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In the referenced letter, the NRC Staff transmitted their report on an audit of the Duane Arnold 
Energy Center's (DAEC's) resolution of issues identified in NRC Bulletin 96-03, "Potential 
Plugging of Emergency Core Cooling Suction Strainers by Debris in Boiling-Water Reactors." 
The report consisted of an NRC memorandum and a Los Alamos National Laboratory report. The 
Staff requested a review of these documents to identify proprietary information pursuant to 10 
CFR 2.790. This review has been completed.  

The review identified proprietary information. A copy of the report, with the proprietary 
information "blacked out" is attached. Affidavits concerning the proprietary nature of this 
information have previously been provided to the Staff with NEDC-32721 P, Application 
Methodology for General Electric Stacked Disk ECCS [Emergency Core Cooling System] Suction 
Strainer, Revision 1, dated November 1997, and associated supplements.  
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Robert B. Elliott, Reactor Systems Engineerv.  
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Plant Systems Branch . .• ;
Division of Systems Safety' andAnalysis 

REPORT ON RESULTS OFSTAFFiAUDIT CONDUCTED ON 
OCTOBER 4-6,.1999, OF DUANE ARNOLD ENERGY CENTER'S 
RESOLUTION OF ISSUES IDENTIFIED IN NRC BULLETIN 96-03 (TAC 
NUMBER MA0704) .  

the-.setafonductedanaudl'bf IES Utilities, (IES, the licensee) resolution 
3, "Poten60tialPugging ofEmergency Core Cooling Suction Strainers by 
), for Iold Energy Center (DAEC). The purpose of the audit was 
tation of ,RCo98-03. Specifically, the staff:

iteao the licensee's resolution, and 
the ne' ,,;tj-,,nal review on a generic basis of licensees resolutions through 

inspection • r• m ,I ,

, .•. • . . ,* t,,A, ,,. I s~Lt, 

i 0, Section 50.46of the Code of Federal Regulations (10 CFR 50.46, the ECCS rule) 
that nuclearpower plant utilities design their ECCS systems to meet five criteria.  

le requires the ECCS to provide long-term cooling capability following a 
1accident (LOCA). To meet this criterion, the system should be designed to 

MIA icient cooling to maintain the reactor core temperature at an acceptably low value.  
In addition, the ECCS should continue to remove decay heat for the extended period of time 
required by the long-lived radioactivity in the core. The ECCS is designed to meet this criterion, 
assuming the worst case single failure of any piece of equipment or system. However, 
experience gained from operational events and detailed analyses of BWR designs has 
demonstrated that excessive buildup of debris from thermal insulation, corrosion products, and
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other particulates on ECCS pump strainers is likely to occur during a LOCA. This creates the 
potential for a common-cause failure of the ECCS, which could prevent the ECCS from 
providing long-term cooling following a LOCA. Based on this information, the NRC decided that 
BWR licensees should take adequate steps to prevent strainer clogging in order to ensure that 
the ECCS can perform its safety function during a LOCA.  

On May 6, 1996, NRCB 96-03 was issued requesting BWR licensees to implement appropriate 
procedural measures and plant modifications to minimize the potential.forcogging of ECCS 
suppression pool suction strainers by debris generated during a LOCkOR•-egulatory Guide 1.82, 
Revision 2, (RG 1.82) was issued in May 1996 to provide guidance oneivaluati nq.plants for " 
compliance with the ECCS rule. On November 20, 19961qthe Boiling.Wat•e• ea'•r.Ownem., 
Group (BWROG) submitted NEDO-32686, "Utility Resolution Guidfhce for EC0&SECCS Ic V 
Strainer Blockage" (also known as the URG) to the NRCior.review. The purposeo-theRG is 
to give BWR licensees detailed guidance for complyingwith ftmerequested actionsofV' 
NRCB 96-03. The staff approved the URG in a safety evaI a onreport (SER) dated 
August 20, 1998. In response to NRCB 96-03, all affected BWR liddnsees have installed new 
large-capacity passive strainers to resolve the issue. Licensees pcally concluded that 

installation of the new strainer designs does not create-an unreview.esafety question as 
defined in Title 10, Section 50.59 of the Code of Fede*-Ra egulations1 (1IýCFR 50.59). This 
means that NRC approval of the new strainers isnotfrequired. As a uresult, we have not 
performed a comprehensive formal review of Iicensee-r6§dutindr this issue. Therefore, we 
decided to conduct 4-6 plant audits to verify adequate implementation prior to closing out this 
generic issue for BWRs. DAEC is the-fourth of these audits7Apendix A to this report 
provides the staff's plan for the conduct of these audits. The audit plan also provides a more 
detailed description of the background on this issue.  

2.0 DISCUSSION 

The auditor5-as a fo-..ew'ofj zeam includin Robert Elliott and Kern Kavanagh from the 
Plant Sysfiii$ h of the NRC's Office of Nuclear Reactor Regulation, and D.V. Rao and 
Bruce Letelhi Los Alamos National Laboratory (LANL). The audit covered two areas 
involving the D resution of iis us identified in NRCB 96-03. In addition, the audit 
covered issues 4&tiffidtkVN _-RCB 95602, "Unexpected Clogging of Residual Heat Removal 
(RHR) Pp StrainerWbikýOjOrating in Suppression Pool Cooling Mode," dated 
Octobe1 7, 1995. Theie-tti areas are: 

A-,.MAEC's strainer modification documentation and associated 50.59 safety evaluation, 

•DAEG's analysesTperformed in response to NRCB 96-03, including 
trainer krmance and design calculations 

* IC load calculations 

C- D•AD-" suppression pool cleanliness program (NRCB 95-02). While not specifically 
addressed in the audit plan objectives, suppression pool cleanliness and NRCB 95-02 were 
included in the audit scope because of the potential adverse impact that foreign debris 
could have on ECCS strainer operability.
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As noted above, Appendix A to this audit report provides our plan for conducting plant audits of 
NRC Bulletins 96-03 and 95-02. For conciseness, the blank plant data spreadsheets normally 
attached to the audit plan have been left out of this appendix. Detailed descriptions of LANL's 
review related to strainer performance, associated confirmatory calculations, and the audit plan 
plant data spreadsheets filled in with the details of DAEC's strainer designs are provided in 
LANL's technical evaluation report (TER). LANL's TER is included as Appendix. Bto this audit 
report.  

At the time of the audit, DAEC had completed the strainer hardware-installation. They installed 
new strainers designed by the General Electric (GE) Company. The nývistrakn6rs are of a JO 
stacked disk design. GE prepared a licensing topical report (LTR) oikihe0irstraMne whic s 
submitted to the NRC for review. The report is NEDC-32721 P, "pplication MeOd 
GE Stacked Disk ECCS Suction Strainer," Revision 1, datedNoiember 1997. T13' 
received partial approval from the NRC in an SER datedfebruary 3, 1999. This approval was 
for calculating strainer performance (i.e., the head loss acrosstheistrainer with debris on the 
strainer surface). However, some issues related to the cafcuai on:tydrodynamic loads 
remain open for GE strainers because the hydrodynamic loads.oitironqf the GE LTR is still 
undergoing staff review. As a result, these hydrodynamic load issue Jýremain open for 
DAEC, and could not be resolved at the time of'the audl-When we.icx~niete our review of the 
GE topical report, we will assess the impactont-the. DAECdesign and determine if further 
followup is required at that time. This review will be'accoinplisheseparately from this audit.  
For the purposes of the audit, we limited our hydrodynamioadieview to assessing if DAEC's 
calculations were consistent with the. GE method016gy. : 

The following sections describe the reviews performed atthe site and our findings for each area 
audited.  

2.1 Thi2ii nsee's Sb;ainerModification Docuentation and Associated Safety Evaluation 

In order to ens ttthe imptiit~fentioni of the strainer resolution did not adversely impact 
other plant systerirs6sch a way.as-1ýcreate a new or previously unidentified safety concern, 
we revieweci- ens'sstaý'wainer modification package and safety evaluation for the ECCS 
strainer mdfication, di'Wf n Number ECP-1588. The documents reviewed included the 
Safety4E1aluations SE-99,4I2:and SE-98-029, as well as Engineering Specification BECH
MRS-M471. We performed aI'technical review to ensure that DAEC adequately considered the 
potehtial impacts of the strainer modification on plant safety. In addition, we evaluated DAEC's 
saety evaluation to ensure that the potential impacts of the new strainers on the licensee's 
accdent analyses were adequately considered.  

ThefoIcides a brief overview of the main design and operational considerations 
arsed AEC in the implementation of the strainer modification: 

The ECCS configuration for DAEC consists of two trains of low pressure coolant 
injection (LPCI) and two trains of low pressure core spray (LPCS). Each train of LPCI 
has two pumps that take suction off a common strainer. Each train of LPCS has one 
pump that takes suction from its own dedicated strainer.

e The licensee ensured that the basic ECCS functions remained unchanged by the
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strainer replacement. For instance, the strainers are designed to screen out objects 
larger than 0.125 inches in size. This requirement is the same as the old strainers.  

"* The new strainers were designed to have a maximum head loss equal to or less than 
the existing net positive suction head (NPSH) margin for the ECCS pumps (14.67 feet 
of water (ft H20) for LPCI with two pumps operating, 8 ft H20 for LPCI withione pump 
operating, and 4.48 ft H20 for LPCS when loaded with debris).  

" The strainer specification limits the maximum strainer4ýweightt6e6' n 3000 pounds 
(Ibs).  

"* All materials, design, fabrication, examination andtesting~toi"the EC 
specified to be in accordance with Section III, S7tec tiorNC, NF, and/fi- e 
1977 edition (including Summer 1977 addenda ', 6encanSociety c;hanical 
Engineers Boiler and Pressure Vessel Code (ASME., CodRegulatory Guide 1.82, 
Revision 2, and NUREG/CR-6224. The strainems4were. 6lesigned, fabricated and 
installed as Seismic Category I, Nuclear Safety-Relate&."14 nt. All welds were 
100% visually examined in accordance with" thASME Codm--bibn V. Structural 
welds requiring liquid penetrant (PT) examWnatiorivere 100 "sted in accordance 
with the ASME Code, Section V usingheapop .t accelptaihe criteria specified in 
the ASME Code, Section III. " -.'Oe 

" The strainers were structural1yeialyzedtwvithstard4h hydrodynamic and inertial 
loads calculated using the analysis meth-dologies-specified in the Mark I Containment 
DAEC Plant Unique AnalysiiReport#?UAR) and~lark I Application Guides.  

"* The design of the - conside w case single failure. Different single 
fa~tiw"s ere, consideror the L-PGEnd.-te LPCS to ensure that each was design for 
ensee sed aei • ating" 

ensee S .ation : .... ,Modification (1OCFR5O.59): The licensee 
ducted two atons- st (SE-98-029 for Mod Number ECP-1 588, "ECCS 
:tion Strag " ) was ormed before the URG and the GE topical report were 
ewed he staff Ild not complete updating their licensing basis for the strainers 
austhese two docu ~lre still being reviewed by the NRC. So they performed their 
,,fety evaluation fo'-ar ing the strainer with a larger stacked disk strainer design while 
Zetaining their existist licensing basis. In this safety evaluation, they concluded that the 

cement of the strainers does not constitute an unreviewed safety question because: 
__ereplacement does not increase the probability of occurrence of an accident 

reviously in the Safety Analysis Report (SAR) because the design meets the 

SImaterial, 
and construction standards applicable to the residual heat removal 

R) system, core spray (CS) system, and suppression chamber. No instrumentation
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is affected by the modification, and the modified systems will not be operated outside 
their design or testing limits. The modification does not affect primary containment 
integrity or its ability to perform its safety functions. All applicable ASME Code design 
requirements are met for the strainer modification design to ensure that the primary 
containment safety function is not inhibited.  

2) The modification does not increase the consequences of an accident evaluated 
previously in the SAR because the new strainer design does not , g, degrade or 
prevent any actions described or assumed in an accient anal k'assumptions 
used in the evaluation of radiological consequenqesi the Updatj' Safety 
Analysis Report (UFSAR) were changed. The nerw strainers-o noth•Arthe RH r 
CS systems from performing their functions, anheir initiafn signast 
interfaces, interlocks, and flow rates are also un ani VThe modWfica& "o ot 
affect any fission product barrier. The containrm ability to withstani•he 
pressures and temperatures resulting from a pos, ident is unchanged.  
Structural stresses are all calculated to be with 'llowables.

3) The modification does not increa 
important to safety previously ev 
same function as the old strainer 
meet or exceed the materials/cor 
The strainer modification does ri 
supported ECCS systems. Fot4 
adversely affected by the new§'t 
equipment redundancyfini * hd 
severity of system test reqireme 
and urodynai uirem 
co Went pennd pi 

icatio etr 

inclulc 1 nami con~clu int .......

se the probalbit of a maltun ,'.,of equipment 
aluatedpIhaB. The ndosmginers perform the 
s, butiWO"6dWfterad loss,4ractenstics, and they 
nstryition dt s for the original strainers.  
*otherwi aýf e ioating characteristics of the 
nstanceib protec ature or support system is 
rainersýnd there s no reduction in system or 
Ienci,•sulting ffom the modification. The frequency or 
•nts!ar not increased by the modification. All seismic 

S ýrand the calculated loads for the 
"pA e do not exceed ASME Code allowables 
iti The strainers, associated penetration 
s were designed to current applicable structural loads, 
.. ermal, pressure, and deadweight. Therefore, DAEC 
iegrity and functional capability are maintained.

ItrE Mot increase the consequences of a malfunction of equipment 
saffe "'sly evaluated in the SAR. The modification does not change 
respo-. r safety function of any of the systems or components that could 
)y t change (i.e., the RHR system, the CS system, the strainers, and the 
n ,trainers meet or exceed the original design specification for the old 

m erials and construction, and they have significantly better performance 
,tdebris. The strainer modification also meets all applicable ASME Code 
and as a result, will not adversely impact containment integrity.
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5) The modification does not create the possibility of an accident of a different type than 
any previously evaluated in the SAR. The strainer function is unchanged. The 
modification only affects the size and surface area. The new strainers are passive with 
no active components. And for the reasons indicated above, the strainers will not 
adversely impact primary containment integrity or the containment's ability to perform its 
safety function.  

