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3. piping [(2)ARDG-PIPING-CS, (2)ARDG-PIPING-EXH-CS, (2)ARDG-PIPING-EXH- 
DRAIN-CS, (2)ARDG-PIPING-LO-CS] 

AMM20 
Revision 0 

Page 6 of 41 

4. pumps [(2)ARDG COOLING WATER PUMP CASING] 
5. silencer [(2)ARDG-SILENCER] 
6. tank [(2)ARDG-SURGE-TANKS-CS] 

Components in the IP2 ARDG system that are included in this AMR are those that maintain the 
cooling water pressure boundary from the diesel to the jacket water and aflercooler heat 
exchangers and the return to the diesel, the lube oil system, and the air intake and exhaust 
piping from the diesel to the atmosphere outside the IP1 turbine building. The ARDG elastomer 
flex hoses, elastomer expansion joints, and disposable filters (oil and air) are periodically 
replaced. Therefore, the flex hoses, expansion joints and disposable filters are not subject to 
aging management review. The filter housings are subject to aging management review. 
(Ref. 9, 12) 

The components included in this report have the ARDG system code in the component 
database. No components with any other system code are included in this report. Fuel oil 
system components associated with IP2 ARDG are evaluated in IP-RPT-06-AMM21, Fuel Oil 
Systems. 

Some equipment in the ARDG system is insulated. For the evaluation of insulation, refer to IP- 
RPT-06-AMC04, Aging Management Review of Bulk Commodities. (Ref. 8) 

A list of ARDG system mechanical components subject to aging management review is included 
in License Renewal Information System (LRIS) report, "Attachment 1 Passive Components by 
AMRR," for IP-RPT-06-AMM20. Flow diagrams associated with these systems, highlighted to 
identify components requiring aging management review, are available as drawings: (Ref. 12) 

IPEC Unit 2 

To be determined 
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Aging mechanism applies when ... 
environment 8s outdoor air. condensation. or soil ana materla ,s in electrolvtic contact wlth 
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23 
24 
25 

26 
1 is condensation, soil, or outdoor air with potential for pooling. 
1 carbon steel is in a system containing boric acid. 27 

~, ~~~ ~~~~ ~~ 

dissimilar metals higher in'the galvanic series. 
environment is outdoor air, condensation, or soil. 
environment is soil. 
material is gray cast iron and environment is condensation, soil, or outdoor air with potential 
for pooling. 
material is uninhibited, contains >15%Zn, or is aluminum bronze with >8%AI and environment 

28 environment is indoor air or outdoor air with exposure to sunlight, fluorescent lighting, ozone 
or ionizing radiation. 



IPEC License Renewal Project 

Aging Management Review of the IP2 SBO and Appendix R Diesel 
Generator System 

3.1 

The following table lists internal environments for ARDG system components. Subsequent 
subsections document the determination of aging effects requiring management for specific 
component materials in these environments. Internal environment descriptions are in IPEC- 
LRPG-04. (Ref. 3) 

Internal Aaina Effects Applicable to the ARDG System 
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AMM20 
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Internal 
Environment 

air - indooi 

condensation 

exhaust gas 

ube oil 

:reated water 

Nominal Internal 

5 105°F (Ref. 4, 17) 
IP1 turbine building 

C 105°F (Ref. 4) IP1 
turbine building 

Approximately 1000°F 
(Ref. 20) 

C 200°F (Ref. 20) 

C 190°F 
(Ref. 19, 20, 21,22) 

Discussion 

air intake filter housing 

maximum temperatures 
assumed the same as 
shown in references for 
comparable buildings 

exhaust system drain 
piping and valve 

engine exhaust 
subsystem 

lube oil pump casing, 
filter housing, and piping 

carbon steel diesel 
cooling water 
subsystem 

Major Components 

2)ARDG-EXH-FLEX 
:ONN-SS, (2)ARDG- 
'IPING-EXH-CS, and 
2)ARDG-SILENCER 

2)ARDG-PIPING-LO- 
:S, (2)ARDG-LO- 
'UMP CASING-CS 

2jARDG-PIPING-CS, 
2jARDG COOLING 
YATER PUMP 
:ASING 
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I Components 
Cracking 1 Thermal fatigue ! Y[I]/NmU) 

