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ABSTRACT 

This report summarizes key technical findings related to Unresolved Safety 
Issue (USI) A-43, Containment Emergency Sump Performance. Although this issue 
was formulated considering pressurized water reactor (PWR) sumps, the generic 
safety questions apply to both boiling water reactors (BWRs) and PWRs. Hence, 
both BWRs and PWRs are considered in this report. 

Emergency core cooling systems require a clean, reliable water source to main
tain long-term recirculation following a loss-of-coolant accident (LOCA). PWRs 
rely on the containment emergency sump to provide such a water supply to resid
ual heat removal pumps and containment spray pumps. BWRs rely on pump suction 
intakes in the suppression pool or wet well to provide water to residual heat 
removal and core spray systems. 

Thus, the technical findings in this report provide information on post-LOCA 
recirculation. These findings have been derived from extensive experimental 
studies, generic plant studies, and assessments of sumps used for long-term 
cooling. The results of hydraulic tests have shown that the potential for air 
ingestion is less severe than previously hypothesized. The effects of debris 
blockage on NPSH margin must be dealt with on a plant-specific basis. These 
findings have been used to develop revisions to Regulatory Guide 1.82 and Stan
dard Review Plan Section 6.2.2 (NUREG-0800). 
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FOREWORD 

Thi s report has been  prepared to prov i de a conc i se and se l f- contai ned reference 
that s ummari zes techni ca l  fi ndi ngs re l evant to Unreso l ved Safety I s sue A-43 , 
Contai nment Emergency Sump Performance . Thi s  report was ori gina l ly i s s ued for 
publ i c  comment i n  May 1983 ; comments rece i ved were revi ewed , and those of s ub
stant i ve techn i cal  or  i nformati onal  content have been i ncorporated i nto th i s  
Rev i s i on 1 .  I t  s hou l d  be c l early noted that thi s report i s  not a substi tute 
for requ i rements set forth i n  General Des i gn Cri teri a 16 , 35 , 36 , 38 , 40, and 
50 i n  Append i x  A of Ti t l e 10 of the Code of Federal Regu l ati ons Part 50 , nor i s  
thi s  document a s ubsti tute for gu i de l i nes set forth i n  NRC 1 s  Standard Rev i ew Plan 
(SRP , NUREG- 0800 ) ,  regul atory gui des , or other regu l atory di rect i ves . The i n
formati on  conta i ned here i n  i s  of a techn i ca l  nature and can be used as reference 
mate r i a l  re l evant to the rev i sed SRP Secti on 6 . 2 . 2 ( Rev i s i on 4) and Regul atory 
Gu i de 1 . 82 ,  Rev i s i on 1 .  
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1 INTRODUCTION 

1 . 1 Safety Si gni fi cance 

After a l oss-of-coo l ant acci dent ( LOCA) i n  a pressur i zed water reactor ( PWR) , 
water di scharged from the break wi l l  col l ect on the contai nment fl oor and wi thi n 
the contai nment emergency s ump . PWR emergency core coo l i ng systems ( ECCS) and 
contai nment spray systems ( CSS) i n i ti a l ly  draw water from the refue l i ng water 
s torage tan k  ( RWST) ; l ong-term coo l i ng i s  i mp l emented by real i gnment of these 
ECCS pumps to the contai nment emergency s ump . In boi l i ng water reactors ( BWRs ) ,  
the break f l ow col l ects i n  the s uppress i on pool  ( or torus ) ,  and the res i dual  
heat removal ( RHR)  and  core spray (CS)  systems take sucti on  from i ntakes l ocated 
i n  the s uppres s i on pool . Thus s uccessfu l  l ong- term rec i rc u l at i o n  depends on the 
PWR s ump des i gn--or BWR suct i o n  i ntake des i gn- - to prov i de adequate , debri s- free 
water to the RHR rec i rculati on p umps for extended peri ods of t i me .  

The pri mary areas of safety concern addressed  i n  thi s report are a s  fo l l ows : 

( 1 )  post- LOCA hydraul i c effects ( i . e . , ai r i ngesti on potenti a l ) 

( 2 )  generat i on of  i ns u l ati on debri s as a resu l t  of a LOCA , wi th s ubsequent 
transport of the debri s to PWR s ump s creens  (or  BWR sucti on stra i ners ) and 
b l oc kage thereof 

( 3 )  the comb i ned effects of ( 1 )  and ( 2 )  on the requi red rec i rcul ati on p ump i ng 
capac i ty ( i . e . , i mpact on net pos i ti ve s ucti on  head (NPSH) of the 
rec i rcul ati on pump s )  

1 .  2 Bac kground 

The i mportance of the ECCS s ump and the safety cons i derat i ons  associ ated wi th 
i ts des i gn were early con s i derati ons i n  PWR contai nment  des i gn. Net pos i ti ve 
suct i on head (NPSH) req u i rements , operati onal veri fi cati on , and s ump des i gn 
req u i rements are i ss ues  that have evol ved and are addressed  i n  the fol l ow i ng 
Nuc l ear Regu l atory Commi s s i on (NRC ) regu l atory gu i des  ( RGs ) :  

RG 1 . 1 

RG 1 .  79 

RG 1. 82 

Net Pos i t i ve Sucti on  Head for Emergency Core Cool i ng and 
Contai nment Heat Removal Systems Pumps , 1970 

Preoperati onal  Testi ng of Emergency Core Coo l i ng Sys tems 
for PWRs , 1974 

Sumps for Emergency Cool i ng and Contai nment Sprays Systems , 
1974 

Rev i ew of these  regul atory gui des  reveal s that the concerns of the NRC s taff 
regard i ng emergency s ump performance evol ved over ti me .  I n i ti al l y ,  i n- p l ant 
tests were cal l ed for i n  RG 1 . 79 . Then , i n  the mi d- 1970s , there was a trans i 
ti on  to contai nment and PWR s ump model tests . Duri ng these  mode l tests , con
s i derab l e emp has i s  was p l aced on " adequate" s ump hydraul i c performance , and 

NUREG- 0897 , Rev i s i on 1 1- 1 October 1985 



vortex fo rmat i on was i denti fi ed as the key determi nant. The staff 1 s  mai n concern 
was that formati on of an  ai r-core vortex wou l d  resu l t  i n  unacceptab l e  l evel s  of 
ai r i ngest i on and severe l y  degraded pump performance . There was a l so concern 
about sump damage or  b l ockage of  the f l ow as a resul t  of i nsul ati on debris  gener
ated by LOCAs , m issi l es ,  and break jet l oads . These concerns l ed to the formu l a
t i on of some of  the gu i de l i nes set forth i n  RG 1 . 82 (those re l ati ng to cover 
p l ates , debri s screen , and a 50% screen b l ockage cri teri on) . 

I n  1979 , as a resu l t  of conti nued staff concern about the safe operati on of  ECCS 
sumps , the Comm i ssi on desi gnated the i ssue as Unreso l ved Safety Issue ( US ! )  A-43 , 
Contai nment Emergency Sump Performance . To assist i n  the reso l uti on of  th i s  
i ssue , the Department o f  Energy ( DO E )  provi ded fundi ng for constructi on of  a 
fu l l -scal e sump hydrau l i c test fac i l i ty at the A l de n  Research Laboratory (ARL)  
of Worcester P o l ytechn i c  I nsti t ute (WP I )  ( Durgi n ,  Padmanabhan , and Jan i k ,  1980) . 
At about the same t i me , an NRC Task Acti on  P l an ( TAP)  A-43 was deve l oped to 
address a l l aspects of  th i s  safety i ssue . Potent i a l  debr is  effects were i nves
ti gated through p l ant i nsu l ati on surveys , samp l e  p l ant ca l cu l ati ons , and supp l e
mental exper i ments conducted at ARL to determi ne the transport characteristi cs 
of  vari ous types of i nsu l at i on debris  and attendant screen b l ockage head l osses.  

1 . 3 Techni cal Issues 

The pri nci pal  concern is summari zed i n  the fol l owi ng questi o n: 

I n  the rec i rcu l ati on  mode fol l owi ng a LOCA , wi l l  the pumps rece i ve 
water suffi c i ently free of  debris  and a i r  and at suffi c i ent i n l et 
pressure to sati sfy NPSH requi rements so that pump performance i s  
not degraded t o  the poi nt that l ong- term rec i rcu l at i on requ i rements 
cannot be met? 

Th i s  concern can be d i v i ded i nto three areas for techn i ca l  consi derati on :  sump 
(or suct i o n  i ntake )  hydraul i c  desi gn , i nsu l at i o n  debri s effects , and pump per
formance.  The three areas are not i ndependent , and certa i n comb i nat i o ns of  
effects must be consi dered as we l l .  

Thi s  report presents the techn i cal  f i ndi ngs der i ved from extensive , fu l l -scal e  
exper imental measurements , gener ic  p l ant surveys , samp l e p l ant cal c u l at i o ns ,  
assessment o f  the performance o f  resi dual  heat removal  pumps , and pub l i c  comme nts 
recei ved . P ub l i c  comments rece i ved and the staff response to them are i n  Ap
pend i x  A .  These techn i cal fi ndi ngs prov i de a bas i s  for techn i ca l ly  reso l v i ng 
US! A-43 and for deve l op i ng revi si ons to RG 1 . 82 and Sect i o n  6 . 2 . 2  of  the NRC 
Standard Rev i ew P l an (SRP , NUREG-0800 ) .  

1 . 4  Summary of Techni cal  F i ndi ngs 

The fol l owi ng key determi nati ons are deri ved from the techni cal  fi ndi ngs pre
sented i n  Sect i on 3 bel ow: 

(1 )  Vi sual observat i o ns of  vortex formati on cannot be used to quanti fy l evel s 
of  ai r i ngest i o n .  F u l l -scal e PWR sump experi ments and BWR sucti on i n l et 
experi ments have s hown that l eve l s  of  measured ai r i ngesti on  were genera l l y  
l ess than 2% under a w i de range of  si mu l ated post- LOCA condi ti ons .  On the 
other hand , the absence of  ai r-entra i n i ng vorti ces can be used to i nfer 
zero a i r i ngest i o n .  
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( 2 )  Ai r i ngesti o n  l evel s have been corre l ated wi th the Froude number ( Fr )  that 
embodi es s ucti on  submergence l evel  and sucti on  i n l et fl ow ve l oci ty.  F u l l 
sca l e experi ments have shown zero ai r i ngesti on  i n  PWR s umps for F r  < 0 . 2 
and zero ai r i ngesti on  for BWR s ucti on  i n l et des i gns  up to Fr  < 0 . 8 . - Enve
l ope , or boundi ng , p l ots for estimati ng ai r i nges t i o n  l evel s as a funct i on 
of F ro ude n umber are presented i n  Secti on 3 . 4 .  

( 3 )  Exce s s i ve ai r i ngesti on  l eve l s ( i . e . , > 2 to  4 vol ume %) can  l ead to  deg
radati on of p ump i ng capac i ty ( see Secti on 3 . 2 ) .  Use  of vortex suppressors 
( fabri cated from f l oor grati ng materi a l s )  can effecti ve l y  reduce ai r i nges
t i o n  to zero ( see Sect i on 3 . 4) .  For BWR suct i o n  i n l ets , the i n l et stra i ner 
appears to act as a vortex suppressor and retardant to ai r i ngesti o n .  

(4)  RHR rec i rcu l ati on  pump operat i o n  can be assessed u s i ng the fi nd i ngs and 
methods prov i ded i n  Sect i on 3 . 2 .  A s  noted above , l ow l eve l s  o f  ai r i nges
t i o n  can be tol erated.  However , pumpi ng performance s hou l d be based on  
cal cu l ated pump i n l et condi t i ons  for the postu l ated LOCA , i nc l udi ng adj ust
ment of  the net pos i ti ve s ucti o n  head requi rements ( NPSHR) for l ow l evel s 
of a i r i ngesti on  ( see Sect i o n  3 . 2) . 

( 5 )  I nges t i o n  of  sma l l part i c u l ates that res u l t  from eros i on does not appear 
to pose a pumpi ng probl em for the post- LOCA c i rcu l ati ng pumps i n  e i ther 
PWR or  BWR p l ants because of the materi a l s of constructi on  used i n  the 
i mpe l l ers and cas i ngs . Pump seal systems s hou l d  be rev i ewed from the vi ew
poi nt of  poss i b l e c l ogg i ng. Catastrophi c fai l ure of s haft seal s ( as a 
res u l t  of debri s generati on)  i s  un l i ke l y  because of the safety bushi ngs 
bu i l t  i nto pump seal assemb l i e s .  If water- l ubri cated beari ngs are spec i 
f i ed o r  used i n  any o f  the post- LOCA c i rc u l ati ng pumps ( e . g . , i n  mu l ti stage 
RHR , reactor core i so l ati o n  coo l i ng ( RC I C ) , h i gh press u re cool ant i njecti on  
(HPCI ) ,  or h i gh pressure core spray (HPCS)  pumps in  some BWRs ) ,  the seal  
system s hou l d be carefu l l y  rev i ewed. Part i c u l ate i ngesti o n  may be s uffi 
c i ent to cause seal  fai l ure and/or beari ng se i z ure i n  these cases . 

( 6 )  Surveys of p l ant i ns u l ati o n  materi a l s have s hown a w ide vari ab i l i ty i n  
the types  and quant i ti es  of i ns u l ati ons  empl oyed i n  nuc l ear power p l ants 
( see Secti on  3 . 3 ) .  F urthermore , feedbac k recei ved duri ng the 1 1 for commentt' 
per i od has shown that the types  and quanti ti es  of i ns u l ati on  have changed 
over t ime and wi th repl acement changes made i n  operati ng p l ants . Thus , 
because of the nature and quant i ti es of i ns u l at i o n  materi a l s used , debri s 
b l oc kage assessments become very p l ant spec i fi c  and t ime dependent . 

( 7 )  Est imati ng the effects of debri s b l ockage requi res  an estimati on  of  ( a )  the 
quant i ty of debri s that mi ght be generated by a LOCA , ( b )  the transport of 
s uch i ns u l ati o n  debri s to the PWR s ump screen ( or BWR suct i o n  strai ner) , 
and ( c )  the potenti a l  b l ockage as a res u l t of f l ow entrai nment of  debri s to 
the screen (or stra i ner) surface . P l ant- spec i f i c  studi es  have s hown that 
there i s  a strong dependance on  p l ant l ayout (wh i ch affects mi grati on  of 
debri s )  and on  PWR s ump des i gn features (or BWR s ucti on  i ntake des i g n ) . 
Appendi x B prov i des i l l u strati ve sump des i gns and contai nment l ayout.  
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(8)  The destruct i ve power of a LOCA jet has been demonstrated i n  HDR* b l owdown 
experi ments , part i cu l arly from the v i ewpo i nt of destructi on  of fi brous 
i nsul at i o n  materi a l s . Because fi nely shredded i nsul at i o n  can be transported 
at l ow rec i rc u l at i on fl ow ve l oc i ti es ( i . e . , 0.2 ft/sec)  (see Appendi x  D )  
a n d  d istri b ute un i formly  over debri s screens , or sucti on strai ners , such 
i nsul at i o ns must be c l ose ly  consi dered i n  esti mati ng the effects of post
LOCA b l ockage on pump NPSH margi n .  Experi ments have al so shown ( a )  that 
refl ect i ve metal l i c i nsu l ati ons can suffer severe damage from LOCA j ets 
(see Appen d i x  E )  and ( b )  that undeformed th i n  foi l s  (such as those used 
i nterna l l y  i n  refl ecti ve metal l i c assemb l i es)  can be transported at l ow 
ve l oc i t i es ( e . g . , 0 . 2  to 0 . 4  ft/sec ) .  I n format i o n  on  the transport charac
terist i cs of simul ated i nsul at i on debris and debris  generati o n  i s  i n  
Section  3 . 3 .  

( 9 )  Samp l e  p l ant analyses a n d  experi ments have shown that the un i form 50% 
b l oc kage cri teri on  i n  RG 1 . 82 i s  not adequate , for the reasons noted above . 
Sump screen b l ockage ( o r  suct i o n  strai ner b l ockage ) sho u l d be eval uated o n  
a p l ant-spec i fi c  basi s o n  the basis of  the i nsul ati on mater i a l s  emp l oyed , 
and a p l ant-speci fi c  assessment of  potenti al debris  transport and debris 
screen b l ockage shoul d be  made . Therefore , RG 1 . 82 has been revi sed 
accordi ng ly .  

(10)  The tec h n i cal  fi ndi ngs i n  Secti on  3 have been further refi ned to  devel op 
PWR sump and BWR sucti on  i n l et eva l uat i on gui de l i nes. These gu i de l i nes 
are i n  Sect i o n  5 .  

(11)  Methods for esti mat i o n  of  debri s generat i o n  and transport devel oped i n  
NUREG/CR-2791 (pub l ished i n  September 1982) are superseded by those outl i ned 
i n  Secti o ns 3 . 3 and 5 . 3 of  th is  NUREG . 

NUREG/CR-2791 (pub l i shed i n  September 1982) sho u l d  be rev i ewed from the 
v i ewpoi nt of l ater i nformati on (such as that contai ned i n  Sect i o ns 3 . 3 
and 5 . 3 of  th is  NUREG) .  Certai n assumpti ons made i n  NUREG/CR-2791 ( i . e . , 
that i nsul ati on damage effects extendi ng o utward to a stagnat i on pressure 
l eve l  of 0 . 5 psi ) are not supported by more recent eval uat i o ns.  

*The Heissdampfreaktor or superheated steam reacto r ,  i n  the F ederal Repub l i c  of  
Germany ; see Appendi x C .  
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2 SUMMARY OF KEY F I ND I NGS 

2 . 1 P ump Performance 

Sustai ned operat i on of PWR RHR and CSS pumps , or BWR RHR pumps , i n  the reci rcu l at
i ng mode presents two pri nc i pa l  areas of concern : 

(1)  possi b l e degradati on of the  hydraul i c  performance of the  pump ( i nab i l i ty 
of  the pump to mai ntai n suffi c i ent rec i rcu l ati on fl ow as a resul t  of sump 
screen b l ockage , cav i tat i on , or ai r i ngest i o n  effects)  

( 2 )  possi b l e  degradati on of pump performance over the l ong- or short-term 
because of mechani cal prob l ems ( materi al  e rosi on  due to parti cul ates or  
severe cav i tati on , shaft or beari ng fai l ure due  to unbal anced l oads , and 
shaft or  i mpel l er sei zure due to part icu l ates) 

P umps used i n  PWR RHR and CSS systems are pri mari ly  si ngl e-stage centri fugal 
desi gns of l ow speci fi c  speed. PWR CSS pumps are genera l l y  rated at fl ows of 
about 1500 gpm , with heads of  400 fee t ,  and requ i re about 20 feet of  NPSH at 
the i r i n l et ;  PWR RHR pumps are genera l l y  rated at about 3000 gpm , wi th heads 
of 300 feet , and requi re about 20 feet NPSH at maxi mum fl ow.  Rat i ng poi nts and 
submergence requ i rements for the pumps are p l ant speci fic . P ump i mpel l er mate
ri a l s  are general ly  hi gh ly  resi stant to erosi on , corrosi on , and cav i tati on 
damage . 

Experi mental resul ts show that u nder normal fl ow cond i t i ons and i n  the absence 
of cav i tat i o n  effects , pumpi ng performance is on ly  sl i ghtly  degraded when ai r 
i ngesti on i s  l ess than 2%. Th is  val ue woul d  be a conservati ve esti mate for ac
ceptab l e  performance and is dependent on many var i ab l es. However , ai r i ngesti on 
greater than 15% al most comp l ete ly  degrades the performance of pumps of  th is  
type .  

Submergence o r  NPSH requi rements for RHR and CSS pumps ( routi ne ly  determi ned 
by manufacturers ' tests) are estab l i shed on the basis of percent of degradati on  
i n  pump output pressure . I ndi v i dual pump spec i fi cat i ons determi ne that NPSH 
requi red be set accordi ng to a 1% or 3% degradati on cri teri o n .  No i ndustry 
standard exi sts for the percent of degradat i o n  cri teri on , nor for the marg i n 
between avai l ab l e  NPSH and that requ i red i n  setti ng RHR and CSS pump submergence 
cri teri a .  Ai r i ngest i on affects NPSHR for pumps. Test data on the combi ned 
effects of ai r i ngest i o n  and cav i tati on are l i mi ted , but the combi ned effects 
of both i ncrease the NPSH requ i red.  A val ue of 3% degradati on  i n  pump output 
pressure for the combi ned effects of ai r i ngesti on  and cav i tati on  appears to 
be real i sti c for assessi ng rec i rcul ati on  pump performance . 

The types and quanti ti es of debris smal l e nough to pass through screens (or  
sucti on strai ners) and  reach the  pump i mpe l l er shou l d not  i mpai r l ong-term hy
draul i c  performance . I n  pumps w i th mechani cal  shaft seal s ,  accumul ated quant i 
ti es of  soft or abrasi ve debri s i n  the sea l  fl ow passages may resu l t  i n  c l oggi ng 
or  excessive  wear , either of wh i ch ,  i n  turn , may l ead to i ncreased seal l ea kage . 
Catastroph i c fai l ure of a shaft seal i n  the post- LOCA c i rc u l at i on  p umps i n  
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e i ther PWR or  BWR systems as a res u l t of debri s i ngest i o n  i s  cons i dered u n l i ke ly .  
I n  the event of  comp l ete fai l ure of s haft seal s ,  pump l eakage wou l d  be  restri cted 
by the throttl e or safety bus h i ng i ncorporated i n  these  seal s .  

The spectrum o f  both des i gn features and rated performance val ues for centri fugal 
pumps used i n  BWR safety systems i s  much broader than that for pumps used i n  PWR 
systems . A l though there i s  a wi der vari ati on  i n  BWR pumpi ng capaci t i es , the 
pumps i n  BWR systems have l ow to medi um speci fi c speed des i gn s .  The i r  pe rfor
mance characteri s t i cs are very s i mi l ar to those of pumps used i n  PWRs . P umps 
i n  BWRs and PWRs s hou l d  be s ubject to the same tech n i ca l  con s i derati ons regardi ng 
hydrau l i c  performance ( i . e . , the cri teri a used i n  cal cu l at i o n  of  NPSH and i n  con
s i deri ng  the quanti ti es  of ai r wi l l  app l y  di rectl y  to the BWR pumps ) .  

The mai n beari ngs fo r BWR safety pumps are s i mi l ar i n  constructi o n  and protec
t i on detai l s  to those  of the i r PWR equi va l ents . That i s ,  the ma i n  beari ngs 
are ro l l i ng e l �ment or bal l beari ngs , e i ther grease or o i l l ub r i cated . These  
beari n gs are general l y  protected from damage as a res u l t of pump l eakage by 
mechan i ca l  s haft sea l s equi pped wi th safety bush i ngs and , i n  some cases , down
stream defl ectors . Th i s  i s  true for mul ti stage pumps as we l l  as conventi ona l  
s i ng l e- stage pump s .  A s  i s  the case  for comparab l e  PWR pumps , even a comp l ete 
mechan i ca l  seal  fa i l ure produces on ly  a l i mi ted amount of l eakage . The o utboard 
ba l l  beari ngs for these pumps are protected by di saster bushi ngs and defl ector 
di s ks ,  and , therefore , tota l fai l ure of  these beari ngs i s  not l i ke ly .  

The BWR pumps are di sti ngui s hed from PWR safety system pumps pri nci pal l y  by the 
fact that mu l ti stage pumps are frequently used i n  BWR safety systems . When mu l 
ti stage pumps are used , one must be concerned about the effects of parti cul ates 
and debri s on  the i nterstage bush i ngs . 

I n  mu l ti stage pumps , i nterstage bushi ngs are genera l l y  coo l ed and l ubricated 
by the pumped f l u i d .  For p l ants where i t  has been determi ned that s i gn i fi cant 
amounts of  abra s i ve particu l ates or fi berous  debri s may be transmi tted from 
the pump i n l et screen i nto the pumps themsel ves , the i nterstage bush i ng systems 
s ho u l d be eva l uated to determi ne whether external pre s suri zed coo l i ng or f l u s h i ng 
i s  needed to prevent damage as a res u l t  of  wear or  cl oggi ng .  P l ant operati onal  
experi ence (based o n  peri odi c  startup a nd veri f i cati on of  safety system opera
t i o n )  has s hown no prob l ems wi th  i nterstage bus h i ng as semb l i es even though the 
s uppress i on pool  water qual i ty i s  l es s  than that used for reactor reci rcu l ati o n .  

2 . 2  Effects of Debri s on  Reci rcu l ati on  Capabi l i ty 

The safety concerns re l ated to the effects of LOCA-generated i ns u l at i on debri s 
on  RHR reci rcu l ati on  requ i rements depend o n  the fol l owi ng :  

(1 )  

( 2 )  

( 3 )  

the types  and quant i t i e s  of  i ns u l at i o n  empl oyed ( dependent on  pl ant des i gn 
and i nstal l ati on)  

the potenti a l  for  a hi gh press ure system break to  s evere l y  damage or destroy 
l arge quant i t i e s  of i ns u l at i on (dependent o n  p l ant l ayout and i ns u l ati on  
di stri buti o n , and  on  break-targeted i ns u l at i o n s )  

the potenti a l for LOCA- generated i ns u l at i o n  debri s t o  b e  transported t o  the 
PWR s ump screen or BWR s ucti o n  strai ner ( dependent on  p l ant l ayout and 
reci rcu l at i on vel oci ty)  
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(4)  the extent to whi ch s uch transported debri s wou l d res ul t i n  b l ockage of  
the  s ump screen or suction  strai ner ( dependent on  screen des i gn and 
s i ze )  

( 5 )  the b l ocked screen head l os s  i mpact on  RHR reci rcu l ati on pump avai l ab l e  
NPSH ( dependent on  the materi a l  and b l ockage characteri stics o f  the debri s 
transported to the screen )  

The vari abi l i ty o f  p l ant l ayout , s ump des i gn ,  i ns u l at i o n  emp l oyed , and reci rcula
t i o n  requ i rements make debri s asses sments very p l ant speci f ic .  The res u l ts of 
debri s con s i derati ons s tudi ed can be summari zed as fo l l ows : 

(1)  Types  of i ns u l at i o n  vary from p l ant to p l ant and are subject to change wi th 
t ime ( i . e . , rep l acement i nsu l at i o n  may be di fferent from the ori gi nal 
i nstal l at i o n ) . 

( 2) General l y  speaki ng , i ns u l at ions  can be categori zed as 

(a)  refl ecti ve metal l i c i ns u l ati on  ( both stai n l es s  steel and a l umi num 
are uti l i zed) 

(b) encapsu l ated , by metal l i c or other types of coveri ngs , but wi th vari ous 
core mate r i a l s ( typ i cal  core materi al s  are cal ci um s i l i cate , fi ber
g l ass , mi neral woo l  Cerabl anket� ,  and Uni bestos�) 

(c) nonencapsu l ated i ns u l at i o n s , wh i ch are typ i ca l l y  fabri cated as 
1 1 b l ankets1 1  or  1 1pi l l ows1 1  and i n  wh i ch the core materi a l s noted i n  (b)  
are used , wi th varyi ng methods of  attachment 

( d )  mol ded i ns u l at i ons  wi th cl osed-cel l structure ( e . g . , foam- gl as s )  

( e )  anti sweat i ns u l ati ons ( typ i cal l y  f i bergl ass , urethane and po l yurethane 
foams , and c l osed-ce l l rubber) 

A l though encapsu l ati on  can afford protecti on  from h i gh press ure j et l oads and 
mi ss i l e  i mpacts , encap s u l ated s tructures must be revi ewed to ass e s s  the real 
degree of protection  that i s  afforded.  The characteri zati o n  11 tota l l y  encapsu
l ated11 can be mi s l eadi ng because of the vari ab i l i ty of encaps u l ati ons  and at
tachment mechani sms prov i ded.  Thus i ns u l at i o n  s hou l d  be careful l y  assessed to 
determi ne whether it i s  tota l l y  or  parti a l l y  encapsu l ated.  

I ns u l at ion  surveys conducted i n  1982 ( see Sect i o n  3 . 3 )  i nd icated a decreas i ng 
trend i n  the use  of i ns u l ati ons  s uch as fi berg l as s ,  mi neral wool , and cal ci um 
s i l i cate , wi th l i censees  of newer p l ants appeari ng to e l ect to i nstal l refl ec
t i ve metal l i c i ns u l at i o n .  However ,  feedback rece i ved dur i ng the 1 1 for comment11 
peri od (J une-July  1983 ) reversed thi s fi ndi ng .  More recentl y ,  some l i censees 
of operati ng p l ants have e l ected to rep l ace o l d i ns u l at i o n  wi th fi berg l as s , and 
appl i cants for p l ants i n  the operati ng l i cense  (OL) rev i ew stage a l so  have se l ec
ted f i berg l as s .  The more extens i ve use  of fi bergl ass  s hou l d be rev i ewed on a 
p l ant- speci f ic  bas i s  to assess  the screen b l ockage i mpact . 

LOCA j ets are capab l e  of  h i gh l evel s of i ns u l at i on destructi o n ,  as  evi denced 
by the HDR b l owdown experi ments ( see Appendi x  C ) . I n  these HDR experi ments , 
a l l g l ass  fi ber i ns u l ati on ,  wi th i n 2 to 4 meters of the break nozz l e  of  d i ameters 
up to 450 mm was destroyed and di s tr i buted thro ughout the contai nment as very 
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fi ne part i c l es .  I n  addi t i on , Sand i a  Nati onal Laboratory ( SNL)  has anal yzed 
two-di mensi onal - break jet expansion  phenomena and target pressure l oads. The 
SNL cal cu l ati ons corre l ate we l l  wi th the HDR data and show that si gni fi cant 
j et l oads occur  w ith i n  3 to 5 L/D ' s* of the p i pe break l ocati on . More recent 
HDR experi ments (see Appendi x  E) i l l ustrate the l eve l of damage that than be 
i ncurred by ref l ect i ve meta l l i c i nsu l at i o n .  These experi ments reveal severe 
damage near the break l ocati on and much l ess damage 7 LID ' s  from the break.  
Debr is  generati on is di scussed i n  Sect ion  3 . 3 . 3 . 

I nsu l at i on debr i s  transport tests at A l den Research Laboratory (ARL)  show that 
severe ly  damaged or fragmented i nsu l at i on can be transported at l ow vel oc i ti es 
( 0 . 2  to 0 . 5 ft/sec) . Both f ibergl ass shreds and thi n (0.0025- to 0 . 004- i nch)  
meta l l i c foi l s  ( i f  undeformed) can  be transported at these l ow ve l oc i t i es .  
Therefore , the l evel  o f  damage near the postu l ated break l ocati on(s)  becomes a 
domi nant consi derat i on i n  assessi ng the type and vol ume of debr is  generated , as 
we l l  as i n  esti mati ng transport probab i l i ty. Larger or i ntact p i eces req u i re 
much h i gher transport ve l oc i t i es ( >  1.0 ft/sec) .  Thus determi nat i on of rec i rcu
l at i on f l ow ve l oc i t i es wi th i n  contai nment is an i mportant factor i n  assessi ng 
debris  transport ( See Append i x  D ) . I n  PWR contai nments , rec i rcu l ati on fl ow vel o
c i t i es on the order of 0 . 2 to 0 . 6 ft/sec can be cal cu l ated ; hence , the transport 
of  l arge pi eces of  debri s i s  l ess l i ke l y .  However , such assessments become 
h i gh ly p l ant dependent because the types of i nsul at i on used , l eve l s  of damage , 
avai l ab l e rec i rcu l at i o n  paths , and the l ocati on of the sump versus the l ocat i on 
of the break are contro l l i ng consi derati ons. 

Assessment of the probab i l i t i es for PWR sump fai l ure ( NUREG/CR- 3394) has a l so 
reveal ed that : 

(1 )  Pri nc i pa l  attenti on sho u l d  be gi ven to i nsu l ati on on the pri mary coo l ant 
system p i p i ng and l ower hal f  of  the steam generators , because i nsul ati on 
on  these components is the major  source of potenti a l debri s ,  based on  
postu l ated b reak l ocati ons and possi b l e  break j et targets . 

( 2 )  P i p i ng l ess than 10 i nches i n  d i ameter is  of  secondary i mportance because 
sma l l er d i ameter breaks generate l ower quant i t i es of debri s. The j et 
envel ope and target area are l ess for these si zes. 

A l though these fi ndi ngs sho u l d not be app l i ed uni l atera l l y ,  these trends are 
app l i cabl e to PWRs for i n i ti a l debr is  assessments . Thus they prov i de a means 
to scope the magni tude of the debris  generat i on potent i a l .  

Low densi ty i nsul ati ons with  a c l osed ce l l  structure wi l l  f l oat and are not 
l i ke l y  to i mpede f l ow through the sump screens , except where the scree ns are not 
tota l ly  submerged. Low densi ty hygroscop i c  i nsul ati ons wi th submerged densi ti es 
greater than water must be assessed on a p l ant-spec i fi c  basi s ,  as must nonencap
sul ated i nsu l ati on  (parti cu l arly mi nera l  f i be r ,  f i berg l ass , or mi nera l woo l 
b l anket) ,  to determi ne the potenti a l  for sump sc reen  b l oc kage . I f  refl ect i ve 
meta l l i c i nsul at ion  i s  damaged to the extent that i nteri or  foi l s  are rel eased , 
transport and potenti a l  screen b l oc kage must be assessed on  a p l ant-spe�i !i c  
basi s. I n  summary , a l l i nsul ati ons sho u l d be eval uated on  a p l ant-speclflc 
basis. 

*Here L i s  the center l i ne 
p i pe break di ameter.  
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Conservative methods have been deve l oped for est i mati ng quanti t ies of  debri s ,  
break sources , transport mechanisms , and b l oc kage effects based o n  the fi ndi ngs 
summarized above . These methods are detai l ed i n  Sect i o n  3 . 3 and summari zed i n  
Secti on  5 . 3 .  

2 . 3 Sump Hydra u l i c  Performance Findi ngs 

Data obtained from ful l -sca l e sump tests prov i de a sound base for assessi ng 
sump hydrau l i c  performance .  Both si de-sucti on  and  bottom-sucti on  desi gns were 
tested over a wi de range of desi gn parameters , and the effects of e l evated water 
temperatures were a l so assessed .  Scal i ng experi ments ( 1:4 , 1:2 , 1:1 ) were a l so 
conducted to provi de a means for assess i ng the va l i dity of  p rev i o us sca l e-model 
tests. The e ffecti veness of certai n vortex suppressi on  dev i ces was a l so eval ua
ted. For compl eteness , p l ant-specifi c  and LOCA- i ntroduced effects ( i ce condenser 
drai n f l ow ,  break f l ow impi ngement , l arge swi rl  and sump c i rcu l at i on effects , 
and sump scree n  b l ockage) were eval uated at fu l l sca l e .  I n  addi t i on , a l i mi ted 
number o f  BWR sucti on  tests were performed. 

The resu l ts of thi s  test program can be summari zed as fol l ows: 

( 1) 

( 2 )  

( 3 )  

(4)  

( 5 )  

( 6 )  

The broad data base from the sump studi es resu l ted i n  the devel opment o f  
envel ope curves for rel i ab l y  quantifyi ng t h e  expected upper bound for the 
hydraul i c performance of any g i ven sump whose essenti a l  features fal l 
approximate l y  with i n  the f l ow and geometri c  ranges tested . 

Vorti ces are unstab l e ,  randoml y  formed , and , for cases where ai r i ngesti on 
occurs , cannot be used to quanti fy ai r i ngesti on l eve l s ,  sucti on  i n l et 
l osses , or  i ntake p i pe fl u i d  swi rl . The fu l l -sca l e tests show that at 
water submergences deeper than 9 feet and i n l et water v e l ocities of l ess 
than 4 ft/sec , si gnifi cant vortex acti v i ty d i s appears .  Correspondi ng ly , 
a i r ingest i on i s  negl i g i b l e or  non- exi stant . 

Based on  voi d fracti on measurements , a i r i ngest i o n  was found to be l ess 
than 2% in most cases. A few test cond i t i ons resul ted i n  higher ai r i nges
ti on , 2% to 8% , wi th or without perturbati ons of the approach f l ow.  Max i 
mum ai r i ngesti on  rates o f  8% to 15% were recorded for o n l y  short peri ods 
wi th del i beratel y  i nduced adverse- approach f l ow condi tions of severel y  
b l ocked screens. These tests reveal ed the i mportance o f  measur i ng void 
fraction and demonstrated the i neffectiveness of visual observati ons of 
vort i ces as a means o f  q uanti tati vely eval uating air entrai nment .  

Swirl angl es in suct i o n  pipes were general l y  found to have decreased to 
about 4° at a d i stance 14 p i pe di ameters from i nl ets . Swi r l  angl es of  up 
to 7° at a distance 14 pipe d i ameters from inl ets were observed i n  some 
sump tests at l ow submergence wi th i nduced f l ow perturbati o ns .  

Hydraul i c grade l i ne measurements for a l l experi ments reveal ed that the 
sump i ntake l oss coeffi c i ent was i nsensiti ve to overa l l sump desi gn vari a
tion .  Loss coefficients are basi cal l y  a functi on  of l ocal  i ntake geometry , 
and the measured val ues are consistent wi th  those obta i ned from standard 
hydrau l i c  handbooks .  

Testing over the temperature range o f  70°F t o  165°F  revea l ed that water 
temperature (or  prev i ousl y  hypothesi zed Reynol ds number effects )  h ad no 
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measurab l e  effect on  s urface vortex i ng ,  ai r i ngesti on , p i pe swi rl , or  
l oss coeff i c i ent . 

( 7 )  Vortex suppressor testi ng for PWR app l i cati ons reveal ed that cage-type and 
submerged- gri d- type des i gns  general ly  ( a )  reduced surface vortexi ng from a 
fu l l  a i r- core vortex to surface swi rl  on ly ; ( b )  reduced ai r i ngesti on  to 
es senti a l ly  zero ; ( c )  reduced p i pe swi rl  to l ess than 5° ; and (d )  had no  
s i gn i f i cant effect on the l oss coeffi c i ent.  These vortex s uppression  struc
tures were fabri cated from f l oor grati ng materi a l s  typi cal l y  used for 
wal kways . 

(8)  There were no major di fferences between the hydrau l i c  performance of  verti 
cal outl et sumps and that of hori zontal outl et s umps of  s imi l ar desi gn  
geometry and  simi l ar f l ow cond i ti ons. 

( 9 )  Compari sorr of the res u l ts of di fferent sca l e  mode l s showed that scal e 
mode l i ng down to 1 : 4 scal e usi ng  F ro ude number s i mi l i tude adequate l y  pre
di cted the sump hydraul i c  performance vari ab l es ( vo i d  fracti o n ,  vortex 
type , swi rl , and l oss coeffi c i ent) of ful l - sca l e  tests . Tests on 1 : 4- ,  
1 : 2- ,  and 1:1- sca l e  versi ons of the same sump under comparabl e  operati ng 
cond i ti ons s howed no si gni fi cant sca l e effects i n  the mode l i ng of ai r 
wi thdrawal because of surface vorti ces or i n  free-surface vortex behav i o r .  
Addi ti onal l y ,  mode l tests accuratel y  predi cted swi rl  and i n l et l osses i f  
spec i fi ed Reyno l ds n umber cri ter i a  were mai ntai ned.  

( 10 )  A parametri c assessment of nonuni form approach f l ow i nto the sump as a 
resu l t  of  spec i fi c  structural features di d not reveal any si gni fi cant 
adverse effects ( see a l so  Secti on  3 . 4 ) .  

(11)  Dra i n  fl ow i mp i ngement on  the sump water surface resu l ted i n  extensi ve 
turbu l ence that tended to reduce vortexi ng and d i d not l ead to i ncreased 
ai r i ngest i o n .  

(12)  

(13)  

( 14)  

Break fl ow i mp i ngement tests produced consi derab l e  ai r entrai nment at the 
water surface , but voi d  fracti ons of the p i pe fl ow were genera l l y  smal l ,  
l ess than 1%. I n  one case , a consi derab l y  h i gher vo i d  fract i o n  was re
corded , 6% , because of a change i n  approach fl ow to the s ump caused by 
the b reak fl ow. 

PWR sump screen b l ockage tests somet i mes reveal ed sl i ght i nc reases i n  a i r 
i ngesti on  and some degradati o n  of the hydrau l i c performance o f  the sump , 
dependi ng o n  the sump confi gurati on and test condi ti ons.  Howeve r ,  no si g
n i fi cant changes were noted . I n  each case where ai r- core vorti ces were 
generated , the use of a vortex suppressor e l i mi nated the a i r-core vortex 
and reduced the a i r  i ngesti on  to zero or negl i gi b l e  l evel s . Thus , the 
effecti veness of vortex s uppressors ( s uch as submerged fl oor grati n g  
desi gns)  has been demonstrated . 

BWR s ucti on  i ntake tests ( see Sect i o n  3 . 4 . 6 )  reveal ed that a i r i ngest i o n  
was essenti a l l y  zero for Fro ude numbers l ess than 0 . 6 .  The suct i on 
strai ners typi ca l ly  uti l i zed i n  BWR i nstal l ati ons appear to act as vortex 
suppressors , thereby i nh i b i ti ng ai r i ngest i o n  ( even though a i r  core 
vorti ces were observed at l ower Fro ude n umbers) . 
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Thus the ful l - scal e  s ump hydraul i c test program conducted at ARL has res u l ted 
i n  an extens i ve data base that has broad app l i cabi l i ty and can be used i n  l i eu 
of model tests or  i np l ant tests ( i f  the s ump des i gn be i ng eval uated fal l s  wi thi n 
the des i gn and f l ow envel ope i nvesti gated) . Sump hydraul i c  des i gn gui de l i nes 
and cri teri a for asses s i ng a i r  i ngest i on potenti a l  are i n  Sect i on 5. 
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3 TECHNI CAL F I ND I NGS  

3 . 1 I ntroducti on 

Before a p l an for the reso l uti on  of Unreso l ved Safety Issue A-43 was deve l oped , 
the fol l owi ng key safety questi ons were i denti fi ed: 

(1) What are the performance capabi l i ti es of  pumps used i n  contai nment reci r
c u l ati on systems , and how tol erant are such pumps to ai r entrai nment , 
cav i tat i o n , and the potent ia l  i ngesti on of debr i s  and parti cu l ates that 
may pass through screens? 

( 2 )  Were a LOCA to occur , wou l d  the amount and type of debris  generated from 
contai nment i nsu l at i on (and i ts subsequent transport wi thi n contai nment) 
cause si gni fi cant sump screen b l ockage and , i f  so , wou l d  such b l oc kage 
be of suffi c i ent magni tude to reduce the NPSH avai l ab l e  be l ow the NPSH 
requ i red? 

( 3 )  Can geometri c  and hydraul i c sump system desi gns be establ i shed for wh i ch 
acceptab l e  sump performance can be ensured? 

I t  was recogni zed that reso l uti on of USI  A-43 depended upon the responses to 
these questi ons. The effort to reso l ve these questi ons was undertaken i n  three 
paral l e l tasks , each desi gned to respond to one of the key safety questi ons. 

The fi rst questi on was addressed through an eva l uat i o n  of the genera l  physi cal 
and performance characteri st i cs of RHR and CSS pumps used i n  exi sti ng p l ants. 
Condi ti ons l i ke l y  to cause degraded performance or damage to pumps performance 
were eval uated.  The i nvest i gati on of pump cav i tati on , ai r i ngesti on , parti cu
l ate i ngest i on ,  and swi rl is  reported i n  NUREG/CR- 2792 and Creare Techn i cal  
Memorandum 962. It  is summari zed i n  Secti on 3 . 2 bel ow. 

To address the second quest i o n , 19 power reactor p l ants were surveyed concerni ng 
the quanti ty ,  types , and l ocati on of i nsul at i o n  used wi thi n contai nment (see 
NUREG/CR-2403 and i ts Suppl ement 1) . Then , ca l cu l ati onal methods were deve l oped 
for est i mati ng (1) the quant i t i es and sources of debri s that cou l d be generated 
duri ng a LOCA , ( 2 )  the transport of such debr i s ,  ( 3 )  the quanti ti es and proper
t i es of  i nsul ati on debri s that cou l d potenti al l y  be transported to sump screens , 
and (4)  head l osses as a resul t  of debri s bui l dup on sump screens ( NUREG/CR- 2791) .  
Many of the methods for the assessment of debris  b l oc kage i n  NUREG/CR-2791 are 
superseded by those descri bed i n  thi s  report . Experi ments were conducted to 
esti mate the onset of jet erosi on damage to f ibrous i nsul ati ons ( NUREG/CR- 3170)  
and to  determi ne the transport and  screen b l ockage head l osses associ ated wi th 
fi brous i nsul ati ons ( NU REG/CR- 2982 , Rev .  1) . The transport and b l ockage char
acteristi cs of refl ect i ve metal l i c i nsul ati ons are reported i n  NUREG/CR- 3616 . 

The thi rd key safety quest i o n  was addressed i n  an i nvesti gati on of  the behav i or 
of  ECCS sumps under d i verse f l ow condi ti ons that mi ght occur duri ng a LOCA. 
The test program was desi gned to cover a broad range of geometri c and f l ow 
var i ab l es representati ve of emergency sump desi gns. The resul ts are reported 
i n  NUREG/CR-2758 , NUREG/CR-2759 , NUREG/CR-2760 , NUREG/CR-2761 , and NUREG/CR-277 2 .  
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3 . 2 Performance of Emergency Core Cool i ng System Pumps 

Thi s secti o n  s ummari zes the genera l phys i cal  and performance characteri sti cs 
of  RHR and CSS pumps used i n  PWRs and RHR , CS , and CI pumps used i n  BWRs . The 
s ummary characteri sti cs  are based on i nformati on  from 12 PWRs and 7 BWRs that 
were samp l ed i n  the study .  Effects l i ke ly  to cause degraded performance o r  
damage are i de nti fi ed ,  and the res u l ts of an ana l ys i s  of  these effects on  pump 
perfo rmance are presented . 

3 . 2 . 1  Characteri sti cs of Pumps Used for Emergency Core Cool i ng Systems 

The pumps used i n  PWR and BWR systems have di fferent characteri sti c s .  

3 . 2 . 1 . 1 RHR and CSS Pumps Used i n  PWRs 

A study of pumps used i n  12 PWR p l ants has shown that a l though i nd i v i dual  pump 
detai l s  are p l ant spec i fi c ,  the pumps used i n  RHR and CSS serv i ces are s i mi l ar 
i n  type , mechan i ca l  construct i on , and performance . 

S i mi l ari t i e s  i n  the types of pumps are s hown i n  Tab l e 3 . 1 ;  the tab l e  l i sts the 
manufacture r ,  mode l number , and rated condi t i o ns for each of the pumps used i n  
the p l ants s u rveyed.  The col umn l abel ed 1 1 Spec i fi c  Speed11 prov i des  a parameter 
conventi onal l y  used by pump manufacturers to spec i fy hydrau l i c  characteri sti cs  
and , hence , the  overa l l des i gn confi guration  of a pump . As the  tab l e  shows , 
a l l pumps are re l at i ve l y  h i gh- speed , centri fugal pumps  and are i n  the spec i fi c  
speed range o f  800 to 1600 rpm , wi th spec i fi c  speed defi ned as N = ( speed) 
(vo l umetri c f l ow) 1 1 2/( head)3 1 4 .  s 

The pumps used for RHR and CSS serv i ce have the fo l l owi ng s i mi l ar i ti es i n  me
chan i ca l  construct i o n :  

( 1 )  Impe l l ers and cas i ngs are us ual l y  austeni ti c stai n l es s  stee l , h i gh l y  
res i stant t o  damage by cavi tat i o n .  

( 2 )  Impe l l ers are shro uded wi th wear ri ngs t o  m i n i mi ze l eakage . 

( 3 )  Shaft seal s are the mechani cal type .  

(4)  Beari ngs are grease- o r  o i l - l ubri cated bal l type . 

