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NRC STAFF  REPORT - TMI - 2 

Ach i ev i ng and Ma i nta i n i ng Long Term Core Coo l i ng 

1 .  I NTRODUCTION AND SUMMARY 

1 . 1  Introducti o n  

Th i s  NRC staff report addresses  acceptab i l i ty o f  the p roposed method 

for l ong term core coo l i ng of  Three Mi l e  Is l and , Un i t  2. The l i censee  

has proposed* to  adopt the B&W recommendati on  to  uti l i ze natural 

c i rc u l at i o n  core coo l i ng i n  accordance wi th the 118ase  Case  Summary , 11 

s ee F i gure 1 .  1 .  Other a l ternati ve methods of  coo l i ng are avai l ab l e ,  

i ncluding h i gh and low pre s s ure i njecti on  or rec i rc u l ati on .  They do 

not offer the same as s urance of rel i ab i l i ty and f i s s i on p roduct conta i n

ment as the proposed natura l rec i rcu l at i o n  mode of l ong  term coo l i ng .  

The present  method o f  coo l ing with o ne reactor coo l ant pump runn i ng i s  

a l so preferred over the other a l ternati ves , but i t  has the uncertai nty 

o f  eventual p ump and i nstrument degradati on by the env i ronment i ns i de 

of  containment . 

The proposed mode o f  l ong term coo l i ng i nvo l ves  a sequence of  events 

i n it i ated in ear l y  Apr i l fo l l owi ng i ni ti a l  act i o ns to stab i l i ze the 

reactor after the acc i dent on March 28. Th i s  s equence is des i gned to 

p l ace both steam generator s econdary coo l i ng systems and the reactor 

coo l ant system in a water s o l i d  c o nd i tion for a cl o sed cyc l e coo l ing mode , 

thus keepi ng the h i ghl y rad i oacti ve pri mary coo l ant i nside contai nment 

wh i l e  preparati ons  for p l ant decontami nat i o n  are comp l ete d .  For th i s 

p referred mode of  operati o n , B&W has recommended that a feedwater f l ow 

o f  about 5000 gpm per s team generator be provi ded. Heat removal  to 

the u l t i mate heat s i nk wil l be v i a  i ntermediate heat exchangers , 

* 0Safety Ana l ys i s  Report for Transiti o n  to Natura l  C i rcu l atio n , .. 

transmi tted by l etter from J. G .  Herbe i n  o f  Metropo l i ta n  Edison 
Company to Denwood Ros s  o f  NRC , Apri l 12, 1 979. 
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i ncl udi ng the condenser for steam generator A in the f i rst few months. 

These  cond i t i ons  on  the secondary side o f  the steam generators are 

p roposed to opt i m i ze pr i mary s i de core fl ow , core temperatu re ri se , 

and average reactor coo l ant temperature and to resul t i n  adequate 

natural  c i rcu l at i on  coo l i ng of the core . 

The s taff has eval uated the proposed 11Bas e  Case Summary11 pl an  and has 

cons i dered conti ngency pl ans proposed by the l i censee . Our eva l uat i on 

has i ncl uded consideration o f  var i ous  s ubjects, s ummari zed bel ow in 

th i s  Sect i on and d i scus sed at greater l ength i n  l ater Sections , wh i ch 

m i ght affect natural c i rcul ation cool i ng capab i l i ty .  The staff approves  

the  l icensee ' s  pl ans  wi th certai n condition s  as  described i n  th i s  

report and fi nds that there i s  no u ndue ri sk to p ubl i c  heal th and 

s afety i n  the preferred mode of  l ong term cool i ng.  

O n  the bas i s  o f  current understand i ng of  the acc i dent scenari o and 

ava i l ab l e data , the staff reports here on i ts eval uation of the condi t i on  

of  the  core  and  the  core f l ow resistance as it  m i ght affect abil i ty to 

coo l the core by natural c i rcul ati o n .  The natura l  c i rcul ati o n  cool ing 

capab i l i ty of TMI - 2  for the esti mated core fl ow res i stance and a 

vari ety of  other cond i ti ons  i s  eva l uated and a compari so n  o f  the Base  

Case  and  o ff- nom i nal  pl ant confi gurat i ons  i s  presented . The  potential 

for and effects of natural convection core cool i ng are addres sed , and 

the staff recommendations  for reactor performance acceptance cri teria 

upon i n i t i at i o n  of natural convection are presented. 

A l so ,  a d i scus s i on of  the s hort and l ong term potent i a l  for evo l uti o n  

o f  noncondens i b l e gas i s  i ncl uded i n  th i s  report . Based  o n  c urrent 

i nformat i o n , i t  i s  not expected that quanti ti e s  of  gas l arge enough to 

affect natural c i rc u l ation cool i ng capab i l i ty wil l form at the expected 

operati ng cond i t i ons , as exp l a i ned i n  th i s report . 

The staff has al so  addressed other potent i a l quest i on s  regardi ng l ong 

term coo l i ng i n  any mode s uch as boron prec i p i tat i o n , and boron  d i l ut i o n  
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and rec r i tical ity , and has reviewed the p roposed conti ngency a l terna

t i ves i n  the event of  a l os s  of  natural circu l ation cool ing . 

The p l anned hardware modifications in the TMI -2  bal ance of  pl ant for 

i mp l ementing the l ong term natural c i rc u l ation coo l ing mode have been 

eval uated day be day by a team of NRC engineers working c l o s e l y  at the 

s i te wi th  the Licensee and its contractors. The staff has al so  cons i dered 

the process  and d i agnostic instrumentati on requi rements associated 

w i th  operati on i n  the natural c i rcu l ation mode . Attachment 2 s ummarizes 

the res ul ts of  this review effort .  

1 . 2  Summary 

The staff has performed a safety eval uati on  of  the trans i tion to 

natural c i rcul ation s hutdown cool ing of  the TMI-2 reactor core . O u r  

eval uat i on  con s i sted of  a review of  t h e  Met Ed/GPU SAR s ubmittal of  

Apr i l 1 2 ,  1 979 , several tel ephone conversati ons  wi th B&W techn i cal 

personnel to c l arify the techn i ca l  content of  that SAR , and extens i ve 

i ndependent cal c u l ations by the staff , national laboratories ( PNL , 

ORNL , I NEL , Sandia) and others . We have conc l uded that there i s  a 

h i gh probabil ity that natural c i rc u l at i on  cool ing of  the TMI - 2  core 

can be accomp l i s hed u sing either one or  both steam generators in 

either the steam i ng or  water sol i d  mode s . Cr i teri a to accompl ish the 

trans i ti on and to eval uate the acceptab i l i ty of natural circu l ation 

cool i ng performance u sing o n l y  instrumentat i on whic h i s  expected to 

rema i n functi o nal for the l ong term have been def i ned . Al ternative 

coo l ing modes have al s o  been considered for the unl i kel y event that 

natural c i rc u l ation cool ing fail s. 

The staff eva l uati o n  has considered core condition s  ranging from a 

normal unbl ocked core with an average resistance factor (K) of  9 . 4 to 
a core h i ghl y b l ocked (>99%) i n  the central region by approx i mate l y  

five feet of  debri s consist i ng of fue l and z i rconium oxi de fragments 
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and wi th 90% blockage i n  the peri pheral regi ons , wh i ch g i ve s  an equ i val ent 

average core K o f  3760 (96% blockage) or 400 t i me s  normal . 

Our best esti mate o f  the core res i stance model after cons i deri ng both 

fl ow and thermocouple data can be represented by an average core K o f  

1810 (93% bl ockage) or  200 t i mes  normal . Predi cted core flows for 

thi s range o f  core res i stances for the current one  pump operati ng 

c ondjt i o n  wi th one steam generator soli d and for the m i n i mum natural 

c i rc ul at i on condi t i o n  wi th one steam generator sol i d  fol l ows . 

Average Core 
Res i stance 
Normal 

Best Esti mate 
(200 X Normal ) 

Maxi mum 
(400 X Normal) 

One Pump (l bs/sec) 
Core Fl ow 

11,060 

3,610 

3,145t 

*Natural C i rc u l ati on  
Fl ow (l bs/sec) 

380 

231 

200** 

The cal cul ated natural c i rcu l ati on  fl ow rates as a funct i o n  of  core 

res i stance (K) are l i near on a log-l og pl ot .  The mi n i mum natural 

c i rcul ati o n  fl ow rate of 200 lbs/sec corresponds to an average core 

temperature r i se  of  1 3 . 5F at 3 Mwt decay heat l evel . 

I t  s ho ul d be  noted that the rat i o of cal cul ated one p ump fl ow rate to 

the cal cul ated natural c i rcul ati on  fl ow rate for a h i gh core res i stance 

i s  approxi matel y 1 5.7 : 1 and i ndependent of  the h i gh core res i stance 

considered . 

The core �T i nd i cated by i nd i v i dual i ncore thermocoupl e s  dur i ng l ate 

Apr il  rema i ned approx i mately constant after a l arge drop i n  the core 

i nlet temperatu re ( 234F to 1 75 F ) .  Thus , a cl osed channel enthal py 

r i se model provides a reasonabl e bas i s  for pred i cti ng the i ncore 

thermocoupl e tempe ratures . As s um i ng no change i n  core fl ow d i str i buti on  

· * Based on  Core I nlet Temperature = 1 03° F and 3 Mwt Decay Heat Level 
** Extrapolated from Table 3 . 3 

t Extrapolated from F i gure 2.9 
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when the operat i ng pump i s  tr i pped , the e nthalpy r i s e  i n  each thermo

couple channel can be expected to i ncrease by a facto r of 1 5, cor

respond i ng to the decrease i n  flow . Predi cted e qu i li b rium thermocoupl e  

temperatures  as  a funct i on  of decay heat rate o n  the day t h e  pump 
I 

tr i ps are g i ven  i n  F i gures 1 . 2  and 1 . 3 . 

The s taff has e st i mated that an i ncore thermocouple read i ng of  lOOOF 

i s  ind i cat i ve of  s ome core mate r i al at 1 300F  or  higher .  Due  to poor 

s trength p roperti e s  of  core structural mater i als at th i s  high temperature 

and due to an i ncreas i ng propens i ty for add it i on al ox i dat i o n  of  z i rco n i um ,  

lOOOF on  the i ncore thermocouples  i s  cons i dered to be  an i mportant 

l i m i t for e ffective core cool i ng .  S i nce  up to two the rmocouple s  are 

expected to app roach th i s  l i m i t i n  the event  of  early i n i t i at i on  of 

natural c i rculat i on ,  appropr i ate p recaut ionary act i ons  are spec i f i ed 

i n  Table 4.3 for the occurrence of  two or  three  incore temperatures 

above lOOOF .  

A second i mportant l i m i t for acceptable natural c i rculati o n  cooli ng i s  

the prevent i o n  of  bulk bo il i ng  i n  the core. For  operat i o n  w i th  two 

steam generators , a cr i te r i on to ma i ntai n lOOF or  g reater s ubcooling 

at the hot leg RTDs  i s  acceptable. For  one  steam generator operat i o n , 

low flow o r  no  flow condi t i ons  would best  be  i nd i cated by i ncore 

thermocoup l e s .  The staff recommends that natural c i rc ulat i o n  cool i ng  

be  term i nated i f  the average of  i ncore thermocouple read i ngs exceeds 

s aturati on temperature . 

Addi t i onal c rite r i a are d i scussed  i n  Sect i on  4 . 3 .  

The staff has also  concluded that the alternat i ve  operat i ng modes o f  

h i gh p re s s u re i nject i on  or  decay heat removal are l e s s  des i rable and  

p robably no more  e ff i c i ent  than  natural c i rculat i on  cool i ng .  Therefore , 

natural c i rculat i on  s ho uld not be  term i nated p rematurely .  
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2 . 0 CORE COOL ING 

2 . 1 Asses sment of  Core Condi t i ons  

The s taff as s e s sment of  the  p resent TMI -2 core geometry i s  presented 

i n  Attachment 1 .  It i s  based upon  the p re l i mi nary data ava i l ab l e from 

the p l ant as of Ap r i l  1 3 ,  1 979 . An understandi ng of core damage i s  

an  i mportant factor i n  a s ses s i ng the adequacy o f  core coo l i ng i n  the  

p roposed  natural  circu l ati on mode , as exp l a i ned i n  s ubsequent s ecti o n s . 

The asses sment can be summari zed as fo l l ows : 

The c l add i ng for many or  a l l fue l e l ements may have ba l l ooned and 

ruptured ear l y  in the acc i dent . Th i s mode of  i n i t i a l defect i ng i s  

p robab l y  i rre l evant i n  l i ght of  l ater ,  more extens i ve  damage by ox i dati on 

and  embri tt l ed  fracture of many fue l e l ements . 

In the hot upper centra l  reg i o n  of  the core , fue l temperatures  probab l y  

exceeded 1 750°C re l eas i ng l arge quanti t i es  o f  f i s s i on p roducts ; rad i o

chem i ca l  ana l yses  i nd i cate that about 30% of the total core i nventory 
·
of  nob l e gase s  was re l eased i nto the p r i mary coo l ant system . The 

1 750°C temperature i s  l ess than the U02 me l t i ng po i nt . Temperatures 

s uffi c i ent to cause  fuel p e l l et me l t i ng ( 2800° C )  were p robab l y  not 

reached .  

I t  i s  e st i mated that about 40% o f  the Z i rca l oy c l addi ng reacted wi th  

water .  T he  reg i on  of most  s evere oxi dati on  probab l y  was l oca l i zed 

above the 2 to 6 ft e l evati on , wi th more severe ox i dat i on  i n  the 

central bund l e s  than i n  the per i pheral  bundl es . S i gn i f i cant melti n g  

of  part l y  oxi d i zed c l add i ng may a l so  have occurred , a n d  t h i s mate r i a l  

wou l d have s o l i d i fi ed when core coo l i ng was re- estab l i s hed .  The  

severe l y  oxi d i zed ( and perhaps fused) c l addi ng probab l y  fragmented 

upon quenc h i ng .  The res u l t i ng fue l e l ement debr i s i s  probab ly  comp o s e d  

o f  pieces rang i ng from mi l l i meter s i ze t o  who l e secti ons  of  fue l rods . 
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The temperature of unfuel ed components woul d l ag the temperature of 
fuel rods by only about 20°F so that they al so  shoul d have experienced 

temperatures above about 1700°C. Consequentl y ,  Zi rcal oy components in 

the hot reg i on  of the core shoul d have oxidized ,  and components with 

I nconel , stainl e s s  steel , and Ag-In- Cd shoul d have mel ted. Because of 

many layers of protecti ve sheathing i n  the i nstrument tube the i ncore 

thermocoupl e tubes have s urvived even i n  the damaged core regi on , 

al though the oute r  sheath of the i nstrument tube may be badl y  damaged. 

Nearl y al l of the broke n  and oxi d i zed fuel el ement deb ris s ho ul d  

remain trapped i n  the upper core regi on because the fuel assembl y e nd 

fi ttings at the top of the core have a gri l l age that would act as. a 

screen. Furthermore , the compaction of  fuel debr i s i s  limited because 

the fuel pel l ets are fabri cated wi th a packi ng fract i on  of about 46% 

and the theoreti cal maxi mum pac ki ng fracti on (for a bed of spheri cal 

part i cl es} is onl y about 63%. I t  i s  very l i kel y that fuel debri s is 

al so  trapped in some m ix i ng c ups s urrounding the i ncore thermocoupl es,  

contri buti ng to  non- un i form thermocoupl e readi ngs. 

2.2 Staff Anal ysi s of  Core Cool i ng 

I n  order to evaluate current core cool i ng and the pl anned trans i t i on 

to natural c i rcul ati on cool i ng ,  cal c ul ati ons were performed by the NRC 

staff , and res ul ts of  cal cul at i ons  performed at Paci fi c Northwest  

Laboratory (PNL} , I daho Nati onal Engi neeri ng Laboratory (INEL} , and  

Oak R i dge Nat i onal Laboratory (ORNL} were d i scussed wi th the staff. 

The cal c u l at i ons  can be s ummari zed as fo l l ows: 

(1} The staff performed anal yses wi th the computer code Cobra IV to 

devel op a thermal -hydraul i c  model o f  the core based o n  the core 

exi t cool ant temperature meas u rements obta i ned from the post- acci dent 

i n- core thermocoup l es  wi th one reactor coo l ant p ump runn i ng .  

Pac i f i c Northwest  Laboratory performed s i mi l ar cal c u l at i ons  

us i ng Cobra IV  and  ORNL attempted s i mi lar cal c ul at i ons us i ng the 
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SABRE code. The l atter cal c u l at i ons are i ncomp l ete; however, 

p re l i mi nary res u l ts are cons i stent wi th PNL and NRC cal cu l ati ons. 

( 2 )  Hand cal c u l ati o ns have been performed to further deve l op the core 

mode l based o n  the knowl edge obtai ned from temperature and f l ow 

measureme nts , the rmal -hydrau l i c  des i gn data , and COBRA IV 

cal c u l at i ons . Con s i derati ons  i n  the mode l i ng i nc l uded: 

(a) an aggl omerate of fuel part i c l es packed i n  the m i x i ng cup 

s urrou ndi ng the i n-core instrument thimb l e  at the axi a l core 

exi t l ocati on  o f  the thermocoup l e .  

(b} s u spen s i on o f  fue l parti c l es i n  a parti a l l y  f l u i d i zed bed 

wi th the present one-pump f l ow condi t i ons , 

(c) accumu l at i o n  of  fue l  debr i s  i n  the bottom o f  the reactor 

vesse l .  

(3) Ana l yses are i n  p rogress to est i mate the k i neti cs o f  core damage 

by mode l i ng the events that occurred i n  the course of the acc i de nt. 

Thi s effort i nc l udes hand ca l cu l at i ons  by the staff to obtai n 

pre l i mi nary esti mates based o n  the transi ent data and more detai l e d  

computer cal c u l at i ons  u sing IRT a t  Brookhaven Nat i onal Laboratory 

(BNL) and RELAP4 at INE L .  

(4) Cal c ulat i ons  were performed a t  INEL us i ng RE LAP4 t o  eval uate 

natura l  c i rcu l at i o n  f l ow wi th several  poss i b l e  mode s o f  steam 

generator operat i on  duri ng l ong term coo l ing . Natural  c i rc u l a t i o n  

test data from Oconee were stud i ed to confi rm the cal cu l ated f l ow 

rates . 

(5) Cal c u l ati ons of the effect of core f l ow b l ockage o n  water f l ow in 

the acti ve and i nacti ve l oop have been performed by INEL (us i ng 

RELAP) , Technol ogy for Energy Corporati on (TEC) and by the staff . 
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These calculation s  have been  compared with post  acc i dent  and  

startup test  meas urements o f  f l ow in the  TMI -2 reactor coo l ant 

system i n  order to est i mate the extent of  core flow bloc kage . 

(6) The t i me history o f  post-accident thermocouple data from TMI - 2  

has been  exam i ned u sing a s i mulation o f  the damaged c o re to 

ev·aluate the capab i l ity of the model to pred i ct cool i ng  condi t i o ns .  

The  behav i or  o f  thermocouple data dur i ng the trans fe r  from reactor 

coolant p ump lA to pump 2A on  April 7 has been  interpreted by the  

staff to  general l y  conf i rm the e s timated condition o f  l oo se  fuel 

part i cles suspended i n  the upper  regi o n s  of  the core . As s hown 

i n  Figure 2 .  1 ,  high thermocoup l e  read i ngs exi sted i n  Regi o n  A 

p r i o r  to tr i pping pump lA . After start- up o f  p ump 2A, an  improved 

flow condi t i on  around the core exi t thermocouples o f  Reg i on  A was 

i nd i cated by decreases  of  greater than lOO F  i n  exi t temperature 

from several of  the instrumented a s semblies .  At the s ame time , 

core exit temperature s ros e  on  the o rder of  50F  i n  several sym

metr i cal ly  located fue l a s s emb l ies i n  Reg i on  B of Figure 2 .  1 .  

Th i s  can not be  total l y  expla i ned  if the fuel i n  the upper reg i o n  

o f  the core were stat i onary s i nce the switch i n  i n l et flow d i stri

b uti on  wou l d account for a maxi mum of about 30 percent i nc rease  

or  dec rease  i n  core  �T . However ,  it  can  be part i a l ly expla i ned  

by  col l apse  o f  the  f l u i d i zed bed  dur i ng the  f l ow coast  down 

tran s i ent  and by a redi str i b ut i o n  of fuel part i c l e s  ax i a l l y  o r  

radi a l l y  for the new f l ow d i str i bution obta i ned wi th  P ump 2A .  

The trends  of  the thermocouple data both  prior and  s ub s equent to  

the pump trip a l so are  con s i stent w i th th i s  conceptual core 

mode l . 

( 7 )  Ca l cu l at i ons  were performed to determ i ne  i f  the few h i gh thermo

coup l e read i ngs that have exi sted s i nce stab l e core coo l i ng was 

reestab l i s hed  cou l d be  caused by deb r i s in  the m i x i ng  c up s ur

round i ng the thermocoup l e . For ca l cu l ati ona l  p u rpos e s , a spherica l 

mas s was as s umed to form around the end  of  the  thermocoup l e .  The  
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cal c ul ati o ns show that even for the max i mum d i ameter sphere whi ch 

f i ts i nto the m i x i ng cup , the temperatu re d i fference from i nside 

to outsi de the sphere is only about 60°F .  Thi s i s  not  enough to  

expl a i n the h i gh thermocoupl e read i ngs that have been  observed 

dur i ng the fi rst two wee ks fol l owi ng the acc i dent , assumi ng heat 

transfer  to subcool ed fl u i d  surroundi ng the m i x i ng  cup . Assumpti ons 

u s ed i n  the cal cul ati o n  are gi ven i n  Tabl e 2. 2 .  

2.3 D i scussi o n  o f  Staff1 s Thermal Hydraul i c  Model 

The staff1s thermal -hydraul i c  model cons i sts of a one- e i ghth core , 

coarse mesh COBRA I V  model wi th one rad i al mesh po i nt per assembl y and 

13 axi al nodes . Fl ow area reducti ons  were i ncl uded i n  the assembl ies 

whi ch showed the l argest temperature d i fference across the core . The 

amount of area reducti on  was chosen  so that the cal cul ated core exit 

coo l ant temperature matched the thermocoupl e read i ngs taken at 5 PM on  

3/30/79. The meas ured thermocouple read i ngs were corrected for  the  

b i as whi ch was observed at  the pl ant (see Secti o n  2.4 , bel ow) . When 

the the rmocoupl e readi ngs are corrected for such b i as ,  the core tempera

ture r i se i n  the peri pheral assembl i es appears to be approximatel y 

cons i stent wi th a rel ati ve l y  u nbl o c ked core . The meas u rement uncerta i nti e s 

for the thermocoupl e s  and the resi stence temperature detecto rs i n  the 

cool ant l oops (RTDs) are so l arge that the temperature d i fference s 

between  a normal core and a sl i ghtl y bl ocked core woul d be masked . 

The staff model takes account of  i ncreased resi stance to cross-fl ow by 

greatl y reduc i ng the cross-fl ow areas . The extent o f  fl ow area b l o c kage 

i n  the staff mode l i s  shown i n  Fi gure 2. 2. Thi s  model has been u s ed 

to calcul ate the core ex i t  cool ant temperatures for the peri od 3/30/79 

to 4/10/79 and has al s o  been used to cal cul ate the cool ant condi t i o n s  

under several poss i bl e  modes of operat i on f o r  natural c i rcul at i o n . 

Fi gures 2 . 3 and 2. 4 pre sent the cal c ul ated and measured core ex i t  

cool ant temperatures as a functi o n  of t i me .  
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The staff•s consul tants at  Pac i f i c  Northwest  Laboratory a l so  performed 

thermal -hydrau l i c  cal cul ati ons  for the damaged TMI-2 core. The PNL 

thermal hydraul i c  mode l cons i sts of  a coarse mesh , ful l core mode l 

wi th 21 rad i a l  reg i ons each representi ng e i ght or n i ne fuel a s s emb l i es. 

The PNL radi a l  mode l i ng i s  shown i n  F i gure 2 . 5 .  The mode l i nc l udes 

i ncreased f l ow res i stance and reduced fl ow area i n  the hot regi ons  at 

h i gh e l evati ons , as s hown i n  F i gure 2 . 6 .  As was the case wi th the 

staff cal c u l ati ons , i t  was neces sary for PNL to severe l y  restr i ct 

c ro s s  f l ow i n  order to match the meas ured core exi t  coo l ant tempera

ture s . The area changes and f l ow res i stances s hown i n  F i gure 2 . 6 were 

chosen  to match the thermocoup l e  read i ngs from 4/7/79. 

Both the staff mode l and the PNL mode l i nd i cate that exte ns i ve b l ockage 

to both axi a l  and radi al  fl ow i s  requi red to exp l ai n  the measured 

temperatures. In order to i nfer a core condi ti on  from the area reduct i o n s  

and res i stance i ncreases used i n  the mode l s ,  we have used the f l ow and 

pres sure drop character i sti cs of  vari ous  pos s i b l e  f l ow b l oc kage confi gura

t i ons. 

For examp l e ,  cal c u l ati ons  were performed to esti mate what type of  

part i c l es mi ght be suspended i n  the  core due  to  upf l ow from one  reactor 

coo l ant p ump and to esti mate the depth of  parti cu l ate matter requ i red 

to cause the i nferred f l ow b l ockage ( i . e. ,  bl ockage i nferred from 

read i ngs of  thermocoup l es above the core) . 

The average ve l oc i ty of f l u i d i n  the core i s  est i mated to be about 3 . 5 

ft/sec wi th one pump runni ng and wi th a normal core geometry . As can 

be seen from F i gure 2 . 7 ,  th i s ve l oc i ty i s  h i gh enough to s uspend 

part i cles of  0 . 15 i nch , or  l es s , i n  equi va l ent d i ameter. Fue l pe l l et 

crac ki ng , as i s  known to occur  duri ng norma l operat i on , woul d produce 

U02 fragments i n  a s i ze range that cou l d be be s u spended by a 3. 5 

ft/sec upf l ow.  As fabr i cated , the pe l l ets are about 0 . 37 i nches i n  

d i ameter and approx i mate l y  0. 5 i nches  l ong . 
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The  p re s s ure drop requ i red to  f l u i d i ze a part i c u l ate bed  o f  U02 ranges 

from 2 . 5 p s i /ft for 40% poros i ty to 2 p s i /ft for 50% poros i ty .  T here

fore , i f  the fri cti onal  core pressure drop i s  between  o n e  and  twe l ve 

ps i d ,  a f l u i d i zed bed betwee n  one- hal f foot and six foot th i c k  cou l d 

be  s u spended . 

The hydrau l i c res i stance of  a f l u i d i zed bed depends  on the  poros i ty of  

the  bed and the  s hape of  the  parti c l es . Therefore a range  of  s hape s  

and poros i t i es were con s i dered i n  ca l c u l ati ng  the res i stance coeff i c i ent  

for the  f l u i d i zed bed . The poros i ty was cons i dered to  vary from 40% 
to 50% and  s hapes  i nc l udi ng cy l i ndri cal  s ectors , wedges  and  paral l e l 

ep i peds were cons i dered . I f  the pre s s ure drop per  foot of  bed ( psi/ft) 

i s  expre s sed  as 

2 
aP _ K W 
L- A2 '";;'28�8�gc

-
C5 

Where W = mas s f l ow , l b/sec 

A= area occup i ed by bed of  parti c l e s , ft2 

6 = fl u i d den s i ty ,  l b/ft3 

gc 
= grav i ti ona l  constant , ft/sec2 

K = res i s tance coeffi c i ent ,  1/ft 

L = bed l ength , ft 

then the most  l i ke l y  range for the res i stance coeffi c i ent , K i s  
37 , 000 � K � 1 38 , 000 for eac h  1 2  i nches  o f  debri s .  

I n  s ummary , we found that a f l ow res i stance ( K- factor )  o f  37 , 000 to  

138,000 cou l d be  p roduced by· each  1 2  i nches  of  debr i s ,  where the  

debr i s con s i sts of  fue l and c l ad fragments  rang i ng down to 1 /8 o f  an 

i nch i n  d i ameter .  The f l ow res i stances used by PNL ( 600 , 000 and 

1 00 , 000 ) wou l d be  equ i val e nt to at l east 4 . 3 feet o f  deb r i s for the 

hottest  reg i on  and between  2 . 7 feet and 0 . 7 feet of  debri s  i n  the 

l ower temperature reg i ons . The  peri p heral  reg i on  i s  as sumed to be 
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free of a significant amount of  debris in the PNL mode l . The staff 

mode l was u s ed to study peripheral regions  with two possib l e  configura

tio n s , unb l oc ked and 90% b l oc ked. Using a b l oc kage of  90% in the 

peripheral  region , the total core f l ow resistance as inferred from the 

thermocoup l e  readings is 3760 or 406 times norma l . 

I n  o rder to cal c u l ate the core exit temperature readings fo l l owing the 

change to p ump 2A o n  April  7 ,  it was neces sary to change the- f l ow 

b l oc kage mode l . Some or  a l l of  the observed temperature changes may 

have been as sociated wi th  axial motion of debris; that is , material 

that was near the thermocoup l es ( e.g . , just under the fue l bundl e 

upper end  f i tti ng) miyht have settl ed to a l ower elevation .  I f  this 

had been the case , then the temperature of the material might not have 

been affected when pump l A  tripped; rather ,  the temperature at the 

thermocoup l e  l ocation might have been l owered as a res u l t of  c ro s s  

f l ow from coo l e r  regions . For th i s  reason  both the ear l y  b l oc kage 

mode l (with pump l A  running) and the l ater b l ockage model (with pump 

2A running) have bee n  used in extrapo l ating to natura l  circulati on 

conditions , as described i n  Secti on  4, be l ow . 

Figure 2 . 8 s hows a compari son  betwee n  the temperature behavior predicted 

by the l ater bloc kage model and the meas ured thermocoup l e readings 

since the startup of pump 2A . The f i gure c l earl y  indicates periods of  

time during which the readings are  changing more rapidl y  than  wou l d  be  

expected from the c hanges in  decay heat with time. Th i s  could be the 

res u l t of  continuing movement of debris in the region of the hot 

assemb l y  (H-8) . However , there appears to be a smooth and  steady 

decrease in the readi ngs from 1 600 hours on 4/9/79 unti l 0800 hou rs o n  

4/1 1 /79 . This reducti o n  paral l e l s  the cal cu l ated res u l ts  and s uggests 

at l east a temporary end  to the movement of materia l near the exi t  of  

assembl y  H-8. This trend has continued up  to  the  present  ti me .  
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2 .4 B&W Therma l - Hydrau l i c Ana l ys i s* 

A con s e rvat i ve eva l uati o n  o f  core b l ockage was made by B&W , based o n  

the u s e  of  the core exi t  thermocoup l es .  Based on  the measured tempe rature 

data , the core f l ow i n  the current mode wi th one reactor coo l ant p ump 

operat i ng was e st imated to be l ess than 1 x 1 06 l bs/h r .  T h i s repre s ents 

very nea r l y  total b l ockage . The comparab l e c a l cu l at i o n s  by the s ta f f  

ind i cate about 2 x 1 06 lbs/hr .  

I n  order  to better understand the apparent ly  h i gh c o re exi t thermoc o up l e 

read i ngs, B&W perfo rmed ana l ys e s  of  the thermocoup l e  data . The c h rome l 

alume l thermocoup l e s  are l ocated i n  i nstrument th i mb l e s  wh i ch exte n d  

through the core . The thermocoup l e  j unct i on  i s  wi th i n a m i x i ng  c up i n  

the fue l assemb l y  upper  end  f i tt i ng , approx i mate l y  9 i nc hes  above t h e  

act i ve  core . The ana l ys i s  postu l ated t h e  presence o f  f u e l  accumu

l at i o n  i n  the upper  end  f i tti ng and the m i x i ng c up .  Fue l debr i s  w i th  

a radi us  of  3 to  4 i nches  i s  needed to  p roduce the h i ghest  obse rved 

temperature read i ngs  i n  the ear l y  days  fo l l owi ng the  acc i dent  whe n  

core temperatures had stab i l i zed (�T = 300F  from the rmocoup l e  to 

s ubcoo l ed  coo l ant external  to the i nstrument th i mb l e ) . T h i s amo u n t  of  

fue l cou l d  f i t wi th i n the upper  end  f i tt i ng , wh i ch has a n  i nteri o r  

wi dth o f  seven  i nches . Debr i s wi th i n the sma l l er d i ameter m i x i ng  c up 

cou l d res u l t o n l y  i n  a sma l l ( l OF )  i nc rease  i n  tempe rature . 

Tests were performed by B&W to determ i ne  the e ffect o n  thermocoup l e  

accuracy of  expos i ng  the i n s trument to 2000F fo r fou r  hours . F o u r  

tes t  thermocoup l es read wi th i n 5% of  the i r ca l i b rat i o n  va l ues  ove r a 

range o f  200F to l OOOF after th i s expo s u re .  Thermocoup l e  data f rom 

TMI - 2  dur i ng norma l operat i o n  were exam i ned for e v i dence o f  a sys temat i c 

b i as .  The pos s i b i l i ty o f  de- ca l i brat i o n  s i nce the  acc i dent was als o  

eval uated . I t  was conc l uded from the res u l ts of  the  the rmocoup l e  

tests and eva l uat i ons  that the temperature readi ngs are genera l l y  

accurate , but  have a pos s i b l e +5F b i as .  Further upward b i as o f  the  

thermocoup l e  read i ngs  i s  be l i eved by B&W to  be  due  to  fue l deb r i s  

* See Licen s ee1s SAR of  4/ 1 2/79 , Sect i o n  3 . 7 
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pac ked around  the thermocoup l e . They c i te the s h i ft i n  thermocoup l e 

readi ngs dur i ng the swi tch from pump l A  to p ump 2A to further s upport 

the  debr i s theory .  

F rom thes e  studi e s , B&W conc l uded that the ex i s tance of  f l ow b l ockage 

to reduce the core f l ow to 1 x 1 06 l bs/hr , as  can be  p redi cted from 

the thermoco up l e  data , was i mprobab l e .  

Rather than a b l oc kage mode l based o n  the thermocoup l e  data , B&W 

advances another mode l of  core therma l hydrau l i c s .  Thi s  mode l app l i es 

the  B&W PUMP code to the TMI - 2  p l ant for d i fferent reactor coo l ant 

pump confi gurat i ons  and corrects for the pre-acc i dent  f l ow s p l i t  

meas u rements . Core res i stance was then i ncreased unti l the  cal c u l at i o n  

p red i cted the hot l eg ,  post- acc i dent  f l ows a s  measured by the two flow 

meters i n  the pre sent one-pump operat i ng condi t i o n .  T h i s ca l c u l at i on  

res u l ts i n  a pred i cti o n  of  core  f l ow of 1 3  x 1 06 l b/hr  and a core 

p re s s ure drop of  1 8  p s i  for the one-pump operat i ng condi t i o n .  These 

condi ti on s  are ca l c u l ated wi th  an  average core f l ow res i stance app roxi 

mate l y  200 t i me s  the normal  res i s tance , or  a form l o s s  coeffi c i ent  of 

1 1 00 for a s i ng l e - node core repres entati o n  or 1 650 for s eparate mode l i ng 

of  core and bypas s .  T h i s mode l thus  y i e l ds a more opt i m i s t i c v i ew of  

core f l ow than  do the  mode l s based o n  the thermocoup l e  data . 

B&W con s i dered the·current e st i mate of  mater i a l  avai l ab l e for core 

b l oc kage to determi ne  i f  the i r best  est i mate core res i stance  was 

feas i b l e .  They conc l uded that 1 67 c ub i c feet of  debr i s spread eve n l y  

acro s s  the core i n  a three- foot- th i c k  pac ked bed wou l d p roduce  a form 

l os s  coeffi c i ent  of  1 700 , wh i c h i s  in good agreeme nt w i th  the  tota l 

core res i stance ca l c u l ated u s i ng  the  measured f l ow s p l i ts .  Therefore , 

th i s i s  cons i dered to be  the i r best  est i mate of  c u rrent  core  condi ti o n s . 

The L i censee•s s ubmi tta l of  the B&W ana l ys i s  does not addres s  the 

va l i d i ty of  the post- acc i dent , one-p ump f l ow data tubes . Thes e  tubes  
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are l ocated i n  the  hot l egs ; typ i ca l  post- acc i dent read i ngs for the 

one-p ump operati on are 24% forward f l ow i n  the act i ve l oop and 1 7%  

reverse f l ow i n  the i nact i ve l oop . The s taff has been  i nformed i n  

tel ephone conversati ons  wi th B&W eng i neers  that the o ne-pump f l ow 

measurements , i nc l udi ng reverse  f l ow ,  are acc u rate to wi th i n one  

percent . The va l i d i ty of th i s i nformat i o n  i s  of  pr i mary i mportance in 

eval uat i ng the actual core res i stance that  now ex i sts . 

B&W has ca l cu l ated an  unrecoverab l e  core p re s s ure drop of  1 8  p s i d  for 

the present one-pump operat i o n .  The  pre s s u re drop was determi ned by 

adj us t i ng the core res i stance i n  the hybr i d computer code PUMP u nt i l 

the ca l c u l ated f l ow i n  the hot l eg o f  the l oop A matched the measu red 

f l ow i n  the 1 1A1 1  hot l eg of TMI - 2 .  The ca l c u l at i o n  was confi rmed by 

compari ng the reverse f l ow ca l c u l ated for l oop B w i th the meas ured 

reverse f l ow for l oop B .  B&W c l a i ms that meas ured and ca l c u l ated 

reverse f l ow agreed very we l l .  F urther  conf i rmati on of the s e  re l ati vel y 

l arge l oop f l ows can be obta i ned by compar i ng the post- acc i dent powe r 

i nput to the p ump wi th i ts norma l pow�r i nput .  The  p ump i s  drawi ng 

approxi mate l y  1 0 , 000  H P  or 7 . 46 Mw wi th approxi mate l y  6 . 3 Mw of  pump 

heat i nput to the water .  Normal p ump heat i s  4 . 5 - 5.0 Mw. 

Because B&w • s ca l c u l ated core coolant ve l oc i ty i s  l ow ( 1 . 26 ft/sec  on 

the average ) most  of the core pre s s u re drop must  be due  to form l os s . 

B&W cal c u l ated a d i mens i on l e s s  form l o s s  coeffi c i ent , K ,  of  1 1 00 for 

the  comb i ned core f l ow and bypas s f l ow ,  as  fol l ows: 

2 
aP = K 28� 6 gc 

where aP = core p ressure drop i n  psi 

V = core coo l ant ve l oc i ty i n  ft/sec  
3 

6 = coo l ant dens ity i n  l bm/ft 

gc 
= grav i tati onal  constant i n  ft/sec2 
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The measured core pressure drop for four-pump operation under normal 

conditions is 14. 5 psi. Initially, B&W assumed that 50% of the pressure 

drop was due to friction and 50% due to form loss. They thus calculated 

a normal form loss coefficient of 5.47 and noted that the form loss 

coefficient for the damaged core was approximately 200 times the 

normal form loss coefficient. Other form loss coefficients reported 

by B&W ( 1100 and 1650- 1700) correspond to the calculated 18 psid 

pressure drop across the damaged core using different models in the 

pressure drop calculation. The K=llOO was for a model which lumped 

the core and bypass regions. The K = 1650 -1700 was for a model whch 

considered separate core and bypass flow. 

B&W provided a parametric study of natural circulation for form loss 

coefficients ranging from 18 times normal with 5% bypass to 1000 times 

normal with 5% bypass. The best estimate case of 200 times normal 

with 30% bypass was also included. They conclude that even with the 

most pessimistic form loss coefficient of 1000 times normal, the core 

flow during natural circulation is adequate to cool the core. 

The staff has evaluated the core and loop flow analysis by B&W. The 

measured flow rates in the active and inactive hot legs have been 

studied in an attempt to infer core blockage on the basis of changes 

in these values from those expected in an unblocked core. Calcula
tions of loop flow rates with various amounts of core blockage have 

been performed by the staff, by INEL and by TEC. Figure 2. 9 shows the 

calculated changes in loop flow with increasing core blockage. As 

discussed above, the measured flow rates in the active and inactive 

loops are 24% forward flow and 17% reverse flow, respectively. Table 

2 . 1 presents the measured inactive loop flows on each of three reactor 

protection system channels for pump lA running and for pump 2A running. 

These measured inactive loop reverse flow rates of about 1 7% were used 

to infer an amount of core blockage by using the information on Figure 

2 . 9 .  The core flow blockage corresponding to 17% reverse flow in the 
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inactive loop is approximately 96%. This is in reasonably good agree

ment with the results of B&W calculations which indicated that a core 

resistance of 200 times normal is required to produce this value of 

inactive loop flow; i.e., a core resistance of 200 times normal cor

responds to approximately 93% core blockage. 

Based on measured core pressure drop of 14.5 psid and a calculated 

frictional pressure drop of 3.8 psid for normal four-pump operation, 

the staff has calculated a normal-core form loss coefficient of 9. 4. 
Assuming that the reported TMI-2 core pressure drop of 18 psid is 

6 
correct and that the core flow is 13 x 10 lb/hr as estimated by B&W, 

the resistance coefficient is 1810 or approximately 200 times normal. 

The most optimistic estimate of core conditions is based on the assumption 

that the peripheral region of the core is unblocked. This assumption 

gives a core frictional pressure drop of 1 . 5 psid and a core average 

flow of 21 x 106 lb/hr; this corresponds to a form loss coefficient of 

57 .5  or 6.1 times normal. The value of core resistance which is 

inferred from the thermocouple readings is 3760 or 400 times normal. 

The range of core resistance factors for the cases discussed above is 

given in Table 2. 3.  This complete range of core resistances was 

considered in the natural circulation calculations reviewed in Section 

3, below. 