General corrosion Y 
Galvanic corrosion Y[7/Na(2) 
Crevice corrosion Y 
- Erosion YOINm(3) 

Flow-accelerated corrosion YIT]/Nm(4) 

Ym/N[I](17) 
Microbiologically influenced 
corrosion (MIC) 

Selective leaching Yu/Nm(5)  
Pitting corrosion Y 

Loss of material 

3.1.2 Carbon Steel Internal Surfaces Exposed to Air-Indoor 

The intake air filter housing is carbon steel. See LRIS report, “Attachment 1 Passive 
Components by AMRR,” for IP-RPT-06-AMM20(2) for a list of carbon steel components, 
(Ref. 18) 

Applicable to I AGING EFFECT ~ AGING MECHANISM ARDG System 
1 components 

Cracking 1 Thermal fatigue 1 Y[?/Na(I) 

I Y I 1 Loss of material 1 General corrosion 
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Applicable to 
AGING EFFECT AGING MECHANISM ARDG System 

Components 
Cracking Thermal fatigue YC]/NH3(1) 

General corrosion Y 
Galvanic corrosion Y n l N H ( 2 )  
Crevice corrosion Y 
Erosion Y n l N R ( 3 )  . 

Loss of material Flow-accelerated corrosion Yn lNm(4)  

YmlNII](17) 
Microbiologically influenced 
corrosion (MIC) 
Pitting corrosion Y 
Selective leaching Yu lNm(5)  

Fouling nla YmlNn(20)  



IPEC License Renewal Project 

Aging Management Review of the IP2 SBO and Appendix R Diesel 
Generator System 

IP-RPT-06- 
AMM20 

Revision 0 
Page 12 of 41 

Loss of material 

AGING EFFECT 

3.1.5 

Lube oil filter housing, piping, pump casing, and valves are carbon steel. See LRlS report, 
"Attachment 1 Passive Components by AMRR," for IP-RPT-06-AMM20(2) for a list of carbon 
steel components. (Ref. 18) 

Carbon Steel Internal Surfaces Exposed to Lube Oil 

Loss of material 

Applicable to 
AGING MECHANISM ARDG Svstem 
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3.1.6 Stainless Steel Internal Surfaces Exposed to Exhaust Gas 

Diesel engine exhaust flexible connectors are stainless steel. See LRlS report, "Attachment 1 
Passive Components by AMRR," for IP-RPT-06-AMM20(2) for a list of stainless steel 
components. (Ref. 18) 

IP-RPT-06- 
AMM20 
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Applicable to 
1 AGING EFFECT AGING MECHANISM ARDG System 

1 AGINGEFFECT ~ AGING MECHANISM 

Loss of material 

Applicable to 
ARDG System 

Microbiologically influenced 
corrosion (MIC) 
Pitting corrosion 
Selective leaching 

Cracking 

Loss of material 
YH/N[7(17) 

Y 
YH/NC](12) 

Stress corro:: 
Galvania 

AGING EFFECT 

Crevice 
Erosion 

Applicable to 
AGING MECHANISM ARDG System 

Components 

Hydrolytic attack Change in material 
properties 

3.1.8 Glass Internal Surfaces 

Sight glasses in this system are exposed to treated water. See LRlS report, "Attachment 1 
Passive Components by AMRR," for IP-RPT-06-AMM20(2) for a list of glass components. 
(Ref. 12) 

YC]IN(YI(18) 
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3.2 

The IP2 ARDG jacket and aftercooler water heat exchangers are shell and tube heat 
exchangers. City water (e 95°F) flows through the stainless steel tubes and treated water (> 
140°F) flows through the carbon steel shell. (Ref. 23) 

The bonnet (end channel) is the same material as the shell [carbon steel]. 