6) The modification does not create the possibility of a malfunction-ftqipment important 
to safety of a different type than any evaluated previously in th _ The new 
strainers do not affect the RHR or CS systems except to increas iý&frkverall 
performance margin. The strainers do not introduce any newfail qui t 
is not being relocated and the function and opeition of th im~e n 
unchanged. All design requirements of the RHM:O.fld•suppression b6 'i"m'e 
met. Since the strainers, their associated penetr iiVftachments, and th' trus 
interfaces are designed to withstand all applicabl I loads (i.e., hydrodynamic, 
seismic, thermal, pressure, and deadweight), the•pbsibIit l~containment structural 
failure is not created. - • ,' ...  

7) The modification does not reduce the margm'bsAety as deffn the basis for any 

Technical Specification (TS). The modifk ationot chan "the required actions or 
surveillance requirements in the TSfr the EC-CS ttcontainment. The LPCI and CS 
flow rates and test frequencies are unchanged. Th ,if of the strainers on torus 
water level was reviewed and dgerminedito have a iible effect. The required 
minimum water levels for th tous and;.the condensate storage tank and the frequency 
of their verification are notY bnedhe modification. The modification does not 
change the average supprsion p mperatie. The bases for the operability limits 
and surveillance reqýire.ents sp c iT affected by the strainer design change.  
T mpact ge Is arie in the margin of safety because the new 

ovid operatlith significantly higher debris loadings than the 

The secon 3juation-O12 dated August 26, 1999. This evaluation was 
perform revislof the licensing basis for the strainers and ECCS net 
posi basuction margin. These revisions incorporated updated analyses in 
the,,censing basishe new strainers, including analyses for ECCS NPSH margin, 
c.1tainment minimum: p sure, debris generation, and strainer head loss, as well as, 

,%vsions to the UFSWA and other documentation. In this safety evaluation, they concluded 
.at the licensing b'is revision does not constitute an unreviewed safety question because: 

he revis" t) the strainer licensing basis does not increase the probability of the 
of an accident evaluated previously in the SAR because the licensing basis 

are related to events that happen after a LOCA has already occurred. These 
" fanges do not affect or modify operating conditions or initiators previously analyzed in 

the SAR. The changes are to the containment pressure/temperature analysis, debris 
generation calculations, debris transport calculations, strainer debris load calculations, 
strainer performance calculations, and NPSH analysis.  

2) The revision to the strainer licensing basis does not increase the consequences of an 
accident previously evaluated in the SAR because the changes do not alter or degrade
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any actions assumed in an accident to mitigate the event. All changes to the design 
inputs for the modified calculations and analyses are in accordance with methodologies 
previously approved by the NRC, such as the DAEC TS, the URG, and the GE LTR. No 
assumptions used in evaluating the radiological consequences of any accident are 
changed, and no fission product barriers are affected. The revision does not affect LPCI 
or CS system initiation signals, system interfaces/interlocks, and pump flowrates. The 
primary containment's ability to withstand temperatures, pressures, or hydrodynamic 
loads resulting from postulated accidents is unchanged. Supprei"'orool structural loads were evaluated in accordance with the Mark pgranmpprssionpipor 
original design requirements. The pressure and ti erature ana-- i~>cnges are 
bounded by the design basis accident LOCA casw.  

3) The revision to the strainer licensing basis doesnotncreiase the probability, malfunction of equipment important to safety prevaluated in the SA The 
strainer design assumptions are significantly morG6on, vative than those used in the 
original SAR analysis. As a result, the ECCS suc1:iii"-' hardware will reduce the 
probability of a malfunction of the ECCS systems duedt&inc"esed reliability in a post
LOCA environment. The methods used to-size the strain monstrate adequate 
ECCS pump NPSH margin are acceptabIe,1iecause they ha reviewed and 
approved by the NRC. Reliance on contairim p ure to.ronstrate adequate 
NPSH margin for the ECCS pumpers beeresing the margin of safety.  

4) The revision to the strainer lihcening bassidoes notn&rease the consequences of a 
malfunction of equipment im~pt�6ant to safety previosly evaluated in the SAR. The only 
systems or components i..uld bei fected by.he revision are the LPCI and CS 
systems, the torus and thtrainers.7he saetfunctions of these 
systems/components :tnchan1 capabilities to perform their safety 
fun+ctlfs have no.tf" •educed &Ybfth. sion. As noted above, the methods used to 
szetk#Wfcainer d Aistrate adoquate ECCS pump NPSH margin are acceptable 
be- have d and approved by the NRC.  

5) Then revx.~ ;straine i�is�i�ng basis does not create the possibility of an accident 
of• a. was previously evaluated in the SAR. Both the old and new 
st•iers are pces that support operation of the LPCI and CS systems. Since 

y are passive they cannot initiate an accident of a different type than 
previously analy addition, the changes made to analyses for debris generation, 
NPSH margin an containment pressure/temperature were based on existing operating 

i conditions and.. The operating conditions of the existing systems were not changed 
from the require'd design conditions currently listed in the UFSAR.  

Ry to the strainer licensing basis does not create the possibility of a different 
•~f alfunction of equipment important to safety than was previously evaluated in 

SAR. No new failure modes are created since no equipment is being relocated, and 
system functions and operation are not changed. The new strainers perform the same 
function as the old, and all design requirements fo the LPCI, CS and the suppression 
chamber are met. The structural design margins specified in the ASME Code are 
maintained. As noted above, the methods used to size the strainer and demonstrate 
adequate ECCS pump NPSH margin are acceptable because they have been reviewed 
and approved by the NRC. Specific changes to containment pressure/temperature
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analysis inputs were evaluated by benchmarking and comparison analysis to ensure the 
adequacy of the new analysis.  

7) The revision to the licensing basis does not reduce the margin of safety as defined in 
the basis for any TS. The revision does not change the required actions for the 
conditions specified and the ECCS surveillance requirements are not changed. The 
LPCI and CS pump flow rates and test frequencies were not chainged,ta•d analysis by 
DAEC demonstrates that the revision does not degrade their ca bfils. The required 
water levels in the suppression pool and condensate -torage- tnchanged as are 
the requirements for verification of these levels. Therevision dc .t•ftect average 
suppression pool temperature.  

In performing these safety evaluations, the licensee con edp number of dife 
documents to ensure that they fully captured the potentWfRIn',its of the modific n in their 
safety evaluations. For instance, DAEC considered relevant6ckground information provided 
in various generic communications such as NRCBs 95•O2.an&,a03ias well as DAEC's 
responses to those generic communications. Relevant requirem''n - ts he DAEC licensing 
basis as defined in their UFSAR were considered for1Ae residuaf:4eftjeioval (RHR), LPCI, 
primary containment, suppression pool, suppressooling, ent spray, CS, and 
high pressure coolant injection systems. Theil' ctofi -rainer mo6ification on these 
systems under different plant operating rmods was•ico'nsd ad on the plant's Nuclear 
Safety Operational Analysis (NSOA) to ensure that the n stltwhers did not adversely impact 
the capabilities of these systems undeithe varicud require', ating conditions for these 
systems. The NSOA defines the operating modes or stat• that these systems are expected to 
be capable of performing their fun °ris. DAEC also evakated the requirements for the LPCI, 
CS, and primary containment spfied in t esignba-sis documents (DBDs) for these 
systems. The DBDs for thwbPd'and CS, a d to reflect the new strainer criteria a •erall siz r,oe i 
relative toe other 'ch as strainer hole size was maintained to 
ensure t6 w stra t adver"simpact system performance.  

DAE••C also pvalo .a__eva. HPCI and reactor core isolation cooling (RCIC) 
systems to detd &1 wre nificant safety benefit to installing new strainers for 
these systes •" s•f DAE"'Risk-informed Evaluation of Torus Suction Strainers for 
HPCI aoRw$lC" was in IES memo NG-99-0443 to the DAEC Project Manager for 
NRCIe-03 on March` this memo, DAEC concluded that there would be negligible 
safetrenefit to installing'4nstrainers on these systems. For a large break LOCA, the LPCI 
ar Ssystems would .pWiovde core cooling. For medium and small breaks, if clogging of the 

ressure system 'aiers were to occur, the reactor vessel could be depressurized via the 
relief valves (eer automatically or manually) so that cooling could be provided by the 

ure s which have the new improved strainers. They also note that the smaller 
rate less debris making it less likely that the strainers would be clogged.  

ted that the "combined core damage frequency (CDF) for large, medium, and 
sma LOCAs is 4.1% of the CDF for all internal events, and damage cutsets involving 
torus strainer clogging comprise only 3% of this 4.1%. As such, the contribution to core 
damage of LOCA induced torus strainer clogging as currently modeled in the DAEC PSA is 
relatively small." Although not stated in the DAEC evaluation, we noted in reviewing the UFSAR 
that both the HPCI and RCIC systems preferentially draw suction from the CST before before 
switching to the suppression pool. For medium and small break LOCAs, this would allow more 
time for debris to settle before the HPCI or RCIC would switch over to the suppression pool,
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thereby further minimizing the potential for clogging the suction strainers for these systems.  

Staff Evaluation: We reviewed DAEC's engineering packages described above to determine if 
DAEC had fully considered the systems potentially affected by the strainer modification. In 
addition, we evaluated these packages to ensure that DAEC made appropriate engineering, 
procedural, or documentation changes to ensure that plant safety is adequately maintained 
during the installation of the new strainers and in normal operation with-:the new strainers.  
Based on our review, we concluded that DAEC's engineering packag&-and•associated safety 
evaluation were adequate in scope, evaluating the potentialirmpactsofh,6h-siner 
replacement. We did not identify any systems or componehts that wouWd&roi9Vacted by the : 
strainer replacement that were not addressed by the licensee. Therefore;,w.e',oCkde tha 
appropriate steps were taken by DAEC to safely install the new strainers a ensu ýReithe 
installation improved overall plant safety. 

We also reviewed DAEC's evaluation of the HPCI and RCIC,4stems to determine if there 
would be a significant safety benefit to installing new strainers-fiorthe systems. We agree 
with DAEC's conclusion that there would be a negligiblesafety bi to upgrading the 
strainers for these systems.  

2.2 Plant-specific Analyses, Strainer Performance andDestgnxCalculations, and 
Hydrodynamic Loads -: 

Strainer Performance and DesignCalculations: We evaluated DAEC's strainer analyses 
and design calculations through sies of cofirmatoryialculations. These calculations were 
performed by LANL. LANL's confirmatory adiJyses focused on two objectives: 

1) Confirm<]DAC's estimatecdebris loaciffi oad 'wo•nhe new strainers.  
2) Con rformancea of ¢thestrainer des'ign based on the strainer design criteria and 

DAE '-€•d acciden•;•ctýions.  

These calculatii esigned ti _:frkm that the strainers will function as intended during a 
LOCA. LAN sets ofCalculations to achieve these objectives. First, they 
indepene y estimah bris oadings for the strainers using the methods approved by 
the NR131 Second, they •t l the head loss across the strainers using (a) the debris 
load* '.s calculated by DAEtin their analyses, and (b) the debris loadings independently 
esAWmted by LANL. LAkiLs report is included in Appendix B of this report. Their report 

,ir~ ~es a descriptiono, their analyses, their analyses results, and calculation summary tables.
overall
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conclusion in their report is that the "DAEC strainer replacement strategy is sound and their 
analyses provide reasonable assurance that the ECCS strainers are adequately sized to 
support long-term ECCS operation following a LOCA." LANL further states that any 
uncertainties in DAEC's analyses are compensated for by conservative assumptions factored 
into the analysis.  

Staff Evaluation: We have reviewed LANL's findings relative to the performance of the DAEC 
strainer design and agree with their results. The audit's confirmatory.ai" ses demonstrate 
that the DAEC's strainers are adequately sized. We did not identify a'n-yeaknesses in DAEC's 
analyses and documentation that we believe need to be addressed. .-", 

Hydrodynamic Loads: We met with members of the DAEC's-sff to discuss th•e a•on 
of the submerged loads on the strainer. In preparation -I the udit, we reviewed'ttie GE LTR.  
Our review of the hydrodynamic loads portion of this topic p was not complete at the time 
of the DAEC audit. Open issues still remained with the-GETR hdrodynamic loads. As 
such, no conclusions on the adequacy of the hydrodynamic Idai theDAEC's strainer were 
made during the audit or in this report. The review of-the hydrodynmic&Iod portion of the GE 
LTR is currently still ongoing. We will assess the.ne•dtoaddress a en items regarding the 
adequacy of the DAEC design relative to hydrodynamiC'Joads upon the'completion of our 
review of the LTR. . .. ... ..  

The data from tests conducted by GE was available at the',time~of the audit. The detailed 
methodology of how the submerged'strUcture bydrodynamic masses and acceleration drag 
volumes were calculated was prod in the-.GE LTR. I 
GE providedthe values of.#'* •' _• W .. -:• 

G o d ve t ydrodynacmas a the acceleration drag volumes (ADV) 
for the GE staced disksuctkdn strainers "n ýt Duane Arnold. According to the GE LTR, 
the procdde"c- alculatiit ihAh design accteation drag volume for the GE strainers consists 
of: R k 

(1) deterim "" metryi• •ict&eand the hole factor, and 
(2) calcu Mtg - 'teration drug volume for the crossflow and longitudinal directions.  

The geometry factor ca, . er. mined using Table 2 in Appendix C of the LTR. Table 2 
presdats the predictions 4 proprietary fast-panel analysis. The GE methodology uses the 
fa• "anel analysis to pr lict the hydrodynamic mass coefficients of three GE stacked disk 
sier designs (i.e., the different ratios of diameter to length, referred to as D/L) placed in an 

id flow field. Tte results are then used to compare the predicted mass coefficients for 
aced c rs of the same corresponding dimensions. According to the LTR, Table 2 

3 ermine the longitudinal and crossflow geometry factors for any given GE 
str. ... pecified D/L. However, the fast panel analysis cannot directly model the 
com configuration of the stacked disk geometry with perforated plates. As such, a hole 
reduction factor was required.  

The values to be used for the hole factors were provided in Appendix I of the LTR. According 
to Appendix I, the acceleration drag volume values were determined from the fast panel 
analysis and the test results of GE's prototype strainer. Since the strainer perforated plate (or
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holes) was the only difference between the analytical model and the tested strainer, the ratio of 
these ADV values represented the hole reduction factor to be applied to the hydrodynamic 
mass coefficient for the GE strainers.  