2.5 Staff Evaluation of Core Cooling 

On the basis of the available measurements, our own calculations, our 

consultants calculations, and B&W's calculations, we have developed 

the following conclusion. It is reasonably certain that the central 

region of the core is severely damaged and almost entirely blocked to 

normal coolant flow. This blockage is probably due to a 3 ft to 6 ft 

thick layer of fuel and structural debris. The lower elevations in 
this central region of the core might be relatively undamaged and 

unblocked. The condition of the core peripheral region is more difficult 

to evaluate. The core exit thermocouples in the peripheral region 
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indicate temperatures approximately l0°F higher than the indicated 

cold leg temperature. However, these readings are thought to be 

slightly biased as described in Section 2 . 4. Therefore the �T measure

ments in the peripheral region are not sufficiently accurate to distinguish 

between unblocked and partially blocked (i. e. , up to approximately 90% 

blockage). The hot leg venturi flow meter readings have been used by 

B&W and by the staff to infer a total core blockage of approximately 

95%..  This amount of blockage is consistent with the core exit thermo

couple readings if the center region is more than 99%  blocked and the 

peripheral region is approximately 90% blocked. This appears to be an 

intuitively reasonable core description and is consistent with or 

conservative relative to other core descriptions that have been developed 

(Attachment 1 ) .  We conclude that the core resistance is in the range 

of 200 times normal to 400 times normal. Since the loop flow measurements 

are expected to provide better information on the average core resistance, 

we conclude that the best estimate of core resistance is close to the 

200 times normal value as calculated based on the measured loop flows. 

The value of core resistance inferred from the thermocouple readings 

.(i. e. , 400 times normal} has also been considered in the bounding 

calculations of local core temperatures which might occur during 

natural circulation. 
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TABLE 2. 1 

INACTIVE B LOOP FLOW RATE MEASUREMENTS 

April 1, 1979 reactor cool ant pump l A  runn i ng 

Reactor Protecti ve System Channel  

A 

B 

c 

D 

Average Value 

Apr i l  9,  1979 reactor coo l ant pump 2A runn i ng 

Reactor Protecti o n  System Channel  

A 

B 

c 

D 

Average Val ue 

Fl ow Rate 

-6850 l b/sec 

- 6889 l b/sec 

- 6794 l b/sec 

- 6844 l b/sec 
(16.9% o f  fu l l )  

F l ow Rate 

- 6870 l b/sec 

-6844 l b/sec 

-6541 l b/sec 

-6752 l b/sec 
(16. 7% of fu l l )  
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TABLE 2.2 

Ass umpti ons Used i n  The Calc u l ati on 

o f  The Spheri ca l  Mas s  

(1) One  d i mens i onal conducti on 

( 2) Decay heat= 0.5% of 2772 Mw 

(3)  Thermal conduct i v i ty o f  uo2 = 2 Btu/hr- ft-°F 

(4) The rati o o f  vo l umetri c  heat generat i on to the thermal conducti vi ty 
does not vary wi th poros i ty. 
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TMI-2 Flow Blockage Model 
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Figure 2 . 9 
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3 . 0 Long Term Natura l  C i rc u l at i on  

Natura l  c i rc u l ati o n  f l ow rates i n  t he  reacto r coo l ant sys tem fo r post- acc i de nt 

TMI - 2  cond i t i on s  have been ca l c u l ated by B&W and by the s taff • s  con su l tan t s  

a t  I N E L  f o r  fou r  d i fferent p l ant confi gurat i ons . The  fo l l owi ng secti on  

addre s s e s  thes e  d i fferent modes of  natura l c i rc u l at i o n .  The I N E L  ca l c u l at i o n s  

were performed wi th  RELAP . The B&W cal c u l at i ons  are reported i n  the 

L i censee • s  SAR of Apr i l 12 , 1979 . Each of  these  mode l s ca l c u l ates natura l 

c i rc u l at i o n  f l ow by mode l i ng the system vo l umes and e l evati o n s  and by 

bal anc i ng the fr i ct i ona l  and e l evati on  pre s s u re drops throughout the 

system . The RELAP  mode l u sed for these  cal c u l ati ons  i s  the same mode l 

used by I N E L  for Los s  o f  Coo l ant Acc i dent ana l ys i s .  

3 .  1 A 1 ternat i ve  Steam Generator Co.n f i  gurat i on s  

a )  O n e  Steam Generato r Steam i ng and One I s o l ated 

Both B&W and I N E L  ca l c u l ati ons  i ndi cate that th i s i s  the l east  e ffecti ve 

mode of  natural  c i rc u l at i on .  One B&W cal c u l at i on  has  been reported fo r 

th i s condi t i o n ; four I N E L  ca l c u l ati ons  were performed . Tab l e 3 . 1 presents  

the  res u l ts of  thes e  ca l c u l ati on s ; they are  reasonab l y  cons i stent . The 

l owe r f l ow i n  the B&W ca l c u l at i on  appears to be the res u l t of the h i gher 

va l ue of  core res i stance that was u sed .  

b )  Both Steam Generators Steami ng 

Tab l e 3 . 2 prese nts the res u lt s  of the B&W and I N E L  ca l c u l at i ons  for th i s 

p l ant confi gurat i o n .  As wi th the prev i ous  cas e , the res u l ts of  the B&W 

and I N E L  cal c u l ati ons  are reasonab l y  cons i s te nt .  

c )  One  Steam Generator Water- S o l i d  a nd  One  I so l ated 

Th i s  conf i gurat i on  i s  an  expected l ong term mode of operati o n  wh i l e  

modi f i cati on s  are be i ng made to the secondary system . The res u l ts  of  the 
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B&W and INEL  cal cu l ati ons  for thi s confi gurat i on  are g i ve n  i n  Tab l e 3 . 3 ;  

they are reasonab l y  cons i stent .  The i mportance o f  the core f l ow res i s tance 

can be seen by noti ng the sens i t i v i ty of  the res u l ts to c hanges i n  th i s  

parameter .  

d) Both Steam Generators Water- So l i d .  

Th i s i s  the confi gurati on  proposed for the l ong term coo l i ng mode . 

Tabl e 3 . 4 p resents the res u l ts of  B&W and INEL cal c u l ati o n s  for th i s mode 

of operati o n .  The B&W res u l ts s how approxi mate l y  hal f as much fl ow as 

the I NEL res u l ts .  Th i s  d i fference i s  pr i mari l y  due to the d i fferen c e s  i n  

core f l ow res i stances used i n  the cal c u l ati ons. 

3 . 2 Staff Eval uat i o n  

O n  t h e  bas i s  of  compari sons  wi th the natural c i rc u l at i o n  test data taken 

at Oconee ( a  p l ant s i mi l ar i n  des i gn to TMI - 2) we conc l ude that e i ther  

the  B&W or  the  INE L  codes prov i de reasonab l e e s t i mates of  the  reactor 

cool ant system f l ow rates duri ng natural c i rcu l ation as a functi o n  of  

core f l ow res i stance . In  addi ti o n , we  concl ude that the mode of operati on  

proposed i n  the  Li censee ' s  SAR of Apri l 12 , 1979, wh i ch ca l l s  for the  use  

of  both  steam generators in  the water- so l i d  c l osed-cyc l e  coo l i ng mode , i s  

the most  favorab l e  mode of  l ong term operati o n  i n  that i t  p rov i de s  l arger 

core f l ow than the others stud i ed . Based on  the cal c u l ated fl ow rates we 

concl ude that any of  the above modes of natural c i rc u l ati o n  operat i o n  

wi l l  p rov i de s uffi c i ent f l ow t o  ma i nta i n the average temperature a t  the 

core exi t  be l ow saturated condi ti ons . The expected l ocal  coo l ant tempera

tures wi th natural c i rcu l ati on u s i ng one  or two steam generators i n  the  

water- so l i d  mode i s  addres sed i n  the next secti on of  th i s  report . 



3-3 

Table 3 . 1 

Natural C i rcul ati o n  wi th One Steam Generator 
Steaming and One I sol ated 

Source S.G .  level Core Res i stance Power Fl ow Rate i n  Core 
--

B&W 30 ft. 60 x Nom i nal 5 MWt 145 l b/sec to 306 l b/sec  

INEL 30 ft . Nomi nal 5 MWt 430 l b/sec 
INEL 30 ft. Nomi nal 3 MWt 350 l b/sec 

INEL 30 ft. 35 x Nomi nal 5 MWt 320 l b/sec 

INEL 3 ft . Nomi nal 5 MWt 350 l b/sec  

INEL 1 2  ft . Nom i nal 5 MWt 380 l b/sec 

INEL 30 ft. 400 x Nom i nal 5 MWt 98 l b/sec 
INEL 30 ft. 1 0 , 000 x Nomi na l 5 MWt 1 2  lb/sec 



3-4 

Tab l e 3. 2 

Natural C i rcu l at i o n  wi th Both 
Steam Generators Steam 1 ng 

Source S . G .  Leve l Core Res i stance Power Core F l ow Rate 

B&W 30 ft . Nomi nal  5 MWt 417 l b/sec to 638 l b/sec 

B&W 30  ft. 10 x Nomi nal  5 MWt 306 l b/sec to 444 l b/sec 

B&W 30 ft . 60 x Nomi na l 5 MWt 222 l b/sec to 333 l b/sec 

I NEL  30 ft . Nom i na l 5 MWt 500  l b/sec 



4 . 0 Core Cool i ng by Natural C i rcu l at i on 

4 . 1 B&W Ana lys i s  

Operati on  of  the TMI -2 core wi th natura l c i rc u l ati o n  cool i ng has been 

eval uated by B&W and j udged acceptab l e ,  as i nd i cated i n  the L i censee ' s  

SAR of  Apr i l 12 , 1979 . Mi n i mum core f l ow requ i rements have been estab l i s hed 

based on  a margi n of  three t i mes  the f l ow rate requ i red to p revent b u l k 

coo l ant temperature from exceedi ng the s aturati on  temperature . Predi c t i ons  

of  natural c i rcu l at i o n  core f l ow for  ass umed fl ow res i stances of  60 to 

1000 ti mes  the res i stance of a normal 177 fue l as semb l y  core s how adequate 

fl ow to meet the requi red f l ow rate for the operati ng mode i n  whi ch  one 

steam generator i s  water- s o l i d  o n  the secondary s i de ( see Tab l e 3 . 3) .  

The effects of  l ocal  boi l i ng due to f l ow b l oc kage and h i gh temperature at 

fue l debri s l ocati ons  have been cons i dered by B&W . I t  i s  expected that 

any i ncreased l ocal  f l ow res i stance due to boi l i ng wi l l  be compensated by 

i ncreased l ocal  convecti o n  due to the dens i ty change of  vapor i zati o n .  I f  

fue l debri s i s  l ocated near the i ncore thermocoup l e j u ncti o n s , thermo

coup l e  readi ngs wi l l  i nd i cate the l ocal i zed heati ng effects rather than 

the bu l k f l u i d temperature . Therefore , B&W and the Li censee  recommend  

that it  not  be requ i red that al l i ncore thermocoup l e read i ngs be mai nta i ned 

be l ow the saturati on  temperature i n  the natural  convecti o n  mode . 

Tran s i ent natural c i rcu l ati on  ana l yses  were performed by B&W at core 

decay heat l evel s of 2 and 3 megawatts to eval uate the c hange i n  the c o re 

f l ow rate and the change i n  temperatures fo l l owi ng the l o s s  o f  forced 

c i rcu l ati on  f l ow .  

The core f l ow rate cal c u l ated by B&W drops to  a mi n i mum at  about one  

m i nute i nto the  trans i ent , then  r i ses  and  stabi l i zes  between  10 and 

20 mi nutes . The core out l et temperature reaches  a max i mum va l ue at 4 tr 

5 m i nutes i nto the trans i ent and a l ower stab l e condi t i o n  at about ten 

mi nutes at a val ue that wi l l  depend upon the i n i t i a l pri mary coo l ant 

temp�rature . Equi l i bri um val ues for f l ow and temperature s ho u l d be 

reached wi thi n the f i rst one- hal f hour of  the trans i ent . 
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The B&W ana l ys i s  has  a l s o  c o n s i dered the t i me ava i l ab l e to  e s tab l i s h and  

e v a l uate natu ra l c i rc u l at i o n  f l ow c o nd i t i o n s  d u r i n g  the trans i t i on from 

one pump ope rat i o n .  For  the p re l i m i nary va l ues  o f  reacto r tempe rature 

and  p re s s ure at the  t i me of trans i t i o n ,  more than one h o u r  wou l d  be 

requ i red to heat wate r i n  the core reg i o n  to the s aturat i o n  temperature 

even  i f  no  c o re f l ow co u l d be  e s tab l i s hed . An  add i t i o n a l  hour  wo u l d  be  

req u i red ( at 3 MWt ) to b o i l out  enough coo l ant to drop the  l ev e l  from the 

o ut l et nozz l e  l ev e l  to the top o f  the  core . If  the core we re to become 

i n s tantaneou s l y  uncovered , mo re than one  hour wou l d  be  req u i red ( at 

3 MWt ) fo r the ad i abat i c heat- up o f  the c o re ave rage temp e rature from 

200° F to 2000° F .  The s e  e s t i mate s i nd i cate that reaso nab l e  t i me i s  ava i l 

ab l e  fo r dec i s i o n s  rega rd i ng  a l ternat i ve modes o f  core c o o l i ng ( s ee 

Sect i o n  7 ,  b e l ow) . 

C r i te ri a fo r the core exi t thermo c o up l e s and the hot l eg RTD ' s have been  

p roposed by B&W and the L i c e n s e e  for  mon i to r i ng the tran s i t i o n  to and  

ma i ntenance o f  adeq uate natural  c i rc u l at i o n  coo l i ng .  T h e s e  c r i te r i a are  

p re s e nted i n  the L i censee ' s  SAR o f  Ap r i l 1 2 ,  1 979  ( F i g u re 6 of  Attac hme n t  1 

and Re fere nce 2 o f  Attac hme nt 4 ) . The s taff  b e li eves  t he s e  c r i te r i a may 

be too c o n s e rvat i ve i n  the  s e n s e  o f  caus i ng natu ra l c i rc u l at i o n  to be  

d i s conti n ued p rematu re l y .  The staff ' s  recomme nded c r i te r i a are  p rov i ded 

i n  Sect i o n  4 . 3 b e l ow . 

4 . 2 Staff Ana l ys i s 

The s taff ' s  mode l o f  c o re therma l hydrau l i c s  de s c r i bed i n  Sect i o n  2 was 

u s ed to ca l c u l ate coo l ant tempe rat u re s  d u r i ng natu ra l c i rc u l at i o n . A 

range o f  natural  c i rc u l at i o n  f l ow rate s was de r i ved from Sect i o n  3 o f  

t h i s report . 

C o o l ant temperatures  we re c a l c u l ated fo r three as s umed p l ant c o n f i g u rat i o n s , 

co rrespond i ng  to a f l ow rate o f  23 1 l b/sec  for  the case  o f  natu ra l  c i rc u l a

t i o n  wi th one s team gene rato r i n  a wate r s o l i d  c o n d i t i o n  and a f l ow rate 

of 25 1 l b/sec  fo r the case of natura l c i rc u l at i o n  wi th  both  s team ge n e rato rs  

i n  a wate r s o l i d  cond i t i o n .  The c o o l ant temperature c a l c u l at i o n s  we re 
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Tab l e 3 . 3 

Natura l C i rcu l at i on  F l ow wi th  One  
Steam Generator So l i d  and One  I so l ated 

Source S . G .  Leve l Core Res i stance Power Core F l ow Rate 

B&W S o l i d  60 x Nom i nal  3 MWt 194 l b/sec to 306 1 b/sec  

B&W So l i d  60 x Nomi na l  2 MWt 167 l b/sec  to 278 1 b/sec  

B&W S o l i d  Nom i na l  3 MWt 380 l b/sec  

B&W So l i d  200 x Nom i nal  3 MWt 2 3 1  l b/sec  

B&W S o l i d  1 000 x Nom.i na 1 3 MWt 1 42 l b/sec  

I N E L  S o l i d  Nom i nal  5 MWt 420 l b/sec 
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Tabl e 3 . 4  
Natural C i rcul ati o n  Fl ow Wi th  

Both Steam Generators Sol 1 d  

Source S.G . Level Core Res i stance Power Core Flow Rate 

B&W Sol i d  60 x Nomi nal 5 MWt 222 l b/sec to 333 l b/sec 

INEL So l i d  Nomi nal 5 MWt 568 l b/sec 

INEL Sol i d  3 x Nomi nal 5 MWt "' 560 l b/sec 

.. 
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performed for var i ous  decay heat l eve l s .  The res u l ts of  thes e  cal cu l at i o n s  

are s ummar i zed i n  Tab l e 4 . 1 and Tab l e 4 . 2 .  These  res u l ts were obta i ned f rom 

COBRA IV ca l c u l at i ons  and checked wi th c l osed- channe l hand ca l c u l at i ons . 

These  ca l c u l at i ons  for each p l ant confi gurat i o n  and  each  decay heat l ev e l  

were performed wi th  two d i fferent sets of  as s umpt i ons . The  f i rst  set u s ed 

the core ex i t  thermocoup l e data i n  a conservat i ve manner  by a s s umi ng that  

duri ng natural  c i rcu l at i o n  the fract i on of  natural c i rc u l at i on f l ow i n  each  

reg i on  of  the core re l at i ve to  the  average natural  c i rc u l at i o n  f l ow rate was 

the s ame as  the fract i o n  of  pumped f l ow cal c u l ated fo r each reg i on  of the  

core re l at i ve  to  the  average pumped f l ow .  For  th i s ca l c u l at i o n i t  was 

ass umed that o n l y  about 6% of  the normal pumped f l ow rate i s  go i ng thro u g h  the 

core . I n  t h i s ca l c u l at i o n  the effect of  l oca l  vo i d  generat i o n  on  the 

e l evati on  head i s  conservati ve l y  i gnored .  I n  add i t i on the  i nc reased f l ow 

res i stance due to two-phase f l ow cond i t i on s  i s  a l s o  i gnored .  The second 

ca l c u l at i o n  used  core f l ow thermocoup l e  data i n  a more rea l i st i c manner  by 

u s i ng the ca l c u l ated natural c i rc u l at i on f l ow rates d i rec t l y  from the R E LAP 

cal c u l ati o n .  I n  th i s case  the  i ncreased core f l ow re s i s tance causes  a n  

i ncreased core exi t temperature and i nc reased l oca l  vo i d  generat i on  and 

therefore an i ncrease i n  natural  c i rc u l ati on  f l ow wh i c h parti a l l y  offs e t s  

t h e  adverse  effects of  t h e  l oca l  core b l oc kage . 

These  anal yses  i nd i cate that extens i ve l ocal  bo i l i ng m i ght occur  under  

natural  c i rc u l at i o n  f l ow cond i t i ons . I n  addi t i on , several  cases  ana lyz e d  

s how s uperheated steam condi t i ons  i n  one or  more a s s emb l i e s .  The maxi mum 

coo l ant temperatures we re cal c u l ated for the case  wi th one  steam generat o r  

operati ng .  A temperature of  2960F  was ca l c u l ated a t  the core ex i t  fo r 

the core decay power l eve l o n  Ap ri l 16 , 1979 . As i nd i cated i n  the tab l e s  

the re i s  a s i gn i f i cant sens i t i v i ty o f  th i s temperature to the  reducti o n  

i n  decay heat a s  a funct i on  of  ti me .  By Apr i l 30 , 1979 t h e  h i ghest 

temperature i s  ca l c u l ated to  be 1390 F .  These  ca l c u l at i o n s  a l s o  s how a 

s i gn i f i cant sens i t i v i ty to the ass umed core f l ow rate . As  s een  from t h e  

prev i ous  sect i on , t h e  va l ue of  core f l ow rate i s  dependent on  t h e  tota l 
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core f l ow res i stance . It i s  reasonab l y  certai n that the central  porti o n  

of the core , wh i ch has been s howi ng h i gh thermocoup l e read i ngs , i s  very 

near l y  comp l ete l y  b l ocked to f l ow .  However , there i s  con s i derab l e uncerta i nty 

as  to the condi ti on  of the peri pheral  assemb l i es .  The di fference betwe e n  

a n  unb l ocked regi on  and a 50% b l ocked regi on  i s  o n l y  about 1° F i n  core 

exi t temperature . S i nce the exi t temperatures are not meas urab l e to 

wi thi n one  degree , the condi ti on  of  the peri phera l regi on  i s  s omewhat 

u ncertai n .  The core exi t temperatures presented i n  Tab l e s  4 . 1 and 4 . 2 

as s ume 90% b l ockage i n  the peri pheral reg i on .  Wi th th i s a s s umpti o n , the  

total core b l oc kage i s  approx i mate l y  94% . 

I t  s hou l d be noted that the hot as s emb l y  temperatures i n  Tab l e s  4 . 1 and 

4 . 2 o n l y  app l y  to a re l ati ve l y  sma l l fracti on of the core . For a l l of  

the cases  ca l c u l ated , most  of  the  core exi t temperatures are p redi cted to 

remai n b e l ow 1000° F .  Temperatures be l ow 1000° F wou l d not b e  expected to 

have any adverse i nf l uence on  the abi l i ty to keep the res t  of  the core 

coo l ed .  I n  addi t i o n , these  temperatures wou l d not res u l t i n  any l os s  of  

s trength i n  t he  i ntact structures nor wou l d  they be  expected to cau s e  a ny 

s i gn i fi cant movement i n  the fue l debri s .  Temperatures i n  exces s  of  l OO O F  

wou l d ,  however , conti nue t o  dr i ve more fi s s i on products o u t  of  t h e  U02 , 

thus  tend i ng  to pro l ong the eventual  c l eanup of  pri mary coo l ant . Pro l onged  

l ocal  boi l i ng a l so  wi l l  l ead to  boron prec i p i tati o n  tend i ng to further 

b l oc k  areas a l ready d i ffi cu l t to coo l . 

I n  s ummary , l ocal  bo i l i ng and l ocal  s uperheated condi ti ons  are pos s i b l e 

i f  the tran s i t i o n  to natural c i rc u l ati on  takes p l ace duri ng the next few 

wee ks . The max i mum l ocal  s uperheated temperatures are a l l expected to b e  

we l l  be l ow t h e  uo2 mel ti ng poi nt , t h e  I ncone l  me l t i ng  poi nt , a n d  the 

thresho l d temperature for z i rco n i um water reaction for natural  c i rc u l ati o n  

after Apri l 16 , 1979 wi th  two steam generators i n  the water- s o l i d  condi t i o n . 

After Apri l 30 , 1979 comparab l e  performance wou l d be  expected for natura l 

c i rcu l ati on  wi th one  steam generator i n  the water- s o l i d  condi t i o n . 
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There i s  s ome potenti a l  that smal l p i eces  of  uran i um oxi de and  z i rcon i um 

oxi de part i cu l ate debr i s wh i ch are now s uspended i n  the core by forced 

c i rcu l ati o n  coo l i ng cou l d fal l through the core to the l ower p l e n um once  

the  pump i s  tri pped and  core f l ow drops to  natural c i rc u l at i o n  rate s . A 

s i mp l e one- di me n s i ona l  conduct i on  analys i s  ( conducti on  i n  the  ves s e l  wa l l 

i s  negl i g i b l e ) was performed to determi ne the depth  of  mater i a l  needed i n  

the  l ower p l e num to cause  i nc i p i ent  me l t i ng of  the ves s e l  wa l l .  

The res u l ts  of th i s conservat i ve approach are s hown i n  F i gure 4 . 1 for 

s evera l  va l ues of  the contro l l i ng parameters . S i nce approx i mate l y  10% o f  

t h e  core uo2 vo l ume i s  needed t o  produce a 5 i nch  l ayer of  deb r i s i n  the  

l ower p l enum , a nd  s i nce l i tt l e s u spended matter i s  expected to fal l to  

the l ower p l enum upon  l os s  of  forced c i rcu l at i on , tri pp i ng the pump to go 

to natural  c i rcu l at i on  i s  not expected to add more than one  i nc h  to the 

debr i s l ayer a l ready i n  the l ower p l enum .  The amount of  deb r i s i n  t he  

ve s s e l  l ower head i s  j udged to  be smal l ( see Attachment 1 ) . 

An addi t i o nal  ana l ys i s  performed at Sandi a Laboratory and rev i ewed by t h e  

staff s hows that a debri s l ayer i n  t h e  l ower head wou l d be  coo l ed by 

ce l l u l ar convect i on and that the  heat generati o n  i n  the  p i l e  wou l d b e  too 

l ow to cause  dryout of  the  debr i s .  Sandi a conc l udes that the  temperatu re 

i n  the debr i s p i l e ,  and hence at the l i ner  of the l ower h ead , i s  on l y  a 

few hundred degrees  h i gher than the water tempe rature . Therefore , we 

conc l ude that the debr i s p i l e  can be coo l ed suff ;-c i e nt l y  for any depth  o f  

debr i s of  pract i ca l  concern  a t  TMI - 2 .  

4 . 3 Cr i teri a and Conc l u s i o n s  

T he  trans i t i on from forced convecti on  core cool i ng u s i ng  o n e  reactor 

coo l ant pump to the natural  c i rcu l ati on  mode s hou l d be  pos s i b l e  wi th 

mi n i mum ri s k  of  further core damage ( z i rcon i um oxi dat i o n , fue l me l t i n g  or 

structural  degradat i o n )  and m i n i mum r i s k  of unacceptab l e  acti v i ty re l ea s e . 

The functi onal  cr i teri a to accomp l i s h these  goal s s hou l d be  as  fo l l ows : 
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( a )  Avo i d  b u l k b o i l i ng of  core coo l ant 

( b )  Avo i d  pro l o nged condi ti ons  where l oca l  tempe ratures  of core mate r i a l s 

wou l d be p red i cted to exceed lOOOF 

( c )  Avo i d  system condi t i ons  that cou l d res u l t i n  pre s s u re i n stab i l i ty 

w i th  s u s cepti b i l i ty to l arge pre s s u re p u l s e s , e . g . , exte n s i ve bo i l i ng 

i n  l arge reg i o n s  of  the core . 

( d )  Avo i d  operat i o n s  that have the pote nt i a l  for re l ocati o n  o f  fue l 

debr i s ,  e . g . , s tarti ng more than one  reactor coo l ant p ump . 

( e )  Avo i d  condi t i ons  that cou l d re s u l t i n  nonconde n s i b l e gas  evo l uti o n  

wh i ch cou l d  affect the natura l c i rc u l at i o n coo l i ng ,  e . g . , pre s s u re s  

b e l ow 300 p s i g ,  o r  rap i d  depre s s ur i zati o n .  

( f ) Avo i d  boron d i l ut i on and the potent i a l  for return  t o  c r i t i ca l i ty .  

( g )  Avo i d rap i d  or  u nneces s ary add i t i o n s  of  c o l d wate r t o  the  reacto r  

coo l ant sys tem ( e . g . , through norma l makeup sys tem) because  of  the  

po s s i b l e  adverse  e ffect on  natural  c i rc u l at i o n .  

( h )  C o n f i rm that a s tab l e core �T of  S F  to l SOF  i s  e s tab l i s hed duri ng  

the  f i rst ha l f hour  o f  natura l c i rc u l at i o n .  

( i )  Ma i ntai n s uff i c i e nt vo i d  i n  pres s ur i zer  t o  accommodate heat u p  o f  

f l u i d  between  core and steam generator when go i ng i nto natural 

c i rc u l at i o n .  

( j ) Ma i nta i n s uff i c i ent  l eve l  i n  pre s s ur i zer  t o  accommodate pr i mary 

sys tem s h r i n kage i f  reacto r coo l ant pump i s  restarted .  

( k) Keep pres s ur i zer  sp ray l i ne ope n  to  vent  any gase s  that cou l d c o l l ect  

i n  p ump or  c o l d l eg .  

( 1 ) M i n i m i ze potent i a l  for l oca l  boron  p rec i p i tati o n  wh i ch cou l d c l og 

f l ow pas s ages  i n  l oca l  bo i l i ng areas o f  the core . 

The B&W cr i teri o n  for  avo i dance of  b u l k bo i l i ng i n  natura l c i rc u l at i o n  i s  

to ass ure lOOF s ubcoo l i ng i n  the hot l eg as meas ured by the  RTD s . The  

staff b e l i eves  t h i s to be adequate fo r operat i o n  wi th  two s team ge ne rators . 

However , the thermocoup l es at the core exi t are a more re l i ab l e i nd i cat i o n  

o f  core bo i l i ng wh i l e  bypas s f l ow exi sts  i n  a n  i d l e  s team generato r .  We 

conc l ude that natu ral  c i rcu l at i on  s ho u l d be d i scont i nued  wi th  a return  to 
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forced c i rcu l ati on  operati on  wi th one  reactor coo l ant p ump i f  the ave ra g e  

va l ue  of i ncore thermocoup l e  readi ngs s hou l d exceed t h e  s at u rati on  l i m i t 

i nd i cated o n  F i gure 4 . 2 .  

Addi t i ona l l y ,  the B&W cr i te r i a prov i de for a maxi mum coo l ant  temperat u re 

r i s e  of  150F acro s s  the core and requ i re a hot l eg temperatu re ri se  

wi th i n the f i rst hour  duri ng trans i t i on to  natural c i rc u l at i on .  I n  

add i t i on , the hot l eg temperature i s  not to exceed 250F for p re s s ure 

greater than  500 ps i a  ( 180F for pre s s ure near atmospher i c ) . The staff 

f i nds  thes e  l i m i ts acceptab l e .  However  the L i censee ' s  recommended l i m i ts 

of  ten  or  more i ncore thermocoup l e s  read i ng l ower than sat u rat i on  tempe ra

ture i s  not needed i n  v i ew of the s taff requ i rement on the average rea d i ngs . 

L i kewi se , the Li censee ' s  l oca1  l i m i t of  800F on  two thermocoup l e s  appea r s  

arb i trary s i nce l oca l  h i gh temperatures  are acceptab l e .  However , no  mo re 

than three  of the thermocoup l es s hou l d be  permi tted to rema i n above 

1000° F for more than _one hour i f  restart of  a reactor coo l ant  pump i s  a 

v i ab l e opti o n .  

The cr i ter i a that n o  more than three thermocoup l es s hou l d b e  a l l owed to 

i nd i cate l oca l  temperatures above 1 000°F  i s  based on  the  fo l l owi ng c o n s i dera

t i ons : 

1 .  I t  i s  our  best  e st i mate that  on ly  one  i n strumented as s emb l y  wi l l  

approach 1 000° F i f  natural  c i rcu l ati on  i s  ach i eved o n  Apr i l 24 o r  

soon  thereafte r ; u p  to f i ve  others  cou l d s how approxi mate l y  1 00 ° F  o f  

s uperheat . Therefore , three  thermocoup l es wi th  temperature s above 

1 000° F wou l d  i nd i cate that  natural  c i rcu l ati on  i s  not b e i ng ach i eved  

as expected . 

2 .  I t  i s  l i ke l y  that duri ng natural  c i rcu l ati on  many thermocoup l e s  w i l l  

read temperatures  l ower than the maxi mum l ocal  temperature s .  Th i s  

conc l u s i on i s  based on  ear l y  thermocoup l e  data ; c hange s i n  the  

thermocoup l e data fo l l owi ng the s tartup of RCP 2A ; and on  P N L · a nd  

ORNL  ca l c u l at i ons . The ear l y  thermocoup l e  data i nd i c ated temperature 
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d i fferences  o f  300 ° F  or  more i n  adj acent a s semb l i e s .  After fo l l owi ng 

the trend of  the thermocoup l e  data fo r a l ong per i od of  t i me i t  

s e ems c l ear that these  di ffe rences  do not repres e nt s i gn i fi cant  

d i fferences  i n  the condi t i o n s  wi th i n the adj ace nt a s s emb l i e s ,  but  

rather  d i fferences  i n  the  thermocoup l e  l ocat i on  re l at i ve  to  the  

max i mum temperature i n  the as semb l y .  Wh i l e  the  h i gher  temperatures  

are  probab l y  the  res u l t  o f  mater i a l  f i l l i ng the e n t i re assemb l y  

reg i o n  u p  to the  thermocoup l e  l ocat i on , the  l owe r temperatu res  are 

p robab l y  the res u l t of  hav i ng some space between  the  debr i s bed  and 

the thermocoup l e  l ocati o n .  Both PNL COB RA I V  ca l c u l at i on s  and ORNL  

SABRE  ca l c u l at i ons  i nd i cate that f l ow red i str i b ut i o n  i n  a sma l l 

reg i on  ( 6  to 9 i nches ) above the debr i s bed wou l d  be  expected to 

produce a d i fference of 1 00 ° F  i n  the temperature at the top of the 

debr i s bed .  

In  add i t i on , t h i s mechan i sm i s  a l i ke l y exp l anat i on  o f  the  1 20° F 

drop i n  i nd i cated temperature o f  the hot as s emb l i es when RCP  2A was 

started- up .  That i s ,  the 1 20°F  drop i n  i nd i cated temperature may 

have been  the  res u l t of  the deb r i s bed settl i ng down to an  e l evat i o n  

s everal  i nches  be l ow t h e  thermocoup l es .  

We conc l ude that an  i nd i cated temperature o f  1 000° F dur i ng  natura l 

c i rc u l ati on  probab l y  corresponds to a maxi mum tempe rature  o f  app rox i 

mate l y  1 300° F i n  the deb r i s bed . Exceed i ng 1 300°F  over  a s i gn i f i cant 

port i on  of  the core i s  unde s i rab l e s i nce the s tructural  I ncone l 

l oses  stre ngth rap i d l y  as  a funct i on  of  temperature at t h i s e l evated 

temperature . The degree to wh i ch these s tructures are needed to 

s upport the core i n  i ts present  condi t i on  i s  u nknown . Some addi t i ona l  

z i rco n i um ox i dat i o n  cou l d a l so  occur  at  th i s tempe ratu re and wou l d  

be  undes i rab l e .  

3 .  I t  i s  be l i eved that the  1 000° F c r i ter i o n  i s  not ove r l y  con servat i ve  

s i nce our  thermocoup l e  pred i ct i o n s  are  based o n  current  thermocoup l e  

read i ngs wi th no core d i sp l acement  when the pump i s  tr i pped . We 
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expect that some fuel debri s wi l l  sett l e under the l ow natural 

ci rcu l at i o n  f l ow rate and resu l tant thermocoup l e  readi ngs may be 

l ower than predi cted . 

The pri mary system s houl d not be i n  a water- s o l i d  cond i t i on  when  trans i t i o n 

from forced to natura l  ci rcul ati on cool i ng i s  accomp l i s hed . I t  i s  anti c i pated 

that l ocal boi l i ng wi ll occur duri ng the trans i t i on to natura l c i rcu l at i o n .  

Local bo i l i ng at present decay heat l evel s wi l l  not b e  capab l e o f  s u s ta i n i ng 

l arge voi ds and the col l ap s e  of smal l vo i ds s hou l d not be  s uff i c i ent  to 

cause core structural damage . However , the res u l tant smal l p re s s ure 

pu l s e s  coul d l ead to sRall scal e redi stri but i on  of the core debri s wh i c h 

wou l d affect f l ow b l oc kage and the sett l i ng of  debr i s .  

M i n i  mum pr i· mary system pre s s ure requ i red to prevent nonconde n s  i b 1 e gas 

evo l uti o n  and an  eval uati on  of the e ffects of a coo l ant vo i ds on natura l 

c i rc u l at i on  are d i scus sed i n  Sect i on  5 of  th i s report . 

Ca l c u l at i ons  of core exi t coo l ant temperatures  based o n  thermocoup l e  

data , i nd i cate that l oca l  temperatures cou l d exceed 1000° F i f  trans i t i o n 

to natural  c i rc u l ati on  i s  attempted pr i or  to about 5/5/79 . The h i gh 

temperatures  wi l l  not neces s ar i l y  be  i ndi cated o n  core exi t thermocoup l e s 

s i nce the debr i s or  b l ockage wh i ch i s  p roduc i ng the h i gh  temperature may 

drop away from the thermocoup l e  l ocati ons  under the l ow f l ow natural 

c i rcu l at i on  condi t i ons . The p l anned trans i t i on to natural  c i rcu l ati o n  

duri ng t h e  f i rst  two wee ks of May i s  cons i s tent  wi th  t h e  decay t i me fo r 

l oca l  debr i s that s hou l d prec l ude measured temperatures  i n  exces s  of  

1000° F and  wi l l  m i n i m i ze the  potent i a l  need  to  restart the  coo l ant p ump s 

wh i ch cou l d l ead to further redi stri buti on  of  debr i s .  The trans i t i on to  

natural  c i rcu l at i on  prov i des  l es s  potent i a l  for l ocal  bo i l i ng and coo l a n t  

s uperheati ng t h e  l atter i t  i s  accomp l i shed .  So l ong as the reacto r 

coo l ant pump now runn i ng remai ns  i n  a sati s factory statu s , forced convec

ti on  cool i ng s hou l d be mai nta i ned to take maxi mum advantage of  fi s s i o n  

product heat decay , co n s i stent wi th  the need to accomp l i s h a n  o rde r l y  a n d  

we l l p l anned trans i t i on t o  natural  c i rc u l at i o n .  
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The staff has conc l uded that the ECC i njecti o n  modes ( H P I  and RHR )  do not  

offer  s i gn i f i cant advantages over  natural c i rcu l at i on  coo l i ng and  have 

s everal  d i sadvantage s ( see  Secti o n  7 ,  be l ow) . There fore , we do not 

recommend i nterrupt i on of the natural c i rcu l ati on mode premature l y  i n  
favor  o f  H P I  o r  RHR un l e s s  the above cr i teri a are exceeded and i mproved 

c o nd i t i on s  can be reaso nab l y  expected i n  the a l ternat i ve  coo l i ng mode s . 

I n  add i t i on to the stated cr i ter i a ,  systemat i c  fa i l ure of  core ex i t  

thermocoup l e s  i n  a g i ven  reg i on  s houl d b e  v i ewed w i th cauti o n  dur i ng the 
trans i t i on to natural  c i rc u l at i o n  as i t  mi ght s i gna l  h i gh l oca l  core 

temperatures and a warn i ng that e ffecti ve coo l i ng i s  not be i ng  

accomp l i s hed .  

The  l i m i tat i ons  on  proc e s s  parameters to  as s u re adequate core coo l i ng i n  

natura l c i rcu l ati o n  are s ummari zed i n  Tab l e 4 . 4 and F i gure 4 . 2 .  P rov i s i ons  

for cont i nuous  mon i tor i ng and  record i ng  o f  i ncore the rmocoup l e s s hou l d be  

i nc l uded i n  the p l ant modi f i cat i o n s  for natural  c i rc u l at i o n .  

The staff has  deve l oped cr i te r i a for detect i ng l os s  o f  natural  c i rc u l at i on 

dur i ng l ong term core coo l i ng :  

1 )  I ncrease i n  the  average read i ng  o f  a l l operab l e core out l et thermo

coup l e s  by more than l 0° F , o r  

2 )  I ncrease i n  average of  the two hot l eg temperatures  by more than 

l 0° F ,  or  

3 )  I nc rease  i n  reacto r pres s ure correspond i ng to a l 0° F  r i s e  i n  satura

ti o n  temperature , or 

4) Marked and unexpected decrease  i n  tota l heat removed by the  secondary 

s i de of the steam generato rs ( F�T decreas e ) . 
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Once natural rec i rcu l ati on  i s  l ost , i t  may we l l re- estab l i s h i tsel f 

through the mechan i sms descri bed i n  Sect i o n  5 . 0 .  Cri teri a for detect i ng 

re-estab l i s hment of  natural c i rcu l at i o n  coo l i ng are : 

1) Constant or  decreas i ng average core outl et temperature ( average o f  

al l core outl et thermocoup l es )  over a peri od o f � hour  or  more a t  a 

temperature be l ow the s aturat i o n  p re s sure correspondi ng to the 

safety val ve set poi nt ( as s umi ng an u nvented system ) , and 

2 )  Constant or  decreas i ng average o f  the two hot l eg temperature s  over  

a � hour  peri od , and 

3 )  Decreas i ng reactor pressure over a � hour  peri od , and 

4) I ncrease i n  tota l F�T on the steam generator secondary s i de .  

The staff concl udes that the proposed trans i t i on  to natural  c i rcu l at i o n  

can b e  accomp l i s hed wi th m i n i ma l  ri s k  to the pub l i c  heal th and safety , 

and that natural c i rcu l ati on  i s  the preferred l ong term cool i ng mode . 

The p l anned trans i t i on i n  ear l y  May s hou l d mi n i m i ze the potenti a l  for 

l ocal  fue l temperatures i n  exces s of  1000F . 



