pumps that arc used for liquids with rclativcly low

viscositic.,,. Capacities rangc from 3.8 to 378,5()() liters per minute I! to !()(),()()() gpml and

differential pressures range lnml 35 to 35,()()() kPa [5 to 5()()() psi]. The maj_rity of tile pumps

in a power generation litcility are centrifugal. A typical tu_rizontally m_mnlcd n_ultistage

ccntrifugal pump is shown on Figure 3-2.
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Rotary Punlps

Rotary pumps, like reciprocating pumps, increase the lluid energy level by c_,mpressi_,n.
The fluid, however, travels continuously from pump inlet to outlel lhnmgh conhmred passages

formed by moving and stationary internal pump components. Rotating element,, such as gears,

screws, lobes, or vanes push tile tluid through the pump. Similar to centrifugal pumps, the

rotating elements tire attached Io a constant speed drive shaft. The l'h)w rate is determined by
tile r(_tating element displacement during one rev_iulion and tile rotative speed, l:luid enters and

leaves tile pump in a c_mtinuous steady flow.

Rotary pumps are used I'_r all types of iiq_lids hut are p.larlicularlv applicable fi)r m_derale
to high viscosity (i.e., greater than I. I x IO 4 llY-/sec [ !().2 l't"/nec] ()1"._()()SSI.!) liquids such as

lubricating oils. Capacities range l'nmi 0.4 to 3785 liters per minule [().1 m I()()() gpm] and

differenlial pressures range l'nml 6.9 I(_ 6805 kPa [I to I()()() psi ]. A lyoicai gear pump is shown

on Figure 3-5.

Screw pumps are a special type _1"rotary p_sitive displacement pump in which the Ilmv

through the pumping elements is truly axial. The liquid is carried between screw-threads on one
or more n_lois and is displaced axially as the screws n_tate and mesh. (See Figure 3-6.) In all

other rotary pumps, tile liquid is forced to travel circumferenlially, thus making the screw pump

more applicable where liquid agitation or churning ix not desired. These pumps are usually used

in fuel _ii and lubricating _il systems.

3.4.2 Common Components

Each pump can be broken down into commonly known subassemblies and components.

Table 3-2 lists tile primary subassemblies and component groups. The subassembly names

corresponds with their general function. ('onmlonly used materials i_l' c_mstructi_m t'_r each

component tire listed in Table 3-3. Manufacturer design differences are identified and discussed
in Seclion 3.4.4.

It is regarded as stundard maintenance practice t_, replace or refurbish varicms c(mlponents
_r component parts during normal maintenance activities. These comp_ments and parts are

designated as "renewable" for the purpose of the evaluati_m. Plant programs are stipulated to be

inherently effective to manage "renewables." Table 3-4 is a listing of renewal conwments for

pumps. Ewduations and additional actions to detect and mitigate age-related degradation of these

components are not required.

3.4.3 Service Applications and Environments

Aging mechanism evaluations require a clear understanding of envir_mments to which

pump subcomponents are exposed. The four p_tential pump componenl environments are the

pumped I'luid, cooling water, lube oil or grease for tile bearings, and the external environment.

The pump subcomponent environments are sunlmarized in Table 3-5.
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Figure 3-5. Rolary Gear Pump.[3.7]

Figure 3-6. Rc_laryScrew Pump.J3.9]
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Table 3-2. Pump Component Groups and Subcomponents

Pump Types:

C -- Centrifugal (Except Vertical Pool)(Note I)

V -- Vertical Pool Centrifugal (Note I)

R-- Rotary

P--- Reciprocating

I. R_tating/Reciprocating (Note 2)

Shaft ((', V, R)
I)riveshaft/Crankshaft (P)

Impeller (C, V)
Internal Rotor (R) (Note 3)

Piston/Plunger (P)
Internal Valve (P)

II. Fixed Internals (Note !)

Miscellaneous Structural ('omponcnls ((', V, R, P) (Note 4)

Wearing (,onlp_mellls t(', V, R, P)INl_lc 5)
Flow (;uitles ((', V, R, P)(Note 6)

Suction Strainer (VI

!I!. Pressure l'toundar.v

('asin_u ((', R) (Note 7)

Discharge Head/('olumn/lh_u,l/i)isclutr_e Nozzle (V)

('ylinder/Plungcr l]h_ck (!')

Suclion/l)i_chargc Nozzle ((', R, P)

l:hmgc/('over ((', R, P)(Notc X)
(;askctn ((', V, R, P)

Fasteners ((', V, R, P)

IV. Mechanical Suh,,vstems (Note I)

('_upling ((', V, R, P)
Seals ((;, V, R, P)(N_te 91

Radial Bearing ((', V, R, P)

Inlernal Radial i'lcaring (V)

Thru,,l l]earing (('. V. R. P)

V Supports

Support l'cet/Skirt ((', V, R, I))
Base Frame/Skid ((', V, R, P)

I:asteners ((', V, R, I))
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" M',' _ ," ! ............ ,,;'_ ' ,

Table 3-2. Pump Component Groups and Subcomponents (continued)

Notes:

I. (?entrifugai shafts nlay he oriented horizontally or vertically. Pumps niay be single ur tnultistage and may

be designed for radial, axial, i)r ]nixed lh_w. Casings contain inlet and discharge nozzles and _me or tv_'o

shaft seals. All bearings are external to the pump casing, F'unlps with hearings only al (_ile end of ihe

casing (cantilevered shaft/impeller) may include internal guides to liinil radial movement of the

shaft/impeller. Pump casings Inay he totally submerged in an open pool of the pumped fluid with a

sucthm strainer attached to the inlet nozzle and piping attached to tile outlet nozzle, (Also applicable to

vertical pool pumps,)

Vertical pool centrifugal puinp shafts are oriented vertically. Punlps may be sinL,le _r multistage and may

be designed for radial, axial, or mixed tlow, The pressure boundary includes a howl that contains the

impellers, a column directly above the howl that guides upward l]ow of tile pulnped tluid and that

contains the siml't and usually internal radial hearings, and a discharge head directly above tile coluinn
which includes a horizontally ()riented discharge nozzle {lilt] ;.lshal't seal al the top. The hiwer end of the

pump (bowl and a portion of the column) are subnlerged beh)w tile open pool liquid level and a suction

straineris;tttachedto the lower end of tilehowl. The dischargehead islocatedatthe h)p (ifthe {)pen

pool and has the puinp _uppori plate attached to it.

2. Rotating/iecipn)cating elements include small individual parts generically called "spacers" which are

{tit{oiled t() in[tior subcoinponents with fasteners, tigtlt fits, or shrink fits. includes fasteners used for the

assembly ()f In_tj()r subc()nlponenis and attachlllenl o1 spacers,

3. For specific types of rotary pumps, these may he called screws, gears, h_hes, tic.

4. Miscellaneous struclural colnpiulents include slalionaiy inlernal suppllrls, slilleneis, Iherlnal harriers, radial

shaft guides, etc.

5. Wearing comp(ments arc primarilyassociatedwithcentrifugal(C or V)pumps and generallycalledwear

rin_,sor stageringshut are occashmaIIy used in rotaryor reciprocatingpumps. I;uncthmaIIy,itisany

non-in(winginternalpartthathas a closetolerancefitwith a nu,vingpartwhich minimizes Iluhlflow

between internalporlionsofthe puinp thaloperateatdifferentpressures.

6. Fh)w guides are piinlarily associated with centrifugal ((" or V) pulnp_, but tire occasionally used in rotary

or reciprocating punlps. Functionally, it ix any ntm-inlwing internal part which guides, directs, i)r

snloothes tluid llow within the pump. For centrifugal ({' ()i V) tmnlps, these ill{iy he called diffusers,

return channels, balance disks/heads, stage pieces, etc.

7. The casing includes volutes till hirge centrifugal ((_') pulnl)s which serve as both llow guides {lilt] pressure

relaining bounttaries.

14. Fhinge.,, arc part of the connection design where the puinp pressure boundary ix iliadc froth lwl) i)i" more

picccs which arc not joined t_y wchling. ('re'ors are puinp pressure b_lundary paris which alh)w the

i'emoval or inspection of punlp intcrnal c(mlponcilts andAu arc used Ill simplify nlanufaciuring of the

punlp pressure boundary.

9. Seals are two-part suhc_miplments wilh one part allached to Ihe rotatiilg/recipri)cating subcoinponents and
arc pallially allached Io lhe slaliiinai'y subcoinponenl, l:unclhmaily, lhe seals resli'icl I]uid l]iiw between

internal piirlions of lilt' punlp ihal operate al different pressure (inlernal seals) or belween the pump and

the exlernal envilimlnenl {shaft seals (_r piston/phinger seals). In general, seals are designed for zero

leakage between Inoving and slalionary colnplinenls. ('(inlrilllcd leakage seals such as labyrinths ilia) be

used for shall seals and billallced disk seals 4111high pressure ill cenilifugtl] ((.')punlps.
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Table 3-3. Typical Pump Materials

Shaft Forged Stainless Steel and Forged Carbon Steel

Impeller Cast l,_w (5_ Cr) AIh_y Steel, Cast Iron. Bronze, Stainless Steel

Piston/Plunger 30(1 and 4(1(I Series Forged Stainless Steel

Screw/(;ear/Vane/Lobe 300 Series Forged Stainless Steel

Wear Ring Cast or Forged Low Alloy Steel, Bronze

Flow Guide/Diffuser/Return Channel Cast or Forged High Alloy (I 25k Cr) Steel. Low Alloy Steel

Pressure Btmndary Comptments Cast l.,ow Alloy Steel, Carbon Steel. Cast iron, Stainless Steel

Typical Materials for ASME Class I. 2, and 3 Pressure-Retaining
Boundary Parts*

Carbon steel

Castings SA-2hl, Gr WCA, WCB, WCC
Forgings SA-1()5, Gr !. il
Plate SA-515, Gr 55, 6(), 65, 70

Bolting SA-193, (;r B6. B7, BS, Bib

Stainless steel

Castings SA-35 I. Gr ('F8 (3(14). CFSM (3161

Forgings SA- 182, Gr 3(14, 316. 32 i, 347
Plate SA-241). Gr 3(14, 316. 321. 347

Nonferrous A limited number of nonferrous materials are

permitted.

Base Frame/Skid Carb_m Steel Plate

Fasteners

(Internal) Forged Stainless Steel

(External) lq_rged Carbon Steel

Non-Metallics

(Internal) V iron, Nylon. Teflon

(External) PVC, Asbestos, Rubber

Relerence 3.7

i

J

Table 3-4. Renewable Components ]

Alarms (;askets l_ubricants Retaining Rings
t]_lts* (irease Meters Screws

C_mtings H_ses and Clamps Nuts Seals

Coolant Indicators ()-Rings Studs

C_mplings Keys and Pins Oil Thermal lnsulati_m

Diaphragms l.agging Packing Washers

Except pressure retaining fasteners for compements in the ASMI" Secti_m XI lnservice Inspection Program.
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Table 3-5. Pump Subcomponent Environments
....

Pumped Fluid Cooling External
Subcomponent (Note ! ) Water Ambient

.....

Rotating/Reciprocating
• Shaft X X X
• Driveshaft/Crankshaft -- -- X

• Impeller X --
• Internal Rotor X -- --

• Piston/Plunger X X X
• Internal Valve X --

....

Fixed Internals

• Miscellaneous Structural Components X --
• Wearing Components X _
• Flow Guides X _
• Suction Strainer X --

Pressure Boundary
• Casing X X X
• Discharge Head, Column/Bowl/Discharge Nozzle X -- X
• Cylinder/Plunger Block X X X
• Suction/Discharge Nozzle X --- X
• Flange/Cover X X X
• Fasteners _ -- X
• Gasket X _ X

Mechanical Subsystems
• Coupling _ X X
• Seals X X X

• Radial Bearing (Note 2) _ X X
• Internal Radial Bearing fNote 2) X --
• Thrust Bearing (Note 2) -- X X

.....

Supports
• Support Feet/Skirt -- X
• Base Frame/Skid _ X

• Fasteners -- X
........

Notes:

I. These components are termed wetted pump components.
2. May also be in contact with circulating lube oil, stationary lube oil, or grease.
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3.4.3.1 Service Applications (Pumped Fluid)

The characteristics and/or properties of the pumped fluid defines the service application.
The pumps included in the scope of this AMG are grouped into seven service application
categories, as follows.

(1) Raw Water

Fresh Water -- Fresh Water entering the plant from a river, lake, pond, or bay which
has not been demineralized. In general, the water has been rough-filtered to remove
large particles and contains biocidal additives for control of microorganisms, zebra
mussels, asiatic clams, etc. The sodium chloride content is typically below 1000 mg/l
[0.062 lbm/ft3].

Salt (Brackish) Water -- Water entering the plant from a river or ocean with a
sodium chloride content greater than 1000 mg/l [0.062 lbm/ft3l. This water, like fresh
water, has been rough-filtered and contains biocidal additives.

(2) Treated Water

Water which has been filtered and demineralized but generally not deaerated. The
water may contain up to 5 ppm dissolved oxygen and small amounts of chemicals
(i.e., potassium chromate, sodium nitrite, etc.) for process use. The spent fuel pool
water in PWR plants contains 2000 to 2500 ppm boron. Also the containment spray
and recirculation, safety injection, and primary water makeup pumps in PWR plants
are exposed to borated treated water.

(3) Primary Water

Treated water which has been deaerated/deoxygenated. This water may contain up
to 200 ppb dissolved oxygen. Primary water in PWR plants also contains a borated
solution.

(4) Closed Cooling Water

Treated water containing corrosion inhibitors and biocides.

(5) Borated Water

Treated water containing at least 10 weight percent of sodium pentaborate or boric
acid.

(6) Lubricating Oil

Low to medium viscosity hydrocarbons used lbr bearing gear and engine lubricating.
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(7) Fuel Oil

Diesel oil, No.2 oil or other liquid hydrocarbons used to fuel diesels.

The pumped fluid is in contact with the group of pump components termed the "wetted
parts." Referring to Table 3-2, these include all subcomponents in the rotating/reciprocating,
fixed internals, and pressure boundary (except fasteners) pump component groups, and the seals
and internal radial bearings.

The pumped fluid properties described here generally apply to periods when the plant is
operating and producing electric power. The internal environmental conditions for pumps when
the plant is not in the operating condition, 15% to 30% of the calendar time, is a function of the
plant lay-up program. The environment may be the pumped fluid with changed properties/
contaminants, a different fluid, or drained and filled with air. This plant outage environment may
affect the degradation rate for aging mechanisms, particularly those which are primarily related
to fluid characteristics such as corrosion and stress corrosion cracking, and fouling if outage
conditions increase the anaount of foreign materials within the fluid system. Since plant lay-up
is not within the scope of this guideline, qualification statements made for all determinations of
aging mechanism significance assumes that phmt outage environments will not increase the rate
of degradation from these aging mechanisms during plant operating conditions. The development
and implementation of a plant lay-up program which ensures that pump environments are
controlled during outage periods is necessary to satisfy these qualifications (see Section 5.3).

3.4.3.2 Cooling Water

Frictional heat from pump operation is generally transferred to the pumped fluid, bearing
lubrication, and the surrounding atmosphere. However, in many cases, cooling water is used for
supplemental heat removal directly at the pump. Where pumped fluid temperatures are relatively
low, cooling water may still be used to remove frictional heat at bearings and shaft seals thereby
maintaining temperatures within specified limits. Where pumped fluid temperatures are high,
cooling water may be used to remove heat from shafts, pistons/plungers, pressure boundary
components, and couplings. The water used for this purpose is usually closed cooling water.

3.4.3.3 Lubrication

Lube oil or grease is used only at external pump bearings. Where pressurized or forced
lubrication is required, a circulating lube oil system is utilized. Bearing lube oil has the same
characteristics as previously described for lubricating oil as a pumped fluid. Lube oil or grease
used in non-circulating bearing lubrication systems are medium to high viscosity hydrocarbons
with appropriate lubricating characteristics. Lubricants may also be used on threaded fasteners
to assist with installation/removal. The lube oils and greases used for bearings in non-circulating
lubrication systems, and the lubricants used for threaded fasteners are considered to be non-
aggressive fluids which will not corrode or otherwise environmentally degrade the surfaces in
which they are in contact. Aging evaluations in Sections 4.3.1, 4.3.2, and 4.3.3 will not
specifically consider the effects of these environments on bearings or other pump components.
Tribological stressors caused by changes in lubricating properties of these materials are still,
however, an aging concern.
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3.4.3.4 External Environment

The external surfilces of the pressure boundary cornponents, the mechanical subsystem and
supporting base components, and portions of the rotary/reciprocating components (shaft, plunger)
are in contact with the exterior ambient environment. Pumps located outdoors (generally
restricted to service water pumps) are exposed to outdoor temperatures and relative humidities,
weather conditions (rain, snow), and air contaminants. Plants located near oceans may be subject
to a more corrosive (i.e., salt spray) environment. For pumps located within buildings (excluding
primary containment), the external environment is filtered ambient building air with temperatures
ranging from 4.4 ° to 4WC [40_ to 120°F] and relative humidities up to 100 percent. Typical
radiation levels in BWR safety-related pump installations are (cumulative over life of plant)

3 x 103 gray 13 x 105 rad] (normal) and 1 x 105 gray _1 x 107 rad] (accident). For a PWR, these
values are 1 x 104 gray [I x IO6 radi and Ix 10- gray [1 x 107 rad], respeclively.[3.10]
All exterior component surfaces arc covered with a corrosion resistant coating or made from
materials which are resistant to corrosion from the exterior environment. Each plant's
housekeeping maintenance program ensures exterior coatings are properly maintained. One
exception (for vertical pool centrifugals) is submergence of the exterior of the lower portion of
the pump casing (bowl and part of the column) in the pumped fluid.

3.4.4 Differences in Design

Various designs arc used fl_r each type of pump to accommodate leakage requirements,
service applications, and ambient environments. The following paragraphs discuss some of the
c_munon differences in the design of lhese pumps.

Centrifugal Pumps

Centrifugal pump impellers are securely attached to a rotating shaft. The impeller is
housed in a casing which also supports the suction and discharge nozzles. Shaft seals prevent
fluid from leaking out. Normally, a mechanical sealing device or a series of packing rings are
used ['or shaft sealing. To prevent higher pressure fluid from leaking internally back to the
suction side of the impeller, wear rings (one stationary and one rotating) are used. There is a
close clearance between the wear ring pairs to restrict bypass leakage. Where high pressures are
needed, multistage pumps are used with each impeller raising the pressure of the fluid.

The mosl common type of centrifugal pump construction is the volute style[3.6] as shown
in Figure 3-7. A volute casing is a spiral or snail-like lbrm designed such th,.,t as the liquid exits
from the impeller into the casing, the cross-sectional area increases at a rate proportional to the
increasing w)lume of liquid.

Another common pump design is the vane or diffuser style[3.6] as shown in Figure 3-8.
In this design, each set of diffuser vanes actually forms several small volutes or diverging
passages in which the fluid velocity is converted to pressure. For multistage pumps, these
diffusers also direct the lluid flow into the return passages, which in turn direct the fluid into the
eye of the next stage impeller or discharge nozzle (Figure 3-9).
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Centrifugal pumps can also be classified by their impeller styles. There are three basic
impeller configurations commonly used.J3.61

•Fully open: The vanes extend radially from the impeller
hub without a back shroud or front cover

plate

• Semiopen: The vanes project tbrward from the back
shroud (no cover plate)

/i
• Fully closed' A full back shroud and full front cover plate /t_/,

enclose and support the vanes. This is the
most commonly used impeller style in
multistage pumps

Open and semiopen impellers allow larger particles to pass through the impeller. They
are typically used on sinall centrifugal pumps where liquids have high solids content. Due to
internal leakage and recirculation, these impellers are generally less efficient than the fully closed
designs. The fully closed is the most common type of impeller used for single stage and
multistage pumps.

Impellers are called radial vane or radial flow when liquid discharges radially to the
periphery. Impellers can also be classified by the shape and form of their vanes (straight-vane
or radial-flow, Francis-vane, mixed-flow, and axial-flow). In a radial-flow impeller, the vane
surfaces are generated by straight lines parallel to the axis of rotation. In a Francis-vane
impeller, the vane surfaces have a double curvature. A mixed-flow impeller has both a radial-
flow and axial-flow component, and in the axial-flow impeller, also known as a propeller, flow
is parallel to the axis. The pumps evaluated in this guideline use mixed-flow, Francis-vane, and
radial-flow impeller designs.

Designers use discharge specific speed, a nondimensional design index, to classify pump
impellers as to type and physical proportions. Specific speed is the speed, in revolutions per
minute, at which a geometrically similar impeller would operate il" it were of such size as to
deliver one gal/minute against one ft of head. Figure 3-10 is a chart of specific speed versus
impeller type.[3.1 1]
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Figure 3-10. Specific Speed Vs. Impeller Type.13.7]

Impeller styles for the lower specific speeds (500 to 1,000 rpm) are characterized by their
production of high heads at low flows. Flow is primarily radial to the shaft. Many pumps have
specific speeds of 1,500 to 3,000 rpm. These impellers produce medium heads at a wide range
of flows. Mixed-flow impeller designs have specific speeds ranging from 4,000 to 8,000 rpm.
These impellers are used for low-head, high-volume applications such as service water and
cooling water. The vanes have some curvature, but the flow is primarily parallel to the axis of
the shaft (axial).

Centrifugal pump flow rates are discussed in terms of minimum flow, normal flow and
rated flow. The minimum flow is the lowest flow rate that the pump will see under any
operating or start-up condition. 3"he minimum flow required is limited by the pump design.
Rated flow is that which the pump should be capable of delivering in a like-new condition.
Rated flow is often assumed to be 110 percent of normal flow. For applications where the
process flow could be less than 45 to 50 percent of normal flow, a minimum flow recirculation
line is often used which bypasses a portion of the flow from the discharge of the pump back to
the suction pipe. Table 3-6 lists industry documents regarding potential pump problems. Some
of these documents discuss other minimum flow considerations such as parallel pump operation
and hydraulic instability at low flows.

Reciprocating Pumps

Reciprocating pumps can be plunger-type or piston-type, driven through a crankshaft from
an external source. Pump capacities fluctuate with the number of plungers or pistons. The
reciprocating pumps evaluated in this guideline are typically triplex (three) piston or plunger
pumps, installed horizontally.

Horizontal construction is typically used on plunger pumps up to 200 HP. Normally,
horizontal plunger pumps have three to five plungers. Horizontal piston pumps are rated to 3,000
HP and usually have two or three pistons, which can be single-acting or double-acting (two
suction and two discharge strokes for one complete reciprocating cycle). Plungers are applied
to pumps with pressures from 6,895 to 207,000 kPa [1,000 to 30,000 psi]. Maximum developed
pressure with a piston is about 13,790 kPa [2,000 psi].[3.7]
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"Fable 3-6. l,ist of NRC infi)rmation Notices, Bulletins, (;eneric l,etters, and
Circulars Related to Pump Aging Degradation

INF()RMATION N()TI('i;,,S

IN Y,()-()7 Pump Shaft Fatigue ('rackin_

IN 14()-23 I._ss ()f Sucti_m "F_ I;.mergency Feedwaler Pump,,

IN X()-27 l)egradali_m ()f Reactor ('_lanl Pump Stud,,

IN 8()-3_ ('racking in Charging Pump Casing Cladding

IN _2-19 l+os,, Of ttigh tlead Safely Injccli_m I_mergency it_rali(Jn And Rcact<_r(_'()()];Anl Makeup

Capability

IN 83-51 I)iescl (}encrat(_r i']x'¢llt_

IN N4-()6 _t(2_lll_ i'lindiny ()f Auxiliary [:¢:edwatcr IJump_,

IN N4-66 tJndelected tlnavailahility ()f The "l'urhine-driven Auxiliary I:eedwa_er Train

IN Y,5-()3 Sef)arali_m ()f Primary React_r ('¢,_dan! Pump Shaf! And Impeller

IN X,5-()3 (SUIqJl.I:MI:.NT I)

IN Y,fi-5() ('_mplete l._s', ()f Main And Auxiliary l:eedwater At A I'WR I)esigne(I By l_,ahc_ck & Wilc.x

IN _5-76 Re,.:enl Waler tlammer ['_venls

IN 85-94 P_lential i"or I._ss ()f Minimum I:h_w Palh,, l.eading "I'(_!!('('S Pump l)ama/ge I)uriny A
I.(){'A

IN Y,6-19 R¢;act(_r(_'()()]allt l_tllllp _haft Failure At (Yystal River

IN 86-39 Failures ()f RtIR Pump M_m_r,, and Pump Internals

IN Y,6-63 l.()_,, O[ ,Safety lnjecti_m ('apabilit),

IN 86-79 l)egradati_m ()r l._s ()f ('hargin_2 Sy_,tem,, At PWR Nuclear I'_wer Plants t.lsing Swing-Pump

Desit2ns

IN t,16-1()l l._,ss Of I)¢cay Heal Rem(_val l)u¢ "F_ l._,,_, ()f Fluid l.evel,, In Reactor ('(_()lant Sy.,.;tem

IN 86-108 i)egradalion Of Rcacl_r (,o_lanl Sy,slem Pressure 13(_undary Re',ullin_ Fr()m 13(_ric Acid
('¢_rrosi(m

IN Y,7-()6 l.(_ss ()f Su(..'li()n T() l.(}w-I)res_ure Service Water _y_lglll Pump_ Rc_ulliny l:r(m_ l.(_.xs ()f

Siph()n

IN I_7-1() l)()tential l:()r Water ttammer i)urin_2 ke,,;l;.irl ()l Residual Heat Rem(_val l)uml)S

IN 87-23 l.os.s ()f l)ecay Ileal Removal l)uring I.ow Reactor ('(_olant I.evel ()peralion

IN 87-34 Sinyle Failures In Auxiliary l:ecdwaler Sy'_lem_

IN 87-51 l;ailure ()f I._w Pressure Safety Injectmn Pump l)ue "I'_ Seal l_r(_blems

IN 8%53 Auxiliary Feedwaler Pump Trip _,Resulting l:mm l._w Sucti_m Pressure

IN 87-57 I.(,ss ()f limergency l_,_rali_m ('apabilily I)ue T(_ Nitrogen (;as Inlrusion

IN N7-59 P_tential RIIR Pump l._ss
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'Fable 3-6. last of NRC Information Notices, Bulletins, Generic l_etters, and
Circulars Related to Pump Aging Degradation (continued}

INF()RMATION N()TICFS (continued)

IN 87-63 inadequate Net Positive Suction Head In I.t_w I'ressure Safety Systems

IN 884)9 Reduced Reliability Of Steam-Driven Auxiliary i:eedwatcr Pumps Caused By Instability ()f
W_tlwartl P(;-PI. Type (;overn_rs

IN X8-23 Potential l:_r (ias Binding ()f tti_h-Pressure Safety lnjectmn Pump,, During A l.._ss-()l'-Co_lant
Accident

IN I'18-23 (SLJPPI.F_MI'NTS I, 2, 3, and 4)

IN 88-36 Possible Sutlden I_s.s ()f R(,S Inventory During la_w ('_lant l.evel ()peration

IN 81_-39 LaSalle Unit 2 la_s.,,Of Recirculati,m Pump,, With P¢_wer()scillatitm Event

IN 88-67 PWR Auxiliary Feedwater Pump Turbine Overspeed Trip Failure

IN 88-87 Pump Wear And Foreign ()hjects In Phmt Pipint2 Sy,_tem,,

IN 89-()8 Pump l)amage Caused By l.¢)w-Flow Operation

IN X9-15 Sec_ntl Reactor Co_lant Pump Shaft Failure At ('ryslal River

IN 89-2(I Weld Failure', in A Pump ()f Byron-Jackson De,,ign

IN 89-48, Design Deficiency In The Turbine-Driven Auxiliary Fcedwaler Pump (.'o_ling Water Sy,,tem

IN 8t,_-58 Disablement ()f Turbine-Driven Auxiliary Feedwatcr Pump l)ue "I'_('h_sure ()f ()ne ()f The

Parallel Steam Supply Valves

IN 89-67 l.t_ss ()f Residual Heat Removal Caused l:ly Accumulator Nitrogen Injection

IN X9-71 l)iversi_m Of The Residual Heat Rem,wal Pumps Seal Cooling Water i:h_w During.

Recirculati_m Operation Following A l._ss-{)f-C'_lant

IN 89-8() Putential l:_r Water ttammer, Thermal Stratificatiun. And Steam Binding in ttigh-Pressure
(?o_lant Injection Piping

IN 90-26 Inadequate I:h_w Of Essential Service Water To R_otn ('_ler,, Anti tteat I{xchanger_ l:_r
Engineered Safety-Feature Systems

IN 9()-39 Recent Prublems With Service Water System,,

IN 90-61 Potential iq_r Residual Heat Rcmuval Pump Damage ('auscd By Parallel Pump Interaction

IN t)(1-64 Potential l:(_rC_mm(m-.M_de l:ailure ()f tligh-Pressurc Safety In.jecti_m l'umps ()r Release Of
Reactor C,o_lant ()ut_idc Cuntainment

IN 9()-68 Stre.,,s Corrosion Cracking Of Reactor ('u_flant Pump I]ult,,

IN 9()-7() Pump F_xplosi_ms Inv_lving Ammtmium Nitrate

IN 91-12 P_tcntial l_uss {)f Net Pusitive Suction Head (NPSH) ()f Standby I.iquid Cuntnfl System

Pumps

IN 92-_5 Potential Failures _l' F.mcrgency ('_rc ('_uling Systenl_ C;.tu'_etlby l:orcign M;.lteri;al l]l_ckagc

IN 91-27 Incorrect Rotatiun ()f l:'usitive l)isplaccmcnt i_ump
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Table 3-6. last of NRC Information Notices, Bulletins, (;eneric I,etters, and
' ICtrcu ars Related to Pump Aging Del_radation (continued)

INF()RMATI()N N()TI('I:'S (ctlntinuedi

IN 92-I_ lals_ uf Flow I:mln Residual tteat Relnilval i+ulnp l)uring Rcfuelillg (,avity I)rainthl_vll
J

iN 92-49 Recent l.uss Or Severe Degradation ()f Service Water ,_.%'Melll

ItUI.I.F.TINS

BI. 8(1-I1_ Maintenance Of Adequate Mininlulu l:luw 'l'hrtlugh Centrifugal Charging Pullip.,i Fulhlwing

Secondary Side High Energy i.ine Rupture

Bi+ 82-(12 Degradation Of Threaded l:a,ltcner,i In The Reactor ('uldant Pres,_ure lhmndary (if PWR Plants

BL 83-(15 ASME Nuclear Cl_tle Pumps And Spare Parts Manufactured liy The Hayw;.ird Tyler Punip
(,onlpan)'

IlL hiS-ill _le;lln Binding (if Auxiliary Feedv_'atert_tllllp' ,,
I

BI. bl6-(il Minilntlln Flow I.ugic Pr_lhlenl,,Thai {'titlid l)isablc RHR tlulnps

i_11+86-(13 Potential Failure of Multiple f:.C('S l_unip.,iDue "l'l_Single Failure ()f Air-()perated Valve In
Minililulll ]:hiw Recirculation IAnc

BI. 88-(14 Potential Safety-Related Pump l._,,s

CIRCIfl.ARS

C 78-13 hlopcrability Of Service Water ]:_unip_,

C 79-19 l.lltlse l+tlcking Devices ()n Ingersoll-Rand liulilt_t_

(iENi';RIC I.ETTtiRS'

GL 89-(i4 Deveh_pnlent t_l Acceptable IST Piogranls

GI. 91-1)7 GI-23, "Reactt/r Coolant Pump Seal Failures" And Its Possible l']ffcct On Statiun lthlckout

GI. 91-17 Generic Safety Issue 29. "Bolting Degradation Or Failure in Nucle_ir I'ower Plants"

:,,It

Sortie of the lnlt-trnlatitm Nuticcs arid GI+ 91-ti7 discuss pt,tential prt+hleiu,; with ct_lill'lt_rierltst_ther than

the pumps evaluated in thi,, guideline <i.e., Reactur Cu¢_laiit Punips). These th_cunlcnt_, are li.,,ted here because
the problem ur degrad+ltitm lll+i_,indirectly apply ltl the aging cvaluatlon,_ in this guideline and, therefore, were
reviewed ;is part t+f the industry data review.

Figure 3-11 shows the liquid end of a plunger-type reciprocating pump. The power end
for both the plunger-type and pi._ton-typc is shown in Figure 3-12. This contains the crankshaft,
connecting rod, cro,_sheud, pony rod, beurings and frumc.
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Figure 3-11. l_.iquid End -- Reciprocating Pump.[3.T]
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Figure 3-12. Power End -- Reciprocating Pump.[3.7]
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Rotary Pumps

There are many types of rotary positive displacement pumps, including gear, screw,
multiple-rotor screw, circumferential piston, lobe, rotor vane, rotary piston, and flexible member
pumps. Howevcr, for the pumps evaluated in this guideline, only two types, the gear-type and
the screw-type, arc generally used. These pumps arc installed in fuel oil systems and lubricating
oil systems.

The primary design difference between the gear-type and screw-type rotary pump is the
flow through the pump. The flow is more axial and, subsequently, less disturbed in a screw
pump. Both types of pumps can have various internal designs, depending on flow and pressure
requirements. These two types of pumps are shown in Figures 3-5 and 3-6.

Pump Couplings

There are two basic types of couplings used to join pumps and their drivers. They are
(1) rigid adjustable and (2) flexible. Most close-coupled vertical pumps use a rigid adjustable
coupling (Figure 3-13) to transmit axial load, up or down, to the motor shaft.[3.6] This
arrangement combines the pump and motor shaft as a single shaft.

Flexible couplings arc used to connect the horizontally mounted pump and the motor
shafts in applications where changes in temperature and Ioadings during normal operation, start-
up, or shutdown can cause one shall end to move relative to its companion shaft end. Flexible
couplings can be mechanical flexing types.

Mechanical flexing couplings can be gear-type, grid spring design, or limited and float
couplings. Flexible gear couplings (Figure 3-14) are common as they offer high torque and good
performance. The disadvantage is the need tbr lubrication.

The gridspring design consists of two hubs with axial grooves through which the grid
spring is laced back and forth. This type has less torque transmission capacity (60%) of the gear
coupling and ,,lso requires grease.

Lirnited end float couplings are sometimes used when the driver motor has sleeve
bearings, which cannot carry any thrust, The couplings are arranged to restrict the end float of
the motor rotor (see Figure 3-15). Restricted end float is provided in gear-type or grid-type
couplings by locating a "button" at the end of one or both shafts and by inserting a low-friction
plate between the two shaft ends.

Another form ot"flexible coupling is the flexing-element coupling. The flexing element
can be either elastomeric or metallic. The elastomeric design consists of two steel disks, with
the driving disk carrying a metal-lined rubber bushing. This projects into corresponding holes
in the driven half. These designs do not require lubrication; however, they are low in strength.
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Figure 3-13, Rigid Atljuslablc ('_ul_ling.13.t_]

Figure 3-14. t:lcxiblc (lear ('_upling.[3.6]
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Bearings

The types of bearings used in centrifugal pumps are categorized according to the direction
of the forces they absorb, either radial or axial thrust. The bearings may be ball or roller-type,
sleeve-type journal bearings, or hydrodynamic-type (uses fluid film to support shaft) thrust
bearings. Journal bearings carry radial loads only. Thrust bearings absorb loads in the axial
direction. Anti-friction (ball or roller) bearings handle a combination of both radial and axial
loads.

Overhung horizontal impeller pumps usually employ radial ball bearings adjacent to the
impeller and thrust bearings (usually a duplex pair of angular contact bearings) on the coupling
end.[3.6] In pumps where the impeller is between bearings, the ball radial and the bali thrust
bearings have individual bearing housings. Double-suction pumps often use journal-type radial
bearings and a ball thrust bearing. This arrangement is useful in higher horsepower and higher
speed applications where ball radial bearings would be impractical due to speed, load and
lubrication limitations.

Most vertical pumps differ from horizontal pumps in that the entire axial thrust, consisting
of axial hydraulic forces as well as the static weight of the pump and driver motor rotor is
supported by the driver thrust bearing. In these cases, the pump manufacturer, motor
manufacturer and end user size the bearing jointly. The vertical pump motor design can use a
hollow shaft or solid shaft. On hollow-shaft units, the pump shaft extends upward through the
motor shaft and is supported at the top of the motor shaft. On solid-shaft units, a solid coupling
is provided (usually by the pump manufacturer) to provide a rigid attachment between the pump
shaft and motor shaft extension.

Reciprocating pumps use sleeve and antifriction bearings. Some use all of one design
where others use a combination of both.

Lubrication

There are several methods used to ensure that pump components, including bearings, are
sufficiently lubricated to allow long-term pump operation. Antifriction pump bearings can be
grease or oil-lubricated. An oil film develops between the rotating parts, thereby reducing or
eliminating wear. To establish the proper oil film, the proper grease or oil must be used.

Grease lubrication is normally limited to small, low-horsepower, non-critical pumps
operating at low speeds and relatively low temperatures.[3.6] A more common lubrication
system for centrifugal pumps is the oil flood system. In this system, the bearing housing contains
the oil sump, with the sump level being maintained at the center line of the bearing. As the shaft
turns, oil gets distributed to all parts of the bearing(s).

Ring-oiled lubrication systems are used where, due to speed or loads, a flood system is
not adequate. In this design, rings of a larger diameter than the shaft are immersed in oil and
when the shaft rotates, the rings carry oil up from the reservoir to oil flingers which throw the
oil into the bearing.
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An oil mist system is another method to lubricate pumps. In this system, an oil aerosol
is dispersed into the bearing housing.

Sleeve bearings, or journal bearings, can be lubricated either by oil rings (as described
above) or a pressurized forced feed. In forced-feed systems, the main oil pump can be coupled
directly to the pump shaft or separately driven by an electric motor. Also, an auxiliary oil pump
is used on critical pump oil systems to ensure an uninterrupted supply of oil in the event of a
main oil pump failure.

Rotary pumps are designed to operate on liquids with lubricating characteristics. The
rotary pumps in this guideline pump fuel oil and lubricating oil, and both are high in lubricity.

Reciprocating pumps use a splash-type lubrication system or a torce-feed system. With
splash lubrication, an oil scoop, mounted on the crankshaft, throws oil by centrifugal force
against the frame wall. The oil then is distributed by gravity to other pump components
(crosshead, wrist pin and crank pin). At low speeds, this is not adequate and requires partial
force feed. Force feed systems may employ drilled passages in the crankshaft, piston rod, etc.,
to supply oil to all bearings.

Shaft Seals

Shaft seals prevent leakage of the pumped fluid from the pump. This is normally
performed by packing or mechanical seals.

Packing is the simplest method of sealing between the shaft and pump casing. Packing
rings are inserted into a "stuffing box" area. Lantern rings are often used to provide for injection
of lubricant or for cooling the packing. Packing is used to control leakage, not necessarily to
eliminate it. Packing materials can be proxidized polyacrylonitrile (PAN) fibers, carbon fibers,
and graphite fibers.

Mechanical seals (Figure 3-17) are the most common method of sealing centrifugal
pumps. There are two basic types; pusher types, where the secondary sealing members slide
along the shaft sleeve as the seal moves and wears, and nonpusher (bellows) type, where the
secondary seal is fixed to the shaft. Secondary seals are O-rings or other suitable gasket material.

3.4.5 Description of Predominant Types of Pumps

Most of the pumps in nuclear service are one- or two-stage centrifugal motor-driven
pumps. Both vertical and horizontal types are used. Many of the pumps evaluated in this AMG,
such as the charging, safety injection, auxiliary feedwater, and other high-head pumps are
multistage motor-driven centrifugal units. Some centrifugal pumps are turbine-driven. Double-
suction designs are frequently used for residual heat removal pumps, where service requires
operation at low available Net Positive Suction Head (NPSH). Reciprocating pumps find limited
service in nuclear plants for make-up flow, seal injection tlow, or chemical mixing service.
Rotary pumps are frequently used in lubricating oil and fuel oil systems.

3-27



AGING MANAGEMENT GUIDELINE FOR PUMPS

Spring Secondaryseal ,_'__

'

Figure 3-17. Typical Mechanical Seal.[3.6]

Tables 3-7 and 3-8 provide typical pump design and operating parameters. Tables 3-9
and 3-10 list the manufacturers for these pumps. This information was obtained from the
NPRDS database and responses from several utilities to a questionnaire.

3.4.5.1 Centrifugal Pumps

Auxiliary Feedwater Pump

PWR auxiliary feedwater (AFW) pumps supply feedwater to the steam generators under
plant start-up, normal shutdown, hot standby, and emergency conditions. AFW pumps are
generally multistage (from 6 to 12) with low specific speed, high head per stage impellers, having
either vane diffuser or volute collection chambers at the discharge section of each stage. The
overall construction is always an axially (horizontal) split outer casing with internal stage-to-stage
connecting flow passages.J3.12] Specific details of construction vary considerably from
vendor to vendor. The main factor that determines these more specific configuration details is

the design approach used to handle very large axial thrust forces on the rotor and to prevent inlet
stage cavitation.

Pump design configurations can have all stages positioned in the same axial direction (in-
line) or a configuration with the stages on half of the shaft axially opposed to those on the other
half. The opposed stage design is for thrust cancellation. Opposed-type configurations are often
designed with only a thrust bearing whereas in-line configurations are always designed with an
additional thrust balancer (balancing drum or balancing disk).
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Table 3-7. Pump Application Summary -- PWR Pumps i

Design Parameter Ranges

Servict. System Fluid Type Onentation Annual Operating Remarks
Temp _C Flo_ LPM Head kPa Hours/Starts

[-F] [GPM] [PSl]

Auxiliary Auxiliary. [7)emineralized Centrifugal Honzonral 4-65 760-5.300 3.450-13.10() Standby ser_ ice. Used Cast carbon or stainless
• _ [,(X-1.400] [_(R)-1.900] dunne, start-ups and steel casing Other wettedFee&_ater Fee&_ater Water t'rom CST 4Multi-Stao_e) [40-150] " ) . . ,

shutdoxvns and quarterly parts stainless or cast allo+

System testing steel.

Boric Acid Chenucal and 12% Boric Acid Cenmfugal Honzonral t_6-120 95-380 115-1.035 One runs continuous: All materials stainless steel.

Transfer Volume Control Solution t Single-Stage) [150-250] [25- 100] [17-150] others in standb._ and

System (CVCS) tested quarterly'

Charging Chemical and Borated Centrifugal ttori,'ontal 21 -205 450-1.515 6.895-18+960 One pump runs Ca.,ing is stainless steel
Volume Control l)emineralized [70-4(X)] tl20-400] [I.(KR)-2.750] cominuous Others in i SS} or carbon steel clad

S_stem iC\'CS_ Water standby and tested with SS. All wetted parts
quarterly. SS or equi_ alent.

Reciprocating Honzontal 21-150 76-380 15.860- !8.960 One pump runs Casing is stainless steel

[70-3(_)1 [20- IGX)] 12.300-2.750] continuous. Others in <SS) or carbon steel clad

IQ_ standby' and tested with SS All wetted parts
quarterly. SS or equi_ alent.

Closed Cooling Component Treated Cenmfugal Horizontal 26-_3 7.570-45.420 240-1.310 Continuous. An Ca.,_tiron or carbon steel

Water Cooling Water Deminerulized _Single-Stage) {S0-2(_.)] [2000- [35-1901 installed spare is ca_,mng, casing, bronze
Water 12.(XXq normally available impeller, and SS shaft.

Containment Containment l)emineralized Centnfugal Vertical 10-140 380-11.350 100-1,035 Standby Ser,,ice. Tested Normally in a dry. sump.

Recirculation Reclrculation Water and [50-2S5] [100-3.t_.R)] [15-150] onl_ dunng refueling Takes suction from open
Borated Water per Tech Spec. sump.

Containment Containment Slightly Borated Centrifugal Horizontal 2-13S 3.670-12.100 090-3.450 Nornrally operated only Matenals are stainless steel

Spray Spray Demineralized _Singlc-Staget _.Most_ or [35-2S0] [_70-3.200] [100-500] t_r te_ting per Tech or equivalent.
Water with \'ertical Specs.

NaOH

Emergency Emergency Fuel Oil Rotar_ or Honzonral or 5-32 26-150 14-280 lnternuttent. Ca_,;talloy casing and
Diesel Generator Diesel Generator Centrifugal k:enical 140-t_01 [7-401 [2-411 internals

Fuel Oil Transfer 15-30 start._'yr.
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Table 3-7. Pump Application Summary -- PWR Pumps (continued)
Design Parameter Ranges

Serwice System Huid Type Orientation Annual Operatmg Remarks
" " Temp C Ho_ LPM Head kPa Hours/Start.s

[OF] [GPM] [PSll

.07-- 6 Runs 90-200 hr/vr Cast alloy casing and
Emergency Emergency Treated Sereice Centrifugal Horizontal 2¢,-71 1,890-3.785 " "7 . .
Diesel Generator Diesel Generator Water _Single-Stage) (gO-160] [500-1,000] [30-40] internals.

Jacket Water

Lubricatin£ Oil Various Oil Rotao.' _Gear) Horizontal 10-105 23-415 69-620 Auxiliary lube oil Cast iron casing.
I50-220] 16-110] [10-90] pumps run continuous

others intermittent.

Primary Water Primar3 Demineralized Centrifugal Horizontal 2-65 570-760 690-895 lnternuttent All materials stainless steel.
Water/CVCS Water [35-150] [ 150-200] [ 100-130]

Residual Heat Emergency Core Borated Centrifugal Horizontal or 21 -177 5,675-32,171,) 690-3.1 tK) lnterrtuttent -- Used All wetted parts stainless

Removal Cooling System Demineralized (Single-Stage) Vertical In- [70-350] [1,5(_,)-8.500] [100-450] primarily for deca) heat steel or corrosion-resistant
Water/Reactor Line removal during plant material. Casings may be

Coolant outages, cast steel.

',.,o 2- I_,0 760-18.t_25 6.895-10.340 Normally operated only Casing. v,.etted parts are
Safety Injection Emergenc', Core Borated Centrifugal Horizontal or . - -

O Cooling System Demineralized (Single-Stage Vertical [35-3(X)] [200-5.(_1 11.0_X)-1.500] for testing per Tech stainless steel or other
Water and Multi- Specs. corrosion-resistant material(A296).

Stage )

-, -_.r, 14"_-690 Continuou.,. Cast iron casing
Service Water Service Water Raw Water Centrifugal Horizontal or 0-38 1._ 10-56.7 ......

(Fresh. Salt. or (Single-Stage Vertical [33-1001 [320-15.0(X)] [50-1001
Brackish Water) Multi-Stage}

E,_sential Serxice Strained Racy Centrifugal Vertical 0-38 760-52.990 345-690 One runs continuous. Steel or cast iron casing

Water Water (Fresh. (Multi-Stage) [33-100] [200-14.0t_.)] 150-1(X)] others in standb). Stainless or corrosion-resistant internals.
Salt. or Brackish

Water

Spent Fuel Pool Spent Fuel Pool Borated Centrifugal 27-49 380-680 150-9(X) Continuous All materials stainless steel.
Cooling Demineralized (Single- Stage ) [80-120] [ 1(X)-180] [22-130]

Water
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Table 3-8. Pump Application Summary -- BWR Pumps !

Design Parameter Ranges

Service System Fluid Type Orientation Annual Operating Remarks
Temp "C k-'lo,._LPM Head kPa Hours/Starts

I_F1 IGPM1 IPSil

Closed Cooling Component Treated Centrifugal Horizont',.d 20-03 7,570-45,420 240-1,310 Continuous An Ca.,_tiron or carbon steel
. . _ • [_-1901 installed spare is casting, ca.King, bronzeWater Cooling Water l_emineralized tSin_le-Staee_ 180-200] [_.t_)- I_.0th)] ..

Water normally a_ailable, impeller, and SS shaft

Conu-ol Rod Control Rod l)emineraltzed Centrifugal Horizontal 4-43 265-360 0.050-I 1.720 One pump runs T_o pumps Ca_q "alloy

l)ri,.e l)n_e H,.draulic \\'ater 140-110] L70-_51 [l.4(_a-l.7(R)] continuously. One in casing, a.xiali} split.
Muhi-Stage standb,. Standby pump Stat_onar). internals are ca.q

is run monthly for iron Stainless steel shaft

testing Ca._t allov wear nngs

Core Spray Emergent,. Core l)emineralized Centrifugal Vertical 4-._0 11,355-22.710 1.8602.140 Normally operated only Single-stage. ca.st steel
Cooling System \Vater l'rom 140-1201 [3.{RR)-6,(RR)] [270-310] for testing per Tech casing, stmnless steel shall

Suppression Pool Spec bronze mapeller. \,.ear rings
or Condensate

Storage Tank

' _- _" 2b- 150 14-280 lnternuttent Cast allo,, casing and
Emergency Emergency Fuel Oil Rot:u'x or Horizontal or .....

"- Diesel Generator Diesel Generator Centrifugal Vertical 140-o01 17-401 12-411 internals

Fuel Oil Transtk'r 15-30 start_yr. ,,.

_07-./b
Emergency Emergency Treated Service Centrifugal Horizontal 26-71 1.800-3.785 " "_ Runs 00-2(_3 hr/.xr Ca_,;tallo,. C:L,,tngand
Diesel Generator Diesel Generator Water (Single-Stage) [,g0-1_)1 [5(_0-I,tRR)] [30-40t internals

Jacket Water

ttigh Pressure Emergency Core l)emmeralizcd Centrifugal Horizontzd 4-49 11,355-18.025 1,380-10.340 Norm',dly operated only Cartxm steel ca.,;t ca.qng.

Coolant lniection Cooling S_stem \Vater from 140-1201 [3.(_)- 5.(_)] [2iV0-1.5(R)] for testing per Tech Stainless steel or ea.luivalent
Suppression Pool Spec. corrosion-resistant shalt and
or Condensate impeller Pump is turbine-

Storage Tank driven, xanable speed

Lubricating Oil Various Oil Rotm'x _Gcm) Horizonr, d 10-105 23-415 60-020 Auxiliary. lube oil Cast iron ca.,;ing
- 3"3)1_0---( 1 t6-110] [ 10-O0l pumps run continuous;

others intemuttent.

Reactor Core Reactor Core l)eminerallzed Centrifugal Honzonr,.d 4-40 1.515-2.050 1.380-10.340 Normally operated only Ca.<t steel ca.sing, stainless

Isolation Cooling Isolation Cooling Water from [40-120] [4(R)-7(X)] [20()-1,5(X)I for testing per Tech steel shaft, bronze wear
Suppression Pool Multi-Stage Spec. nngs. and impeller,
or Condensate Turbine-driven. ,,anable

Storage Tank speed
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Table 3-8. Pump Application Summary m BWR Pumps (continued) 1

Design Parameter Ranges

Sere'ice System Fluid Type Orientation Annual Operating Remarks
Temp °C Flow LPM Head kPa Hours/Starts

[°F] [GPMI [PSI]

Reactor Water Reactor Water Reactor Coolant Centrifugal Horizontal 49-295 360-680 1.515-9.650 Continuous. All materials stainless steel

Cleanup Cleanup [ 120-560] [95-180J I220- i.400] or equivalent.

Residual Heat Emergency Core Demineralized Centrifugal Horizontal or 4-177 5.675-32.170 690-3.100 Intermittent -- U_d All wetted parts stainless

Removal Cooling System Water/Reactor (Single-Stage) Vertical In- [40-_ 30i [I.500-8.5001 [100-450] primarily for decay heat steel or corrosion-resistant
or Shutdown Coolant Line removal during plant material. Casings may be

Cooling outages, cast steel.

Service Water Service Water _a_ Water Centrifugal \'ertical or 0-38 1.210-56.775 345-690 Continuotu,_. Cast iron casing.
(Fresh. Salt. or (Single-Stage Horizontal [33-100] [320-15.0001 [50-100t
Brackish Water) Multi-Stage)

Residual Heat Raw Water Centrifugal Vertical 0-38 I 1.355-27.630 345-805 Normally in standby. Carbon steel casing.

Remoxal Serxice (Fresh. Salt. or (Turbine-Type 133-1001 13.000-7.3001 [50-1171 except for testing and _less steel, or corrosion-

Water Brackish Water) Multi-Stage) during refueling resistant internals.

,._o operations.
!

tO Essential Service Strained Rat Centrifugal Vertical 0-38 760-52.900 345-690 One runs continuous. Steel or iron ca__mg.

Water Water (Fresh. qMulti-Stage) [33-1.00] [2(_)-14.O(X)] [50-100] others in standby. Stainless or corrosion-
Salt. or Brackish resistant internals.

Water)

Spent Fuel Pool Spent Fuel Pool Demineralized Centrifugal Horizontal 27-49 380-680 150-900 Continuous. All materials stainless steel.

Cooling Water ISingle-Stage ) [80-1201 [ 100-1801 [22-130]

Standby Liquid Standby Liquid Sodium Reciprocating Horizontal 27-65 130-235 4.480-8.410 Normall.v operated only Cast iron casing, cast steel.
Control Control Pentaborate [80-150] [34-621 [650-!.2201 for testing per Tech or stainless tntemals.

Solution Spec.
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Table 3-9. Pump Manufacturers - PWR Plants

Emergency

Emergency Diesel
Cloud Containment Diesel Generator Primary Residual

Auxiliary Bone Acid Cooling Recircula- Generator Jacket Lubricating Water Heat Safety Service Spent Fuel
Feedwater Transfer Charging Water tion & Spray Fuel Oil Water Oil Makeup Removal Injection Water Pool Cooling

Ingersoll- Crane Pacific Pacific Byron- Roper Decatur Electro- Ingersoll- Ingersoll- Pacific Byron- Ingersoll-
Rand Dermng Jackson Motive Rand Rand Jackson Rand

Byron- lnge_oll- Goulds Colt Ind. Byron-

Sulzer Goulds Jackson Rand Ingersoll- Viking Bingham Babcock Jackson Johnston Goulds

Bingham Rand Worthington Goulds Williamette & Wilcox

Ingersoll- Goulds Goulds Roper lnge_oll- Colt Ind. Worthington

By ron- Rand Pacific Worcester Crane Gould.,, Pacific Rand
Jackson Gaulin/ Worthing- Controls Denung Worcester Fairbank_ Bingham

Westing- Manton ton Crane Controls Goulds Bran & Morse Willian_tte
Worthing- house Deming Byron- Burks Lubbe
ton Crane Babcock & Jackson Fairbanks Worthing- Sulzer

Pacific Deming Wilcox Union Morse ton Worthing- Bingham
Viking ton

Babcock ARMCO Sulzer Goulds Worthing- Byron- Layne &

L_ & Wilcox Bingham Colt ton Jackson Goulds BO_d_rk_r
Union Worthington Industries

'_"_ Ward Blackrner Bingham Sulzer Aurora

Crane Babcock & Crane Bingham

Demmg Byron- Wilcox Deming DeLaval Worthing-
Jackson ton

Ajax Iron Sulzer Johnston
DeLawal Bingham Ingersoll-

Rand

Crane

Deming Peerless

Allis Babcock &

Chalmers Wilcox

Hayward-

Tyler

Goulds

Bing_ham
Williarr_te

IIIIIIIIII
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Table 3-10. Pump Manufacturers - BWR Plants

_ency

Emergency Dte_l Reactor

Cloud Control Rod Die_l Generator High Pressure Core Reactor Residual Spent Fuel Standby

Cooling Drive Core Generator Jacket Coolant Lubrication l_latJon Water Heat Service Pool Liquid
Water Hydraulic Spray Fuel Oil Cooling InJection Oil Cooling Cleanup Removal Water Cooling Control

Ingersoll- Worthington Ingersoll- DeLaval Peerless Byron- Viking Crane Ingersoll- Byron- Goulds Goulds Union
Rand Rand JacL,_on Deming Rand Jackson

tlnion Electro- Crane Sier-Bath IngersoU- Peerless Sulzer

Milton Crane Moti_e Deming Tuthill Gear Bingham Union Sulzer Rand Bingham
Roy Denung Williamette Bingham Umon

Viking Ingersoll- Ingersoll- Johnston

Byron- Worthing- Rand Rand Gou_
JacL,;on ton Roper Worthing-

Decatur Tuthill Pacifx ton

Worthing- Goulds
ton Allies Electro- Ingersoll- Crane

Byron- Chalme_ Motive Rand Deming

Goulds Jackson
Colt Ind. Colt Ind. Bingham Byron-

L_ Fairbanks Suizer Williamette JacLsonI

Morro Bingham IMO
-l_ Layne &

Peerless Bingham Bowler

Sulzer

Bingham

Aurora

Hayward
Tyler

Allis

Chalmers

DeLa_,al

B_
Wil_
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Charging Pump

Charging pumps in PWR Emergency Core Cooling Systems (ECCS) automatically start
upon receipt of a safety injection signal and deliver low flow at high pressure to the Reactor
Coohmt System (RCS). These pumps are also typically a part of the Chemical and Volume
Control System (CVCS) and, lbr this use, one of the two pumps is generally operating to provide
a normal path for borating or diluting the RCS, for reactor coolant pump seal cooling, and lbr
normal makeup.

The charging pumps are typically horizontal multistagc centrifugal pumps. Pumps are
generally stainlcss steel or carbon steel clad with stainless steel on the interior. The pumps are
motor-driven.

Safety Injection Pump

Safety injection (SI) pumps are used in PWR ECCSs to automatically start upon receipt
of a safety injection signal and deliver intermediate flow at intermediate pressure to the RCS.
There are normally three pumps installed for this function, and all arc maintained in a standby
condition.

The SI pumps are typically hc_rizontal multistage centrifugal pumps driven by motors.
Some applications use vertical line shaft pumps driven by electric m_tors. The pumps are usually
fabricated ti"om stainless steel because they are connected to the RCS.

Containrnent Spray Pump

Containment spray (CTS) pumps arc used for PWR containments to automatically start
upon receipt of a containment spray/containment isolation signal, or may bc manually initiated
to spray cool water (sodiunl hydroxide solution) into the containment atmosphere to limit
pressure buildup during accidcnt conditions. Also, the spray rcmovcs radioactive iodine isotopes
from containment. There are generally two pumps, each associated with an independent and
redundant system. The pumps arc normally maintained in standby condition. The pumps are
mounted vertically or horizontally and arc single stage centrifugal pumps fabricated from :.:rainless
steel. The pumps are located outside containment, in a mild environment. These pumps are
normally operated tbr testing purposes only. Testing is typically performed monthly or quarterly
for one to four hours.

Containment Recirculation Pump

The containment recirculation pump is used in some PWR plants; however, it is not
common to all PWRs. These pumps are stainless steel vertical-mounted centrifugal pumps. The
pumps are located over the containment sump. Thc pumps are normally maintained in standby
condition and, in the event ¢_fa large pipe break, take suction from the recirculation sump and
deliver spilled reactor coolant and borated refucling water hack to the core. Plants which do not
have containment recirculation pumps use the residual heat removal, safety injection or
containment spray pumps for this function.
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Since the recirculation punlps are normally in a dry sump, testing can only be perfc_rmed
during rel'ueling outages by filling the sump with water.

Primary Water Makeup Pump

The primary water makeup puunp, typically two per phmt, is installed in PWR facilities
to feed dilution water from either monitor tanks (pn_cessed water) (_r the primary water storage
tank to the b¢_ric acid system for blending the boric acid solution. The pumps are also used to
supply makeup water for intermittent I'lushing of equipment and piping.

The pump(s)is sized to match tile nlaximunl R('S letdown flow. Typically, one pump
serves its a standby for the other. The pumps are centrilugal, constructed of austenitic stainless
steel.

Boric Acid Transfer Pump

The boric acid transfer pump is used in PWR plants as part _I the ('V('S. This pump
provides for recirculation of the boric acid system, m_rmal makeup of boric acid s_lution, and
provides boric acid directly t_ the charging pump suctiem for emergency boration purp¢_ses. This
pump is generally a two-speed h¢_riz¢mtalcentrifugal pump. All parts in c_lltltcl with the boric

acid solutions are austenitic stainless steel or other adequate corrosion-resistant material. The
pumps (normally there are two or more pumps per plant_ are thermostatically controlled with heat
tracing and insulation to maintain a temperature well above the solubility limit o1' the boric acid
solution to prevent pump rotor binding from boric acid crystals. The boric acid solution is
generally !1-13% weight percent boric acid.

!] igh-Pressure Coohmt Injection Pumps

The High-Pressure ('oolant lnjecti¢m (tlPCI) System in a high pressure E('('S in BWR
plants. This system ensures adequate core cooling takes place for all pipe breaks less than those

sizes for which low-pressure coolant injection (I,F'CI) or core spray can satisfactorily protect the

core. The HPCI pump is usually turbine-driven using reactor steam. The pump takes suction

from the condensate storage tanks or the c_mtainment wetwcll and in.jeers the water to a
fcedwater line.

The HPCI pump is a multistage centrifugal with a carbon steel casing, stainless steel shaft

and impellers, and bronze wear rings. The pump is normally on standby and in _perated monthly

or quarterly for testing purposes.

Reactor Core Isolation Cooling Pump

The Reactor Core Isolation Cooling (RCIC) System is a BWR system which provides an
auiollla|ic supply of makeup water to the react_r core when the reactor is isolated from the

turbine, the reactor fecdwater system is unavailable, and the primary system relief wdvcs are

being used to maintain vessel pressure. The system starts automatically during a loss _t" all AC
power to maintain the water level above the c_rc. The RCIC pump is driven by a turbine.
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Tile RCiC pump can take suction from the condensateslc_ragetanks_r suppressionp¢_ol
and discharges the water to a reactor feedwater line during emergency conditions. The pump is
normally operated on a monthly or quarterly basis for testing purposes only. The pump is a
horizontal multistage centril'ugal type pump. The ptllnp casing is typically castcarbon steel with
stainless shaft and bronze impellers. Shati sealsare typically mechanical seals.