The acceleration drag volume is the volume of the strainer straps added to the product of the 
geometry factor, hole factor, and the circumscribed cylinder volume of the stackd• disk strainer.  
Based on the procedure described in the GE LTR, GE provided the crossbwand axial 
direction acceleration drag volumes for the Duane Arnold LPCI and CS ten suction 
strainers. The acceleration drag volumes were then used as an inputtLw•f ,iulation of the" 
submerged structure loads and their effect on the containment penetid`-` 
documented the their efforts to address the requirements original lefined 
"Safety Evaluation Report MARK I Containment Long- gam Reoutioc 
Technical Activity A-7," for the strainer modification in ECP158, and in DDC-374I EC, 
Plant Unique Analysis Report, Volume 7 - Residual HeatAenio(.aand Core Spray Strainer 
Modifications for NRC Bulletin 96-03." We reviewed thesdo nits as part of our audit.  

While our main concem was centered on the methodology used t'16-cafmke the acceleration 
drag coefficient (Cm), we were also interested in;thevaue.of the stAndatIrag coefficient, Cd.  
Standard drag is generally considered to besmalfih comparison with,0rm but it can represent 
about 10 percent of the combined load, Cmand Cd. , felt that it could be 
demonstrated by analysis and test that the original valu'eo6)2fCd was too conservative for
the new strainer annlication_

/innougn inewauaiT was nojocusea on tnlesUUsrataspects of the new strainer design, we 
were able. t6*ain a brief, ry of th ated.sed in the design. As expected, the loads 
associat dWre new s Ign did mcrease the penetration loads. The increased 
penetrationTtoad7requirj`eur e fidaffws to the LPCI and CS containment penetrations. The 
modifications awd6stribed in Vd616r7of the DAEC PUAR. With these modifications and the 
supporting re-anat he design- ale to meet all ASME code requirements.  

Staff Evaluation: Ttrii& iormed confirmatory calculations of the acceleration drag 
volumesnd hydrodyna ienasses for the Duane Arnold suction strainers. Our calculation 
followed the procedure di ed above. Our confirmatory calculations demonstrated that 
vakie provided by GE were consistent with the values that would be calculated using 
pedure in the GE LIP. However, since the review of the GE LTR is not complete, we 
dahnt provide an evAkation of the adequacy of the design acceleration drag volumes and 

o amic masses used in the calculation of the submerged structure loads. For the 
•icient, Cd, we believe that the standard drag is not a significant contributor to 

t Jlynamic load on the strainer. Therefore, we have concluded that the 
reco n ed values in the LTR for the standard drag coefficient are reasonable for load 
recalculation purposes.
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2.3 Suppression Pool/Strainer Cleanliness 

Consistent with the requested actions of NRCB 95-02, DAEC has established a suppression 
pool cleaning program to ensure operability of the ECCS and to prevent the design basis for the 
new strainers from being exceeded. The program consists of a combination of foreign material 
control procedures and cleaning activities. We reviewed DAEC's suppression poovfstrainer 
cleanliness program to ensure that the program is adequate to maintain;ECCstperability 
during normal operation. Specifically, we interviewed the station personnel arding the 
suppression pool cleanliness and reviewed selected procedures and•:..' . rs from the 
program including: 

" Surveillance Test Procedure (STP) 3.6.1.1-01, "Suppriession Chmber anD e 
Inspection." :• 4-s' 

" Administrative Control Procedure (ACP) 1408.20, "F naterial Control."' 
"• Integrated Plant Operating Instruction (IPOI) 7, "Speci•Ope.rtions." 
" Pre-planned Maintenance Action Request (PMAR) 9'W025ie April 6, 1999.  

Foreign Material Control: ACP 1408.20 provides guideines for im e g foreign material 
control. As a minimum, foreign material exclusicn.ar(FMEAs) ers:fin closure shall be 
required on all work activities requiring foreignýmate"i&je-x•duion (FME). Formal accountability 
of the entry and exit of tools, parts, grindinQarticlent-oteriteas that could affect the 
intended operation of a system or component is aintairll s using material 
accountability logs (MALs). An FMEAsIestablished whe•'•em closure inspection to verify 

removal of all foreign material is notfe4asible. .Guidance to-he work planner provided in this 
procedure states that FME controI.R ijiremei'Ais should-13b defined based on work activity 
considerations such as the size othe systcpenin - epote tntial effects of foreign material 
on system reliability, the effeets-V restrictinq-acblgo the work zone, the ease with which tools 
dropped ie y. r adily ret'fh cleanliness of adjacent areas, the , atidjacent areas, the potential for introduction of 

ftm, the ease of cleaning and inspecting the system or 
component u po !etion of- and the need for quality control inspections. The work 

pn ms a .b.b.l.. n .M_ barriers with ease of retrieval. If an FMEA is 
implementhen.,.th1bbiding is 4lemented: 

1-. custodian is &ssig control and account for tools and materials, and a MAL is •implemented. : 

All personal obj• s are removed prior to entering the FMEA, or they are taped inside 
clothing pocketsv In addition, badges, dosimetry, and glasses shall be taped or 
otherwise se"rted.  

a yards '11 be used to ensure the ability to retrieve objects, if dropped.  

Sovides guidance on many other potential methods the work planner can use to 
con eign material. Examples include roping off the work area, temporary ventilation 
filters, temporary coverings for areas where recovery of dropped items would be difficult, 
cleaning adjacent areas, rescheduling work to avoid overlap with potentially detrimental 
activities in adjacent work areas, vacuuming the open system or component prior to closure, or 
flushing the system upon completion of the work.

ACP 1408.20 also describes the responsibilities of the worker and the Custodian. Prior to
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beginning work, the worker shall review, understand and adhere to the FME requirements. He 
shall also inspect the work area for loose tools, parts and materials. If an FMEA is established, 
he will verify that materials smaller than the planned system opening are formally accounted for 
or removed from the FMEA. The worker shall perform the work activities in a manner that 
reduces the possibility of introducing foreign material into the system (e.g., remove foreign 
material following maintenance, ensure components removed from the field are sealed to 
prevent foreign material intrusion, prevent metal shavings from entering•Lelectricai'components, 
etc.). The worker is also responsible to notify supervision if FIME controik4ost and to balance 
the MAL before the system closure inspection is complete&d,•Custod o"sibilities are also 
defined in ACP 1408.20. The Custodian controls the access'to the FIVEA6anaintains the 
records for material accountability using the MAL. AT

The procedure defines the actions necessary when tool 
cannot be accounted for, a Supervisor is notified prompti 
loose parts analysis is preferable to physical recovery, th 
be completed and documented in the AR system prior to 

The final parts of ACP 1408.20 include system cleainer., 
the acceptance criteria for cleanliness. Reactor1Corisal 
class B. The acceptance criteria states that-mta 
unacceptable. Small particles and atmosphe•ric dusfthial 
acceptable.  

Suppression Pool Cleaning: PMARf9g0285 establishes 
outage for desludging the suppresi pool ,.tOensure th* 
below the analyzed value of 50%.bs

Suppresskx 
pool cle 
computer 1 
integrated ir

Surve 
suppr 
drywq 
strai

illan( 
es

clean 
ackec

woI

.=•r evidence of 
S and the suppi 
bludes an inspecl 
dure checklist, bt 
e. The surveilj

materials ar& -tofey 
Action RequestFtitted. If a 

.ry evaluations/actions shall 
,mAýcosure inspection.

3s classific 
lation coori 
filinas. anm

,n1ad the definitions of 
,nd IECCS systems are 
#indings are 
ved during flushing is

.aschedule of every other refueling 
•tsludge quantities are maintained

mplishe4hi 06f-the work order system. The suppression 
ganned Order (PWO). These work orders are in the 
,Wor to the refueling outage, the PWO's are printed out and

X 1 requires visual inspection of the interior and exterior of the •,es. vent header and downcomers, and the interior surface of the 
6iton. This procedure also includes the inspection of the ECCS 

,)w, pool coatings. This procedure is primarily structural inspection, 
ofthe ECCS strainers for debris. It provides a comment space in the 

o success criteria. This surveillance is typically performed every 
schedule is not to exceed 24 months.

Oedures for primary containment entry and closeout, as well as torus 
c -rocedure provides instructions to ensure that the drywell and torus are free of 
de6grough some engineering judgement is allowed in assessing the need to remove 
materials from the drywell. In cases where the suppression pool has been drained, the 
strainers are inspected and verified free of debris as part of the torus closeout.
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Maintenance Rule: We reviewed IES Maintenance Rule Memorandum NG-98-2021, "Core 
Spray and RHR Strainer Monitoring." This memorandum provides a discussion on the new 
ECCS strainers and their relationship to the DAEC Maintenance Rule Program. Specifically, 
the strainers are included in the licensee's maintenance rule activities because they are 
captured as an integral component of the ECCS systems to which they are attached. DAEC 
maintains programs for component-specific predictive maintenance, preventive maintenance, 
surveillance and inspection activities separate from the Maintenance Rtle Program. DAEC's 
Maintenance Rule Program provides the performance-based mechanu'i iicking the 
effectiveness of these programs in maintaining the reliability d avaf•tI'pey plant 
functions. Using their Maintenance Rule Program, DAE traks the plContainmet 
Spray, LPCI and CS systems to deliver rated flow. The re trackedt:oth" rate a 
unavailability. If the a strainer related problem caused a-failure Qfl1ese sysfe Id 
be captured in the reliability and unavailability criteria. 1bbMaliitbrnance Rule Pso 
captures past unavailability identified at a later date. Foi e, if, based on arrspection of 
the strainers or the torus, the inspector concludes that an:EGC•ystem or train would not have 
been able to perform its function after a certain periodottT. Pmei'*r"te past unavailability would 
be applied to the system/train in the Maintenance Rule~dataNba Waidition, DAEC also has a 
Structure Monitoring Program within their Maintenance-Rule prograim ioith has performance 
criteria regarding discovery of structural conditions;ýwhic0without rqmfifould reasonably be 
expected to cause a system/train failure prior tv'biMe-xheduled ai'essment of the 
structure. The memorandum further notestfiat the NR -a- Ji" Maintenance Rule 
inspection conducted at DAEC in October1997 concludedi 3EC's program acceptably 
monitored equipment performance andhi~et the equiremethe Maintenance Rule.

Statf Evaluation: DAE( 
refueling outage. We co 
conservativessumptior 
suprpressioiol. and o

C has impJern-nted ap'rogram oftuppression pool cleaning every other 
nclude th tthis cleoihg intear'is appropriate based on the 
nsJ&DAk's relative to the amount of sludge in the 
n:, ign mate 60c*ols utilized in the torus and drywell to 

inadve!rieu dropped in the suppression pool. Cleaning 
1ery w1`1 ing outage means that the torus will be desludged 

ee to fo Ip addition, STP 3.6.1.1-01 requires strainer visual 
rimar A-ment Leakage Rate Testing Program required visual 

~s~rogr," the strainers are visually examined and verified free of 

Sg,Žispection of the strainers every outage minimizes the potential 
on the strainer surface. Similarly, cleaning the suppression 

oIge ensures that debris buildup in the suppression pool beyond 
•will'not occur. The level of inspection and cleaning performed by 
approach to ensuring adequate strainer availability; therefore, we 

eaning and surveillance intervals are acceptable.

�' aI work orders from previous refueling outages involving work in an around 
e work orders included activities such as coating inspections, torus cleaning 

(de -; ng), and containment leak rate testing. Our review determined that the work orders 
included appropriate foreign material controls that was consistent with the guidance in ACP 
1408.20. For instance, for local leak rate testing of the torus hatch, the torus was declared an 
FMEA and a MAL was established. A Quality Control (QC) hold point was included for 
verification of compliance with ACP 1408.20 and the establishment of the MAL. A second QC 
verification was included for verifying that the MAL was balanced at the conclusion of the work.
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Based on our review, we conclude that DAEC's foreign material exclusion procedures provide 
an appropriate level of protection from foreign material for the ECCS strainers.  

We agree with DAEC's assessment that their Maintenance Rule Program would capture ECCS 
performance problems (both reliability and unavailability) related to the ECCS strainers. The 
Maintenance Rule performance data should ensure that DAEC would address strainer issues 
appropriately with their preventative or predictive maintenance programS•, as required.  

Overall, our review and interviews with Duane Arnold's staffhave showi UDAEC has a good 
focus on maintaining adequate cleanliness in the suppression pool, thdae'I nd on the 
strainer surfaces. We also conclude that they have implemented a 
procedures to ensure operability of the ECCS strainers and availablity of su 
water for ECCS injection during a LOCA. Therefore, we.conclude that Duane A i 
adequately addressed the issues raised in NRCB 95-0O2P 4' 

3.0 CONCLUSIONS .  

As shown by the audit team's confirmatory calculationsý,we belie a ne Arnold has 
adequately designed their ECCS strainers to witjtn high detbiJ. ds anticipated during 
a LOCA. In addition, they have implemented arnappro -riinspect program to ensure the 
operability of the ECCS (relative to strainerand suppres ooLanliness), and they have also implemented a suppression pool c*liness.pogram:aid'eýign material control 
procedures to limit the potential for clogging the.E'CCS withterials brought into the drywell or 
wetwell during outage operations., T[,he icenseeowas wellprepared for the audit. All requests 
for additional information were addmssed quickly and effiiently. As a whole, it was a 
successful site visit.  

This audiUAiseen as ta point forth'sure of hydrodynamic load open issues 
reated t rainenn However, actual closure cannot be made until we 

complete f the , uring the exit meeting, we restated that no conclusions 
on the hydr6df loads on Da Arnold ECCS strainers will be made at this time. Our 
major focus of ti f..-aWas understar~fng the application of the GE methodology to the new 
EGGS strainibiwew otthe hydrodynamic load portion of the GE LTR is currently 
still.dng°'..we wil ,e••..peed to address any open items regarding the adequacy of the 
DAEC.•dsign relative t6h dr•,,inamic loads upon the completion of our LTR review.



APPENDIX A 

AUDIT PLAN 

Implementation of NRC Bulletin 96-03 Resolutions 

Applicability: The staff plans to audit the following sites: 

1- Duane Arnold (Mark I, GE Bolt-on, NUKON Fibrous Insulation) 
2- Dresden (Mark I, PCI Bolt-on, RMI Insulation) 
3- Limerick (Mark I!, ABB, NUKON Fibrous Insulation) 
4- Grand Gulf (Mark III, Enercon, Calcium Silicate and Kaowool Insulation) 

After performing the above audits, the staff will evaluate the need for additional audits. If 
additional audits are needed, the staff would most likely select from the following plants: 

"* Susquehanna (Mark II, GE Bolt-on, RMI) 
"* Fitzpatrick (Mark 1, PCI Ring Girder, Various Fibrous Insulations) 
"* Peach Bottom (Mark I, ABB, NUKON Fibrous Insulation) 
"* Perry (Mark Ill, Enercon, NUKON Fibrous Insulations) 

The choice of any additional plants to be audited will be assessed by the staff based on findings 
from the initial four audits. If the initial audits identify any safety issues, then additional sites 
may be selected to determine if the issues are vendor-specific, plant-specific, or generic in 
nature.  

