
REVIEWOF SAVANNAHRIVERSITEK REACTORINSERVICE
INSPECTIONAND TESTINGRESTARTPROGRAM

M. T. Anderson
R. S. Hartley
C. Kido

PublishedSeptember1992

EG&G Idaho,Inc.
IdahoFalls,ID 83415

• Preparedfor the
U.S. Departmentof Energy
Officeof DefensePrograms
UnderDOE IdahoFieldOffice
ContractNo. DE-ACO7-761D01570



ABSTRACT

Inserviceinspection (ISI) and inservicetesting (IST) programs are used
at commercial nuclear power plants to monitor the pressure boundary integrity
and operabilityof components in importantsafety-relatedsystems. The
Department of Energy (DOE) - Office of Defense Programs (DP) operates a
Category A (> 20 MW thermal) productionreactor at the Savannah River Site
(SRS). This report representsan evaluationof the ISI and IST practices

" proposed for restart of SRS K Reactor as compared,where applicable,to
current ISI/IST activitiesof commercialnuclear power facilities.
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PREFACE

Recent investigationsof existing ISI and IST practices for five DOE
Category A test and research reactors were conductedby staff of the Idaho
National EngineeringLaboratory (INEL). The findings of these investigations
are documented in the following reportsto NE-80, the Office of Nuclear Energy
(NE) Self-Assessment:

Review of Inservice Inspectionand NondestructiveExamination
Practices at DOE Category A Test and Research Reactors,
EGG-MS-g254,September 1990.

InserviceTesting of Pumps and Valves at DOE Category-AReactors,
EGG-NTA-9270,October 1990.

The Savannah River Site (SRS) productionreactor(s)were specifically
excluded from these reviewsdue to the significantrestart efforts that were
ongoing at the time. lt was understoodthat a similar review would be
performedat a later date for the SRS reactor facilities.

At the request of DP-623, the Office of Operations and Engineering
Support, a limited ISl/ISTevaluationwas performedfor SRS K Reactorduring
FY-1991. The review was based on WSRC-TR-90-42-123,Restart Inspection and
TestingPlan (LI),Revision O, which was developedby the SRS operating
contractoras a Safety EvaluationReport (SER) restart commitment. This
report documents that evaluation.

Evaluation criteria were developed through technicaldiscussions between
INEL and DOE. Although no offical DOE policy regardingthe applicationof
commercial ISI/IST standardsat Category A reactor facilitieswas in effect at
the time, INEL was requestedto review and compare the SRS ISI/ISTplan
against the ASME Boiler and Pressure Vessel Code, Section XI. At issue, then
and now, is the extent to which DOE facilitiesshould be required to implement
the rules of the ASME Code. Direction from DP-623 regarding the use of this
Code guided the INEL evaluation.

lt was understoodthis evaluation,although not intended to affect
K Reactor restart, would provide DP-623 with an independentassessment of
existing SRS ISI/ISTprogram(s). The purposeof the report is to provide
technical informationthat may assist DOE in making informed decisions
regarding the future operabilityand general safety of SRS production
reactors.
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REVIEWOF SAVANNAHRIVER SITE

INSERVICE INSPECTIONANDTESTINGRESTARTPROGRAM

INTRODUCTION

This report documents the Idaho National Engineering Laboratory's (INEL)

review of inservice inspection (ISI) and inservice testing (IST) portions of

the Restart Plan1 for K Reactor at the Savannah River Site (SRS). The U.S.

Departmentof Energy (DOE) - Defense Programs (DP) has oversightfor SRS

productionreactors. This report provides a brief comparisonof SRS ISl/IST

practiceswith those of commercialnuclear power plants.

The objectivesof the INEL review of the SRS ISI/ISTRestart Plan were

to evaluate the overall adequacy of proposed inspectionsand tests; to

determine if Restart Criteria listed in the SRS Safety EvaluationReport

(SER)2 were being properly addressed;and to compare SRS ISI/ISTprogram

requirementsto those of the American Society of Mechanical Engineers (ASME)

Boiler and Pressure Vessel Code, Section XI.3 Both the Restart Plan and SER

Section 14 referencedvariousdocuments consideredto be importantfor

performinga detailed evaluation. The supportingdocumentationwas not

availableto the INEL staff, consequentlythis review produced findings of a

limited nature, lt is suggestedthat a more comprehensiveevaluation be

performedthat includes all basis documentswhen the post-restartISI/IST

. program is developed.

The SRS Restart ISI/ISTPlan was reviewed to ensure that applicable SER

commitmentswere being properly addressed. Section 14 of the SER, revision

dated August 15, 1990, listed several "Open Items" that were resolved and

approved in the latest SER revision (April 1991). As previously stated, all

documentationneeded to confirm the resolutionof restart ISI issues was not

availableto the INEL staff, however, no serious discrepancieswere noted with
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respect to stated SER restart commitments. An evaluation of long-term (post

restart) ISI/ISTcommitmentswas not performedduring this review.
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BACKGROUND

K Reactor is a heavy water (D20)cooled,low pressure and temperature

(max. 225 psig and gS°C) facility that produces tritium for DOE - DP.

Although many differencesexist betweenK Reactorand commercialnuclear power

- facilities,which operate at much higher temperaturesand pressures, both have

plant systems that perform similar safety functions. At SRS these include a

- primary ProcessWater S:'stem(PWS), which consistsof the reactor tank and six

coolant loops, and secondaryreactor supportsystems, e.g., Cooling Water

(CWS), EmergencyCoolingWater (ECWS) and ConfinementHeat Removal (CHR).