Cork Spray Pumps

The Core Spray System ix a low pressure ECCS in a BWR plant which functions to
deliver sufficient cooling water, in the form of spray, to the core t_ prevent fucl clad melting.
Newer BWR phmts have high pressure core spray pumps as-well-as low pressure core spray
pumps. The core spray pumps arc vertical, single stage, double suction centrifugal pumps. In
the event of a loss-of-coolant accident (LOCA), these pumps take sucti_m from either lhe

suppression pool or condensate storage tank and discharge to a spa,'ger ring inside the reactor
vessel inner shroud.

The core spray pumps are generally fabricated from cast carbon steel, with a stainless
steel shaft, stainless or bronze impeller and bronze wear rings.

Residual Heat Removal Pumps

The residual heat removal (RHR) pumps in BWR applications are single stage, vertical,
centrifugal pumps, in PWR applications, these pumps arc the same type, cxccpt they may be
installed vertically or horizontally. In BWRs thc R|IR pumps/system arc aligned for LPC! as
part of an ECCS to restore and maintain the core water level in the event of an LOCA and (in
a BWR) head spray and containment spray/cooling. In PWRs, RHR pumps arc used during plant
cooldown. PWR RttR pumps take suction from a hot leg (reactor coolant) and circulate it
through the reactor. During normal plant shutdown, the RHR pumps for PWRs and BWRs arc
utilized to remove decay heat from the reactor vessel primary coolant.

The RHR pumps are typically cast carbon steel or stainless steel casings with stainless
steel shafts and impellers, A mechanical seal is usually used for shaft scaling. The wearing
rings are usually bronze material.

Control Rod Drive Pump

Control rod drive (CRD) pumps are used in BWR reactor control systems. There are two
pumps, each 100 percent capacity, driven by motors. One pump runs during normal operation,
and one ix in standby. These pumps arc multistage diffuser-type horizontal centrifugal pumps.
They process demineralized water, either condensate reject or water from the condensate storage
tanks. Pump casings are cast alloy steel, split axially to form an upper and lower casing. Tile
impellers are made of cast alloy steel and the stationary internals are made of gray cast iron. The
shaft is stainless steel. These pumps operate at low lqow, high pressure.

3-37



A(;IN(; MANA(;EMiiNT (;lllDI{I.INF. FOR PRIMPS

Closed Cooling Water Pumps

Closed cooling water pumps are used in both PWRs and BWRs. These pumps are
installed in wu'ious systems, including:

• Component Cooling Water

• Auxiliary Building Closed Cooling Water
• Containment Chilled Water

° Emergency Equipment Cooling Water

° Reactor Building Closed Cooling Water

These pumps supply treated cooling water to safety-related equipment. The Closed

Cooling Water Systenls remove heat fronl the primary water system and reject it to the service
water (or intake source). There are normally two or more pumps installed in separate

independent loops. One pump is normally in standby (or, installed spare) with the other pump(s)

running to provide normal cooling capability.

The pumps are horizontal centrifugal type, pumping chemically treated demineralized
water. The water is treated with a corrosion inhibitor, suet1 as sodiunl nitrite or potassium
chromate.

Service Water Pumps

Service water pumps are used in both BWRs and PWRs. The service applications include

auxiliary service water, essential service water, nuclear service water, residual heat removal

service water, and emergency diesel generator essential service water. The system names vary

from plant-to-plant. These service water pumps take suction from an intake source and provide
flow and head to cool wlrious systems equipment. The heat is rejected to the ultimate heat sink

by direct discharge or sometimes with an assist from cooling towers.

The service water (SW) pumps installed in PWR facilities provide cooling water for

safety-related equipment, emergency backup supply to control room air conditioners, and a

backup water supply for the auxiliary feedwater system. At least one pump is normally running

to supply the cooling loads, and the other pump(s) is in standby and will automatically start on

low SW header pressure, a safety injection signal, and upon plant blackout signal. There are

normally two separate, redundant loops, each with one or more pumps. The pumps take suction

from the plant intake, after the water passes through a series of coarse and fine mesh screens.
An automatic, continuous strainer is in the discharge of each pump to remove solids prior to the

water entering plant equipment. The pumps are vertical centrifugal multistage sump-type or

turbine-type pumps capable of high flow at low head. Depending on the plant location, the fluids

pumped may be fresh water or sea (brackish) water.

The service water pumps typically installed in BWR facilities are all similar in design and

function. Some of the pumps are in continuous service and others are in standby.

• Residual Heat Removal Service Water (RHRSW)

• Emergency Service Water (ESW)
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• Emergency Diesel Emergency Service Water (EDG-ESW)

These pumps supply untreated cooling water to safety related equipment during normal
operation and during accident conditions. The pumps are vertically mounted in the intake
structure. They are multistage centrifugal turbine type, driven by electric motors. The impellers
are immersed in the pump bay. Water leaving the pump bowl assembly flows vertically up the
pump column along the pump shaft. The water is the lubricant for the pump bowl and line shaft
bearings. These pumps are normally in standby and are operated monthly for testing. Typical
pump materials are carbon steel for the casing, carbon steel or cast iron bowl, stainless steel
shaft, bronze impellers and bronze or stainless steel rings.

Spent Fuel Pool Cooling Pump

The Spent Fuel Pool Cooling Pumps are part of the Fuel Pool Cooling/Demineralizer
System and used in both BWR and PWR plants. There are normally two pumps which run
continuously to maintain the temperature and clarity of the fuel pool water. These pumps
recirculate the water in the spent fuel pool. PWR spent fuel pool water contains borated (i.e.,
2,000-2,500 ppm) demineralized water whereas BWR spent fuel pools contain only demineralized
water.

The pumps are single-stage horizontal centrifugal type with an overhung closed impeller.
The pumps are stainless steel with stainless steel shafts and impellers.

Reactor Water Cleanup Pump

The RWCU System provides continuous purification of a portion of the reactor
recirculation flow in a BWR reactor. This system contains two pumps in separate, independent
loops. Each pump provides 50 percent of system capacity. The pumps are horizontal centrifugal
type, fabricated from stainless steel.

Emergency Diesel Generator Jacket Water Cooling Pumps

The jacket water cooling pumps are motor-driven, horizontal, centrifugal pumps which
typically run only when the diesel generator is in operation. These pumps supply chemically
treated water (closed system) through the engine for cooling purposes. Pump capacities range
from 1890 to 3785 liters per minute [500 to 1,000 gpm] at 207 to 276 kPa [30 to 40 psig].
Water temperature is maintained at 26° to 71°C [80° to 160°F] to cool the engine during
operation and to maintain the engine in a warm, standby condition. An auxiliary jacket water
pump is typically installed to circulate the warm water during standby conditions. This pump
is a much smaller horizontal centrifugal pump with a capacity of 38 to 190 liters per minute [10
to 50 gpm].
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3.4.5.2 Reciprocating Pumps

Charging Punlp

A PWR charging pump can he a reciprc_cating pump as well as a centrifugal pump. The
centrifugal charging pump was described in Section 3.4.5. I. The reciprocating charging pump

functions similar tl_ the centrifugal pump. They automatically start and stop on demand as

pressurizer pressure decreases or increases with l_md transients _r w_rying plant conditions. One

iif thc primary purp_,es ix to pn_vide m_rmal R('S makcup t]l_w; another is t() borate or deborate

the RCS. Normally, cmc charging pump is running to balance letdown purification flow and

reactor coil]ant pump lcak-¢_ff flow with charging tl¢_w into the RCS. The pumps are typically

pistcm triplex pumps.

Some plant installations inclucle a reciprocating charging pump with two centrifugal

charging pumps. The reciprocating pump in this conl'iguration is typically maintained in a

standby ccmdition.

Standby Liquid Control Pumps

The Standby Liquid ('cmtrc_! (SI_C) System is used in BWR plants and is designed to

in jecl a sodium pentaborate s_luti_m int_ the reactor c_re at a ccmtn_lled rate to bring the reactor
tl) a shutdi_wn cimdition even if all the contrcfl rods are 100% withdrawn and unavailable for

insertiim. The system, as its name implies, is normally in standby and is manually initiated by

plant operators.

The pumps are typically stainless steel recipn_cating triplex plunger type which arc driven

by electric motors through a triple reduction gear reducer. The plungers are typically overlaid
with ('_lnnmoy _r equivalenl wear-resistant material.

in the standbv ccmditi(m, the SLC System is filled with the b()rated solution to tile

upstream side of the pump inlet valve. The suction piping and pump plunger casing are
electrically heat traced to avc_id crystallization of the solution. The pump plunger seals prevent

the soluticm t'ri)m entering the pump outlet and discharge lines. The suction line is drained ()1"

sc)iutic)n prior to testing with demincralized water.

3.4.5.3 Rotary Pumps

l.uhricating Oil Pumps

l.ubricating (_il pumps are used in the lubricating (_il subsystems _t" large equipment, such

as the ltP('I pump, centrifugal charging pump (C('.P) and the emergency diesel engine. The

pumps evaluated are n_tary p(_sitive displacement type gear pumps. These pumps are small

motor-driven pumps with capacities l'anging from 23 tc_415 liters pcl" minute 16 tc_ 110 gpm].
l)epending on the design service, the pumps may he run continuously c)r intermittently.
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Emergency Diesel Generator Fuel Oil Transfer Pumps

The fuel oil transfer pumps associated with the emergency diesel generators are usually
small, motor-driven rotary gear pumps with capacities ranging from 26 to 150 liters per minute
[7 to 40 gpm]. Some plants use multistage centrifugal pumps for this service. These pumps run
intermittently to maintain fuel oil level in the diesel oil day tanks.

3.5 Design Requirements

The design requirements for pumps in nuclear service have evolved since the early 1960s.
Prior to 1963, pumps were typically designed to the guidelines of the Hydraulic Institute (first
published in 1917). For nuclear applications prior to 1965, the ASME Boiler and Pressure Vessel
(B&PV) Code, Section VIII, "Unfired Pressure Vessels Built by Welding" was cited for the
pressure boundary. Following issuance of the 1965 ASME B&PVC, Section III "Nuclear
Vessels," pump pressure boundaries were designed to either Quality Group A, B, or C
requirements. In 1968, a draft ASME Code for pumps and valves for nuclear power was issued
for comment and was cited for pump design until its inclusion in the 1971 ASME B&PV, Section
III. Since 1971, the design of pumps employed in mechanical systems important to nuclear plant
safety and production have cited Section III for pressure boundary design. Pump designs for
balance-of-plant applications commonly followed the Hydraulic Institute guidelines as a
minimum.

Until 1977, the focus of the ASME B&PVC was on the design, fabrication, construction,
and testing of the pressure retaining boundary (shell or casing). The 1977 code further defined
the design boundary to include structural internals, integral pump support elements, and other
components (except shafts, impellers, nonstructural internals, and seals). Specific design
guidance based on pump classification Types A through L, per Table 3-11 was also given.
Design requirements specified in later editions of ASME Section Ill have not been substantially
modified. Code Case N-119-6 (approved September 5, 1985) set forth the material, fabrication,
and examination requirements for internal components of ASME Class 1, 2, and 3 pumps.
However, the design of pump components other than the pressure boundary remains in the
manufacturer's jurisdiction/specification.

Pump designs are based on at_alytical and laboratory test results and historical
performance. Formal stress and fatigue calculations in accordance with the ASME B&PV Code
are performed t'or all pressure boundary components (casing, cover, seal, flange, etc.). The
design of rotating or moving elements including the shaft and impeller also involve a stress
analysis and application comparison to previous designs. Selection of materials for all elements
is based on the service application, environmental data, and expected duty.

The resistance of pump components to various aging mechanisms is determined to some
extent by the properties of the metals selected. Metallurgical processes which occur over long
periods of time can often change the molecular structure and chemistry in localized areas which
significantly reduce the original resistance to specific aging mechanisms. Metallurgical
dealloying processes are usually those pertinent to the materials selected fbr pumps in these
applications. Examples include dezincification and dealuminalization tor brass and bronze
materials and graphitic corrosion for cast iron materials (see Section 4). These processes are
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known to occur in aqueous environments, but they are as dependent on the original material
chemistry/forming processes and calendar time as they are the environment. These metallurgical
changes to materials usually originate at the exterior surface where they affect resistance to
corrosion, erosion, fatigue, and wear.

Table 3-11. ASME B&PVC Section III Pump Classification

Pump Type Description,of Pressure Boundary

A Single Volute, Radially Split Casing, Single Suction

B Single Volute, Radially Split Casing, Double Suction

C Double Volute, Radially Split Casing, Single Suction

D Double Volute, Radially Split Casing, Double Suction

E Volute Type Radially Split and Multivane Diffusers

F Radially Split Axisymmetric Casing with either Tangential or Radial Outlets

G Axially Split, Single or Double Volute (Class 2, 3)

H Axially Split, Barrel Type Casings and Radially Split Covers (Class 2, 3)

J All other Pumps (Class I)

K Vertical Turbine Pump (one or more stages) with Radially Split Casing and Barrel Enclosure
(Class 2, 3)

L Vertical Turbine Pump (one or more stages) with Radially Split Casing (Class 3)

3.5.1 Compliance with Standard Review Plan

NUREG-0800[3.13] establishes the format and content requirements of the safety
analysis reports prepared for nuclear plants during design and construction. NUREG-0800 does
not require the licensee to specifically address the provisions for detection and mitigation of
aging. Overall, the review of NUREG-0800 did not identify any criteria related to pump aging
beyond the requirements for testability. Accessibility for testing ensures a method of detecting
degradation.

NUREG-129913.14] focuses on the license renewal requirements in 10 CFR 54. The
format and content of the integrated plant assessment, to be prepared in support of license
renewal application, is described. The primary purpose of the assessment is to determine the
effectiveness of plant programs to detect and mitigate age-related degradation of SSCs.

NUREG-129913.14] is a draft document only. This document identifies each system
which may be important to license renewal and is intended to be used by the NRC staff during
performance of safety reviews of applications for renewal of nuclear power licenses. It provides
the framework to ensure that (among other things) the application identifies SSCs which are
important to license renewal, significant age-related degradation has been identified and
evaluated, and programs to manage aging are or will be implemented. NUREG-1299 discusses
pump aging for typical SSCs important to license renewal. Typical aging age-related degradation
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mechanisms that could affect the operation and safety of the pumps in the systems are identified.
NUREG-1299 was reviewed to ensure that this AMG considers the identified aging mechanisms
and programs for management of pump aging. Sections 4 and 5 of this AMG include the
evaluations and conclusions of pump aging and aging management. Where applicable, additional
aging mechanisms and aging management programs identified in industry documents and lead
plant license renewal studies arc discussed,

3.5.2 Application and Qualification of Non-Metallic Materials

The non-metallic parts, such as gaskets, bearings, seals, packings, and lubricants are
required to maintain active functions, such as rotation, or a passive function, such as prevention
of leakage.

The important applications of non-metallic materials are discussed below:

• Bearings

Non-metallic bearings are used for small, light-duty pumps. The pumps evaluated in
this guideline do not use non-metallic bearings.[3.7]

• Lubricants

Lubricants in the form of oil or grease are used for pump shafts and bearings. Oils
and greases are fairly resistant to radiation. Other aging mechanisms result in
thickening, hardening, and contamination, and require replacement of oils and
greases.

• Bushings

Bushings can be made of metallic or non-metallic material. Non-metallic materials,
such as carbon, rubber, and impregnated graphite, are used as interstage and line-shaft
bearing and stuffing box bushings. Reciprocating pump bushings are generally
metallic.

• Gaskets and Packing

Gaskets are used primarily in flanged joints, such as between pump casing halves.
Gaskets are typically fully retained on all sides by metallic surfaces, protecting them
from direct radiation exposure. A gasket failure or shaft seal failure results in
leakage. However, the operability of the pump may not be affected.

Packing material is often used for pump shaft seals. Although most safety-related
pumps use mechanical seals to reduce the potential for leakage.
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• Seals

Seals can be in many different configurations, such as O-rings and labyrinths.
O-rings are used for sealing between mating metallic surfaces. O-rings are generally
elastomeric which is subject to compression set. O-ring and labyrinth seals can be
used on the shaft to prevent leakage.

• Couplings

Flexing-element couplings can be elastomeric. The oldest elastomeric design has two
steel disks, with the driving disk having rigid studs and a metal lined rubber bushing.
Some coupling designs place the elastomeric blocks in compression.

Qualification of other non-metallic materials is best handled by design review of materials
in contact with the pump fluid and environment. Elevated temperatures affect degradation of
non-metallics such as oil and elastomers. These materials require controlled operating
temperatures to function properly. As a rule, non-metallic materials can be qualified by
surveillance tests when operating temperatures and transient/accident temperatures are nearly the
same. If higher transient or accident temperatures are anticipated, then a material evaluation
needs to be performed.

The general threshold for radiation damage of non-metallic materials is 103 gray [ 105 rad].
However, for oils and greases, the threshold is 105 gray [10 7 rad], and asbestos t,nd carbon-based
materials, the threshold is 10 7 gray [109 rad] or greater.J3.10]

Tables 3-12 and 3-13 list published inlbrmation on allowable temperatures and radiation
exposure for some common non-metallic materials and lubricants used in pumps. The radiation
doses are based on studies of elastomer-based electrical insulation jacket combinations. [3.10]

It should be noted that almost all the safety-related mechanical equipment using oil

lubricants such as pumps and diesel engines are all located outside of containment where
integrated accident radiation doses are 10-' gray [107 rad], or less.

The materials listed in Tables 3-12 and 3-13 all have serviceable radiation levels of

5 × 104 gray [5 × 106 rad] or greater. This suggests that a specific review for non-metallic
material qualification is appropriate only for mechanical components located in the high potential
radiation zones. A threshold for all organic materials (except Teflon which is reported as
1.5 x 102 gray [1.5 × 104 rad] has been reported as 103 gray [105 rad],[3.10] while Table 3-13
shows that an oil and grease threshold should be 105 gray [10 7 rad]. These facts suggest the
following guidelines.[3.10]

1. Oils and Greases: Conduct a design review only if the integrated post accident
_s 7

radiation __xceeds 10- gray [10 rad].

2. Organic Materials: Conduct an analysis or test only if the radiation dose is >10 4 or

if the equipment contains no teflon and radiation doses are greater than 103 gray
[105 rad].
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3. Graphite and Asbestos Materials: Waive further design review if the only non-
metallic materials used in the equipment are graphite or asbestos based.

Table 3-12. Non-Metallic Material Allowable Temperature and Radiation Exposures*

Max Continuous Temperature Serviceable Radiation l,evel

i_opular Name ('hemic,'d l)esignation °C 1"1:1 gray [rad] '

Butyl (;R! isobutylene-lsoprene 85 11851 5 x 104 [5 x 1061

Neoprene (;RM Chloroprene 93 12001 5 × I()5 [5 × 107]

l:luna Butadiene 104 12201 5 x I() '115 x I()6]

EPR l'_lhylene l'ropylene 149 13()()] I x 10611 x I() _'1

l:luoro-elastomer Vinylidene fluoride + 2()4 [4(10] 5 x 105 [5 x I()7]

( Viton ) hex a fl uoro- propy [ene

Tefh}n ('I'!:!:_) I;lu{}t'{}ethylene 260 15001 1.7 x I() 2 [I .7 x I()4]

Nylon l}olyamide 149 [300] 4.7 × 104 [4.7 × I()6]

Tefzel l:lu{wopolymer 150 [3021 5 x I() s [5 x 107]

Note: Serviceable radiation level is intended Io he an order _)l"magnilu_le screening value to indicate the

relative imp_rtance of radiation, as compared with other aging factors such as temperature and wear,
in the overall evaluation of environmental qualification.

* /'cr Reference 3.1()

Table 3-13. Non-Metallic Material Radiation Data

Malerial I,latliali(m Trade Name

gray [rad]

()ils 5 x I()s 15 x I()71 All M_bil ()ils

I x I()r'[I x I()_'] tligh Quality ('onvcnlional Mobil Oils

Grease 2 x I() 5 12 x I()7] All Mobil Greases

3 x I()_' [3 x I()x] M_hilux 2 and 3

Mohilgrease Special

(;arg_yle 12()() and 12()()W

Mohilgrease 28 and 29

Mohillemp 7S
Mobilux l:.P2
Chevron (;rease 159

(;askets & Packing
Asbestos & Steel I()7 11(1'J] I;lexitallic
l;'luoro-l_lastonner (see "I'ahle 3-12)
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3.6 Operating and Service History

A review of industry data and documents was conducted to determine the industry-wide
operating experience with the pumps evaluated in this guideline. The types of documents
reviewed were:

a. LER database
b. NPRDS
c. NRC Bulletins, Information Notices, Generic Letters, and Circulars

d. Plant Operating and Service Data

A summary of the reviews of each of the above documents is discussed in this section.
Section 3.6.1 contains the LER database review and conclusions and Section 3.6.2 summarizes
the NPRDS review.

A list of the NRC Bulletins, Notices, Generic Letters, and Circulars applicable to the
pumps evaluated in this guideline is included in Table 3-6. These documents identify pump/
system degradation that is also contained in the LER and NPRDS information,

Plant operating and service data was received from several utilities in response to a
questionnaire on pump types, design parameters, and maintenance history. The pump failure/
degradation identified in these responses is also either included or in basic agreement with the
aging mechanisms identified in the LER and NPRDS information. For this reason, the LER and
NPRDS discussions adequately cover plant operating experiences and separate discussion is not
necessary.

3.6.1 Licensee Event Report Evaluation

LERs are submitted to the NRC by nuclear power plants for a number of reasons. Some
of the reasons which are applicable to pumps evaluated in this guideline include:

• Any operation or condition prohibited by the plant's technical specifications.

• Any event or condition that results in the condition of the nuclear power plant,
including its principal safety barrier, being seriously degraded.

• Any event where a single cause or condition caused at least one independent train to
become inoperable in multiple systems or two independent trains to become
inoperable in a single system.

A key word search of pump failures/degradations was performed on the LER database for
the pea'iod from 1980 through June 1992. The sort of LERs was further categorized to those
incidents where pump failures/degradations were potentially caused by aging mechanisms. The
categories are:

• Pump failures which were due to age/wear/end-of-life, fatigue or vibration
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• Pump failures due to corrosion, erosion, condensation, or high humidity/steam

• Pump failures due to foreign material, aquatic organisms, inadequate lubrication, or
radiation exposure

• Pump failures due to high or low temperatures

• All pump failures for the years 1980-1992

The results of this data search yielded 443 total LER abstracts dealing with pump failures/
degradation. A review of these abstracts was performed to segregate those pumps included in
the scope of this guideline and where aging was identified as the primary cause of the pump
failure/degradation. The results of this review show that 27.3% (121) of the LERs are associated
with pumps included in the scope of the guideline and where failure/degradation was most likely
caused by some form of aging. A total of 158 pump subcomponents were identified as having
experienced some form of failure/degradation due to aging.

Of the 443 LER abstracts, 72.7% (i.e., 322) were omitted from consideration in this

guideline. Those LERs omitted fell into one of the following four categories:

• Situations where the primary cause of pump failure/degradation was clearly due to
something other than aging. For example, design error, procedure deficiency,
inadequate or improperly performed maintenance, personnel error, etc.

• The pump is not in the scope of this guideline. For example, stack gas sample
pumps, fire protection pumps, continuous air monitor pumps, drywell air sampling
pumps, process vent radiation monitor pump, etc.

• Situations where pump failure was caused by an aging failure/degradation of a
supporting piece of equipment such as the turbine drive, motor, instrumentation,
electrical breaker, etc.

• Situations where the pumps covered in the LER were either the reactor coolant pump
(PWR specific) or reactor recirculation pump (BWR specific). These two types of
pumps are evaluated in the NUMARC Industry Reports for Reactor Coolant Primary
Pressure Boundary.[3.4, 3.51

Several conclusions can be drawn from analysis of this LER data. Figure 3-18 shows the
relative percentage of the various aging mechanisms causing pump failure/degradation. Wear is
the predominant aging mechanism (56.2%) that causes pump failure/degradation. Fouling and
fatigue rank number two (18.2%) and three (9.1%) respectively. Other aging mechanisms are
erosion and erosion/corrosion, general corrosion, IGSCC, and Microbiological Influenced
Corrosion (MIC).
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Table 3-14. Pump Aging Failures LER Database 1980-1992

Boiling Water Reactor Number ofFailures
Phmt Pumps Due to Aging Percent of Total

BWRs

RHR Service Water 27 55.2

Emergency/Essential Service Water 9 18.4 '

Residual Heat Removal 6 12.2

CRI) 2 4. I

HPCI l.ube Oil Pump 2 4 I

EDG Fuel Oil I 2.()

EDG Lube Oil I 2.0

RWCU I 2.0

TOTAL 49

r I ill i- i i ill i ] I llllll111 illl]lllilll[llll]l[ II ] .... -, Illl] i Ill [I II i II I I I Ill I [lllll_l[

PWRs

Feedwater (Emergency/Auxiliary) 18 25.()

Chars ing 17 23.6

Emergency/Essential Service Water 12 16.7

Boric Acid Transfer 6 8.4

Residual Heat Removal 4 5.6

EDG Jacket (2ooling 3 4.2

CLarging Pump Cooling Water 3 4.2

Recirculation Spray 2 2.8

Safety Injection 2 2.8

Feedwater Oil Pump 2 2.8

Containment Spray I 1.3

Spent Fuel Pool Cooling I 1.3

EDG Service Water I 1.3

TOTAL 72
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Table 3-15. Pump Subcomponent Failures LER Database 1980.1992

Subcomponent Number of Failures Due to Aging Percent of Total
:: ...: ::': i ...... _ i ................... T : '' [1 i1_ i ij : ill "1' I [ T...... -..... Z ......._.... L ii i __ L : l!__LHIrll .L _ ...... : :_ :if _ _

ROTATINO/RECIPROCATING

Shaft 8 5, I

impeller 26 16,4

Piston Plunger 2 1.3

Internal Rotor 12 7,6

Internal Valve I 0.6

Spacers 6 3.8

TOTAL 55 SUBTOTAL 34.8%
_Z _ 57L: 111111111111111 iii i - irll[iiIiq .... .... _ ...... 11 I I1_[i i i I rllllhlll i i f fl IIi i ....... ii i1oIi i [ i i" TI]i J IIIii i: I 5:_ i ] I iu ..... i iiiIn IL_

FIXED INTERNALS
Ii

Wear Ring i 5 9.5

Flow Guide 2 1.3

Suction Strainer 3 1.9

Spacers 3 1.9

TOTAl. 23 SUBTOTAL 14.6 %

PRESSURE BOUNDARY

Casing 15 9.5

Suction/Discharge Nozzle 2 1.3

TOTAL 17 SUBTOTAL 10.8%

MECHANICAL SUBSYSTEMS

Coupling 2 1.3

Radial Bearing 24 15. I

Thrust Bearing 5 3.2

TOTAL 31 SUBTOTAL 19.6%
, : , ,,, , " , ,,, . , , , , ,I"I : , " ' '....... _ : "

RENEWABI.ES

Gasket I 0.6

Seals (packing/mechanical) 31 19.6

TOTAl. 32 20,2%

GRAND TOTAl. 158 I ()0.0%

, ,, ,,,,, ,, , ,,,,,,,_, , :_ , 7
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Table 3-16. Pump Subcomponent Failures and Aging Causes LER Database 1980-1993

B+t,bnttlen_.t _ _--I'
PumpSubcomponents ' " " + : -- _ w.._ IReV_,_.on! c_p i ....

Rotating/Reciprocalin g

_
"_ 2

Shaft

Impeller i 0
Piston Plunger
Internal Rotor

Internal Valve

Spacers 6 0

Fixed Internals

Wear Ring i

Flow Guide

Suction Strainer

Spacers
6..
tO Pressure Boundary

-, 7
Casing
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IGSCC was identified as the cause of failure in five (5) incidents, four (4) associated with
stainless steel subcomponents of two (2) separate auxiliary feedwater pumps and one (1)
associated with a BWR RHR pump.

Corrosion was identified in seven (7) incidents as the primary cause of subcomponent
failure. MIC was the cause of failure/degradation associated with an impeller and casing of one
(1) ESW pump. General corrosion was the cause of pump packing/seal failure in four (4)
incidents and in one (1) incident a boric acid transfer pump casing experienced degradation due
to general corrosion from exposure to boric acid.

Figure 3-20 illustrates the stressors associated with the aging degradation mechanisms
identified in the LER database. Tribological stressors (interaction of machine components,
friction, and lubrication) account for the majority of pump wear. Mechanical stressors such as
vibration and misalignment account for most of the other pump wear incidences. Mechanical
stressors such as debris from water sources and silt buildup account for most of the fouling
degradation. In summary, a significant reduction in the number of pump failures/degradation can
be achieved if packing and shaft seal leakage is reduced, foreign material fouling is adequately
controlled and pump vibration is monitored and controlled within acceptable limits.
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Figure 3-20. Stressors Acting on Pumps LER Database.
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3.6.2 Nuclear Plant Reliability Data System Evaluation

The NPRDS was developed in 1973, to collect data on safety-related equipment. Since
then, NPRDS' scope has been expanded to include other systems and components that provide
critical safety functions and whose loss of function can initiate a significant transient. Utilities
submit component failure records whenever an NPRDS-reportable component fails to perform
one or more of its intended functions.[3.15] Reporting of failures is a voluntary industry
effort and, therefore, there are many variations in interpretation of reportability requirements and
contents and consistency of reports. For example, potential failures that were prevented by
testing and corrective actions may not have been reported. If that is the case, mean-time-
between-failure data calculated from reported failure data would not be accurate. Per
INPO-89-014, United States nuclear utilities have demonstrated their support of NPRDS by
dedicating resources to report all reportable failures that have occurred since January I, 1984, or
when the plant begins commercial operation. Prior to that date, the LER was widely used for
reporting failures.

A key word search of pump failures/degradations was performed on NPRDS for the
period of 1973 through May 1992. A total of 7,538 records involving pumps was identified. A
review of these records was performed to identify those records where pump failure/degradation
was potentially caused by aging mechanisms for the pumps included in the scope of this
guideline. This review reduced tile number of incidents to 1,103, or 14.6% of all pump failures
reported. Thus, 6,435 NPRDS reported incidences (85.4%) were omitted from consideration in
this guideline. NPRDS reports were omitted for the following reasons:

• Situations where the primary cause of pump failure/degradation was clearly due to
something other than aging. For example, design error, procedure deficiency,
inadequate or improperly performed maintenance, personnel error, etc.

• The particular pump is not in the scope of this guideline. For example, main
feedwater pumps, condengate booster pumps, condenser hotwell pumps, HPCI gland
seal condensate pumps, etc.

• Situations where pump failure was caused by an aging failure/degradation of a
supporting piece of equipment such as the turbine drive, motor, instrumentation,
electrical breaker, etc.

• Situations where the pumps were either the reactor coolant pump (PWR specific) or
reactor recirculation pump (BWR specific). These two types of pumps are evaluated
in the NUMARC Industry Reports for Reactor Coolant Primary Pressure Boundary.
[3.4, 3.5]

• Situations where the pump failure was caused by packing leaks, seal leaks, or gasket
leaks. These subcomponents are considered renewable (see Section 3.4.2).

Figure 3-21 shows the number of NPRDS-reported pump failures due to aging degradation
and the number of plants in commercial operation. The trend shows a significant increase in
1984-86. Although it may be coincidental, this increase in aging failures occurred at the same
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Figure 3-21. Pump Aging Failures NPRDS Database.

time that NPRDS reporting was given a higher priority by utilities and the NPRDS data system
was given more emphasis in the industry. Also, several new nuclear plants achieved commercial
operation during this time frame and started entering data. The increase was especially evident
in PWR charging pumps, service water pumps and component cooling water pumps, and in BWR
service water (includes RHRSW) pumps. Since 1987, the number of failure reports has decreased

significantly due to increased emphasis on preventive maintenance and monitoring methods,
better water chemistry control, and refurbishments.

Figures 3-22 and 3-23 illustrate the number of NPRDS-reported pump failures by plant
type. A comparison of these graphs indicates that the failure reporting increase in the 1984-86
period was similar for both PWRs and BWRs. These graphs also illustrate that the reporting
increase was independent of the number of pumps in service. In other words, the failure
reporting increase did not appear to be due to a significant increase in the number of pumps.

There were 241 failures where the pumps were in service less than five years. Of the 241
failures, 93 (38.6%) were reported in 1984-86. The main causes of failure during the early years
of service were not normal aging phenomenon. In many cases, the root causes for wear, fouling
or erosion were sand, dirt or foreign material (operational deficiencies) in the pump or

misalignment of the pump/driver. Vibration was also a root cause for wear and fatigue. Due to
the differences in NPRDS reporting, misalignment and vibration were considered as wear for

aging purposes unless the report specifically stated the cause of the alignment or vibration
problem.
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Figure 3-23. PWR Pump Aging Failures.
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The reported thilures were broken down into phmt type and pump type. Figure 3-24

depicts the number of failures of BWR pumps. The pumps that are normally running account
tor 74 percent of the age-related failures. For the closed cooling water, RHR service water, and

SLC pumps, most of the failures were reported by lbur utilities in response to a questionnaire

which was sent for this AMG and not on NPRDS. Almost 80 percent of the SLC pump failures
were packing leaks.

ESS.SERVICEWATER 44.7%

Figure 3-25 shows the distribution of PWR pump failures. Similar to the BWR pumps,
the PWR pumps that are normally running (or at least one of a pair is running) account for over
74 percent of the pump failures. The three pumps/hat are always in standby (containmenl spray,
safety injection, and containment recirculation sump pumps)have 29 combined failures identified
(3 percent of total pump failures reported), of which 17 were reported via NPRDS. This
indicates that the pumps are not degrading significantly in the standby condition and that they
are properly maintained and properly tested.

l,lgurc 3-25. l'ullll)"lyl_C l'ailurc.s 1'\_,'1),I'laIlts.

3-57



AGING MANAGEMENT GUIDELINE FOR PUMPS

Several conclusions can be drawn from analysis of NPRDS data. Figure 3-26 shows the
relative percentage of the various aging mechanisms causing pump failure/degradation. Wear is
the predominant aging mechanism. Wear accounted for over 76 percent of the failures reported.
Fatigue (9.2 percent) and _ _ling (5.9 percent) were the second and third most common aging
mechanisms, followed by er,._sionand erosion/corrosion and uniform corrosion. Stress relaxation,
intergranular stress corrosion cracking, and thermal embrittlement, combined, accounted for one
percent of the mechanisms causing pump failure/degradation. There were no failure reports
identifying the following degradation mechanisms.

• IASCC
• TGSCC
• Neutron Embrittlement
• MIC

• Creep
• Galvanic Corrosion

Fouling included NPRDS reported causes such as marine growth, silt, debris, foreign
material, and sand.

WEAR 76.6%

OTHER 0.6%
RELAXATION

IGSCC, EMBRITI'LEMENT 1.0%
CORROSION 2.8%

EROSION/EROS/CORR 3.9%
FOULING 5.9%

FATIGUE 9.2%

Figure 3-26. Pump Failures and Aging Causes NPRDS Database.

The analysis of failures was further expanded to include a review of the pump
subcomponents which experienced aging. Table 3-17 lists the subcomponents which were
identified as the primary reason for pump aging. NPRDS data shows similar results as the LER
data in Section 3.6.1, in that the more active pump subcomponents (i.e., rotating/reciprocating
and mechanical subsystem) exhibit a higher percentage of failures than passive subcomponents.
Bearing failures include thrust and radial bearings. As mentioned in the beginning of this
section, packing, gasket, and seal leaks reported in NPRDS were not counted.

3-58



AGING MANAGEMENT GUIDELINE FOR PUMPS

, , , , , , , _ ,r ,, ,,,, , , : ' : , ,,, ....

Table 3-17. Pump Subcomponent Failures Due to Aging N_RDS Database 1974.1992

Subcomponent Number of Failures Due to Aging (Note 2) Percent of Total
(Note I) (Note 2)

Bearing 295 28.0

Impeller 140 13.3

Pump (Note 3) 136 12.9

Internal Valve I 17 1!. I

Pump Internals (Note 3) 106 10.1

Shaft 67 6.4

Coupling 43 4. I

Wear Rings 34 3.2

Rotating Element 30 2.8

Cylinder Block 25 2.4

Suction/End Bell 18 1.7

Casing 15 1.4

Shaft Sleeve 13 1.2

Bowl 9 0.9

Plunger 4 (i).5

TOTAL (Note 3) 1,052 100

Notes:

1. Other subcomponents with age-related failures included balance drums, heads, bearing housings, bull
gears, cover plates, diffusers, connecting rods, oil slingers, spacers, and flanges. There were 51
failures associated with this type of equipment. This is the difference between the 1,103 total aging
failures identified at the beginning of this section and the 1,0:_2 shown on this table. Gaskets, seals,
and packing were not counted.

2. In many cases, there was more than one subcomponent listed tor each failure. For example, one
failure report may include impeller, bearings, and shaft. Therefore, the percentage is the percent of
reports that included the subcomponent.

3. The NPRDS report only listed the pump or pump internals as the subcomponent. These failures may
actually include any one or more of the other subcomponents.

3-59



AGING MANAGEMENT GUIDELINE FOR PUMPS

Although NPRDS reporting is a voluntary industry effort, U.S. nuclear utilities have
demonstrated their support by dedicating resources to report all reportable failures that have
occurred since January 1, 1984, or after the date of commercial operation, whichever is latest.
However, reporting of component hiilure data involves interpretation of reporting guidelines,
component reportability, and available information regarding failures. This interpretation may
affect the completeness and quality of NPRDS data.J3.15] Despite these drawbacks, the NPRDS
is still the most comprehensive failure data base available to the nuclear industry. However, it
should be recognized that due to different reporting interpretations, mean-time-between-failure
values calculated from NPRDS data may not be accurate.

It is impractical to determine mean-time-between-failure and failure rate data for all
pumps grouped into a single data base. Some pumps are located in harsh environments and are
exposed to aggressive fluids while other pumps are located in relatively benign environments and
are exposed to nonaggressive fluids. Therefore, mean-time-between-failure and failure rate data
was determined for each pump application, taking into consideration only those pump failures
attributed to aging. The mean time between failures ranged fi'om a high of 8.3 years to a low
of significantly greater than 60 years. The failure rate corresponding to the mean time between
failures ranges from a high of 3.3 x 10-4 failures pet"day to a low of 1.3 x 1(i)-5 failures per day.

In summary, NPRDS data indicates the following.

1. At least 14.6% of the total number of reported pump failures are age-related.

2. The failed components that contribute the most to age-related pump failures are
bearings (28.0%), impellers (13.3%), and internal valves (11.1%). Other pump
internal components that were not specifically identified accounted for (23.0%) of the
aging failures.

3. The most significant identifiable aging mechanisms are wear (76.6%), fatigue (9.2%),
and fouling (5.9%).

4. Decreasing failure rate trends suggest that current maintenance practices are effective
at detecting and mitigating aging of pumps.

5. Pumps normally maintained in standby and operated primarily for testing do not fail
nearly as often as pumps that are in continuous service.

6. There was insufficient NPRDS data available regarding failures/degradation for the
following PWR system pumps.

• Boric Acid Transfer

• Spent Fuel Pool Cooling and Purification
• Containment Recirculation

• Primary Water Makeup
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7. There was insufficient NPRDS data available regarding failures/degradation for the
following BWR System pumps.

• Spent Fuel Pool Cooling and Cleanup
• Emergency Equipment Cooling Water
• Reactor Water Cleanup
• HPCI Lubricating Oil
• RCIC Lubricating Oil

Since service water pumps exhibited a significant number of failures relative to the other
pumps, a review of service water pump failures versus treated water pump failures was performed
to identify the significant differences in aging. A sort of NPRDS data included service water
pumps such as essential service water, RHR service water, and emergency equipment service
water pumps. Typical treated water pumps were the PWR component cooling water and BWR
reactor building closed cooling water pumps. This sort resulted in approximately 500 events.
The following aging degradation observations were made from this sort; listed by percentage of
failures caused by the various aging mechanisms.

Service Water Pump Failures Treated Water Pump Failures

PWR

Wear 73.4% Wear 9 I. 1%

Fatigue 8.9% Fatigue 3.3%

Erosion and E/C 5.9% Erosion and E/C I. I%

Fouling 5.9% Fouling 4.5%

Corrosion 5.5%

MIC 0.4%

BWR

Wear 60.3% Wear 82.8%

Fatigue 5.3% Fatigue !3.8%

Erosion and E/C !1.9% Erosion and E/C 3.4%

Fouling !3.9%

Corrosion 7.9%

MIC O.7%

Several conclusions can be made from the above comparison. Wear, as expected, was
the predominant failure mechanism. Fouling, corrosion, and MIC are much more prevalent in
service water pumps since chemical treatments reduce or eliminate these degradation mechanisms
in treated water pumps. Erosion and erosion/corrosion is significantly reduced in treated water
systems because these are closed systems with water sources from tanks instead of rivers, lakes,
or the ocean, where debris, sediment, and sand is much more likely to enter into the system.
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A review of the NPRDS-reported pump aging failures versus time in service is shown in
Figure 3-27. This graph indicates an increasing trend in number o1"failures as pumps age
between 1 and 13 years in service. After peaking at 13 years in service, the number of failures
begins to decrease. The number of pump failure events drops off significantly at year 18 because
very few plants have been in commercial operation for that long. The average age of nuclear
plants is 12.8 years for PWRs and 13.9 years for BWRs. The average age of all plants combined
is 13.2 years for the period covered by this AMG.

For the pumps in service for 12, 13, and 14 years, a detailed review of failure date and
service time since previous (NPRDS-reported) failure was performed. A total of 71% of the
pumps which failed after 12 years were the first aging failure reported ['or each pump. Of the
91 failures reported in year 13, 67% were the first reported aging failure, and for the pumps in
service lbr 14 years, 49c_, of the failures were the first aging failure. A majorit} (>61%) of the
pumps which failed after 13 or 14 years of service were reported in 1984-86. These pumps were
installed in 1970-73. For the pumps with more than 17 years of service at the time of failure,
55 percent were the first failure reported for the pump. This indicates that these pumps are either
exceptionally maintained and overhauled prior to significant degradation, or the pumps are
properly maintained in standby condition.
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Figure 3-27. NPRDS Pumps Failures Vs. Service Time.
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From this trend in failures versus service time, it is apparent that aging degradation,
especially wear, increasingly affects pump performance as the pump ages, with a large number
of pumps operating 12-14 years prior to failure. Figure 3-27 also indicates that some installations
have problems such as wear (or, abnormal wear) and vibration early in their service life, either
due to installation or design deficiencies or system problems, whereas other pumps, with proper
maintenance, operation and design, can operate for extended periods with no aging degradation.
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4. STRESSORS AND AGING MECHANISMS

A stressor is a physical state or stimulus which is caused by fabrication, installation,
operational conditions, and/or environmental conditions that may result in degradation of the
pump. Materials used during pump manufacture, assembly, and installation are subject to some
level of degradation due Io residual and/or applied stressors. Also, stressors caused by normal
operation and environmental conditions have a direct affect on the manifestation of aging
mechanisms. It is therefore important to understand the behavior of materials, when subject to
these various stressors, in order to satisfactorily design and operate a pump and to develop
methods for detecting and mitigating pump degradation.

4.1 Determination of Stressors Acting on Pumps

Steady state cyclic or other peak stressors exist on the pump cmnponents during normal
operation, transient events, and testing. These stressors or loads can be in the form of either one
or a combination of the following.

a. Mechanical

b. Hydraulic
c. Chemical
d. Electrical
e. Environmental

• Thermal
• Moisture
• Radiation

f. Tribological (i.e., interaction of machine components, friction, and lubrication)

These initiators of stress are, in some applications, continuotnsly present and active on
various pump components. The presence of stressors causes aging mechanisms to manifest over
a period of time. If left undetected and/or unmitigated, these aging mechanisms result in rnaterial
distortion, degradation of the pump components, unacceptable performance or failure.

For the purpose of discussion, each pump is subdivided into five major subassemblies:

• Rotating/Reciprocating Elements
• Fixed Internals

• Pressure Boundary
• Mechanical Subsystems
• Supports

Each of these subassemblies is further subdivided into individual components as follows:

Rotating/reciprocating elements _ shaft, driveshafl/crankshaft, impeller, internal rotor,
piston/plunger, and internal valve
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Fixed internals -- miscellaneous structural components (i.e., keyways,
spacers, collars, etc.), wearing components, flow
guides (i.e., volute, diffuser, and suction strainer)

Pressure boundary- casing, suction, and discharge nozzles, discharge
head, column/bowl, flange/cover, cylinder/plunger
block, and fasteners

Mechanical subsystems- coupling, shaft seal/packing assembly, thrust
bearing, and radial bearing

Supports m support feet/skirt, base frame/skid, and fasteners

The following discussion of stressors is summarized in Table 4-1, Stressor Influence. To
indicate a relative measure of importance, each stressor category is quantified as either low,
medium, or high. The measure of importance is subjective and is based on other aging studies,
field experience, and reviews of industry data. The measures of importance shown on Table 4-1
should be applied with caution. The table does not accurately reflect all possible combinations
of service and material applications for the range of pumps evaluated in this AMG. This will
be accomplished in Sections 4.2 and 4.3. Generally, the measures of importance reflect worst
ca_;e service applications. For example, the chemical stressor is rated high for service water
applications, whereas, in demineralized water applications, a medium or low rating is appropriate.

4.1.1 Mechanical Stressors

Pump components are subject to a variety of mechanical stressors. Transmitted torque
loads are applied to the pump shaft, impeller, coupling, and rotating element fasteners. During
pump assembly, stressors are induced in the various components due to fit-up, erection tolerances,
and fastener tightening. These induced stressors are classified as assembly loads and are applied
to all rotating and non-rotating pump components. Rotor dynamic loads are caused by an
unbalanced characteristic of the pump. Some magnitude of unbalance exists in all pumps and
can be initiated from a number of sources such as misalignment, approach of the pump operating

speed to the pump's resonant frequency, deficient lubrication distribution or viscosity and bearing
degradation. Rotor dynamic loads and vibration are applied to all rotating and non-rotating pump
components. Fit-up and connection of suction and discharge piping causes stress to various pump
components. The magnitude of stress caused by these piping loads is dependent upon the degree
of misalignment during fit-up, the amount and direction of thermal expansion, and the material
condition and functionality of the piping hanger/support network. Piping loads are applied at the
pump suction and discharge nozzles and distributed into the casing and base frame. Seismic
events can impart mechanical stressors to the pump upper and lower casing, suction and
discharge nozzles, base frame, and fasteners associated with these components.
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Table 4-1. Stressor Influence

Environmental

Pump Assembly Mechanical ttydraulic Chcrnical Electrical Trihological
Thermal Moisture Radiation

ROTATING/RECIP INTERNALS

Shaft Medium Medium Medium Medium High Medium Low Medium

Impeller Medium High itigh I.ow High l.ow Low High

Pisttm/Plungcr Medium High High Low Mcdium Low Low High

l)riveshaft/Crankshaft Medium High High Low High Low Low High

Internal Rotor Medium ltigh High Low Medium Low Low Medium

Internal Valve High High High l_ow Medium Low Low Medium

FIXED INTERNALS

Wearing Components Medium tligh High l.ow Itigh l,ow Low High

Flow Guide l,ow Medium Medium Low Mcdium l,ow Low Low

Suction Strainer I,ow ttigh Medium Low Medium Low l.ow Low

Misc. Structural l_ow Medium Medium l_ow Mcdium I_ow Low L{_w

Componcnts

PRESSURE BOUNDARY

Casing Low Medium Mcdium Low Medium Medium Low Low

Suct./Disch. Nozzle Medium High Medium Low Medium Medium l_,ow Low

Flange/Cover Low Medium Medium IJ_w Medium Mediurn L:_w Low

Disch. Low Mcdium Medium Low Medium Medium Low Low
Hcad/Colurnn/Bowl

Cylinder/Plunger Medium Iiigh Medium l,ow Mcdium Medium Low Medium
Block

Fasteners Medium Low l.ow Low Medium Medium Low Low

MECHANICAL SUBSYSTEMS

Coupling Medium L_w Low l_ow Medium Medium Low Medium

Shaft Seal High High Low Low High I_ow Low High

Radial Bearing Mcdium Low l.ow Mcdium lligh Low Low ttigh

Thrusl Bearing Medium l.ow Low Medium High Low I,ow High

SUPPORT BASE

Base Frame/Skid Low Low Low l,ow Low Medium Low Low

Fasteners L_w l.¢_w l.,ow Lt)w l,_w Medium Low Low

Support Feet/Skirt Low Lc_w Low l_,¢_w l,ow Medium Low Low
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4.1.2 Hydraulic Stressors

Hydraulic stressors are loads imparted on pump components as a result of the flow of
fluid through the pump. The magnitude of hydraulic stress is dependent upon the characteristics
of the process fluid, design parameters of the pump, and severity of operation or duty the pump
is expected to encounter over its service lifetime. Fluid impingement imparts stress on the pump
impellers, volutes, diffusers, return channels, wear rings, upper and lower casings, suction and
discharge nozzles, and the shaft seal assembly. Cavitation imparts stress to various pump
components when vapor-filled bubbles implode/collapse as the fluid passes from a low pressure
region in the pump to a region of higher pressure. Pump components affected by cavitation are
the impellers, diffusers, and volutes. Internal pressure causes an applied stress to the upper and
lower casing, suction and discharge nozzles, and the shaft seal assembly. Static and dynamic
hydraulic loads are present in all pumps and impart stress to virtually all rotating and non-rotating
pump components. These loads are caused by fluid weight, developed head (i.e., differential
pressure across the pump and between pump stages), mass transfer, and cyclic operation in some
applications. All of these loadings to some degree result in physical movement/displacement of
the rotating element and influence conditions between rotating and non-rotating components. The
only pump components which would not be subject to static and dynamic hydraulic loads are the
coupling and supports (i.e., base frame). Testing of pumps to satisfy technical specification
requirements is often performed with the pump minimum flow test line as the flow path.
Prolonged operation of the minimum flow line is recognized as being detrimental to the pump
and can cause pump degradation. Although this is part of the existing design, it can contribute
to aging. Operation in minimum flow mode should be minimized if the minimum flow path is
"small."

4.1.3 Chemical Stressors

The process fluid reacts with both rotating and non-rotating parts of the pump internals
and, depending on the chemical composition, can cause the pump parts to be stressed. The stress
can be localized and/or uniformly distributed throughout the pump internal surfaces and involves
a molecular chemical reaction between the metal and the liquid. The pumps covered by this
AMG handle many different types of process fluid and operate over a wide range of temperature
and pressure. The various different types of liquid are demineralized water, well water, river
water, city water, brackish water, sea water, condensate, chromated water, borated water, fuel oil,
and lubricating oils.

All of these liquids act as electrolytic solutions. An electrolyte is an electrical conducting
medium which allows the flow of electrons between an anode and cathode. The metallic

cemponents internal to the pump act as anodes and cathodes depending on the material type. The
galvanic series is shown on Table 4-2. Corrosion occurs when electrons leave an anodic material
and enter the electrolytic solution. High levels of electrolyte ionization (i.e., conductivity) results
in a greater rate of corrosion because electrical current flows better in high conductivity solutions.

Another fk)rm of chemical stressor acting on the metallic surfaces of pumps is the
influence of living organisms on the corrosion process. In some circumstances, microbial activity
does nothing more than provide a localized environment such as crevices where concentration
cells are established to promote accelerated corrosion.
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Table 4-2. Galvanic Series

Anodic End of c: Ivanic Series

Magnesium
Magnesium Alloys
Zinc
Aluminum 5052
Aluminum 6[}6I
Cadmium

Aluminun_AA 2017

IronandCarbonSteel

CopperSteel
4-65£ Chrumium Steel

Ferritic Stainless (aclive) 4{){)Series
Auslenitic Stainless (active) 18-8 Series
Lead-Tin Solder
l_ead
Tin

Nickel (active)
lnconel (active)

Hastelloy C (active)
Brasses

Copper
Bronzes

Cupro-Nickel Alloys
Monel
Silver Solder

Nickel (passive)
lnconel (passive)
Ferritic Stainless (passive)
Austenitic Stainless (passive)
Titanium

Hastelloy C (passive)
Silver

(h'aphi te
Gohl
Platinum

Cath{}dic End {}t"Galvanic Series

In other cases, microbes produce metabolites such as organics or mineral acids, ammonia,
or hydrogen sulfide which are corrosive to melals. Microbes can concentrate halides which result
in severe, localized corrosion of ferrous materials. Microbial activity interferes with the cathodic
half-reaction in oxygen free environments resulting in increased anodic dissolution. In other
ways, microbes can influence; 1) corrosion and oxidation of metal anions to less soluble l'omis,
2) destruction of protective coatings, and 3) metabolism of inhibitors.[4.11

4.1.4 Electrical Stressors

Bearing failures are frequently caused by shaft misalignment, vibration, or improper
lubrication, however, the cause of failure can also be electr{}magnelic (i.e., electricalslressors}.
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Motor shaft currents are developed by transformer action. This magnetic interaction is a separate,

stray magnetic fi)rce caused by slight dissymmetrics in the motor's iron circuit. These

electromagnetically induced stray voltages in the motor shaft can travel through tile coupling to

the pump shaft. If a closed circuit is provided, the resultant current flow can be substantial. In

many cases, a closed circuit is provided at the pump bearings particularly in those cases where

tile motor bearing.,; are insulated and/or an alternate low-impedance path for current flow is not

installed. Rolling-element bearings are especially susceptible to damage from circulating shaft
currents.

4.1.5 Environmental Stressors

The following discussion includes three general parameters as environmental stressors.

• Thermal _ internal process fluid temperature and external ambient temperature

effects on the various pump components

• Moisture _ external ambient humidity effects on the applicable pump components

• Radiation--- cumulative internal and external radiation exposure effects on the

various pump components

4.1.5.1 Thermal Stressors

Thermal stresses are active on all pump components subject to temperatures greater than

93°C [200°F]. At high temperatures, application of a constant load to a metal component

produces continuous deformation or creep, which will eventually lead to fracture if the load is
maintained for a sufficient length ot" time. The stress-rupture strength is defined as the stress that

a metal can withst0nd for a given time, at a given temperature, without breaking. With increases

in temperature, stres:;-rupture strength decreases rapidly to values that may be considerably lower
than fatigue strength. Therefore, the primary requirement of a metal that will be subjected to

high temperatures is that it has adequate stress-rupture strength.[4.2]

Thermal expansion or contraction of a metal, caused by a temperature change, acting

against a constraint causes thermal stress. Constraints may be external (e.g., rigid mountings)

or il may be internal, in which case it is set up by a temperature gradient wilhin the part. In

thick parts, temperature gradients are likely to occur both along and through the material, causing

significant triaxial stresses and reducing material ductility, even though the uniaxial ductility
often increases with increasing temperature. Thermal fatigue is the basic mechanism in failures

that occur because of numerous heating and cooling cycles. Stress rupture is an important

consideration as the cycle times increase and is, therefore, a long-term rate process. Most

thermal fatigue fractures are of the low-cycle, high-strain type.J4.2]

When steel is heated, small austenite grains form at temperatures above the point where

austenite begins to form. Grain size continually increases with time at temperature, and higher

temperatures result in faster grain growth. The strength, ductility, and toughness of coarse-

grained metals are impaired not only by the large grain size, but also by grain boundary

precipitation. The embri_ttling eflect of large grains in ferritic steel is explained by stress
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concentration at the ends of slip bands and at grain , _undaries. The larger ibc grains, tile longer
the slip bands and the greater the stress concentration. Severe stress concentration will cause
microcracks possibly resulting in fracture.14.31

Exposure of metal parts to high and low temperatures, which is often accompanied by
non-uniform heating rates and sharp thermal gradients, is a source of stress during operation.[4.2]
In some applications, these stressors can place the material in a state of tension. When the metal,
stressed in tension, is exposed to a corrosive environment, the ensuing localized electr¢_chemical
dissolution of metal, combined with localized plastic deformaticm, opens up a crack. With
sustained tensile stress, protective films that form at the tip of the crack rupture, causing fresh
anodic material to be exposed to the corrosive medium, and stress corrosion cracking is
propagated,t4.2] The corrosive environment in nuclear power plants is high temperature water
greater than 93°C [200"F] where the electrochemical potential of sensitized Type 304 stainless
steel in the coolant is >-230 mV stundard hydrogen electrode (SHE).[4.4, 4.51 At reactor
coolant temperatures between 54-93"C 1130-200_'F1, IGSCC is not observed unless dissolved
oxygen is 1-2 x 103 ppb. At temperature less than 54"C [130"FI, IGSCC is not observed.[4.5,
4.6, 4.7] Figure 4-1 is reproduced from Reference 4.5 and shows the corrosion potential
vs. percent that IGSCC will occur in sensitized Type 304 stainless steel. Figure 4-2 is also
reproduced from Reference 4.5 and shows an interrelation between oxygen and temperature
combinations that can trigger IGSCC.
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Figure 4-2. Interrelation Between Oxygen, Temperature Combinations
and the IGSCC Danger Zone.[4.5]

4.1.5.2 Moisture Stressors

External ambient humidity effects on the pump suction and discharge nozzles, upper and

lower casing, base frame, exposed portions ot" the shaft, and various fasteners result in general

corrosion. In cases where dissimilar metals are in contact with one another, galvanic corrosion

will occur in the presence of humid environments. Crevice corrosion may also occur due to

mechanical fit-up of pump components. As this type of corrosion is initiated, it proceeds in an

autocatalytic manner with all the damage and metal dissolution occurring within the crevice and

little or no metal loss outside. A breakdown in the passive oxide film or protective coating of

a metal can provide a path for ionic migration and the development of an electrochemical cell

which produces pitting. In all of these forms of corrosion, the stresses imparted on the exterior

metal surfaces ot"a pump from moisture are electrochemical, which is described in Section 4.1.3,
Chemical Stressors.

4.1.5.3 Radiation Stressors

Tim following discussion of radiation stressors is applicable to all metal componerlts of

a pump and is described in generic terms. Neutrons produce energetic primary recoil atoms

which displace large numbers of atoms in a metal from their crystal lattice positions by a chain

of atomic collisions. This effect is characterized b,y exposure units such as fast fluence
(> I MeV), neutrons per centimeter squared (n/on1"), or displacements per atom (dpa).
Displacements per atom accounts for both the tluence and neutron energy levels. Properties of

certain metals begin to change at about (I.2 dpa (10 2t) n/cm2). Experimental data shows that after
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prolonged exposure Io neutrons, the yield strength increases by about a factor of three over its
unirradiated wtlue, ultimate tensile strength remains essentially unchanged, uniform and total

elongation drops substantially, fraclure toughness drops by abotlt a factor of three, and the tearing

modulus drops from several hundred to a range from five to ten.14.8]

The extent of embrittlement depends on neutron fluence, irradiation temperature, and trace

material chemistry (i.e., particularly the presence of copper, phosphorus, and nickel).[4.9] The
degree of embrittlement is usually expressed as an upward shift of the brittle-to-ductile transition

temperature and decrease in the upper shelf energy as measured in Charpy impact energy tests.

[4.10]

Stress corrosion cracking can occur in austenitic stainless steel components of a boiling

water reactor under highly irradiated conditions. This IASCC appears to involve the

sirnultaneous interaction of highly irradiated non-sensitized material with diffusion of metal

impurities such as sulfur, silicon, and phosphorus to the grain boundaries, low stress levels, t.igh-

temperature water with short-lived oxidizing species, gamma and neutron flux.[4.11] It is

important to note that IASCC does not require the chromium depletion sensitization or high
tensile stresses that are implicit in the failure of non-irradiated stainless steel components due to

intergranular stress corrosion cracking discussed in Sections 4.1.5.1 and 4.2.3. A threshold for
IASCC exists at about 5 x 1020 n/cm" (> 1 MeV), for austenitic stainless steel and Inconel

800.I4.121

4.1.6 Tribological Stressors

Tribology is the science concerned with the design, friction, lubrication, and wear of

contacting surfaces that move relative to each other. The pump components affected by

tribological stressors are lhose where rubbing exists between rotating and non-rotating members

and is potentially more severe in cases where the metal surfaces form an oxide layer.J4.13]

On lubricated surfaces, the wear process is usually mild and generates fine debris of a

particle size as small as 1 - 21urn [3.3 - 6.6 x 10-t' ft]. Abrasive wear or delamination wear

predominates under lubricated conditions. Electron microscope examination of worn surfaces

from lubricated assemblies frequently reveals a multitude of fine scratches oriented in the

direction of relative motion. The fine debris generated by abrasion becomes suspended in the

lubricant.[4.2l For pumps equipped with circulating oil lubrication, spectroscopy analysis is used

to diagnose deterioration by wear.