F l ow = 23 1 l b/sec  

Ti n = 1 25F 

P res s u re = 1 000  P S I A  
X = Steam Qual i ty 

Decay Heat 
Da� Power Leve l 

4/23  0 . 08% 

4/30 0 . 065% 

5/2 0 . 060% 
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Tab l e  4 . 1 

Core Ex i t  Coo l ant Temperatures 
Dur i ng Natura l C i rcu l at i o n  

Wi th One Steam Generator Operat i ng i n  
a Water So l i d  Condi t i on 

Cal c u l ated Temperatures Ca l cu l ated Temperatures 
Case 1 for Case  2 

( No cred i t for l oca l  buo�anc�) ( I nc l ud i ng l oca l buo�ancl effect) 

Hot assemb l y  = 2060F 545F 

2nd hottest assemb l y  = 545F 345F 

Peri phera l  Reg i on  = 1 83F  1 40 F  

Hot assemb l y  = 1 390F  460F 

2nd  hottest  assemb l y  = 545F 300F  

Peri p heral  Reg i o n  = 1 72F  1 37F  

H o t  assemb l y  = 1 1 50 F  430F 

2nd hottest  as semb l y  = 545F 284F 

Peri phera l  Reg i on  = 1 68F 1 36F  



F l ow = 2 5 1  l b/sec 

T i n = 1 25 F  
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Tab l e 4 . 2 

Core Exi t Coo l ant Temperatures 
Dur i ng Natura l  C i rc u l at i on  Operati o n  

Wi th Two Steam Generators Operat i ng i n  
a Water So l i d  Condi ti o n  

P re s s u re = 1 000  PS IA  
X = Steam Qua l i ty 

Ca l cu l ated Temperatures 
Case  1 

Ca l c u l ated Temperatures  
fo r Case  2 

Decay Heat 
Day Power Leve l  ( No cred i t for l oca l  bouyancy ) ( I nc l udi ng l oca l  bouyancy effect)  

4/23 0 . 08% 

4/3 0  0 . 065% 

5/2 0 . 06% 

Hot as semb l y  = 

2nd  hottest  a s s emb l y  = 

Peri p hera l  Reg i on  = 

Hot as semb l y  = 

2nd hottes t  assemb l y  = 

Per i phera l  Reg i on  = 

Hot a s semb l y  = 

2nd  hottest  as s emb l y  = 

Per i phera l  Reg i on  = 

1 1 20F  545F 

545F 330F  

1 68F 1 39F  

GOOF 4 1 5 F  

545F 280F 

1 60F 1 37F  

545F 375F  

444F 245F 

1 57F  1 34F  
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Tab l e 4 . 4 

Cr i ter i a for Core Coo l i ng 

Operat i ng Modes 

1 .  One  Reactor Coo l ant P ump ( RCP ) Operati ng  
2 .  Trans i t i o n to Natural  C i rc u l at i on Dur i ng  F i rst Hour  Fo l l owi ng  RCP T r i p 
3 .  Natural C i rc u l at i on Thru One  Steam Generator 
4 .  Natural  C i rcu l at i on Thru Two Steam Generators 
5 .  H i gh P res s ure I nj ect i o n  
6 .  Decay Heat Removal  

Ope rat i ng L i m i ts 

l .  Core Exi t Thermocoup l e s < l OOOF 
2 .  Average of  Core Exi t  Thermocoup l e s < Ts at 3 .  Hot Leg Temperature > l OOF  S ubcoo l ed 
4 .  Hot Leg Temperature < 250F 
5 .  Hot Leg Temperature < l 80F  
6 .  Core �T < l 50 F  
7 .  H o t  Leg Temperature I ncrease  Wi th i n 

O ne  Hour  After Reactor Coo l ant Pump Tri p 

Mon i tor  L i m i ts Operat i ng 

l .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

Average I ncore Thermo-
coup l e s  > Tsat ( F i gure 4 . 2 )  

Two I ncore Thermocoup l es > 

Three I ncore Thermocoup l e s 

l OOOF 

> l OOOF  

Hot Leg RTD Exceeds  l OOF  Subcoo l 
L i mi t of  F i gure 5 . 2 

Hot Leg Temperature > 250F 

Hot Leg Temperature M i nus  
Co l d  Leg  Temperature > 1 50 F  

Two or  More I ncore Thermocoup l e s 
Fa i l Wi th i n 30 m i nute i nterva l 

2 

1 

l 

3 

4 

6 

1 

App l i cab i l i ty to Operat i ng Modes 

l , 3 , 4 , 5 ,  & 6 
1 , 2 , 3 , 5 ,  & 6 
1 , 3 , 4 , 5 ,  & 6 
A l l Modes whe n  P>500 PS I A  
A l l Mode s when  P< l 5  PS I A  
A l l Modes 

3 

L i m i t Act i o n  ( Se e  b e l ow) 

l 

2 

l 

1 

l 

3 
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Tab l e  4 . 4 (Conti nued)  

Act i ons  

1 .  Return to Mode 1 ,  i f  pos s i b l e .  Otherwi s e  cons i de r  tran s fe r  to an a l ternati ve 

coo l i ng mode . 

2 .  Va l i date i ncore thermoco up l e operab i l i ty by compari s o n  to other nearby 

the rmocoup l es and by other avai l ab l e means . 

3 .  Danger o f  l ocal  temperatures  h i gh enough  to me l t  i ncore i n strument structures . 

Eva l uate and take Acti on  1 or  other emergency act i ons  as warranted . 
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5 . 0 Effects of  Non- Conden s i b l e  Gas on  Natural  Rec i rc u l at i o n  Coo l i ng Capab i l i ty 

Measurements duri ng  the  fi rst wee k  of  the acc i dent  i nd i cated the presence  

of  a l arge vo l ume of  non-condens i b l e  gas  i n  the reactor coo l ant system . 

Subsequent ly  the gas was removed through a degas s i ng proced u re i nvo l v i ng 

pres sur i zer  spray i ng and l etdown . The procedure i nc l uded a ser i e s  of  

i ncrementa l pre s s u re reduct i on s  from 1 000 ps i g  down to  300  p s i g  to  remove  

any gase s  trapped at  h i gh po i nts i n  the  reactor coo l ant sys tem . I t  i s  

c urrent l y  e s t i mated that no bubb l e wi l l  form by evo l uti o n  o f  non- conde n s i b l e  

gases  now i n  s o l uti on  or  st i l l  re s i d i ng i n  RCS poc kets , as  l o ng as the 

pr i mary coo l ant system p re s s u re rema i ns  i n  exces s  of  300  ps i g . 

Cons i derat i on  has been  g i ven  to the potent i a l  effects of  rad i o l ys i s  o f  

t h e  reactor coo l ant water ,  i . e . , t h e  decompos i t i o n  o f  t h e  wate r t o  form 

hydrogen and oxygen .  

I n  gamma and neutron f i e l ds typ i ca l  o f  nuc l ear powe r reacto r coo l ant 

systems , a hydrogen concentrat i on  of  1 7  cc/kg wate r i s  needed to s uppre s s  

rad i o l ys i s  o f  the pr i mary coo l ant ( Re f :  U S  Patent 293798 1 , 5/24/60 ) .  I n  

operati ng p l ants the u s ua l  concentrati on  of  hydrogen i s  ma i ntai ned betwe e n  

25  cc/kg a n d  35  cc/kg . 

I n  the TMI p l ant , the saturat i o n  concentrati ons  of  hyaruyen are  l i sted 

b e l ow for the pre l i m i nary po i nts i n  the Base  P l an ( de s c r i bed i n  F i gure 

1 .  1 ) : 

Operati ng Po i nt I I  A l l  ( 280° F ,  1 000 ps i a ) 1 670  cc/kg 

Operati ng Po i nt 1 1 8 1 1  ( 220° F ,  1 000 ps i a ) 1 540 . cc/kg 

Operati ng Po i nt I I C I I  ( 1 40° F , 1 000 p s i a )  1 430  cc/kg 

Operat i ng Po i nt 1 1 0 1 1  ( l 40 ° F , 1 00 ps i a ) 1 40 cc/kg . 

These  va l ues  are cons i de rab l y  h i gher  than the concentrat i o n  o f  hydrogen 

requ i red for the  s uppre s s i on  o f  rad i o l ys i s  of  water at the operat i ng 

cond i t i ons  of  the p l ant . It can be  conc l uded , there fore , that no  s i gn i 

f i cant rad i o l ys i s  wi l l  ta ke p l ace at the  ope rat i ng  cond i t i o n s  de f i ned by 
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po i nts A ,  B ,  C and  D as  l ong as the  pr i mary coo l ant rema i n s  s aturated 

wi t h  hydroge n .  Some radi o l ys i s  may be  expected i f  the concentrat i o n  o f  

hydrogen i s  reduced be l ow the saturat i on  l i m i t and i t  reaches  a val ue  

l ower than  1 7  cc/kg .  

The  L i censee  obta i ned pres s ur i zed s amp l e s  of  pri mary coo l ant from TMI - 2  

o n  4/22/79 to determ i ne  the amount  o f  hydrogen and other gase s  i n  s o l uti on .  

The  p re l i m i nary ana lys i s  o f  th i s coo l ant samp l e i nd i cates the fol l owi ng : 

Hydrogen - 23 . 8  cc/kg 

Oxygen - < 1 . 1 cc/kg 

N i trogen - < 9 . 9 cc/kg 

Natural convect i o n  cool i ng i n  the p r i mary sys tem (as  .descr i bed for the 

L i censee • s  proposed  l ong term coo l i ng mode and eval uated above ) as s umes 

the presence  of  no free gas vo l ume i n  the pr i mary coo l ant  system for  

p re s s ures greate r than  300 ps i  for the reasons descr i bed above . However , 

the  staff has neverthe l es s  eval uated the e ffects of  non- conde ns i b l e  gas  

that m i ght u nexpectedl y  come o ut o f  s o l uti on , as  des c r i bed i n  the  fo l l owi ng  

paragraphs . 

I f  the system pre s s ure and the core ex i t  p l enum and hot l eg temperatures  

a l l ow gas to  come out of  s o l uti on ,  the formati o n  o f  gas poc kets cou l d 

i nterfere wi th natural c i rcu l at i o n .  The gas cou l d be  dr i ven  bac k i nto 

s o l uti on  by i nc reas i ng pre s s ure to mai ntai n s uff i c i ent  s ubcool i ng .  The  

t i me requ i red for p l ant operators to  accomp l i s h th i s reverse  proces s i s  

o n  the Drder o f  hours wh i ch i s  wi th i n the avai l ab l e ti me frame for 

ope rator act i ons  fo l l owi ng l os s  o f  natural  rec i rc u l ati o n .  Neverthe l es s  

we arb i trari l y  ass umed that the re l eased gas m i ght rema i n out o f  s o l ut i on  

for the  fo l l owi ng eval uati o n .  

The re l eased gas wou l d  co l l ect at h i gh po i nts . These  po i nts  are ( a )  the  

upper porti on  of  the  reactor ves s e l , ( b )  the  1 1 candy canes 1 1 near the  top 

of  the steam generators , and ( c )  the reactor coo l ant p umps . For  natural  

c i rcu l at i on  f l ow ,  the  gas  vo l ume i n  the s te am generator 1 1 candy canes 1 1 i s  
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o f  part i c u l ar concern s i nce i t  cou l d i nh i b i t  coo l ant f l ow t o  the steam 

generators . If the vo l ume i s  s ma l l as  s hown i n  F i gure 5 .  l a ,  there s h ou l d 

be  l i tt l e f l ow i mpedance . However , i f  the vo l ume i s  l arge e nough to f i l l  

the  p i p i ng ,  as  i l l u strated i n  F i gure 5 .  l b ,  the f l ow cou l d be  at l east 

temporari l y stopped .  

Natural c i rcu l at i on  f l ow tests  wi th  an i ntact core  and s team generator s  

i n  a steam i ng  mode at condi t i o n s  where the decay heat rate i s  about 

0 . 2 percent of  des i gn power have s hown that the rat i o of coo l ant f l ow to 

core power i s  rough l y  f i ve t i me s  that for the reactor at f u l l power wi th 

a l l pumps runn i ng . The res u l t i ng smal l temperature i nc rease  acro s s  the  

core ( 1 0- l 5° F )  produces  a smal l dr i v i ng head for  natural  c i rcu l at i on 

wh i ch cou l d  be s topped by a gas vo l ume l arge e nough to p roduce a l i qu i d 

depres s i on ,  L0 , i n  the 1 1 candy cane 1 1  of  l es s  than 6 i nches  ( see  F i gure 5 .  l b ) .  

H owever ,  wi th ces s at i o n  o f  natural  c i rc u l ati on  f l ow ,  the core and hot l eg 

temperature s  wou l d i ncrease  and p roduce a h i gher dri v i ng  head . I n  add i ti on ,  

the co l d  port i o n  of  the sys tem ( i nc l udi ng most  of  the s team generator a n d  

· RCS p i p i ng  co l d  l egs ) wi l l  be kept a t  about 1 00 t o  1 50 ° F  as  the  res u l t o f  

the f l ood i ng  o f  the s econdary s i de o f  the steam generators . The res u l t i ng 

i ncrease i n  dri v i ng head s hou l d be s uffi c i e nt to ree s tab l i s h natural 

c i rc u l ati on f l ow for re l at i ve l y  l arge vo l umes of  gas . Pre l i m i nary ca l c u l a

t i on s  i nd i cate that gas vo l umes that cou l d extend down i nto the  upper 

p l enum of  the  steam generator may not permanent ly  stop natural  c i rc u l at i on 

f l ow at hot l eg temperatures we l l  be l ow the saturat i o n  temperature , 

p rov i di ng RCS p re s s ures  are b rought bac k to the 1 00 0  to 1 500  p s i g  range . 

As noted prev i ous l y ,  the gas vo l ume wou l d  s hr i n k  and eventua l l y  d i s appear 

as  the  gas goes bac k i nto s o l ut i o n , prov i ded s u ff i c i ent  s ubcoo l i ng i s  

obta i ned by the i nc rease  i n  system pre s s u re .  
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Gas Bubb le in S team G�nera tor "Candy Cane " 

Figure 5 . 1 
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6 .  1 

Long Term Contro l 

Long Term Contro l 

P re s s ur i zer  l eve l 

forced to  natura l 

of Reactor 

of Reacto r Coo l ant 

i nd i cati o n  i s  mo st 

convecti on f l ow .  

Lev e l  and P re s s ure 

i mportant dur i ng the trans i t i o n f rom 

Dur i ng th i s trans i t i on , RCS temp e ra-

ture and pressure wi l l  c hange . Pres s ur i zer l ev e l  i ndi cati o n  wi l l  be 

des i rab l e to contro l the pre s s ure and to i nd i cate the evo l ut i o n  of g a s e s  

i n  the sys tem wh i ch m i ght i nh i b i t e stab l i s hment of  natural  rec i rcu l at i o n  

as d i scus s ed i n  Secti on  5 .  I f  the p l ant i s  water s o l i d  whe n  the tran s i 

ti on i s  made , the contro l of  system p re s s ure and i nvento ry i s  more 

di ffi c u l t .  

I n  the l ong term , when the RCS i s  operat i ng i n  a natural  c i rc u l ati o n  

mode , the pre s s ur i zer l eve l i nd i cati o n  i s  not as des i rab l e a s  above 

because  the system can be kept water s o l i d .  

The L i censee  has proposed a method for RCS pre s s u re ( and i nvento ry)  

contro l duri ng l o ng term ope rat i on  i n  the water s o l i d  natura l  c i rcu l a t i o n  

mode . Th i s system wou l d  s erve  a s  a bac kup to the eves and mai ntai n 

reactor coo l ant system pres s u re wi th the pre s s ur i zer f i l l ed s o l i d  w i t h  

water .  Pr i mary coo l ant system pre s s ure wou l d  thus  b e  mai nta i ned eve n  

wi th the l o s s  o f  pres s uri zer  i nstrume ntati on  and i noperati v e  p res s u r i z e r  

heaters . A l so , the pre s s ure control  system wi l l  be des i gned  to prov i de 

adequate NPSH to the reacto r coo l ant pumps i f  they are needed , and to 

s uppres s  potenti a l  bubb l e fo rmat i on  wh i c h cou l d i n h i b i t natura l  

rec i rcu l ati on  as  d i s c u s s ed i n  Secti on  5 .  

The standby reacto r coo l ant pre s s u re contro l system wi l l  c on s i st of 

pas s i ve components (a ser i e s  of  wate r storage tan ks and a s u rge tan k w i th  

n i trogen b l an ket for  pre s s u re contro l ) a nd  acti ve  components  ( c harg i n g  

pumps ) .  The system wi l l  co ntro l reactor coo l ant pre s s ure over  the r ange 

o f  1 00 ps i g  to 750  ps i g .  

The i ntent i s  to use  the pas s i ve reactor coo l ant p re s s u re sys tem wh i c h 

wou l d  be at f i rst l oca l l y  contro l l ed .  Late r , add i t i ona l  i n s trumentat i on 
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and remote contro l wi l l  be i ncorporated to automate th i s  system . The 

act i ve  p re s sure control port i on woul d resupp ly water to the surge tan ks 

wi th added capab i l i ty of  prov i di ng add i t i ona l  make up water d i rectl y to 

the RCS i f  neede d .  

T h e  above mod i fi cat i o n  wi l l  e stab l i sh a f l owpath of makeup water and 

pre s s u re contro l through the normal makeup l i ne s  that i nterface wi th the 

reactor coo l ant l oop co l d  l egs . Chemi cal contro l of the degas s i fi ed 

bo rated water used i n  the p ressure contro l system wi l l  be prov i ded by the 
present chemi cal  add i ti on system . 

Connecti ons  wi l l  be  prov i ded to accommodate the addi ti on  o f  bor i c  aci d ,  
H2 , dem i neral i zed water and hydraz i ne ,  L i OH , and NaOH . 

6 . 2 Core Cool i ng Wi thout Pr i mary System Convecti on  

After some months of  f i s s i o n  product decay , an a l ternati ve to natural  

convecti on  cod i ng wi l l  be avai l ab l e .  I t  shou l d b e  pos s i b l e to co:e l the 

TMI - 2  core wi thout c i rcu l ati on  ( forced or  natural convecti o n )  through the 

reactor coo l ant system . That i s ,  the core cou l d be  coo l ed by s i mp l y  

mai ntai n i ng a n  e ssent i a l l y  water s o l i d  pr i mary system and conducti ng  and  

convecti ng heat from the  reactor ves s e l  to  the  contai nment atmosphere . 

F rom the cal cu l ati ons  based  o n  the spec i f i c operat ing h i story of  HU - 2 , 

the decay heat ( F i gure 6 .  2 s hows decay .. heat from 0 to 1 30 days fo 1 1  owi ng  

s hutdown ) i s  expected to  decrease  to  about  0 . 3 ,  0 .  1 4 ,  and 0 . 05  MW at s i x  

months ; one year and two years a fter the  acci dent , respect i ve l y .  I f  t he  

reactor coo l ant system i s  kept at  a temperature of  about 1 00 ° F , t he  heat 

l os s  by conduct i on  or  convecti o n  to conta i nment wou l d  be  sma l l re l ati v e  

t o  the heat that c a n  be  removed by t h e  steam gene rators . However , after 

s i x  months , i t  appears that decay heat cou l d be removed by heat l o s s  to 

the a i r and earth s u rround i ng the reactor ves s e l  i n  the conta i nment , 
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wh i l e  s t i l l  mai nta i n i ng the reactor cool ant temperature we l l  b e l ow norma l 

operat i ng temperatures ( the pr i mary system wou l d  requ i re p re s s ur i zati o n  

to s upp re s s  bo i l i ng ) . 

S i nce data for TMI - 2  were not avai l ab l e ,  the heat l os s  to conta i nment 

from the ves s e l  was e s t i mated by sca l i ng val ues  from other  PWRs . I t  i s  

e st i mated that the heat l os s  to conta i nment from the reactor vesse l , the  

pr i mary coo l ant p i p i ng ,  contro l rod  dri ve  mechan i sms , steam generators , 

steam p i p i ng and u n i n s u l ated parts of  the rector coo l ant system pumps i s  

about 1 . 5  MW at des i gn power condi t i ons . Rough l y  one  ha l f o f  th i s  heat 

l os s  can be attr i buted to the contro l rod dr i ve mechan i sms  wh i ch have 

coo l i ng wate r  c o i l s  and forced convect i o n  a i r coo l i ng .  The  heat l o s s  

from the contro l rod dr i ve mec han i sms i s  here i n  conservat i ve l y  as sumed t o  

be  neg l i g i b l e  due t o  conservat i v e l y  ass umed l o s s  of  the coo l i ng wate r a n d  

forced a i r f l ow .  O n  th i s bas i s ,  the heat l o s s  from the  reactor coo l ant 

to contai nment a i r i s  e st i mated to be  about 1 . 6  x 1 0- 3  MW/° F .  A s s um i ng 

. the  contai nment a i r venti l at i on  fans  are l ost , a conservat i ve est i mate o f  

the heat l o s s  by conduct i on  from contai nme nt t o  t h e  s urro u nd i ng a i r 

outs i de contai nment i s  3 x 1 0- 3  MW/° F .  F rom thes e  va l ues , i t  i s  e st i mated 

that the 0 . 3 MW decay h eat at s i x  months after s hutdown cou l d be  tra n s 

ferred d i rectl y  t o  70° F  a i r o uts i de o f  conta i nment  w i th  a reactor coo l ant  

temperature o f  about 400° F .  

Better est i mates of  the  heat l os s e s  u nder these  condi t i o n s  can  b e  i nferred  

l ater from p l ant records at  TMI - 2 .  

I t  i s  poss i b l e  that a s i gn i f i cant i ncrease i n  heat removal  cou l d be 

obtai ned by u s i ng  the coo l i ng water to the contro l rod dr i ve  mechan i sms 

wh i ch wou l d  be  avai l ab l e for the l ong  term ope rat i o n .  I t  i s  noted , 

h owever , that natural  c i rcu l at i on  f l ow i n  the reactor coo l ant system 

dur i ng th i s mode of operati on  ( s team generators i so l ated )  wo u l d be  i mpeded 

s i nce the maj or  port i o n  of  the decay heat wou l d  no l onger  be  removed at  
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the top of  the steam generators . F urther ana l ys i s of  the natural  c i rc u l a

t i on  f l ow and adequacy of  core coo l i ng wi l l  be  needed to demon strate t h e  

feas i b i l i ty of th i s bac kup mode of  operat i o n .  

6 . 3 Overpres s u re P rotecti o n/Therma l Shock  

Wi th the  RCS  temperature l ow ,  around  1 50° F as i n  natural  rec i rcu l at i o n  

coo l i ng ,  the reactor vesse l  pres s u re must not be  exces s i ve due  to the 

pos s i b i l i ty of  br i tt l e fracture . System p re s s u re s hou l d be  carefu l l y  

mon i tored and contro l l ed to avo i d overpre s s ur i zat i o n .  

The rap i d  addi t i on  o f  co l d  RCS makeup s hou l d  b e  avo i ded s i nce the ma ke up 

i n l et po i nts are l ocated i n  the RCS co l d  l egs , and the co l d  f l u i d  wo u l d  

trave l  i nto the reactor i n l et nozz l e s , down the downcomer ,  then  i nto t h e  

i n l et p l enum .  The co l d makeup cou l d cause  thermal  s hoc k and br i ttl e 

fracture potent i a l  for the reactor ves s e l  s i nce there i s  no heati ng of  

the  f l u i d unti l i t  enters the  core . Therefore , cont i nuous  rather than  

i nterm i ttent RCS  makeup shou l d be cons i dered . Cons i derat i o n  s ho u l d a l s o  

b e  g i ven to prov i s i ons  for heat i ng o f  makeup water  to the l ong term 

pr i mary coo l ant temperature . 

Fracture mechan i cs  ca l c u l at i ons  have b�e n  perfo rmed for severa l  cases  

that cou l d be encountered i n  the p l anned coo l down of  TMI - 2 .  In  a l l 

case s , the pos s i b l e  atyp i cal  we l d  meta l i n  the l ower. head i s  l i m i t i ng . 

Neverthe l es s , a s s umi ng reasonab l e m i x i ng of  the wate r , our  ca l c u l ati o n s  

s how that there i s  n o  need f o r  concern  about br i ttl e fracture of  the 

ves s e l  u n l e s s  extreme l y  u n l i ke l y  cond i tons  occur . 

Appendi x G cal c u l at i ons  were f i rst  performed us i ng a l l of  the  conserv a t i ve 

Appe ndi x G ass umpti ons . These  i nc l ude a l /4T f l aw ,  the Append i x G KI R  
curve , and a factor of  2 marg i n o n  pre s s ure stre s s e s . T h i s gave a m i n i mum 

temperature of  1 60° F for 1 000  ps i g  pre s s u re a nd a coo l down rate of 50° F /h r .  

Next , thermal stre s s e s  and stre s s  i nte ns i ty factors we re ca l c u l ated for  

the proposed  coo l i ng parameters . T h i s gave a s l i ght l y  h i gher  coo l down 

rate and s l i ght l y  h i gher  thermal  stre s s e s  and stre s s  i nte n s i ty facto r s . 
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Agai n ,  us i ng  the  Appe nd i x  G factor of 2 marg i n o n  p re s s u re stresses , t he 

K 1 R  curve , and the l /4T f l aw ,  the m i n i mum temperatu re to comp l y  wi th 

Appe ndi x G was 1 70° F .  

I f  the pre s s u re i s  b e l ow about 900 p s i g ,  Append i x G requ i rements and 

marg i ns wou l d  be met at 1 50° F .  

Ca l c u l ati ons  were a l so  performed a s sumi ng a pre s s u re i nc rease  to 2500 P S I G .  

U s i ng  K 1 c  i n stead of  KI R ' wi th a factor of  2 marg i n o n  pres s u re stres s ,  

and a l /4T f l aw ,  a temperature of  1 85°F  wou l d  be  req u i red .  Wi th no 

factor of  2 margi n on pre s s u re stres se s  a temperature of  1 40 ° F  cou l d b e  

to l erated by the ves s e l . 

Therefore , the staff 1 s conc l u s i on i s  that there i s  a very l ow probab i l i ty 

of  vesse l fai l u re under cond i ti ons  postu l ated to occur  dur i ng  the p l a n ned 

coo l down . 

6 . 4 So l i d  Condi t i ons  i n  Secondary System P i pi ng 

The p i p i ng  systems affected by operat i o n  wi th  water- so l i d  cond i t i ons  o n  

the  steam generator secondary s i de ,  out to the fi rst  i s o l at i o n  va l ve , a re 

the mai n steam l i ne ,  mai n feedwater l i ne ,  and the auxi l i ary feedwater 

l i ne .  The des i gn of  both feedwater l i nes  i s  predi cated upo n  b e i ng  f i l l ed 

wi th water dur i ng  operat i o n  and therefore , normal  code a l l owab l e stre s s e s  

wi l l  not be  exceeded . A l though the mai n steam l i ne i s  not f i l l ed wi t h  

water norma l l y , t h e  ent i re secondary system was f i l l ed wi th  water dur i n g  

pre-operatona l  hydro- stati c test i ng . The add i t i ona l  dead we i ght contr i 

but i on to the  p i p i ng stre s s e s  for the water- s o l i d  cond i t i o n  i s  accommodated 

wi th i n norma l code l i m i ts fo r that port i o n  i n s i de of  contai nment ( b a s e d  

upon oral  i nput from B u r n s  a n d  Roe , t h e  arc h i tect eng i neer  f o r  TMI - 2 . ) 

The  spri ng hangers ( one  on  one  mai n steam l i ne and three  on  the other )  

wi l l  bottom out  and act a s  r i g i d restrai nts . For  the ma i n s team p i p i n g  

i n  the Turb i ne  b u i l d i ng the spr i ng hangers wi l l  b e  p i nned  s o  a s  t o  c a r ry 

the add i t i ona l  dead we i ght l oad of  the water i n  the p i p i ng wi th i n n o rm a l 

code l i m i ts .  
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I t  s hou l d be  noted that a l l ASME Secti o n  I I I  C L . 2 components used i n  the  

coo l i ng sys tem were des i gned for  s e i smi c Category I s e rv i ce .  However  a l l 

o f  the s e  components , both those that are part o f  the o r i g i nal  TMI - 2  Ma i n 

Steam and  Feedwater p i p i ng system and thos e  obta i ned from other n uc l ear  

s i te s  to  be  i ncorporated i nto the  OTSG coo l i ng system , are b e i ng ut i l i zed 

i n  a system wi th  d i ffere nt response  c haracte r i s t i cs  from that for wh i ch 

they were i n i t i a l l y  des i gned or  are operat i ng wi th  a f l u i d  medi a d i ffere nt 

from that for wh i ch they were s e i smi c i a l l y  qua l i f i ed ,  i . e . , -s ome comp onents 

des i gned for ope rati on  on steam dur i ng a s e i sm i c event as opposed to 

water f i l l ed as i n  the present system . Thus  because  o f  these  d i fferences  

from the or i g i na l  s e i smi c des i gn req u i rements , wh i ch can  affect s e i sm i c 

respon s e , these  components s ho u l d not be  cons i dered s e i smi ca l l y  qua l i f i ed 

as  i nstal l ed as  a part of the OTSG coo l i ng system , so l e l y  o n  the bas i s of  

the i r or i g i na l  qua l i f i cati ons . 

Se i sm i c capab i l i ty of  these  system modi f i cati ons  i s  not an acceptance  

cr i ter i on ; therefore , no  add i t i ona l  s e i smi c eval uat i o n  of  th i s  sys tem i s  

p l anned . 

6 . 5 Steam Generator Tube I ntegr i ty 

Steam generator tubes are requ i red to ma i nta i n the i r i ntegr i ty dur i ng  

postu l ated des i gn bas i s  acc i dents i nc l ud i ng a l os s - of- coo l ant acc i de n t  

( LOCA )  or  a ma i n steam l i ne break (MSLB )  i n  comb i nat i o n  wi th a safe 

s hutdown earthquake . The des i gn bas i s  lOCA res u l ts i n  a ca l c u l ated 

925 ps i a  secondary- to-pr i mary pre s s u re d i ffere nt i a l  and the des i gn b as i s  

MS LB res u l ts i n  a cal c u l ated 2200 p s i a  p r i mary- to- secondary d i ffere n t i a l  

pre s s ure a t  approx i mate l y  600° F .  T h e  req u i red marg i n s  of  safety aga i n st  

tube fa i l u re duri ng the se  postu l ated acc i de nts are  con s i stent wi th  the  

marg i n s  of  safety dete rm i ned by the  stre s s  l i m i ts  spec i f i ed  i n  NM- 3225  of  

Sect i on  I I I  of  the  ASME Code . F u rthermo re , a factor of  safety of  t h ree  

aga i nst  tube rupture i s  requ i red dur i ng normal operat i ng cond i t i o n s  wh i c h 

corresponds to a 1 250 ps i a  pr i mary to s econdary pre s s ure d i ffe rent i a l  at 

app rox i mate l y  600° F .  
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Babcoc k and Wi l cox has prov i ded  res u l ts o f  l aboratory tube burst  and 

co l l apse  tests . The burst  tests  conducted on spec i mens  wi th  defects up 
to 70% through-wa l l res u l ted i n  no  tube fa i l ures  at p re s s ures  l e s s  than 

3900 psi  and the co l l apse tests o n  s i mi l ar l y  defected tubes  res u l ted i n  

no tube fai l ures  be l ow 3500 ps i . 

Three M i l e  I s l and U n i t  2 conducted a base l i ne i n spect i o n  of  1 00% of  t h e  

tubes i n  both steam generators i n  November  1 977 fo l l owi ng  t h e  h o t  func 

t i ona l  tests . Tubes w i th i mperfect i ons  of  40% or  greate r were p l ugged 

wh i ch i s  cons i stent w i th  the bas i s  de l i neated i n  Regu l atory Gu i de 1 . 1 2 1 ,  

to ma i ntai n the factors of  s afety descr i bed above and p rov i de an  add i 

t i ona l  marg i n for pos s i b l e  operati ona l  degradat i o n .  

There has been n o  i nd i cati on  of  pr i mary coo l ant l eakage through the 1 1 A 1 1  

steam generator tubes  s i nce  March 28 , 1 979 . There fore , based o n  the 

above des i gn base s  and the steam generator i nspecti on s  and  tube p l ugg i n g  

wh i ch was conducted pr i or  t o  that date , there are no further  spec i a l 

p recaut i ons  nece s sary at th i s  t i me for ope rati ng  the 1 A 1 steam generator 

at the proposed condi t i ons  o f  700 ps i d  p r i mary to secondary p re s s u re 

d i fferent i a l  and at temperatures  be l ow 200° F .  However , the  deve l opme n t  

of  a l ea k , a l though cons i dered to b e  h i gh l y  u n l i ke l y  due  to the smal l 

pr i mary to secondary system p re s s u re d i fferenti a l s ,  s hou l d be  con s i de red 

and  some precaut i on s  s i m i l ar to  thos e  descr i bed i n  Sect i on  8 . 3 for the  

• s • steam generator s hou l d  be i mp l emented . 

Under the  proposed ope rati ng cond i t i ons  the  secondary coo l ant pres s u re o n  

the • s • steam generator wi l l  be  mai nta i ned a t  a l eve l greater than t h e  

p r i mary system pre s s u re s uc h  that any tube l eakage i n  t h e  • s • steam generator 

wou l d  not perm i t h i gh l y  contami nated pr i mary coo l ant to e nter the  seco ndary 

coo l ant . 

6 . 6 Condenser  F l o9d i ng 

Potent i a l  safety concerns  a s soc i ated wi th  f l ood i ng of  the condenser  we re 

cons i dered . S i nce  condenser  i ntegr i ty i s  not normal l y  i nc l uded i n  NRC 1 s 
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safety rev i ew ,  l i tt l e i nformati on  was i mmedi ate l y  avai l ab l e to determi ne 

the safety margi ns  for stat i c or dynami c f l ood i ng forces .  However ,  

operat i on  o f  the  condenser  i n  the  sprayi ng  mode , wi th  the  hot we l l  at 

norma l operat i ng water l eve l s i s  ant i c i pated , and potent i a l  des i gn 

l i m i tati ons  of  operat i ng the condenser  i n  a f l ooded mode were  not re l evant . 

6 . 7 Contai nment  

The  contai nment i nternal  pre s s ure has been  s l i ght l y  l ower than atmospheri c 

pre s s ure s i nce  a few hours  after  the acc i de nt .  C urrent ope rat i ng procedures 

i nd i cate that the water f l ow to the fan coo l ers  s hou l d be  termi nated i f  

the reve rse  pre s s u re d i fferent i a l  reaches  2 . 0 ps i . T h i s act i o n  wou l d 

e ffecti ve l y  term i nate further coo l down of  the conta i nment atmosphere 

the reby term i nat i ng the  trans i ent . I n  any case , t h i s wou l d  be  a rather  

s l ow tran s i ent  a l l owi ng s uffi c i e nt t i me for proper acti o n .  We be l i eve , 

however , a more severe trans i ent s hou l d a l so  be con s i dered . Th i s tran s i ent  

i s  the  i nadvertent operat i on  of  the  co ntai nment sprays . I n i t i at i o n  of  

the  sprays wou l d res u l t i n  rap i d  coo l i ng of  the  contai nment atmosphe re 

caus i ng a correspond i ng rap i d  decrease i n  contai nment p re s s ure . The 

magn i tude of the pre s s u re decreas e  wi l l  depend  upon the i n l et spray wat e r  

temperature ( BWST water temperature ) . To as s u re that the  contai nment 

does not exceed the des i gn reverse  d i fferent i a l  pre s s ure  of 2 . 5 p s i , t h e  

contai nment parameters  s ho u l d b e  mai nta i ned above m i n i mum va l ues  �s s h own  

i n  F i gure 6 .  1 .  The f i gure i nd i cates that  for a g i ven  i n l et spray water 

temperature , the contai nment temperatures as we l l as  contai nment p res s u re 

s ho u l d be ma i ntai ned above m i n i mum va l ues . The pre s s ure cou l d be  contro l l ed 

by the addi t i on  of  a noncondens i b l e  gas s uch  as n i trogen  or  dry a i r .  

Contro l  o f  conta i nment temperature cou l d a l s o  b e  ach i eved  by termi nat i ng  

the  water to  the fan  coo l ers . Fan  operati o n  s ho u l d cont i nue , to  a s s u re 

proper m i x i ng of  the atmosphere whi l e  e l i m i nati ng the  heat removal  mec h an i s m .  

S i nce the consequences  of  exceed i ng t h e  reverse  des i gn pre s s ure d i ffere nt i a l  

are un known , we conc l ude that contai nment condi t i ons  s ho u l d be ma i nta i n e d  

i n  the condi t i ons  descr i bed above t o  a l l ow for i nadvertent spray operat i o n .  
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6 . 8 Cri t i ca l i ty 

From an  exami nat i on  of the p hys i cs startup tests ( boro n  concentrati o n  a n d  

reacti v i ty worth , contro l rod worths , reacti v i ty coeffi c i ents , etc . ) f o r  

TMI - 2  a n d  Rancho Seco ( approx i mate l y  t h e  s ame phys i cs parameters ) ,  react i v i ty 

states may be e st i mated fo r TMI - 2 .  A b r i e f  s ummary of  the res u l ts o f  

s uch  e s t i mates , res u l ts from s ome B&W ca l c u l at i o n s  o n  fue l  red i stri -

buti o n , and s ome deta i l s  of these  e st i mate s and ca l c u l ati on s  fo l l ow .  

From the startup tests , i f  the fue l pe l l et confi gurat i o n  i s  e s senti a l l y  

und i sturbed from i ts normal  cond i t i on , i t  i s  est i mated that the boro n 

concentrati on  for a j u st cr i t i ca l  co l d reactor ( k= l . O ) range s from abo ut  

500  ppm to  1 500 ppm , depend i ng  o n  the  p resence or  absence of  the  fue l 

c l add i ng , b u rnab l e po i sons  and contro l rods . The h i ghest  requ i red boro n 

concentrat i on  i s  for no contro l rod or  b urnab l e p o i son  i n  the core b ut  

wi th fue l c l addi ng  i n  p l ace . T he  l owe st  boron  need  i s  for a normal , rods 

i n ,  u ndamaged geometry .  If  the re were no  c l addi ng , s ubst i tuti ng  borated 

water for c l ad rai ses  the l ow boron  requ i rements and l owers the h i gh 

requ i rements . Loca l  rearrangement of  the fue l , i . e . , from a normal 

pe l l et l att i ce to a more homogeneous  wate r- fue l m i xtu re , reduces react i v i ty .  

Based o n  B&W ca l c u l at i on s  for gro s s  rearrangements of  fue l  and borated 

wate r i nto opti m i zed geometri es  and fue l -water rati o s  (wi th no structu r a l  

mater i a l  o r  contro l rods pre s e nt ) , i t  i s  est i mated that a t  1 500  ppm 

boron , cr i t i ca l i ty cou l d occu r  ( k= l . O ) w i th an opti m i zed compacti on  o f  

about  40% o f  the fue l , and at 2200 ppm wi th about 60% compact i o n o f  the  

fue l . At a boron  concentrat i o n  of  abo ut 3000 ppm 1 00% of  the fue l  compacted 

wou l d not be  cr i t i cal . 

Thes e  res u l ts for the bas i ca l l y  i ntact fue l geometri es  are based  o n  the  

fo l l owi ng i nformati o n  and  extrapo l at i o n  of  data for the  TMI - 2  startup 

reports and the Rancho Seco report .  

1 .  Base . TMI - 2  was i n i t i a l l y  cr i t i ca l  at 530° F , zero powe r , wi th a l l 

contro l rods out (ARO ) , at boron  conce ntrati o n  of  1 500 ppm . 
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2 .  Burnup effect . Reacti v i ty data i nd i cate that dur i ng the  approxi 

mate l y  95 fu l l power days of  operat i on  the cr i t i ca l  boron  concentra

t i o n  had dropped about 1 00 ppm . 

3 .  Temperature effect . From Rancho Seco data the effect o f  go i ng to 

300°F  was to decrease the cr i t i ca l  boron  concentrat i o n  by about 60 
ppm . Thus for TMI - 2  at the t i me of  the acc i dent  the 300°F  cr i t i c a l  

boron concentrat i on  was about 1340 ppm wi th ARO . 

4. Moderator react i v i ty coeffi c i ent . At 300° F the moderator ( o n l y )  

temperature coeff i c i ent i s  about  + 5  x l 0- 5/° F ( rods o u t )  a t  1400 ppm 

boron and about - 5 x l 0 -
5/° F ( rods i n ) at 700 ppm boro n .  The tota l 

( i nc l udi ng fue l ) coeffi c i ent  at about 1300 ppm i s  about  +2 x l 0- 5/° F .  

5 .  Temperature e ffect . From the coeff i c i ent res u l ts  the reacti v i ty i s  

not very sens i t i ve to the temperature i n  the 100- 300° F ,  1000-1400 ppm 

boron range . The  cr i t i ca l  boron concentrat i o n  wi th 100 ° F ,  wi th ARO , 

i s  about 130 ppm . 

6.  Contro l rods i n . The contro l rods were meas ured to be  worth about  

10% ak . The  boron  worth i n  the  100- 300° F ,  500-1300 ppm , rods i n  and  

out range i s  about 1 . 1 to 1 . 3% ak/100 ppm . Thus  the  a l l rods i n  

(ARI ) , co l d ,  cr i t i cal  boron l ev e l  i s  about 500 ppm . T h i s i s  approx i 

mate because of  the l arge extrapo l at i on  i n  the e st i mate . 

7 .  Burnab l e po i so n .  The i n i t i al burnab l e po i son  react i v i ty worth a t  

fu l l power was about 4 . 5% ak . At co l d  condi t i ons  and at the app rox i 

mate l y  95 fu l l power day burnup p recedi ng the acc i dent , t h i s react i v i ty 

i s  about 3% ak , and i s  equ i va l e nt to about 250 ppm boro n .  Thus , i f  

the burnab l e po i son  i s  no l onger i n  the core the c o l d ,  ARI , cr i t i c a l  

boron l eve l  i s  about 750 ppm wi th  A R I  and about  1550 ppm wi th  ARO . 

8 .  Los s  o f  c l add i ng . Los s  of  c l add i ng and rep l acement by the borated 

water i s  s i mi l ar to a moderator dens i ty i ncrease ( smal l effect f rom  

Zr ) . Rep l acement of  the c l addi ng wou l d be approx i mate l y  equ i va l e nt 
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to a 20% i nc rease  i n  moderator dens i ty .  At a 5 x 1 0- 5/°F moderator 

temperature coeffi c i ent  state , th i s dens i ty change wou l d  be  about a 

3 . 7% �k react i v i ty change . 

The average temperature coeffi c i ent  over the range of  boron l eve l s 

p roduced by c l ad l os s  for ( 1 ) ARI  and ( 2 )  ARO , no b u rnab l e po i so n  

s tates , i s  about - 3 x 1 0- 5/° F a n d  + 3  x 1 0- 5/° F respect i v e l y .  Thus  

the  boron c hanges are about ! 1 50 ppm and the  col d ,  no  b urnab l e  

po i son , n o  c l ad cr i t i ca l  boron concentrat i o n s  are thus  about 900 ppm 

for ARI  and 1 400 ppm for ARO . 