Objective: To verify the implementation of NRC Bulletin 96-03 (NRCB 96-03), "Potential 
Plugging of Emergency Core Cooling Suction Strainers by Debris." Specifically, the staff will: 

1) assess the adequacy of licensee resolutions, 
2) identify if additional evaluation of licensee resolutions through the NRC inspection program 

is necessary, and 
3) if additional inspection effort is needed, identify areas to be inspected and guidance needed to support inspection effort (i.e., a Temporary Instruction).  

Background: On July 28, 1992, an event occurred at Barseback Unit 2, a Swedish boiling
water reactor (BWR), which involved the plugging of two containment vessel spray system 
(CVSS) suction strainers. The strainers were plugged by mineral wool insulation that had been 
dislodged by steam from a pilot-operated relief valve that spuriously opened while the reactor 
was at 435 psig. Two of the three strainers on the suction side of the CVSS pumps that were in 
service became partially plugged with mineral wool. Following an indication of high differential 
pressure across both suction strainers 70 minutes into the event, the operators shut down the 
CVSS pumps and backflushed the strainers. The Barseback event demonstrated that the 
potential exists for a pipe break to generate insulation debris and transport a sufficient amount 
of the debris to the suppression pool to clog the ECCS strainers.  

Similarly, on January 16 and April 14, 1993, two events involving the clogging of emergency
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core cooling system (ECCS) strainers occurred at the Perry Nuclear Power Plant, a domestic 
BWR. In the first Perry event, the suction strainers for the residual heat removal (RHR) pumps 
became clogged by debris in the suppression pool. The second Perry event involved the 
deposition of filter fibers on these strainers. The debris consisted of glass fibers from 
temporary drywell cooling unit filters that had been inadvertently dropped into the suppression 
pool, and corrosion products that had been filtered from the pool by the glass fibers which 
accumulated on the surfaces of the strainers. The Perry events demonstrated the deleterious 
effects on strainer pressure drop caused by the filtering of suppression pool particulates 
(corrosion products or "sludge") by fibrous materials adhering to the ECCS strainer surfaces.  
This sludge is typically present in varying quantities in domestic BWRs, since it is generated 
during normal operation. The amount of sludge present in the pool depends on the frequency 
of pool cleaning/desludging conducted by the licensee.  

On September 11, 1995, Limerick Unit 1 was being operated at 100-percent power when 
control room personnel observed alarms and other indications that one safety relief valve (SRV) 
was open. The licensee implemented emergency procedures. Attempts by the reactor 
operators to close the valve were unsuccessful, and a manual reactor scram was initiated.  
Prior to the opening of the SRV, the licensee had been running the "A" loop of suppression pool 
cooling to remove heat being released into the pool by leaking SRVs. Shortly after the manual 
scram, and with the SRV still open, the "B" loop of suppression pool cooling was started. The 
reactor operators continued their attempts to close the SRV and reduce the cooldown rate of 
the reactor vessel. Approximately 30 minutes later, operators observed fluctuating motor 
current and flow on the "A" loop of suppression pool cooling. Cavitation was believed to be the 
cause, and the loop was secured. After it was checked, the "A" pump was successfully 
restarted and no further problems were observed. After the cooldown following the blowdown 
event, the licensee sent a diver into the Unit 1 suppression pool to inspect the condition of the 
strainers and the general cleanliness of the pool. The diver found that both suction strainers in 
the "A" loop of suppression pool cooling were found to be almost entirely covered with a thin "mat" of material, consisting mostly of fibers and sludge. The "B" loop suction strainers had a 
similar covering, but less of it. Analysis showed that the sludge primarily consisted of iron 
oxides and the fibers were polymeric in nature. The source of the fibers was not positively 
identified, but the licensee has determined that the fibers did not originate within the 
suppression pool, and contained no trace of either fiberglass or asbestos. This event at 
Limerick demonstrated the need to ensure adequate suppression pool cleanliness. In addition, 
it re-emphasized that materials other than fibrous insulation could clog strainers.  

In response to the Limerick event, the staff issued NRCB 95-02, "Unexpected Clogging of 
Residual Heat Removal (RHR) Pump Strainer While Operating in Suppression Pool Cooling 
Mode," on October 17, 1995. The bulletin requested that licensees (1) assess the operability of 
their ECCS on the basis of the cleanliness of their suppression pool and ECCS strainers, 
(2) verify the operability of the ECCS through an appropriate pump test and strainer inspection 
within 120 days from the date of the bulletin, (3) establish a pool cleaning program, (4) review 
their foreign material exclusion (FME) practices and correct any identified weaknesses, and 
(5) implement any additional appropriate measures for ensuring the availability of the ECCS.
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Title 10, Section 50.46 of the Code of Federal Regulations (10 CFR 50.46) requires that 
licensees design their ECCS systems to meet five criteria, one of which is to provide long-term 
cooling capability following a successful system initiation for a sufficient duration so that the 
core temperature is maintained at an acceptably low value and decay heat is removed for the 
extended period of time required by the long-lived radioactivity remaining in the core. The 
ECCS is designed to meet this criterion, assuming the worst single failure. However, 
experience gained from operating events and detailed analyses has demonstrated that 
excessive buildup of debris from thermal insulation, corrosion products, and other particulates 
on ECCS pump strainers is highly likely to occur. This creates the potential for a common
cause failure of the ECCS, which could prevent the ECCS from providing long-term cooling 
following a LOCA. The staff has concluded, therefore, that licensees must take adequate steps 
to prevent strainer clogging in order to ensure compliance with the regulations.  

As a result, NRCB 96-03 was issued on May 6, 1996, requesting BWR licensees to implement 
appropriate procedural measures and plant modifications to minimize the potential for clogging 
of ECCS suppression pool suction strainers by debris generated during a LOCA. Regulatory 
Guide 1.82, Revision 2, (RG 1.82) was issued in May 1996 to provide non-prescriptive guidance 
on performing plant-specific analyses to evaluate compliance with 1 0CFR50.46. On November 
20, 1996, the Boiling Water Reactor Owners Group (BWROG) submitted NEDO-32686, "Utility 
Resolution Guidance for ECCS Suction Strainer Blockage" (also known as the URG) to the staff 
for review. The purpose of the URG is to give boiling-water reactor (BWR) licensees guidance 
for complying with the requested actions of NRCB 96-03. The staff approved the URG in an 
safety evaluation report (SER) dated August 20, 1998. In response to NRCB 96-03, all affected 
BWR licensees have installed (or will install during their next refueling outage) new large
capacity passive strainers to resolve the issue. These installations have typically been 
conducted under 1 OCFR50.59 with the licensees concluding that no unreviewed safety question 
exists due to the installation of the new strainer designs. As a result, no detailed review of 
licensee resolutions for this issue has been performed by the staff. Therefore, the staff will 
conduct 4-6 plant audits to verify implementation prior to closing out the generic issue for 
BWRs.  

Audit Requirements: The following analyses and programs will be included in the audit scope: 

1) the licensee's 50.59 safety evaluation, 
2) the licensee's plant-specific analyses performed in response to NRCB 96-03, 
3) the licensee's strainer performance and design calculations, and 
4) the licensee's ongoing suppression pool cleanliness program (NRCB 95-02).  

Audit Guidance 

1) Licensee's 50.59 safety evaluation 

Purpose: to perform a technical review to ensure that implementation of the strainer 
resolution did not create new safety concerns (e.g., hydrodynamic loads), as well 
as to ensure that the licensee's safety evaluation is sufficiently comprehensive to 
ensure that no additional safety concerns were caused by the strainer resolution.
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Specifically, the auditor will review the licensee's 10CFR50.59 safety evaluation performed 
in response to its NRCB 96-03 resolution to assess the: 

"* affect of any changes to strainer hydrodynamic load calculations on plant safety 
"* affect of the increased strainer size (and associated supporting structure) on 

suppression pool inventory/accident analyses 
"* adequacy of scope of resolution (e.g., is change only required to low pressure ECCS 

pumps) 
"* potential for new failures not previously evaluated being created by the resolution 
"* potential for an increase in the probability of a failure previously evaluated 

The staff will perform a technical review of the 1 OCFR50.59 safety evaluation to confirm that 
the licensee's resolution adequately addressed the potential impacts of the new strainer 
design on plant safety.  

2) Plant-specific analyses performed in response to NRCB 96-03 

Purpose: Evaluate plant-specific application of the URG in plant analyses to determine if 
the calculated strainer debris loadings are appropriate.  

Specifically, the auditor will review the licensee's plant-specific strainer analyses: 

"* to assess the overall application of the URG to the plant 
"* to confirm consistent interpretation of the URG and the staff's SER 
"* to evaluate licensee analyses of areas where the URG did not provide detailed guidance 

(e.g., evaluation of debris generation and transport inside the bio-shield wall) 
Limited confirmatory calculations will be performed, as necessary, to confirm consistency in 
the application of the URG methodologies.  

3) Strainer performance and design calculations 

Purpose: To confirm that the strainer has been adequately designed and constructed to 
meet its safety function.  

Specifically, the auditor will review the licensee's strainer design calculations to confirm: 

"* the adequacy of the licensee's basis for determining their strainer head loss 
"* the adequacy of the licensee's basis for calculation of their NPSH margin 
"* the adequacy of the strainer structural design and construction (e.g., ASME code 

requirements) 

In addition, the auditor will compare calculated clean strainer head losses with results of 
post-implementation testing performed by the licensee.
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4) Ongoing suppression pool cleanliness program (NRCB 95-02)

Purpose: To confirm that the licensee's program to ensure appropriate levels of 
suppression pool and ECCS suction strainer cleanliness is adequate to ensure 
operability of the ECCS.  

Specifically, the auditor will review the licensee's suppression pool cleanliness program to 
confirm: 

"* the licensee has established an adequate suppression pool cleaning program including: 
1) procedures to evaluate pool cleanliness 
2) criteria for cleaning pool/strainers 
3) frequency of pool evaluation and cleaning 
4) basis for cleaning frequency and criteria 

"* the licensee has established adequate administrative controls on the program (e.g., 
included in the plant maintenance program) 

The appendices to this audit plan (not included herein) provide spreadsheets detailing the 
specific information which will be evaluated by the auditors. The auditors will review plant 
drawings, calculations, strainer specification and other design documentation, as appropriate.  
The licensee's documentation will be used to fill in the attached spreadsheets. Confirmatory 
calculations will be performed by the team as shown on the spreadsheets. The completed 
spreadsheets will be included in the trip report for each plant.  

Reporting Requirements: The results of this audit will be documented in a routine trip report.  
The trip report will be addressed to the Director, Division of Systems Safety and Analysis, NRR 
(mail stop O-8E2). A copy of the trip report will be forwarded to the Project Manager for the 
audited plant. A summary report of the staff's findings on all the audits will be published 
following completion of the audits.  

Completion Schedule: These audits should be completed by May 31, 1999.  

Contact: Questions regarding this audit plan should be directed to Rob Elliott at 301-415-1397.  

Statistical Data Reporting: Hours expended for this audit, including preparation time, should 
be reported under TAC number MA0704.  

Originating Organization Information 

Organization Responsibility: This audit plan was initiated by the Containment Systems and 
Severe Accident Branch (SCSB).  

Resource Estimate: It is estimated that each audit will require approximately 240 hours per 
audit (120 hours per auditor, with two NRR representatives on each audit). The staff estimates 
approximately 40 hours at each audit site.
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Other: It is anticipated that each audit team will consist of two members of SCSB and two 
contractor personnel.  

Training: No specific training is associated with this audit.  

References: 

NRC Bulletin 93-02, "Debris Plugging of Emergency Core cooling Suction Strainers," dated 
May 11, 1993.  

NRC Bulletin 93-02, Supplement 1, "Debris Plugging of Emergency Core cooling Suction 
Strainers," dated February 18, 1994.  

NUREG/CR-6224, "Parametric Study of the Potential for BWR ECCS Strainer Blockage Due to 
LOCA Generated Debris," dated October 1995.  

NRC Bulletin 95-02, "Unexpected Clogging of Residual Heat Removal (RHR) Pump Strainer 
While Operating in Suppression Pool Cooling Mode," dated October 17, 1995.  

NRC Bulletin 96-03, "Potential Plugging of Emergency Core Cooling Suction Strainers by 
Debris in Boiling-Water Reactors," dated May 6, 1996.  

Regulatory Guide 1.82, Revision 2, "Water Sources for Long-Term Recirculation Cooling 
Following a Loss-of-Coolant Accident," dated May 1996.  

GL 97-04, "Assurance of Sufficient Net Positive Suction Head for Emergency Core Cooling and 
Containment Heat Removal Pumps," dated October 7, 1997.
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Based on our review, we conclude that DAEC's foreign material exclusion procedures provide 
an appropriate level of protection from foreign material for the ECCS strainers.  

We agree with DAEC's assessment that their Maintenance Rule Program would capture ECCS 
performance problems (both reliability and unavailability) related to the ECCS strainers. The 
Maintenance Rule performance data should ensure that DAEC would address strainer issues 
appropriately with their preventative or predictive maintenance programs, as required.  

Overall, our review and interviews with Duane Arnold's staff have shown that DAEC has a good 
focus on maintaining adequate cleanliness in the suppression pool, the.,dryeliiand on the 
strainer surfaces. We also conclude that they have implemented apprýpriate programs and 
procedures to ensure operability of the ECCS strainers and6availabirf# ession pool 
water for ECCS injection during a LOCA. Therefore, weeconclude tharbiV aA old has 
adequately addressed the issues raised in NRCB 95-02 ..  