There are several basis modes of lubrication. In all modes, coptacting surfaces are

separated by a lubricating medium. The most common modes are hydrodynamic, hydrostatic,
elastohydrodynamic, dry film, boundary film, and thin film. Hydrodynamic lubrication is a

system in which the shape and relative motion of the sliding surfaces cause the I'ormation of a

fluid film having sufficient pressure lo separale the surfaces. Hydrostatic lubrication is a system

in which the lubricant is supplied under sufficient external pressure to separate the opposing

surfaces by a fluid film. Eiastohydrodynamic lubrication is a system in which the friction and

film thickness between the two bodies in relative motion are determined by the elastic properties

of the bodies in combinalion with the viscous properties of the lubricant at the prevailing!

i pressure, temperature, and rate {_t shear. Dry-film lubrication is a system in which a coating of
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solid lubricant separates the opposing surfaces and the lubricant itself wears. Boundary
lubrication is a system in which each surface is covered by a chemically bonded fluid or
semisolid film that may or may not separate opposing surfaces, and viscosity of the lubricant is
not a factor affecting friction and wear. Thin-film lubrication is a system in which the lubricant
is usually not bonded to the surfaces, it does _,ot separate opposing surfaces, and viscosity does
affect friction and wear.[4.21

Mechanica! devices often operate under several lubrication modes simultaneously or
alternately. For example, when a full journal bearing under unidirectional loading is at rest with
the oil pump shut off, there is metal-to-metal contact between mating surfaces. As the bearing
starts rotating, it operates under boundary lubrication and then thin4ilm lubrication for a short
period until a stable thick oil film develops and the solid surfaces separate (i.e., hydrodynamic
lubrication). The process reverses when rotation is slowed and/or stopped. Stresses develop at
the metal-to-metal contact points and ultimately cause wear to occur at the surfaces. The severity
of wear is related to the total number of start/stop cycles. Gears experience both
elastohydrodynamic and boundary lubrication at the same time. For example, during meshing
of one tooth of a spur gear with a tooth of a mating gear, initial contact is sliding in which case
boundary lubrication prevails and wear occurs at the tips and roots of the teeth. Contact along
the pitch line of the gear tooth is rolling motion in which case elastohydrodynamic lubrication
conditions prevail. Rolling contact involves line or point contact and very large localized contact
stresses. Pitch line damage takes the form of pitting or spalling and is similar to rolling contact
fatigue.

Another important aspect of tribological stressors associated with various pump
components is lubrication property breakdown. One of the functions of a lubricant is to carry
away heat generated by two surfaces sliding under constant pressure. Liquid lubricants can
dissipate heat better than solid or semi-fluid lubricants, but in all types, the shear properties of
the lubricant are critical to its performance. Most lubricant failures occur by chemical
decomposition, contamination, changes in properties caused by excessive t,eat, or loss of
pressurized tluid into lubricated areas. Lubricating oils and greases can fail by any one of these
processes, however, in most cases, chemical decomposition, contamination, and temperature are
all inw)lved and interrelated.

Contamination ot" the lubricant with water or reactive chemical substances can lead to

lubricant decomposition, corrosion of contact surfaces, or both. Contamination with abrasive
substances or debris can cause abrasive wear, especially when the size of the contaminant
particles is about the same as the thickness of the lubricating film.

Viscosity of the lubricant is affected by both temperature and pressure. An increase in
pressure causes an increase in viscosity, although the effect is not significant except at very high
pressure. Conversely, any change in temperature has a very significant effect on viscosity. A
temperature decrease can cause a significant increase in viscosity depending on the type of oil.
Greases that are solid or semisolid at room temperature gradually soften with increasing
temperature and can become fluid or free flowing if the temperature reaches the dropping point
(i.e., lower boundary of the melting range of the grease). Oils containing substantial quantities
of volatile compounds may lose these components when operating temperatures are too high.
This process not only alters the viscosity, but also upsets the chemical nature of the oil.
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Tribological stressors can be minimized and certain types of lubricant failures prevented
by changes in the design of the component being lubricated, changes in the design of the
lubricating system, and/or selection of appropriate lubricant for the application. Inadequate
lubricant llow or clogging of oil passages can sometimes be corrected by increasing the size of
oil passages. An increase or decrease in clearance between sliding surfaces will often enable the
lubricant to function more effectively. Shields, covers, and seals are used to prevent
contamination of the lubricant from external sources. Filtration devices can be used to remove

contaminants in the lubrication system. Oil additives may serve to improve the properties of the
lubricant, impart new performance characteristics to the lubricant, or to reduce the rate at which
undesirable changes in the lubricant take place during normal operating service. "Fable 4-3
describes some of the more common additives.[4.2]

Table 4-3. Common Lubricant Additives

Viscosity--Index Improvers These substances decrease the effect that temperature has on viscosity,
making tile till more viscous at high temperature than it would be without
the additive.

Pour-Point Depressants These substances make a wax-containing oil less viscous at low
temperatures by inhibiting the growth and coalescence of wax crystals

suspended in the oil.

Defoamants These additives promote the coalescence of tiny entrapped air bubbles into

large bubbles, which can rise to the surface and collapse.

Wetting Agents and These additives enable the oil to displace water from metal surfaces or to
Emulsifiers absorb the water as a stable emulsion, thus promoting oil-film formation on

a metal surface.

Oxidation lnhibitors These substances combat oxidation of the oil by interrupting the chain of

chemical reactions leading to deterioration or by deactivating catalylic
metallic surfaces.

Detergents and These additives combat the formation of sludges and varnish.

l)ispersants

Corrosion Inhibitors These additises reduce or prevent corrosion of lubricated surfaces by

contaminants in the oil, such as water, oxygen, and acids.

l,ubrication Property These additives reduce friction (especially under boundary lubrication),

Improvers speed up a wearing-in process, enhance film strength, or provide lubrication
under high contact pressures.

4.2 Description of Aging Mechanisms Acting on Pumps
I

4.2.1 Fatigue

Fatigue is the term that describes subcritical crack growth or structural deterioration under
the influence o[ fluctuating or cyclic stress caused by applied loads and/or temperature. Fatigue _'"
is characterized as a macroscopically brittle mode of failure since there is no gross plastic
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deformation of the material before ultimate failure. When sufficient localized microstructural

damage is accumulated in this defect or crack tip region (i.e., locally plastic deformation), crack
initiation and growth can occur during subsequent cyclic loading and/or thermal stress.

Fatigue behavior of a component is related to a variety of parameters, such as stress
range, mean stress, frequency or cyclic wave form, environmental conditions, metallurgy of the
lnateria], and surface toughness of the material. Cracks typically initiate at local geometric stress
concentration points such as notches, surface defects, and structural discontinuities. The time
between localized fatigue crack initiation and eventual detection of the growing crack may
represent a large portion of a component's life. Fatigue initiation curves have been developed
to indicate how many stress cycles it takes to initiate fatigue cracks in components. These curves
are materials related and indicate the allowable number of stress cycles for applied cyclic stress
amplitudes.

Environmental condition significantly affects fatigue initiation in a material. The presence
of an active environment can accelerate fatigue crack initiation and propagation. Vor example,
oxidation can produce pits in the surface of some alloys. The pits can then act as stress
concentrators and potential fatigue crack initiation sites. Environmentally assisted fatigue is
commonly referred to as corrosion fatigue.

When applied or induced roads are of such magnitude that more than about 10,000 cycles
are required to produce failure, the phenomenon is usually termed high-cycle fatigue. When
applied or induced loads are of such magnitude that less than about 10,000 cycles are required
to produce failure, the phenomenon is usually termed low-cycle fatigue. When load or strain is
produced by a tluctuating temperature field, the process is termed thermal fatigue.

4.2.2 Corrosion

Corrosion is defined as the destruction or deterioration of a material due to

electrochemical reaction with its environment. It is characterized by material loss or deterioration
of its properties. Corrosion reduces the component wall thickness, either locally (e.g., crevice
corrosion, pitting, galvanic corrosion, microbiologically intluenced corrosion, etc.) or more
uniformly (e.g., rusting, oxide layering, etc.). The resultant decrease in the volume of sound
material causes a decrease in the strength of the corroded material. Furthermore, the associated
surface roughening causes additional weakening of the material when placed under load.

General/Unitorm Corrosion

Uniform corrosion results in the formation of solid corrosion products (oxides) that protect
the underlying metal surface. Localized disruptions in the oxide will re-oxidize, rendering the
metal protected from further corrosion. Changes in environmental conditions, however, can have
an adverse affect on the stability of the protective oxide layer rendering the material susceptible
to increased corrosion.

Corrosion of metal surfaces exposed to the atmosphere is caused by the combined effects
of film formation and film breakdown. Film formation is the iron oxide layering of a metal
surface that develops from exposure to oxygen in the surrounding environment. This film

4-12



AGING MANAGEMENT GUIDELINE FOR PUMPS

develops cracks, disruptions, and discontinuities which are caused by: 1) external forces and/or
2) stresses internal to the oxide layer (i.e., caus"d by different types and volumes of metal and
iron oxide located throughout the layer). Moisture in the surrounding atmosphere, from water
leakage or humidity, is an electrolyte and provides a path lk_relectrochemical reactions to occur.
The most damaging reaction (i.e., film breakdown) is caused by electrical current continuously
flowing between the small anodic areas of freshly exposed metal and the much larger cathodic
areas of the oxide layer. The anodic areas corrode further and the process of film breakdown
continues. The corrosion rate is highly dependent upon the availability and purity of the
electrolyte.

Uniform oxidation corrosion rates of pump internal surfaces are dependent upon process
fluid oxygen content, operating temperature, and flow rate. Pumps process va,'ious types of
fluids, consisting of low temperature deionized water, high temperature deionized water, salt or
brackish water, glycol or refrigerants, and various types of oils. Some systems containing pumps
are maintained stagnant for long periods of time while others are maintained in a condition of
continuous flow. The highest corrosion rate for metal occurs in system applications where the
fluid is low temperature air saturated stagnant water.[4.11] Very little corrosion occurs in: 1)
high temperature water systems because a thin black oxide film (i.e., magnetite) forms rapidly
protecting the internal surfaces of the pump from further corrosi_m, 2) systems containing
lubricating and fuel oil because oxygen content is very low, oils are not good electrolytes, and
purification systems are generally installed and/or corrosion inhibitors are added to maintain the
oil free of corrosion products, and 3) systems containing refrigerants because oxygen content is
very low.

Gray iron is susceptible to a form of selective leaching known as graphitic corrosion when
immersed in soft water, salt or brackish water, or when buried underground in some soils
particularly those soils containing sulfates. The graphite in gray iron is cathodic with respect to
iron. Corrosion acts on the iron matrix (i.e., iron leaching) leaving behind a soft, black graphite
residue on the surface. This graphite mass is porous and very weak, however, little or no change
in metal thickness takes place. Graphite corrosion usually occurs at a very low rate, and if the
residue remains on the corroded surface, it serves as a protective coating and effects an
appreciable reduction in corrosion rate.

Copper-zinc alloys containing more than 15% zinc are susceptible to a dealloying process
called dezincification. Dezincification of copper-zinc alloys is most prevalent in waters
containing a high content of oxygen, carbon dioxide, or chloride and is accelerated by elevated
temperatures and low water velocity. Excessive chlorination of cooling water may promote
dezincification of copper-zinc alloys. Dealloying is a corrosion process in which the more active
metal is selectively removed flom an alloy (i.e., zinc), leaving behind a weak, porous layer of
the more noble metal (i.e., copper and copper oxide). Tin tends to inhibit dealloying and where
dezincification is a problem, red brass, commercial bronze, inhibited admiralty metal, and
inhibited aluminum brass can be successfully used.
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Galvanic Corrosion

Galvanic corrosion is an accelerated electrochemical corrosion that occurs when two

dissimilar metals in contact are made part of an electrical circuit which is completed by a
connecting pool or film of electrolyte or corrosive medium. Under these circumstances, the
potential difference between the dissimilar metals produces a current flow through the conducting
electrolyte. In this case, the less noble of the two metals will become the anode and will corrode.
This type of corrosion does not require oxygen but does require water or some other conductive
medium. Galvanic corrosion will exist at dissimilar metal contact points where: 1) surfaces are
not adequately protected and 2) surfaces are exposed to moisture for prolonged periods of time.
Galvanic corrosion will be localized in its attack and the resultant corrosion products may cause
stress to an adjacent component due to oxide wedging or formation of crevices. Stress induced
on an adjacent component, caused by the volume increase in corrosion products, could cause
other degradation mechanisms to occur.

All metals or alloys have certain "built-in" properties which cause them to react as an
anode or a cathode when in contact with dissimilar metals or alloys. Whether a particular
material will react as a cathode or an anode is determined from the relative positions of the
materials with respect to one another as :,hown on Table 4-2, the galvanic series chart. The
further apart two materials are from each other (on the chart), the greater the rate of corrosion.
The material closest to the anodic end of the chart will be the one to corrode.

The rate of corrosion is also affected by the relative size of the materials and composition
of the electrolyte. A small anode area in contact with a large cathode area will result in a rapid
severe corrosion. Conversely, a large anode area in contact with a small cathode area will lessen
the rate of galvanic corrosion since the same total current flow will be spread out over a large
area. Higher levels of electrolyte ionization (i.e., conductivity) result in a greater rate of
corrosion because electrical current flows better in high conductivity electrolytes.

The effects of galvanic corrosion are minimized by:

1. Insulating the dissimilar metals from each other using nonconductive coatings, such
as paint.

2. Eliminate the electrolyte.

3. Where different metals are used, choose those that are close together in the galvanic
series.

4. Use the anode metal for large surface area components and cathode metal for small
surface area components.

5. Protect the metals with a sacrificial anodic metal.
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Microbiologically Influenced Corrosion (MIC) and Tuberculation

MIC is characterized by the formation of discrete deposits (e.g., microbial colonies and
associated scale and debris) on the surface of the metal or alloy, such as carbon steels, stainless
steels, copper and nickel alloys. Pitted surfaces are usually covered by the micro-organism
deposits with the pit entrance being smaller than the overlaying deposit. In stainless steels, the
deposits and pitting are usually found in the associated weld and heat-affected zones. The
deposits usually contain:

1. Large amounts of iron and manganese regardless of the type of alloy.

2. Silicon, sulfur, and chloride are often found.

3. Phosphorus is occasionally found.

4. Copper is usually found in high amounts if a copper alloy is involved.

A large number of different organisms are involved in MIC, depending on the alloy and
the environmental conditions. However, there is considerable evidence that the deposit forming
iron and manganese bacteria, the slime-forming Pseudomonas type of bacteria, the deposit
forming and iron reducing bacillus type organisms, and the sulfate reducing bacteria are of
principal importance.

Temperature, pressure, pH, water content, salinity, redox potential (i.e., oxygen) and types
and quantities of nutrients available are among the important factors influencing the microbes in
their attempts to live in a given location. The following discussion is a generally accepted range
over which organisms as a group are known to exist.

Temperature -- Microbes can survive over at least the range -20 to 99°C [-4 to 210°F].
The range of temperatures over which microbes are most often found growing are from about
0-80°C [32-176°F].

Pressure -- Most organisms tolerate pressures up to 31,000 kPa [4,500 psi].

pH -- Microbes as a group can thrive in environments with pH levels ranging from 1 to
at least 10.0. Also, bulk water values for pH can be misleading. The pH in bulk water may be
8.0 while at the surface of the metal under the microbial deposit (i.e., where fermentation is
producing organic acids), the pH level can be much lower (i.e., 4.0 or less).

Water Content -- All microorganisms require metabolically available water for survival.
That is, it must not be in the form of ice or chemically complexed in such a way as to be
inaccessible to the microbes.

Salinity -- Many fresh water or terrestrial microbes thrive in deionized or demineralized
water. These microbes can survive in very low levels of salts, or they can find elevated salt
concentrations at surfaces of the metal.
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Redox Potential -- Microbes may 1) require oxygen at levels of about 0.01 atm or greater
for growth, 2) require minute levels of oxygen for growth, 3) require no oxygen for growth, or
4) grow under any of these conditions.

Nutrients -- Microbes require inorganic molecules (e.g., ammonia, nitrate, methane, etc.)
as a source of energy and organic molecules and/or carbon dioxide as a source of carbon for
growth. Most nuclear facilities use demineralized water because the deionization removes many
of the nutrients from the water. However, the remaining nutrients do accumulate and concentrate
at the surfaces of pipes and tanks, and the microbes follow the nutrients to these locations.

The formation of tubercules by biological organisms acting in conjunction with
electrochemical corrosion occurs in many environments and on many alloys. Tubercules can
form without the presence of any microorganisms; however, tuberculation usually takes place in
biologically active aqueous systems.

The process of tubercule formation is complex. Any biofilm that does not provide for
complete uniform coverage of the entire immersed surface of a metal or alloy has the potential
to form concentration cells. Corrosion products are formed at these concentration cells. The
corrosion products generally result in formation of pits at anodic areas under the biofilm. The
corrosion products also join with the biofilm to form a corrosion tubercule. A gradual buildup
of these corrosion tubercules can ultimately result in macrofouling.

4.2.3 Stress Corrosion Cracking

Stress corrosion cracking (SCC) is the term given to subcritical crack growth in certain
alloys when subjected to stress and a corrosive environment. Many alloys are susceptible to SCC
in at least one environment; however, SCC does not occur in all environments, nor does an
environment that induces SCC in one alloy necessarily induce SCC in another alloy.[4.14]

Three factors or conditions must be present simultaneously for the possibility of SCC to
occur. Elimination or a reduction in any one or a combination of these three factors will
significantly reduce the likelihood or eliminate the possibility for SCC to occur. The three
factors are:

• Susceptible Material (Metal Alloy)
• Tensile Stress (Applied and/or Residual)
• Corrosive Environment (an environment that can provide the chemical driving force

for corrosion reaction)

Tensile stresses causing stress corrosion cracking are typically at material yield strength
levels. However, stress levels causing stress corrosion cracking may sometimes be below the
yield strength. Material susceptibility is related to the environment and may be influenced by
the metallurgical condition of the material.

4-16



AGING MANAGEMENT GUIDELINE FOR PUMPS

4.2.3.1 Intergranular Stress Corrosion Cracking (IGSCC)

IGSCC can be divided into two basic categories: 1) grain boundary precipitation and 2)
grain boundary segregation. The effect of grain boundary precipitation in austenitic stainless steel
(i.e., predominantly sensitized Type 304) is carbide precipitation which causes depletion of
chromium adjacent to the grain boundary. The grain boundary then becomes anodically active
and susceptible to corrosion. Impurities in a metal can segregate and produce a grain boundary
that approaches 50% impure. The effect of these impurities alters the corrosion and mechanical
properties of the grain boundary and causes cracking by anode dissolution.

The pump materials most commonly affected by this cracking are brass and Type 304
stainless steel. Section 4.2.3.2 below provides further information about the parameters and
characteristics that must be present for chloride stress corrosion cracking to occur. The stress
corrosion cracks originate at stress concentration points and follow in the direction perpendicular
to the existing tensile stress.

4.2.3.2 Transgranular Stress Corrosion Cracking (TGSCC)

TGSCC differs from IGSCC in that the cracking (i.e., failure mode) occurs through or
across the grain boundary as opposed to along the grain boundary. Sometimes the failure mode
of an alloy can be a combination of TGSCC and IGSCC and at other times the failure mode can
switch either from IGSCC to TGSCC or from TGSCC to IGSCC. IGSCC and TGSCC often

occur in the same alloy depending on the service environment, microstructure of the metal, or
the applied or residual stress/strain state.

TGSCC is affected by metallurgical factors and is related to the corrosion behavior of the
alloy. Alloying effects are a key metallurgical factor in the formation of TGSCC. In high-
chloride environments, corrosion can occur and cause chloride stress corrosion cracking which
can be transgranular.

The combination of aqueous chlorides and austenitic stainless steel may cause chloride
stress corrosion cracking to occur. Certain parameters and characteristics must be present;
however, tor chloride SCC to occur. Chloride SCC of austenitic stainless steel:

• Seldom occurs at metal temperatures below 60°C [140°F] and above 199°C [390°F].

• Requires an aqueous environment containing dissolved air or oxygen or other
oxidizing agents.

• Occurs at very low tensile stress levels such that stress relieving heat treatments are
seldom effective as a preventive measure.

• Affects all the austenitic stainless steels about equally with regard to susceptibility,
time-to-failure, etc.

I

• Is characterized by transgranular branchlike cracking.
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Chloride SCC is a concern for austenitic stainless steel pump components exposed to a
chlorinated reservoir or pond where chlorides tend to concentrate.

4.2.3.3 Irradiation Assisted Stress Corrosion Cracking (IASCC)

Manifestation of IASCC involves simultaneous interaction of highly irradiated
nonsensitized material with diffusion of impurities to the grain boundary, low stress, and high
temperature water containing short-lived oxidizing species associated with gamma and neutron
flux. Based on available field and laboratory data, a threshold fast neutron fluence
(energy > 1 MeV) of approximately 5 x 1020 n/cm 2 appears to exist for IASCC to occur in
stainless steel or Alloy 600. Formation of IASCC does not require chromium depletion
sensitization at the grain boundary or presence of high tensile stress.

4.2.4 Erosion and Erosion/Corrosion

Erosion is attributed to the removal of protective oxide films on a metal and/or the base
metal by mechanical action of a flowing fluid or particulate. Solid particles, present in a flowing
fluid, impinge on internal surfaces particularly at flow discontinuities and cause low stress
scratching (i.e., abrasive wear) of the surface. Due to the principles of momentum and mass
transfer, the magnitude of stress and therefore severity of abrasive wear is directly related to the
fluid velocity.

When the local pressure in a flowing liquid is reduced without a change in temperature,
vapor-filled bubbles can form and expand within the flowing liquid. When these bubbles, which
are formed in the low pressure region, pass into a region of higher pressure, expansion is
reversed and the bubbles implode/collapse very rapidly. This process is called cavitation.
Cavitation causes localized force/stress to be imparted on the oxide layer and underlying base
metal surface which results in damage to the material in the form of erosion.

Erosion/corrosion occurs when the fluid or particulate matter is also corrosive to the
metal. The mechanism of erosion/corrosion involves electrochemical aspects of general
corrosion, mass transfer and momentum transfer. In an erosion/corrosion process: 1) a corrosive
fluid forms an oxide layer on the surface of the metal, 2) erosive action removes this oxide layer,
and 3) the newly exposed bare metal surface continues the corrosion process. This action of
simultaneous oxide formation and removal leads to a reduction of metal thickness and is usually
characterized by a pattern of grooves or peaks and valleys generated by the flow pattern of the
corrosive fluids.

The principal factors affecting erosion and erosion/corrosion are:

Temperature -- Maximum erosion/corrosion rates in single-phase flow occurs between
129-140°C [265°F-285°F].

Materials -- Low alloy and plain carbon steel are most susceptible to erosion and
erosion/corrosion. Alloying elements, such as chromium and molybdenum, improve resistance
to erosion and erosion/corrosion. Austenitic stainless steels are highly resistant to erosion and
erosion/corrosion.
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Water Chemistry -- The rate of erosion/corrosion in single phase fluid flow applications
varies depending on the dissolved oxygen content and pH level. When the pH value is
maintained neutral, the rate of erosion/corrosion decreases as dissolved oxygen content increases.
Operation near 50 ppb dissolved oxygen in a neutral pH fluid (e.g., 7) reduces the rate of
erosion/corrosion in carbon steel materials to negligible levels.

Flow Velocity/Configuration -- Erosion and erosion/corrosion are most prevalent in
regions where 1) high flow velocity exists, 2) turbulent flow is present, and 3) where the
geometry causes flow directional changes.

Neither material hardness characteristics nor corrosion resistance properties, when existing
alone, are sufficient for a particular metal to resist the effects of erosion and erosion/corrosion.
Therefore, metals, such as stainless steel and alloy steels, which possess both high corrosion
resistance and high hardness properties are less susceptible to the effects from erosion and
erosion/corrosion than metals, such as plain carbon steel, which possess lower corrosion
resistance and hardness properties.

4.2.5 Embrittlement

Structural or chemical changes induced by elevated temperatures, contaminants, or
radiation catlses embrittlement of metals which can lead to fragility and failures under dynamic
loading. There are two predominant initiators of embrittlement that could possibly affect nuclear
plant components: 1) thermal embrittlement and 2) neutron embrittlement.

Thermal Embrittlement

The mechanism of thermal embrittlement is complex and varies with material composition
and service conditions. Fine grained, high chromium stainless steels normally possess good
ductility. However, exposure to high temperature further increase strength while at the same time
reduces ductility and fracture toughness properties of the material making it more susceptible to
thermal embrittlement. Susceptibility to embrittlement increases with increasing chromium
content, with the highest degree of embrittlement occurring when chromium contents are greater
than 19%. At least 15% chromium is necessary for embrittlement to occur. The effect of carbon
content on embrittlement is minimal.[4.3] The effects of thermal embrittlement on cast austenitic
stainless steel are most prevalent at temperatures between 400-500°C [750-930°F] when
maintained for long periods of time (e.g., greater than 100,000 hours).

Neutron Embrittlement

The following discussion summarizes tbe effects of neutron irradiation on the properties
of austenitic stainless steels and Ni-Cr-Fe alloys. Carbon steel is not included because it is more
ductile than stainless and high alloy steels.

Neutrons produce energetic primary recoil atoms which displace large numbers of atoms
from their crystal lattice positions by a chain of atomic collisions. The neutron damage exposure
can be characterized by dpa, which accounts for the neutron energy spectrum as well as the
fluence. However, the dpa exposure parameter is not a direct measure of the number of residual

4-19



AGING MANAGEMENT GUIDELINE FOR PUMPS

defects; the primary defects undergo temperature dependent rearrangements both within the chain
and as a consequence of long range migration.

Embrittlement is a function of radiation exposure and environmental and metallurgical
variables. Fluence or dpa, and copper and nickel content have been identified as the primary
contributors. Important second order variables include flux, temperature, and phosphorous
content. There is evidence that a number of other variables such as heat treatment may also
influence embrittlement. Available experimental data suggest that the following metallurgical
properties result after prolonged exposure to neutrons:

• The yield strength increases by about a factor of 3 over its unirradiated value while
the ultimate tensile strength remains essentially unchanged.

• The uniform elongation and the total elongation drop substantially from their
unirradiated values.

• Fracture toughness drops by about a factor of 3 to 4, tearing modulus drops from
several hundred to a range from 5 to 10.

Experimental data also suggests that an accumulated fast (> 1 Mev) neutron fluence of
approximately 1 x 102o n/cm2 is the threshold value where these metallurgical properties begin
to change.[4.8, 4.9, 4.12]

4.2.6 Wear

Wear is defined as damage to a solid surface by the removal or plastic displacement of
material by the mechanical action of a contacting solid, liquid, or gas. There are three primary
types of wear: adhesive wear, abrasive wear, and erosive wear.

Adhesive Wear

Adhesive wear is identified by commonly known terms such as scoring, galling, seizing,
and scuffing and is further characterized as transference of material from one surface to another
during relative motion or sliding due to a process called solid phase welding (i.e., particles from
one surface are removed and either permanently or temporarily attached to the other surface).

Abrasive Wear

Abrasive wear or abrasion is identified by commonly known terms such as scouring and
gouging and is characterized as displacement of material from a solid surface due to hard
particles sliding along the surface. Scouring and gouging may be due to loose particles entrapped
between surfaces that are in relative motion or from hard particle impingement that fractures the
surface of the material such as in grinding applications.
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Erosive Wear

Erosive wear is identified by commonly known terms such as erosion, cavitation, and
droplet impingement and has been fully discussed in Section 4.2.4.

4.2.7 Stress Relaxation

Stress relaxation is an elevated temperature age-related degradation mechanism important
in the design of devices intended to hold components in contact under pressure (e.g., bolted
components). Stress relaxation occurs under high temperature conditions of constant strain where
elastic deformation is replaced by plastic deformation. Materials loaded to some initial stress
may experience a reduction in stress over time at high temperatures. The reduction in prestress
generally occurs at a decreasing rate with the majority of loss occurring early in life of the
prestressed part.

Factors affecting stress relaxation arc 1) material type, 2) neutron flucnce, 3)time,
4) temperature, and 5)amount of initial prestress. A significant magnitude of fast neutron
fluence will not accumulate due to location of these components relative to the reactor core,
therefore, the contribution of neutron fluence is negligible. Stress relaxation is a concern only
for materials that are subject to high initial prestress conditions and exposed to high temperatures
for prolonged periods of time.

4.2.8 Creep

Creep is defined as time-dependent strain, or gradual elastic and plastic deformation of
metal that is under a constant stress at a value lower than its normal yield strength. The type of
fracture (ductile or brittle) caused by creep depends on temperature and strain rate. The effect
is particularly important if the temperature of stressing is in the vicinity of the recrystallization
temperature ot"the metal.

When tensile stress is :_pplied to a metal, the metal undergoes initial elastic strain.
Following this initial elastic strain with the tensile stress continually applied, the metal will
undergo increasing plastic strain at a decreasing strain rate. This is called first stage or primary
creep. Following first stage creep, there is an equilibrium condition consisting of a nominally
constant rate of plastic strain. This is called second stage or secondary creep. The duration of
secondary creep depends upon the temperature and applied tensile stress on the metal. Following
second stage creep is a condition of drastically increased strain rate with rapid extension to
fracture. This is called third stage or tertiary creep.

4.2.9 Fouling

Fouling interferes with normal flow characteristics and will reduce pump efficiency.
There are three general types of l'ouling found in pumps.

• Particulate Fouling
° Biological Fouling
• Precipitation Fouling
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4.2.9.1 Particulate Fouling

Water-borne deposits, commonly known as foulants, are loose, porous, insoluble materials
suspended in water. Foulants include such substances as particulate matter from the air, migrated
corrosion products; silt, clays, and sand suspended in water; organic contaminants and biological
matter. Fouling interferes with normal flow characteristics and can reduce efficiency. High flow
rates can sweep away ordinary deposits, but low flow rates cause the suspended foulants to settle
out and deposit on metal surfaces, thus causing corrosion.

4.2.9.2 Biological Fouling

Biological fouling, commonly referred to as biofouling, occurs by attachment of large or
small organisms to pump surfaces. This macrofouling is responsible for degraded performance
by either one or a combination of flow retardation, accumulation of concentration cells and
microbiologically influenced corrosion.

When the attached biological material layer becomes thick, water flow capability is
impeded. During high flow conditions, dislodgement of shells and other debris may occur
resulting in further pluggage and flow retardation. Presence of concentration cells beneath
biological masses is common especially if the water is stagnant. Stagnant water systems are ideal
incubators for promoting the growth and proliferation of microorganisms. If large organisms are
actively growing, microbes will more than likely be present, and their activity will result in direct
corrosion of pump surfaces.

The Asiatic clam and zebra mussel are the principal organisms causing macrofouling in
fresh water systems. In brackish water and seawater, macrot'ouling is caused by the blue mussel
and the American oyster.

4.2.9.3 Precipitation Fouling

Precipitation fouling occurs by the crystallization of dissolved ions from solution onto the
pump surface. Calcitlm carbonate, calcium sulfate, calcium phosphate, magnesium silicate, iron,
manganese, and silica are the precipitants most commonly found in cooling waters. Calcium
carbonate is the most prevalent precipitant found in nuclear plant cooling water
systems.[4.15] Primary water applications in PWR plants contain boron to control reactivity.
Cases have been identified in industry data that shows precipitate fouling from borated
compounds. Precipitation fouling is commonly known as scaling because of its appearance.
Precipitation fouling depends mainly upon fluid temperature, alkalinity or acidity, and
concentration of scale-forming ions.

Calcium Carbonate

The amount of calcium carbonate scaling within a cooling water system directly depends
on the concentrations of calcium hardness and bicarbonate alkalinity. The formation of this scale
increases with pH and temperature.
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Calcium Phosphate

Calcium phosphate scaling is generally found in two types of waters: 1) cooling waters
treated with phosphate-based corrosion inhibitors and 2)cooling water supplied by partially
treated sewage waters or rivers/lakes surrounded by farm runoff. Calcium phosphate precipitates
out at higher pH and temperature.

Calcium Sulfate

Calcium sulfate scaling is caused by high concentrations of calcium and sulfate. It
becomes less soluble at low pHs and higher temperatures. Calcium sulfate precipitation is an
indication of severe fouling, because it does not occur until after all of the carbonate has
precipitated out of the water.

Magnesium Silicate

Magnesium silicate scaling forms first as magnesium hydroxide as a result of precipitation
of magnesium carbonate. The magnesium hydroxide then reacts with silica to form magnesium
silicate. This scale is the hardest to remove from surfaces and is common to cold water

applications, because the solubility of silica increases with temperature.

Silica

Silica precipitate scaling occurs predominantly in cold water applications, because the
solubility increases with temperature. Maintaining the silica concentration less than 150 ppm as

SiO 2 in cooling water applications should minimize its deposition on surfaces regardless of
temperature.

Iron and Manganese

Iron fouling is common in cooling water applications that are supplied by iron-laden well
water or rivers high in iron concentration. Manganese deposits are usually found in the form of
manganese dioxide. Relatively low concentrations of manganese will cause scaling/deposition
of surfaces. Manganese concentrations of concern are usually found in cooling water applications
where the source is from: 1) bodies of water where acid mine drainage influents exist and
2) bodies of water formed over pine forests. Manganese dioxide scaling/deposits will precipitate
as a result of oxidation of manganese by over-chlorination or by microorganism growth on
surfaces.

Boron Solutions

Borated compounds will precipitate under certain concentration and temperature
conditions. Boron precipitate fouling occurs predominantly in cold water applications because
the solubility increases with temperature. In a typical PWR plant the solubility limit is 20,000
ppm boron at 54°C [130°F].
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4.3 Evaluation of Aging Mechanisms

This section addresses the significance of each aging mechanism described in Section 4.2.
An aging mcchanism is significant whcn, if allowed to continue without detection or mitigation
mcasurcs, it will cause the pump to lose its ability to pcrfe,'m its required function. The aging
mcuhanisms arc cvaluatcd for each of the five major pump subasscmblics and where necessary,
for the subcomponents as lislcd in Table 3-2 and Table 3-5. The results of the evaluations are
summarized in Tables 4-4 through 4-i0.

' STable 4-4. Significance of Aging Mechanisms for Primary Water Sy,'tem Pumps
(BWR RWCU Pump and PWR Charging Pump)

................................. _ = ........ i

('orrosion S('(" l:,rosmn

I'ump Mechanical ' " ',lmi IV('
Subas_,cmhly t:allguc (;F.N I(;S('(" "I'(;S('(" (Note 4) Wear Fouling

(Note I) (;AI. MI(" (N_lc 2) (Now 3)
.....i ill i I 7 ............................................. ; ........ Illllll. i

R()TATIN(;/R E('II'R()('ATIN(;
............ -

Shall X X
......... , i

l)rivcshalt/ X X
('rankshaft ( Ntflc 5)

.................... _ i ,iq

Impeller X X X
..........................

Pislon/Phmgcr X
...... , ............... : -: ...... --

Internal Valve X (Nolo 5_ X X X
(Note h)

...... ',,,',',, : ..... ,d', ' , ,"...... ' ',' ' ,,.'' 7= --

|;IXED IN'rI:.RNAI.S
................................................

:Misc. Structural

{ "( I111 p( _IICIII s,
..... i ...........

Wcarin,u X X
( 'tm+poncrfls ( Note 7 )

......... i ........

I:lm,_,'( ;uidc,, X
...... • : = _ ;_

I'RESSI _kl_ B()I _NI)ARY
, .................

(',tsing X X
....................... • .... -

('y Imdcr/Phmgcr X X
Block (Note 5)

.............................

Sl.lt'lion/l)is- X X

charge Nozzle
. iii -- --

Flange/( "_vcr X
- - i .......... • ......... ,..... _ ........

.................
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anisms for Primary W_ =
BWR RWCU Pump and PWR Charging Pump) continued)

'I

Corrosion SCC Erosion

Pump Mechanical .............. and [YC
Subassembly Fatigue GEN IGSC(" TGSCC (Note 4) Wear Fouling

(Note 1) GAL MIC (Note 2) (Note 3)
,'c ,_,,,i.... ' ..... ._, _,, . .- , i ..... I',",,_,_,7 ,,, , Z- ," ,, _ , ,',' ..... z _I' I,",',,

MF.CtIANICAL St_BSYSTEMS
..... + ............... - .......

Coupling X X
., .................................

Seals X
_

Radial Bearing X
...... : ..... _.........................

Thrust Bearing X X
_ ,, j ..... • ,, _ _ T,.=, ........ ,.........

SUPPORTS

Support Feet/ X
Skirt

....... -- .............. +

Base Frame/Skid
......... i.............

Fasteners
t:: '!_ _ " ' ,, ,, ........ ",IPI ',' ,, , ",_ " ,',,'...... ; ' ',," ,', ..... i = .... l", , ,

X _ Denotes aging mechanism as significant.

Notes:

I. General corrosion is not a significant aging mechanism It_r stainless and high alloy steel containing >12e/;
chrome and bronze or brass material containing <15</+ zinc (see Sections 4.3.1,5. ! and 4,3.3. I).

2. IGSCC is not a significant aging mechanism provided the pump is located downstream from heat exchangers
such that normal primary water temperatures at the pump are < 54_C [130_F1 (see Sections 4.3.1.6.1 and
4.3.3.1).

3, "I'GS('(." would only be a signilicant aging mechanism for stainless and high alloy pump materials il' nitrogen
was not a controlled element during manufacture ol the part. In most cases nitrogen is controlled by material
specification Isee Sections 4.3.1.6.2 and 4.3.3. I).

4. Erosion and erosion/corrosion is significant when flow rates and suction heads are such that cavitation conditions
can occur. Cases of erosion and erosion/corrosion ha,,e been reported in I,ERs and NPRDS for the BWR
RWCU pumps and PWR charging pumps lsee Section 4.3.2.1.2).

5. Mechanical fatigue is conservatively evaluated to be a significant aging mechanism lot the reciprocating
charging pump internal valve, driveshaft/crankshaft, and cylinder/plunger block. The assumption here is that the
reciprocating charging pump is in continuous service. This may not be the case for many PWR plants (i.e.,
where the centrifugal charging pumps are normally in service and the reciprocating charging pumps in standby)
(see Section 4.3.2. I. I ).

6. Fouling of the reciprocating charging pump internal valve has shown, through NPRDS data, to be it significant
aging mechanism (see Section 4.3.2.1.4).

7. Erosion and erosion/corrosion is not a significant aging mechanism rut the reciprocating CVCS charging pump
wearing components (see Section 4.3.2.2.2).

..........
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, ,, ........................ ,, .......................

Table 4-5. Significance of Aging Mechanisms for Borated Water System Pumps
(BWR SLC Pumps and PWR BAT Pumps)

Mechanical Corrosion SCC Erosion

Pump Fatigue and E/C Fouling
Subassembly INote I) GEN TGSCC (Note 4) Wear (Note 5)

(Note 2_ GAL MIC IGSCC (Note 3)
..... , ...... ',, ".'l ............. _ --

R()TATING/RECIPROCATING
................

Shaft X X X
.... I .... --

Driveshaft/ X

Crankshaft ......

Impeller X X X X

Piston/Plunger X X,,, ,

Internal Valve X X X
L .... ._I........ k ,,_,, ,.. -....; .... . ..,

FIXED INTERNALS
............ .,,

Miscellaneous X X X
Structural

Components
...............

Wearing X X
Components

Flow Guides X X X
, ,,,,_,,,_, , ......

:'RESSURE BOUNDARY
............

Casing X X X X X I
_ _"

Cylinder/Plungcr X X
Block

, ,

Suction/ X X X X X

Dischargc Nozzlc

Fhmge/Cover X X X X....

Fasteners X
,., .,.L,

M :_CHANICAL S[!BSYSTEMS
.,,

Coupling X X....

Seals X X
L

Radial Bearing X
,,

Thrust Bearing X X
.... ..,,

SUPPORTS
,.,

Support X
Feet/Skirt

, ,.....

Base Frame/Skid
, ,,

Fasteners
.... ,,
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Table 4-5. Significance of Aging Mechanisms for Borated Water System Pumps
(BWR SLC Pumps and PWR BAT Pumps) (continued)

X -- Denotes aging mechanism as significant.

Notes:

I. The boric acid transl_er pumps in a i'WR are considered as continuously operating, whereas, the standby liquid
control pumps in a BWR are typically operated only for testing on a quarterly basis. Therefore, mechanical
fatigue is significant only for boriL acid transfer pump components (see Section 4.3,2.3.1).

2, General corrosion is not a significant aging mechanism for stainless and high alloy steel containing > 12%
chrome and bronze or brass material containing <15gi zinc (see Sections 4.3.1.6. I and 4.3.3.2).

3. TGSCC would only be a significant aging mechanism for stainless and high alloy pump materials if nitrogen
was not a controlled element during manufacture of the part. In most cases nitrogen is controlled by material
specification (see Sections 4.3.1.6.2 and 4.3.3,2L

4. Erosion and erosion/corrosion is not a significant aging mechanism lbr the reciprocating SLC System pump
because the pump operates infrequently, and pump materials are resistant to this aging mechanism (see Sections
4.3.2.1.2 and 4.3.2.3.2).

5. Stationary pump components are susceptible to fouling because they handle fluids containing borated
compounds. Borated compounds can precipitate out of solution under certain concentration and temperature
conditions. One case ol this phenomena occurring to a boric acid transfer pump was identified in the LER data
search (see Sections 4.3.2.2.4 and 4.3.2.3.3).

Table 4-6. Significance of Aging Mechanisms for Continuously Operated Treated
Water System Pumps (BWR-CRD, RHR, and Fuel Pool Cooling Pumps)
(PWR-Primary Makeup, RHR, and Fuel Pool Cooling Pumps)

Corrosion SCC Erosion

Mechanical an0 E/C
Pump Subassembly Fatigue GEN GAl. MIC IGSCC TGSCC (Note 6) Wear Fouling

(Note I) (Note 2) (Note 3) _Note 4)
iNote 4) (Note 5)

ROTATING/RECIPROCATING

Shaft X X X X X
..,

Impelle_ X X X X X X
%' ..... I_ .......... ...... , i" .

FIXED INTERNALS

Miscellaneous Structural X X X X X X
Components

X

Wearing Components X X X X X X
...

Flow Guides X X X X X X
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Table 4-6. Significance of Aging Mechanisms for Continuously Operated Treated
Water System Pumps (BWR-CRD, RHR, and Fuel Pool Cooling Pumps)
(PWR-Primary Makeup, RHR, and Fuel Pool Cooling Pumps)
(continued)

Corrosion SCC Erosion

Mechanical and F_,/C

Pump Subassembly Fatigue GEN GAL MIC IGSCC TGSCC (Note 6) Wear Fouling
(Note I) (Note 2) (Note 3) (Note 4)

(Note 4) (Note 5)
J .....

PRESSURE BOUNDARY
.........

Caxing X X X X X X X
(Note 7)

Suc!ion/l)ischarge X X X X X X X
Nozzle {Note 7

,,,

Flange/Cover X X X X X X
(Note 7)

Fasteners X X
,,,,,_ , ,,

MECHANICAL SUBSYSTEMS
.....

Coupling X X X......

Seals X X X X

Radial Bearing X
,.....

Thrust Bearing X X
........ , _,,

SUPPORTS

Support Feet/Skirl X X

Base Frame/Skid X
....,.....

Fasteners X
,, I'." ..... ' ' ' , ,.,,,,,=

X --- I)enotes aging mechzmlsm as significant.

Nole,_:

I General corrosion is a significant aging mechanism only for carbon and low alloy slcels and cast iron pump subcomponents
{see Section,_ 4 _ I 5.1 and 4 "_3 3).

2 Galvanic corrosion is a significant aging mcchanisru only for carbon and low alloy steels and cast iron because these materials

are anodic with respect m all olhcr pump materials (;alvanlc corrosion is a significant aging mechanism for bronze and brass
matenals when in contac! wilh ,,talnle_ steel I,,ce Section 4.3.3.t)

3. IGSCC is a significant aging mechanism only for stainless and high alloy steel pump subcomponents that can, for a time, have

an operalmg fluid temperature > 54"(" II 30"F] (see Scclion 4.33.3).

4 Wroughl br;.LS,_and bronze malenals containing > 15'Y,_ zinc ;.fie _usceptible to IGSCC and TGSCC (see Section 4.3.3.3).

5 TGSCC would only bc a sl[,_nll'lc;.mlaging nlechani_r for stainless and high alloy pump materials if nitrogen wa.,_ not a
controlled clement during manufacture of the part. In most cases nitrogen is controlled by material specification (see Section
43 I 6 2)

.....
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Table 4-6. Significance of Aging Mechanisms for Continuously Operated Treated
Water System Pumps (BWR-CRD, RHR, and Fuel Pool Cooling Pumps)
(PWR-Primary Makeup, RHR, and Fuel Pool Cooling Pumps)
(continued)

Notes:

6. Erosion and erosion/corrosion is a significant aging mechanism for primarily carbon and low alloy steels and cast iron when
flow rates and suction heads are such that cavitation can occur. Even stainless and high alloy steels are susceptible to erosion

and erosion corrosion under these circumstances (see Sections 4.3.1.7, 4.3.2. !.2, 4.3,2,2,2, and 4,3,2,3.2).

7. General corrosion is a significant aging mechanism for pump pressure boundary components where the design corrosion
allowance is less than 3.2 mm [0,125 in] (see Section 4.3.3.3).

Table 4-7. Significance of Aging Mechanisms for Intermittently Operated Treated
Water System Pumps (BWR-Core Spray, HPCI and RCIC Pumps)
(PWR-AFW, SI, Containment Recirculation and Spray Pumps)

Pump Subassembly Mechanical Corrosion SCC Erosion Wear Fouling

Fatigue and E/C
GEN GAL MIC IGSCC TGSCC (Note 5)

(Note I) (Note 2) (Note 3) (Note 3)

(Note 4)

ROTATING/RECIPROCATING

Shaft X X X X

Impeller X X X X X

FIXED INTERNALS

Miscellaneous X X X X X X

Structural Components

Wearing Components X X X X X X ......

Flow Guides X X X X X

Suction Strainer X X X X X

(Note 6)
....

....

PRESSURE BOUNDARY
!

Casing X X X X X
(Note 7)

Suction/Discharge X X X X X
Nozzle (Note 7)

J

Flange/Cover X X X X
(Note 7)

Fasteners X
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F..................

Table 4-7. Significance of Aging Mechanisms for Intermittently Operated Treated
Water System Pumps (BWR-Core Spray, HPCI and RCIC Pumps)
(PWR-AFW, SI, Containment Recirculation and Spray Pumps)
(continued)

......... , ...... . ........

Corrosion SCC Erosion

Mechanical ...... and E/C

Pump Subassembly Fatigue TGSCC (Note 5) Wear Fouling
GEN GAL IGSCC (Note 3)

(Note i) (Note 2) MIC (Note 3) (Note 4)
.., ......... ...........

MECHANICAL SUBSYSTEMS
.................

Coupling X X X
......

Seals X X X
...........

Radial Bearing X
......

Thrust Bearing X X
.., _ ,'...... '.'" -,., _....

SUPPORTS

1
Support Feet/Skirt X X

.............

B ,'tse Frame/Skid X

Fasteners X

X -- Denotes aging mechanism as significant.

Notes:

I. General corrosion is a significant aging mechanism only for carbon and low alloy steels and cast iron pump subcomponents
(see Sections 4.3.1.5. I and 4.3.3.3).

2. Galvanic corrosion is a significant aging mechanism only for carbon and low alloy steels and cast iron because these materials

are anodic with respect to all other pump materials. Galvanic corrosion is a significant aging mechanism for bronze and brass

materials when they are in contact with stainless steel materials (see Section 4.3.3.3).

3. Wrought brass and bronze materials containing > 15% zinc are susceptible to IGSCC and TGSCC (see Section 4.3.3.3).

4. TGSCC would only be a significant aging mechanism for scainless and high alloy pump materials of nitrogen was not a

controlled element during manufacture of the part. In mosl cases nitrogen is controlled by material specification (see Section
4.3. !.6.2).

5. Erosion and erosion/corrosion is a significant aging mechanism for primarily carbon and low alloy steels and cast iron when

flow rates and suction heads are such Ihat cavitation can occur. Even stainless and high alloy steels are susceptible to erosion

and erosion/corrosion under these circumstances. Fouling of a suction strainer can cause cavitation (see Sections 4.3.1.7,

4.3.2.1.2, 4.32.2.2, and 4.3.2.3.2).

6 The suction strainer is only applicable to the PWR containment recirculation pumps.

7. General corrosion is a significant aging mech,'mism for pump pressure boundary components where the design corrosion
allowance is less than 3.2 mm 10.125 inl (see Section 4.3.3.3).

.....
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Table 4-8. Significance of Aging Mechanisms for Closed Cooling Water System
Pumps (Note 1)

Corrosion SCC Erosion

Pump Mechanical ...... and E/C
Subassembly Fatigue GEN GAL MIC IGSCC TGSCC (Note 5) Wetu Fouling

(Note 2) (Note 3) (Note 3) (Note 4) (Note 4)
..... ' ,, , , .,;,',,

ROTATING/R ECIPROCATING

Shaft X X X

hnpeiler X X X X

FIXED INTERNALS
,,,

Miscellaneous X X X

Structural

Components
,..

Wearing X X X X X

Components

Flow Guides X X
......... ,., ,.. ....

PRESSURE BOUNDARY
........... .q

Casing X X X
(Note 6)

Suction/Discharge X X X
Nozzle (Note 6)
.......

Flange/Cover X X
(Note 6)

....

Fasteners X X
,,. '= , ',, .= '"

MECHANICAL SUBSYSTEMS
,,

Coupling X X X........

Seals X X

Radial Bearing X......

Thrust Be,wing X X
, ,, .,,. -,,_

S UPPORTS

Support Feet/Skirt X X
......

Base Frame/Skid X
......

Faste ners X

X --- Denotes aging mechanism as significant,

Notes:

I Closed Cooling Water System pumps include systems with the following n:unes. Midst systems arc ¢OllllntH1Io hoth BWRs
and PWRs

• Reactor Building Closed Cooling Water
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Table 4-8. Significance of Aging Mechanisms for Closed Cooling Water System
Pumps (Note 1) (continued)

Notes:

• Emergency Equipment Cooling Water

• Auxiliary Building Closed Cooling Water
• Containment Chilled Water

• EDG Jacket Cooling Water

• Component Cooling Water

2. General corrosion is a significant aging mechanism only for carbon and low alloy steels and cast iron pump subcomponents

(see Sections 4.3. i.5. I and 4,3.3.4).

3, Galvanic corrosion and microbiologically intluenced corrosion are not significant aging mechanisms provided the water is

treated with appropriate chemicals (i,e. corrosion inhibitors/biocides) and fluid analysis is routinely performed to verify
chemical concentration (see Section 4.3.3.4).

4. Wrought brass and bronze materials containing > 15% zinc ,'u'esusceptible to IGSCC and TGSCC (see Section 4.3.3.4).

5. Erosion and erosion/corrosion is a significant aging mechanism for continuously operated carbon and low alloy steels and cast

iron pump subcomponents when flow rates and suction heads are such that cavitation can occur and/or where particle

impingement exists (see Sections 4.3.1.7, 4.3.2.1.2, 4.3.2,2.2, and 4,3.2.3.2),

6. General corrosion is a significant aging mechanism for carbon and low alloy steels and cast iron pump pressure boundary
c()mponenls where the design corrosion allowance is less than 32 mm [0.125 in] (see Section 4,3.3,4).

Table 4-9. Significance of Aging Mechanisms for Lubricating and Fuel Oil System
Pumps (Note 1)

....

Pump Subassembly Mechanical Corrosion SCC Erosion Wear Fouling

Fatigue and E/C (Note 3)
GEN GAL MIC IGSCC TGSCC Note

(Note 2)
Ill illl ill

ROTATING/RECIPROCATING

Shaft X X X
........

Impeller X X X
....

Internal Rotor X X X
'.::-- .... , 7 "'-

FIXEI) INTERNALS
..... i ........

Miscellaneous Structural X X

Components
I

Wearing Components X XI

Flow Guides X X
.....
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Table 4-9. Significance of Aging Mechanisms for Lubricating and Fuel Oil System
Pumps (Note I) (continued)

Pump Suh_Lssc,ml)ly Mechanical ('orrosion SCC Erosion Wear Fouling
Faligu¢ ........ and 19(" (Nole 3)

CIEN (;AI, MI(' I(;SC(" T(;SC(? Nole

(NoI¢ 2)
........ I fill,.............

I)RF,SS[ tI_,E B()UNI)ARY
.............

Casing X (Note 4) X
.....

Suclion/I)ischarge X (Note 4) X
Nozzle

, ,

F'lange/Cover X (Nole ,1) X

Fasleners X "
ii I .i

MFX'IIANI('AI, St IBSYSTEMS
...........

Coupling X X X
...... ,.....

Seals X X
....

Radial Bearing X

Thrust Bearing X X
ill_ ill,: ....

SUPI'( )RTS
.....

Supporl Feel/Skirl X X
...............

B_se Frame/Skid X
ii, i..........

Fasleners X
,,

X Denoles aging mechanism as signillcanl.

Noles:

I l,ubricalmg and fuel oil syslelll pumps inch,de syslelllS with the folh)wmg mimes. Some systems are common Io both BWRs
and PWRs as indicaled

• Emergency I}ies¢l {;cneralor Fuel ()il Transfer (Common)
• Emergency I)iesel Generator i,ul_e ()il (Common)

• IIP('I l,uhricalmg ()il (BWR)
• Re'I(" l,uhricaling ()il (I'IWR)
• Auxiliary Feedwaler I,ul_ricaling ()il (I'W R)

2. (;enenfl corrosion is a signil-lcanl aging mechanism tufty for carbon and low alloy sle¢ls and casl iron pump subcomponenls
(see Seclions 4.)I. I,_;.I :rod 4.3 3.5).

3 Fouling is a significan! aging nlechal|islll because o[ the polenti;d for contaminants el|tering the oil system from reservoir

bollolllS, com,sion producls or hearing inalerial fines (see SecIil.)llS 4.1.2.2.4 and 4.3.2 L.t).

,1 (_;cneral corrosion i.,, a signil/c;inl aging IllechalHSln for pump pressure houndary COlllpollelllS where Ihe design corrosion
allowallCC is less lhan _l2 mm IO 12_ in] (see Seclion 4 3._.5).

.........

4-33



AGING MANAGEMENT GUII)EI,INE FOR PUMPS

,,,,,.................... _ , , , ',,;i,, , "' ,,, T , ,,, ,, =:= t=

Table 4-10. Significance of Aging Mechanisms for Raw Water System Pumps
(Note I )

I...............

Cmro,,ion SCC

Erosion........ ,

Mecham_al TGSCC and _(.' Fouling

IJump Sub;ts_embly Faligue (;EN (;AI. IGSC(" (Nole 5) (Note 7) Wear (Note 8) i

tNotc 2) lNole _) MIC (Note 4) (Note 6)
,: ',............... ,,, ' ' - ' ',,'l....... , , I ,,/,,, : =

R( ) lAI ING/R E(_IPROCATING
.............. , .....

Shaft X X X X X
.......... ,

Impeller X X X X X X X
,,, ! ..... , , ....... ?..... , ,,,...... ,

HXEI) INTERNALS
, , ,....... .

M:sccllaneou_ X X X X X X

.Structural Components
i ....... ,.,i ,,

Wearing Components X X X X X X
............. i,,

|:low (Juides X X X X X X
....... .,,

Suction Strainer X X X X X X
.... ', ', , " ,, ,, _ , ' .... t,','" _,_

PRESSI'RE Bf)I_NI)ARY
,, ,.......

C_t,,ing X X X X X X X
...............

l)l,,chat gcl toad, X X X X X X
f'cqurnntt_v, t/

I)l_,chatgc No,,zlc
........

Su_vi, m/l )i_chargt: X X X X X X X

Nozzle
.... t ....

Fl',m_.,,'/("}_cr X X X X X X
,, ,, ,,,,...........

t a,dcncr,, X X

ME('ltANI('AI. SI,;BSYSIEMS
............. _..................

r'_,upling X X X
..........

qcals X X X X
...... , ....

I<athal t_eanng X
..................,,

Internal Radial |_)caring X X X X X
. - ........ : .... p...............

"ll:ru,l I'c ili_ X X
, .,, ,, , ,;'.' , , , , , .......

S I !PP( )R'I S

................

_upp(,r) Ft,cl/Skirl X X
,,_ ,,,

t)J ;t',c [:! ,llll_./c;)k I(l X
........ ,.....

f'a'_t¢ net,. x
..........
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, _, J '",It , I"_i'_ , . ,'; ,, -' ! ,,_ :;,._ ........ #, , ,, ) .... ,, .:_ , _,,,, --- ),,J

Table 4-10. Significance of Aging Mechanisms for Raw Water System Pumps
(Note 1) (continued)

I

X .... Denotes aging )nechan)sm as stgnifican!

Notes;

I. Raw v+atersystem pumps include systems with the following names. These system pumps are for the nlosl part eomlnon to
both BWR and PWR planls except where idenlilied in parenlhesi,,. There are essenllally two different types of fluid
(seawaler/hrackish and lreshx_aler) use for these st'Ixlcc _aler applications
• Residual Ileal Removal Service Water (BWR)

° Emergency EtltllpnlenI .¢'ier_ice Water
• Essential Service Water

• Evnergenc._ l)it'sel (;eneratur Serxlce Water
• Nuclear Serxice Water

• Auxiliars Ser_tce W_,Icr
° Non-¢ssenlia| Sel_,ice \t.'alel

2. General corrosion is a significanl aging Iltech;.lnlslI) tot carbon and low alloy steel, ¢a.st iron, stainless and high alh)y steel

pump subcomponenls !see Sections 4 3 1 5 1 and 4 3.3,61

3. Galvanic corrosion is a stgnifican! aging mechanism unly for carbon and low alloy _leels and ¢,'Ls!iron because these materials

are anodic wilh respect to all other pump real°rials Galvanic eorrosiun is a significant aging mechanism for bronze and brass
materials _hen in ct)nlacl v, ilh stainless steel (see Secllon 43._.6)

4. IGS('C is a significant aging mechanisnl onl_ lot stainless and hlgh alloy slt'el pt|ml_ subcomponents due to impurities in the
pumD,'d fluid (see Seclion 4 _ +_6)

5 TGS('C would only he a significanl aglng mechanism lot slainless and high allo_ pmnp materials if nitrogen wits nol a
controlled element dtlrlllg manufacture of the pall In lllOM t.'asesnitrogen is controlled b} material specification (see Section
4!. 162).

6. Wrought brass and hronze materials containing -- 15+,; zinc-are susceptible to IGSCC and T(;S{'C (set' Section 43.]6).

7 l'2msion and ert)sionlct)rrosion ix a Mgnl|]Calll ;.igillg lllechalllMl! for all _elted pump components regardless of Inaterla] type
_hen fh)v, rates ;lilt] SLIL'IIOnheads ate such thal cavitallOn can i)Cftlr Fouling t)f a suflion strainer can cause cavi|a|ioll.

Particle impmgemenl also resuhs m wr_ice _alt'r pump erosion (sec Sections 4] 17, 4,32 1.2, 4.3.222, and 432.3.2).

.+';CIVlCCx,,atcr pump apphcalmn_ are susceptible It') ,c_ere louling Irt)m sand, dirt. seaweed, fish and other large pieces t)f

debris. Anothcr fornl of l(mhng umquc to scrxlcc v,aler pump application is huddup ()1 ol+gaFli<d/inorganll2 tuberctdalion an(l]or
mussel forlllalh)n al|(l/t)r barnaule_ (see Scction_ ,l _ 214, 43224, and ,li_ 2 )+_)
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Many of the relationships between the aging mechanisms described in Section 4.2 and the
pump applications listed in Tables 3-7 and 3-8 apply to all the pumps evaluated in this AMG.
These relationships are described and evaluated in Section 4.3.1. The significance of some of
the aging mechanisms is determined by this evaluation. In Sections 4.3.2 and 4.3.3, the
mechanisms are further examined, as necessary, by considering the affected major pump
subassemblies and subcomponents, service application, pumped fluid characteristics, and
construction materials.

Where aging mechanisms are classified as significant or non-significant, qualification
statements are included as necessary. Since many different plant-specific situations exist, aging
mechanism significance may only apply to certain pump types, environments, materials, services,
etc. The aging mechanism significance evaluations carefully consider whether or not the
operational and environmental stressors may cause significant degradation for a specific
component over long periods (40 years or more), even if industry history has not documented
such degradation.

Finally, three special issues are addressed; loss of threaded fastener preload in
Section 4.3.4, aging of non-metallic components in Section 4.3.5, and aging mechanism synergies
and dependencies in Section 4.3.6.

4.3.1 Aging Mechanism Considerations That Apply to all Pumps

The relationships between the aging mechanisms described in Section 4.2 and the pump
applications described in Section 3 are evaluated in this subsection. These evaluations apply to
all the pumps and their components. The intent of this subsection is to consolidate the
determinations of significance or non-significance, wherever possible, or to present the
considerations that need to be examined in Sections 4.3.2 and 4.3.3; evaluations of the pump
subassemblies and components :,,ridservice applications, respectively.

4.3.1.1 Thermal Embrittlement, Stress Relaxation, and Creep

Normal pumped fluid operating temperatures for all of the pump applications are below
the 93°C I200°F] threshold levels established for thermal embrittlement, stress relaxation, and
creep[4.4, 4.16] in Sections 4.2.5, 4.2.7, and 4.2.8. The RHR, CVCS for PWRs, and RWCU
for BWRs operate at fluid temperatures above 93"C 1200°FI during other scheduled modes of
plant operation. Transient events, or events inw_lving operator error would be required to have
fluid temperatures above 93°C [200°F! tk_rall other pump applications. These are relatively
short-term situations.

The RHR pumps operate at fluid temperatures above 93°C [200°F] for short periods
directly alter reactor shutdown to remove decay heat. Fluid temperatures may initially be
approximately 177"C 1350°FI and may remain above 93°C [200"F! for several days.

The PWR CVCS charging pumps and BWR RWCU pumps operate at reactor
temperatures 260-316'_C [500-600°FI for short time periods when heat exchangers upstream of
the pumps are bypassed. Operation in the bypass mode only occurs following a system
component degradation/failure unrelated to the pump. The duration generally would not exceed
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"Va few days. PWR ( CS and BWR RWCtJ System designs typically include heat exchangers

upstream of the pump suction; however, this could not bc confirnlcd for every plant.