9 .  loca l  fue l -water m i x i ng .  Based on  B&W c r i t i ca l i ty ca l c u l at i ons  a n d  

on  ope n  l i terature cr i t i ca l i ty meas urements and ca l c u l ati ons , a 

change i n  l oca l  pe l l et confi gurat i on  from the norma l p e l l et and 

l atti ce structure to a more bro ke n  up and homogeneous  fue l -water 

m i xture wou l d  res u l t i n  reacti v i ty l os s  and a l owered boron cr i t i c a l  

l ev e l  for e i ther  the ARO or  A R I  conf i g u rati ons . 

Thus i t  i s  e st i mated that i f  the fue l i s  not gro s s l y  red i str i buted the 

requ i red boron concentrat i on  i s  probab l y  under about 1 550  ppm , and i f  t h e  

contro l rod mater i a l  i s  st i l l  reasonab l y  we l l  d i str i b uted i n  the core , 

under about 900 ppm . 

I f  fue l i s  gros s l y  red i stri buted the res u l t i ng system cou l d ,  under 

cond i t i ons  of  opti mum moderat i o n , go cr i t i ca l  at 1 500 ppm boron or  above . 

( Note : moderat i o n  i s  ' requ i red s i nce s o l i d  U02 spheres  req u i re enr i c hme n t  

over 5% t o  be  c r i t i cal . )  

The B&W nava l  cr i t i ca l i ty group has ca l c u l ated the  effects of  gro s s  

red i stri but i on  of  the fue l . They u s e d  Monte Car l o ca l c u l at i ons  ( KENO ) 

and cro s s  s ecti ons  tested  i n  many cr i t i ca l  conf i gurat i o n  c a l c u l at i ons . 

The ca l c u l ati ons  u sed pe l l et n uc l ear parameters ( because  these  max i m i z e  

reacti v i ty )  and fue l -water ( boro n )  rat i o s  wh i ch had b e e n  opt i mi zed by 

sens i t i v i ty stud i e s .  The ca l c u l at i ons  as s umed o n l y  fue l ( core average 
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e nr i chment )  and moderator m i xtures  wi th no structure or contro l  mate r i a l  

( except f o r  the boron i n  t h e  moderator )  or  burnup . They d i d a ser i e s  of  

ca l c u l at i on s  i n  wh i ch it  was ass umed that  the  fue l betwe e n  gr i ds ( se v e n  

regi ons  o f  about 2 1  i nc h  th i c knes s )  stayed  between  the gr i ds b u t  wer e  

rearranged i nto opt i mum fue l -water rat i o 1 1 l ayers 1 1  ,- and i n  whi£h { i n
s ucces s i ve cal cu l at i o n s )  top gr i ds d i sappeared permi tti ng the comb i n at i o n  

o f  t h e  s everal  1 1 l ayers 1 1  o f  fue l . Ca l c u l at i ons  were done  w i th boron 

concentrati ons  of  2 1 00 ,  3000 and 4000 ppm . E st i mati ng l ea kages for these  

ca l cu l ati ons  and  extrapo l at i ng to  s ome other boron  l eve l s ,  the  fo l l ow i ng  

res u l ts  can be est i mated .  

1 .  For  no co l l ap s i ng of  1 1 l ayers 1 1  the sys tem i s  we l l s ubcr i t i cal  at a 

boron  concentrati on of  1 500 ppm . 

2 .  For  a co l l apse  o f  3 1 1 l ayers 1 1 , g i v i ng a comb i nat i o n  o f  about 42% o f  

the reactor fue l , cr i t i ca l i ty wou l d  b e  approached a t  1 500 ppm b u t  i t  

wou l d be about 4% subcr i t i ca l  at 2200 ppm . 

3 .  For  a co l l apse  of  5 1 1 l ayers 1 1 , g i v i ng  a comb i nat i o n  o f  about 7 1 %  o f  

the reactor fue l , the system _ wou l d  b e  several  percent s upercr i t i c a l  

a t  2200 ppm b u t  several  percent s ubcr i ti ca l  a t  3000 ppm . 

4 .  F o r  a comp l ete comb i nat i o n  of  a l l fue l , e i ther i n  a cy l i nder o r  

sphere the system wou l d  be  s l i ght l y  s ubcri ti cal . a t  about 3000 ppm . 

Th i s l ast res u l t i s  the bas i s fo r B&W advocati ng  a boron l eve l  o f  3000  ppm 

to cover the most extreme conf i gurati o n .  

B N L  ( N RC phys i cs cons u l tants ) have a l so  performed s ome ca l c u l at i o n s  o f  

upper  l i mi t ,  opt i m i zed fue l - borated water conf i gurati ons  ( re f l ected 

spheres for gross  geometry ) . A pre l i m i nary exam i nati o n  of  these  

ca l c u l at i ons  s hows res u l ts s i m i l ar to  the B&W res u l ts .  
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In s ummary , ca l c u l ati o n s  i nd i cate that some postu l ated gro s s  rearrange

ments of  the TMI - 2  fue l cou l d conce i vab l y  be cr i t i ca l  at boron  

concentrat i ons  of  l es s  than  3000  ppm . 

These  conf i gurat i o n s  appear h i g h l y  u n l i ke l y , howeve r .  W i th  more l i ke l y  

conf i gurat i o n s  the requ i red concentrati on  wou l d appear t o  b e  about 1 50 0  ppm 

or l e s s , wi th the req u i reme nt for expected confi gurat i o n s  under  1 000 ppm . 

As of  4/7/79 the boron  conce ntrat i o n  i n  TMI - 2  coo l ant was be l i eved to b e  

about 2200 ppm and B&W was advocati ng a n  i ncreas e to 3000  ppm . As of  

4/ 1 9/79 , based on  an eva l uati o n  of  the  res u l ts from the  second  pr i mary 

water samp l e (4/ 1 1 /7 9 ) , the boron  conce ntrati on  was above 3000  ppm ( p r o b ab l y  

about 3400 ppm) and boro n  feed conce ntrati ons  were adj u s ted t o  mai nta i n 

the  concentrat i o n  above 3000 ppm . 

For  the present expected core conf i gurati on  and boro n  concentrat i o n  the  

core keff i s  we l l under 0 . 9 .  At th i s mu l ti p l i cati on , changes  i n  conf i g u ra

t i o n  or boron  concentrat i o n  produc i ng reacti v i ty c hanges  of about 1 %  

genera l l y  wou l d  not b e  u namb i guous l y  i ndi cated by the u s ua l  ( excore ) 

nuc l ear i n strumentati o n .  Reacti v i ty changes o f  about 1 %  wou l d  norma l l y  

b e  i ndi cated o nce Keff i s  above about 0 . 95 .  However , i n  the case  of  

TMI - 2  s uch  c hanges cou l d be parti a l l y  or  h i gh l y  mas ked by  p o s s i b l y  

destroyed neutron so urce s , gamma bac kgrounds , or  di sturbed  o r  chang i n g  

geometri es  or  water den s i t i e s .  

Thus  the pred i cti o n  o f  the  ab i l i ty to see an approach to c r i t i ca l  wou l d 

be  h i gh l y  spec u l ati ve . The excore startup range n u c l ear detectors have  

been  readi ng h i gher than norma l ( compared to  post  c o l d s tart up s )  fo r the  

expected reacti v i ty state of  the core . Wh i l e  there  have  bee n no appare n t  

corre l ati ons  of  count  rate wi th boron  concentrat i o n  changes  i n  the reacto r , 

thus  i ndi cat i ng  the h i gher  counti ng l eve l  i s  not i nd i cati ve  o f  h i g h  

mu l t i p l i cati o n  i n  the core (wh i ch s ho u l d be s i gn i f i cant l y  affected by 

boron  c hanges whi c h  have occurred) , th i s does , at l east , p re s e nt s ome 

ev i dence of  the uncertai nty of  mon i tor i ng approach to cr i t i c a l . 
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Because of  the poss i b l e  d i ff i c u l t i e s  o n  mon i tor i ng an approach to cr i t i c a l  

a n d  because  there apparentl y are poss i b l e  ( even  though u n l i ke l y )  cr i t i c a l  

conf i gurat i ons  of  t h e  fue l mater i a l  ( and water)  wi th boron concentrat i o n s  

under  about 3000 ppm , i t  i s  recommended that the boron concentrat i on  not  

be a l l owed to  fal l b e l ow 3000 ppm . I f , duri ng  any operati on , there are  

s team i ng proces ses  wh i ch may concentrate boron  to  greater than  3000 ppm 

s u c h  that p l ugg i ng of  some part of  the system may become a s i gn i f i cant 

pos s i b i l i ty ,  the c hanges shou l d be mon i tored as c l o se l y  as pos s i b l e and 

the boron feed l eve l  adj u sted accord i ng l y .  
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7 . 0 Conti ngency for Loss  o f  Natural  Convect i o n 

By the  t i me the natural  c i rc u l ati o n  coo l i ng mode i s  ach i eved at TMI - 2 , 

decay heat l eve l s wi l l  be  s uffi c i ent l y l ow that t i me wi l l  be avai l ab l e to 

cons i der a l ternat i ve ways o f  coo l i ng the core i f  natural  c i rc u l at i o n  

coo l i ng i s  l o st ( o n  t h e  o rder of  hours  wou l d  be req u i red t o  reach s at u ra

t i o n  temperature i n  the RCS , and s evera l more hours  wou l d  be requ i red  to 

b o i l  away water above the core e l evat i o n ) . Some o f  these  a l ternat i v e s  

are d i s cu s sed i n  the fo l l owi ng s ub s ect i o n s . 

7 . 1 H i gh Reactor Pre s s u re 

I f  reactor pres s u re i s  h i gh enough  to p rov i de adequate net pos i t i ve 

s ucti o n  heat ( N PSH )  for the reator coo l ant  pump ( RC P ) , the q u i c ke s t  and  

most  obv i ou s  a l ternat i ve wou l d be  to  j og and/or run  one  RCP .  S i nce  the  

most  l i ke l y  caus e  of  natura l  c i rc u l ati o n  s toppage i s  s ome type  o f  f l ow 

b l o c kage ( e . g . , gas co l l ect i o n  at s ome v i tal  l ocati o n  s uch  as  the upper  

l oop o f  the 1 1 candy cane 1 1 ) t h i s acti o n  m i ght sweep the  bubb l e  o r  other  

b l oc kage to a l e s s  cr i t i cal  l ocat i o n  perm i tt i ng natural  c i rc u l ati o n  to  

res ume . 

7 . 2 Low Reactor Pre s s u re 

I f  reactor pres s u re i s  not h i gh enough for the a l ternati ve  above , then  a n  

attempt s ho u l d be  made t o  i ncrease pre s s ure . Pres s ur i zer  heaters  a n d/or  

an  i ncrease i n  f l ow from a pre s s ure contro l l ed charg i ng  p ump s h o u l d be  

attempted . The  press ure i ncrease by i ts e l f m i ght cause  res umpt i o n  of  

natural  rec i rc u l ati on  f l ow by decreas i ng the  s i ze of  any co l l ect i o n  of  

gas that m i ght be  b l ock i ng  natura l  c i rc u l ati o n  and  a l l owi ng  i t  to re s ume . 

I f  not , when s uff i c i ent ly  h i gh p r i mary system pre s s ure i s  reac hed the  

f i rst  a l ternat i ve  above can  be attempted .  
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7 . 3 Ref l ux Bo i l i ng 

Re f l ux b o i l i ng i s  the product i o n  of  saturated or  s l i ghtl y s uperheated 

s team i n  the core ( the reby coo l i ng the core ) , c i rc u l at i o n  of that steam  

to the  steam generato r by  a comb i nat i on  of  d i ffus i o n and  pre s s u re d i ffer

e nt i a l s i n  the system , and conde n s at i o n  of  the steam i n  the  s team gen e rato r 

tubes  by trans fer o f  heat to the secondary water thro ugh  the tube wa l l s . 

I f  a gas bubb l e l arge e no ugh to s top natural  rec i rc u l ati o n  i s  formed , 

that bubb l e i s  a l s o  l arge enough  to great l y  i nh i b i t  c o nde n s at i o n  eff i 

c i e ncy i n  the steam generator( s ) .  Thus  the core temperatu re/ p re s s ure  

needed to  ac h i eve a stab l e 1 1 ref l ux 1 1  coo l i ng cyc l e m i ght  be  unacceptab l y  

h i gh  ( an ana lyti cal  bas i s  s ho u l d be p rov i ded before th i s coo l i ng mode i s  

attempted) . The o n l y  obv i ou s  ways to i mp rove the conde n s ati o n  eff i c i e ncy 

are : 1 )  coo l the steam generato r - i f  i n  the steam i ng mode , po s s i b l y  the 

mode cou l d be c hanged to the f l ooded mode ; 2)  l ower p r i mary sys tem water  

l eve l  to i ncrease the condensati o n  s u rface avai l ab l e to the  pr i mary 

s team . (Th i s wou l d  be of  quest i onab l e va l ue  s i nce the  steam wo u l d have  

to penetrate a con s i derab l e d i stance down very sma l l t ubes  to  ut i l i ze the 

added s urface area . ) It i s  not c l ear how effecti ve  t h i s pe netrat i o n  

wou l d  be , but agai n ana lyses  s ho u l d b e  prov i ded before th i s mode i s  

tr i ed .  Loweri ng water l eve l wo u l d  be  an u n l i ke l y  manuever  to try u n d e r  

t h e  poo r l y  i n strumented condi t i on s  l i ke l y  by the t i me t h i s s i tuati o n  

m i ght ari s e .  I n  s ummary , core coo l i ng by refl uxi ng  m i ght be  p o s s i b l e ,  

a l though  i t  seems u n l i ke l y  and we do not recommend was t i ng ti me try i ng  

to opt i m i ze condi t i o n s  t o  ach i eve th i s mode . 

7 . 4 RHR System 

Core coo l i ng uti l i z i ng the exi st i ng  RHR  or  uti l i z i ng the  s ki d  mou nted RHR  

as  a bac kup co u l d be attempted i n  the event  natural  c i rc u l at i o n  i s  not  

ava i l ab l e .  Pre s s ure s h o u l d be  i ncreased as  much  as  p o s s i b l e wi th i n the  

RHR  range to  m i n i m i ze potent i a l  RHR  p ump NPSH  prob l ems  and  gas evo l u t i o n  

prob l ems . Pre s s u re cou l d  be s l ow l y decreased after i n i t i at i o n  o f  RHR  to 

m i n i m i ze l eakage to the env i ronment .  S i nce RHR s ucti o n  from and d i s c harge 
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to the p r i mary system i s  at a l ower e l evati on  than the top of  the p re s s ure 

ves se l  and upper  l oop o f  the 1 1 candy cane 1 1  whe re gas bubb l e s  are mos t  

l i ke l y  t o  co l l ect , those  coo l i ng modes s hou l d s ti l l  b e  pos s i b l e eve n  

afte r a b ubb l e has stopped natural  rec i rcu l at i o n  f l ow .  I n  any even t , 

water returned to the ves se l  s hou l d  be hot enough to avo i d a thermal  

s ho c k  prob l em at the ves s e l  we l ds ( temperature can be  contro l l ed by 

contro l l i ng coo l i ng i n  the RHR heat exchanger , i . e . , reduce secondary 

water f l ow to the exchangers . )  

7 . 5 Conti ngenc i es 

I f  pr i mary system pre s sure and l eve l  i ndi cati o n  i s  ava i l ab l e ,  and i f  

contro l l ed venti ng capab i l i ty i s  retai ned , H P I  can be  used  i ntermi ttent l y  

t o  prov i de makeup f l ow for bo i l off coo l i ng for operat i on  over a wi de 

pre s s ure range . ( Heated s ucti o n  f l ow s hou l d be  prov i ded to avo i d  NOT 
prob l ems on the ves se l  we l ds ) .  F l ow to contai nment wou l d be smal l by the 

t i me th i s s i tuati o n  ari s e s  - on  04/ 1 2/79 cal c u l ated bo i l off  f l ow i s  o n l y  
�25 gpm to remove a l l decay heat and w i  1 1  decrease to hal f that va l ue by 

about 05/04/79 . Th i s amount of water cou l d be a l l owed to accumu l ate for  

an extended per i od i n  contai nment , or  cou l d be  removed and poss i b l y  

recyc l ed through H P I  ( i f  l eak  t i ght equ i pment can b e  made avai l ab l e ) . 

I f  contro l l ed venti ng i s  not pos s i b l e but l eve l  i nd i cati o n  i s  ava i l ab l e ,  

i ntermi ttent makeup f l ow ( as above )  can be prov i ded to keep the core 

covered , but system pre s s ure wi l l  go to .  the pres sur i zer s afety va l ve  

s etpo i nt where venti ng wi l l  occur .  Pr i mary sys tem pre s s u re i ndi cat i o n  

wou l d b e  des i rab l e ,  b ut not neces sary , as i t  cou l d b e  i nfe rred from H P I  

i nj ecti o n  f l ow and pre s s u re as d i scus sed i mmedi ate l y  be l ow .  

F o r  t h e  more degraded condi t i ons  d i scus sed be l ow , i t  wo u l d  b e  des i r ab l e 

to prov i de H P I  wi th a thrott l ed o utput , bypas s return l i ne ,  or  a s u rge  

tan k contro l l ed pres s u re so  that i nj ecti on  f l ow and  pre s s u re can  b e  

caref u l l y  contro l l ed and mon i to red .  Rate o f  p re s s ure c hange vers u s  f l ow 

can be  used  to ca l c u l ate steam and gas v o i ds i n  the system . I f exp e r i ence  

has s hown no gas  evo l uti on , then  th i s method can be  used  i n  a c l o s e d  
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system to determi ne vo l ume that i s  not f i l l ed ,  i . e . , a l eve l i nd i cati o n .  

I nj ecti on  f l ow rates wou l d  have to b e  l ow s o  that p re s s u re measurement  o f  

the i nj ect i on  f l ow wou l d  c l o se l y  approx i mate pri mary system p re s s ure , 

i . e . , l i tt l e pre s s ure l o s s  i n  the i nj ecti o n  p i p i ng  i n s i de conta i nment 

where p re s s u re l o s ses  cannot be  meas ured . 

I f  l eve l  i nd i cati on  i s  l o st and contro l l ed venti ng  i s  pos s i b l e ,  H P I  f l ow 

can be adj u sted a l ong wi th vent i ng rate to keep the pr i mary system near l y  

fu l l at any des i red pre s s ure . H P I  f l ow rate vs . pres sure c hange can be  

u sed to ca l c u l ate • • steam" ( no n  fi l l ed )  vo l ume , and contro l can  be base d  

on  th i s  ca l c u l ated vo l ume , as  d i scus sed above . 

· I f  contro l l ed venti ng  i s  not pos s i b l e ,  the above coo l i ng mode can st i l l  

be  accomp l i s hed b ut the pres s u re wou l d have to be  at the safety val ve  s e t  

p re s s ure . Th i s  cou l d  be accomp l i s hed by s l owl y i nc reas i ng H P I  f l ow rate 

wh i l e  mon i to r i ng HPI  d i s c harge pre s s u re vs  f l ow rate unti l c a l c u l ati o n s  

as di scus sed above s how the system t o  be near l y  s o l i d  ( i . e . , f u l l ) . 

Per i odi c repeti t i on  of  the s l ow H P I  fl ow i nc rease procedure c o u l d be u s ed 

to 1 1 benchmark1 1  t i me s  when the system was known to be fu l l .  At 20 gpm o r  

l es s  bo i l off rate , these  exerc i ses  cou l d be very i nfrequent  - i t  wou l d  

ta ke a fu l l day ( 24 hours ) to bo i l away 1 /2 the p r i mary system i nventory .  



8 . 0 Rad i o l og i ca l  Con s i derat i ons  

The potent i a l  rad i o l og i cal  consequences of  l o s s  of  l et-down f l ow ,  use  o f  

t h e  R H R  system , a n d  steam generator l eakage are cons i derat i o n  i n  th i s 

sect i on . 

8 . 1 P ur i f i cati on  Demi nera l i zer  

Substanti a l  rad i oacti v i ty may have bu i l t  up  on  the  pur i f i cat i o n  demi ne ra l i ze r  

s u c h  that i f  the f l ow i s  stopped , the bed wi l l  heat u p  d u e  t o  decay heat .  

Rough cal cu l at i on s  i nd i cate that the  re l i e f  val ve  wi l l  l i ft and  d i s c ha rge 

sma l l amounts of wate r and pos s i b l y  traces  of  steam to the Reactor Coo l ant 

Ho l dup B l eed Tan ks ( RCHBT) i f  the system i s  i s o l ate d .  As  l ong  as some 

f l ow i s  mai ntai ned , the re s hou l d not be any steam . If  wate r and trace s  

o f  steam are re l i eved to the RCHBT , the offs i te consequences  shou l d b e  

n i l because  these  tan ks vent t o  the waste gas vent header wh i ch can be  

p l aced at  a negat i ve pres s u re by venti ng bac k to  contai nment . P rocedures  

s ho u l d exi st for venti ng  the waste gas  vent header bac k to  contai nmen t  

shou l d  th i s  become a p rob l em . 

Heat i n  comb i nati on  wi th rad i ati on  damage cou l d re s u l t i n  degradati on  o f  

t h e  dem i nera l i zer  re s i n .  Rad i ati on  degradati on  that wou l d  l ead to p hys i ca l  

p roperty changes s hou l d not  occur  wi th i n the  next few wee ks . I f  the r e  

h a s  been more fue l degradati o n  than the 0700 3/30 pr i mary coo l ant s amp l e 

i nd i cated , i t  i s  pos s i b l e that the res i ns cou l d  p hys i ca l l y  b reak down . 

Th i s cou l d l ead to p l uggi ng of  the demi neral i zer  l ower retent i on  scree n s , 

thus  b l ocki ng f l ow . I t  i s  our  understand i ng  that the va l ve  operator for  

the  i n l et to  the puri f i cati on  demi neral i zer  ha s  fai l ed thus  ma ki ng rea l i gn

ment of l etdown f l ow di ff i c u l t .  We recomme nd that procedures  be con s i dered 

for fl ow b l ockage i n  the pur i f i cat i on  system . 

The radi ati on  expo s u re for the dem i neral i zer  res i n s wi l l  a l s o  decreas e 

the i r abi l i ty to i on-exchange . I t  i s  expected that dec reased  i on- exc h ange 

i s  now ta ki ng  p l ace and that rad i oact i v i ty cou l d l each off o f  the res i n s 

i n  the future . Th i s s ho u l d not be a s i gn i f i cant concern  becau se  down

stream components  are heav i ly  s h i e l ded ; however ,  l oca l  rad i at i o n  l eve l s 

i n  th i s area of  the p l ant cou l d i nc rease . 
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8 . 2 RHR System 

If i t  i s  neces sary to use the RHR system , i odi ne re l eases  f rom l eakage  

cou l d occ u r .  A method to  mi n i m i ze rad i o i od i ne re l eases  wo u l d be to 

i n stal l a s ki d  mounted charcoal f i l ter  system i n  the RHR room . Such  

u n i ts  a l ready ex i st  and cou l d  be l owered through the RHR  p ump room e q u i p

ment hatc h .  Th i s has been  con s i dered and i nstal l at i on  p r i or  to reac t o r  

systems operati on  wh i c h cou l d l ead t o  a l i ke l i hood of  RHR system operati on  

i s  be i ng  purs ued . 

The de s i gn f l ow rate of  a i r from the RHR  pump rooms i s  o n l y  350 SCFM . 

Th i s i s  a smal l f l ow and a smal l charcoal  f i l te r  system c o u l d be i ns ta l l ed 

i n  the exhaust ducti ng i f  room exi sts . Th i s wou l d s upp l ement the l arge  

Auxi l i ary B u i l d i ng F i l ter  U n i ts wh i ch may become degraded wi th t i me .  A 

smal l fre s h  charcoal f i l ter  wou l d reduce i od i ne re l eases  by at l east  a 

factor of  1 00 i f  the RHR had to be used .  

8 . 3 Steam Generator Leak 

Cons i derati on  s hou l d be g i ven to methods of detect i ng 1 1 A 1 1  steam gene r ator 

l eakage wi th  a f l ooded secondary s i de condi t i o n .  Procedures  s ho u l d e x i st  

s i m i l ar to  those  wh i ch fo l l ow re l ati ve  to  the  operat i ons  of  the 1 1 8 1 1  s team 

generator for m i n i mi z i ng  re l eases  s hou l d l eakage occur- - e . g . , u se  o f  

condensate po l i shers  o n  rec i rc u l ati o n  t o  the hotwe l l a n d  mai ntai n i ng  the  

condenser  at a pre s s ure negati ve to the condenser  c i rcu l at i ng coo l i ng 

water .  

The s econdary coo l ant present l y  i n  the 1 1 8 1 1  steam generator i s  contam i nated 

due to the i n i t i a l pr i mary to secondary l eakage wh i c h  occ urred on  March  

28 , 1 979 . Under  the  proposed  operat i ng condi t i o n s  the  secondary coo l ant  

p re s s ure wi l l  be mai ntai ned at a va l ue greater than the  p r i mary sys tem  

pre s s ure s uch  that i f  steam generators  l ea kage f l ow paths  are  ava i l ab l e ,  

the h i g h l y  contami nated pr i mary coo l ant wi l l  not enter  the  secondary 

coo l ant . However , i t  i s  expected that trans i e nts of  s hort durati o n  may 

occur  s uch  that a reverse  pres s ure grad i ent  cou l d i ntroduce addi t i o n a l  

radi oacti v i ty i nto the secondary coo l ant . T o  a l ert t h e  system operators  
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to s uch  a condi ti o n , i nd i cators and a l arms for pre s s ure and rad i oact i v i ty 

i n  the s econdary coo l ant have been  prov i ded . These  i nd i cators  shou l d 

a l e rt the operator to s uch  an  adverse condi t i on  s o  that p rompt correct i ve 

act i on  cou l d  be taken  p r i o r  to s i gn i f i cant addi t i ona l  contam i nat i on  o f  
t h e  secondary coo l ant . 

The steam generator secondary coo l ant system and · s econdary serv i ces 

c l o sed cool i ng water system s hou l d be per i odi cal l y  s amp l ed  and ana l yzed  

to  determ i ne i f  heat exchangers are  starti ng to  l eak .  S i nce l aborato ry 

ana lys i s  provi des a h i gher  l eve l  of  accuracy than the cont i nuous  rad i ati on  

mon i tors i n  te rms of  s e n s i ng i ncreases  i n  radi oact i v i ty concentrati o n s , 

s amp l e s  s hou l d be taken at a rout i ne frequency of  at l east  wee k ly  or  at 

any t i me there are i nd i cati on s  that poss i b l e  l eakage may be  occurri ng , 

e . g . , i ncrease i n  the steam generator c l osed  coo l i ng l oop s u rge tan k  

l eve l s .  

Des i gn features s hou l d be  p rov i ded to mon i tor  and contro l radi oacti ve  

eff l uents from the  secondary coo l ant system to  other l e s s  contami nated 

porti ons  of  the fac i l i ty ,  e . g . , secondary serv i ces  c l osed  coo l i ng wate r 

system ( SSCCWS ) and turb i ne b u i l d i ng f l oor drai ns . A rad i at i on  mon i to r 

shou l d be i nstal l ed on  the SSCCWS to a l ert the operator to a l eak  from 

the secondary coo l i ng system i nto the SSCCWS . 

Potent i a l  l eakage paths  from the secondary coo l i ng system to the turb i n e  

b u i l d i ng env i ronment must  b e  mon i tored and contro l l ed .  The re l i ef over

f l ow from the s urge tan k i s  a re l ati ve l y  h i gh probab i l i ty source  for a 

sp i l l  from the secondary coo l i ng system . To prevent the u ncontro l l ed 

overfl ow from the system the l i censee  has p rov i ded a ho l d i ng  tan k to 

contai n an overfl ow . I ndi cat i o n  and a l arm of h i gh s u rge tan k l ev e l  wo u l d 
a l ert the operator to a potenti a l  overfl ow condi ti on  to perm i t correct i ve 

acti on  pr i or  to overf l owi ng the ho l di ng  tan k .  

Leakage may a l so  occur  at  vari o u s  mechan i cal  connecti ons  i n  t he  secondary 

coo l i ng system . To the exte nt practi ca l , l ocati ons  where l eakage i s  
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l i ke l y , e . g . , dra i n va l ves , val ve stems i n  va l ves  wi th a known l eakage 

h i story , and turb i ne stop val ves , s hou l d be i so l ated from the turb i ne  

f l oor drai n system . I so l at i o n  i n  many areas cou l d be  accomp l i shed  by 

p l ugg i ng l oca l  f l oor drai ns  and/or by the addi t i on  of c u rb i ng  to conta i n 

sp i l l age . Conti ngency p l ans  shou l d be prov i ded to transfe r  co l l ected 

contam i nated l i qu i ds to appropr i ate waste systems . I t  s hou l d be noted 

that o nce  contam i nated water e nters the turb i ne b u i l d i ng f l oor  drai n 

system , i t  i s  very d i ff i c u l t to prevent i ts f l ow to the r i v e r .  

I s o l at i on  between  the s econdary coo l i ng system a n d  serv i ces  sys tems , 

e . g . , n i trogen and dem i neral i zed  water s uppl i es to the s urge tan k ,  s h o u l d 

be  prov i ded  to prevent bac k f l ow of  contami nated water .  At l east a s o ft 

s eated i so l ati on  va l ve ( or equ i val e nt)  and a c hec k va l ve  s h o u l d be prov i ded .  

Gaseous  eff l uents from th i s system s hou l d b e  negl i g i b l e .  T h e  nob l e g a s  

i nvento ry i n  t h e  1 1 8 1 1  steam generator i s  negl i g i b l e because  t h e  steam 

generator was vented .  A i rborne radi o i odi ne  re l eases  s ho u l d a l so  be  

· neg l i g i b l e  because  the secondary coo l i ng system i s  not vented ( a  n i trogen  

b l anketed s urge tan k) and the l ow secondary coo l i ng system temperature  

( l l 0° F )  res u l ts i n  a l ow a i r/wate r  parti t i o n  factor wh i ch reduces the  

vo l ati l i ty of  the  radi o i od i ne . T he  pre s s u re regu l at i ng  va l ve  from the  

s u rge tan k  a l so  vents  to atmosphere through a charcoal  f i l te r .  

The staff has est i mated the radi ati on dose rates d u e  t o  p i p i ng i n  a 

system f i l l ed wi th d i l uted secondary water , e . g . , s uc h  as wou l d occu r  

when the B steam generator i s  p l aced i n  a water s o l i d  cond i t i o n .  Tab l e 8- 1 

s hows the res u l ts O R N L  obtai ned for cal c u l ated dos e  rates at vari ous  

d i stances from vari ous  s i zes  of  p i pe .  As a chec k ,  the staff performed 

hand cal c u l ati ons  of  the dose  rate at  one  meter from the  var i ous  s i ze s  of  

p i pe .  The hand ca l c u l at i ons  gave  dose  rates of  5- 1 1  mr/hr , wh i ch i s  good  

agreement wi th the  O RN L  res u l ts .  
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The source term i n  6 . 5 x 1 07 cc of  water was : 

1 - 1 3 1 

Cs- 1 34 

Cs- 1 36 

Cs- 1 37 

1 . 4 � C i /cc 

8 . 6 x 1 0- 3  � C i /cc 

1 . 1  x 1 0- 2  �C i /cc 

3 . 4 x 1 0- 2 �C i /cc 

Th i s· s ource term i s  d i l uted to a tota l water vo l ume of  1 . 7  x 1 08 cc . T h e  

p i p i ng  i s  i nf i n i te l engths of  Schedu l e 4 0  wi th nomi na l  s i zes of  1 2 1 1 ,  1 6 1 1 , 

and  20 1 1 • The dose rates are due a l most  ent i re l y  to I - 1 3 1 ( 98%) . 
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Tab l e 8- 1 

DOSE  RATES VERSUS D I STANCE FOR 

I N F I N ITE  LENGTHS OF  SCHEDU LE  40 P I PE 

OF  VARIOUS NOMI NAL  S I ZES  

D i s tance from 
P i pe Center 

( feet ) 1 2 1 1 

Contact 53 

2 . 5 1 0  

4 . 5 6 

1 0  3 

1 8  2 

* Rad i onuc 1 i de concentrati on s  i n  water 

I - 1 3 1 

Cs - 1 34 

Cs- 1 36 

C s - 1 37 

5 . 3 x 1 0- 1  � C i /cc 

3 . 3 x 1 0- 3  � C i /cc 

4 . 2 x 1 0- 3  � C i /cc 

1 . 3  x 1 0- 2 � C i /cc 

(mr/hr )*  

1 6 1 1  

50 

1 2  

7 

3 

2 

20 1 1  

45 

1 3- 1 /2 

8 

4 

2 
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CORE. DAMAGE 

A .  I n troducti on 

For the usua l  ana lys i s  of  hypotheti cal  acc i den ts , i n i t i a l core 

cond i t i o n s  are a s s umed and con sequences are ca l c u l ated . Th i s  wou l d 

i n vo l ve compl ex therma l -hydrau l i c  ca l cu l at i ons  and  fue l beh a v i or  anal y s e s . 

At Th ree M i l e  I s l and , however , some of  the consequences are known ( i . e . , 

some i n formati on on fi s s i on product  re l ease , hydrogen generat i on , and  

i n s trument  readi ngs  i s  avai l ab l e ) , so we wi l l  u se  . .  reverse eng i n eer i n g  . .  

as  our pri n c i pal  method of back i ng out  an  a s ses sment  of core damage . 

We s tart wi th the a s su�pt i on that  the core was uncovered and a l l owed 

to heat u p  for s i gn i fi cant peri ods  of t ime . F i g ure 1 s hows the 

system pres su re h i s tory for March 28 , wh i ch i ncl udes three pe ri ods of  

s i gn i fi cant  uncovery . The peri ods of  uncovery correspond  approx i mate l y 

wi th the majo r  peri ods when system pres s ure was be l ow the saturati on 

press ure . We wi l l  a s s ume that the fi rs t core uncovery began shortl y a fter 

92  m i n utes i nto the acc i dent at  wh i ch t ime excore i on chambers s how a res ponse 

sp i ke correspon d i ng to the l os s  of water s h i e l d i n g . Al though the two l ater 

peri ods of uncovery may have produced addi t i onal  core damage , we wi l l  

focus on the fi rs t peri od because decay heat was l arger then and beca use  

that per i od produced the l arge radi ati on i ns trument read i ng ( at 1 50 m i n u tes ) 

i n  the conta i nment i nd i cati ng maj or fue l damage . 

Because the fuel damage to be d i scus sed bel ow i s  so  ex ten s i ve ,  we wi l l  
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· concl ude wi thout demonstrati on that v i rtua l l y  a l l of the fue l  rods i n  the 

core fa i l ed i n  the sense of experi enc i n g  de fects l arge enough to rel ease 

gas . F u rthe rmore , the rods probab l y  fa i l ed by a LOCA-l i ke ba l l oon i ng -an d 

rupture mechan i sm .  Because o f  the mas s i ve ox i dati on that fol l owed , the mode 

of fa i l ure i s  probab l y i mmateri a l . 

As a po i n t of reference , Tab l e I l i s ts me l t i n g  temperatures  o f  the vari o u s  

materi a l s used i n  the fuel system . 

B .  Fuel Rods 

F i s s i on product and hydrogen measurements at  TM I -2 g i ve i mportant cl ues  

about the cond i t i on of  the fuel  rods . We wi l l  deal  wi th fi s s i on product 

re l eases  fi rst . 

A i r and water sampl es contai n i ng fi s s i on products have been anal yzed . 

Wh i l e  we have anal yzed both for i nd i cati ons  of  fue l cond i t i on s , we have 

concentrated on the Xe -1 33 concentrati on i n  the a i r sampl e .  Th i s  

i sotope was sel ected for ana l ys i s  for several reason s :  ( a ) i t  i s  a nob l e 

gas and wi l l  not react , pl ate out  or condense , ( b ) i t  has  a re l at i vel y 

l ong  ha l f l i fe ( 5 . 29 days ) and a h i gh producti on rate ( 6 . 8  atoms per 1 00 

fi s s i ons ) and the refore wi l l  be abundant thu s  reduc i ng measurement erro rs , 

and ( c ) fi s s i on product re l ease correl ati ons are much bette r establ i sh ed 

for nob l e gases than for other fi s s i on products . 

Bett i s ( BAPL ) has  eval uated the Xe -1 33 acti vi ty and  concl uded i t  i s  

equ i va l ent  to 31 % of the tota l core i nventory .  We have i n dependentl y checked  

th i s cal cu l ati on ( but , of  course , not the  sampl e acti v i ty ) and agree { 3 1  . 5% ) . 
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TABLE 1 .  tflTif'il TEMPEAATURES 

MATERIAL IDPERATURL °C TH1PERATUREJ °F 

� 2005 5080 
ZIRC-4 1850 3362 
ZR� 2715 4919 

INCONEL 718 1260-1286 2300-2346 
DI SS  1399-1421 2550-259:1 

AL2�-B4C 2030 3686 
f'JG-IN-Co 800 1472 

�-Goi>3 * 2750 4982 

* Two fuel a s sembJ i es contai ned gadol i n i a  test  rods . 
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Fi s s i on products i ncl udi n g  gases are normal l y  reta i ned by t h e  uo2 
pe l l ets .  A norma l pe l l et re l ease to the fue l  rod i ntern al  vo i dage i s  

on l y  1 or  2% ( even for a succe s s fu l l y  term i nated LOCA ) so  tha t  a 30% 

re l ease  i nd i cates addi t i onal  rel ease  from fue l pe l l e ts not j us t  a 

re l ease  of  the gap act i v i ty .  

Fue l pe l l et rel eases  are s trongl y de pendent on temperature , a nd  

F i gure 2 shows a corre l at i on of  re l ease  versus  temperatu re fo r Xe- 1 33 

( from a recent ANS-5 . 4  dra ft s tandard ) . The co rre l ati on , howe ver , 

i s  for s teady-state re l eases  and we are dea l i ng wi th a tran s i en t . 

Further errors are pos s i b l e  because  of k i neti cs changes  due to 

ox i dat ion  to u4o9 or  u3o8 . Neverthel e s s , i t  i s  a reasonab l e 

approx imati on and i s  con s i s tent  wi th recent short-t i me annea l i ng ex

pe r i ments ( pr i vate commu n i cati on 4-1 0-79 , R .  A .  Lorenz ,  ORNL ) and 

earl i er anneal i ng work ( G . W .  Parker et  al  . ,  ORNL -3981 - See attachment  A ) . 

Parker heated i rrad i ated s ampl es i n  a furnace for 5 . 5  hours . Th e 

samp l es had burn ups ran g i ng  from trace to 4000 MWd/ t ( abou t  the  same as  

TM I -2 ) . Parker meas ured rel eases  of  about  5%  at  1 600°C ,  1 5% a t  1 800°C 

and 40% at 2000°C wi th an uncerta i nty of about a facto r  of  2 i n  

re l ease . These exper imental rel eases  fo r cond i t i on s  rough l y  s i mi l ar 
a.te in 

to TM I -2 ,  but fo r d i fferen t i sotope s , fa i r  agreemen t  wi th F i gure 2 . " 

U s i ng  F i gure 2 we cou l d conc l ude that ( a )  th e fue l wa s un i fo rml y  h eated  

( un i form i n  axi a l  and rad i a l d i recti ons ) to  about  1 750°C ,  or  ( b ) 

30% of the fue l me l ted wh i l e  70% rema i ned be l ow 1 200°C ,  o r  ( c )  

any i ntermedi ate cond i t i on exi s ted . Because of the core uncovery seq uen ce , 
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the fuel rods  probabl y d i d  not heat up un i formly i n  the ax i al 

d i recti on . I t  i s  reasonab l e ,  howeve r , to treat the fuel  rods as  

i sothenna 1 in  the  rad i a 1 d i rect i on  because  of the  1 ow  heat  fl ux . 

F i gu re 3 i l l ustrates th i s po i nt wi th a compari son of a ful l -power 

rad i a l tempe rature profi l e  and a decay-hea t-power temperatu re pro fi l e .  

There are phys i ca l  l i mi ts on how hot the fue l can get duri n g  the 

peri ods of core uncovery because  the fuel  rods  have a l a rge 

heat capac i ty and a l ow heat  generati on rate . I f  one assume s 

zero heat remo va l ( th i s  wou l d produce the most  ra p i d  heatu p rate 

pos s i bl e ) dur ing  the fi rs t peri od of uncovery , the heatup rate i s  

sti l l  fa i rl y  s l ow .  F i gure 4 shows the adi abat i c temperature i ncrease 

wi th t ime for the pea k- power ax i a l l ocati on , for the l ow-powe r ends of the 

rods , and  for the average l ocati on . S i nce there must  have been some 

heat  removal thus further  s l owi n g  down th e temperatu�e r i se , pe l l et 

temperatures  probabl y di d not reach the me l t i ng po i n t . F i g ure 5 

shows the temperature change s wi th t ime fo r a su rface heat tran sfe r  

coeffi c i ent  of  0 . 5 BTU/hr-ft2-°F , wh i ch i s  a ve ry sma l l val ue � 

The resu l ts on temperatu re d i stri buti on are , the refore , not  concl us i ve .  

I t  i s  un l i ke l y  tha t fuel temperatures we re un i fo rm and no  l owe r than 

1 750°C ,  and i t  i s  a l so un l i ke l y  tha t  any fue l  ( uo2 ) mel t i n g  too k pl ace . 

The fue l , however ,  d i d  get very hot compa red wi th i ts norma l o perat i ng  

temperatures . 

Oxi dati on of Zi rcal oy .by s team and the attendan t decompos i t i on of  water 

provi ded the major  source of  hydrogen i n  the TM I -2 ves se l  and contai nmen t .  
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The Contai nment Systems Branch has est imated the amount of  hydrogen 

present i n  the pl ant (Attachmen t B) after the per i ods of core unco very 

that caused fuel damage . They i ncl uded amounts ( a ) con sumed by the hydrogen 

expl os i on ( 226 l b  mol e ) , ( b ) rema i n i ng i n  conta i nment after the expl o s i on 

{80 l b  mol e ) , and ( c ) i n  the pr imary system bubbl e ( 76 l b  mo l e } , wh i c h  

was corrected  for rad i o l ys i s . 

