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1. ISSUE IDENTIFICATION:
1.1 Notification (Order)#: 20460078 (70109482 Op 0010)

1.2 OpEval #: 10-005_ Revision: 0

General Information:

1.3 Affected Station(s): Salem

1.4 Unit(s): 2

1.5 System: Auxiliary~Feedwatver (AF)

1.6 Component(s) Affected: 4” NPS Pip AF1019 and%2AF1013
1.7 Detailed description of what §SC is degrad

oﬂiﬁ dron the 4” Auxiliary Feedwater

m generators The corrosmn exceeded

oM
#127and #14 main feedwater lines in the outer / 6

rea. TQ IS ation reqwre #12 and #14 AFW pipes to travel approximately
Iong?%he edge of the containment building before enterlng the outer

@f pectronsg@f the Salem Unit 1 #12 and #14 Auxmary Feedwater (AFW)
g: Salem’s S1R20 refueling outage revealed degraded pipe wall conditions

)sion in excess of the design minimum wall thickness due to heavy

sion. The apparent cause of the corrosion was the improper application

s¢ified pipe coatings, X-Tru-Coat, an—adbe.ted_gﬂyg@@cﬂb‘ﬁ"

,s;csgm\f ‘ imastic, which was specifications to be
applied at the ielded joints. Visual inspections of this piping after excavation showed a lack
of coating. The*only remnant of coating found was a portion of coal tar which was
approximately 9 inches in length and 7 inches in circumference. This piece of coating was in
the shape of the 4 inch AFW piping and conformed to that same surface.

The piping is 4-inch NPS, Schedule 80, A106 Gr B seamless carbon steel. It is classified as
Nuclear 3, Seismic Category |. Per the Pipe Specification S-C-MPOO-MGS-0001, SPS 54E,
the design Pressure- Temperature limit is 1950 psi at 140 F. The nominal wall thickness is

l ‘) ’?
//1 ’ ) CO‘

e
[
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Using the Guided Wave inspection results to target specific pipe areas of the 12 and 14 AFW
piping during S1R20, NDE Services initially performed confirmatory UT measurements on
WApproxmately 76 percent of these UT measurements were non-conforming,
minimum wall thickness less than the design minimum wall thickness of 0.278
inches. For the worst case UT measurements, the minimum wall thickness for the #12 AFW
buried piping showed a 55 percent loss (0.152 inches). For the #14 AFW buried piping, the

greatest loss was approximately 78 percent (0.077 inches). As 19/2010 the following
number of UT readings were taken:

subsequent visual examinations has valldatedxt\hat the co
%T
These inspections aIso revealed th SigV .

where it passes into the fuel transfer tube area. It
st. q @)&alldates that‘?‘*

The underg w
' requurementfag%en in the B:
for the evaluatt@n of noﬁr‘)ﬁ%gmf
stress analys@‘*mayt

1 Power Plpmg Code. B31 1 does not provide specmc criteria

wall thlckness or local thlnnlng However gutdance for

ach aggd on the premise that while pipin have

i [ mrequirements (the non-uniform walD

Dip ro8 sectlon may be shown to me@_em;g;s—allgv’va@ This
for the@p&“ e section exhibiting thinning whe v_a_rmngﬂa,LLg,eater

|on This approach is similar to the basis for qualifying

r-Class 3 piping are prowded in ND-3600 (similar to B31.1 rules) of

Demgr;ﬁtgreqwremen
tion 111 [2]. More rigorous analyses are allowed under ND-3611.3:

the ASME‘ Code S‘

“T h; S, . eszgn requirements of ND-3600 are based on a simplified engineering
approach:JA more rigorous analysis such as described in NB-3600 or NB-3200 may be
used to calculate the stresses required to satisfy these requirements. These calculated
stresses must be compared to the allowable stresses in this Subsection. In such cases, the
designer shall include the approprzate Justification for the approach taken in the Certified
Design Report.”