II"tile PWR CV('S and BWR RWCU System designs include a heat exchanger upstream

of the pumps, then thermal cmbrittlcmcnt, stress relaxation, and creep arc not significant aging

tnechanisms l'_r the CVCS charging and RW('tT l_umps. For the remaining pumps in the sc_pc

of this AMG, these aging mechanisms are not signit'icant without condition.

4.3.1.2 Irradiation Assisted Stress Corrosion Cracking (IASCC) and Neutron
Embrlttlement

_)The pumps evaluated in this AM(; are h_catcd outside of Primary (_ nlaBnment and,

therefore, are exposed to very low levels o1' neutrtm lltlencc from external sources.

The PWR CVCS charging pump, BWR RW(,II pump, and fuel pot,! c¢_oling pump may

be exposed to neutron fluence from the pumped fluid fi_llowing a fucl assembly failure. Fucl

assembly failure is an infrequent event as evident by the review of plant operating history in

Section 3 of the guideline (i.e., no incidence of putnp failures from IASCC t_r neutron

embrittlement). From _ther aging studies, a 40-year maximun_ fast neutron fluence

(energy > 1 MeV) tk_r the reactor vessel beltlinc region is estimated to bc 3.11 x !() Ix n/on12.

14,17] Projected forward to 60 years, assumirig an 8()_ capacity factor the maxinmm fast

neutron flucnce at the biological shield inner surface is calculated as 6.7 x I1117 n/cm2.14.181
The maximunl fast neutron fluence at the inside surface of the c_mtainmcnt wall nearest the

reactor core region is conservatively estimated to bc between 4 x i11I'1 - 2.6 x I(115 n/tin 2 for
BWR Mark ! containments. The fluencc level l'_r Mark I! and III containment is much

lower.14.19, 4.201 PWR neutron flucncc levels at the containment wall arc typically less

than 1014 n/cm 2. Very localized areas might scc IO 17 n/cm2.14.211 These fast neutron

fluence levels are significantly more than I(_1 times l_w¢cr than levels necessary to initiate these
aging mechanisms (see Sections 4.2.3 and 4.2.51.

The other pumps in the scope of this AM(; can not bc subicctcd to, fast neutron flucncc
from internal sources. Therefore, IASCC and neutron cmbritllcmcnt arc n_t significant aging

mechanisms for all pumps without conditions.

4.3.1.3 Thermal Fatigue

Thermal stress is a sell" balancing stress produced by a non-unifornl distribution of

temperature. A temperature change of the pumped fluid results in a non-uniform temperature
distribution in the wetted components/parts. The range of pumped fluid temperature levels are

shown in Table 4-11 and 4-12 for each of the pumps. The minimum, normal, and maximum

operating temperatures arc steady-state c_perating conditions for the planned _pcrating modes of
the respective systems.
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Table 4-11. Pumped Fluid Temperature Conditions- BWR Plants
J,,

Minimum Maximum Subject to Start-u_'Shutdown Subject to _.al Cycles

Norm'M Nominal Nominal Nominal L.... Thermal Cycles from Accident Transients
Operating Operating Operating Operating

Pump Status Temperature Temperature Temtx'rature Yes/No Max. AT Yes/No ,Max. AT
, ,',, ,,, ,.... ,,,

Cloud Ceiling Water Continuous 27°C 180°FI < 35°C [95'_F1 35°C 195°F1 Yes 83°C I I5°F] No NdA,, ,, |, ,

-_oControl Rod Drive Continuous 4.4°C 140°F1 < 35°C 195°FI <4. C I1 lOaF] Yes 16.7:C 130°F| Yes 38.9°C 170_F|
,, , , ,,,,,, ,,

Core Spray Standby 4.4°C I_)°FI < 35°C 195°Fi < 35_C 195°FI Yes 16.7°C [30"-_F] Yes 77.8°C [14_F]",, ,.,

Emergenc._ Diesel Sta_by 4.4"C 140°F] 21 _C J7OCF] 32:C IgO°F] Yes 16.7°C I_°F] No HA
Generator Fuel Oil
Transfer

, ,, p,,

Emergenc x Diesel Standby 27°C 180°FI < 35_C 195°F1 < 35°C 195°F! Yes 8.3:C [15°F! No N/A
Generator Jacket Water

,.... , J ,,

High Pres._ure Coolant Standby 4.4"-C [4.0"FI < _5 C 195°F1 < 35°C [95-_F! Yes 16.7°C [30°FI Yes 77.8°C [140_FI
, Injection

t#_ , ,, ,,

00
Lubricating Oil Continuous IOoC 150°FI = 38°C IlO0°F! 66°C II50°FI Yes 27.8=C 150:F] No N/A

Reactor Core Isolation Standby 4.4°C 140°FI < 35°C 195°F1 < .5 C 195°F] Yes 10.7°C iYJ°F] Yes _.8"-C II40°FI
Cooling

Reactor Water Cleanup Continuous 49°C [ 120°FI <_60°C [ I40°FI < 60°C [ 140°F] Yes 38.9°C 170°F} Yes 2*4°C 14,*O°F], ,,

1_ . ] Yes 141°C 1255°F]Residual Heat Removal Standby 4_C [40°FI 35_C 195"_FI 177°C [350°F1 Yes 141°C "_5'i°F
it ,,

Service Water Continuous O°C [33OF1 0-29_C 133-85°F1 29°C [85°F1 Yes 22,2°C 140"_FI No N/A
, .........

Spent Fuel Pool Cooling Continuous 27°C 180°F] _ 27°C 180"_F] 66°C II50°F] No N/A No NdA....

_oStandby Liquid Control Standby 27°C 180°FI < 3. C 195:*F1 < 35°C [95°F1 No N/A No NIA

i ........

_ ,, , ,, ',

* The 140°F AT is calculated from an assumed 180°F suppression pool temperature during the accident "andthen switching suction to the CST at 40°F IM'a#_ 1 containn_nt).
Same for HPCI and RCIC

, , .... ,. ,,,.
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Table4-12. PumpedFluidTemperatureCondi - PWR Plants
IMinimum Maxi_m Sub_x:t to Start-uptShutdown Subject to Thermal Cycles from

Normal Nominal Nominal Nominal Therma/Cycles Accident Trans_,ts

Operating Operating Operating Operating l !Pump Status Temperature Temperature Temperature Yes/No Max. AT Yes/No Max. AT

Auxiliary. Feedwater Standby 4oC I40OF] IO°C [50°1=] 52°C [125°F] Yes 22.2_C [40°F] No N/A .......

Boric Acid Transfer Continuous 66oc [150OF] 71°C [160°F] 121_C [250°F1 No N/A No N/A

C"harging Standby 21 °C [70°F! 43_C [ 1i 0°FI 66°C [ 150°F] Yes 44°C [80°FI Yes 4..*°C [80°F|

Closed Cooling Water Continuous 27oC [80_F] < 35°C {95°F] 35°C [95°F] Yes 8.3°C [15°F] No N./A,,,

Contmnment t Standb_ IO°C 150°F] 21°C I70°F] 38:C [IOO°F/ Yes I i.I°C 12OOF] Yes !11-144°C
Recirculation [_260_F1

Contmnment Spray Standby 2°C 135°F! 21_:C 170°FI 38°C II_FI Yes 22.2°C 140°FI Yes 111-144°C
[2O0-260°F1

"_ 21 No NIA,_ Emergency Die_l Standby 4:C I40°F] °C I70°F] 32°C 190°FI Yes 16.7°C [30°F]
,,D Generator Fuel Oil

Transfer

_o "_o
Emergency Diesel Sta_by 27_C [80°F! <. 5 C 195°Fi <. 5 C 195°Fi Yes 8.3°C [15°F1 ,'go ._A
Generator Jacket Water .,,,

Lubricating Oil Continuous IO,_C154)OF1 -__38oc l lOOOF] 66oc [15OOFl yes 278°C 150°F] _ No NIA,,

Primary Water Standby 2"-'C{35°F! 21°C 170°F] 66_C I 150°FI No N/A No _AL

Residu,d Heat Removal Standby 2I°C I7(VF! 35°C 195"F1 177°C [3._°F] Yes 141_C 1255°F1 Yes 141°C 1255°F1=

Safety Injection Standby 2oC 135OFI 21oc 170°F] 38:C IlO0°F! Yes 222°C 140°FI Yes 11 !-1'44"C
1200-260°F1

.

Service Wa:er Continuous O_C 133°F1 0-29°C _-"9"C185°F1 Yes 22.2°C I40°FI No _A
133-85°F1

Spent Fuel Pool Continuous 27:C 180OF] = 27:C [80°FI 27°C ISO°F] No NIA No NIA
Cooling
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The start-up and shutdown thernml cycles are associated with operating the system during

normal plant operating conditions. Many of the pumps ;ire maintained in a standby condition.

When they are started, the pump temperature changes from the local ambient temperature to the

pumped fluid operating temperature. The values of "Max. AT" shown in Table 4-11 and 4-12
were determined for a local ambient temperature oI" 21_'C [7()"F]. The temperature changes are

relatively small, except tor the residual heat removal, reactor water cleanup, chemical volume and

control charging, and boric acid transfer pumps. The associated thermal stresses are, therefore,
small and would not be a consideration lor pump design and operation. System design features

and operating requirements are uscd to control the rate of temperature change for residual heat
removal, reactor water cleanup, charging, and boric acid transfer pumps during normal plant

operation. These features and operating requirements ensure that the rate of change in less than
55"ClhrllO()"F/hr] during normal system operation. With these controls, tim cumulative fatigue

usage due to thermal cycles is negligible and not a consideration Ibr pump design and operation.

Some of the pumps are subject to thermal cycles from plant transients (Table 4-11 and

4-12). With the exception of the control rod drive and reactor water cleanup pumps, these

transients arc associated with postulated accident conditions. The design assumes a very low
number of accident occurrences and thcrclorc the number of thermal cycles caused by accident

conditions is very small. Consequently, cumulative fatigue usage duc to accident conditions is

low, and therefore not a consideration for pump design and operation. For the control rod drive

pumps, howcvcr, significant thermal cycles would bc causcd by a quick change from a higher
temperature source (condensate system} to a lower temperature source (condensate storage tank).

This quick change in watcr supply to the CRD pumps is a low occurrence event and the

Icmpcraturc decrease is not greater than 55"C [ 10(FF]. The reactor water cleanup pumps would

bc subject to a significant thermal cycle (i.c., >lll"C/hr [200°F/hrl) if the heat exchangers

upstream of the pumps fail or the heat sink is inadvertently isolated or bypassed. These
transients are low occurrence events that are mitigated by good maintenance and phmt operating

practices. Consequently, cumulative fatigue usage duc to transients is low for the reactor water
cleanup pump and therefore, not a consideration for this pump design and operation.

Another source of stress results from thermal expansion of the piping connected to the

pump inlets and outlets. The pump _s typically treated as an anchor in the piping design.
Therefore, the restrained movement ol the piping imposes loads on the pump nozzles, casings,

and supports.

Piping system dcsign practices defined in ANSi B.31.1 and ASME Section III limit the

loads applied to the pump from thermal expansion of the piping. The llexibility of the piping

in designed to ensure that the manufacturer's maximum allowable pump nozzle loads are not
exceeded. Conventional design practices also usc conservative assunq_tions of temperature

conditions when dctermining the pump nozzlc loads. In some cases, the piping design includes

expansion loops or expansion joints to achieve acceptable nozzle loading conditions. In some
cases, cold spring of the pipimg may be utilized to counteract stresses applied during heatup to

opcrating temperature. These are rare occurrences and generally awfided if ;it all possible.
Therefore, stresses imposed on the pump nozzles from the connected piping are low and not a
consideration for the continued operation of the pump.
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These discussions demonstrate that thermal fatigue is not a significant aging mechanism
if the following conditions are met:

a. The pumped fluid temperature conditions in Table 4-11 and 4-12 apply, or are
bounding.

b. System design features and/or operating requirements limit the rate of temperature
change to less than 55°F/hr [lO0°F/hrl during normal start-up/shutdown of the
residual heat removal, reactor water cleanup, charging, and boric acid transfer pumps.

c. Maintenance and operating practices are in place to prevent a sudden loss of the heat
sink function of the heat exchangers upstream of the reactor water cleanup pumps.

d. The loads imposed on the pump from the connected piping are less than the
manufacturer's allowable loads as determined by analysis or measurement.

4.3.1.4 Mechanical Fatigue

Cyclic loads are applied to pump subcomponents during starts, stops, load changes, and
steady state operation. These loads are caused by mechanical stressors (transmitted torque and
rotor dynamic loads) and hydraulic stressors (fluid impingement and differential pressure loads).
Both mechanical and hydraulic stressors are imposed on the rotating/reciprocating components.
These components are the most susceptible to mechanical fatigue damage. The fixed internals
and pressure boundary components are primarily exposed to hydraulic stressors. The mechanical
subsystem subcomponents (bearings, couplings, and seals) and supporting base are exposed to
cyclic loads from mechanical stressors.

The cyclic rotor dynamic loads (see Section 4.1.1) are associated with steady state
operation for centrifugal and rotary pumps. These loads tend to be relatively low in magnitude
and high in frequency and are usually the primary source of high cycle fatigue. For reciprocating
pumps, cyclic fluid impingement, differential pressure, and rotor dynamic loads are all associated
with steady state operation. These loads tend to be relatively high in magnitude and low in
frequency and are usually the primary source ot" low cycle fatigue, particularly the torque and
pressure loads.

Peak stresses generally occur on the exterior surface of a component at a mechanical or
metallurgical stress raiser. Mechanical stress raisers are caused by geometry (small fillets, sharp
corners, grooves, and keyways), configuration (shrink fit spacers and couplings), or mechanical
abuse (nicks or scratches). Metallurgical stress raisers are caused by weld cracks/inclusions, base
metal surface flaws, non-homogeneous chemical composition, and residual heat
treatment/fabrication stresses. Mechanical stress raisers are unavoidable in the design of some
pump components, and the potential tbr fatigue degradation is always a design consideration.

There are no metals which are immune to fatigue, but some alloys are more resistant than
others (more cycles allowed for a given level of alternating stress level/higher endurance limits).
Since resistance to fatigue is similar to resistance in microscopic cracking while undergoing high
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localized strain rates, materials with greater ductility tend to be less susceptible to fatigue
cracking.

These considerations are further examined in Section 4.3.2 for the affected pump
subassemblies and components.

4.3.1.5 Corrosion

Significance of the corrosion aging mechanism is generally associated with the
aggressiveness of the environment and characteristics of the materials of construction. For pump
applications included in this report, a variety of metals ranging from stainless steel to bronze and
cast iron are utilized (Table 3-3). They are exposed to eight different environments (Section 3.4).
The generic considerations related to corrosion significance are discussed in terms of the three
distinct forms of corrosion (general, galvanic, and microbiologically influenced) in the following
paragraphs. Due to the unique nature of the various process fluid environments, specific
considerations related to corrosion significance determinations are discussed in Section 4.3.3.

4.3.1.5.1 General Corrosion

General corrosion is manifested in two ways; uniform corrosion is where wastage or
removal of material has occurred over a large portion of the component surface area; local
corrosion is where wastage or removal of material has occurred over a very small portion of the
component surface area and may take the form of pits or cracks. Local corrosion is generally
caused by non-homogeneous metallurgical characteristics at the material surface and/or a
concentration of fluid contaminants at certain locations.

The pump components that are in contact with pumped fluid are identified in Table 3-5.
These are referred to as the "wetted parts." The pumped fluids are described in Section 3.4.
General corrosion of ferrous materials in aqueous environments is primarily associated with the
type and amount of alloy constituents, the aggressiveness of the water (pH, oxygen content, and
chemical contaminants) and exposure time. Although high dissolved oxygen levels generally
increase uniform corrosion rates, extremely low oxygen levels (less than 5 ppb) may increase
rates for materials whose corrosion resistance is dependent on the formation of a tightly adhering
oxide layer over the entire surface. The potential for local corrosion is increased for geometries
that contain small openings or spaces where fluid is relatively stagnant and may contain higher
levels of fluid contaminants than the average in the bulk fluid. In a similar manner, unintentional
crevices such as cracks, seams, or grooves could serve as sites for local corrosion initiation.

If the wetted parts are made from carbon or low alloy steel materials or cast iron and
exposed to treated water, raw service water, or closed cooling water service applications, then
general corrosion is a significant aging mechanism. These considerations are further examined
in Section 4.3.3.

Stainless and other high alloy steel materials which contain 12% or more chromium have
excellent resistance to general corrosion[4.11] for all the pumped fluids except raw water
applications. Therefore, if the wetted parts are made from these materials and not exposed to raw
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water, then general corrosion is not a significant aging mechanism for the wetted parts of the
pump.

Bronze or brass materials have excellent resistance to general corrosion[4.11] for all
pumped fluids. For raw water applications, brass and bronze materials have the best resistance
to corrosion of all typically used pump materials. A metallurgical dealloying process (i.e.,
dezinc,fication) is a common general corrosion mechanism for bronze and brass material. This
process involves zinc moving out of solution and leaving the weaker and more porous layer of
copper and copper oxide. Materials containing more than 15% zinc are susceptible to
dezincification. Cast materials usually contain much lower levels of zinc, but some wrought
materials, particularly brasses, may have zinc levels exceeding 15%. In the fluid environments
under consideration, dealloying and the resultant general corrosion occurs at a slow rate.[4.11 ]
Therefore, if the wetted parts are made from bronze or brass with less than 15% zinc content,
then general corrosion is not a significant aging mechanism for the wetted parts of the pumps.

The external ambient environment of the non-submerged pumps is mildly corrosive. With
the exception of carbon steel and cast iron pump components, exterior surfaces exposed to the
environment have excellent resistance to general corrosion. The external carbon steel and cast
iron surfaces are usually coated or painted which effectively mitigates general corrosion.
Therefore, if the pump is not submerged, and the components exposed to the external
environment are made from carbon and low alloy steel or cast iron and protective coatings are
applied to the external surfaces, then general corrosion is not a significant aging mechanism.
Adequate maintenance of the protective coatings is a qualifying condition for carbon and low
alloy steels and cast iron components. Section 5.3.5 describes an effective coatings program.

Leakage from pumps seals and adjacent piping can expose the pump external surfaces to
a corrosive environment. Fluid leakage from the pumps can result in corrosion of the exposed
surfaces. The PWR boric acid transfer pump and BWR standby liquid control pumps are
particularly susceptible.

General corrosion is a significant aging mechanism for pump external surfaces that could
be exposed to borated fluid leakage. These considerations are further examined in Section 4.3.3.

Lubricating/fuel oils in their pure form are non-aggressive and non-corrosive environments
for metal components used in all pumps. However, contaminants (water, oxygen, chemicals, and
particulate) can create a corrosive environment for carbon and low alloy steels and cast iron.
Several incidences of carbon steel corrosion in contaminated oil systems have been reported.
[4.22] The stainless and high alloy steels, bronze and brass materials, are resistant to general
corrosion.J4.11 ] Therefore, if the pump components are made from carbon or low alloy steel or
cast iron materials, and purity of the lubricating and fuel oil is not adequately rnaintained, then
general corrosion of the exposed components is a significant aging mechanism. These
considerations are further examined in Section 4.3.3.

For electric motor-driven pumps, grounding paths for stray motor currents through motor
components are often eliminated by electrically insulating the bearings and/or installing an
alternate low-impedance path lor the current to flow. Provided tlmt stray currents are not
interrupted at the mo,.or/pump coupling, the electrical current flow can be carried through the
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shaft to the bearing and grounded through the pump bearing housing and support (see
Section 4.1.4). These stray currents can result in general corrosion at the pump bearing, usually
in the form of local corrosion or pitting. Therefore, if the stray motor current grounding path
through the shaft is eliminated, then general corrosion is not a significant aging mechanism.

4.3.1.5.2 Galvanic Corrosion

Galvanic corrosion occurs when dissimilar materials with significantly different electrical
potentials (Table 4-2) are connected through a conducting fluid (or electrolyte). A review of
Table 4-2 and the metallic materials typically used for pump wetted parts (Table 3-2), identified
three metals groupings with significantly different electrical potentials.

Anodic Mid-Range Cathodic

Aluminum Nickel Ferritic Stainless (passive)
Iron and Carbon Steel Brasses Austenitic Stainless (passive)
4-6% Chromium Steel Bronzes Hastelloy C

The "active" ferritic and austenitic stainless materials near the anodic end of the galvanic
series (Table 4-2) have not been included in these groupings. Active stainless material occurs
in very low oxygen environments (1 to 2 ppb). The protective chromium oxide surface layer
cannot be sustained or metallurgical flaws (primarily heat treating or welding) result in localized
areas where insufficient chromium is available to react with oxygen to form the protective layer.
The pump applications in the scope of this guideline are circulating fluids with oxygen levels of
20 ppb or greater. Pump manufacturing quality control programs for nuclear service require
inspections to detect and repair metallurgical flaws that would result in active stainless steel
surfaces.

When these dissimilar material surfaces in the metal grouping listed above are connected
by an electrolyte, galvanic corrosion occurs. Solid particles move from the surface of the
material which is closer to the anodic end of the galvanic series chart through the electrolyte and
to the surface of materials which are further from the anodic end. The more anodic material

corrodes and the more cathodic material is essentially unaffected.

Therefore, if the wetted parts are made from stainless and high alloy steel, then galvanic
corrosion is not a significant aging mechanism. Wetted parts made from materials in the mid
range and anodic metal groupings are further examined below for lubricating/fuel oil applications,
closed cooling water applications, and the affects of external environment. Further examination
is contained in Section 4.3.3.

Lubricating and fuel oils, even in the contaminated condition, are not good conducting
electrolytes. Therefore, if the wetted parts are exposed to lubricating and fuel oils, then galvanic
corrosion is not a significant aging mechanism. This determination applies to materials in the
three metal groupings.

The fluid in closed cooling water applications provides an aqueous environment which
can lead to galvanic corrosion of the materials in the anodic and mid range metal groupings.
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However, the corrosion inhibitors used in these applications reduce the conductive properties of
the fluid (electrolyte). Therefore, if the wetted parts are exposed to closed cooling water treated
with an appropriate inhibitor, then galvanic corrosion is not a significant aging mechanism.
Monitoring the water chemistry, and maintaining operational chemistry during plant outages while
the system remains filled, is a qualifying condition.

The ambient environment is not a good conducting electrolyte to support galvanic
corrosion. Therefore, if the external surfaces of the pump components are exposed to the
ambient environment, then galvanic corrosion is not a significant aging mechanism. This
determination applies to materials in the three metal groupings. Submerged pump applications
are further examined in Section 4.3.3.

4.3.1.5.3 Microbiologically Influenced Corrosion

MIC occurs in fluid streams which can sustain microbiological growth and where the fluid
velocities are low or there is intermittent flow conditions.J4. I] MIC can result in corrosion over

large surface areas but more likely occurs in local areas where microorganisms attach themselves
to metal surfaces. There are no known metals which are completely immune to MIC. MIC is
generally most prevalent in raw water systems. Microorganisms are transported from raw water
systems to treated water systems, because they are the source of make-up supply to systems that
process water for treated water systems. Microorganism growth can also be generated in treated
water systems that are open to the atmosphere (vented storage tanks and open pools). MIC is
effectively mitigated in fluid systems which operate at temperatures above 100°C [212"F1.
Microbes cannot survive at elevated temperatures.

Bulk fluid velocities within these pumps are high during periods of operation; however,
all pump geometries contain areas such as crevices, flow diversion devices, slots, grooves, etc.
where fluid velocity is very low or non-existent during operation. It is in these low tlow areas
where microorganisms concentrate and aggressively attack the surface. In multi-pump system
applications, the pumps may be idle and filled with the pumped fluid for long periods of time.
This condition further promotes the occurrence of MIC.

Several special cases of elevated temperature, lubricating/fuel oil, and closed cooling
water applications are examined below. The affects of external environment are also examined.
The remaining pump applications are further examined in Section 4.3.3.

The fluid upstream of the BWR RWCU pumps and PWR CVCS charging pumps is
reactor coolant at temperatures above 100°C [212°F1 during phmt operation. Heat exchangers
upstream of the pumps cool the fluid; however, the elevated temperatures of the fluid in the
system eliminates the potential for MIC in the pumps. Therefore, MIC is not a significant aging
mechanism tor the RWCU and CVCS charging pump components.

Fluid in the RHR pumps is treated water during normal operation and periodic testing.
The pumps are idle and filled during n_rmal operation. Therefore, water in the pumps is stagnant
for long periods of time. When the plant is shut down, the RHR pumps take suction from the
primary pressure boundary lor decay heat removal. The pumps do not operate at elevated
temperatures for very long. With treated water and periodic operation at elevated temperature,
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the RHR pumps are not very susceptible to MIC. However, the RHR pump components are
further examined in Section 4.3.3.

Lubricating and fuel oils, even in the contaminated condition, do not support
microorganism growth. Therefore, if the wetted parts are exposed to lubricating and/or fuel oils,
then MIC is not a significant aging mechanism, without conditions.

Microorganisms can enter closed cooling systems from two sources; storage tanks vented
to the atmosphere and the biological material in the treated water make-up. However, the
controlled levels of biocides normally added to these systems creates a hostile environment for
microorganisms. Therefore, if the wetted parts are exposed to closed cooling water treated with
biocides, then MIC is not a significant aging mechanism. Periodically operating the pumps and
maintaining operational chemistry during plant outages is a qualifying condition.

The ambient environment does not support microbiological growth on the external
surfaces of exposed pump components. Therefore, if the external pump surfaces are exposed to
the ambient environment, then MIC is not a significant aging mechanism. Submerged pump
applications are further examined in Section 4.3.3.6.

4.3.1.6 Stress Corrosion Cracking

A variety of metals ranging from stainless steel to bronze and cast iron are utilized
(Table 3-3) lot the pumps evaluated in this guideline. They are exposed to eight different
environments (Section 3.4). Irradiation assisted stress corrosion cracking is evaluated in
Section 4.3.1.2. The two remaining forms of SCC (intergranular and transgranular) are evaluated
in the following subsection. Due to the unique nature of the various process fluid environments,
specific considerations rclated to IGSCC significance determinations are discussed in
Section 4.3.3.

SCC of stainless steel material in primary coolant water operating temperatures of
260-315°C [500-600°F] has been studied extensively.[4.23] However, the pump applications
evaluated in this guideline do not operate at these high temperatures. Although SCC is primarily
an aging mechanism associated with stainless and high alloy steels, other materials such as
wrought brass/bronze are not immune to this aging mechanism under certain conditions.

The lubricating/fuel oil and closed cooling water applications, and external ambient
environments do not support the stress corrosion cracking aging mechanisms. The operating
temperatures are below 54°C [130°F]. There have not been any incidents in the indust.y of stress
corrosion cracking in these applications and environments (see Section 3). Therefore, if the
pump components are in lubricating/fuel oil or closed cooling water applications, and the
components are exposed to ambient environments, then stress corrosion cracking is not a
significant aging mechanism for these components. However, as discusscd below, wrought brass
or bronze materials may be used in some closed cooling water pump applications for wearing and
miscellaneous structural components.
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4.3.1.6.1 Intergranular Stress Corrosion Cracking

Stainless steel may be susceptible to IGSCC for tile conditions sununarized on Figure 4-2
(see Section 4.1.5.1 itbove). At temperatures below 177"C 1350"f:1, stainless steels are

susceptible to IGSCC in watcr with dissolved oxygen lcvcls above I ppm. At tempcraturcs
below 54"C [13(}"FI, stainlcss steels arc no! susceptible to IGS('C 14.2(11. Huid in the PWR

CVCS charging pumps and BWR RWCU pumps is coolcd bclow 177"(" 135()"FI by heat
exchangers located upstream from the pumps. The dissolved oxygen levels of water entering the

pump arc below 0.2 ppm. Therefore, if heat cxchangcrs arc located upstream from the pumps,
then IGSCC is not a significant aging mechanism for the CVCS charging pumps and RWCtl
pumps.

Experimental work has been pcrformcd ()n high toughness carbon steels with Willt21" at

elevated temperatures and dissolved oxygen content tip to 8 ppm.14.41 IGSCC was not produced

under these conditions, l)issolvcd oxygen levels o1"8 to 12 ppm are c_)mmon for raw water

applicati()ns. However, raw water applications are all l()w temperature. In treatcd water

applications, the water hlts a dissolved ()xygcn cc)nlent of I to 2 ppm. There have not been any
incidents in the industry of IGSCC occurring to wetted parts made fronl carbon and low alloy

steels and cast iron. Therelbrc, if the pump wetted parts are tnade fr()m these materials, then

IGSCC is not a significant aging naechanism, without conditions.

IGSCC has been rcportcd for bronze and brass materials when zinc levels cxcccd 15%.

[4.1 II Bronze castings commonly used tot centrifugal punlp impellers in treated and raw water

environments is typically less than 5% zinc. "Fhc wrought bronzc i_r brass nmterials used for

stationary spaccrs can have zinc levels of as high as 15%. These typcs of materials would bc

susceptible to IGSCC. Therefore, if the wetted parts are cast bronze or brass materials, then
IGSCC is not it significant aging mechanism. Wetted parts made from wrought bronze or brass
materials tire further examined in Section 4.3.3.

IGSCC hits been reported for stainless and high alloy steel compi_nents exposed to borated

water service applications. Therefore, if the wetted parts arc stainless or high alloy steel and

exposed to borated lquids, then IGSCC is it significant aging mechanism. Wetted parts made

from stainless or high alloy steel materials are further examined in Section 4.3.3.

Raw water contains chloridcs which cause stress corrosion cracking in stainless steel

regardless ,)f temperature. Brackis!, water or seawater always contains large quantities of
chlorides, and fresh water contain,: chlorides. Several cases of i(]SCC in stainless steels have

been documented.t4.11 ] Therefore, if the puml3 wetted components are made of stainless and

high alloy steel and exposed to raw water, then IGSCC is a significant aging naechanism. These
considerations arc further examined in Section 4.3.3.

4.3.1.6.2 Transgranular Stress Corrosion Cracking

The tcnaperature and dissolved oxygen levels established in experimental work for

susceptibility materials to IGS('C also apply to TGSCC.[4.4I However, higher levels ¢_1"nitrogen
concentration (0.14 to ().19%) and stress are necessary to produce 'I'GSCC.[4.4] The stainless

steel material specifications used in the industry specify nitrogen conccnlrati_m ranges of (/.(/6
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to 0.12% which are much lower than is required fl,r susceptibility t,, TGSCC. Therefl)re, if
nitrogen levels of the stainless and high alloy steel wetted parts are controlled to less than 0.12%,
in the material specifications, then TGSCC is not a significant aging mechanism.

Experimental work perfornmd ¢,n carbon steels[4.41 stu,ws that TGSCC in aqueous
solutions at elevated temperatures and m,,derate diss_,lvcd ,,xygcn content (10 ppm) can ,,nly
occur at unrealistically high stress and nilr,,gcn c,,nccntrations. There has not bccn anv incident
in the industry of TGSCC for wetted parts made from carbon and low aih,y steels and cast iron.
Therefore, if the wetted parts are made from these materials, then TGSCC is not a significant
aging mechanism without condition.

The determinations for IGSCC of bronze and brass materials in subsection 4.3.1.6.1 also

apply to the susceptibility of these materials to TGSCC. Thercfore, if the wetted parts arc cast
bronze or brass materials, then TGSCC is not a significant aging n_echanism. Wetted parts made
from wrought bronze or brass arc examined in Section 4.3.3.

4.3.1.7 Erosion and Erosion/Corrosion

Erosion and erosion/corrosion requires fluid velocities in the moderate t,, high range.
Erosion occurs when the liquids contain particulate matter, gases contain liquid droplets or
particulate, or there is significant levels of fluid turbulence or cavitation. Erosion/corrosion
occurs when the base material is susceptible to general corrosion in fluid environments.

Components made from stainless and high alloy steels are resistant tt, corrosion and have
a high surface hardness. They are considered much less susceptible to erosion and erosion/
corrosion than other materials. However, severe fluid turbulence or cavitation have resulted in

erosion of high alloy materials.

Most ot"the pump components exposed to the process fluid are subjected to moderate or
high pumped fluid velocities and are susceptible to erosion and erosion/corrosi,,n. This inclu;Jes
internal water lubricated radial bearings used in raw water vertical po,Jl centrifugal pump
applications. These welted parts are further examined tor erosion and erosion/corrosion in
Section 4.3.2.

External cooling water velocities through bearing housings are I,,w to moderate, and
particulate matter is controlled at low levels by com,sion inhibitors. Severe turbulence or
cavitation does not occur because of the lower tluid velocities. Therefore, erosion and

erosion/corrosion are not significant aging mechanisms for bearings housing in all pump
applications without condition.

The other components are not exposed to moderate or high velocity fluids. These include
the reciprocating pump driveshai't/crankshaft, stationary miscellaneous structural components,
pressure boundary flanges/covers, pressure boundary fasteners (b_,lting_ and gaskets, couplings,
and the support base and subassemblies. The degradation affects _,1 fluid flow between the
moving parts of oil lubricated bearings and mechanical seals/packing are treated as wear. If the
pump components are not exposed to moderate or high vel_>city tluids, then erosion and
erosion/corrosion are not significant aging mechanisms without condition.
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4.3.1.8 Wear

Degradation from wear requires two parts in relative motion that are in contact or the
clearance between the moving parts is very small.

Components of the rotating/reciprocating subassemblies arc in moti{m and, clearances with
fixed internal components are small. Examples include impellers at stationary wear rings, swivel
joints on crankshafts, and internal valve closure mechanisms. Rotating shaft spacers at impeller
connection points, shaft seals, bearings, etc. are usually attached t{_the shaft by using fasteners
or shrink fits with zero clearance. Screw-type rotary pumps have continuous wearing surfaces
over the length of the pump. Gear type rotary pumps experience wear at the gear teeth. Seals
located between the moving piston/plunger and the stationary cylinder/casing experience wear.
Small amounts of relative movement may occur at these locations/interfaces due to normal
operation, vibration, thermal expansion, or shaft accelerations/decelerations. Wear of the rotating
or reciprocating subassembly components and the associated fixed internals arc further examined
in Section 4.3.2.

Clearances between the pump rotating/reciprocating subassembly and the fixed internal
flow guides and miscellaneous structural components are typically greater than 1.3 cm [0.5 in].
Integral suction strainers or screens are used on centrifugal sump or well pump applications.
There are large clearances between the straincr/scrcen and any moving parts. Therefore, wear
is not a significant aging mechanism for llow guides, miscellaneous structural components, and
suction strainers/screens, without conditions.

Shaft seal and radial/thrust bearings arc wearing parts of the mechanical subassembly
which can bc easily replaced, internal seals and radial bearings require significant disasscmbly
for replacement. Couplings, which have flexible joints, arc susceptible to wear duc to small
relative movements caused by vibration, shaft accelerations/decelerations, and minor
misalignment between the pump and driver shaft. Gear type couplings arc susceptible to normal
gear tooth wear as well as the small relative movements. Wear of the components in the
mechanical subsystem assembly are further examined in Section 4.3.2.

The pressure boundary and support base assemblies do not have components in relative
motion with close clearances. Therelore, wear is a not a significant aging mechanism for these
components in all pump applications, without conditions.

4.3.1.9 Fouling

Solid particles in the fluid and physical conl'igurations that result in very low fluid
velocities are required lbr degradation from tbuling. Fouling occurs in rough filtered raw water
systems. Fouling also occurs in treated water systems where pump suction is from the bottom
of tanks (significant quantities of corrosion products may accumulate) and treated water that is
subject to biological activity. Lubrication systems may build up solids from bearing wear. Flow
blockage or binding of moving parts from foreign materials is attributed to fouling. For example,
flow blockage has occurred in demincralizcd water applicaticms.[4.24, 4.25] These
incidents infrequently occur and is some cases wcrc caused by operator errors or t'ailurcs (_1"other
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components. Fouling of fixed internal and pressure boundary components in treated water
applications is further examined in Section 43.2.

The shali, impeller, internal rotor, piston/plunger, and internal valves of the rotating or
reciprocating subassembly are subject to high lluid velocity. Particulate malter is controlled to
low levels by corrosion inhibitors and hiocides in closed cooling water applications. Large
particle Ibuling of the impeller and the strainer/screens may occur in sump, well, and raw water
applications. Sediment may foul valves in borated water services. The driveshafl/crankshall is
not subject to tluid llow at any lime. Therefore, if the rotating or reciprocating subassembly
components are not in raw water or borated water applications, then louling is not a significant
aging mechanism. Periodically, operating the pumps and maintaining operational chemistry
during planl outages is an additional qualifying condition for closed cooling water applications.
The components in raw water and borated water services are further examined in Section 4.3.2.

The fixed internal subassembly wearing components are subject to moderate or high flow
velocities. Therel1_re, fouling of these components is not a significant aging mechanisn_ without
conditions.

The gcomctrics of stationary flow guidcs, misccllancous structural components and all
pressure boundary subassembly components (except fasteners and gaskets) may result in local
areas of stagnant or very low fluid velocities. These areas may also accumulate significant
quantities of particulate matter. The particulate matter is controlled to low levels by corrosion
inhibitors and biocides in closed cooling water applications. Therefore, if the fixed internal flow
guides, miscellaneous structural components, and pressure boundary components arc in closed
cooling water applications, then fouling is not a significant aging mechanism. Fouling of the
stationary flow guides, miscellaneous structural components, and pressure boundary components
in other applications is further examined in Section 4.3.2.

Primary coolant water is fine filtered to remove particulate, deionizcd, and is low in
oxygen content. All materials in contact with primary coolant water are not susceptible to
general corrosion, therefore, particulate levels are very low. Therefc_re, if the pump subassembly
components are exposed to primary coolant water, then tbuling is not a significant aging
mechanism. One exception to this conclusion is fouling of the PWR CVCS reciprocating
charging pump inlet valve. Industry operating expericncc shows that this pump component is
susceptible to fouling. Therefore, fouling is a significant aging mechanism for the CVCS
reciprocating charging pump inlet valve. This component is l'urthcr examined in Section 4.3.2.

Pressure boundary fasteners, gaskets, couplings, and the pump support base subassemblies
are not subject to fluid flow. Therefore, fouling is not a significant aging mechanism for these
components, without conditions.

4.3.2 Aging Mechanism Evaluations of Component Subassemblies

This section further examines selectcd aging mechanisms (i.e., mechanical fatigue, erosion
and erosion/corrosion, wear, and loulit/g)for subassembly or component considerations Mentified
in Scction 4.3.1.
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For ease of evaluating the aging mechanisms, Sections 4,3.2. I through 4,3.2.5 evaluate

the aging mechanisms by pun lp subassembly,

Section 4.3.2.1' Rotating/Reciprocating Subassemblies
Section 4,3.2.2: Fixed Internal Subassemblies

Section 4.3.2.3: Pressure Boundary Subassemblies
• S "1Section 4,3.2,4: Mechanical Subsy. Icm Subassemblies

Section 4,3,2.5: Support Subassemblies

For ease of use by plant personnel, the results of the aging management ewduations are

summarized in Tables 4-4 through 4-1() by the system fluid type.

Table 4-4: Primary Water System Primps

Table 4-5: Borated Water System Pumps
Table 4-6: Continuously Operated Treated Water System Pumps

Table 4-7: intermittently Operated Treated Water System Pumps
i ]J '_ 11,Table 4-8: Closed (_ oling Water System Pumps

Table 4-9: Lubricating and Fucl Oil System Pumps

Table 4-i0: Raw Water System Pumps

4.3.2.1 Rotating/Reciprocating Subassemblies

From Section 4.3. I, the pump rotating and reciprocating subassemblies arc susceptible to:

• Mechanical fatigue in all pump applications (Section 4.3, 1.4).

• Erosion and erosion/corrosion of wetted components in all pump applications
(Section 4.3.1.7).

• Wear in all pump applications (Section 4.3.1.8).

• Fouling in raw water and borated water applications (Section 4.3.1.9).

4.3.2.1.1 Mechanical Fatigue

The rotating assemblies of centrifugal pumps (shaft and impellers), rotary pumps (internal

rotors), and reciprocating pumps (drivcshaft/crankshaft) are sul_jected to cyclic mectmnical loads

during starts, stops, and load changes due to acceleration/deceleration. The cyclic loads during

steady state operation occur during every shaft revolution. Every point on the periphery of the

rotating assembly sustains at least a tensile stress and then a compressive stress once per

revolution. The magnitude of bending and torsional stresses are dependent on the distances

between shaft bearings, stiffness, and weight distribution, minor mechanical imbahmce, and tluid
forces. Residual stresses from manufacturing (heat treatment, machining, and assembly) may add

to the overall stress distribution in the rotating assembly.

Shafts are typically more vulnerable to mechanical fatigue than impellers, rotors, and

driveshafts/crankshafts. Total unconcentrated shaft stresses have less margin to their allowable
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levels than impellers, rotors, and driveshafts/crankshafts, because mechanical stress raisers are
unavoidable due to shaft design requirements, tiowever, industry experience has recorded fatigue
degradation/failure incidents fi_rimpellers, rotors, and driveshafls/crankshafts. Fatigue cracking
of these components may be caused by high cycle l'atigue, low cycle fatigue, or combination of
the two. Pump manufacturers generally use very conservative designs for shafts, impellers,
rotors, and driveshafls/crankshafts, tlowever, due to high loads and a variety of stress raisers,
mechanical fatigue of the shaft, impellers, rotor, and driveshafts/crankshafts in all pump
applications is a significant aging mcchanism.

Reciprocating pump internal valves experience cyclic mechanical loads. These valves
may open and close more than lO0 times per minute during normal operation. The valves are
subjected to fluid pressure loads and mechanical impact loads during each open/close cycle.
Valve designs and manufacturing practices minimize mechanical and metallurgical stress raisers;
however, these stresses are not totally eliminated. Therefi:,re. mechanical fatigue of the
reciprocating pump internal valve is a significant aging mechanism.

Reciprocating pump pistons and plungers are subjected to cyclic loads. Pump start-up and
shutdown causes cyclic loads which are the same as those experienced during normal operation.
Therefore, high cycle fatigue is the only concern. Pistons and plungers are continually
accelerated and decelerated as they operate: however, the inherent stiffness of the cylindrical
geometry ensures that the stress levels are very low. Fluid pressure loads cause stress at one end
of the piston or plunger. Since the stroke length is several times greater than the diameter, cyclic
fluid pressure stresses are not significant. As the piston/plunger movement direction changes,
frictional threes on the cylindrical surfaces cause stress. The piston/plunger seal materials have
relatively low friction coefficients. The stresses experienced during normal operation would
damage the seal and degraded pump perfi_rmance before mechanical fatigue of the piston/plunger
would be experienced. Therefi_re, mechanical fatigue of the reciprocating pump piston/plunger
is not a significant aging mechanism, without condition.

4.3.2.1.2 Erosion and Erosion/Corrosion

From Section 4.3.1.7, the rotating/reciprocating subassembly components exposed to the
process fluid (i.e., wetted parts) are susceptible to erosion and erosion/corrosion. Also from
Section 4.3.1.7, erosion and erosion/corrosion is not a significant aging mechanism for the
reciprocating pump driveshaft/crankshaft, without conditions, because this component is not
exposed to the process fluid.

Most pump shafts in these service applications are manufactured from 400 series stainless
steel. When low alloy or carbon steels are used for shafts, the surface is either heat treated to
increase surface hardness or covered with a hard, tightly adhering surface coating. This surface
hardening is primarily applied to resist wear, however, it also increases resistance to erosion and
erosion/corrosion. If the pump shafts are manufactured from either stainless or high alloy steel,
or manufactured from carbon or low alloy steel and heat treated to increase surface hardness, or
have been coated with a hard surfacing material, then erosion and erosion/corrosion are not
significant aging mechanisms.
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Maximum reciprocating pump piston/plunger speed results in 13uidvelocities which are
very low when compared to typical lluid velocities in centrifugal r,umps. in addition, tile
plungers/pistons are typically manufactured from stainless or high alloy material or are surface
hardened. If the piston/plunger is manufactured from eilher stainless or high alloy steel or carbon
or low alloy steel and surface hardened, then erosion and erosion/corrosion are not significant
aging mechanisms for the reciprocating pump piston/plunger component.

Specific pump applications are considered, in the following paragraphs, to determine tile
susceptibility and significance of erosion and erosion/corrosion _ccurring to tile rotary pump
internal rotor, reciprocating pump internal valve, and centrifugal pump impeller.

Rotary pumps are used in lubricating and fuel oil applicalions. All lubricating and fuel
oil pumps in the scope of this guideline operate intermittently (i.e., monthly or quarlerly)to
support plant technical specification surveillance testing. The total operating lime to complete
a surveillance test typically ranges from two to eight hours. Total accunmlated operating time
lbr these lubricating and fuel oil pumps is, therefore, very low. Strict controls are placed on the
quality/purity of the lubricating and fuel oil. The chemical properties of these oils are regularly
checked. Impurities and particulate matter, which contributes to erosion and erosion/corrosion,
are monitored and corrective actions implemented if oil quality/purity fails to meet acceptance
standards. Therefore, if the lubricating and fuel oil pump is operated intermittently (i.e., testing
purposes) and chemical analysis of the lubricating and fuel oil is regularly checked, then erosion
and erosion/corrosion of the internal rotor are not significant aging mechanisms.

Industry experience shows evidence of erosion and erosion/corrosion, in some service
applications, occurring to the reciprocating pump internal valves.

The BWR SLC System reciprocating pumps are operated intermittently (i.e., quarterly)
to support plant technical specil'ication surveillance testing. The operating time to complete a
SLC pump surveillance test ranges from four to six hours, therefore, the accumulated operating
time is very low. SLC pump internal valve components are manufactured fi'om stainless and high
alloy steel materials. Therefore, if the BWR SLC pumps are operated intermittently (i.e., testing
purposes) and the internal valves are nlanufactured from stainless or high alloy steel, then erosion
and erosion/corrosion of the SLC pump internal valves are not significant aging mechanisms.

The PWR CVCS reciprocating charging pumps are assumed to be continuously operated.
It is recognized that many PWR plants have centrifugal CVCS charging pumps that operate
continuously with the reciprocating CVCS charging pump maintained in standby, ttowever,
industry experience (NPRDS) identifies erosion and erosion/corrosion as having occurred to the
internal valve of the reciprocating CVCS charging pump. Therefore, if the reciprocating CVCS
charging pumps are continuously operated, then erosion and erosion/corrosion is a significant
aging mechanism.

Erosion and erosion/corrosion of centrifugal pump impellers is a significant aging
mechanism tk_rall pump fluid service applications and operating time characteristics, except in
lubrication and fuel oil applications. The discussion above, for rotary pump erosion and
erosion/corrosion, applies to centrifugal pump impellers in these applications. Industry
experience (NPRDS) documents many cases of centrifugal pump impeller erosion and
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erosion/corrosion without regard to fluid service application, materials, or operating times. This
aging mechanism is caused by fluid and particle impingement, cavitation, water temperature and
dissolved oxygen content (i.e., single phase erosion phenomenon), fluid velocity, etc.

4.3.2.1.3 Wear

From Section 4.3.1.8, all pump rotating/reciprocating subassclnbly components are
susceptible to wear. Industry experience (NPRDS and LER) documents that wear is responsible
for over 50% of pump failures. Many of the failures are associated with pump rotating/
reciprocating subassembly components.

4.3.2.1.4 Fouling

From Section 4.3.1.9, some of the rotating/reciprocating subassembly components exposed
to the process fluid are susceptible to fouling. Also, from Section 4.3.1.9, fouling is not a
significant aging mechanism for:

• All pump rotating/recipr(_cating subasscmbly components in primary coolant fluid
applications except the PWR CVCS rcciprocating charging pump internal valve
component.

• All pump rotating/reciprocating subassembly components in treated water (i.e.,
demineralized) application, without conditions.

• All pump rotating/reciprocating subassembly components in closed cooling water
applications provided corrosion inhibitors and biocides are used to control corrosion
product material buildup.

• All pump rotating/reciprocating subassembly components in lubricating/fuel oil
applications, without conditions.

Industry experience (NPRDS) documents several cases of PWR CVCS reciprocating
charging pump internal valve fouling. PWRs plants using both centrifugal and reciprocating
CVCS charging pumps usually operate the centrit'ugal pumps and maintain the reciprocating
pumps in standby. As such, particulate matter can settle in the reciprocating pump suction and
become lodged in the internal valve when this pump is started. If the CVCS reciprocating
charging pumps are normally operated, then accumulation of particulate matter is not a concern
and fouling of the internal valve is not a significant aging mechanism.

The BWR SLC System reciprocating pump internal valve has experienced fouling.
Precipitate of sodium pentaborate solution can foul the pump internal valves. The SLC pump
driveshaft/crankshaft component is not exposed to the sodium pentaborate solution, therefore,
fouling of this component is not a significant aging mechanism. The SLC pump piston/plunger
component is exposed to the sodium pentaborate solution, however, during operation (i.e.,
primarily testing each quarter) highly pure demineralized water is used. During testing with
sodium pentaborate, flow velocities within the SLC pump are high and pump geometric
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configuralion is not conducive to iouiing. Therefore, louling of tile SIX' pump piston/plunger
component is not a significant aging mechanisnl.

in raw water service applications, vertical well centriliigal punlps are ulilized. The pump
shafts do not have geometric configurations that are susceplible to fouling. Therefore, fouling
o1"the pump shaft in raw waterservice applications ix nol a significanl aging mechanism.

l_rom the viewpoint of contaminants (chemicals, microbes, and foreign parlicles), raw
waler is an uncontrolled fluid. Fresh raw waller contains dissolved o×ygen levels (8-12 ppm),
various anlounls of free oxygen, solid organic and inorganic Ioreign malerials, bivalves and other
aquatic species, and wmous types of chemical and biological conlanlinanls.14.26I Brackish
waler or seawater is similar to the fresh water consliluenls in addilion Io having a high salt

contenl, mainly sodium chloride. These high levels of lk_reign inalerials such as sand and dirl,
seaweed, microbes, and other aqtmlic species increases the potcnlial for fouling.

Rough screens Iocaled at the raw water pump inlel remove large loreign malerials,
however, induslry experience documents many instances where lhcse malerials halveenlered lhe
pump and caused l'ouling of lhe impeller.14.27, 4.28I in some cases, fouling of the pump
impellers has caused decreased flow rate and developed head and has caused cavitation.
Therefore, louling is a significant aging mechanism for all pump impellers in raw service water
applications.

4.3.2.2 Fixed Internal Subassemblies

From Section 4.3. I, the pump fixed internal subassemblies are susceptible to:

• Mechanical fatigue in all pump applications (Scclkm 4,3.1.4)

• Erosion and erosion/corrosion of welled componenls in ;ill pump applications
(Section ,1.3.1.7)

• Wear in all pump applicalions (Section 4.3.1.8)

• Fouling in raw water and boratcd water applications (Sectitm 4.3.1.0)

4.3.2.2.1 Mechanical Fatigue
I

From Section 4.3.1.4, t'ixed internal components, consisting of miscellaneous structural
components, wearing components, l]ow guides, and suction straincrs arc susccptiblc to alternating
hydraulic stressors. These fixed internal componenls arc designed in a conscrvativc manner
which results in operating stresscs that are well below allowablc levels.

Centrifugal and rotary pump fixed internal components arc exposcd to cyclic hydraulic
stresses during each pump start/operate/stop cyclc and during flow rate changes. The pumps in
the scope of this guideline arc either continuously operated or opcralcd intermittently for Icsling

purposes (i.e., monthly or quarterly ). Cumulative alternating hydraulic stress (l'ronl starts and
stops) on the centrifugal and rotary pumps fixed internal components is very low.
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Steady state operation of centrifugal and rotary pumps causes fluid impact stress and
differential pressure stresses across the fixed internal components. Impact and differential
pressure forces are moderate, and pump design conservatisms result in relatively low stresses on
the fixed internal components. Pump fixed internal geometric configurations typically exclude
mechanical stress raisers (i.e., initiating points for fatigue cracks). Pump flow rate changes cause
changes in the fluid llow pattern within the pump. However, the resultant changes in impact
loadings, and differential pressures across fixed internals are minimal and will not produce
sufficient hydraulic stresses to initiate fatigue cracking of the centrifugal and rotary pump fixed
internal components. The industry operating experience data has not recorded any incidents of
fatigue failure for centrifugal and rotary pump fixed internal components. Therefore, mechanical
fatigue is not a significant aging mechanism for these components, without conditions.

Due, to the discontinuous flow pattern associated with reciprocating pumps, cyclic
hydraulic loads are applied during starts, stops, load changes, and steady state operation.
Reciprocating pump designs generally include very few fixed internal components. Fixed internal
flow guides may be used as part of the reciprocating pump inlet/discharge and valve
configurations, and piston/plunger stops may be located within the cylinders or plunger casing.
These fixed internal components are exposed to alternating hydraulic stresses; however, these
components are conservatively designed, and._aechanical stress raisers are typically excluded.
The industry operating experience data has not recorded any incidents of fatigue failure for
reciprocating pump fixed internal components. Therefore, mechanical fatigue is not a significant
aging mechanism for these components, without conditions.

4.3.2.2.2 Erosion and Erosion/Corrosion

From Section 4.3. !.7, the fixed internal subassembly components exposed to the process
fluid (i.e., wetted parts) are susceptible to erosion and erosion/corrosion. Also, from
Section 4.3.1.7, erosion and erosion/corrosion is not a significant aging mechanism for pump
internal miscellaneous structural components, because this component is not subject to moderate
or high fluid velocity.

Specific pump applications are considered in the following paragraphs to determine the
susceptibility and significance of erosion and erosion/corrosion occurring to the wearing
components and flow guides associated with rotary, reciprocating, and centrifugal pumps and
wearing components, flow guides, and suction strainers associated with the sump and vertical

I

well centrifugal pumps.

Rotary pumps are used in lubricating and fuel oil applications. All lubricating and fuel
oil pumps in the scope of this AMG operate intermittently (i.e., monthly or quarterly) for
technical specification surveillance testing requirements to verify mechanical and hydraulic
conditions. The total operating time to complete a surveillance test typically ranges from two
to eight hours. Total accumulated operating time for these lubricating and fuel oil pumps is,
therefore, very low. Strict controls are placed on the quality/purity of the lubricating and fuel
oil. The chemical properties of these oils are regularly checked. Impurities and particulate
matter, which contributes to erosion and erosion/corrosion, are monitored and corrective a_ztions

implemented if oil quality/purity falls below standards. Therefore, if the lubricating and fuel oil
pumps are operated intermittently (i.e., testing purposes), and chemical analysis of the lubricating

4-56



AGING MANAGEMENT GUIDELINE FOR PUMPS

and fuel oil is regularly checked, then erosion and erosion/corrosion of the wearing components
and flow guides are not significant aging mechanisms.

The BWR SLC System reciprocating pumps are operated intermittently (i.e., quarterly)
to support plant technical specification surveillance testing. The operating time to complete a
SLC pump surveillance test ranges from four to six hours; therefore, the accumulated operating
time is very low. SLC pump fixed internal flow guides and wearing components are
manufactured from stainless or high alloy steel materials. Therefore, if the BWR SLC pumps
are operated intermittently (i.e., testing purposes), and the fixed internal flow guides and wearing
components are manufactured from stainless or high alloy steel, then erosion and
erosion/corrosion of the SLC pump fixed internal flow guides and wearing components are not
significant aging mechanisms.

The PWR CVCS reciprocating charging pumps are assumed to be continuously operated.
It is recognized that many PWR plants have centrifugal CVCS charging pumps operating
continuously with the reciprocating CVCS charging pump maintained in standby. However,
industry experience (NPRDS) identifies erosion and erosion/corrosion as having occurred to the
fixed internal flow guides of the reciprocating CVCS charging pump. Therefore, if the
reciprocating CVCS charging pumps are continuously operated, then erosion and
erosion/corrosion are significant aging mechanisms.

The PWR CVCS reciprocating charging pump wearing components are not exposed to
moderate or high velocity fluid. These wearing components provide a pressure boundary
integrity between the reciprocating piston/plunger and the cylinder wall. Fluid does not flow
across the wearing component unless failure of the component due to wear has occurred.
Therefore, erosion and erosion/corrosion are not significant aging mechanisms for the CVCS
reciprocating charging pump wearing component.

Erosion and erosion/corrosion of centrifugal pump fixed internal flow guides and wearing
components are significant aging mechanisms for all pump fluid service applications and
operating time characteristics, except in lubrication and fuel oil applications. The discussion
above, for rotary pump erosion and erosion/corrosion, applies to centrifugal pump fixed internal
flow guides and wearing components in these applications. Industry experience (NPRDS)
documents many cases of erosion and erosion/corrosion occurring to centrifugal pump fixed
internal flow guide, wearing component, and suction strainer without regards to fluid service
application, materials, or operating times. This aging mechanism is caused by fluid and particle
impingement, cavitation, water temperature and dissolved oxygen content (i.e., single phase
erosion phenomenon), fluid velocity, etc.

4.3.2.2.3 Wear

From Section 4.3.1.8, wear is not a significant aging mechanism for all pump fixed
internal miscellaneous structural components, flow guides, and suction strainers, without
condition. However, all pump fixed internal wearing components are susceptible to wear.
Industry experience (NPRDS and LER) documents that wear is responsible for over 50% of pump
failures. Many of the failures are associated with pump fixed internal wearing components.
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Section 5 discusses programs/techniques to effectively manage wear of the pump fixed internal
wearing components.

4.3.2.2.4 Fouling

From Section 4.3.1.9, some of the fixed internal subassembly components exposed to the
process fluid are susceptible to fouling. Also, from Section 4.3.1.9, fouling is not a significant
aging mechanism for:

• All pump fixed internal subassembly components in primary coolant fluid
applications.

• All pump fixed internal wearing components for all fluid applications, without
conditions.

• All pump fixed internal subassembly components in closed cooling water applications
provided corrosion inhibitors and biocides are used to control corrosion product
material buildup.

From the viewpoint of contaminants (chemicals, microbes, and foreign particles), raw
water is an uncontrolled fluid. Fresh raw water contains dissolved oxygen levels (8-12 ppm),
various amounts of free oxygen, solid organic and inorganic foreign materials, bivalves and other
aquatic species, and various types of chemical and biological contaminants.J4.26] Brackish water
or seawater is similar to the fresh water constituents in addition to having a high salt content,
mainly sodium chloride. These high levels of foreign materials such as sand and dirt, seaweed,
microbes, and other aquatic species increases the potential for fouling.

Rough screens located at the raw water pump inlet remove large foreign materials;
however, industry experience documents many instances where these materials have entered the
pump and caused fouling of the suction strainers, flow guides, and miscellaneous structural
components.[4.27, 4.28] In some cases, fouling of the pump suction strainers, flow guides, and
miscellaneous structural components has caused decreased flow rate and developed head and has
caused cavitation. Therefore, fouling is a significant aging mechanism for all pump suction
strainers, flow guides, and miscellaneous structural components in raw service water applications.

Industry operating experience documents several cases of tbuling occurring to the pump
fixed internal flow guides, suction strainers, and miscellaneous structural components in treated
water service applications. These cases are predominantly associated with pump suction being
supplied from large reservoirs. Sediment settles in the bottom of these reservoirs and is drawn
into the pump causing fouling. Theretore, if the pump suction is from a reservoir in treated
water applications, then fouling is a significant aging mechanism for the pump fixed internal flow
guides, suction strainers, and miscellaneous structural components.

The BWR SLC System pump and PWR Boric Acid Transfer (BAT) System pump fixed
internal flow guides and miscellaneous structural components are particularly susceptible to
fouling because they process fluids containing borated compounds. The borated compounds can
precipitate under certain concentration and temperature conditions. Industry operating experience
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has documented cases where fouling of borated water service pump fixed internal components
has occurred. Therefore, fouling is a significant aging mechanism for borated water pump fixed
internal flow guides and miscellaneous structural components.

Sediment, particulate, and impurities can accumulate in the bottom of lubricating and fuel
oil reservoirs if strict controls are not placed on oil quality/purity. These materials can be drawn
into the pump and foul the fixed internal flow guides and miscellaneous structural components.
Therefore, if strict controls are not placed on lubricating and fuel oil purity, then fouling is a
significant aging mechanism for the pump fixed internal flow guides and miscellaneous structural
components.

4.3.2.3 Pressure Boundary Subassemblies

From Section 4.3.1, the pump pressure boundary subassemblies are susceptible to:

• Mechanical fatigue in all pump applications (Section 4.3.1.4)

• Erosion and erosion/corrosion of wetted components in all pump applications
(Section 4.3.1.7)

• Fouling in raw water and borated water applications (Section 4.3.1.9)

4.3.2.3.1 Mechanical Fatigue

From Section 4.3.1.4 pump pressure boundary components, consisting of the casing,
cylinder/plunger block, suction/discharge nozzle, discharge head (column, bowl and nozzles),
flange/cover, and fasteners are susceptible to alternating hydraulic stressors.

Centrifugal and rotary pump pressure boundary components are exposed to cyclic
hydraulic stresses during each pump start/operate/stop cycle and during flow rate changes. The
pumps in the scope of this guideline are either continuously operated or operated intermittently
for testing purposes (i.e., monthly or quarterly). Cumulative alternating hydraulic stress (from
pump starts and stops and flow rate changes) on these very thick centrifugal and rotary pump
pressure boundary components is low.

Steady state operation of centrifugal and rotary pumps causes fluid impact stress and
pressure stresses on the pressure boundary components. Pressure stresses within these
components are substantial and in localized regions can reach 50% or more of the material yield
strength. Geometric irregularities at nozzles, flanges, and shaft openings, for example, are
exposed to higher stress levels than other pressure boundary components. Pressure boundary
designs minimize mechanical stress raisers; however, metallurgical stress raisers are often present
in these relatively thick pressure boundary components, especially situations where cast material
forms are utilized. The industry operating experience data reports some incidents of fatigue
failure for continuously operated centrifugal and rotary pump pressure boundary components.
Therefore, if the centrifugal or rotary pump is continuously operated, then mechanical fatigue is
a significant aging mechanism for these components. 1t' the centrifugal or rotary pump is
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intermittently operated, then mechanical fatigue is not a significant aging mechanism for these
pressure boundary components.