Compari ng  the above amounts wi th the total amount of hydrogen that coul d 

have been produced i f  a l l of the Z i rcal oy i n  the fue l ed  reg i on reacted 

wi th water , we get 41 % .  As wi th the temperatures , an amb i gu i ty ex i sts . 

Th i s cou l d mean that ( a ) a·bout 40% of  the cl add i ng wa l l th i cknes s i s  

un i forml y ox i d i zed throughout the core , o r  ( b ) 40% of the fue l ed reg i on 

of  the core has  fu l l y  ox i d i zed cl addi ng , or  ( c ) any i n te rmed i ate 

cond i t ion  ex i sts . 

Fi gure 6 shows the t ime requ i red  for total wall th i cknes s  ox i dat i on 

as a functi on  of  temperature ( Cathcart- Pawe l corre l ati on ) . I t  i s  

cl ear from Fi gure 6 that compl ete oxi dati on i s  pos s i bl e  i n  c l add i ng  

segments that reached temperatures of  around 2000°C dur i ng  th e per iod  

of core un covery . I t  i s  al so  cl ear from F i gure 6 that a l l of  the cl add i n g  

d; d. not experi ence susta i ned temperatu res  of  around 1 750°C e l se 

i t  wou l d a l l have ox i d i zed . Th i s  i s  further  evi dence that fue l tempe rature s  

were not un i form throughout the core , and that tempera tu re s  l ocal l y  we re 

very h i gh . 

Based on earl y est imates  by the Ana l ys i s  Branch of core uncovery , we w i l l  

assume s impl i fi ed uncove ry h i stori es  shown i n  F i gure s  7 and 8 for the 



§ 
0 
..... 

a 
0 - a  

Ul -
w 
f--4 
::> 
z 

l/l I 
1 000 1 1 00 

FIGURE 6 1  

I 
1 200 

T O T AL O X I D A T I O N T I M E 

T I ME fOR TOTAL CLADD I NG REACT I ON 
AS A fUNCT I ON Of TEMPERATURE 

' ,  

' 
' ' ,  

• ,  

I I I I I 
1 300 1 100 1 500 1 600 1 700 

TEMPERATURE l DEG . C J  
I 

1 800 1 900 2000 

> 
I ...... 

w 



w 
Ul 
a: 
u 

� 
0:::: 
w 
> 
0 
u 
z 
::J 
w 
a::: 
0 
u 

._ .. _ _ _ _ _ _ 

, , 
I 
I 
I 
I I 
I 
I 
I I 
I 

, , 
, 

, 
, 

, 
, 

, 
, 

A-14 

- - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

, , 

, 
, 

, 
, 

, 

, 
, 

, 
, 

, 
, 

, 
, 

, 
, 

, 

, 
, 

, 
, 

, 
, 

, 
, 

, 
, 

, 
, , 

, 
, 

, 
, 

, 
, 

, 
, 

, 
, '  

, , 
, 

, 

, 

, 
, '  

, '  
, 

, 
, 

, 

, 
, 

, 
, 

, '  
, 

, '  
, 

, '  
, 

, 
, '  

. 
• '  , 

. 
, 

, 

, 
, 

Ll'l 
. 

L.--�,------.�------�,------�,------��----��------.�----�� -
0\o 1 oe 1 oat oe os oi> at 0 

( S3H�N l l 13/\ 31 lNid100:J 3�0:J 

. 
....... 

UJ 

� 
-

u.. 



0 
.... -

- - - .. - - .. - - - - - - - - - , ' 
\ ' \ ' ' ' 

\ \ \ ' \ \ \ \ 

CO R E  U N C OV E R Y  

' \ \ \ ' 
\ \ \ \ \ • 

\ \ 
\ ' • \ \ \ ' 

\ ' 
\ \ \ \ \ \ ' \ ' 

' \ \ ' \ 
\ \ \ \ 

\ \ \ \ \ 
\ ' ' ' ' ' ' \ . 

CA S E  2 
.- - - - - - - - - - - - - - -
, 

0 �------------------------------�--------------�· --------------�--------------�---------------f I I 
1 . 5  2 2 . 5 

POST- SCRAM T I ME ( HO UR S l 
3 

;:J> 
I _, 

U1 



A- 1 6 

fol l owi ng  cal cul ati on . Fuel that i s  covered wi l l  be con s i dered to be 

col d { i . e . , no  cl add i ng ox i dati on ) . Fue l that i s  uncovered wi l l  be 

al l owed to heat up ; fuel  that  heats up wi l l  be g i ven a heat transfer  

coeffi c i ent that  i s  adjusted such  that the  total i n tegrated ox i dat i on i s  

40% . These cal cu l ati ons  g i ve the oxi dati on  di s tri but i on s  shown i n  

F i gures 9 and 1 0 ,  and these d i stri buti ons  are i n sens i t i ve to many o f  the 

assumpti ons that were made . F i gures  9 and 1 0  thus a re more probabl e  

d i s tri buti ons than 1 00% ox i dati on over 40% of the core or 40% ox i dati on 

over 1 00% of the core . 

Fi gure 1 1  i s  a recent best-estima te embr i ttl ement corre l ati on { Kas sner  

et a l . ,  ANL ) that shows h i gh -temperature fragmentati on of quenched 

tubes at  about 30% oxi dati on . U s i ng  th i s  correl ati on , F i gures 9 and 1 0  

i ndi cate tha t a fragmen �ed reg i on o f  about 5 ft . i n  he i ght  ex i sts near 

the top of the  core . I t  may wel l be ri ght at the top of  the core a s  a 

resul t of s i mpl i fi cati ons i n  our anal ys i s . In  any event ,  at  l east  

4 to 6 ft . of  i n tact { but part i al l y  ox i d i zed ) fuel  rods  rema i n  stan d i n g  

a t  the bottom o f  the core . 

Fi gure 1 2  s hows fragmented Zi rcal oy cl add i ng after oxi dati on i n  a 

s imul ated-LOCA test . Kassner (ANL -78-25 and ANL-78-49 reports that at  

hi gh temperatures { > 1 250°C ) many fragmen ts are produced whe reas at  

l ower temperature the  rod may s i mpl y break i nto two p i eces . Inasmuch  

as TMI -2 tempe ratures were h i gher than 1 250°C ·and ox i dati on  was severe , 

smal l fragments of the s i ze shown i n  Fi gure 1 2  shoul d be expe cted a l ong wi th 

l arger tube-l i ke p i eces . 
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Fig . III.l3 
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Fuel pe l l ets normal l y  crack  duri ng  operat i on and c rack  heal i ng  can occur  

at  powe r . F i gure 1 3  i s  a typ i cal  exampl e of  a cracked  pe l l et .  Quen c h i n g 

duri ng  core fl ood i ng  may a l so  promote fragment i ng  of the pe l l et s . 

Severe l y  ·fragmented reg i on s  a re common l y  seen i n  fuel pe l l ets a s  a 

re su l t  of extreme temperature con d i t i on s  i n  test  re actors . Powdered 

reg i ons  i n  fue l pe l l ets have a l so  been seen i n  some PBF tests ,- but  

the se tests  a re characteri zed by very h i gh powers ( > 20 kw/ ft ) an d 

very s teep  temperature grad i ents  u n l i ke the l ow-power un i fo rm  ( rad i a l ) 
temperature TM I -2 fue l . Therefore we wou l d expect  the TM I -2 fuel to  be 

in mi l l imeter-s i ze granul e s  and l arger p i eces i nc l ud i n g  who l e pe l l ets . 

C .  Un fue l ed Componen ts ( Control rods , gu i de tube s , etc . ) 
Fi gures 1 4 through 1 7  show the contro l  rods , the bu rnabl e po i son rods , 

the powe r s hap i ng rods , and the central i n s trument  tube . Al l of the s e  

rods and the i ns trument  tube are i n serted i nto Z i rca l oy g u i de tube s i n  the  

fuel as sembl y .  The  materi a l s of wh i ch these  components  are made a re 

i nd i cated on the fi g ures . 

An i mportant cl ue about the cond i t i on of un fue l ed components i s � pro v i ded 

from i n s trument  read i ngs . The fact  that a l l 52 the rmocoupl es  worked 'f'lllOJf 
throughout the acc i den t andAcon t i nue to g i ve cred i bl e  i nformat i on 

suggests that a central tubu l ar  s tructural member s urv i v i ed .  I t  i s  

tempti ng  to conc l ude that a l l Z i rcal oy gu i de tubes a l so surv i ved , b u t  

th i s may not  be  the case s i nce the thermocoupl e i s  we l l  protected by 

mul t i p l e barri ers . 



C O UPLING 
( 3 O ll  SS ) 

TOP VIEW 

NEUTRON ABSOR B ING  MATERIAL 

(''l o A ' �  , r  I, ) G" c. J) 
( 3 "  ,.., . , ..... , f it )  

AXIAL POWER SHAPING ROD __ __., 

FI GURE 15,  

A-24 

n 
I I 
! J 
� . 1 

3 0 4- SS 
( o .  o � I  i, .) 

Axial Power Shap i n g  
Rod As s emb ly 



SPIDER -------... ( s 5 G- ,  .. ,J, 

BURNABLE POISON 
ROD 

TOI' VIEW 

BURN ABLE - poiSON - 
MATER IAL ( 8 11- C - A /2. t)J) 

FIGURE 16 . ]] ··3 a 

A - 2 5  

I H \] J 

Z r - +  
( o. 0 3 �  ,. .. .) 
(D . II J � o o) 

Burnable P o i s on 
Rod As semb ly 



A -26  
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I N E L  ha s made cal cu l at i on s  of gu i de tube temperatures  by pa rametri cal l y  

varyi ng  heat tran sfe r  cond i t i on s  ( see Attachment C ) . Th e i r re s u l ts s how 

that gu i de tube temperatures l ag the fue l  rod temperatu res  by onl y 

about 20°F .  Babcock & Wi l cox has  perfo rmed s im i l ar ca l cul ati on s and 

concl uded that there i �  a much l a rge r s pre ad i n  temperatu re s . We 

�el i eve th e I NEL cal c u l ati ons  a re more nearl y correct an d that 

temperatures of un fue l ed components were cl ose to fue l  rod temperatures . 

S i nce fue l  rod temperatures a re be l i eved to have exceeded 1 750°C 

i n  the hot reg i on of the core , then i n  that reg i on ( a )  Ag- I n -Cd an d i t s 

sta i n l e s s  s teel c l add i n g  wou l d have me l ted , ( b )  I n conel  spacer gri ds 

wou l d have me l ted , ( c )  Z i rcal oy gu i de tubes wou l d have ox i d i zed , 

and ( d )  Z i rca l oy cl add i ng  of  the burnabl e po i son rods  wou l d have 

oxi d i zed . 

In  the coo l er pa rts of the core bel ow about the 4 to 6 ft . e l evati on , 

we woul d expect al l un fue l ed components to be i n tact , a l though  perhap s  

damaged , j ust  as the fuel  rods are expected to be i ntact . Con tro l  

rod segmen ts cou l d have on l y  fa l l en about  3 i nches i f  seve red by me l t i n g  

i n  the hot reg i on , and the Ag- In -Cd absorbe r shou l d b e  i n  pl ace 

because it  i s  an i n so l ubl e metal . Al thou gh the bu rnab l e po i son rods  

wou l d  a l so be  expected to  be  in  pl ace , the i r po i son i s  probab ly  

l ost ; boron i s  kn own to  l each out  of  B4C -Al 2o3 pel l ets when exposed 

to water in a rad i ati on  envi ronmen t . 
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D .  SUMMARY 

Many o r  a l l fue l rods  may have bal l ooned and ruptu red , but  th i s  

mode of i n i t i a l  defecti ng i s  probab l y  i rrel evant i n  l i g ht  of l ater 

more exten s i ve damage . 

In  the hot uppe r  central reg i on of the core , fue l temperatu res proba b l y  

exceeded 1 750°C . re l eas i n g  l arge quanti t i e s  of fi s s i on products ; abo u t  

30% of  the total  core i n vento ry of  nobl e gases  wa s re l eased . 

About 40% of the Z i rcal oy c l add i ng reacted wi th water . Th i s  reg i on 

of severe ox i dati on was l ocal i zed above the 4 to 6ft e l evat i on and 

may not have i nc l uded pe ri phera l  bund l e s . The severe l y ox i d i zed fue l  

probab l y  fragmen ted i nto pi eces ran g i ng  from mi l l i me te r  s i ze t o  who l e 

secti ons  of rods . 

The temperature of  un fuel ed componen ts l agged the temperature of  fue l  

rods by on l y  about  20° F s o  that they a l so experi en ced  temperatu re s  
above about 1 7oooc .  Con sequen tl y ,  i n  the hot reg i on of  the core 

· z i rcal oy components shou l d have ox i d i zed , and components  wi th I n cone l , 

stai n l e s s  stee l , and Ag- I n-Cd  shou l d have me l ted . Because  of many l ayers 

of protecti on , the thermocoupl e tube s have s urvi ved e ven  i n  the damaged 

core reg i o n , a l though the . o uter  sheath o f  the i n s trument  tube may be 

bad l y  damaged . 

Nearl y a l l of the broken and ox i d i zed  fue l  debri s s hou l d rema i n  trapped  

i n  the  upper core reg i on because the  �pper end  fi tti ngs  have a gri l l age 

that wou l d  act a s  a screen . Furthermore , the compacti on o f  fue l debr i s 
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i s  l imi ted because it  i s  fabri cated wi th a pac k i n g  fracti on of about 

46% and the theoreti cal max imum pack i ng fracti on ( fo r  a bed of 

s pheri ca l  parti c l es ) i s  on l y  about  63% . I t  i s  very l i kel y that fuel 

debri s a re al so trapped i n  some m i x i n g  cups  ( See F i g ure 1 8 )  con tri buti ng  

to  non -un i fo rm the rmocoupl e read i ngs . 

An earl i er e st imate of fue l  damage i n  TM I -2 wa s made at N RC by 

Rubenste i n , Meyer ,  Tokar , and  John ston . That e st imate i s  i n  general 

agreement wi th the presen t est i mate al though our current eva l uati on 

i s  more refi ned . A memo ran dum s ummari z i n g  the earl i er e st imate i s  

attached as  Attachment  D .  

E .  Recommendat i on s  

Reactor fue l i s  rugged , and i t  i s  unl i ke l y  that l i m i ts for natura l  

c i rcu l ati on  cond i t i ons  wi l l  be  re l ated to  fuel behavi o� . Th e general 

cri terion  wi th regard to the fue l  shoul d be that addi t i onal  Z i rcal oy 

ox i dati o n  and fi s s i on gas re l ease s hou l d be avo i ded . 

S i gn i fi cant ox i dati on  rates do not  occu r  unt i l 900 or l 000°C ( See  Fi gure 6 ) . 

S i gn i fi cant  fi s s i on gas  rel eases do not  occur unti l even h i ghe r tempe ratu re s  

( See Fi gure 2 ) . These temperatures  shou l d b e  avo i ded i n  the ( re l at i ve l y )  

undamaged reg i on s  o f  the TM I - 2  core , but  these temperatures  are so  

h i gh tha t other l im i ts wi l l  probab ly  preva i l .  

By now the ad i abat i c heatup ra te i s  l ow ( See F i gu re 1 9 ) and  amp l e t ime wi l l  be 

prov i ded to detect fi s s i on gas  or hyd rogen re l eases . There fore , 

on �l i ne methods of  such detecti on , i f  feas i bl e ,  shou l d g i ve adequate 
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warn i ng  of fue l  damag i ng cond i t i on s . 

A d i scus s i on of i n strumen t respon ses  re l evant to fue l behav i o r  was 

he l d wi th a gro up of fue l  experts from acro s s  the i ndu stry .  A 

s ummary of  those d i scus s i on s  was prepa red by W .  V. Johnston and  

is  attached a s  Attachmen t E .  One consen sus  o f  that group wa s 

that i n -core thermocoupl e read i ngs  shou l'd be recorded cont i n uou s l y .  

A recommendati on  for s uch data record i ng was made and i s  attache d  as 

Attachmen t F .  
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Attachme n t  B 

See memo ra n d um from W .  B ut l e r ,  Ch i e f  o f  t h e  C on t a i nme n t Sys t ems B ra n c h , 

t o  R .  Te des co , As s i s t a n t  Di r e c t o r  for R e a c t o r  S a fety , a n d  en t i t.l ed ,  

" Th ree Mi l e  I s l a n d , U n i t 2 :  Ana l ys i s  a n d  Eval u a t i o n o f  S e l e c t e d  

Contai nme n t  Rel ated  I s s ues , "  t o  b e  i s s ue d  o n  o r  a b o u t  Apri l 1 6 ,  1 9 7 9 . 
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U N I T E D  STATES 
N U C LEAR R E G U LA  TO R Y  COMM I SS I ON 

WASHINGTON, D. C. 20555 
Apr i l 6 ,  1 9 79 

E .  G .  Ca s e , De p uty D i r e c t o r  

O f f i c e  o f  N u c l e a r  Rea c to r Re g u l a t i o n  

TM I F u e l  Team 

EST I MATE O F  FU E L  DAY�GE IN THREE M I L E  I SLAN D  { TM I ) 
E n c l o s e d  i s  a b r i e f  repo rt d e s c r i b i n g  the p re l i mi n ary 

con c l us i o ns  of  t he team formed to a n a l yze the p ro ba b l e damage to 

the fue l  sys tem at TM I . 

En c l o s u re -
As s tated 

'£�- � 
L .  S .  Ru ben s te i n ,  PSS/NRR 

�� 
?H. T� 
M .  To k a r ,  DSS/NRR 

W. V .  Joh n s ton , RSR/ R E S  w.� 
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On Tue s day , Ap ri l 3 ,  1 979 a team con s i s ti n g of 

L .  S.  Ruben s tei n ,  PSS/NRR 
R .  0.  Meyer , DSS/NRR 
M. Tok a r , DSS/NRR 
W.  V.  J o h n s ton , RSR/RES  

was  forme d to  su rvey the fue l  grou p s  a na l y z i ng the dama ge to  the 
fuel  sy s tem of  TM I and  draw some p rel i mi n a ry concl u s i on s  from the i r 
del i bera t i o n s  re gardi ng that damage . 

The fol l owi ng i ndi v i du a l s and  orga n i zati o n s  were con tac ted on  
Apri l 3 a n d  4 ,  1 9 79 : 

E .  L .  Zeb rosk i { EPRI ) -
{ representi ng the Metropol i ta n  Edi son  Group ) 
J .  Tayl or/J . Tul e nko , B&W 
R .  Denni ng , BCL 
D .  McCl o skey ,  Sandi a 
J .  Scott , LASL 

I n  addi ti on  to the i nformat i on obtai ned from conve rsati o n s  wi th 
the s e  orga ni zati ons and the NRC staff , the team obta i ned  a 
• seque nce of  events • from B&W { Enc l o s u re 1 )  a group of c u rves  
de scri b i ng the pressure , tempe rature c h a nges  at TM I - 2  du ri ng the 
fi rst  1 5  hours from D .  Ei senhu t ,  and  a BAPL radi ochemi c a l  analy s i s 
of  the pri mary cool ant taken at 1 600 hours Ma rch 29 ,  1 9 79  and  dec ay 
corrected to 0700 hours March 30 , 1 9 7 9 . 

The pri mary i nformati on u sed i n  our anal y s i s of fuel  sy s tem damage 
was obta i ned  from the B&W Company . the Metropol i ta n  Edi son  I ndus try 
Group , and from cal cul ations of the NRC s taff { Reactor Fuel  Secti on . 
CPB ; Fuel Behavi or Branch , RES ) . 

Sys tem Effects 

U s i ng the c h ronol ogy of events obta i ned from B&W and the control room 
s tri p c h a rt trac i ng of system pre s s u re for the fi r s t  1 5  hours of operati o n . 
we we re a b l e to ·de termi ne that there were th ree pe ri ods  i n  wh i ch th e 
pri ma ry sy s tem pre s s u re was bel ow a satu rati on pre s s u re corre s pon d i n g  to 
a temperatu re of  6 20°F . The sy s tem cha nges wh i ch caused  t�ese  pe r i ods  
a re descri bed in  the  sequence of events  prov i ded  by B & W  e nc l o sed wi th 
thi s repor t .  The detai l s  of what occ u rre d  to cau se the p re s s u re c h a ng e s 
i n  the pri mary sys tem a re  not di scu s sed  here a s  these  a re con s i de re d i n  
other  s taff  reports { see e . g . ,  I E  B u l l e ti n 7 9-05A , Nucl e a r  I nci de n t  a t  
Th ree Mi l e  I sl a n d )  a n d  wi l l  b e  eval u ated by others . 
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Exami n a t i o n  o f  � i g u re 1 s hows th a t  the f i r s t  p e r i o d  i n  wh i c h th e 
sy s tem p re s s u re wa s s u b s ta n t i a l l y  be l ow s a t u ra t i o n  p re s s u re o c c u rred 
a p p rox i�a t e l y  1 . 7 5  to 3 h o u r s  a fte r s ta rt o f  the tra n s i e n t .  Th e s e c o n d  
p e r i od , �h i c h  wa s re l a t i v e l y  s h o rt i n  d u r a t i on , oc c u rred i n  th e 4 . 5  t o  
5 . 5  h o u r  t i me frame a n d  re s u l ted i n  a sma l l dec re a s e  i n  p r i ma ry sy s tem 
p re s s u re b e l ow s a tu ra t i o n  p re s s u re • .  Th e f i na l pe r i o d  o f  dec re a s ed 
p ri ma ry sy s tem pres s u re extended from a p p rox i ma te l y  8 - 1 4 h o u r s  a fte r 
s ta rt o f  the tra n s i e n t .  I t  wa s du r i n g  the s e  3 p e r i o d s  th a t  th e c o re 
was  exposed to exte n s i ve amo u n t s  o f  s team c o o l i n g a n d  experi enced 
f u e l  dama g e . The g r o u p  wa s a b l e to i n fe r from exami n a t i o n  of th e s e  
p re s s u re h i s to r i e s ,  re p o rts of f u e l  c h a n ne l  temp e ra tu re c h a n g e s  wi th 
t i me o b ta i ned from th e i nc o re th ermocou p l e s , the b e h a v i o r of th e i nc o r e  
rhodi um s e l f- p owered n e u tron de tec tors ( SP ND ' s ) , a n d  3 ' -l o n g  I n te rme d i a te 
R a n g e  Ex -Co re De tec to r s , a n d  th e conta i nme n t  ra d i a t i o n  mon i to r s  some 
detai l s  of whe n the fue l  p i n s  l o st thei r i n teg r i ty ,  the dep th of the 
c o re wh i c h wa s exposed to s team cool i ng ,  the proba b l e t i me p e ri ods o f  
th a t  expo s u re , a n d  t h e  amo u n t  of dama ge t o  the fu el . 

As  p re v i ou s l y  s ta te d , th e e v i dence fo r the l evel  o f  u n coveri n g  wa s 
o b ta i ne d  from a B&W a n a l y s i s of the i ncore SPND ' s . I t  c a n  be s h own 
that : 

Above about  700°F . i ncore SPND ' s { R h ) act as th e rm i o n i c  
e l eme nts a n d  generate c u rren ts wh i c h  a re corre l a t a b l e to 
temperatu re . Thu s , i f a di sconti nu i ty i s  ob s e rved i n  
c u rre n t  mea s u rement , a tran s i ti on i n  tempe ratu re may be 
i n ferred .  I t  wa s a s s ume d that th i s  di sconti nu i ty rep
resents an e l e v a t i on at  wh i ch voi d i n g  of th e cool a n t  
h a s  occurre d . 

S i mi l a rl y , the exc o re I n termed i a te Range De tec to rs may be u sed to 
p rov i de an i n d i cati on of vo i di ng .  

The i n fo rmati on ob ta i ned from these detectors wa s c o n s i s tant wi th the 
re s u l ts from the I n du s try Group cal c u l ati on that , f n  a p p ro x i mate l y  o n e  
h o u r  wi thou t  i n trodu c t i on of makeup wa te r ,  the c o r e  c o u l d b o i l down 
to ful l uncoveri ng . 
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Fue l Sys tem Condi ti o n s  D u r i n g  Peri o d  o f  l s t Unc ove r i ng 

D u r i n g  the f i rst peri o d  o f  maj o r  u ncoveri n g  o f  the co re ( a t l ea s t  
5 feet o f  the core was uncovered for abo u t  an  h ou r ,  a n d  p e rha p s  a l l 
o f  the core may have bee n uncovere d fo r a b o u t  one- h a l f hou r ) . the 
u ncov e re d  po rti on reac hed temperatures h i g h  enough to f a i l fuel  
rod c l addi ng . At th i s  p o i n t , f i s s i on products we re rel e a s ed i n to the 
p r i ma ry cool a n t  as ev i de nced by th e s u b s eq u e n t  a l a rm i n g  of th e 

· conta i nme n t  act i v i ty moni tors . Ba s e d  o n  the me a s u re d  c oo l a n t  a c t i v i ty 
a nd t�e am�unt of h�drogen re l ea s e  from re a c t i o n  o f  the Z i rc a l oy 
c l a d d 1 ng w1 th wa te r  , al l of the fu el  rods p roba b l y  de fected a nd 
rel e a sed f i s s i on produ c ts . 

F u e l  temperature s were estimated from c a l c u l a t i o n s  b a s e d  o n  the fi s s i on 
p ro d uct a n a l y s i s  of th e sampl e o f  primary cool a n t , a2d a l s o from h e a t  
t ra n s fe r  consi d.erati on s .  Ba sed o n  ba c k - c a l  c u l  a t i  o n s  th a t  a c c o u n te d  
for tempera tures and tem,pera ture -depe n de n t  re l e a s e  ra te s t h a t  wou l d be  
requ i re d  to produce the mea s u red l evel o f  a c t i v i ty ,  fue l  temperature s  
o f  1 400 t o  grea ter than 1 6oo• c  we re o b ta i ne d .  E s t i ma te s  b y  O R N L  b a s e d  
o n  the i r experi me nts i ndi c a ted that the Cs a n d  I re l e a s e s  me a s u re d  wo u l d 
have requ i red fu el temperatu re s of at l ea s t  1 300° C fo r a n  h o u r .  The 
heat transfe r cal cul ati ons i ndi ca ted , on th� oth e r  h a n d , that the fu e l  
tempe ra ture may have been on.l y abo u t  1 1  oo•c • I n  e i th e r  c a s e  s f  n e e  
the me l ti n g  poi nt o f  UO is  2840 ° C , fuel  me l t i n g  wa s u n l i k e l y . The s e  
tempe ra tu re d i ffere n c e s 2c a n  be ra ti on a l i zed by c o n s i de r i n g  th a t  a smal l 
porti o n  o f  the core may have been at th e h i g h e r  temp e r a t u re s . The re ; s  
a l s o  a po s s i b i l i ty of some eutec t i c formati o n  be tween U O  a n d  Z rO 
a t  tempe ra tures above approxi mately 1 800°C , b u t  no s i g n i � i c a nce w�s 
a ttac h e d  to the oc cu rrance o f  such a eu tec ti c . Later a n a l y s i s by memb e r s  
o f  AN S- 5 . 4  fi s s i on ga s worki ng g ro u p  ( i nc l u d i ng one of1 �3 - -ROM ) i n d i ca te s  
f u e l  p e l l e t tempe ra tu re s as h i gh a s  2 0oo • c  b a s e d  o n  Xe da ta a n d  the 
a s s umpti on th at hal f of the core rema i ne d  cool . Wh i l e  nobl e g a s  
a c t i v i ti e s  l e n d  themsel ves  to sma l l e r a n a l y ti c a l  u n c e rta i n ti e s  th a n  
i od i n e  o r  ces i um acti v i ti es , the uncertai n ty i n  the c o re frac ti on th a t  
i s  re s p o n s i b l e  for tt:ae re l ea se s ti l l  re nde rs th i s  re s u l t i nc o n c l u s i v e  • .  

Hydroge n  bala nce cal c u l a ti ons i ndi cate tha4 from 1 5  to 30t3 of th e 
total  Z i rc a l oy i nventory ha s bee n  ox i d i zed • Some o f  th e oxi d a ti o n , 
h oweve r ,  u n d o u b tedl y oc c u rred dur i n g  the l a tte r u nc o v e r i n g s . The 
e x te n t  o f  the ox.i dati o n  p roba b l y  vari e s  a s  a functi on of hei g h t  i n  th e 
c o re , wi th th e gre a te s t  amo u n t  of oxi dati on hav i ng o c c u r re d  i n  th e 
u n c o v e re d  ( u p p e r )  porti o n s  of the fuel  rods . L a te r  c a l c u l ati o n s  acco u n t i n g  
fo r hydrogen i n  th e b u b b l e ,  i n  t h e  c o n ta i nme n t ,  l o s t  i n  the hy d r o g e n  
e x p l o s i o n , a n d  g a i ned by ra d i o l y s i s s u g g e s ts th a t  a l mo s t  40t o f  t h e  
Z i r c a l oy i n  the f u e l  reg i on may have b e e n  o x i d i zed . 

l c p s  Staff Cal c u l a ti on 
I n d u s try Group Cal c u l ati on 
B&W Cal c u l a t i on 

2 CPB Staff Ca l c u l a ti on 3 B&W , I n du s try Group a n d  NRC Sta f f s  
4 I n du s try Grou p & NRC Staffs 
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As the p r i m a ry cool a n t  l ev e l  was re s tored duri n g  the l a tte r 
p orti o n  o f  the ti me p e r i od o f  the fi r s t  uncoveri n g , th e rm a l  a n d  
m e ch a n i c a l  s hock  l oa d i n g s  o f  th e oxi d i z e d  a n d  er::b r i ttl e d  c l a d d i n g 
a re b e l i e v e d  to h ave o c c u rre d  a n d  to have re s u l ted i n  c l a ddi n g  
fra gme n ta t i on . 

At th e e n d  of the peri od of fi rs t uncove ri ng , v i rtu a l l y  a l l o f  the 
f u e l  rods  h a d  defec ted and re l ea s ed fi s s i on produ c t s . Al th o u g h  
temp e r a t u re s  h a d  bee n h i gh e n o u g h  for a l on g e n o u g h  ti me to h a v e  
c a u s e d  sev e re c l a d d i ng ox i da t i o n , co n t i nued ope ra t i on o f  i nc o re 
i n s trume n t s  s tron g l y  i n d i c a tes th a t  fue l  a s s emb l y  s truc tu ra l members 
s u c h  a s  gu i de tube s rema i ne d  i n tac t .  Con trol rod materi a l s a re 
be l i eve d to h a ve rema i n ed i n  p l a c e , a s  i n d i c a ted by the a b s e nc e  of 
s i l ve r  i n  the p r i m a ry cool a nt . 

Fue l  Sy s tem Con d i ti o n s  a n d  Effects  Duri n g  Peri od o f  2nd Maj o r  Uncoveri ng 

At abou t 4 1 /2 hou rs i nto the event , the core l evel  a ga i n  dec re a s e d  to 
e x p o s e  the upper 5 feet of th e fuel  as semb l i es .  The du rati o n  o f  th i s  
a d d i t i on a l  uncoveri ng  wa s s ho rte r than the fi rs t ,  the sy stem p re s s ure 
was  h i g h e r , and the overal l tempe rature effec ts were l es s  s e v e re ,  as 
e v i de n c e d  by th e fact that the the rmoco up l es i n  th e oute r  p e r i phe ry of 
the c o re rema i ned on-scal e .  Bec a u s e  of the re duced seve ri ty of the core 
c on d i t i on s d u r i n g  the second unc9veri n g , as  compared wi th the f i rst 
u ncove r i n g , l e s s  damage is  beH eved to have occurred to t h e  fuel  sy s tem. 

Fuel Sy stem Condi ti ons  Duri ng Peri od  of 3rd Uncoveri n g 

At about  n i ne hours i nto the event , the core cool ant l evel  agai n decrea sed , 
pos s i b l i ty down to 7 to 7 l /2 ft. from the top of the acti ve fue l  l eve l . * 
The co re rema i ned uncov e red at th i s  l evel for abou t one to th ree h o u rs , 
a fte r wh i c h  the cool ant l evel wa s aga i n rai sed and  cove re d  the c o re . , The 
l ow sy s tem pre s s u re ( �50 p s i  mi n i mum ) , the ra ther l en g th l y  peri od of · 

u ncove ri ng , and the addi ti onal  l ength of fuel  su rfa ce u n cove red , un dou b t e d l y  
re s u l ted i n  addi ti onal  fuel sy s tem dama g e  du e to Z i rc a l oy ox i da t i o n  a n d  
emb ri ttl eme nt  ( fol l owed agai n by more fra gme n tati o n  due to thennal s h oc k  
d u r i n g  t h e  recov e r i ng o f  cool ant l evel ) .  a l th o ug h  t h e  amou n t  o f  addi t i o n a l  
damage i s  pre s en tl y unquanti fi a b l e .  

Fuel  Sy s tem Damage Summ a ry 

The p i c tu re of the c o re th at h a s  emerg e d  i s  th a t  th e c o re c o n f i g u r a t i o n  
c u r re n t l y c o n s i sts o f  a basket-l i k e s hape o f  rel ati v e l y  i n tac t 
a s s embl i e s that s u rrou nd a ce n tra l  reg i on of severe l y  ox i d i z e d , a n d  
p ro ba b l y  fra gmen ted , fu e l  rods f n  t h e  upper ce n tra l p a r t .  The fu e l  

*Ba sed o n  i nforma t i on rece i ved vi a tel ecOitJTlu n i cat i on from B&W ( Apri l 3 ) 
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r o d s  a re l e s s  dama g e d  i n  t h e  l ow e r  c e n tr a l  p a r t o f  th e c o re . Al th o u g h  
t h e  f u e l  r o d s  i n  t h e  u p p e r  c e n tra l re g : o n may b e  c omp l e te l y fra gme n t e d , 
t h e  g u i de  tu b e s , g r i d s , a n d  e n d  p l a te s a re be l i e v e d  to b e  i n t a c t th u s  
p ro v i d i n g a S K e l e ta l s t ruc tu re �h i c h s u p p o r t s  the rema i n i n g p o r t i o n s  o f  
t h e  dama ge d a s s emb l i e s .  P a r t i a l  f l ow b l oc k a ge c a u s e d  by a c c umu l a t i on 
o f  fuel  d e b r i s i s  th o u g h t  to b e  re s p o n s i b l e  for  c o n t i n u i n g e l e v a ted 
t h e rmo c o u p l e re a d i n g s . The  a s syme try o f  th e i nc o r e  th e rmo c o u p l e re a d i n g s  
s u g g e s ts th a t  a re g i o n o f  th e c o re i s  more h e a v i l y  da ma g e d th a n  the a v e ra g e . 



PRELIHIAARY SEQUENCE 
OF EYOOS 

(TNI-2 . 3/28/79 INCIQElfT) 
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Th a  fo1 1 D"r�ing sequence o f  evehts for th e  nu-z incident of 3/28/79 has b een  
formulated by B&W en gi neers us ing avai l able plant data . Th fs ch ronology 
�s b ean cons t ructed from_ n tm1 e ro us  �ources and has  not been total ly 
cc.,ff ��d . I t  uey not be prec i s e  in either event oc c u rrence or sequence.  

Tf� , Ninutes 
Prior to 
turbine trfp 

0 

0. 10 

0. 15 

0. 20 

0. 25 

0.30 
0.90 

1 .0 

2.0 

3.0 

4. 75 

Event 
The fnftiatfng events coul d have come fro= numerous raos tul ated 
ca us es . For purposes of th fs s eq uence , they are re l at f vely 
L'7lfm:portant. The pri me - effect fs. that it led to a loss of mafn 
feedwater (MFW) booster punps . · · · 

hilfn feedwater ptJnPS a re  trfpped. · Almost simul taneous ly . 
the turbfn• trfp occurs . 

Pres�urf�r pl"eSsure increases to the mlY setpofnt of 
2270 psfg. •. 

Secondary side pressure peaks at 1070 ps ig and fs l i m ted by ste• rel ief val ves .  · 

Rc · pressure trfp setpofnt reached (2355 psig at hot leg �l and system pressure peaks at about this . value. · · 

Indfc:atfons from pump discharge pressure a re th at . auxfl f ary · ·  
feedwater- pumps (one turb ine dri ven , two electri c) are 
runnfng at thfs pofnt ; however, no level change occurs in 
steam generators .  · · 

Pressurfzer level peats at 255 .fnches (indicated] end starts 
to decrease wfth system contrac:t�on. 

- . Quench tank pressure ts fncreas fng. 
Pressurizer l evel fs at a mfniu of 158 fnches and starts 
to i ncrea s e .  Hot leg temperature is  at a lri nfmum of 5770f 

. ana starts to increase slowly. . 

OTSG level indication on the startup range is 10 fnches . 
OTSG pressure hol ds at about 1 025 ps f g .  

- .. - - .  

OTSG pressure starts a s teady decrease . HPI now is  fnftfated 
by ESFAS o n  l ow  RC pressure (HPI setpofnt :o: 1 600 psi g) .  
The quench tank 's ·increas i ng pressure level s off at 1 20  ps f g .  
Rel ief val ve setpofnt f s  1 50  psfg. 

The hot and cold leg tert1'eratures start fncreasfng at a more · 

rapfd rate. Analyti cal s imul ation i ndi cates that th i s  occurs 
tlrben the HP I is tumed o ff. Sfte f n form t i on notes th a t  · 

operator tem�i nates HPI ful ly a t  5 . 1  minutes . 



. Time , �tfnutes' 
I 

5.0 

6.0 

8.0 

9.0 

11 .0 

16.0 

18.0 
22. 0 

50.0 

73.0  

18.0 
90.0 
100.0 
114.o-120.0  

132.0 
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Event 
Pressurizer level fndfcates a sl �fng �nd then conti nues to 
Increase as the hot l eg  temperature i f  f ncreas fng.  
Pressurizer level indicates a· ful l press uri zer a n d  tile 
quench ta n k  pres s u re  increases beyond the rel fef va l ve 
setpof nt of 1 50 _psig.  
RC pr-:;s s u ra  ��es a r.i f n fml.tTI o f  1 3 50  ps f g  wi th a h ot l eg 
te'"'�reature o f  SS4°F. Th i s  i n d f ca tes hot l eg i s  in  
uaturation condi tion . 
Auxil iary fee<hlater flad fs inf tfated to both OTsG •s . This  
fs indicated by immediate OTS G  repres surfza tfon to �1025 ps i a  

· and OTSG level change . 
· 

RC pressure peaks out at  1500 psf g  and s tarts to decreas e .  
Ho t  leg temperature peaks out a t  5970F. 
Pressuri zer level fndfcfatfon fs restore-d. It s teb i l f zes 
out at 375 i nches at 15 cfnutes . · 

Quenth tank pressure drops suddenly , fnclfcatfng the rupture 
dfsk has b l own  (setpof nt . • 200 .:!:. 25 psfg) • 

. The decreas ing RC pressure stab i l izes at 1 1 1 5  ps i g .  

The RCS temperature ·stabfl  fzes a t  a hot leg of 553°F ·and a 
mld leg of 548DF. The �erature decrease from s tart of 
auxf l fary feedwater to this stabi l i zation represents a . 
zoooF/hr cool down. Reactor buil ding pressure i s  1 .. 4 ps i g  
and increas ing.  · Two feet level is  restored i n  bo th  OTSG 's . 

The startup level fndfcatfon shows OTSG B level increasing 
and OTSG A level decreasing.  Pressure in�reases in  both OTSG 's . 
Durfng the 22·60 arfnute period , the system parameters have 
stabil ized in the saturation condition of a pressure of �101 5 
psi g,  temperature of 1\SSOOF. RC fl ow  indication is  decreas ing 
f.- 60 ( initfal ) to SO x 106 lb/hr. The reactor bui l di ng 
pressure fs 2. 2 ps f g  and increas i ng.  

Two RC pumps a re  trfpped ( fn Loop B) . Reactor coolant now 
rate decreases fn Loop B .  
OTSG 8 pressure drops fro.11 950 psig to 140 ps i g  i n  1 8  minutes . 

Thot fol ltP.o�S Tsat• AT · across the core equals about sOF. 
. Both rema in ing RC pumps a re tripped. 
Tbot and Tcol d  diverge rapidly. · 

. Thot > 620°F fn l ess than 
15 •fnutes . · 

Site infonna tfon notes tha t  EJ'XlV relief l i ne  .,as isol ated 
1 ni th1 1y . RS pres s ure s tarts decrea s i ng more rap i dly . 



]i�.  t1inute§_ 
1 35 . 0  

"i C!l . O  
. 1�.0 

- lZO.D-204 . 0  
ro4. o  
216 .0m 

� . 03!  (4.83 hr) 
318 . 0m  (5. 3 hr} 

354 . 0 . (5.9 hr) 

liSO. O  (7. 5 hr) 
519 .0  (8.65 hr) 

·; 
sss. o  (9 .8  hr) 
630 . 0  (10 . 5  hr) 
678 . 0  . ( 1 1 . 3  hr) 
750 . 0  ( 12 . 5 hr) 
610 . 0  ( 13 . 5 hr) 
948 . 0  ( 15 .8  hr) · 

_,. 
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Event 
ReS has depressurized to 670 ps i g  and RCS hot leg 
temperature i s  at maximum scale of 620oF. At 620°F . system 
tiOUl d have superheati ng  a t  uppar elevations as long  � s  
pressure was bel e1if s aturati on pressure o� 1 772 ps i g .  
RCS sh� rapid re-p�ssurtzation . 
OTSG B .level ra!I',P(. d up frot1 5� to 55'% fn 4S t.li nutes . 