Thus, NB-3200 design by analysis is employed. Based on the linear-elastic finite element
analysis results which showed that the section of pipe between AF4T and AFST was
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bounding, it was required to perform additional analysis only for that section of pipe in order
to show operability. The more rigorous analysis employed is described in Section NB3228.1,
Limit Analysis. Specifically Section NB-3228.1 states that limits on Local Membrane Stress
Intensity need not be satisfied at a specific location if it can be shown by limit analysis that
the specified loadings do not exceed two-thirds of the lower bound collapse load. Also, NB-
3228.1 states that the yield strength to be used in this calculation is 1.5Sm. In this
evaluation, the value of yield strength is equal to 1.5S, where S.is taken as the value of Sy,
15.0 ksi, from the original 1967 B31.1 Power Piping Code. Thus; a yield strength of 22.5 ksi
is used.

The thinned sectlon of pipe is mo ckness values for the
region specifiec C ;
inches. A pressure load of 1.5 t|mes the specifi

1.5*[1310psia-14.7psi]) to thepipe:

The results of the finite element analysis show
le at 1.5 time ified ¢

pSI =

Betion remains

M

"load analysis.

Unit 2 Buried AFW Piping:

and run anngsude the Unit 2 con
piping and coatings specified for
buried piping.

ok m

,L'Wmllar to the
fidenti

| Salem Unit 2 AFW piping were excavated due
'son penetratlon seals into Quter Penetratlon

Hﬁjie out any degradation of the #22 or #2_4 AFW
d water was the source of the ingress

Al

Upper AFW Pipe (#24): ‘ o /\-g

No degradation of the piping was observed, with 50% of the piping at or above nominal
thickness. No thickness readings below the manufacturer’s tolerance of 87.5%. The Iowest
recorded value was 0.321” whlch was within the manufacturer’s tolerance. :
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oS
Lower AFW Pipe (#22): Goy i

No degradation of the piping with 55% of the piping at or above nominal thickness, no ’
thickness readings below the manufacturer’s tolerance of 87.5%. Thelowest recorded v§tue

P~

Post-inspection:
Any exposed carbon steel was prepped and recoated, and inc

pe;rformed IAW work order
were applied pv

Recent AFW Excavation Inspection
On 4/22/2010, several areas were excavated
that was not part of the 1994 inspection. S
visual inspection of the Salem Unit 2 Auxil

wards the Outer Penetratlon This
ate 2 foot length at the wall
is examination The Bitumasitic

Visual inspection included a Ioo
surface Iooklng for loose co

;d that pooli”‘ﬁ% water was found in the area between Unit 2

g'ough the va(l, ‘f?plug into fluid within the pipe. The pipe temperatures would be o
«Ato stay elevated for longer lengths if there were a constant source of heated water /

plpe Additionally, a review of operator log entries, SAP, and surveillance

ates that there has beWw in the AFWST over

rating cycle.

test results

the previous’

Analysis

The piping is 4-inch NPS, Schedule 80, A106 Gr B seamless carbon steel. It is classified as
Nuclear 3, Seismic Category |. Per the Pipe Specification S-C-MPOO-MGS-0001, SPS 54E,
the design Pressure-Temperature limit is 1950 psi at 140 F. The nominal waII thickness is
0.337 lnches :

cC \Documents and Settlngs\rjc\LocaI Settlngs\Temporary Internet Files\Content.Outlook\F6ZV6HAE\OP

Ve o AAm ~ )



OP-AA-108-115
Revision 3
ATTACHMENT 1

Operability Evaluation
Page 5 of 15

To assess the available margin in the degraded Salem Unit 1 Piping, the maximum credible
operating pressure was developed using all AFW system operating conditions (see SAP
70108698-0100). The resulting pressure is 1275 psi. The pipe wall ty, for this pressure is
0.185 inches. This operating pressure evaluation also applies to Salem Unit 2.