A pump assemb l y  typi cal of  pumps used for RHR and CSS servi ce i s  shown i n  cro s s
secti on  i n  F i gure 3 . 1 .  

S i mi l ari ti e s  i n  the performance of pumps used i n  R H R  a n d  CSS serv i ce are s hown 
i n  F i gures 3 . 2 and 3 . 3 .  Performance and cav i tati o n  data from each of the pumps 
l i sted i n  Tab l e  3 . 1 have been p l otted for compari s o n .  Performance data are 
gi ven i n  terms of norma l i zed head versus  norma l i zed f l ow rate where th� be�t
effi c i ency-poi nt head a nd f l ow are used for the reference val ues .  Cav 1 tat 1 o n  
data are gi ven i n  terms of  NPSH requi red .  

3 . 2 . 1 . 2  RHR ,  CS , and C I  Pumps Used i n  BWRs 

There i s  a wi der vari ati on i n  rati ng cond i t i ons  for pumps used i n  BWR safety 
systems than for the i r  counterparts i n  PWRs . Tab l e 3 . 2 l i sts rati ng poi nts , 
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Tab l e  3 . 1 RHR and CSS pump data 

I -------Manufacturer*/Mode l--------

Plant 

Arkansas Unit t 2  

Calvert Cliffs 
1 &2 

Crystal River i 3  

Ginna 

Haddom Neck 

I Kewaunee 

' j McGuire 1 & 2  

I 1 Midland t 2  
' 

I Millstone Unit 2 

� Oconee 1 3  

' Prairie Is land 

Prairie Is land 
1 & 2  

Salem (I 1 

*Pac -- Pacific 

RHR 

I-R 6x23 WD 

I-R 8x2 1 AL 

W 8HN- 1 84 

Pac 6 .  SVC 

Pac 8" LX 

B-J 6x 1 0x 1 8  VDSH 

I-R Sx20 WD 

B&W 1 0x 1 2x2 1 ASMK 

I-R (No Model t )  

I-R 8x2 1  AL 

B-J 6x 1 0x 1 8  VDS� 

B-J 6x 1 0x 1 8  VDSM 

I-R 8x20W 

I-R -� Ingersoll-Rand 
w -- Worthington 
G -- Gould 

B&W -- Babcock & Wilcox 
B-J -- Byron Jackson 

css 

I-R 8x20 WD 

B&W 6x8x 1 1  HSHJ 

W6HND- 1 34 

Pac 8" LX 

I-B 4x 1 1  AN 

I-R .8x20 WD 

B&W 6x8x 1 3 5  MX 

G3736-4x6- 1 3DV 

I-R 4x l 1  A 

I-R 4x 1 1  AN 

I-R 4x1 1 AN 

G 34 1 5  8x 1 0 - 2 2  

-------Rated 
( RPM )  ( FT )  
Speed Head 

1 8 0 0  350 
1 80 0  5 2 5  

1 7 80 360 
3580 3 7 5  

1 780 3 5 0  
3550 4 5 0  

1 77 0  280 

1 77 0  3 0 0  
1 77 0  3 0 0  

1 770 2 6 0  
3550 475 

1780 375 
1780 380 

1 7 8 0  3 7 0  
3S50 387 

1 77 0  3 5 0  
3 5 6 0  477 

1780 360 
3550 460 

1 770 285 
3550 500 

1 7 80 280 
3550 5 1 0  

1 7 8 0  3 5 0  
1 780 450 

Specific Speed is defined as N6 • Speed ( Flow ) 1 12; ( Head ) 3/4 

In this definition : Speed is in rpm, flow in qpm and head in ft. 

NUREG-0897 , Revi s i on 1 3-3  

Conditions-------
( GPM ) Specific 

Flow Speed 

3 1 0 0  1 2 3 8  
2200 8 5 1  

3 0 0 0  1 2 0 5  
1 3 50 1 5 44 

3 0 0 0  1 2 0 5  
1 5 0 0  1 4 0 7  

1 56 0  1 0 1 6 

2200 1 1 5 2 
2200 1 1 52 

2 0 0 0  1 2 2 2  
1 3 0 0  1 2 5 7  

3 0 0 0  1 1 44 
3400 1 2 0 5  

3 0 0 0  1 1 56 
1 30 0  1467 

3000 1 1 98 
1 4 0 0  1 3 7 0  

3000 1 1 80 
1 49 0  1 38 0  

2000 1 1 4 1  
1 3 0 0  1 2 1 0  

2000 1 1 56 
1 3 0 0  1 2 1 0  

3000 1 2 0 5  I 2600 9 29 

October 1985 
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k-Prai rie I s l an d a2 

b 1- Salem U 
1 .2 
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< � ::c 

Q 0.9 40_0 
� ....., 
:::; 
< 
=-
cz: C> 30, 0  z 0.8 

N P S H  � 0 

0.1 20.0 

_ _ _  ·y 
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Fi gure 3 . 2 Performance and NPSH curves for RHR pump s , head versus  f l ow rate 
data norma l i zed by i ndi v i dua l  best-effi c i ency-po i nt val ues 
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Tab l e  3 . 2 RHR ,  CS , and C I  pump data for BWRs 

! RATED COND ITIONS 
ECCS PUMP SPEED HEAD FLOW S PEC IFIC 

PLANT MODE TYPE* ( rpm) ( f t )  ( gpm) SPEED 

Cooper cs VSS 
LPC I V S S  1760 420 7800 1675 
HPC I  STD 

Dresden ( 2 )  c s  vss 3560 585 4700 205 2 
LPCI VSS 3560 570  2700 1585 
HPC I  STD 

Edwin Hatch cs VMS 1780 670 4700 982 
( 1&2)  RHR VMS 1780 420 7 700 1684  

HPCI STD 

LaSalle ( 1&2)  LPCS VMS 1780 725  6350 1015 
HPC S  VMS 1780 1569  6942 I 595 
RHR VMS 1780 280 7450 2244 

Limerick cs VMS 1780 668 3175 763 
( 1&2)  RHR VMS 1180 525 10000 1076  
Susquehana cs VMS 1780 668 3 175 l 7 63 
( 1&2)  RHR VMS 1180 600 10000 973  

HPC I  STD Varies 525 / 5070 7 7 0  
2940 

Z immer (1) LPCS VMS 1780 6 90 4750 j 911 
HPC S  VMS 1780 134 7  5 142  I 574  
RHR VMS 1780 270  5050 I 1900 ! I I I 

* STD - S team Turb ine Drive 
VSS - Vert ical S ingle Stage 

' VMS - Vertical Multis tage 
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p ump types ,  and spec i fi c  speeds for a samp l e  of seven BWR p l ants . F l ow rates 
and rated heads for the BWR pumps are i n  many cases s i gn i fi cantly l arger than 
those condi ti ons  for PWR pumps di scussed i n  Secti on  3 . 2 . 1 . 1 . I n  spi te of these 
p l ant- spec i fi c d i fferences , the pumps have a l l l ow to medi um spec i fi c  speed 
des i gns wi th performance characteri sti cs  s i mi l ar to those  used i n  PWRs . 

Many of  the pumps used i n  BWR ECC systems are mu l ti stage des i gns . Both the 
s i ngl e- stage and mu l ti stage des i gn pumps used i n  BWR systems have many of the 
fo l l owi ng constructi on features s i mi l ar to those for PWR pumps : 

(1 )  Impel l ers are usual l y  austen i t i c  stai n l ess  stee l wi th h i gh res i stance to 
damage from cav i tati o n .  

( 2 )  Impe l l ers are shrouded with  wear ri ngs to mi n i mi ze l eakage . 

( 3 )  External s haft seal s are mechan i cal . 

(4) Mai n beari ngs may be grease- or o i l - l ubri cated bal l types  or  oi l - l ubri cated 
s l eeve beari ngs . I n  the m u l t i stage des i gns , i nternal s l eeve bush i ngs may 
be used between stages to prov i de add i t i onal s upport to the s haft .  

The techn i cal  cons i derati ons re l at i ve t o  hydrau l i c performance ( i . e . , cav i tat i on , 
a i r i ngest i on)  are the same for s i ngl e- stage or mul ti stage des i gns . Howeve r ,  be
cause of  the d i fferences i n  constructi on deta i l s  between the two types of  pumps , 
the effects of part i cu l ates may be s i gn i f i cantly d i fferent for each des i gn .  
F i gure 3 . 4 i l l ustrates the mai n features of  a mul ti stage des i gn typ i ca l  o f  p umps 
found i n  BWR emergency coo l i ng systems . These p umps use i nterstage shaft b u s h
i ngs that are l ubri cated by the pumped water and are therefore s ubject to wear 
or  c l oggi ng from debri s .  

3 . 2 . 2 Effects o f  Cavi tati on , Ai r or Parti cul ate I ngesti on , and Swi rl on  
Pump Performance 

Several i tems have been i denti fi ed as potenti al causes of l ong- or  s hort-term 
degradati on of emergency coo l i ng pumps i n  PWRs and BWRs . They are 

(1 )  cavi tat i o n , whi c h  may cause head degradati on and damage to i mpel l ers 
(2) ai r i ngest i on , whi ch may cause head degradati on 
( 3 )  part i cu l ate i ngest i on , whi ch may cause damage to i nternal parts 
(4)  swi rl  at the p ump i n l et ,  whi ch may cause head degradati on 

Al l of these effects a l so have the potent i a l  for i nduc i ng hydrau l i cal l y  or  
mechan i ca l l y  unbal anced l oads . They are di scus sed be l ow .  

3 . 2 . 2 . 1 Cav i tation  

Net pos i ti ve s ucti on head ( NPSH) i s  defi ned as the  total pre s s ure at  the  p ump 
i n l et above vapor pressure at the l i qu i d  temperature , expres sed i n  terms of 
l i qu i d  head (pressure/spec i fi c wei ght) ; i t  i s  equ i val ent to the amount of  s ub
cool i ng at the pump i n l et .  If  the NPSH avai l ab l e at the p ump i s  l es s  than the 
NPSH requi red , some degree of  cavi tati on i s  ensured and some degradati on of 
perfo rmance and perhaps materi al  eros i on are l i ke l y .  
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There i s  no s ta ndard for i denti fyi ng the NPSH requi red for a gi ven pump . Un
l es s  there i s  a st ipu l ati on i n  the speci f i cat i ons , manufacturers have used some 
percentage ( 1%  to 3%) i n  head degradati on as the cri teri on  for estab l i s h i ng the 
NPSH requ i red at some fl ow cond i t i o n .  These  are empi ri cal l y  establ i s hed val ues 
for whi ch very rapi d degradati on occurs ( see F i gure 3 . 4) and when cav i tati on 
occurs s evere ero s i on i s  l i ke ly  to happen .  F i gure 3 . 5 i l l ustrates the c hanges 
i n  pump performance at several fl ow rates as a functi on of NPSH ; these curves 
are typ i ca l  of  those provi ded by pump manufacturers to defi ne the NPSH requi red 
for the i r p ump s .  Because NPSH i s  reduced for each fl ow rate shown (Q1-Q4 ) , a 
poi nt i s  reached bel ow the 3% l i mi t at wh i c h  s ubstanti al  degradati on  begi n s .  
When des i gn i ng emergency core coo l i ng systems , fl u i d  system des i gners may choose 
to appl y  some margi n to the NPSH requ i rements for a p ump but currently no s tan
dard marg i n between NPSH requi red and NPSH avai l ab l e  has been estab l i s hed  by 
NRC regul ati ons . 

Some conservati sm may be i ntroduced i n  the cal cu l ati on of  NPSH fol l owi ng gui de
l i nes estab l i shed i n  RG 1 . 1 where no credi t i s  a l l owed for i ncreased contai nment 
pressure .  However ,  RG 1 . 1 does not addre s s  s ubatmospher i c  cond i tions  i n  con
tai nment wi th respect to NPSH . 

The cav i tati on  behav i or of pumps changes at e l evated l i qui d  temperatures . 
F i gure 3 . 6 ,  whi ch i s  extracted from the Hydraul i c  I n sti tute Standards ( Hydraul i c  
Insti tute , 1975 ) , s hows that a s  l i qui d  temperatures i ncrease , l es s  N PSH i s  
requ i red by the pump . As a resu l t ,  i ncreases  i n  l i qui d  temperature have two 
effects on  NPSH:  (1)  the vapor press ure i ncreases , whi ch reduces NPSH avai l ab l e ,  
and ( 2 )  the NPSH requ i red i s  reduced by an  amount , as  g i ve n  i n  F i gure 3 . 6 .  

The auste n i t i c  stai n l ess  stee l s spec i fi ed for i mpe l l ers and cas i ngs i n  these 
pumps are h i gh l y  res i stant to ero s i on damage caused by cav i tati o n .  Ero s i on 
rates for extended operat i o n  are not s i gn i fi cant as l ong as the NPSH avai l ab l e 
exceeds the NPSH requi rement of the p ump . 

3 . 2 . 2 . 2 A i r  I ngesti on  

The key f i ndi ngs deri ved for emergency cool i ng pumps wi th respect to  a i r i nges
t i o n  are based pri mari l y  on data from carefu l l y  conducted tests i n  a i r/water 
mi xtures on pumps of a scal e and spec i fi c  speed range comparabl e to emergency 
coo l i ng pumps . *  Test data from i ndependent programs on d i fferent pumps have 

*Al l rel evant test data were gathered through rev i ews of techn i cal  papers and 
i nterv i ews wi th p ump manufacturers . Manufacturers ' test data on ai r/water 
performance of  p umps are sparse , and app l y  pr imari ly  to the deve l opment of 
commerci al pumps for the paper i ndustry . A l though these p umps are s i mi l ar to 
those u s ed for emergency coo l i ng serv i ce ,  test methods and res u l ts are gen
eral l y  poorly documented .  Therefore , manufacturers ' data have not been used to 
estab l i sh the ai r/water performance characteri sti cs  of pumps i n  thi s report.  
(Manufacturers ' data and testimo n i a l s do , however , corroborate pub l i s hed data . ) 
On ly  sources of i nformati on meeti ng  the fol l owi ng  cri teri a were used :  

0 P umps must be l ow speci f i c  speed ( Ns = 800 to 2000 rpm) . 

0 P umps must be of reasonab l e  des i gn (wi th  effi c i enci es � 60% and i mpe l l ers 
d i ameter > 6- i nch ) .  

( Conti nued) 
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been p l otted i n  F i gure 3 .  7 to i l l ustrate the degradati on i n  head at di fferent 
l evel s of ai r i ngesti on (percent by vol ume ) .  Performance degradati on i s  i ndi 
cated by the rati o of the two-phase (ai r/water) pressure ri s e  to the s i ngl e
phase (water) p ress ure r i s e .  

F i gure 3 . 7 s hows that for l ow l eve l s o f  ai r i ngest i on ,  the degradati on  i n  p ump 
head fo l l ows the curve (das hed l i ne )  predi cted by the change i n  average fl u i d  
dens i ty due to the ai r content . Above 2% voi d  fracti on , the data depart from 
thi s theoreti ca l  l i ne ,  and the rate of degradati on  i ncreases . The data i n  the 
fi gure are s hown for tests on s i ngl e-stage p umps . S i mi l ar tests s how that 
mu l ti stage pumps degrade l es s  i n  performance for comparabl e  quanti t i e s  of a i r .  

Above voi d fracti ons o f  about 15% , p ump performance i s  al most  total l y  degraded . 
The degradati on process  between  2% and 15% vo i d  fract i o n  i s  dependent on  operat
i ng condi t i ons , pump des i gn ,  and other u n i denti f i ed var i ab l es . These fi ndi ngs 
c l ose ly  approxi mate the gu i de l i nes  empi ri cal ly  establ i shed by p ump manufacturers : 
at ai r i nges t i o n  l eve l s  of l es s  than 3% , degradati on i s  general l y  not a concern ; 
for ai r i ngesti on  l evel s of approxi matel y  5% , performance i s  p ump and s i te de
pendent ; for ai r i ngesti on greater than 15% , the performance of most centri fugal 
pumps i s  ful l y  degraded.  

For emergency coo l i ng p ump operati on at very l ow fl ow rates (< about 25% of 
best eff i c i ency poi nt) , even smal l quant i t i es of ai r may accumu l ate , res u l t i ng 
i n  ai r b i ndi ng and comp l ete degradat i on of  pump performance . 

3 . 2 . 2 . 3  Combi ned Effects of Cav i tat i on and A i r I ngesti on 

Few data on the comb i ned effects of cavi tati on  and ai r i nges t i o n  are avai l ab l e .  
F i gure 3 . 8 ,  wh i ch uses test resu l ts from Merry ( 1976 ) , s hows that a s  the ai r 
i ngesti on rate i ncreases , the NPSH requi rement for a p ump a l so  i ncreases . The 
curves for th i s  parti cu l ar pump s how that ai r i ngesti on l eve l s of about 2% 
res u l t i n  a 60% i ncrease i n  the NPSH requ i red (a l l owed head degradati on  based 
upon 3% degradati on from the l i qui d head performance) .  

3 . 2 . 2 . 4 Parti cul ate I ngesti on  

The assessment of  p ump performance under parti cul ate- i ngesti ng cond i t i ons  i s  
based on  esti mates of the type and concentrati ons  o f  debri s l i ke l y  to be trans
ported through the screens to the p ump i n l et .  In the absense  of  comprehens i ve 
test data to quanti fy types and concentrati ons  of debr i s that wi l l  reach the 
pumps , i t  has been esti mated that concentrati ons  of fi ne , abras i ve-prec i pi tated 
hydroxi des are of  the order of 0 . 1% by mas s ,  and concentrati on s  of  fi brous debri s 

( Conti nued) 
0 Reasonabl e  care must have been used i n  experi mental techni ques  and i n  the 

documentati on of res u l ts .  

0 ( I t  s houl d al so be noted that the quanti t i e s  o f  water rec i rc u l ated i n  BWRs 
are s i gni fi cantl y  l arger than those i n  PWRs . )  

Test res u l ts meeti ng these cri teri a were then reduced to common ,  normal i z i ng 
parameters and p l otted for compari son .  
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are o f  the order of  1% by vol ume . * The effects of  parti cu l ates i n  these quan
t i ti e s  have been assessed on the bas i s  of known behav i or of  thi s type pump 
under s i mi l ar operati ng ci rcumstance s .  

I ngest i on of parti cu l ates through pumps i s  not l i ke l y  t o  cause performance 
degradati on for the quanti ti es  and types of debr i s esti mated above . Because 
of  the upstream screens , parti c u l ates l i ke l y  to reach the p umps s hou l d  be sma l l 
enough to pas s di rectly through the mi ni mum cros s-secti on pas sages of  the p umps . 
Because of  genera l l y  l ow p i pe ve l oc i t i es on  the pump suct i o n  s i de ,  part i c u l ates 
reachi ng the p umps s hou l d  be of near- neutral buoyancy and , therefore , behave 
l i ke the p ump f l u i d . 

Manu facturers • tests and experi ence wi th these types of  pumps have s hown that 
abras i ve s l urry mi xtures up to concentrati on s  of 1% by mas s  shou l d  cause no 
seri ous  degradati on  i n  performanc e .  Tests on s i ngl e- s tage p umps s i mi l ar i n  
construct i on to those used i n  RHR serv i ce have s hown that quanti t i e s  up to 4% 
of  f i ber paper stock by mass cou l d  be hand l ed wi thout apprec i ab l e  degradati on .  

A major  concern regardi ng the effects o f  part i c u l ates on  p ump performance and 
operab i l i ty has  been the effects of  fi brous or  other debri s ( s uch  as pai nt 
c h i p s )  on  p ump seal  and beari ng systems . Porti ng wi th i n  cyc l one separators and 
the f l u s h  ports for mechani ca l  s haft sea l s or  water- l ubri cated beari ngs may 
become c l ogged w ith debri s .  I n  s uch an event , seal  o r  bear i ng  fai l ure i s  l i ke l y .  
I n  the PWR p l ants that were revi ewed , pumps used o i l - l ubri cated or  permanently 
l ubri cated beari ngs and mechani ca l  s haft s ea l s .  For these  confi gurati ons , the 
seal s may be s ubject to fai l ure because of  c l oggi ng , b ut the beari ngs are not.  
The constructi on  of  mechan i ca l  face s ea l s used i n  these  pumps i s  s uch that 
comp l ete p ump degradation or  fai l ure i s  not l i ke l y , even i n  the event of s ea l  
fai l ure . I n  many of  the app l i cati on s  i n  BWRs , mu l ti stage pumps i ncorporate 
i nterstage bush i ngs that are l ubri cated by the p umped f l u i d .  In these app l i 
cati ons , i t  i s  poss i b l e  that excess i ve wear or c l ogg i ng due to the presence of 
parti cu l ates or debri s may cause beari ng fai l ure . 

3 . 2 . 2 . 5 Swi r l  

The effects on  pump performance because o f  swi r l  res u l t i ng from s ump vort i ces 
are negl i gi b l e i f  the p umps are l ocated at s i gni f i cant d i stances from s ump s .  
Test res u l ts di scus sed i n  Secti on 3 . 4 i nd i cate that swi r l  ang l e s  i n  the s ucti on 
p i pe were typ i cal l y  4° i n  PWR s ump confi gurati ons  (meas ured at 14 p i pe di ameters 
from the s ump outl et) and 0 to 7° i n  BWR confi gurati ons . RHR and CSS pumps are 
genera l l y  preceded by val ves , e l bows , and p i p i ng wi th characteri sti c l engths on 
the order of 40 or more p i pe d i ameters . Th i s system of p i p i ng components i s  
more l i ke l y  to determi ne the f l ow d i str i bu-ti ons ( swi r l )  at the p ump i n l et than 
the swi r l  caused by s ump hydraul i c s .  However , for swi r l  ang l e > 10° i t  s hou l d  
b e  noted that swi r l  i nduced by the s ump causes a h i gher fri cti on  l os s  than i s  
the case w i th nonswi rl i ng f l ow .  For p umps with  i n l et be l l s  d i rectly i n  the 

*The concentrati on for abras i ve A10 ( H )  was obtai ned from N iyogi and Lunt (1981) 
i n  whi ch it was esti mated that 3000 pounds of  prec i pi tate wou l d  deve l op i n  
30 days and rec i rc u l ate wi th 3 . 7 mi l l i on pounds of water.  The 1% by vol ume 
concentrati on of f i brous debri s i s  based on the quanti ty of f i b rous  i ns u l ati on 
reachi ng the s ump screens typi ca l  of  a PWR ( see Tab l e  3 . 4  be l ow) , m i x i ng wi th 
200 , 000 gal l ons from the refue l i ng water storage tank and bei ng rec i rcu l ated 
through the p umps . 
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s ump s , vort i ces and accompanyi ng swi rl  i n  the i n l et bel l can cause severe prob
l ems , because of asymmetri c hydraul i c l oads i n  the i mpel l er .  Hence , thi s type 
of  i nstal l at i on s houl d be avoi ded. 

3 . 2 . 3 Cal c u l at i on  of  P ump I n l et Cond i ti ons 

The steps g i ven  bel ow del i neate the cal cu l ati onal  procedure for assess i ng the 
i n l et condi t i on s  to the p ump , based on the f i ndi ngs noted above . The procedure 
fol l ows routi ne cal cu l ati on  methods used for estimati ng NPSH avai l ab l e ,  except 
that the procedures i ncorporate steps to al l ow for ai r i ngesti on effects . 

F i gure 3 . 9 s hows a s chemati c of the p ump s uct i on  system w i th appropri ate nomen
c l ature . The p rocedure i s  as fo l l ows : 

( 1) Determi ne the hydrostat i c  water pre s sure ( gage ) , P sg ' at the s ump s ucti on 

i n l et centerl i ne ,  accounti ng for temperature dependency and m i n i mum s ump 
water l eve l . An i mportant factor to i nc l ude i n  determi n i ng the maxi mum 
s ump water l evel  i s  pressure head l os s  across  the s ump screen ( see Sec
t i o n  3 . 3 ) . 

( 2 )  Based on  the s ump hydraul i c  assessment , determi ne the potenti al  l evel  of 
ai r i ngesti on at the s ump s uct i o n  p i pe , as , as di scussed in  Secti on 5 . 2 .  

( 3 )  Cal cu l ate the pressure l osses  i n  the s uct i o n  p i pe between the s ump and 
the p ump i n l et f l ange . Press ure l osses  are cal cu l ated for each s uct i o n  
p i p i ng e l ement ( i n l et l os s , e l bow l os s , val ves , p i pe fri cti on)  us i ng the 
average ve l oci ty through each e l ement , V i ' and a l os s  coeffi c i ent , Ki , for 

each e l ement.  The total press ure l os se s  are then 

N 
P n  = ( y/144) l K .  V . 2/2g 

� i =1 1 1 

where y i s  the spec i f i c  wei ght of  water ( l b/ft3 ) ,  144 i s  the convers i on 
from p s f  to ps i and N i s  the number of  e l ements . 

The l os s  coeffi c i ents  are defi ned as 

where 
hfl,i i s  the head l os s  i n  ft of water i n  e l ement i 

g i s  the accel erati on  due to grav i ty 
v .  i s  the average ve l oc i ty i n  e l ement i i n  fps 1 

Los s  coeff i c i ents can be found i n  standard hydrau l i c  data references such  
as  Hydrau l i c I nsti tute Standards ( 1975) .  
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(4)  Cal cu l ate a val ue for Pp that wi l l  be used to correct the vol umetri c f l ow 

rate of ai r at the s ump s ucti on p i pe for dens i ty changes ( I f  ai r i ngest i o n  
i s  zero , Steps 4 ,  5 ,  and 6 can b e  i gnored) : 

where 
Psa  = the total absol ute press ure at the s ump s ucti on p i pe centerl i ne ,  

wh i ch i s  the s um of  the hydro s tati c pres s ure , P sg ' and the 

contai nment abso l ute pre ss ure , Pc ( determi ned i n  accordance 

wi th RG 1 . 1 and 1 . 82 for NPSH determi nati on)  

PQ = the press ure l os s  determi ned i n  Step 3 ,  

Ph = the hydrostat i c  pre s sure due to the e l evati on di fference between 
the sump s ucti o n  p i pe centerl i ne ,  Zs , and the pump i n l et f l ange 

centerl i ne ,  ZP 
Ph = (y/144) (Zs - Zp ) 

Pd = the dynami c press ure at the p ump i n l et f l ange us i ng the average 
vel oc i ty at the p ump s ucti on  f l ange , VP 

-
y (Vp)2  

p
d - 144 2g 

( 5 )  Cal cu l ate the corrected ai r vol ume f l ow rate at the p ump i n l et f l ange , 
ap , based on perfect gas , i sothermal proces s  

( 6 )  

( 7 )  

(8)  

ap = ( Psa/Pp )as 

I f  a i s  greater than 2% ,  i nl et condi t i ons are not acceptab l e .  p 

Cal c u l ate NPSH at the p ump i n l et f l ange , taki ng i nto account the requi re
ments of RG 1 . 1 and 1 . 82 ,  as  fol l ows : 

where 

NPSH = ( P  + P - PQ + Ph - P ) ( 144/y) c sg  vp 

P = the vapor pressure of the water at eva l uati on temperature and vp the other terms are as defi ned i n  Steps 1 ,  3 ,  and 4 above . 

I f  a i r i ngesti on i s  not zero , the NPSH requ i red from the p ump manufacture r ' s 
curves must be modi fi ed to account for ai r i ngesti on  as fol l ows : 

where 
ap = the ai r i ngesti on l evel  percent by vol ume at the p ump i nl et 

f l ange . 
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Then 

NPSH requi red ( a i r/water) = �x ( NPSH requ i red for water) 

The expre s s i on for � i s  emp i r i ca l . I t  has been se l ected because it pro
vi des a reasonab l e  amou nt of conservati sm i n  predi cti ng NPSH requi rements 
i n  the presence of l es s  than 2% ai r i ngesti on at the pump i n l et .  However , 
the data on whi ch  thi s conc l us i on i s  based are l i m i ted mai n ly  to the tests 
of Merry ( 1976 ) , and the tes t  data scatter menti oned i n  the pub l i s hed re
port are not quanti fi ed .  Therefore , i t  i s  i mportant that good j udgment b e  
used i n  the app l i cati on of the correct factor � t o  p l ant cal cu l ati o n s .  I n  
parti c u l a r ,  the conservati sms i n  as s umpti ons for cal cu l ati ng the pump i n l et 
cond i ti ons  s hou l d  be we i ghed carefu l l y  i f  the ca l cu l ated N PSH avai l ab l e  for 
ai r/water operati on i s  margi nal wi th respect to the req u i red NPSH.  

(9)  If  NPSH ava i l ab l e  from Step 7 i s  greater than NPSH req u i red from Step 8 ,  
pump i n l et cond i t i ons  sho u l d  be sati s factory .  

3 . 3 Debri s Assessment 

The safety concerns re l ated to the generati on of thermal i ns u l at i o n  debr i s as  
the res u l t of  a LOCA and  the potenti a l  for s ump screen b l ockage were addre s sed  
generi cal l y  as fo l l ows : 

(1 )  N i neteen reactor power p l ants were s urveyed i n  1982 to i dent i fy i ns u l at i o n  
types used , quanti t ies  and d i stri but i on of  i ns u l at i o n , methods of attach
ment , components and p i p i ng i ns u l ated , vari ab i l i ty of p l ant l ayouts , and 
s ump des i gns  and l ocati ons . Addi ti onal  i nformat i o n  was contri b uted d uri ng 
a pub l i c  comment peri od i n  1983 . 

( 2 )  Experi ments were conducted t o  estab l i sh the pre s sure cond i t i ons  l eadi ng 
to the onset of damage to typ i ca l  nonencap s u l ated mi neral woo l and fi ber
gl as s  i ns u l ati ons , and attendant debri s generat i o n .  The b uoyancy and 
transport characteri sti cs  of both fi brous  and refl ecti ve metal l i c i ns u l a
ti ons were i nvesti gated , al ong wi th screen b l ockage and head l os s .  

3 . 3 . 1 . Overv i ew 

Assess i ng LOCA-generated i ns u l at i on debri s req u i res  con s i derati on of  the fol l ow
i ng e l ements : 

(1 )  

( 2 )  

The type and q uanti t i e s  o f  i ns u l ati on  empl oyed.  These are i mportant be
cause the potenti a l  for transport and b l ockage depends upon the i ns u l at i o n  
materi a l  empl oyed .  I denti fi cat i o n  of i ns u l ati ons empl oyed and the i r di str i
but i o n  on  p i p i ng and major  components i s  i mportant , as  i s  the  i denti fi ca
t i on of  methods of attachment.  

Long- term coo l i ng .  For both PWRs and BWRs , the mai ntenance of  l ong-term 
rec i rcul ati on coo l i ng i s  the underly i ng  safety concern , and b reaks ( or 
LOCA s )  requi ri ng l ong- term cool i ng must be  assessed .  For PWRs , breaks 
i n  the pri mary coo l ant system are of  pri ncipal  concern , and eva l uat i ons  
of potenti a l break l ocati ons  ( and s i ze )  shoul d be  the  bas i s  for  esti mati ng  
quanti t i es of debr i s generated . For BWRs , potenti a l  breaks i n  the  feed
water and reci rcu l at ion  l oop p i p i ng and steaml i ne breaks consti tute the 
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LOCAs that neces s i tate l ong- term cool i ng .  SRP Secti o n  3 . 6 . 2 ,  1 1 Determi na
t i o n  of R upture Locati ons  and Dynami c Effects Assoc i ated wi th  the P o stu
l ated Rupture of P i p i ng , 1 1 s hou l d  be used to i denti fy potenti al break 
l ocati ons . 

( 3 )  Pos s i b l e break- target comb i nati ons . On the bas i s  of the break l ocat i o n s  
i denti fi ed i n  Step 2 ,  pos s i b l e  break-target comb i nati ons must  b e  a s s e s sed . 
Secti o ns 3 . 3 . 3 and 3 . 3 . 4 provi de gui dance for defi n i ng the b reak j e t  e nve l 
ope . Analyses s hou l d  cons i der  the effects i n  c l os e  proxi mi ty o f  the b reak 
(wi thi n < 7 LID ' s  of the break) where i ns u l ati o n  destructi on wi l l  b e  
h i ghest .  

-
Beyond 7 LID ' s ,  i ns u l at i o n  cou l d  b e  di s l odged i n  the as

fabri cated state , dependi ng o n  the methods of  attachment.  

(4)  Leve l of i ns u l ati on  damage and vol ume of LOCA- generated i ns u l ati o n  debri s .  
The l evel  o f  damage can be severe , part l y  damaged , or d i s l ogement o f  as
fabri cated i ns u l at i o n  segments . I n s i ghts regardi ng potent i al  l eve l s o f  
destructi o n  can b e  deri ved from the HDR ( He i s s dampfreaktor o r  s uperheated 
steam reactor) experi ments ( see Append i x  C ) .  I n  those  experiment s , 
destructi on  of i ns u l at i o n  (parti c u l ar l y  fi berg l ass  i ns u l at i o n  mater i a l ) 
wi th i n  2 to 4 meters of the break was very severe . 

Analyti cal  studi es  ( see Sect i o n  3 . 3 . 4) of  expandi ng two-phase j ets a l so  
show very h i gh stagnati on  pressures  near the break l ocati o n  (wi th i n 3 to  
5 LID ' s ) .  The i ns u l ati ons  and coveri ngs wi thi n thi s reg i o n  wi l l  be  s ub
j ected to s tagnat i o n  pre s sures on  the order of  10 to 50 bars . 

Smal l - scal e experi mental stud i es  on  s ome typ i cal  f i bercl oth- j ac keted i ns u
l ati o n  p i l l ows ( see Sect i o n  3 . 3 . 3 ) revea l ed that the onset of  des tructi o n  
( the start o f  teari ng of the fi berc l oth j ac ket) occurred a t  stagnat i o n  
press ures o f  2 0  to 3 5  ps i . 

Thus the esti mati on  of debri s generati o n  i s  comp l ex and materi a l  dependent. 
Secti ons  3 . 3 . 3  and 3 . 3 . 4 prov i de means for maki ng such esti mate s .  

( 5 )  Transport characteri sti c s .  The transport of LOCA- generated i ns u l at i o n  
debri s  wi l l  b e  contro l l ed i n i ti al ly  by the b l owdown phase (when the jet  
forces wi l l  di stri bute debr i s ) .  Long- term transport wi l l  occur duri ng  
the  rec i rcu l ati on  phase when contai nment- fl ow forces ( or ve l oci t i e s )  con
trol the transport of debri s .  Thi s l ong-term transport depends o n  the 
type of i ns u l at i o n , l evel  of damage and f l ow vel oc i ty .  Both f i b ro u s  i nsu
l at i o n  and refl ecti ve meta l l i c i ns u l ati on  ( RMI ) debri s fragments transport 
at l ow ve l oci t i es ( 0 . 2 to 0 . 5 ftlsec ) .  RMI debri s genera l l y  accumul ates 
at the l ower porti o n  of  debri s screen , whi l e  fi brous i ns u l at i o n  debri s 
b u i l ds up u n i form ly  on  the scree n .  Thus , h i gh ly  damaged i ns u l at i o n  debri s 
wi l l  exhi bi t transport characteri sti c s  s i gn i fi cant l y  di fferent from the 
as- fabri cated i ns u l ati on segments ( e . g . , transport can occur at l ow 
ve l oci ti es ) .  

The p l ant l ayout , part i cu l arly for PWRs , i s  an i mp ortant cons i derat i on  i n  
the i n i t i al transport (or  b l owdown) phase . I f  the s ump and break l ocati ons  
are such that the  break jet can  target the  s ump reg i on  di rectl y ,  d i rect 
transport to the v i c i n i ty of the s ump screen can be postul ated i mm:di a�e �y .  
Moreover , i f  the  break jet  can  target the s ump screen , screen s u rv 1 vab 1 l 1 ty 
rel ati ve to jet  l oads shou l d  be assessed .  
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( 6 )  Screen  b l ockage (or  s ucti on stra i ner  b l ockage ) .  Th i s  b l ockage i s  dependent 
on the materi al characteri sti cs of the debri s transported to the screen 
and on  the l ocal  ve l oc i ti es , wh i ch can pul l s uch debri s to the screen , as  
we l l  as  o n  the fi ndi ngs obtai ned for the transport of f i b rous and metal l i c 
mate ri a l s and as-fabri cated secti ons of  typ i cal  i ns u l at i o n  materi a l s .  

There are two parts to thi s e l ement:  

(a) Wi l l  the debri s be transported? Transport i s  dependent on reci rcul a
ti o n  f l ow ve l oc i ti es  wi th i n contai nment. 

( b )  Wi l l  b l ockage occur? B l ockage i s  dependent on  the approach vel oci t i es 
near the screen or s ucti on strai ne r ,  and the approach vel oc i ty wi l l  
e stab l i sh the b l ockage patterns that wi l l  occur.  

Shredded f i brous  debri s i s  transported at near- neutral b uoyancy cond i t i ons 
and i s  depos i ted ( i n  a genera l  sense)  uni form l y  across  a screen structure . 
Metal l i c fo i l s  ( s uch  as thos e  used i nternal l y  i n  refl ect i ve metal l i c i nsu
l at i o n s )  exhi b i t  transport characteri st ics  and screen b l ockage patterns 
that are a funct i on of fo i l  thi ckness  (or  ri g i di ty )  and screen- approach 
vel oc i ti es . Devel opment of  a b l ockage model for foi l s  i s  more di ffi c u l t 
than i t  i s  for f i b rous  debri s .  

( 7 )  Head l os s  as a res u l t o f  the esti mated screen b l ockage . The resu l ts o f  
Step ( 6 )  d i ctate the estimati ng methods app l i cab l e . Res u l ts of  experi ments 
have s hown that b l ockage l osses  for fi b rous  i ns u l at i o n  materi al s can be 
descri bed as a power functi on  s uch as  

where 

�H = a Ubtc 

a ,  b ,  and c are coeffi c i ents that s hou l d  be deri ved from experi mental 
data 

t(th i cknes s )  = vol ume of debri s/effecti ve screen area 

U = approach ve l oc i ty 

Head l os se s  that res ul t  from i mperv i ous  mater i a l s ( s uch  as metal l i c s heet s )  
are dependent o n  the potenti al b l oc kage patterns res u l ti ng from the p l ant
spec i f i c  rev i ews . For examp l e ,  a PWR s ump wi th a hori zonta l debri s screen 
wi l l  i ncur  a di fferent type of b l ockage than wi l l  a s ump wi th h i gh vert i cal  
debri s screens . Sect i ons 3 . 3 . 5 and 5 . 3 prov i de add i t i onal  i nformati on  
rel ati ve to  these consi derati ons . 

(8)  Accurate predi cti ons  of rec i rcul ati on fl ow ve l oc i ti es wi th i n the conta i n
ment duri ng the l ong- term coo l i ng mode . These are as i mportant as the 
experi mental ly  deri ved debri s transport vel oc i ti es d i scuss ed above . I f  
predi cted rec i rcul at i on vel oc i ti es exceed transport vel oci t i e s , debri s 
wi l l  move toward the s ump . An anal yt i c  method that perm i ts e s t i mati on  of  
vel oci ti es  wi thi n contai nment i s  reported i n  NUREG/CR- 2791 . However , 
because of  s i mpl i fi cati ons  i nherent i n  that mode l l i ng techni que , a more 
refi ned analys i s  may be warranted i f  the predi cted fl u i d  ve l oc i ti es are 
wi thi n a factor of two of the transport vel oci ty determi ned exper imental ly 
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for each o f  the i ns u l at i o n  types . That i s  to s ay ,  a l though the reci rcu l a
ti o n  f l ow vel oc i ti es d i scus sed i n  Append i x  D wou l d  predi ct one- hal f of the 
cri ti cal transport ve l oc i ty (thereby i nd i cati ng  zero transport) , transport 
mi ght actua l l y  occur because of  fl ow fi e l d  vari ab i l i ti e s  w i th i n  contai nment 
that are not accounted for .  

3 . 3 . 2 Types of  I n s u l ati ons  Empl oyed 

I n s u l ati ons  uti l i zed i n  nucl ear power p l ants can be categori zed i n  two major  
groups , as di scus sed i n  the fo l l owi ng paragraphs . 

( 1) Refl ect i ve Metal l i c  I n s u l ati o n  

Refl ect i ve metal l i c i ns u l at i o n  ( RMI ) i s  a n  a l l -metal l i c i ns u l at i o n  des i gn based 
o n  the concept of  uti l i z i ng a seri e s  of  h i gh l y  refl ecti ve foi l s  to retard heat 
transfer.  RMI i s  genera l l y  constructed from stai n l e s s  s tee l , a l though a l umi num 
i nter i o r  fo i l s  have been used i n  conj uncti on  with  stai n l es s  steel i nner and 
o uter l i ners . F i gure 3 . 10 provi des detai l s  of (1 )  typ i cal , as- fabri cated RMI 
segments and ( 2 )  the i r i nternal fo i l constructi o n .  Genera l l y  RMI i s  manufactured 
i n  hal f- shel l segments or other geometri c s hapes  that are p refabr i cated to fi t 
p i pi ng or other maj or components ( reactor ves s e l s ,  s team generators , and the 
l i ke )  and that use s nap-o n  l atch i ng for attachment .  

There are currentl y  at  l east four  di fferent manufacturers of RMI : D i amond Power 
Spec i al i ty Company , TRANSCO , Johns-Manv i l l e ,  and ROMET . A l l vendor des i gns  
vary . Some des i gns have open ends ; others have s i de s  seal ed wi th foi l s .  I nte
ri or foi l s  range i n  thi ckness  from 0 . 0025 i nch to 0 . 010 i nc h .  I nner and outer 
l i ners are general l y  thi cker  ( on the order of 0 . 030 i nc h  to 0 . 040 i nc h )  and may 
be f l at ,  corrugated , or  d i mp l ed.  

(2)  Conventi onal  or  Mas s-Type I ns u l at i o n  

Mass - type i ns u l ati o n  i s  an i ndustry- deri ved term that e ncompasses  a wi de range 
of i ns u l ati o n  materi al s and di fferenti ates them from RMI . 

I n  mass-type i ns u l ati on , the materi al s  used as the i ns u l at i o n  fi l l er are from 
o ne of two broad catego r i e s , fi brous and others . 

F i b rous  i ns u l ati ons  i nc l ude : 

Cal c i um Si l i cate Mo l ded B l ock 

Cal c i um s i l i cate mol ded b l ock i ns u l ati on  i s  a mo l ded , h i gh-temperature 
p i pe and b l ock i ns u l ati o n  composed of hydrous  cal c i um s i l i cate . It i s  
l i ght wei ght , has l ow thermal conducti v i ty and h i gh s tructural s trength , 
and i s  i ns o l ubl e i n  wate r .  Its  den s i ty ( dry) i s  13 to 14 pounds  per c ub i c  
foot. Its  compres s i ve strength ( based o n  1-1/2 i nch  thi c knes s )  i s  6 0  to 
250 p s i . The mol ded b l ocks are prov i ded i n  thi c knes ses  of up to 4 i nches 
and l engths of up to 3 feet . 

Expanded Perl i te Mo l ded B l ock 

Expanded perl i te mol ded b l ock i ns u l ati on  i s  composed of  expanded perl i te 
wi th re i nforced mi neral f i ber and i norgani c  b i nders . I t  i s  an i ns u l at i ng 
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materi al  wi th properties  s i m i l ar to those  of cal c i um s i l i cate i ns u l at i o n .  
The average max i mum den s i ty i s  14 pounds per cub i c  foot . Its f l exural 
strength s hou l d be not l es s  than 35 p s i , and i ts compres s i ve strength dry 
i s  60 p s i  and wet i s  25 ps i .  

F i bergl a s s  Mol ded Bl oc k 

F i bergl ass  mol ded b l ock i nsu l at i o n  i s  composed of g l ass  that has been 
foamed or  ce l l u l ated under mo l ten  condi ti ons , annea l e d ,  and set to form 
a r i g i d  i ncombusti b l e  materi al  wi th hermet i ca l ly  seal ed cel l s . The den s i ty 
i s  betwee n  7 . 0 and 9 . 5 pounds per cubi c foot. Its fl exural strength i s  
60 p s i , and i ts compre s s i ve strength i s  75 ps i .  

Nu konrn F i bergl ass B l an kets 

The l eadi ng  manufacturer of thi s type i ns u l at i o n  i s  Owens-Corn i ng wh i ch 
makes thermal i nsu l at i o n  system cal l ed NUKON™ for use  i n  the conta i nment  
areas of l i ght water nucl ear power p l ants . NUKONrn i s  a b l an ket i ns u l at i o n  
cons i sti ng of fi bergl ass  i nsu l ati ng woo l re i nforced wi th fi bergl ass  scri m 
and sewn wi th fi bergl ass  thread . The b l anket may have secondary hol di ng 
strap s attached to i t  and wrapped comp l ete l y  around i t . Thi s materi a l  has 
a l ow den s i ty (2 to 4 pounds per cub i c  foot) . F i gure 3 . 11 shows thi s type 
of i ns u l at i on as f i bergl ass  core mater i a l . 

Mi neral Woo l  F i ber B l oc k 

Mi nera l  woo l fi ber b l oc k  i ns u l ati on  i s  made of a mi nera l substance , s uch 
as roc k ,  s l ag ,  or g l as s  proces sed from a mo l ten state i nto f i brous form . 
The dens i ty ,  dependi ng on ki nd , ranges from 10 to 20 pounds per cub i c 
foot.  The strength var i es cons i derably  wi th the c l asses  of i ns u l at i o n .  
The mo i sture i s  l es s  than 1 . 0% by vol ume . 

Other i ns u l at i o n s  i nc l ude . 

Cerab l an ket™ 

Cerab l a n ketrn ,  manufactured by Johns-Manv i l l e ,  i s  a ceram i c  f i brous i ns u l a
t i o n  materi al  wi th a dens i ty of 6 pounds per cubi c foot . The Cerab l an ket 
i s  encl osed i n  0 . 006- i nch metal fo i l  and then encap s u l ated i n  a ref l ecti ve 
i nsu l at i on structure . 

Un i bestos™ 

Uni bestosrn i nsu l ati on  i s  composed of l i me and di atomaceous s i l i ca take n  
from natural depos i ts .  These bas i c  i ngredi ents are bonded wi th asbestos 
fi ber posses s i ng the tens i l e  strength of p i ano wi re .  Thi s compos i ti on 
i s  then encased i n  stai n l ess  stee l s heet . 

F i gure 3 . 12 i l l ustrates a vari ety of materi al s of  the mas s-type i ns u l at i o n .  
( NUREG/CR- 2403 prov i des  a mor� extens i ve descri pti on  o f  i ns u l ati ons  emp l oyed , 
parti cu l arl y those used i n  o l der p l ants . ) 
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F I BERGLASS CORE MATER IAL JACKET AND LATCH 

JACKETE D  ASSEMBLY 

F i gure 3 . 11 Jac keted i n s u l at i o n a s semb l i es 
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F i gure 3 . 12 Mas s - typ e i ns ulat i o n s  
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Any of the above descri bed mass-type i ns u l at i ons  can someti mes be enc l o s ed i n  
an outer s he l l o r  j acket or c l oth covers . The fo l l owi ng categor i es are currently 
be i ng used by the i ndustry :  

Tota l ly E ncaps u l ated or Sem i - Encaps u l ated I n s u l ati on 

I nternal  i ns u l ation  i n  the tota l l y  encap s u l ated or  semi -encap s u l ated cate
gory can be mas s-type mater i a l s that act as the pr i nci pal  heat bar r i er .  
The outer she l l i s  general l y  made of sheet metal and i n  some cases the 
ends are c l osed . The encapsu l ati on i s  used to contai n the mas s i ns u l at i on 
and to ease i nstal l ati on and remova l .  