OTSG B sr.a fn s team fsolatfon val ves <-f1d turbi ne bypass 
val ves tore closed. RCS pres.s ure peaks at 2't20 ps i g .  
Regulation by EMOV bl ock valve reduces RCS pressure. 
HPI comes on ( 1600 ps fg signal ) .  
HPI p� lc to loop A turned off . RC press ure decreases 

. stepwbe. RS pressure increases stepr,rlse . 
RB pressure hits 4 psfg.  Buil ding f�n cool er com:!s on .  

RCS pressure increases rapidly from 1 250 to 2120 ps ig fn 
35 112fnutes. The EKlV block val ve f� clos ed .  one HPI ( lA) 

. 1s on .  

OTSG A level 1 s  ramped up from 5� to 951 on operating range 
in 1 hour and to 100� fn  1 . 5 hour. OTSG A pres s u re  s ta rts  
to decrease toward zero . 

The EHlV bl ock val ve 1 s  opened . RCS press u re  s tarts to 
decrease (2050 psf g to 480 psig i n  1 hr. 45 mfn) . 
RC system pressure reaches 600 psfg.  · core fl ood tank 
setpOfnt. 
R8 pressure spfke to 28 psfg  occurs . 

Thot Loop A reappears on scal e .  decreases to· szsOF in  1 /2 hr. 

HPl . .  flow increased to 400 gpm. Tlult fn Loop A d�reases .. 

Tcold Loop A decreases . 

PUZZi) lA fs started. 



Tir.,� . Ni n utes 
Thereafter 
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Condenser vac u um  re-establ ished.  
SG A begins steami ng  to condenser. 
RCS cool e d  to approximately 3QOD F ,  1 000 ps i .  
letdo1m l i ne  ceased to permi t fl O!':'I and rel ief  val ve b�i ng  

l'Sed (es tfr..ated 1 4- 1 5  gpm fl cr.1 ) . 
So� fuel 1 rn:ore therrn�couples read i ng cllout b�1°F .  
RB p res$ure bel ow 1 ps i .  Htgh radiati on i n  reactor contafnf!t!nt and auxfl fary bu i l d�ng.  
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Core  C o o l a n t  C o n d i t i on s  

o A t  2 h o u rs a fte r t u r b i ne  t r i p t h e  c o re h a d b e c o me 
pa rt l y  u n c o vered a n d  rema i n e d  u n c o v e re d  fo r a bo u t  
o n e  h o u r .  

o Du r i ng  t h i s p e r i od a c t i vi ty a l a rms c a me o n  i n d i c a t i n g  
s i g n i fi c a n t  fue l  fa i l ure . 

g Co re wa s recove red wh en h i g h  p re s s u re i n j ec t i on p ump c ame on . 

rJ T\'/o a d d i  � i o n  a 1 peri ods of e x t en s i v e c o re u n c o v e r i n g  fo 1 1  owed 
a t  a bo u t  5 a n d a ga i n  at 9 t h ro u g h  1 2  ho u rs a ft e r  t u r b i n e t r i p .  
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N umb e r  of F u e l R o d s  \·l i th De fe c t s  

o Ba s e d  o n  mea s u re d  cool a n t  a c t i v i ty ,  a l l o f t h e  fu e l 
ro d s  proba b l y  re l ea s ed fi s s i on p ro d u c t s . 

o Amo u n t  o f  hydr o g e n  rel e a s e d  from o x i d a ti o n o f c l a d d i n g  (me t a l /wa t e �  rea c t i on s ) a l s o  i n d i ca t e s  a l l fu e l  rods  
a re d a ma g ed . 

f·,ax i.mum Fuel  Tempe r a t u res 

e Ca l c u l a t i on s  ba s ed on Fi s s i on product a n a l y s i s  i n d i c a t e  fue l  
tempe ra t u res of 1 4 00 t o  1 600°C . 

a Hea t  tra n s fer c a l cu l a t i o_n s i n d i c a te temperatu re of a b o u t  l 1 00 ° C . 

' The mel t i ng po i n t  o f  uo2 fue l  i s  2840 °C s o  that c o re me l tdown was  
not a p p ro a ched . 

o The abs e n ce of  S r  a n d  Ba a c t i v i ty . i n the  cool a n t  c o n f i rm the 
a vo i d a n c e  of fuel me l ti n g .  
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Exten t  of Fuel Daw� ge 
� 

c Hydrogen ba l a nce ca l cu l a t i on s  i n di c a t e  from 1 5  to �% o f  the Zi rca l oy 
c l a dd i n g  has  been ox i d i z ed . 

• Co n t i n ued·  opera t i on of i nco re i n s t rume n ts i n d i c a t e s  t h a t fue l  
a s s emb l y  s truc t u ra l  members rema i n  i n tact . 

o Abs e n c e  o f s i l ver i n  cool a n t s u gge s ts that  con t ro l  rod ma ter i a l s  
rema i n  i n  pl a c e .  -

e Contj n ued l ow thermocoupl e rea d i n gs a t  pe r i phe ry s u gges t tha t 
periphera l fuel  a·s s embl i es · reta i ned much of the i r o r i g i n a l  geam . 

1 The p i c t u re tha t eme rges i s  tha t the upper c e n t ral  pa rt o f  the c o re 
i s  s e verlY. ox i di zed ; probably fra gmen ted � a nd l a rge l y  c o n fi ned to 
the . core reg i on {based· on l oo se pa rts mon i to r i n g  d a ta ) . 

o Pa rt i a l fl ow bl ockage ca u s ed by a c c umu l a t i o n  o f  fuel debr i s h a s  
probably occu rred and i s  res pons i bl e  fo r e l eva ted thermocoupl e 
rea d i ng s . 
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MEMORANDUM FOR : D .  · Ro s s , Deputy Di rector 
D i v i s i o n  of Proj ect Management 
Offi ce of Nuc l ear Reacto r  Reg u l ati on 

FROM : W .  V .  Johnston , Ch i ef 
Fuel Beha v i or Researc h  Branc h  
D i v i s i on o f  Reactor Safety Researc h 
Offi ce of Nucl ear Regul atory Research 

SUBJECT : FUEL EXPERTS MEETING ON CON D I T I ON OF THE TMI CORE 

A meet i ng of nuc l ea r  fue l experts wa s hel d on Apr i l 1 2 to u pdate the 
e s t i mates of the damage to the TMI core and to con s i der i ts effect on 
the des i rabi l i ty of mov i ng to na tura l  convecti on cool i ng of the core . 
The Experts Group con s i sted of the fol l owi ng persons : J .  S .  Tu l en ko , B&W ; 
R .  DeMars , B&W ; T .  Ka s s ner , ANL ; R .  A .  P roebstl e ,  GE ; K .  A .  Jorda n , W ;  
R .  Duncan , C E ;  T .  Fe rnandez , EPR I ; T .  Buhl,  NRC ; R .  Meyer , NRC ; W .  Johnston , NRC , 
Cha i rman . Add i t i onal  a ttendees i nc l uded L. Ruben s te i n ,  NRC ; C .  Berl i nger , 
NRC ; M .  To ka r ,  NRC ; R .  Maj ors , ACRS Staff and T .  Matt , TEC . 

Summary 

The g roup conc l uded tha t a l though the c ore i s  bad l y  damaged , essent i al l y  
a l l o f  the fuel has rema i ned i n  the core and that the overa l l pac k i ng 
dens i ty of the settl ed port i o n  i s  not expected to exceed 70% . Therefore , 
s hutt i ng off the RC pumps shou l d  not ser i o u s l y  threaten further damage 
to the reactor . It wa s further concl uded that the thermocoupl es ( Tc ' s }  
l ocated i n  the upper end fi tti ngs are the mos t  i mportant i nd i cator of 
core cond i tion  dur i ng trans i t)on to natura l  convecti on cool i ng .  I f  
feas i bl e ,  the add i ti on o f  a �

-
s pectrometer to mon i to r  the act i vi ty of 

the l oop coo l ant for new fi s s i on products re l eased�the trans i ti on to 
natura l  convec t i o n  coo l i ng wi l l  prov ide a n  i ndepen · ent a l ert to pos s i bl e  
d i ff i c u l t i es . � 
Two ques ti ons were cons i dered : I s  a pump tr i p  l i kel y to l ead to a n  
unsafe cond i t i on ?  a nd What s i gnal s wi l l  i nd i cate undes i rabl e cond i t i on s  
i n  t h e  core? 



D .  Ross 

Summary of Core Status 
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Sunma r i e s  of amount of -damage to the core based upon measurements or 
ca l cu l a t i ons  of fi s � i on gas rel ease , hydrogen produced by z i rc a l oy 
oxi dati o n , cool ant a na l ys i s ,  coo l ant bo i l -off rates , i ncore and exco re 
i nstrumenta t i on were presented by J .  Tul enko and R .  Meyer .  A rel ati vel y 
l arge pres s u re d rop acro s s  the core i s  i nferred by TH ca l c u l a t i ons . I f  
the pres s u re d rop i s  rea l , bl oc kage mus t  a l so exi st i n  the per i p hera l 
a s s embl i es ( perhaps by ba l l oo n i n g ) . The s h i ft i n  l ocati on and mag n i tude 
of the h i gh readi ng core Tc • s  fol l owi ng the pump tri p  on Apr i l  6 wa s 
bel i eved to i nd i cate e i ther a change i n  the core fl ow path th rough  more hea v i l y  
dama ged s ec t i ons o f  the core to a red i stri bu t i on of debr i s s urround i ng · 

s ome o f  the thermocoupl e beads . An a l ternate expl anat i on for the c hange 
i n  Tc temperature d i stri bu ti on patterns was presented by T .  Mott of TEC . 
He s uggested tha t the Tc temperature d i fference may be d ue to non un i form 
fl ow d i stri but i o n s  caused by operati on of a s i ng l e pump rather than non 
un i formi ty wi t h i n the damaged reg i on of the core • .  Due to th i s  non 
u n i form fl ow d i str i buti on porti ons  of the core may a l ready be experi enc i ng 
s im i l a r coo l i ng to that expected duri ng natura l  convec t i on . Mott 
e s t i mates sma l l er core pressu re drop and suggests the B&W e s t i mates may 
i nc l ude substanti a l  externa l pres sure drops . 

The g roup v i sual i zes the core a s  cons i sti ng o f  a heavi l y  damaged reg i o n  
resembl i ng a n  i nverted bel l extend i ng ac ro s s  nearl y  t h e  ful l . wi dth o f  
the top o f  t h e  core a nd rea c h i ng down about fi ve - s i x  feet i nto the 
core a t  the center a nd a l es s  damaged rema i nder of t he core . In the 
heav i l y damaged reg i on , 1 00% oxi dati on of the z i rca l oy and l es s  o f  a 
reg ul a r  geometry i s  expec ted . The g u i de tubes and po i son rods are 
damaged s i mi l a rl y  to the c l a dd i ng .  Spacer grids - shoul d be l ocated - at or 
near thei r o r i g i na l  l ocati o n s . The important cool a bi l i ty conc l u s i on s  
a re t h a t  a l though some settl i ng may have ta ken pl ace , t h e  overa l l pac k i ng 
dens i ty of the settl ed port i on i s  not expected to be greater than 70% 
and that 85% to 98% of the fuel and c l add i ng from th i s  reg i on i s  bel i eved 
to have rema i ned in the "core" reg i o n  i nc l ud i ng the upper end fi tt i n g . 
The rema i nder of the core i s  l es s  damaged a l though cons i dera b l y  oxi d i zed . 
The or i g i na l  fl ow geometry i s  proba b l y  reta i ned a l though the rods may be 
twi s ted or  warped and bro ken i n  a few pl aces and the s pacer g r i d s  may 
ha ve col l ected some l oose debr i s .  

Th e a bove cond i t i o n s  s hou l d not prec l ude sati sfactory a c h i eveme n t  of 
natura l  convec t i on fl ows . 

What s ho u l d be mon i to red to determ i ne undes i rabl e changes i n  the core 
d u r i n g  the tra n s i t i on to natura l  convec t i o n  coo l i ng? The temperature 
d i stri but i o n  of  the core ex i t  thermocoupl es a re the mos t  i mporta n t  
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cond i t i on mon i tori ng s i gnal s .  The group bel i eves that a l l exi t Tc ' s  
s hou l d be conti nuous-l y trac ked and recorded . B&W s uggested the fol l owi ng 
cri ter i a  for rema i n i ng i n  natura l  convecti on cool i ng :  No more than 2 
Tc ' s  a bove 800° F and at  l east 1 0  Tc ' s  bel ow Tsat . There were some 
reservati ons  among the group a bout a l l owi ng so many Tc ' s  to read a bove 
Tsat  ( as  many a s  39 ) and rad i o l ys i s was an expressed concern . There was 
a l ot of d i scuss i on but no concensus  on how many i nteri or Tc ' s  shoul d be 
permi tted to exceed Tsat .  Tc ' s  i n  per i pheral  a ssembl ies  s houl d not 
exceed Tsat .  

The fol l owi ng  tabl e summari zes the ava i l abl e i nstrumentati on and i ts 
pos s i bl e  a pp l i cation  to mon i tori ng core cond i tion .  

Detector 

1 .  Exi t Tc ' s  

2 . RTD 
Hot l eg 
Col d l eg 

3 .  I on chambers 
cS and N 

4 . Noi se detecti on 

5 .  System Press ure 

Event-Core Overheati ng Cri teri a 

L i mi t no . i n  fi l m  boi l i ng 
L imi t no . above 800° F 

Ma i nta i n  pos i ti ve �T across 
core . 

Vo i d  formati on 
If + ,  record for future 
i nterpretati on , watch Tc ' s .  

I f  + i nd i cates bubbl es i n  
core o r  l oop , c hec k Tc ' s ,  SG . 

I f  i ncreas i ng system effects 
Branch s hou l d  revi ew thi s .  

Bas i s 

Not to exceed previ ous 
core damage reverse 
procedure . 

No fl ow reversa l  
permi tted . 

Ambi guous s i gnal  s i nce 
some l ocal  s uperheat 
may be permi tted . 

Same as  above . 

Not d i rect i nd i cati on 
of core cond i ti o n , but 
for gas bubb l e format ion  
detecti on .  

6 .  Pressuri zer Level Same as  above . Same as  above . 

Add i ti onal Detecti on 

'(spectroscopy 
of coo l ant v i a  
sampl i ng l i ne 

H20 ana l ys i s  on 
l Tne mon i tor 

- Feas i bi l i ty needs to be establ i sh ed . 

I ncreas i ng acti vi ty of Xe , 1 2 Overheated core a l ert 
for major error i n  
procedure . 

Boron , o2 , H2 Core cri ti ca l i ty and 
chemi s try con tro l  
rad i o l ys i s  and H 2  , b . � . -�-- content contro l . 

\,V'�V� 
W .  V .  Johnston , Ch i e f  
Fuel Behavi or Research Branch 
D i v i s i on of Rii:. r +n w- C: .::o � .. + . .  o - � - - ·- - L  
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N RC ADV I SORY - - TH E RMOC OU P L E  READ I NGS 

We recomme nd t h a t  a l l i n c ore the rmoc o u p l e s  be read i n  a c o n t i n u o u s  ma n n e r  

w i t h  prov i s i on s  for ra p i d  ret r i e v a l  a n d  p e rma n e n t  s to r a g e . I t  i s  c l e a r  

t h a t  a con t i n u o u s  read i n g o f  t h e rmoc o u p l e s  w i l l  b e  needed d u r i n g  the 

tra n s i t i on to n a t u ra l  c i rc u l a t i on .  It  i s  a l s o  c l e a r  t h a t  temp e ra t u re 

tren d s , wh i c h we re n o t  recorded d u r i n g  t h e  p ump c h a n ge o v e r  o n  Ap r i l 6 ,  
wou l d  h a v e  g i v e n  a dd i t i o n a l c l u e s  to c o re b e h a v i o r i n  n a t u r a l c i rc u l a t i o n .  

S i n c e  fu t u re fl ow tra n s i e n t s  c a n n o t  be  r u l e d  o u t  a n d  s i n c e  t h e  tra n s i t i o n  

t o  n a t u ra l  c i rcu l a t i o n c ou l d oc c u r  i n v o l u n ta r i l y , w e  rec omme n d  t h a t  t h e  

con t i n u o u s  rec o rd i n g  of a l l t h e rmoc o u p l e re a d i n g s  be  i n i t i a t e d  a s  s o o n  

a s  p o s s i b l e .  

94�� 
Ra l p h 0 .  Meye r , L e a d e r  
Rea c t o r  Fu e l s S ec t i o n  

· C o re P e rfo rma n c e  B r a n c h  





APPENDI X B 

'l'MI-2 PLANT MODIFICATIONS 
FOR ACHIEVING COLD SHUTDOWN* 

MAY 197 9  

* This rep o r t  was p repared b as ed on in f o r 

ma t i on ava i lab le t o  t h e  s taf f p r ior t o  the 

p,lant b e ing p la c ed in a natural circu la t i on 
mod e  o f  c o o l ing on Apr i l  2 7 , 1979 . I t  is 

expe c t ed tha t c e r tain p lan t changes d i f ferent 

than tho s e  d e s c r ib ed he rein may resu l t  and 
wi l l  be evaluated in a sub s equen t repo r t . 
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TH I - 2 P LAtJ T M Ou i F I CJ\ T I O � ;s  

Ta b l e  � f  C on t e n t s  

1 .  Ba c kg r o u n d  
2 .  S t eam  G e n e r a t o r  M ') d i f i ca t i � n s  

a .  S t eam G e n e r a t o r  ' 'A "  Mod i f i ca t i on - Sh o r t/Lon g Te rm 
1 )  De s i g n Co n ce p t  
2 )  Mo d i f i c a t i o n  
3 )  S v s t e � � v a l u a t i ') n 

� - S t e a r1  G e n e ra t o r  " B ' ' M od i f i c a t i on - S h ':) r t  Te rr1/ L : m g  Te r r;1  

1 )  De s i gn Co n ce p t  
2 )  Mo d i f i ca t i on 
3 )  S v s t em E va l ua t i o n 

c . Me c ha n i ca l  De s i gn E va l ua t i on (S t e am Ge n e r� t o r  A/B ) 
d .  S t r u c t u r a l E va l ua t i o n (S t eam G e n e ra t o r  A / 8 )  
e .  l n � t r ume n t a t i o n a n d  C :) n t r o l ( S t eam G e n e r a t o r  A/ B )  
f . Ra d i o l og i ca l  E va l ua t i o n  ( S t e am G e ne r a t o r 1\/ B )  

3 .  R e a c t o r  C oo l a n t  S y s t em P r e s s u re Con t r o l  

a .  S ys t em E va l ua t i o n 
b .  Me c ha n i ca l  De s i g n E va l ua t i on 
c .  S t r u c t u r a l Eva l ua t i o n 
d . I n s t r umen t a t i on a n d  C o n t r o l  

4 .  D e c a y  Hea t Remova l 

a .  Up g r a d e  o f  E "< i s t i n g D H R  S t eam  Lea k T i g h t n e s s  
b .  S k i d  Mo u n t e d  DH R S y s t em 

1 ) S v s t em E va l ua t i on  2 ) Me c h a n i ca l  D e s i g n E va l ua t i o n 
3 )  S t r uc t u ra l  E v a l ua t i on 
4 )  I n s t r umen t a t i on a n d  Co n t r o l  

5 .  E l ec t r i c a l S v s t em s  Mod i f i ca t i on s  

a . G e n e r a l  
b .  So e c i f i c  S v s t em M o d i f i c a t i on s  

7 .  Qua ' i t v A s s u r a n ce 



I .  B ac kgr ound 

B - 3 

In order to br ing TMI - 2  to a c o ld shutd own c ond i t i on ,  mod i fi c a � ons 

wi l l  b e  mad e t o  var i ous p l an t  s ys tems in phas e s  t o  be c ar ried out 

ove r a per i od o f  the next few w ee ks .  The s e  mod i fi c at i on s  wi l l  

permit a gr adua l  tr ans i t i on  fr om the cur r en t  p l an t  ope r a t ing mod e 

t o  one wh ich pr ovi d e s  a s t ab l e  l on g  t e rm c o o l d own mod e o f  ope r at i on .  

The fir s t  p l anned mod i f i c ati on s  wi l l  b e  mad e in c on j un c t i on wi th 

the t r an s i t i on f r om forced primary c o o l an t  c ir cu l a t i on (by the 

reac tor c oo l an t pump ) to natur a l  c i r cu l at i on thr ough the c or e . 

To ac c omp l i sh n a tur al c ir cu l at i on ,  the s e c ond ary s id e  ( she l l )  

o f  the s t e am  gene r at o r s  wi l l  b e  oper ated water s o l i d . W a t e r  wi l l  

en ter thr ough the main fe edwa t e r  r in g  and exi t thr ough the main 

s t e am  l ine . 

In o r d e r  t o  pr ovi d e  f or w a t e r  s o l id oper a t i on ,  c e r t ain mod i f i c at i on s  

to e ach s te am gener a t o r s e cond ary f l ow l o o p  wi l l  b e  r e qu i r e d . The 

d e s i gn o f  mod i f i c at i ons t o  s te am  gene r a t or "B " has ·ac c oun t e d  f or 

pos s i b l e  c on t amin a t i on as a r e s u l t  o f  sus p e c ted tub e l e akag e  in the 

s te am gene r a t or . 
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T� �a � k u o  o re s s u r e  co n t ro l  capa b i l i t y o f  t he � r i na r y s y s t en d u r i n� 

na tu ra l c i r cu l a t i on ,  a new p res s u re con t ro l  and �::ke up sys tem w i l l  

be  p rov i ded . Th i s  s ys t em i s  e s sent i a l  i n  t he eve n t  o f  l os s of p r e s s u r i ze r  

hea te rs a n d  l eve l i n d i ca t i on .  Cr i te r i a  a nd p roce d u re s  fo r l etdown and 

ove rp r es s u re con t ro l  of t he p r i ma ry  s ystem w i  l J be estabt i s hed p r i or to 

go i ng f n t o  t h i s  mode of ope r a t i on .  

Beca u s e  o f  s u s p e cte d l e a ka ge i n  t h e ex. i s t i ng o l an t  decay hea t remo.va l 

s y s t em ,  a p r og r a m  w i l l  be co n ducte d to f d e n t F fy a n d  co r rect l eaks  t o  

p ro v i de a s  l ea k  t i gh t a s y s t em a s  po s s i b l e . A l s o ,  a n  a d d i t i ona l s k i d 

moun t e d  deca y hea t r emova l t ra i n  w i l l  be  c onne cted i n t o  t h e  ex i s t i ng 

s ys t em a s  a ba c kup . Con ne c t i o n s  w i l l  b e  p ro v i de d t o  t he new t ra i n. for 

a p o s s i b l e  a d d iTi on of a ded i ca t e d  decay  hea t r emova l a n d  c l e a n up s y s t em 

J oca t e d  i n  i t s own pe rma ne n t  s t r u c t u re .  

To fa c i l i t i a t e  ea r l y  comp l e t i on o f  d e s i g n a nd i n s ta l l a t i on o f  t he s e  

s y s t em mo d i f i ca t i o n s , s y s t em f u nc t i ona l ca pa b i l i t y fo l l ow i n g a s e i s m i c  

e ve n t  ha s no t been  a de s i gn r eq u i reme n t .  I f  a s e i s m i c  e v e n t  s hou l d  oc cu r 

a nd  dama ge t he mo d i f i e d s y s t em s , t he s e i sm i c  Ca t e g o r y  I TM I - 2 De ca y  Hea t 

Remova l Sys t em a n d  Re a c t o r  Coo l a n t Ma ke u p  Sys t em  cou l d  b e  u s e d  t o  r emove 

co r e de ca y hea t and con t r o l  p r i ma ry s y s t em p r e s s u r e as nece s sa ry .  

Mo re  d e t a i l e d d e s c r i p t i on s  o f  t he s e  mod i f i ca t i on s  a re i nc l u d e d  i n  

t h e  f o l l ow i ng p a ge s . 
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A l l p i p i n g conne c t i on s  w i l l  b e  we l d e d . Th e s e  mod i f i ca t i o n s 

a r e expe c t e d  t o  b e  comp l e t e d  a n d  t he s y s t em r ea d y  fo r ope r a t i on 

b y  t he m i dd l e  o f  Ma y .  

3 )  Sys t ems Eva l ua t i �n s  

The s ys t em d e s i g n a s  p r o p o s e d  w i l l  me e t  t he n e c e s s a r y  s e co n d a r y  

s i d e r e q u i remen t s  f o r d e c a y  h e a t r emova l w i t h e i t h e r f o r c e d  o r  

n a t u r a l  c i r cu l a t i on t h r ou g h  t he r e a c t o r  co r e . A l l r e q u i r e d  

mod i � i ca t i o n s  w i l l  be  ma d e  t o  a ccomp l i s h t h i s  p u r p o s e . Th i s  

s y s t em i s  c omp l � t e l y i ndepe n de n t  a n d  s e pa ra t e  f r om s t eam  

g e n e r a t o r  " B" d u r i n g a l l i n t e nded  mode s o f  ope ra t i on w i t h  

t he excep t i on t ha t  t he N u c l e a r  Se r v i ce s  R i ve r  Wa te r S y s t em a n d  

Se co n da r y  Se r v i ce s R i ve r  Wa t e r Sy s t em w i l l  b e  s h a r e d  b y  b o t h  

l oops  o f  s t eam ge n e ra t o r  coo l i n g . 

The s y s t em w i l l  n o t  be  p r ov i ded  w i t h  r e d u ndan t a c t i ve c ompo ne n t s . 

H oweve r ,  a s i n g l e  a c t i ve fa i l u r e w i t h i n  t he s y s t em w i l l n o t  

comp r om i s e n·a t u ra l  c i r c u l a t i on o f  t h e  p r i ma r y s y s t em i n  t h a t  

t he s econda r y  coo l i n g l oop  t h rough  s t eam ge n e ra t o r 1 1 B" w i l l  

cont i n ue  t o  ope ra te  ( s ee s t a f f e va l ua t i o n o f  TM I - 2 n a t u ra l  

c i r cu l a t i on pe r fo rmance ) . 

The f l ow ra t e s p r e d i c t e d t h ro ugh  each  o f  t he h e a t  e x c ha n ge r s  

w i l l  p r ov i de a deq ua t e  coo l i n g b a s e d  o n a n  a s s umed h e a t l oa d  

o f 3 0  x 1 06 B t u/h r ( R CP ope ra t i ng + J MWDH ) .  Ope r a t i n g 

pe r fo rma n ce a n d  d e s i gn pa rame t e r s fo r t he sy s t em a r e a s  

f o i l 6w.s ; 
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Steam Generator A Modif ied System 
Ooe ra t i ng Cond i t i on s  Des i gn 

Loca t i on Pres s u re (o s i o ) Temp . (OF) F l ow (gpm) P re s s u re (p s i g ) 
New Pump 0 i s cha r ge 670 1 00 3000-5000 800 

New Pump S uct i on 500 1 00 3 000-5000 6 0 0  
(New Hea t Exch . 
D i s c h .  S he l l S i de ) 
New Pump Rec  i r c .  6 7 0 1 00 P ump m i n .  f l ow 8 J O  

New Hea t Ex cha n o e  r 6 7 0  1 2 0 3 00 0 - 5 000 Roo 
S u p p l y  ( S he l l  S f de ) 
N S RW Supp  1 y t o  New 1 00 85 6000 1 5 0 
Hea t Exchange r 
( Tube S i d e ) 
NS RW Re t u r n  f rom New 1 00 95 6000  1 5 0 
Hea t E xchange r ( Tube  
S i de ) 

The s ys t em f l ow a r ra n geme n t ha s been  s e l ec t e d  t o  m i n i m i ze 

f ou l i n g e f fe c t s  by  ma i n t a i n i n g N uc l ea r  Se r v i ce s  R i ve r  Wa t e r  

o n  t he tube  s i de  o f  t he n ew heat � x c ha n ge r .  S y s t em o p e r a t i n g 

t empe r a t u r e  i n d i c a t e d  f o r N S RW s u p p l y a n d  r e t u r n  a r e d e s i g n 

va l ue s . 

b .  Mod i f i ca t i on !'  t o  S t eam G e n e ra t o r  " 8 1 1  fo r \la t e r S o l t d  Ope ra t i on s 

1 }  Des i g n Conce o t  

The s ho r t  a n d  l on g  t e rm concep t fo r wa t e r s o l i d  ope ra t i o n o f  

S t eam Gene ra t o r  B have bee n c o n s o l i da t e d . O ne c o n c e o t w i l l  be u t i !  i z e d . 

Wa t e r  w i l l  b e  c i r c u l a t e d  by t h e  n ew p um p  t h r o u g h  t he t u b e  s i d e o f  t he 

n ew h e a t e x c h a n g e r a n d  i r. t o  t he s e c o n da r y  s i d e o f  s t eam g e n e ra t ·o r  8 

i n  a -: l o s e d  l o n p  t o  r em o v e  h e a t f r om t he s t e am ge n e r a t o r . The s e c o n d a r y  
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2 .  S t e a n  Ge n e r a t � r  � � d i f i ca t l �n c  

a .  �1 o d i 4= i c a t i ?n s t o  S t e a M  Ge n e r a t o r  ' 'A ' 1 f o r '. Ja t e r S o l i '! Ope ra t i o n s  

1 )  D e s i g n C o n ceo t 

Th e s h o r t a n d  T o n g  t e rm c o n c e p t  f n r  wa t e r  s o l i d  o p e r a t i o n 

o "'  S t e a m  G e n ·'! ra ':: ':> r  A. h a ' ' e  � e e n  c o r. s '1 1  i d a t e d . iJ r. e  c � n c e � � 

p u m p  t h r o u g h  t h e s he 1 1 s i d e :> f  a new heat exchanger and into 

t he s e c o n d a r y  s i de o f  t he s t e am gene r a t o r  A i n  a c l os e d l o o p  

t o  r e m o v e  h e a t  f r ')m t h e s t e am g e ne r-a t o r . Th e t u b e  s i d e o f  

t h e n ew h e a t e x c h a n g e r \•l i l l  b e  c o o l e d b v  t h e e x i s t i n g Nu c l e a r  

S e r v i c e s  R i -te r ' . .fa t e r S y s t em ( 1-l S R'../S ) .,., h i c h s u o p l i e s w a t e r  

f r om t he r i ve r  a n d  r e t u r n s i t  t o  t h e me c h a n i ca l  d r a f t coo l i n g 

t ':>w e r .  Re f e r t o  F i g u r e 1 f o r a s ch e ma t i c  o f  t h i s  f ! oo,.1 pa t h . 

P r o v i s i o n s  w i l l  b e  ma d e  f o r s y s t e m  p r e s s u r e a n d  e x p a n s i o n 

co n t r o l b v  u t i l i z i n g  t h e  e x i s t i n g 3 r d s t a g e  f e e d\va t e r  h e a t e r 

s h e l l a n d  i t s n i ':: r o g e n  s u n p l y a s  a p r e 5 s u r i z e d  s u r g e t a n k .  

Th e d e s i g n a l s o i n c l u d e s  p r o v i s i o n s  f o r  s am p l i n g ,  d em i n e r a l i z a t i o n 

a n d  c h em i ca l  a d d i t i o n c a o a b i l i t y .  Fo r t he i n i t i a l p h a s e o f  

o p e r a t i o n ,  a l l va l v e s , w i l l  b e  ma n ua l l y  o p e r a t e d  a n d  

i n s t r uMe n t a t i on w i l l  a r o v i d e l o c a l r e a d  o u t . 

Th e n e •.v l o o p  o f  h e a t r er1 o v a l e q u i pme n t  h a c;  � e e n  d e s i g n e d t o  

o o e r a t e  a :  a � r � s s � r e  h i a � e r t h a n  t h e e x � P. c t e �  r e a c t o r  C O ') l a n t  

S '' S t e :':l ,c H e s s u r e t h u s  a s s u r i n g ! n - l e s ka g e  o r- s e c o r d a · t  S ' t s t e"'l 
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l i q u i d  i n t o  t h e o r i na r y s y s t em i n  t h e e ve n t o f  s t e a m  g e n e r a t o r  

t u be I e a ka ge . 

2 )  M o d i f i ca t i on 

Th i s  s c h eme w i l l  i n v � l ve i n s t a l l a t i o n o f  a n e\<J h i g h p r e s s u r e 

t r a i n  c o n s i s t i n g o f  a p um p , h e a t e x c h a n ge r ,  v a l v e s  a n d  p i p i n g 

l o c a t e d  i n  t !l e t u r b i n e  b u i l d i n 9 � a s e n <:? n t .  Tl ; e  b o !1  \v i l l  b e  

c o n ne c t e d  t o  t � e na i n  s t e a �  t u r b i n e  b y p a s s  l i n e b e t w e e n  t h e 

c o n n e c t i on t o  t h e ma i n  s t e a m  I i n e s  a n d  t h e c o n d e n s e r ,  a n d  t o  

t h e ma i n  fe e dw a t e r l i ne b e tw e e n  t h e f e e dwa t e r p umo a n d  3 r d s t a g e 

f e e dwa t e r  he a t e r  FW- J - 6A .  H o r i z o n t a l r u n s  o f  p i p i n g  w i l l  be 

s u p p o r t e d  f o r  s t a t i c  l oa d s  a n d  s e c u r e d  t o  s u p n o r t i n g s t r u c t u r e s  

t o  p re ve n t  l a t e r a l m o t i o n .  Ve r t i ca l  r u n s  o f  p i p i n g w i l l  b e  

s e c u r e d  t o  p e rma n e n t s t r u c t u r a l mem b e r s  as  r e q u i r e d . A d d i t i o n a l 

p i p i n g w i l l  b e  r e 1 u i r e d  f o r t h e  s u r g e  t a n k  ( 3 r d  s t a g e  f e e dw a t e r 

h e a t e r  FW- J=6A ) , c h em i ca l  a d d i t i o n t a n k  a n d  d em i n e r a l i z e r .  

I n  a d d i t i o n ,  t h e i n t e r c o n n e c t i o n s  b e t we e n  t h e A a n d  B f e e dwa t e r 

h e a t e r  t r a i n s w i l l  be  b r o ke n  a n d  ca o p e d  � f f . 

J ump e r p i pe s  w i l l  b e  i n s t a l l e d b e twe e n  t h e e x i s t i n g N u c l e a r  

S e r v i c e s  R i v e r Wa t e r S y s t em ( N S RWS ) t h e e x i s t i n g S e c o n d a ry 

Se r v i c e s R i v e r  Wa t e r  S v s t em ( S S RWS ) to  p r o v i d e c o o l i n g w a t e r  

t o  t he t u be s i d e o f  t h e n ew h e a t e x c h a n g e r .  Th e s a f e t y  

c l a s s i f i c a t i o n o f  t he N u c l e a r  S e r v i c e s  q i ve r  '.Ja t e r S y s t em 

w i l l  be :na i n t a i n e d  b y  o r o v i d i n g d o u 0 1 e  i s C! l a t h n · t a l v e s . 
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s i de ( s h e l l s i d e ) of  t h i s  new h ea t  excha nge r w i l l  b e  c oo l e d b y  t he 

Seconda r y  Se r v i ce s  C l o s e d  Coo l i ng Wa t e r  ( S S CW)  s y s t em wh i ch i s ,  i n  

t u rn , coo l e d b y  t he N uc l ea r  Se r v i ce s  R i ve r  Wa t e r  Sys t em ,  b y  way  o f  t he 

mechan i ca l  d ra f t coo l i ng t owe r .  Re fe r t o  F i gu re 2 f o r a s chema t i c  o f  

t h i s  f l ow pa t h .  P r ov i s i on s  \>J i l l  b e  ma d e  fo r s ys t em p r e s s u r e  a n d  e x pa n s i o n 

con t r o l  b v  u t i !  i z i n g t he s he l l s i de o f  t h e  e x i s t i n q 3 r d s t a ge feedwa t e r 

he a t e r  w i t h  i t s e x ! s � i r g � i t r oa e n  s u o n l y a n d  t h u s  w i l l  �pe r a t e  a s  a 

p r e s s u r i z e d  s u r ge t a n k . · The d e s i gn a l s o i n c l u de s  p r o v i s i o n s  fo r 

s amp l i n g ,  dem i ne ra l i z a t i on ,  a n d  chem i ca l  a d d i t i on capa b i l i t y .  Fo r t he 

i n i t i a l  p h a s � o f  ope ra t i on ,  a l l va l ve s w i l l  be ma n ua l l y  o p e ra t e d  a n d  

i n s t r ume n t a t i on w i l l  p r ov i de  l oca l r ea d  ou t .  

The  f i r s t  i n t e rme d i a te l oop o f  t h i s  s cheme ( t h a t  p o r t i on o f  t he 

• 
s econda ry  s y s t em wh i ch r emove s h e a t  d i rec t l y  f rom t he s t eam  g ene ra t o r ) 
h a s  been  de s i g n e d  t o  pe rm i t no rma l ope ra t i on a t  a p r es s u re h i ghe r 

t ha n  t he rea c t o r  coo l a n t  s y s t em p res s u re ,  t hu s  a s s u r i ng i n l e a kage  o f  

s econ da r y  s ys t em I i q u i d  i n t o  t he p r i ma r y s y s tem i n  t he e ve n t o f  s t eam 

gene ra � o r  t u be l ea kage . H oweve r ,  t he expe c t e d  mode of ope ra t i on f r om 

w� i ch t o  i n i t i a t e na t u ra l  c i r cu l a t i on wou l d i n vo l ve h i g he r p r i ma ry s i de 

p r e s s u r e s . 

2 ) Mod i f i ca t i on 

Th i s  s cheme , . i l l  i n vo l ve i n s t a l l a t i o n o �  a n ew h i g h p r e s s u r e  

t r a i n  con s i s t i n g o f  a pump ( LTB�P- 1 ) , hea t  excha n ge r  ( L TB - C- 1 ) , va l ve s  

a n d  p i p i n g l oca t e d  i n  t he t u r b i ne b ! J i l d i n g ba s eme n t .  The l oop w i l l  

be  conne c t e d  t o  t he ma i n  s t eam l i ne a t  a 1 0 1 1  d r a i n  p o t  be twe e n  t h e  
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ma i n  s t eam i s o l a t i on va l ve a n d  t he s t o p  v a l ve ,  a n d  t o  t he ma i n  

f e e dwa t e r l i ne be twe e n  t he f e e dwa t e r p ump a nd 3 r d s t a ge fee dwa t e r  

h ea t e r  F\.J- J -6 8 .  P i p i n g s up p o r t s  w i ll b e  s i m i l a r  t o  t ho s e p r o v i de d  

f o r S t eam Ge n e ra t o r  A mod i f i ca t i o n s . A d d i t i on a l p i p i ng w i l l  b e  

req u i r e d  f o r  t he s u r ge t a n k  ( 3 r d  s t a ge f e e dwa t e r h e a t e r  FW- J • 6 B ) . c h em i c a l  

a dd i t i on t a n k  ( LTS- T- 2 ) , a n d  d em i n e r a l i z e r . I n  a d d i t i on , t h e  i n t e r 

c on ne c t i on s be twe e n  t h e  A a n d  B feedwa t e r h e a t e r t r a i n s w i l l  b e  b r o ke n  

a n d  ca p pe d o f f .  

C o n n e c t i on s  w i l l  b e  ma d e  t o  t h e  e x i s t i n g s e co n d a r y  s e r v i ce s  c l o s e d  

c oo l i n g wa t e r s ys t em s u p p l y a n d  r e t u r n  l i ne s  f o r c oo l i n g t he s he l l 

s i de o f  h e a t e x c ha n ge r L TB - C - 1 . 

J umpe r p i pe s  w i l l  be  i n s t a l l e d be twee n  t h e  e x i s t i n g N uc l ea r  S e r v i ce s  

R i ve r  \-la t e r S y s t em a n d  t he e x i s t i n g Seco n d a r y  Se r '-: i c e s  R i ve r  Wa t e r 

S y s t em t o  coo l the t ube  s i de o f  t he Seconda r y  Se r v i ce s C l o s e d  Coo l i n g 

Wa t e r S v � t em .  The s a fe t y c l a s s i f i c a t i o n o f  t h e  Nuc l ea r  Se r v i ce s 

R i ve r  Wa t e r S y s t em w i l l  b e  ma i n t a i n e d  b y  p r o v i d i ng do ub l e  i s o l a t i o n 

va l ve s . 

All piping connections will be welded . Thes e mod if ications 

a r e exp e c t e d  t o  be c omp l e t e d  a n d  t he s y s t em r e a d y  f o r ope ra t i on b y  

Ma y 7 ,  1 97 9 . 
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3 )  Sys t ems Eva l ua t i on 

The s y s t em de s i gn a s  p r oposed  w i 1 1  mee t t h e  neces s a r y  

s econda ry  s i de requ i reme nt s fo r decay h ea t r emova l w i t h e i t h e r f o rced  

o r  na t u ra l  c i r cu l a t i on  t h r o u g h  t he r ea c t o r  cq re . A l l r equ i re d  mod i 

f i ca t i on s  w i l l  be ma de t o  a c c omp l i s h t h i s  pu rpo s e .  Th i s  s y s t em i s  

i n d e o e n d e n t  a n d  s � p a r a t e  f r om s t e a m  g e n e r a t o r 1 ' A"  d u r i n g a l l i n t e n d e d 

mode s o f  o pe ra t i o n w i t h  t he e x c e p t i on t ha t  t h e  S e c o n d a r y  S e r v i ce s 

R i ve r Wa t e r S ys t em w i l l  be  s ha r ed  b y  bo t h  l oops  o f  s t eam ge ne ra t o r  

coo l i n g .  

7he s ys t em w i l l  n o t  b e  p r ov i de d  w i t h r edunda n t  a c t i ve compone n t s .  

Howeve r ,  a s i n g l e  a c t i ve fa i l u r e  w i t h i n  t he s ys t em w i l l  n o t  c omp r om i s e  

na t u ra l  c i r cu l a t i on o f  t he p r i ma ry sys t em i n  t ha t  t he s e conda r y  coo l i n g 

l oop t h rough  s t eam ge n e ra t o r  1 W 1  w i  I I  c on t i n ue t o  ope ra t e  ( s e e  s t a f f 

e va l ua t i on conce r n i n g TM I - 2 na t u ra l  c i r cu l a t i on p e r fo rma n ce ) . 