Many of the SRS plant systemsfunction to prevent, or mitigate the

consequencesof, an accident. Periodicmonitoringof important system

components is essentialto ensure the safe and reliable operation of the

facility. A formal ISI/IST program facilitatesthis effort by describing the

inspectionsand tests, i.e., parameters to monitor, acceptance criteria,

examinationand test frequencies,and other plant specific requirements

necessaryfor program implementation.

9

Developmentof a formal ISI/IST programfor aging SRS production

reactors requires the integrationof severalcomplicatedissues. Among these

are the applicationof appropriateinspectionand testing methods given the

unique design of SRS systems and components,performing a current assessment

of componentoperabilityand integrityas no baseline may exist for many

items, and the implementationof standardizedand proven commercial nuclear

industry ISl/ISTpractices. During this review, recognitionof the complexity

• of these issues moderatedthe INEL evaluationof specific restart program

items.
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I SI PROGRAMREV]EW

Discussion

The SRS Restart ISl Plan referencedSection XI of the ASME Code, 1986

Edition through 1987 Addenda. The latest version of the Code is the 1989

Edition through 1991 Addenda. The most significantdifference between these

two versions pertains to the extent and schedule of reactor vessel shell weld

examinations. Because the existing SRS ISI program specifiesvolumetric

examinationsof reactor tank welds on a more frequent schedule than required

by the Code, this review compares SRS Restart ISl Plan requirementsto the

latest Code version.

SRS reactorcooling systems and components are similar in function to

those of commercial facilities,e.g., the reactor tank and PWS correspond to a

commercial reactor pressure vessel and primarycoolant system (ASME Class I),

and the SRS CW system correspondsto the heat removal functionsof commercial

feedwaterand main steam systems (ASME Class 2). Table I is a comparison of

SRS Restart ISI Plan requirementsto those of correspondingASME Class I and 2

component examinationcategories. Of the 47 SRS component examination

requirementsreviewed, 6 were found to be not applicable,5 totally compliant,

15 partiallycompliant, and 21 noncompliantwith the examinationrequirements

of the Code.

With some exceptions,the SRS PWS examinationsare comparable to those

required of commercial nuclear facilitiesfor primary coolant systems.

SeveralSRS ISI practices actuallyexceed Code requirements,e.g., volumetric

examinationfrequenciesof reactortank welds and PWS piping welds. In

addition,the qualificationof nondestructiveexamination (NDE) personnel

compares favorablywith standardcommercial nuclear practices.

However, the similarityof SRS ISI practices to those of commercial

facilitiesends at the PWS (Class I) boundarY. As indicatedby Table I, many

of the examinationsperformedon SRS secondary reactor support systems (CW,

ECWS, and CHR) deviate from Code requirementsfor comparableClass 2
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components,lt shouldbe recognizedthatSRS Class2 examinationpractices

have evolvedfrom plantoperatingexperiences,e.g.,componentfailures

leadingto listingsin an inspectionlog,however,currentcomponent

inspectionswouldrequiresignificantupgradesto be commensuratewith those

of ASME commercialClass2 systems. A more detaileditemcomparisonof SRS

• examinationrequirementsto thoseof ASME SectionXI is includedas

AppendixA. AppendixA was developedusingSRS examinationrequirementsfound

. in proceduresDPSOL105-1851B-PLK4 and DPSTM-88-100-1,s whichcollectively

formthe basisfor currentISl practicesat SRS.

Conclusions

This investigationproduceda briefoverviewof existingSRS ISl

practicesto establisha generalpointof referencefor futureDOE

evaluations.The SRS RestartISI Plancurrentlyprovideslimitedguidancefor

the examinationof safety-relatedcomponentsat K Reactor. Many of the

examinationsfor the PWS (ClassI) are commensuratewith thoserequiredof

commercialnuclearfacilitiesby ASME SectionXI. However,SRS secondary

reactorsupportsystems(Class2),whichmay alsohave importantsafety

functions,do not receivethe rigorof inspectionsrequiredby the Code for

correspondingsystemsat commercialfacilities.

WhileSRS Class2 inspectionsfallshortof ASME requirements,no

immediateconcernsof componentor systemintegrityhave beennotedthatmight

compromiseoverallplantsafetyor impactthe K Reactorrestartschedule.

lt is recommendedthat in futureISlprogramdevelopment,SRS examinationsof

. Class2 safety-relatedsystemsbe upgradedto complywith ASME requirements

and any deviationsbasedon impracticalitybe documented,as is the standard

commercialpractice.

I
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IST PROGRAMREVIEW

D_scussion

The INEL staff evaluated the proposed inspections and tests described in

the SRS RestartIST Plan usingthe restartcriterialistedin Section14 of

the SER and the requirementsfor IST in the 1989editionof the Code. Various

plantdocumentsalsoconsideredduringthe revieware notedin the reference °

section. As statedin the introduction,some supportingdocumentationwas not

availableto the INELstaff,consequentlythis reviewproducedfindingsof a

limitednature. A more comprehensiveevaluationshouldbe performedon the

post-restartIST program. AppendixB presentsdetailsof the IST evaluation.

The testingrequirementsof the ASME CoCe,whichaddressesinspection

and testingof componentsof commercialnuclearpowerplants,were considered

duringdevelopmentof the SRS restartIST program. However,some equipment

cannotbe testedper the Code rulesdue to existingsystemdesign,

configuration,or operationalconstraints.(Thisis trueof commercial

reactorsalso.) As partof the post-restartprogram,SRS plansto identify

and prioritizesystemsthat needmodificationto allowtesting.