The carbon steel bonnet (end channel) is exposed to the same internal environment as the 
tubes. 

The tube sheet is the same material as the bonnet and shell [carbon steel] and is exposed to 
the same environments. Therefore, the tube sheet is not listed as a specific component type. 

See LRIS report, "Attachment 1 Passive Components by AMRR," for IP-RPT-06-AMM20(2) for a 
list of heat exchanger components and materials. 

IP2 ARDG Jacket Water and Aftercooler Heat Exchansers Auinu Effects 
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COMPONENT 

~ 

Stress corrosionAGA 
Thermal fatigue 

Crevice corrosion 
Erosion 

Microbiologically 
influenced corrosion 

1Mlt.l 

Heat exchanger 
tube internal 

surfaces 

Applicable to ARDG 
System Components 

Yn/N@ (7) 
YC]/NH (8) 

Y 
YC]/NH (3) 

Ym/NC](17) 

Heat exchanger 
tube external 

surfaces 

Reduction in fracture 
toughness 

Fouling 

Cracking 

Loss of material 

AGING EFFECT 

Pitting corrosion Y 

YC]/NH (9) 

nla YR/N[7(20) 
Stress corrosion/lGA Y H / N n  (7) 

YC]/NH (8) 

Erosion YC]/NH (3) 

influenced corrosion Y H / N n ( I  7 )  

Thermal embrittlement 

Thermal fatigue 
Crevice corrosion Y 

Microbiologically 

(MIC) 

Cracking 

Wear 

Loss of material 

Y 

Thermal embrittlement Reduction in fracture 
toughness YC] lNB (9) 

I Pittinu corrosion I Y I 
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Heat exchanger 
shell internal 

surfaces 

Crevice corrosion 

Heat exchanger 
bonnet internal 

surfaces 

Y 

Applicable to ARDG AGING EFFECT 

Erosion 

Cracking 1 Thermal fatigue 1 Y n / N E ( I )  

Yn/NE3(3) 

Y 

YOfNH(2 )  
I I General corrosion 

Galvanic corrosion 

- - 

. .- . 

Microbiologically 
influenced corrosion 

( M U  
Y(YI/Nm(17) 

1 Yc]/Nm(4) 
! Flow-accelerated 

Loss of material corrosion 

Cracking 

Loss of material 

1 Pitting corrosion I Y 

Selective leachin 
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3.3 

The lube oil cooler [(2)ARDG-LOC] heat exchanger is a small shell and tube heat exchanger. 
Treated water (< 190°F) flows through the copper alloy tubes and lube oil (< 20O"F)l flows 
through the carbon steel shell. (Ref. 18) Since the cooler is small and does not have high 
flows, wear of the tubes is not a potential aging effect. 

The bonnet (end channel) is the same material as the shell. The bonnet (end channel) is 
exposed to the same internal environment as the tubes. 

The tube sheet is the same material as the tubes and is exposed to the same environments. 
Therefore, the tube sheet is not listed as a specific component type. 

See LRlS report, "Attachment 1 Passive Components by AMRR," for IP-RPT-06-AMM20(2) for a 
list of heat exchanger components and materials. 

IP2 ARDG Lube Oil Cooler Heat Exchanaer Aainq Effects 
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COMPONENT 

I== 
AGING EFFECT 

Cracking 

Heat exchanger 
tube internal 

surfaces 

Applicable to ARDG 
System Components 

Stress corrosion/lGA Yc]/Nm(l1) 

Galvanic corrosion YmINm(2) 

Crevice corrosion Y 

Erosion Yn/N&3) 

Heat exchanger 
tube external 

surfaces 

Fouling 

Cracking 

nla Ym/Nn(20)  

Stress corrosionllGA YIZ]/Nm(l 1) 

Crevice corrosion Y 

Microbiologically 

(ME) I Of material influenced corrosion i Ym/Nn(17) 

Selective leaching 

Wear 

bittina corrosion I Y I 

Yn/Nm(12)  

N 

Fouling 

Microbiologically 
influenced corrosion 

Pitting corrosion 
Loss of material 

n/a Ym/NC](20) 
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COMPONENT 
TYPE 

Heat exchanger 
shell internal 

surfaces 

Heat exchanger 
bonnet internal 

surfaces 

Loss of material 

Loss of material 



IPEC License Renewal Project 

Aging Management Review of the IP2 SBO and Appendix R Diesel . . . . . -. -. . . 