Since the AFW piping was found to be in good condition during 1994 inspection, and again
during the current inspection, an average corrosion rate of 6 m||s(;¥ear is conservatively
assumed. The proposal is to perform excavation and inspectior 7,durmg the upcoming Unit 2
refueling outage (S2R18) scheduled for April 2011. This |s¢a; an of 16.5 years from the last
D A
inspection in 1994. The projected wall loss assuming a corresion rate of 6 m||s/per year is

0. 099 mils (16 5x0. 006) The pro;ected waH thlcknes

Coating Life Span
Proper preparation of the carbon steel piping
adherence to the piping. The recent |nspect|on ,
“since constructlon showed that* e

oating is assumed to

2/2010 of piping buried
t ondition, and the piping

In-service testlnq
The latest in-se

N
Work Order | Date { ResﬁQs

2}M®tor Drlve *Pumps 150114298 11/5/200‘% SAT \
Sl
@‘?AF23 Stop*"Check‘“VaIves 50128109 01/24/201? SAT \ {4)

Turbine Driven Pump 50113100 | 10/13/2009\ SAT / i/zgl%

intact until next Unit 2 refueling outage. Per the table above, recent In-service testing results
for the AFW components were all SAT.

Based on the above information, it is concluded that Unit 2 AFW buried piping can perform its
intended function until the next Unit 2 refueling outage (S2R18).

an AAE ~
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Future Actions and/or Compensatory Actions

. condition of theglﬁotor d‘,‘fw;a»f\

Implement planned inspection per the buried pipe program in next outage of sufficient
duration or S2R18. Perform Guided Wave examinations of the #22 and # 24 AFW buried
piping during the next Unit 2 refueling outage — S2R18 As such, Guided Wave inspections
of the Unit 2 AFW buried piping will be performed at locations to _survey for areas of general
or pitting corrosion. The results from the Guided Wave |nspe‘ct|®ns will be used to target
areas of interest for follow-up direct visual and confirmatory ‘spectlons to determine pipe
minimum as-found wall thicknesses. Any portion of the pi if found unacceptable will be

replaced.

EVALUATION:

he.N\l“*ciln{géédv%ater System is not

S

preventicore damage and system
ts such as a loss of normal feedwater or a
o:provide a means for plant cooldown.

modulates to coﬁ' ol the motBr-drlven auxullary feedwater pump discharge pressure.

S2.RA-ST.AF-0002 (*22AFP Min Flow Test)
Min Flow Test - ' :
21 motor-driven AFWP* _ 160 gpm and 1369 psid

22 motor-driven AFWP 160 gpm and 1389 psid
23 turbine-driven AFWP 400 gpm and 1506 psid at 3600 rpm
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S2.RA-ST.AF-0005 (*22 AFP Full Flow Test)

Full Flow Test | |

21 motor-driven AFWP ~ 440 gpm and 1184 psid
22 motor-driven AFWP* 455 450 gpm and 1114 psid
23 turbine-driven AFWP and 1269 psid at 3600 rpm

All auxiliary feed pumps normally take suctlo%gw ?gn auxmary feed storage
tank. A safety grade, automatlc low pressure*«tr[p is prowded as backup

auxiliary feedwater storage tank result
agalnst spurlous activation, thls trip will
ather Servnce The tank has:sufficient
capacity to allow residual heat removal §§°r 8 ho%éwﬁ Backup water‘sources for
the auxmary feed pumps are the two dggmzi’nerah ed

zed water storage tanks

tection and domestic water

nd the station Service Water
’Iled The quality of water from
“foruse only in the event of

System, which must first ha
these sources is lower and i
emergency situations.

RPS or ESF“"%’”&tuation signal?

. A ] ﬁFWS) is an Engineered Safeguards System
(ESF). The‘ o{or drlven i 1t
to (1) trip of*both\ma!pg, e

C {"cu1try (AMSAC) to initiate a turbine trip an actuate auxiliary
endent of the Reactor Protection System or the ESF Actuation

nitiates; Tipping the turbine, initiates AFWS, and isolates the SG blowdown
and sample‘lines. AMSAC is non-safety related.