The reviewidentifiedsomenoteworthyareasin the SRS RestartIST Plan.

lt is generallymore comprehensivethan similarprogramsat otherDOE

facilities.Also,SRS is usingthe industryrecognizedMotor-OperatedValve

TestingSystem(MOVATS),developedby MOVATSIncorporated,to augmentIST for

motor-operatedvalves(MOVs). The post-restartprogramshouldincorporate

past operationalexperience,e.g.,problemsof corrosion,erosion,or wearout

that have led to pumpdegradationor malfunctionof key valves. Aggressive

implementationof the programshouldhelpto ensurethatconsistentand

meaningfulcomponenttestsare conducted.

Duringthe review,severalitemswere identifiedthat shouldbe

evaluatedfurther. Theseitems,describedin AppendixB, includeconcerns

aboutthe testingof pumpsper WISR-6,6 disassemblyand inspectionof valves

as requiredby WISR-8,7 selectionof appropriatepumpsand valvesfor

12



testing,and selectionof teststo effectivelyassesscomponentperformance.

The SRS programis reletivelynew and the programand its implementation

shouldbe reevaluatedas it becomesmore fullydeveloped.

Cgn¢lqsion

SRS is takingpositivestepstowardsdevelopinga completeIST program.

. The restartprogramgenerallysurpassesthosefoundat similarDOE facilities.

As previouslystated,all documentationneededto confirmthe resolutionof

the SER IST restartissueswas nnt availableto the INELstaff,however,no

seriousdiscrepancieswere notedwith respectto the statedSER commitments.

AppendixB identifiesseveralissuesthatshouldbe evaluatedfurther.

13
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APPENDIXA

COMPARISONOF SRSEXAMINATIONSTO SECTIONXI REQUIREMENTS

The American Society of Mechanical Engineers (ASME)Boiler and Pressure

• VesselCode,SectionXI, DivisionI, was developedfor light-waterreactor

designswherethe core is enclosedwithina pressurevessel. The Savannah

RiverSite (SRS)productionreactordiffersin designfrom commercial

reactors.The SRS reactoris low-pressureand low-temperature.The reactor

is servedby six primarycoolantloops. Eachloop consistsof the main

coolantpump,two heat exchangers,expansionjoints,valves,and all connected

pipingup to the f_rstisolationvalve. This ProcessWaterSystem(PWS)uses

heavywater (DzO)as the coolantand neutronmoderator.The maximumoperating

pressurein the PWS is approximately225 psig,the maximumtemperatureis

approximately95°C at the outletof the reactortank. Becauseof the low

pressureand temperature,the systemoperatingstressesmay generallybe lower

than thoseof light-waterreactors. In addition,the PWS has a leakage

detectionsystemthatmonitorsfluidloss by volumeor pressuredropsand from

measurementsof radioactivityfromtritiumgas, whichevolvesfromleaked

coolant. This systemis believedcapableof isolatin_leakageto maintain

releaserateswithinsite-allowablelevels.

Many of the SRS reactorsystemsand componentsare somewhatcomparable

to thoseof ASMECode ClassI and 2, as theyperformsimilarfunctions(e.g.,

the reactortank is equatedto ClassI pressurevessels,the PWS performsas

the primarycoolant,and the heatexchangersare the primarypressureboundary

. fromthe PWS to the comparableCodeClass2, CoolingWaterSystem).

WestinghouseSavannahRiverCompany(WSRC)referencedSectionXI of the 1986

ASME Code,1987Addendain theirRestartInserviceInspection(ISI)and

Testing(IST)Plan. Somemodificationsof Code requirementswere necessary

for applicationto the SRS systems. This appendixcomparesthe ISl portionof

the SRS RestartInserviceInspectionand TestingProgramto the ISl

requirementsof the current1989Edition,includingthe 1990Addenda,of the

Code. Thereis a differencebetweenthe 1986SectionXI Editionand the

presentCode. In CategoryB-A, PressureRetainingWeldsIn ReactorVessel,

15



the 1986 Edition calls for a volumetricexaminationof circumferentialand

longitudinalshell welds, all welds the first interval,and then only one

beltline region weld in successive intervals. The present edition calls for

volumetric examinationof these welds, all welds the first interval,and all

welds each successive interval.

Q

PROCESSWATER SYSTEM

Reactor Tank

The reactor tank is a cylindricalvessel fabricatedfrom Type 304

stainless steel. The bottom plate is one inch thick and the sides are

one-half inch thick.

One dissimilaritybetween the Code and the SRS Restart ISI Plan is in

reactor vessel interior examinations. The Code calls for a VT-3 visual

examinationat the first refuelingoutage and at subsequent refuelingoutages

at approximately3 year intervals. The requirementof the SRS ISI Plan is to

examine the reactor tank wall internal surfaces every 5 years, using a

periscope. In addition,SRS examines the exterior surface of the tank wall

whenever a noseplug is removed or every 10 years using a borescope, a

requirementthe Code does not have. The SRS reactor tank apparentlydoes not

have a head weld or a shell-to-flangeweld as these welds are called

nonapplicablein Section II, Table 4-2 of the ISl program.