Generator System 1 Page18of41 1 

IP-RPT-06- 
AMM20 

Revision 0 

3.4 Turbocharqer Aflercooler Aqinq Effects 

The turbocharger aftercooler is an enclosed housing unit with copper alloy (45% Zn assumed) 
cooling coils (tubes). The carbon steel housing (identified as component type shell) provides 
support for the cooling coils and pressure boundary for intake air. Treated water at ~220°F 
flows through passageways in the housing (shell) and through the tubes. External surfaces of 
the tubes and internal surfaces of the housing are exposed to air - indoor. 
(Ref. 20, 22) 

The aluminum fins are exposed to the same external environment as the tubes. The tubes are 
short spans of straight tubes with fins that are not subject to wear on their external surfaces due 
to the short periods of time the ARDG is in operation. See LRIS report, “Attachment 1 Passive 
Components by AMRR,” for IP-RPT-06-AMM20(2) for a list of heat exchanger components and 
materials. 

internal surfaces 

external surfaces 
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3.5 

Insulation, if used on stainless steel components in this system is free of contaminants that 
could cause cracking of stainless steel. (Ref. 14) 

The following table lists external environments for ARDG system components. 
environment descriptions are in LRPG-04 (Ref. 3). 

External Asinq Effects Applicable to ARDG System Components and Bolting 

External 

IP-RPT-OB- 
AMMZO 

Revision 0 
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External 
Environment 

-15°F to 93°F (Ref. 4) 

air - indoor 

outside temperature 
ran e air - outdoor 

1 maximum temperatures 
assumed the same as 
shown in references for C 105°F (Ref. 4 1 7 )  IP1 1 . 

1 comparable buildings 

Major Components 
(see Section 2.0) 

(2)ARDG-EXH-FLEX 
CONN-SS, (2)ARDG- 
PIPING-CS, (2)ARDG- 
PIPING-EXH-CS, 
(2)ARDG-PIPING-EXH- 
DRAIN-CS, (2)ARDG- 
PIPING-LO-CS, 
(2)ARDG-COOLING 
WATER PUMP 
CASING, and f2)ARDG- 
SILENCER 

(2)ARDG-PIPING-EXH- 
cs 

Materials of components in the ARDG system are identified in the subsections of Section 3.1. 
The following sections document the determination of aging effects requiring management for 
specific component materials in external environments. Pressure retaining bolting in this 
system may be carbon steel or stainless steel and is exposed to the same external 
environments. 
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MATERIAL f 
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Revision 0 
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Carbon 
steel 

AGING EFFECT AGING MECHANISM 
Applicable to 
ARDG System 

Loss of material 

Loss of material 

Loss of material 

AGING EFFECT AGING MECHANISM 

3.5.2 Air - Outdoor External Environment 

Applicable to 
ARDG System MATERIAL 

Garbon steel Loss of material 
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Section 2.0 describes components of the ARDG systems that are subject to aging management 
review. For those components, Section 3.0 documents the determination of aging effects 
requiring management. The aging management review is completed by demonstrating that 
existing programs, when continued into the period of extended operation, can manage the aging 
effects identified in Section 3.0. No further action is required for license renewal when the 
evaluation of an existing program demonstrates that it is adequate to manage the aging effect 
such that corrective action may be taken prior to loss of the system intended functions. 
Alternately, if existing programs cannot be shown to manage the aging effects for the period of 
extended operation, then action will be proposed to augment existing or create new programs to 
manage the identified effects of aging. 