Caut i on i s  recommended i n  asses s i ng encapsu l ated i ns u l ati on because of  
the  genera l i zed use of th i s  category and  wi de var i ab i l i ty of des i gn s  pro
cured and i nstal l ed i n  p l ants . F i gure 3 . 13 i l l ustrates some encap s u l ated 
i ns u l at i ons . Survi vab i l i ty under break j et l oads requ i res  assessme nt of 
the spec i f i c  i ns u l ati on emp l oyed and the structural capab i l i ty of the 
encaps u l at i on provi ded . 

The constructi on of semi -encaps u l ated i ns u l ati on modu l es i s  exactly the 
same as that of total l y  encapsu l ated ones , except that semi -encap s u l ated 
modu l es are assemb l ed i n  the fi e l d and c l amped , not we l ded , togethe r .  

Jacketed I ns u l ati ons 

In the j acketed i ns u l ati on category , the pr i nc i pal  heat barri er ( i nternal 
i ns u l ati on)  i s  the same as it i s  for mass-type i ns u l ati on . The jacket 
(wh i ch i s  usual l y  a separate outer metal cover such as a stai n l es s  steel 
sheet , asbestos c l oth , f i bergl as s c l oth , or  a l umi num) i s  s i mp l y  an outer 
cove r to protect the core mate ri a l . Thus jacketed i ns u l ati ons  are an  
i ntermed i ate arrangement between encapsu l ated and nonencap s u l ated i ns u l a
t i o n .  General ly  bandi ng or l atch i ng mechani sms are emp l oyed for jacketed 
i ns u l at i ons such  as shown on F i gure 3 . 11 .  

Urethane and po l yurethane foam ant i sweat i s  another j ac keted- type i ns u l ati o n .  
It  i s  a r i g i d  ce l l u l ar foam p l asti c that comb i nes l i ght we i ght and strength 
with excepti onal  thermal i ns u l at i ng effi c i ency .  The foam i s  a vast cros s - l i nked 
network  of c l osed ce l l s ;  each ce l l i s  a ti ny bubb l e  fu l l of gas that accounts 
for 90% of i ts vo l ume . Its de ns i ty ranges from 1 . 8 to 4 . 0 pounds per cub i c  
foot .  The i ns u l ati on i s  seal ed wi th a vapor barr i er of a l umi num fo i l or  a 
meta l j acket. 

Regard l ess  of the type of i ns u l ati on emp l oyed , the asses sment of  debr i s effects 
must focus on types and quanti ti es of mater i al s present and thei r s urv i vabi l i ty 
duri ng a LOCA , as di scussed i n  Sect i o ns 3 . 3 . 3 and 3 . 3 . 4 . 

P l ant i ns u l at i on surveys were performed i n  1981 and 1982 , and the res u l ts are 
summari zed i n  Tab l e  3 . 3 .  (The deta i l s  associ ated wi th these s u rveys are i n  
NUREG/CR-2403 and i ts Supp l ement 1 . ) These surveys showed that there was a 
wide var i ab i l i ty i n  types of i ns u l ati ons emp l oyed , but that the newer p l ants 
were e l ecti ng to uti l i ze RMI . Moreover ,  based on the two BWRs s urveyed , the 
trend appeared to be total use of RMI or total ly  encap s u l ated i ns u l at i o n .  
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ENCAPSULATE D  FI BERGLASS 

ENCAPSULATED REFLECT I VE METAL L I C  

F i gure 3 . 13 Encap s u l ated i ns u l at i on assemb l i es 
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Tab l e  3 . 3  Types and percentages of i ns u l at i o n  used wi thi n  the 
pri mary coo l ant system sh i e l d  wal l i n  p l ants surveyed 

---·-· 

·Types o f  I n s u l a t ion and Per cen t a g e *  

M i n e r a l  ca lCium 
Ref le c t ive Tota l ly F iber/Woo l Sil icate Un ibes tos 

Plant Meta l l ic Encapsul a ted Blanket B lock B lock Fiberglass 

Oconee Unit 3 9 8  - - - - - - - - 2 
Crystal River U n i t  3 9 4  5 
M idland Un i t  2 7 8  - - - - - - - - 22 
Haddam Neck 3 - - - - - - 9 5 , 

Robert E .  G inna - - - - 5 8 0  1 0  

H .  B .  Robinson - - - - - - 1 5  8 5  
Pra ir ie Is land U n i t s  1 & 2 9 8  - - - - - - - -

Kewaunee 6 1  - - - - -- 39 
Salem Un i t  1 39 8 5 3 * *  
McGu ire Un its 1 & 2 1 0 0  

Sequoyah Un i t  2 1 0 0 

Ma ine Yanke e  1 3  - - 4 8  2 5  1 3  

M i l l s tone Un it 2 2 5  3 5  5 3 0  

st . Luc ie Un i t  1 1 0  - - - - 90 

Ca lver t  C l if f s  Un its 1 & 2 4 1  59 
Ar kansas Un it 2 4 6  5 3  

Wa ter ford Un i t  3 1 5  8 5  

Cooper 3 0  7 0  

WPPSS Un it 2 1 0 0  

*To lerance i s  � 2 0  percent 

* * Bo th tot a l ly and s emi-e�capsula ted C e r a b l a n k e t  is used , howeve r ,  ins ide con t a inment on ly tota l ly 
en capsu lated is emp loy e d .  

• un ibe s tos is cur r en t ly be i n g  r ep l a ced b y  Ca l c ium S i l ica t e .  However , both typP.s o f  i n s u l a t ion h a v e  
t h e  s ame sump blockage cha r a c t e r is t ics . 

2 



However , comments rece i ved duri ng the publ i c  11 for comment11 per i od associ ated 
wi th US I A-43 ( J u ne- J u l y  1983 ) presented a changi ng p i cture ( see Tab l e 3 . 4) .  
Some o l der operat i ng p l ants ( e . g . , Monti ce l l o ) have been re i ns u l ated wi th f i b
rous i ns u l at i on . Newer BWRs ( e . g . , L i meri c k) are be i ng i ns u l ated wi th f i ber
gl ass , and the i ncreas i ng use of fi bergl ass  i s  evi dent.  Rep l aceme nt of s e l ected 
i ns u l ati on  a l s o  occurs duri ng , or fo l l owi ng , i nserv i ce i nspecti ons . These 
recent observat i ons  re-emphas i ze the l arge vari b i l i ty of  i ns u l ati ons emp l oyed , 
the p l ant- spec i fi c  aspects associ ated wi th i ns u l ati ons  used ( l i censees handl e 
i ns u l at i o n  on  a s i te- spec i f i c  bas i s  and changes need not be reported ) ,  and the 
t i me depende ncy factor .  As new i ns u l at i o n  products are deve l oped , new materi a l s 
are i ntroduced i nto nucl ear p l ants . 

3 . 3 . 3 I n s u l ati o n  Debri s Generati on 

Jet i mp i ngement forces are the dom i nant i ns u l at i o n  debri s  generator .  Othe r 
contri butors , s uCh as p i pe wh i p  and i mpact , have been studi ed and shown to be 
of secondary i mportance ( NUREG/CR- 2791) . 

The cri teri a for defi n i ng brea k or rupture l ocati ons shou l d  be cons i stent wi th 
the req u i rements of SRP Secti on 3 . 6 . 2 ,  wh i ch prov i des gu i dance for se l ect i ng 
the number , ori entati on , and l ocat i o n  of postul ated ruptures wi th i n  a 
conta i nment.  

The safety concerns associ ated wi th debri s re l ate to ensuri ng  l ong- term rec i r
cul ati on capab i l i ty .  Therefore , for PWRs , the postu l ated brea ks of  concern are 
those i n  the pri mary coo l ant system and i n  components (or other systems ) that 
are connected to the pri mary coo l ant system . For BWRs , the postul ated breaks 
of concern are i n  the feedwater and rec i rcu l at i o n  systems and i n  the steam 
l i ne s .  

The destruct i ve nature o f  h i gh pres s u re brea k jets has been experi menta l l y  
demonstrated i n  b l owdown exper i ments conducted i n  the H D R  fac i l i ty ( see Appen
di x C ) .  F i gures 3 . 14 and 3 . 15 s how damage to re i nforced concrete structures i n  
the HDR .  F i gures 3 . 16 ,  3 . 17 ,  and 3 . 18 s how the damage t o  i ns u l ati on  and i nsu
l ated components i n  the HDR .  

These b l owdown tests ( b l owdown was from 110 bars and 280°C  to 315°C , under 
steam and subcool ed water condi t i o n s )  reveal ed that a l l gl a s s  fi ber i ns u l ati on  
was destroyed wi thi n 2 meters of the break nozz l e and  di stri buted throughout 
the HDR contai nment as very fi ne parti c l e s .  In addi ti on , i ron  wrappers were 
thrown away from ves se l s wi thi n 4 to 6 meters of the break nozz l e ,  wi th g l ass  
fi ber untouched . Wi th enforced s h i e l d i ngs ( stee l  bandage s )  around the vesse l s ,  
the damage was reduced.  Mi neral  woo l i ns u l ati on  that was e ncapsu l ated i n  i ron  
p l ate wi thstood the  rough b l owdown cond i t i ons  we l l .  Break  s i zes of 200-mm , 
350-mm ,  and 430-mm di ameter were i nvesti gated.  

3 . 3 . 4 Two- Phase Jet Loads Under LOCA Cond i t i ons  

Determi nat i o n  of the  extent of  potenti a l  damage requ i res esti mati on of press ure 
and f l ow fi e l d forces res u l ti ng from the expandi ng jet .  On  the other hand , the 
fl ow fi e l d for a two-phase jet i s  extreme l y  comp l i cated and mul t i d i me n s i onal . The 
jet i mp i ngement mode l di scus sed i n  th i s secti on  i s  based o n  a study of HDR exp:ri 
mental data by Sandi a Nati o nal  Laboratory (SNL) . Th i s mode l i s

_
under peer r:v 1 ew 

by the ANS- 58 . 2 Commi ttee on  P i pe Rupture and has not yet been 1 ncorporated 1 n  
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Tab l e 3 . 4 I n s u l at i o n  types  used on  nucl ear p l ant components* 

Ve s s e l  

Ha d d am Neck Rm 
I P - 2  & I P - 3  Rm 
Ma i n e  Yan k e e  Rm 
Mi l l s to n e - 3  Rm 
Ya n k e e  C 
Pa l i s a d e s  Rm 
Wo l f  Cr e e k  Rm 
Ft . Ca l houn Rm 
Ca l l away Rm 
R o b i n s on-2 Rm 
Tur k ey P t - 3  Rm 
TU r k ey P t - 4  Rm 
S t . Luc i e- 2  Rm 
Wa t er f o r d - 3  Rm 
S o u t h  Texa s 1 & 2  Rm 
S a n  Ono f r e - 1  Rm 
G i  nna Rm 
Marb 1 e H i  1 1  Rm 
AN0 - 2  Rm 

L i me r i c k  1 & 2  
F i t z pa t r i c k  
P e r r y  1&2 
Mont i c e l l o  
Ha t c h - 1  

Rm 
Rm 
Rm 
Rm 
Rm 

I n s u l a t i o n  Legend : 

Coo l ant 
P i p i nq 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
E 
c 
c 
c 
Rm 
Rm 

c 
c 
c 
c 
c 

co o l ant 
Pump s 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
E 
c 
c 
Rm 
Rm 
Rm 

c 
c 
c 
c 
c 

Rm - R e f l ec t ive Me t a l l i c  I nsu l a t i o n  

S .  G .  
( l e s s  b o t t om 

h e a d  

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
Rm 
c 
c 
E 
c 
c 
Rm 
c 
c 

N/A 
N/A 
N/A 
N/A 
N/A 

S .  G .  
B o t t o m  

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
Rm 
c 
c 
E 
c 
c 
c 
Rm 
Rm 

N/A 
N/A 
N/A 
N/A 
N/A 

C - Conven t i ona l I ns u l a t i ons ( e . q . , f i br ou s  & ma s s  ma t e r i a l s ) 
E - Enc a p su l a t e d  I nsu l a t i on 

P r e s su r i z e r s  

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
E 
c 
c 
c 
Rm & C 
Rm 

N/A 
N/A 
N/A 
N/A 
N/A 

*Based on  materi al  obta i ned duri ng a publ i c  comment peri od may be obta i ned 
by wri ti ng to Generi c I s sues  Branc h ,  NRC , Was h i ngto n , DC 20555 .  
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F i gure 3 . 14 Structural damage to rai l i ng and wal l s  i n  the HDR fac i l i ty 
fol l owi ng a b l owdown exper iment 
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F i gure 3 . 15 Eros i on of re i nforced concrete i n  the HDR fac i l i ty due to 
di rect break jet i mp i ngement 

NUREG-0897 , Revi s i on 1 3- 34 October 1985 



F i gure 3 . 16 S l owdown damage to f i berg l as s  i ns u l at i on  coveri ng  the HDR 
pressure ves se l  

NUREG- 0897 , Rev i s i on 1 3-35 October 1985 



F i gure 3 . 17 D i stri buti on  of fi berg l ass  i ns u l at i o n  after an 
i n i ti a l HDR  b l owdown tes t  
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F i gure 3 . 18 S l owdown damage to j ac keted ( s heet meta l  cover) rei n forced 
(wi th wi re mes h )  f i bergl ass  i n  the HDR b l owdown compartment 
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SRP 3 . 6 . 2 as an endorsed approach .  SNL has analyti cal ly  stud i ed two-phase jet i m
pi ngement on  targets over a range of pressures  and temperatures representati ve of 
postul ated LOCAs for BWRs and PWRs ; those resu l ts are reported i n  NUREGICR-2913 . 

I n  the expand i ng j et f l ow fi e l d ,  there are three natural di vi s i ons of the fi e l d  
( see F i gure 3 . 19 ) . There i s  a nozz l e  ( o r  brea k) reg i o n  where the fl ow chokes . 
I n  th i s  reg i on , there i s  a core at choked f l ow thermodynami c propert i e s  that pro
j ects downs tream of the nozz l e  at di stances that depend on the degree of sub
cool i ng .  Downstream of th i s  reg i o n  there i s  the free jet reg i o n .  Here the jet 
expands a l most  as a free , i sentrop i c  expans i on ; the f l ow i s  superson i c  throughout 
thi s enti re reg i o n .  The free jet regi on termi nates at a stati onary shoc k wave 
near the target .  Th i s  shock wave ari ses because the target propagates pres sure 
waves upstream and , thus , produces a press ure gradi ent that wi l l  di rect the fl u i d  
around the target .  Downstream of the  shoc k i s  the  target regi on where the  l ocal 
fl ow fi e l d  i mposes a press ure l oad i ng on the target . Dependi ng on the upstream 
fl ow cond i t i ons  and the LID ' s  of the target , there may be a substant i a l  total 
pres s u re l os s  across  the shoc k wave . Th i s  l os s  ari ses  because of the i rrevers i b l e  
phys i cs that characteri ze the s hoc k .  The pressure l os s  across  the  shoc k and 
rad i a l  ve l oc i ty components can l ead to negati ve press ure l oads across  the target , 
wh i ch can l i ft away materi al s ( s uch as i nsu l at i o n  segments ) from targeted compo
nents . The HDR tests reveal ed evi dence of s uch  l oadi ngs . 

NUREGICR- 2913 addresses  the centerl i ne behav i or of two-phase j ets and the radi al  
l oadi ng for axi symmetri c  i mp i ngi ng two-phase j ets . The method devel oped for 
cal c u l ati ng centerl i ne behavi or i ndi cates that the j et stagnat i o n  press ure at a 
gi ven target di stance from the break ( i n  terms of LID ) i s  a functi on of the 
stagnat i o n  pressure and steam qual i ty or the degree of s ubcoo l i ng i n  the vesse l . 
Thi s functi onal dependence (on  press ure and s ubcoo l i ng)  l arge l y  di sappears at 
about 5 LID ' s  from the break .  At approx i mate ly 7 LID ' s downstream of the jet 
ori gi n al ong the centerl i ne of  the jet , stagnat i o n  press ure fa l l s  to rough ly  
20 ps i g  regardl ess  of the  break thermodynami c condi ti ons . 

Two- d i mens i onal pressure di stri buti ons were cal cul ated and are reported i n  
NUREGICR- 2913 . These resu l ts i ndi cate that the reg i on targeted by an i mpi ngi ng 
two-phase j et i s  h i gh l y  dependent on the thermodynami c  cond it i ons  at the break .  
The constant press ure contours (as a funct i o n  of target LID ) form comp l ex s hapes 
i n  space . F i gures 3 . 20 through 3 . 23 ,  wh i ch are reproduced from NUREGICR- 2913 , 
i l l ustrate axi a l  and rad i al press ure di stri buti ons of an expandi ng jet repre
sentat i ve of PWR and BWR b l owdown condi ti ons . F i gure 3 . 24 i s  a compari son of 
Sandi a cal c u l ati ons ( ta ken from NUREG-2913) wi th HDR experi ment V21. 1 .  

The s i gni fi cant fi ndi ngs t o  b e  deri ved from the cal c u l ati ons  contai ned i n  
NUREGICR- 2913 are as fo l l ows : 

(1 )  

( 2 )  

( 3 )  

Target pressure l oadi ngs i ncrease asymptoti cal l y  a t  LID ' s  l es s  than 3 . 0 
to break exi t  pres sures . At LID ' s l es s  than 3 ,  s urv i vabi l i ty of i nsu l at i o n  
materi al s i s  h i gh l y  unl i ke l y .  

At LID ' s  from 5 to 7 ,  the centerl i ne stagnat i o n  press ure becomes es senti al ly  
constant at  approxi mate l y  2 ± 1 bars . 

The mu l ti di mens i on pressure f i e l d  l oads the target over a l arge regi on 
( see F i gures 3 . 22 and 3 . 23 ) ; thi s regi on may be approxi mated by a 90° jet 
cone expans i on model . A hemi spheri cal  expans i on mode l coul d be another 
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TARGET STAG N ATI O N  
P R ESS U R E .  Po 

TARGET P R ESS U R E  
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·-=-�- RAD IUS MEASURED  AT TARGET 

SUBSO N I C  F LOW 

I S E NT RO P I C F LOW 
(S U P E n SO N I C) 

J E T  CO R E -------......_ 
NO ZZLE 
F LOW 
(CHO K E D ) 

P0 = Stagnati on press ure at break 

\_ TA;G�·;r 
� S H O C K  i l 

WAV E  

STAG N AT I O N  PO I NT 

� T0 = S ubcoo l i ng of s tagnat ion temperature a t  bre ak 
X0 = Stagnati on qu a l i ty at break 

F i gure 3 . 19 Schemati c of  jet  i mp i ngi ng on target 
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F i gure 3 . 20 Centerl i ne target press ure as a funct i on of  axi al target 
pos i ti on ( L/D ) for break stagnati on cond i ti ons  of 150 bars 
and vari ous  s ubcoo l i ngs and qual i ti e s .  L i s  the target 
pos i ti on ,  D i s  the p i pe d i ameter ,  Pz i s  the centerl i ne 

pressure , and P0 i s  the s tagnat i o n  p re s sure at the break.  

1 0 . 
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F i gure 3 . 21 Centerl i ne target p ressure as a functi on of axi al pos i ti on 
( L/D) for break stagnat i o n  cond i t i ons of 80 bars and vari ous  
subcool i ngs and qual i ti e s .  L i s  the target pos i ti on ,  D i s  
the p i pe di ameter ,  Pz i s  the centerl i ne pressure , and P0 i s  

the s tagnati on pressure at the break .  
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F i gure 3 . 22 Compos i te target pressure contours as a functi on of  target 
l ength/jet di ameter ( L/D)  and target radi us/jet di ameter 
( RAD IUS/D) for stagnati on condi ti ons  of  P0 = 150 bars and 

35° of  s ubcoo l i ng .  Smooth l i nes  connecti ng l i ke a l phabeti c 
l etters form an  approxi mate pressure contour correspondi ng , 
i n  bars , to the pressure vers us  a l phabeti c l etter key . Th i s  
countour i s  approxi mate and i s  on ly  i nformati onal . 
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F i gure 3 . 23 Compos i te target pressure contours as a functi on  of target 
l ength/j et di ameter ( L/D ) and target rad i u s/jet d i ameter 
( RAD IUS/D ) for stagnati on condi ti ons  of P0 = 80 bars and 

saturated l i qu i d .  Smooth l i nes  connecti ng l i ke a l phabet i c 
l etters form an approxi mate pressure contour correspondi ng , 
i n  bars , to the pressure vers us  a l p habet i c  l etter key. Th i s 
contour i s  approxi mate and i s  on ly  i nformat i onal . 
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F i gure 3 . 24 Compari son  of cal cu l ated target press ure s  wi th HDR experi ment 
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approxi mati o n  for thi s expandi ng press ure f i e l d .  These two- d i mens i o na l  
cal cu l ati o n s  do not support the use o f  the Moody jet mode l ( a  narrow j et 
cone) for target c l ose to the break l ocati ons . 

The two-phase j et mode l l i ng res u l ts and the l eve l s of i nsu l ati o n  damage e v i denced 
by the HDR exper i ments l ead to the devel opment of  a three- regi on  j et-deb r i s 
generati on  mode l , whi ch i s  shown i n  F i gure 3 . 25 .  I n  Regi o n  I ( <  3 L/D 1 s f rom 
the break) extreme ly h i gh l evel s of destructi on wou l d  occur due-to the v e ry 
h i gh brea k jet  press ures ( see a l s o  F i gures 3 . 20 and 3 . 21) and total destructi o n  
can b e  ass umed to occur .  Reg i o n  I I  (3  < L/D 1 s < 7 from the  break) i s  a z o ne 
where h i gh l eve l s  of damage (or destructi on)  are pos s i b l e ;  but wi th  the recog n i 
t i o n  that t h e  types  of  i nsu l at i on emp l oyed ( refl ect i ve metal l i c ,  f i brous , foam
gl ass , etc . ) ,  methods of attachment , whether the mater i a l s are encaps u l ated , etc . 
are factors that s houl d be cons i dered i n  esti mati ng the types  and vol umes o f  
debri s generated i n  Reg i on I I .  Regi on  I I I  ( L/D 1 s  > 7 1 s  from the break) i s  a zone 
where destructi on  (or damage ) i s  l i ke ly to be di s lodgement of  i ns u l ati o n  i n  the 
as- fabri cated mode , or as modu l es .  Beyond 7 L/D 1 s ,  break j et pre s s u res  decay to 
1 to 2 bars . I t  shoul d al so  be noted that the s uper i mposed pre s s u re fi e l d o n  
F i gure 3 . 25 i s  representati ve of a PWR pri mary cool ant system break .  BWR  j et 
expans i on fi el ds decay more rapi dly  ( see press ures i n  F i gure 3 . 21 versus  those  
i n  F i gure 3 . 20) . 

Despi te the cal cu l ati onal  s i mpl i fi cati on afforded by a three- regi on mode l , 
determi nati on  of  the types and quant i t i es of i ns u l ati on  debri s wi l l  a l ways be 
materi al (or type)  dependent .  F i gure 3 . 26 has been constructed to  i l l u s t rate 
the pos s i b l e  vari ati on of  debri s types  as a functi on  of  di stance from the break 
jet and the rel at i ve quanti t i es of  di fferent types of  pos s i b l e  debri s .  A quan
t i f i ed debri s d i stri but i o n  mode l wou l d  requ i re exten s i ve experi ments des i g ned  
to deve l op s uch  data ; these  do  not  exi s t .  On  the other hand , res u l ts  from HDR 
experi ments ( see Appendi ces C , E ,  and F )  do  provi de i ns i ghts regardi ng debri s 
generat i o n  and were used to construct F i gure 3 . 26 . 

F i rst of a l l ,  the assumption  o f  severe damage or total fragmentati on  wi th i n 
3 L/D 1 s  i s  s upported by experi ments and i s  app l i cab l e  to both RMI assemb l i es 
and fi brous i ns u l ati on  assembl i es .  However , the hypothes i s  o f  1 1 exp l oded1 1  RMI 
assembl i es re l eas i ng free , or undamaged , i nteri or foi l s  (wh i ch can trans p o rt at 
very l ow vel oc i ti es )  i s  not s upported by the experi mental evi dence reported i n  
Append i x  E .  

Purs u i ng those potenti al l eve l s  of  damage expected i n  Reg i on I I  ( see F i g-
ure 3 . 25) , i t  appears that the RMI debri s coul d cons i st of  damaged i nner fo i l s  
and damaged assembl i es or components that were the res u l t o f  further LOCA dam
age . Experi mental data avai l ab l e  for fi brous i ns u l ati ons  i ndi cate that s h red
di ng and damage can extend i nto Regi o n  I I ,  wi th s uch  damage decreas i ng w i t h  
di stance from the jet . However , i f  the 1 1 i nner core1 1  of  f i brous i ns u l ati o n  i s  
exposed to the break jet (as  wou l d  occur i f  the cover b l a n ket  were breached) , 
b l owdown transport of thi s materi al  woul d  be expected to extend for d i s tances  
much  greater than 7 L/D 1 s .  Jac keti ng o f  f i brous i nsu l ati ons  doe s  appear to  
prov i de some protecti on , provi ded s uch  j ac kets are not  b l own away by the i n i ti al 
b l owdown jet forces , as demonstrated by HDR b l owdown tests ( Appendi x F )  where 
unjacketed fi brous i ns u l ati ons or i ns u l ati ons  covered by a metal mes h  are near ly  
total ly  destroyed wi thi n 3 L/D 1 s ,  wi th  some damaged and  parti a l l y  destroye d  seg
ments wi thi n 7 L/D 1 s .  B ut the same b l ankets encl osed i n  stai n l e s s  steel j ac ket 
wi thstand the b l ast  better ( see Appendi x F ) .  F i gure 3 . 26 i l l u strates examp l e s  
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F i gure 3 . 25 Mul t ip l e reg i on  i ns u l at i on debri s generati on mode l 
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F i gure 3 . 26 Poss i b l e var i at i o n  o f  debri s types  and re l ati ve quant i t i es  i n  
reg i ons  of  the three- regi on j et model ( see F i gure 3 . 2 5 )  
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o f  deb r i s generati on  for RMI , fi brous jacketed i ns u l at i o n  materi a l s and f i brous 
non- j ac keted i ns u l at i on materi a l s .  

Thus , debri s generat i on i n  Reg i on I I  can be very compl ex ,  and generi c conc l u
s i ons s ho u l d  not be drawn nor extrapo l ated to cover d i fferent materi a l s or  con
di t i ons . The spec i fi c  materi a l s and products used as i ns u l at i on s ho u l d be  care
ful ly  rev i ewed i n  l i ght of the data base avai l ab l e  as res u l ts of tests  ( see Ap
pendi ces  C ,  E ,  and F ) . The assessment of the vo l ume of debri s generat i o n ,  trans
port , and screen b l ockage shou l d  be made o n  a p l ant- spec i fi c  bas i s .  I f  s uc h  a 
determi nat i on shows that esti mated b l oc kage head l osses  do not exceed the NPSH 
margi n ,  a conservati ve safety assessment has been made . 

The s i ze o f  the th i rd vo l ume ( Regi on  I I I )  was estab l i s hed us i ng the Moody jet 
analys i s  as mod i f i ed and di scus sed i n  NUREG/CR-2791.  It  begi ns  at L/0 = 7 and 
extends to an ax i a l  pos i ti on i n  the jet where the j et thrust ( as cal c u l ated by 
the Moody j et expans i on mode l ) wou l d  be equal  to 0 . 5 ps i g  when cal c u l ated for a 
f l at axi symmetri c target .  The Moody- type jet  expans i on mode l was se l ected for 
estab l i s h i ng the outer boundary of Reg i o n  I I I  because i t  a l ways res u l ts i n  a 
l arger L/0 val ue for the boundary than the two-phase j et ana l ys i s i n  
NUREG/CR- 2913 . Th i s  ensures  that the effects of debri s mode l i ng uncerta i nti es  
are m i t i gated by a conservat i ve o uter boundary se l ect i o n .  

Break l ocati o n ( s )  and i ns u l at i on ( s )  targeted by the break j e t  are the key fac
tors i n  esti mati ng debri s generati o n .  Th i s  i s  i l l us trated i n  F i gure 3 . 27  f o r  a 
typ i ca l  PWR where the i nfl uence of  an expandi ng jet  i s  shown . A break i n  the 
pri mary cool ant system p i p i ng wi l l  target l arge quant i t i es  of  i ns u l at i ons  
l ocated i n  the  l ower porti ons  o f  the  steam generators . Al though break  l ocat i ons  
are i denti f i ed i n  SRP  Sect i o n  3 . 6 . 2 ,  the rev i ewer ( o r  analyst)  shou l d  determi ne 
wh i ch breaks are most s i gn i f i cant and esti mate the extent ( or vo l ume ) of i ns u
l at i on  debri s generati on .  

Such a deta i l ed break eval uat i on was carr i ed o ut for a reference PWR ( Sa l em 
Un i t  1)  and i s  reported i n  NUREG/CR- 3394 . A l though th i s  study was pri mar i l y  
di rected a t  est i mati ng  the probab i l i ty of  s ump b l oc kage , the analyses  revea l ed 
that breaks i n  l arge d i ameter p i p i ng (>  10- i nch  di ameter) were the dom i nant 
contr i butors to debri s generat i on ( see-Tab l e  3 . 5 ) .  Th i s  fi ndi ng  can be used by 
the ana l yst  i n  scop i ng the extent o f  LOCA debri s generat i o n .  

Tab l e  3 . 6 ,  wh i ch i l l ustrates typ i ca l  vo l umes o f  i ns u l at i on  two typc i a l  PWRs 
emp l oyed o n  the pri mary coo l ant system and re l ated components , prov i des  an  i n
s i ght regardi ng vo l umes o f  i ns u l at i ons  emp l oyed and the i r  d i s tr i b ut i on o n  the 
PWR pri mary cool ant system and components . 

Al though a generi c  concl us i on cannot be drawn from these studi es  because o f  
p l ant vari ab i l i ti es , the res u l ts d o  i ndi cate that PWR debri s asses sments s hou l d 
concentrate on  the pri mary cool ant system i ns u l at i on wi th i n the crane wal l re
g i o n  and for p i pe breaks of p i pe d i ameter � 10 i nches . Because s uch  a deta i l ed 
break study has not been done for BWRs , the rev i ewer s ho u l d cons i der  deb r i s gen
erat i on  as occurri ng for breaks postu l ated i n  the BWR feedwate r and rec i rc u l a
ti on  p i p i ng and for postul ated breaks i n  BWR mai n steam l i nes . 
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Where R PV - Reactor Pressure Vessel  

S G  - Stea m  G e nerator 

RCP - Reactor Coolant Pump LID = 7 ----I 

H l - Hot leg 

LI D - Distance to Target Ill 
Divided by Break D ia meter (D) 

CO - Crossover 

F i gure 3 . 27 Zones of i nfl uence for debri s generat i o n  



Tab l e  3 . 5 Maxi mum LOCA-generated i ns u l at i on debri s s ummari zed by break s i ze 

P i pe 
d i ameter ( i nche s )  

2 

6 

8 

10 

14 

16 

32 

34 

36 

Note s :  

Total fi brous 
debri s ( ft3 ) 

1 

2 

2 

4 

227 

270 

144 

315 

118 

Total al l 
types ( ft3 ) 

1 

22 

3 

31 

227 

270 

295 

726 

408 

( 1 )  These val ues correspond to break l ocati ons  i n  
the pri mary system wi thi n the crane wal l and 
represent the l argest  quanti ty of  debri s 
generated by a s i ngl e break of a gi ven p i pe 
di ameter .  

(2)  The i ns u l ati on types and d i stri but i on wi th i n  
contai nment are those used i n  Sa l em 1 .  Al l 
i nsu l ati on wi th i n  7 LID ' s  of a break l ocat i on 
i s  assumed to be destroyed and rel eased as 
fragmented debri s .  

( 3 )  For reference see NUREG/CR- 3394 . 
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Tab l e  3 . 6 Typ i cal vol umes of pri mary system i ns u l at i on emp l oyed 1 

Sal em Mai ne Yankee 

Vol ume Type of Vo l ume Type o f  
Component ( ft3 ) i ns u l at i o n  ( ft3 ) i ns u l ati o n  

Steam generator 1284 refl ecti ve metal l i c/ 1144 cal c i um 
f i brous fi brous  

Hot l eg 160 refl ecti ve metal l i c 149 fi bro u s  

Col d l eg 144 refl ecti ve metal l i c 156 fi brous 

Crossover 60 refl ecti ve metal l i c 279 fi brous  

Pressur i zer 129 refl ecti ve metal l i c 302 cal c i um 
surge 1 i ne fi brous 

RCP 570 refl ecti ve metal l i c 149 cal c i um 
fi brou s  

Bypass N/A N/A 88 f i brous 

TOTAL2 2507 2324 

SUBTOTAL3 1284 1527 
(exc l udi ng RMI (4402 ft2 ) ( 5234 ft2 ) 
and cal c i um 
s i l i cate ) 

1Th i s tab l e  i s  based on i nformati on prov i ded by the operators i n  1981 . 
P l ant changes s i nce 1981 have made the data l es s  accurate for these two 
spec i f i c  reactors . However , as representat i ve data for reactors i n  
general , the tab l e  i s  sti l l  val i d . 

s i l i cate/ 

s i l i cate/ 

s i l i cate/ 

2Th i s vol ume i nc l udes a l l of the i ns u l ati on  that coul d be h i t  by a water 
jet from a LOCA p i pe break ( i n  p i pes > 10 i nches di ameters ) .  I f  the vol ume 
were restri cted to on ly  i ns u l at i o n  with i n 7 L/D 1 s of a brea k ,  i t  mi ght be  
s i gn i f i cantly  smal l er .  

3 To b e  conservat i ve , Sal em • s steam generator i s  ass umed t o  b e  covered 
enti re ly  wi th f i brous i ns u l ati on .  In  a l l ,  50% of the  i ns u l ati on  of Mai ne 
Yankee • s  steam generato r ,  pres suri zer ,  and reactor cool ant pump i s  as s umed 
to be f i brous . 

NUREG- 0897 , Revi s i on 1 3-51 October 1985 



3 . 3 . 5 Transport and Screen B l oc kage Potenti a l  for Ref l ect i ve Metal l i c 
I ns u l at i on Materi a l s  

A l i m i ted amou nt of testi ng has been conducted wi th RMI components to ga i n  an 
i ns i ght i nto the transport and pos s i b l e  screen b l oc kage confi gurati ons . The 
res u l ts are reported i n  NUREG/CR-3616 . The thrust of  the se  tests was to deter
mi ne ve l oc i ty l eve l s  that wou l d  transport var i ous  components , part i c u l ar ly  th i n  
fo i l s  that are used i nte rna l l y .  As mi ght be expected , i ntact u n i ts were not 
transpo rted unt i l fl ow ve l oc i ti es exceeded 1 ft/sec . On the other hand , very 
thi n ,  stai n l es s  steel  fo i l  ( 0 . 0025- i nch th i c k)  materi a l s were transported at 
l ow ve l oc i ti es ( 0 . 2 to 0 . 5 ft/sec) i f  s uch fo i l s  were i n  an uncrump l ed and i n
tact state . Tab l e 3 . 7 summari zes experi mental f i ndi ngs . I n  these tests , as 
the fo i l  materi al  became more ri g i d  ( i ncreased th i c knes s ) , the fo i l - type debri s 
was transported by s l i d i ng a l ong the f l oo r ,  rather than i n  a tumb l i ng mode , and 
h i gher ve l oc i t i es we re requ i red to f l i p  the mate ri a l  i nto a verti cal ori enta
t i on agai nst the debri s screen . 

Of more s i gn i f i cance are the screen b l ockage patterns observed duri ng these 
transport tests . I ntact she l l s  (or  ha l ve s )  can f l i p  aga i nst  a debri s screen 
i f  ve l oc i ti es exceed 1 ft/sec ( see F i gure 3 . 28 ) . On the other hand , free th i n  
fo i l  s heets tend to crump l e ,  res u l ti ng i n  the b l oc kage confi gurati ons  s hown i n  
F i gures 3 . 29 and 3 . 30 . Mu l ti p l e  fo i l  s heets can form a b l oc kage pattern such 
as shown i n  F i gure 3 . 31 .  Genera l ly  b l oc kages occurred at the l ower porti on  of 
the debri s screen . A l though enough s heet materi a l  to tota l ly  b l ock the screen 
was i ntroduced i nto the transport f l ume , tota l b l oc kage d i d  not occur ( see F i g
ure 3 . 29 ) . The very th i n  fo i l  materi a l  (when i n  l arge sheets ) i s  transported 
wi th a tumb l i ng ,  l i fti ng-type moti on ; howeve r ,  l ac k  of structura l ri gi di ty re
s u l ts i n  transport deformati ons , as shown i n  F i gure 3 . 29 .  Another s i gni f i cant 
fi ndi ng was that none of the foi l samp l es tested became water borne.  Th i s i s  
parti c u l arly i mportant i n  BWRs because the RHR s ucti on i ntakes are genera l ly  6 
to 8 feet above the suppress i on poo l f l oor .  

Thus  transport of  meta l l i c i ns u l at i o n  debri s at  fai r ly  l ow ve l oc i ti es cannot 
be di scounted and p l ant- spec i f i c  asses sments shou l d  be made for those p l ants 
emp l oyi ng th i s  type of i ns u l at i o n .  

The transport and b l ockage f i ndi ngs di scus sed above c a n  b e  used t o  esti mate 
l evel s of potenti a l b l oc kage . Of equal i mportance i s  the severi ty of LOCA 
i nduced damage ( see Sect i on 3 . 3 . 4) and types of RMI debri s generated ( see Appen
dix E ) .  The HDR tests di scus sed i n  Appendi x  E do not s upport a debri s genera
t i on mode l cons i s ti ng of free , undamaged i nteri or fo i l  mater i a l s be i ng avai l ab l e 
for transport . 

3 . 3 . 6 Buoyancy , Transport , and Screen B l oc kage Characteri sti cs  of Mass-Type 
I ns u l ations  

The buoyancy and transport characteri s t i c s  of f i b rous  i ns u l ati on materi a l s are 
i mportant because l ong-term screen b l ockage i s  a functi on of  whethe r ,  and how , 
such debri s materi a l  wou l d  be transported . I nformat i on regardi ng transport of 
shredded mi neral woo l  i ns u l ati on i s  provi ded i n  the F i n n i s h  tests conducted i n  
the l ate 1970s ( Imatran Vo i ma Oy , 1 1Mode l tests of  the Lov i i sa Emergency Core 
Cool i ng System and Mode l Tests of  Contai nment Sumps of  the Emergency Core Coo l 
i ng System11 ) .  These tests showed that shredded mi neral woo l  wou l d  b e  transported 
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Tab l e  3 . 7  Transport and b l oc kage characteri st ics  o f  re f l ecti ve 
i ns u l at i on materi a l s ( see al so NUREG/CR-3616) 

Samp l e 
descri pti on 

Undamaged hal f 
jac ket norma 1 
to f l ow 

Concave s i de up 

Concave s i de down 

Outsi de cover 
( 0 . 037 i nches thi c k ,  
di ameter = 1 9  i nche s )  

Concave s i de up 

Concave s i de down 

I ns i de cover 
( 0 . 015 i nches th i c k ,  
di ameter = 1 3  i nche s )  

Concave s i de up 

Concave s i de down 

End covers 

S i ng l e s heet 
i nner foi l 
( 0 . 0025 i nches 
thi c k ,  36 x 
25 i nche s )  
uncrump l ed ,  wi th 
and wi thout 
separati ng crimp 

S i ngl e s heet 
i nner foi l  
( 0 . 0025 i nches 
thi c k ,  36 x 
25 i nches ) 

Ve l oc i ty to 
i n i t i ate 
mot i on 
( ft/sec) 

1 . 0 

above 2 . 2 

0 . 7 

above 1 . 8 

0 .  7 

1 . 1 

above 2 

0 . 35 

0 . 20 
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Vel oc i ty to 
transport 
to screen 
( ft/sec) Comments 

1 . 0 

0 . 8 

0 . 8 

1 . 6 

0 . 5 

0 . 25 

3-53 

E i ther f l i pped on screen 
( see F i gure 3 . 28) or got 
stuck parti al l y  f l i pped 

Never moved . 

Same b l oc kage mode as 
undamaged hal f j ac kets . 

Wi th both i n i t i al pos i t i ons , 
covers f l i pped agai nst the 
screen on  arri val  and got 
f l attened aga i nst i t  by the 
f l ow force .  

Never moved. 

Moves  i n  fo l di ng and tumb l i ng 
mode . F l i p s  verti cal l y  agai nst  
screen when it  reaches i t  
( F i gure 3 . 29 ) .  May be fol ded 
on screen ( not cover fu l l 
s heet area) . Never covered 
screen h i gher than maxi mum 
s heet d i mens i on ,  even for f l ow 
vel oc i ty of 2 ft/sec and water 
depth of 60 i nches . 

Moves i n  fo l di ng and tumb l i ng 
mode . F l i p s  agai nst screen 
when i t  reaches  i t ;  f l attened 
on screen by current . 
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Samp l e 
descri pt i on 

Four sheets 
i nner foi l 
( 0 . 0025 i nch th i ck ,  
36 x 2 5  i nches ) , 
two crump l ed ,  
two uncrump l ed 

Si ng l e cut- up 
s heet i nner fo i l  
( 0 . 0025 i nch thi c k ,  
24 x 21 i nche s )  

Uncrump l ed 

Crump l ed 

Several cut- up 
s heets i nner fo i l  
( 0 . 0025 i nch th i c k ,  
( 8  i nches x 8 i nche s )  

Uncrumpl ed 

Crump l ed 

Severa l cut- up 
sheets i nner foi l 
( 0 . 0025 i nch , 3 x 
3 i nche s )  

Uncrump l ed 

Crump l ed 
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Tab l e  3 . 7  ( conti nued ) 

Ve l oci ty to 
i n i t i ate 
mot i on 
( ft/sec) 

0 . 25 

0 . 20 

0 . 20 

0 . 5 

0 . 5 

0 . 8 

0 . 6 

Ve l oc i ty 
transport 
to s creen 
( ft/sec ) 

0 .  4 to 1 .  8 

0 . 25 

0 . 25 

1 . 2 

1 . 2 

2 . 0 

1 . 0 

3-54 

Comments 

When n umerous  fo i l  s heets 
are used they tend to j am 
up i n  p i l es that may need 
h i gh ve l oc i ty to unjam .  
S i gni fi cant overl app i ng o n  
screen . 

Fo l di ng and tumb l i ng transport 
mode . F l i p  verti cal l y  on 
screen upon arri val , s ometi mes 
fol ded. 

F l i p  verti cal l y  on screen upon 
arri val , someti mes fo l ded ( see 
F i gure 3 . 30) . 

P i eces not fo l ded by f l ow as 
l arger one s .  S l i d i ng trans
port mode . One p i ece reached 
screen at 0 . 5 ft/sec ; a l l 
f l i pped verti cal ly  on  arr i va l  
to  screen ( see F i gure 3 . 31) . 

One pi ece reached screen at 
0 . 9 ft/sec ; al l fl i pped 
vert i ca l ly  on  arri val  to scree n .  

P i eces not fo l ded by f l ow as 
l arger ones . S l i di ng trans
port mode . 

P i eces fl i p  vert i cal l y  on  
screen un l e s s  a corner gets 
trapped under screen bottom , 
i n  wh i ch case the p i ece stays 
f l at on bottom. 
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F i gure 3 . 28 A hal f segment f l i pped onto screen 

F i gure 3 . 29 Uncrump l ed fo i l  s heet f l i pped vert i cal ly  on screen 
( f l ow vel oc i ty = 0 . 5 ft/sec ) 
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F i gure 3 . 30 Crump l ed fo i l  s heet agai nst  screen ( f l ow ve l oc i ty = 0 . 3 ft/sec)  

·-"' �-"'- � � ,.-.-. � � ,....._.. ,...._ ....,.........._,_ �- - - �  * ---

- ,� ---- ,.....- .,...._. ...-- � ..,....__ � ,..._ ,.· * 
-- ....- ..--- l- � � ,......_....,...-- .......- ....--.. 

- - ,.-- ,.....- ,....-.- ....--- - _ .___. ....,..___ _ �  "�" - � .......-- � ......- - - .....-

F i gure 3 . 31 Several fo i l  s heets on  screen ( f l ow ve l oc i ty 
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at l ow ve l oc i ti es and bui l d  up uni formly on  a debri s scree n ,  and thus cou l d 
res u l t  i n  h i gh head l os ses . 

S im i l ar tests were conducted under NRC sponsorsh ip  at ARL and are reported i n  
NUREG/CR- 2982 , Rev i s i on 1.  The res u l ts o f  those tests are s ummari zed i n  the 
fo l l owi ng p aragraphs . 

Buoyancy , transport , and head l os s  experiments were conducted wi th three types  
of as- fabri cated i ns u l ati on pane l s and  wi th fragmented fi brous i ns u l ati ons . 
The three types  of as- fabri cated i ns u l ati on panel s were 

Type 1 :  4- i nch mi neral wool  or  refractory mi neral f i ber core mi neral ( 6  pound 
dens i ty) , covered wi th Uni royal 6555 asbestos c l oth coated w i t h  
1/2-mi l Myl ar .  

Type 2 :  4- i nch Burl g l ass  1200 , o r  4 l ayers o f  l- i nch-thi c k  F i l omat D ( f i ber
gl as s )  core mater i a l , an i nner coveri ng of kni tted stai n l ess  s teel  
me s h ,  and  an outer coveri ng of Al pha Mari tex s i l i cone a l umi num c l oth , 
product 2619 . 

Type 3 :  Same i ns u l at i on core materi al s a s  Type 2 ,  but wi th  a n  i nner and outer 
coveri ng of 18- ounce A l pha Mari tex c l oth , product 7371 .  

The  f i berg l as s core materi a l  i n  Types 2 and 3 i s  a h i gh dens i ty fi bergl a s s  
(�10 l b/ft3 ) .  Var i ous  types of  fi berg l as s  i ns u l ati on are emp l oyed i n  nuc l ear 
plants , and , as  evi denced by the data reported (Durgi n and Nore i ka ,  1983 ) for 
the Owens  Corni ng F i berg l ass product NUKON™ , they can exh i b i t  d i fferent c harac
teri sti cs . Therefore , eval uati ons s hou l d be based on the actual mater i a l ( s )  
uti l i zed i n  a g i ven p l ant . 

The b uoyancy tests reveal ed 

( 1 )  

( 2 )  

( 3 )  

(4)  

( 5 )  

I n  general , the t ime needed for both mi neral woo l  and fi bergl as s i ns u l ati on 
to s i nk was l es s  at h i gher water temperatures .  

Mi neral woo l  (Type 1) does not readi l y  absorb water and can remai n afl oat 
for several days . 

F i berg l ass  i ns u l at i on (Types 2 and 3 )  read i ly  absorbs water , part i c u l arly  
hot  water ,  and s i n ks rap i d ly  ( from 20 seconds to  30 seconds i n  120°F  water ) .  

Undamaged fi berg l ass  p i l l ows of Type 3 ( and pos s i b l y  a l so  of Type 2 )  can 
trap ai r i ns i de thei r covers and remai n afl oat for several  days . 

Based on the observed s i n ki ng rates , i t  may be concl uded that mi neral woo l 
p i l l ows and some undamaged fi berg l ass  pi l l ows ( those that trap a i r i ns i de 
the i r  cover ) wi l l  remai n afl oat after acti vati on  of the contai nment rec i r
cu l ation system ( approxi mate ly  20 mi nutes after the begi nn i ng of LOCA) . 
Those fl oati ng p i l l ows wi l l  move at any water ve l oc i ty and can be trans
ported to the s ump before acti vat i o n  of the rec i rcu l ati on sys tem . 
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The transportat i on tests revea l ed 

( 1 )  Water ve l oc i t i es needed to i n i t i ate the mot i on of  i ns u l ati on  are o n  the 
order of 0 . 2 ft/sec for i nd i v i dual  shreds , 0 . 5 to 0 .  7 ft/sec for i nd i v i dual  
sma l l p i eces ( up to 4 i nches on  the s i de ) , and 0 . 9 to 1 . 5 ft/sec for 
i nd i v i dual  l arge p i eces ( up to 2 feet on  the s i de ) . 