The Code requires all reactor vessel shell welds to be volumetrically

examined each interval (10 yr). SRS, to date, has examined 60% of the

accessiblereactor tank welds ultrasonically(UT), and performed some visual

(VT-I) and eddy current (ET) examinations. The SRS ISl Plan states that the

remainderof the accessiblewelds will be examined post-startupand, in the

future, every 5 years. An exceptionto this, which exceeds Code

requirements,is in Section II, Table 4-2, of the ISI program, which states

that the SRP Category C welds in both Category B-A, Pressure RetainingWelds

In ReactorVessels, and Category B-J, Pressure RetainingWelds In Piping, will

16



be examined every 18 months. SRP CategoryC welds are those flame washed

areas and weldments that have revealed allowableflaw indications.

The SRS ISI program requires examinationof the PWS Plenum Tie_)oltsbut

it does not state the method to be used. The tieboltswould fall either under

Code Category B-G-I, PressureRetaining BoltingGreater Than 2" In Diameter,

which requires volumetricexamination,or Category B-G-2, Pressure Retaining

. Bolting 2" And Less In Diameter,which requires a VT-I examination. Category

B-D, Full PenetrationWelc'sof Nozzles in Vessels, requires volumetric

examinationof all nozzleseach interval. The SRS ISI Plan inspections#128

and #143 call for the PW plenum inlet nozzle to be examined visually every 10

yr and a PT examinationto be performedevery 5 yr. The SRS augmented

examinationdocument, DPSTM-88-100-1,s states that 6 reactor tank nozzles are

to be UT examined.

PWS Pipinq

The diameter of the PWS piping varies from 12 to 24 inches with smaller

lines branchingoff the main flow path. The piping contains both axial and

circumferentialwelds, is relativelythin-walled(3/8 to I/2 inch), and

fabricatedfrom 304 stainlesssteel. Intergranularstress corrosioncracking

(IGSCC)has been observed, but, has been confined to the heat affected zones

of the circumferentialwelds and severalflame washed areas.

Code Category B-J, PressureRetainingWelds In Piping, requires that

piping with nominal pipe size (NPS) 4" and larger be examined by both surface

and volumetricmethods, and that piping with NPS less than 4" be examined by a

surfacemethod. The Code requires that the selectedwelds be examined the

first inspection intervaland cactisuccessiveinterval (every 10 yr). Section

" II, Table 4-2, of the SRS ISI P_ogram deletesthe surface examinationsand

calls for volumetricexaminationevery S years of Category B-J welds. The ISI

program Inspection#122 requiresthe PWS Piping,which is comparable to a Code

Category B-J system,to be ultrasonicallyexamined every 5 years. Inspection

#101 requires the PWS piping welds with known IGSCC and new replacementpiping

to receive a UT examinationevery year. Augmentedexaminationdocument

17



DPSTM-88-100-1calls for VT-I and UT examinationsfor a total of 526 PWS

piping welds. There is a question as to whether this augmentedexamination

supplants Inspection#101. Two other exceptionsto Code requirementsare the

examinationsof the plenum inlet line, which receives only a penetrant (PT)

examinationevery 10 yr, and the piping side of welded elbows, which are PT

examined every 5 yr. Also, SRS only examines pipin9 with a NPS of 3" and

larger, whereas the Code exempts piping I" and less, except for steam

generator piping.

Category B-P, All Pressure RetainingComponents,requires a visual VT-2

examinationduring a pressuretest each refuelingoutage and a VT-2

examinationduring a hydrostatictest each interval,whereas the SRS Restart

ISI Plan requires only a visual examinationevery five years of the PWS

expansionjoints. Also, it is not clear if the PWS component supports are

indeed "supports"or if they are integral attachments. If they are classified

as "supports",the VT-3 examinationspecifiedin the SRS IS_ Plan meets Code

requirements. If they are integralattachments,Code Category B-K-I, the Code

requires a volumetricexamination. SRS is performingtwo examinationsthat

are not required by the Code, one is VT-I and UT examinationson the PWS flame

washed areas of the piping and the other is a PWS piping vibration survey

using a vibrationmeter.

Proces@Water Pqmps

The Bingham Pump System examinationin the SRS ISI Program requires a PT

examinationon the suctionpipe flange face and a VT examinationon the Nordel

gasket. These items would fall under Code Categories B-G-! or B-G-2, which

require bolts and studs to have a volumetric exam and a VT-I examinationon

the flange surfaces, nuts, bushings,and washers. SRS exceeds Code

requirementsby performing a PT examinationon the flange face. The SRS ISl

Plan specifiesa VT examinationfor the Bingham Pump casing and casing wear

rings. The Code calls for a VT-3 exam on pump casing internal surfaces,

Category B-L-2, and a volumetricexaminationon pump casing welds, Category

B-L-I.

18
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The ISl program also requires visual examinationof the Bingham Pump

drive train flywheelsevery 5 yr. NuclearRegulatoryCommission (NRC)

RegulatoryGuide 1.14 requires commercialplants to inspect flywheelsas

follows. (I) an in-place ultrasonicvolumetricexaminationof the area of

higher stress concentrationat the bore and keyway at approximately3-yr .

intervals,and (2) a surface examinationof all exposed surfaces and complete

ultrasonicvolumetricexaminationat approximately10-yr intervals.

Heat Exchanqers

Each heat exchangerconsists of an outer shell, approximately9000

coolant tubes, and inlet and outlet heads. The heads are restrained by 84

Type 303 stainlesssteel stayboltsand 72 low-alloysteel C-clamps. Overall

dimensions are 33.5 feet long by 7.5 feet in diameter.

Failure oF the cooling tubes would not cause a serious loss-of-coolant

• accident (LOCA) in the PWS, but it would releaseD20 into the secondary

coolant (H20). Cracking of the shell would result in a loss of secondary

coolant only. Small leaks or seepagehave been observed occasionallyfrom the

head, but a recent stress analysis reportedlyproved the leak-before-break

capability and pressure boundary integrityof the heat exchanger.