The reciprocating BWR SLC System pump pressure boundary components are exposed
to cycling pressure stresses during normal operation as well as during start and stop cycles. This
pump is typically operated for testing purposes only (i.e., quarterly), and industry operating
experience has not identified mechanical fatigue failure of SLC pump pressure boundary
components. Therefore, if the SLC pump is intermittently operated quarterly for testing purposes
only, then mechanical fatigue is not a significant aging mechanism for these pressure boundary
components.

The reciprocating PWR CVCS charging pump pressure boundary components are also
exposed to cyclic pressure stresses during normal operation. However, this pump is considered
to be continuously operated, and industry operating experience has identified incidents of
mechanical fatigue failure of pressure boundary components associated with this reciprocating
pump. Therefore, if the CVCS reciprocating charging pump is continuously operated, then
mechanical fatigue is a significant aging mechanism for these pressure boundary components.

4.3.2.3.2 Erosion and Erosion/Corrosion

From Section 4.3.1.7, the pressure boundary subassembly components exposed to the
process fluid (i.e., wetted parts) are susceptible to erosion and erosion/corrosion. Also, from
Section 4.3.1.7, erosion and erosion/corrosion is not a significant aging mechanism for pressure
boundary flange/cover and fasteners, because these components are not subject to moderate or
high fluid velocity.

Specific pump applications are considered in the following paragraphs to determine the
susceptibility and significance of erosion and erosion/corrosion occurring to the pressure
boundary subassembly components associated with rotary, reciprocating, and centrifugal pumps.

Rotary pumps are used in lubricating and fuel oil applications. All lubricating and fuel
oil pumps in the scope of this guideline operate intermittently (i.e., monthly or quarterly) to
support plant technical specification surveillance testing. The total operating time to complete
a surveillance test typically ranges from two to eight hours. Total accumulated operating time
for these lubricating and fuel oil pumps is, therefore, very low. Strict controls are placed on the
quality/purity of the lubricating and fuel oil. The chemical properties of these oils are regularly
checked. Impurities and particulate matter, which contributes to erosion and erosion/corrosion,
are monitored and corrective actions implemented if oil quality/purity fails to meet acceptance
standards. Therefore, if the lubricating and fuel oil pump is operated intermittently (i.e., testing
purposes) and chemical analysis of the lubricating and fuel oil is regularly checked, then erosion
and erosion/corrosion of the pressure boundary components are not significant aging mechanisms.

The maximum speed of reciprocating pump pistons and plungers results in fluid velocities
within the cylinder/plunger block which are relatively low. These low velocities decrease the
potential for erosion and erosion/corrosion to occur.
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The BWR SLC System reciprocating pumps are operated intermittently (i.e., quarterly)
to support plant technical specification surveillance testing. The operating time to complete SLC
pump surveillance test ranges from four to six hours; therefore, the accumulated operating time
is very low. SLC pump pressure boundary cylinder/plunger blocks are manufactured from
stainless and high alloy steel materials. Therefore, if the BWR SLC pumps are operated
intermittently (i.e., testing purposes) and the pressure boundary cylinder/plunger blocks are
manufactured from stainless or high alloy steel, then erosion and erosion/corrosion of the SLC
pump pressure boundary cylinder/plunger block are not significant aging mechanisms.

The PWR CVCS reciprocating charging pumps are assumed to be continuously operated.
It is recognized that many PWR plants have centrifugal CVCS charging pumps operating
continuously with the reciprocating CVCS charging pump maintained in standby. However,
industry experience (NPRDS) identifies erosion and erosion/corrosion as having occurred to the
pressure boundary cylinder/plunger block of the reciprocating CVCS charging pump. Therefore,
if the reciprocating CVCS charging pumps are continuously operated, then erosion and
erosion/corrosion are significant aging mechanisms.

Erosion and erosion/corrosion of centrifugal pump pressure boundary casing, suction and
discharge nozzles, discharge head, column, and bowl is a significant aging mechanism for all
pump fluid service applications and operating time characteristics, except in lubrication and fuel
oil applications. The discussion for rotary pump erosion and erosion/corrosion applies to
centrifugal pump pressure boundary casing, suction and dischargc nozzles, discharge head,
column, and bowl in these applications.

Industry experience (NPRDS) documents many cases of centrifugal pump pressure
boundary casing, suction and discharge nozzles, discharge head, column, and bowl erosion and
erosion/corrosion without regards to fluid service application, materials, or operating times. This
aging mechanism is caused by fluid and particle impingement, cavitation, water temperature and
dissolved oxygen content (i.e., single phase erosion phenomenon), fluid velocity, etc.

4.3.2.3.3 Fouling

From Section 4.3.1.9, some of the pressure boundary subassembly components exposed
to the process fluid are susceptible to touling. Also, from Section 4.3.1.9, tbuling is not a
significant aging mechanism for:

• All pump pressure boundary fasteners for all fluid applications, without conditions,
because these components are not exposed to the process fluid.

• All pump pressure boundary subassembly components in primary coolant fluid
applications.

• All pump pressure boundary subassembly components in closed cooling water
applications provided corrosion inhibitors, and biocides are used to control corrosion
product material buildup.
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The SLC System reciprocating pumps provide the fluid discharge pressure through
compression, and the force of the piston or plunger is very high during the compression stroke.
These forces are large enough to scour the internal cylinder/plunger block surfaces and prevent
foreign material from accumulating on these surfaces. Therefore, fouling is not a significant
aging mechanism for the SLC reciprocating pump cylinders/plunger blocks, without conditions.

The centrifugal PWR BAT System pump pressure boundary casing, flange/cover, and
suction/discharge nozzles are particularly susceptible to fouling, because they process fluids
containing borated compounds. The borated compounds can precipitate under certain
concentration and temperature conditions. Industry operating experience has documented cases
where fouling of borated water service pump pressure boundary components has occurred.
Therefore, fouling is a significant aging mechanism fbr borated water pump pressure boundary
casing, flange/cover, and suction/discharge nozzles.

Industry operating experience documents several cases of fouling occurring to the pump
pressure boundary casing, flange/cover, and suction/discharge nozzles in treated water service
applications. These cases are predominantly associated with pump suction being supplied from
large reservoirs. Sediment settles in the bottom of these reservoirs and is drawn into the pump
causing fouling. Therefore, if the pump suction is from a reservoir in treated water applications,
then tbuling is a significant aging mechanism for the pump pressure boundary casing,
flange/cover, and suction/discharge nozzles.

Sediment, particulate, and impurities can accumulate in the bottom of lubricating and fuel
oil reservoirs if strict controls are not placed on oil quality/purity. These materials can be drawn
into the pump and foul the pressure boundary casing, flange/cover, and suction/discharge nozzles.
Therefore, if strict controls are not placed on lubricating and fuel oil purity, then fouling is a
significant aging mechanism for the pump pressure boundary casing, flange/cover, and
suction/discharge nozzles.

From the viewpoint of contaminants (chemicals, microbes, and foreign particles), raw
water is an uncontrolled fluid. Fresh raw water contains dissolved oxygen levels (8-12 ppm),
various amounts of fiee oxygen, solid organic and inorganic foreign materials, bivalves and other
aquatic species, and various types of chemical and biological contaminants.[4.26] Brackish water
or seawater is similar to the fresh water constituents in addition to having a high salt content,
mainly sodium chloride. These high levels of foreign materials such as sand and dirt, seaweed,
microbes, and other aquatic species increases the potential for fouling.

Rough screens located at the raw water pump inlet remove large foreign materials;
however, industry experience documents many instances where these materials have entered the
pump and caused fouling of the casing, discharge head, column/bowl, flange/cover, and
suction/discharge nozzles.[4.27, 4.28] In some cases, fouling of the pump casing, discharge head,
column/bowl, flange/cover, and suction/discharge nozzles has caused decreased flow rate and
developed head and has caused cavitation. Therefore, fouling is a significant aging mechanism
for all pump casing, discharge head, column/bowl, flange/cover, and suction/discharge nozzles
in raw service water applications.
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4.3.2.4 Mechanical Subsystems

From Section 4.3. i, the mechanical subsystem subassemblies are susceptible to:

• Mechanical fatigue in all pump applications (Section 4.3,1,4)

• Erosion and erosion/corrosion in water lubricated radial bearings of vertical well
centrifugal pumps in raw water service applications (Section 4.3.1.7)

• Wear in all pump applications (Section 4.3.1.8)

4.3.2.4.1 Mechanical Fatigue

Mechanical subsystems (couplings, shaft seals, bearings) are composed of a large number
of parts which are assembled with fasteners, chemical bonding processes, or shrink fits. Both
metallic and non-metallic components are used in these subsystems.

Couplings (or half couplings) are attached to the ends of the pump and driver shafts and
rotate with the shaft. Shaft seals and bearings have both stationary and rotating assemblies. The
rotating assembly is usually attached to the shaft with a shaft sleeve or other type of spacer.
Although the attachment method may create a stress raiser and cause built-in residual stresses,
the sleeve or spacer locally increases shaft stiffness. The net affect reduces alternating stress and,
therefore, the potential for fatigue cracking. The stationary assembly ix attached to the pump
casing for the shall seal and to the bearing housing for the bearings.

Cyclic loads applied to pump couplings are similar to those described in Section 4.3.2. !. 1
for shafts, impellers, and rotors with the exception of fluid induced loadings. Couplings on
smaller pumps may use a solid bolted connection between the pump and driver shaft; however,
most couplings contain flexible metallic elements. These flexible elements not only transmit
torque but also reduce dynamic hinds by absorbing, through flexure, the slight differential
movement between the pump and driver during start-up, shutdown, and normal operation. The
sources of differential movement may be caused by imperfect alignment between the pump and
driver shaft center lines and dissimilar vibration patterns between the pump and driver nJtating
assemblies.

The coupling flexural element is also exposed to high cycle loading from absorbing the
differential movements between the pump and driver. Couplings which use gears rather than
flexible elements absorb differential movements between the pump and driver through the
clearance between the mating gears, Therefore, mechanical fatigue ix a significant aging
mechanism for the coupling.

Shaft seals and bearings are typically located at one or both ends of the pump shaft.
Exceptions are vertical well centrifugal pumps water lubricated radial bearings which are located
at various points on the shaft within the pump column and; reciprocating pump piston/plunger
seals that prevent leakage ot"the fluid. These reciprocating pump seals are sliding seals between
the piston/plunger and cylinder/plunger block and are generally made from non-metallic materials,
Non-metallics are evaluated in Section 4.3.5.
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Cycling loads applied to pump rotating assembly portions ,f shaft seals and radial
bearings are also similar to those described in Section 4.3.2. I. I for shafts, impellers, and rotors,
with the exception of fluid-induced Ioadings. These assemblies have relatively simple geometries
which do not extend very far from the shaft outside surface. The shaft seals and radial bearings
locally stiffen the shaft cross section which reduces nominal cyclic stresses in a manner similar
to the effects of other shaft spacers. Radial vibration displacement and vibration Io, ds tend to
be low because of shaft support provided at the shaft seals and bearings. These loads are
dependent on the type and thickness of lubricating fluid and the interface between rotating and
stationary assemblies. The stationary assembly (51"shaftseals are exposed to cyclic pressure loads
as a resull of pump starts and stops. However, the design of these components is such that the
stress ranges are small. The stationary assembly portions of shaft seals and radial bearings are
also subject to the same low radial vibration loads as described above for the rotating assemblies.
Therefore, if the radial bearings and seals are satisfactorily assembled and the proper lubrication
is utilized, then mechanical fatigue of the shaft seals and radial bearings is not a significant aging
mechanism.

The rotating assembly portion of the thrust bearing (generally a thrust collar) has a
geometry that is more complex than radial bearings, The rotating assembly may extend several
inches beyond the shaft outside surface to provide sufficient area for absorbing axial loads.
Small axial movements/loads are absorbed by spring loaded pads or pads designed to piw_t under
load. In this type of configuration, axial thrust loads result in significant compression, tension,
or bending stresses. The rotating assembly portion of some thrust bearing components are also
subject to cyclic loads similar 1(5those described in Section 4.3.2. i. 1 for shafts, impellers, and
rotors with the exception of fluid-induced loadings. Because of the combinations of cyclic loads,
mechanical fatigue is a significant aging mechanism for the pump thrust bearing assembly.

4.3.2.4.2 Erosion and Erosion/Corrosion

From Section 4.3.1.7, the water lubricated radial bearings in raw water service vertical
pool centrifugal pumps are susceptible to erosion and erosion/corrosion. Also, t'rom Section
4.3.1.7, erosion and crosion/corr(_sion arc not significant aging mcchanisnls for all other
mechanical subsystem subassemblies because either the component is not exposed to the process
fluid (i.e., couplings)or fluid velocity is low (i.e., seals and oil lubric_lted radial and thrust
bearings).

The internal radial bearings of vertical pool centrifugal pumps in raw water service
applications are subject to moderate or high fluid velocity. Erosion and erosion/corrosion of this
component is caused by tluid and particle impingement and has been observed to occur in
situations where the pump is not continuously operated. Therclorc, if the water lubricated radial
bearing is in raw service water pump applications, then erosion and erosion/corrosion are
significant aging mechanisms.

4.3.2.4.3 Wear

From Section 4.3.1.8, all pump mechanical subsystem subassembly components are
susceptible to wear. Industry experience (NPRDS and LER) documents that wear is responsible
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for over 50% of pump failures. Many of the failures are associated with pump mechanical
subsystem subassembly components.

4.3.2.5 Support Subassemblles

From Section 4.3. I, the pump support subassemblies are susceptible to:

• Mechani:al fatigue in all pump applications (Section 4.3.1.4)

4.3.2.5.1 Mechanical Fatigue

The support feet or skirt are generally welded to the pump casing (discharge head lbr
vertical well centrifugal pumps). The intersection between the support feet/skirt and the pump
pressure boundary are subject to the same cyclic loadings described in Section 4.3.2.3. I for the
pressure boundary components. Therefore, mechanical fatigue is a significant aging mechanism
for the pump support feet/skirt components.

Cyclic mechanical loads imposed on the support base frame/skid and fasteners are
transmitted from the bearing (through the bearing housing) and the shaft seal (through the
pressure boundary and support feet/skirt). These cyclic loads are due to starts/stops, load
changes, and steady state vibration as described in Section 4.3.2.1.1 for the rotating/reciprocating
components. The support base/frame and fasteners are designed in a conservative manner to
support weight loadings and seismic loadings. The cyclic loads, transmitted to these support
components at the bearings and seals, are low to moderate for two reasons. First, fluids
(lubricating oil and pumped fluid) at the bearing and seal rotating/stationary interface dampens
the load. Second, high loads would imply that vibration displacements are close to or exceeding
the specified limits and operation for long periods of time under these conditions would not be
allowed. Therefore, if vibration amplitude (or acceleration) is maintained below specified limits,
then mechanical fatigue is not a significant aging mechanism for the pump support skid/frame
and fasteners.

4.3.3 Aging Mechanism Evaluations of Selected Service Applications

Section 4.3.1 determined that corrosion and stress corrosion cracking required further
examination of significance. These mechanisms are primarily influenced by service application
and to a lesser extent by component subassembly materials and design features. Therefore, this
section further examines these mechanisms by considering each of the service applications.
These evaluations lead to a final determination of aging mechanism significance in each service
application. Tables 4-4 through 4-10 summarize these evaluation conclusions.

4.3.3.1 Primary Water Service Application

The following determinations, regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6), were made as they pertain to pumps located in
primary water system application. These determinations are summarized on Table 4-4.
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• Section 4.3.1.5. I concluded that it' the pump wetted parts are made of stainless or

high alloy steel containing > 12% chromium and the primp wits not a raw service

water application, then general corrosion is not it significant aging mechanism for
these components.

• Section 4.3.1.5. I concluded that il"the pump wetted parts are made of bronze or brass

containing less than 15% zinc, regardless of" pump service application, then general

corrosion is not a significant aging mechanism for these components.

• Section 4.3.1.5. I concluded that fl_r electric motor-driven pump applications, if the

stray motor current grounding path through the shaft is eliminated, (by electrically

insulating the bearings and/or installing an alternate low-impedance path for the

current to flow), then general corrosion is not a significant aging mechanism.

• Section 4.3.1.5. I concluded that if the pump is not submerged, and the components
exposed to the external environment are made from stainless or high alloy steel, then

general corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted parts are made from stainless or

high alloy steel, then galvanic corrosion in not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump external component surfaces are exposed

to the ambient environment then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump wetted parts are exposed to reactor

coolant, then microbiologically influenced corrosion is not a significant aging
mechanism.

• Section 4.3. !.5.3 concluded that if the pump external component surfaces are exposed
to the ambient environment, then microhiologically influenced corrosion is not a
significant aging mechanisrn.

• Section 4.3.1,6.1 concluded that if heat exchangers are located upstream from the

pumps, then intergranular stress corrosion cracking in not a significant aging
mechanism lot the CVCS charging pumps and RWCU System pumps.

• Section 4.3.1.6.2 concluded that il" nitrogen levels of the stainless and high alloy steel

wetted parts are controlled to less than 0.12 w/o in the material specification, then

transgranular stress corrosion cracking is not a significant aging mechanism.

Corrosion and Stress Corrosion Cracking

The PWR CVCS charging pumps and BWR RWCU pumps are the only pumps evaluated

in this guideline that are located in primary water net-vice applications.
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The aging mechanism significance determinations, pertaining to primary water pump
service applications, are derived in Section 4.3.1.5 for corrosion and Section 4.3.1.6 for stress
corrosion cracking and sununarized above in Section 4.3.3.1. Therefore, if all of the criteria
described in these aging mechanism significance determinations is met, then general corrosion,
galvanic corrosion, microbiologically influenced corrosion, intergranular stress corrosion cracking,
and transgranular stress corrosion cracking are not significant aging mechanisms for all of the
primary water pump rotating/reciprocating, fixed internal, pressure boundary, mechanical
subsystem, and support base subassembly components.

4.3.3.2 Borated Water Service Applications

The following determinations, regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6), were made as they pertain to pumps located in borated
water system application. These determinations are surrmmrized on Table 4-4.

• Section 4.3.1.5. I concluded that if the pump wetted parts are made of stainless or
high alloy steel containing _>12% chromium and the pump was not a raw service
water application, then general corrosion is not a significant aging mechanism for
these components.

• Section 4.3.1.5.1 concluded that il"the pump wetted parts are made of bronze or brass
containing less than 15% zinc, regardless of pump service application, then general
corrosion is not a significant aging mechanism for these components.

• Section 4.3.1.5.1 concluded that for electric motor-driven pump applications, il"the
stray motor current grounding path through the shaft is eliminated, (by electrically
insulating the bearings and/or installing an alternate low-impedance path for the
current to flow), then general corrosion is not a significant aging mechanism.

• Section 4.3.1.5. i concluded that if the pump is not submerged, and the components
exposed to the external environment are made from stainless or high alloy steel, then
general corrosion is not a significant aging mechanism.

• Section 4.3.1.5. ! concluded that if borated fluid leakage exists, the:, general corrosion
is a significant aging mechanism for all pump exterior surfaces exposed to the lluid
leakage.

• Section 4.3.1.5.2 concluded that it"the pump wetted parts are made from stainless or
high alloy steel, then galvanic corrosion is not a significant aging mechanism.

• Section 4.3. !.5.2 concluded that if the pump external component surfaces are exposed
to thc ambient environment, then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump is exposed to treated water where the
source is from a reservoir open to the atmosphere, then rnicrobiologically iniluenced
corrosion is a significant aging mechanism.
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• Section 4.3.1.5,3 concluded thal if the pump external component surfaces are exposed
to the ambient environment, then microbiologically influenced corrosion is not a
significant aging mechanism.

° Section 4.3.1.6.1 concluded that if the pump wetted parts are stainless or high alloy
steel and exposed to borated lluid, then intergranular stress corrosion cracking is a
significant aging mechanism.

i

° Section 4.3,1.6.2 concluded that il"nitrogen levels of the stainless and high alloy steel
wetted parts are controlled to less than 0.12 w/o in the material specification, then
transgranular stress corrosion cracking is not a significant aging mechanism.

Corrosion and Stress Corrosion Cracking

The PWR boric acid transfer pumps and BWR standby liquid control pumps are the only
pumps evaluated in this guideline thal are located in borated water service applications.

The aging mechanism significance determinations, pertaining to borated water pump
service applications, are derived in Section 4.3.1.5 for corrosion and Section 4.3.1.6 for stress
corrosion cracking, and summarized above in Section 4.3.3.2.

From the criteria above, associated with the discussion of general corrosion,
microhiologically influenced corrosion and intergranular stress corrosion cracking, further
examination is required to determine significance,

Stainless steel materials, particularly low carbon austenitic stainless steels have exhibited
excellent corrosion resistance to both the SLC System borated water and CVCS boric acid
solution.14.291 The welted and ram-wetted c_miponents l'_r these pumps are required by
specification to be stainless steels or materials with equivalent corrosion resistance. ThereR_re,
if the wetted parts and non-wetted parts are required by material specification to be slainless or
high alloy steel, then, even if borated water leakage occurs, general corrosion is not a significant
aging mechanism for the wetted components and non-wetted external surfaces exposed to fluid
leakage in these two pump applications.

The primary constituent of the borated water and boric acid solution is treated water.
From Section 4,2.2, treated water can contain microbes at system temperatures below 100°C
1212°F]. The PWR boric acid make-up system and BWR standby liquid control system both
contain an atmospheric tank which could he a source of microbes. However, MIC is not a
concern for welled components exposed to moderate or high fluid velocities, because the
microbes are swept away under these conditions.[4.11 Welled pump components exposed to
moderate or high fluid velocity consist ot':

• Shaft

• Impeller
° Piston/Plunger
• Internal Valve

• Wearing Components
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• Seals

Therefore, MIC is not a significant aging mechanism for these pump components.

Wetted pump components exposed to low fluid velocity are susceptible to MIC and
consist of:

• Miscellaneous Structural Components
• Flow Guides

• Casing
• Cylinder/Plunger Block
• Suction/Discharge Nozzle
• Flange/Cover

Therefore, MIC is a significant aging mechanism for these components.

All stainless or high alloy steel materials exposed to borated water service applications
are susceptible to IGSCC. Therefore, IGSCC is a significant aging mechanism for the wetted
components of the BWR standby liquid control pump (i.e., piston/plunger, internal valve,
miscellaneous structural components, wearing components, flow guides, cylinder/plunger block,
and nozzles and seal) and PWR boric acid transfer pumps (shaft, impeller, miscellaneous
structural components, wearing components, flow guides, casing and nozzles, flange/cover and
seals).

4.3.3.3 Treated Water Service Applications

The following determinations regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6) were made as they pertain to pumps located in treated
water system applications. These determinations are summarized on Tables 4-6 and 4-7.

• Section 4.3.1.5.1 concluded that if the pump wetted parts were made of carbon and
low alloy steel or cast iron and exposed to treated water application, then general
corrosion is a significant aging mechanism.

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of stainless or
high alloy steel containing > 12% chromium and the pump was not a raw service
water application, then general corrosion is not a significant aging mechanism for
these components.

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of bronze or brass
containing less than 15% zinc, regardless of pump service application, then general
corrosion is not a significant aging mechanism for these components.

• Section 4.3.1.5.1 concluded that tbr electric motor-driven pump applications, if the
stray motor current grounding path through the shaft is eliminated, (by electrically
insulating the bearings and/or installing an alternate low-impedance path tbr the
current to flow), then general corrosion is not a significant aging mechanism.
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• Section 4.3.1.5.1 concluded that if the pump is not submerged, and components
exposed to the external environment are made from carbon and low alloy steel or cast
iron and protective coatings are applied to the external surfaces, then general
corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted parts are made from stainless or
high alloy steel, then galvanic corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump external component surfaces are exposed
to the ambient environment, then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump is exposed to treated water where the
reservoir is open to the atmosphere, then microbiologically influenced corrosion is a
significant aging mechanism.

• Section 4.3.1.5.3 concluded that if the pump external component surfaces are exposed
to the ambient environment, then microbiologically influenced corrosion is not a
significant aging mechanism.

• Section 4.3.1.6.1 concluded that if the pump wetted parts are made from carbon and
low alloy steel materials or cast iron, then IGSCC is not a significant agi_:
mechanism.

• Section 4.3.1.6.1 concluded that if the pump wetted parts are made from stainless or
high alloy steel materials and operate at temperatures less than 54°C [130°F], then
IGSCC is not a significant aging mechanism.

• Section 4.3.1.6.1 and 4.3.1.6.2 concluded that if the pump wetted parts are made of
bronze or brass containing less than 15% zinc, regardless of pump service application,
then IGSCC and TGSCC are not significant aging mechanisms,

• Section 4.3.1.6.2 concluded that if nitrogen levels of the stainless and high alloy steel
wetted parts are controlled to less than 0.12 w/o in the material specification, then
transgranular stress corrosion cracking is not a significant aging mechanism.

Corrosion and Stress Corrosion Cracking

The majority of the pumps covered by this guideline are located in treated water service
applications as noted in Tables 3-7 and 3-8. These applications use only centrifugal pumps. The
wetted components for these pumps are made from a variety of materials consisting of stainless
and high alloy steels, low alloy steel, carbon steel, cast iron, bronze, and brass.

From the criteria above, further examination is required to determine significance of
general corrosion, galvanic corrosion, microbiologically influenced corrosion, intergranular stress
corrosion cracking, and transgranular stress corrosion cracking.

I
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Many wetted components are susceptible to general corrosion over long periods of time
in the treated water environment. Uniform corrosion rates of 0.025 mm [0.001 in l per year or
greater are possible for carbon and low alloy steel and cast iron materials, and localized corrosion
rates (pitting) are significantly greater. This general corrosion rate may have no effect on the
performance of pressure boundary components because they have design corrosion allowances
of 3.2 mm [1/8 in] or greater;14.19] however, the performance of other carbon and low alloy
steels and cast iron components can be significantly affected by general corrosion. Therefore,
if the pressure boundary components are carbon and low alloy steel or cast iron and are designed
with corrosion allowances less then 3.2 mm [1/8 in], then general corrosion is a significant aging
mechanism. Also, general corrosion is a significant aging mechanism tor all other carbon and
low alloy steel and cast iron pump components in treated water services.

Treated water is a fluid which will support galvanic corrosion between dissimilar metals.
The various combinations of wetted component materials within each pump is the primary
parameter for determining significance of galvanic corrosion. The material combinations which
result in galvanic corrosion are:

• Stainless/High Alloy Steel (Cathodic) and Bronze/Brass (Anodic)

° Stainless/High Alloy Steel (Cathodic) and Low Alloy/Carbon Steel (Anodic)

° Stainless/High Alloy Steel (Cathodic) and Cast Iron (Anodic)

• Bronze/Brass (Cathodic) and Low Alloy/Carbon Steel (Anodic)

• Bronze/Brass (Cathodic) and Cast Iron (Anodic)

Another factor which must be taken into consideration when determining the significance
of galvanic corrosion is surface area of the anodic and cathodic (i.e., dissimilar metal) pump
components. The effects of galvanic corrosion are minimized if the surface area of the anodic
material is larger than the surface area of the cathodic material. Therefore, if the wetted pump
component is an anodic material and the surface area is relatively small with respect to other
wetted pump components that are cathodic, then galvanic corrosion is a significant aging
mechanism for the anodic pump component.

From, Section 4.2.2, treated water can contain microbes at system temperatures below
100°C [212°F]. The source of microbes can be transferred from other water supplies (used to
make the treated water) or from reservoirs that contain treated water which are open to the
atmosphere. MIC is not a concern for wetted components exposed to moderate or high fluid
velocities, because the microbes are swept away under these conditions.[4. I ] Wetted components
in these centrifugal pump application exposed to moderate or high fluid velocity consist of:

• Shaft

° Impeller
• Wearing Components
• Seals
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Therefore, MIC is not a significant aging mechanism for these pump components.

Wetted pump components exposed to low fluid velocity are susceptible to MIC and
consist of:

° Miscellaneous Structural Components
° Flow Guides

° Casing
° Suction/Discharge Nozzle
° Flange/Cover
• Suction Strainer

Therefore, MIC is a significant aging mechanism for these components.

Some treated water pump applications operate at temperatures greater than 54°C [130°F]
for short periods of time. Industry operating experience documents that IGSCC has occurred to
stainless and high alloy steel pump components in treated water service. Therefore, if the pump
wetted components are exposed to treated water and are exposed to temperatures greater than
54°C [130°F] and made from stainless or high alloy steel materials, then IGSCC is a significant
aging mechanism.

In some treated water pump applications, wrought brass or bronze materials, containing
greater than 15% zinc, may be used for fixed internal wearing and miscellaneous structural
components. These materials are susceptible to IGSCC and TGSCC. Therefore, if wrought brass
or bronze materials containing greater than 15% zinc are used, then IGSCC and TGSCC are
significant aging mechanisms.

4.3.3.4 Closed Cooling Water Service Applications

The following determinations regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6) were made as they pertain to pumps located in closed
cooling water system applications. These determinations are summarized on Table 4-8.

• Section 4.3.1.5.1 concluded that if the pump wetted parts were made of carbon and
low alloy steel or cast iron and exposed to closed cooling water applications, then
general corrosion is a significant aging mechanism.

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of stainless or
high alloy steel containing > 12% chromium and the pump was not a raw service
water application, then general corrosion is not a significant aging mechanism for
these components.

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of bronze or brass
containing less than 15% zinc, regardless of pump service application, then general
corrosion is not a significant aging mechanism for these components.
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• Section 4.3.1.5.1 concluded that for electric motor-driven pump applications, if the
stray motor current grounding path through the shaft is eliminated (by electrically
insulating the bearings and/or installing an alternate low-impedance path for the
current to flow), then general corrosion is not a significant aging mechanism.

• Section 4.3.1.5.1 concluded that if the pump is not submerged, and the components
exposed to the external environment are made from carbon and low alloy steel or cast
iron, and protective coatings are applied to the external surfaces, then general
corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted parts arc made from stainless or
high alloy steel, then galvanic corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted paris are exposed to closed
cooling water treated with an inhibitor, then galvanic corrosion is not a significant
aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump external component surfaces are exposed
to the ambient environment, then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump wetted parts are exposed to closed
cooling water treated with biocides, then microbiologically influenced corrosion is not
a significant aging mechanism.

• Section 4.3.1.5.3 concluded that if the pump external component surfaces are exposed
to the ambient environment, then microbiologically influenced corrosion is not a
significant aging mechanism.

• Section 4.3.1.6. ! concluded that if the pump wetted parts arc made from carbon and
low alloy steel materials or cast iron, then IGSCC is not a significant aging
mechanism.

• Section 4.3.1.6.1 concluded that if the pump wetted parts are made from stainless or
high alloy steel materials and operate at temperatures less than 54°C [130"F], then
IGSCC is not a significant aging mechanism.

• Sections 4.3.1.6.1 and 4.3.1.6.2 concluded that if the pump wetted parts are made of
bronze or brass containing less than 15% zinc, regardless of pump service application,
then IGSCC and TGSCC are not significant aging mechanisms.

• Section 4.3.1.6.2 concluded that if nitrogen levels of the stainless and high alloy steel
wetted parts are controlled to less than 0.12 w/o in the material specification, then
transgranular stress corrosion cracking is not a significant aging mechanism.
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Corrosion and Stress Corrosion Cracking

The pump applications which use closed cooling water as the pumped fluid are the various
Closed Cooling Water Systems and the EDG Jacket Cooling Water System. The closed cooling
water applications use only centrifugal pumps. Wetted components for these pumps are made
from a variety of materials consisting of stainless and high alloy steels, low alloy steel, carbon
steel, cast iron, bronze, and brass.

From the criteria above, further examination is required to determine significance of
general corrosion, intergranular stress corrosion cracking, and transgranular stress corrosion
cracking.

Wetted components made from carbon and low alloy steel or cast iron materials are
susceptible to general corrosion over long periods of time in the closed cooling water
environment. The inclusion of corrosion inhibitors in the closed cooling water environment
reduce the rate of general corrosion. However, even under these conditions, uniform or localized
general corrosion rates of up to 1 mil [0.001 in] per year on average are possible. This general
corrosion rate may have no effect on the performance of pressure boundary components because
they have corrosion allowances of 3.2 mm [1/8 in] or greater; however, the performance of other
carbon and low alloy steel and cast iron components can be significantly affected by general
corrosion. Therefore, if the pressure boundary components are carbon and low alloy steel or cast
iron and designed with corrosion allowances less than 3.2 mm [1/8 in], then general corrosion
is a significant aging mechanism, Also, general corrosion is a significant aging mechanism for
all other carbon and low alloy steel and cast iron pump components in closed cooling water
service applications.

All closed cooling water pump applications operate at temperatures less than 54°C
[130°F]. Industry operating experience has not identified IGSCC of stainless and high alloy steel
pump components to be a concern in closed cooling water service applications. Therefore, if the
closed cooling water pump components operate at temperatures less then 54°C [130°F], then
IGSCC is not a significant aging mechanism for the stainless and high alloy components.

In some closed cooling water pump applications, wrought brass or bronze materials,
containing greater than 15% zinc, may be used for fixed internal wearing and miscellaneous
structural components. These materials are susceptible to IGSCC and TGSCC. Therefore, if
wrought brass or bronze materials containing greater than 15% zinc are used, then IGSCC and
TGSCC are significant aging mechanisms.

4.3.3.5 Lubricating/Fuel Oil Service Applications

The following determinations, regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6) were made as they pertain to pumps located in
lubricating and fuel oil system application. These determinations are summarized on Table 4-9.

i

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of stainless or
high alloy steel containing >_12% chromium and the pump was not a raw service
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water application, then general corrosion is not a significant aging mechanism for
these components.

• Section 4.3.1.5.1 concluded that if the pump wetted parts are made of bronze or brass
containing less than 15% zinc, regardless of pump service application, then general
corrosion is not a significant aging mechanism for these components.

• Section 4.3.1.5.1 concluded that if the pump components are made from carbon and
low alloy steel or cast iron and purity of the lubricating/fuel oil is not adequately
maintained, then general corrosion is a significant aging mechanism.

• Section 4.3.1.5.1 concluded that for electric motor-driven pump applications, if the
stray motor current grounding path through the shaft is eliminated (by electrically
insulating the bearings and/or installing an alternate low-impedance path for the
current to flow), then general corrosion is not a significant aging mechanism.

• Section 4.3.1.5.1 concluded that if the pump is not submerged, and the components
exposed to the external environment are made from stainless or high alloy steel, then
general corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted parts are exposed to lubricating
and fuel oils, then galvanic corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump external component surfaces are exposed
to the ambient environment, then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump wetted parts are exposed to lubricating
and fuel oil, then microbiologically influenced corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that if the pump external component surfaces are exposed
to the ambient environment, then microbiologically influenced corrosion is not a
significant aging mechanism.

• Section 4.3.1.6 concluded that if the pump wetted parts are exposed to lubricating and
fuel oil, then IGSCC and TGSCC are not significant aging mechanisms.

Corrosion

The pump applications which use lubricating or fuel oil as the pumped fluid are
lubricating oil systems and EDG Fuel Transfer Systems. The lubricating/fuel oil applications
only use centrifugal and rotary pumps. The wetted components for these pumps are made from
a variety of materials consisting of stainless and high alloy steels, low alloy and carbon steels,
cast iron, bronze and, brass. From the criteria above, further examination is required to
determine significance of general corrosion.
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Wetted components made from carbon and low alloy and cast iron steels are susceptible
to general corrosion over long periods of time in the lubricating/fuel oil environment, especially
when these oils are contaminated with other materials. Uniform corrosion rates of 1 mil

[0.001 in] per year are possible and localized corrosion may be significantly greater. This
corrosion rate may have no effect on the performance of pressure boundary components because
they have design corrosion allowances greater than 3.2 mm [1/8 in]; however, the performance
of other carbon and low alloy steel and cast iron components can be significantly affected by
general corrosion. Therelbre, if the pressure boundary c¢,mponents are carbon and low alloy steel
or cast iron and designed with corrosion allowances less t_an 3.2 mm [1/8 inl, then general
corrosion is a significant aging mechanism. Also, general corrosion is a significant aging
mechanism for all other carbon and low alloy steel and cast iron wetted pump components in
lubricating/fuel oil service applications.

4.3.3.6 Raw Water Service Applications

The following determinations regarding the significance of corrosion (Section 4.3.1.5) and
stress corrosion cracking (Section 4.3.1.6) were made as they pertain to pumps located in raw
water service applications. These determinations are summarized on Table 4-10.

• Section 4.3.1.5.1 concluded that if the pump wetted parts were made of carbon and
low alloy steel, cast iron, or stainless and high alloy steel, and exposed to raw water
application, then general corrosion is a significant aging mechanism.

• Section 4.3.1.5. i concluded that if the pump wetted parts are made of bronze or brass
containing less than 15% zinc, regardless of pump service application, then general
corrosion is not a significant aging mechanism for these components.

• Section 4.3.1.5.1 concluded that for electric motor-driven pump applications, if the
stray motor current grounding path through the shaft is eliminated (by electrically
insulating the bearings and/or installing an alternate low-impedance path for the
current to flow), then general corrosion is not a significant aging mechanism.

• Section 4.3.1.5.1 concluded that if the pump is nol submerged, and the components
exposed to the external environment are made from carbon and low alloy steel or cast
iron, and protective coatings are applied to the external surfaces, then general
corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump wetted parts are made from stainless or
high alloy steel, then galvanic corrosion is not a significant aging mechanism.

• Section 4.3.1.5.2 concluded that if the pump external component surfaces are exposed
to the ambient environment, then galvanic corrosion is not a significant aging
mechanism.

• Section 4.3.1.5.3 concluded that il" the pump is exposed to raw water, then
microbiologically inlquenced corrosion is a significant aging mechanism.
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• Section 4.3.1.5.3 concluded that if the pump external component surfaces are exposed
to raw water (i.e., submerged), then microbiologically influenced corrosion is a
significant aging mechanism.

• Section 4.3.1.5.3 concluded that if the pump external component surfaces are exposed
to the ambient environment, then microbiologically influenced corrosion is not a
significant aging mechanism.

• Section 4.3.1.6.1 concluded that if the pump wetted parts are made from carbon and
low alloy steel materials or cast iron, then IGSCC is not a significant aging
mechanism.

• Section 4.3.1.6.1 concluded that if the pump wetted parts are made from stainless or
high alloy steel materials and exposed to raw water, then IGSCC is a significant
aging mechanism.

• Sections 4.3.1.6.1 and 4.3.1.6.2 concluded that if the pump wetted parts are made of
bronze or brass containing less than 15% zinc, regardless of pump service application,
then IGSCC and TGSCC are not significant aging mechanisms.

• Section 4.3.1.6.2 concluded that if nitrogen levels of the stainless and high alloy steel
wetted parts are controlled to less than 0.12 w/o in the material specification, then
transgranular stress corrosion cracking is not a significant aging mechanism.

Corrosion and Stress Corrosion Cracking

The pump applications which use raw water are the various service water pumps. These
pump applications use centrifugal pumps and vertical well centrifugal pumps. The wetted pump
components are made primarily from carbon steel, cast iron, and bronze materials. However,
stainless and high alloy steels, low alloy steels, and brass may be used tbr a few components,
and 400 series stainless steel shafts are relatively common.

From the criteria above, further examination is required to determine significance of
general corrosion, galvanic corrosion, microbiologically influenced corrosion, intergranular stress
corrosion cracking, and transgranular stress corrosion cracking.

Wetted components made from carbon and low alloy steel, cast iron, and stainless and
high alloy steels are susceptible to general corrosion over long periods of time exposed to a raw
water environment.[4.30] Some raw waters are quite aggressive with regard to corrosion.
Uniform and localized general corrosion rates may be as high as 0.25 mm I0.010 inl per year in
some environments.[4.31, 4.32] General corrosion rates of stainless steel can exceed
those of carbon steel depending on the mineral content of the raw water source. High levels of
chloride and sulfate ions may result in severe localized corrosion of austenitic stainless
steels.[4.14] Graphitic corrosion, it metallurgical dealloying process of cast iron material, may
result in increasing rates of corrosion after 20 or 30 years of service. The service water pumps
experience long periods of low flow or stagnation which allow contaminants that promote
corrosion to accumulate and concentrate at certain locations. The vertical well centrifugal pump
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wetted components experience periods when surfaces are alternately wet and dry. The dry
periods allow concentration of salts (such as sodium chloride in seawater) to deposit on the pump
metal surfaces. Therefore, if the pump component is made from carbon and low alloy steel, cast
iron, or stainless and high alloy steel and exposed to a raw water service application, then general
corrosion is a significant aging mechanism.

Raw water is a fluid which will support galwmic corrosion between dissimilar metals.
The various combinations of wetted component materials within each pump is the primary
parameter for determining significance of galvanic corrosion. The material combinations which
result in galvanic corrosion are:

• Stainless/High Alloy Steel (Cathodic) and Bronze/Brass (Anodic)

• Stainless/High Alloy Steel (Cathodic) and Low Alloy/Carbon Steel (Anodic)

• Stainless/High Alloy Steel (Cathodic) and Cast Iron (Anodic)

• Bronze/Brass (Cathodic) and Low Alloy/Carbon Steel (Anodic)

• Bronze/Brass (Cathodic) and Cast Iron (Anodic)

Another factor, which must be taken into consideration when determining the significance
of galvanic corrosion, is surface area of the anodic and cathodic (i.e., dissimilar metal) pump
components. The effects of galvanic corrosion are minimized if the surface area of the anodic
material is larger than the surface area of the cathodic material. Therefore, if the wetted pump
component is an anodic material and the surface area is relatively small with respect to other
wetted pump components that are cathodic, then galvanic corrosion is a significant aging
mechanism for the anodic pump components.

From Section 4.2.2, raw water contains microbes and other living organisms at

temperatures below IO0°C [212°F]. These microbes will cause microbiologically influenced
corrosion to occur on metallic surfaces. Microbiologically influenced corrosion is not a concern
for wetted components exposed to moderate or high fluid velocities because the microbes are
swept away under these conditions.[4.1] Wetted components in these centrtfugal and vertical
well centrifugal pumps exposed to moderate or high velocity consist of:

• Shaft

• Impeller
• Wearing Components
• Seals

• Internal Radial Bearings

Therefore, MIC is not a significant aging mechanism for these pump components.

Wetted pump components exposed to low fluid velocity are susceptible to MIC and
consist of:
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• Miscellaneous Structural Components
• Flow Guides

• Casing
. Suction/Discharge Nozzle
• Flange/Cover
. Suction Strainer

Therefore, MIC is a significant aging mechanism for these components.

Chlorides and sulfates significantly increase the potential for IGSCC to occur in stainless
steel materials.[4.14] Chlorides and sulfates are present in fresh water, and chloride levels are
very high in brackish water and seawater. Service water pump components may be exposed to
alternate wet and dry periods which will allow concentration of the chloride containing salts on
pump component surfaces. Therefore, if the pump contains stainless and high alloy steels that
are exposed to raw water, then IGSCC is a significant aging mechanism.

In some raw water pump applications, wrought brass or bronze materials, containing
greater than 15% zinc, may be used for fixed internal wearing and miscelhmeous structural
components. These materials are susceptible to IGSCC and TGSCC. Therelore, if wrought brass
or bronze materials containing greater than 15% zinc are used, then IGSCC and TGSCC are
significant aging mechanisms.

4.3.4 Loss of Threaded Fastener Preload

The satisfactory performance of threaded fasteners depends on their ability to maintain
the initial preload. Threaded fasteners which become loose and partially/completely back-out of
threaded holes can result in performance degradation and damage to other pump components.
Some of the aging mechanisms which are evaluated as significant for fasteners in Sections 4.3.1,
4.3.2, and 4.3.3 (corrosion, fatigue) can also result in the loss of initial preload. However,
threaded fastener loosening is frequently the result of vibration, fluid induced or caused by
mechanical imbalance. Vibration tends to increase with running time due to the effects of aging
mechanisms on various pump components. Although erosion, erosion/corrosion and wear are the
primary mechanisms which affect vibration, all of the significant aging mechanisms noted in
Sections 4.3.1, 4.3.2, and 4.3.3 can play a role. Vibration measurements are one of the most
fi'equently recorded operating parameters for pumps. However, even measured vibration
magnitudes which are clearly within the acceptable range for a specific pump application, can
result in the loosening of threaded fasteners. Industry operating experience has identified cases
where this has occurred lor threaded fasteners that are part of the pump internals, shaft seal,
coupling, or external anchorage. From an aging mechanism viewpoint, this type of degradation
is synergistic in nature, with vibration as the common link.

4.3.5 Non-Metallic Component Aging

A listing of the types of non-metallic materials and other renewable components used in
the pump applications included in this AMG are provided in Section 3.5. Tables 3-12 and 3-13
identify some additional non-metallic materials commonly used in pumps. These non-metallics
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are utilized parts of wetted pump components (shaft seals, internal stationary and rotating
bushings/seals) and utilized in non-wetted pump components (bearings, couplings).

Evaluation of non-metallics was excluded from the aging mechanisnl evaluations in
'_11'_ ' -) .SecWcns 4.3.1, 4.3.2, and 4.3.3, because age-related degradation is frequently associated with a

change in material properties due to the long-term exposure to the environment (temperature,
pressure or load, radiation, fluid chemistry, and relative humidity) _r to dust, dirt, or other
contaminants. Although failures of non-metallic components may be due to hltigue, wear or
erosion, the change in material properties (such as tensile strength of solid bushings or spacers,
hardness R_rbearing materials, and lubricity tor lubricating oils or greases) is generally the root
cause.

Non-metallic components such as lubricants and those used in shaft seals, couplings,
pressure boundary gaskets, and bearings are considered to be renewables and are replaced alter
a specified period of calendar time or a number of operating hours, ttowever, non-metallics
which are part of internal pump components are impossible to replace without substantial pump
disassembly and are expected to have lifetimes equal to that of other internal rotating and
stationary parts.

4.3.6 Aging Mechanisms Synergies and Dependencies

This section provides a basic understanding relative to the affect that several aging
mechanisms acting together can have on pump availability and performance. As such, the root
cause of pump fifilure can bc difficult to identify becausc of aging mechanism synergies and
dependencies. It is intended, however, not to evaluate in this section, the specific aging
mechanism synergies and dependencies occurring to the various pump subassemblies.

Aging mechanisms were evaluated in Sections 4.3.1,4.3.2, and 4.3.3 as if they manifested
individually on a pump component. Both theoretical considerations and field history indicate that
the affects of two or more aging mechanisms acting simultaneously on a component may cause
degradation and failure. The time duration for significant degradation to occur under these
condition,; will naturally be less than the duration for each individually acting aging mechanism,

Corrosion and erosion can both result in material wastage. Acting together they can
reduce material thickness to the point where excessive deformation or complete failure occurs
or where enlarged clearances degrade hydraulic performance. Significant material thickness
reductions have occurred in turbulent regions of pump casings near inlet and outlet nozzles and
enlarged clearance problems have occurred at impellers, wear rings, interstage flow guides, and
balance disks.14.33]

The surface discontinuities caused by localized corrosion can increase the peak stresses
caused by cyclic loads. This combination of aging mechanisms termed corrosion fatigue has
been addressed in the literature[4.34] and is applicable to pump pressure boundary
components (suction/discharge nozzles) and highly stressed rotating components (shafts).

Pumps require that many subcomponents work together to provide satisfactory
performance. The aging mechanisms evaluated in Sections 4.3.1,4.3.2, and 4.3.3 do not consider
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the dependence between aging mechanisms and components, There air many situations where
aging and degradation of one component can bc the primary rcas_m I't_rdegradation of a different
compunent. Such situations can occur when erosion/corrosion o1' internal rotating components
causes a dynamic unbalance and an increase in vibration levels, resulting in accelerated wear at
the wear ring, spacers, seals, or bearings. Fouling of the suction nozzle or strainer causes
cavitation and erosion/corrosion o1' the pump casing and impeller. There are a multitude o1"
situations in which wear o1'one component may cause accelerated wear of a ,_econd component.
In situations where the centrifugal pumps' impeller is supported only by an inboard bearing, wear
of the bearing may cause extensive impeller/wear ring wear.

4.3.7 Comparison of AMG wlth NPAR Results

Several Nuclear Plant Aging Research (NPAR)reports, that evaluate aging and
degradation of nuclear plant punlps, have been written for the NR('. The NPAR reports that
cover pump aging/degradation are identified in References 4,13, 4.35, 4.36, 4.37,
4.38, 4.39, 4.40, 4.41, 4.42, 4.43, 4.44, and 4.45.

Each of these NPAR reports presents the results o1'an assessment associated with time-
related degradation (i.e., aging) o1"nuclear phmt pumps that: l j arc used in safety-related
systems, or 2) provide normal operating capability. Aging information, evaluated in these NPAR
reports, wan obtained from various sources of nuclear plant operating experience documentation.
The LER and NPRDS databases were predominantly used to categorize aging mechanisms and
pump failure causes.

References 4.40 and 4.41 arc aging failure surveys associated with a wide variety of
nuclear plant systems and components including pumps. The data collection and analysis process
tbr this pump AMG was conducted in a similar manner to that of these two NPAR reports. A
comparison of Table 3-14 of this AMG and Figure 4 of Reference 4.41 reveals that service water
system pumps and auxiliary feedwater system pumps experience the greatest number of failures.
References 4.40 and 4.41 indicate that wear, corrosion, fouling, and fatigue (in that order) are the
predominant aging mechanisms thai cause failure to a wide cross section of nuclear plant
components including pumps. Pump failures were dominated by wear and fouling as cited in
these two NPAR reports. Figures 3-18 and 3-26 of this AM(; (LER and NPRDS data
respectively_ show that wear, fatigue, fouling and erosion/corrosion are the predominant aging
mechanisms for pumps. These results compare quite favorably.

References 4.13, 4.35 through 4.39, 4.42, and 4.43 are NPAR aging studies on specific nuclear
plant systems. A review of these documents confirn_ that the stressors and aging mechanism
evaluations presented in Sections 4.1 and 4.3.1, 4.3.2, and 4.3.3 respectively of the AMG
compare fawu'ably. No new or different stressors and the corresponding aging mechanisms were
identified to bc significant in these NPAR documents.
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5. EFFECTIVE MANAGEMENT OF AGING MECHANISMS

An effective program for addressing pump degradation will provide for both understanding and
managing the aging mechanisms. Key elements of an effective program reflect the technical
aging issues and potential consequences of the aging process being mitigated.

Aging mechanisms and their effects must be understood with sufficient accuracy and detail to
provide the basis for developing and implementing aging management strategies that address
actual or potential root causes of pump failures. The requisite understanding may be either
empirical or mechanistic, depending on the nature and potential consequences of a particular
aging mechanism. An understanding of degradation requires a detailed awareness of pump
design, fabrication, installation, testing, inservice operation, and maintenance cycles. Degradation
of pumps is a time dependent phenomena that depends on the interactions of materials with
environmental and operational stressors.

The programs discussed in this section are suggested. They are meant to be guidelines
that provide alternative methods that can be used to establish an effective program. Different
combinations of maintenance techniques can be used to create plant-specific effective programs.

5.1 Generic Elements of an Effective Aging Management Program

Continued safe nuclear plant operation requires that pumps evaluated in this AMG
continue to reliably function throughout their service life. Degradation of a pump is a regulatory
concern when the pump normally functions to ensure plant safety and the degradation progresses
to the point of impaired safety performance.

The License Renewal Rule[5.1] requires that certain nuclear plant components,
including pumps, be subject to programs that effectively manage component degradation and their
associated aging mechanisms. The Maintenance Rule[5.2] requires that nuclear plant
components, including pumps, meet specified performance parameters. In addition, quality
assurance criteria[5.3] requires development and implementation of programs to ensure that
conditions adverse to quality, including degraded pump performance, are promptly identified and
corrected.

Criteria has been established for determining if a plant program is effective for detecting
and mitigating the effects of aging. These criteria are provided in Reference 5.1 and state that
a program is effective if:

• The program is documented, its implementing procedures are approved by on-site
review committees, and it is implemented in accordance with plant administrative
procedures, and

• The program procedures ensure that the componcnt's required functions are properly
addressed considering the effects of age-related degradation, as appropriate, and
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• The program establishes specific acceptance criteria against which the need for
corrective action is to be evaluated and requires timely corrective actions to be taken
when the acceptance criteria are not met.

Reference 5.2 states in part under paragraph [A] [1] "Each holder of an operating license
. . . shall monitor the performance or condition of SSCs... in a manner sufficient to provide
reasonable assurance that SSCs... are capable of fulfilling their intended functions."

Paragraph [A] [2] states in part "Monitoring... is not required where it has been
demonstrated that the performance or condition of a SSC is being effectively controlled through
the performance of appropriate preventive maintenance, such that the SSC remains capable of
performing its intended function."

The three criteria for determining program effectiveness are broken down into distinct
categories. The following provides further guidance for each category to determine if a program
satisfies the criteria.

5.1.1 Program is Documented

The criteria for a program to be documented satisfies 10 CFR 50 Appendix B - Quality
Assurance Criteria which states in part "Every applicant for an operating license is required to
include, in its final safety analysis report, information pertaining to the managerial and
administrative controls to be used to assure safe operation." Therefore, a program being
documented means that specific commitments have been and are included on the respective plant
docket. Docketed commitments are included in the updated final safety analysis report, responses
to generic letters, bulletins, notices, orders, NUREGs, 10 CFR 50.59 evaluations, notices of
violations, open items, etc., and any c'her programmatic or procedural commitment made to
ensure compliance with the Code of Federal Regulations.

5.1.2 Program Implementing Procedures Approved by Operations Review
Committee and Program Implemented Via Administrative Procedures

These two criteria for procedural approvals and administration of the program also satisfy
l0 CFR 50 Appendix B. Item I. - Organization of this Appendix states in part "the authority and
duties of persons and organizations performing activities affecting the safety related functions of
structures, systems, and components shall be clearly established and delineated in writing." This
Appendix further states in Item II - Quality Assurance Program, that "This program shall be
documented by written policies, procedures, or instructions and shall be carried out throughout
plant life in accordance with those policies, procedures, or instructions."

Each program must be documented with written policies (i.e., administrative procedures)
and the program implementing procedures must be reviewed and approved by on-site review
committees to ensure that activities affecting the required function of pumps are correctly
performed.
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5.1.3 Component's Required Functions Properly Addressed

Each pump evaluated in this guideline either provides a support function or directly
functions to prevent or mitigate the consequences of postulated accidents that could cause undue
risks to the health and safety of the public. Methods by which a pump accomplishes this action
is termed its required function. A pump may have only one or several required functions.

The significant required function(s) for each pump are identified in the program
implementing procedures. The scope and content of all program implementing procedures
credited for effective management of aging are reviewed to ensure that aging mechanisms and
degradation, affecting the capability of the pump to satisfy its required function(s), are adequately
detected and mitigated.

5.1.4 Age-Related Degradation Effects Properly Addressed

All aging mechanisms occurring to these pumps will manifest and progress at different
rates and are affected by many variables such as material composition, operating service
conditions, environmental parameters, geometric configuration, etc. As such, program
implementing procedures must be performed at a frequency commensurate with the rate of aging
to ensure detection and mitigation of degradation. Detection and mitigation of degradation
provides assurance that the pump required function will not be compromised during its service
life. Inspection, test, replacement, and refurbishment procedures are performed at frequencies
which are based on code requirements, regulatory specifications, vendor recommendations,
industry experience, observations by knowledgeable plant personnel, etc. and can be adjusted as
experience dictates.

5.1.5 Acceptance Criteria Established to Determine Need for Corrective Action,
Corrective Actions Specified, and Timely Action Taken

These three criteria dealing with acceptance criteria and corrective actions also satisfy
10 CFR 50 Appendix B. Item V states in part that "Instructions, procedures, or drawings shall
include appropriate quantitative and quantitative acceptance criteria for determining that important
activities have been satisfactorily accomplished." Item XVI. Corrective Action, states that
"Measures shall be established to assure that conditions adverse to quality are promptly identified
and corrected."

All program implementing procedures should contain acceptance criteria in the form of
recorded data, documented observances, procedural step signoffs, etc. to demonstrate that
activities performed on pumps for detecting and mitigating degradation have been either
satisfactorily accomplished or corrective actions identified to ensure required function capability.

The corrective actions required may encompass a wide range of activities which cannot
be clearly identified in tl't6program implementing procedure. Provisions shall be made, however,
to document what corrective actions were taken. These corrective actions may be in the form of
references to work request, additional diagnosis, retesting, non-destructive examinations, etc.
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Program administrative procedures and/or specific implementing procedures shall provide
guidance relative to the timeless of corrective actions taken. This guidance shall be considered
with respect to the aggressiveness of the aging mechanism (i.e., rate of degraded performance
or function) and the frequency of program activities to detect and mitigate degradation.
Performing timely corrective action ,_, J_es that pump required functions are not compromised
throughout the pump's service life.

5.1.6 Program Effectiveness Matrix

Table 5-1 entitled, "Effective Program Criteria Assessment Matrix," can be used to
document the evaluation of a program and corresponding implementing procedures to effectively
detect and mitigate pump age-related degradation.

,,,

Table 5-1, Effective Program Criteria and Assessment Matrix
•-, ._ ,'.', ....,,,

Description of Pump Being Evaluated
Effective Program(s) Name

Program Criteria
,,. ,,.,_ ,.. , ..... ,.... ,,,- , ....

Program is Documented (See Note !)
..........

Implementing Procedure(s) Approved by Plant
Review Conlmittees

....

Implemented Via Administrative Procedures

Component Safety Functions Properly
Addressed

............

Age-Related Degradation Effects Properly
Addressed (Mechanism(s) and Rate of

Degradation)
............ ,......... i ....

Acceptance Criteria Established to Determine
Need for Corrective Action

.... ,,

Corrective Action Specified ............

Timely Action Taken (See Note 2)
i1_1 i I i i iiiii i iii II III I

Notes:

F = Full compliance
P = Partial compliance, subject to program enhancement
N = Not in compliance, subject to program enhancement
NA = Not applicable
I = Documented means specific commitments are included on the docket (i.e., Updated SAR, responses

to GL, IEB, IEN, NUREGs, Orders, 10 CFR 50.59, etc.)

2 = "Timely" is considered with respect to the aggressiveness of the degradation and frequency of the
program activities to ensure that required functions are not compromised.

........

Author: Date:

Reviewer(s)" Date:
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5.2 Conventional Programs Commonly Used in the Industry

Demonstrating the adequacy of plant procedures to detect and mitig_:te degradation is
accomplished by 1) substantiating that established programs and procedures effectively ensure
the capability of the associated pumps to perform their required function(s) throughout their entire
service life, or 2) taking actions in the form of program and/or procedural enhancements
necessary to manage the aging mechanism(s) which are not adequately addressed by current
established programs and/or procedures. Adequacy of programs and procedures for detecting and
mitigating degradation must be demonstrated for each pump using one of these methods.

It is recognized that many pumps are subject to a variety of inspection, test, replacement
and/or refurbishment programs to address diverse functional requirements and various aging
mechanisms. As such, to establish the adequacy of existing plant programs, several programs
may be required for a given pump. Through a combination of such programs as necessary, the
basis for safe and reliable operation throughout the pumps entire service life is established.

Following is a discussion of the conventional maintenance and surveillance programs
commonly used, as determined from other aging studies, to be effective in detecting manifestation
of aging mechanisms and mitigating the degradation of pumps within acceptable limits.

5.2.1 ASME Section Xl Inservice Inspection and Testing Program

The committee on Operation and Maintenance of Nuclear Power Plants (O&M
Committee) is chartered to develop standards for maintenance of nuclear power plant equipment,
methods, and compo:_ents. The O&M Committee is responsible for reviewing ASME Section XI
to determine where O&M standards can replace Section XI requirements. One of the areas of
Section XI where an O&M standard was developed is Article IWP, Inservice Testing of Pumps.

ASME OM Code ISTB[5.4] "Inservice Testing of Pumps in Light-Water Reactor
Power Plants" establishes the requirements for inservice testing to assess the operational readiness
of certain centrifugal and positive displacement pumps. The pumps covered are those, provided
with an emergency power source, which are required in shutting down the reactor to the cold
shutdown condition, maintaining the cold shutdown coo_tion, or mitigating the consequences of
an accident. This ASME Code also establishes test intervals, parameters to be measured and
evaluated, acceptance criteria, corrective actions, and records requirements. Section 5.2.3
describes the testing activities required by this ASME Code.

Section XI of the ASME Code[5.5] also provides the rules and reouirements for
inservice inspection, repair, and replacement of Class 1,2, and 3 pressure retaining components,
including pumps. All pumps evaluated in this AMG are either Class 2 or 3. No Class 1 pumps
are included in the scope. Classes 2 and 3 refer to components constructed in accordance with
the rules of ASME Section Ill. Section XI categorizes the areas subject to inspection and defines
responsibilities, provisions for accessibility, examination methods and procedures, personnel
qualifications, frequency of inspection, record keeping and reporting requirements, procedures for
evaluation of inspection results, disposition of results, and repair requirements. Article IWC
applies to Class 2 componenls, and Article IWD applies to Class 3 components.
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The ASME Section XI requirements for Class 2 pumps are as follows.

• Surface (liquid penetrant or magnetic particle) examination of 100 percent of the
pump casing welds is performed. The examination may be performed from either the
inside or outside surface of the pump. In the case of multiple pumps of similar
design, size, function, and service in a system, the examination of only one pump
among each group of multiple pumps is required. The pumps initially selected for
examination shall be re-examined each ten-year inspection interval over the service
life of the pump.