The f l ow ra t es  p re d i c t e d  t h rough  ea c h  o f  t he hea t e xc h a n ge r s  w i l l  p ro v i de 

a d e q ua t e  coo l i ng ba s e d  on a n  a s s umed hea t l oa d  o f  3 0  x 1 06 B t u/ h r 

( RCP  ope ra t i ng + 3 MWDH ) .  Ope ra t i n g pe r fo rmance  a n d  d e s i gn pa rame t e r s  

fo r  t h e  s ys t em a re a s  fo l l ows : 
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Steam Generator B Modif ied Sys t em 

O pe r a t � n q C o n d i t i o n s De s i o n 

S v s t em loca t i on P r e s s u r e {ps i g ) Temp ( °F ) F l ow {gpm ) P r e s s u r e  (ps i g )  

New Pump D i s cha rge  

New Pump Sue t  i on 
( New Hea t Exch . D i s c h . , 
Tu be S i de ) 

New P : unp Rec i r c .  

N ew H e a t E � c h a n ge r S u p p l y  
( Tu b e  S i d e ) 

S S CW S u pp l y  t o  New Hea t 
Exchange r ( S he l l S i de ) 

S S CW Re t u r n  f r om New 
Hea t Excha nge r ( Tu be S i de ) 

N S RW Re t u r n  f r om S S CW 
Hea t E x cha n ge r ( Tu b e  S i de ) 

670  1 00 3 0 0 0 - 5 000  

5 0 0  1 00 3 0 0 0 - 5 0 00 

6 7 0  1 00 Pump m i n . 
6 7 0  1 2 0 3 0 0 0 - S O C O  

I S O 7 2  400 0 

1 00 5 9 5000  

1 00 7 1  5 00 0  

Roo 

600 

f l ow 800 
q 1 0  

The s y s t em f l ow a r ra ngeme n t  ha s be e n  se l e c t e d  to  m i n i m i z e f ou l i n g e f fec t s  

b y  ma i n t a i n i n g N u c l e a r S e r v i c e s  R i ve r  Wa t e r o n  t h e t u b e  s i d e o f t he 

Seconda r y  S e r v i ce s  C l o s e d C o� l i n g Wa t e r hea t e x c h a n ge r . 

C .  M e c h a n i ca l  Sy s t em De s i g n - S t e am Gene ra t o r  "A" a n d  ' ' 9 ' ' Mo d i f i c a t i o n s 

A l l c ompo n e n t s  a n d  s u p po r t s  o f  b o t h  n u c l ea r c l a s s  a n d  n on - n u c l ea r  

w i l t  be  des i g ned  o r  ve r i f i e d t o  h a ve been  o r i g i na l l y  de s i g n e d  fo r t h e 

ma x i mum l oa d s  t ha t  t he y  c ou l d b e  e x p o s e d  t o  d u r i n g t e s t i n g s t a r t u p ,  

a n d  e x p e c t e d  o p e r a t i o n o f  t he s y s t em ,  i . e . , p r e s s u r e , t emo e r a t u r e 

d e a dwe i g h t , o ump v i b ra t i o n ,  e t c .  The comp o n e n t  d e s i g n s t r u c t u r a l 

i n f � r�a t l o n i s  1 i s t e d  i n  Ta b l e  1 .  



' ·  

I 
· ' 

T' tAR. 81tJ€. -.t . 
8l1>(:,. 

: ! i 
I 

i 
- � - -

E 

f()rJTA�L. BLDG. 
. I 

"'s -'I/4A ' 
I 

• 

� .. , . ' 
I . ' 

' 
l 
' 

' f 
. I 

.., �tAr. rot 8t{)G. 
. ! 

i 

I . 

\ . ; I 
..._ I 



---- Et. l.ir ti<IG PIPE 
- - - - - NC! w PtPE 

WATER SOL t b O P ER ATION O F  
S TEAM G EtvE.R TO .. .  A R \\ B 'J 

[Ft G UR £ l] 

& �t G') O.. . .  - - --- -

""'"'1-1,..,...� St·"l�� • f'•IA 
S£coAJPAit'/ S eRVICe �  
c.t..oS�f) tOoL.t/J� ) WA T£..0 Pu.�tt P S  (3 { s s c.�J 

SJtJwVJf ('STB·\)3� 
- - -- - - -t lf  A - - - - ........ . ., 

TwR8uJE � 
BtOG. 



B - 1 5 

- l 1  -

A s pe c i f i c  c o n c e r n  t ha t  we have a dd r e s s ed i n  o u r  r e v i ew i s  t he s t r u c t u r a l 

a deq ua c y  o f  t ha t  po r t i on o f  t h� M a i n  S t eam p i p i n g s ys t em wh i ch a s  i n 

co rpo ra t e d  i n t o  the OTSG coo l i ng sy s tem w i l l  co n t a i n  s o l i d  wa t e r  i n  

l i eu o f t h e  p re s s u r i ze d  s t eam f o r wh i c h i t  wa s de s i gn e d . Compon e n t s  

i n  t he s y s t em w i l l  no t expe r i e nce a n y  s i g n i f i ca n t  d y nam i c  l oa d s . S p e c i a l 

p r e ca u t i o n s  w i l l  be ta ken d u r i n g  i n i t i a l  f i l l i n g a n d  s t a r t u p  o f  t h e 
s y s t em  t o  m i n i m i ze t he po t en t i a l  fo r wa t e r hamme r . L o a d s  t h a t w i l l  

be expe r i enced i nc l u de p re s s u re , d ea dwe i gh t o f  wa t e r ,  a n d  t he rma l 

expans i on .  S i n ce the s ys tem w i l l b e  ope r a t e d  a t  a max i m um p r e s s u r e 

o f  abou t ha l f  t he des i gn p re s s u r e o f  t h e p i p i n g a n d  i t s ma x i mum 

· ope r a t i n g  t empe ra t u r e s  w i l l  be c o n s i de ra b l y l owe r  t ha n  t he d e s i g n 

tempe ra t u re o f  t h e  ma i n  s t eam p i p i n g ;  s t r e s s e s  r e s u l t i ng f r om t h e s e 

l oads w i l l  be m i n i ma l . 

A F t e r  a s s emb l y a n d  p r i o r t o  i n i t i a l  o pe ra t i o n o f  t he p l a n t ,  t h e  e x i s t i n g  

p i p i n g wa s h y d r os t a t i c  t e s t e d  a n d  a t  t h a t  t i me wa s wa t e r  f i l l e d .  Th u s  

t he p i p i ng a n d  i t s s u p po r t s  h a ve b e e n  d emo n s t r a t e d t o  b e  a de q u a t e  f o r  

t he we i gh t  o f  t he w a t e r .  

I n o r de r t o  m i n i m i z e p i p i n g de f l e c t i on , the licensee 

ha s s pe c i f i e d t h a t  s e l e c t e d s p r i n g h a n ge r s  be p i n ne d . We con c u r  w i t h  

t h i s  r e q u i reme n t . 
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De s i gn Ba s e s  Loads  

I t  s h ou l d be n o t ed t ha t  a l l A SME S e c t i on I l l  C L .  2 compone n t s u s e d  i n  

t h e  coo l i n g s y s t em we r e de s i g n e d for  s e i sm i c  Ca te go ry 1 s e r v i ce .  How

e ve r · a l l o f  t he s e  c omp o ne n t s , b o t h t ho se t h a t a r e pa r t  o f  t he o r i g i na l 

TM I - 2 Ma i n S t eam and  Fee dwa t e r p i p i n g s y s tem and thos e ob t a i ne d  f rom 

o t h e r n u c l e a r  s i t e s  t o  b e  i n c o r p o r a t e d  i n t o  the OTSG c oo l i ng s y s t em ,  

a r e b e i n g u t i l i z e d i n  a s y s t em w i t h d i f fe r e n t  res po n s e cha rac t e r i s t i c s 

f r om t h a t  f o r w h i c h t he y  we r e i n i t i a l l y  des i gned  o r a re ope ra t i ng w i th  

a f l u i d  me d i a  d i ffe ren t f r om t ha t for  wh i ch they we re se i sm i ca lly qua l i 

f i e d , i . e . , s ome com p o n e n t s  de s i gne d fo r ope ra t l o n on s team d u ri n g a 

s e i s m i c e ve n t a s op po s e d t o  wa t e r  f i l l ed a s  i n  the .pre s en t s y s t em .  Thus 

beca u s e  o f  t h e s e d i f fe r e nces  f r om t he o r i g i na l  s e i slil!l ii c  des i gn requ ,i rements .. 

wh i c h ca n a f f e c t  s e i s m i c  r e s p o n s e , t he s e  com.pone .n t s  shou l d  n o t  be cons i de red 

s.e i sm i ca l l y q ua l i f i e d  a s  i n s t a l l e d i n  t he p r op o s e d cot') li ng sys tem ,  so l e l y  

o n  t he ba s i s  o f  t he i r o r i g i na l  q u a l i f i ca t i o n s . Add i t i ona l wo r'k 'Woo l d  

be r e q u i r e d t o  e va l ua t e  t h e s e i sm i c  ca pa b i l i ty o f  t h e s e compo•ne n t s  

f o r  t h i s aop l i ca t i on .  Howeve r , s e i sm i c  ca pa b i 1 i t y  o f the s e  s y s t em 

mod i f i ca t i o n s i s  n o t a n e c e s s a r y  a c ce p t a n ce c r i t e r i on ; t h e ref'Or e ,  n o  

a d d i t i o n a l s e i sm i c  e va l u a t i on o f  t h i s  s y s t em i s  p l a n ne d . 

E va l u a t i o n C o n c l u s i o n 

We h a ve c on c l ude d t h a t t h e L i c e n s ee h a s  s pe c i f i e d c omp o n e n t s  d e s i g n e d 

a n d  fa b r i ca t e d  i n  a c co r d a n c e  w i t h a c ce p t a b l e i n d u s t r y c o d e s o r  s t a n 

d a r d s  a n d  w i l l  t a ke i n t o  a c c o u n t t he l oa d s  a s s oc i a t e d  w i t h  s t a r t up ,  

t e s t i n g ,  a n d  the p lanned sys t em oper a t ion . 
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Th e u s e  o f c om p o n e n t s  t h a t  a r e i n  co n f o rma n c e  w i t h t h e s e  c r i t e r i a  

p r o v i d e s  a d e q ua t e  a s s u r a n c e  t h a t  s t r u c t u r a l i n t e g r i t y o f  t h e OTSG  
' 'A" a n d  " B " c oo l i n g s y s t em w i l l  b e  ma i n t a i n e d . 
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Ta b l e  1 

Compone n t  Des i gn S t r u c t u r a l  I n fo rma t i o n 

Pumps A & B Sys tem 

ASHE Sect i on 1 1 1  Cl . 2 
D e -:  i gn  Tc.•1;>Hc:l ": u  re  - 3 5 0°F 
De s i � n  P r e s s u r e  - 700 ps i g . 

Hea t E � c h a nge r s  

A Sys t em 

ASHE  Se c t i on V I I I  
De s i gn P r e s s u r e : 1 50 p s i g  ( t u b e  s i d e )  

600  ps i g  ( s he l l s i de )  

B Sys t em 

ASHE  S e c t i on I l l  Cl . 2 

D e s i gn Tempe ra t u re : 
D e s i gn P re s s u re : 

3 5 0°F  ( Bo t h  S he l l a nd Tube  S i de s ) 
6 7 5  ps i g ( ube  s i de )  
2 00 ps i g  ( s he l l s i d e )  

3 r d  S t age  Feedwa t e r  Hea te r ( s he l l s i de  a s  s u rge t a n k) 

A S M E  S e c t i o n V I I I  

Des i gn P r e s s u re : 1 0 0 0 .  p s i g  

S t eam Gen e r a t o r  

Second� r y  S i de - ASHE  Se c t i on I I I  C L .  2 

P i p i ng ,  Va l ve s  a n d  M i s .  Ta n ks (M i n i mum r egu i r eme n t s )  

P i p i n g - A N S I B 3 1 . 1 
M i s c .  Ta n ks - A S M E  S e c t i o n  V I  I I D i v .  1 
Va l ve s  - A N S I B 1 6 . 5 a n d  6 1 6 . 34 

F r om f e e dw a t e r chec k va l ve s ou t s i de con t a i nme n t  t �  t �e ma i n  s t e am 
i s c l a t i n n va l ve s 

A S M E  Se c t i on I I  I 

S u o o o r t s  

1" 1  ') w L . '-

A N S I 8 3 1 . 1  o r  a s  d e s c r i be d  i n  t e x t .  
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d .  S t r u c t u r a l D e s i gn - S t eam G e n e r a t o r "A" a n d  " B" M n d i f i c a t i n n s  

Mod i f i ca t i on o f  S t eam G e ne ra to r  1 1A 1 1 a n d  S te a m  G e n e r a t o r  ' ' B 1 1 i nvo l ve s  

i n s ta l l a t i on o f  one p ump a n d  one  hea t e xcha nge r fo r each  s t eam gene ra t o r .  

The new equ i pme n t  w i l l  be i n s t a l l ed i n  t h e  no r t h -we s t  e n d  o f  t u rb i ne 

b u i l d i n g a t  e l e va t i o n  2 8 1 1 - 81 1 ,  be t.,.1een  c o l umn l i n e s  TJ a n d TK i n  

n o r t h - s o u t h d i r e c t i o n a n d  T4 l a n d  T44 i n  e a s t -�<le s t d i r e c t i o n .  Th e 

e n c l o s t.! d  F i gu r e l s how s t he g e n e r a l a r e a  o f  b c a t i o n o �  t h e  a b o v e  

e q u i pme n t . 

The de t a i l s o f  t he e q u i pmen t i s a s  fo l l ow s : 

The he a t  e x c ha n ge r f o r s team ge ne ra t o r " 8 1 1  we i g h s  3 6  k i p s we t a n d i s  

· s up p o r t e d  on  two s a d d l e s ,  2 1 - 0" b y  4 1 - 0 1 1 e a c h . Th e p um p  f o r t h i s  

s t eam ge n e ra t o r  we i gh s  1 3 . 7 k i p s .  

The hea t e x c h a n ge r fo r s t ea � ge n e ra t t> r  "A" we i g h s  1 3 5 . q k i p s we t .  

I t  i s  a o p r o x i ma t e l y  3 3  f t . l o n g  a n d  i s  s u p po r t e d  o n  t•I'I O  s a d d l e s � i n .  

w i de a n d 4 ' - 8" l on g  l oca t e d 1 3 ' - 0" a pa r t .  

Exam i n a t i on of  t h e  ex i s t i n g s t r u c t u r a l  d r aw i n g s o f  t he t u rb i ne b u i l d i n g 

a rea , whe re  t h i s  e q u 1 pme n t  i s  t o  be i n s t a l l ed , re ve� l s t h a t t he b a s e  

s l ab i s  f o u r feet t h i c k ,  w i t h  #1 1 r e ba rs a t  1 2 i n .  s pa c i n g ,  e a c h  wa y ,  

t op a n d bo t t om .  Top o f  t he s t r u c t u r a l conc r e t e  ba s e  ma t i s  a t  t he 

e l v .  2 7 8 ' - 0 " . The bas e  ma t i s  c o ve r e d  w i t h a 3 ' 0" l a ye r ., f  l e a n  

conc r e t e  F i l l  p l u s a p p r o x i ma te l y  1 i n .  we a r i n g s u r fa ce , � r i n g i n g  t he 

t o p  e l e v .  t o  2 '-l l ' - 3 1 1 • As s um i n g  4 11  d e g r e e  d i s t r i b 'J t i � n o f  t he l oa d , 

a :" d  o n  t h e  ba s i s  ') f  t he a l l '?wa tl l e  co n c r e t e  oea r i n� n !' e s s u r e , t h e 
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l i ce n s e e  e s t i ma t e d  t ha t  t he ma x i mum l oa d  t h a t  ca n be p l a c e d  o v e r o n e  

s q ua r e foot o f  t he a r e a  i s  90 k i p s .  S i n c e  t h e  hea v i e s t  p i ec e  o f  

e q u i pme n t  t o  b e  i n s t a l l e d i n  t h i s  a r e a  i s  t h e h e a t e x c h a n ge r ,  1 3 5 . R  

k i p i ,  w h i c h whe n d i s t r i b u t e d  o ve r t he a r e a  o f  t h e  s u p p o r t i n g s a d d l e s  

( 2  x 4 . 6 7 '  x . 67 '  ..,. 6 . 1 s q . ft-) d-e l i ve rs t h e  h e a d  t n  t h e  f l n o r o f  

2 2  � i � s .  t he l i c s � � �e c o n c l u d e �  t h a t t h e  s 1 a h i s  c z pa b l e t o  s u p o o r �  

t he l oa d .  The a na l ys i s wa s pe r f o rm e d  f � r t h e  d e a d a n d  l i ve l oa d s  o n l y ,  

u n d e r s t a t i c  c o n d i t i on s . 

\Je ha ve c on c l u d e d  t h a t  t he 1 i c e n s e e  h a s  pe r fo rme d h i s  a n a l y s i s  i n  

a c co r d a n ce w i t h  the  me t h o d s  a n d p r oce d u r e s  wh i c h a r e s p e c i f i e d b y  t h e 

app rop r i a te c o d e s  and s tan da r d s . Th e u s e o f  t h e s e  rre t h o d s  p r ov i d e 

a rea s o n a b l e assu rance t h a t the s t r u c t u r a l  e l em e n t s  a f fe c t e d  b y  t h i s  

mod .i f i ca t i on w i l l  p e r fo rm t he i r i n t e n d e d  f u n c t i on .  

e .  I n s t r ume n t a t i o n a n d  Con t ro l  (O TS G  "A" a n d  "Bll Coo l i n a )  
The fo l l ow i n g n ew i n s t r umen t a t i o n  ( l i s t e d  be l ow )  i s  b e i n g 

p r o v i d e d  o n  t he OTS G ' 'A ' '  a n d  " B" Long  Te rm Coo l i n g S y s t em s . 

1 .  Ra d ia t i o n M o n i t o r  ( -1: ' B ' on l y ) 
2 .  Loop f l ow I n d i ca t i on *  

3 .  S t e am G e n e r a t o r  H e a t e xc ha n ge r ,  S h e l l S i d e Tempe ra t u r e - T i n 
( *A o n  I y )  T ' out 

4 .  H e a t e x c h a n ge r ,  Tub e  S i d e Tempe r a t u r e - T i � .  Tou t 

S .  Pump P r e s s u r e - S � c t i o n a n d  D i s c h a r g e 

6 .  L o o p  Tem p e r a t � r e *  

7 .  L oo p  P r e s s u r e 

':':Re d u n da n t  s e t s  o f  i n s t r ume n t a t i o n a re ma r k e d  \v i t h a n  a s t e r i s k . 
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Con t ro l  r oom a l a rm s  w i l l  be  p rov i ded  fo r r ad i a t i on a s  a r e s u l t  o f  h i g h  

S / G  o u t - l ea kage . Fo r i n i t i a l  i n s t a l l a t i on a n d  s y s t em ope ra t i on ,  o n l y  

l oca l i nd i ca t i on w i l l  be a va i l a b l e moun t e d  nea r t he s en s o r s  i n  t he 

t u r b i ne bu i l d i ng .  S i m i l a r l y ,  a l l con t ro l s w i l l  be l oca l . 

S / G  l e akage i n t o  t he c oo l i n g l oo p s  i s  t o  be s e n s e d  b y  v i c t oree n mode l 

85 5 a rea mon i to r s  s t r apped  t o  t he p i p i ng j u s t  down  s t ream  o f  t he t i e- i n  

t o  t he ma i n  s team l i ne .  Loop f l ow ra t e  i s  t o  be  s e n s e d  b y  2 ( two ) 
ba r t on mode l 200 d i f fe ren t i a l  p r e s s u re  me chan i ca l  i nd i ca t o rs ac ro s s  

a s i ng l e  pe rmu t i t  o r i f i ce p l a t e .  A l l new t empe ra t u re s e ns o r s / i nd i ca to r s  

a re s pe c i f i ed t o  b e  a s h c r o f t  ( 5 - i n c h  code 50  E l ) b i -me t a l ,  l i qu i d - f i l l e d 

t he rmome te r s .  Loop p re s s u res  a re t o  be s en s e d  by  a s h c r o f t  1 2 7 9  (bou rdon 

s ys tem ) mec ha n i ca l  p re s s u r e gauge s .  Ta b l e 1 p rov i de s  a d d i t i o na l 

i n s t r ume n t a t i on c ha ra c t e r i s t i cs .  

The s y s t em des i gn c r i t e r i a  i nc l ude  t he r e q u i reme n t  t o  p r ov i de c on t ro l  

a n d  s e n � o r  rea d - o u t  t o  t h e  ma i n  c on t r o l  room o n  a n  e x p e d i t e d  ba s i s .  

O.ue t o  t he t i me con s t ra i n t s  p l a ced upon  i n i t i a l  s ys t em op e ra t i on , we 

f i nd t he a bove des i gn c r i t e r i a  t o  be accep t a b l e , The specif ic details of 

the des ign as socia ted with providing control and s ens or read ---out to the 

control room have not been d eveloped at this time . 



VA R I A B L E  

S / G  1 1 8 1 1  l e a ka ge 
( p r i ma r y t o  s e c o n da r y ) 

l oop F l ow 

To t a l F l ow 

H e a t E :< c ha n g e r 

S h e l l S i d e ,  Tempe r a t u r e 

T i n •  To u t 
Tu be S i de ,  Tempe r a t u r e 

T i , , . To u t 

Pump P r e s s u r e 

S u c t i o n a n d  D i s c h a r ge 

l oo p  Tn 111 p e r a t u r e 

L o o p  P re s s u r e  

O TS G  1 1 8 ' '  CO O L I NG LOO P - TA BL E 1 

S E N S O R TY P E  

S t r a p - o n  gamma De t e c t o r s  
V i c t o r e e n  

O r i f i ce P l a t e - Pe rmu t i t  

B i me t a l l i c 
Th e rmome t e r -A s h c r o f t  

B i me t a l l i c 
Th e rmome t e r -A s h c r o f t  

B i me t a I I  i c  
Th e rmome t e r -A s h c r o f t  

P r e s s u r e G a u g e s -A s h c r o f t  

B i me t a l  I i c  
Th e r mome t e r s -A s h c r o f t 

P r e s s u re Ga uge-A s h c r o f t  

L O CA T I ON 

1 mon i t o r  o n  e x i s t i ng ma i n  s t e am t u r b i n e 
b y p a s s  h e a de r ( ' 'A" l oo p  on l y ) 
2 mo n i t o r s  o n  n ew p i pe j u s t  down s t ream o f  
e x i s t i n g ma i n  s t eam h e a de r ("B"  l oo p  on l y ) 

2 I n d i ca t o r s  i n  n ew p i pe j u s t  d own s t r eam 
o f  ex i s t i n g ma i n  s t ean h e a d e r ("A" l o op ) 
2 i n d i ca t o r s i n  n ew p i pe j u s t  ups t r eam 
� f  e x i s t i n g e e dwa t e r  h e a d e r (1 1 8" l oo p ) 
I n  n e"1 p i p i n g j u � t  o ff ma i n s t e am h e a d e r 

A t  h e a t e x c h a n ge r 

A t  h e a t e x c h a n g e r 

A t  d i s c h a r g e a n d  s u c t i o n o f  pump 

Down s t r e am o f  p ump r e c i r c .  

Up s t ream o f  hea t excha nge r 

o:J 
I 

N 
w 
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f .  Ra d i o l og i ca l  Eva l ua t i on ( S t eam Gene r a t o r  A/ B )  

The r a d i o l og i ca l  cons i de ra t i on s  w h i c h  a re i n t e g ra l t o  t he wa t e r 

s o l i d  s t eam gene ra t o r  seconda ry  s i de coo l i n g me t hod  w i l l  a s s u re t h a t 

r a d i oa c t i ve e f f l u en t s  f r om c o n t am i na te d  s ys tems  w i l l  be  c on t r o l l e d a n d  

m i n i m i ze d . A d d i t i o na l p r ecua t i � n s w i l l  a l s o be  ma d e  t o  m i n i m i z e o c c u p a 

t i on a l r a d i a t i on e x p os u r e s  t o  o p e r a t i n g p e r s on n e l . 

The seconda r y  coo l a n t  p r e s e n t l y  i n  t he " B" s t eam gene ra t o r  i s  

con t am i na t e d  d u e  t o  t h e  i n i t i a l  p r i ma r y t o  s e conda r y  l ea ka ge wh i c h 

occu r r ed  o n  Ma rch  2 8 ,  1 97 9 . The mea s u red  r a d i oa ct i v i t y  conce n t ra t i on 

a n d  c u r i e  con t e n t i s  e s t i ma t e d  i n  Ta b l e  1 .  Unde r n o rma l c o n d i t i o n s  

t he s e con da ry  coo l a n t  p re s s u r e  w i l l  b e  ma i n t a i ne d  a t  a va l ue  g re a t e r 

t ha n  t he p r i ma ry s ys t em p re s s u re s u ch  t ha t  i f  s t eam ge n e r a t o r  l ea ka ge 

f l ow pa t hs a r e a va i l a b l e ,  t he h i g h l y  con tam i n a t e d  p r ima r y  coo l a n t  w i l l  

n o t  e n t e r t h e  s econ da r y  coo l a n t . Howeve r ,  i t  i s  e x pe c t e d  t h a t  t ra n s i e n t s  

o f  s h o r t  d u r a t i on ma y occu r s u c h  t ha t  a r e v e r s e  p r e s s u r e g ra d i e n t  co u l d 

i n t roduce  a d d i t i on a l r a d i oa c t i v i t y i n t o  t he s econda r y  coo l a n t .  To a l e r t  

t h e  s ys t em ope r a t o r s  o f  s uch a cond i t i on ,  i n d i ca t o r s  a n d  a l a rms  f o r  

p re s s u re a n d  ra d i oa c t i v i t y i n  t he s econda ry  coo l a n t  ha ve b e e n  p r o v i de d . 

The s e  i nd i ca t o r s  w i l l  a l e r t  t he ope ra t o r  o f  a n  a d ve r s e  con d i t i o n  s o  

t ha t  co r r e c t i ve a-c t i o n c a n  b e  t a ke n  p r i o r t o  s i g n i F i ca n t a d d i t i o n a l 

contam i na t i on o f  t he s e conda r y  coo l a n t . 
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. The s t eam gene r a t o r s e c o n da ry  coo l a n t  s y s t em a nd s e c o n d a ry s e r v i ces  

c l o s e d  coo l i ng  wa t e r s y s t em w i l l  be  p e r i o d i ca l l y samp l e d a nd a n a l y z e d  

t o  d e t e rm i n e i f  hea t ex c ha n ge r s  a re s t a r t i n g t o  l e a k .  Samp l e s w i l l  be  

t a ke n  at  a f re q u e n c y o f  a t  l ea s t  wee k l y  o r  a t  a n y  t i me t he re a r e 

i n d i ca t i on s t h a t  po s s i b l e l e a ka ge �a y b e  o c c u r r i n g ,  e . g . , i n c r e a s e i n  

t h e s t eam g e n e r a t o r c l o s e d  c o o l i n g l o o p  s u r g e t a n k l e ve l s .  

Lea ka ge ma y a l s o o c c u r a t  va r i o u 5  me c ha n i c a l c o n ne c t i o n s  i n  t h e 

s e co n da r y  c oo l i n g  s y s t em . To t h e  ex t e n t  p r a c t i c� l ,  l o ca t i o n s w h e r e  

l ea ka ge i s  l i ke l y ,  e . g . , va l ve s w i t h  a known l e a ka ge h i s t o r y w i l l  b e  

eva l ua t ed  a n d a p r o g ram t o  m i n i m i ze l ea ka ge i mp l emen t e d . E •1 e n  \-l i t h a 

l ea k  m i n i m i z a t i o n p r o g r am l e a kage  o f  c on t am i n a t e d l i q u i d s t o  t h e f l o o r 

d ra i n  s y 3 tem may s t i l l  o c c u r .  Th i s  l ea ka ge s ho u l d f l ow i n t o  t h e f l oo r 

d ra i n  s ys t e� a n d  be co l l e c t e d  i n  t he  t u r b i n e b u i l d i n g s um p , t h e t u r b i n e 

b u i l d i n g  s ump pump s w i l l  be o pe ra t ed  i n  a ma nua l mode  \Ai i t h a n  a na l y s i s 

o f  t he s ump wa t e r  r a d i o a c t i v i t y c o n t e n t be i ng ma de o r i o r t o  s um p  p ump 

o pe ra t i on .  I f  t he r a d i oa c t i v i t y c o n t e n t  i s  l ow ,  t he wa t e r c a n be d i s c h a r g e d 

t h rough  i t s no rma l f l ow pa t h t o  t he r i ve r .  J f  t he r a d i oa c t i v i t y con t e n t  

i s  h i g h ,  s uc h  t ha t  d i s c ha r ge wou l d  excee d t e c h n i ca l s pe c i f i ca t i o n l i m i t s , 

t he s ump wa t e r w i l l  be  p umpe d t o  a n  a p p r o p r i a te radwa s t e  s y s t em fo r 

t r e a tm e n t .  A de q ua t e  f r e e  vo l ume i n  t he r a dwa s t e  s y s t em w i l l  b e  p r ov i d e d  

fo r s u ch c o n t i n ge n c i e s .  
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Is o l a t i on be twe e n  t he seconda r y  coo l i n g s y s t em a n d  s e r v i ce s  s ys t ems , 

e . g . , n i t r ogen  a n d  dem i ne ra l i ze d  wa te r s up p l i e s  t o  t he s u r g e  t a n k ,  

w i l l  b e  p rov i de d t o  p re ve n t  ba c k  f l ow o f  con t am i n a t e d  wa t e r . 

Ga s e o u s  e f f l ue n t s  f rom t h i �  s y s t em s h ou l d be n e g l i g i b l e .  The nob l e 

ga s i n ve n t o r y i n  t he 1 ' B" s t eam gene ra t o r  i s  n e g l i g i b l e  beca u s e  t he 

s t eam ge n e r a t o r  w a s ve n t e d . A i r b o r ne r a d i o i o d i n e r e l e a s e s  s h ou l d 

a l s o be n e g l i g i b l e  beca u s e  t he s ec on d a r y  coo l i n g s y s t em i s  n o t  ve n t e d 

(a n i t r o g e n  b l an ke t ed s u rge t a n k ) a n d  t he l ow s e co n da ry  co o l i n g s ys t e m 

t empe ra t u re ( l OQO F ) r e s u l t s i n  a l ow  a i r/wa t e r pa r t i t i o n fa c t o r  wh i c h 

r e d uces  t he vo l a t i l i t y o f  t he r a d i o i od i ne .  

The i 1 ce n s ee i s p rov i d i ng a dem i ne ra l i ze r  s y s t em t o  ma i n t a i n  s e con da r y 

wa t e r chem i s t ry a n d  t o  reduce r a d i oa c t i ve con t am i n a t i on .  De t a i l s  on 

t h i s  s y � t em a r e not  a va i l ab l e  a t  t h i s  t i me .  The dem i ne ra l i z e r s w i l l  b e  

s h i e l d e d  a n d  d e s i g n e d  t o  pe rm i t re s i n  b e d  d i s po s a l a s  r ad i oa c t i ve wa s t e . 

The s h i e l d i n g a nd s pe n t  r P. s i n  ha n d l i n g s y s t em w i l l  a l s o be  d e s i g n e d  t o  

m i n i m i z e  oc c upa t i ona l r ad i a t i o n e x p os u r e s , e . g . , t he u s e  o f  d i s po sa b l e  

dem i n e r a  I i z e r s . 

Fo l l ow i n g the  TM I - 2  i nc i de n t . t he r e  ha s bee n  no  i nd i ca t i o n  o f  p r i ma r y 

coo l a n t l e a ka ge pa s t  t he 1 1A 1 1 s t eam gene ra t o r  t u be s . S i nce  t he p r i ma r y 

t o  s e c on da ry  s y c. t em p r e s s u re d i f fe r en t i a l  w i l l  r e s u l t i n  i n - l ea ka g e  

on l y , p re ca u t i ons  s i m i l a r t o  t ho � e  e va l ua t ed a b o ve fo r t he " B 1 1  s t eam 

gene ra t o r  mo d i f i ca t i on a r e no t  r eq u i re d . 
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Tab l e  1 

"B " S t eam Generator Radioact ivity Content 
(Activit ies based on 4 / 1 9 / 7 9  sample reported by B&W) 

Apri l  1 9 ,  1 97 9  May 9 ,  1 9 7 9  
Half- Radioactivity (1) Radtoacttvtty 
Life conc entration Sy s t em  concent :cal:ion 

(uC i )  Inventory (uCi)  

gm (Ci )  gm 
I - 131 8 . 05 d  . 93 6 0 . 8  8 . 9  X 1 0 - 2 

C s - 134 2 . 1y 9 X 10- 3 . 5 9  5 . 3 X 1 0
- 3 

C s - 13 6  13d 8 . x  x 10
- 3  . 54 1 . 6  X 10 

C s - 137 30y 3 . 4 X 10- 2  2 . 2 2 . 0  X 

( 1 )  

( 2 ) 

S . G .  wat er level = 3 5 8  inches = 6 . 5  x 1 0
7 

c.c 

8 
S .  G .  ful l  at 6 25 . 5 inches = 1 .  1 x 10 cc 

10 

( 3 ) As sumes decay trom 4 - 1 9  ( 2 1  days ) p lus di l u t i o n  
fr.om fil l ing the s t eam generat or . 

- 3  

- 2 

(3) (2:) 
Sys t em  
Inventory 

( Ci )  
9 . 9  

0 . 5 9  

0 . 1 8 

2 . 2  
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3 . 0  S TAND BY R EACTOR COOLANT P R ES S U RE CONTROL SYS TEM 

A .  S v s t em E va l ua t i on 

1 )  De s c r i p t i on 

A s t andby  re a c t o r  coo l a n t  p r e s s u re con t ro l  a n d  ma k e u p  s y s t em h a s  

b e e n  p ropo s e d  b y  t h e  l i ce n s e e . Th i s  s y s t em wou l d s e r ve a s  a b a c ku p  t o  t he 

ev e s  a n d  ma i n t a i n  r e a c t o r  coo l a n t  s y s t em p r e s s u r e  w i t h t h e p r e s s u r i z e r  f i l l e d 

s o l i d  w i t h  wa t e r . P r i ma ry coo l a n t  s y s tem  p re s s u r e  w i l l  b e  ma i n t a i ne d  

eve n w i t h  t he l o s s  o f  p re s s u r i z e r  i n s t r ume n t a t i on a nd i n o pe ra t i ve 

p res s u r i z e r  hea te r s . A l s o ,  t h e  p res s u re con t ro l  s ys t em w i l l  b e  d e s i gned  

t o  p ro v i de a dequa t e  N PSH  t o  t he rea c t o r  coo l a n t  p umps  i f  t he y  a re need e d . 

The s t a n b y  rea c t o r coo l a n t  p r e s s u r e con t r o l  s ys t em w i l l  c o n s i s t s  o f  

pa s s i ve componen t s  (a s e r i e s o f  wa t e r  s t o rage  t a n ks a nd a s u r ge ta n k  

w i t h  n i t r oge n b l a n ke t  f o r  p r e s s u r e c on t r o l ) a nd a ct i ve comp o ne n t s  

(cha r g i n g p umps ) . The s y s t em w i l l  c on t ro l  r ea c t o r  coo l a n t  p re s s u re 

ove r t he r a n ge o f  1 00 p s i g  t o  7 5 0  p s i g .  

The pa s s i ve rea c t o r  coo l a n t  p r e s s u re s y s t em wh i ch wou l d  b e  ope ra t e d  i n i t i a l l y 

w i t h  l oc a l con t ro l . A dd i t i on a l i n s t r umen t a t i on a n d  r emo t e  con t ro l  w iJ l  

be i nc o r p o r a t e d  t o  pe rm i t  automatic operation o f  the sys tem .  The ac tive 

p r es s u re con t ro l  po r t i on wou l d  r e s upp l y  wa te r  t o  t h e  s u rge  t a n ks w i t h  

added  capa b i l i t y o f  p rov i d i n g a d d i t i on a l ma ke u p  wa t e r d i r ec t l y  t o  t he 

RCS  i f  neede d .  



B -29 

- 24 -

2 )  Mod i f i ca t i on s  

The s t a n d b y  reac t o r  coo l a n t  s y s t em p re s s u re con t r o l  a n d  ma keu p  

s ys t em w i l l  i nvo l ve i ns t a l l a t i on o f  two 900 ga l l o n ca pa c i t y wa te r t a n ks 

a n d  o ne s u r ge t a n k  (a l l w i l l  be o f  t he We s t i n g ho u s e  Bo ron  I nj e c t i on Ta n k  

d e s i gn ) , n i t r oge n bo t t l e s ,  two 40 gpm p o s i t i ve d i s p l a ceme n t  p ump s , a 

d e ga s s e d  b o ra t e d  wa t e r s up o l y t a n k , va l ve s , a n d  p i p i n g .  Th i s  s y s t e m w i  l 1 

be con ne c t e d  be tween t he d i � c ha rge  s i de o f  t he h i g h p re s s u r e ma ke u p  s y s t em 

d own s t ream of  va l ve MU - V - 1 44C and  u ps t ream o f  va l ve MU- V 1 6 C .  A l l t he 

compone n t s  w i l l  be p l aced  i n  t he fue l ha n d l i ng b u i l d i n g .  

The a bove mod i f i ca t i on w i l l  e s t a b l i s h a f l owpa t h  o f  ma ke u p  wa t e r a n d  

p re s s u re c on t r o l t h rough  t he no rma l ma keup  1 i ne s  t h a t  con n ec t  w i t h  t he 

rea c t o r  coo l a n t  l oop  c o l d l e gs . Chem i ca l  con t ro l  o f  t he dega s s i f i e d 

bo ra t e d  wa t e r  u sed  i n  t he p res s u r e con t r o l  s y s t em w i l l  be p ro v i d e d  

b y  t he p r e s e n t  chem i ca l  a d d i t i on s y s t em .  Con n e c t i on s  w i l l  b e  p ro v i d e d 

t o  accommoda te  t he a d d i t i o n o f  b o r i c  a c i d ,  H 2 , d em i ne ra l i z e d  wa t e r a nd 

h y d ra z i ne ,  L i O H  a n d  NaOH . The dega s s e d  wa t e r t a n k  w i ) l be  r e p l en i s hed  

v i a  p i p i n g con n ec t i on f r om b o r a t e d  wa t e r t ra n s f e r p ump  and  b o r i c  a c i d  

ba t ch i ng t a n k .  The b o r on concen t ra t i on w i l l  be ma i n ta i n e d  i n  t he ra nge  

o f  2 20 0  to  4000 p pm .  F i g u re 1 dep i c t s  t he p r opos e d p r e s s u r e  c on t r o l  

s y s t em a n d  i n t e r face  c o n n e c t i on s  t o  t he e x i s t i n g s y s t em s . 
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3 )  Eva l ua t i on 

I f  r eq u i r e d , t he pa s s i ve p o rt i on o f  t he s t a n d by p re s s u re con t r o l  

a n d  ma ke u p  s y s t em i s  d e s i g n e d  t o  p ro v i d e p e a k i n i t i a l  5 00 g pm i nj e c t i o n 

ra t e  t o  t he reac t o r  coo l a n t  s y s tem .  The 500 gpm i nj e c t i on r� te  w i l l  

b e  a d e q ua t e  t o  p rov i de p r i ma ry s y s t em ma ke u p  fo r ce r t a i n  t ra n s i en t  

even t s  t ha t  ca n ca u s e  con s i de ra b l e  s h r i n ka g e  i n  t he �CS . Be c a u s e  o f  

t he f i n i t e i nve n t o r y ( 1 300 - 2 0 0 0  ga l ) t h i s i nj e c t i on w i l l  d e c rea s e  a s  

t h e d i s c h a r ge p r ocee d s . A l s o ,  t h e pa s s i v e p o r t i on o f  t h e  s y s t em w i l l  

b e  d e s i g n e d  t o  p rov i de c o n t i n uous  ma keu p  o f  4 g pm f o r  8 hou r s . 

S u f f i c i e n t · ma ke u p  v o l ume r e q u i r eme n t  ca n be me t b y t h e p ropo s ed RCS 

p r e s s u r e con t r o l  s ys t em for  mo d e r a t e s y s t em pe r t u r ba t i on s a nd fo r t h e  

fo l l ow i n g pos t u l a t e d  t r a n s i e n t e v e n t : l os s  of  na t u ra l  c i r c u l a t i on 

coo l i n g d u e  t o  a l o s s o f  a l l s e co n da r y  s i de coo l i n g w i t h r e s t a r t  o f o n e  

s e c o n d a r y  coo l i n g l oop fo l l ow i n g  a h o t  l e g t empe r a t u r e  r i s e of  5 0° F .  

Fo r t h i s  e ven t t he l i ce n s e e  h a s  s hown  a t o t a l  vo l ume c h a n g e  o f  1 90 0  

ga l l on s wh i c h c a n  be  made  u p  b y  t he p r opo s e d  s ys t em .  H oweve r ,  t he 

p re s s u re c o n t r o l s y s t em i s  n o t  d e s i g n e d  f o r ma ke u p  r e q u i r eme n t s  

o f  mo r e  s e ve r e ·  t r a n s i e n t s  s uc h  a s  a s ud den  comp 1 e t e 1 o s s  o f  na t u ra 1 

c i r cu l a t i o n fo r a pe r i od o f  2 hou r s , fo l l owed by  a n  R C  p ump s t a r t .  