3.0 CONCLUSIONS 

As shown by the audit team's confirmatory calculations, we&believe.that Duane Arnold has 
adequately designed their ECCS strainers to withstan•th'"' ig-fhvd s. loads anticipated during 
a LOCA. In addition, they have implemented an appropriate inspectici.jprogram to ensure the 
operability of the ECCS (relative to strainer and suppression poopriies), and they have 
also implemented a suppression pool cleanlinesprogram.and foreign'pterial control 
procedures to limit the potential for cloggingthe' ECCOS withmateral&s irought into the drywell or 
wetwell during outage operations. The licensee was wh ''iprpedfr the audit. All requests 
for additional information were addresse:fquicklyýaad effientt:AAs a whole, it was a 
successful site visit.  

This audit was seen as the startin for te closurea.f hydrodynamic load open issues 
related to the new strainer inst on. Hower, actu-closure cannot be made until we 
complete our,.review of theG LTR twe-,rneeting, we restated that no conclusions 
on the ho ic Ioa"&Ae Duane' AOIt-ECGS strainers will be made at this time. Our 
major f0. audit"' itandinglt1e application of the GE methodology to the new 
ECCS o anging e ourwde th d bde hydrodynamic load portion of the GE LTR is currently 

siloNtheddress any open items regarding the adequacy of the 
DAEC design r.l drody iii:. lads upon the completion of our LTR review.  
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LOS ALAMOS TECHNICAL EVALUATION REPORT

ON-SITE AUDIT OF DUANE ARNOLD POWER PLANT EMERGENCY CORE COOLING SYSTEM STRAINER 

BLOCKAGE RESOLUTION 

1.0. INTRODUCTION 

Duane Arnold Energy Center (DAEC) is a single BWR/4 unit with Mark I containment. In 
response to US Nuclear Regulatory Commission (NRC) Bulletin 96-03, replacement emergency 
core cooling system (ECCS) suction strainers were installed at the DAEC unit in 1997. The NRC 
staff performed an on-site audit of the analyses that formed the basis for the design and installation 
of the replacement strainers (Refs. 1-3). Included in the audit were the licensee's (IES Utilities, Inc.) 
implementations of programs related to the general issue of ECCS strainer blockage, such as the 
Foreign Material Exclusion (FME) Program and the Suppression Pool Cleanliness Program (SPCP).  
Los Alamos National Laboratory scientists assisted NRC in this effort.  

Appendix A contains the completed checklist used by the Los Alamos and NRC staffs during 
the on-site review. The checklist provides a brief summary of all aspects of the review. This report 
documents the supporting analyses conducted by Los Alamos scientists during the on-site review.  

1.1. Plant Familiarization 
The DAEC unit uses predominantly Nukon TM mats' to insulate the primary piping. Limited 

quantities of 2.5-mil stainless-steel reflective metallic insulation (RMI) cassettes and calcium-silicate 
insulation (encapsulated in aluminum jackets) were used around some of the piping inside the 
drywell. In addition, small quantities of calcium-silicate/asbestos and lead-wool insulation were used 
on the drywell penetrations. The Nukon insulation is protected by stainless-steel jackets with normal 
J-hooks. The reactor pressure vessel is insulated by RMI cassettes. However, the plant screened 
out RMI insulation from the analyses because (a) there are no postulated breaks within the 
biological shields that could generate and transport debris from the RMI located on the reactor 
vessel2 and (b) the RMI located on the process piping will be replaced gradually by fiberglass 
insulation. The calcium-silicate insulation was screened out because it is located in the higher 
regions of the containment, where the potential for generation of large quantities of insulation debris 
is negligible. The calcium-silicate/asbestos and lead wool were screened out because they were 
present only in the penetrations. Therefore, for the purpose of this audit, the insulation of primary 
concern at this plant is of fibrous composition (Nukon'").  

Before 1998, DAEC used truncated-cone strainers with 1/8-in. perforations to protect against 
plugging of core-spray nozzles and ECCS pump seals and bearings. The net surface area of the 
strainers was 38 ft2. The total, licensing-basis, run-out ECCS flow through the strainers is 
35,000 galJmin. The potential for loss of ECCS flow resulting from blockage of old (pre-NRCB 96
03) strainers was analyzed in NUREG/CR-6224 (Refs. 1 and 2). It was found that an insulation 
volume of only 2 ft in combination with suppression pool sludge was sufficient to induce frictional 
losses that exceed the NPSHrjn within 10 min after a loss-of-coolant accident (LOCA). This finding 
formed the basis for issuance of NRCB 96-03 and development of Regulatory Guide (RG) 1.82, 
Rev. 2.  

'Nukon is a trademark insulation manufactured and marketed by Performance Contracting, Inc. (PCI). It 
is a low-density (2.4-Ibm/ft3) fiberglass mat.  
2Even if trace quantities of RMI do get transported, their effect on ECCS performance would be 
bounded by the fibrous debris impact.
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The plant resolved the potential strainer-blockage issue through (a) installation of passive, large
capacity suction strainers designed and manufactured by General Electric Company (GE) and 
(b) suppression pool cleaning to minimize the amount of sludge. The replacement strainers have 
a combined surface area of 1359 ft2 (an increase of approximately 2600% compared with the old 
design). The plant estimated the debris loading on the strainer following a postulated LOCA using 
methodologies discussed by the Boiling Water Reactors Owners Group (BWROG) in the Utility 
Resolution Guidance (URG) document (Ref. 3). Estimates for quantities of fibrous debris generated 
were evaluated on a plant-specific basis using Method 2 of the URG. The total volume of insulation 
debris transported to the suppression pool was estimated using the URG drywell transport factor 
of 0.28 (i.e., 28% of the volume of the generated debris would be transported to the suppression 
pool as a result of blowdown and washdown). No credit was taken for settling of the debris in the 
suppression pool. The quantity of sludge used to size the strainer (500 Ibm) was chosen to bound 
the sludge generation rates measured by the licensee. Additional sources of particulate debris were 
considered in the strainer sizing analyses. This debris included qualified paint chips, foreign 
material, dust and dirt, rust from unpainted structures, and unqualified or indeterminate coatings.  
The FME Program and the SPCP were implemented to limit the quantities of foreign materials (e.g., 
clothing or plastic sheeting) and suppression pool sludge.  

Strainers were designed to handle the limiting single failure that resulted in loss of one low
pressure core injection (LPCI) train (or two LPCI pumps) for injection into the core. The strainers 
also were designed such that sufficient net positive suction head (NPSH) margin exists to 
accommodate any uncertainties in the estimation of debris volume or head loss. A sensitivity 
analysis was performed to ensure that a slight variation in the debris quantity would not significantly 
affect NPSHMargin. Estimates of NPSHMargir were based on an assumed suppression pool 
temperature of 2021F over the long term. The NRC previously approved a containment 
overpressure credit of 2.5 psig in calculating the core spray NPSHMrg,.  

1.2. Objectives 

The focus of the Los Alamos review of the supporting documentation was to identify any 
concerns relative to the licensee's strainer design criteria and strainer performance analyses. In 
particular, the review was to do the following.  

• Evaluate how the licensee estimated the quantity of debris used for sizing the strainer.  
Determine if the process used to select the breaks is consistent with the guidance in RG 
1.82, Rev. 2, and whether the method used by the licensee was consistent with the NRC 
guidance and therefore was considered to provide reasonable estimates for debris 
generation and transport.  

* Evaluate the contractor's (GE) proposed strainer design criteria and performance.  

Los Alamos performed two sets of analyses to achieve these objectives. The first set indepen
dently calculated the debris loading on the strainer using NRC-approved methods. The second set 
of analyses used NRC-developed tools to estimate head loss across the strainers using (a) the 
debris loading used in the licensee analyses and (b) the debris loading estimates calculated 
independently by Los Alamos. The following sections present and discuss the significant findings 
of these analyses.  

1.3. Licensee Documents Reviewed 

The LANL staff used the following licensee calculations and engineering analyses in the on-site 
audit.
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* IES Utilities, "NPSH for Core Spray and RHR Pumps," Duane Arnold Engineering 
Calculation No. CAL-M97-007 (1997).  

* IES Utilities, "Post-LOCA Debris Generation Calculations for ECCS Strainers," Duane Arnold 
Engineering Calculation No. CAL-M98-002 (1998).  

° GE Nuclear Energy, "ECCS Suction Strainer Hydraulic Sizing Report," GENE-El 1-00091-01, 
Duane Arnold Energy Center (1998).  

2.0. CONTRACTOR FINDINGS 

2.1. Selection of the Break 

The licensee selected Method 2 of the URG to estimate the quantity of Nukon insulation 
targeted by the LOCA jets. This method does not prescribe a rigorous process for selecting the 
break locations to be analyzed. Instead, it focuses on the breaks located closest to the most 
densely insulated regions of the drywell. As a result, the licensee postulated an unrestrained double
ended guillotine break (DEGB) in the 19.75-in.-i.d. pipe of Recirculation Loop A (RCA). This is the 
largest pipe in the drywell, and it was chosen to give the largest possible zone of influence (ZOI).  
Based on a visual examination of plant drawings, Los Alamos confirmed that the postulated break 

is located in the area of highest fibrous insulation density and that the location chosen by the 
licensee includes all major reactor-piping systems. This location is same as the location 
represented by weld RCA-J006 in the NUREG/CR-6224 study. (Note: The break postulated at 
RCA-J006 generated the largest quantity of debris in the NUREG/CR-6224 study). The Los Alamos 
analysts agree with the licensee selection of the break location.  

An assumption by the licensee that appeared inconsistent with the guidance of RG 1.82, Rev. 2, 
is related to medium-sized breaks. Regulatory Position 2.3.1.5 of RG 1.82, Rev. 2, recommends that 
the licensee consider "the medium and large breaks with the largest potential particulate-to
insulation ratio by weight." The licensee did not consider medium breaks because they believed that 
the stacked-disk strainer design is not susceptible to the "thin-bed effect," and hence, Regulatory 
Position 2.3.1.5 of RG 1.82, Rev. 2 does not apply. The reason for the RG 1.82, Rev. 2, 
recommendation is the "thin-bed effect," which has been observed by the BWROG and the NRC 
in cylindrical and truncated-cone strainers. Specifically, testing has shown that high head losses 
can occur on cylindrical and truncated-cone strainers with thin beds and a high concentration of 
sludge. This head loss could be higher than head losses resulting from same sludge concentration 
and a higher quantity of fibrous debris. In the GE Licensing Topical Report (LTR), a series of tests 
was conducted by GE in which head loss was measured for small fiber loadings in conjunction with 
a large sludge concentration. These tests (and the BWROG stacked-disk tests) have provided 
reasonable assurance that the "thin-bed effect" is not an issue for GE stacked-disk strainers. Note 
also that the NRC Staff Evaluation Report (SER) noted that this concern may not be applicable to 
the stacked-disk strainers.  

Based on the review, the Los Alamos staff concluded that the break used by the licensee is 
bounding and meets the intent of the guidance provided in RG 1.82, Rev. 2. The selected break 
will maximize the estimated head loss across the strainer.  

2.2. Debris Generation 

Table 1 lists the types of insulation present in the DAEC drywell. Nukon insulation is clearly the 
predominant insulation type used. Other types of insulation present in the drywell are (a) mirror-type 
RMI, (b) calcium-silicate, (c) calcium-silicate/asbestos, and (d) lead wool.
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Table 1. Types of insulation present on the DAEC drywell piping.

Type Application 
Main steam, recirculation, high-pressure core injection (HPCI), 

Nukon (fiberglass) reactor core isolation cooling (RCIC), feedwater, core spray, 
main steam drains, and residual heat removal (RHR) piping.  
Reactor vessel inside the bioshield, reactor water clean-up 
(RWCU), control rod drive (CRD) drain, reactor recirculation 

Mirror (reflective metallic) ipumps, and the recirculation pump discharge isolation valve 
Sbypass piping 

SArmaf lex (cellular foam) ,Well water piping (drywell cooling) 
SFiberglass Anti-Sweat :Well water piping ( drywell cooling) 
Calcium Silicate iInstalled on penetration piping (upper drywell elevation) 
Calcium Silicate/Asbestos installed in some drywell piping penetrations 

Lead Wool Installed in some drywell instrument piping penetrations 

The licensee estimated the quantity of Nukon debris generated by the limiting break and 
presented their rationale for screening out rest of the insulation materials from the head-loss 
calculation.  

Debris Generation Calculations for Nukon 

The utility used Method 2 of the URG to estimate the ZOI and the quantity of fibrous Nukon 
debris generated by the jets. Method 2 is based on estimating the largest ZOI and locating it in the 
most congested part of the drywell to estimate the maximum quantity of Nukon insulation that would 
be targeted. A destruction pressure of 10 psi, corresponding to Nukon insulation (Ref. 3) was used 
by the licensee for estimating the size of the ZOI. Assuming maximum radial and axial separation, 
the resulting ZOI is a sphere of radius approximately 10 times the inside diameter (19.75 in.) of the 
largest recirculation loop line, i.e., Rzo, + 10.4 x DRCA = 17.11 ft. This ZOI was superimposed 
manually on various piping isometrics and drywell section views to determine the location for 
maximum debris generation and transport. Pipe lengths intersecting the sphere and the 
corresponding insulation volumes were estimated to arrive at a Nukon debris volume of 
approximately 544 ft3. The licensee also undertook an internal independent review of this 
calculation, which was performed by drawing plan and elevation views of each piping system that 
included the coordinates of each bend and by calculating pipe-segment intersections with the 
spherical ZOI. This verification estimated a total Nukon debris volume of approximately 573 ft3.  
Summaries of debris volumes by piping system are presented in Table 2.  

Los Alamos scientists calculated the volume of Nukon debris using the plan and elevation 
drawings provided by the licensee. These drawings provided spatial coordinates that could be 
easily entered into an automated debris generation model that computes piping intersections for 
spherical ZOI with sizes determined by break diameter. Several stylized views of the piping data 
within the containment boundaries are provided in Figs. 1-4; a typical 1 0-psi ZOI for a break in the 
RCA line also is shown. It should be noted that only piping in the vicinity of the ZOI is included in 
the model because the region of highest congestion was predetermined by visual inspection. This 
location is consistent with the observations in NUREG/CR-6224. Break locations were postulated 
at 1-ft increments along the vertical length of the 22-in.-o.d. RCA line. The maximum debris 
generated is 427 W, which is lower than the licensee estimate of 544 Wt3. The reason for the 
difference is that licensee conservatively included piping segments that are on the periphery of the 
ZOI (i.e., only a small part is actually in the ZOI). LANL included targets that are part of the ZOI.
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Table 2. Nukon specifications and debris-generation volumes for three independent analyses.  