( 2 )  For who l e  s u n ken pi l l ows to fl i p  verti cal l y  onto the screen , fl ow ve l oc i t i es 
of  1 . 1 ft/sec for Type 1 (mi nera l woo l ) and 1 . 6 to 2 . 4 ft/sec for Types 2 
and 3 ( fi bergl as s )  are requ i red. 

( 3 )  Who l e  f l oati ng pi l l ows requ i re a wate r ve l oc i ty i n  exces s  of  2 . 3 ft/sec 
to f l i p  verti cal ly  agai nst the scree n .  

(4 )  I n s u l at i o n  p i l l ows bro ken up i n  f i n i te s i ze s u n ken fragments tend t o  con
gregate near the bottom of the screen i f  there i s  no turb u l ence generato r ,  
and , dependi ng on  the water depth , unb l ocked space can remai n  near the top 
of the scree n .  Wi th turbu l ence generators ( vert i ca l  posts 2 feet ups tream 
of  the screen ) , some i ns u l ati on fragments are l i fted from the bottom and 
co l l ect h i gher on  the scree n .  

( 5 )  Once i ns u l ati on  shreds are i n  moti on , they tend t o  become suspended i n  
the water co l umn and co l l ect over the enti re screen area . 

The head l os s  tests reveal ed 

( 1) The measured head l os s  across a verti cal  screen i n  a f l ume as a res u l t  o f  
b l ockage by i ns u l at i o n  re l eased upstream var i e s  from 7 t o  10 t imes  the 
approach ve l oc i ty head , U2/2g , for who l e s u n ken pi l l ows ; from 13 to 36 
t imes the approach ve l oc i ty head as that for opened or bro ken up p i l l ows ; 
and more than 240 t i mes the approach ve l oc i ty head for shredded p i l l ows . 
These res u l ts are for an equ i val ent vo l ume for 50% screen b l ockage wi th 
the undamaged pi l l ows . 

Opened p i l l ows wi th separated , fragmented , or s h redded i ns u l ati on  l ayers 
had enough area to b l ock  the enti re screen . However , the screen was en
ti re ly ( but not un i form l y )  covered on ly  i n  the test  wi th the sh redded 
i ns u l at i o n .  I n  the other tests , open space remai ned on  the scree n .  

F o r  these cond i t i ons , the maxi mum measured head l os s  o f  240 t i mes  the 
approach vel oc ity head ( for shredded p i l l ows ) wou l d  res u l t  i n  screen head 
l osses  of 0 . 15 foot to 0 . 60 foot for approach ve l oc i t i es of 0 . 2  ft/sec 
to 0 . 4 ft/sec . 

( 2 )  Meas ured head l osses  through beds o f  accumul ated fragments or s h reds of  
mi neral woo l  or fi bergl ass  i ns u l ati on  var i ed nonl i near ly  wi th approac h 
vel oc i ty and bed th i c knes s .  

For mi neral woo l  fragments , the l arger head l os ses  were observed for the 
tests of  l arger fragments (3 x 2 to 4 x 1/8 i nc h ) . For an ori gi nal  i ns u
l ati on  th i c kness o f  1 i nc h ,  the maxi mum head l os s  was 0 . 4  foot at 0 . 2 ft/sec 
and 1 . 4 feet at 0 . 4 ft/sec . 
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For fi berg l a s s  i ns u l ati on fragments and shreds , the l arger head l os ses 
were observed for the s hreds . For an or ig i nal  (as- fabri cated )  i ns u l at i o n  
thi c kness  of  1 i nch , the maxi mum head l os s  was 1 . 2 feet a t  0 . 2 ft/sec and 
6 feet at 0 . 4 ft/sec . 

( 3 )  The head l os s  through as- fabri cated i ns u l ati on mate r i a l  i s  h i gher , by a 
factor of  up to 10 , than that for accumu l ated fragments . For examp l e ,  
w ith  water at 105° to 120° F and wi th a n  approach ve l oci ty o f  0 . 2 ft/sec , 
the head l os s  through 2 i nches of undi sturbed mi neral woo l  i s  about 
3 . 5 feet , and the head l os s  through 1 i nch of undi sturbed fi berg l ass  i s  
about 20 feet .  These head l osses are for i ns u l at i on samp l es seal ed to the 
wal l s  to prevent l eakage . The head l os s  wou l d  be l es s  i f  l ea kage occurred 
around the samp l e .  

(4)  I n  add i t i on to the var i ab l es o f  i ns u l at i on th i ckness and approach f l ow 
ve l oci ty ,  the actual head l os s  that may be expected across  a s ump screen 
depends cri t i cal ly  on how the screen i s  b l oc ked. If some unb l oc ked screen 
area remai ns , or i f  water can fl ow between pi eces of i ns u l ati on , the head 
l o s s  wou l d  be smal l ;  i f  the enti re screen area i s  un i formly covered wi th 
mats of undi sturbed i ns u l at i o n  or accumul ated fi bers , the head l os s  can be 
many feet . 

( 5 )  Best- f i t  express i ons  for the head l os s  through shredded fi brous i ns u l ati on , 
were deri ved as fo l l ows : 

for mi neral wool  (Type 1 ) : �H = 123u1 · 51t1 · 36 

for fi bergl ass  (Types 2 and 3 ) : �H = 1653u1 · 84t1 · 54 

where 

U i s  the screen approach ve l oci ty ( ft/sec)  
t i s  the ori gi na l  ( as fabri cated) i ns u l at i on debri s  th i c kness  ( ft )  
�H i s  the head l os s  ( ft H20 )  

Tab l e  3 . 8  s ummari zes these transport and head l os s  characteri sti c s .  

The strong dependence o n  materi a l  characteri st i c s  cannot b e  overemp has i zed.  
Owens Corn i ng F i bergl ass  conducted s i mi l ar tests with  fi bergl as s uti l i zed i n  
NUKON� ( a  l ow den s i ty fi bergl ass , 2 l b/ft3 ) .  The transport characteri sti cs  
were s i mi l ar to  those reported i n  NUREG/CR- 2982 , Rev i s i on 1 ,  i n  that the  trans
port of fragments occurred i n  the 0 . 2 to 0 . 3 ft/sec range . However , the screen 
b l ockage head l os s  corre l ation  for fragments (exper imenta l ly  deri ved) was 

�H = 68 . 3U1 . 79t1 . 07 

Thi s equati on i s  s i gni fi cantly di fferent from the two prev i ous  equati ons . 
These res u l ts are reported i n  ARL Report No .  110-83/M489F  (Brocard , 1983 ) . 
Thus , the revi ewer shou l d  base eval uati ons on the parti c u l ar type of i ns u l at i on 
materi a l ( s )  emp l oyed i n  a gi ven p l ant app l i cati on .  

I n  summary , the fo l l owi ng shou l d  b e  cons i dered i n  determi n i ng fi brous i ns u l a
t i on b l ockage effects : 
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ConcU tlon 

Floating 
whole 
pillows 

Sunken 
whole 
pillow• 

Sunken p i llows 
with cove r s  
r emoved but 
included and 
aepa r:ated 
insulation 
l aye rs 

Sunken pillows 
with cover s  
and inau1ation 
layer• in 5 
pieces ( s ee 
l'igure 2 . 6 )  

Tab l e  3 . 8 Summary of  transport and screen b l oc kage 
characteri sti cs  of h i gh dens i ty fi bergl ass  

· -· ---·- -

Pi llow 

- ----- ----

v
i 

Type ft/aec) 

l N/A 

2 N/A 

3 N/A 

l 1 . 1  
0 . 9  

2 1 . 2  
1 . 4  

3 1 . 5  
1 . 1  

l 1 . 1  
0 . 9  

2 o r:  3 1 . 1  
0 . 9  

l 1 . 0  
1 . 1 

2 or 3 1 . 0  

- - - · -

v. 
( ft/sec) 

N/A 

N/A 

N/A 

1 . 1  
1 . 1  

1 . 8  
1 . 6  
1 . 7  
1 . 6  

1 . 1  
1 . 5  

1 . 6  
1 . 2  

1 . 9  
2 . 0  
1 . 4 

----· 

vv 
611 * 

6ft � 
( ft/aec) ( f t )  2g 

> 2 . 3  

N/A 

H/A 

1 . 1  0 . 13 
1 . 1  0 . 07 

2 . 0  0 . 4 4 7 . 1  
2 . 4  
2 . 0  0 . 6 0  9 . 4  
1 . 6  0 . 3 3 8 . 3  

1 . 1  0 . 6 7 3 6 . 0  
0 . 96 27 . 5  

1 . 2  0 . 71 32 . 0  

1 . 4  25 . 0  
1 . 6  26 . 0  

1 . 6  0 . 54 u . o  

CoiiJIIe n t s  

N e v e r  f l i pped 

Sunk wh i l e  
a g a i n s t  s c r ee n ; 
fl ipped ve r t ic a l  

Sunk wh i l e  
against scree n ;  
fl ipped v e r t i cal 

Only one p i l l o w  
tes ted 
Only one p i l l o w  
tes ted 
folded i n  h a l f  
on screen 

P i l lows on 
screens over l a p  
b y  2 i nche s 

Not a l l  p i e c e s  
ve r t ic a l  

N o t  all pieces 
v e r t i c a l  

S igni f icant 
ove rlap o f  
p i eces o n  
screen 

*For detai l s  i n  the s i ze and amount of the i ns u l ati on materi a l s uti l i zed i n  
these tests see NUREG/CR-2982 , Rev i s i on 1 .  
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Tab l e  3 . 8 conti nued 

v
i 

v. v
v 

AH 
P i llow AH � 

Cond i t ion Type f t/sec ) ( f t/sec ) ( f t/se c ) (·f t )  2g Commen t s  

Sunken 1 0 . 4  1 . 4  1 . 6  1 . 3 5 3 4 . 0  Fr agm� n t s  
..p i l lows i n  collect o n  
4 • X 4 •  X 1 • b o t tom 1 f t  
f ra gments . of s c r e e n  
Cove r s  n o t  
i ncluded . 0 . 6  1 . 3  1 . 4  2 . 4 5 8 0 . 0  W i th t u r b u l e n c e  

2e n e r a to r s .  
F r a gm e n t s  c o l l e c t  
o n  bo ttom 3 f t  o f  
s c r e e n  

2 o r  3 1 . 0  > 1 . 6  No t a l l  p i eces 
r eached the 
s c r e e n . 
C o l l e c t e d  ne a r  
sc r e e n  bottom , 
F i g u r e  4 . 6  

1 . 0  > 1 . 6  0 . 7 2  1 8 . 1  W i th t u r bu l e n c e  
g e ne r a to r s .  Only 
a bo u t  h a l f  the 
pieces o n  s c r ee n .  
Some pi ece s a t  
mi d -h e i g h t . 

Sunken 2 or 3 0 . 4  > 1 . 3  N/A 3 . 7  2 4 0  N o t  a l l  p i e c e s  
p i l lows i n  f o r  o n  sc r e e n .  
shred s .  1 . 0  S c r e e n  e n t i r e l y  
Covers not fps b u t  n o t  u n i f o r m ly 
included . cove r e d . 

Sunken Te s t s  cond uc ted 
s i ng le i n  1 f t  w i d e  
fragment s  f l ume w i t h  7 
4 • x 4 • x 1 •  1 0 . 6  i nc h  w a t e r  d e p t h  

2 or 3 0 . 7  

4 • x 1 • x 1 •  1 0 . 3 
2 or 3 0 . 5  

Shreds 1 0 . 3  
2 or 3 0 . 2  

NOTATIONS a Vi • ve loc ity needed to i n i t iate mot io n  o f  a t  least one piece o f  insulation 
(not i nc lud i ng cove r s  when separ a ted f r om p i l lows ) 

Vs • ve loc ity needed to br i ng a l l  mate r i a l  on screen 

Vv • veloc i ty needed to f l ip a l l  piec@� ve r t ically on screen 

AH • bead loaa at V9 ( or V8 if Vv not q i ven)  
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( 1 )  Rec i rc u l at i on ve l oc i t i es and break j et l oads must be eval uated to determi ne 
whether they are h i gh enough to transport debri s to PWR s ump screen s  or  
BWR sucti on strai ners ( See Appendix  D ) . If  not , b l oc kage is  not  l i ke l y  
t o  occur .  

( 2 )  If  the  materi a l  can  be shredded by the break j et , transport can occur at  
l ow ve l oc i t i es and  a determi nat i o n  of screen head l os ses  must  be made , 
prov i ded rec i rcu l at i on ve l oc i t i es are h i gh enough to res u l t  i n  transport 
of  the fragmented i ns u l at i o n  debri s .  

3 . 3 . 7 E ffects o f  Comb i ned B l ockage ( Refl ecti ve Meta l l i c and Mass Type 
I ns u l at i on s )  

Assessment of  the effects of  comb i ned b l oc kage , where i n  both refl ecti ve meta l l i c 
and mas s  type o( fi brous ) i ns u l ations  are emp l oyed , i s  more di ffi cu l t .  As  de
scri bed above , both types of i ns u l at i ons  can be transported at l ow ve l oc i ti es 
and b l oc k  debri s screens .  Because metal l i c-type debri s does not become water 
borne , b l oc kages that can be ascri bed to metal fo i l s  wou l d  occur at the l ower 
(or  bottom) porti ons  of verti cal screens .  Fi brous  i ns u l ati on fragments can be 
transported at near- neutra l  buoyancy and do mi grate to open f l ow pas sage s .  
Therefore , a comb i ned- effects mode l s hou l d  b e  appl i ed .  Unfortunate l y , not 
enough experi mental data are avai l ab l e to a l l ow for devel opment of a combi ned 
gener i c  b l ockage mode l . P l ant- spec i f i c  eval uat i ons  s hou l d  a l so cons i der the 
potenti a l  for th i s  type of comb i ned debri s b l oc kage . 

3 . 4 Sump Hydrau l i c Performance 

To i nvesti gate ECCS sump behav i or under fl ow condi ti ons  that mi ght occur duri ng 
a LOCA , a test program was undertaken that covered a broad range of geometri c 
and f l ow vari ab l es representati ve of PWR contai nment emergency s ump des i gn s . 
To avo i d  sca l i ng uncertai nti es , a ful l - s cal e exper imenta l fac i l i ty at ARL  was 
used .  Scal i ng effects res u l ti ng from the use of reduced- sca l e hydrau l i c mode l s 
were s ubsequent ly  eval uated . The three broad areas of i nterest  for ECCS s ump 
des i gn i nvesti gated were 

( 1 )  fundamental behav i or of  the s ump wi th reasonabl y  uni form approach f l ow 
cond i ti ons 

( 2 )  changes i n  the fundamental behav i o r of the s ump as a res u l t of potenti a l 
acc i dent condi ti ons  ( screen b l oc kage , break and dra i n  f l ow ,  obstructi ons , 
nonuni form approach f l ow ,  etc . ) that cou l d  cause degraded performance i n  
the rec i rcu l ati on system 

( 3 )  des i gn and operati onal  i tems of spec i a l  concern i n  ECCS s umps 

I nformati on from i n i ti al testi ng was used to p l an or redi rect l ater tests ; 
hence , the tests were not necessari l y  conducted i n  the order l i sted be l ow . 

The tests performed may be d i v i ded i nto s i x  seri es  as fo l l ows : 

(1 )  Factori a l  Tests 

A fracti onal factori a l  matri x of tests was used to study pri mary s ump f l ow 
and geometri c vari ab l es .  The factori a l  matri x  prov i ded a wi de range of  
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parameter vari ati ons and a method for effect i ve l y  testi ng a l arge number 
of var i ab l e s  and determi n i ng thei r i nterdependenc i es .  

( 2 )  Secondary Geometri c  Vari ab l e  Sens i t i v i ty Tests 

The effects on  s ump performance of secondary geometri c var i ab l es and des i gn 
parameters o f  spec i a l concern i n  ECCS sumps were tested by hol di ng al l 
s ump var i ab l es  constant except one , for wh i ch several va l ues were tested . 

( 3 )  Severe F l ow Perturbati ons Tests 

The behav i or of se l ected sump geometri e s  s ubj ected to approach f l ow per
turbati ons  was i nvesti gated . Maj or fl ow di sturbances cons i dered were 
screen b l oc kage ( up to 75%) , nonuni form approach ve l oc i ty di stri buti on , 
break- f l ow and drai n- fl ow i mp i ngement , pump startup tran s i ents , and ob
structi ons , as i l l ustrated i n  F i gures 3 . 32 and 3 . 33 .  

(4)  Vortex Suppres s i on Tests 

The effecti venes s of several types of vortex s uppres sors and i n l et con
f i gurati ons  was eval uated. 

( 5 )  Scal e Tests 

Scal i ng effects i n  geometri ca l ly  scal ed model s us i ng F roude number s i mi l 
i tude and p i pe ve l oc i ty s i mi l i tude were eval uated.  

(6)  BWR Sucti on P ipe I n l et Tests 

The hydraul i c  performance of BWR sucti on p i pe geometri e s  typ i cal of Mark I ,  
I I ,  and I I I  RHR sucti on i n l et des i gns was eval uated. 

Data generated duri ng the sump performance stud i e s  were anal yzed us i ng two 
approaches as fo l l ows : 

( 1 )  Functi onal  Correl ati ons  of Dependent Vari ab l es 

Corre l ations  us i ng response- s urface regre s s i on analys i s  of  nondi mens i onal  
empi ri cal data f i tti ng were deve l oped.  Because of the extreme ly  smal l val ues 
of the dependent vari ab l es and the comp l ex ti me- varyi ng nature of  the three
d imens i onal  f l ows i n  the s ump , the use  of functi onal  corre l ati ons showed no 
cons i stent , or general l y  app l i cabl e ,  corre l at i on between  the dependent and 
i ndependent vari ab l es .  Thus , the hydraul i c  performance of a parti cu l ar s ump 
under gi ven f l ow and s ubmergence condi ti ons  cou l d not be rel i ab l y  predi cted 
us i ng th i s  approach . 

( 2 )  Boundi ng Envel ope Ana lys i s  

The broad data base that res u l ted from the sump studi es made pos s i b l e the use  
of envel ope analys i s  for  re l i ab ly  pred i cti ng the  expected upper bound for  the 
hydrau l i c performance ( vo i d  fract i o n , vortex type , swi rl angl e ,  and i n l et l os s  
coeffi ci e nt)  o f  any gi ven sump whose f l ow and geometri c features fal l approxi 
matel y  wi thi n the ranges tested . The data boundary curves  generated i ndi cate 
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the max i mum response of the data for each of  the hydrau l i c performance parameters 
as a funct i o n  of the sump f l ow var i ab l es , part i c u l arly when p l otted as a func
ti on of Froude number. Thus , the abi l i ty to descr i be the performance of PWR 
ECCS s umps , w ith  or wi thout fl ow perturbati ons , u s i ng boundi ng envel ope curves 
was the most s i gn i f i cant res u l t  of  the ARL test program . The app l i cati o n  of  an 
enve l ope analys i s  to test data res u l ti ng from al l the s ump performance tests i s  
di scus sed i n  Sect ion  3 . 4 . 1 . F i ndi ngs of  the sump performance tests are 
descri bed i n  greater detai l i n  subsequent secti ons . 

3 . 4 . 1 Enve l ope Analys i s  

The sump performance test program generated a data base coveri ng a broad range 
of ECCS geometri c var i ab l es , f l ow cond i t i ons  ( i nc l ud i ng potent i a l  acc i de nt 
condi ti o ns ) , and des i gn operati ons  ( hori zontal or  vert i ca l  i n l ets , s i ng l e or 
dual p i pes , ate . ) .  An envel ope analys i s  app l i ed to th i s  broad range o f  data 
res u l ted i n  boundary curves for vortex acti v i ty ,  swi rl , and sump head l os s  as a 
functi on  of  key sump fl ow vari ab l es ( Froude number ,  vel oc i ty ,  etc . ) .  

F i gures 3 . 34 ,  3 . 35 , and 3 . 36 s how typ i ca l  envel ope analys i s curves for a i r 
i ngesti on , s u rface vortex acti v i ty ,  and swi r l  i n  PWR s umps w1 th dual hori zontal 
pump s ucti on  i ntakes . F i gures 3 . 37 ,  3 . 38 ,  and 3 . 39 show typ i ca l  enve l ope ana
lys i s  curves for ai r i ngest i o n , s u rface vortex acti v i ty ,  and swi rl i n  PWR s umps 
wi th dual verti cal  i ntake s .  

3 . 4 . 2 General PWR Sump Performance (Al l Tests ) 

The fol l owi ng i tems were studi ed duri ng the sump performance testi ng :  

( 1) Free Su rface Vorti ces 

Vortex s i ze and type ( see F i gure 3 . 40 )  res u l ti ng from a gi ven geometr i c  and 
fl ow cond i ti on are di ffi cu l t to predi ct and are not re l i ab l e i ndi cators of s ump 
performance . Performance parameters ( vo i d  fract i o n , pre s s ure l os s  coeffi c i ent , 
and swi rl ang l e )  are not we l l  corre l ated wi th observed vortex formati ons . 

( 2 )  Ai r I ngesti on  

Measured l evel s of  ai r i ngest i on , even  wi th ai r core vorti ces , were general l y  
l es s  than 2%. Maxi mum val ues of  a i r  i ngest ion  wi th de l i berate l y  i nduced swi r l  
and  b l oc kage condi ti ons were l es s  than  7% for  hori zontal i n l ets and  12% for  
vert i ca l  i n l ets . These  h i gh l evel s a l ways occurred for  h i gh f l ow and l ow s ub
mergence ( F roude number ( Fr)  genera l ly  greater than 1 . 0 ) .  For  s ubmergences of  
8 feet or more , none of  the confi gurati ons  tested i ndi cated ai r- drawi ng vorti ces 
i ngesti ng more than 1% over the enti re f l ow range , even w i t h  severe f l ow 
perturbat i o n s .  

( 3 )  Swi r l  (Measured a t  a D i stance 14 D i ameters from Suct i on  I n l et )  

F l ow swi r l  
very l ow.  
val ue for 
was about 

withi n the i ntake p i pes , wi th or wi thout f l ow perturbati ons , was 
In a l most a l l cases , the swi rl angl e was l es s  than 4° , an acceptab l e  

RHR and CSS p umps . The maxi mum val ue for severel y  perturbed f l ows 
8° and occurred duri ng the screen b l oc kage test  seri es . 
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(4)  S ump Head Losses  

The s ucti on p i pe i ntake press ure l os s  coeff i c i ent for  mos t  of the  tests , w ith 
and wi thout f l ow perturbati ons , was i n  the range of  0 . 8 ± 0 . 2 and agreed w ith 
recommended v a l ues i n  standard hydrau l i c handboo ks . 

3 . 4 . 3  PWR S ump Performance Duri ng S i mul ated Acc i dent Condi t i ons  ( Perturbed 
F l ow) 

The fol l owi ng  i tems were con s i dered i n  eva l uat i ng s ump performance under per
turbed f l ow condi ti ons : 

( 1) Screen B l oc kage 

Screen b l ockages up to 75% of the s ump screen res u l ted i n  a i r  i ngesti on l evel s 
s i mi l ar to those noted under 3 . 4 . 2 ( 2 )  above . 

( 2 )  Nonuni form Approach F l ow D i stri b uti ons 

Nonuni form approach f l ows , part i c u l arly  streami ng fl ow ,  genera l ly  i ncreased 
s u rface vortexi ng and the assoc i ated vo i d  fracti o n .  

( 3 )  Dra i n  and Break F l ow 

Dra i n  and break f l ow effects were genera l l y  found not to cause any addi ti onal 
a i r i ngesti on . They reduced vortexi ng sever i t i e s  by surface wave act i o n .  

( 4 )  Obstructi ons  

Obstructi ons 2 feet or l es s  i n  cross- secti on had no i nfl uence on vortexi ng , 
a i r wi thdrawa l s ,  swi rl , or  i n l et l os ses . 

( 5 )  Trans i ents 

Under trans i ent startup condi ti ons , momentary vorti ces were strong , but no 
ai r- core vort i ces gi vi ng wi thdrawa l s exceedi ng 5% v o i d  fracti on ( !-mi nute 
average ) were observed . 

3 . 4 . 4  Geometri c  and Des i gn Effects (Unperturbed F l ow Tests ) 

I n  genera l , no cons i stent trends app l i cab l e  for the enti re range of tests were 
observed i n  the data between the hydraul i c response of the s ump ( ai r wi thdrawa l , 
swi rl , etc . ) and secondary geometri c parameters . However , for some ranges of 
f l ow and s ubmergence , the fo l l owi ng  observati ons  are app l i cabl e :  

( 1 )  Greater depth from contai nment fl oor to the p i pe centerl i ne reduces s urface 
vortexi ng and swi rl . 

( 2 )  Lower approach fl ow depths wi th h i gher approach ve l oc i ti es may cause 
i ncreased turbu l ence l evel s serv i ng to di s s i pate surface vortexi ng .  

(3 )  Suct i on p i pe i n l ets l ocated wi th l es s  di stance to  the  adj acent s ump wal l 
and greater p i pe spac i ng reduces vortexi ng and swi r l . 
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(4)  There i s  no advantage i n  extendi ng the s ucti on  p i pe beyond 1 p i pe di ameter 
from the wa l l .  

3 . 4 . 5 Des i gn or Operati onal I tems of Spec i al Concern i n  PWR ECCS Sumps 

( 1 )  Pump I ntake Ori entat i on 

Compari son  of vert i ca l  i ntake data to correspondi ng hori zontal i ntake data 
s howed mi nor di fferences i n  hydraul i c performance for s umps of the same geometry 
and f l ow condi ti o n s . Average vortex types agreed wi th i n  ± 1 (types range from 
1 ,  i ncoherent surface swi rl , to 6 ,  ful l a i r core to p ump i ntake ) ; a i r wi thdrawal s 
were somewhat h i gher for verti cal i ntake s umps but u s ua l ly  w ith i n  1% ( 30-mi nute 
average s )  to 4% ( 1- and 5-mi nute average s ) ; swi r l  angl es  di ffered on ly  with i n 
± 1° . Both verti cal  and hori zontal i ntake s umps performed better under per
turbed fl ow when the p i pe i n l ets were c l oser to an  adjacent wal l rather than at 
the center of the s ump . 

( 2 )  S i ngl e I ntake Sumps 

Two s ump confi gurati ons  (4  x 4 feet and 7 x 5 feet i n  p l an ,  both 4 . 5 feet deep 
wi th 12- i nch-di ameter i ntake s )  were tested under unperturbed ( u n i form) and 
perturbed approach fl ows wi th screen b l ockages up to 75% of the screen area .  
For both the confi gurati ons , unperturbed f l ow tests  i ndi cated a i r wi thdrawa l s 
were a l ways l es s  than 1% by vol ume for the enti re range of tested f l ows and 
s ubmergences ( F r  0 . 3 to 1 . 6 . ) .  Even wi th perturbed f l ows , zero or  near zero 
ai r wi thdrawal s were measured i n  both s umps for Froude numbers l es s  than 0 . 8 ,  
s uggesti ng i ns i gn i f i cant vortex i ng prob l ems . For Froude numbers above 0 . 8 ,  a 
few tests i ndi cated s i gni fi cant ly  h i gh ai r wi thdrawal ( up to 17 . 4% ai r by vo l ume ; 
1-mi nute average ) espec i a l l y  for the smal l er s i zed s ump . Measured swi r l  va l ues 
i n  the p i pes were i ns i gn i f i cant for both the tested s umps , i n  the range of 2 to 
3 degrees ,  even wi th fl ow perturbati ons . The i n l et l os s  coeff i c i e nts for both 
s ump confi gurati ons  were i n  the expected ranges for s uch protrudi ng i n l ets , 
0 . 8  ± 0 . 2 .  

( 3 )  Dual - I ntake S umps wi th Sol i d  Parti ti on  Wal l s  

Four dual - i ntake s ump confi gurati ons  (one 20  x 10- foot s ump wi th 24- i nch di ameter 
i ntakes and three 8 x 10- foot s umps wi th 24- i nch , 12- i nch , and 6- i nch i ntakes , 
respect i ve l y )  were tes ted wi th s o l i d  part i ti on  wal l s  i n  the s umps between the 
p i pe i n l ets and wi th on ly  one i ntake operati onal . None of the tests i ndi cated 
any s i gni fi cant i ncreases i n  vortexi ng ,  a i r wi thdrawa l , swi r l , or i n l et l osses  
compared to  dua l  p i pe operat i o n  wi thout parti ti on wal l s .  Thus , a parti ti on 
wal l i n  a s ump shoul d not cause any addi t i onal  probl ems when only one p i pe i s  
operati ng .  

(4)  Bel l mouths at  P ipe Entrance 

L imi ted tests on a s ump confi gurati on  were conducted wi th and wi thout a be l l 
mouth attachment to the 12- i nch  i ntake s .  Addi ng be l l mouths at the p i pe entrances 
di d not res u l t i n  any s i gn i fi cant changes i n  the vortex types ,  a i r wi thdrawal s ,  
and p i pe swi rl compared to those that otherwi se exi sted under the s ame hydrau l i c  
condi ti ons . A n  expected reducti on of  up to about 40% i n  i n l et l osses  was 
noti ced wi th the add i t i o n  of a bel l mouth . 
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( 5 )  Cover P l ate 

A so l i d  top cover p l ate over the s ump was effecti ve i n  s uppres s i ng vorti ces 
as l ong as  the cover p l ate was submerged and proper vent i ng of  ai r from under
neath was prov i ded.  No ai r drawi ng vorti ces were observed for the submerged 
cover p l ate tests , and no s i gn i fi cant changes i n  swi r l  or l os s  coeff i c i ents 
occurred .  

(6)  Vortex S uppres sors 

Cage- s haped vortex s uppres sors made of  fl oor grati ng i n  the form of c ubes 3 
and 4 feet on a s i de and s i ng l e or mul ti p l e  l ayers of hori zontal f l oor grati ngs 
over the enti re s ump area were found to be effecti ve i n  s uppres s i ng vorti ces 
and reduc i ng a1r i nges tion  to zero . These suppres sors were tested i n  sump 
confi gurati ons  u s i ng  12- i nc h-d i ameter i ntake pi pes , and wi th the water l evel s  
rangi ng  from 0 . 5 foot to 6 . 5 feet above the top o f  the s uppres sors . Adverse 
screen b l oc kages were i mposed on these s ump confi gurati ons , wh i c h  produced 
con s i derab l e  ai r i ngesti on and strong vortexi ng wi thout the suppressors ; thus , 
the effecti veness of the s uppressors was tested when hydrau l i c cond i ti ons  were 
l east des i rab l e .  The s uppressors a l so  reduced p i pe swi r l  and d i d not cause any 
s i gn i fi cant i ncrease i n  i n l et l os ses . Both the cage- s haped grati ng s uppressors 
and the hori zontal f l oor grates were made of standard 1 . 5- i nch  f l oor grates . 

Tests on  a cage - s haped s uppressor l es s  than 3 feet on  a s i de i nd i cated the 
exi stence of a i r-core vorti ces for certai n ranges of  f l ow and s ubmergences , 
even though a i r  wi thdrawa l s were found to be reduced to i ns i gn i fi cant l evel s .  

Therefore , ei ther proper ly  s i zed cage- s haped s uppres sors made o f  f l oor grati ng 
or fl oor grati ng  over the enti re s ump area may be used to reduce ai r- i ngesti on 
to zero i n  cases where the s ump des i gn and/or approach f l ow creates otherwi se  
undes i rab l e vortexi ng and  ai r i ngesti o n .  

( 7 )  Sca l e Model  Tests 

To eval uate the use  of  reduced- sca l e hydrau l i c  mode l s to determi ne the perfor
mance of contai nment emergency s umps and to i nvesti gate , i n  part i cu l ar ,  pos s i b l e 
scal e effects i n  mode l i ng the hydrau l i c  phenomenon of  concern , a test  program 
i nvo l v i ng two reduced- sca l e mode l s  ( 1 : 2 and 1 : 4)  of a fu l l - s i ze s ump ( 1 : 1)  was 
undertaken ( NUREG/CR-2760 ) .  

The test res u l ts show that the hydrau l i c mode l s predi cted the hydrau l i c  perfor
mance of  the fu l l - s i zed s ump ; name l y , vortexi ng , a i r i nges t i o n  from free s urface 
vorti ces , p i pe fl ow swi rl , and the i n l et l os s  coeff i c i ent .  No scal e effects on  
vortexi ng or ai r wi thdrawa l s were apparent wi thi n the  tested range for  both 
mode l s .  However ,  an accurate predi cti on of  p i pe f l ow swi r l  and i n l et l os s  
coeffi c i ent was found to requi re that the approach fl ow Reyno l ds number and the 
p i pe Reynol ds number be above certai n l i m i ts . 

Based on these res u l ts ,  i t  i s  concl uded that proper ly  des i gned and operated 
reduced- scal e hydraul i c  mode l s of geometri c scal e s  1 : 4 or  l arger cou l d be used 
to properl y  eval uate the hydraul i c  performance of  a s ump des i gn .  Eval uati ons  
of s ump hydraul i c  model stud i es conducted i n  the past can be deri ved from thi s 
seri es  of tests . 

NUREG-0897 , Rev i s i on 1 3-74 October 1985 



(8)  Pump Overspeed Tests 

Two 8 x 10 x 4 . 5- foot sumps (one with hori zontal s ucti on i ntakes and one wi th  
verti cal sucti on i ntake s )  were tested at  h i gher f l ow rates to  s i mu l ate p ump 
overspeed or run out ( to Froude number 1 . 6 )  condi ti ons .  No strong a i r- core 
vorti ces were observed wi th ai r-withdrawa l s greater than 1% ( 1-mi nute or  
30-mi nute average s ) .  

Maxi mum reco rded p i pe swi r l  ang l e was 0 . 9° ( at 14 . 5 p i pe di ameters from entrance ) ;  
i n l et l os s  coeff i c i ents averaged 0 . 8  ( NUREG/CR- 2761 ) .  

( 9 )  H i gh Temperature Tests 

A seri es of tests were performed on hori zontal s ucti on i ntake , and the con c l u
s i on was that changi ng water temperatures over the range from 40° F to 165 ° F  had 
no s i gni fi cant effect on s ump hydrau l i c performance parameters (NUREG/CR- 2758 , 
Secti on 4 . 6 . ) .  

3 . 4 . 6 BWR Sucti on P i pe I ntakes 

Because BWR p l ants do not have a s ump or a f l oor depres s i on with  s urround i ng  
screens and  grati ngs , typ i ca l  res i dual heat removal system s ucti on  p i pe i n l et 
confi gurati ons  appl i cabl e to Mark I ,  Mark I I ,  and Mark I I I  contai nment des i gns  
were i nvesti gated i n  fu l l - scal e fl ow experi ments . F i gure 3 . 41 s hows the two 
i n l et p i pe and strai ner confi gurati ons  of the three des i gns under con s i derat i o n .  

Key parameters o f  i nterest were ai r- i ngesti on l eve l s ,  vortex formati on , s ucti on 
p i pe swi r l , and the RHR i n l et press ure l os s  coeff i c i ent.  The tests  were con
ducted wi th both perturbed and unperturbed approach fl ows to the i n l ets , a s  
i nd i cated i n  F i gure 3 . 42 .  F l ows ranged from 2000 to 12000 gpm p e r  p i pe , wh i l e  
submergences vari ed from 2 to 5 feet .  The res u l ti ng F roude n umbers ranged from 
about 0 . 2 to 1 . 1 .  

F i gures 3 . 43 and  3 . 44 s how the  tes t-average ( 30-mi nute ) and  1-mi nute vo i d  frac
ti ons for the two i n l et confi gurati ons  (A and B )  and the var i ous  f l ow schemes 
exami ned . E ssenti a l ly  zero ai r wi thdrawal was measured for both confi gurati ons  
at  Froude numbers < 0 . 6 under a l l tested approach f l ows . For the  doub l e  i n l et 
or  tee i n l et des i gn ( confi gurati on A ) , maxi mum ai r wi thdrawal was l es s  than 
0 . 5% at a l l Froude numbers exami ned. For the s i ng l e i n l et des i gn ( confi gura
t i o n  B ) , ai r core vorti ces drawi ng up to 4% ai r by vol ume were observed to form 
at a Froude number above 0 . 6 under perturbed approach f l ows . 

No ai r- core vorti ces were observed for e i ther i n l et confi gurati on  over the 
enti re range of tested f l ows at s ubmergences equal to or  above 3 . 5 feet ( F roude 
< 0 . 6 ) .  Swi rl ang l e i n  the confi gurati on B i n l et p i pe ranged from 0 to 3° , whi l e  
the confi gurat i o n  A p i pe swi rl ang l e fe l l between 2 and 7° for the Froude numbers 
tested. 

The meas ured i n l et l os s  coeffi c i ents expres sed i n  terms of s ucti on  p i pe ve l oc i ty 
head averaged to about 1 . 7 and 1 . 0 for confi gurati ons  A and B respecti vel y .  
The l os s  coeffi ci ents refl ect entrance , stra i ne r ,  and tee l os ses  ( i f  app l i cabl e ) .  
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4 I NDEPENDENT PROGRAM TECHNICAL  REV I EWS 

I ndependent program techn i ca l  rev i ews were conducted be fore and duri ng key 
phases o f  the work reported i n  Secti on 3 to so l i c i t  comments and techni cal v i ews 
about the program ' s  di rect i o n  and goal s from experts not connected wi th the i m
p l ementati on and executi on of Tas k Acti on P l an (TAP ) A-43 . The revi ewers were 
s e l ected from among the foremost  authori t i e s  i n  each of the areas rev i ewed.  
Two rev i ews were conducted: s ump hydraul i c  performance and i ns u l at i o n  debri s 
cal cul ati onal  methods effects . 

4 . 1 Sump Hydraul i c  Performance Rev i ew 

The s ump hydrau l i c performance rev i ew con s i s ted of two panel meeti ngs , *  hel d on 
March 17 and J une 4 ,  1981. The pri mary purpose  of the fi rst meeti ng was to i n
troduce i n  deta i l the program p l an and i n i ti a l test res u l ts .  The second meeti ng 
was pri mari l y  for rev i ewer fo l l owup response  and comment.  Add i t i onal ly , at both 
meeti ngs  the rev i ewers were prov i ded wi th p re l i mi nary p rogram redi recti ons .  
T hey were a s ked to comment o n  res u l ts to date and gi ve an analys i s  of the pro
posed future program p l an . Overal l ,  the rev i ewers approved of the program , the 
experi mental test p l an ,  i ts conduct , and data analys i s .  They conc l uded that the 
program was appropri ate . for res o l v i ng the s ump hydraul i c performance i ss ue s .  

D i vergent op i ni ons  emerged duri ng the rev i ew concern i ng the potenti a l  for pump 
performance degradati on when the fl u i d  temperature was near saturati o n .  Some 
concerns were expres sed regardi ng the pos s i b i l i ty of degraded pump performance 
as a resul t of cav i tati on or the rel ease of di s s o l ved ai r i nto the water i n  the 
s ucti on l i ne s  l eadi ng to the pumps . Other opi n i ons s uggested that pump perfor
mance s hou l d  be sati s factory at coo l ant temperatures near saturati on , because 
the (1) s o l ubi l i ty of  ai r i n  water i s  l ow near saturati on and , (2) i f  cav i tat i o n  
were not occurri ng i n  the pump , any v o i ds wou l d  col l apse as a res u l t o f  the sta
t i c  pre ssure i ncrease wi th depth i n  the s ump . These  col l aps i ng bubb l es wou l d  
then form a turb u l ent envi ronment and i nh i bi t surface vortex acti v i ty .  A l though 
the pump i s s ues rai sed by the revi ewers are i nd i rectly perti nent to the s ump 
hydrau l i cs program , they are a part of US!  A-43 and have been addressed  ( see 
Secti on  3 . 2 ) . 

*Meeti ngs  were hel d on March 17 , 1981 , at Germantown , Maryl and , and J une 4 ,  
1981 , at Al den Research Laboratory of Worces ter  Pol ytechni c I nsti tute , 
Hol den , Mas sachusetts . Those attendi ng and the i r affi l i at i ons  were P .  Tu l l i s/  
Utah State Uni vers i ty ;  D .  S i mons/S i mons , L i  and Assoc i ates ; R .  Gardi ner/ 
Wes tern Canada Hydraul i c  Laboratori es ; D .  Canup/D u ke Power Company ; 
W.  But l e r/NRC ; S .  Vi gander/Tennes see Val l ey Authori ty (TVA) ; J .  Kennedy/ 
Uni vers i ty of I owa ; and R .  Letendre/Combusti on Engi neeri ng , I n c .  ( R .  Letendre 
di d not attend the meeti ng of  J une 4 ,  1981 . ) Those  attendi ng were as ked to 
provi de formal wri tten responses  and comm:nts at the c l ose  of t�e s econ� 
meeti ng.  Cop i e s  of  the responses are ava1 l ab l e  through the Off1 ce of L 1 ght 
Water Safety Research , Department of Energy , Was h i ngton , DC . 
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I n  di rect response to revi ewer comments , e l evated temperature tests were per
formed i mmed i ately fol l owi ng the fi rst 25 confi gurati ons , wh i ch was earl i e r  i n  
the program than ori gi nal l y  p l anned . The exper imental res earch program d i d  not 
exami ne  the e ffects on operati on at temperatures near saturati on  condi ti o ns be
cause the operati onal  l i mi ts of the experi menta l fac i l i ty ( about 165° F ) . How
eve r ,  up to that l i mi t ,  no s i gn i fi cant or adverse temperature effects on s ump 
system performance were detected . 

An area of  genera l peer rev i ew group agreement was that s ump system performance 
wi th respect to ai r entrai nment cou l d  be i mproved i n  mos t  s ump configurati ons by 
the add i t i on o f  a vortex s uppress i on dev i ce ( s ) .  One revi ewe r ,  however ,  commented 
that such  a dev i ce ( s )  m i ght be removed duri ng some phase of  reactor operati ons 
and not be rep l aced . Such a pos s i b i l i ty ,  i n  h i s j udgment , was s u ffi c i ent j usti 
fi cati on  for an  experi mental research program that wou l d  a l l ow the devel opment 
of adequate s ump des i gn gui de l i nes  that were based upon j usti f i ab l e  phys i ca l  cr i
ter i a  ( i n  the  absence of  vortex s uppressors ) . The  res u l ts of  the  studi e s  pro
v i ded i n  Sect i o n  3 . 4  confi rm the effecti venes s  of  vortex s uppre s sors to reduce 
a i r i nges t i on to zero and prov i de hydrau l i c res u l ts for deve l op i ng acceptabl e  
s ump des i gn g u i de l i ne s .  

The adequacy of  rec i rcu l at i on s ump pumps for performi ng re l i ab l y  when  i ngesti ng 
ai r/water m ixtures was a matter of some concern to the rev i ew group . These 
concerns have been reso l ved by the deve l opment of  s ump des i gn gu i de l i nes  that 
take i nto account pump performance spec i fi cati ons under s uch condi ti ons . 

4 . 2 I n s u l ati on Debri s Effects Rev i ew 

The purpose of  the i ns u l ati on  debri s effects rev i ew was to determi ne the 
adequacy of methods (descri bed i n  Secti on 3 . 2  and i n  detai l i n  NUREG/CR-2791) 
to conservati vely  estimate quant i t i e s  of  i ns u l ati on  debr i s that mi ght be pro
duced i n  contai nment , i ts transport , and i ts potenti a l  for s ump s creen b l ockage . 

The revi ew was conducted i n  two phases . I n  the i n i t i a l  phase , a draft report 
descr i b i ng the methods was prov i ded to peer pane l and other rev i ewers* to so
l ic i t  the i r  comments . Rev i ewers provi ded h i gh ly  useful  cri t i c i sms and comments 
wi th recommendati on s  for i mprovements i n  the phys i ca l  bas i s  and r i gor of  the 
devel opment of  the debri s generation  and transport mode l s .  

The draft document was then modi fi ed i n  response to the comments of the revi ewers . 
The mod i f i ed document was transmi tted to the rev i ewers , who were then requested 
to prepare comments for a formal peer pane l rev i ew ,  wh i ch was the second phase 
of  the revi ew process . 

*The peer panel rev i ewers and thei r affi l i ati ons were R .  Gardi ner/Wes tern  
Canada Hydraul i c  Laboratori es ; D .  S i mons/Si mon s , L i  & Assoc i ate s , I nc . ; 
D .  Canup/Duke Power Company ; R .  Mango/Combusti o n  Engi neeri ng , I nc . ; P .  Tul l i s/ 
Utah State Unv i e rs i ty ;  J .  Kennedy/Un i ve rs i ty of  I owa ; W .  Butl er/NRC ; and 
S. Vi gander/TVA . Other revi ewers i nc l uded G. Wei gand/Sandi a and R. Bosna k ,  
G .  Mazeti s ,  and T .  Spe i s/NRC . The i r wri tten rev i ew comments are avai l ab l e  
through the NRC D i vi s i on of Safety Techno l ogy , N RC , Was h i ngton , D C  20555 . 
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Formal peer panel  revi ew took p l ace at NRC Headquarters on March 31 , 1 982 . Pan
e l i sts Kennedy and Canup were unab l e to attend the meet i ng ;  however , a n umber of 
other perso n s , i n  add i t i on to peer panel members , parti c i pated i n  the rev i ew . * 
Questi ons  that were rai sed duri ng the meeti ng and thei r di spos i ti on are g i ven 
be l ow. 

I t  was observed that , u nder some c i rcumstances ,  the amount  of debri s generated 
wi th the potenti al to mi grate to the s ump cou l d  be greater than that e s t i mated 
i n  the draft report . Thi s concern was reso l ved by determi n i ng  that the report 
wou l d  requ i re the se l ecti on of those p i pe break l ocati ons  and jet targets that 
wou l d  generate the maxi mum quant i t i es of  potenti al ly transportabl e  debr i s wi th
out regard to i n i ti al b l owdown and transport di rect i o n .  

Questi ons were rai sed about (1)  the app l i cabi l i ty of t h e  j et model u s e d  i n  the 
debri s generat i on porti on  of the report , (2) the a s s umpti on  of un i form d i stri 
b ut i on  of debrj s across  the face of the j et and , ( 3 )  the use  of  a 0 . 5-ps i stag
nat i o n  pre s s u re cutoff for debri s generati on . Reso l uti on  of i tem ( 1 )  was arri ved 
at by agreement that a modi f i ed Moody jet model (Moody , 1973 )  woul d be  a l l owed 
to mode l the jet .  I t  was agreed that the  stri pp i ng of a l l i ns u l at i o n  from p l ant 
and p i pi ng wi thi n the crane wal l and wi thi n the jet  rep rese nted a conservat i ve 
treatment o f  i ns u l ati on  debri s generat i o n .  

D i scuss i ons of i tem ( 2 )  conc l uded that a defi n i te probab i l i ty exi s ted  that de
bri s di stri bution  acro s s  the face of the jet woul d not be u n i form .  I t  was agreed 
that a d i stri buti on of debri s acro s s  the j et face wou l d be  provi ded that wou l d  
represent the geometri c di stri buti on  o f  i ns u l ati on  targeted by the jet  i n  the 
contai nment.  I n  addi ti on ,  because of uncertai nti es i n  j et transport to wal l s ,  
i t  was agreed that the quant i ti es of  debri s esti mated to exi t  through crane wal l 
open i ngs wou l d  be doub l ed.  