The normal operating pressuresat the inlet head are 109 or 218 psig. A

pressure of 600 psig is needed to yield the staybolts. Another analysiswas

performedto address stress corrosionof the staybolts, lt was calculated

that if several stayboltswere lost, a pressure of 440 psig could be withstood

but localizedcracking and leakingwould probably occur and be detected byo

visual examinations. If all the stayboltswere lost, the C-clamps and sea]

membrane could carry the majority of the load up to 300 psig. In an SRS

report on the PWS, it was documentedthat there have been no cases of staybolt

failure in the operatinghistory of heat exchangers.

The SRS reactor heat exchangertubing is the primarypressure boundary

from Class I, PWS, to Class 2, CoolingWater System. The closest Code

category that pertains to the heat exchangertubing is B-Q, Steam Generator

19
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Tubing, which requires a volumetric examination. Therefore, SRS inspection

#106, which calls for a pressure test and VT examination,does not meet the

Code requirementsfor examinationof this component.

The Code calls for volumetricexaminationof heat exchanger head welds,

volumetric examinationof bolting greater than 2 inches in diameter, and

surface examinationon bolting less than 2 inches in diameter. SRS is

deviating from the Code by specifying PT on Lhe head welds and all of the

bolting.

Other PWS examinationsin the SRS ISI Plan include the Septifoilpiping

and Septifoil, and Roto vaIjes. The ISl program requires a visual examination

for these valves; it is assumed that these are co,nparableto Code Category

B-M-2, Valve Bodies ExceedingNPS 4", which requires a VT-3 examination. Code

Category B-M-I pertains to valve body welds that require a surfaceexamination

for NPS less than 4" and a volumetric examinationfor NPS 4" and greater. The

SRS Septifoil piping examinationof flange necks, circumferentialwelds, and

branch connectionwelds calls for PT or UT examination. These welds are also

Code Category B-J, which requires both volumetricand surface examinationon

piping welds on NPS 4" and larger. °

SRS REACTOR SUPPORT SYSTEMS

CoolinqWater System

The SRS Restart ISI Plan requires that the Cooling Water (CW) piping be

examined every 3 yrs. using an ultrasonicthicknesstester and visually

examined every 10 yr. This piping is comparableeither to category C-F-I,

Pressure Retaining Welds in Austenitic StainlessSteel or High Alloy Piping,

or category C-F-2, Piping That is Carbon or Low Alloy Steel. The Code

requirementfor these categories is that piping with a nominal wall thickness

equal to or greater than 3/8 inches and NPS greater than 4 inches be examined

by both surface and ultrasonicmethods. Piping with nominal wall thickness of

I/5 inch and NPS greater than or equal to 2 inches and less than 4 inches also

is examined by both of these methods. Pipe branch connectionwelds greater
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than or equal to 2 inches NPS requireonly a surfaceexamination. Augmented

examinationsare performedon twenty-fourCW pipe lines per document WSIR-38.

Twenty-twoof these lines are examinedwith a UT thicknesstester and two

lines are given only a visual examinationevery 3 yrs. The ultrasonic

thicknesstester is used only for erosion/corrosionmonitoring and is not

intendedfor volumetricweld examinationsince it would not reliably detect

cracking.

Other CW piping that falls into the Code CategoryC-F-I or C-F-2 are the

expansionjoints and the piping to the AC motors. The expansionjoints

receive a penetrantexaminationevery 3 yrs. and the piping to the motors

receives a visual examinationand is tested with the UT thicknesstester every

2 yrs.

The CW Booster Pump is compared to Code Category C-H, pumps that receive

- a VT-2 examinationand a pressure test each inspectionperiod and a VT-2

examinationand a hydrostatictest each inspectioninterval. The CW booster
I

pump is given a visual examinationevery year to check for pluggage and a

visual and UT thicknesstest every S yr. Another CW examinationlisted in the

ISl program is a visual check of the conditionof the piping paint. This

examinationis done by maintenancepersonnelwho repaintthe piping as

required.

EmeraencyCoolinq S.ystem

The EmergencyCoolingSystem (ECS) is a safety standby system for

emergency response only. The purposeof the ECS is to inject light water into9

the reactor inlet piping to protectthe core from overheatingfollowing a LOCA

or a loss of pumping accident (LOPA). LOCAs result from ruptures in the PWS.

The most likely means for a LOPA is a ruptureof the coolingwater system that

floods all of the drive motors for the six PWS circulationpumps.

The ECS pump and expansionjoint piping, as well as the ECS piping in

the pump room and the EmergencySpray System piping, are all similar Code

Category C-F-I or C-F-2 piping, and the Code requiresvolumetric and/or
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surfaceexaminationsof the welds. The SRS ISl Plan requires only a UT

thicknessexaminationon the ECS pump and expansionjoint piping lines. The

piping in the emergency pump room receives only a visual examination.

However, the augmentedexaminationdocument DPSTM-88-100-1calls for UT and

VT-I examinationson 64 ECS piping welds.

The ECS backflow flappervalve, 7 check valves, and other valves receive

only VT examinations. These valves are comparable to Code Category C-G

valves, which receive a surfaceexaminationof the valve body welds.

Heat ExchangerShell

The SRS heat exchanger shell equates to Code Category C-A, Pressure

RetainingWelds In Pressure Vessels,which requires shell welds to be

volumetricallyexamined each inspectioninterval. The SRS ISI Plan requires

only a penetrantexaminationevery ten years.