Insulation Linear Feet Insulation-Debris Volume (ft3)) Transport Transport Volume (ft) Piping System Pipe OD Thickness Licensee 1 Licensee 2 Lic # 1 Lic # 2 LANL Factor Licensee 1 Licensee 2 
_(in.) (inches) 

Recirc System 22 3 28 28.4 45.79 46.47 0.28 12.82 13.01 
16 3 22 22.0 27.3 27.36 0.28 7.66 7.66 

10.75 2.5 37.2 38.2 26.87 27.61 0.28 7.52 7.73 Recirc System 22 3 5 3.6 8.18 5.89 0.78 6.38 4.59 Main Steam 20 3 190.5 194.0 286.62 292.04 - 0.28 80.25 81.77 
Feed Water A side 16 2.5 28 28.05 28.24 28.31 0.28 7.91 7.93 

10.75 2.5 27.4 37.2 19.79 26.89 0.28 5.54 7.53 Feed Water B side 16 2.5 28 28.05 28.24 28.31 0.28 7.91 7.93 
10.75 2.5 27.4 37.2 19.79 26.89 0.28 5.54 7.53 HPCI Steam Supply 10.75 2.5 14 13 10.1 9.39 0.28 2.83 2.63 HPCI 1-in. drain 1.315 2 31.6 32.7 4.57 4.73 0.28 1.28 1.32 

HPCI 1-in. drain 1.315 2 4.8 4.8 0.69 0.69 0.78 0.54 0.54 
RCIC Steam Supply 4.5 2.5 29 28.2 11 10.77 0.28 3.10 3.01 
RCIC 1-in. drain 1.315 2 17.4 18.4 2.52 2.66 0.28 0.70 0.75 RCIC 1-in.drain 1.315 2 5.58 4.8 0.81 0.69 - 0.78 0.63 0.54 
Wellwater supply to 
la/lb DW Coolers 3.5 1 63 53.7 6.18 5.27 0.28 1.73 1.48 
Wellwater supply to 
la/1 b DW Coolers 3.5 1 - 7.8 - 0.77 0.78 - 0.60 MS 2-in. drains 2.375 2.5 51.9 7.1 13.79 1.89 - 0.78 10.76 1.47 MS 3-in. drains 3.5 2.5 11.1 51.2 3.63 16.76 0.78 2.83 13.07 
Total 544.11 563.37 427.35 165.94 171.1 1_ _110% of Licensee 1 = 182.5 

Los Alamos Transport Vol = 122.2 
Notes: Insulation with a transport factor of 0.28 resides above the lowest level of grating.  

Insulation with a transport factor of 0.78 resides below the lowest level of grating.  
All piping except the steam line drains and a small portion of the recirculation suction piping is above the first floor grating.
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Note: Piping layout and insulation information was obtained from the piping and instrumentation 
drawings provided by the licensee.
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Fig. 2. Elevation view-of ZOI (magenta) superimposed on major piping systems 
(yellow) within the drywell (red).

Note: Piping layout and insulation information was obtained from the piping and instrumentation 
drawings provided by the licensee.
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Fig. 3. Perspective view of ZOI (magenta) superimposed on major piping systems (yellow) 
within the drywell (red).
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Fig. 4. Perspective view of ZOI (magenta) superimposed on major piping systems 
(yellow) within the drywell (red).
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Both the Los Alamos and licensee calculations have the following rbuilt-in- conservatism: (a) no 
credit was taken for shadowing provided by the targets and (b) the break was treated as fully 
unrestrained resulting in two-sided blowdown.  

Rationale for Screening Out Calcium-Silicate/Asbestos Insulation 

Figure 5 is a picture of calcium silicate/asbestos insulation used in the drywell piping 
penetrations. Each penetration contains less than 14 ft3 of cal-sil/asbestos insulation. The licensee 
presented several arguments for not considering any breaks in high-energy pipe penetrations that 
contain limited quantities of calcium silicate/asbestos material: (1) the pipes have either check 
valves or flow-sensing devices/containment isolation valves to prevent significant discharge of fluid; 
(2) the inherent design of the penetration minimizes the possible radial and axial separation that can 
occur; (3) the insulation material may be ejected in large pieces that are unlikely to transport through 
gratings (all penetrations are above the lowest grating); (4) the break would cause a nonspherical 
jet directed at the biological shield wall, where it would dissipate without impinging on large 
quantities of adjacent insulation.  

Although largely qualitative in nature, these arguments are self-consistent and are typical of 
those used by other plants to screen out penetration breaks. Los Alamos agrees with this rationale 
and concludes that screening out calcium-silicate/asbestos insulations is reasonable. The primary 
reason for the LANL position is that (a) the ZOI for breaks close to the penetrations generated very 
little debris other than that contained in the penetrations and (b) the net head loss effect of such 
debris is well bounded by the limiting break that was estimated to generate 550 ft3 of insulation 
debris.  

Rationale for Screening Out Calcium-Silicate 

The calcium-silicate is located in the higher regions of the drywell. The cal-sil is incapsulated 
and is not subject to containment spray water. Therefore, there is very little potential for generating 
large quantities of insulation debris (other than the cal-sil). The head-loss effect of calcium-silicate 
debris is well bounded by the head loss effect of the limiting break.  

Rationale for Screening Out Lead Wool 

The instrument penetrations at DAEC are insulated with lead wool. The quantity of lead wool 
insulation per penetration is less than 10 ft3 (see Fig. 6). The licensee screened them out for the 
same reasons as given above. LANL agrees with the licensee rationale because (a) none of the 
large-break ZOis include penetrations and (b) the head-loss effect of lead wool by itself is minimal 
(low inventory and high specific gravity).  

Rationale for Screening Out Mirror RMI 

This power plant uses 2.5-mil stainless-steel RMI on the reactor pressure vessel inside the 
biological shield. The licensee did not analyze any breaks with potential for generation and 
transport of RMI either by itself or in conjunction with fibrous insulation. The licensee screened out 
RMI because there are no postulated breaks within the biological shields that could generate. and 
transport debris. Los Alamos performed the confirmatory analysis below to examine the validity of 
the licensee's assumptions.
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Fig. 5. Photograph of calcium-silicateiasbestos insulation in the drywell piping 
penetrations.  
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Fig. 6. Photograph of lead wool insulation in the instrument pip penetrations.

PROPRIETARY 12



Los Alamos Confirmatory Analysis for Screening Out RMI

This calculation clearly established that if there were a break in the biological shield and even 
if all the debris would be transported to the suppression pool, the resulting head loss would be 
negligible compared with the available NPSHmargin. Therefore, Los Alamos considers that screening 
out RMI by the licensee is reasonable.  

It is concluded that the licensee estimate of debris used to size the strainers is conservative and 
meets the intent of RG 1.82. Rev. 2, and the NRC SER on the URG (Ref. 3). It also should be 
recognized that the current calculations (those of the licensee as well as Los Alamos) resulted in 
a larger ZOI and a higher volume of insulation debris compared with the NUREG/CR-6224 study 
(Ref. 1).  

2.3. Debris Transport 

The URG guidance was used to estimate the quantity of insulation debris transported from the 
drywell to the wetwell. For Mark I containments, the URG (Ref. 3) recommended drywell transport 
factors of 28% and 78% for insulation debris generated above and below the lowest grating 
respectively. These factors account for capture/settling-out of large debris in the drywell.  

The licensee determined that for the limiting break (which was described above), about 5% of 
the Nukon debris volume would be generated below the lowest grating (elevation 757.5 ft). For this 
portion of the targeted insulation, the licensee applied a drywell transport factor of 0.78. For the 
remaining portion, a drywell transport factor of 0.28 was applied. The licensee increased this 
estimate by 10% for added conservatism. An elevation section of the drywell layout (see Fig. 2) 
suggests that a limited amount of Nukon-insulated piping below the lowest grating may be affected, 
depending on the exact break location. In fact, the Los Alamos estimate of transported debris does 
change somewhat depending on the definition of the grating elevation. Although breaks postulated 
in the mid and low regions of the drywell may not generate the largest total volume of debris, they 
have the potential of targeting some of the pipes located below the lowest grating and thereby 
generating the largest volume transported to the suppression pool. The Los Alamos independent 
analyses confirm that the limiting break analyzed by the licensee will generate and transport the 
highest amount of insulation debris.  

A transport factor of 1.0 also was used for suppression-pool transport. The licensee stated that 
although some settling is likely, no credit was taken for settling because (a) operation of ECCS in 
the suppression pool cooling would resuspend the debris and make it available for transport, and

PROPRIETARY

The licensee stated that Unit 1 contains large quantities of 2.5-mil stainless-steel RMI on the pressure 
vessel within the biological shield wall. Los Alamos scientists used the URG methodology to estimate the 
head loss [see Ref. 6, Vol. 1, Page B-i] assuming that break in the biological shield would transport 
unlimited quantities of RMI to the strainer.  
Step 1. The total circumscribed area of the strainers is 59 ft2 and the ECCS flow is 9600 gal./min.  
Step 2. The circumscribed approach velocity is 0.36 ft/s.  
Step 3. The URG method results in a saturation thickness of 7.5 in.  
Steps 46. The head loss induced by saturation-thickness RMI layer was calculated using 

AH = Kp U2 tp, where 
AH = head loss (ft-water), 
Kp = proportionality constant, 
U = approach velocity, and 

tb = bed thickness.
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(b) the BWROG recommended that licensees not credit debris settling without performing 
supporting analyses.  

The licensee assumptions related to debris transport in the drywell and the suppression pool are 
reasonable and are in accordance with the guidance provided in the URG. The licensee approach 
is consistent with the SER on the URG (Ref. 3).  

2.4. Debris Loading on the Strainer 

Table 3 provides the debris loading used by the licensee for the strainer design basis. Some 
important observations regarding the rationale used by the licensee are as follows.  

"* The measured sludge generation rate was -90 Ibm per cycle (57.5 Ibm/yr). This rate has 
been verified by desludging during reactor fuel outages (RFOs) 13-15. The licensee used 
500 Ibm in the analysis to introduce conservatism and to provide flexibility to operate multiple 
cycles before desludging. A description of the collection and weighing procedure is included 
in the licensee documentation reviewed by LANL.  

"* The licensee cites an aggressive FME program but assumed fixed loadings of the following.  
- 150 Ibm of dirt and dust (argued to be conservative) 
- Non-insulation debris including Armaflex insulation (floats and was not of concern) 
- Fiberglass antisweat insulation (included with fiber in Table 2) 

"* No additional concrete was included because the break location is higher from the floor than 
the ZOI. The licensee assumed that concrete is covered adequately in the 150 Ibm of dirt 
and dust.  

"* The licensee assumed that 50 tags (out of 166) and 50 pieces of electrical tape were 
transported to the strainer. (They applied the 0.28 and 0.78 factors based on location even 
though there is no testing specific to this material).  

"* For coatings, the licensee added 71 Ibm of phenoline topcoat material, 47 Ibm of zinc 
[inorganic zinc (IOZ)] and 71 Ibm of unqualified coating from safety relief valve (SRV) piping 
within the ZOI.  

"* No additional suppression pool debris was added as verified by past underwater inspections.  

Los Alamos believes that the quantities used for sizing the strainer and the plants rationale for 
their use is conservative and conforms to the URG guidance.  

Table 3. Debris loading values used by the licensee and the vendor to size the strainer 
and analyze strainer performance.  

Type of Debris Quantity Remarks 
Fibrous Debris (NukonTM) 182.5 W Method 2 of URG for Nukon.  
RMlVStainless Steel 0 RMI was screened out (explained above).  
Sludge 500 lb Measured generation rate of 90 lb/yr.  
Dust and Dirt 150 lb URG Number. Also used in NUREG/CR-6224 
Rust 50 lb URG Number.  
Paint 

Inorganic Zinc 47 lb Qualified paint located outside the conical jet
Unqualified Paint 142 lb expansion area was excluded. 26 lb of 

Transient Foreign Material 0 lb unqualified paints exist in the drywell.
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2.5. Strainer Design Considerations

ECCS Operating Parameters 

DAEC has two independent trains of LPCI3 systems with two pumps in each train. Each LPCI 
pump is a single-stage, vertically mounted, centrifugal pump with a rated flow of 4800 gal.min at 
a discharge head of 390 ft-water. The runout flow for the LPCI pump was conservatively determined 
(based on pre-operational tests) to be 6500 galimin. Thus, the run-out flow of each train is 
13,000 galJmin, and the design flow is 9600 galJmin.  

DAEC has two independent trains of low-pressure core spray (LPCS) systems, with one pump 
in each train. The LPCS pump is a single-stage, vertically mounted, centrifugal pump with a rated 
flow of 3100 galJmin at a discharge head of 690 ft-water. The runout flow for the LPCS pump was 
conservatively determined (based on pre-operational tests) to be 4500 gal.min. Thus, the runout 
flow for each LPCS train is 4500 gal./min compared with the design flow of 3100 gal.min.  

The existing plant licensing basis assumes that both LPCS and LPCI pumps would operate at 
the runout flow (6500 and 4500 gal./min, respectively) during the first 10 min after a LOCA. At 
10 min, the operating pumps would be throttled back to their rated flow (4800 and 3100 gal./min, 
respectively). The licensee emergency operating procedures (EOPs) direct the plant operators to 
throttle LPCI/LPCS pump flows and also trip one of the LPCI pumps on each operating train and 
one of the LPCS pumps.  

Limiting Single-Failure Analysis 

The limiting single-failure analysis assumes loss of one LPCI train, resulting in continued 
operation of one LPCI train and two LPCS trains. Even in this situation, the operator would throttle 
the LPCVLPCS pumps and trip one of the LPCI pumps on the operating train. The result would be 
long-term operation of one LPCI pump and one LPCS pump. The net flow is sufficient for decay 
heat removal.  

Design/Licensing Basis ECCS Operating Parameters 

The plant representative stated that the ECCS strainers were designed to ensure positive 
NPSHMarf during the two postulated ECCS system configurations.  

1. Assuming no failures in the system, the following ECCS configuration was judged to form 
the limiting condition from the strainer performance point of view.  

* For the first 10 min, both trains of LPCI and LPCS pumps inject flow at the runout 
conditions. This results in 13,000 gal.min of LPCI flow through each LPCI strainer and 
4500 galimin of LPCS flow through each LPCS strainer.  

"* After 10 min, the operator would throttle LPCS and LPCI pumps to attain their design 
flow. This results in 9600 gal/min of LPCI flow through each LPC! strainer and 3100 
gal./min of LPCS flow through each LPCS strainer.  