The use  of a 0 . 5-psi  s tagnat i o n  pre s s ure cut- off ( i tem ( 3 ) )  for i ns u l ati on dam
age was questi oned by a number of revi ewers . An SNL  staff member put forth 
techni cal v i ews on  the expected performance of j ets  under LOCA condi t i ons . He 
stated that centerl i ne stagnati o n  pre s sures above 15 p s i g  coul d be expected for 
at l east 5 di ameters downstream of  h i gh energy , h i gh pre s sure breaks . An Atom i c  
Energy Commi s s i on report (Gl as stone , 1981) was c i ted by Burns  and Roe a s  the 
ori gi n  of the cut-off esti mate for debri s generati on . ARL personnel  reported 
that pre l i mi nary experi ments at ARL have s hown that l i ttl e i ns u l at i on  damage oc
curred to f i brous i ns u l ati on as semb l i es up to 6 . 5-p s i  water j et pre s s ures . I t  
was agreed** that the 0 . 5-ps i s tagnati on pre s s ure represented a conservati ve  
treatment for the  onset of i ns u l ati o n  debri s generati o n .  I t  was  further agreed 
that the ass umpti on  that al l i ns u l at i on wi th i n the j et cone wou l d be transformed 
to i ns u l at i on debri s was conservat i v e .  Th i s  assumpti on was chosen to represent 
the vol ume w ith i n  whi ch i ns u l at i on  debri s wou l d  be  generated under the treatment 
p rovi ded i n  NUREG/CR- 2791 . The resu l ts of work performed subsequently on  these 
i s s ues  are prov i ded i n  Secti ons  3 . 3 and 5 . 3 of thi s report . 

*Other attendees were : S .  Hanauer ,  K .  Kni e l , C .  L i ang , P .  Nori an , F .  Orr , 
A .  Serki z ,  J .  Shapaker/NRC ; G .  Hec ker/Al den Research Laboratory ; E .  G ahan , 
J .  Wysocki /Burns and Roe ; W .  Swi ft/Creare , I n c . ; and P .  Strom and 
G .  Wei gand/Sandi a .  

**Thi s deci s i on has been  s upers eded by i nformat i o n  di scussed  i n  Sect i o n  3 . 3 .  
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D i scus s i ons  were hel d  on the phys i ca l  accuracy of  the mode l i n  representi ng pi pe 
whi p ,  p i pe i mpact , and the d i recti on of  moti on of  di s l odged i ns u l at ion  and i ts 
trajectory .  I t  was f i rst poi nted out that the quant i ty of i ns u l at i on generated 
by thi s mechan i sm wou l d amount to 10% or l es s  of that generated by jet forces .  
I t  was further poi nted out that the use  o f  the treatment i n  the report wou l d  
conservat i ve l y  esti mate the quanti t ies  o f  i ns u l at i o n  debri s produced by a mi nor 
contri butor to debri s producti on  and , as  s uch , was sati s facto ry. 

Questi ons  were rai sed on the treatment of  l ong term transport fo l l owi ng b l owdown . 
These questi o ns re l ated to 

(1)  rec i rcu l ati on f l ow vel oc i t i es wi thi n contai nment 

( 2 )  hydra u l i c  l i ft provi ded to s unken debr i s 

( 3 )  drawdown of  fl oat i ng debri s onto l es s  than ful l y  submerged s ump screens 
( i ce-j am effect) 

(4)  transport mechani sms of  s unken deb ri s ,  s uch as tumb l i ng and s l i d i ng 

I n  the reso l ut i on o f  quest i on ( 1) , agreement was reached to account for obstruc
ti ons i n  f l ow paths and s ub sequent f l ow expan s i on  ( Appendix  0 and NUREG/CR-2791) . 

Agreement was reached on questi on ( 2 )  that , for hori zontal ori entati on ,  l i ft 
woul d be  approx i mated by drag for hori zonta l debri s ,  wou l d  be zero for verti cal ly  
ori e nted debri s ,  and woul d  be di s regarded for  tumb l i ng debri s .  

I tem ( 3 )  was recogni zed as a potenti a l l y  i mportant mechani sm for screen b l ock
age . I t  wi l l  be treated by estab l i s hed methods avai l ab l e as descri bed i n  the 
l i terature , ( Uzuner , 1977 ; NUREG/CR-2791) . 

Tumb l i ng and other transport mechani sms ( i tem (4) ) coul d s i gn i f i cant l y  affect 
the movement of debri s towards screens . Pane l i sts agreed to treatments that 
they cons i dered to be conservati ve i n  dea l i ng w ith debri s  transported by these 
mechan i sms . Recent exper i ments at ARL have shown a wi de vari abi l i ty of transport 
characteri sti cs dependi ng on  the debri s geometry ( Sect i o n  3 . 3 ;  NUREG/CRs-2982 
and - 3616) . 

Arguments were rai sed that a peri od of debri s transport ( i ntermedi ate- to s hort
term transport and l ong-term transport , as defi ned here ) m i ght exi st .  I t  was 
postu l ated that transport duri ng s uch  an i nter i m  peri od mi ght seri ous l y  affect 
potenti a l  s ump b l oc kage . Because  the report a s s umes that a l l f l oat i ng debri s 
reaches the s ump , s uch an i nterim  m i grati on peri od wou l d  not affect the conse
quences of  s uch transport. Wi th respect to debri s o f  dens i ty equal to or  greater 
than u n i ty and i ts transport , di scu s s i on s  brought out v i ews that the l i ke l i hood 
of a s i gn i fi cant effect duri ng  s uch  an i nter i m  peri od wou l d  be m i nor , f l ow pat
terns wou l d  s how no preferenti a l  transport toward the s ump , and entrai nment 
wou l d  be h i gher i n  the rec i rc u l at i o n  mode than i n  the i nter im  peri od . 

An i s s ue that was not res o l ved concerned the behav i or o f  f i brous i ns u l ati on i n  
i ts mi grati on  toward a s ump and the potenti a l  for b l ockage by s uch materi a l . 
Because thi s  prob l em appears to exi st at on ly  a few p l ants , i t  i s  con s i dered 
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p l ant speci f i c .  Neverthel ess , i t  was an open i s s ue at the t i me of  the meeti ngs . 
Fo l l owi ng the meeti ngs , exper i me ntal studi es  were conducted at ARL to esti mate 
stagnati on p re s sures requ i red for the onset of debri s generati on  for nonencap
s u l ated mi neral wool and fi bergl ass  i ns u l ati ons (NUREG/CR- 3170) , the transport 
characteri sti c s  of  s uch debri s ,  and the pre s s ure l osses  at s ump screens caused 
by the accumu l at ion  of  fi brous debri s on screens ( NUREG/CR- 2982 ) .  These fi ndi ngs 
are refl ected i n  the fi ndi ngs provi ded i n  Secti ons 3 . 3 and 5 . 3 of  thi s report . 

Al l pane l i sts , except S .  V i gander of TVA , concl uded that the use  of the methods 
di scus sed wou l d  res u l t i n  conservat i ve esti mates of s ump screen b l ockage . 
Vi gander commented that whi l e  he was of the op i ni on that the treatment wou l d  
yi e l d  conservat i ve , perhaps u l tra-conservative , resu l ts , he cou l d  not wi th cer
tai nty arri ve at that conc l us i on .  He s ugges ted that uncertai nty analyses  b e  
conducted t o  estab l i s h the l evel s of  conservati sm ( i f  any)  that are provi ded i n  
the deve l opment. Other panel i sts agreed that quanti tati ve or qual i tati ve error 
analyses wou l d  be des i rab l e ,  al though the needs for such  analyses were deemed 
not to be i mmedi ate or  press i ng .  
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5 SUMMARY OF SUMP PERFORMANCE  TECHNI CAL F I ND I NGS 

5 . 1 General Overv i ew 

Emergency core cool i ng systems requi re a c l ean and rel i ab l e  water source for 
mai nta i n i ng l ong- term rec i rcul at i o n  fo l l owi ng a LOCA. PWRs re l y  on the contai n
ment emergency s ump to p rovi de s uc h  a water s uppl y  to res i dual heat removal pumps 
and contai nment spray pumps . BWRs re l y  on  pump s ucti on i ntakes l ocated i n  the 
s uppre s s i on poo l , or  wet wel l ,  to prov i de a water source to res i dual heat removal 
pumps and core spray pumps . Thus , rec i rcu l at i o n  pump performance under post- LOCA 
condi ti ons must be eval uated for both BWRs and PWRs . 

Typi cal techni ca l  cons i derati ons are shown i n  F i gure 5 . 1 .  Each maj or area of 
concern- -pump performance , s ump hydrau l i cs , and debri s generation  potenti al -- can 
be assessed s eparatel y ,  but the comb i ned effects of  al l three areas s hou l d then 
be assessed to determ i ne the overa l l effect on both the avai l ab l e  and requi red 
NPSH requi rements of the pump s .  The secti ons be l ow s ummari ze techni cal fi ndi ngs 
and p rov i de conc i s e  data sets . 

5 . 2 S ump Hydrau l i c  Performance 

Ful l - scal e tests s how that adequate PWR sump (or  BWR RHR s ucti on  i ntake )  hydrau
l i c performance i s  pri nci pal l y  a funct i on of depth of water ( the submergence 
l evel  of  the s ucti on p i pe )  and the rate of pump i ng ( s ucti on i n l et water vel oc i ty) . 
These var i ab l es can be comb i ned to form a d i mens i on l ess  quanti ty defi ned as the 
Froude number 

Froude number = U/� 
where 

U = s ucti on p i pe mean ve l oc i ty 
s = s ubmergence (water depth from s urface to s ucti on  p i pe centerl i ne )  
g = acce l erati on  due to gravi ty 

The extent of ai r i ngesti on i s  the pri nci pal parameter to be determi ned . Sma l l 
amounts of ai r ( l es s  than 2% by vol ume) do not s i gn i f i cantl y  degrade pump i ng 
capaci ty (Merry , 1976 ; Murakami and M i nemura , 1977 ; and F l orjanc i c ,  1970 ) . Gen
eral l y  speaki ng , ful l - scal e tests reveal ed l ow l eve l s of  a i r  i nges t i o n  (< 2%) 
over a wi de range of Froude numbers desp i te the p resence of ai r- core vorti ces . 
Other hydraul i c effects , s uch as  i ntake swi rl , were found to be smal l ,  and i n l et 
l os s  coeffi ci ents were i n  agreement wi th handbook val ues  for s i mi l ar i ntake 
geometri e s .  

Secti on  3 . 4  s ummari zes the res u l ts of  fu l l - scal e  PWR s ump hydraul i c tests  and 
BWR s ucti on i n l et tests . F i gures  3 . 34 and 3 . 37 s how typi cal voi d  fracti on  data 
as a functi on of Froude number for PWR s umps ; F i gures 3 . 43 and 3 . 44 s how v o i d  
fracti on  data for BWR s ucti o n  i n l ets . More detai l ed res u l ts are prov i ded i n  
NUREG/CR- 2758 ; NUREG/CR- 2759 ; NUREG/CR- 2760 ; NUREG/CR- 2761 ; and NUREG/CR-2772 . 
Genera l l y ,  s ump (or  s ucti on  i ntake) des i gn acceptab i l i ty s houl d be based upon 
a � 2% ai r i ngesti on  cri teri o n .  
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DEBRIS 
• Types, Quantities, and Location 

of Insulation 

• Containment Layout and Break 
Locations 

• Estimate Quantity of Debris 
Generated 

1 

• Short-Term Tr:ansport by 
Blowdown Jet 

• Long-Term Transport by 
Recirculation Velocities 

• Potential for Interceptor 
Blockage 

• Head Loss Across Interceptors 

SUMPS 

• Location In Plant; 
Redundancy 

• Geometric Parameters 

• Interceptors (Racks, Screens), 
Cover, etc. 

• Hydraulic Characteristics 

- Water Level Above Sump Outlet 
- Sump Outlet Velocity 
-Air Ingestion 
-Inlet Losses 

• I Is There Adequate N PSH Margin • Under All Post LOCA Conditions? 

PUMPS 

• Pump Design and Operating 
Characteristics 

• N PSH Requirements (No Air) 

• Sump and Suction Piping - Losses 

• Effects of Air Ingestion on 
N PSH Required 

• Cavitation Potential 

- Inlet Design 
- Temperature Effects 

• Effects of Particulate and 
Debris Ingestion 

• N PSH Required 

,. N PSH Available 

F i gure 5 . 1 Techni cal con s i derati ons re l evant to ECCS s ump performance 



PWR s ump hydra u l i c  performance can , therefore , be asses sed as fo l l ows : 

(1)  Tab l e  5 . 1 s ummari zes the cond i ti ons for PWR type sump des i gns  whe re 
negl i gi b l e  (or  zero ) a i r i ngesti on wou l d  exi st .  Adequate s ubmerg ence 
and l ow i ntake vel oc i ti es are the key parameters der i ved from ARL tests . 

( 2 )  I f  the adequacy of the s ump geometri c des i gn and hydrau l i c  performance 
i s  to be based on ai r i ngesti on l evel s of  < 2% , s uch  asses sments 
can be made us i ng Tab l es 5 . 2 ,  5 . 3 ,  5 . 4 ,  and 5 . 5 .  Under s uch  cond i t i ons , 
s ump des i gn features s houl d be  comparabl e  wi th those s ump geometri e s  
tested at ARL and as noted i n  these tab l e s .  

( 3 )  Vortex s uppres sors prov i de a very effecti ve means to ach i eve zero a i r 
i ngesti o n .  Vortex s uppres s i on dev i ces s uch  as those s hown i n  Tab l e  5 . 6  
have been s hown to reduce a i r i ngesti on meas ured l eve l s  to zero o n  PWR 
sump des i gn s .  

( 4 )  Tab l e  5 . 7 provi des addi ti onal i nformati on perti nent to screens a n d  
grates that cou l d  affect PWR s ump hydraul i c  performance a n d  repre s e nts 
the types tested at ARL.  

(5) E l evated water temperature has been s hown to have negl i g i b l e  effect on  
s ump hydrau l i c  performance i n  fu l l - scal e tests conducted at  temperatures 
up to 165° F .  

BWR pump s ucti on i ntake des i gns  ( emp l oyi ng s uct i o n  strai ners ) that res u l t i n  
Fr < 0 . 6 were found to have i ns i gn i f i cant ai r i ngesti o n .  NUREG/CR-2772 reports 
experi mental fi ndi ngs for Mark I ,  Mark I I ,  and I I I  i ntake des i gns . 

5 . 3 Debri s Asses sments 

Debri s assessments shou l d  cons i de r  the i n i t i at i ng mechan i sms (pipe  bre a k  
l ocati ons , ori entati ons , a nd break j et energy content) , the amount of  debri s 
that mi ght be generated , s hort- and l ong- term transport , the potenti a l  for 
PWR s ump screen or  BWR s ucti on  stra i ner b l oc kage , and head l os ses  that coul d 
degrade avai l abl e NPSH . I n  addi t i o n , an eval uati on of the effects of  smal l 
debri s (or  parti cul ate s )  that can pass through screens or  s trai ners s ho u l d  be 
made . Parti cul ate effects on beari ng and seal  systems shou l d  be eval uated.  
Tab l e  5 . 8  outl i nes  key con s i derati ons  requ i r i ng eva l uat i on .  

To  eval uate potenti al  debri s effects , the fo l l owi ng i nformati on  i s  needed :  

( 1 )  Identi fi cati on of major  break l ocati ons (per S R P  3 . 6 . 2 ) and j e t  e ne rgy 
l eve l s .  

( 2 )  Types  and quanti t i e s  o f  i ns u l ati ons emp l oyed , and methods o f  fab r i cat i o n  
and i nstal l at i on ( i . e . , mechan i cal  attachments ) .  Materi a l  characteri sti c s  
o f  the i nsu l ati ons uti l i zed are i mportant for determi n i ng transport and 
head l os s  characteri sti cs . The p r i mary and secondary sys tem p i p i ng ,  reac
tor pressure vessel , and major  components ( PWR steam generators , reactor 
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Tab l e  5 . 1 Hydrau l i c des i gn f i ndi ngs* for zero a i r i ngesti on 

Item l Mi n i mum submergence , s 

r �:x�m�m Froude Number , I Maxi mum P i pe Vel oc i ty ,  

- ---- �  Hori zon�al
-:Ou�J ets 

( ft)  I 9 
(m)  -+- 2 .  7 

Fr  i t U ( ft/s ) 1 
(m/ s )  I 

0 . 25 

4 
1 . 2 

'-------·-------------·----·--·- - _J__ ·-

Verti cal Outl ets 

9 
2 . 7 

0 . 25 

4 
1 . 2 

*The hydrau l i c fi ndi ngs were estab l i s hed us i ng experi mental res u l ts from 

NUREG/CRs- 2758 , -2759 , and - 2760 , and the vari abl e  ranges over wh i ch s uch  

data were taken for sump geometr i e s  wh i ch were of  recti l i near des i gn .  
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Tab l e 5 . 2 Hydraul i c des i gn fi ndi ngs* for a i r i ngesti on < 2% 

Ho r i z o n t a l  O u t l e t s  Ve r t i c a l  

I tem D u a l  S i ng l e D u a l  

Co e f f i c i e n t  a 0 - 2 . 4 7  - 4 . 7 5  - 4 . 7 5  

C o e f f i c i e n t  0: 1  9 . 38 18 . 0 4 18 . 6 9 

Mi n i mum Subme rgence , s (ft) 7 . 5  8 . 0 7 . 5 
(m) 2 . 3 2 . 4  2 . 3 

Maximum F roude Number , Fr  0 . 5 0 . 4  0 . 4 

Maxi mum P i pe Ve l oc i ty ,  
U ( ft/s )  7 . 0 6. 5 6 . 0 

(m/s)  2 . 1 2 . 0 1 . 8 

Maxi mum Screen Face Ve l o�i ty 
( b l oc ked and m i n i mum 
s ubmergence ) (ft/s ) 3 . 0 3 . 0  3 . 0 

(m/ s )  0 . 9  0 . 9 0 . 9 

Maxi mum Approach F l ow 
Vel oc i ty ( ft/s )  0 . 36 0 . 36 0 . 36 

(m/s ) 0 . 11 0 . 11 0 . 11 

Maxi mum Sump Outl et 
Coeffi c i ent  C L  1 . 2 1 . 2 1 . 2 

Trash Rack 
/ Cover Plate 

-..r---J:....-----....� and i: ..-. . . •1 1 Debris Screen 
' '  � Mm•mum Water 

O u t l et s I 
-� 

S i n g l e tr. tc. 

- 9 . 14 

3 5 . 9 5  

10 

3 . 1 

0 . 3 

5 . 5  

1 . 7 

3 . 0 

0 . 9 

0 . 36 

0 . 11 

1 . 2 

*See note on Tabl e 5 . 1 .  Ai r i nges t i o n  a i s  emp i ri cal l y  cal cu l ated as a =  
a0 + a

1 
x Fr  

where a0 and a
1 

are coeffi c i ents deri ved from test  resu l ts as g i ven i n  the 

tab l e  be l ow 
**These  numbers are not from test data , b ut are extrapol ated .  
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Tab l e  5 . 3 Geometri c des i gn envel ope g u i de l i nes for hori zontal s ucti on outl ets + 

Sump 
Out l et 

Dua l 

S i ng l e  
---

Aspect 
Rat i o  

1 to 5 

1 to 5 

S i ze Sump Outlet Pos i ti on� 

Mi n .  
Per i meter 
( ft )  (m) e

y
/d (B - e

y
)/d c/d b/d 

36 11 

> 1  >3 > 1 .  5 > 1 

16 4 . 9 

Traah Rack 

1 
.. . 

�-=--=--=----=- �·· ... ·-�: 
I I �" tT f �. 
I I  b·· f 

f/d 

>4 

-

ex/d 

> 1 .  5 

I I  
I I  
I I  

I I I I +- L � 

I I I I d . 
I I ' I I I  c•• T 
I I Sump Pit ul 8 

! Lt_J. - - - - - - - · -1� � + I I ��� 

���,·��-=3�·��� � �8 - �  
L... - -+ + - - - - - - - r- - _, 

� J � J . . 
•• •• • • Aspect Retlo = L/8 e ..... r--f •l•e. Minimum Perimeter = 21L + 81 8 

+Di mens i ons  are a l ways measured to p i pe centerl i ne .  
*Preferred l ocati on .  

Screen I 
Mi n .  Area 

( ft2 ) (m2 ) 

75 7 I 

35
_ 

3 . 3J 



Tab l e 5 . 4 Geometr i c  des i gn envel ope g u i de l i nes  for verti cal sucti on outl ets + 
:z 
c 
:::0 
m 
G) r---

I 
0 ()) 
� 
-.....J 

S i ze Sump Out l et Pos i t i on* 

:::0 
ro 
< ..... 
(/'1 ..... 
0 
:::1 

� 

U'1 
I 

-.....J 

Sump 
Out l et 

Dual 

S i ngl e 

Aspect 
Rat i o  

1 to 5 

1 to 5 
- - -� 

Mi n .  
Peri meter 
( ft) (m) 

36 11 

16 4 . 9 
--- -� -�--

ey/d 

> 1  

L_ -- ---

( B  - ey)/d 

>1  

_ L___ --- --

Aspect Ratio = LIB 

c/d 

>0  

< 1 .  5 
--- --

C) 
n 
c+ 

Minimum Perimeter � 21l + 81 
0 
cr 
ro 
, 
� 
� � +Di mens i ons  are a l ways measured to p i pe centerl i ne .  

*Preferred l ocat i o n .  

b/d 

> 1  

----

f/d 

>4 

-
--- --

ex/d 

> 1 .  5 

• 

" 
I I 
I I 

Ji Sl I _  ot'�� 

I• B-�-• 

Screen 

M i n .  Area 
( ft2 ) (m2 ) 

75 7 

35 3 . 3 
---



Tab l e 5 . 5 Addi ti onal  con s i derati ons rel ated to s ump s i ze and p l acement 

1. The c l earance between the trash rack and any wal l or obstructi o n  of 
l ength £ equal to or  greater than the l ength of  the adjacent 
screen/grate ( Bs or  Ls ) shou l d  be at l east 4 feet ( 1 . 2 m) . 

2 .  A s o l i d  wal l o r  l arge obstructi on may form the boundary o f  the s ump o n  
o n e  s i de o n l y  (the s ump must have three s i des open t o  the approach fl ow) . 

3 .  These addi ti onal  cons i derati ons are prov i ded to ens ure that the 
experi mental data boundari es  ( upon wh i ch Tab l es 5 . 1 ,  5 . 2 ,  5 . 3 ,  and 5 . 4  
are based) res u l ti ng from the exper imental stud i es at ARL are noted. 

1- f > L  ., 1 l_�&> 
4 ft I. L. ..I (min)  . r- L • '  TF�*==========:: 11 
a. B : I Sump Pit I� 
j j ;r Ji .... h ""'' 
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l 1 I and 

L _ _  1 '- - - - - - - _ j l Debris Screen 
L:; _ _  + - - - - - - -t- + --J 

S u m p  Pit 

Trash Rack 
and 

Debris Screen 
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Tab l e  5 . 7 Screen , trash rac k ,  and cover p l ate des i gn fi ndi ngs* 

1 .  Mi n i mum p l ane face screen area s hou l d  be obtai ned from Tab l es 5 . 3 and 
5 . 4 . 

2 .  M i n i mum hei ght o f  open screen ( debri s i nterceptors)  s hou l d  b e  2 feet 
( 0 . 61 m ) . 

3 .  D i s tance from s ump s i de to screens , gs , may b e  any reasonab l e  val ue . 

4 .  Screen mesh  s hou l d  be 1/4 i nch ( 6 . 4  mm) or  f i ner .  

5 .  Trash  racks s hou l d  b e  verti cal l y  ori ented 1- to 1-1/2- i nch (25- to 38-mm) 
standard fl oor grate or equi val ent .  

6 .  The d i s tance between the screens  and trash  racks s hou l d b e  6 i nches 
( 15 . 2 em) or  l es s .  

7 .  A s o l i d  cover p l ate s hou l d  b e  mounted above the s ump and s hou l d  fu l ly  
cover the  trash  rac k.  The  cover p l ate s hou l d  be des i gned to ens ure 
the re l ease of a i r trapped be l ow the p l ate (a cover p l ate l ocated be l ow 
the mi n i mum water l evel i s  preferab l e ) .  

Trash Rack 

*These  des i gn fi ndi ngs are based on  fu l l - scal e tests  conducted at the 
Al den Research Laboratory .  
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Tab l e  5 . 6 F i ndi ngs for s e l ected vortex s uppre s s i on dev i ces* 

1 . C ub i c  arrangement of standard 1- 1/2- i nch ( 38-mm) deep or  deeper fl oor 
grati ng (or i ts equi val ent)  wi th a characteri sti c l ength , Qv ' that i s  

> 3 p i pe d i ameters and wi th the top of the cube s ubmerged at l east 6 i nches ( 15 . 2 em) bel ow the mi n i mum water l evel . Noncub i c  des i gns  wi th 
Q > 3 p i pe di ameters for the hori zontal upper grate and sati s fyi ng the v -
depth and d i stances to the mi n i mum water l evel  g i ven for cub i c  des i gn s  
are acceptabl e .  

2 .  Standard 1- 1/2 - i nch (38-mm)  o r  deeper fl oor grati ng (or  i ts equ i val ent)  
l ocated hori zontal l y  over the enti re s ump and contai nment fl oor i ns i de 
the screens and l ocated between 3 i nches ( 7 . 6 em) and 12 i nches ( 30 em) 
bel ow the mi n i mum water l evel . 

Dts i gn # 1 : 

Des i gn #2 : 

Solid Top Cover 
f t Standard 

Trash Rack 
and 

Debris Screen 

Trash Rack S�o�li�d�T�op�C�o�v�er___.___..--.------�� and 

1 1  g Minimum I I  Debris Screen 
---���-�------����----Mi l___.___.. • 1 Water Level I I  I I  

*Tests on these type s  of  vortex s uppressors  at ARL  have demonstrated the i r 
capab i l i ty to reduce ai r i ngesti on to zero even under the mos t  adverse 
condi t i ons  s i mu l ated .  
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Tab l e  5 . 8 Debri s asses sment cons i derati ons* 

Cons i derat i on 

( 1) Debri s generator 
{ p i pe breaks and l ocat i on 
as i denti f i ed i n  S RP 
Secti on  3 . 6 . 2 ) 

(2 )  Expandi ng j ets 

( 3 )  Short-term debri s transport 
( by b l owdown jet forces )  

(4)  Long-term debri s transport 
( transport to the s ump duri ng 
the rec i rcu l ati on  phas e )  

( 5 )  Screen (or  s ucti on  i ntake ) 
b l ockage effects ( i mpai rment of 
fl ow and/or NPSH margi n )  

Key e l ements for assessment 
of debri s effects 

Eval uate 

Majo r  p i pe breaks and l ocati on 

P i pe whi p and p i pe i mpact 

Break jet expan s i o n  envel ope ( the 
(major  debri s generators ) 

Jet expan s i on envel ope 

P i p i ng and p l ant components targeted 
( e . g . , steam generators ) 

Jet forces on  i ns u l ati on  

I ns u l ati on  that can  be destroyed or  
di s l odged by b l owdown jets  

S ump and  s ucti on  structures ( i . e . , 
screens ) ,  surv i vab i l i ty under jet 
l oadi ng 

Jet/equi pment i nteract i on 

Jet/crane wal l i nteracti on  

Sump l ocati on  rel at i ve to  expandi ng 
break jet 

Contai nment l ayout and s ump (or  
s ucti on)  Locati on s  

Phys i cal  characteri s t i cs of debr i s 

Rec i rcul ati on  vel oc i ty 

Debri s transport vel oci ty 

Screen (or  s ucti on  s trai ner) area 

Water l eve l  under post- LOCA cond i ti ons 

Rec i rcul ati on  fl ow requ i rements 

Head l os s  acros s  b l ocked s creen or 
s ucti on i ntakes 

Esti mated amount and type of  debri s 
that can reach s ump 

Predi cted screen (or  s ucti on )  b l oc kage 

AP across  b l ocked screens or s ucti on  
i ntakes  

NPSH requ i red vs .  NPSH avai l ab l e  

*Per debri s esti mat i o n  methods  descri bed i n  Sect i on 3 . 3 
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cool ant pumps , press uri zer , tanks , etc . ) that can become targets o f  expandi ng 
jet( s )  i denti fi ed under I tem (1 )  are i mportant i n  asses s i ng debri s generati o n .  
F o r  BWRs , the feedwater and rec i rcu l ati on p i p i ng and the steaml i ne s  are i mpor
tant i n  asses s i ng potenti a l  debri s generati o n .  

( 3 )  Contai nment p l an and e l evat i on drawi ngs s howi ng h i gh energy l i ne p i pi ng 
runs , system components , and the p i pi ng that are sources of  i ns u l at i on 
debri s s hou l d  be rev i ewed . Structures and system equi pment that become 
obstructi ons  to debri s transport as we l l as s ump l ocati on( s ) , are i mportant .  
Drawi ngs s howi ng PWR s ump des i gn and debri s screen deta i l s  are needed ; for 
BWRs , drawi ngs of downcomer i n l et des i gn ( from drywe l l  to wetwe l l ) ,  and RHR 
s ucti o n  i n l et and debri s strai ner des i gn detai l s  are needed . 

(4)  Expected contai nment water l evel s and rec i rcu l at i o n  ve l oc i t i e s  duri ng the 
post- LOCA rec i rcul ati on  peri od are needed to assess  debri s transport 
and NPSH effects ( see Append i x  D ) . 

Gener i c fi ndi ngs regardi ng deb r i s that m i ght be generated , transported , and 
l odged agai nst s ump screens (and the p l ant- speci fi c  dependence of  these  
phenomena) are  di scussed i n  Secti on 3 . 3 .  The fo l l owi ng paragraphs  s ummari ze 
the f i ndi ngs . 

Break l ocat i ons , type and s i ze of breaks , and break jet targets are major  
factors to  con s i der i n  the  esti mati on of potenti al  quant i t i es of debri s 
generated.  The break j et i s  a h i gh energy , two phase expans i on that i s  
capabl e  of  s hreddi ng i ns u l ati on  and i ns u l ati on  coveri ngs i nto smal l p i eces or 
fi bers by produc i ng h i gh  i mp i ngement press ures and l arge jet l oads . 

I f  the PWR s ump l ocat i o n  can be di rect ly  targeted by an expandi ng b reak jet , 
a c l ose  exami nat i on s hou l d be made of pos s i b l e jet l oad damage to s uch  
i ns u l at i ons  at  that l ocati on and  the i r pos s i b l e  prompt transport to  the  s ump ; 
j et l oads on s ump screens ,  etc . , a l so  shou l d  be eval uated.  

Low dens i ty i ns u l at i ons , s uch as cal c i um s i l i cate and Un i bestos� , that have 
c l osed cel l structures can fl oat . Thus , they are u n l i ke l y  to i mpede fl ow 
through screens i f  water l evel s are above screen he i ght.  Parti a l l y  submerged 
screen s  s houl d ,  however ,  be eval uated for pu l l down of f l oati ng  debri s ( Uzuner , 
1977) . Low dens i ty hygroscop i c  i ns u l ati ons  that , when wet , have s ubmerged den
s i ti es greater than water requi re p l ant- spec i fi c  determi nati ons  of screen (or  
strai ners ) b l oc kage e ffects . 

F i brous i nsu l at i ons ( s uch  as  m i neral woo l and f i bergl ass  materi a l s )  that are 
transported at l ow ve l oc i ti es have been s hown to p resent the poss i b i l i ty for 
total screen b l oc kages (NUREG/CR- 2982) .  Even i f  these materi a l s are depos i ted 
onto screens i n  l ayers of  re l at i ve l y  smal l thi c knes s (on  the order of  1 i nch or 
l es s ) , h i gh pre s sure drops can res ul t .  The potenti a l  for screen b l oc kage can 
be ca l cu l ated us i ng the methods provi ded i n  Secti ons  3 . 3 . 5 ,  3 . 3 . 6 ,  and 3 . 3 . 7 . 

The methods for debri s assessment noted above s hou l d  a l s o  be revi ewed i n  l i ght 
of Appendi ces  E and F .  Append i x  E prov i des i nformati on recei ved from D i amond 
Power Company about HDR test res u l ts on M I RROR� i ns u l at i o n  performance dur i ng 
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LOCA cond i ti ons . Appendi x  F provi des i nformat i o n  rece i ved from Owens-Corni ng 
about HDR b l owdown tests wi th NUKON� i ns u l at i on b l ankets . (The NRC staff response 
to thi s  i nformati on i s  i nc l uded i n  Appendi x A . ) 

5 . 4 P ump Performance Under Adverse Condi ti ons 

The pump i ndustry h i stori cal l y  has determi ned NPSH requi rements for pumps on 
the bas i s  o f  a percentage o f  degradati on i n  performance . The percentage i s  
arb i trary ,  but general l y  i s  1% or 3%. A 2% l i mi t on  a l l owed a i r i nges t i o n  was 
s e l ected i n  th i s  rev i ew because data s how that a i r i nges t i o n  l evel s  exceedi ng 
2% have the potent i a l  to produce s i gni fi cant head degradat i o n .  E i ther the 2% 
l i m i t  i n  a i r i ngest i on or  the NPSH req u i rement to l i m i t  cav i tati on  may be used 
i ndependentl y  when the two effects act i ndependentl y .  However , ai r i ngest i on 
l evel s l es s  than 2% wi l l  affect NPSH requ i rements . I n  determi n i ng these com
b i ned effects , the effects of ai r i ngesti on on NPSH requi red must be taken i nto 
account .  

A cal cul ati onal method for asses s i ng pump i n l et cond i ti ons i s  s hown i n  F i gure 5 . 2 .  
For a gi ven s ump des i gn ,  the fol l owi ng procedure can b e  fol l owed :  

( 1 )  

( 2 )  

( 3 )  

(4)  

( 5 )  

( 6 )  

(7 ) 

Determi ne the stat i c  water press u re at the s ump sucti on  p i pe after 
debri s b l ockage effects have been eval uated ( see Sect i o n  5 . 3 . ) .  For 
PWRs , the water l evel  i n  the s ump s ho u l d not be so l ow that a l i mi ti ng 
cri ti cal water depth occurs at the s ump edge i n  a way that fl ow i s  
restri cted i nto the s ump . 

Assess  the potent i a l  l evel  of  ai r i ngesti on  ( see Tab l e  5 . 2 )  u s i ng the 
c r i teri a i n  Secti on 5 . 2 .  

Determi ne pre s s ure l os ses  between suct i on p i pe i n l et and pump i nl et 
fl ange for the req u i red RHR and CSS f l ows . I f  the pump i n l et i s  l ocated 
l es s  than 14 p i pe di ameters from the s ucti on  p i pe i n l et ,  the effect of  
s ump- i nduced swi rl  s hou l d be eval uated ( see Sect i on 3 . 4) .  

Cal cu l ate the stati c press ure at the pump i n l et fl ange . Stati c pressure 
i s  equal to contai nment atmospheri c pre s s ure p l u s  the hydrostat i c  
pressure due t o  pump e l evat i o n  rel ati ve to s ump or  s uppress i on pool 
surface l evel , l es s  p re s s ure l osses  and the dynami c pressure due to 
vel oc i ty .  Note that no credi t i s  al l owed for contai nment overpre s sure , 
per SRP Secti on  6 . 2 . 2 .  

Cal cu l ate the ai r dens i ty at the pump i n l et ,  then cal cu l ate the a i r
vol ume fl ow rate at the pump i n l et ,  i ncorporati ng the den s i ty di fference 
from s ucti on  p i pe to the pump . 

I f  the cal cul ated ai r i ngesti on  i s  found to be < 2% , proceed to Step 7 .  I f  
the cal cul ated ai r i ngesti on  i s  greater than 2%� reassess  the s ump des i gn 
and operat i on per Sect i on 5 . 1 .  

Cal cul ate the NPSH avai l ab l e .  
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SUMP G EO N ETRY 
BLOCK AGE , 
FLOW R A T E  

S U M P  WA T E R  
LE VEL , Ps c 

DETE R N I N E  
A I R  I N G E S T I O N 

a - .,, s 

CA LCUL AT E  
P I  P I N G  

L OSSE S  I P, 

SUM P  T O  PUN P 
E L EVAT I O N  
CM A N GE Ph 

A I R  ING EST I ON ? 
a 5> 0 

CA L C ULA T E  
NP S H  

AVA I LA B LE 
r I 

CALC U LA TE 
� .  N P S H R 

C OM PA R E 
NPSH AVA I L  
AND N P SH R  

Y ES ... 
.. I 

C A L C U L AT E  
P UM P  I N  LE T 

S TAT I C  P R E SSU R E  
P p 

I 
CORRE C T  a ,  
F OR D E N S ITY 

CHAN G E , a p 

I 

l 
NPS H R  F RO M  
PUM P  C U R V E  

Fi gure 5 . 2 F l ow chart for cal c u l at i o n  of pump i n l et condi ti ons 
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(8) If ai r i ngesti on i s  i nd i cated , correct the NPSH req u i rement from the 
manufacturer • s  pump curves by the fol l owi ng re l at i ons h i p :  

where 

NPSHrequ i red(ai r/water)  = NPSHrequ i red(water)  x � 

� = 1 + 0 . 5 a p 

and a i s  the ai r i ngesti on rate ( i n  percent by vol ume ) at the pump p 
i n l et fl ange . 

( 9 )  I f  the NPSH avai l ab l e  from Step 7 i s  greater than the NPSH requi rement 
from Step 8 ,  i n l et cons i derati ons  wi l l  be sati sfi ed .  

I f  the above rev i ew procedure l eads t o  the conc l u s i on that a n  i nadequate NPSH 
marg i n  exi sts , further p l ant- speci fi c d i scus s i ons  must be undertaken wi th 
the app l i cant/l i censee for reso l ut i on of di fferences , uncertai nti es i n  
cal cu l ati ons , p l ant l ayout detai l s ,  etc . The l ac k  of cred i t  for contai nment 
overpre s s ure s hou l d  be recogni zed as a conservati sm that s hou l d  be assessed 
on  a p l ant- spec i fi c  basi s .  

I n  addi ti on , smal l part i cu l ate (or debri s )  i ngesti on  s hou l d be eval uated to as
sess pump beari ng and seal des i gn effects . Smal l parti c u l ates (wh i ch can pas s 
through PWR screens or  BWR s ucti on strai ners ) s ho u l d be as ses sed for adverse 
i mpacts on pump operat i on and pump beari ngs . 

5 . 5 Comb i ned Effects 

The fi ndi ngs s ummari zed i n  Secti ons 5 . 2 ,  5 . 3 ,  and 5 . 4 can be comb i ned as s hown 
i n  F i gure 5 . 3 for determi nat i on of adequate s ump performanc e .  Thi s sequence i s  
strai ght forward ; i t  beg i ns wi th assess i ng ai r i ngesti on potenti a l , fo l l owed 
by asses s i ng debri s b l ockage effects on NPSH margi ns , and conc l udi ng wi th pump 
performance under post- LOCA condi ti ons . 

To faci l i tate fi rst round , or scop i ng eval uati ons , the fol l owi ng gui dance i s  
prov i ded:  

( 1) Ai r I ngesti on  Potenti al  

(a)  I f  s ubmergence > 10 feet , i ntake ve l oc i ty < 4 ft/sec , and F r  
number < 0 . 2 5 ,  a =  0 ( see Tab l e  5 . 1 ) . 

( b )  I f  a >  2% ( see Tab l e 5 . 2 ) , vortex s uppres sors s houl d be cons i dered 
to reduce a to 0 ( see Tab l e  5 . 6) .  

( 2 )  Debri s B l ockage Potenti a l  

( a )  I f  rec i rcul ati on fl ow vel o c i t i es are l ow (< 0 . 15 ft/sec ) ,  transport 
of any debri s i s  h i gh l y  u n l i ke l y  ( see Tab l e  5 . 9 for a scop i ng 
assessment) . 
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SUMP DESIGN 

• Geometry & Location 
• Row Rete Required 

• Minimum Water Level 
• Post LOCA Conditions 
• lnauletlonlal Used 

HYDRAULIC CONSIDERATIONS 

• Air lngeetlon, a 
• Sump Outlet Conditions. 

PaTaUa etc. 

DEBRIS CONSIDERATIONS 

• Types, Quentltl• & Location 
of lneuletlonlal Employed 

• Eetlmeted Volume end Type 
of Debris 

• Minimum Submergence Level 
• Sump Hydreullc Lo-• 

..----•of • Reclrculetlon Row Penema 
end Velocltl• In Contelnment 

CORRECT DEFICIENCY 

• Vortu Supp,_re 
• Scele Model Dete 
• Other Dete 

DETERMINE NPSH PARAMETERS 

• Minimum Weter Level 
• ScrMn end Reck Lo-
• Sump end Piping Lo-
• Pump Inlet Conditions. 

PpTpap/Jp Up etc. 
• Containment Conditions 

Yea 

Locate Pump end 
D•lgn Piping 

B-Mn Sump 
end Pump 

No 

• Typee & Volume of Debris 
Transported 

• Sc,..n Blockege 
• Eetlmeted Heed Lou Aero .. 

Blocked Interceptor 14HBI 

No 

CORRECT NPSHR DEFICIENCY 

• R .. -. Reclrculetlon 
Requirements 

• Modify Interceptor 
• Replece Problem lneuletlonlal 

Y .. No 

PUMP PERFORMANCE 

• NPSHR 

• Cavitation end Pertlculete 
lng•tlon Behavior 

• Pump Performence Curv• 
• Air Ingestion Effects 

DEFINITIONS 
NPSH • Net Poeltlve Suction He1 
NPSHA - NPSH Avelleble 
NPSHR • NPSH Required 
a - Void Frectlon ( %  by Volume I 
p .  Pr ... ure 
T - Tempereture 
U - Velocity In Pipe 

Note: 
NPSHR ehould eccount 
for line lou• b-een 
sump end the pumps. 

F i gure 5 . 3 Comb i ned tech n i cal cons i de rati ons for s ump performance 
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Tab l e  5 . 9 F i rst round asses sment of screen b l ockage potenti al 

C r i te r i a  for • z e r o •  P o t e n t i a l  f o r  S c r e e n  B l o c k ag e  

� C r i te r i a  C r i te r i a  C r i te r i a  
1 2 3 

Vf b  0 0 > 0 

Vrm 0 > 0 a ny v a l u e  

Vee a ny value a ny v a l u e  a n y  v a l u e  

Vh g  0 0 0 

Of any value � 0 .  2 f t/sec < 
-

0 . 1 5 f t/sec 

Hw � H s � Hs � H s 

Vf b  = v o l ume o f  f i br o u s  i n s u l a t i o n  emp l oyed 
Vrm = · vol ume of r e f l e c t i ve m e t a l l i c  i n s u l a t i on ernp l o1ed 
Vee = v o l ume of closed cell i n s u l a t i o n  w i t h  a spec i f i c  

g r a v i ty l e s s  tha n 1 . 0  ( fo r  Hw � Hs ) th i s  
i n su l a t i o n  w i l l  f l o a t  o n  w a t e r  s u r f ac e  above t h e  
s ump . 

Vhg = vo lume o f  hyg r oscop i c  i ns u l a t i on employed 
Hw = w a t e r  level a t  s ump s c r e e n  
Hs = s ump s c r e e n  h e i g h t  
Of = f l ow ve l oc i ty a t  the s c r e e n  b a sed u p o n  t h e  sma l l e r  

o f  ( 1 )  t h e  s c r e en a r e a  tha t i s  s h i e ld e d  f r om pr omp t 
t r anspo r t o f  i n s u l a t io n  and below the m i n imum wa t e r 
l ev e l  o r  ( 2 ) the sma l l e s t  immed i a te , t o ta l app r o a c h 
f l ow-ar e a  to t h e  scr eens/g r a t e s  b e l o w  the m in imum 
w a t e r  l e ve l . 
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( b )  When cons i derab l e  quant i t i e s  of  fi brous ( i . e . , fi berg l as s )  
i ns u l at i o n  are empl oyed , the s i gn i fi cance o f  potenti al b l ockage 
can be qui ckly scoped by assumi ng materi al  withi n the 7 L/D cone 
envel ope ( see F i gure 3 . 25 )  i s  total l y  destroyed and that debri s 
vol ume i s  transported to the debri s scree n .  Because fi brous debri s 
b l oc kage head l osses  ( see Secti on  3 . 3 . 5 ) are a power functi on  
s uch  as  

�H  = a Ubtc 
B 

whi cp can be rewri tten as 

�HB = a (Q/A) b(V/A) c 

where 

Equati on ( 1 )  

Equat i o n  ( 2 )  

�B = head l os s  across  b l ocked screen 

Q = rec i rc u l ati o n  fl ow rate 

A = effecti ve (wetted) screen area 

V = vol ume of fi brous  debri s transported to debri s screen and 
di str i b uted uni formly thereon 

Therefore , a qui c k  assessment of  the head l os s  acro s s  a b l ocked 
screen area can be made and compared wi th the NPSHR .  F i gures 5 . 4  
and 5 . 5 pro v i de p l ots o f  transported deb r i s vol umes versus b l oc kage 
head l os s  for h i gh dens i ty and l ow dens i ty fi bergl ass  debri s and are 
based on exper i mental l y  deri ved head l os s  data for spec i f i c  materi al s 
( see Sect i o n  3 . 3 . 6 ) .  Materi al  dens i ty dependence i s  i l l ustrated by 
these fi gures and nece s s i tates obtai n i ng s i mi l ar correl at i o n  for 
other materi al s used . Thus , i f  a pri or assumpt i on i s  made that total 
transport occurs and the b l ocked screen cal cu l ated head l os s  i s  wi thi n 
NPSH margi ns , the most conservat i ve cal c u l at i on has been made . 

I f  unacceptabl e  s creen b l oc kage l osses  are cal cu l ated , more 
extensi ve eval uati ons , such as outl i ned i n  F i gure 5 . 6 ,  wi l l  be 
necessary.  

(c)  Refl ecti ve metal l i c i ns u l at i o n  debri s and  associ ated b l ockage 
effects s hou l d  be eval uated on a p l ant- spec i fi c  bas i s  uti l i z i ng 
the debri s consi derati ons  and fi ndi ngs di scussed i n  Secti ons 3 . 3 . 4  
and 3 . 3 . 5 . 

( d )  Comb i nati ons  of i ns u l ati ons  are more di ffi c u l t to assess  ( see 
Sect i o n  3 . 3 . 7) and requi re e s t i mati ng comb i ned b l oc kage effects . 
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( 1 )  BREAK LOCATIONS AND ORIENTATIONSJ 
(2) (3) � -------.. ,., lPIPE WHIP (PW) I PIPE lt.IPACT (PI) J I JET lt.IPINQEMENT (JI)J 

(�) t 
DETERMINE CONTAINMENT I VOLUME INTERCEPTED BY JET 

(8) ----- --------.. DETERMINE VOLUME Of FIBROUS (tl) (7) 
INSULATION REMOVED' AS DETERMINE JET VOLUME DETERMINE JET VOLUME SEGMENT 
SHREDDED FIBROUS DEBRIS. SEGMENT OUT TO CONE AXIS FROM CONE AXIS DISTANCE OF 
VPW' VPI' (SUBSCRIPTS DISTANCE Of 1 UD • 1 LI D8 TO 0.11 pal . 

REFER TO FORMATION 
Cel f WECHANISMS). 

IS INSULATION ENCAPSULATED ( 17) 
OR NONENCAPSULATED FIBROUS? 

DETERMINE AREAS Of AS-FABRICATED 

( 1 1) 
DETERMINE VOLUME FRACTIONS 
OF SHREDDED FIBROUS DEBRIS 
PROMPTLY TRANSPORTED TO SUMP 
0PW, 0P� 0JI 

( 1 3) 

YES N O  

� ( 1 0) 
DETERMINE VOLUioiE OF FIBROUS 
INSULATION REMOVED BY .ET, 
VOLUME • VJI 

� ( 1 2) 
CALCULATE MAXIMUM FLOW VELOCITY 
FOR FLOW PATHS WITHIN CONTAINMENT 
DURING RECIRCULATION MODE. DOES 
MAXIMUM FLOW VELOCITY EOUAL OR 
EXCEED DEBRIS TRANSPORT VELOCITY 
REQUIRED? 