ConfinementHeat Removal

The SRS ISl Program requiresvisual and UT thicknessexaminationsevery

2 yr on the ConfinementHeat Removal tank. SRS maintenanceperforms the

visual examinationand QA performs the UT examination. This component would

be classifiedas Code Category C-A, Pressure RetainingWelds In Pressure

Vessels, and the welds would receivea volumetric examinationevery inspection

interval. The ConfinementHeat Removalpiping would be classified as Class 2,

Code Category C-F-I or C-F-2, requiringeither a surface and volumetric

examinationor just a surface examinationdependingon the nominal wall

thicknessand the nominal pipe size (NPS). This piping receives only a visual

examinationevery 5 yr.

Other Examinations

The SRS ISl Program lists two examinationsfor hangers and supports.

Inspection#309 requires a VT-3 examinationevery year. This examination is

performedby maintenance personnel. Inspection#325 requires visual, magnetic
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particle,and penetrantexaminationsevery 5 yr. The SRS ISl Plan exceeds the

Code in this category. Code ExaminationCategory F-A requires only a VT-3

examinationeach inspection interval.

The SRS examinationrequirementsfor the SupplementarySafety System

check valves and tanks call out visual and UT thicknessexaminationmethods.

The tanks are comparable to Code Category B-A, which requires a volumetric

examinationeach interval,and the valves are comparableto CategoriesC-G and

C-H. Category C-G, Pressure RetainingWelds In Pumps and Valves, requires a

surfaceexaminationeach interval. Category C-H, All PressureRetaining

Components,requires a VT-2 and a pressure test each period (3 I/3 yr) and a

VT-2 and hydrostatictest each interval. SRS is examiningthe valves visually

every 2 yr, and is performing visual and UT thicknessexaminationson the

tanks every 2 yr.

SUMMARY

m

The SRS operatingcontractorhas performedseveralengineeringanalyses

to demonstrateor prove the integrityof the systems and components of the SRS

" reactor, lt is unclearwhether the results of these analyses justify

deviations from ASME Code, Section XI requirements. Additionally,SRS appears

to rely heavily on the leak detection system for early indicationof safety

componentpressureboundary failures.

In some cases the ISI programhas exceeded the Code requirementsas, for

example, in the examinationof the reactor tank welds. For comparable

Class I, Category B-A examinationsof reactorvessel welds, the Code requires
l

a volumetricexaminationonce every 10 yrs. The SRS ISl Plan, Section II,

Table 4-2, requires the tank welds to be examined every 5 yrs. In addition,

it would appear that flame washed areas and welds with known, allowable,

indicationsare examined every 18 months. The SRS ISl Plan also exceeds Code

requirementsby requiringultrasonicexaminationsof piping welds every 5 yr,

rather than once every 10 yr as required for comparableCode Category B-J

welds. Furthermore,we interpretthe ISl program to require piping with known

IGSCC and new replacementpiping to receivean ultrasonicexaminationyearly.
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The SRS ISI program in the above cases is more demanding than the Code.

However, instances of relaxed NDE practices, with respect to Code

requirements, are evident. For example, Code Category B-D requires volumetric

examination of all nozzles each interval and the ISI program requires only a

PT examination every 5 yr and a visual every 10 yr. The ISI program also

specifies only a visual examination on the Bingham Pumpcasing and casing wear

rings. Comparable Code categories, B-L-1 and B-L-2, require a VT-3

examination on pumpcasing internal surfaces and a volumetric examination on

pumpcasing welds. The visual examination of Bingham Pumpdrive train

flywheels is not compatible with Regulatory guidelines. Ancther item that

should be resolved pertains to the performance of only a surface examination

on the heat exchanger head welds and bolting instead of the Code-required

volumetric and surface examinations. Justification for not following Code

requirements for these examinations is not included in the Restart ISI Plan.
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APPENDIXB

EVALUATIONOF THE RESTARTIST PROGRAM

The INEL evaluated the proposed inspections and tests using the restart

criteria listed in Section 14 of the SRS Safety Evaluation Report (SER) and

the requirements for IST in the 1989 edition of the Code. Various plant

. documents considered during the review are noted in the references. As noted

in the body of the report, somesupporting documentation was not available for

review. Therefore, the findings are not complete. A more comprehensive

evaluation should be performed on the IST program as implemented at SRS.

GENERALASPECTS OF THE IST PROGRAM

The comparisonwith the ASME Code identifiedthree noteworthy areas in

the proposed SRS Restart IST Plan. First, the scope of the IST program is

more comprehensivethan those at similarDOE facilities. SRS management has
e,

committedto develop the new IST program based on Code requirements. This is

commendableand should help to achieve a level of assuranceof the operational

' readinessof key pumps and valves that is commensuratewith that of commercial

plants.

Second,SRS management is using the industry-recognizedMotor-Operated

Valve Testing System (MOVATS),developedby MOVATS Incorporated,to augment

IST. This program assesses the conditionof motor-operatedvalves (MOVs)

critical for safe plant operation, lt goes beyond the Code requirementsfor

valve testing, lt is widely used at commercial nuclear power plants, but notP

at DOE facilities. This is a credit.

Third, the program proposes to incorporateoperationalexperience, such

as problems of corrosion,erosion, or wearout that have led to pump

degradationor malfunctionof key valves, lt identifiesand prioritizespumps

and valves that will be tested,disassembled,and inspected. The Program

tables list test frequenciesand parameters. The allowableranges of the test
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parameters are to be based on the restart test procedures and on the ASME

Code.