"• Over the long term, the operator will align one train of LPCI in the suppression pool 
cooling mode and trip one of the LPCS pumps. The suppression pool cooling mode 
would operate intermittently.  

3In the licensee calculations, LPCI is referred to as the RHR system.
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2. The licensing-basis, following the worst-case single failure (i.e., loss of one train of LPCI), 
involves the following.  

* For the first 10 min, both LPCI pumps attached to the operating train and both the LPCS 
pumps would operate at the runout flow. This results in an LPCI flow of 13,000 galJmin 
through the LPCI strainer attached to the operating train and an LPCS flow of 4500 
gal./min through each of the LPCS strainers.  

"* After 10 min, the operator would (a) throttle LPCS pumps to their design flow of 3100 
gal./min and (b) trip one of the LPCI pumps on the operating loops and throttle the other 
one to the design flow. The net result is 4800 gal./min LPCI flow through the strainer 
attached to the operating LPCI train and 3100 gal./min through each of the operating 
LPCS pumps.  

"* Over the long term, the operator would trip one of the LPCS pumps. This results in long
term decay heat removal by one LPCI pump and one LPCS pump injecting into the core.  

"* Upon recovering the lost LPCI train (in case of single failure), the operator may initiate 
suppression pool cooling.  

The licensee considered both these ECCS configurations to estimate the limiting NPSHMgifn.  

Licensee NPSHMargin Evaluations 

NPSHM.4n refers to the margin for head loss available above and beyond that required to protect 
against cavitation of the ECCS pumps during long-term operation. The NPSHMrgin was estimated 
by the licensee using the following equation.  

NPSHmargin = (Pwetwei - Pp)(144/p) + AHtatc - AHuL.osses - AHstrainer - NPSHrequire.d, 

where 
Pwetwe, = containment pressure in the wetwell (psia), 

P,p = vapor pressure of water (psia), 
p = density of water (lb/if3), 

AHstat = static water height above the pump center line (ft-water), 
AHuneoises = frictional losses in the piping connecting strainer to pump (ft-water), 

M:Hst•w = head loss at the strainer including the effect of debris buildup (ft-water), and 
NPSHrequird = NPSH requires for pump operation (ft-water).  

The licensee calculations clearly described how each parameter in the equation above was 
estimated. The important assumptions made by the licensee are as follows.  

"* The licensing basis allows for the licensee to take credit for a containment over-pressure of 
2.7 psig to demonstrate that sufficient NPSHM.4n is available for LPCS operation at the 
design flow. However, no credit should be taken for containment over-pressure to 
demonstrate that sufficient NPSHMagn is available for LPCI operation.  

"* The liquid vapor pressure was estimated assuming a suppression pool temperature of 1602F 
during the first 10 min and 202°F after 10 min.  

"* The static head was calculated based on the suppression pool height listed in the plant 
Technical Specifications.  

"* The piping frictional losses were evaluated after accounting for pipe aging effects.  
"* The strainer head losses were estimated assuming design-basis debris loadings (provided 

in Table 3 of this report) and the method described in the GE LTR.  
"* The NPSHRequired value was estimated based on the manufacturer's pumping curves.
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Table 4 lists each of the parameters used in the licensee NPSHMargin evaluations, with the 
exception of AHstraminer (i.e.. sum of clean and fouled strainer head loss). The licensee evaluated 
AHstrinr using methods described in the GE LTR. The strainer was sized to ensure that NPSHmr, 
remains positive for the ECCS operating conditions described in the licensing basis.  

Strainer Design 

The utility solution to potential strainer blockage is based on replacing existing strainers with 
large-capacity, passive, stacked-disk strainers. These strainers were designed and manufactured 
by GE Nuclear Energy. The strainers use stacked disks to extend the plate area and thus reduce 
the approach velocity at the plate. The design was tested and demonstrated by GE at the Electric 
Power Research Institute (EPRI) facility (Ref. 4). Geometric details of the strainers are provided in 
Table 5. Each LPCI and LPCS train is fitted with one strainer. Therefore, an LPCI strainer serves 
two LPCI pumps and a LPCS strainer serves one LPCS pump.  

One of the important features of the DAEC replacement strainers is that the gap volume of all 
four strainers added together is sufficiently large to accommodate all of the debris inside the gaps.  
This will ensure that debrs would be subjected to low flow velocities, and thus, the resulting head 
loss would be small. Such a condition cannot be ensured when one or more trains are not 
operational. In this case, it is likely that debris would build up on the circumscribed surface. As a 
result, it is the single-failure case that forms the most limiting case from the strainer head-loss 
performance perspective. Therefore, it is not surprising that the emphasis of the licensee 
calculations is limited to various ECCS operational configurations that result from postulated single 
failures.  

Licensee Estimates for Strainer Head Loss 

The licensee used the vendor-provided strainer sizing methodology (Ref. 4). This method relies 
on a head-loss correlation that GE developed based on data obtained by testing a "full-scale" 
strainer. The range of operating parameters tested by GE does envelop the DAEC operating 
parameters. GE provided a description of this methodology in the GE LTR, which was submitted for 

Table 4. Parameters used in the DAEC NPSHMmin calculations.  

System Flow Rate NPSHreq AH-sutc Hune PAHpo-.P s Pcontainment Tpo, 

# pump (galiJmin) (ft-H20) (ft-H20) (ft-H20) (psia) (psia) 2F 

First 10 min after LOCA (no throttling of pumps assumed) 

RHR (4) 6500 11 10.29 8.92 4.84 15.2 160.9 
CS (2) 4500 22 10.63 8.42 4.84 17.9 160.9 

After 10 mi throttlin of pumps assumed) 

RHR (4) 4800 10.4 10.29 4.05 12.06 15.2 202.2 
CS 2L 3100 16.4 10.63 4.00 12.06 17.9 202.2
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staff review separately. The NRC staff reviewed the GE LTR and approved its application to DAEC.  This audit did not focus on further evaluation of the GE strainer sizing methodology. Instead, the focus of the on-site review was to examine how the LTR method was applied in the case of DAEC.  

The head-loss calculations were carried out by the strainer vendor (GE) using plant-specific 
input provided by the licensee. The important aspects of licensee analyses can be summarized as 
follows.  

* Analyses to examine the adequacy of the strainer sizing were performed separately for LPCI 
and LPCS strainers. This ensured that the LPCI and LPCS strainers individually met their 
design criteria in a conservative manner.  

"* For the LPCI strainers, two cases were analyzed. The first case is referred to in the licensee 
document as "RMR Pumps Two Pumps Running." This case assumes that single failure 
results in loss of one LPCI train and one LPCS train. Over the first 10 min, the remaining 
LPCI and LPCS trains inject water at the runout flow of 13,000 and 4500 galJmin, 
respectively. After 10 min the operator would throttle the LPCI and LPCS flows to 9600 and 
3100 galJmin. Corresponding to this case, approximately 75% of the debris would deposit 
on the RMR strainer attached to the operating LPCI train. The second case is referred to in the licensee document as "RMR Pumps One Pump Running." This assumes that single 
failure results in loss one LPCI train and one LPCS train. Similar to the previous case, both 
of the operating LPCI and LPCS trains inject at the runout flow. After 10 min, however, the operator would throttle the LPCI pumps and shut off one of the LPCI pumps. Corresponding 
to this case approximately 60% of the debris would be deposited on the operating RMR 
strainer.  

"• Analyses performed to demonstrate the adequacy of LPCS strainers are very conservative.  
The licensee examined various configurations in which the ECCS may operate after a LOCA 
and selected the worst case that results in the highest debris loading on the LPCS strainer.  
Physically, this case corresponds to a situation where two LPCS pumps are injecting into the core at the design flow (3100 gal./min) and all LPCI pumps together inject 1000 gal./min.  

PROPRIETARY 
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The results of the licensee analyses are summarized in Table 6. These results demonstrate the 
following.  

"• The LPCI and LPCS strainers are adequately sized to meet the licensing basis, which 
assumes that over the long term, one LPCI pump and one LPCS pump would be operated 
to provide core cooling. The net flow of 7900 gal./min is sufficient for decay heat removal.  

"• The LPCS strainers are sized to provide sufficient NPSHMargin even assuming worst-case 
ECCS response. In this case, LPCS operation requires a containment over-pressure of 
2.1 psig over the long term. This value is lower than the 2.5 psig over-pressure credit 
approved by the NRC.  

"* The LPCI strainers are not adequately sized to support the most limiting conditions possible 
for LPCI operation. This situation corresponds to continued operation of two LPCI pumps 
on one train and one LPCS pump. For this case to succeed, the licensee needs to credit 
a containment over-pressure of 4.1 psig. The NRC staff has not approved such high 
containment over-pressure, although the licensee analyses (performed by GE) show that 
over-pressure far in excess of 4.1 psig is available following a LOCA.  

Los Alamos Confirmatory Estimates for Strainer Head Loss 

The Los Alamos staff performed confirmatory calculations using a modified form of the 
NUREG/CR-6224 correlation to independently estimate upper bounds for head loss across the 
strainers (Refs. 1 and 2). These analyses did not seek to estimate the most limiting head loss 
across each strainer (as done by the licensee). Instead, the Los Alamos focus was to simulate each 
strainer performance for selected cases. Table 7 lists all the cases run by Los Alamos. These cases 
are as follows.  

Case A. Following a design-basis accident (DBA) LOCA, all ECCS trains come on and 
operate per design. They will operate at run-out flow for the first 10 min and will 
operate at design flow after 10 min. From the probabilistic point of view, this is the 
most likely configuration in which the ECCS would operate not creating any operator 
action. LANL simulations found that strainers are adequately sized to handle this 
configuration. The debris was found to have been accommodated inside the gaps, 
and as a result, AHstjain- is much smaller than the NPSHmargn.  

Case B. LANL assumed that following a DBA LOCA, one LPCI train is disabled. This leaves 
continued operation of one LPCI train and two LPCS trains. It is assumed that all 
operating trains would inject run-out flow for the first 10 min and design flow after 
10 min. LANL simulations have shown that debris would build up on the 
circumscribed surface of the LPCI strainer. Coupled with high ECCS flow, this 
resulted in head loss in excess of the NPSHm.rn. This high head loss occurred 
approximately 15-20 min into the accident. Therefore, LANL concludes that DAEC 
strainers are not sized to handle the most limiting single failure. The DAEC 
representative agreed with this conclusion and stated that (a) this case is not the 
licensing-basis single failure; (b) upon noticing the higher differential pressure, the 
operator would switch off one of the LPCI pumps on the operating train to lower head 
losses; and (c) the LANL conclusions are conservative because they do not credit 
containment overpressure while estimating LPCI NPSHmagin. The licensee stated 
that a more appropriate (licensing-basis) single failure that should be analyzed is the 
one below.
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Case C. This case assumes that following a DBA LOCA. one train of LPCI and one train of 
LPCS are disabled. This leaves one train of LPCS and one LPCS pump operational.  
These pumps will operate at run-out flow for the first 10 min. After 10 min, the 
operator (as directed by the EOPs) would (a) throttle the pumps to their design flow 
and (b) switch off one of the operating LPCI pumps. For this case, LANL simulations 
have shown that (a) debris would build up on the circumscribed surface of the LPCI 
and LPCS strainers and (b) the resulting AHstrainer is low because of low approach 
velocities. Based on these simulations, LANL concluded that the strainers are 
adequately sized to handle this situation.  

Case D. This case is a variation of Case A. Unlike Case A, this case assumes that 10 min 
into the accident the operator would do the following: (a) throttle ECCS flow to 
design flow and (b) switch off one LPCI pump on each of the operating LPCI trains.  
The EOPs direct the operator to follow these steps. LANL simulations found that 
strainers are adequately sized to handle this configuration.  

Overall, the DAEC strainer replacement strategy is sound and the plant analyses provide 
reasonable assurance that ECCS strainers are adequately sized to support long-term ECCS 
operation following a LOCA.  

3.0. DEFICIENCIES AND RECOMMENDATIONS 

No deficiencies were found.  

4.0. CONCLUSIONS 

The licensee used NRC-approved methods to estimate the quantity of insulation debris 
generated in the drywell and transported to the ECCS suction strainer. The licensee's assumptions 
for noninsulation debris also are reasonable and conservative. Similarly, the licensee calculation of resulting head loss is conservative and is consistent with independent calculations performed by 
the Los Alamos staff using BLOCKAGE.  

Overall, it is the Los Alamos staff's conclusion that the DAEC strainer replacement strategy is sound and their analyses provide reasonable assurance that ECCS strainers are adequately sized 
to support long-term ECCS operation following a LOCA. Any uncertainties in licensee analyses are compensated for by the some of the conservatism factored in by the licensee. The most important 
conservatisms are (a) the licensee accommodated sufficient margin while estimating the quantity 
of debris generated by the break jets, (b) the licensee did not take credit for settling of debris in the suppression pool, and (c) the licensee estimated strainer load factors assuming very conservative 
ECCS response.  
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Table 6. Licensee estimates for NPSHMargin for each of. the ECCS system pumps.  

Condition Flow Rate Pool Temp (0) NPSH (ft-water) Containment Overpressure 
(galJmin)IT 

Ivailable IRequired -Margin Available Required I argin 

Runot (-10 in. 16133. 22 500LPCS Pum (limiting operating configuration) Runout (0-10m in.) 4500163 .821 .84 -5 

Design (> 10 mrin. 310 202 35.9 16.4 19.5 10.2 2.1 8.1 
LPCI Pump (single pump operating in a train; licensing-basis assumption) 

Runout (0-10 min.) 6500 161 24.2 11 13.2 4 -1.6 5.6 
Design (> 10 min. 4800 202 35.2 10.4 24.8 10.2 -0.1 10.3 

LPCI Pump (two pump operating in a train; licensing-basis assumption) 
Runout (0-10 min.) 13000 161 24.2 11 13.2 4 -1.6 T 5.6 
Design > 10 min. 9600 202 35.2 10.4 14.7 10.2 4.1 6.1
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Table 7. Outcome of confirmatory calculations performed by LANL.  