J §] 
DEBRIS' AT SUWP IS ( 111) ....... .. ......... ....... � V • V • V • V NO PW PI Jl AS-FABRICATED DEBRIS DOES I NOT MIGRATE TO SUMP 

( 1 .) (2 1 )  

VOLUME OF SHREDDED FIBROUS AREA NOT BLOCKED B Y  AS-
DEBRIS AT SUMP IS FABRICATED INSULATION IS YES 

apw Vpw• a p1Vp1 + aJIVJI •  V A-Af. A-Am OR A-(At+ Aml 

( 1 5) + 
CALCULATED THICKNESS OF ( t tl) 
SHREDDED FIBROUS DEBRIS AT � SUMP, I • VIAe CALCULATE HEAD LOSS THROUGH 

UNBLOCKED SUMP AREA FOR 
DEBRIS THICKNESS, I 

(23) 
DEBRIS ANALYSIS INPUT TO SUMP 
DESIGN (SEE FIGURE 5 .• ) 

Vp w - VOLUME OF SHREDDED FIBROUS INSULATION REioiOVED BY PIPE WHIP. (FT3) 
Vp1 - VOLUME OF SHREDDED FIBROUS INSULATION REMOVED BY PIPE IMPACT. (FT3) 
VJI - VOLUME OF SHREDDED FIBROUS INSULATION REMOVED B Y  JET IMPINGEMENT, (FT3) 

INSULATION DISLODGED BY JET. 
At • AREA OF FIBROUS, 
Am • AREA OF REFLECTIVE METALLIC 

( t l) 
ASSUME DEBRIS BECOMES ALIGNED 
VERTICALLY ON SUMP SCREEN TO 
HEIGHT Of AS-FABRICATED 
MAXIMUM DIMENSION, H1 

(20) � 
Ls lltiH, AmiH OR (A +A"')IH1 LESS 

THAN THE SUMP PERIMETER, P1 

(2 $ 
AREA NOT BLOCKED BY AS-
FABRICATED INSULATION IS A-H I 

O pw - FRACTION OF VOLUME OF SHREDDED INSULATION CAUSED BY PIPE WHIP PROMPTLY TRANSPORTED TO SUMP. 
o pl - FRACTION OF VOLUME OF SHREDDED INSULATION CAUSED B Y  PIPE IMPACT PROMPTLY TRANSPORTED TO SUMP. 
oj1 - FRACTION OF VOlUME OF SHREDDED IN SULATION CAUSED BY JET IMPINGEMENT PROMPTLY TRANSPORTED TO SUMP. 
LID - RATIO OF JET 'LENGTH TO PIPE DIAMETER. 

V - TOTAL VOLUME OF SHREDDED DEBRIS TRANSPORTED TO SUMP SCREEN.(FT3) 
At - AREA OF AS-FABRICATED FIBROUS INSULATION DISLODGED BY JET. (FT3) 
Am - AREA OF AS-FABRICATED REFLECTIVE MET ALLIC INSULATION DISLODGED BY JET. CFT2l 

A - AREA 01' SUMP SCREEN. (I'T2 ) 
Ae t- EFFECTIVE UNBLOCKED SUMP SCREEN AREA (AREA AVAilABLE FOR FLOW) (n2) 
H1 - MAXIMUM LINE AR DIMENSION OF AS-FABRICATED INSULATION. (FT) 
P - PERIMETER OF EFFECTIVE SUioiP SCREEN. (FT) 
t - CALCULATED THICKNESS OF SHREOOED DEBRIS t.IA T ON SUMP SCREEN. (IN) 

F i gure 5 . 6 F l ow chart for the determi nati on  of  i ns u l at i on  debr i s effects 
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APPEND I X  A 

SUMMARY OF PUB L I C  COMMENTS RECEIVED AND ACTIONS TAKEN 

1 I NTRODUCTION 

The techni cal fi ndi ngs re l ated to Unreso l ved Safety I s sue  ( US I )  A-43 were pub
l i s hed for comment i n  May 1983 . Noti ce of the pub l i cati on was p l aced i n  the 
Federal Regi ster on May 9 ,  1983 .  The offi c i al comment peri od l asted for 60 
days and ended on  J u ly 11 , 1983 . However , comments were recei ved i nto Sep
tember 1983 , wi th fo l l owup comments rece i ved i nto November 1983 . A l i st i ng  
of those who responded duri ng the peri od and afterwards i s  shown i n  Tab l e  1 .  
Cop i es of  th� comment l etters are on fi l e  i n  the  NRC Pub l i c  Document Room , 
1717 H Street , NW , Was h i ngton , DC . 

A pub l i c  meeti ng was he l d  on J une 1 and 2 ,  1983 , at Bethesda , Maryl and , to 
offer add i t i onal  opportun i ty for pub l i c  comments ; however , attendance was 
very smal l .  Fo l l owup di scus s i ons were he l d  wi th respondees to c l ari fy i ss ue s  
rai sed a t  th i s  meeti ng and i n  the wri tten comments . 

An overv i ew of  the comments recei ved i s  provi ded i n  Sect i o n  2 be l ow.  Sec
t i o n  3 conta i ns  s ummari es of s i gn i fi cant comments and the acti ons p l anned to 
res o l ve them . 

2 OVERV I EW OF  COMMENTS REC E IVED 

The major wri tten comments rece i ved addressed seven spec i f i c  s ubject areas . 
The comment categori es and commentors are l i s ted i n  Tab l e 2 be l ow. The com
mentors are i dent i f i ed i n  Tab l e  2 as fol l ows : A l den Research Laborato ry (ARL) ; 
Atom i c  I ndustri a l  Forum (AI F ) ; BWR Owners Group ( BWR) ; Commonweal th Edi son  
( C Ed) ; Consumers Power Co . (CPC) ; Creare Research and  Deve l opment ( CRD) ; 
D i amond Power Co . (DPC ) ; General E l ectr i c  (GE ) ; G i bbs and H i l l ,  I nc .  ( GH ) ; 
Northeast Uti l i t i es ( N E ) ; and Owens - Co rn i ng F i berg l ass , I n c .  (OCF ) . 
By category , the acti on s  taken i n  response to these commen ts are as fol l ows : 

Categori es  1 and  6 :  Tab l es have been  added to NUREG-0897 , Rev i s i on 1 and  
NUREG-0869 , Revi s i on 1 to i nc l ude the  add i ti onal  p l ant i ns u l at i o n  i nformati on 
prov i ded duri ng the pub l i c  comment peri od .  The text of the NUREGs  has been 
rev i sed to refl ect recommended i ns u l at i on defi n i ti ons and the need to eval uate 
the speci fi c i ns u l ati on  emp l oyed.  

Categori es 2 and 4 :  The cost e sti mates prov i ded by di fferent i ndustry groups 
have vari ed over a wi de range . Wi th the excepti on  of  D i amond Power Company , 
respondees c l a imed that the cost esti mates i n  val ue/i mpact analys i s were too 
l ow .  The  rev i sed val ue/i mpact anal ys i s refl ects an averaged val ue deri ved 
from costs prov i ded . 

Category 3 :  A detai l ed s ump b l ockage probab i l i ty analys i s  has been performed 
and i s  reported i n  NUREG/CR-3394. The res u l ts  were used i n  the rev i sed  val ue/ 
i mpact ana lys i s .  These res u l ts s how a s ump b l oc kage probab i l i ty range for 
pres suri zed water reactors ( PWRs )  of 10- 6 to 5 x 10- 5/Rx-yr and a s trong depen
dence on p l ant des i gn .  
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Tab l e  1 Persons who commented on the techni ca l  
fi ndi ngs rel ated t o  US! A-43* 

A l den Res earch Laboratory (ARL) , M .  Padmanabhan , l etter to A. Serki z (NRC ) , 
" Comments on  NUREG-0897 and 0869 , "  June 13 , 1983 . 

ARL , M .  Padmanabhan , l etter to A .  Serk i z  ( NRC) , 11 Rev i s i on to Tab l e  A-3 i n  
NUREG- 0869 , "  J une 22 , 1983 . 

Atomi c I ndustri al  Forum , R .  Szal ay ,  l etter to the Secretary of th� Commi s s i on ,  
"NRC ' s  Proposed Reso l ut i on of  Unreso l ved Safety I s s ue A-43 , Contai nment Emer
gency Sump Performance , Conta i ned i n  NUREG-0869 , "  J u l y  2 2 , 1983 . 

Atomi c I ndustri al  Forum , J .  Coo k ,  l etter to R .  Purp l e  ( NRC)  and encl osure 
" Examp l e s  of  Staff Revi ew Go i ng Beyond Approved Regu l atory Cri ter i a , 1 1 J une 4 ,  
1984 . 

BWR Owners Group , T .  J .  Dente , l etter to T .  P .  Spe i s  ( NRC) , 1 1 8WR Owners ' Group 
Comments on  Proposed Revi s i on to Regul atory G u i de 1 . 82 ,  Rev . 1 , "  October 18 , 
1983 . 

BWR Owners Group , D .  R .  He lwi g ,  l etter to V .  Ste l l a  ( NRC) , BWR Owners ' Group 
comments on Regu l atory Gui de 1 . 82 ,  Rev i s i on 1 ,  J u l y  16 , 1984 . 

Commonweal th Edi son , D .  L .  Farrar , l etter to the Secretary of  the Commi s s i o n ,  
" NUREG- 0897 , Contai nment Emergency Sump Performance ; Standard Revi ew P l an Sec
ti on 6 . 2 . 2 ,  Rev . 4, Contai nment Emergency Heat Removal Systems ; and NUREG-0869 , 
USI  A-43 Reso l ut i on Pos i t i ons (48FR2089 ; May 9 ,  1983 ) , 1 1 J u l y  13 , 1983 . 

Cons umers Powe r ,  D .  M .  Budz i k ,  l etter to the Secretary o f  the Commi s s i on ,  
" Comments Concern i ng Regu l atory Gu i de 1 . 82 ,  Proposed Rev i s i on 1 ( F i l e  0485 . 1 ,  
0911 . 1. 5 ,  Seri a l : 23206 ) , 1 1 J u l y  15 , 1983 . 

Creare , W .  L .  Swi ft , l etter to P .  Strom (SNL) , " Comments on  F i gure 3-6 of  
NUREG- 0897 and  Tab l e  A- 9 of  NUREG-0869 , "  J une 13 , 1983 . 

D i amond Power Company , R .  E .  Z i egl er  and B .  D .  Z i e l s ,  l etter to K .  Kni e l  ( NRC) , 
" Contai nment Emergency Sump Performance , USI  A-43 , "  J u l y  11 , 1983 . 

D i amond Power Spec i al ty Company , B .  D .  Z i e l s ,  l etter to A .  Serki z ( NRC) , " HDR  
Test Resu l t  Summary , M I RROR  I ns u l at i o n  Perfo rmance Duri ng LOCA Condi ti ons , 11 
December 6 ,  1984 . 

General E l ectri c (GE) , J .  F .  Qui rk ,  l etter to K .  Kni e l  ( N RC ) , 1 1 Comments on  
Emergency Sump Documents , "  Ju ly  11 , 1983 . 

GE , J .  F .  Qui rk ,  l etter to T .  P .  Spe i s ( NRC ) , " Comments on  P roposed Regu l atory 
Gui de 1 .  82 , Rev . 1 , 11 October 17 , 1983 . 

* I nc l udi ng comments o n  NUREG-0869 , NUREG-0897 , proposed Rev i s i on 1 to Regul a
tory G u i de 1 . 82 ,  and proposed Revi s i on 4 to Secti on  6 . 2 . 2  o f  the Standard 
Rev i ew P l an (SRP , NUREG-0800) .  

NUREG-0897 , Revi s i on 1 A- 2 October 1985 



Tab l e  1 (Conti nued) 

G i bbs  and H i l l ,  I nc . , M .  A .  V i v i r i to ,  l etter to the Secretary of  the Comm i s
s i on ,  1 1 Comments on  Proposed Rev i s i on No . 1 to  RG  1 . 82 , 1 1 Ju ly  11 , 1983 . 

Northeast Uti l i t i e s , W .  G .  Couns i l ,  l etter to K. Kni e l  ( N RC ) , 1 1 Haddam Nec k ,  
M i l l s tone Nuc l ear Power Stat i o n , Un i t  Nos .  1 ,  2 ,  and 3 ,  Comments on  NUREG- 0897 , 
SRP Secti on 6 . 2 . 2 and NUREG-0869 , 1 1 September 2 ,  1983 . 

Owens Corn i ng F i bergl as s (OCF ) , G .  H .  Hart , l etter to A .  Serki z (NRC ) , 
1 1 Comments on NUREG- 0897 and NUREG-0869 , 1 1 J une 23 , 1983 . 

OCF , G .  H .  Hart , l etter to A .  Serki z ( NRC ) , 1 1 Updated Comments on  NUREG-0897 
and NUREG- 0869 , 1 1 J u l y  14 , 1983 . 

OCF , G .  P .  P i ns ky ,  l etter to K. Kn i e l ( NRC) , 1 1 Comments on NUREG- 0879 a nd -0896 , 11 
J u l y  14 , 1983.  

OCF , G .  H .  Hart , transmi ttal to A .  Serki z ( N RC ) , 1 1 HDR S l owdown Tests w i th  
NUKON I ns u l at i o n  B l an kets , 1 1 February 18 , 1985 . 

Power Component Systems , I nc . , D .  A .  Leach , l etter to A .  Serki z ( N RC) , 
1 1 Nuc l ear Grade B l anket I ns u l ati on , 1 1 November 8,  1984 . 

Tab l e 2 Categori es addres sed i n  maj or wri tten comments 

Comme nt Category ARL AI F BWR CEO CPC CRD DPC GE GH N E  OCF 

(1)  

(2)  

(3)  

(4)  

( 5 )  

( 6 )  

( 7 )  

Survey o f  i ns u l ati on used i s  
not current or comp l ete . 

Cost esti mates are l ow .  

Esti mates of  s ump b l oc kage 
probabi l i t i es  are h i gh .  

Val ue- i mpact anal ys i s  questi oned . 

BWRs shou l d be exempt ; A-43 i s  a 
PWR i s sue . 

I ns u l at i o n  mater ia l  de fi n i t i o n s  
and descriptions  need revi s i on 
for c l ari ty and comp l etenes s .  

Techni cal  comments on and 
c l ari fi cati ons of s ubj ect 
matter i n  NUREG- 0897 and 
NUREG- 0869 .  
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By c ategory , the act i ons  taken i n  response to these comments are as fol l ows : 

Catego r i e s  1 a n d  6 :  Tab l es have been added t o  NUREG-0897 , Revi s i on 1 and 
NUREG-0897 , Revi s i on 1 to i nc l ude the add i ti onal  p l ant i ns u l at i on i nformati on 
provi ded duri ng  the pub l i c  comment per i od .  The text o f  the NUREGs has been 
rev i sed to refl ect recommended i ns u l at i on defi n i ti ons  and the need to eva l uate 
the speci f i c i ns u l at ion  emp l oyed.  

Categori e s  2 and 4 :  The cost est imates prov i ded by d i fferent i ndustry groups 
have vari ed over a wi de range . Wi th the except i on of  D i amond Power Company , 
respondees c l a i med that the cost est imates i n  val ue/i mpact analys i s  were too 
l ow .  The revi sed val ue/ i mpact analys i s  refl ects a n  averaged val ue deri ved 
from costs provi ded. 

Category 3 :  A detai l ed s ump b l ockage probabi l i ty analys i s  has been performed 
and i s  reported i n  NUREG/CR- 3394 . The res u l ts were used i n  the rev i sed val ue/ 
i mpact analys i s . These resu l ts show a s ump b l ockage probabi l i ty range for 
press uri zed water reactors ( PWR s )  of  10- 6 to 5 x 10- 5/Rx-yr and a strong 
dependence on p l ant des i gn .  

Category 5 :  NUREG- 0869 and Regu l atory Gui de 1 . 82 have been rev i sed to spec i 
fi cal l y  i denti fy areas o f  concern for boi l i ng  water reactors (BWRs ) and for 
PWRs . 

Category 7 :  Techn i ca l  correcti ons and c l ari fi cati ons have been made i n  the 
appropri ate secti ons  of  NUREG-0897 and NUREG-0869 .  

The NRC s taff greatl y  apprec i ates the  revi ew and  comments provi ded by the 
respondees . The t i me and effort they have taken to rev i ew US! A-43 has res u l ted 
i n  an i mproved report that wi l l  ref l ect current f i ndi ngs and a bal anced pos i ti on 
wi th respect to th i s  safety i s s ue .  
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3 COMMENTS RECE IVED AND P ROPOSED ACTION ( OR RESPONSE )  ACTIONS 

The N RC s taff has  gi ven comp l ete and careful  cons i derat i o n  to al l comments 
rece i ved on  U S I  A-43 . Summari e s  of  s i gni fi cant comments and the acti ons  
taken by the  NRC staff i n  response are provi ded i n  Tab l e  3 .  Comments are 
presented i n  a l p habeti cal  order , based on  the name of  the commenti ng 
i nsti tut i o n .  
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Tabl e  3 Comments rece i ved on US I A-43 and NRC staff response 
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A l den Research Laboratory 

ARL noted typographi cal errors and proposed 
techni ca l  c l ari fi cati on to severa l  tab l es 
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The cost i mpact of $550 , 000/p l ant used i n  
val ue/ i mpact ana l ys i s  i s  l ow by at l east 
a factor of 2 .  

Econom i c  cons i derati ons re l ated to reduced 
probab i l i ty of  p l ant damage shou l d  be exc l uded 
from the cost-benefi t  ba l anc i ng .  Dec i s i ons  
s hou l d  be based  pr imari ly  on the  val ue/i mpact 
rat i o .  

NRC Staff Response 

These correcti on s  and c l ari fi cati ons have been i ncorporated 
i nto NUREG-0897 and NUREG- 0869 . 

Costs i mpacts were re-eval uated based on cost esti mate 
i nformati on rece i ved from A I F  and other respondees 

The es sence of a val ue/ i mpact analys i s  i s  that i t  attempts 
to i denti fy ,  organi ze , re l ate , and make 1 1 v i s i b l e1 1  a l l the 
s i gn i f i cant e l ements of  val ue expected to be  deri ved from 
a proposed regu l atory acti on as we l l  as a l l s i gn i fi cant 
e l ements of i mpact. The net val ues are compared with the 
net i mpacts . Thus i f  a proposed safety i mprovement i s  
accompani ed by an adverse s i de effect , the i mpai rment i s  
i s  s ubtracted from the i mprovement to arri ve at a net 
safety val ue for cons i derat i on i n  the val ue/ i mpact 
asses sment . 

S i mi l ar ly , when the i mmedi ate and prospecti ve cost i mpacts 
are s ummed , they s hou l d  i nc l ude a l l e l ements of  econom i c  
i mpact o n  l i censees , s uch as costs to des i gn ,  p l an ,  i nstal l ,  
tes t ,  operate , ma i nta i n ,  etc . P l ant downti me or decreased 
p l ant avai l ab i l i ty i s  i nc l uded when app l i cabl e .  The s ummed 
i mpacts , however ,  s hou l d be net i mpacts , for compari son 
wi th net val ues . Thus , any reduct i ons  in  operati ng costs , 
i mprovements i n  p l ant avai l ab i l i ty ,  or reducti ons i n  the 
probab i l i ty of p l ant damage are properly a factor i n  deter
mi n i ng net adverse econom i c  i mpact . Future economic  costs 
and savi ngs are appropri atel y  di scounted. 



:z 
c:: 
;:c 
m 
G> 

I 
0 
co 
1..0 
-...J 

;:c 
11) 
< 
..... 
U'l 
..... 
0 
:::;, 

...... 

)> 
I 

-...J 

0 
n 
c-t" 
0 
0" 
11) 
� 

...... 
1..0 
co 
(.J'1 

Tab l e  3 ( Conti nued) 

Comment 

The assumpti on that s ump fai l ure wi l l  occur i n  
the case of 50% of the l arge LOCAs s hou l d be 
j usti fi ed .  

The u s e  of PWR rel ease categori es from 
WASH- 1400 i s  too conservati ve .  Contai nment 
fai l ure probab i l i ti es used i n  WASH- 1400 

NRC Staff Response 

Qual i tati ve di fferences among i mpact e l ements are respected , 
and d i sti ncti ve e l ements of  i mpact (of  whi c h  averted p l ant
damage probab i l i ty ,  as a favorabl e  rather than adverse 
i mpact , i s  a p rom i nent exampl e) are separatel y  i dent i fi ed ,  
for appropri ate consi derati on i n  regul atory deci s i on maki ng . 

The rati o of avo i ded pub l i c  dose to the gros s cost of i mp l e
mentati on i s  ordi nari l y  a major dec i s i on factor .  However ,  
i t  i s · not by i tse l f  a l ways a good gui de to a sound regul a
tory dec i s i on .  The i ss ues  i nvol ved are often too compl ex 
for a dec i s i on on  thi s cri teri on  a l one .  Other factors that 
enter , often i n  i mportant ways , may i nc l ude any econom i c  
benefi ts that reduce a net adverse economi c i mpact , the 
safety i mportance of the i s s ue ,  and val ues and i mpacts that 
cannot or cannot readi l y  be quanti fi ed ; for examp l e ,  jeop
ardy to a defense l ayer i n  the defense- i n-depth concept or  
expected reducti ons i n  p l ant avai l abi l i ty that can  be  
foreseen but not  prec i s e l y  esti mated.  

A sound regul atory deci s i on rests on adequate cons i derati on 
of a l l s i gni fi cant factors . An overly s i mp l e approach can 
mi s l ead i f  i t  s i mp l i fi es away comp l exi ti es that are the 
essence of the i s sue at hand . 

A detai l ed sump b l ockage probab i l i ty analys i s  has been per
formed and i s  reported i n  NUREG/CR- 3394. The res u l ts show 
a wi de range of  s ump b l oc kage fai l ure probab i l i ti es ( i . e . , 
3E-6 to 5E- 5/reactor-year) and a h i gh dependency on  p l ant 
des i gn and operati onal requi rements . These res u l ts are 
refl ected i n  a rev i sed val ue i mpact analys i s  uti l i z i ng a 
range of s ump fai l ure probab i l i t i es . 

The contai nment fai l ure probab i l i t i es and rel ease cate
gori es  used i n  the regul atory analys i s  for USI  A-43 were 
based on i nformati on presented i n  WASH-1400 , and a l so  on 
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Comment 

are i nadequate to descri be the nucl ear 
i ndustry ' s  present knowl edge i n  th i s  fi e l d . 
Re l eases  due to 1 1 Vessel  steam exp l os i on1 1  
are unreal i st i c  and shou l d  not be cons i dered . 

Tab l e  3 ( Conti nued) 

NRC Staff Response 

other con s i derati ons . The comments presented by an AI F 
s ubcommi ttee regardi ng the val i di ty of conti nued use  of  
WASH- 1400 assumpti ons , etc . are bei ng eval uated through 
other acti v i t i es s uch  as : reeval uati on of source terms , 
SASA studi es , etc . USI  A-43 regul atory analyses were based 
on  the fo l l owi ng cons i derati ons and for the reasons noted:  

(1)  WASH-1400 a s s umpti ons were uti l i zed to provi de a com
mon base l i ne cal cu l ati ons for reference p l ants and 
were used to esti mate i ncreases i n  re l eases due to a 
postul ated l oss  of  rec i rcu l at i on fl ow capac i ty .  Unti l 
rev i sed fai l ure mechan i sms and new source terms are 
determi ned , th i s  approach prov i des a cons i stent set of 
cal cu l at i ons . 

( 2 )  A l though us i ng a sma l l contai nment fa i l ure probabi l i ty 
associ ated with  steam exp l os i on wou l d  be more appro
pri ate , re l ease category PWR-1 (wh i ch i nc l udes steam 
exp l os i on)  was not a domi nant contri butor to re l ease .  
Re l ease categori es PWR- 2 , -4 ,  and - 6  were the domi nant 
pathways contri buti ng to i ncreases re l eases due to a 
fai l ed s ump for the p l ants ana l yzed.  

( 3 )  Bas i ng re l ease effects on the assumption  of s i mu l 
taneous  fai l ure o f  core coo l i ng and l os s  o f  contai n
ment sprays i s  conservati ve . I f  contai nment were not 
l ost  ( as wou l d  be the s i tuat i on for PWRs that have dry 
contai nments with  safety-grade fan coo l er systems ) ,  
the LOCA energy coul d be di s spated wi thout contai nment 
overpress uri zati on and fai l ure . Thus re l eases as so
c i ated wi th PWR- 2 and -4 categor ies  cou l d  be di scounted 
and PWR-6 re l eases on ly  used.  Such cons i derat i ons  
have been i ncorporated i nto th i s  rev i sed regu l atory 
analys i s .  
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Tab l e  3 ( Conti nued) 

Comment 

The use of  the CRAC Code and a 1 1 no-evacuati on , 1 1 
50-mi l e- rad i us  model to deve l op publ i c  doses 
i s  unreal i st i c .  

NRC shou l d  uti l i ze i nformati on deve l oped more 
recently ( i . e . , NUREG-0772) to reassess  and 
reduce the source terms , rather than cont i nue 
to use the PWR- 2 and PWR- 3 re l ease categori es  
from WASH- 1400 .  

NRC shou l d uti l i ze the 1 1 1 eak before break11 
concept i n  eva l uati ng the safety s i gn i fi cance 
of A-43 . 

N RC Staff Response 

(4) Other factors-- s uch as contai nment structural des i gn 
margi ns that argue agai nst gross  contai nment fai l ures  
(as  postul ated i n  WASH- 1400 ) ,  rea l i gnment to  a l ternate 
water sources , contro l l ed venti ng for BWRs , etc . - - have 
al so  been cons i dered thi s revi sed regul atory analys i s .  

The 50-mi l e  radi us  refl ects a s ubstanti a l  part (though not 
al l )  of the total popul at i o n  dose , and i s  thus a reasonabl e  
i ndex of the rad i o l ogi cal effect o n  the publ i c .  Standard
i zati on of cal cu l ati ons to that rad i us i s  he l pful  i n  com
pari ng ri s ks associ ated wi th di fferent i s s ues  and average 
s uch ri s ks for use  wi th the 1000 person- rem/$M cri ter i o n .  

Evacuat i on of  peop l e i s  not cons i dered because cal cu l ati ons 
s uggest  that , a l though i t  may someti mes be i mportant for 
peop l e d i rectly affected , the effect of evacuat i o n  on the 
total popu l ati on dose i s  l i ke l y  to be smal l .  

Poss i b l e  changes i n  the source terms are bei ng cons i dered 
by the spec i a l  tas k force estab l i shed by the Commi s s i on 
to rev i ew the source-term i s sue .  Changes wou l d  be pre
mature be fore thi s group comp l etes i ts eval uation and the 
new val ues are accepted by a l l parti es i nvol ved . 

E l asti c-p l asti c fracture mechan i cs analys i s  techni ques to 
analyze p i pe break potent i a l  has been used i n  USI A-2 ,  wi th 
a l i m i ted number of PWRs bei ng anal yzed . For USI A- 2 ,  the 
s ubmi ttal of s uch analyses for speci f i c  break l ocati ons (on  
a p l ant- speci f i c  bas i s )  wi l l  requi re obtai n i ng an exempti on 
from the requi rements of GOC4. Submi ttal of such analyses 
to addres s  the USI A-43 debri s b l oc kage i ss ues  wou l d  be 
rev i ewed by staff on a p l ant- speci fi c  bas i s ,  s hou l d  a l i 
censee or  app l i cant e l ect to uti l i ze thi s approach .  
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Tab l e  3 ( Conti nued) 

Comment 

BWR Owners Group 

After qui ck rev i ew of the proposed rev i s i on to 
the regu l atory gui de , the BWR Owners Group and 
GE mai nta i n  that USI A-43 i s  not a generi c 
i s s ue for BWRs . 

The rev i s i ons  to RG 1 . 82 ,  wh i ch now proposes 
speci f i c  cri teri a for BWRs , shou l d  app l y  
on ly  t o  l i ght-water reactors that have any 
potenti al for harmful  debri s generat i on ( i . e . , 
l i ght water reactors that extens i ve l y  use  
fi brous i ns u l at i on ) . 

These  comments and any future comments by 
the BWR Owners Group shou l d  not s ubsti tute 
for the normal noti ce and comment procedure 
that a l l ows potenti a l ly  affected l i censees 
to respond to proposed regu l atory gu i de 
change s .  

NRC Staff Response 

The requi rement for l ong-term decay heat removal i s  
app l i cab l e  to l i ght-water reactors , both BWRs and PWRs . 

A l l types of  i ns u l ati on  s hou l d  be eval uated for the 
potent i a l  of  debri s generat i on , transport , and s uct i o n  
s trai ner b l ockage . The wi de var i ati on i n  p l ant des i gns  
and  i ns u l at i on emp l oyed does not  s upport a generi c  
statement .  

RG  1 . 82 ,  Rev i s i on 1 ( al ong wi th NUREG- 0897 , NUREG- 0869 
and SRP 6 . 2 . 2 ,  Rev i s i on 4) was i s sued " for comment" i n  
May 1983 . O n l y  14 response s  were rece i ved as of Sep
tember 1983 . Some of these comments ( i n  part i c u l ar 
GE • s  J u l y  11 , 1983 l etter) c i ted a need to spec i f i ca l l y  
addres s  BWR- re l ated concerns i n  the RG . Thi s  was done 
and cop i es were sent to GE and the BWR Owners Group . 
G i ven  the prev i ous  extens i ve di stri b ut i o n  of " for 
comment" reports and regu l atory pos i ti ons and the 
rather sma l l number of responses , the staff does not 
p l an to rei s s ue RG 1 . 82 ,  Rev i s i on 1 for comment.  The 
NRC staff wi l l  i ncorporate add i ti onal val i d  techni cal  
poi nts recei ved from the BWR Owners Group and GE .  

The most  recent i nput from the BWR Owners Group 
( J u l y  16 , 1984) does not provi de new s i gni fi cant fi nd
i ngs ; rather  thi s  i nput re- expresses  concerns pre
v i ou s l y  voi ced and stres ses  poss i b l e  mi s i nterpreta
t i ons of wordi ng i n  RG 1 . 82 ,  Rev i s i on 1 .  
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Tab l e  3 ( Conti nued) 

Comment 

Commonweal th Edi son  

The  Commi s s i on has  not  s uffi c i ent ly  j usti f i ed the 
need to i mpose retrofi t requ i rements on e i ther 
operati ng or  near- term operati ng l i cense un i ts .  

Cost estimates for s urveys , des i gn rev i ews , and 
retrofi tti ng are questi onab l e .  

The proposed RG 1 . 82 i s  overly conservati ve .  
Howeve r ,  g i ven the need for assurance that the 
reci rcu l ati on s ump remai ns a rel i ab l e source 
of cool i ng water , the commentor agrees that an 
eva l uat i o n  of sump des i gns , potenti al  for debri s ,  
a i r i ngesti on , and adequate net pos i ti ve sucti on  
head ( NPSH) i s  ful ly  j usti f i ed .  

The commentor questi ons the assumpti on that 50% 
of LOCAs l ead to s ump l os s , the val ue/i mpact rat i o  
gi ven uncertai nt i e s  i n  esti mated costs , the bas i s  
for as s umi ng 23 years remai n i ng p l ant l i fe ,  etc . 

Cons umers Power 

Regardi ng the proposed Rev i s i on 1 to RG 1 . 82 ,  the 
commentor stated (1 )  that Appendix  A s hou l d  be 
c l early del i neated as be i ng an i nformati on and 
gui dance source , not as presenti ng des i gn requi re
ments , and ( 2 )  that cons i stency i s  needed with  
respect to  NPSH term i no l ogy .  

NRC Staff Response 

A-43 resol ut i on does not mandate retrofi ts ; rather ,  
app l i cants are requested to assess  l ong- term rec i r
cu l ati on  capab i l i ty uti l i z i ng RG 1 . 82 ,  Rev i s i on 1 
and to then determi ne what correct i ve acti ons may be 
needed . The use of an i nformati on bu l l eti n to the 
majori ty of  the p l ants does not consti tute i mpos i ti on 
of a retrofi t .  

The A-43 val ue/i mpact eval uat i on h a s  been revi sed 
based on  deta i l ed s ump b l oc kage probab i l i ty studi es 
( NUREG/CR-3394) and cost esti mates rece i ved from 
i ndustry responses . 

The NRC s taff ac knowl edges that conservati sms exi st 
i n  RG 1 . 82 ,  Rev i s i on 1 .  However ,  s uch conservati sms 
are p rompted by the l i mi ted amount of  avai l ab l e  i nfor
mati on regardi ng i ns u l ati on  destructi on due to h i gh 
press ure j ets and attendant debri s generati on , and 
the wi de vari abi l i ty of p l ant des i gns  and types  of 
i ns u l ati on used .  

A detai l ed s ump fai l ure probab i l i ty analys i s  was 
performed and i s  reported i n  NUREG/CR- 3394 . The 
1 1 averaged11 s ump fai 1 ure probabi l i ty was 2E-5/reactor
year wi th a range of 3E-6 to 5E- 5/reactor-year .  

Appendi x A of proposed RG 1 . 82 ,  Rev i s i on 1 was al ways 
i ntended to prov i de addi ti onal i nformati on and/or 
not des i gn requi rements . Appendix  A has been c l earl y  
l abel ed as such .  
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Tab l e 3 ( Conti nued ) 

Comment 

Regardi ng the val ue/ i mpact ana lys i s ,  the commentor 
questi oned the assumpt i on that 50% of  the l os s-of
coo l ant acc i dents ( LOCAs ) l ead to s ump b l ockage and 
c i tes  a s ump fai l ure frequency of 2 x 10-4 per 
demand from another probab i l i st i c  ri s k  ana lys i s .  

The commentor questi oned the di rect app l i cati on of  
core me l t  frequency reducti on for  computi ng avo i ded 
acc i dent cost.  The commentor di sagrees wi th taki ng 
credi t for l os s  of  p l ant cost.  Rather , the 
commentor states that l os s-of-p l ant costs shou l d be 
deducted from avo i ded acci dent costs . 

C reare 

The beta factor used to pred i ct a pump 1 s  
requ i red NPSH i n  an a i r/water mixture i s  based 
on data whose  scatter was not reported.  The 
NUREG shou l d  note th i s  and caut i o n  the appl i cant 
and rev i ewer to carefu l ly  con s i der the adequacy 
of  the NPSH margi n i f  i t  i s  margi nal . 

The use  of  an arb i trary mi n i mum a l l owab l e NPSH 
margi n ,  e i ther as a f ixed val ue ( i . e . , 1 foot) 
or as a percentage val ue ( i . e . , 0 . 5 x margi n wi th 
no screen b l oc kage ) , i s  not j usti fi ab l e .  It s ho ul d  
be recogni zed that what consti tutes a safe NPSH 
margi n i s  a p l ant- spec i fi c  j udgment. 

D i amond Power Company 

NUREG-0897 reso l ves a s i gn i fi cant safety probl em i n  
a thorough and equi tab l e  manner . 

NRC Staff Response 

That 50% of  LOCAs l ead to s ump b l ockage has  been 
reeval uated ( see NUREG/CR-3394) , and the res u l ts 
of that deta i l ed study have been used i n  rev i s i ng the 
A-43 re l ease esti mates . 

The cal cu l ation of avoi ded acc i dents costs , l os s-of
p l ant costs , etc . , are cons i stent wi th current NRC 
s taff eval uat ion  practi ces . Reca l c u l ati on of the 
parameters prev i o u s l y  used wi l l  be carr i ed out wi th 
the rev i sed b l ockage frequenc i e s .  

Efforts were made to obtai n the ori gi nal  data tapes 
and cal cu l ate the data 1 s scatter ; however , thi s 
i nformat i on was not readi l y  avai l ab l e .  The s uggested 
cauti onary note has been added to NUREG- 0897 . 

NUREG- 0897 and RG 1 . 82 ,  Rev i s i on 1 no l onger recommend 
a mi n i mum a l l owab l e  NPSH marg i n .  I nstead , they note 
that whatever NPSH margi n i s  avai l ab l e ( after account
i ng for hydrau l i c and screen b l ockage effects ) shou l d  
be eva l uated wi th respect to each p l ant 1 s l ong- term 
rec i rc u l at i o n  requi rements . 

The NRC staff concurs . 
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Tab l e 3 ( Conti nued) 

Comment 

The commentor provi des recommendati ons  regardi ng 
the c l as s i fi cat i on of vari ous  i ns u l ati ng mater i a l s ,  
parti cu l arly on the need to di sti ngui s h  between 
tota l l y  encap s u l ated i ns u l at i on and jac keted 
i nsu l ati on  . 

The commentor provi des  l i st i ngs of the types  of 
i ns u l ati ons purchased s i nce 1980 and the types 
of i ns u l ati ons  used i n  recent retrofi tti ngs . 

The commentor states that the costs i n  the 
val ue/i mpact ana l ys i s  are i n  agreement with  i ts 
costs and provi des the fol l owi ng fi gures : 

Cost of M I RROR0m ref l ecti ve metal l i c 
i ns u l at i on = $40/ft2 for materi a l  
a l one . 

I nstal l at i o n  cos t ,  exc l udi ng materi a l  
= $25/hour .  

Product i v i ty = 1 . 24 hours/ft2 of  
i ns u l ati on .  

Refl ecti ve metal l i c i ns u l ati on i s  not  the 
predomi nant type of  i ns u l at i on used i n  newer 
p l ants . Recently i ns u l ated p l ants mai n ly 
use  fi berg l ass  i ns u l at i on . * 

* Letter of J u l y  11 , 1983 . 

NRC Staff Response 

The proposed c l as s i fi cati ons have been comb i ned wi th 
other s i mi l ar proposa l s to rev i se  and c l ari fy the 
i ns u l at i o n  c l as s i fi cati o� and descri pti ons used i n  
NUREG-0897 . 

The i nformati on has been added to NUREG- 0897 and 
NUREG- 0869 , a l ong wi th data recei ved from other 
manufacturers . 

Thi s cost i nformati on has been refl ected i n  the 
rev i sed val ue/ i mpact anal ys i s  ( NUREG- 0869) , a l ong 
w ith  other i ndustry cost fi gures . 

I nformati on s upp l i ed by Owens-Corn i ng F i berg l ass  Co . 
and the D i amond Power Co .  regardi ng types of i ns u l a
t ion  used i n  exi sti ng and future reactors has been 
added to NUREG- 0897 and NUREG-0869 . These reports 
have been rev i sed to refl ect thi s  new i nformati on .  
The  trend appears to  be toward a h i gher uti l i zati on of  
fi brous i ns u l at i ons . 
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Comment 

A report on 1 1HDR Test Res u l ts on MI RROR 
i ns u l at i on performance duri ng LOCA condi ti ons 
was s ubmi tted to provi de addi ti onal  i nformati on 
to the exi sti ng data base used i n  reso l uti on 
of US I A-43 . * 

Genera l E l ectr i c  Company 

SRP 6 . 2 . 2  and RG 1 . 82 ,  Rev i s i on 1 make no 
di sti nct i on between BWRs and PWRs ; regu l atory 
cri teri a shou l d  di fferenti ate between vari ous  
pl ant des i gns . ** 

Reference s hou l d  be made to techni cal  fi ndi ngs 
that i mp l y  that A-43 concerns do not pose a 
seri ous  prob l em for BWRs . *  

The val ue i mpact ana l ys i s  uti l i ze s  a PWR for 
the ri s k  asses sment and PWR-ori e nted i ndustry 
i mpacts and , as  s uch , i s  not d i rectl y  app l i cab l e  
to BWRs . *  

...... 
\.0 
co 
� *Letter of  December 6 ,  1984 . 

**Letter of J u l y  11 , 1983 . 

NRC Staff Response 

Thi s report has been i nc l uded as Appendix  E i n  
NUREG-0897 , Rev . 1 .  The res u l ts of th i s  report do 
not s upport a hypothesi s wh i ch postul ates free and 
undamaged i nner fo i l s  bei ng avai l ab l e to transport 
at l ow ve l oci ti es  and to cause b l ockage . However ,  
the l i m i ted data base prec l udes deve l op i ng a detai l ed 
debri s generati on mode l . 

RG 1 . 82 ,  Rev i s i on 1 and SRP 6 . 2 . 2  have been mod i fi ed 
to i dent i fy PWR- and BWR- rel ated concerns and renamed 
1 1Water Sources for Long-Term Rec i rcu l ati on Coo l i ng 
Fol l ow i n g  a Los s-of-Coo l ant Acc i dent . 1 1 

Based on the responses recei ved , the A-43 techni cal 
fi ndi ngs wi l l  be revi sed to refl ect (1) that there i s  
a more extens i ve use  of  fi brous  i ns u l ati ons ( i . e . , 
NUKONm) than prev i ous l y  i denti f i ed and ( 2 )  that BWRs 
are rei ns u l ati ng wi th NUKONm.  NUREG- 0897 wi l l  refl ect 
current fi ndi ngs and i denti fy both PWR- and BWR- re l ated 
concerns .  

GE 1 s  poi nt on uti l i z i ng a PWR probab i l i sti c ri s k  
assessment for drawi ng conc l u s i ons for a BWR i s  
acknowl edged.  S i mi l ar asses sments have been made for 
BWRs and those res u l ts have been uti l i zed i n  prepari ng 
thi s  rev i sed regu l atory anal ys i s .  



Tab l e  3 ( Cont i nued) 
:z 
c 
:::0 
rn 
C') 

I 
0 
co 
I.D 
-.....! 

� 

:::0 
(I) 
< 
...... 
(/l 
...... 
0 
:J 

� 

)> 
I 

� 
(.1'1 

0 
n 
("+ 
0 
0'" 
(I) 
-s 

Comment 

General E l ectri c has rev i ewed the proposed 
rev i s i ons  and has conc l uded that the des i gn 
requ i rements proposed i n  RG 1 . 82 ,  Rev i s i on 1 
are exce s s i ve l y  prescri pti ve and not generi cal l y  
app l i cabl e t o  the BWR . * 

The proposed RG s hou l d  be rev i sed so  that no 
further requ i rements are i mposed on  des i gns  that 
have a l ready taken  des i gn precauti ons  that prec l ude 
ai r i ngesti on  i nto , or b l ocki ng o f ,  s ucti on  l i nes  
used  for  l ong- term decay heat removal . *  

I n  addi ti on , the proposed RG s hou l d  be further 
rev i sed to provi de for a l ternati ve means of 
ensuri ng that l ong-term heat removal i s  not l ost  
as a res u l t of  s ucti on  b l ocki ng or  ai r i ngesti o n . * 

I n  the SER for GESSAR , the NRC i nd i cated that 
USI A-43 posed no probl em for the Mark I I I  
contai nment confi gurati o n . * 

� *Letter of  October 17 , 1983. 
co 
(.1'1 

NRC Staff Response 

The requi rement for l ong-term decay heat removal i s  
app l i cabl e to both BWRs and PWR s .  RG 1 . 82 ,  Rev i s i on 1 
Appendi x A conta i ns  a seri e s  of tab l es (or gu i de l i ne s )  
that have been deri ved from extens i ve tests and anal 
yti ca l  studi e s . Thi s i nformati on i s  provi ded for 
of referral and can , or  need not , be used- - at the 
user ' s opti o n .  RG 1 . 82 ,  Revi s i on 1 i s  general , and 
not prescri pti ve .  The  app l i cant has the  respons i 
b1 l i ty for des i gn s ubmi ttal and j usti fi cat i on o f  the 
safety aspects thereof .  

The  techni cal fi ndi ngs i n  1983 ( versus  earl i er fi nd i ngs )  
are consi derabl y  d i fferent , part i c u l arly wi th respect 
i ns u l at i on  empl oyed currently and the transport char
acteri sti c s  of  i ns u l at i on debri s .  The ai r i nges t i o n  
potenti a l  h a s  been experi menta l ly  quanti fi ed and 
found to be smal l .  However the 50% b l ockage cri ter ion  
i n  the  current RG  1 . 82 permi tted app l i cants to  es sen
ti a l l y  bypass  the debr i s b l oc kage questi on .  For those 
p l ants where des i gn p recauti ons  can be c l early demon
s trated , further acti ons ( retrofi ts )  are not necessary .  

The l i censee and/or app l i cant a l ways has the opti on 
to propose a l ternate means to deal wi th a parti cu l ar 
des i gn or  safety probl em . 

At the t i me the SER for GESSAR I I  was wri tten , A-43 
concerns re l at i ve to BWRs were sti l l  under eval uat i o n .  
T h e  staff ' s S E R  c i ted several e l ements of the 
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Tab l e  3 ( Conti nued) 

Comment 

The tests performed by Al den Research Laboratory 
for Reference 3 may even be very conservati ve for 
BWRs s i nce it appears the tests uti l i zed sump 
screens di rectly on  the s ump f l oor . * 

The proposed regul atory g u i de shou l d be rev i sed 
to i nc l ude cri teri a that wi l l  a l l ow al ternat i ve 
meas ures for prec l ud i ng l os s  of  l ong- term 
decay heat removal due to a i r  i ngesti on or 
b l oc kage . * 

Earl i er s urveys on the use  of  i ns u l ati on i n  l i ght 
water reactors have conc l uded that most BWRs uti l i ze 
metal l i c i ns u l at i on , whi ch m i n i m i ze s  the potenti a l  

* Letter of October 17 , 1983 . 

NRC Staff Response  

GESSAR I I  des i gn that tended to  reduce the probab i l i ty 
for b l ockage of the RHR suct i o n  i n l ets due to LOCA 
generated debri s .  The staff conc l uded that p l ants 
referenci ng the GESSAR I I  des i gn cou l d  proceed pendi ng 
reso l uti on of USI  A-43 wi thout endangeri ng the heal th 
and safety of  the pub l i c  wh i l e  comp l eti ng i ts eval ua
t i on of GESSAR .  

The uni que aspects of each Mark I I I  p l ant des i gn 
s hou l d  be eval uated duri ng p l ant- spec i fi c revi ews of 
A-43 concerns .  

The comment i s  parti a l l y  correct , because BWR RHR 
s ucti on i n l ets are l ocated at some e l evated di stance 
above the wetwe l l or s uppress i on pool fl oor .  However , 
the i ns u l ati on debri s transport characteri sti cs ( see 
NUREG/CR-2982 , Rev . 1)  s howed that l ow vel oc i t i es 
( i . e . , 0 . 2 - 0 . 3 ft/sec ) can transport fragmented 
debri s and are app l i cabl e  to both BWRs and PWRs . 

RG 1 . 82 ,  Rev i s i on 1 states : 1 1Th i s regul atory gui de 
has been devel oped from an extens i on experi menal and 
ana lyti cal  data base . The app l i cant i s  free to se l ect 
a l ternate cal cu l ati on methods whi ch are founded i n  
s ubstanti ati ng experi ments and/or l i m i t i ng ana lyti cal 
cons i derati ons . 11 Thus , the app l i cant i s  free to 
se l ect a l ternate methods or meas ures  for prec l udi ng 
l os s  of  l ong- term decay heat removal .  

As stated above , current fi ndi ngs do not s upport the 
earl i er s urveys or  conc l us i ons . NUREG- 0897 i s  bei ng 
rev i sed to i ncorporate f i ndi ngs from pub l i c  comments 
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Comment 

for formati on  and subsequent transport of debri s 
to the s ump screens . *  

Gi bbs and H i l l ,  I nc .  

Secti on 8 does not di scuss  the fact that s ump 
confi gurati ons that di ffer s i gn i fi cantly from 
the cri teri a of Append i x  A may be equal l y  
acceptabl e .  G i bbs  and H i l l  recommends addi ng 
the fol l owi ng conc l udi ng paragraph to Sect i o n  8 :  
1 1 I f  the s ump des i gn d i ffers s i gni fi cant l y  from the 
gu i de l i nes  p resented i n  Append i x  A ,  s i mi l ar data 
from fu l l - scal e  or reduced- scal e tests , or i n-p l ant 
tests can be used to veri fy adequate s ump hydraul i c 
performance . . . 