IST VALVE PROGRAMREVIEW

The followingcomments resulted from our review of the Restart IST Plan

and WISR-87for valves. The programwas considered in the light of the

Section XI valve testing requirements. The areas of concern or need for

further clarificationor evaluation are noted.

I. Section IV, paragraph 5.1, stated that valve categories are assigned

based on the definitions in the Code. The definition given in the

report for Category B valves (see below) does not agree with the

definition given in Code Paragraph IWV-2100.

SRS" "...valveswhich perform a safety-relatedfunction in shutting

down the reactor, mitigating the consequencesof an accident,or

in maintainingthe reactor in shutdown."

Code: "...valvesfor which seat leakage in the closed position is

inconsequentialfor fulfillmentof their function."

For the purposes of this review, the reviewers assumed that the problem

is a typographicalerror and that the facilityoperator intendedto use

the same language as the Code definition for Category B valves. The SRS

definition of Category B valves should be reevaluated.

2. For the followingvalves, the IST class numbers shown in the valve

tables do not agree with the Restart Inspectionand Testing Program

Section IV systemdescriptions.

Blanket Gas System (BGS)

The valve table lists HV090 and Hvog9 as IST Class I, but Section IV,

paragraph6.1, states that the system is IST Class 3.
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Moderator Recovery S.ystem(MRS)

The valve table lists MR-I, MR-2, and MR-3 as IST Class I, but

Section IV, paragraph6.7, states that the system is IST Class 2.

SupplementarYSafety System (SSS)

The valve table lists CV271 through CV276 as IST Class I, but

Section IV, paragraph6.11, states that the system is IST Class 2.

3. Section IV, paragraph5.1, states that the IST Classes I, 2, and 3 used

in the pump and valve tables are consistentwith the Code definition.

The valves that requiretesting prior to restart are identifiedin RTM-

5047.

The concern is that some valves are listed as Class I, but are not

identifiedby RTM-5047. ASME Class I components are required to perform

safety-relatedfunctionsin shuttingdown the reactor, mitigating the

consequencesof an accident,or in maintainingthe reactor in shutdown.

The followingClass ! valves should be reevaluatedto determine if they

can perform their safety functionsas needed, even though they are not

tested prior to restart.

EmeraencYCoolinq SYstem (ECS)

CV161, CV162, CV163, CV164, CV179, HCV18, HCV28, HCV48, HCV58

Moderator Recovery System (MRS)

MRI, MR2, MR3

P

Process Water System (PWS)

HV78, HV83, HV85, HV86, HV86C, PSVI7, PSV27, PSV37, PSV47, PSV57, PSV67,

Q84

SupplementarySafety SYstem (SSS)

CV271 through CV276
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4. Paragraph5.1.(i), TEST REQUIREMENT,states that tests will be performed

to fulfill the requirementsof the Code. The test definitionsand

abbreviationsused are identifiedin Table 5.1, Restart Valve Tests.

The reviewers were not given a copy of this table or the test

abbreviations. The reviewers interpretedthe test requirementsand test

frequenciesas follows:

Abbreviation !NEL Interpretationof SRS Abbreviations

ST-Q Stroke Time, quarterly

FE-Q Full Stroke Exercise,quarterly

FS-Q Fail-SafeActuator Test, quarterly

PI-Q Position Indication,quarterly

AP Alternate Position

RT-SY Relief Test, every 5 years

LK-T Leak Test

EX-IO ExplosiveTest, every 10 years

RD RuptureDisk
q

The above interpretationof the test requirementabbreviationsshould be

reevaluated. 6

5. Paragraph 5.2 (c) states that the valve table identifiesthose check

valves disassembledin accordancewith WISR-8 (RTM-4987)and IM-026

(RTM-5050). However, the valve table lists RTM-4978,but not RTM-4987,

for various check valves (ECS-CV160,WRS-CV205, WRS-CV213, and WRS-

Cv21g). Also, the valve table lists RTM-4978 for components other than

check valves, such as gate valves (CWS-HV200and CWS-HV204 through CWS-
m

HV207) and butterflyvalves (ECS-HV380and ECS-HV382). The Restart

report does not referenceRTM-4978 as a part of the IST program, lt is

unclearwhether this a typographicalerror, or if there are two

different reports.

6. WISR-8 requires disassemblyand inspectionof several valves. If

problems are found with any disassembledvalves, a thorough root cause

analysis should be done. The sample size should be adjusted if
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necessary. Any other componentslikely to be affected should be

evaluatedusing appropriatemethods to determinetheir condition. The

results of the WISR inspection,includingthe root cause analysis of

problems,should be evaluated. Many of the valves addressedin the WISR

are check or motor-operatedvalves,which are difficultto assess using

. traditionaltest methods. Therefore,the adequacyof valve testing

should be considered as part of the root cause analysis.

7. Valve Table, DischargeAssembly Cooling System, Note 2 states"

"Fail safe and stroke timing are not required during restart

testing. The multiple failuresthat must occur concurrentlywith

discharge of heat generating assembliesmake it unnecessaryto

includetesting in the restart program. The future IST program

will verify the fail-safecapability of these valves."

This statementassumes that the probabilityof multiple failures

occurringat the same time is very low, such that the demand for the

valves (identifiedin the valve table) to operate is likewise very low.

However, regardlessof whether the demand rate is high or low, there is

still no assurancethat the valves will operate when needed. This

concern should be reevaluatedto determinewhat are the consequencesif

the valves fail to perform their intended safety functions.