Demonstration for the purposes of this license renewal technical evaluation is accomplished by 
establishing a clear relationship among 

1) the components under review, 

2) the aging effects on these items caused by the material-environment-stress 
combinations which, if undetected, could result in loss of the intended function such that 
the system could not perform its function(s) within the scope of license renewal in the 
period of extended operation, and 

3) the credited aging management programs whose actions serve to preserve the system 
intended function(s) for the period of extended operation. 

Attachment 2 lists component types and identifies the aging effects requiring management for 
each material and environment combination. The Bolting Integrity Program, External Surfaces 
Monitoring Program, Heat Exchanger Monitoring Program, Oil Analysis Program, Periodic 
Surveillance and Preventive Maintenance Program, Selective Leaching Program, and Water 
Chemistry Control - Closed Cooling Water Program in combination will manage the effects of 
aging, thereby precluding loss of the intended functions of the system. Sections 4.1 through 4.7 
provide the clear relationship between the component, the aging effect, and the aging 
management program actions that preserve the intended functions for the period of extended 
operation. Section 4.8 identifies applicable time-limited aging analyses. For a comprehensive 
review of programs credited for license renewal of IPEC and a demonstration of how these 
programs will manage aging effects, see IPEC Report IP-RPT-06-LRD07, Aging Management 
Program Evaluation Results - Non-Class 1 Mechanical. (Ref. 10) 

4.1 Boltinq lntearity Proqram 

Activities under the Bolting Integrity Program include periodic inspection, material selection, 
thread lubricant control, assembly and torque requirements, and repair and replacement 
requirements. For the IP2 SBO and Appendix R diesel generator system, the Bolting Integrity 
Program manages loss of material for carbon steel and stainless steel bolted connections 
exposed to indoor and outdoor air through inspections for leakage and loss of material. 
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Flexible connectors 

Exhaust drain 
piping and valve 

Periodically inspect: 
Internal surfaces of 
ARDG turbocharger 

the tubes and fins 

aftercooler housing 

Periodically inspect: 
Internal surfaces of 
the jacket water 
heat exchanger 
carbon steel bonnet 
internal inspection 
of the jacket water 
heat exchanger 
stainless steel 

Parameters 
- Monitored 

Cracking and 
surface 
condition for 
crevice or 
pitting 
corrosion; 
also general 
corrosion for 
carbon steel 
components 

fouling and 
loss of 
naterial 

-0SS of 
naterial 

.oss of 
naterial and 
ouling 

Detection of Aging 

Every 5 years, visually 
inspect a sample of the 
internal surfaces of diesel 
exhaust gas components 
to manage cracking and 
loss of material. 

Visually inspect every 5 
years for fouling and loss 
of material, as applicable. 

Visually inspect every 5 
years for fouling and loss 
3f material, as applicable 

Acceptance Criteria 
==_ 

No detectable 
cracking or significant 
corrosion 

No detectable fouling 
deposits or loss of 
material 

No detectable fouling 
deposits or loss of 
material 

This program applies to component types indicated on Attachment 2. For additional information 
on this program, see IP-RPT-06-LRD07, Aging Management Program Evaluation Results - 
Non-Class 1 Mechanical. (Ref. I O )  
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Aging Management Review of the lP2 SBO and Appendix R Diesel 

5.0 Summary and Conclusions 

The following aging management programs address the aging effects requiring management for 
the ARDG system. 

Bolting Integrity Program 

External Surfaces Monitoring Program 

Heat Exchanger Monitoring Program 

Oil Analysis Program 

Selective Leaching Program 

Periodic Surveillance and Preventive Maintenance Program 

Water Chemistry Control - Closed Cooling Water Program 

For additional review of programs credited for license renewal of IP-RPT-06-LRD07, Aging 
Management Program Evaluation Results - Non-Class 1 Mechanical. (Ref. I O )  

Attachment 2 contains the aging management review results for the ARDG System 

In conclusion, programs described in Section 4.0 will provide reasonable assurance that the 
effects of aging on the ARDG system will be managed such that the intended functions will be 
maintained consistent with the current licensing basis throughout the period of extended 
operation. 
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