Tab l es A- 1 and A- 3 are i ncons i stent and Tab l e A-2 
has i ncon s i stenc i es in  water l evel  noted .  

Northeast Uti l i t i e s  

Tests s how that grati ngs are as effecti ve a s  
so l i d  cover p l ate i n  s uppres s i ng vorti ces . 

The procedure i n  Append i x  8 i s  too prescri pti ve .  
The NRC shou l d  a l l ow l i censees to  defi ne and 
devel op the i r own eva l uati on methods . 

� *Letter of  October 17 , 1983 . 

NRC Staff Response 

recei ved (parti cu l arly wj th respect to i ns u l ati ons 
currentl y  used and the change to fi brous i ns u l at i o n  
from prev i ous l y  used refl ecti ve metal l i c i ns u l ati ons )  . 
Recent tests on the transport of thi n stai n l ess  stee l 
foi l s  s how that thi s materi a l  can be transported at 
l ow vel oc i ti es ( i . e . , 0 . 2 to 0 . 3 ft/sec ) . 

Append i x  A (page 1- 9)  has wordi ng very s i mi l ar to the 
commento r • s s uggested wordi ng .  

The i ncons i stenc i es  have been corrected. 

Grati ngs were very effect i ve i n  reduci ng ai r i ngesti on 
to es senti al ly  zero . 

Append i x  8 i n  NUREG- 0897 presents the staff ' s  techni cal 
fi ndi ngs for A-43 . Appendix  8 was i nc l uded to i l l us
trate maj or  cons i derati ons . RG  1 . 82 ,  Revi s i on 1 i s  the 
regu l atory document.  



:z 
c: 
:::0 
ITI 
G') 

I 
0 
co 
1.0 
...... 

� 

:::0 
(I) 
< 
..... 
(ll 
..... 
0 
� 

....... 

� 
I ....... 

co 

0 
n 
r+ 
0 
c
(1) 
-s 

....... 
1.0 
co 
U'1 

Tab l e  3 ( Conti nued) 

Comment 

Cred i t  shou l d  be gi ven for top screen area i f  
i t  i s  deep enough to reduce the potenti al for 
c l ogg i ng ( RG 1 . 82 ,  Rev i s i on 1 ,  Secti on  C ,  Item 7 ) . 

The l i censee s hou l d  be free to determi ne methods 
of i nspecti on  and access  req u i rements ( RG 1 . 82 ,  
Rev i s i on 1 ,  Sect i on C ,  I tem 14) .  

RG 1 . 82 ,  Rev i s i on 1 wi l l  be used to eval uate s umps 
i n  operatj ng p l ants . Thi s  may req u i re backfi tti ng 
at s ubstanti a l  costs . 

Append i x  A to RG 1 . 82 ,  Rev i s i on 1 requi res  obta i n i ng 
performance data i f  s ump des i gn devi ates 
s i gn i fi cantly  from the g ui de l i ne s  provi ded .  
For operati ng p l ants , thi s  may res u l t i n  costl y 
s ump testi ng .  

NRC esti mates for man- rem costs  assoc i ated 
wi th i ns u l at i on repl acement are gross l y  
underesti mated . 

The val ue i mpact analys i s  addresses  o n l y  PWRs . 
I f  the NRC has concl uded that thi s  i s sue on ly  
app l i es to  PWRs , then the  document s hou l d 
ref l ect th i s .  

The commentor concurs wi th the c omments 
s ubmi tted separatel y  on  thi s  document by the A I F .  

NRC Staff Response 

For those p l ant des i gns  and cal cu l ated p l ant condi 
ti ons where thi s  poi nt cou l d  be uncond i ti onal l y  
s ubstanti ated , cred i t  wou l d be gi ven . 

Secti on 4 ,  Item 14 state s :  1 1The trash  rac k and 
screen structure s hou l d  i nc l ude acces s  openi ngs to 
faci l i tate i nspecti on  of  the structure and p ump 
s ucti on  i ntake . 11 

The need for backfi tti ng wi l l  be based on  p l ant
spec i fi c  analyses that wi l l  reveal the need for , 
and the extent of  backfi tti ng that mi ght be requ i red . 
The cost o f  bac kfi t s hou l d  be wei ghed aga i nst core 
mel t  costs . 

Append i x  A state s :  1 1 I f  the s ump des i gn dev i ates 
s i gn i fi cantly from the boundari es  noted , s i mi l ar 
performance data s hou l d be obta i ned for veri fi cat i on 
of adequate s ump hydraul i c performance . . . 

The val ue i mpact analys i s  has been rev i sed based on  
cost data recei ved dur i ng 1 1 for comment11 per i od .  

The val ue i mpact anal ys i s  rev i s i on c l early addresses  
BWR and  PWR concerns .  

The A I F  comments are addres sed separate l y ;  see above . 
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Tab l e  3 ( Conti nued) 

Comment 

Owens- Corni ng 

Detai l ed comments addres s ed the wi de vari ati on 
of i ns u l at i ons emp l oyed , descri pti ons , s uggested 
term i no l ogy ,  etc . * 

Comments recommended i nc l udi ng transport and head 
l os s  data for NUKOWM fi bergl ass  tests . *  

The commentor questi oned Tab l e  B- 1 ,  Cri teri on  2 ,  
that refl ect i ve metal l i c i ns u l ation foi l debri s 
wou l d  not be transported at vel oc i ti es l es s  than 2 . 0 
ft/sec . *  

The commentor questi oned the concept that i f  there 
i s  a l l refl ecti ve metal l i c i ns u l ati on there i s  no 
prob l em . * 

NRC Staff Response 

Detai l ed comments rece i ved on  i ns u l ati on types ; 
descripti ons , etc . have been used to rev i se  
NUREG-0897 . 

Data from NUKON� tests have been referenced and 
major  fi ndi ngs s ummari zed i n  the rev i sed NUREG-0897 . 

Transport tests on refl ecti ve metal l i c  fo i l s  were 
conducted and reveal ed that they can be transported 
at l ow vel oc i ti es ( 0 . 2 - 0 . 5 ft/sec ) .  

I nputs rece i ved have been used i n  rev i s i ng NUREG- 0869 .  

Comments on recommended changes to  vari ous  tab l e s  as  I nputs recei ved have been used  i n  revi s i ng NUREG-0869 . 
d i scussed at the J une 1 and 2 ,  1983 , pub l i c  meeti ng . *  

Numerous  comments s uggesti ng word changes that wou l d  I nputs rece i ved have been used i n  rev i s i ng NUREG- 0869 . 
mi n i mi ze s i ng l i ng out fi brous type i ns u l ati ons as 
the screen b l ockage concern wi thout cons i deri ng 
b l ockages due to refl ecti ve metal l i c i ns u l ati on  
materi a l s . *  

Comments on recommended rev i s i on to refl ect current 
status of i ns u l ati ons emp l oyed i n  nucl ear power 
p l ants . *  

*Letter of  J une 23 , 1983 . 

I nputs rece i ved have been used i n  rev i s i ng NUREG-0869 .  
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Comment 

The potenti a l  for screen b l ockage by refl ecti ve 
metal l i c debri s has not been adequatel y  addressed .  
In  part i cu l ar ,  the  water vel oc i t i es requi red to 
to transport debri s and ho l d  i t  agai nst the s ump 
screen have not been studi ed. * 

fhe a s s umpti on that a l l fi b rous  b l ankets and 
p i l l ows wi thi n 7 L/D of  a break are destroyed i s  
overly conservat i ve .  D i fferent des i gn s  o f  p i l l ows 
have varyi ng res i stances to destructi on  by water 
jets . *  

The commentor stated that esti mated costs for 
i ns u l at i on i nstal l at i on and rep l acement are 
too l ow.  OCF cost esti mates that were provi ded 
are* 

CX> 
� *Letter of  J u l y  14 , 1983 . 

NRC Staff Response 

A set of  experi ments to determi ne transport vel oc i ti es 
( s i mi l ar to those performed on  fi brous  i ns u l at i ons ) 
has been compl eted by A l den Research Laboratory . 
The res u l ts are s ummari zed i n  NUREG-0897 and used i n  
RG 1 . 82 .  

The 7 L/D cri teri on  i s  based o n  exper imental stud i e s  
of representat i ve s amp l es of  fi brous p i l l ows exposed 
of h i g h-pressure water j ets . These smal l water j et 
studi es  s howed that i ncreas i ng pre s s ure (40-60 p s i a )  
res u l t s  i n  destruct i on of pi l l ow covers and re l ease 
of core materi a l . F urthermore , b l owdown experiments 
i n  the German HDR faci l i ty s howed that fi berg l as s 
i ns u l ati ons ( even when j ac keted) were destroyed wi thi n 
6 to 12 feet of  the break ,  and di stri buted throughout 
contai nment as very fi ne parti c l e s .  Un l ess  conc l u s i ve 
experi mental ev i dence i s  obta i ned that accurate l y  
rep l i cates the vari ety of  cond i t i ons that may exi st i n  
a LOCA , i t  i s  prudent to retai n the conservati ve 7 L/D 
cri teri o n .  The 7 L/D envel ope i s  a s i gn i fi cant reduction  
from the prev i ous ly  proposed 0 . 5  ps i a  stagnati on press ure 
destruct i o n  cri teri on i n  NUREG/CR- 2791 (September 
1982 ) and ( i n  genera l ) l i m i ts the zone of maxi mum 
destruct i on to the pri mary system p i p i ng and l ower 
porti ons of  the steam generators . 

OCF cost data are uti l i zed i n  rev i s i ons  to the 
val ue/i mpact analys i s .  
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Tab l e  3 ( Conti nued) 

Comment 

Cost of  NUKON� = $90/ft2 for materi al  
(as  fabri cated) 

Cost of  refl ecti ve metal l i c = $100/ft2 
for materi al  (as  fabri cated )  

I nstal l at i on cost = $112/ft2 for 
l abor and re l ated s upport 

The commentor prov i ded recommendati ons for 
c l as s i fi cati on of  var i ou s  i ns u l ati ng materi al s 
Stres s i ng di fferences between NUKON� (an OCF 
product) and other fi berg l ass  and mi neral 
woo l  materi al s .  The commentor noted the 
di fferences between NUKON� and h i gh den s i ty 
fi berg l ass . *  

The commentor i denti f i ed 14 reacto r p l ants that 
have been re i ns u l ated wi th NUKON� , are i n  the 
proces s  of i nstal l i ng NUKON� , or may i nstal l 
NUKON�. * 

The commentor recommended i nspecti on surveys of 
p l ants to i denti fy actual i ns u l ati ons empl oyed and 
recommended the modi fi cati on  of  a draft generi c  
l etter to i nc l ude thi s requi rement . *  

*Letter o f  Ju ly  14 , 1983.  

NRC Staff Response 

Descri pti ve c l as s i fi cati ons prov i ded for i ns u l ation  
types  have been combi ned wi th s i mi l ar c l as s i fi cati ons 
obtai ned from D i amond Power Company for i nc l us i on i n  
NUREG- 0897 , Revi s i on 1 and NUREG- 0869 , Rev i s i on 1 .  

OCF p l ant i nformati on have been uti l i zed , a l ong wi th 
i nformati on from D i amond Power Company , to deve l op 
a current p i cture of i ns u l ati on uti l i zati on  i n  nucl ear 
power p l ants . The maj or fi ndi ng i s  that the number 
of p l ants us i ng or  are p l ann i ng to use  fi brous i ns u
l ati on i s  l arger than prev i ou s l y  esti mated.  For 
examp l e ,  the D i amond Power l i st reveal s  that 25 of 130 
operati ng and projected p l ants are uti l i z i ng fi brous 
i nsu l at i o n  on pri mary system components . 

The recommendati on for phys i cal  p l ant s u rveys (or  
i nspect i o n  to  i denti fy types and quant i t i e s  i ns u l a
ti ons empl oyed)  i s  a good one . However , the use  of  
a generi c l etter i s  to  reconfi rm adequate NPSH  
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Tab l e  3 ( Conti nued) 

Comment 

A report on 1 1 HDR S l owdown Tests wi th NUKON 
I ns u l ati on B l ankets1 1  was s ubmi tted as a 
support i ve document for the capab i l i ty on 
NUKON� i ns u l at i on to wi thstand the i mpact of  
a h i gh pre s s ure steam-water b l ast . ** 

Power Component Systems , I nc .  

A report o n  1 1Buoyancy , Transport and Head Los s  
Characteri sti cs  o f  Nuc l ear Grade I n s u l ati on 
B l an kets 1 1was s ubmi tted as a s upporti ve document 
for rel at i ve efforts i n  the area of  fi brous  
i ns u l ati ons . *** 

*Letter of  J u l y  14 , 1983 . 
**Letter of  February 18 , 1985 

***Letter of November 8 ,  1984 

NRC Staff Response 

margi ns , and wi l l  be based on the actual types  and 
quant i t i es of i ns u l at i on empl oyed withi n a g i ven p l ant 
wi thout i mpos i ng a need to report i n  deta i l . 

Thi s  report has been i nc l uded as Appendi x  F i n  
NUREG-0897 Rev .  1 .  The tests demonstrated that 
j acketed and unjacketed NUKON� b l ankets wi th i n  7 L/0 
wi l l  be nearl y tota l ly  destroyed . However NUKON� 
b l ankets encl osed i n  standard NUKON� stai n l ess  stee l 
jac kets wi thstood the b l ast better .  But these  were 
i ns uffi c i ent number of tests to draw concl u s i ons 
for s i mi l ar i ns u l ati ons . 

The formu l a  prov i ded for fi brous debri s b l oc kage 
head l os s  i s  i nc l uded i n  Sect i o n  5 of NUREG- 0897 , 
Rev .  1 .  
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F i gure 8 . 1 ECCS s ump and contai nment bu i l di ng l ayout , Crysta l  R i ver U n i t  3 

NUREG-0897 , Rev i s i on 1 B-1 October 1985 
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F i gure 8 . 2 ECCS s ump and contai nment b u i l d i ng l ayout , Oconee U n i t 3 

NUREG-0897 , Rev i s i o n  1 B-2  Octobe r  1985 
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F i gure 8 . 3 ECCS s ump and contai nment b u i l di ng l ayout , Mi d l and Un i t 2 

NUREG· 0897 , Revi s i on 1 B- 3 October 1985 
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F i gure 8 . 4  ECCS s ump and contai nment b u i l d i ng l ayout , Mai ne Yankee 

NUREG- 0897 , Rev i s i on 1 B-4  October 1985 
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F i gure 8 . 5 E CCS  s ump and contai nment bu i l di ng l ayout , Arkansas Un i t  2 

NUREG-0897 , Rev i s i on 1 B-5  October 1985 



PI' lNG 
IRUK 
LOCATION 
MIA 

IRW lltATINI AT fL. Ill·-·· AND 
IL_. IOI'•(. a MUVY DUTY 
ftUL I 'li TMICIC WITH 
1 -N aMCM. 

PI'ING 
IRUK 
LOCATION 
AU& 

F i gure 8 . 6 Pri mary conta i nment vesse l , WPPSS U n i t  2 

NUREG-0897 , Revi s i on 1 B-6  October 1985 



APPENDIX  C 

I NSULATION DAMAGE EXPERI ENCED I N  THE HDR PROGRAM 

NUREG-0897 , Revi s i on 1 October 1985 





APPEND I X  C 

I NSULATION DAMAGE EXPERI ENCED I N  THE HDR P ROGRAM 

HDR Program and Faci l i ty Descripti on* 

The Hei s s dampfreaktor(HDR)  safety program ( PHDR) represents a maj or res earch 
effort i n  the Federal Repub l i c  of Germany addres s i ng the safety of nucl ear 
power p l ants . Funded by the Federal Mi n i stry for Research and Technol ogy 
(Bundesmi n i s teri um fUr Forschung and Techno l og i e ,  or  BMFT) and di rected by the 
Kernforschungszentrum Karl s ruhe ( KfK) , HDR experi ments at a decommi s s i o ned 
nucl ear power p l ant cover a broad range of  top i cs rel evant to nucl ear s afety . 
The program was concei ved wi th two bas i c  obj ecti ves 

(1) to i mprove u nderstandi ng o f  reactor sys tem behav i or under upset condi ti ons  
and defi ne marg i ns of  safety 

( 2 )  to eval uate and i mprove des i gn and testi ng techni ques  for nucl ear systems 
and components 

HDR research i s  concentrated i n  the fol l owi ng fi ve areas : 

(1 )  reactor pres s u re ves se l  b l owdown from typ i cal LWR operati ng cond i t i o n s  

( 2 )  response o f  s tructure s  and components t o  s uch  extreme external l oads a s  
earthquake s  a n d  ai rcraft i mpact 

( 3 )  s tructural response and fracture behav i or o f  press ure vesse l s and p i pi ng 
unde r  both thermal and mechan i ca l  l oadi ng 

(4) nondestructi ve exami nati on  of materi al s 

( 5 )  meas urement of  contai nment l eak  rates , both under normal operati ng  con-
di ti ons  and fo l l owi ng s i mu l ated acci dents 

The HDR ( He i s s dampfreaktor or s uperheated s team reactor) ach i eved i n i ti al 
cri ti cal i ty i n  October 1969 as a prototype 100-MWt bo i l i ng water reactor 
( BWR ) . A l though the faci l i ty was ori gi nal l y  i ntended to demonstrate the 
commerci al feas i bi l i ty of di rect nuc l ear s uperheat , n umerous operat i ng pro
b l ems forced i ts fi nal s hutdown after l es s  than 2000 hours of operati o n .  
Rather than restart the H D R  a s  a n uc l ear faci l i ty ,  the BMFT dec i ded i n  l ate 
1973 to refi t the HDR for l i ght water reactor ( LWR) safety research . The 
reactor i nternal s were removed and the faci l i ty decontami nated ; new equi pment 
was i ns tal l ed speci fi cal l y  for tes t  purposes . The f i rst b l owdown tests  at 
the recommi s s i oned HDR test fac i l i ty took p l ace i n  1977 . 

The HDR i s  a real nucl ear power p l ant.  That i s  to s ay ,  al though i t  was ori 
gi nal l y  des i gned nearl y  20 years ago , the HDR sti l l  offers the fo l l owi ng test 
capabi l i t i es rel evant to more modern commerc i al p l ants : 

*Source : Scho l l and Ho l man , 1983.  

NUREG-0897 , Rev i s i on 1 C-1 October 1985 



( 1 )  Actual reactor systems and components can be tested up to 1 : 1 scal e .  

( 2 )  H D R  sys tems and components are generi ca l ly s i m i l ar i n  construct i on and 
materi a l s to those i n  use today. 

( 3 )  The HDR contai nment prov i de s  a representati ve bas i s  for i nvesti gati ng 
pres suri zat i o n  and f l ow effects i n  mu l ti compartmented structures fo l l ow
i ng a l os s- of-coo l ant acc i dent .  

(4)  The HDR can be p l aced under thermal - hydrau l i c condi ti ons  that s ubj ect 
sys tems and components to press ure , temperature , and mas s  f l ow l oads 
typ i cal  of postul ated acc i dent scenari o s .  

The i n i t i a l  thermal - hydrau l i c s tate requ i red for HDR b l owdown tests ( typ i ca l l y  
110 bar , 310°C )  refl ects nomi nal PWR operati ng condi ti ons  and i s  produced by 
a speci al l y  des i gned test l oop . The experi mental test  l oop ( Vers uch s kre i s l auf , 
or  VKL) i nc l udes a 4-MW e l ectri c  boi l er for heati ng c i rc u l at i ng wate r ,  a coo l er 
wi th 8 MW of heat reject i o n  capaci ty ,  and an appropri ate vo l ume and pre s s ure 
control system . Warm water i s  fed i n  at the top of the reactor pre s s ure vessel  
( RPV) and co l d  water at the bottom , and water at a mix temperature i s  wi thdrawn 
through a feedwater i n l et nozz l e .  The system i s  des i gned to produce e i ther 
pres sure ves s e l  temperature gradi ents typ i cal  of normal PWR operat i ng condi ti ons  
or  un i form ( standby) temperature s . I n i t i a l  tests  o n  the VKL  proved it  capab l e  
o f  mai nta i ni ng pressures stab l e wi thi n 1 bar , and temperature s  stab l e  wi th i n  3°C .  

Damage I ncurred Duri ng S l owdown Tests* 

S l owdown tests conducted i n  the HDR fac i l i ty showed there were h i gh dynami c 
l oads i n  the v i c i n i ty of  the i mmedi ate break area . I nspect i ons  fo l l owi ng these 
b l owdown tes ts revea l ed :  spal l ed concrete ( attr ibuted to thermal s hock) , b l own 
open and damaged hatchways ( i n  some compartments doors were torn from the i r 
frames ) ,  bent meta l rai l i ngs , damaged protect i ve ( o r  pai nted) coati ngs , pee l ed 
and heav i ly  damaged thermal i ns u l ati o n  on  the p i p i ng and vesse l s ,  and scattered 
i ns u l at i on debri s throughout the contai nment  bui l d i ng .  The damage to , and the 
scatteri ng o f ,  g l as s  woo l  i ns u l at i o n  was part i c u l arly severe . 

F i gure C- 1 s hows the HDR contai nment and break compartment .  The l arge number 
of  compartments at vari ous  e l evati ons  shou l d be  noted and uti l i zed when maki ng  
use of fi nd i ngs for app l i cati on to  U . S .  nuc l ear p l ants , whi ch  are genera l l y  
much more open , wi thout many i nterven i ng compartments . F i gures C-2  to C-6  are 
p ho tographs  i l l ustrati ng damage that occurred . F i gure C-7  s hows a typ i cal  
p ress ure and  temperature p l ot for contai nment  fo l l owi ng a b l owdown . 

I ns u l at i o n  Damage Experi enced Duri ng S l owdown Tests 

NUREG/CP-0033 reports i ns u l at i o n  damage as descri bed be l ow . 

(1)  I ns u l ati on ( Ves s e l  and P ipi ng) 

Standard g l ass  woo l  i ns u l ati on wi th  s heet metal coveri ng was torn away wi thi n a 
radi us of  3 to 5 meters and di stri buted throughout contai nment.  A s i gn i f i cant 

*See Ho l man , MUe l l er- D i etsche , and Mi l l e r , 1983 . 
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e l evator 

break open i n g  

F i gure C-1  HDR contai nment and  break compartment  
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F i gure C- 2 HDR b l owdown compartment and photo of  l ocal damage near 
the break nozz l e  
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F i gure C- 3 HDR post- b l owdown damage to concrete structures 
wi thi n b l owdown compartment 
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Fi gure C-4 HDR post- b l owdown damage to rai l i ng s tructures  i n  
compartment near b l owdown chamber 
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F i gure C - 5  HDR post-bl owdown damage to compartment doors due to pre s sure 
wave . Debr i s s hown i s  spal l ed concrete from stai rwe l l l ocated 
near b l owdown compartment.  



F i gure C- 6 HDR post- b l owdown damage to i ns u l ated p i pi ng wi thi n  
the b l owdown compartment 
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i mprovement was achi eved through rep l ac i ng the g l as s  woo l i ns u l at i on wi th foam 
gl ass  i ns u l at i on  on the p i pes . 

I n s u l ati on on  l arger vess e l s i n  the pre s sure wave path cou l d be protected by 
steel  bands as l ong as the pressure l oadi ng was from outs i de to the i ns i de .  
However , at t i mes the wave press ure l oadi ng penetrated beneath the s urface and 
l i fted off the protecti ve s heath i ng .  

( 2 )  I n s u l ati on  ( RPV) 

The RPV , wi th i ts nozz l e  ope n i ngs and comp l ex fl ow patterns , i s  an excepti on 
because the pre s s ure wave propagates to a certai n extent from i ns i de to outs i de .  
Several types of  i nsu l ati on were tested here wi th the fo l l owi ng res u l ts :  

0 G l ass wool  wi th sheet metal  s heathi ng was peel ed off and destroyed . 

° Foam g l ass  was destroyed by l arger i nner overpressure because of  i ts 
bri ttl eness . 

Foam gl ass  i ns u l at i on s heathed i n  stai n l es s  stee l proved more res i stant to pres
s ure waves and j et i mp i ngement l oads because i ts connecti ng j o i nts yi e l d  to 
i nner overpress ure and s uppress i t .  

I ns u l ati on mats w i th gl as s  woo l  i nserts and pure texti l e  or  wi re-weave
strengthened covers res i sted pressure waves and jet forces equa l l y  wel l .  

F i gures C-8 and C-9 i l l ustrate the i ns u l at i on damage i ncurred . 

Two l etters from the HDR staff that prov i de further i nformat i o n  regardi ng i n
s u l at i on are i nc l uded i n  the i r  enti rety i n  thi s  appendi x .  Two other documents 
that are perti nent to th i s  s ubject are 1 1 I nvesti gati ons of  the Transport Behav i or 
of Parti cl es Duri ng a S l owdown Test at HDR , 1 1 GKSS Report 83/E/9 , and 1 1 Cons i dera
ti ons Re l ated to Acc i dent I nduced Debri s D i stri but i o n  i n  a P ressuri zed Water 
Reactor Contai nment , .. GKSS Report 83/E/8 , December 1982 . Both documents were 
wri tten by M. Kreub i g  and trans l ated by G. Hol man of Lawrence L i vermore Nati onal 
Laboratory.  
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F i gure C-8 Damage to jacketed fi bergl ass  i ns u l ati on l ocated on  the 
HDR b l owdown test .  Source : l etter from G. Hol man to 
A. Serki z ,  NRC , 1 1 Photographs  of HDR b l owdown damage , "  
Apri l 18 , 1983 . 
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Fi gure C-9 Foam g l ass  i ns u l ati on  damage fol l owi ng a b l owdown i n  the HDR .  
Foam g l ass  i ns u l at i o n  wi thstood b l owdown tests  better than 
f i berg l as s .  Source :  l etter from G.  Ho l man to A.  Serki z ,  
NRC , 1 1 P hotographs o f  HDR S l owdown Damage , 11 Apr i l 18 , 1983 . 
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M r . W i nd o f  H DR- pro j e c t  w i l l  j o i n  t h e  1 1 th WRS - Me e t i ng e n d  Oc tobe r 

1 9 8 3 . P e r h a p s  yo u c a n  con t a c t h im tog e t h e r  w i t h  G .  Ho l ma n . He w i l l  

a n s w e r  a d d i t i o n a l  q ue s t i o n s  a nd i f  n e e d ed f r om y o u r  s i d e , h e  c a n  

i l l  u s  t r a  t e  compon e n t  be h a v i o r  and · d am a g e  b y  s l i d e-s .  I n  th i s  c a s e  

p l e a se c o n t a c t  m e  d u r i n g S e p tembe r 1 9 8 3  b y  phone or te i e x . 

W i t h be s t  reg a r d s  
K e r n fo r s c h u ng s z e n t r um K a r l s r u h e G m b H  
P r o j e c t  HDR S a f e t y  P rog ram 
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P r o j e c t HDR S a f e ty Prog r am 
K l . M U l l e r 

Kernforsch ungszentru m 
Karlsru he 

A ug . 1 ,  1 9 8 3  - bo 

NOTA : INS ULATION DAMAGE IN THE HDR BLOWDOWN EXPERIMENTS 

1 .  Gl a s  F i b r e  I n s u l a t i o n  

H DR was e q u i pped w i t h  t h i s  typ o f  i n s u l a t i o n  a t  t h e  beg i n  o f  

t h e  e x pe r i me n t s . I n  t h e  b r e ak c ompa r tm e n t  a l l  g l a s  f i b re i n s u

l a t i o n  wa s d e s t royed a t  2 m a r o u nd t h e  b r e a k  no z z l e  a nd d i s 

t r i b u ted t hroug h the who l e  r e a c tor i n  v e ry f i ne pa r t i c l e s  on 

t h e  w a l l s  a nd f l oo r . The i ro n  wrappe r s  w e r e  t h rown away f rom 

ve s s e l s w i th i n 4 m a ro und the b r e ak n o z z l e , the g l a s  f i b re 

be i ng u n to u c h e d . W i t h  e n forced s h i e l d i ng s  ( s t e e l  b a n d ag e s ) 

a ro u nd t h e  ve s s e l s  n o t h i ng h a ppe n e d . 

2 .  Gl a s  Foam I n s u l a t i on 

G l a s  foam i n s u l a t i o n  

t h e  b l o wd own i mpa c t  

t h e  no z z l e , e x c e p t  a 

the p i pe . A t  t h e se 

a ro und 

e v e n  i n  

sma l l 

p l a c ed 

p i pe s  up to 2 0 0  mm � w i t h s tood 

a d i s t a n c e  o f  a bo u t  2 m a r o u nd 

a r e a  whe re t h e  m a s s f l ow to u c he d  

the i n s u l a t i on w a s  c u t  o u t . The 

i n s u l a t i o n  o f  t h e  pre s s u re ve s s e l  wa s d e s t ro y e d  at g re a t  

a re a s  a ro u nd t h e  b r e ak no z z l e  c a u s ed by t h e  f i r s t  p r e s s u re 

wa v e  c r a c k i ng the ma t e r i a l  ( s h o r t bre a k  no z z l e  RDB - E  e x pe r i 

m e n t )  . 

Kernforschungszentrum Karlsruhe: Wissenschaftlich-Technische Einnchtungen und Verwaltung: 7 5 1 4  Eggenstein-Leopoldshafen 

Tel. (07247) 8 2 1 .  bei Durchwahl 82 Telex: 7826484, Drahtwort: Reaktor Karlsruhe; Stadtburo u. Postanschnft: 0-7500 Karlsruhe 1. WeberstraBe 5 ;  Posttach 3640 
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The g l a s  foam t h e n  wa s c ra c ked i n  to g r e a t p i e c e s  no t l e a v i ng 

t h e  b r e ak c ompa r tme n t  a nd a g r e a t  amo u n t  o f  f i ne p a r t i c e l s  

f o l l ow i ng the b l o wd own pa t h e s  u p  to t h e  s um p  i n l e t .  

3 .  Gl a s  Foam w i t h  S t a i n l e s s  S te e l  S h i e l d i ng 

Th i s  m a te r i a l w i t h s tood a l l  i mpac t s  a nd r e t a i ned i n ta c t  e v e n  

i n s t a l l ed abo u t  1 m a r o u nd t h e  bre a k  no z z l e . 

4 .  I n s o l a t i ng Ma t r a z e s 

T h e y  c o n s i s t  o f  a n  spe c i a l  c l o t h  o u t s i d e  e v e n t ua l l y re i n f o r 

ced b y  s te e l  w i re s  f i l l ed w i th g l a s s  f i b re or s tone w oo l . Th i s  

m a te r i a l  w i t h s tood a l l impa c ts e v e n  good a s  m a t e r i a l  po i n t  3 .  

N e ve r t he l e s s  t h e re we re s ome c o r ro s i on e f fe c ts on t h e  c l o th 

c a u sed by d em i n e ra l i z e d  wa te r a t  h i g h  tempe ra t u re s . 

More d e ta i l ed i n forma t i on you w i l � · g e t  on r e q u e s t  f rom M r . W i nd o f  

K .  M ue l l e r . 
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Ta s k- M a n a g e r 
Ge n e r i c  I s s ue s  Br a n c h  
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U . S .  NRC 
M a i l  S top NL 5 6 5 0  

Wa s h i ng t o n  D . C .  2 0 5 5 5  
U . S . A .  

De a r  Mr . Se rk i z ,  

Kernforschu ngszentru m 
Karlsruhe 
Gesellschaft mit beschriinkter Haftung 

Projekt HDR- Sicherheitsprogramm 
Leiter Dipl- lng W Muller-Dietsche 

Datum: 

Bearbeiter: 

Telefon: 0724 7 I 82 
lhre Mitteilung: 

S e p t . 1 2 , 1 9 8 3  
K .  Mu l l e r  
4 3 4 3  

I re a d  t h e  repor t s  yo u s e nd to me w i t h  g r e a t i n te re s t . Th e r e  a r e  

s om e  a d d i t i o n a l  r e m a r k s  c o n c e r n i n g N u r e g / C R- 2 9 8 2 c om i ng f rom o u r 

e x p e r i m e n t s . 

W e  f o u nd o u t ;  t h e  j e t  fo r c e s  a r- e  ma i n  ca u s e  f o r  d e b r i s  g e ne r a t i on 

a nd d i s tr i b u t i o n ; p i pe w h i p  e t c . a re ne g l i g a b l e . 

Je t fo r c e s  ac t on l y  i n  a d i am e t e r  o f  2 - 5 m a r o u n d  

pe nd i ng on b r e a k  d i am e t e r  a nd b r e a k  g e ome t r y . 

the no z z l e d e 
' 

We d i d  th e s e  e x pe r i m e n t s  w i t h  p u r e  s t e a m  and p u r e  wa t e r  j e t  w i t h 

no z z l e  d i ame t e r s  o f  2 0 0  - 4 5 0  mm 0 .  

F i r s t  t h e  pre s s u r e  wave ma i n ly 

and m i ne r a l  woo l a nd b r 11t \ e 

d e s troys c o v e r s  a ro u nd f i b r e - g l a s s  

i n s u l a t i o n  ma t e r i a l s  a s  g l a s  foam . 

Tha n t h e  i mpa c t  o f  t h e  f l u i d p e e l s  o f f  t h e  u n p r o t e c ted " wo o l  l a

ye r "  o r  c u t s  o u t  t h e  foam g l a s  a r o u n d  p i pe s . 

The j e t  a nd t h e  fo l l ow i ng t u r b u l e n c e s  t r a n s por t e v e n  h e a vy we i g h t  

fragme n t s  to 

f i x ed by d ra g  

t h e  ne x t  compa r tm e n t s . He re h e a vy pa r- t s  a r e  norma l y  

f o r c e  a nd o n l y  l i g h t  w i g h t  p a r t i c l e s  w i l l  b e  t r a n s -

por t e d  f u r t h e r  e s pe c i a l l y i n to t h e  dome . 
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A l l g r i d s  a nd compone n ts w i th i n the b u i l d i ng a c t  a s  a s c re e n  for 

f i x i ng t h e s e  l i g h t  w i g h t  pa r t i c l e s , so in con t a i nme n t s w i t h a com

p l i c a te i n te r i or m os t  of the g e n e r a ted d e b r i s  a re f i x e d  be fore 

re a c h i ng the s ump a r e a . 

So o n l y  a b r e a k  l o c a t i on wi t h  d i re c t  a c c e s s  to t h e  s um p  a r e a  w i l l  

b l oc k  t h e  s c re e n s  i n  the way d e s c r i bed i n  yo u r  p a pe r s . 

I n  t h e  po s t  bl owd own pha s e  wh e n  the eme r g e n c y  coo l i nq s y s  tern i s  

fed by t h e  s ump wa t e r  t h e re a re o n l y  some " ma i n  w a t e r  wa y s "  l e f t  

l e ad i ng f rom t h e  no z z l e  to t h e  s ump . Th e s e  " rna i n  wa t e r  wa y s " w i l l  

n o t  c a u se p ump f a i l u r e . 

From my op i n i o n  yo u w i l l  g e t  mo re d e b r i s  c o l l e c t e d  and se t t l ed w i t

h i n t he c o r e  b a r r e l  a nd o t h e r  core i n te r n a l s  t h a n  r e a c t i v a ted by 

the ba c k  f l ow o f  t h e  wa t e r  to t h e  s um p . 

E v e n  i f  a c t i va t i ng the Con t a i nme n t  s pr a y s y s t e m  you w i l l  g e t  m o r e  

pro b l e m s  w i t h  t h e  b l oc ka g e  o f  the i n j e c t i o n  no z z l e s  o f  a wa t e r  

s p r a y  s y s tem b y  t h e  d e b r i s  t h a n  b l oc k i ng t h e  p ump or s ump i n l e t . 

Yo u r s  s i nc e re l y , 
K e r n f or s c h u ng s z e n t r um Ka r l s r u h e  GmbH 
P r o j e k t  rr- Si�LitlCm 
� :  G .  Ho l ma n , LLNL 

F .  W i nd , P H DR 
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APPENDIX D 

DETERMINATION OF RECIRCULATION VELOCITIES 

1. 0 General 

During the recirculation mode o f  operating the ECCS , water on the react01 

floor wi l l  drain to the sump , the source o f  water for pumps which provide 

long-term cool ing of the reactor . Thi s  flow o f  water on the reactor floor may 

be at suffic ient velocity such that insulation debris is t ransported with the 

f low ,  resulting in b lockage o f  the sump screens and a pressure drop across the 

screens . Of maj or concern is the impact o f  this potential pre s sure drop on 

the pump flow and on the available pump NPSH compared to the requi red NPSH . 

Various types of insulation materials have been tested to determine what flow 

velocities wi l l  initiate movement and transport o f  this debri s .  Of equal 

importance is the determination of what flow velocities wil l  exist in a given 

p lant during the recirculation mode , as it is the re lative magnitude of the 

actual recirculation velocities to the experimental ly determined transport 

velocities which determines the probability of insulation debris blocking the 

sump screens . 

Due to the arrangement of plant wal l s ,  structures ,  and equipment , there wi ll 

be only certain flow paths available from each postulated break location t o  

the sump ( s ) . Some plant layouts wil l  result i n  a few obvious flow paths ; in 

other plants , the flow paths may be numerous and not so easi ly de fined . Those 

paths having the shorte st length and offering the least res istance ( losses)  

wil l  produce the greatest velocities ( i . e . , have the most water surface 

s lope ) . For a given velocity , the flow path with the largest cross-sectional 

area wil l  carry the largest discharge . Local velocities will be considerably 

different from average velocities due to local flow contractions . Losses may 

be produced by surface friction , drag due to the flow past appurtenant struc

tures , equipment , or pipe s , expans ion losses downstream from constricted 

NUREG-0897 , Rev i s i on 1 D-1 October 1985 



openings , bends of the flow path , and any other phenomena causing turbulent 

energy d i s sipation . 

This appendix wil l  review various means for determining the rec irculation 

ve locitie s , such that an assessment of debris transport can be made . I f  a 

pre l iminary analysis using s imp l i fied methods indicates recirculation veloc

ities are within a factor o f  about two ( 2 )  compared to the experimentally 

derived transport velocity for the insulation type ( s )  under study , then more 

re fined analyses are warranted . For example , i f  recirculation velocities are 

up to. about 5 0 %  less than the predetermined debris transport velocitie s , 

transport may still actual ly occur since many approximations are inherent in 

the pre l iminary analyses .  On the other hand , i f  the recirculation velocities 

are up to about twice the transport velocities , transport may be less severe 

than indicated for simi lar reasons . To be conservative , it should be assumed 

that a l l  flow i s  returned by the safety inj ection system since thi s maximiz e s  

recirculation veloc ities o n  the containment floor . 

2 . 0  Review of Network Resistance Method 

A prel iminary method of est imating recirculation velocitie s is to de f ine a 

system o f  poss ible flow paths with varying res i s tance . Thi s  flow/resi stance 

network is s imp l ified by f inding equivalent resistances to series and para l lel 

paths , unt i l  one equivalent f low path remains . Since the total flow i s  known 

and the equivalent res istance may be estimated from coe fficients of friction 

and losses avai l able in handbooks ,  the total head drop from the break to the 

sump may be calculated . As a l l  parall e l  flow paths are sub j ect to thi s  same 

total drop , the individual flows in a l l  other paths may then be determined . 

Knowledge o f  flows per path a llows local velocities to be determined from the 

known local cross- sectional areas . Thi s  prel iminary analytic method i s  

presented in NUREG/CR- 27 9 1 , and i s  summarized below ( us ing conventional 

hydraulic terms ) . 
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As an i l lustration , assume the simpli fied s ituation shown in Figure D- 1 (taken 

from NUREG/CR- 2 7 91 ) . Flow from the break may reach the sump in a l l  combina

tion of the paths i l lustrated , and thi s  combination may be reduced to the 

flow/res is tance diagram shown , where resi stances R1 through R8 corre spond to 

the s imi larly numbered flow paths . The resistance may be determined from the 

fol lowing set o f  equations , starting with the we ll known Darcy-Weisbach 

resistance formula ( 4 ,  8 ) . 

where h
L 

f 

L 

R
H 

v 

g = 

L 
f 4R 

H 

(D- 1 )  

the drop in water level (piezometri c head) ( ft )  

friction factor ( dimens ionl e s s )  

flow path length ( ft )  

hydraulic radius = flow area/wetted perimeter ( ft )  

average cross-section flow velocity ( ft/s e c )  

acceleration due t o  gravity 
2 

( ft/sec ) 

Values o f  f ,  which depend on the rel ative roughne s s  of the flow path and the 

f low Reynolds number , are avai l able from standard text and handbooks ,  such as 

( 4 , 8 ) . S ince 

v Q/A (D- 2 )  

where 

Q flow rate 
3 

( ft /sec ) 

A cross sectional flow area ( ft
2

) 

letting c l/2g 

K 
fL 
4R

H 
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t hen 
(D- 3 )  

Py setting 

R KC/A2 

we obtain the usual system loss equation 

(D- 4 )  

indicating greater resistance (higher values for R )  for paths having greater 

friction , longer lengths , and smaller cro s s - se ction areas , and vice versa . 

Equivalent resi stan ces may be found for comb ined flow paths by use of the 

above equations and continuity , noting that the los s for e ach paral lel flow 

path equals the total loss . The result i s  that resistances in series add , and 

resistances in parallel follow a reciprocal law . 

Therefore , the network in F i gure D- 1 may be s imp l if i ed to 

'---------1 RC 

where RA Rl + RB 
RB R3 + R6 
RC R4 + R5 

Parallel resistances such a s  R2 and RB may be combined by finding an equiva

lent resistance 
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RD 

such that the network i s  now simplified to 

where F.E RD + F.7 

which in turn is reduced to one equivalent re s istance RF by application of the 

reciprocal law for para l l e l  res istances . There fore 

and h
L 

may now be calculated , because RF is estimated from the individual 

branch resistance s ,  and the total flow of the ECCS is known . G iven tl1e 

calculated h
L , which is the same for a l l  parallel branches , flow in e ach 

branch may be calculated using the individua l resistanc e s  for that branch . 

For example , 

I Rl + RB 

and the velocity at any section along flow path 1-8 may be determined by 

dividing the above determined flow rate by the cro s s-sec tional area at the 

section of intere s t .  It is important to consider local flow contractions to 

less than actual structural opening s . A typical f low contraction c an be a s  

low as about 0 . 6 5 o f  the actual avai lable opening , depending o n  the geometry 

r;·vo l v ed . 
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The above sununarized method appearing in NUREG/CE- 2 7 9 1 , although sound i r 

principle , inc ludes many approximations . A basic problem i s  that values for f 

are avai lab l e  only for straight , pri smatic channel s , and that average values 

of f and R
H 

are used for the entire flow path . Thi s  may be overcome by using 

much shorter flow paths , each having the proper value of f and R
H

, but this 

make s  the c alculation more laborious . It should also be recognized that most 

of the f low resistance is due to drag of various obj ects in the f low path , to 

bends , and due to f low expansions from contracted areas . Drag losses may be 

expressed as ( 4 )  

where C
D 

= a dimensionless drag coe fficient . 

A s imilar expression i s  used for losses due to bends 

where C
B 

wil l  vary with the bend radius . 

Values for C
D 

and C
B 

are avai lable for a variety of shapes in standard text 

and handbooks ( 4 ,  8 ) . Head losses due to flow expans ions are given by ( 1 ,  4 & 
8 )  

where 

= [ 1 -
a 
A 

2 
a = contracted flow area ( ft ) 

A 

v 
a 

2 
downstream cross-sectional area ( ft ) 

contracted area veloc ity ( ft/se c )  
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The contracted veloc ity may be re lated by continuity to the average flow 

velocity of the branch , and C
E 

expressed in terms of V instead of V 
a

. The 

total head loss for a given flow path may thus be calculated from 

I L v2 
R ' Q2 

h
L 

[ f  
4RH 

+ C
D 

+ C
B + C

E
] 2g 

(D- 5 )  

where 

fL + c + c + c ) 1 (D- 6 )  R 
4RH D B E 2 2gA 

The above i l lustrated calculations will be improved by the addition of these 

terms , but numerous flow paths must be defined such that the avai l ab l e  values 

o f  RH , C
D

, C
B

, and C
E 

real ly apply to that section , as average o r  e ffective 

values o f  these coefficients for varying path characteristic s c annot be 

determined . 

Despite the possible refinements to this method , not a l l  f low/re s istance 

networks can be simp l i fied to one equivalent resistance . 

example , the fol lowing s imple case . 

BREAK SUMP 

Cons ider , for 

Thi s  problem may be overcome by using a different type of analys e s , as illus

trated below for a more complex flow network postulated for a given plant . 
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3 . 0  Complex Network Analysis 

In the examp l e  i llustrated in Figure D-2 there are 28 flow paths and l R  

j unctions , A to R .  For each flow path Eq . (D- 5 )  is applicable . For example , 

for the flow path 5 ,  

where 

(D- 7 )  

H = piezometric head at the j unction identified b y  the 

sub-script ( ft )  

Q = flowrate along the flow path identi fied by the subscript 
3 

( ft /se c )  

R an ove rall resistance factor as de fined in equation (D- 6 )  

for the flow path identi fied b y  the subscript ( sec
2

/ft
5

) 

Similar to Eq . (D- 7 ) , 2 8  equations corresponding to the 2 8  flow paths are 

available . Also , for each j unction the continuity equation can be applied . 

For example , in Figure D- 2 ,  for j unction J ,  assuming inflow from flow paths 16 

and 21 

(D- 8 )  

Combining Eq . (D- 8 )  with head l o s s  relationships s imilar t o  Eq . (D- 7 )  gives 

H - H 
J A 

R
1 7  

1/2 
H - H 

K J 

R
1 6  

1 / 2  

+ ( 
H _ H 

1/2 
I J 

) 

(D- 9 )  

For each of the j unctions , one could write a n  equat ion s imilar to Eq . (D- 9 ) . 

Hence , i f  flow directions are first assumed , 18 j unction equations are ob

t:ained to form a system of nonl inear equations with the 18 unknown piezome t 1· ic 
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h �C:ads at j unction s .  One o f  the most wide ly used method for solving sucL a 

system numerically i s  the Newton-Ra lphson method ( 5 )  which iteratively solve s 

the system of equations . Computer programs us ing the Newton-Ra lphson methoa 

are readily ava i l able in many books on pipe network analysis ( 5 , 1 0 )  or or, 

numerical analysis of nonlinear equations ( 3 ) . To use the Newton-Ralphson 

method , one as sumes the flow directions and provides an initial estimate o f  

the piezometric heads conforming t o  the assumed flow directions . Since the 

method i s  iterative , the acceptab le error in final solution should a l so be 

indicate d . The method usual ly converges very fast , although convergences may 

not be obt ained if initial values are unrea sonable and too far from actual 

value s . The flow directions , if wrong , will be automatically corrected by �he 

calculation procedure to conform to the values o f  the piezometric heads 

obtained after each iteration . 