+ Is the SSC in the main flow path of an ECCS or support sysfem?

NO. The AFWS is not an Emergency Core Cooling System (ECCS) or an ECCS support
system. The AFWS serves as a backup system supplying feedwater to the secondary
side of the SGs when Main Feedwater system is unavailable. It is relied upon to
prevent core damage and RCS overpressurization in certain design basis accidents
such as Loss of Offsite Power (LOOP), LONF, Feedwater Line Break (FWLB), Main -
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Steam Line Break (MSLB), Steam Generator Tube Rupture (SGTR), or Loss of Coolant
Accident (LOCA) by providing a means for plant cooldown from normal operating
conditions to initiation of low pressure residual heat removal systems. It functions
during startup, shutdown, and hot standby (HSB).

e Is the SSC used to:

e Maintain reactor coolant pressure boundary int

YES. The Auxiliary Feedwater system supplies water to e"SGs for reactor decay heat
removal when the normal Feedwater sources are un v Ia’b;lg due to loss of offsite

@%&%

affect the rod control system: oK the.alternative borén chemlcal shim system that
control reactivity in the core. “‘ly@prowdmg the SG secondary side heat sink medium
capable of receiving heat transfe ﬂ@\from“the‘“reactor c%olant system the AFWS has an
indirect positive reactivity effec .cooling

reactor coolant neutrol

hutdown co;\dition?
n at Salem is hot standby (HSB) The AFWS

to provide decay heat removal for 8 hours. In addition, backup
ded from the Demineralized Water Storage Tanks (DWSTs), the

offsute‘éxﬁésures comparable to 10 CFR 50.34(a)(1), 10 CFR 50.67(b)(2),
10 CFR 100.11 guidelines, as applicable. @

YES. The AFWS performs a safety function in mitigating design basis accidents,
including LOOP, LONF, FWLB, MSLB, SGTR, and small break LOCA (SBLOCA) by
supplying adequate feedwater to the secondary side of the Steam Generators to
prevent overheating the reactor coolant system and to provide a means for achie
plant cooldown to initiation of the residual heat removal system. Depending on the
design basis accident, the AFWS either maintains or limits feedwater to the SGs. For
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the SBLOCA, LONF, and LOOP/LONF, the AFWS must maintain adequate feedwater.
For the FWLB, the AFWS must preserve inventory while maintaining level. For the
MSLB and SGTR events, the AFWS must limit feedwater flow as too much water
delivery will result in overcooling the reactor coolant system or overpressurization of
the containment.

e Does the SSC provide required support (i.e., coollng, lubrication, etc.) to
a TS required SSC? A

YES. During normal plant cooldown, the AFWS remove: \@ufﬂcnent heat from the SGs
to prevent overpressurlzatlon of the RCS and to mal tain S‘G%Ievels sufficient to
prevent thermal cycling.

NO. The AFWS does not perform an lsolatlgn function’| per se; howeve\‘\whenever
either the MDAFPs or the TDAFP automatlgﬁglly staﬂ@@%@glgnal is sent to the isolation
d;; mplin

isolation signal to the Samp
keylocked switch located in th

e Is the SSC required tb;
event?

iven a smgle ailure. AFW%flow is controlled from the Control Room using
remotely-"%perated flow cd rol valveé‘ﬁ(AF21 ’s) in the supply lines to each SG. Safety-

h SG is provnded in the Control Room. The flow control

. O 3¢ ability of the AFWS ensures that the Reactor Coolant System can
less than 350 F from normal operating condltlons in the event of a
e power (LOOP).

o+ Have ali‘safety functions of the SSC required during normal operation
and potential accident conditions been included?