• The pressure retaining component (i.e., pump casing) within each Class 2 system
boundary shall be subject to visual (VT-2) examination during system pressure
testing. A leakage test shall be conducted at least once each inspection period at a
test pressure equal to the nominal operating pressure during system operation. A
hydrostatic test shall be performed at or near the end of each 10-year inspection
interval at a value not to exceed 125 percent of normal operating pressure depending
on the test temperature of the fluid. In lieu of a Section XI hydrostatic test, the
requirements of ASME Code Case N-49815.6] can be performed.

• Volumetric examination is performed on pump pressure retaining bolts and studs that
are greater than two inches in diameter. The examinations may be performed on
these fasteners either in place under load or upon disassembly of the connection. The
examination of fasteners may be conducted on one pump among a group of pumps
in each system required to be examined which are similar in design, size, function,
and service. Also, where one pump to be examined contains a group of bolted
connections of similar design and size (such as a flanged connection) the
examinations may be conducted on one bolted connection among the group. The
pump fasteners initially selected for examination shall be re-examined each inspection
interval over the service life of the fastener.

• Surface (liquid penetrant or magnetic panicle) examination is performed on those
integrally welded attachments that meet all of the following conditions.

1. The attachment is on the outside surface of the pump,

2. The attachment provides support for the pump,

3. The attachment base material design thickness is 19 mm [0.75 in] or greater, and

4. The attachment weld joins the attachment either directly to the surface of the
pump or to an integrally cast or forged attachment to the pump.

The extent of the examination includes 100 percent of the required areas of each welded
attachment. The areas of the welded attachment initially selected for examination shall be
reexamined each inspection interval over the service life of the attachment.
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The ASME Section XI requirements for Class 3 pumps are as follows.

• Visual (VT-3) examination is performed on those integrally welded attachments that
meet all of the following conditions.

1. The attachment is on the outside surface of the pump,

2. The attachment provides support for the pump, and

3. The attachment weld joins the attachment either directly to the surface of the
pump or to an integrally cast or forged attachment to the pump.

The extent of the examination includes 100 percent of the required areas of each welded
attachment. In the case of multiple pumps within a system of similar design, function, and
service, the integral attachment of only one of the multiple pumps must be examined. The areas
of the welded attachment initially selected for examination shall be re-examined each inspection
interval over the service life of the attachment.

• The pressure retaining component (i.e., pump casing) within each Class 3 system
boundary shall be subject to visual (VT-2) examination during system pressure
testing. A leakage test snail be conducted at least once each inspection period at a
test pressure equal to the nominal operating pressure during system operation. A
hydrostatic test shall be performed at or near the end of each inspection interval at
a value not to exceed 125 percent of normal operating pressure depending on the test
temperature of the fluid.

ASME Section XI also provides rules and requirements for the repair and replacement of
Class 2 and 3 pressure retaining components, including pumps. A pump repair/replacement
program is a document or set of documents that defines the managerial and administrative control
for completion of repairs or replacement of items. A repair/replacement plan is developed to
identify a number of requirements to be adhered to while performing the repair/replacement.
Some of the more significant requirements are:

• Applicable ASME Codes

• Description of the work to be performed including flaw characterization and flaw
removal method

• Applicable weld procedures, nondestructive examinations, tests, and material
requirements

• Applicable examinations, tests, and acceptance criteria to verify acceptability of the
repair/replacement

• Intended life of the repair/replacement when less than the remainder of the design life
of the pump
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When repair or replacement is required because of failure, the evaluation shall consider
the cause of failure to ensure that the selected repair or replacement is suitable. Repair/
replacement activities shall reflect appropriate corrective provision to mitigate recurrence of the
failure.

5.2.2 ASME Section Xl Wall Thinning Program

Article IWH of ASME Section XI, which covers wall thinning due to single phase
erosion/corrosion, is currently under development by an ASME subcommittee. In the interim,
ASME Code Case N-48015.71 provides the rules and requirements for analytical evaluation,
inservice inspection, repair and replacement of Class 1, 2, and 3 carbon and low alloy steel
"piping items" susceptible to wall thinning as a result of single phase (water) erosion/corrosion.
From Section 4.2.4, single phase erosion/corrosion is a high temperature aging mechanism (i.r.,
129-140°C [265-285°F]. The term "piping items" is meant to include individual pumps.

There are no Class 1 pumps included in the scope of this AMG. However, the rules and
requirements are the same for all classes of pumps.

The analytical evaluation shall consider the effect of nominal or actual pump material
chemical composition when available, system water chemistry, system temperature, flow rate, and
pump geometry. Susceptible pumps shall be ranked both in order or predicted erosion/corrosion
rate and in order of time remaining to reach minimum acceptable wall thickness. A sample of
the most susceptible pumps is then selected for inspection. For pumps within a system having
identical configuration and process variables including operating hours (i.e., equal susceptibility
to wall thinning), only one (1) of the pumps need be included in the sample.

Two (2) systems containing pumps within the scope of this AMG known to have
experienced wall thinning as a result of single phase erosion/corrosion, are the Auxiliary
Feedwater System in PWRs and the RWCU System in BWRs. Identification of these two (2)
systems is not meant to be all inclusive relative to the total scope of pumps evaluated by this
guideline. Only performances of the plant unique analytical evaluation can determine which
pumps are susceptible to wall thinning from single phase erosion/corrosion.

ASME Code Case N-480 requirements for pumps are as follows.

• Volumetric examination shall be conducted from either the inside or outside surface

of the pump. The examination technique must be capable of measuring wall loss
with an accuracy of +_5%of nominal wall thickness of the pump to be measured.

• A reference system or grid pattern must be established for identification of each
examination point.

• The examination shall extend two (2) pipe diameters downstream from the pump. If
wall thickness is decreasing in downstream piping, the extent of examination shall
continue until an increasing thickness trend is established and thickness readings are
greater than 70% of nominal wall thickness, or greater than minimum wall thickness,
whichever is greater.
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• The pumps selected for examination shall be re-examined within 12 to 24 months of
completion of the initial examination, Subsequent examinations shall be in
accordance with an examination cycle based upon the erosion/corrosion rate and the
least time remaining to 70% of nominal wall thickness or minimum wall thickness
whichever is greater.

Pumps whose examination reveal a wall thickness less than 87.5% of the nominal wall
thickness determined to be a result of erosion/corrosion shall be repaired or replaced unless
evaluation is performed which shows that an acceptable safety margin exists for continued system
operation.

When a predicted (calculated) erosion rate indicates that a pump could reach minimum
acceptable wall thickness prior to the next inservice examination, the pump shall be repaired,
replaced, or evaluated as acceptable for continued service.

5.2.3 Technical Specification Surveillance Program

Each licensed commercial nuclear power plant is operated, in part, in accordance with its
own unique Technical S?ecifications. To ensure that a system, subsystem, train, or component
is operable (as defined in Technical Specifications), surveillance requirements are performed at
specified intervals.

The pumps subjected to Technical Specification surveillance requirements are
predominantly Emergency Core Cooling (ECC) Systems pumps and those pumps required to
operate to support safe plant operation. Testing performed to satisfy the associated surveillance
requirements is described under ASME OM Code ISTB[5.4]. Specific tes!ing, conducted
quarterly on each pump (with minor exceptions), consists of recording and analyzing data
associated with pump differential pressure (i.e., developed head), rotational speed, vibration, and
flow rate. All pump surveillance tests are conducted in accordance with approved procedures.
These procedures contain acceptance criteria against which the test results are compared. Test
results are evaluated by knowledgeable plant personnel to determine if acceptance criteria has
been met or to determine appropriate corrective action. If deviations fall within the alert range,
the frequency of testing is doubled until the cause of the deviation is determined and the
condition corrected. If deviations fall within the required action range, the pump is declared
inoperable tmtil the cause of the deviation has been determined and the condition corrected.
When a pump is declared inoperable, the Limiting Conditions for Operation (LCO) action
requirements are performed as required. Implementation of LCO action requirements ensures that
the health and safety of the public is maintained while deviation causes are identified and
corrective actions performed.

5.2.4 Preventive Maintenance

Preventive maintenance (PM) is defined as periodic, predictive, or planned activities
performed on a pump prior to its failure. The objective of conducting PM is to sustain or extend
the service life of a pump by controlling degradation and failures to an acceptable level.
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Periodic maintenance activities are accomplished on a routine basis (typically based on
operating hours, number of cycles, or calendar time). For pumps, these activities include such
items as replacement of bearings, gaskets, seals and other renewable components, changing out
lubrication, alignment checks, stuffing box/mechanical seal adjustment, verification of fastener
torque, and inspections tbr leakage and/or other abnormal conditions.

Predictive maintenance activities involve continuous or periodic condition monitoring of
pump operating parameters and/or functional perlbrmance testing of the pump. Elements of
predictive maintenance also include data gathering, analysis, diagnosis, and trending to determine
the material condition and performance characteristic of the pump. Typical predictive
maintenance activities associated with pumps include monitoring of vibration, chemical analysis
of lubrication, and monitoring of flow rate and developed head (i.e., verification of pump curve).
These activities are very similar to the pump testing described above under the heading Technical
Specification Surveillance Program and generally mirror requirements described in ASME OM
Code ISTB.[5.4]

Pla.,ned maintenance activities are primarily scheduled on the basis of information
obtained and trends derived from performing periodic and predictive maintenance. These
activities consist of refurbishment, overhaul, and major part replacement and are conducted prior
to pump failure. Also, planned maintenance activities can be identified and initiated based on
vendor recommendations, industry operating experience, and plant specific operating and
maintenance history.

The PM Program is governed by approved administrative controlling documents and
conducted in accordance with detailed implementing procedures. PM plans are developed to
outline task requirements and to coordinate scheduling and implementation of PM activities
associated with all plant equipment encompassed by the program, including pumps. The
frequency of performing PM is dependent upon engineering assessments, plant/industry operating
experience, environmental conditions, manufacturers recommendations, and feedback from
maintenance personnel. Typically, internal inspections are pertbrmed during refueling outages
while external inspections are performed quarterly or monthly.

Completed PM activities arc reviewed by cognizant personnel. The results are compared
with acceptance criteria and timely corrective actions are initiated as appropriate. Data is
extracted from the completed PM and analyzed for the purpose of detecting adverse trends. The
frequency of performing a PM activity may be increased or decreased depending upon the
observations made and conclusions drawn from review of the completed PM activity.

5.2.5 Pump Erosion Control Program

Section 5.2.2 discusses the ASME Wall Thinning Program which deals with high
temperature single ph;_se water erosion/corrosion of pump casings. The Pump Erosion Control
PrQgram covers effective aging management for pump subcomponent erosion/corrosion caused
by 1) particle impingement in low temperature raw service water applications and 2) cavitation
in low temperature raw service water and borated water applications due to fouling. Pump
subcomponents manufactured from carbon steel, low alloy steel, brass, and bronze are susceptible
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to erosion/corrosion. Stainless steel and high alloy steels have been determined to effectively
resist the effects from an erosive operating service condition.

An evaluation shall be conducted to determine which pumps and pump subcomponents
are susceptible to erosion. Factors to be taken into consideration for identifying these pumps
consist of material composition, water chemistry and particle characterization, fouling potential,
flow rate, and pump internal geometry. Susceptible pumps shall be ranked in order of predicted
erosion rate. A sample of the most susceptible pumps is then selected for further monitoring and
inspection. For pumps within a system having identical configuration and process variables,
including operating hours Ci.e., equal susceptibility to erosion), only one (1) of the pumps need
be included in the sample.

Pump Erosion Control Program requirements for those pumps susceptible to particle
impingement or cavitation due to fouling are as follows.

• Volumetric examination of the pump casing and nozzles shall be conducted from the
outside surface of the pump. The examination technique must be capable of
measuring wall loss with an accuracy of :i:5% of nominal pump wall thickness.

• A reference system or grid pattern should be established for identification of each
examination point.

• The pumps selected for examination shall be re-examined at an interval not to exceed
ten years from the initial examination date provided the predicted (calculated) erosion
rate will not reach 70% of nominal wall thickness or minimum wall thickness,

whichever is greater within that time frame prior to the re-examination date. More
frequent re-examination intervals must be established if the wall thickness criteria
cannot be achieved with ten-year examination intervals.

• Trending of quarterly surveillance test data and periodic preventive maintenance
activities shall be performed to determine the material condition of the pump
internals. Though subjective and not definitive, trending of these data may reveal
degradation of pump internals due to erosion.

• Whenever the pump, or a similar pump having identical configuration and process
variables, is disassembled for maintenance a visual examination (VT-3) shall be
performed on the internal surfaces of pump subcomponents. Evidence of erosion
shall be documented and repair or replacement activities completed unless an
evaluation is performed which shows that an acceptable safety margin exists for
continued system operation.

5.2.6 Microbiologically Influenced Corrosion (MIC) Control Program

Proper diagnosis is particularly important in situations where MIC is suspected since
treatment can be expensive in terms of time, equipment, materials, and environmental impact.
Background information such as materials of construction, fabrication methods, and operating
history can yield significant insights into potential microbiological influences. Examples of
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operating history are: source of water, types of water treatment, lay-up methods, and operating
characteristics (i.e., stagnation, low flow, intermittent operation and operating time).

5.2.6.1 Water Sampling

Sampling of the water at the source and immediately upstream and downstream from the
pump during quarterly testing is sufficient to assess seasonal variations in microbial content,
oxygen, and critical nutrients. A complete water analysis will assist in separating corrosive
affects of the water from microbial influence. Sampling of the water at these locations is useful
to I) identify heavily infested areas requiring further investigation, 2) evaluate the effectiveness
of biocide treatments, 3) locate areas where microbes may be reproducing rapidly, and 4) detect
trends over time to focus sampling.

5.2.6.2 Solid Sampling

When the pump is opened up lor maintenance purposes, areas of interest should be
visually examined and solid samples removed for detailed chemical and microbiological
examination. Typically, deposits, tubercules, or volumes of corrosion products in the vicinity of
the corrosion site are the areas where the samples should be removed for analysis. Additional
visual examination of the under deposit area and removal of metal samples for metallurgical
analysis may be appropriate. MIC leaves a particular set of chemical fingerprints that can be
used to determine whether or not MIC is at work. When a sample exhibits very low organic
content and, essentially no enrichment in sulfur or chloride is noted (as compared to the base
metal and/or water analysis), MIC is not likely to have been a contributor to the corrosion.

5.2.6.3 Treatment

Treatments to control MIC' fall into three general categories: mechanical cleaning,
chemical treatment, and engineering and operational controls.[5.81

Mechanical Cleaning

Mechanical methods arc used to physically remove deposits from material surfaces. In
this way, impediments to flow are also removed. Since MIC is always associated with biofilms
on metal surfaces the first objective is to remove the film. In some cases, these biofilms are
extremely difficult to remove with biocides or corrosion inhibitors, as such, mechanical cleaning
methods must be applied. When the pump is opened up lor maintenance purposes and after the
solid samples have been removed, hydrolazing and/or steam lancing can be performed to remove
deposits and tubercles. Abrasive particles (i.e., sandblasting) can _dso be used; however, a
disadvantage with this method is the collection and cleanup of the material.

Chemi_'al Treatment

Chemical water treatments include the use of biocides, corrosion inhibitors, and

dispersants. Biocides may hc oxidizing or non-oxidizing agents with injection to the fluid stream
made on a continuous base or scheduled as a batch/slug process. Biocides can be used in
cornbination with one another to increase their effectiveness, decrease effluent concentrations, or
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reduce costs. Biocides may also be used in conjunction with dispersants to prevent accumulation
of deposits. Inhibitors may be used independently or along with biocides or dispersants for
corrosion control.

Oxidizing biocides, particularly chlorine, is by far the most commonly utilized agent for
MIC control. Economics, simplicity of use, and the vast experience base are the overriding
considerations for the utilization of chlorine. Depending on water and solid sample analysis
results, other oxidizing biocides such as chlorine dioxide, bromine compounds, ozone, and/or
hydrogen peroxide may be used. Non-oxidizing biocides which may be used are acrolein,
glutaraldehyde, isothiazoline, and quartenary ammonia compounds.

Used in conjunction with biocides, dispersants help to remove organisms killed by the
biocidal treatment along with nutrients and debris that may have become attached to the biofilm.
Dispersants keep such materials suspended in the fluid stream.

Corrosion inhibitors, such as chromates, have biocidal properties and can be effective in
the treatment of MIC provided the biological growth has been removed from the pump surfaces
either mechanically or chemically and the microbial infestation has been controlled. Corrosion
inhibitors are used primarily in Closed Cooling Water Systems.

Engineering and Operational Controls

Engineering and operational controls may involve draining and drying pumps during
outages, elimination of stagnation by periodic operation of the pumps, or periodic flushing with
high velocity fluid. Engineering controls may also include implementation of modifications or
thermal treatment with high temperature.

For carbon steels and copper alloys, where sulfate reducing bacteria activity is high,
intermittent flow provides cyclic oxidation and can produce the worst case corrosion situation.
For stainless steels, intermittent flow conditions are preferable to stagnation, because the
attachment of bacteria to pump surfaces is minimized thereby reducing the effects of MIC.

It may be possible in some pump applications to design and install sacrificial anodes to
cathodically protect the pump subcomponents. The size and location of the sacrificial anode, and
the anode material must be selected in such a way that the protective current density on any
location is larger than the corrosion current density. Common shapes of sacrificial anodes
include bars, plates, cylinders, and ribbons. Most of the anodes for application in water are cast
with a galvanized steel core, wire, or strap to facilitate welding or bolting.

5.3 Non-Conventional Programs Commonly Used in the Industry

This section is a discussion of some of the non-conventional maintenance and surveillance

programs commonly used, as determined from aging studies, to be effective in detecting
manifestation of aging mechanisms and mitigating the degradation of pumps within acceptable
limits.
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5.3.1 Pump Lay-Up Program

Lay-up practices have historically been performed on a random basis. Development of
a lay-up program provides organization to these lay-up practices and a comprehensive structure
for their implementation. Rigorous implementation of plant lay-up procedures will result in
enhanced equipment preservation, personnel dose reduction, improved water chemistry, and
quicker plant start-up and power ascension.[5.9]

Condition assessments provide the basis for a plant lay-up program and should be utilized
to monitor effectiveness of the lay-up methods. In addition to refining lay-up procedures,
condition assessment will ensure that component performance and functional requirements are
met during plant operation.

Practical and convenient lay-up methods for these pumps and their associated systems
should address several criteria. It must be practical to continuously circulate the lay-up fluid.
Where dry lay-up is used, it must be practical to purge the fluid from the system in a reasonable
amount of time, and the volume of fluid must be stored or processed. The lay-up practices
should be flexible so that maintenance access can be readily achieved. Existing access openings
should be used to the maximum extent possible. The appropriate lay-up method should be fast
and easy to implement.

There are several different types of lay-up methods that can be used. The length of
outage time and scheduled maintenance activities to be performed on the particular pump and/or
associated system will dictate the most appropriate and cost-effective lay-up method to be
implemented.

5.3.1.1 Dry Lay-Up Method

The dry lay-up method is the most flexible approach for accommodating maintenance
during outages, because the lay-up fluid (i.e., air) is not hazardous. The pump and/or associated
system should be rapidly drained and purged with air such that internal surfaces are dry and the
atmosphere is well below saturation. Recent advances in desiccant air dryer technology have
increased the attractiveness of this method by lowering the cost of high volume dry air.

5.3.1.2 Wet Lay-Up Method

To implement wet lay-up, the pump and/or associated system is completely filled with
water or filled with water and an overpressure of nitrogen. Normally, some method of water
circulation is used to facilitate homogeneous mixing of chemicals used to treat the water. In
some applications, hydrazine, which is an oxygen scavenger, may be used to treat the water.
Higher than normal concentration of chlorine may be maintained in raw water systems.
Corrosion inhibitors, such as chromates in Closed Cooling Water Systems, can be considered a
form of wet lay-up. Any chemical addition for the purpose of corrosion control in wet lay-up
must be approved by plant Chemistry Department personnel.
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5.3.1.3 Nitrogen Lay-Up Methods

The nitrogen lay-up ,.... thod entails draining the pump and/or associated system,
connecting a nitrogen supply, and purging the region volume with t'our times the volume of
nitrogcn. After filling, the pump and/or system is isolated and the nitrogen supply regulators are
set to maintain a slightly positive pressure.

It is extremely important to note that a nitrogen environment can result in asphyxiation.
Therefore, adequate safety precautions are necessary to prevent personnel access into lay-up
regions where nitrogen accumulation could occur until adequate ventilation has been provided.
Periodic checks for oxygen deficiency should be performed in these areas prior to entry.

5.3.1.4 "No Treatment" Lay-Up Methods - Drained and "As-Is"

In the drained lay-up condition, the pump is allowed to drain. For this method, the
volume of drained water must be stored or processed. Subsequent to draining, the equipment is
exposed to moisture laden air and/or water in contact with air. Under this environment, corrosion
of unprotected carbon steel can be quite severe. However, it should be noted that many of the
surfaces in PWRs will be covered with a film of magnetite formed under the reducing conditions
associated with normal operating chemistries and in BWRs, a film of hematite is formed on the
surfaces.J5.9, 5.10] Some level of general surface corrosion protection is expected from
these surface fihns for several weeks or longer.

In the "As-Is" lay-up condition, the pump and/or associated system remains without any
special treatment after being isolated. For system pumps that normally process deoxygenated
primary coolant they will remain moderately non-corrosive as long as the pump and/or system
is kept isolated. For carbon steel system pumps that normally process raw water or
demineralized water containing a high oxygen content, the corrosion process will proceed at a
decreasing rate provided a fresh source of oxygen is not allowed ingress to the system (i.e., the
system remains isolated). This is because as the corrosion process progresses, the oxygen reacts
with the carbon steel to form iron oxide which results in less oxygen available to continue the
corrosion process.

5.3.2 Thermography

Infrared thermography scans are used to detect "hot spots" in equipment. This type of
program is not typically a formal program; however, many plants incorporate thermography in
their preventive/predictive maintenance programs. The scans can be used for electrical equipment
and connections, rotating equipment (i.e., bearing wear) and cables. Thermography would
typically be used to monitor the condition of pump bearings under those situations where bearing
temperature instrumentation is not installed. Results are used in conjunction with other
maintenance program data to determine if corrective action is required to prevent further
degradation. Individual plants should determine if thermography is cost effective versus other
methods.

5-15



AGING MANAGF, MENT GUIDEI3NI'_ I:OR PUMPS

5.3.3 Operator Activities

Operators routinely tour the plant (i.e., operator walkdown) to observe pump conditions
and record results on a checklist thal contains qualitative and quantitative acceptance criteria.
Individual checklist items are pcrfol med at various frequencies ranging from hourly to monthly.
The frequency is established based on experienced rates of change or degradation potential for
the observed item. If acceptance criteria is not met, the operators inform the shift supervisor who
initiates corrective or investigative action.

Equalizing pump run times on parallel pumps where one pump normally operates and one
pump is in standby will result in even wear for the two pumps and prolong satisfactory operation
of the system.

Another operator action is the annunciator response procedure (ARP). These procedures
prescribed the actions that operators must lake in response to individual automatic alarms. When
degradation causes a change in system or component operating parameters, and that parameter
is monitored by an automatic alarm, the operator will take specific actions in response. If the
operator cannot correct the alarming condition (as in a degraded state), then the operator reports
the condition to the shift supervisor who initiates corrective or investigative actions. For most
normally operating pumps, the pump alarms before the limiting criteria is exceeded, to allow time
to evaluate, correct, or transfer to a standby pump without impacting plant operations.

5.3.4 Coatings Survey Program

This program maintains protective coatings on plant equipment including pumps. Periodic
walkdowns of the pumps ensures that visible degradation will be detected prior to significant
damage occurring to the pump. This program aids in maintaining the exterior surfaces of the
pumps to reduce the potential for undetected age-related degradation. Only approved coatings
for each application may be used and are specified in the program. Surface cleaning and
preparation are also specified in program documents.

5.3.5 Operating/Industry Experience Program

The operating experience program tracks problems identified by in-house and external
industry pump operating experience and initiates corrective actions or ewfluations to mitigate the
problems.

This program supports the other main pump aging management programs by providing
feedback on pump failures or degradation. This program can capture Part 21 notices, NRC
Bulletins, Notices, and Generic Letters, vendor experiences, INPO Reports, Significant Operating
Event Reports (SOERs), etc., involving pumps, and ensure all known potential problems are
addressed at the plant before failure occurs.
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5.3.6 Spare Parts Shelf-L.ife Program

An important program to all plants is the spare parts/shelf life program. This program

is typically set up on a computer database with maximum and minimum quantities assigned to
each part. Parts are automatically recorded when minimum quantities are exceeded. Seals,

gaskets, O-rings and other pump parts with a prescribed shelf life are controlled to ensure parts

which have exceeded their shelf life are not installed in pumps or to ensure an engineering

evaluation is perlk)rlued on a part which exceeds its shell life. Spare parts are stored in a

controlled atmosphere to ensure they are maintained in excellent condition. All of these activities

ensure that pumps are repaired and maintained properly and ensure that replacement parts do not

cause abnormal degradation to occur to the inservice pump.

5.3.7 Receipt Inspection

10 CFR 50, Appendix B requires control c_fpurchased material, equipment, and services.

'-l'his requirement is typically performed by a receipt inspection program.

The receipt inspection program provides a baseline for critical dimensions, material type,

and various other attributes important to a pump. Proper inspection and detection of flaws,

defects, cracks, and other discrepancies ensures that pumps are in excellent condition prior to

installation and that the pump can be expected to provide acceptable service for its previously
determined service life.

Documentation required by receipt inspection procedures for pumps is beneficial in that

the material properties are accurately defined. The receipt inspection program also verifies proper
documentation is received with the components which proves to be beneficial in assuring

effective management of aging.

This program n-my also include activities such as lubrication, lubrication refurbishment,

and periodic rotation of pumps that are in storage. These activities are important to ensure that

the pumps in storage will be in excellent condition prior to being placed in service.

5.4 Programs/Techniques Applied to Pumps

This section assesses and evaluates the effectiveness of the various programs/techniques

described in Sections 5.2 and 5.3 with respect to their capability for detection and/or mitigation

of the significant aging mechanisms identified in Section 4.3 and summarized in Tables 4-4.

through 4-10.

The frequencies of conducting these programs/techniques are based on current codes and

standards as well as industry practice. The failure data conclusions presented in Section 3.6
indicate that current industry practices are effective at detecting and mitigating aging of nuclear

plant pumps. Other conclusions, also drawn from the failure data, that were considered in

selecting the program/technique implementing intervals are:

• Since many ot the pumps evaluated are in continuous operation, at least some of the

program activities should be implemented on shorter rather than longer intervals,
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• Since pump bearings, impellers, wear rings, and internal valve and rotor failures
dominate lhe NPRDS and I_,ERfailure data, actions to detect aging of these pump
components should be implemented on a shorter rather than longer implementing
interval.

• Since the primary aging mechanisms for pump bearings, impellers, wear rings, and
internal valves and rotors are wear, fatigue, and fouling, the programs/techniques
implemented more frequently should concentrate on detecting these aging
mechanisms.

Section 5.4.1 will correspond to the system pumps and significant aging mechanisms
depicted on Table 4-4, Section 5.4.2 will correspond to Table 4-5, through Section 5.4.7 and
Table 4-10.

5.4.1 Primary Water System Pumps

The primary water system pumps discussed in this section are the BWR RWCU System
pumps (i.e, centrifugal) and both types (i.e, centrifugal and reciprocating) of PWR CVCS
charging pumps. These pumps were evaluated by subcomponent and are considered to be
continuously operated. The pump subcomponents and associated aging mechanisms determined
in Section 4.3 to be significant are:

• Rotating/Reciprocating
--- Mechanical Fatigue

Erosion and Erosion/Corrosion
Wear

-- Fouling

• Fixed Internals
Erosion and Erosion/Corrosion
Wear

• Pressure Boundary
Mechanical Fatigue
Erosion and Erosion/Corrosion

• Mechanical Subsystems
Mechanical Fatigue
Wear

• Supports
Mechanical Fatigue
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The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechanical Fatigue
ASME Section XI Inservice Inspection and Testing
Technical Specification Surveillance Testing
Preventive Maintenance

• Erosion and Erosion/Corrosion

ASME Section XI Wall Thinning
Pump Erosion Control
Technical Specification Surveillance Testing
Preventive Maintenance

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-2 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5.4.1.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the primary water system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Therefore, programs/techniques to effectively manage mechanical
fatigue are performance based. Through pump performance monitoring and data acquisition, the
trending of key operational parameters may provide sufficient information, prior to pump failure,
so that planned maintenance activities can be conducted to repair/replace the affected pump
subcomponent(s). Visual inspections are also helpful for fatigue detection in some situations.
A combination of programs/techniques must be implemented to effectively manage mechanical
fatigue oi"BWR RWCU pump subcomponents and PWR CVCS charging pump subcomponents.

For the pumps' rotating/reciprocating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Testing Program, which ever applies, is the most effective method to detect significant
degradation and pump failure from mechanical fatigue. Since these pumps are continuously
operated, permanently installed vibration monitoring equipment would be the optimum; however,
this is not a requirement to acquire the necessary data for analysis.
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Table 5-2. Effective Programs/Techniques for Primary. Water System Pumps (BWR RWCU Pump and PWR Charging Pump)

Required Effective Programs/Techniques Supplemental Program.,_l'echniques
I

Pump Subcomponent ASME
ASME Section XI Pump

Section XI W-all Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

ROTATINGRECIPROCATING

Centrifugal Pump

• Shaft

- Mech Fatigue Vibration Vibration

- Wear Vibration Vibration

• Impeller

- Mech. Fatigue Vibration Vibration

- Erosion and E/C TDH & Flow TDH & Nov,'
Rate Rate

Vibration Vibration
i_ _,V ea.r

O
Reciprocating Pump

• Dri,, eshaft/Crankshaft

- Mech Fatigue Vibration Vibration

- Wear Vibration Vibration

• Piston/Plunger

- Wear TDH & Flow TDH & Flow
Rate Rate

• Internal Valve

- Mech. Fatigue TDH & Flov* TDH & Flow
Rate Rate

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate
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Table 5-2. Effective Programs/Techniques for Primary Water System Pumps (BWR RWCU Pump and PWR Charging Pump) (continued)

Required Effective Programs/Techniques Supplemental Prograrrt,;/Techniques

I
Pump Subcomponent ASME [ i

ASME Section XI Pump

Section Xi Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

1SI/IST Thinning Surveillance Maintenance Control Control Lay-up ] Thermography Activities Surceys I Experience
I

FIXED INTERNALS

Centrifugal Pump

• Wearing Components

- Wear TDH & Flow TDH & Flow
Rate Rate

• Flow Guides

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

Reciprocating Pump

t._ • Wearing Components

t_ TDH & Flow TDH & Flow
- Wear

Rate Rate ._.

PRESSURE BOUNDARY

r -"
Centrifugal Pumps

• Casing

- Mech. Fatigue Surface
Exam &

Pressure

Testing

- Erosion and E/C Volumetric Volumet-
Exam tic Exam

• Flange Cover

- Mech. Fatigue Surface
Exani &

Pressure ._Testing
k-.
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Table 5-2. Effective Programs/Techniques for Primary Water System Pumps (BWR RWCU Pump and PWR Charging Pump) (continued)

Required Effective Program:'_rl'echniques Supplement_ Programs/Techniques i

Pump Subcomponent ASME
ASME Section XI Pump

Section Xi Wall Tech Spec Preventive Erosion NIIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control La3-u p "l-hcrmt,graphy Activities Surx'e.xs Experience

PRESSURE BOUNDARY tcontinued)

Reciprocatin_ Pump

• Cylinder/Plunger

- Mech Fatigue Surface
Exam &

Pressure

Testing

Both Types of Pumps

• Suct./Disch Nozzle

- Mech Fatigue Surface
Exam &

t_ Pressure

to Testing

- Erosion and E/C Volumetric Volumet-
Exam tic Exam

• Fasteners

- Mech. Fatigue Torque

;.. L. Verification

MECHANICAL SUBSYSTEMS

Centrifugal Pumps

• Thrust Bearing

- Mech. Fatigue Vibration Vib. & Lube Temp. Temp.
An',dysis Monitoring Monitoring

- Wear Vibration Vib. & Lube Temp. Temp.
Analysis Monitoring Monitoring

i

Both Types of Pumps

• Coupling

- Mech. Fatigue Vibration Vibration
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i

Table 5-2. Effective Programs/Techniques for Primary Water System Pumps (BWR RWCU Pump and PWR Charging Pump) (continued)

Required Effcctixe Programs/Technique.', Supplemental ProgrzunsTFechniques

I , I
Pump Subcomponcnt ASME

..\SME Section Xl Pump

Section XI \k all Tcch Spcc |'lC',Cll[lXC Ero.,,ton MI(" Pum|_ ()perator Coalition. lndt!,,tr;

ISI/IST Thinnin_ Stu-x elll;mcc Mmntcn,tncc Contrt_l Control Lay-up Ihcrmt,grztphy ++\cti_ tttc,, Sur-, c3 ,, Ex pcn_..nt:c

MECItANICAL SUBSYSTEMS _conttnucd)

- Wear Vibration Vibranon

• Seals

- _,Vcar Visual lnsp. Visu'a.l lm, p

• Radi'a.l Bearing

- Wear \,'ibratlon Vib & Lube Temp Tcmp
Analysis Monitonng Monitonn_

k-..

SUPPORTS

Both Types of Pumps
L,n

t_ * Suppon Feet/Skirt

- Mech Fatigue Vib. &
Inspection
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For centrifugal pump rotating members (i.e, shaft, impeller, thrust bearing, and coupling)
and reciprocating pump, rotating members (i.e., radial bearing, driveshaft/crankshaft and coupling)
subject to fatigue, horizontal, vertical, axial and shaft vibration data should be acquired.
Torsional vibration data would provide some additional information but is not necessary because
these primary water system pumps (i.e., RWCU and CVCS Charging) are relatively small,
consequently, the rotating elements do not develop large axial torque and torsional inertia.
Torsional vibration problems are generally associated with larger, more massive and higher
horsepower rotating elements. Also, bearing lubrication samples should be chemically analyzed
or the lubrication changed out on a scheduled basis. Another method which will provide
information regarding thrust bearing failure is monitoring of thrust bearing temperatures by
operating personnel, if permanent instrumentation is provided, or through the use of contact
pyrometers and/or thermography. Therefore, if vibration data is obtained and trended, and
bearing lubrication verified to be satisfactory on a quarterly basis (or other frequency determined
to be adequate by plant-specific operating history), then mechanical fatigue of the pumps' rotating
members is effectively managed.

For the reciprocating pump internal valve, mechanical fatigue is effectively managed
through pump performance testing in accordance with the plants' Preventive Maintenance
Program or Surveillance Testing Program, which ever applies. Failure of the internal valves will
cause a deviation in the pumps' normal developed head and flow rate characteristics. This
phenomenon will be detected by trending the operating parameters and comparing the data
against the design pump curve. Therefore, if normal operating developed head and flow rate data
are obtained and trended on a quarterly basis (or other frequency determined to be adequate by
plant-specific operating history), and compared against the design pump curve, then mechanical
fatigue of the reciprocating pump internal valve is effectively managed.

Mechanical fatigue of pressure boundary components associated with the centrifugal
pumps (i.e., casing, flange/cover, suction and discharge nozzle, and fasteners) and the
reciprocating pumps (i.e., cylinder/plunger, suction and discharge nozzle, and fasteners) is
effectively managed through implementation of the plants' ASME Section XI Inservice Inspection
Program and Preventive Maintenance Program. Surface examinations, consisting of either the
liquid penetrant or magnetic particle process, and hydrostatic pressure tests are performed to
verify pressure boundary integrity. Preventive maintenance activities consisting of inspections,
replacements and fastener torque verification are also performed. Through a combination of
ASME Section XI and Preventive Maintenance tasks, mechanical fatigue of pressure boundary
components will be detected and corrective actions implemented to ensure safe and reliable pump
operation. Therefore, if surface examination and hydrostatic pressure tests are performed each
inspection interval and visual inspection, parts replacement, and fastener torque verification is
performed each refueling outage (or other frequency determined to be adequate by plant-specific
operating history), then mechanical fatigue of the pumps' pressure boundary components is
effectively managed.

Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, if vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), and visual inspection and fastener torque verification performed each
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refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of the pumps' support feet/skirt is effectively managed.

5.4.1.2 Erosion and Erosion/Corrosion

Detecting the presence of erosion and erosion/corrosion associated with primary water
system pump impellers and flow guides (i.e., centrifiJgal pumps) and internal valves (i.e.,
reciprocating pumps) is virtually impossible to achieve until such time as the pump begins to
exhibit abnormal behavior. Programs/techniques to effectively manage this aging mechanism are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponents.

For the centrifugal pump impellers and flow guides, and for the reciprocating pump
internal valves, erosion and erosion/corrosion are effectively managed through pump performance
testing in accordance with the plants' Preventive Maintenance or Surveillance Testing Program,
which ever applies. Degradation of the centrifugal pump impeller and/or flow guides due to
erosion and erosion/corrosion will cause a reduction in pump performance as measured by total
developed head and flow rate. Therefore, if total developed head and flow rate data are obtained
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), and compared against the design pump curve, then erosion and erosion/corrosion of the
centrifugal pump impellers and flow guides are effectively managed.

Failure of the reciprocating pump internal valves will also cause a deviation in the pumps'
normal developed head and flow rate characteristics. 'Fherefore, if total developed head and flow
rate data are obtained on a quarterly basis (or other frequency determined to be adequate by
plaint-specific operating history), and compared against the design pump curve, then erosion and
erosion/corrosion of the reciprocating pump internal valves are effectively managed.

Degradation of the RWCU System pump pressure boundary components (i.e, casing and
suction/discharge nozzles) from erosion and erosion/corrosion is effectively managed through
implementation of the plants' ASME Section XI Wall Thinning Program. This program is for
the single phase erosion phenomenon and is currently under development by ASME. In the
interim, Code Case N-480 provides guidance relative to the detection methods and acceptance
standards for wall thinning of pump pressure boundary casings and nozzles due to single phase
erosion and erosion/corrosion. Volumetric examination is performed to detect the amount of wall
thinning. The data is analyzed, and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therefore, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then erosion and
erosion/corrosion of the pumps' pressure boundary components are effectively managed.

Similarly, degradation of the CVCS charging pump (i.e, both centrifugal and
reciprocating) pressure boundary components from erosion and erosion/corrosion is effectively

5-25



AGING MANAGEMENT GUIDELINE FOR PUMPS

managed through implementation of the plants' Pump Erosion Control Program. This program
is for effectively managing wall thinning of pressure boundary casings and nozzles due to erosion
caused by cavitation and/or particle impingement. Volumetric examinations are performed to
detect the amount of wall thinning. The data is analyzed, and wall thinning rates are calculated.
Corrective actions are implemented when the analysis shows that the minimum acceptable wall
thickness will be exceeded prior to the next schedule examination. Therefore, if volumetric
examination data is obtained and analyzed and wall thinning rates calculated each inspection
interval (or other frequency determined to be adequate based on wall thinning projections), and
corrective actions implemented prior to exceeding minimum acceptable wall thickness, then
erosion and erosion/corrosion of the pumps' pressure boundary components are effectively
managed.

5.4.1.3 Wear

Detecting the presence of wear associated with the various primary water system pump
subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient information will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visua! inspections are also helpful for wear detection in some situations.

For most of the pumps' rotating/reciprocating and mechanical subsystem components,
vibration monitoring in accordance with either the plant's Preventive Maintenance Program or
Surveillance Program, which ever applies, is the most effective method to detect adverse
vibration trends due to wear of these subcomponents. Since these pumps (i.e., RWCU and CVCS
Charging) are continuously operating, permanently installed vibration pickups with monitoring
capability would be the optimum installation; however, this is not a requirement to acquire the
necessary vibration data.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, thrust bearing,
and coupling) and reciprocating pump rotating members (i.e., driveshaft/crankshaft, coupling and
radial bearing) subject to wear, horizontal, vertical, axial, and shaft vibration data should be
acquired. As discussed in Section 5.4.1.1, torsional vibration data is not required because these
pumps are small. Also, bearing lubrication samples should be chemically analyzed or the
lubrication changed out on a scheduled basis. Another method which provides pertinent data
regarding bearing wear is the monitoring of bearing temperatures. If permanent instrumentation
is installed, bearing temperatures can be monitored by operating personnel. Otherwise, contact
pyrometers and/or thermography should be utilized. Therefore, if vibration data is obtained and
trended and bearing lubrication verified to be satisfactory on a quarterly basis (or other frequency
determined to be adequate by plant-specific operating history), then wear of the pumps' rotating
members is effectively managed.

For the reciprocating pump piston/plunger and internal valve and for the fixed internal
wearing components associated with both the centrifugal and reciprocating pump, wear is
effectively managed through pump performance testing in accordance with the plants' Preventive
Maintenance or Surveillance Testing Program, which ever applies. As these components wear,

5-26



AGING MANAGEMENT GUIDELINE FOR PUMPS

a deviation in the pumps' normal developed head and flow rate characteristics will be observed.
This phenomenon will be detected by trending these operating parameters and comparing the data
against the design pump curve. Therefore, if normal operating developed head and flow rate data
are obtained and trended on a quarterly basis (or other frequency determined to be adequate by
plant-specific operating history), and compared against the design pump curve, then wear of the
reciprocating pump piston/plunger and internal valve is effectively managed.

For the mechanical seal/packing assembly associated with both types of pumps, wear is
effectively managed through inspections conducted in accordance with the plants' Preventive
Maintenance Program. As the mechanical seal/packing assembly wears it will begin to leak fluid.
This leakage can be readily detected by visual observation during operator rounds activities or
preventive maintenance inspections. Therefore, if visual inspections are pertormed on a quarterly
basis (or other frequency determined to be adequate by plant-specific operating history), then
wear of the pumps' mechanical seal/packing assembly is effectively managed.

5.4.1.4 Fouling

Detecting the presence of reciprocating pump internal valve fouling is achieved through
implementation of pump performance testing in accordance with the plants' Preventive
Maintenance Program or Surveillance Testing Program, which ever applies. Through pump
performance monitoring, data acquisition, trending of key operational parameters and diagnostic
analysis, sufficient information will be obtained so that planned maintenance can be performed
to repair, replace, or refurbish thc internal valve. As the internal valve begins to foul, a deviation
in the pumps' normal developed head and flow rate characteristics will be observed. Internal
valve fouling will be detected by trending these operating parameters and comparing the data
against the design pump curve. Therefore, if total developed head and flow rate data are
obtained on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history), and compared against the design pump curve, then fouling of the reciprocating
pump internal valves is effectively managed.

5.4.2 Borated Water System Pumps

The borated water system pumps discussed in this section are the BWR SLC System
pumps (i.e., reciprocating) and the PWR BAT System pumps (i.e., centrifugal). The SLC pump
is normally maintained in standby service and intermittently operated, primarily for testing. The
boric acid transfer pump is considered to be continuously operating because it provides
recirculation for the Boric Acid System, normal makeup of solution, and suction to the CVCS
Charging pump in emergency situations. The pump subcomponents and associated aging
mechanisms, determined in Section 4.3 to be significant, are:

• Rotating/Reciprocating
Mechanical Fatigue
IGSCC
Erosion and Erosion/Corrosion
Wear

Fouling
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• Fixed Internals
MIC
IGSCC
Wear

m Fouling

• Pressure Boundary
Mechanical Fatigue
MIC
IGSCC

Fouling

• Mechanical Subsystems
Mechanical Fatigue
IGSCC
Wear

• Supports
Mechanical Fatigue

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms:

• Mechanical Fatigue
ASME Section XI Inservice Inspection and Testing
Technical Specification Surveillance Testing
Preventive Maintenance

• Microbiologically Influenced Corrosion (MIC)
MIC Control

• Intergranular Stress Corrosion Cracking (IGSCC)
ASME Section XI Inservice Inspection and Testing
Technical Specification Surveillance Testing
Preventive Maintenance

• Erosion and Erosion/Corrosion
Preventive Maintenance

u Technical Specification Surveillance Testing

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
w Technical Specification Surveillance Testing

Preventive Maintenance
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Table 5-3 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5.4.2.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the borated water system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Programs/techniques to effectively manage mechanical fatigue are
perlormance based. Through pump performance monitoring and data acquisition, the trending
o; key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponent(s). Visual inspections are also helpful for fatigue detection in some situations.
A combination of programs/techniques must be implemented to effectively manage mechanical
fatigue of PWR BAT pump subcomponents. BWR SLC pump subcomponents are not susceptible
to mechanical fatigue.

For the centrifugal pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Testing Program, which ever applies, is the most effective method to detect significant
degradation and pump failure from mechanical fatigue of these subcomponents. Since these
pumps are continuously operated, permanently installed vibration monitoring equipment would
be the optimum; however, this is not a requirement to acquire the necessary data for analysis.

For centrifugal pump rotating members (i.e, shaft, impeller, thrust bearing, and coupling)
subject to fatigue, horizontal, vertical, axial and shaft vibration data should be acquired.
Torsional vibration data would provide some additional information but is not necessary because
this boric acid transfer pump is relatively small, consequently, the rotating elements do not
develop large axial torque and torsional inertia. Torsional vibration problems are generally
associated with larger, more massive and higher horsepower rotating elements. Also, bearing
lubrication samples should be chemically analyzed or the lubrication changed out on a scheduled
basis. Another method which will provide information regarding thrust bearing failure is
monitoring of thrust bearing temperatures by operating personnel, if permanent instrumentation
is provided, or through the use of contact pyrometers and/or thermography. Therefore, if
vibration data is obtained and trended and bearing lubrication verified to be satisfactory on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then mechanical fatigue of the pumps' rotating members is effectively managed.

Mechanical fatigue of pressure boundary components associated with the centrifugal
pumps (i.e., casing, flange/cover, suction and discharge nozzle, and fasteners) is effectively
managed through implementation of the plants' ASME Section XI lnservice Inspection Program
and Preventive Maintenance Program. Surface examinations, consisting of either the liquid
penetrant or magnetic particle process, and hydrostatic pressure tests are performed to verify
pressure boundary integrity. Preventive maintenance activities consisting of inspections,
replacements and fastener torque verification are also performed. Through a combination of
ASME Section XI and Preventive Maintenance tasks, mechanical fatigue of pressure boundary
components will be detected and corrective actions implemented to ensure safe and reliable pump
operation. Therefore, if surface examination and hydrostatic pressure tests are performed each
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Table 5-3. Effective Programs/Techniques for Borated Water System Pumps (BWR SLC Pum _s and PWR BAT Pumps) __---------

Required Effective Programs/Techniques Supplemental Programs/Techniques

I 1ASME Section X1 Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning SurveiUance Maintenance Control Thermography Activities Surveys Experience

ROTATING/RECIPROCATING

Centrifugal Pump

- Shaft

- Mech. Fatigue Vibration Vibration

- IGSCC Vibration Vibration

- Wear Vibration Vibration

• Impeller

- Mech. Fatigue Vibration Vibration

- IGSCC Vibration Vibration
L_
i Vibration Vibrationt._ - Wear

O

Reciprocating Pump

• Driveshaft/Crankshaft

- Wear Vibration Vibration

• Piston/Plunger

- IGSCC Surface Exam

- Wear TDH & Flow TDH & Flow
Rate Rate

• Internal Valve

- IGSCC Surface Exam

i - Wear TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate



AGING MANAGEMENT GUIDELINE FOR PUMPS

Table 5-3. Effective Programs/Techniques for Borated Water System Pumps (BWR SLC Pure _s and PWR BAT Pumps) (continued)

Required Effective Progran_l'echniques Supplemental Programs/Techniques

Pump Subcomponent ASME I i l

ASME Section X1 Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Comings ] Industry
ISI/IST Thinning _,tr.eillance Maintenance Control Control _ Thermography Activities Surveys Experience

[" FIXED INTERNALS r-----------------

Centrifugal Pump I• Flog' Guides

Sampling Preset-
- MIC ration

- IGSCC Surface Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

Both Types of Pumps

',.,n - Mi_. Struct. Comp.
' Sampling Preser-

L,._ - MIC ration

- IGSCC Surface Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Wearing Components

- IGSCC Surface Exam

- Wear TDH & Flow TDH & Flow
Rate Rate

PRESSURE BOUNDARY

Centrifugal Pumps i

• Casing

- Mech. Fatigue Surface

Exam &

Pressure
Testing
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Table 5-3. Effective Programcfl'echniques for Borated Water System Pumps (BWR SLC Pum _s and PWR BAT Pumps) (continued)

Required Effective Programs/Techniques .. Supplemental Programs/Techniques

I ' I
Pump Subcomponent ASME

ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump .Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

PRESSURE BOUNDARY (continued)

- MIC Sampling Sam-
pling

- IGSCC Surface
Exam &

Pressure

Testing

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Flange/Cover

- Mech. Fatigue Surface
_n Exam &

!

L_ Pressure

tO Testing

- MIC Sampling Preser-vation

- IGSCC Surface
Exam &

Pressure

Testing

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Suct./Disch. Nozzle

- Mech. Fatigue Surface
Exam &

Pressure

Testing

- MIC Sampling Preser-vation
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Table 5-3. Effective Programs/Techniques for Borated Water System Pumps (BWR SLC Pumps and PWR BAT Pumps) (continued)

Required Effective Program.dTechniques Supplemental ProgramsfFechmques

Pump Subcomponent ASME
ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Therrnography Activities Surveys Experience

PRESSURE BOUNDARY (continued)

- IGSCC Surface
Exam &

Pressure

Testing

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Fasteners

- Mech. Fatigue Torque
Verification

k

Reciprocating Pumpq/i
!

'-_ - Cylinder/Plungerk_

- MIC Sampling Preser-
vation

- IGSCC Surface
Exam &

Pressure

Testing

• Suct./Di_h Nozzle

- MIC Sampling Preser-
vation

- IGSCC Surface
Exam &

Pressure

Testing

- Fouling TDH & Flow TDH & Flow
Rate Rate
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Table 5-3. Effective Programs/Techniques for Borated Water System Pumps (BWR SLC Pumps and PWR BAT P'dmps) (continued)

Required Effective Program._,fl'echniques Supplemental ProgramsdTechniques

Pump Subcomponent ASME
ASME Section XI Pump

Section XI \V'..dl Tech Spec Pre,,enti_,e Erosion MIC Pump Operator Coatings Industry /

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Adivi_ies Surveys Experience

MECttANICAL SUBSYSTEMS

Centrifugal Pumps

• Thrust Beanng

- Mech. Fatigue Vibration Vib. & Lube
Anal_'six

- Wear Vibration V_b & Lube Temp. Temp,
Analysis Monitoring Monitoring

• Coupling

- Mech. Fatigue Vibration Vibration

- Wear Vibration Vibration
I

4:_ Recipr_:ating Pumps

• Coupling

- Wear Vibration Vibration

Both Types of Pumps

• Seals

- IGSCC Inspection Inspection

- Wear Inspection Inspection

• Radial Bearing

- Wear Vibration Vib. & Lube Temp. Temp.

Analysis Monitoring Monitoring

SUPPORTS

Centrifugal Pumps

• Support Feet/Skirt

- Mech. Fatigue Vib. &
Inspection

i
I
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inspe,-tion interval and visual inspection, parts replacement, and fiisteners torque verification is
performed each refueling outage (or other frequency determined to be adequate by plant-specific
operating history), then mechanical fatigue of the pumps' pressure boundary components is
effectively managed.

Mechanical fatigue failure of the centril'ugal pump support feet/skirt will be detected
during preventive maintenance inspections and vibration monitoring. Therefore, if vibration data
is obtained and trended on a quarterly basis (or other frequency determined to be adequate by
plant-specific operating history), and visual inspection and fastener torque verification performed
each refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of the pumps' support feet/skirt is effectively managed.

5.4.2.2 Microbiologically Influenced Corrosion (MIC)

Detecting the presence of MIC associated with the various borated water system pump
subcomponents is accomplished by sampling the fluid and by sampling any solid materials found
when the pump is opened up to perform maintenance. A complete fluid analysis should be
performed, during pump testing activities, to identify heavily infested areas, to evaluate the
effectiveness of the treatment method (i.e., iI"MIC was previously discovered), to locate areas
where microbes are rapidly reproducing, and to trend the data. If the pump is opened up for
maintenance purposes, deposits, tubercules, and/or corrosion products should be removed for
analysis. The analysis should assess the magnitude and severity of microorganism growth and
determine the appropriate treatment method to mitigate further propagation of MIC.

Through fluid and solid material sampling, analysis and trending of the data sufficient
information is available to effectively detect the presence of MIC. Planned maintenance and/or
treatment methods can be implemented to ensure safe and reliable operation of the pumps' fixed
internal and pressure boundary subcomponents. Therefore, if fluid sampling, analysis and
trending of data is performed quarterly during pump testing (or other frequency determined to
be adequate by plant-specific operating history), and; solid sampling, analysis and trending of
data is performed whenever the pump is opened up for maintenance, and; corrective actions are
implemented as appropriate, then microbiologically influenced corrosion of the pumps fixed
internal and pressure boundary components is effectively managed.

During plant outages, appropriate lay-up activities should be implemented to reduce the
potential for MIC to occur in these treated water system pumps.

5.4.2.3 Intergranular Stress Corrosion Cracking (IGSCC)

Detecting the presence of IGSCC associated with borated water system pump internal
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Otherwise the pump will require disassembly for internal inspection.
Therefore, pump performance monitoring, data acquisition, and trending of key parameters may
provide sufficient information, prior to pump failure, so that phmned maintenance activities can
be conducted to repair or replace the affected pump internal subcomponent(s). Visual inspection
is also helpful for IGSCC detection in some situations, A combination of programs/techniques
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must be implemented to effectively manage IGSCC of BWR SI.C and PWR BAT pump internal

subcompone nts.

For the centrifugal boric acid transfer pump rotating members (i.e., shaft and impeller)

vibration monitoring in accordance with either the plants' Preventive Maintenance Program or

Surveillance Testing Program, which ever applies, is the most effective method to detect

significant degradation and pump failure from IGSCC. Horizontal, vertical, axial, and shaft

vibration data should be acquired. As discussed in Section 5.4.2. !, torsional vibration data is not

required because these pumps are small. Since the BAT pumps are continuously operated,
permanently installed vibration pickups with monitoring capability would be the optimum

installation; however, this is not a requirement to acquire the necessary vibration data. Therefore,

if vibration data is obtained and trended on a quarterly basis (or other frequency determined to

be adequate by plant-specific operating history), then intergranular stress corrosion cracking of

the centrifugal pumps' rotating members is effectively managed.

For the centrifugal boric acid transfer pump fixed internal members (i.e., flow guides,

miscellaneous structural components, and wearing components) and for the following standby

liquid control reciprocating pump subcomponenls, IGSCC can only be effectively managed by
surface examination.

• Piston/Plunger
• Internal Valve

• Miscellaneous Structural Components

• Wearing Components

Section 6 provides information regarding the requirements to effectively manage IGSCC

of these pump components. This is accomplished by performing surface examinations of these

pump components once each inspection interval.

IGSCC of pressure boundary components associated with the centrifugal boric acid

transfer pumps (i.e, casing, flange/cover, suction and discharge nozzle and fasteners) and the

reciprocating standby liquid control pumps (i.e, cylinder/plunger block and suction/discharge

nozzles) is effectively managed through implementation of the plants' ASME Section XI

lnservice Inspection Program. Surface examinations, consisting of either liquid penetrant or the
magnetic particle process, and hydrostatic pressure tests are performed to verify pressure

boundary integrity. IGSCC of these pressure boundary components will be detected and pressure

boundary integrity verified through perlk_rmance of these ASME Section XI requirements.

Corrective actions are implemented as necessary to ensure sate and reliable pump operation.

Therefore, if surface examination and hydrostatic pressure tests are performed each inspection

interval, then IGSCC o1"the pumps' pressure boundary components is effectively managed.

IGSCC of the pumps' mechanical seal/packing assembly associated with both types of

pumps will be detected and effectively managed through inspections conducted in accordance

with the plants' Preventive Maintenance Program. Fluid leakage can be readily detected by

visual observation during operator rounds activities or preventive maintenance inspections.
Therefore, if visual inspections are performed on a quarterly basis (or other frequency determined

5-36



AGING MANAGEMENT GUIDELINE FOR PUMPS

to be adequate by plant-specific operating history), then IGSCC of the pumps' mechanical
seal/packing assembly is effectively managed.

5.4.2.4 Erosion and Erosion/Corrosion

Detecting the presence of erosion and erosion/corrosion associated with the centrifugal
boric acid transfer pump impellers and flow guides is virtually impossible to achieve until such
time as the pump begins to exhibit abnormal behavior. Programs/techniques to effectively
manage this aging lliechanism for these pump subcomponents are performance based. Through
pump performance monitoring and data acquisition, the trending of key operational parameters
may provide sufficient information, prior to pump failure, so that planned maintenance activities
can be conducted to repair/replace the affected pump subcomponents.

For the centrifugal boric acid transfer pump impellers and flow guides, erosion and
erosion/corrosion are effectively managed through pump performance testing in accordance with
the plants' Preventive Maintenance or Surveillance Testing Program, which ever applies.
Degradation of the centrifugal boric acid transfer pump impeller and/or flow guides due to
erosion and erosion/corrosion will cause a reduction in pump performance as measured by total
developed head and flow rate. Therefore, if total developed head and flow rate data are obtained
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), and compared against the design pump curve, then erosion and erosion/corrosion of the
centrifugal boric acid transfer pump impellers and flow guides are effectively managed.

5.4.2.5 Wear

Detecting the presence of wear associated with the various borated water system pump
subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient information will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for detection of wear in some situations.

For most of the pumps' rotating/reciprocating and mechanical subsystem components,
vibration monitoring in accordance with either the plant's Preventive Maintenance Program or
Surveillance Program, which ever applies, is the. most effective method to detect adverse
vibration trends due to wear of these subcomponents. Since the Boric Acid Transfer pump is
continuously operating, permanently installed vibration pickups with monitoring capability would
be the optimum installation; however, this is not a requirement to acquire the necessary vibration
data. The standby liquid control pump is operated intermittently primarily for testing purposes.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, thrust bearing,
and coupling) and reciprocating pump rotating members (i.e., driveshaft/crankshaft, coupling and
radial bearing) subject to wear, horizontal, vertical, axial, and shaft vibration data should be
acquired. As discussed in Section 5.4.2.1, torsional vibration data is not required because these
pumps are small. Also, bearing lubrication samples should be chemically analyzed or the
lubrication changed out on a scheduled basis. Another method which provides pertinent data

5-37



AGINGMANAGEMENTGUIDELINEFORPUMPS

regarding bearing wear is the monitoring of the bearing temperatures. If permanent
instrumentation is installed, bearing temperatures can be monitored by operating personnel.
Otherwise, contact pyrometers and/or thermography should be utilized. Therefore, if vibration
data is obtained and trended and bearing lubrication verified to be satisfactory on a quarterly
basis (or other frequency determined to be adequate by plant-specific operating history), then
wear of the pumps' rotating members is effectively managed.

For the SLC reciprocating pump piston/plunger and internal valve and for the fixed
internal wearing components associated with the centrifugal BAT pump, wear is effectively
managed through pump performance testing in accordance with the plants' Preventive
Maintenance or Surveillance Testing Program, which ever applies. As these components wear,
a deviation in the pumps' normal developed head and flow rate characteristics will be observed.
This phenomenon will be detected by trending these operating parameters and comparing the data
against the design pump curve. Therefore, if normal operating developed head and flow rate data
are obtained and trended on a quarterly basis (or other frequency determined to be adequate by
plant-specific operating history), and compared against the design pump curve, then wear of the
reciprocating pump piston/plunger and internal valve and centrifugal pump fixed internal .wearing
components is effectively managed.

For the mechanical seal/packing assembly associated with both types of pumps, wear is
effectively managed through inspections conducted in accordance with the plants' Preventive
Maintenance Program. As the mechanical seal/packing assembly wears it will begin to leak fluid.
This leakage can be readily detected by visual observation during operator rounds activities or
preventive maintenance inspections. Therefore, if visual inspections are performed on a quarterly
basis (or other frequency determined to be adequate by plant-specific operating history), then
wear of the pumps' mechanical seal/packing assembly is effectively managed.

5.4.2.6 Fouling

Detecting the presence of fi_uling associated with the SLC pump subcomponents (i.e.,
internal valve, miscellaneous structural components, and nozzles) and the BAT pump
subcomponents (i.e., flow guides, miscellaneous structural components, casing, flange/cover, and
nozzles) is achieved through implementation of pump performance testing in accordance with the
plants' Preventive Maintenance Program or Surveillance Testing Program, which ever applies.
Through pump performance monitoring, data acquisition, trending of key operational parameters
and diagnostic analysis, sufficient information will be obtained so that planned maintenance can
be performed to repair, replace, or refurbish these subcomponents. As these subcomponents
begin to toul, a deviation in the pumps' normal developed head and flow rate characteristics will
be observed. Fouling will be detected by trending these operating parameters and comparing the
data against _he design pump curve. Therefore, if total developed head and flow rate data are
obtained on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history _,and compared against the design pump curve, then louling of the reciprocating
SLC pump internal valves, miscellaneous structural components, and nozzles, and centrifugal
boric acid transfcr pump fixe't internal wearing components is effectively managed.
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5.4.3 Continuously Operated Treated Water System Pumps

The continuously operated treated water system pumps discussed in this section are all
centrifugal pumps and consist of the following.