8. Several air-operatedvalves included in the restart program are equipped

with position indicators. The Code would require these valves to be

exercisedand stroke timed. The restart program does not require anP

exercise or stroke time, and it is not evident that an alternativetest

is done, per the referencedRestartTest IdentificationReport (RTIR),

that is equivalentto or better than the stroke time.

9. Testing of WRS check valves CV206 and CV213 (listedon page 23 of the

valve tables) is indicatedper procedure1-10042. RTM-4978 is listed in

the remarks sectionof the table. Neither the procedure nor the RTM was

evaluatedby the INEL reviewers. These valves should be exercisedand
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tested to the extent practicableafter reassembly to ensure they are

properly reassembledand that there are no common cause failures from

improperequipment reassembly. Post-reassemblytesting of these valves

should be evaluated.

There have been several instancesin the commercial industrywhere check

valves have been disassembledand then reassembled improperly. Even

limited post-reassemblytesting with flow and differentialpressure can

provide valuable informationabout the operabilityof the check valve.

10. CWS check valves CV154, 167, and 174 (listedon page 3 of the valve

tables) were not identified for testing before restart. The

justificationfor deferringtesting, as well as the testing done per the

current IST program, should be consideredfor adequacy.

11. There were several discrepancies(not listed here) found in the program

tables. These included IST classification,definition of valve
q

category, and incompletenotation in the pump and valve tables. These

discrepanciesare not significant,but should be identifiedby SRS and

corrected in subsequentprogram revisions. '_

IST PUMP PROGRAM REVIEW

The followingcomments resulted from our review of the Restart Inservice

Inspectionand Testing Plan and WISR-6s for pumps. The programwas considered

in the light of the Section XI pump testing requirements. The areas of

concern or need for further clarificationor evaluation are noted.
Q

General

The post-restartpump program should identifymany pump testing

parameters,such as vibration, lubricationtemperature,inlet and discharge

pressure,that were left out of the restartprogram. The post-restartprogram

is likely to be very different from the restart program and should be

reviewed.
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Cooling Water System (CWS)

I. Pump Table, Cooling Water System, Note 3 states the following"

"Pump performancewill be monitored in the future IST program by

, observingand recordingthe time required to raise the Number 3

basin a height of one foot. An allowablerange will be

• establishedto assess pump performanceand degradation."

lt is not clear how the proposed test will subjectthe pump to similar

service conditionsduring each test (systemback pressure, local

temperatureand pressure effects, and start-up,shut-down and steady-

state flow operation) to allow an adequate assessmentof performance.

2. The vibrationlevel is not measured for pumps PIOTA & B. The remarks

sectiondoes not propose alternativemeasures (acousticmonitoring,

proximitydevices) to assure that vibrationlevels are acceptable. This
¥

issue should be evaluatedfurther.

3. Pump Table, CoolingWater System, Notes I and 2, respectively,state:

"No inlet pressure is measured or recorded."

"Dischargepressuremust be between 5 and 10 psig."

lt is unclear how the differentialpressure across the pump will be

determined, lt is unclearwhat controls are in place to determine thet

column height or pressureof the intake fluid. The testing done on the

pump should be assessed.

4. Pump Table, Cooling Water System, Note 4 states:

"The multiple failures that must occur prior to the need for

EP181C and its flowpath make it unnecessaryto include restart
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testing requirements. The future IST 9rogramwill address testing

requirementsto monitor pump performance."

This statementassumes that the probabilityof multiple failures at the

same time is very low, so that the demand for the pump to operate is

likewise very low. However, regardlessof whether the demand rate is

high or low, there is still no assurancethat the pur.,pwill operate when

needed. The consequencesof pump failure should be assessed. In

addition,the method for establishingbaseline pump performancevalues

should be evaluated.

5. CWS pumps PIO7A, I07B, and 181C (listedon page I of the pump tables)

are not monitored for vibrationlevels. Vibration is a prime indicator

of the mechanical conditionof rotating internalparts for most pumps.

Excessivevibration can indicate impendingpump failure. The

justificationfor not measuringvibration should be assessed. Any

testing done in lieu of measuringvibration should be considered.
W

6. CWS pump P1818C was not tested before restart and is indicatedto have a

low demand rate. The basis for this determinationshould be reviewed. 7

The proceduresand methods for assessing the conditionof this pump

should be evaluated.

7. The method of testing CWS pumps PIO7A and I07B should be evaluated for

adequate hydraulicperformance. Specifically,test procedures 105-2320

and RTM-5005 should be evaluated.

DischarqeAssembly Cooling (DAC)

As stated in the Pump Table, DischargeAssembly Cooling, Note I, the

pump inlet pressure,vibration,and lubricationlevels are not measured.

There is no statementto indicatethat these tests will be included in the

future, lt is not clear that the Post-RestartIST Programwill include tests

to assure that these performanceparametersare kept within acceptable values.
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Moderator RecoverySystem (MRS)

The vibration level is not measured for pumps PIOTA & B. Vibration is a

prime indicatorof the mechanicalconditionof rotating parts. Excessive

vibrationcan indicate impendingpump failure. The justificationfor not

measuringvibration should be assessed,as should any alternativetest.

• Water Removal and StoraqeSystem (WR_

The Pump Table, Water Removal and Storage System, Note 3, states"

"Flowrateis calculated by measuring the rise in the BLDG 106

level over a period of two minutes."

lt is not clear how the proposedtest will subject the pump to similar service

conditionsduring each test (systemback pressure,local temperatureand

pressure effects, and start-up, shut-downand steady-stateflow operation)to
b

allow a meaningful assessmentof pump performance.

g
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