YES. The AFWS safety functions include LONF, FWLB, MSLB, LOOP, and LOCA during
accident conditions and plant cooldown during normal plant conditions. The AFWS
supplies water to the SGs for reactor decay heat removal if the normal Feedwater
sources are unavailable due to loss of offsite power or other malfunctions.

total loss:

\

Ve AnE ~
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e Is the SSC used to assess conditions for Emergency Actlon Levels
(EALs)?

NO. The AFWS is not used to assess conditions for EALs.

Describe the foIIowmg, as applicable: (a) the effect of the degraded or nonconforming
condition on the SSC safety function(s); (b) any require: er}ts or commitments
established for the SSC and any challenges to these;: e circumstances of the

" failure mechanism(s);

he g@er the condition will
continue to degrade and/or will the potential consequences iny ',ease and (e) the
aggregate effect of the degraded or nonco ol ~“|ng condition %I@ht of other open
OpEvals:. £ ‘%

ENTRY EXPECTED
NUMBER | NOTF/ORDER DATE STATUS CLOSURE
80094618-issued,
S.room need orders
therm‘g”ﬁs@t“gw planned
07-033 80094618 9/07/07 " 80095613- issued, 08/11
need orders
planned
§1/82 On-Line DCP
. 80099509 to be
08-040 Ciarlante planned, scheduled, 12/23/10
installed
09-09 Hassler Perform Inspections 5/31/10
) Replace door seal
SRW watertight door Hassler WW 0022 5/21/10
Can Liner Curran Repair in S2R18 S2R18
| §ZR Heater busses E Pro::;e 3:;: p;a/nel
A 8G3 R. Smith 9 6/1110
. Implement.new
overheating .
design
; Develop repair plan
10-001 21 S| pump oil leak Hummel Repair Ol Leak 9/27/10
#4 SW Bay Ventilation .
10-002 Temp Controller Hayman Perform repairs 4/27/10
: i 22SW34 Valve failed .
10-003 20455408 3/25/10 ASME code reverse Hassler Perform repairs 5/30/10
' flow check
. #3 SW Bay Vent temp .
10-004 20457356 4/07/10 controller for 1SWV3 Hayman ~ Perform repairs 9/30/10

A) THE EFFECT OF THE DEGRADED OR NONCONFORMING CONDITION ON THE SSC SAFETY
FUNCTION(S) '
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The nonconforming condition potentially affects the structural integrity of the AFW
discharge piping, reducing the margin of the Tmin wall thickness for a given
pressure and would limit the maximum pressure to a value less than the design
pressure. Based on an assumed constant corrosion rate, the wall thinning reduces
the life expectancy of the buried pipe. If structural integrity is lost and a breach in
the pipe occurs, the AFW system can no longer fully perf%m its desngn safety

function. It should be noted that there has been no iden e

B) ANY REQUIREMENTS OR COMMITMENTS ESTABLISHE
CHALLENGES TO THESE 2!

‘Wg
C) THE CIRCUMSTANCES OF THE DEGRADED/N@NCONFORMING co

The degradation of the auxiliary feediwater plplng,at~ynlt 2is substa
than that at Unit 1. Based on the emstmgggata , s 5,concluded that the)l?\FW plplng
will be able to perform its intended desngn%func

;nvestlgatuon will be performed. A
upture in the pipe. Any rupture

ng OpEVals Ilsted in the Table above. Each of the ODs was
J for the descrlptlon of condition and the ba5|s of the operablllty

hmakemany SSC/«“’cd'vered in the other outstandlng ODs inoperable or degraded. In
‘ the' OpEvaI discussed herein has no aggregate impact on any SSC

Is SSC operability supported?
Explain basis (e.g., analysis, test, operating experience, [X] [ 1]
engineering judgment, etc.):

Summary SIA Finite Element Analysis Report

The preliminary analysis of the Salem Unit 1 underground auxiliary feedwater piping is
complete. The analysis evaluated the region specified in $-TODI-2010-0005 which
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includes a minimum wall thickness of 0.077 inches. A Limit Analysis was performed
as described in NB-3228.1. NB-3228 allows relaxation of basic stress limits if plastic
analysis is used. An elastic-perfectly plastic finite element analysis was performed
and the results show that the criterion specified in NB-3228.1 is satisfied.