For the example considered , the piezometric head at the sump and the total 

flow into the sump Q
T . 

would be known . Ref erring to Figure D- 2 ,  H
A

, the 

piezometric head at j unction A is known . I f  the piezometric heads at each o f  

the j unctions B t o  R are determined , one could calculate the flows using the 

flow path equations similar to Equation (D- 7 ) .  There are 17 unknowns , name l y  

H
B 

t o  H
R

, and the required 17 equations can be obtained b y  writing the conti

nuity equations at each of the j unctions A to Q . For example at j unction A ,  

H - H 
1/2 

J A 
( ) 

+ 

R
17 

1/2 

+ 

H - H 
1/2 

Q A 
) 

1/2 

H - H 
1/2 

+ 
( 

B A 
) 

- Q 
T 

R
6 

0 

(D- 10)  

The Newton-Ra1phson method can be used to solve the 17 equations s imilar tc 

(D-10)  for the 1 7  unknowns H to H . 
B R 

l inear matrix a s  explained be low : 

NUREG-0897 , Rev i s i on 1 D-9  

The method is iterative and solves 2 

October 1985 



Let the 1 7  non-l inear equations be , 

0 

0 

0 

A linear matrix i s  written as , 

()F
l 

()H
B 

, 

()F
2 

()H
B 

, 

i)F
l 

()H
e 

()F
2 

o H
C 

- - - -

- - - -

, 

, 

()F
l Z

B 
F

l 
()H

R 

()F
2 zc = F

2 
(D- 1 1 )  

()H
R 

Using the initial guesses o f  H
B 

to H
R

, the values of i)F
1

/oH
B

, i)F
1

/oH
C 

etc . and 

F
1

, F
2 

etc . are calculated first and the l inear matrix (D- 1 1 )  is solved to 

obtain , Z
B 

to Z
R

, the corrections to initial guesses of H
B 

to H
R

. Note that 

the values of F
1

, F
2 

etc might be non-z e ro , s ince the initial guesses are not 

actual values . 

The corrected values of H
B 

to H
R 

are used for the next iteration , and the 

calculations are repeated unti l  Z
B 

to Z
R 

are within stated acceptable error 

margins . After several iterations , the f inal corrected values of H
B 

to H
R 

wil l  be considered as the actual value s , and these are then used in the f low 

vath equations simi lar to (D- 7 )  to obtai n  the flows in each f l ow path . 
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A l ternative ly , a. network ana lysis based on corrections to the flows in each 

loop could be performed . The flow system given in Figure D-2 could be trans

formed to an e ight loop network as given in Figure D-3 by replac ing parallel 

pipes with equivalent pipes . In this case , initial guesses of flows along 

e ach flow path should be made such that the continuity equation is satisfied 

at each j unction . Referring to Figure D-3 , there are 8 loops . For each loop 

the algebraic sum of the head losses around the loop would be zero . The 

pos i t ive direction of flow must be defined , such as clockwise around each 

loop . For example ,  referring to F igure D- 3 ,  for loop 6 with assumed flow 

directions let the initial guesses of flows be Q 13 , Q4 , Q1 1 , and Q1 2  a long the 

flow paths 1 3 , 4 , 1 1 ,  and 1 2  respectively . S ince the algebraic sum of the 

head losses around the loop would be zero , we get 

0 (D- 1 2 )  

where b.Q . is the correction to f lows in the loop i required to convert 
l. 

initial e stimate s  to actual value s of flows . When a flow path is common to 

more than one loop , corrections from e ach of the loops have to be inc luded to 

get the actual flow for that f low path . 

Writing s imilar equations for each loop , we get 

F = 0 
8 
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As a f i r s t  iteration , the unknowns 6Q
1 

to 6Q
8 

are solved by Newton- Ralph son 

method for the assumed initial guess of the flows around each loop . Then the 

f lows are corrected with the obtained values of liQ
1 

to l:IQ8 and the next 

j teration is carried out . The procedure is repeated until 6Q1 to 6Q
8 

become 

acceptably small . 

This method i s  quicker in that a lesser number of unknowns ( equal to number of 

f low loop s )  i s  i nvolved . However ,  it i s  difficult to give initial estimate s 

of flows satisfying continuity equation at each j unction . 

Instead of the Newton-Ralphson method , other i terative methods can be used , 

such as Hardy-Cross or l inear methods , to solve the nonlinear system of 

equations ( 5 ) . 

Irrespective of the method o f  analysis for large networks , the time consuming 

part is providing the initial data of R values for each flow path and the 

initial estimates of piezometric heads or flows . It must also be real i zed 

that many break locations must be cons idered , with each location requiring 

re-evaluation (perhaps redefinition ) of the flow network . Therefore two other 

methods to predict flow patterns and local veloc ities are addressed be low . 

4 . 0  Two-Dimensional Analyses 

Rather than pre-defining flow paths , another approach is to use a 

two-dimensional numerical model which , by its nature , accounts for the shape 

and size of the various flow paths and obstructions in the containment bui ld

ing . The flow to the sump being basically horizontal , the complete 

three-dimensional flow equations are integrated vertical ly over the wa ter 

depth (depth averaged) and solved numerical ly using one of several techniques . 

The two basic classes of techniques are the finite diffe renc e s  and finite 

elements methods . In the former , a grid i s  de fined covering the flow field , 

and the derivat ives appearing in the diffe rential equation s are approximated 

based on the values of the variables at the node s of the grid . The mos t  
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common type of finite differences grid i s  rectangu lar , wi th p o s s ib i l i t. y  c f  

variable resolution , but other grids are possible , particularly c ircular grid s 

for problems with obvious c ircular characteristics . 

In finite e l ements methods , the variations of the variables of interest an:. 

approximated continuously over elements through pre-de fined "basis funct ions " 

( or interpolating function s )  and nodal values . The most common type n f  

e l ement is tri angular with nodes at the vertice s , but there is no l imitatior, 

on the shape of the elements that can be used ( rectangular and curvi l inear arE· 

common) , and the number of nodes per element depends on the choice of basi s 

function . One of the advantages of the finite e l ements method ove r  the finite 

difference method is that the flow domain can be approximated more c lo sely ar,d 

that variations of resolution are more convenient with finite elements .  As an 

example , a grid of triangular finite elements is shown in Figure D-4 for the 

previous ly discus sed application . Finite elements solutions , however , tend to 

require larger computation times than finite differences so lutions . 

There are many other differences between available two-dimensional mode l s . 

These other differences concern the detai l s  of the numerical technique used , 

such as the way in which the non linear terms are treated or handl ing of the 

advective terms (which tend to create numerical instabilitie s ) , or the way 

t ime integration is performed . Another important difference betwee n  availab le 

mode l s  is the way in which turbulence and the corresponding Reyno lds stre sses 

are simulate d .  A common approach is to use an eddy viscosity concept but flow 

separation is then difficult to reproduce , and the values of the eddy viscos i 

t y  has a large effect on numerical stab i l ity , making the selection of this 

parameter a l l  the more critical . The so-cal led K - E:  method of turbuler,ce 

simulation has recent ly been shown to be very powerful , at the expen se of an 

increased number of differential equations to be solved . 

For such two-dimensional analyses , the break flow i s  s imulated by a f low 

source term ( s )  at one or more nodes at the break location . The sump may be 

.s imulated either by sink terms for node s around the sump , or speci fying val �.;(· S  
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o f  normal veloc i ty components at these locat.ions . Various assumpt ions regard-·  

i .  ng the d i st ribution of velocity or flow around the sump may be made . Losses 

due to f r ic tion and distributed drag from sma l l  pipes or structures are 

estimated and appropriate values o f  f selected . Losses due to flow eddies and 

large-scale turbulence may be simulated depending on the grid detail and on 

the analyti c  model . For practi cal grid sizes such as on Figure D- 4 ,  proper 

mode ling o f  flow separation is doubtful . Initial value s must be prescribed 

for veloc ities and water depths at a l l  nodes , and zero velocities and a 

hor i zontal water surface are convenient initial conditions . At solid bound

aries , zero normal (perpendicular) veloc ities must exist , although the tangen

t ial veloc i ty component may be either zero or unprescribed . 

Several two-dimens iona l mode l s  which are app l icable to thi s  problem are 

available , including those by Wang & Connor ( 9 ) , Leendertse ( 7 ) , Benque et al 
( 2 )  and Launder and Spaulding ( 6 ) . Application o f  any o f  these mode l s  to the 

calculation of recirculating flow patterns in containment bui ldings should , 

however ,  be subj ect to careful evaluation as a number o f  features exist in the 

proposed app l ication for which the analytic mode ls have not been fully tested . 

A notable feature to be checked is the flow separation that can be expected 

behind obstructions . 

Results o f  two-dimensional model s  are flow velocities and water surface 

elevation at the node points versus t ime . For this app l ication , transient 

effects would probably be negligible , but the computation time would remain 

large because of the fine grids required to account for the geometrical 

detai l s  of the domain . In spite of the re latively dense grid shown in F igure 

D-4 , it is not pos s ible to closely follow the actual bounding geometry i n  

regions of small c learances and local contractions . 

None of the analytic technique s described above includes consideration o f  the 

initial break flow momentum , nor do they c losely s imulate the complex geometry 

of the containment and appurtenant equipment ,  as e i ther one- or 

two-dimens ional approximations are made . Also , losses must be independently 
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e stimated . I f  complex flow patterns have significant e ffects on the problem 

under consideration , it i s  accepted practice that a physical (hydraulic ) mode l 

study may be necessary . 

5 . 0  Hydraulic Model Studies 

Depending on how close any analytically predicted rec irculat ion velocities are 

to the experimentally determined debris transport velocities and the need to 

further re f ine the evaluat ion of potential debris transport to the sump , it 

may be advantageous to use a physical (hydrau l i c )  model .  Such a mode l  would 

.include a l l  geometric features of the containment f loor area which could 

affect flow patterns . A portion of the type of model which would be suitable 

is i l lustrated in Figure D- 5 .  Although a full-scale s imulation of the reactor 

floor and sump geometry may be considered , it is more effic ient to use a 

reduced scale mode l ( and there is no technical reason to the contrary ) . 

NUREG/CR- 2 7 6 0  reports on studies spec i fically des igned to evaluate potential 

scale effects on sump hydraul ics . These studie s  show no scale e ffects as long 

as mode l f low Reynolds numbers exceed certain l imiting value s , such as typi

cally achieved at geometric scale ratios of about 1 : 4 .  

The advantages of using a hydraulic mode l are 

( 1 ) There is no need to make assumptions regarding loss and contraction 

coeffic ients as these are implicitly included . 

( 2 )  Flow paths are reproduced to their actual geometry rather than s imulated 

by one- or two-dimensional technique s , allowing accurate spatial defini

tion of veloc ity variations .  

( 3 )  The break flow momentum can be scaled , and numerous break locations can be 

evaluated without mode l  reconstruction . 
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Basic debris transport phenomena , such a s  relative volume s moved and 

downstream settling in lower velocity areas , can be demonstrated using 

s imulated ( scaled) debris . 

5 . 1  Simi l i tude Requirements 

The main similitude requirement is based upon scal ing the two dominant forces 

in free surface f low , gravity and inertia .  The se primary forces are embod ied 

in the Froude number , F ,  

F 
v 

v' gH 

(where V ,  g ,  and H are as previously defined) and equality of Froude number 

between model and prototype leads to proper scaling of f l ow patterns from the 

break to the sump . The selected geometric scale ratio must be large enough , 

however ,  such that viscous forces involved with friction and drag are properly 

scaled . Thi s  will be true if the model Reynolds number is large enough such 

that loss coefficients are equal to those of the prototype . Alternately , 

adjustments in the s ize of components causing loss e s  may be made to compensate 

for the lower model Reynolds number .  The use o f  standard laboratory velocity 

meters may also influence the choice of the model scale ratio . 

It should be noted that the actual reactor pres sure s and wat er temperature do 

not have to be scaled in the hydraul ic mode l .  The gas pressure over the water 

is constant in space and will have no e f fect on flow patterns . Water tempera

ture a f fects the water viscosity and surface tens ion , but neither parameter 

influences flow patterns for suffic iently l arge geometric s cale ratios and 

model Reynolds number . 

Simulation of the insul at ion debris transport , i f  des i red , i s  more complex . 

Since it may not be pos s ible to directly scale all relevant parameters as is 

the case for other analogous hydraul i c  mode l s  s imulating material transport , 
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t e st results are more qua l itat ive than quantitat ive . One approach is to f · r,d 

a model material which is transported at the model velocity scaling the known 

actual transport velocity for that insulation mate:r ial . Alternate ly , tr.e 

actual insulation material may be used ( at scaled size and volume ) if the 

model f low and velocity is increased to actual (prototype ) values , wr. i le 

maintaining the water depth . For a scale ratio o f  1 : 4 ,  this involves doub l ing 

the model f l ow and velocities from that given by norma l Froude scaling . It 

should be demonstrated that such flow increases do not change the flow pa t -

terns al':: determined from runn ing the mode l at Froude scaled f lows . 
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� n t roduct i on 

I n s u l a t i on reacti on to LOCA j et forces u l t i ma te l y  re l a tes to the 

Eme rgency Core Cool i ng System • s ab i  1 i ty to perform i ts i ntended 

funct i on , s i nce i n s u l at i on debri s has the potenti a l  to b l ock s ump 

screen s and reduce the pump • s  ab i l i ty to rec i rcu l ate the cool i ng 

med i um .  Ba sed on po stu l ated damage th re s ho l ds  and mode s , te s t i ng 

has  been pe rformed to dete rmi ne the t ra n s po rt potent i a l  and  

resu l t i ng s c reen b l ockage patterns fo r components of  meta l l i c 

refl ect i ve i n s u l ati on  ( NUREG/ CR-36 16 ) . The subj ect tes t i ng was  

des i g ned to  a n swe r ques t i ons  re l ated to  how ref l ecti ve  i n s u l a t i on 

rea cts wh en exposed to LOCA magn i tude j et fo rce s : 

o How i s  metal l i c  re fl ect i ve i n s u l at i on dama ged by j e t  forces?  

o W i l l  i t  be  removed from the  p i pe or  rema i n  i n  p l ace  a s  

i nsta 1 1  ed? 

o I f  the i n s u l ati on i s  torn apart by the j et fo rces , what  s i zes  

and  s h apes  of debri s wi l l  be  generated? 
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The te st  resu l ts summa ri zed i n  the fol l owi ng  pages prov i de va l u 

a b l e i n s i ght for understand i ng the fu ndamenta l quest i ons  o f  damage 

potenti a l  and mode , so  that the most  rea l i sti c a sses sment of 

s c reen b l ockage potenti a l can be made . The tes t  res u l ts  s um

ma r i zed here a re the onl y test  resu l ts ava i l ab l e that prov i de 

i nfo rmati on on refl ect i ve i ns u l at i on reacti on to h i gh pre s s u re jet  

forces . For more deta i 1 s of the  test  program , p 1 ease refer to  

D i amond Powe r Spec i a l ty Co . report #DCN  AE6609 - 1 1 1 984-0 l ,  11 HDR 

T EST RESULTS , M I RROR® I NSULAT I ON PERFORMANCE DURI NG LOCA 

CON D I T I ONS . II 
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Tes t  Faci l i ty Descri pti on 

A decommi s s i oned nucl e a r  reactor ( lOOMW prototype BWR )  h a s  b een 

refi tted to a l l ow fu l l  s ca l e  tes t i ng wi th cond i t i on s  repre s enta

t i ve of comme rc i a l  LWR  operati on . The  1 1 HDR11 ( pa raphra sed mea n i ng 

11 Su pe rheated s team reactor1 1 ) i s  a rea l  nucl ear  power p l ant  wh i ch 

offe �s test capabi l i t i e s  re l evant  to modern commerc i a l p l ants . 

The i n i t i a l  therma l hydrau l i c  s ta te for th i s  spec i fi c  HDR b l owdown 

test wa s 1 10 ba r ,  3 18°C  ( s atu rated steam ) , wh i ch refl ects nom i na l  

PWR operati ng condi t i on s . The reacto r  vessel  des i gn pa rameters 

i nc l ude 10m hei ght , 2 . 96m I . D . , 75m3 vol ume , 1 10 bar  des i gn 

pre s s u re and 360°C  des i gn temperature . The des i gn bas i s  brea k wa s 

s i mu l a ted by mean s  of a set  of rupture d i sks  mounted i n  a 450mm 

I . D .  nozz l e .  Approx i mate l y  fou r  feet from the nozz l e end , a l a rge 

defl ect i on p l ate i s  l ocated to gu i de the jet away from d i rect 

i mpact wi th the compartment wal l s .  
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Four  s pecimens of M I RROR® metal l i c  refl ect i ve i ns u l ati on  were 

provi ded for s i mu l taneou s  test i ng .  Each of the s pec i mens  wa s 

d e s i gned and  man ufactu red u s i ng standard practi ce and  materi a l s .  

Al l materi a l s  u sed were 304 s ta i n l es s  steel and a l l fasteners 

( s c rews , buckl es , pop ri vets ) we re s tandard producti on components . 

The l ocati on  of the test  s pec i mens  rel at ive to the test  noz z l e  and  

defl ecti on p l ate are shown in  F i gure 1 .  
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• Origin = Center of nozzle 
disc harge 

• X A x i s  a long a x i s  of nozzle 

• Dime n s i o n s  to approximate 
c e n t e r  o f  i n s tal led s p e c imen 

• Coordina te s  a r e  (X,Y,Z) 

DISTANCE FROM 
S P ECIMEN NOZZLE DISCH A R G E  

N U M B ER 

CD 
® 
® 
(£) 

NOZZLE 

· ®  - t l.-t 2,- t 0  

( A P P RO X I M A T E )  

+ Y  

2 .5 F T  

2 2 FT 

1 1  FT 

1 0 FT 

D£FLECTION 
PLATE 

® o,-e,-to 

-Y 

VIew From X-Y Plane or Elevation VIew 

+ Y  

Isometric 

-z 

o.-a.- to 
s 

VESSEL 

+ X  
DIRECTION Ofl 
NOZZLE DUICMAAGE 

DEJ'LECTION 
PLATE 

VIew From X-Z Plane or Plan VIew 

F i gure 1 I s ometri c l ocat i on drawi ng 
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Test Res u l ts 

11 Befo re 11 and 11 after11 photog raph s su pport the fol l owi ng  genera l 

observati ons : 

o No l a rge , f l at  p i eces of s heet meta l were rel ea sed from 

i ns u l ati on un i ts . 

o Fo rces  requ i red to 11 tear apart1 1 i n s u l ati on u n i ts tea r and 

deform th i n  gage l i ner materi a l  i nto ma ny i rregu l a r shaped 

a nd/o r  sma l l p i eces . 

o I n s u l ati on i nsta l l ed fa rther than approx i mate l y  10  feet from 

the b reak  l ocati on rema i ned i n  i ts i n sta l l ed l ocat i on and  

e ssenti a l l y  undamaged . 

o Meta l l i c components/deb ri s d i d  not affect test ( mea s u rement )  

i ns trumentat i on or  p l ant i ns trumentat i on . 

o No i ns u l at i on debri s wa s transported outs i de the test com

pa rtment by e i ther the b l owdown j et forces or subsequent f l ow 

vel oc i t i e s . 
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Representa t i ve photographs a re i ncl uded on the fol l owi ng pages . 

The arrows s upe rimposed on the 1 1before te st 11 photog raph s represent 

the best e s t i mate of the s team jet  d i recti ons rel at i ve to the 

i ns u l ati o n  spec i mens . 
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F i gure 2 Spec i men 1 before test 

F i gure 3 Spe c i me n  1 before test 

F i gure 4 Spec i men  1 before test 
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S PECIMEN  1 ,  
BEFORE TEST 

F i gure 2 s hows the 
i ns u l at i on ( i n  the 
l owe r l eft corner ) 
re l a ti ve to the nozz l e  
and  the  defl ector 
p l ate . F i gure 3 shows 
a c l oseup of  the test 
u n i t wi th the s t r u t  
connect i on to the  d e 
fl ector p l ate i n  the 
l owe r ri ght  hand  cor
ner.  F i gu re 4 c l early 
shows the te st  s pec i men 
i nsta l l ed on the stru t .  

Deta i l s :  

O . D .  of i ns u l at i on= l 2 11 
Length of Un i t=301 1  
Thi ckness  of i ns u l =2 . 011 
L i ner mater i a l = . 0025 11 
Materi a l =Al l 304 S . S . 
Di s tance from 
nozz l e  't_ = 2 . 5  ft .  
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F i gure 5 Spec i men o1 after test 

F i gure 6 Spec i men 1 after test  

7 Spec i men  1 after test  F i gure 
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S PEC IMEN  1 
AFTER TEST 

F i gures 5 and  6 show 
debr i s from test  
spec i men 1 .  These 
photos i nd i cate that 
th i n  gauge l i ner 
materi al  deb r i s i s  torn 
and crumpl ed by forces 
req u i red to tear apart 
the i nsu l a t i on sect i on .  
Note that no  evi dence 
of 1 a rge , fl at sheets 
of l i ner  materia l 
resu l ted from the tes t .  

F i g u re 7 demonstrates 
the tendency of i nsu l a 
t i on sect i o n s  to rema i n  
i ntact , even under 
severe dest ructi ve con
d i ti ons . No  c omponents 
f rom th i s  sec t i on we re 
set l oose , even though 
i t  i s  severe l y  crushed 
and deformed . 
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F i gure 8 Spec i men 2 after- test 

F i gure 9 Spec i men L aT te l' test 

F i gure 10 Spec i men 2 after test 
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SPEC IMEN 2 

F i gu re 8 s hows the 
i ns u l ati on spec i men i n 
stal l ed on  the p i pe 
pri or  to the tes t .  

Deta i l s :  

O . D .  of i n s u l a t i on=24" 
Length of  un i t=l5 . 75 11 
Th i ckness of  i nsu l =3 . 0 11 
L i ner materi a l  = . 0025 11 
Materia l  = Al l  304 S . S .  
D i s tance from 
noz z l e  C£. � 22 ft . 

F i gu res  9 and 10 s how 
the test  u n i t  on  the 
pi pe fol l owi ng the test 
( photos from oppos i te 
s i de of pi pe ) .  Note 
that the tes t  un i t  has 
been moved a l ong the 
pi pe and has su stai ned 
a sma l l amount  of 
deformat i on on  one end 
d i sc due to the mot i on 
re l at i ve to very rough 
pi pe su rface . 
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F i gure 11 Spec i men 3 after test 

F i gure 12 Speci men 3 after test  

F i gure 13 Spec i men 3 after test 
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S PEC IMEN  3 

F i g u re 1 1  s h ows the 
i nsu l a t i on i nstal l ed .  
The i nsu l a t i on i s  fas 
tened together wi th 
buckl es  a n d  s c rews and  
i s  supported on the 
edges on ! -B eams . 

Deta i l s :  
Panel s i ze :  1 1 . 7x46 11 
T h i ckness  o f  i ns u l =4 . 0 11 
L i ner mate r i a l = . 0025 11 
Mater i a l =Al l 304 S . S .  
D i stance from 
nozz l e ct:_ = 1 1  ft 

F i gure s  12 a nd 13 s how 
the i nsu l a t i on sect i ons  
after the test wa s 
performed .  No damage 
was apparent f rom above 
the i nsu l at i on .  The 
s l i ght damage obse rved 
from bel ow the spec i men 
( F i g u re 1 3 )  mu s t  have 
been caused by i mpact 
from a fore i g n  obj ect , 
s i nee no  damage was 
observed from above . 
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F i g ure 14 Spec i men  4 after test 

F i g ure 15 Spec imen  4 after test 

Fi gure 16 Spe c i men  4 after test 
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S PEC IMEN 4 

F i gure 14 shows the 
U- shaped box i nsu l ati on 
i nsta l l ed on a tee . 

Deta i l s  

Length of u n i t=16 . 0 "  
Th i ckness o f  i ns u l =2 . 0" 
D i ameter of  c i rcul a r  
secti on = 12 . 0" 
L i ner  materi a l  = Al l  
304 s . s .  
D i s tance from 
noz z l e  't:. � 10 ft . 

F i gures  1 5  a nd 16  s how 
the tes t  u n i t  after the 
test  was performed . 
Damage wa s confi ned to 
1 oca 1 a reas  a round the 
end d i sc  ( vert i cal 
s urfaces ) .  Damage shown 
i n  the l ower photograph 
i s  bel i eved due to 
i mpact from a fore i gn 
obj ect . 
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SUMMARY : 

HDR  S l owdown Tests 
Owens -Corn i ng F i berg l a s 
March 27 , 1985 

Th i s  report s ummari zes  the resu l ts of  the two tes ts conducted th i s  past summer 
at the HDR fac i l i ty i n  Wes t  Germany . For Owens -Corn i ng ,  the obj ect ive  of 
these tests  was to determi ne the capabi l i ty of the NUKON nuc l ear contai nment 
area i ns u l at i o� to wi thstand the i mpact of a h i gh pres s u re steam-water bl ast 
and to determi ne the s i ze d i s tr i but ion of the f i brous i ns u l at i on  debri s 
resu l t i ng from the impacted b l an kets . The report summari zes  the tes t  
procedure a n d  the resu l ts ;  i t  conta i ns , i n  addi ti on , 11 before " a n d  11 after11 
photographs and  we i ght tab l es of the vari ous components . 

I n  s hort , the tests demons trated that u nj ac keted NUKON bl a n kets , or  NUKON 
bl an kets cove red i n  a meta l mes h ,  that are l ocated wi th i n n i ne pi pe d i ameters 
of the s i mu l ated pi pe brea k ,  can be tota l l y  des troyed but may not be , 
dependi ng on the ori entat i on ( i . e . , over 90 percent of  the wool i ns u l at i on was 
reduced to fi ne fi bers ) .  However , NUKON b l ankets encl osed i n  the s tandard 
NUKON 22 gage sta i n l es s  s teel  j ackets wi thstood the b l a s t  to such an extent 
that l es s  than 50 percent of the meta l j acketed wool i ns u l ati on was reduced to 
fi ne fi bers ( for p i pe i nsu l ati on wi thi n seven p i pe d i ameters from the 
s i mu l ated p i pe brea k ) . Thes e test res u l ts are u n i que to NUKON i ns u l a t i on 
systems s i nce they l i ke l y  depend on type and th i c knes s of sta i n l es s  steel  
j ackets , s trength of jacket l atches , type of i ns u l a t i on wool , type of fabri c 
covers , s trength of fabri c to fabri c seams , s trength of the  Vel cro j o i nts , and 
s trength of the Vel c ro to fabr i c  seams . Further , i t  shou l d be emphas i zed that 
the succes s  of the meta l j acketed NUKON p i pe i nsu l a t i on i n  res i s t i ng t he b l a s t  
consti tutes on ly  two data po i nts . These s hou l d  n o t  be used a s  poi nts  of 
extrapo l a t i o n  to cover d i fferen t  mater i a l s or cond i t i ons . Whi l e  i t  i s  
rea sonab l e to as sume that a fl at NUKON b l an ket , covered w i th 22  gage s ta i n l es s  
steel j acket i ng , wou l d  a l so res i s t damage by a water-s team jet  b l a st , no 
actua l  data for th i s  confi gurat ion  was obta i ned i n  these tests . 

ANALYS I S  OF THESE RESULTS : 

A .  Overv i ew :  

Attachments 1 and 7 show the l ayouts o f  the nozz l e ,  the i mp i ngement 
pl ate , and the support strut for both Tests No . 1 and 2 .  The center of  
the  i mpi ngement  p l ate was  pos i t i oned 1 . 5  m from t he burs t p l a te of the  
nozz l e .  The  imp i ngement  p l a te was  a 2 . 6  m d i ameter d i s k  wi th i ts center 
pos i t i oned 2 . 0  m from the cei l i ng , or i ts upper edge 0 . 85 m from the 
cei l i ng ( note that the p l ate and the cei l i ng are not  perpend i cu l a r ) . 

Set-up for Tes t  No . 1 ( conducted on June 1 5 ) : 

A s i ng l e b l an ket of NUKON pi pe i ns u l ati on ( mea su r i ng 870 mm l ong , 50 mm 
th i ck , and of adequate s tretch-out to cover a 1 00 mm by 120  mm 
rectangu l ar bar that wa s used  to s i mu l ate a p i pe )  was p l aced on one o f  
three rectangu l ar s tee l s tru ts . See Attachment 2 for pos i t i on i ng of  the 
p i pe b l anket re l at i ve to the 450 mm i nner d i ameter noz z l e .  Thi s b l a n ket  
was l eft unjac keted . The center of  th i s b l an ket was  l ocated wi th i n a 
350mm cone of  the nozz l e ,  representi ng 0 . 8  p i pe d i ameters ( 0 . 8  D ) . 
However , as  i t  was l i ke ly  for th i s  b l anket to be h i t by water refl ected 
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from the i mp i ngement p l ate , the refl ected d i s tance wa s 1850mm , or  4 . 1 D 
( to the  center of the b l an ket i n  both cases ) .  Two fl at  b l an kets , each 
measu r i ng 500 mm by 750 mm by 50 mm ( th i c k ) , were a ttached to the 
cei l i n g , d i rectly  above the ax i s of the j et nozz l e ;  see Attachments 
lA and l B .  Th i s  p l a te was ori ented perpend i cu l a r to the ax i s  of the 
nozz l e .  - See  At tachment 3 for photogra phs of  the fl a t  bl ankets 
before the tes t .  Attachments lA and lB  show the pos i t i o n  of  the 
nozz l e ,  the i ns u l ated ba r ,  the i mp i ngement  p l ate , and other support 
e l ements . The impi ngement p l a te was pos i t i oned 1 . 5  m from the burst 
p l ate o f  the nozz l e  wi th the i ns u l ated strut extend i ng between the two 
and s l i ght ly  bel ow the center ax i s  of  the nozz l e .  The fl at  b l ankets 
were not l ocated wi thi n a 1 190 degree cone 11 extend i ng out from the center 
of the noz� l e .  Therefore , for the purposes of  i mpac t , the i r  d i stance 
from the nozz l e ,  was ca l cu l ated to be 3320mm or 7 . 4  D p i pe 
d i ameters , as sumi ng  that they wou l d  be i mpacted by water from the 
i mp i ngement p l ate . See the NRC report , 11 Methodo l ogy for Eva l uati on 
of I n s u l a t i on Debri s Effects 11 , pp. 22-26 , for an  exp l anat i on of the 
90-degree cone extend i ng out from the nozz l e .  The b l a n kets were 
attached to the cei l i ng wi th  Vel cro stri ps and p i ns wi th  speed 
was hers (wi th the p i ns i mbedded i nto the concrete cei l i ng ) .  

Resu l ts for Tes t  No . 1 :  

Both types o f  unj ac keted NUKON b l ankets were badly destroyed by the j et 
b l a s t  wh i c h ori g i nated from water-s team heated to 3 10 degrees C and 1 10 
bar .  The fl at i n s u l at ion  was tota l l y destroyed , wi th on ly  p i eces of 
c l oth , wh i ch were caught on pi pe supports , ab l e to be retri eved . The 
p i pe i ns u l at i on was l a rge l y  des troyed a l though 15 percent of the wool 
was l eft i ntact , encl osed i n  the fi berg l a s s  fabri c .  A l l p i eces were 
l ocated a round the test room but none i n  o ri g i na l  pos i t i ons . See 
Attachments 4 and 5 for photogra phs of the resu l t i ng fabri c materi a 1 .  
These res u l ts a re i ncon s i stent  s i nce ma te ri a l  l ocated 7 . 40 from the 
nozz l e  was tota l l y  destroyed wh i l e  other mater i a l , l oca ted 4 . 10  from the 
nozz l e , wa s l eft 15  percent i ntact . 

Set-up for Tes t  No . 2 :  ( Conducted o n  J u l y  4 )  

For the second tes t ,  the i mpi ngement  p l ate was ang l ed about 30 degrees 
from the center l i ne axi s .  Wi th  th i s ori entati on , a greater s tru t 
l ength wa s avai l ab l e for i nsu l at i ng .  Therefo re , two pi eces of  p i pe 
i ns u l a t i on b l ankets , each of  the s ame s i ze a s  for Tes t  No . 1 ,  were ab l e 
to be p l aced on the s trut that was on the s i de i mpacted by water 
refl ect i ng off the angl ed i mp i ngement p l a te .  Each p i pe b l anket  was 
covered wi th s tandard NUKON 22 gage sta i n l e s s  s teel  j acket i n g .  These  
sha l l be  referred to  a s  P i pe B l ankets A and B .  See Attachments ?A , and 
?B,  and 8,  l ower photograph . 

The fl at b l an kets were pos i t i oned exact l y  a s  for Tes t  No . 1 .  Th i s  t i me ,  
however , they were covered wi th meta l scr im  jacket i ng .  See 
Attachment 8 ,  u pper photogra ph . The test cond i t i ons  for Test  No . 2 were 
about the same as for Tes t  No . 1 :  3 10 degrees  C ,  1 10 bar .  
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The fl at  b l ankets , l ocated 7 . 4  D from the nozz l e ,  were tota l l y  des troyed 
by the b l ast , as i n  Test No . 1 .  The fabri c and the meta l scr i m  were 
aga i n  strewn about and caught on components  i n  the tes t  chamber . Of the 
two p i pe -b l an kets , the one c l osest  to the nozz l e  { P i pe B l anket  A) wa s 
j u s t  s l i ght ly  damaged , reta i n i ng 93 percent  of i ts or i g i na l  we i gh t  of 
woo l  ( the end of  the b l anket wa s s l i ght ly  torn up ) .  I ts center was 
l ocated 125mm , or 0 . 30 ,  from the nozz l e  i ts e l f ,  a l though i t  i s  l i ke l y  
that refl ected water-s team h a d  the greatest  impact . For t h e  refl ected 
case , the d i stance was about 2830mm , or 6 . 30 .  B l an ket A rema i ned i n  i ts 
ori g i na l pos i t i o n .  The one c l osest  to the impi ngement  p l ate ( P i pe 
B l anket B )  was parti a l l y  damaged , reta i n i ng 25  percent of i ts or i g i na l  
wei g ht  o f  wool . I ts meta l j ac keti ng , bad l y  deformed , rema i ned on the 
bar a s  d i d  the pi ece of b l anket that conta i ned the wool . Th i s l atter 
b l an ket had i ts center l ocated 1350mm , or 3 . 00 from the nozz l e ,  a l though 
for refl ected water-steam , i ts d i stance was 1930mm , or  4 . 30 .  See 
Attachments 9 and 10  for photog raphs  of th i s  pi pe i ns u l a t i on a fter the 
b 1 a s  t .  

Attachment 1 1  shows photographs  of the meta l j ac keti ng for P i pe 
B l anket B .  A more carefu l exami nat ion  of th i s j acket l eads to severa l 
concl us i ons . The maj o r i ty of the jacket damage can be attri bu ted to the 
water-s team pres sure . The ri vets for the l atches a l l appear to be b l own 
radi a l l y  stra i ght  out by an  i nterna l pres s u re . Most  cracks i n  the s teel  
had  been i n i t i ated from an i nternal  pressure pu s h i ng out .  The  fracture 
s hown i n  Attachment 1 1  occurred a l ong the i n i t i a l  bend of the 
rectangu l ar j acke t ;  apparentl y ,  i nterna l water pressure r i pped the meta l 
j acket where the added stress of the bend caused a wea k  s pot . There was 
some ques t i on as  to whether or not the burst p l ate damaged the s teel  
j acketi ng . Two cracks i n  the  j acket s howed very c l ean edges and 
ev i dence of abras i on .  It  i s  qu i te pos s i b l e that they were caused by the 
f lyi ng burst pl ate . Dents and cracks i n  Attachmen t  12 s trengthen th i s  
concl us i on .  

B .  Summary �! the Tests : 

Tabl e  1 g i ves a summary of the we i ghts of the b l an kets both before and 
after each tes t .  The fl at  b l an kets are , of  cou rse , separated from the 
p i pe b l an kets on th i s  we i ght  tabl e .  The Vel cro , u sed to attach the p i pe 
b 1 ankets and sewn onto the fabr i c ,  i s  treated a s  part o f  the fabri c .  
The we i ghts  of the NUKON base wool  are separated s i nce the woo l , not the 
fabr i c ,  i s  cons i dered to po se the greater sump b l oc kage potenti a l  and 
hence i ts fate was of most i nterest  i n  th i s tes t i ng . In Tab l e 1 ,  what 
is of greatest s i gn i fi cance i s  the d i fference between the resu l ts of  
Test No . 1 and Te st  No . 2 .  By meta l jac keti ng the pi pe i nsu l at i on , the 
percentage of pi pe woo l reduced to debr i s was dropped from 85 per�ent to 
4 1  percent . Th i s  i s  s i gn i fi cant because i t  demonstrates the 
effecti veness of  meta l j acketi ng i n  protect i ng the b l an kets . It a l so 
demons trates that a substanti a l  port i on of  the wool i nsu l ati on , that 
started wi th i n  seven p i pe d i ameters { 7 0 )  of  the brea k , was not reduced 
to fi ne fi bers . Thi s contradi cts the a s sumpt i on  made by theNRC that 
a l l fi brous i n su l a t i o n  l ocated w i t h i n  70 of  a break  wou l d  be reduced to 
f i ne fi bers by a b l as t .  
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On the other hand , the fl at b l ankets , p l aced on the cei l i ng d i rectly 
above the i mpi ngement p l ate and at  7 . 4D of the b rea k ,  were tota l ly 
reduced to fi brou s debri s .  The add i t i on of the  meta l mes h  j acketi ng 
a pparent ly  had no effect whatever i n  protecti ng the b l an ket . On th i s  
ba s i s ,  i f  ca l cu l at i ons  show there i s  a need to reduce the sump b l ockage 
potent i a l �  i t  i s  recommended that fl at , or  near ly  f l at ,  b l ankets p l aced 
on s team generators be covered by sta i n l ess  steel  j acket i ng , not by 
mes h .  However , i t  wou l d  be adv i sab l e to obta i n  actua l  test data on 
fl at , meta l jacketed b l a nkets subj ec ted to a b l as t .  

C .  Prev i ou s  Je_t_ Impi ngement Tests : 

The NRC assumpt i on , that a l l b l ankets wi th i n  7D of  a brea k wi l l  be 
reduced to l oose fi ber debri s ,  i s  a ra t i ona l one . I t  i s  based on " jet 
i mpi ngement" tests  conducted i n  1982 and 1983 at the Al den Research 
Laborator i es  (ARL ) .  These  tests demons tra ted that , i n  the wors t case , 
b l an kets ma de of fi brous i ns u l a t i on wi l l  be torn apart by dynami c  water 
pre s s u re s  of  20 ps i g  or greater when l ocated wi th i n a 1 1 90 degree cone" . 
Us i ng th i s  pres s u re , the NRC backed out the " 7D"  a s s umpt i on .  On th i s 
ba s i s ,  the as sumpti on i s  rat i ona l . 

However , the ARL tests were performed us i ng col d water emerg i ng from a 
two - i nch  d i ameter nozz l e .  I n  an  actu a l  two-phase b l ast , such  a s  wou l d  
occur i n  a pres sur i zed water reactor conta i nment  a rea acc i dent , the 
water-s team jet wou l d  have l es s  momentum at  20  ps i g  than a co l d wa ter 
j et ,  hence i t  wou l d  have l es s  des truct i ve potenti a l . A l so , because  i t  
cou l d  not cons t i tute a defi ned jet , i t  wou l d  l i ke ly  have l es s  
des tructi ve  potent i a l . However , the N R C  was j u s t i fi ed i n  us i ng the ARL 
da ta because  i t  wa s the on ly  data ava i l ab l e at that t i me .  

The two HDR tests , showi ng that meta l j a c keti ng can be used to protect 
fi brous  i ns u l at i on , rea l ly  on ly  cons t i tute s a s i ng l e  data " po i nt •• . That 
data po i nt shou l d  not be extrapo l ated i n  other d i rect i ons  to pred i ct the 
behav i or of other types of  wool , fabri c ,  s t i tch i ng , meta l j acket i ng ,  
l atches , or i ns u l a t i on sys tem des i gns . A var i at i on i n  any o f  these 
var i ab l es cou l d  have had a profound effect on the resul ts presented i n  
the two ocr -tests conducted at  HDR .  

D .  I ssue  of S i ze D i stri but i on of  F i brous Debr i s :  

One of  the or i g i na l  obj ecti ves of  th i s test i ng was to obta i n  a s i ze 
d i stri but i on of  the fi brou s debri s .  Th i s  d i stri bu t i on , i t  wa s rea soned , 
cou l d  then be u sed wi th ARL water transport data to ca l cu l ate the 
quant i ty of  debri s that cou l d  reach a sump screen i n  a spec i fi c  p l ant  
sump ana lys i s .  However , such  a s i ze d i str i but i on cou l d  not  be obta i ned . 
The woo l that was torn from the b l ankets wa s not ab l e to be fou nd and , 
hence , was a s s umed to be ent i re l y  reduced to l oose fi bers . Al l the wool 
retri eved was st i l l  encl osed i n  fi berg l a s s  fabr i c ;  hence , i ts s i ze 
d i str i bu t ion  wa s not an  i s sue  ( i . e . , enc l osed i n  fabri c ,  i t  wou l d  not 
transport to the sump screen a s  l oose  fi bers ) .  Therefore , the res u lt s  
of  the test were b i nary :  wool that rema i ned encl osed i n  the fabri c  was 
not transportab l e ,  wh i l e  woo l  that was torn from the fabri c encl osure 
was reduced to l oose fi bers . 
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From the HDR S l owdown Tes t s  No . 1 and 2 on NUKON i ns u l at i on b l an kets , 
s evera l conc l us i ons can  be drawn : 

1 .  Unj acleted b l anket s , and those j ac keted i n  meta l  mesh , l ocated  about 
7 . 4  p i pe d i ameters from the j et nozz l e ,  were reduced to s h redded 
fabri c  and unretr i evabl e l oose i nsu l at i on fi bers . Mos t of the 
fabr i c generated by the tests  wa s caught on  prot rus i on s  in  the  area . 
The wool not retr i eved was a s sumed to be reduced to l oose  fi bers . 
On the other hand , unj ac keted p i pe i nsu l a t i on , l ocated w i th i n  0 . 80 
of the nozz l e ,  was only  85 percent dest royed . 

2 .  Some of the 22 gage met a l  p i pe j acket i ng i n  Tes t  No . 2 wa s badly 
bent by the b l ast ; however , it  was  not torn away from i t s pos i t i on 
arou nd the s trut  i t  ha d covered . The sugges t i on i s  that the 
refl ected J et , rather  t han the pr ima ry j et , i nfl i cted the g reatest 
damage . 

3 .  The use  of meta l  j acket i ng over p i pe b l an kets was effect i ve i n  
reduc i ng the l evel o f  woo l  destruct i on from 8 5  percent ( Test  No . 1 )  
t o  4 1  percent ( Test  No . 2 ) , o r  7 5  percent for P i pe B l anket B and 
7 percent for P i pe Bl anket A .  

I t  i s  recommended that for sump ana l yses i nvol v i ng p i pes  i ns u l ated w i th 
meta l  j acketed NUKON b l ankets , Attachm2nt 13 rep l ace F i g u re 3 . 26 i n  the  
NRC report , NUREG-0897 . The  curves on these  g raphs  have been  redrawn by 
us i ng data co l l ected i n  t hese tes ts . I t  i s  a l so  recommended t ha t , i f  
poss i b l e ,  furt her test i ng be conducted . Th i s  wou l d  i nc l ude meta l  
j acketed fl at  NUKON b l ankets  a n d  i nsu l at i on samp l es p l aced at  v a r i ou s  
other  pos i t i ons  and ori enta t i ons . I dea l l y ,  the i mpi ngement  p l ate  s hou l d  
be removed and i ns u l at i on sampl es  s hou l d  be i mpacted by the  pr ima ry j et , 
not on ly  by refl ected water . 

F i na l l y ,  i t  i s  recommeded that  t hese  resu l t s not be extended to 
i ns u l a t i on mater i a l s fabri cated wi th  d i fferent gage meta l  j acket i ng ,  
mata l  l atches , compres s i b i l i ty of i ns u l at i on ,  etc . Var i at i on s  cou l d  
have a p rofound effect on the resu l ts .  Al so , cau t i on shou l d  be u rged on  
extrapo l at i ng these  resu l ts to so-ca l l ed 1 1encaps u l ated 11 i nsu l a t i on s i nce 
that i s  not a c l early defi ned type of i nsu l at i on and  s i nce i t s behav i or 
cou l d  be s i gn i f i cant ly  d i fferent .  
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TEST #1  

Ori g i na l We i ghts ( kg )*  

P i ece of  NUKON C l oth Scr i m  Ve l cro Woo l 

1 .  P i pe 1 . 03 0 . 09 0 . 025 1 .  50 
2 .  Fl at  A 0 . 54 0 . 05 0 . 70 
3 .  Fl at  B 0 . 54 0 . 05 0 . 70 

Comearati ve Wei ghts fro�_ Test # 1  ( kg} 

Pi ece C l oth & Vel cro Woo l 
Before* After % Los t Before* After 

1 .  P i pe 1 . 05 0 . 83 2 1%  1 . 50 
2 .  Fl at A 0 . 54 0 . 5 1  } 12% 0 . 70 
3 .  Fl at B 0 . 54 0 . 44 0 . 70 

TEST #2 

Ori gi na l W_e_i ghts { kg ) * 

NUKON B l an ket C l oth Scr i m  Ve l cro Woo l 

1 .  P i pe A 1 .  03 0 . 09 0 . 025 1 .  50 
2 .  P i pe B 1 . 03 0 . 09 0 . 025 1 .  50 
3 .  Fl at  A 0. 54 0 . 05 0 . 70 
4 .  Fl at B 0 . 54 0 . 05 0 . 70 

Comearat1 ve We i ghts from Tes t  #2 ( kg} 

NUKON B l anket C l oth & Vel cro 
Before* After % Los t Before* 

1 .  P i pe A 1 . 05 1 . 03 } 80% 1 .  50 
2 .  Pi pe B 1 . 05 0 . 64 1 . 50 
3 .  F l at A 0 . 54 } 0 . 27 0 . 70 
4 .  Fl at  B 0 . 54 0 . 70 
5 .  Un i denti fi abl e 0 . 49 

Fabri c Scraps 
6 .  Al l B l ankets 3 . 18 2 . 43 24% 

0 . 22 
0 
0 

Woo l  
After 

1 .  39 
0 . 38 

0 
0 

Tota l 
---

2 . 66 
1 . 27 
1 .  29 

% Lost 

85% 
100% 
100% 

Total  
---

2 . 66 
2 . 66 
1 .  30 
1 . 29 

% Lost 

7% 
75% 

100% 
1 00% 

* Based on average va l ues of  the we i ghts of  the materi a l s for s i x  
d i fferent b l ankets constructed for the tests . 

} 41%  
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At tachment 2 

TR 35947 

INSTALLED INSULATION BEFORE T EST 1 
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A t tachment 3 

TR 35 947 

• I 

INSTA LLATION OF FLAT BLANKETS BEFORE T EST 1 
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TR 3 5 947 

R ES ULT S  OF T EST 1 
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Attachment 5 

TR 35947 

RESULT S OF TEST 1 
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TR 35947 

INST�LLED INSULATION BEFORE T EST 2 
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Attachment 1 0  

TR 35947 

RES ULTS OF T EST 2 
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JACKET NEAREST THE IMPINGEM ENT ?LA�E 

FRACTURE CAUS ED BY WA�ER ?RESSUR E  

STUDY O F  STAINLESS STEEL JACKET F AILUR E  
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Attachment 1 2  

TR 3 5947 

SUSPECT ED BURST PLATE DMUGE 

INITIAL BURST PLAT E  D�MAGE PROP�GATED BY 

INTERNAL WATER PRESSURE 

STUDY OF STAINLESS ST EEL JAC KET FAILURE 
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to both boi l i ng water reactors ( BWRs ) and PWRs . Hence , both BWRs and PWRs are con
s i dered i n  th i s report . 

The techn i ca l  fi nd i ngs  i n  th i s  report prov i de i n format i on on  post- LOCA rec i rcu l at i on 
pe rformance . These fi ndi ngs  have been deri ved from extens i ve exper imental  s tud i es , 
generi c p l ant studi es , and assessments of sumps and pumps u sed for l ong-term cool i n g .  
The re su l ts o f  hydra u l i c  tes ts have s hown that the potent i a l for a i r  i n gest i on i s  l es s  
severe than prev i ou s l y  hypothes i z ed .  The effects  of debri s b l ockage on NPSH marg i n  
mu st  be deal t wi th on a pl ant- speci fi c  bas i s .  These fi nd i ngs  have been used  to 
deve l op rev i s i ons  to Regu l atory Gu i de 1 . 82 and Standard Rev i ew P l an Secti on 6 . 2 . 2  
( NU REG- 0800 ) .  
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