LPCI Train #1 LPCI Train #2 LPCS Train LPCS Train Condition Flow (galJmin) Flow (galJmin) Flow Igal./min) Flow (galJmin) Pool Temp Outcome 
RHR-A IRHR-B RHR-C RHR-D LPCS-A LPCS-B (OF) 
Case A 'Most Likely Response following a LOCA; All ECCS Trains Operating p r design) Runout (0-10 mi 6500 6500 6500 6500 4500 4500 161 OK Design (> 10 min) 4800 4800 4800 4800 3100 3100 202 OK 

Case B (Conventional Single-Failure Response; One LPCI Disabled; Rest of the Trains Operating per design) 
Runout(0-10min) I 6500 6500 I I 4500 1 4500 1 161 I Fail 
Design (> 10 min) 4800 4800 3100 3100 202 Fail 

sCase C (mcensin8 Basis: Single-Failure LPCI Fails + Operator Trips One of the Opera LPCIPumps) 
_D esign (> 10 m in) 4800 ... . ... .... ........ .... ..3100 . . . . .. . ... . ... 20-2 .... O K 

Case D (Most Likely Response Followina a LOCA; Operator Trips One Each of the LPCI Pmps in Each Train) 
Runout(0-10min) 6500 6500.I 6500I 6500 4555 T 4500 161 OK 
,Design (> 10 min) 4800 4800 3100 3100 202 ,OK
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Debris Loading Data (12122/99)

Debris Estimates (Plant and Staff Evaluations) 
(Nf saturation thickness assumption is used got to end) 

A DestWucfr4 Pre"uree Used (in. ,i

Insulation Type Plant Staff Comment 

TranscoRAMI 

Cal-Sil with Al Jacket 

K-Wool 

Temp-Mat with ss wire retainer 

Knaupf 

Jacketed Nukon 10 10 

Unjacketed Nukon 

Koolphen-K 

MIRROR from Diamond 

Min-K 

Other.  
( ) _ _ _ _ _ _ _ _ 

( )_ _ 

( ) _ _ _ _ _ _ _ _ 
(- -



Debris Loading Dada (12/22/99) 

Bi Volume of Zone of Influence Used (ft 3 or Equivalent LID Value for Sphere Radius)

Irmalatlon Type Break #1 Break #2 Break #3 Break #4 

Plant Staff Plant Staff Plant Staff Plant Staff 
Transco RMI ........  

Cai-Sil with A Jacket - -.....  

K-Wood - -....  

Temp-Mat with ss wire retainer - -.... .  

Knaupf - -.....  

Jacketed Nukon 10.1 10.1 

Unjacketed Nukon - -.... .  

Koolphen-K - -.....  

MIRROR frm Diamond - -.... .  

Min-K -
Ota-r:a -

( ) .....  

( ) .....  

cJ VeuM of Debrb Generated by 
SIsanlaon Type Break#1 Break 02 Break#3 Break .  

Ph" Staff Plart Staff Pa Sff Put St 
Transco RMI - - - - - - -

Cai-S wi AI Jacket - - - - - - -

K-Wool - - - - - - -

Ternp-Mat with as wire retainer - - - - - - -

Knaupf - - - - - -

Jacketed Nukon 544 427.5 

Unjacketed Nukon - - -...  

Koolphen-K - - -.. .  

MIRROR from Damond - - -...  

Min-K - - -...  

OtheE - --- --

( ) a.-..a.--.a.  

( ) .....  

( ) .....

If breaks < 2, then 

Vendor Oata supports screening out rest of breaks 

Plant has undocumented analyses reviewed by staff
191



Debris Loading Dala (12/22/99)

Q) Drywll Debris Transport Fractions Used in the Analysis 
Insulation Type Break #1 Break #2 Break $3 Break 4 

Plant Staff Plant Staff Plant Staff Plant Staff 
Transco RMI - -.....  

Ca1-Sil with Al Jacket - -.....  

K-W ool - -.....  

Temp-Mat with ss wire retainer - -.....  

Knaupf - -.....  

Jacketed Nukon 0.2810.78 0.28/0.78 

Unjacketed Nukon - - -...  

Koolphen-K - - -...  

MIRROR from Diamond - - -...  

Min-K - - -...  
Other:. ........ 

( *) -.  

( ) ......  

( ) ......  

1 WetWl Debrs Transport Fractions Used In the Analysis 
;iakiUon Type Brek #1 Break #2 Break 1#3 &e 

Plut Staff Plant Staff Plh" Sf pht " 
Transco RMI - -
CaJ-Sil with Al Jacket - -.....  

K-W ool - -.....  

Temp-Mat with ss wire retainer - -.... .  

Knaupf - --- ---

Jacketed Nukon 1 1 
;Unjacketed Nukon ........  

Koodphen-K - _ -_ 
MIRROR from Diamond .... ....  
M in-K ........  

Other:. ........  

( ) .....  

( ) ........

( ) ........-



Debris Loading Data (12/22/99)

fl Net ln#uARon Debre Volume on the Sitralw( __ 

l'mlatlon Type Break #1 Break 2 Break Break*4 
Plant Staff Plant Staff Plant Staff Plant Staff 

Transco RMI -

Cal-Sil with Al Jacket 

K-Wool 

Temp-Mat with ss wre retainer 

Knaupf 

Jacketed Nukon 182.5 122.5 

Unjacketed Nukon 

Koolphen-K -

MIRROR from Diamond -

Min-K 

Other-.  

( ) -

( ) 
( ) - -. 

( ) - .  

G) Miscellaneous Does 
Pant Eihmime URG Recom StWff ESthata Unfi Sl19w 

DMer Type Gin T.F Gen T.F Ow T.F.  

Other Fibrous fte OK.  
Paint (IOZ) 47 1.0 47 47 Ibm OK.  
Rust 50 1.0 50 50 Ibm OK.  

Unqualified Coatings 142 1.0 142 Ibm 0. K.  
Dirt and Dust 150 1.0 150 150 Ibm OK.  

Sludge 500 1.0 150 500 Ibm O.K.  

Olher ( FOAM ) fte O.K.  
Total 889 1.0 1 889 1 Ibm O.K.



Debris Loading Data (12/22/99)

ECCS Flow Rate and Design Details

Strair

I RHR #1I RHR2 1HR #l I RHR #4 CS #1 1 CS#2
u-ro Tming

Flow Rate (GPM) 6=500 6,500 6,500 6,500 4,500 4,500 
Pool Temperature (oF) 160.9 160.9 160.9 160.9 160.9 160.9 
Wetwell Pressure (psia) 15.2 15.2 15.2 15.2 17.9 17.9 
Vapor Pressure (psia) 4.844 4.844 4.844 4.844 4.844 4.844 
Piping Frictional ft-water) 8.92 8.92 8.92 8.92 8.42 8.42 

Static-Head f-ter 1029 1029 10.29 10.29 10.63 10.63 M•-OnMx...i." %i.---M, 25.8 25.8 -25.8-- 25.8 33.0 3.  
NPrbH..;,,W (t-Water) 11 11 11 22 22 
NPSHMm. (ft-water) 14.8 14.8 14.8 14.8 11.0 11.0 

After 10 --n) 
Flow Rate (GPM) 4800 4,800 4,800 4,800 3100 3,100 
Pool Temperature (oF) 2022 2022. 202.2 202.2 202_2 202.2 
Wetwell Pressure (psia) 15.2 15.2 152. 15.2 17.9 17.9 
Vapor Pressure (psia) 12.061 12.061 12.061 12.061 12.061 12.061 
Pipir Frictional (ft-water) 4.05 4.05 4.05 4.05 4 4 
Static-Head (ft-water) 10.29 10.29 10.29 10.29 10.63 10.63 NPSHAvbbb (ft-water) 13.8 13.8 13.8 13.8 20.6 20.6 
NPSHR.,w (ft-water) 10.4 10.4 10.4 10.4 16.4 16.4 
NPSHE g (ft-water) 3.4 3.4 3.4 3.4 4.2 4.2

ter DeSign Details 
RHR1 RH,,I I CMi ICs 

OuterD raeter(in.) 24 I 24 I 12 112 
ActiveoLength (ft) 2.3 2.3 1.4 1.4 
Flange Dianeter •in.) 18 I 18 I 8.875 8.8 
Plate Area (ftW) 14.6 14.6 4.2 4•2 
Clean ,AH (ft-_tr _ Not Provided In the Submlttal

Ha~mmm

37.6

I



Debris Loading Data (12/22/99)

Strainer Debris Loading Analysis Results 
Cases Analyzed 
Case-A (GPM) 9,00 9.600 3,100 3,100 
Case-B (GPM) 9,600 0 3,100 0 
Case-C (GPM) 4,800 0 3,100 0 
Case-D (GPM) 4,800 4,800 3,100 0 
Run-Out (GPM) 13,00 13,000 4,500 4,500 

Loading (Case-A) 
Load Factor 036 0.38 0.12 0.12 
Fiber Volume (113) 69 69 22 22 
Fiber Mass (Ibm) 166 166 53 53 
Volume Inside Gap 41.7 41.7 22.3 22.3 
Gap Occupancy FULL FULL 0.62 0.62 
Thickmmms Inside Gap 0.85 0.85 0.53 0.53 
Volume Outside Gap 27 2 7 
Thiciness Outside Gap 5.5 .5 

Loading (Case-B) 
Load Factor 0.76 OFF 0.24 OFF Ucensee Case for Two Pumps Running 
Fiber Volume (f13) 18 OF 46 OFF 
Fber Mass brbm) 331 OFF 107 OFF 
Volume Inside Gap 417 OFF 35.9 OFF 

-Gap Occupancy FULL OFF FULL OFF 
Thickmess Inside Gap 0.85 OFF 0.85 OFF 
Volume Outside Gap 9 9 OFF 
Thickness Outside Gap 96 OFF 2.2 OFF 

Loading (Case-C) 
Load Factor 0.61 OFF 0.39 OFF Licensee Case for One Pumps Runing 
Fiber Volume (fl3) i OFF 72 OFF 
Fber Mass Qln) 2 OFF 172 OFF 
Volume Inside Gap 417 OFF 35.9 OFF 
Gap Occupancy FULL OFF FULL OFF 
Thickness Inside Gap 0585 OFF 0.8 OFF 
Volume Outside Gap 69 O 36 OFF 
Thicknmes Outlsle Gap 14.1 OFF 9.1 OFF 

Loadk* (Cas"-) 
Load Factor 0.36 08 0.24 OFF 
Fiber Volume (93) 69 45 OFF 
Fber Mass (ibm) 16 107 OFF 
Volume Inside Gap 41.7 417 35.9 OFF 
Gap Occupancy FULL FULL FULL OFF 
Thickness kMde Gap , 0 0.85 OFF 
Volume Outside Gap 27 27 9 OFF 
Thcknsmm Outside Gap 5.5 5.5 2.2 OFF 

Loading (Run-OUt) 
Load Factor 0.37 0.37 0.13 0.13 
Fiber Volume(13) 6 6 23 23 
Fbr MUs (Ibm) 163 163 56 56 
Volume Insie Gap 41.7 41.7 23.5 23.5 
Gap Occupancy FULL FULL 0.65 0.65 
Thicknes inslde Gap 0.85 0.85 0.55 0.55 
Volume Outside Gap 26 26 - I 
Thickness Outside Gap 1 5 .
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Plant Name: Duane Arnold Energy Center 
Containment Type: Mark I 
Vendor for Strainer: GE Nuclear 
Vendor for AH Analysis: GE Nuclear 
Vendor for Loads Analysis: GE Nuclear 

Inventory of Major Insulations In the Plant 

Fibrous Particulate RMI Other 

ffypeft) (Type/Ib(TypeyIf)) Tpfts ) 

Primary Piping Nukon Cal-SU 

Reactor Shielding Cavity Mirror- RMI 

Drywell Penetrations CakSil/ 

Miscellaneous (Chilled Water) ArmaFlex 

(Units: Volume in ft3 and Foil Area in ft2) 

Debris Generation Model Used in the Study 

Method #1 - All Debris In the Containment 
Method #2 

Method #3 [ 

Method #4 - Not approved for use by Staff 

Drywell Transport Factors Used in the Study 
Transport Factor is assumed equal to 1 
Used URG Transport Factors [] 
Plant Specific Calculations



SupDression Pool Transport Factors Used in the Study 
Transport Factor is assumed equal to 1 [] 

Used BLOCKAGE Calculations 

Plant Specific Calculations 

Miscellaneous IDbris Location Basis for Estimates 

Other Fibrous 

Paint (IOZ) Dry Well IOZ estimate of 47 lb from URG.  

Rust Sup-Pool 50 Ibm from URG 

Unqualified Coatings Drywell 142 Ibm fom plant estimate 

Dirt and Dust Drywell 150 Ibm rom URG 

Sludge Pool Measued 90 lb/outage. Assumed 500 lbs.  

Other ( FOAM 

Head Loss Estimation 
Vendor Correlation and Analysis Used [] 

Vendor LTR Enclosed No 
Vendor LTR Previously Reviewed by Staff Yes 

Vendor tested Exact Strainers with Insulation No 
Plant Specific Analysis (e.g., URG Correlations) 

NPSH Estmation (Comparison with GL 97-04 Response) 
Operator Throttling of ECCS Assumed Yes 

Time at which throttled 10 min 
Percentage Flow Reduction from Rated Flow 

Maximum Pool Temperature 202 OF 
Assumed Containment Overpressure Yes LPCS 
Staff reviewed the licensing basis (GL 97-04 Res.) Yes 

Reference No: 

Date of Approval:



Codes and Standards (Comparison with Licensinq Basis/UFSAR)

Loads on strainer components and welds evaluated 
Loads on torus penetrations reevaluated 

Added strainer supports to the torus 

Effect on structures in close proximity 

Effect on increased water level in supp-pool 

Seismic Loads 

Hydrodynamic loads method basis 

Vendor analyses 

Methods and Assumptions same as original 

Substantial changes in methods

Yes (No effect) 

Yes 

Yes 

Drag coefficliets decreased I 

No

Quality Assurance Requirements 

10 CFR Appendix-B 0 
ASME Certificate Required 

Materials 
Conform to ASTM Specifications 0 
Certified Material Test Reports are Provided 0 

Design/Fabrication Not pressure stamped/pressure tested 
Qualified ASME Section III, Subsection NC 0 
Qualified ASME Section III, Class 2 
Other (Bolts per Sub-section NFJ 0 

Welding 

Qualified to ASME Section IX 0 
Other (Qualified Welder) 0 

NDE per ASME Section III 
Critical welds examined by liquid penetrant 0 
All Other Welds Visually Examined 0 

Other ( I

IStructural Evaluatfion addrsd
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