If 2.3 = NO, notify Operations Shift Management immediately. A

If 2.3 = YES, clearly document the basis for the determination.

24

2.4.1.

2.4.2.

Reference Documents:

Technical Specifications Section(s):

hnical Evaluatlen&x70108698 Rev. 0
20459941 Potentlal Water Sources Inner Mechamcal Penetration

Ti whnlcal Evaluation:

S-C- MPOO"MGS 0001, SPS54, Rev. 6, Piping Schedule, Auxiliary Feedwater
S-C-AF-MDC- 0445 Rev. 3, Auxiliary Feedwater System Hydraulic Analysis
$-C-F400-MDC-0096, Rev. 4 Auxiliary Feedwater Storage Tank (AFWST) Capacity
S-C-A900-MDC-005, Rev. 0, Pipe Wall Thickness Calculations (Info Only)
S2.0P-ST.AF-0002 Rev 18

S$2.RA-ST.AF-0001 Rev. 6 (21 Aux Feed Pump)

S2.RA-ST.AF-0002 Rev. 9 (22 Aux Feed Pump)

S2.RA-ST.AF-0005 Rev. 9

c \Documents and Settmgs\rjc\Local Settmgs\Temporary Internet Files\Content.Outlook\F6ZV6HAE\OP

Ve AnE ~



OP-AA-108-115
Revision 3
ATTACHMENT 1
Operability Evaluation
Page 13 of 15

SC.DE-BD.AF-0001(Q), Rev. 0, Auxiliary Feedwater System (Info Only)

[SIA Finite Element Analysis Report]E TODIZ201

SCI-94-877 LTR dated 12/16/1994 - Excavated Auxmary feedwater Piping
Walkdown/Disposition of Coating Requirements

20459689

Work Order 941017262 O

Duane Arnold Energy Center Relief Requests NDE-R004 and NPE-R007 (Info Only)

3.  ACTION ITEM LIST:

intention is to continue operating the plant in th{
appropriate, any required compensatory measures to support operablllt
actions required to restore full quallflcatlo, fF
actions should be completed (e.g.,

Action Due:

Action Tracking #:

S
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Corrective Action #1: Perform Guided Wave examination and visual examination of the .
excavated area for the #22 and # 24 AFW buried piping during the next Unit 2 refueling
outage — S2R18. The results from the Guided Wave inspections will be used to target
areas of interest for follow-up direct visual and confirmatory UT ;{nspectlons to determine

pipe minimum as-found wall thicknesses. Replace if necessary;.a

Responsible Dept./Supv.: TBD
Action Due: S2R18 Refueling Outage (April 2011)

Action Tracking #: Work Order 60084161

lnon-conforming

Corrective Action #2: )
Responsible Dept./Supv.:

Action Due: |

Basis for timeliness of action:

Action Tracking #:

4.4

45

"Approval Date

Date 04/22/2010

Date 04/22/2010

Date 04/22/2010°

Sr. Manager Design Engr/Designee
Concurrence Date

Operations Shift Management

If the OpEval is to declare a Shutdown Safety System or component Operable
but Degraded, then the following signatures are required: (CAPR 70103591)
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Operations Director v N Date
Engineering Director e Date
* Shutdown Safety Manager o Date

* When in Modes 4, 5, 6, Defueled (SA) or Modes 3, 4, 5.(

Ensure the completed form is forwarded to the. OEPM for processing and Action

Tracking entry as appropriate.

OPERABILITY EVALUATION CLOSURE:

.Corrective actions are complete, as neéessary, and the OpEval is ready.for closure

Operations Shift Managemﬁf

Approval Date

r-processing, Action Tracking
i‘iewasures,‘ as appropriate. '
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