* For BWR plants
control rod drive (CRD) pumps
residual heat removal (RHR) pumps
fuel pool cooling (FPC) pumps

° For PWR plants
primary makeup pumps

m residual heat removal (RHR) pumps
fuel pool cooling (FPC) pumps

These pumps were evaluated by subcomponent and are considered to be continuously
operated. The pump subcomponents and associated aging mechanisms determined in Section 4.3
to be significant are:

° Rotating Members
Mechanical Fatigue

m General Corrosion
Galvanic Corrosion
IGSCC
Erosion and Erosion/Corrosion

-- Wear

o Fixed Internals
-- General Corrosion
-- Galvanic Corrosion

MIC
IGSCC and TGSCC
Erosion and Erosion/Corrosion

-- Wear

Fouling

° Pressure Boundary
Mechanical Fatigue
General Corrosion
Galvanic Corrosion
MIC
IGSCC

-- Erosion and Erosion/Corrosion

Fouling
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• Mechanical Subsystems
m Mechanical Fatigue

General Corrosion
Galvanic Corrosion
IGSCC

m Wear

• Supports
Mechanical Fatigue
Gcneral Corrosion

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechanical Fatigue
Technical Specification Surveillance Testing
Preventive Maintenance

ASME Section XI Inservice Inspection and Testing

• General and Galvanic Corrosion
Preventive Maintenance

Technical Specification Surveillance Testing
Pump Erosion Control

• Microbiologically Influenced Corrosion (MIC)
MIC Control

• Intergranular and Transgranular Stress Corrosion Cracking (IGSCC)
Technical Specification Surveillance Testing
Preventive Maintenance

ASME Section XI Inservice Inspection and Testing

• Erosion and Erosion/Corrosion

Technical Specification Surveillance Testing
Preventive Maintenance

Pump Erosion Control

• Wear

m Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-4 summarizes the results and conclusions associated with the following effective
program/technique evaluations.
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Table 5-4. Effective Programs/Techniques for Continuously Operated Treated Water System Pumps (BWR - CRD, RHR, and Fuel Pool Cooling

Pumps) (PWR - Primary Makeup, RHR, and Fuel Pool Cooling Pumps)

Required Effective Programs/Techniques f Supplemental Programs/Techni[ ques
Pump Subcomponent ASME [

ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISUIST Thinning Surveillance Maintenance Control Conl__..C_[ Lay-up Thermography Activities Surveys Experience

ROTATING/RECIPROCATING

Centrifugal Pumps

• Shaft

- Mech. Fatigue Vibration Vibration

General Corr. Vibration Vibration Preser-- ration

Galvanic Corr. Vibration Vibration Preser-- vation

- IGSCC Vibration Vibration
Ltl

._ - Wear Vibration Vibration

• Impeller

- Mech. Fatigue Vibration Vibration

General Corr. Vibration Vibration Preset-- vation

Galvanic Corr. Vibration Vibration Preser-- vation

- IGSCC Vibration Vibration

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear Vibration Vibration

FIXED INTERNALS

• Misc. Struct. Comp.

General Corr. Visual Exam Preser-- ration

Galvanic Corr. Visual Exam Preser-- vation
.t
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Table 5-4. Effective _rams_echniques for Continuously Operated Treated Water System Pumps (BWR - CRD, RE[R, and Fuel Pool Cooling

Pumps) (PWR - Primary Makeup, RIIR, and Fuel Pool Cooling Pumps) (continued)

Required Effective Programs/Techniques Supplemental Programs:l'echniques

Pump Subcomponent ASME /
ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator _Coatings: IndustryISUIST Thinning Surveillance Mamtenarice Control Control Lay-up Thermography Activities Surveys . Experience

FIXED INTERNALS (continued)

Sampling Preser-
- MIC vation

- IGSCC & TGSCC Surface Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Wearing Components

General Corr. Visual Exam Preser-- vation

Ltl - Galvanic Corr. Visual Exam Preser-
._ vation
t_

- IGSCC & TGSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear TDH & Flow TDH & Flow
Rate Rate

• Flow Guides

General Corr. Visual Exam Preser-- vation

Galvanic Corr. Visual Exam Preser-- vation

Sampling Preser-
- MIC ration

- IGSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate
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Table 5-4. Effective Programs/Techniques for Continuously Operated Treated Water System Pumps (BWR - CRD, RHR, and Fuel Pool Cooling

Pumps) (PWR - Primary Makeup, RHR, and Fuel Pool Cooling Pumps) (continued)

Required Effective Programs/Techniques Supplemental Programs/Techniques

I
Pump Subcomponent ASME

ASME Section X1 Pump

Section Xl Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Lndustry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

PRESSURE BOUNDARY

• Casing and Nozzles

- Mech. Fatigue Surface
Exam &

Pressure

Test

- General Corr. Inspection Voluraet- Preser- lnspec-
tic Exam vation tion

- Galvanic Corr. Inspection Volumet- Preser- Inspec-
tic Exam vation tion

L_ Sampling Preser-
._ - MIC vation

- IGSCC Surface
Exam &

Pressure
Test

- Erosion and E/C Volmnet-
tic Exam

- Fouling TDH & Flow "I'DH & Flow
Rate Rate

• Flange/Cover

- Mech. Fatigue Surface
Exam &

Pressure

Test

- General Corr. Inspection Volumet- Prese.r- Inspec-
tic Exam vation don

- Galvanic Corr. Inspection Volumet- Preset- lnspec-
tic Exam ration don
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Table 5-4. Effective Programs/Techniques for Continuously Operated Treated Water System Pumps (BWR - CRD, RHR, and Fuel Pool Cooling

Pumps) (PWR - Primary Makeup, RHR, and Fuel Pool Cooling Pumps) (continued)

Required Effective ProgrmnsfFechniques Supplemental Programs/Techniques

Pump Subcomponent ASME
ASME Section XI Pump

Section XI Wall Tech Spec Freventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience
,,

PRESSURE BOUNDARY (continued)

- MIC Sampling Preser-
vation

- IGSCC Surface
Exam &
Pressure

Test

- Fouling TDH & Flow TDH & Flow
Rate Rate !

• Fasteners

L_

._ - Mech. Fatigue Volumetric Torque
4_ Exam Verification

- General Corr. Inspection
,,

MECHANICAL SUBSYSTEMS
,,

• Coupling

- Mech. Fatigue Vibration Vibration

- General Corr. Inspection

- Wear Vibration Vibration

• Seals

- General Corr. Inspection Inspection

- Galvanic Corr, Inspection Inspection

- IGSCC Inspection Inspection

- Wear Inspection Inspection

• Radial Bearing

-Wear Vibration Vib.& Lube Temp. Temp.
Analysis Momtormg Monitoring
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Table 5-4. Effective Programs/Techniques for Continuously Operated Treated Water System Pumps (BWR - CRD. RHR. and Fuel Pool Cooling

Pumps) (PWR - Primal" Makeup, RHR. and Fuel Pool Cooling Pumps) (continued)

Required Effective Program.s/Techniques Supplemental Progrmt_rfechntqBes

Pump Subcomponent ASME
ASME ,_dCtlon XI P'mnp

SCCliOrtXl Wall Tcch Spcc Pre_enti_e Erosion MIC Pump ()per, nor Coallngs lndustr?'

ISI'IST Thinning Surx cillancc Matntcnance Control Control La._-up Thern_graph_ Actl_ ities Surxeys Expenence

MECHANICAL SUBSYSTEMS tconttnued_

- Thrust Bearing

- Mech Fatigue Vibration Vib. & Lube _ Temp_ Temp.
Analysis Monltonng Monitcn'mg

- _ear Vib. & Lube Temp. Temp.
AnMy sis _, Monltonng Monitoring

SUPPORTS

- Support Feet/Skirt

- Mech Fatigue Vib. &
Lt: Inspection&
Lit

- General Corr Inspection lmspec-
tton

o B_L_¢Frail/Skid

- General Corr. Inspection Inspec-
tion

o Fasteners

- General Corr lnspecuon
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5.4.3.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the treated water system pump
subcomponents is virtually impossible to achieve until such time as tile subconlponent begins to
exhibit abnormal behavior. Programs/techniques to effectively manage mechanical fatigue are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump suhcom-
ponent(s). Visual inspection in also helpful for fatigue detection in stmle situations. A
combination of programs/techniques must be implemented !o effectively manage mechanical
fatigue of these lreated water system pump subctmlponent_.

For the pumps' rotating and mechanical subsystem components, vibration monitoring in
accordance with either the phmt's Preventive Maintenance Program _r Surveilhmcc Testing
Program, which ever applies, in the most effective mclhod to detect significant degradation and
pump failure from mechanical fatigue of these subcomponents. Since these pumps arc
continuously operated, permanently installed vibration monitoring Ctluipment would be the
optimum; however, this in not a requirement to acquire the necessary data for analysis.

For centrifugal pump rotating n_ernbers (i.e., shaft, impeller, thrust bearing, and coupling)
subject to fatigue, horizontal, vertical, axial, and shaft vibration data should bc acquired.
Torsional vibration data would provide some additional information but in not necessary for the
BWR CRD and FPC pumps and PWR primary makeup and FPC pumps because these treated
water system pumps are relatively small, consequently, the rotating elements do m_tdevelop large
axial torque and torsional inertia. Torsional vibration problems are generally asst_ciated with
larger, more massive and higher horsepower rotating elements. Therefore, torsitmal vibratitm data
should be obtained and analyzed for the BWR and PWR RHR pumps. Ais_, bearing lubrication
samples should he obtained tbr all of these pumps and chemically analyzed or the lubrication
changed out on a scheduled basis. Am_ther method which will pr_witle informati_m regarding
thrust bearing failure is monitoring of thrust bearing temperatures by operating personnel, if
permanent instrun_entation is provided, or through the use _t" contact pyrometers and/or

' thermography. Therefore, if vibration data in obtained and trended and bearing lubrication
verified to he satisfactory on a quarterly basis (or other frequency determined to bc adequate by
plant-specific operating history), then mechanical fatigue of the pumps' rotating members ix
effectively managed.

Mechanical fatigue of pressure boundary components associated with the centrifugal
pumps (i.e., casing, flange/cover, suctit_n and discharge nozzle, and fasteners) in clTectivcly
managed through implementation _I the plants' ASME Section XI Inservice Inspection Program
and Preventive Maintenance Prograln. Surface examinations, consisting of either the liquid
pcnetrant or the Inagnetic particle process, and hydn_static pressure tesls are pcrft_rmcd to vcrify
pressure boundary integrity. Volunletric cxaminaticm is performed on pressure boundary fasteners
that are greater than 5.1 cm [2 in] in diameter. Ft_r fasteners less than 5.1 cm 12 in] in diameter,
preventive maintenance activities, consisting of inspections, replacenlents, and fastener torque
verification arc perfornlctl. "l'hrtmgh a combination of ASME Section X! and preventive
maintenance tasks, mechanical fatigue t_f pressure boundary components will be detected and
corrective actions implemented to ensure safe and reliable pump operation. Therefore, if surface
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examinations, hydrostatic pressure tests, and w)lumetric examinations on fasteners greater than
5.1 cm 12 in l in diameter are performed each inspection interval and; visual inspection, parts
replacement, and fastener t(_rque verification (on filsteners less than 5.1 cm [2 in] in diameter)
is performed each refueling outage (or other frequency determined to be adequate by plant-
specific operating hist()ry), then mechanical fatigue of the pumps' pressure boundary components
is effectively managed.

Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, if vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), and visual inspection and fastener torque verification performed each
refueling outage (or other frequency determined to be adequate by plant-specific operating
history J, then mechanical fatigue of the pumps' support feet/skirt is effectively managed.

5.4.3.2 General and Galvanic Corrosion

From Table 4-6, general corrosion is a signit'icant aging mechanism for: 1) all pump
subcomponents manufactured from carbon and low alloy steel and cast iron and; 2) pressure
boundary components (made flora these materials) where the design corrosion allowance is less
than 3.2 mm 10.125 inl. Also, from Table 4-6, galvanic corrosion is a significant aging
mechanism for: 1) all pump subcomp¢_nents manufactured from carbon and low alloy steel and
cast iron and; 2) bronze and brass materials when in contact with stainless and high alloy steels.

Detecting the presence of general and galvanic corrosion associated with treated water
system pump internal subcomponents is virtually impossible to achieve until such time as the
subcomponent begins to exhibit abnormal behavior. Otherwise, the pump will require
disassembly for internal inspection. Therefore, pump performance monitoring, data acquisition,
and trending of key parameters may provide sufficient informatitm, prior to pump failure, so that
planned maintenance activities can bc conducted to repair or replace the affected pump internal
subcomponent(s). Visual inspccti,n is also helpful for corrosion detection in some situations.
A combination of programs/techniques must be implemented to effectively manage general and
galvanic corrosion of BWR CRD, RHR, and FPC and PWR primar3, makeup, RHR, and FPC
pump internal subcomponents.

For centrifugal pump rotating members (i.e., shaft and impeller) vibration monitoring in
accordance with either the plants' Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most cffective method to detect significant degradation and
pump failure from general and galvanic c,rrosi_m, tt,rizontal, vertical, axial, and shaft vibration
data should be acquired. Torsional vibration data is not required because general and galvanic
corrosion occurring to the shaft and impeller will not alter axial torque and torsional inertia of
these rotating members. Since these pumps are continuously operated, permanently installed
vibration pickups with monitoring cap_lbility would be the optimunl installation; however, this
is not a requirement to acquire the necessary vibration data. Therefore, it vibration data is
obtained and trended _m a quarterly basis (or other frequency determined to bc adequate by plant-
specific operating history), then general and galvanic corrosion of the pump rotating members
are effectively managed.
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For centrifugal pump fixed internal members (i.e., flow guides, miscellaneous structural
members, and wearing components) general and galvanic corrosion can only be effectively
managed by visual (VT-3) examination. Section 6 provides intormation regarding the
requirements to effectively manage general and galvanic corrosion of these pump subcomponents.
This is accomplished by pertbrming a visual examination of these pump components once each
inspection interval.

Degradation of internal pressure boundary component surfaces associated with treated
water system pumps from general and galvanic corrosion is effectively managed through
implementation of the Plants' Pump Erosion Control Progranl. Internal surface corrosion will
cause wall thinning. Volumetric examinations are pertbrmed to detect the amount of wall
thinning. The data is analyzed and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therelbre, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then general and galvanic
corrosion of the pumps' pressure boundary components is effectively managed.

During plant outages, when these treated water system pumps are not operating,
appropriate lay-up practices should be implemented to inhibit general and galvanic corrosion of
all wetted pump subcomponents.

For all pump external pressure boundary surfaces, mechanical subsystem components, and
support components susceptible to general and/or galvanic corrosion, inspections conducted in
accordance with the Plants' Preventive Maintenance Program will effectively manage these aging
mechanisms. Protective coatings applied to the casing, nozzles, flange/cover, support feet/skirt,
and base frame/skid are verified to be intact. The fasteners are inspected and verified to be free
from excessive corrosion product accumulation and the tightness is checked. As the mechanical
seal/packing assembly deteriorates from corrosion, fluid leakage will be detected by visual
observation during operator rounds or preventive maintenance inspection. The coupling is
verified to be free from corrosion product accumulation. If corrosion is observed to be
detrimental to sate and reliable pump operation, corrective actions in the form of repair/
replacement/refurbishment is perlormed to restore the pump to a condition where safe and
reliable operation is assured. Therefore, if visual inspection, parts replacement, and fastener
torque verification is performed each refueling outage (or other frequency determined to be
adequate by plant-specific operating history), then general and galvanic corrosion of the pumps'
external surfaces, mechanical subsystem components and support base components is effectively
managed.

5.4.3.3 Mlcroblologlcally Influenced Corrosion

Detecting the presence of MIC associated with the various treated water system pump
subcomponents is accomplished by sampling the fluid and by sampling any solid materials found
when the pump is opened up to perform maintenance. During pump testing, fluid samples shall
be obtained and an analysis performed to identify heavily infested areas, evaluate the
effectiveness of the treatment method (i.e., it' MIC was previously discovered), locate areas where
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microbes are rapidly repn_ducing, and to trend the data. If the pump i_ ¢_penedtip for
maintenance purposes, deposits, lubercules, and/or corrosion produels should be removed for
analysis. The analysis sh,uld assess the magnitude and severily _I"micro_rganism growth and
determine the appn_priate treatment method to mitigate further propagation of MIC.

Through tluid and solid material sampling, analysis, and trending of the data suft'icicnl
information is available to eflL'ctively detect the presence of MI('. Planned maintenance and/or
treatment methods can be implemented to ensure safe and reliable operation ofthe pumps' fixed
internal and pressure boundary subconiponents. Therefore, if fluid sampling, analysis and
trending _1"data ix performed quarterly during pump testing (or other frequency determined to
be adequate by plant-specific opera!ing hislory), and; solid sampling, analysis and trending of
data ix perfl_rmed whenever the pump is opened tip fi_rmaintenance, and; correclive actions are
implemented as appropriate, ihcn microbiologically influenced c_rrosion of the pumps' fixed
inlernal and pressure b_undary componenls is effeclively managed.

During plant outages, appropriate lay-up activities should be implememed to reduce the
potential for MI(" to c)ccur in these treated water system pumps,

5.4.3.4 Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and
TGSCC)

From Table 4-6, IGSC(" is significant for treated water system pump subcomponents made
tr_ml slainless and high alloy steel lh_.l| _perate l_r a lime with fluid temperatures greater than
54"(" l l30"F]. AIs_, lluid impurities such as thin,rides can conlribule l_ incidences of IGSCC.
From Tables 3-7 and 3-8, only the BWR and PWR RtIR pumps operate al temperatures greater
lhan 54'(" [131)'_F]t i,e., shuld_wn co_fling/decay heal removal), The BWR control r_d drive and
fuel p_ol co_ling pumps and the PWR primary makeup and fuel po_l co_ling pumps operate at
temperatures less than 54 (" [131)F] and princess highly pure lrealed v,'aler. Therel_re, IGSCC
ix not a c_ncern for these pumps.

Detecting the presence of IGS('(" ass()cialed with the trcaled W_,IIel" system RHR pump
internal subc_)mponents in virlually impossible I()achieve until such lime as the subc()mp()nent
begins to exhibit abnormal behavi()r. ()lherwise Ihe pump v,,ill require disassembly for internal
inspecti()n. "['heref_)re, pump performance m()niloring, data acquisili()n, and trending ()f key
parameters may provide suflicienl int'_rmali()n, pri()r t() pump failure, s() thai planned maintenance
activities can be conducted l() repair or replace lhe affected pt_n_p internal subcomponentIs).
Visual inspecli_n ix als_ helpful i_r I(;S('C del¢cli_m in s_m_esiluati_ms. A combinalion of
programs/techniques lnusI be implemenled t_ effectively manage i(;S('(" t_l BWR and PWR RltR
pump inlernal subcomponenls.

For the cenlrifugal RItR pump rolaling members li.e., shaft and impeller) vibration
moniloring in acc_rdance with either the plants" Preventive Maintenance Program or Surveillance
Testing Pr_gram, which ever applies, is the most effective method io detect significant
degradation and pump failure from IGS('C. il_rizonlal, vertical, axial, and shaft vibration data
should be acquired. As discussed in Section 5.4.3. I, torsi_mal vibration data should be obtained
if possible to pr_vide additional informali_m regarding shafl conditions, Permanently installed
vibration pickups with monit_ring capability w_uld be the _plimum installali_m for RllR pumps;
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however, this is not a requirement to acquire the necessary vibration data. Therefore, if vibration
data is obtained and trended on a quarterly basis (or other frequency determined to be adequate
by plant-specific operating history), then intergranular stress corrosion cracking of the centrifugal
RHR pump rotating members is effectively managed.

For the centrifugal RHR pump fixed internal members (i.e., flow guides, miscellaneous
structural components, and wearing components) IGS('C can only be effectively managed by
surface examination. Section 6 provides information regarding the requirements to effectively
manage IGSCC of these pump subcomponents. This in accomplished by performing surface
examinations of these components once each inspection interval.

IGSCC of pressure boundary components associated with the centrifugal RHR pumps (i.e,
casing, flange/cover, and suction and discharge nozzle) is effectively managed through
implementation of the plants' ASME Section Xi lnservice Inspection Program. Surface
examinations, consisting of either liquid penetrant or the magnetic particle process, and
hydrostatic pressure tests are perfi)rmed to verify pressure boundary integrity. IGSCC of these
pressure boundary components will be detected and pressure boundary integrity verified through
performance of these ASME Section X[ requirements. Corrective actions are implemented as
necessary to ensure safe and reliable pump operation. Therefore, if surface examination and
hydrostatic pressure tests are performed each inspection interval, then IGSCC of the pumps'
pressure boundary components in effectively managed.

IGSCC of the pumps' mechanical seal/packing assembly associated with the RHR pumps
will be detected and effectively managed through inspections conducted in accordance with the
plants' Preventive Maintenance Program. Fluid leakage can be readily detected by visual
observation during operator rounds activities or preventive maintenance inspections. "I'herelk)re,
if visual inspections are performed on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), then IGSCC of the pumps' mechanical seal/packing
assembly in effectively managed.

From "Fable 4-6, TGSCC is significant lor miscellaneous structural components and
wearing components made from wrought brass or bronze materials containing > 15% zinc. For
these centrifugal pump fixed internal members, TGSCC can only be effectively managed by
surface examination. Section 6 provides information regarding the requirements to effectively
manage TGSCC of these pump subcomponents. "['his is accomplished by performing surface
examinations of these components once each inspection interval.

5.4.3.5 Erosion and Erosion/Corrosion

Detecting the presence of erosion and erosion/corrosion associated with treated water
system pump impellers and flow guides ti.e., centrifugal pumps) is virtually impossible to achieve
until such time as the pump begins to exllibil abnormal behavior. Programs/techniques to
effectively manage Ibis aging mechanism for these pump subcomponents are performance based.
Through pump perfl_rmance monitoring and data acquisition, the trending of key operational
parameters may provide sufficient information, prior to pump failure, so that planned maintenance
activities can be conducted to repair/replace the affected pump subcomponents,
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For the centrifugal pump impellers, flow guides, and wearing components, erosion and
erosion/corrosion is effectively managed through pump performance testing in accordance with
the plants' Preventive Maintenance or Surveillance 'resting Program, which ever applies.
Degradation of the centrifugal pump impeller, flow guides, and/or wearing components due to
erosion and erosion/corrosion will cause a reduction in pump performance as measured by total
developed head and flow rate. Therefore, if total developed head and flow rate data are obtained
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), and compared against the design pump curve, then erosion and erosion/corrosion of the
centrifugal pump impellers, flow guides, and wearing components are effectively managed.

Degradation of the treated water system pump pressure boundary components (i.e, casing
and suction/discharge nozzles) from erosion and erosion/corrosion are effectively managed
through implementation of the plants' Pump Erosion Control Program. This program is for
effectively managing wall thinning of pressure boundary casings and nozzles due to erosion
caused by cavitation and/or particle impingement. Volumetric examinations are performed to
detect the amount of wall thinning. The data is analyzed, and wall thinning rates are calculated.
Corrective actions are implemented when the analysis shows that the minimum acceptable wall
thickness will be exceeded prior to the next schedule examination. Therefore, if volumetric
examination data is obtained and analyzed and wall thinning rates calculated each inspection
interval (or other frequency determined to be adequate based on wall thinning projections), and
corrective actions implemented prior to exceeding minimum acceptable wall thickness, then
erosion and erosion/corrosion of the pumps' pressure boundary components are effectively
managed.

5.4.3.6 Wear

Detecting the presence of wear associated with the various treated water system pump
subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient information will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for wear detection in some situations. A
combination of programs/techniques must be implemented to effectively manage wear of treated
water system pump subcomponents.

For most of the pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Program, which ever applies, is the most effective method to detect adverse vibration trends due
to wear of these subcomponents. Since these treated water system pumps are continuously
operating, permanently installed vibration pickups with monitoring capability would be the
optimum installation; however, this is not a requirement to acquire the necessary vibration data.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, thrust bearing,
and coupling) subject to wear, horizontal, vertical, axial, and shaft vibration data should be
acquired. As discussed in Section 5.4.3.1, torsional vibration data is not required for the BWR
CRD and FPC pumps and PWR primary makeup and FPC pumps because these pumps are small,
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However, torsional vibration data should be obtained and analyzed for the BWR and PWR RHR
pumps. Also, bearing lubrication samples should be obtained for all of these pumps and
chemically analyzed or the lubrication changed out on a scheduled basis. Another method which
provides pertinent data regarding bearing wear is the monitoring of bearing temperatures. If
permanent instrumentation is installed, bearing temperatures can be monitored by operating
personnel. Otherwise, contact pyrometers and/or thermography should be utilized. Therefore, if
vibration data is obtained and trended and bearing lubrication verified to be satisfactory on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then wear of the pumps' rotating members is effectively managed.

For the fixed internal wearing components associated with the treated water system
centrifugal pumps, wear is effectively managed through pump performance testing in accordance
with the plants" Preventive Maintenance or Surveillance Testing Program, which ever applies.
As these components wear, a deviation in the pumps' normal developed head and flow rate
characteristics will be observed. This phenomenon will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if normal
operating developed head and flow rate data are obtained and trended on a quarterly basis (or
other frequency determined to be adequate by plant-specific operating history), and compared
against the design pump curve, then wear of the centrifugal pump fixed internal wearing
components is effectively managed.

For the mechanical seal/packing assembly associated with these treated water system
pumps, wear is effectively managed through inspections conducted in accordance with the plants'
Preventive Maintenance Progranl. As the mechanical seal/packir, g assembly wears it will begin
to leak fluid. This leakage can be readily detected by visual observation during operator rounds
activities or preventive maintenance inspections. Therefore, if visual inspections are performed
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
historyl, then wear of the pumps" mechanical seal/packing assembly is effectively managed.

5.4.3.7 Fouling

Detecting the presence of fouling associated with treated water system pump pressure
boundary' and fixed internal components is achieved through implementation of pump
performance testing in accordance with the plants' Preventive Maintenance Program or
Surveillance Testing Program, which ever applies. Through pump performance monitoring, data
acquisition, trending of key opmational parameters and diagnostic analysis, sufficient information
will be obtained so that planned maintenance can be performed to repair, replace, or refurbish
these components. As fouling progresses, a deviation in the pumps' normal developed head and
flow rate characteristics will be observed. Fouling will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if total developed
head and flow rate data are obtained on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), and compared against the design pump curve, then
fouling of the centrifugal pumps" pressure boundary and fixed internal components is effectively
managed.
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5.4.4 Intermittently Operated Treated Water System Pumps

The intermittently operated treated water system pumps discussed in this section are either
centrifugal pumps or vertical well centrifugal pumps and consist of the following.

• For BWR plants -- Core spray pumps (HP and LP)
High pressure coolant injection (HPCI) pumps
Reactor core isolation cooling (RCIC) pumps

• For PWR plants _ Auxiliary feedwater (AFW) pumps
Safety injection (SI) pumps
Containment recirculation pumps
Containment spray pumps

These pumps were evaluated by subcomponent and are considered to be intermittently
operated. The pump subcomponents and associated aging mechanisms, determined in
Section 4.3, to be significant are:

• Rotating Members
Mechanical Fatigue
General Corrosion
Galvanic Corrosion
Erosion and Erosion/Corrosion
Wear

• Fixed Internals
General Corrosion
Galvanic Corrosion
M1C
IGSCC & TGSCC
Erosion and Erosion/Corrosion
Wear

Fouling

• Pressure Boundary
General Corrosion
Galvanic Corrosion
MIC
Erosion and Erosion/Corrosion

Fouling

• Mechanical Subsystems
Mechanical Fatigue
General Corrosion
Galvanic Corrosion
Wear
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• Supports
Mechanical Fatigue
Gene,,:al Corrosion

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechanical Fatigue
Technical Specification Surveillance Testing
Preventive Maintenance

• General and Galvanic Corrosion
Preventive Maintenance

Technical Specification Surveillance Testing
Pump Erosion Control

• Microbiologically Influenced Corrosion (MIC)
MIC Control

• Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and TGSCC)
Preventive Maintenance

• Erosion and Erosion/Corrosion

Technical Specification Surveillance Testing
Preventive Maintenance

Pump Erosion Control

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-5 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5-54



AGING MANAGEMENT GUIDELINE FOR PUMPS ]

ITable 5-5, Effective Programs/Techniques for Intermittently Operated Treated Water System Pumps (BWR - Core Spray, IIPCI, and RCIC)

(PWR - AFW, SI, Containment Recirc. and Spray Pumps)

Required Effective Programs/Techniques Supplemental Programs/Techniques

ASME Section X1 Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

Thinning Surveillance Maintenance Control Lay-up Thermography Activities Surveys Experience

ROTATING/RECIPROCATING

• Shaft

- Mech. Fatigue Vibration Vibration

- General Corr Vibration Vibration Preser-vation

- Galvanic Corr. Vibration Vibration Preser-vation

- Wear Vibration Vibration

• Impeller
L_

Vibration Vibration
t._ - Mech. Fatigue
L/I

- General Corr. Vibration Vibration Preser-vation

- Galvanic Corr. Vibration Vibration Preser-vation

- Erosien and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear Vibration Vibration .

FIXED INTERNALS .__.___._.

• Misc. Struct. Comp.

General Corr. Visual Exam Preser-" vation

- Galvanic Corr. Visual Exam Preser-vation

- MIC Sampling Preser-vation

- IGSCC & TGSCC Surface Exam --------- _ _
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Table 5-5. Effective Programs/Techniques for Intermittently Operated Treated Water System Pumps (BWR - Core Spray, HPCI, and RCIC)

(PWR - AFW, SI, Containment Recirc. and Spray Pumps) (continued)

t ! q°Pump Subcomponent F ASME [
ASME | Section XI I Pump

Section X! | Wall ] Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST _ Surveillance Maintenance Control Control ]_ Thermography Activities Surveys Experience
----------

FIXED INTERNALS _continucd)

- Fouling TDH & Flow TDH & Flow I
Rate Rate

* Wearing Components

General Corr. Visual Exam Preser-- vation

Galvanic Corr. Visual Exam Preser-- ration

- IGSCC & TGSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

Ox

- Wear TDH & Flow TDH & Flow
Rate Rate

• Flow Guides

General Corr. Visual Exam Preser-- vation

Galvanic Corr. Visual Exam Preser-- vation

Sampling Preser-
- MIC vation

- Erosion and E/C • TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Suction Strainer

- General Corr. Visual Exam

Visual Exam _
- Galvanic Corr. ....._ _ _ _
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Table 5-5. Effective Programs/Techniques for Intermittently Operated Treated Water System Pumps (BWR - Core Spray, HPCI, and RCIC)

(PWR - AFW, SI, Containment Recirc. and Spray Pumps) (continued)

Required Effective Programs/Techniques l ! Supplemental Pr°grams/Technl iques
Pump Subcomponent ASME l [

ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

Thinning Surveillance Maintenance Control __ Thermography Activities Surveys Experience

FIXED INTERNALS _continued)

- MIC Sampling Preser-vation

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate

PRESSURE BOUNDARY

• Casing and Nozzles

_,n Inspection Volumet- Pre_r- lnspec-- General Corr. tion
_._ ric Exam vation
-.,,.1

- Galvanic Corr. Inspection Volumet- Preser- lnspec-
ric Exam ration tion

Sampling Preser-
- MIC vation

Volumet-

- Erosion and E/C ric Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Flange/Cover

- General Corr. Inspection Volumet- Preser- lnspec-
ric Exam vation tion

- Galvanic Corr. Inspection Volumet- Preser- Inspec-tic Exam ration t.ion

MIC Sampling Preset-- ration

- Fouling TDH & Flow TDH & Flow
Rate Rate
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Table 5-5. Effective Programs/Techniques for Intermittently Operated Treated Water System Pumps (BWR - Core Spray, HPCI, and RCIC)

(PWR - AFW, Sl, Containment Recirc. and Spray Pumps) (continued)

Required Effective Programs/Techniques Supplemental Programs/Techmques

Pump Subcomponent ASME
ASME Section XI Pump

Section XI Wall Tech Spec i Preventive Erosion MIC Pump Operator Coatings Industry.

ISI/IST Thinning Surveillance ] Maintenance Control Control Lay-up Thermography Activities Surveys Experience,,,,,

PRESSURE BOUNDARY (continued)

• Fasteners

- General Corr. Inspection

MECHANICAL SUBSYSTEMS

• Coupling

- Mech. Fatigue Vibration Vibration

- General Corr Inspection

- Wear Vibration Vibration
L_
I

L._ - Seals
O0

- General Corr. Inspection Inspection

- Galvanic Corr. Inspection Inspection

- Wear Inspection Inspection

• Radial Bearing

- Wear Vibration Vib. & Lube Temp. Temp.

Analysis Monitoring Monitonng

• Thrust Bearing

- Mech. Fatigue Vibration Vib. & Lube Temp. Temp.
Analysis Monitonng Monitoring

- Wear Vib. & Lube Temp. Temp.

Analysis _i Monitoring Momtoring,,
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Table 5-5. Effective Programs/Techniques for Intermittently Operated Treated Water System Pumps (BWR - Core Spray, _ and RCIC)
(PWR - AFW, SI, Containment Recirc. and Spray Pumps) (continued) .j

Required Effective Programs/Techniques Supplemental Programs/Teduliqt_

Pump Subcomponent ASME
ASME Section Xl Pump

Section Xl Wall Tech Spcc Preventive Erosion MIC Pump Operator Coafi__.ngs Indum-y
ISI/IST Thinning Surveillance Maintenance Control Control Lay-up _y Activities Surveys Expenem-e

I ,,

SUPPORTS

• Support Feet/Skirt

- Mech. Fatigue Vib. &
Inspection

- General Corr. Inspection Inspec-
tion

• Base Frame

- General Corr. Inspection Inspec-
tion

61
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5.4.4.1 Mechanical Fatigue

Detecting tile presence of mechanical fatigue in the treated water system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Pn_grams/techniqucs to effectively manage mechanical fatigue are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may providc sufficicnt information, prior to pump failure, so that
phmned maintenance activities can be conducted to rcpair/repiace the affected pump
subcomponent(s). Visual inspection is also helpful for detection of fatigue in some situations.
A combination of programs/techniques must be implemented to effectively manage mechanical
fatigue of these treated water system pump subcomponents.

For the pumps' rotating and mechanical subsystem components, vibration monitoring in
accordance with either thc phmt's Preventive Maintenance Program or Surveilhmce Testing
Program, which ever applies, is the most effective method to detect significant degradation and
pump failure from mechanical fatigue of these subcomponents. Since these pumps are
intermittently operated, permanently installed vibralion monitoring equipment is not a requirement
to acquire the necessary data for analysis.

For centrifugal pump rotating members (i.e., shaft, impeller, thrust bearing, and coupling)
subject to fatigue, horizontal, vertical, axial, and shaft vibration data should be acquired.
Torsional vibration data is not necessary for any of these pumps because the pumps operate
intermittently (primarily for testing). Torsional vibration problems are generally associated with
pumps that are continuously operated. Also, bearing lubrication samples should be chemically
analyzed or the lubrication changed out on a scheduled basis. Another method which will
provide information regarding thrust bearing failure is monitoring of thrust bearing temperatures
by operating personnel, if permanent instrumentation is provided, or through the use of contact
pyrometers and/or thermography. Therefore, if vibration data is obtained and trended and bearing
lubrication verified to be satisfactory on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), then rnechanical fatigue of the pumps' rotating
members is effectively managed.

Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, if vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), and visual inspection and fastcner torque verification performed each
refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of thc pumps' support feet/skirt is effectively managed.

5.4.4.2 General and Galvanic Corrosion

From Table 4-7, general corrosion is a significant aging mechanism for: 1) all pump
subcomponents manufactured from carbon and low alloy steel and cast iron and; 2) pressure
boundary components (made from these materials) where the design corrosion allowance is less
than 3.2 mm 10.125 inl. Also, from Table 4-7, galvanic corrosion is a significant aging
mechanism tbr: I) all pump subcomponents manuftlctured from carbon and low alloy steel and
cast iron and; 2) bronze and brass materials when in ,:ontact with stainless and high alloy steels.
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Detecting the presence of general and galvanic corrosion associated with treated water
system pump internal subcomponents is virtually impossible to achieve until such time as the
subcomponent begins to exhibit abnormal behavior. Otherwise, the pump will require
disassembly for internal inspection. Theretbre, pump performance monitoring, data acquisition,
and trending of key parameters may provide sufficient information, prior to pump hilure, so that
planned maintenance activities can be conducted to repair or replace the affected pump internal
subcompone nt(s).

A combination of programs/techniques must be implemented to effectively manage
general and galvanic corrosion of BWR Core Spray, HPCI, and RCIC and PWR AFW, SI,
containment rccirculation and containment spray pump internal subcomponents.

For these centrifugal pump rotating members (i.e., shaft and impeller) vibration monitoring
in accordance with either the plants' Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most effective method to detect significant degradation and
pump failure from general and galvanic corrosion. Horizontal, vertical, axial, and shaft vibration
data should be acquired. Torsional vibration data is not required because general and galvanic
corrosion occurring to the shall and impeller will not alter axial torque and torsional inertia of
these rotating members. Since these pumps are intermittently operated, permanently installed
vibration pickups with monitoring capability is not a requirement to acquire the necessary
vibration data. Therefore, if vibration data is obtained and trended on a quarterly basis (or other
frequency determined to be adequate by plant-specific operating history) , then general and
galvanic corrosion of the pump rotating members is effectively managed.

For these centrifugal pump fixed internal members (i.e., flow guides, miscellaneous
structural members, suction strainer, and wearing components) general and galvanic corrosion can
only be effectively managed by visual (VT-3) examination. Section 6 provides information
regarding the requirements to effectively manage general and galvanic corrosion of these pump
subcomponents. This is accomplished by performing a visual examination of these pump
components once each inspection interval.

Degradation of internal pressure boundary component surfaces associated with these
treated water system pumps from general and galvanic corrosion is effectively managed through
implementation of the Plants' Pump Erosion Control Program. Internal surface corrosion will
cause wall thinning. Volumetric examinations are performed to detect the amount of wall
thinning. The data is analyzed and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therefore, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then general and galvanic
corrosion of the pumps' pressure boundary components is effectively managed.

During plant outages, when these treated water system pumps are not required to be
operable, appropriate lay-up practices should be implemented to inhibit general and galvanic
corrosion of all wetted pump subcomponents.
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For all pump external pressure boundary surfaces, mechanical subsystem components, and
stlpport components susceptible to general and/or galvanic corrosion, inspeeti_ms conducted in
accordance with tile Planls' Prevenlive Maintenance Program will effectively manage these aging

mechanisms. Proleelive eoalings applied to lhe casing, nozzles, t]ange/cover, support feelIskirt,
and base frame/skid are verit'ied to be inlael. The fasteners are inspected and verified to be l'ree

from excessive corrosion product accunmlati¢m and the tightness is checked. As tile mechanical
seal/packing assembly deteriorates from corrosion fluid leakage will he detected by visual
ohservalion during oD.'raI,,r rounds or preventive maintenance inspection. The coupling is
verified to he free from corrosion product accumulation, if corrosion is ohserved to he
delrimenlal to safe and reliable pump operation, c¢: rective actions in the form of repair/

replacement/refurbishnlent is i_ert'ormed to reslore the pump to a condition where safe and
reliable operation is assured. Therefore, if visual inspection, parts replacement, and fastener

torque verification is performed each refueling outage (or _ther t'requeney determined to he
adequate by plant-specific operating history), then general and galvanic corrosion of the pumps'
external surfaces, mechanical subsystem components, and support base components is effectively

managed.

5,4.4.3 Microbiologically Influenced Corrosion

Detecting the presence of MI(" associaled wilh lhe various Irealed water .system pump

suheomponents is accomplished by sampling the fluid and by sampling any solid materials t'ound

when the pump is opened up to perlin'm maintenance. [)tiring pump testing, fluid samples shall

be obtained and an analysis perfi_rnled lo: identify heavily infested areas, evaluate the
effectiveness of the treatment method (i.e., if M IC was previously discovered), locate areas where

microbes are rapidly reproducing, and to trend the data. 1t" the pump is opened up for

maintenance purposes, deposils, tubercules, and/or corrosion products should be removed for

analysis. The analysis sh_mld assess the magnitude and severity of microorganism growth and

determine the appropriate treatment method to mitigale furlher propagation of MIC.

Through fluid and solid material sampling, analysis, and trending of the data sufficient

information is available to effectively detect the presence of MIC. Planned maintenance and/or

treatment methods can he implemented to ensure sal_"and reliable operation of the pumps' fixed

internal and pressure boundary subcomponents. Therefore, if fluid sampling, analysis and

trending of data is performed quarterly during pump lesling (_r other frequency determined to

be adequate by plant-specific operating history), and; solid sampling, analysis and trending of

data is performed whenever the pump is opened tip for maintenance, and; corrective actions are

implemented as appropriate, then microbioh_gically influenced corrosion _)t"the pumps' fixed
internal and pressure boundary comp_ments is eflL'clively managed.

During plant _mtages, appr_priate lay-Lip activities should he implemented to reduce the

potential for MIC Io _ccur in these Irealed water syslem pumps.
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5.4.4.4 Intergranular and Trsnsgranulsr Stress Corrosion Cracklng
(IGSCC end TGSCC)

From Table 4-7, IGSCC and TGSCC is significant for miscellaneous structural
components and wearing components made from wrought brass or bronze materials containing
> 15% zinc. For these centrifugal pump fixed internal members, IGSCC and TGSCC can only
be effectively managed by surface examination. Section 6 provides information regarding the
requirements to effectively manage IGSCC and TGSCC of these pump subcomponents. This is
accomplished by performing surface examinations of these components once each inspection
interval.

5.4.4.5 Erosion and Eroslon/Corroslon

Detecting the presence of erosion and erosion/corrosion associated with treated water
system pump impellers, llow guides, wearing components, and suction strainers is virtually
impossible to achieve until such time as the pump begins to exhibit abnormal behavior.
Programs/techniques to effectively manage this aging mechanism for these pump subcomponents
are pertbrmance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient intbrmation, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponents.

For the centrifugal pump impellers, flow guides, wearing components, and suction
strainers, erosion and erosion/corrosion are effectively managed through pump performance
testing in accordance with the plants' Preventive Maintenance or Surveillance Testing Program,
which ever applies. Degradation of the centrifugal pump impeller, flow guides, wearing
components, and/or suction strainer due to erosion and erosion/corrosion will cause a reduction
in pump performance as measured by total developed head and flow rate. Therefore, if total
developed head and flow rate data are obtained on a quarterly basis (or other frequency
determined to be adequate by plant-specific operating history), and compared against the design
pump curve, then erosion and erosion/corrosion of the centrifugal pump impellers, flow guides,
wearing components, and suction strainer are effectively managed.

Degradation of the treated water system pump pressure boundary components (i.e, casing
and suction/discharge nozzles) from erosion and erosion/corrosion is effectively managed through
implementation of the plants' Pump Erosion Control Program. This program is for effectively
managing wall thinning of pressure boundary casings and nozzles due to erosion caused by
cavitation and/or particle impingement. Volumetric examinations are performed to detect the
amount of wall thinning. The data is analyzed, and wall thinning rates are calculated. Corrective
actions are implemented when the analysis shows that the minimum acceptable wall thickness
will be exceeded prior to the next schedule examination. Theretore, if volumetric examination
data is obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then erosion and
erosion/corrosion of the pumps' pressure boundary components are effectively managed.
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5.4.4.6 Wear

Detecting the presence of wear associated with the various treated water system pump
subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values, Through pump pert_rmance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient infornlation will bc obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for wear detection in some situations.

For most of the pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Program, which ever applies, is the most effective method to detect adverse vibration trends due
to wear of these subcomponents. Permanently installed vibration pickups with monitoring
capability is not a requirement to acquire the necessary vibration data.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, thrust bearing,
and coupling) subject to wear, horizontal, vertical, axial, and shaft vibration data should be
acquired. As discussed in Section 5.4.4,1, torsional vibration data is not required for these pumps
because they operate intermittently (primarily for testing). Also, bearing lubrication samples
should be chemically analyzed or the lubrication changed out on a scheduled basis. Another
method which provides pertinent data regarding bearing wear is the monitoring of bearing
temperatures. If permanent instrumentation is installed, bearing temperatures can be monitored
by operating personnel. Otherwise, contact pyrometers and/or thermography should be utilized.
Theretbre, if vibration data is obtained and trended and bearing lubrication verified to be
satisfactory on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history), then wear of the pumps' rotating members is effectively managed.

For the fixed internal wearing components associated with the treated water system
centrifugal pumps, wear is effectively managed through pump performance testing in accordance
with the plants' Preventive Maintenance or Surveillance Testing Program, which ever applies.
As these components wear, a deviation in the pumps' normal developed head and flow rate
characteristics will be observed. This phent,'nenon will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if normal
operating developed head and flow rate data are obtained and trended on a quarterly basis (or
other frcquency determined to be adequate by plant-specific operating history), and compared
against the design pump curve, then wear of the centrifugal pump fixed internal wearing
components is effectively managed.

For the mechanical seal/packing assembly associated with these treated water system
pumps, wear is effectively managed through inspections conducted in accordance with the plants'
Preventive Maintenance Program. As the mechanical seal/packing assembly wears it will begin
to leak fluid. This leakage can be readily detected by visual observation during operator rounds
activities or preventive maintenance inspections. Therefore, if visual inspections are performed
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), then wear of the pumps' mechanical seal/packing assembly is effectively managed.
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5.4.4.7 Fouling

Detecting the presence of fouling asmciated with treated water system pump pressure
boundary and fixed internal components is achieved through implementation of pump
performance testing in accordance with the plants' Preventive Maintenance Program or
Surveillance Testing Program, which ever applies. Through pump performance monitoring, data
acquisition, trending of key operational parameters and diagnostic analysis, sufficient information
will be obtained so that phmned maintenance can be perfornaed to repair, replace, or refurbish
these components. As fouling progresses, ,: deviation in the pumps' normal developed head and
flow rate characteristics will be observed. Fouling will bc detected by trending these operating
parameters and comparing the data against the design pump curve. Therelore, if total developed
head and flow rate data are obtained on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), and compared against the design pump curve, then
fouling of the centrifugal pumps' pressure boundary and fixed internal components is effectively
managed.

5.4.5 Closed Cooling Water System Pumps

The closed cooling water system pumps discussed in this section are all centrifugal
pumps. There are various plant-specific names given to these pumps, for example, reactor
building closed cooling water (RBCCW), emergency equipment closed cooling water (EECW),
component cooling water (CCW), emergency diesel generator jacket water, etc. The pumps were
evaluated by subcomponent and are considered to be continuously operated. The pump
subcomponents and associated aging mechanisms, determined in Section 4.3 to be significant, are:

• Rotating Members
Mechanical Fatigue
General Corrosion
Erosion and Erosion/Corrosion
Wear

• Fixed Internals
General Corrosion
IGSCC and TGSCC
Erosion and Erosion/Corrosion
Wear

• Pressure Boundary
Mechanical Fatigue

-- General Corrosion
Erosion and Erosion/Corrosion

• Mechanical Subsystems
Mechanical Fatigue

-- General Corrosion
Wear
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• Supports
m Mechanical Fatigue

General Corrosion

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechanical Fatigue
Technical Specification Surveillance Testing
Preventive Maintenance

ASME Section XI lnservice Inspection and Testing

• General Corrosion

Technical Specification Surveillance Testing
Preventive Maintenance

Pump Erosion Control

• Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and TGSCC)
Preventive Maintenance

• Erosion and Erosion/Corrosion

Technical Specification Surveillance Testing
Preventive Maintenance

Pump Erosion Control

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-6 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5.4.5.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the closed cooling water system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Programs/techniques to effectively manage mechanical fatigue are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponent(s). Visual inspection is also helpful for fatigue detection in some situations. A
combination of programs/techniques must be implemented to effectively manage mechanical
fatigue of these closed cooling water system pump subcomponents.
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Table 5-6. Effective ProgrmsTl'echniques for Closed Cooling Water System Pumps

l Required Effecti Programs/Techniques __ Supplemental Programs/Techniques --.--.--------

ASME Section XI

| Section Xl [ Wall I Tech Spec [ Preventive [ _e'r_°_st..°_ntI f-_,,, 11 Pump Operator Coatings Industry
ISI/IST Thinning Surveillance Maintenance Lay-up Thermography Activities Surveys Expenence

ROTATING/RECIPROCATING ___ ___._..-.--
w

• Shaft

- Mech. Fatigue Vibration Vibration

- General Corr. Vibration Vibration Preser-vation

- Wear Vibration Vibration

• Impeller

- Mech. Fatigue Vibration Vibration

- General Corr. Vibration Vibration Preser-vation

- Erosion and E/C TDH & Flow TDH & Flow
--a Rate Rate

Vibration Vibration
-Wear _ _ _ _ _

FIXED INTERNALS
m

• Misc. Struct. Comp.

- General Corr. Visual Exam Preser-vation

- IGSCC & TGSCC Surface Exam

• Wearing Components

- General Corr. Visual Exam Preser-vation

- IGSCC & TGSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear TDH & Flow TDH & Flow
Rate Rate
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Table 5-6. Effective Program_/Tecbniques for Closed Cooling Water System Pumps (continued)

Required Effective Programs/Techniques Supplemental Program._Techniques
!

Pump Subcomponent ASME
ASME Section Xi Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control J Lay-up Thermography Activities Surveys Experience

FIXED INTERNALS (continued)

• Flow Guides

- General Corr. Visual Exam Preser-
vation

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

k...

PRESSURE BOUNDARY

• Ca_ing and Nozzles

- Mech. Fatigue Surface
Exam &

t._ Pressure

_'x Test
OO

- General Corr. Inspection Volumet- Preser-
tic Exam vation

- Erosion and E/C Volumet-
tic Exam

• Flange/Cover

- Mech. Fatigue Surface
Exam &

Pressure

Testing

- General Corr. Inspection Volumet- Preser-
ric Exam vation

• Fasteners

- Mech. Fatigue Volumetric Torque
Exam Verification

General Corr. Inspection m-
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Table 5-6. Effective Programs/Techniques for Closed Cooling Water System Pumps (continued)

Required Effective Programs/Techniques .---.------- Supplemental Programs/Techniques

Pump Subcomponent ASME
ASME Section X! Pump

Section X! Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry

ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

MECHANICAL SUBSYSTEMS

• Coupling

- Mech. Fatigue Vibration Vibration

- General Corr. Inspection Inspection

- Wear Vibration Vibration

• Seals

- General Corr. Inspection Inspection

- Wear Inspection Inspection

• Radial Bearing
Temp. Temp.

- Wear Vibration Vib. & LubeAnalysis Monitoring Monitoring

• Thrust Bearing

- Mech. Fatigue Vibration Vib. & Lube Temp. Temp.
Analysis Monitoring Monitoring

Vib. & Lube Temp. Temp.

- Wear Analysis Monitoring Monitoring
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Table 5-6. Effective Program_tTechniques for Closed Cooling Water System Pumps (continued)

Required Effective Programs/Techaiques Supplemental Programs/Techniques
I

Pump Subcomponent ASME
ASME Section XI Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry
ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Themmgraphy Activities Surveys Experience

SUPPORTS

• Support Feet/Skirt

- Mech. Fatigue Vib. &
Inspection

- General Corr. Inspection Inspec-
tion

• Base Frame/Skid

- General Corr. Inspection l_pec-tion

• Fasteners

lnspec-
-_1 - General Corr. Inspection tion
0
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For the pumps' rotating and mechanical subsystem components, vibration monitoring in
accordance with either the plant's Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most effective method to detect incipient pump failure from
mechanical fatigue of these subcomponents. Since these pumps are continuously operated,
permanently installed vibration monitoring equipment would be the optimum; however, this is
not a requirement to acquire the necessary data for analysis.

For centrifugal pump rotating members (i.e., shaft, impeller, thrust bearing, and coupling)
subject to fatigue, horizontal, vertical, axial, and shaft vibration data should be acquired.
Torsional vibration data would provide some additional information but is not necessary because
these closed cooling water system pumps are relatively small, consequently, the rotating elements
do not develop large axial torque and torsional inertia. Torsional vibration problems are
generally associated with larger, more massive and higher horsepower rotating elements. Also,
bearing lubrication samples should be chemically analyzed or the lubrication changed out on a
scheduled basis. Another method which will provide information regarding thrust bearing failure
is monitoring of thrust bearing temperatures by operating personnel, if permanent instrumentation
is provided, or through the use of" contact pyrometers and/or thermography. Therefore, if
vibration data is obtained and trended and bearing lubrication verified to be satisfactory on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then mechanical fatigue of the pumps' rotating members is effectively managed.

Mechanical fatigue of pressure boundary components associated with the centrifugal
pumps (i.e., casing, flange/cover, suction and discharge nozzle, and fasteners) is effectively
managed through implementation of the plants' ASME Section XI Inservice Inspection Program
and Preventive Maintenance Program. Surface examinations, consisting of either the liquid
penetrant or magnetic particle process, and hydrostatic pressure tests are performed to verify
pressure boundary integrity. Volumetric examination is performed on pressure boundary fasteners
that are greater than 5.1 cm [2 in] in diameter. For fasteners less than 5.1 cm [2 inl in diameter,
preventive maintenance activities, consisting of inspections, replacements, and fastener torque
verification are performed. Through a combination of ASME Section XI and preventive
maintenance tasks, mechanical fatigue of pressure boundary components will be detected and
corrective actions implemented to ensure safe and reliable pump operation. Therefore, if surface
examinations, hydrostatic pressure tests, and volumetric examinations on fasteners greater than
5.1 cm [2 in] in diameter are performed each inspection interval and; visual inspection, parts
replacement, and fastener torque verification (on fasteners less than 5.1 cm [2 in] in diameter)
is performed each refueling outage (or other frequency determined to be adequate by plant-
specific operating history), then mechanical fatigue of the pumps' pressure boundary components
is effectively managed.

Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, if vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), and visual inspection and fastener torque verification performed each
refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of the pumps' support feet/skirt is effectively managed.
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5.4.5.2 General Corrosion

From Table 4-8, general corrosion is a significant aging mechanism for: 1) all pump
subcomponents manufactured from carbon and low alloy steel and cast iron and; 2) pressure
boundary components (made from these materials) where the design corrosion allowance is less
than 3.2 mm [0.125 in].

Detecting the presence of general corrosion associated with closed cooling water system
pump internal subcomponents is virtually impossible to achieve until such time as the
subcomponent begins to exhibit abnormal behavior. Otherwise, the pump will require
disassembly for internal inspection. Therefore, pump performance monitoring, data acquisition,
and trending of key parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair or replace the affected pump internal
subcomponent(s). Visual inspection is also helpful for corrosion detection in some situations.
A combination of programs/techniques must be implemented to effectively manage general
corrosion of closed cooling water pump internal subcomponents.

For these centrifugal pump rotating members (i.e., shaft and impeller) vibration monitoring
in accordance with either the plants' Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most effective method to detect significant degradation and
pump failure from general corrosion. Horizontal, vertical, axial, and shaft vibration data should
be acquired. Torsional vibration data is not required because general corrosion occurring to the
shaft and impeller will not alter axial torque and torsiontd inertia of these rotating members.
Since these pumps are continuously operated, permanently installed vibration pickups with
monitoring capability would be the optimum installation; however, this is not a requirement to
acquire the necessary vibration data. Therefore, if vibration data is obtained and trended on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then general corrosion of the pump rotating members is effectively managed.

For these centrifugal pump fixed internal members (i.e., flow guides, miscellaneous
structural members, and wearing components) general corrosion can only be effectively managed
by visual (VT-3) examination. Section 6 provides informatitm regarding the requirements to
effectively manage general corrosion of these pump subcomponents. This is accomplished by
performing a visual examination of these pump components once each inspection interval.

Degradation of internal pressure boundary component surfaces associated with these
closed cooling water system pumps from general corrosion is effectively managed through
implementation of the Plants' Pump Erosion Control Program. Internal surface corrosion will
cause wall thinning. Volumetric examinations are performed to detect the amount of wall
thinning. The data is analyzed and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therefore, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then general corrosion of
the pumps' pressure boundary components is effectively managed.
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During plant outages, when these closed cooling water system pumps are not operating,
appropriate lay-up practices should be implemented to inhibit general corrosion of all wetted
pump subcomponents.

For all pump external pressure boundary surfaces, mechanical subsystem components, and
support components susceptible to general corrosion, inspections conducted in accordance with
the Plants' Preventive Maintenance Program will effectively manage these aging mechanisms.
Protective coatings app!ied to the casing, nozzles, flange/cover, support feet/skirt, and base
frame/skid are verified to be intact. The fasteners are inspected and verified to be free from
excessive corrosion product accumulation and the tightness is checked. As the mechanical
seal/packing assembly deteriorates from corrosion, fluid leakage Will be detected by visual
observation during operator rounds or preventive maintenance inspection. The coupling is
verified to be free from corrosion product accumulation. If corrosion is observed to be
detrimental to safe and reliable pump operation, corrective actions in the form of repair/
replacement/refurbishment is performed to restore the pump to a condition where safe and
reliable operation is assured. Therefore, if visual inspection, parts replacement, and fastener
torque verification is performed each refueling outage (or other frequency determined to be
adequate by plant-specific operating history), then general corrosion of the pumps' external
surfaces, mechanical subsystem components and support base components is effectively managed.

5.4.5.3 Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and
TGSCC)

From Table 4-8, IGSCC and TGSCC are significant tbr miscellaneous structural
components and wearing components made from wrought brass or bronze materials containing
>15% zinc. For these centrifugal pump fixed internal members, IGSCC and TGSCC can only
be effectively managed by surface examination. Section 6 provides information regarding the
requirements to effectively manage IGSCC and TGSCC of these pump subcomponents. This is
accomplished by performing surface examinations of these components once each inspection
interval.

5.4.5.4 Erosion and Erosion/Corrosion

Detecting the presence of erosion and erosion/corrosion associated with closed cooling
water system pump impellers, flow guides, and wearing components (i.e., centrifugal pumps) is
virtually impossible to achieve until such time as the pump begins to exhibit abnormal behavior.
Programs/techniques to effectively manage this aging mechanism for these pump subcomponents
are performance based. Through pump performance monitoling and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponents.

For the centrifugal pump impellers, flow guides, and wearing components, erosion and
erosion/corrosion are effectively managed through pump performance testing in accordance with
the plants' Preventive Maintenance or Surveillance Testing Program, which ever applies.
Degradation of the centrifugal pump impeller, flow guides, and/or wearing components due to
erosion and erosion/corrosion will cause a reduction in pump performance as measured by total
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developed head and flow rate. Therefore, if total developed head and flow rate data are obtained
on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), and compared against the design pump t:urve, then erosion and erosion/corrosion of the
centrifugal pump impellers, flow guides, and wearing components are effectively managed.

Degradation of the closed cooling water system pump pressure boundary components (i.e,
casing and suction/discharge nozzles) from erosion and erosion/corrosion are effectively managed
through implementation of the plants' Pump Erosion Control Program. This program is for
effectively managing wall thinning of pressure boundary casings and nozzles due to erosion
caused by cavitation and/or particle impingement. Volumetric examinations are performe0 to
detect the amount of wall thinning. The data is analyzed, and wall thinning rates are calculated.i

Corrective actions are implemented when the analysis shows that the minimum acceptable wall
thickness will be exceeded prior to the next schedule examination. Therelore, if volumetric
examination data is obtained and analyzed and wall thinning rates calculated each inspection
interval (or other frequency determined to be adequate based on wall thinning projections), and
corrective actions implemented prior to exceeding minimum acceptable wall thickness, then
erosion and erosion/corrosion of the pumps' pressure boundary components are effectively
managed.

5.4.5.5 Wear

Detecting the presence of wear associated with the various closed cooling water system
pump subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient intormation will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for wear detection in some situations.

For most of the pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Program, which ever applies, is the most effective method to detect adverse vibration trends due
to wear of these subcomponents. Since these closed cooling water system pumps are
continuously operating, permanently installed vibration pickups with monitoring capability would
be the optimum installation; however, this is not a requirement to acquire the necessary vibration
data.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, thrust bearing,
and coupling) subject to wear, horizontal, vertical, axial, and shaft vibration data should be
acquired, As discussed in Section 5.4.5.1, torsional vibration data is not required for these closed
cooling water pumps. Also, bearing lubrication samples should be chemically analyzed or the
lubrication changed out on a scheduled basis. Another method which provides pertinent data
regarding bearing wear is the monitoring of bearing temperatures, if permanent instrumentation
is installed, bearing temperatures c:an be monitored by operating personnel. Otherwise, contact
pyrometers and/or thermography should be utilized. Therefore, if vibration data is obtained and
trended and bearing !ubrication verified to be satisfactory on a quarterly basis (or other frequency
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determined to be adequate by plant-specific operating history), then wear of the pumps' rotating
members is effectively managed.

For the fixed internal wearing components associated with the closed cooling water
system centrifugal pumps, wear is effectively managed through pump performance testing in
accordance with the plants' Preventive Maintenance or Surveillance Testing Program, which ever
applies. As these components wear, a deviation in the pumps' normal developed head and flow
rate characteristics will be observed. This phenomenon will be detected by trending these
operating parameters and comparing the data against the design pump curve. Therefore, if
normal operating developed head and flow rate data are obtained and trended on a quarterly basis
(or other frequency determined to be adequate by plant-specific operating history), and compared
against the design pump curve, then wear of the centrifugal pump fixed internal wearing
components is effectively managed.

For the mechanical seal/packing assembly associated with these closed cooling water
system pumps, wear is effectively managed through inspections conducted in accordance with
the plants' Preventive Maintenance Program. As the mechanical seal/packing assembly wears
it will begin to leak fluid. This leakage can be readily detected by visual observation during
operator rounds activities or preventive maintenance inspections. Therefore, if visual inspections
are performed on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history J, then wear of the pumps' mechanical seal/packing assembly is
effectively managed.

5.4.6 Lubricating and Fuel 0il System Pumps

The lubricating and fuel oil system pumps discussed in this section are either centrifugal
or rotary pumps. The lubricating oil pumps supply forced lubrication to various emergency core
cooling system pumps and the emergency diesel generators. The fuel oil pumps supply
combustion fuel to the emergency diesel generator engines. The pumps were evaluated by
subcomponent and are considered to be intermittently operated. The pump subcomponents and
associated aging mechanisms, determined in Section 4.3 to be significant, are:

• Rotating Members
m Mechanical Fatigue

General Corrosion
Wear

• Fixed Internals
General Corrosion
Wear

Fouling

• Pressure Boundary
General Corrosion

Fouling
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• Mechanical Subsystems
Mechanical Fatigue

w General Corrosion
Wear

• Supports
Mechanical Fatigue
General Corrosion

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechanical Fatigue
Technical Specification Surveillance Testing
Preventive Maintenance

• General Corrosion

Technical Specification Surveillance Testing
Preventive Maintenance

Pump Erosion Control

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-7 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5.4.6.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the lubricating and fuel oil system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Programs/techniques to effectively manage mechanical fatigue are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponent(s). Visual inspection is also helpful for fatigue detection in some situations. A
combination of programs/techniques must be implemented to effectively manage mechanical
fatigue of these lubricating and fuel oil system pump subcomponents.
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Table 5-7. Effective Programs/T _ecnniqnes for Lubricating and Fuel Oil System Puml_

_ui_,_,l EffecUvePmgnmCrech,Uques _ _rognm.rr_

Pump Subcomponent ASME
ASME Section Xl Pump

Section XI Wall Tech Spec [h'evenov¢ _ MIC Pump Operat_ Corn:rags indttsaw.
ISFIST Thinning Surveillance _ Control Control Lay-up _,q3hy AcO,,'itics Sm_e_s E_

ROTATING/RECIPROCATING

centnf-gaaPump

• Shaft

-Mech. Fatigue Vibration V_on

- Gcneral Corr Vibration Vibmtio_ Pt_-
vattoa

- Wear Vitn-axion Vibr",aion

- Impeller

- Mech. Fatigue Vibration V_on

L_

._ - General Corr Vibration V_ Pt_ser-
-...I ration

-Wear Vibration Vibration

RotaryPump

•Intem_ Rotor

-Mech. Fatigue Vibration Vibration

-GeneralCorr. Vibration Vibration Prescr-
vatim

- Wear Vibration Vibration

FIXED INTERNALS

• Misc. Swact. Comp+

- General Corr. Visual Exam Pm-s_-
vatioa

- Fouling TDH & Flow TDH & Flow
Rate Ra_
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Table 5-7. Effective Programs/Tedmiques for Lubricating and Fuel Oil System Pumps (_)
gl

Required Effective Programs/Techniques _ Supplenmn_ Ptogrmns/T_

I

Pump Sebcomponent ASME I

ASME S_-tion Xi I Pump

Section XI Wall Tech Spec Preventive F_m_on MIC Pump Operalof Coatings lmtustry

ISI/IST Thinning Sup_eiltance Maintenance Control Control Lay-up They Actiwlties Surveys Ex_

FIXED INTERNALS (ctmtinued)

* Wearing Components

- General Corr. Visual Exam Pre:-_-
vaUoa

Wear TDH & Flow TDH & Flov,'
Rate Rate

- Flow Guides

- General Corr_ Visual Exam Pres_-
ration

- Fouling TDH & Flow TDH & Flow
L_ Rate Rate

OO PRESSURE BOUNDARY

- Casing and Nozz/es

- General Corr. lasp_ioa Volumet- Preset- Impec-
nc Exam vat/on tion

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Flange/Cover

- General Corr. Inspection Volumet- Preset-
tic Exam vatioa

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Faslellers

- General Corr. Inspectim

MECHANICAL SUBSYSTEMS

• Coupling I- Mech. Fatigue Vibration Vibration

I I
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Table 5-7. Effective Programsfreclmiques for Lubricating and Fuel Oil System Pumps (continued)

RequiredEffective ProgrmrLSfI'echniq_ Supl_nk'mal Programs_eclmalm's

!

Pump Subcomlxmem ASME
ASME Section XI Pump

Section XI Wall Tech Spec Prevenu_'e Eroston MIC Pump O1x-tmor Coatings ltatum_'
Control Lay-up Thern_gr",,_y Activmes Surveys Expemme

ISLqST Thinning Surveillance Maintenance Control ,I .... "

MECHANICAL SUBSYSTEMS commued)

- General Corr. lnspecaon

- Wear Vibration Vibranon

• Seals

- General Corr. Inspection _on

- Wear |nspecUon lnspecuon

• Radial Bearing

- Wear Vibration Vib. & Lube Temp. Temp.
Analysts Momtonng Momtotmg

-_d • Thrust Bearing
,,D

- Mech. Fatigue Vibrauon Vib. & Lube
Analysis

-Wear Vibration Vtb & Lube Ten_. Temp.
Analysts gkmdonng M(m_oring

SUPPORTS

• SupportFeet/Skirt

- Mech. Fatigue Vib. &
lnspecuon

- General Corr. Inspection laspec-
laon

•BaseFran_Skld

-GeneralCorr. l_oa Laspcc-
tma

•Fasteners

-GeneralCorr. Inspection lascec-
tioa
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For the pumps' rotating and mechanical subsystem components, vibration monitoring in
accordance with either the plant's Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most effective method to detect significant degradation and
pump failure from mechanical fatigue of these subcomponents. Since these pumps are
intermittently operated, permanently installed vibration monitoring equipment is not a requirement
to acquire the necessary data for analysis.

For centrifugal pump rotating members (i.e., shaft, impeller, thrust bearing, and coupling)
and rotary pump rotating members (i.e., internal rotor and coupling) subject to fatigue, horizontal,
vertical, axial, and shaft vibration data should be acquired. Torsional vibration data is not
necessary for any of these pumps because the pumps operate intermittently (primarily for testing)
and are small. Torsional vibration problems are generally associated with large pumps that are
continuously operated. Also, bearing lubrication samples should be chemically analyzed or the
lubrication changed out on a scheduled basis. Another method which will provide information
regarding thrust bearing failure, for those pumps containing a thrust bearing, is monitoring of
temperatures by operating personnel, if permanent instrumentation is provided, or through the use
of contact pyrometers and/or thermography. Therefore, if vibration data is obtained and trended
and bearing lubrication verified to be satisfactory on a quarterly basis (or other frequency
determined to be adequate by plant-specific operating history), then mechanical fatigue of the
pumps' rotating members is effectively managed.

Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, if vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), and visual inspection and fastener torque verification performed each
refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of the pumps' support feet/skirt is effectively managed.

5.4.6.2 General Corrosion

From Table 4-9, general corrosion is a significant aging mechanism for: 1) all pump
subcomponents manufactured from carbon and low alloy steel or cast iron and; 2) pressure
boundary components (made from these materials) where the design corrosion allowance is less
than 3.2 mm [0.125 in].

Detecting the presence of general corrosion associated with lubricating and fuel oil system
pump internal subcomponents is virtually impossible to achieve until such time as the
subcomponent begins to exhibit abnormal behavior. Otherwise, the pump will require
disassembly for internal inspection. Therefore, pump performance monitoring, data acquisition,
and trending of key parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair or replace the affected pump internal
subcomponent(s). Visual inspection is also helpful for corrosion detection in some situations.
A combination of programs/techniques must be implemented to effectively manage general
corrosion of lubricating and fuel oil pump internal subcomponents.

For the centrifugal and rotary pump rotating members (i.e., shaft, impeller, and internal
rotor) vibration monitoring in accordance with either the plants' Preventive Maintenance Program
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or Surveillance Testing Program, which ever applies, is the most effective method to detect
significant degradation and pump failure from general corrosion. Horizontal, vertical, axial, and
shaft vibration data should be acquired. Torsional vibration data is not required because, 1)
general corrosion occurring to the shaft, impeller, or internal rotor will not alter axial torque and
torsional inertia of these rotating members and 2) these pumps are small. Since these pumps are
intermittently operated, permanently installed vibration pickups with monitoring capability is not
a requirement to acquire the necessary vibration data. Therefore, if vibration data is obtained and
trended on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history), then general corrosion of the pump rotating members is effectively managed.

For these centrifugal and rotary pump fixed internal members (i.e., flow guides,
miscellaneous structural members, and wearing components) general corrosion can only be
effectively managed by visual (VT-3) examination. Section 6 provides information regarding the
requirements to effectively manage general corrosion of these pump subcomponents. This is
accomplished by performing a visual examination of these pump components once each
inspection interval.

Degradation of internal pressure boundary component surfaces associated with these
lubricating and fuel oil system pumps from general corrosion is effectively managed through
implementation of the Plants' Pump Erosion Control Program. Internal surface corrosion will
cause wall thinning. Volumetric examinations are performed to detect the amount of wall
thinning. The data is analyzed and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therefore, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then general corrosion of
the pumps' pressure boundary components is effectively managed.

During plant outages, when these lubricating and fuel oil system pumps are not required
to be operable, appropriate lay--up practices should be implemented to inhibit general corrosion
of all wetted pump subcomponents.

I

For all pump external pressure boundary surfaces, mechanical subsystem components, and
support components susceptible to general corrosion, inspections conducted in accordance with
the Plants' Preventive Maintenance Program will effectively manage these aging mechanisms.
Protective coatings applied to the casing, nozzles, flange/cover, support feet/skirt, and base ,
frame/skid are verified to be intact. The fasteners are inspected and verified to be free from
excessive corrosion product accumulation and the tightness is checked. As the mechanical ,
seal/packing assembly deteriorates from fluid leakage it will be detected by visual observation
during operator rounds or preventive maintenance inspection. The coupling is verified to be free
from corrosion product accumulation. If corrosion is observed to be detrimental to safe and
reliable pump operation, corrective actions in the form of repair/replacement/refurbishment is
performed to restore the pump to a condition where safe and reliable operation is assured.
Therefore, if visual inspection, parts replacement, and fastener torque verification is performed
each refueling outage (or other frequency determined to be adequate by plant-specific operating
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history), then general corrosion of the pumps' external surfaces, mechanical subsystem
components and support base components is effectively managed.

5.4.6.3 Wear

Detecting the presence of wear associated with the various lubricating and fuel oil system
pump subcomponents is achievable through of a combination of programs. As subcomponent
wear progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient information will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for wear detection in some situations.

For most of the pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Program, which ever applies, is the most effective method to detect adverse vibration trends due
to wear of these subcomponents. Since these lubricating and fuel oil system pumps are
intermittently operating, permanently installed vibration pickups with monitoring capability is not
a requirement to acquire the necessary vibration data.

For centrifugal and rotary pump rotating members (i.e., shaft, impeller, internal rotor,
radial bearing, thrust bearing, and coupling) subject to wear, horizontal, vertical, axial, and shaft
vibration data should be acquired. As discussed in Section 5.4.6.1, torsional vibration data is not
required for these pumps because they operate intermittently (primarily for testing) and are small.
Also, bearing lubrication samples should be chemically analyzed or the lubrication changed out
on a scheduled basis. Another method which provides pertinent data regarding bearing wear is
the monitoring of bearing temperatures. If permanent instrumentation is installed, bearing
temperatures can be monitored by operating personnel. Otherwise, contact pyromeiers and/or
thermography should be utilized. Therefore, if vibration data is obtained and trended and bearing
lubrication verified to be satisfactory on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), then wear of the pumps' rotating members is
effectively managed.

For the fixed internal wearing components associated with the lubricating and fuel oil
system pumps, wear is effectively managed through pump performance testing in accordance with
the plants' Preventive Maintenance or Surveillance Testing Program, which ever applies. As
these components wear, a deviation in the pumps' normal developed head and flow rate
characteristics will be observed. This phenomenon will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if normal
operating developed head and flow rate data are obtained and trended on a quarterly basis (or
other frequency determined to be adequate by plant-specific operating history), and compared
against the design pump curve, then wear of the pump fixed internal wearing components is
effectively managed.

For the mechanical seal/packing assembly associated with these lubricating and fuel oil
system pumps, wear is effectively managed through inspections conducted in accordance with
the plants' Preventive Maintenance Program. As the mechanical seal/packing assembly wears
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it will begin to leak fluid. This leakage can be readily detected by visual observation during
operator rounds activities or preventive maintenance inspections. Therefore, if visual inspections
are performed on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history), then wear of the pumps' mechanical seal/packing assembly is
effectively managed.

5.4.6.4 Fouling

Detecting the presence of fouling associated with lubricating and fuel oil system pump
pressure boundary and fixed internal components is achieved through implementation of pump
performance testing in accordance with the plants' Preventive Maintenance Program or
Surveillance Testing Program, which ever applies. Through pump performance monitoring, data
acquisition, trending of key operational parameters and diagnostic analysis, sufficient information
will be obtained so that planned maintenance can be performed to repair, replace, or refurbish
these components. As fouling progresses, a deviation in the pumps' normal developed head and
flow rate characteristics will be observed. Fouling will be detected by trending these operating

parameters and comparing the data against the design pump curve. Therefore, if total developed
head and flow rate data are obtained on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), and compared against the design pump curve, then
fouling of the pumps' pressure boundary and fixed internal components is effectively managed.

5.4.7 Raw Water System Pumps

The raw water system pumps discussed in this section are either centrifugal pumps or
vertical well centrifugal pumps. There are various plant-specific names given to these pumps,
for example, essential service water, emergency service water, nuclear service water, emergency
diesel generator service water, residual heat removal service water, auxiliary service water, non-
essential service water, etc. Some pumps may operate continuously while others are maintained
in standby and operate intermittently for testing. These raw water pumps are exposed to either
fresh water or brackish/seawater. The pump subcomponents and associated aging mechanisms,
determined in Section 4.3 to be significant, are:

• Rotating Members
m Mechanical Fatigue

General Corrosion
Galvanic Corrosion
IGSCC
Erosion and Erosion/Corrosion
Wear

Fouling

° Fixed Internals
General Corrosion
Galvanic Corrosion
MIC
IGSCC & TGSCC
Erosion and Erosion/Corrosion
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Wear

Fouling

• Pressure Boundary
Mechanical Fatigue
General Corrosion
Galvanic Corrosion

w MIC
IGSCC
Erosion and Erosion/Corrosion

Fouling

• Mechanical Subsystems
Mechanical Fatigue
General Corrosion
Galvanic Corrosion
IGSCC
Erosion and Erosion/Corrosion
Wear

• Supports
Mechanical Fatigue
General Corrosion

The following programs/techniques are considered effective for detection and mitigation
of these aging mechanisms.

• Mechhnical Fatigue
Technical Specification Surveillance Testing

w Preventive Maintenance

ASME Section XI lnservice Inspection and Testing

• General and Galvanic Corrosion
w Preventive Maintenance

Technical Specification Surveillance Testing
Pump Erosion Control

• Microbiologically Influenced Corrosion (MIC)
MIC Control

• lntergranular and Transgranular Stress Corrosion Cracking (IGSCC and TGSCC)
Preventive Maintenance

Technical Specification Surveillance Testing
ASME Section XI Inservice Inspection and Testing

• Erosion and Erosion/Corrosion

Technical Specification Surveillance Testing
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m Preventive Maintenance

Pump Erosion Control

• Wear

Technical Specification Surveillance Testing
Preventive Maintenance

• Fouling
Technical Specification Surveillance Testing
Preventive Maintenance

Table 5-8 summarizes the results and conclusions associated with the following effective
program/technique evaluations.

5.4.7.1 Mechanical Fatigue

Detecting the presence of mechanical fatigue in the raw water system pump
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Programs/techniques to effectively manage mechanical fatigue are
performance based. Through pump performance monitoring and data acquisition, the trending
of key operational parameters may provide sufficient information, prior to pump failure, so that
planned maintenance activities can be conducted to repair/replace the affected pump
subcomponent(s). Visual inspection is also helpful for fatigue detection in some situations. A
combination of programs/techniques must be implemented to effectively manage mechanical
fatigue of these raw water system pump subcomponents.

For the pumps' rotating and mechanical subsystem components, vibration monitoring in
accordance with either the plant's Preventive Maintenance Program or Surveillance Testing
Program, which ever applies, is the most effective method to detect significant degradation and
pump failure from mechanical fatigue of these subcomponents. For these raw service water
pumps, permanently installed vibration monitoring equipment is not a requirement to acquire the
necessary data for analysis.

For centrifugal pump rotating members (i.e., shaft, impeller, thrust bearing, and coupling)
subject to fatigue, horizontal, vertical, axial, and shaft vibration data should be acquired.
Torsional vibration data is not necessary for many of these pumps because they operate
intermittently (primarily for testing). However, torsional vibration problems are generally
associated with large pumps that are continuously operated. Therefore, torsional vibration data
should be obtained and analyzed for continuously operated raw service water pumps. Also,
bearing lubrication samples should be obtained for all of these pumps and chemically analyzed
or the lubrication changed out on a scheduled basis. Another method which will provide
information regarding thrust bearing failure is monitoring of thrust bearing temperatures by
operating personnel, if permanent instrumentation is provided, or through the use of contact
pyrometers and/or thermography. Therefore, if vibration data is obtained and trended and bearing
lubrication verified to be satisfactory on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), then mechanical fatigue of the pumps' rotating
members is effectively managed.
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Table 5-8. Effective Programs/Techniques for Raw Water System Pumps

Required Effective Programs/Techniques SupplementalPrograms/Techniques
1

Pump Subcomponent ASME
ASME Section Xl Pump

Section XI Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry
ISI/1ST Thinmng Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

ROTATING/RECIPROCATING

• Shaft

- Mech. Fatigue Vibration Vibration

- General Corr. Vibration Vibration Preser-
vation

- Galvanic Corr. Vibration Vibration Preser-
vation

- IGSCC Vibration Vibration

- Wear Vibration Vibration

t._ • Impeller
!

to Vibration Vibration
- Mech. Fatigue

- General Corr. Vibration Vibration Pre_r-
vation

- Galvanic Corr. Vibration Vibration Preser-
vation

- IGSCC Vibration Vibration

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear Vibration Vibration

- Fouling TDH & Flow TDH & Flow
Rate Rate

FIXED INTERNALS

• Misc.Struct. Comp.

- General Corr. Visual Exam Preser-
vation

- Galvanic Corr. Visual Exam Preser-
vation
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Table 5-8. Effective Programs/Techniques for Raw Water System Pumps (continued)

Required Effective Programs/Techniques Supplemental Programs/Techniques

Pump Subcomponent ASME
ASME Section XI Pump

Section Xl Wall Tech Spec Preventive Erosion MIC Pump Operator Coatings Industry.
ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

L

FIXED INTERNALS (continued) ,,,

- MIC Sampling Preser-
vation

- IGSCC & TGSCC Surface Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Wearing Components

- General Corr. Visual Exam Preser-
vauon

- Galvanic Corr. Visual Exam Preser-

t_ vation
!

oo
--a - IGSCC & TGSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Wear TDH & Flow TDH & Flow
Rate Rate

- Flow Guides

- General Corr. Visual Exam Preser-
vation

- Galvanic Corr. Visual Exam Preser-
vation

- MIC Sampling Preser-
vation

- 1GSCC Surface Exam

- Erosion and E/C TDH & Flow TDH & Flow
Rate Rate

- Fouling TDH & Flow TDH & Flow
Rate Rate
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Table 5-8. Effective Programs/Techniques for Raw Water System Pumps (continued)

Required Effective Progrmns/Techniques Suppleraental Progtams/Techniq_J_.s

Pump Subcomponent ASME
ASME Section XI Pump

Section Xl Wall Tech Spec Preventive Erosion MIC Pump Operato¢ Coatings Industry

1SI/IST Thinning Surveillance Mainteaance Control Control Lay-up Thermography Activities Surveys

• FIXED INTERNALS (continued)

• Suction Strainer

- General Corr. Visual Exam Preser-
vation

- Galvanic Corr. Visual Exam Preser-
vation

- MIC Samp_ng Preser-
vation

- IGSCC Surface Exam

- Erosion and E/C TDH & Flow "rDH & Flow !

Rate Rate

Ot_ - Fouling TDH & Flow TDH & Flow
Rate Rate

PRESSURE BOUNDARY

• Casing and Nozzles

- Mech. Fatigue Surface
Exam &

Pressure
Test

- General Corr. Inspection Volumet- Preser-
tic Exam vation

- Galvanic Corr. Inspection Volumet- Preset-
tic Exam vation

- MIC Sampling Ptcser-
ration

- IGSCC Surface

Exam &

Pressure
Test
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Table 5-8. Effective Programs/Techniques for Raw Water System Pumps (continued)

Required Effective ProgramsfFechniqnes Sapplemen_ Progr-,mzs/Techniques
1

Pump Subcomponent ASME |
ASME Section XI Pump

Section Xl Wall Tech Spec Preventive Erosion MIC Pump Olxamor Coatings Industry
ISI/IST Thinning Surveillance Maintenance Control Control Lay-up Thermography Activities Surveys Experience

PRESSURE BOUNDARY (continued)

- Erosion and E/C Volumet-
ric Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Disch. Head/Column/

Bowl/Nozzles

- Mech. Fatigue Surface
Exam &

Pressure
Test

Lit - General Corr. Inspection Volumet- Preser- _uc-
tic Exam ration tioo

- IGSCC Surface

Exam &

Pressure
Test

- Erosion and E/C Volung't-
ric Exam

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Flange/Cover

- Mech. Fatigue Surface
Exam &
Pressure

Test

- General Corr. Impection Volumet- Preset- inspec-
ric Exam vatiott timz

-GalvanicCorr. Inspection Volum_t- Preset- laspec-
ricExam vaticm tioe

-MIC Sampling Preset-
vat/on
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Table 5-8. Effective Programs/Tee.hniques for Raw Water System Pumps (continued)

RequiredEffective Programs/Techniques Sapplememal Progrmns_edmiques

PumpSubcom/mnent ASME
ASME Section Xl Pump

Section XI Wall Tech Spec Preven:ive Erosion MIC Pump _ Coatings hglus_.
ISI/IST Thinning Surveillance Maintenance Control Control Lay-up _y Activities Sm'veys Experience

,,, ,,,

PRESSURE BOUNDARY (continued)

- IGSCC Surface
Exam&
Pressure

Test

- Erosion and F./C Volumet-
ric Exa_l

- Fouling TDH & Flow TDH & Flow
Rate Rate

• Fasteners

- Mech. Fatigue Volumet- Torque
L,_ tic Exam Verification
_o

- GeneralCorr. Inspection

MECHANICALSUBSYSTEMS
,,,

• Coupling

- Mech. Fatigue Vibration Vibration

- General Corr. Inspection Inspection

- Wear Vibration Vibration

• Seals

- General Corr. Inspection iaspectioa

- Galvanic Corr. Inspection lnspectim

- IGSCC Lns_

- wear Inspection

-Radial Bearing

- Wear Vibration Vib. & Lube Temp. Temp.
Analym Mmao_ag Mm_mag
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Table 5-8. Effective Programs/Techniques for Raw Water System l_.mtps (continued)

Required Effective Progrmn_echniqees Sepplemm_ _edmiqees
,u,,

Pump Subcomponent ASME
ASME Section Xl Pump

Section XI Wall Tech Spec Preventive E__ MIC Pump Operator _ ladastry
ISI/IST Thinning Surveillance _ Control Conffol Lay-up _y A_vities Sm'veys Ex_

MECHANICAL SUBSYSTEMS {commued)

- internal Rm'lial

Bearing

- General Corr. V_on "v'_oo Preser-
vmion

-Galvamc Corr. Vibration Vibration Pmscr-
vati_

- IGSCC Vibration Vibt,ation

- Erosion and E/C Vibration Vibration

- Wear Vibration V_c_

_D -Thrust Bearing

- Mech. Fatigue Vibration Vib. & Lube Temp. Temp.
Analy_ _

- Wear Vibration Vib. & Lube Temp. Temp.

Anaty_ L _ Mmimnng

SUPPORTS

• Suppo_ Feet/Skirt

-Mech. Fatigue Vil).&
Insp_on

-Gcnc_Corr. h_pcctim tmpec-
tim

- BaseFrame/Skid

-GeneralCorr. Impccuon Impec-
zion

°Fastencxs

-Gcnc_Corr. _ heine-
tim
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Mechanical fatigue failure of the pump support feet/skirt will be detected during
preventive maintenance inspections and vibration monitoring. Therefore, it" vibration data is
obtained and trended on a quarterly basis (or other frequency determined to be adequate by plant-
specific operating history1, and visual inspection and fastener torque verification performed each
refueling outage (or other frequency determined to be adequate by plant-specific operating
history), then mechanical fatigue of the pumps' support feet/skirt is effectively managed.

Mechanical fatigue of pressure boundary components associated with the centritugal
pumps (i.e., casing, flange/cover, discharge head/column/bowl, suction and discharge nozzle, and
fasteners) is effectively managed through implementation of the plants' ASME Section XI
lnservice Inspection Program and Preventive Maintenance Program. Surface examinations,
consisting of either the liquid penetrant or magnetic particle process, and hydrostatic pressure
tests are performed to verily pressure boundary integrity. Volumetric examination is performed
on pressure boundary fasteners that are greater than two inches in diameter. For fasteners less
than 5.1 cm [2 in] in diameter, preventive maintenance activities, consisting of inspections,
replacements, and fastener torque verification are performed. Through a combination of ASME
Section XI and preventive maintenance tasks, mechanical fatigue of pressure boundary
components will be detected and corrective actions implemented to ensure sale and reliable pump
operation. Thereiore, if surface examinations, hydrostatic pressure tests, and w_lumetric
examinations on fasteners greater than 5.1 cm [2 inl in diameter are performed each inspection
interval and; visual inspection, parts replacement, and fastener torque verification (on fasteners
less than 5.1 cm [2 in] in diameter) is pertormed each refueling outage (or other frequency
determined to be adequate by plant-specific operating history), then mechanical fatigue of the
pumps' pressure boundary components is effectively managed.

5.4.7.2 General and Galvanic Corrosion

From Table 4-10, general corrosion is a significant aging mechanism for all wetted pump
subcomponents manufactured from carbon and low alloy steel, cast iron, stainless and high allay
steel. Also, from Table 4-10, galvanic corrosion is a significant aging mechanism for: 1) all
pump subcomponents manufactured from carbon and low alloy steel or cast iron and; 2) bronze
and brass materials when in contact with stainless and high alloy steels.

Detecting the presence of general and galvanic corrosion associated with raw water system
pump internal subcomponents is virtually impossible to achieve until such time as the
subcomponent begins to exhibit abnormal behavior. Otherwise, the pump will require
disassembly for internal inspection. Therefore, pump performance monitoring, data acquisition,
and trending of key parameters may provide sufficient inlbrmation, prior to pump failure, so that
planned maintenance activities can be conducted to repair or replace the affected pump internal
subcomponent(s). Visual inspection is also helpful for corrosion detection in some situations.
A combination of programs/techniques must be implemented to et'fectivcly manage general and
galvanic corrosion of raw service water pump internal subcomponents.

For these centrifugal pump rotating members (i.e., shaft, impellcr, and internal radial
bearing) vibration monitoring in accordance with either the plants' Preventive Maintenance
Program or Surveillance Testing Program, which ever applies, is the most effective method to
detect significant degradation and pump failure from general and galvanic corrosion. Horizontal.
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vertical, axial, and shaft vibration data should be acquired. Torsional vibration data is not
required because general and galvanic corrosion occurring to the shaft and impeller will not alter
axial torque and torsional inertia of these rotating members. Permanently installed vibration
pickups with monitoring capability would be the optimum installation; however, this is not a
requirement to acquire the necessary vibration data. Therefore, if vibration data is obtained and
trended on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history), then general and galvanic corrosion of the pump rotating members are
effectively managed.

For these centrifugal pump fixed internal members (i.e., flow guides, miscellaneous
structural members, suction strainers, and wearing components) general and galvanic corrosion
can only be effectively managed by visual (VT-3) examination. Section 6 provides information
regarding the requirements to effectively manage general and galvanic corrosion of these pump
subcomponents. This is accomplished by performing a visual examination of these pump
components once each inspection interval.

Degradation of internal pressure boundary component surfaces associated with these raw
water s_:,_em pumps from general and galvanic corrosion is effectively managed through
implementation of the Plants' Pump Erosion Control Program. Internal surface corrosion will
cause wall thinning. Volumetric examinations are performed to detect the amount of wall
thinning. The data is analyzed and wall thinning rates are calculated. Corrective actions are
implemented when the analysis shows that the minimum acceptable wall thickness will be
exceeded prior to the next scheduled examination. Therefore, if volumetric examination data is
obtained and analyzed and wall thinning rates calculated each inspection interval (or other
frequency determined to be adequate based on wall thinning projections), and corrective actions
implemented prior to exceeding minimum acceptable wall thickness, then general and galvanic
corrosion of the pumps' pressure boundary components are effectively managed.

During plant outages, when these raw water system pumps are not required to be
operating, appropriate lay-up practices should be implemented to inhibit general and galvanic
corrosion of all wetted pump subcomponents.!

For all pump external pressure boundary surfaces, mechanical subsystem components, and
support components susceptible to general and/or galvanic corrosion, inspections conducted in
accordance with the Plants' Preventive Maintenance Program will effectively manage these aging
mechanisms. Protective coatings applied to the casing, nozzles, flange/cover, support feet/skirt,
and base frame/skid are verified to be intact. The fasteners are inspected and verified to be free
from excessive corrosion product accumulation and the tightness is checked. As the mechanical
seal/packing assembly deteriorates from corrosion, fluid leakage will be detected by visual
observation during operator rounds or preventive maintenance inspection. The coupling is
verified to be free from corrosion product accumulation. If corrosion is observed to be
detrimental to safe and reliable pump operation, corrective actions in the form of repair/
replacement/refurbishment is performed to restore the pump to a condition where safe and
reliable operation is assured. Therefore, if visual inspection, parts replacement, and fastener
torque verification is performed each refueling outage (or other frequency determined to be
adequate by plant-specific operating history), then general and galvanic corrosion of the pumps'
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external surfaces, mechanical subsystem components and support base components are effectively
managed.

5.4.7.3 Microbiologically Influenced Corrosion

Detecting the presence of MIC associated with the various raw water system pump
subcomponents is accomplished by sampling the fluid and by sampling any solid materials found
when the pump is opened up to perform maintenance. During pump testing, fluid samples shall
be obtained and an analysis performed to; identify heavily infested areas, evaluate the
effectiveness of the treatment method (i.e., if MIC was previously discovered), locate areas where
microbes are rapidly reproducing, and to trend the data. If the pump is opened up for
maintenance purposes, deposits, tubercules, and/or corrosion products should be removed for
analysis. The analysis should assess the magnitude and severity of microorganism growth and
determine the appropriate treatment method to mitigate further propagation of MIC.

Through fluid and solid material sampling, analysis, and trending of the data sufficient
information is available to effectively detect the presence of MIC. Planned maintenance and/or
treatment methods can be implemented to ensure safe and reliable operation of the pumps' fixed
internal and pressure boundary subcomponents. Therefore, if fluid sampling, analysis and
trending of data is performed quarterly during pump testing (or other frequency determined to
be adequate by plant-specific operating history), and; solid sampling, analysis and trending of
data is performed whenever the pump is opened up for maintenance, and; corrective actions are
implemented as appropriate, then microbiologically influenced corrosion of the pumps' fixed
internal and pressure boundary components is effectively managed.

During plant outages, appropriate lay-up activities should be implemented to reduce the
potential for MIC to occur in these raw water system pumps.

5.4.7.4 Intergranular and Transgranular Stress Corrosion Cracking (IGSCC and
TGSCC)

From Table 4-10, IGSCC is significant for raw water system pump subcomponents made
from stainless and high alloy steel due to the pr,_ ence of fluid impurities such as chlorides.

Detecting the presence of IGSCC associated with the raw water system pump internal
subcomponents is virtually impossible to achieve until such time as the subcomponent begins to
exhibit abnormal behavior. Otherwise the pump will require disassembly for internal inspection.
Therefore, pump performance monitoring, data acquisition, and trending of key parameters may
provide sufficient information, prior to pump failure, so that planned maintenance active.ties can
be conducted to repair or replace the affected pump internal subcomponent(s). Visual inspection
is also helpful for IGSCC and TGSCC detection in some situations. A combination of
programs/techniques must be implemented to effectively manage IGSCC of raw water pump
internal subcomponents.

For the centrifugal pump rotating members (i.e., shaft, impeller, and internal radial
bearing) vibration monitoring in accordance with either the plants' Preventive Maintenance
Program or Surveillance Testing Program, which ever applies, is the most effective method to

5-94



AGING MANAGEMENT GUIDELINE FOR PUMPS

detect significant degradation and pump failure from IGSCC. Horizontal, vertical, axial, and
shaft vibration data should be acquired. As discussed in Section 5.4.7.1, torsional vibration data
should be obtained if possible to provide additional information regarding shaft condition. Since
some of these raw service water pumps are continuously operated, permanently installed vibration
pickups with monitoring capability would be the optimum installation; however, this is not a
requirement to acquire the necessary vibration data. Therefore, if vibration data is obtained and
trended on a quarterly basis (or other frequency determined to be adequate by plant-specific
operating history), then intergranular stress corrosion cracking of the centrifugal raw water pump
rotating members is effectively managed.

For the centrifugal raw water pump fixed internal members (i.e., flow guides, suction
strainers, miscellaneous structural components, and wearing components) IGSCC can only be
effectively managed by surface examination. Section 6 provides information regarding the
requirements to effectively manage IGSCC of these pump subcomponents. This is accomplished
by performing surface examinations of these components once each inspection interval.

Most raw service water pump pressure boundary components are not made from stainless
or high alloy steel. However, if they are, then IGSCC of the pressure boundary components (i.e,
casing, flange/cover, discharge head/column/bowl, and suction and discharge nozzle) is effectively
managed through implementation of the plants' ASME Section XI Inservice Inspection Program.
Surface examinations, consisting of either liquid penetrant or the magnetic particle process, and
hydrostatic pressure tests are performed to verify pressure boundary integrity. IGSCC of these
pressure boundary components will be detected and pressure boundary integrity verified through
performance of these ASME Section XI requirements. Corrective actions are implemented as
necessary to ensure safe and reliable pump operation. Therefore, if surface examination and
hydrostatic pressure tests are performed each inspection interval, then IGSCC of the pumps'
stainless or high alloy steel pressure boundary components is effectively managed.

IGSCC of the pumps' mechanical seal/packing assembly associated with the raw water
pumps will be detected and effectively managed through inspections conducted in accordance
with the plants' Preventive Maintenance Program. Fluid leakage can be readily detected by
visual observation during operator rounds activities or preventive maintenance inspections.
Therefore, if visual inspections are performed on a quarterly basis (or other frequency determined
to be adequate by plant-specific operating history), then IGSCC of the pumps' mechanical
seal/packing assembly is effectively managed.

From Table 4-10, IGSCC and TGSCC is significant for miscellaneous structural
components and wearing components made from wrought brass or bronze materials containing
>15% zinc. For these centrifugal pump fixed internal members, IGSCC and TGSCC can only
be effectively managed by surface examination. Section 6 provides information regarding the
requirements to effectively manage IGSCC and TGSCC of these pump subcomponents. This is
accomplished by performing surface examinations of these components once each inspection
interval.
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5.4.7.5 Erosion and Erosion/Corrosion

Detecting the presence of erosion and erosion/corrosion associated with raw water system
pump impellers, flow guides, wearing components, and suction strainers (i.e., centrifugal pumps)
is virtually impossible to achieve until such time as the pump begins to exhibit abnormal
behavior. Programs/techniques to effectively manage this aging mechanism for these pump
subcomponents are performance based. Through pump performance monitoring and data
acquisition, the trending of key operational parameters may provide sufficient information, prior
to pump failure, so that planned maintenance activities can be conducted to repair/replace the
affected pump subcomponents.

For the centrifugal pump impellers, flow guides, wearing components, and suction
strainers, erosion and erosion/corrosion are effectively managed through pump performance
testing in accordance with the plants' Preventive Maintenance or Surveillance Testing Program,
which ever applies. Degradation of the centrifugal pump impeller, flow guides, suction strainers,
and/or wearing components due to erosion and erosion/corrosion will cause a reduction in pump
performance as measured by total developed head and flow rate. Therefore, if total developed
head and flow rate data are obtained on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), and compared against the design pump curve, then
erosion and erosion/corrosion of the centrifugal pump impellers, flow guides, suction strainer, and
wearing components are effectively managed.

Degradation of the raw water system pump pressure boundary components (i.e, casing,
discharge head/column/bowl, flange/cover, and suction/discharge nozzles) from erosion and
erosion/corrosion is effectively managed through implementation of the plants' Pump Erosion
Control Program. This program is for effectively managing wall thinning of pressure boundary
casings and nozzles due to erosion caused by cavitation and/or particle impingement. Volumetric
examinations are performed to detect the amount of wall thinning. The data is analyzed, and
wall thinning rates are calculated. Corrective actions are implemented when the analysis shows
that the minimum acceptable wall thickness will be exceeded prior to the next schedule
examination. Therefore, if volumetric examination data is obtained and analyzed and wall
thinning rates calculated each inspection interval (or other frequency determined to be adequate
based on wall thinning projections), and corrective actions implemented prior to exceeding
minimum acceptable wall thickness, then erosion and erosion/corrosion of the pumps' pressure
boundary components are eftbctively managed.

Degradation of the raw water system pump internal radial bearings from erosion and
erosion/corrosion is effectively managed by vibration monitoring in accordance with the plant's
Preventive Maintenance Program or Surveillance Program, which ever applies. Horizontal,
vertical, axial, and shaft vibration data should be acquired. Torsional vibration data is not
required because erosion of the internal radial bearings will not alter axial torque and torsional
inertia of the rotating members. Therefore, if vibration data is obtained and trended on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then erosion and erosion/corrosion or the pumps' internal radial bearing are effectively managed.
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5.4.7.6 Wear

Detecting the presence of wear associated with the various raw water system pump
subcomponents is achievable through a combination of programs. As subcomponent wear
progresses, the pump operating characteristics will begin to deviate from normally observed
values. Through pump performance monitoring, data acquisition, trending of key operational
parameters and diagnostic analysis, sufficient information will be obtained, prior to failure, so
that planned maintenance activities can be conducted to repair/replace/refurbish the affected pump
subcomponent(s). Visual inspection is also helpful for wear detection in some situations.

For most of the pumps' rotating and mechanical subsystem components, vibration
monitoring in accordance with either the plant's Preventive Maintenance Program or Surveillance
Program, which ever applies, is the most effective method to detect adverse vibration trends due
to wear of these subcomponents. Since some of these raw water system pumps are continuously
operating, permanently installed vibration pickups with monitoring capability would be the
optimum installation; however, this is not a requirement to acquire the necessary vibration data.

For centrifugal pump rotating members (i.e., shaft, impeller, radial bearing, internal radial
bearings, thrust bearing, and coupling) subject to wear, horizontal, vertical, axial, and shaft
vibration data should be acquired. As discussed in Section 5.4.7.1, torsional vibration data is not
required for many of these pumps because they operate intermittently. However, torsional
vibration data should be obtained and analyzed for the large continuously operated raw water
pumps. Also, bearing lubrication samples should be obtained for all of these pumps and
chemically analyzed or the lubrication changed out on a scheduled basis. Another method which
provides pertinent data regarding bearing wear is the monitoring of bearing temperatures. If
permanent instrumentation is installed, bearing temperatures can be monitored by operating
personnel. Otherwise, contact pyrometers and/or thermography should be utilized. Therefore, if
vibration data is obtained and trended and bearing lubrication verified to be satisfactory on a
quarterly basis (or other frequency determined to be adequate by plant-specific operating history),
then wear of the pumps' rotating members is effectively managed.

For the fixed internal wearing components associated with the raw water system
centrifugal pumps, wear is effectively managed through pump performance testing in accordance
with the plants' Preventive Maintenance or Surveillance Testing Program, which ever applies.
As these components wear, a deviation in the pumps' normal developed head and flow rate
characteristics will be observed. This phenomenon will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if normal
operating developed head and flow rate data are obtained and trended on a quarterly basis (or
other frequency determined to be adequate by plant-specific operating history), and compared
against the design pump curve, then wear of the centrifugal pump fixed internal wearing
components is effectively managed.

For the mechanical seal/packing assembly associated with these raw water system pumps,
wear is effectively managed through inspections conducted in accordance with the plants'
Preventive Maintenance Program. As the mechanical seal/packing assembly wears it will begin
to leak fluid. This leakage can be readily detected by visual observation during operator rounds
activities or preventive maintenance inspections. Therefore, if visual inspections are performed
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on a quarterly basis (or other frequency determined to be adequate by plant-specific operating
history), then wear of the pumps' mechanical seal/packing assembly is effectively managed.

5.4.7.7 Fouling

Detecting the presence of fouling associated with raw water system pump, rotating,
pressure boundary, and fixed internal components is achieved through implementation of pump
performance testing in accordance with the plants' Preventive Maintenance Program or
Surveillance Testing Program, which ever applies. Through pump performance monitoring, data
acquisition, trending of key operational parameters and diagnostic analysis, sufficient information
will be obtained so that planned maintenance can be performed to repair, replace, or refurbish
these components. As fouling progresses, a deviation in the pumps' normal developed head and
flow rate characteristics will be observed. Fouling will be detected by trending these operating
parameters and comparing the data against the design pump curve. Therefore, if total developed
head and flow rate data are obtained on a quarterly basis (or other frequency determined to be
adequate by plant-specific operating history), and compared against the design pump curve, then
fouling of the centrifugal pumps' rotating, pressure boundary, and fixed internal components is
effectively managed.
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6. OTHER AGING MANAGEMENT CONSIDERATIONS

The aging mechanisms affecting the various /,Jump components in the scope of this
guideline were discussed in Section 4. Section 5 evaluated each significant aging mechanism
with respect to current maintenance, inspection, trending, and testing programs/techniques. For
the majority of significant aging mechanisms, it was determined that current programs/techniques
are effective in detecting and/or mitigating degradation and in ensuring long-term safe and
reliable operation of these pumps. For the few cases where current programs/techniques do not
adequately detect or mitigate pump degradation caused by the significant aging mechanisms,
additional aging management considerations are required.

The specific pump components, significant aging mechanisms, and pumped fluid services that
warrant further aging management considerations are discussed below.

6.1 Borated Water Service Pumps

From Section 5.4.2.3, IGSCC of various BWR standby liquid control pump components
and PWR boric acid transfer pump components is not effectively managed by current plant
programs/techniques. Therefore, the plants' Preventive Maintenance Program should require that
once each ten-year inspection interval, at least one pump of each type be opened up for
inspection. Surface examinations, in accordance with equivalent criteria as established in ASME
Section XI,[6.1 ] should be performed on the internal pump components identified as susceptible
to IGSCC. The reciprocating Standby Liquid Control System pump components which must be
examined are the piston/plunger, internal valve, miscellaneous structural components, and wearing
components. The centrifugal Boric Acid Transfer System pump components which must be
examined are the .flow guides, miscellaneous structural components, and wearing components.

6.2 Treated Water Service Pumps

From Section 5.4.3.4, IGSCC of the BWR and PWR residual heat removal pump fixed

internal components, manufactured from stainless or high alloy steel, is not effectively managed
by current plant programs/techniques. Therefore, me plant Preventive Maintenance Program
should require that once each ter,.year inspection interval, at least one RHR pump be opened up
for inspection. Surface examinations, in accordance with equivalent criteria as established in
ASME Section XI,[6.1] should be performed on the fixed internal wearing components, flow
guides, and miscellaneous structural components that are made from stainless and high alloy steel
materials.

From Sections 5.4.3.4 and 5.4.4.4, IGSCC and TGSCC of the treated water system pump
miscellaneous structural components and wearing components manufactured from wrought bronze
or brass containing >15% zinc is not effectively managed by current plant programs/techniques.
Therefore, the Plant Preventive Maintenance Program should require that once each ten-year
inspection interval, at least one pump in each of the treated water systems (BWR-CRD, RHR,
FPC, Core Spray, HPCI and RCIC/PWR-Primary Makeup, RHR, FPC, AFW, SI, Containment
Recirculation, and Containment Spray) be opened up for inspection. Surface examinations, in
accordance with equivalent criteria as established in ASME Section XI,[6.1] should be performed
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on the fixed internal miscellaneous structural components and wearing components that are made
from wrought bronze or brass materials.

From Sections 5.4.3.2 and 5.4.4.2, general and galvanic corrosion of the treated water
system pump fixed internal components, manufactured t'rom carbon and low alloy steel, cast iron,
bronze and/or brass is not effectively managed by current plant programs/techniques. Therefore,
the plants' Preventive Maintenance Program should require that once each ten-year inspection
interval, at least one pump in each treated water system (BWR-CRD, RHR, FPC, Core Spray,
HPCI and RCIC/PWR-Primary Makeup, RHR, FPC, AFW, Containment Recirculation, and
Containment Spray) be opened up for inspection. Visual examinations, in accordance with
equivalent criteria (i.e., VT-3) as established in ASME Section XI,[6.1] should be performed on
the fixed internal components that are made from these materials.

6.3 Closed Cooling Water Pumps

From Section 5.4.5.2, general corrosion of the closed cooling water system pump fixed
internal components, manufactured from carbon and low alloy steel, cast iron, bronze, and/or
brass is not effectively managed by current plant programs/techniques. Therefore, the plant
Preventive Maintenance Program should require that once each ten-year inspection interval, at
least one pump in each closed cooling water system be opened up for inspection. Visual
examinations, in accordance with equivalent criteria (i.e., VT-3) as established in ASME Section
XI,[6.1] should be performed on the fixed internal components that are made from these
materials.

From Section 5.4.5.3, IGSCC and TGSCC of the closed cooling water system pump
miscellaneous structural components and wearing components manufactured from wrought bronze
or brass containing >15% zinc is not effectively managed by current plant programs/techniques.
Therefore, the plant Preventive Maintenance Program should require that once each ten-year
inspection interval, at least one pump in each closed cooling water system be opened up for
inspection. Surface examinations, in accordance with equivalent criteria as established in ASME
Section XI,[6.1] should be pertormed on the fixed internal miscellaneous structural components
and wearing components that are made from these materials.

6.4 Lubrication and Fuel Oil Pumps

From Section 5.4.6.2, general corrosion of the lubrication and fuel oil system pump fixed
internal components, manufactured from carbon and low alloy steel and cast iron is not
effectively managed by current plant programs/techniques. Therefore, the plant Preventive
Maintenance Program should require that once each ten-year inspection interval, at least one
pump in each lubrication and fuel oil system be opened up tk_rinspection. Visual examinations,
in accordance with equivalent criteria (i.e., VT-3) as established in ASME Section XI,[6.1] should
be performed on the fixed internal components that are made from these materials.
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6.5 Raw Water Service Pumps

From Section 5.4.7.2; 1) general and galvanic corrosion of the raw water system pump
fixed internal components, manufactured from carbon and low alloy steel, cast iron, bronze and/or
brass and; 2) general corrosion of the raw water system pump fixed internal components,
manufactured from stainless and high alloy steel, are not effectively managed by current plant
programs/techniques. Therefore, the plant Preventive Maintenance Program should require that
once each ten-year inspection interval, at least one pump in each raw water system be opened
up for inspection. Visual examinations, in accordance with equivalent criteria (i.e., VT-3) as
established in ASME Section XI,[6.1] should be performed on the fixed internal components that
are made from these materials.

From Section 5.4.7.4; 1) IGSCC of the raw water system pump flow guides, suction
strainers, miscellaneous structural components, and wearing components manufactured from
stainless and high alloy steel and; 2) IGSCC and TGSCC of the raw water system pump
miscellaneous structural components and wearing components manufactured from wrought bronze
or brass containing >15% zinc are not effectively managed by current plant programs/techniques.
Therefore, the Plant Preventive Maintenance Program should require that once each ten-year
inspection interval, at least one pump in each raw water system be opened up for inspection.
Surface examinations, in accordance with equivalent criteria as established in ASME Section XI,
[6.1] should be performed on the fixed internal components made from these materials.

6.6 References

6.1 ASME B&PV Code Section XI, "Rules for Inservice Inspection of Nuclear Power
Plant Components," 1989 Edition, 1991 Addenda.
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APPENDIX A

DEFINITIONS[A.1]

accelerated aging artificial aging in which the simulation of natural aging approximates, in a
short time, the aging effects of longer-term service conditions

acceptance criterion specified limit of a functional or condition indicator used to assess the
ability of an SSC* to perform its design function

age (noun) time from fabrication of an SSC to a stated time

age conditioning simulation of natural aging effects in an SSC by the application of any
combination of artificial and natural aging

age-related degradation synonym for aging degradation

aging (noun) general process in which characteristics of an SSC gradually change with time or
use

aging assessment evaluation of appropriate information for determining the effects of aging on
the current and future ability of SSCs to function within acceptance criteria

aging degradation aging effects that could impair the ability of an SSC to function within
acceptance criteria

aging effects net changes in characteristics of an SSC that occur with time or use and are due
to aging mechanisms

aging management engineering, operations, and maintenance actions to control within
acceptable limits aging degradation and wearout of SSCs

aging mechanism specific process that gradually changes chara_ teristics of an SSC with time
or use

artificial aging simulation of natural aging effects on SSCs by application of stressors
representing plant pre-service and service conditions, but perhaps different in intensity, duration,
and manner of application

breakdown synonym for complete failure

characteristic property or attribute of an SSC (such as shape, dimension, weight, condition
indicator, functional indicator, performance or mechanical, chemical, or electrical property)

:¢

SSC = system, structure, or component
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combined effects net changes in characteristics of an SSC produced by two or more stressors

common cause failure two or more failures due to a single cause

common mode failure two or more failures in the same manner or mode due to a single cause

complete failure failure in which there is complete loss of function

condition the state or level of characteristics of an SSC that can affect its ability to perform a
design function

condition surrounding physical state or influence that can affect an SSC

condition indicator characteristic that can be observed, measured, or trended to infer or directly
indicate the current and future ability of an SSC to function within acceptance criteria

condition monitoring observation, measurement, or trending of condition or functional
indicators with respect to some independent parameter (usually time or cycles) to indicate the
current and future ability of an SSC to function within acceptance criteria

condition trending synonym for condition monitoring

corrective maintenance actions that restore, by repair, overhaul, or replacement, the capability
of a failed SSC to function within acceptance criteria

degradation immediate or gradual deterioration of characteristics of an SSC that could impair
its ability to func,tion within acceptance criteria

degraded condition marginally acceptable condition of an unfailed SSC that could lead to a
decision to perform planned maintenance

degraded failure failure in which a functional indicator does not meet an acceptance criterion,
but design function is not completely lost

design basis conditions synonym lor design conditions

design basis event any of the events specified in the station's safety analysis that are used to
establish acceptable performance for safety-related functions of SSCs; events include anticipated
transients, design basis accidents, external events, and natural phenomena

design basis event conditions service conditions produced by design basis events

design basis event stressor stressor that stems from design basis events and can produce
i

immediate or aging degradation beyond that produced by normal stressors

design conditions specified service conditions used to establish the specifications of an SSC
(generally includes margin of conservatism beyond expected service conditions)
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design life period during which an SSC is expected to function within acceptance criteria

design service conditions synonym for design conditions

deterioration synonym for degradation

diagnosis examination and evaluation of data to determine either the condition of an SSC or the
causes of the condition

diagnostic evaluation synonym for diagnosis

environmental conditions ambient physical states surrounding an SSC

error.induced aging degradation aging degradation produced by error-induced conditions

error.Induced conditions adverse pre-service or service conditions produced by design,
fabrication, installation, operation, or maintenance errors

error.induced stressor stressor that stems from error-induced conditions and can produce
immediate or aging degradation beyond that produced by normal stressors

failure inability or interruption of ability of an SSC to function within acceptance criteria

failure analysis systematic process of determining and documenting the mode, mechanism,
causes, and root cause of failure of an SSC

failure cause circumstances during design, manufacture, test, or use that have led to failure

failure evaluation synonym for failure analysis

failure mechanism physical process that results in failure

failure mode the manner or state in which an SSC fails

failure modes and effects analysis systematic process for determining and documenting
potential failure modes and their effects on SSCs

failure trending recording, analyzing, and extrapolating in-service failures on an SSC with
respect to some independent parameter (usually time or cycles)

functional conditions influences on an SSC resulting from the performance of design functions
(operation of a system or component and loading of a structure)

functional indicator condition indicator that is a direct indication of the current ability of an
SSC to function within acceptance criteria
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inservlce Inspection methods and actions forassuring the structural and pressure-retaining
integrity of safety-related nuclear power plant components in accordance with the rules of this
Section [ASME Code, Section XII

Inservlce life synonym for service life, (especially in discussions involving ASME Code Section
XI)

inservice test a test to determine the operational readiness of a component or system [ASME
Code, Section XII

inspection synonym for surveillance

installed life period from installation to retirement of an SSC

life period from fabrication to retirement of an SSC

life assessment synonym for aging assessment

life cycle management synonym for life management

life management integration of aging management and economic planning to: (1) optimize the
operation, maintenance, and useful life of SSCs; (2) maintain an acceptable level of perfor_.nce
and safety; and (3) maximize return on investment over the useful life of the plant

lifetime synonym for life

maintenance aggregate of direct and supporting actions that detect, preclude, or mitigate
degradation of a functioning SSC, or restore to an acceptable level the design functions of a
failed SSC

malfunction synonym for failure

mean lime between failures arithmetic average of operating times between failures of an item
[IEEE Std 100]

natural aging aging of an SSC that occurs under pre-service and service conditions, including
error-induced conditions

normal aging natural aging from error-flee pre-service or service conditions

normal aging degradation aging degradation produced by normal conditions

, normal conditions operating conditions of a properly designed, fabricated, installed, operated
and maintained SSC excluding design basis event conditions

normal operating conditions synonym for normal conditions
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normal stressor stressor that stems from normal conditions and can produce aging mechanisms
and effects in an SSC

operating conditions service conditions, including normal and error-induced conditions, prior
to the start of a design basis accident or earthquake

operating service conditions synonym for operating conditions

operational conditions synonym for functional conditions

overhaul (noun) extensive repair, refurbishment, or both

performance Indicator synonym for functional Indicator

periodic maintenance form of preventive maintenance consisting of servicing, parts
replacement, surveillance, or testing at predetermined intervals of calendar time, operating time,
or number of cycles

planned maintenance form of preventive maintenance consisting of refurbishment or
replacement that is scheduled and performed prior to failure of an SSC

post-maintenance testing testing after maintenance to verify that maintenance was performed
correctly and that the SSC can function within acceptance criteria

preconditioning synonym for age conditioning

predictive maintenance form of preventive maintenance performed continuously or at intervals
governed by observed condition to monitor, diagnose, or trend an SSC's functional or condition
indicators; results indicate current and future functional ability or the nature and schedule for
planned maintenance

premature aging aging effects of an SSC that occur earlier than expected because of errors or
pre-service and service conditions not considered explicitly in design

pre-service conditions actual physical states or influences on an SSC prior to initial operation
(e.g., fabrication, storage, transportation, installation, and pre-operational testing)

preventive maintenance actions that detect, preclude, or mitigate degradation of a functional
SSC to sustain or extend its useful life by controlling degradation and failures to an acceptable
level; there are three types of preventive maintenance: periodic, predictive, and planned.

qualified life period for which an SSC has been demonstrated, through testing, analysis, or
experience, to be capable of functioning within acceptance criteria during specified operating
conditions while retaining the ability to perform its safety functions in a design basis accident
or earthquake
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random failure any failure whose cause or mechanism, or both, make its time of occurrence
unpredictable [IEEE Std 100]

reconditioning synonym for overhaul

refurbishment planned actions to improve the condition of an unfailed SSC

remaining design life period from a stated time to planned retirement of an SSC

remaining life actual period from a stated time to retirement of an SSC

remaining service life synonym for remaining life

remaining useful life synonym for remaining life

repair actions to return a failed SSC to an acceptable condition

replacement removal of an undegraded, degraded, or failed SSC or a part thereof and
installation of another in its place that can function within the original acceptance criteria

residual life synonym for remaining life

retirement final withdrawal from service of an SSC

rework correction of inadequately performed fabrication, installation, or maintenance

root cause fundamental reason(s) for an observed condition of an SSC that if corrected prevents
recurrence of the condition

root cause analysis synonym for failure analysis

service conditions actual physical states or influences during the service life of an SSC,
including operating conditions (normal and error-induced), design basis event conditions, and post
design basis event conditions

service life actual period from initial operation to retirement of an SSC

servicing routine actions (including cleaning, adjustment, calibration, and replacement of
consumable) that sustain or extend the useful life of an SSC

simultaneous effects combined effects from stressors acting simultaneously

stress synonym for stressor

stressor agent or stimulus that stems from pre-service and service conditions and can produce
immediate or aging degradation of an SSC
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surveillance observation or measurement of condition or functional indicators to verify that an
SSC currently can function within acceptance criteria

surveillance requirements test, calibration, or inspection to assure that the necessary quality
of systems and components is maintained, that facility operation will be within the safety limits,
and that the limiting conditions of operation will be met [ 10 CFR 50.36] (for use only when
specific regulatory and legal connotations are called for)

surveillance testing synonym for surveillance, surveillance requirements, and testing (use
only when specific regulatory and legal connotations are called for)

synergistic effects portion of changes in characteristics of an SSC produced solely by the
interaction of stressors acting simultaneously, as distinguished fi'om changes produced by
superposition from each stressor acting independently

testing observation or measurement of condition indicators under controlled conditions to verify
that an SSC currently conforms to acceptance criteria

time in service time from initial operation of an SSC to a stated time

useful life synonym for service life

wearout failure produced by an aging mechanism

References

A. 1 EPRI TR-100844, "Nuclear Power Plant Common Aging Terminology," prepared
by MPR Associates, Inc., November 1992.
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APPENDIX B
ACRONYMS

AFW Auxiliary feedwater

AMG Aging Management Guideline

ARP Annunciator response procedure

ASME American Society of Mechanical Engineers

BAT Boric Acid Transfer

BEP Best efficiency point

BL NRC Bulletin

BWR Boiling Water Reactor

B&PVC ASME Boiler and Pressure Vessel Code

C NRC Circular

CCP Centrifugal charging pump

CCW Component Cooling Water System

CFR Code of Federal Regulations

Cr Chrome

CRD Control rod drive

CS Containment spray

CVCS Chemical and Volume Control System

DOE U.S. Department of Energy

dpa Displacements per atom

ECC Emergency Core Cooling

ECCS Emergency Core Cooling System

EECW Emergency equipment closed cooling water

EPRI Electric Power Research Institute

ESF Engineered safety feature

ESW Emergency/essential service water

FPC Fuel pool cooling

FSAR Final Safety Analysis Report

GL NRC Generic Letter

HPCI High-Pressure Coolant Injection
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IASCC Irradiation assisted stress corrosion cracking

IGSCC Intergranular stress corrosion cracking

IN NRC Information Notice

INPO Institute for Nuclear Power Operations

IPA Integrated Plant Assessment

IR Industry Report

LCM Life Cycle Management

LCO Limiting condition for operation

LER Licensee Event Report

LOCA Loss-of-coolant accident

LPCI Low-Pressure Coolant Injection

LWR Light Water Reactor

MIC Microbiological Influenced Corrosion

MTBF Mean time between failure

NMAC Nuclear Maintenance Application Center (EPRI)

NPAR Nuclear Plant Aging Research (NRC sponsored)

NPRDS Nuclear Plant Reliability Data System (INPO)

NPSH Net positive suction head

NRC U.S. Nuclear Regulatory Commission

NUMARC Nuclear Management and Resources Council

O&M Operations and maintenance

PAN Polyacrylonitrile

PLIM Plant Lifetime Improvement

PM Preventive maintenance

ppm Parts per million

PVC Polyvinyl chloride

PWR Pressurized Water Reactor

RBCCW Reactor building closed cooling water

RCIC Reactor Core Isolation Cooling

RCS Reactor Coolant System

RHR Residual heat removal
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RHRSW Residual heat removal service water

RWCU Reactor Water Cleanup

SCs Structures and components

SCC Stress corrosion cracking

SHE Standard hydrogen electrode

SI Safety Injection

SLC Standby Liquid Control

SNL Sandia National Laboratories

SOER Significant Operating Experience Report

SS Stainless steel

SSCs Systems, structures, and components

SSU Saybolt Seconds Universal

SW Service Water

TGSCC Transgranular stress corrosion cracking
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Bethesda, MD 20814
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Distribution for Mechanical AMGs (Con't)

Vic Miselis

Westinghouse Electric Corporation
P.O. Box 355
Pittsburgh, PA 15230

Gilbert/Commonwealth, Inc.
Library and Information Services
P.O. Box 1498

Reading PA 19603-1498

Ahmed Meligi (24D39)
Sargent & Lundy Engineers
55E. Monroe Street

Chicago, IL 60603

Hunt Armistead (2 copies)
City of Austin, Electrical Department
721 Barton Springs Road
Austin, Texas, 78704

Sandia (Internal)

MS 0736 N. R. Ortiz (6400)
MS 0744 W. A. von Riesemann (6403)
MS 0741 A. K. Moonka (6471)
MS 0741 J. M. Clauss (6471)
MS 0741 J. T. Nakos (6471) (10 copies)
MS 0741 S. T. Rosinski (6471)
MS 0753 R. R. Hill (6218)
MS 0899 Technical Library (7141)(5 copies)
MS 0619 Technical Publications (7151)
MS 9018 Central Technical Files (8523-2)
MS 0100 Document Processing for

DOE/OSTI (10 copies)
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