P r o c e d u r e s  wh i c h p e r m i t r eac t o r  c oo l a n t  p ump r e s t a r t  f o l l ow i n g l os s  

o f  na t u ra l  c i r c u l a t i on wou l d r e q u i re t h e  a va i l a b i l i t y o f  o t he r ma ke u p  

s y s t ems s uc h  a s  t h e  H P I i n  a dd i t i on t o  t he p r opo s e d  p re s s u r e  c on t r o l  

sys t em .  
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The r e a c t o r  coo l a n t  p re s s u r e  con t r o l a n d  ma ke u p  s y s tem w i l l  n o t p r o v i d e 

l e t down capab i l i t y o f  r e a c t o r  coo l a n t  ca u s e d  b y  ove r p r e s s u r i z a t i on e ven t s . 

Rea c t o r  coo l a n t  f l u i d  e x p a n s i on w i l l  b e  r e l i eved  by one  o r  a c om b i na t i o n 

o f  t he fo l l ow i n g c u r ren t compone n t s  a n d  s y s t em s : ( 1 ) no rma l l e t down 

l i n e  ( t h rough  t he l e t d own  coo l e r s ) ; ( 2 )  ma i n t a i n i ng l e t down w i t h  concu r r e n t  

t e rm io n a t i on o f  ma keup/s ea l i nj e c t i on ;  ( 3 )  c o n t i n u e d  r e a c t o r  coo l a n t  

;> um p  s e a l  re t u r n f hw ;  ( 4 ) o p e n i n g o �  p r e s s u r i z e r  ve n t  '' a l ve ;  a n d  ( 5 ) 
1 i f t i n g o f  t h e  p r e s s u r i z e r  r-e l i e f  va l ve .  

P i p i n g i n t e g r i t y o f  t he r ea c t o r  coo l a n t  p r e s s u r e con t r o l  a n d  ma ke u o  

s y s t em h a s  b e e n  exam i n e d  f o r  pos t u l a t e d  ove r p re s s u r i z a t i o n e v e n t s  s uc h  

a s  i na d ve r t e n t  s t a r t up o f  a n  H P I pump . Th i s  s y s t em '-'J i l l  h a v e  a d e s i g n 

p r e s s u r e o f  1 00 0  ps i g  e xcep t fo r t he s e c t i on f ro� t he H P I  ma ke u p  l i n e  

b a c k  t h r o u g h  t h e  s e cond  i s o l a t i o n c h e c k  va l ve wh i c h w i l l  h a ve a d e s i g n 

p r e s s u r e o F  1 5 0 0  p s i g . Ove r p re s s u r i z a t i on p ro te c t i on o f  t he l a t t e r  

p i p i n g s e c t i on when  t he H P I /ma ke u p  p ump  i s  s t a r t e d  w i l l  be  p r ov i d e d  b y  

i n s t a l l a t i on o �  a r e l i e f va l , ,e  a b o u t  t he H P I /ma k e u p  p ump s e t  a t  1 0 0 0  p s i g  

a n d  a r e l i e f  f l ow ra t e o f  5 2 5 g pm .  Ch�ck  va l ve s  l oca t e d d ow n s t r eam o f  

t he H P I /ma ke u p  p ump s t ha t  a r e i n s i de t he Rea c t o r  Bu i l d i n g w i l l  a l s o p r o v i de 

p r o t e c t i on t o  t h i s s ys t em f r om i na dve r t e n t  ove r p r e s s u r i z a t i on o f  t h e  

R C S  due  t o  a n y  o t he r ca u s e s . Th e  c r i t e r i a  a n d  p roce d u r e s  f o r l e t d ow n  

a n d  ove rp re s s u r� c on t r o l  of  t he RCS w i l l  be  e s t a b l i s he d  p r i o r t o  t he 

ope ra t i on o f  t h i s  s y s t em .  
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The p r o p o s e d  r e a c t o r  c oo l a n t  p re s s u re co n t r o l  a n d  ma ke u p  s y s t em ma y 

n o t  me e t  ma ke u p  d ema n d  f o l l ow i n g a d e p r e s s u r i z a t i o n e ve n t  o f  t h e p r i ma r y 

s y s t em s u c h  a s  i n a d v e r t e n t  o p e n i n g o f  t he p r e s s u r i z e r  P O RV (w i t h  d own s t r e am 

i s o l a t i o n va l ve o p e n ) . I f  n o t  i s o l a t e d  i n  t i me , t he s y s t em w ou l d b e  

d r a i n e d  r e s u l t i n g i n  e n t r a i nme n t  o f  n i t r o g e n  i n t o  t h e r e a c t o r  coo l a n t  

s y s t em .  T o  p re ve n t  s u c h  a n  o c c u r r � n c e  t he s v s t e� w i l l  a u t �rn a t i ca l l v  i s � l a t e 

o n  l ow l e ve l i n  t h e  w a t e r t a n k .  l n . t h e e v e n t  o f  l o s s  o f  o f f s i t e p ow e r 

t h i s  va l ve w i l l  f a i l  i n  t h e 1 1a s  i s ' '  po s i t i on .  S i n c e  t h i s  p o s i t i o n i s  

t h e  p r e f e r r e d  p o s i t i o n f o r  n o rma l o p e r a t i o n a n d  i t  wo u l d  a l s o b e t he 

p r e f e r r e d  p o s i t i o n i n  t h e e ve n t  o f  l o s s  o f  o � f s i t e p owe r .  A l s o ,  a n  a l a rm 

w i l l  be a n n u n c i a t e d  l o c a l l y  a n d  i n  t he c o n t r o l  r oom w h e n t h e  i s o l a t i o n  

va l ve i s  n o t  f u l l y  o pe n .  

We h a ve e x a m i n e d  f o r  s i n g l e fa i l u r e s  t h a t  c a n  d i s a b l e t h e  p r e s s u r e c o n t r o l  

a n d  ma ke u p  s y s t em .  Th e d i s c h a r g e  v a l ve S P C - V 5  i s  a s i n g l e f a i l u r e po i n t , 

h ow� v e r i t  w i l l  b e  a ma n u a l l y  o p e r a t e d  b a l l v a l ve p o s i t i o n e d  t o  a n  o p e n 

p o s i t i o n ,  a n d  t he n  l o c ke d  i n  t ha t  p o s i t i o n .  Fo r s i mp l i c i t y o f  d e s i g n 

a n d  i n s t a l l a t i o n ,  we h a ve n o t  r e q u i r e d  r ed u n d a n t  v a l v e s t o  m e e t s i n g l e  

c r i t e r i o n t o  i n s u r e s y s t em i s o l a t i on c a p a b i l i t y .  A r e d u n d a n t  c h a r g i n g  

p um p  w i l l  b e  a va i l a b l e t o  f i l l  t he wa t e r t a n k s i n  r e s p o n s e  t o  t a n k  

1 e ve 1 r e d u c t i o n .  
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Req u i reme n t s  fo r p reope ra t i on a l f l ow  t e s t  o f  t he RCS  p re s s u re con t r o l  

s y s t em w i l l  b e  de t e rm i ne d  p e n d i ng a rev i ew o f  t he ma r g i n  s ugge s t e d  b y  

a na l y s i s  fo r pea k ma keup  f l ow demand  a n d  wha t t he s y s t em i s  de s i gned 

to  p rov i de .  

�e conc l u de  t ha t  t he p r op o s e d  s ys t em w i l l  ma i n t a i n  rea c t o r  coo l a n t  

p r e s s u r e  c o n t r o l  f o r no rma l wa t e r  s o l i d  c o n d i t i o n s  a nd p r o v i de s u f f i c i e n t  

ma keup  wa t e r  f o r a w i de r a nge o f  e x pe c t e d  t ra n s i en t  even t s  t ha t  wou l d  

ca u s e  s h r i n kage  i n  t he RCS . Eme r g e n cy p roced u re s  w i l l  b e  u e d  f o r  

a d d i t i ona l ma ke u p ca pa b i l i t y t ha t  may be req u i red  to  m i t i ga t e  mo r e · 

s e ve re a n d  l e s s  p r oba b l e  t ra n s i e n t  even t s .  

B .  Mechan i ca l  D e s i gn 

I ) De s c r i p t i o n  

The Reac t o r  Coo l a n t  P re s s u r e  Con t ro l  Sys t em i s  ma deup  o f  severa l 

wa t e r  s u pp l y t a n ks , pos i t i ve d i s p l a ceme n t  p ump s , va l ve s , a nd p i p i n g .  

The a pp l i ca b l e d e s i Qn cod e s  a n d  s t anda r d s  u s e d  f o r t he d e s i gn o f  t h e s e  

componen t s  a r e p rov i ded  i n  t he Ta b l e  1 .  
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Ta b l e 1 

App l i ca b l e D e s i gn Cod e s  o r  S t a nda r d s  

Wa t e r  Supp l y Ta n k  ( Pa s s i ve Sys t em ) 

ASME S e c t i on I l l  CL . 1 - S . S .  

Cha rg i ng Pumps 

ASME  S e c t i on I l l  CL . 2 
P i e i ng  

ANS I 8 3 1 .  I (m i n i mum requ i r emen
_
t ) 

Dega s s i f i e d Wa te r Supe 1 v Ta n k  

ASME S e c t i on V I I I D i v . 

Compone n t  Suppo r t s  

ANS I 83 1 . 1  
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2 )  De s i gn Loa d s  

P re s s u r e ,  pump v i b ra t i on ,  compone n t  a n d  f l u i d  deadwe i gh t , a nd 

ma x i mum a n t i c i pa te d  p re s s u re s u r ge fo rce s  we re  con s i de re d  i n  deve l op i n g 

des i g n l oa d s  f o r  t he RCS  ma ke u p  s y s t em .  The s t a f f  cons i de r s t he s e  t o  

be  a ccep t a b l e  l oa d  c o n s i de r a t i o n s  for t h i s  � � p l i ca t i on .  The s ta f f  ha s n o t  

r e q u i r e d  t h e RCS  p re s s u r e c on t r o l  a nd ma k e u p  s y s t em be e v a l ua t e d  fo r 
s e i sm i c l oa d  capa b i l i t y . 

3 )  O t he r  C o n s i de r a t i on s  

We l de d  cons t r u c t i on w i l l  b e  u s e d  whe reve r pos s i b l e  t o  m i n i m i z e  

t he po te n t i a l  fo r s y s t em l ea ka ge . Compone n t s w i l l  b e  f a b r i ca t e d  f r om 

s t a i n l e s s  s tee l o r  ca r bo n  s t ee l  c l a d w i t h  s t a i n l e s s  s t e e l . 

4 )  Eva l ua t i on Conc l u s i on 

We co n c l ude t ha t  t he l i ce n s ee h a s  s p ec i f i ed c oMpon e n t s  t h a t  w i l 1 

be  de s i g n e d  a n d  fa b r i ca t e d  i n  a cco rdance  w i t h accep t a b l e  i n d u s t ry cod e s  

o r  s t a n d a r d s  a n d  w i l l  t a ke n  i n t o  a ccou n t  t he l oa d s a s s o c i a t ed  w i t h 

s t a r t up ,  t e s t i n g ,  a nd e xpec t e d  s y s t em ope ra t i o n .  

The  u s e  o f  compon e n t s  t ha t  a r e i n  con fo rma n c e  w i t h t he s e  c i r t e r i a  

p rov i de s  a d e q ua t e  a s s u ra n ce t ha t  s t r u c t u ra l i n te g r i ty o f  t he Rea c t o r 

Coo l a n t  P r e s s u r e  Con t r o l  Sy s t em w i l l  be  ma i n t a i n e d . 
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C .  S t r uc t u �a l  De s i gn 

The s ys t em i n c l u d e s  t he f o l l ow i n g ma j o r  e q u i pme n t ·; 

a )  Th ree wa t e r t a n ks , 900 ga l ,  ca pac i ty .  Ea c h  we i gh 2 0  k i _ p s  emp t y  

a n d  2 7 . 5  k i ps when  f u l l o f  wa t e r .  E a c h  t a n k  w i l l  be  s uppo r t e d  

on  f ou r  1 2  i n . b y  1 2  i n . p l a t e s . 

b Bo r a t e d wa t e r  t a n k  we i g h i n g 60 k i p s s u ppo r t e d  o n  f 0 u r 6 i n .  p l a t e s . 

c ) Two - 1 00 H P  p ump s we i gh i ng  5 . 4  k i ps e a c h . 

The e n c l o s e d  F i gu r e 2 ( 2 s hee t s ) s h ow t h e cond i t i o n s  o f  t he o r i g i na l 

s t r u c t u re .  The a rea  i s  l oca t e d  be twee n  co l umn s  A P  a n d A T  i n  s ou t h - no r t h  

d i r e c t i on a n d  co l umn s  A6 5 a n d  A67 i n  e a s t -we s t d i r e c t i �n .  The s l a b 

i s  t h ree  fee t t h i c k a n d  t he re i n f o r c i n g  s t e e l i s  #� a t  9 i n .  t op a n d 

bo t t om i n  no r t h - s ou t h  d i rec t i on a n d  #8 a t  6 i n . top  a n d  bo t t om i n  t he 

ea s t -we s t  d i r e c t i on . The comp r e s s i ve s t r e n g t h  o f  t he c o n c r e t e  i s  

3 000 p s i a n d  t he y i e l d  s t re s s o f  t he r e i n f o r c i n g s t e e l  i s  6 0  k s i .  The 

1 i ce n s e e h a s  a n a l y zed  t h e s l a b f o r t he a d d i t i o n a l l oa d s  r e s u l t i n g f r om 

t he ne,., e q u i pme n t  a n d  co n c l u d e d  t ha t t h e  s t r e s s e s  w i l l  be  w i t h i n  t h e  

a l l owa b l e s  u s i n g gene ra l l y a cce p t ed c ode s . The a n a l y s i s wa s p e r fo rme d 

f o r  t he s t a t i c  cond i t i o n s  on l y .  We conc l u de t h a t  t he 1 i ce n s e e  h a s 

p e r f o rme d h i s a na l y s i s i n  a c c o r d a n ce w i t h  t he me t h o d s  a n d  p r � ced u r e s  

w h i c h a r e s pec i f i e d b y  t he a o p r o p r i a t e c o d e s  a n d  s t a n d a r d s . Th e u s e  

o F t he s e me t h o d s p r o v i d e r e a s o na b l e a s s u ra n c e  t ha t  t h e s t r u c t u r e s  

a � f e c t e d  b y  t h i s mod i f i ca t i o n w i l l  c on t i n ue t o  oe r f o rm t h e i r i n t e n de d  

c u nc t i o n .  
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We ha ve requ i r e d  t ha t  t he des i gn i n c l ude  a u t oma t i c  i s o l a t i on ca pa b i l i t y 

t o  p rec l u de the  a d d i t i on o f  n i t rogen  i n t o  t h e  Rea c t o r  Coo l a n t  S y s t em .  

The 1 i ce n s ee h a s  r e s ponded  b y  p r ov i d i n g a n  a u t oma t i c  c l o s e  s i gn a l t o  

t he .mot o r  ope ra t e d  i s o l a t i on va l ve i n i t i a t e d  b y  l ow l e ve l i n  t h e  t a n k  

nea r e s t t h e  Rea c t o r  Coo l a n t Sys t em .  The i s o l a t i on va l ve w i l l  b e  s i g na l e d 

t o  c l o s e  when  wa t e r i n  t h e t a n k i s  d e o l e t e d  t o  3 00 g a l l on s . Ta n k  p r e s s u r e 

t a p s  w i l l  be u t i l i z e d  fo r l e ve l i n d i ca t i o n .  (O ne  p r e s s u r e  t a p  i n  t h e  

t a n k  a n d  t he o t h e r  i n  t he 6 - i n ch  p i � i n g ups t ream o f  t he t a n k ) . Be cau s e  

o f  t he l oca t i on o f  p r e s s u r e  t a p s  a nd u nce r t a i n t y  o f  l eve l c on t ro l  t o  a c t ua t e 

t he i s o l a t i o n va l ve u nde r t ra n s i en t  c o nd i t i on s  we r eq u i r e f u nc t i ona l t e s t i n g 

o f  t h i s  con t ro l  s y s t em t ha t  wou l d re q u i re t a n k  b l owdown p r i o r t o  i n s t a l l a 

t i on o f  t he p re s s u re co n t ro l  a n d  ma ke up  s y s t em .  I f  t he t e s t r e s u l t s  t u r n  

ou t t o  b e  u n sa t i s fa c t o r y  o the r mean s  o f  p reven t i n g N 2 i n s u r ge i n t o  t h e  

R CS s uc h  a s  a u t oma t i c  i s o l a t i on a n d  ve n t i n g o f  N 2  s u p p l y w i l l  ha ve t o  

b e  c o n s i de r e d . We h a ve f u r t h e r r eq u i red  t h a t  a n  a l a rm be  p r o v i ded  t o  

t he o pe ra t o r  when  t he d i f fe re n t i a l  p re s s u re o f  t he Rea c t o r  C oo l a n t  

S y s t em a n d  t he p r e s s u r e  con t r o l  s y s t em e x cee d s a se t va l ue . The l i ce n s ee 

h a s  comp l i ed a n d  t he a l a rm w i l l  be  a n n u n c i a t e d  wheneve r t he d i f fe r e n t i a l  

p r es s u r e i s  g rea t e r t h a n  50 p s i .  We f i nd t he i n s t r umen t a t i on a n d  con t r o l 

a s pe c t s  o f  t h i s  s ys t em a s  de s c r i be d  a bo ve t o  be  a ccep t a b l e .  
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4 . De cay H e a t  Remova l  Sys t em ( Ex i s t i ng a nd S k i d-Hau n t e d ) 

De ca y  h e a t  remova l ca pab i l i t y w i l l  be  p r ov i ded  f o r t he p l a n t  fo r i t s 

cu r re n t  ope ra t i n g mode s . To a ccomp l i s h t h i s ,  t he f o l l ow i n g wo r k  a n d  

mod i f i ca t i on s  w i l l  be  u n de r t a ke n : 1 )  u p g rade  t h e  l ea k  t i g h t ne s s o f  t h e 

ex i s t i ng decay  hea t remova l s y s t em a s  r e q u i r e d , 2 ) i n s t a l l a n  a d d i t i o n a l 

s k i d  mou n t e d  t ra i n  o f  deca y hea t r emo va l e q u i pne n t , a n d  3 )  c o n s i de r a t i � n 

o f  a ded i ca t e d  l on g  t e rm deca y h e a t r emova l a n d  p r i ma r y  c oo l a n t  c l ea n u p  

s y s t em i n  a pe rma n e n t  s t r u c t u r e . 

A .  Upg rac:l i ng E x is t i n g Decay Hea t  Remova l Sys t em 

P r ov i s i on s  w i l l  be made  f o r c o n d uc t i n g a p reope ra t i on a l t e s t o f  

e a c h  l oop  o f  t he ex i s t i ng DH R s y s t em .  Loca t i on s  o f  s ys t em l ea ka ge w i  1 1 

be i de n t i f i e d u s i n g t e l e v i s i on came ra s  i n s t a l l ed a t  key l oca t i on s . O n c e 

l ea ka ge pa t h s  a re i de n t i f i ed ,  t he y  w i l l  be  co r rec t e d  i f  p o s s i b l e ,  t he r e b y  

p r ov i d i ng a s  l ea k  t i gh t  a s y s t em a s  i s  p ra c t i ca l . Lea kage  c o l l e c t i on 

ca pa b i l i t y w i l l  a l s o  be  added  t o  t h e  s y s t em whe re fe a s i b l e  ( i . e . , 

co l l e c t i on o f  l ea ka ge a r ou n d  va l ve s ) . I n s t r ume n t a t i on t o  de t ec t DH R 

p ump v i b ra t i on w i l l  a l s o be i n s t a l l ed .  The a va i l ab i l i t y o f  t he e x i s t i n g 

decay  he a t  remova l s ys t em w i l l  d epend  on t he f i na l l ea k  t i g h t ne s s  o f  t he 

s ys t em con s i de r i ng t h e  con t am i na t i on l eve l s p re s e n t  i n  t h e  p r i ma ry 

coo l a n t . 
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D .  l n -: t r ume n t a t i o n and  Con t ro l  

., ..,  - ) .:.  -

The f o l l ow i n g i n s t r ume n ta t i on i s  t o  b e  p r ov i ded  fo r t he Rea c t o r  

Coo l a n t  P r e s s u r e C on t ro l  S y s t em :  

1 .  S y s t em \·la t e r P r e s s u re 

2 .  Wa t e r  Leve l i n  ea ch t a n k  

3 .  N i t r ogen  P re s s u r e  

4 . Ma ke - u p  F l 0\'i 

5 . Ma ke - u p  Pump D i s c ha r ge P r e s s u r e  

6 .  Bo ra t e d  Wa t e r S t o raqe Ta n k  Le ve l 

7 . Bo r a t e d  Wa t e r  S u pp l y Tempe r a t u r e 

Re d u n d a n cy i s  p r ov i de d fo r :  Wa t e r  l eve l ( i n  e a c h  t a n k ) a n d  s y s t em wa t e r  

f l ow .  N i t roge n p re s s u re i s  s e n s ed a t  t he cy l i nd e r s  a n d  j u s t  down s t r e am 

o f  t he  N2 p re s s u r e r eg u l a t o r s . 

The de s i gn o f  t he s y s t em i s  no t p re d i ca t e d  o n  t he a va i l a b i l i t y o f 

t he p re s s u r i z e r  i n s t r umen t a t i on a n d  con t ro l s .  The r a nge s o f  

i n s t r ume n ta t i on ha ve n o t  be e n  p rov i de d . 

The con t ro l  a s pe c t s  o f  t h i s  s ys t em a re a s  f o l l ows : The f i r s t ma ke - u p  

p ump w i l l  b e  cu t i n  b y  a 1 1 Low' ' l e ve l s i g na l  f r om t he n i t r oge n  p r e s s u r i z e d  

s u r ge t an k ;  t he s ec o n d  pump w i  1 1  be  c u t  i n  b y  a ' ' Low - L ow' '  l e ve l s i gna l ; 

a n d  b o t h  pumps w i l l  b e  c u t  ou t b y  a 1 1 H i g h 1 1 l eve l s i gn a l . The con t r o l s 

fo r t he hea t e r s h a ve no t b e e n  de s c r i be d . 
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B .  De s i qn  o f  New S k i d  Mou n t ed Decay Hea t Remova l S v s t em 

A t h i r d  t r a i n  f o r  de cay h e a t remova l w i l l  be  p r o v i d e d . Th i s w i l l  

i nvo l ve a t i e  i n t o  t he ex i s t i n g decay hea t remova l s y s t em d r o p  l i n e  

d own s t ream o f  va l ve D H - V - 3  l oc a t ed i n t h e  f u e l h a n d l i n g b u i l d i n g a n d 

t i e s i � t o t he two r e t u r n  l i n e s  t o  t h e  c o l d  l e g r  a l s o l o c a t e d i n  t h e  f u e l 

h a n d !  i n g b u i l d i n g { S e e  F i g u r e 1 ) .  � ew 1 i n e s w i l l  b e  r u n  t h r �u g h t h e  

p e n e t r a t i o n r o om t o a n  o pe n i n g c u t  i n  t he f u e l h a n d l i n g b u i ! d i n g w a l l  

a n d  o u t  t o  a s k i d  l oca t e d o u t s _i de t he bu i l d i n g a t g r a d e  e l e va t i o n ( 3 04 •  .. 6 ' ' ) . 
Th i s  s k i d  w i l l  c o n t a i n  a n ew d e c a y  h e a t  r emova l h e a t exc h a n ge r a n d  two 

f ul l c a pa c i t y pump s . The d i s ch a r g e l i n e  fo r t h e h e a t e x c h a n ge r w i l 1 

r e t u r n t h r ou g h t he o p e n i n g i n  t he f u e l h a n d l i n g b u i l d i n g t o  t h e  r e t u r n  

l i n e t i e - i n s . The t i e i n t o  t he d e c a y  h ea t r em o v a l d r o p  1 i ne w i l l  b e  

m a d e  b y  we l d i n g a n  R i n c h we l d o l e t  to  t he p i pe w i t h a f u l l p e n e t r a t i o n  

we l d , d y e  p e n e t r a t i o n t e s t i n g t he we l d ,  t h e n  c u t t i n g t he h o l e  i n  t h e  

p i p e u s i n g a p l a s ma a r c  c u t t i n g p r o c e s s  t o  m i n i m i z e d e b r i s  a n c  f i n a l l y  

w e l d i n g t h e  n ew p i pe t o  t h e  w e l d o l e t .  A s i m i l a r  p r oc e d u r e  w ou l d be  u s e d  

f o r t he t i e - i n s t o  t he b�o r e t u r n l i n e s . Th i s  p r oced u r e s h o u l d  m i n i m i z e 

t h e  t i me t ha t  t he de c a y h e a t remova l s y s t P.m w i l l  b e  o u t o f  o pe r a t i o n . 

A l l va l v e s w i l l  b e  e l e c t r i c m o t o r  ope r a t e d  a n d w i l l  have  two s ea l s w i t h 

p r o v i s i on �  f o r c o l l ec t i n g l e a ka g e a n d  d i r e c t i n g  i t  t o  t he e x i s t i n g r a d 

wa s t e  s y s t em .  A d d i t i o na l c o n n e c t i o n s  w i l l  b e p r o v i d e d  i n  t h e n ew p i p i n g 

o u t s i d e t h e f u e l h a n d l i n g b u i l d i n g f o r  f u t u re  u � e  i n  t h e  i n s t a l l a t i o n o &  

a d e d i c a t e d , l o n g  1 i f e ,  h a r d e n e d s t r u c t � r e w h i c h w i l l  c o n t a i n h e a t 
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ex cha n ge r s , pump s , dem i n e ra l i z e r s a n d  f i l t e r s  f o r  l on g  t e rm d e c a y  hea t 

r emova l a nd c l e a n u p o f  p r i ma r y coo l a n t  wa t e r .  

Th e  s e co n d a r y s i de of  t h e  new deca v hea t remova l hea t excha n ge r w i l l  

be  coo l ed b y  a n ew s e pa ra te  decay  h e a t c l o s e d  coo l i n g wa t e r  s y s t em w i t h  

i t s  ow n p u m p , p i p i n g a n d  •;a l ve s . ( S e e  F i qu re  2 ) . Th i s  s y s t em i n  t u r n 

w i l l  be  coo l e d b y  wa t e r � rom t he n uc l ea r  s e r v i ce s  r i v e r  w a t e r  s y s t em .  

New con n e c t i o n s w i l l  b e  ma de  t o  t h i s  s y s t em . · 

The d e s i g n  o f  t h i s n ew decay  hea t r emova l s y s t em w i l l  be  c ompa t i b l e 

w i t h  t h e cu r re n t  p r i ma ry s y s t em d e c a y  h ea t  l eve l s and  ope ra t i ng 

.. pa r ame t e r s . I t  w i l l  r e q u i re t h a t t he p re s s u r i z e r l e v e l be  ma i n t a i n e d 

ha l f  f u l l a t  a l l t i me s t o  i n s u re a d eq ua t e  N P S H  t o  t he D H R pump s . 

A l t e r n a t i ve l y ,  t he backu p  ma keup  a n d  p re s s u re con t r o l  s y s t em cou l d  

S 3 r ve t o  s a t i s f y t h i s  r e q u i r eme n t .  The n ew s k i d mou n t e d  D H R s y s t em a n d  

c l o s e d  c o o l i n g s y s t em i s  comp l e t e l y s � pa ra t e  a n d  i n de oe n t  f r om t h e  

e x i s t i n g D H R b u t  i s  no t de s i gn ed a ga i n s t  s i n g l e  a c t i ve f a i l u re .  H owe v e r ,  

t he e x i s t i ng D H R  s y s tem wou l d be a va i l a b l e  i n  t h i s  e ve n t . 

The p l a n i s  t o  ha ve t h e  s k i d  a va i l a b l e bu t no t ma ke t he con ne c t i o n t o  

t he l i ne s  p e n e t ra t i ng t h e  fue l ha n d ! i ng bu i l d i n g wa l l  a t  t h i s  t i me . 

I n  t h e e ve n t t h i s  s y t em wo u l d be r e q u i r e d  f o r  i mme d i a t e  s e r v i ce ,  t h e  

s k i d  a n d  p i p i n g wou l d be  s h i e l de d t o  p ro v i de a l l r ea s on ab l y  a c h i e va b l e 

r a d i a t i on p r o t e c t i on .  
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The s t a f f ha s rev i ewed t h e  expe c t e d  s y s t em pe r f o rma n ce o f  t h i s s y s t e m  

a nd conc l udes t ha t  i t s hea t  remova l capac i ty i s  s u f f i c i en t  fo r de ca y 

hea t remova l f r om t he TM I -2 rea c t o r .  

Mecha n i ca l  De s i gn Cons i de ra t i ons 

Th e  s k i d  moun ted decay hea t r emova l s y s t em con s i s t s o f  componen t s s uc h  

a s  hea t e x change rs , pumps , t a n ks , va J •,e s a n d  p i p i n g .  The a p p l i ca b l e 

d e s i g n code s and s t a n da r d s  us ed f o r  t h e  d e s i g n o f  t he s � compone n t s  a r e 

p r ov i de d  i n  t he tab l e  be l ow . 

Pump a nd Hea t E x change r 

ASME S e c t i o n  1 ' 1  C 1 . 2  

Va t ve s 

A S M E  S e c t i on I l l  C l . t  

P i p i n g 

Ta b 1 e 1 

APPLl CABLE  D E S I GN C O D E S  OR  S TA N DA R D S  

M i x t u r e o f  Type 3 04 a n d 3 1 6 t o• •  S c h .  40 S t a i n l e s s  S t ee l  s e c t i o n s . 

AS TM  Ma t e r i a l  Ce r t i f i ca t r on 

A l l we l d s fu l l y  rad i og raphed  excep t fo r we l d - o- l e t c o n n e c t i o n s  t o  

e x i s t i n g D H R p i p i ng .  



B -48 

- 3 8 -

D e s i gn C r i t e r i a  

Loa d s  Con s i de r e d  - No rma l ope ra t i ng cond i t i on s ,  - t o  i nc l u d e  ope ra t i n g 

p re s s u re ,  d e a d  w� i g h t , p ump  v i b ra t i on ,  t h e rma l 

e x pa n s i on ,  a n d  max i mum a n t i c i pa t ed  p re s s u re s u r ge s . 

N o rma l s t r e s s  1 i m i t s  w i l l  be m e t  fo r a l l p i p i ng a n d  compon e n t s  i nc l ud i n g 

l oa d s  f r om O B E . 

De s i gn S t re s s  L i m i t s  Us e d : 

P umps , Va l ve s , Hea t Exchan ge r s  - a s  s pec i f i ed i n  ASM E , S e c t i on I I I f o r  

a p p l i ca b l e Code C l a s s . 

P i p i ng - S t re s s 1 i m i t s  pe r A N S I B- 3 1 . 7 . 

D e s i gn I n fo rma t i on :  Soe c i f i c  f o r Sys t em T i e - i n  t :>  E x i s t i ng DH R P i p i ng ,  
We l d - o- l e t Con nec t i on 

Re i n fo r ceme n t  a rea  o f  f i t t i n g p r ov i de s  a 240 pe r ce n t  ma r g i n  ove r t he 

a rea  o f  t he e x i � t i ng DH R p i p i ng i t  r ep l ace� . 

P i pe s uppo r t s  w i l l  be a r r a n ged  s o  ma x i mum s t res s l eve l s a t  t h e  we l d -

o- l e t t o  DH R p i pe  i n t e ra c t i on w i l l  be  he l d  t o  a b o u t  one  t h i r d o f  t he 

B- 3 1 . 7 a l  t owa b l e  s t re s s  1 i m i  t f o r n o rma l l oa d s . 

We l d - o- l e t t o  D H R  ex i s t i n g p i pe  w� l d s w i l l  b e  ma de u s i ng a q ua l i f i ed 

p r ocedu r e  a n d  by  we l de r s qua l i f i e d  on  we l d - o- l e t t o  p i pe c o n n e c t i on 

mockup s .  
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Beca u s e  o f  t i me con s t ra i n t s , t he we l d - o - l e t t o  p i pe we l d s w i l l  n o t  

be  r ad i og r a p h e d ; h ow e ve r ,  t he r o o t  o f  t he we l d  w i l l  b e  g r o u n d  a n d  dye  

pene t r a t e  i n s p e c t e d  and  t he f i na l  s u r fa ce w i l l  b e  d ye p e n e t ra n t  i n s p e c t e d . 

Add } t i ona l l y , t he d e s i gn i s  be i n g q ua l i f i e d by  h yd r os t a t i c  p re s s u r e t e s t s  

a n d  bend i n g mome n t  tes t s  wh i c h a pp l y  l oa d s  u n t i l  t he s i mu l a t ed e x i s t i n g 

D H R p i p e e x c e e d s  i t s  y i e l d s t r e n g t h .  

A l l we l d s a n d  t h e  c u t  i n t o  t he ex i s t i ng DH R p i pe w i l l  b e  p e r fo rmed 

us i n g t he p l a sma a r c me t h o d . The p l a sma a r c wa s c h o s e n  f o r t he com-

b i na t i on of sma l l h ea t - a f fe c t e d  z one  a n d  m i n i mum r e s u l t i n g s l a g wh i c h 

can  be c l e a n e d  u p  w i t h  r e l a t i ve ea s e . 

M i s ee  1 1  a neous  

Va l ves - L i ne va l ves  a nd re i i e f va l ve s  w i l l  h a ve l ea ka ge o r  d i s ch a r ge 

f l u i d  p i pe d  t o  a d ra i n  t a n k  i n  t he a ux i l i a r y b u i l d i ng .  

Decay Hea t C l o s e d  Coo l i n g Wa t e r S y s t em Compo n e n t s  

ASME  S e c t i o n I l l  C L . 3  

Fo r  a l l compone n t s  

Ma t e r i a l s :  C . S .  p i p i n g 
S . S .  Pump , Va l ve s , Hea t Excha n ge r  

A l l con ne c t i o n s  we l de d  e x ce p t fo r p i p i n g t o  comp one n t  i n t e r fa ce s  II'Jh i c h 

w i l l  be f l a n g e d . 
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E v a l ua t i on Con c l us i o n : 

We have conc l u ded  t � t t he L i c e n � e e h a s s p e c i f i e d compon e n t s  d e s i g n e d  

a n d  fa b r i ca t e d  i n  a cco r da nce w i t h  a c c ep t a b l e i n d u s t r y co d e s  o r  

s t a n da r d s  a nd w i l l  t a ke i n t o  a ccoun t t he l oa d s  a s s oc i a t e d , w i t h  

s t a r t u p t e s t i ng , a n d  planned sys tem operation . 

The u 5 e  o f  c om p o n e n t s  t ha t  a r e i n  c o n f o rma n c e  �� i t h  t h e s e  c r i t e r i a  

p r o v i de s a d e q ua t e  a s s u r a n c e t h a t  s t r u c t u r a l  integrity o f  the Decay 

Hea t Remova l Sy s t em w i l l  be  ma i n t a i ne d . 

S t r uc t u ra l  

Fue l Ha n d l i ng Bu i l d i ng Wa l l  P e ne t ra t i on (Aux . B l d g } 
I n  o r d e r t o  p rov i de t h e  s k i d mou n t e d  decay  hea t r emov a l s y s t em a 

pe n e t ra t i o n wou l d  have t o  be mad e  t h r o u g h  t he we s t  wa l l  o f  t he Fue l 

H a nd l i ng B l d g . , be tween  c o l umn 1 i ne s A C  a n d  A F  a n d a c r os s  co l umn l i ne 

A6 � . a t  e l eva t i on 297 ' -0 1 1 ( See  B& R D r aw i n g 2 07 5 ) . Th i s  i s  a p p r o x i ma t e l y  

s e ve n  fee t be l ow g rade . E xcava t i on ou t s i de o f  t he s t r u c t u r e  w i l l  be 

done b y  p i c k a n d  s hove l to m i n i m i z e  a pos s i b i l i t y of dama 9 i n g a n y  

p i p i n g o r  e l e c t r i ca l  c o n d u i t .  The ou t s i de wa l l  a t  t ha t  l o ca t i on i s  

r e i n f o r c e d  c o n c r e t e , 5 1 01 1  t h i c k .  The comp re s s i ve s t r e n g t h o f  conc re t e  

i n  t h i s wa l l  i s  5000 p s i g . 
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The o p e n i n g i s  t o  be ma d e  2 1 "  w i d e S t l "  h i gh o n  the ou t s i d e t a pe r i n g 

t o  4 ' - 1 "  a t  t he i n s i de f a c e . O ne re i nfo rc i ng ba r ,  - # 1 8 i s  t o  b e  c u t  a t  

e a c h  f a c e . F i gu r e  3 s h ows t h e  f r o n t  v i ew a nd t he c ro s s - s e c t i o n a t t he 

o p e n i n g .  

P r o c e d u
-
r e  

A t  t h e t i me o f  w r i � i n g o f  t h i s r e po r t  v a r i o u s  me t ho d s o f  p e ne t ra t i on a r e  

b e i n g s t u d i ed . O n e  po s s i b i l i t y i s  u s i n g t h e  oxygen  l a n c e p r o c e s s .  A 

t r i a l  pen e t r a t i o n i s  c u r r e n t l y  b e i n g pe r fo rme d b y  t h i s  m e t h o d . D r i l l i n g 

t h r o u g h  t he we l l  i s  a l s o c o n s i de r e d . Th e  f i n a l  me t h o d  o f  t h e  wa l l  

pene t r a t i on w i l l  b e  de s c r i be d u p o n  p e n d i ng r e s u l t s o f  t he t e s t a n d  c o n 

s u l t a t i o n w i t h  t he o t he r e x pe r t s  i n  t he f i e l d  o f  c o n s t r u c t i o n ma t e r i a l s .  

I n s t r ume n t a t i on f o r New De cay H e a t  Remo va l Sys t em 

The f o l l ow i ng i de n t i f i e s t he i n s t r ume n t a t i o n t o  be. p r o v i d e d  f o r t he 

t h i r d DHR  S y s t em t ra i n . A t ra i l e r  w i l l  b e  u s e d  t o  p r o v i d e  r e mo t e  

c on t r o l  r oom ope r a t i o n .  

The f o l l ow i n g i n s t r ume n t a t i on w i l l  b e  p �o v i de d : 

1 .  DHR  p ump s u c t i on p re s s u r e  

2 .  DHR p ump s u c t i on t empe r a t u r e  ( DH R  coo 1 e r  i n l e t  t empe r a t u r e ) 
3 . D H R Coo l e r  i n l e t p r e s s u r e  

4 .  DH R Co o l e r  d i s c ha r ge p r e s s u r e 

5 . D H R C oo l e r  d i s ch a r g e  t emp e r a t u r e 

6 . D H R  f l ow r a t e  
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Re d u n da n t  me a s u r eme n t s  a n d  d i s p l a y  a r e p r o v i d e d  f o r e a c h  p a r a me t e r  

a n d s e p a r a t e d  t o  be c o n s i s t e n t  w i t h  t he A o r B p um p  t r a i n . I n d e p e n d e n t  

p��e r s u p p l i e s a r e p ro v i d e d  f o r e a c h  t r a i n  o f  i n s t r ume n t a t i on .  N o  

a u t oma t i c  c on t r o l o r  i n t e r l o c k  f ea t u r e s  a r e p r o v i d e d . 

To t h e  e x t e n t  p r a c t i ca l , t h e  n u c l e a r i n s t r um e n t a t i on w h i c h i s  s a fe t y  

r e l a t e d h a s b e e n  p u r c h a s e d t o  C l a s s  i E  r e q u i r eme n t s .  The i n s t r ume n t a t i o n 

s e l e c t e d  w a s ba s e d  o n , t o  t he e x t e n � a va i l a b l e ,  t h e  s ame ma nu fa c t u r e r ,  

�od e l , a n d  p r i n c i p l e  a s  t he i n s t r ume n t s  u s e d  i n  . t he e x i s t i n g D H R  s y s t em .  

The s t a f f  co n c l u d e s  t ha t  t h e i n s t r ume n t a t i o n a n d  c on t r o l s t o  be 

p r o v i d e d  f o r  t h e s k i d  mo u n t e d  d e c a y  h e a t  s y s t em a r e a p p r o p r i a t e  f o r  

t h e i r i n t e n d e d  f u n c t i on .  
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5 .  E l ec t r i ca l Powe r Sys t em M�d i f i ca t i on s  

A .  Gene ra l D e s c r i p t i o n 

The l i ce n s e e ha s i de n t i f i e d a n umbe r o f  mod i f i ca t i on s  t o  t he Un i t  2 

powe r s y s t em i n  o r de r t o  accommod a t e  a l os s  o f  o f fs i t e powe r .  Ba c kup 

powe r to  t he two e'< i s t i n g  safe t y  re l a t e d l oa d  g r ou p s  ( d e s i g n a t e d Re d 

a n d  G r e e n ) i s  s u pp l i e d b y  t he two e x i s t i n g C l a s s I E  d i e s e l gene ra t o r s . 

No  l oa d i ng c ha n ge s have bee n p r � p os ed f o r t �e s e  bu s s e s  a n d  t he s t a f f  

po s i t i on i s t ha t  a l l n ew l oa d s  b e  p owe r e d  f r om o t h e r bus s e s  l eav i ng t he 

o r i g i na l C l a s s  I E  s ys t em i n t a c t . The s t a f f  ha s fu r t h e r s t i pu l a t ed t ha t  

t he 1 oa d i n g  o f  t he s e  C l as s I E  b u s s e s  b e  o n  a "ma n ua 1 o n  1 y "  ba s i s due t o  

t he t i me a va i l a b l e f o r ope r a t o r  a c t i on fo l l ow i n g any  pe r t e rba t i on a n d  

t he comp l ex na t u r e  o f  t r y i ng  t o  coo r d i na t e  wh i c h l oa d s a re n e e d e d  a n d  

w h i c h wou l d  b e  d e t r i me n ta l i f  a c t ua t e d  fo r each  p o t e n t i a l p l an t  mode 

o f coo l i ng .  App roved  w r i t t e n  eme r g e n c y  p roced u r e s  a r e req u i �ed  t o  

c o ve r t he a b ove c o n t i n g e n c i e s .  �Je f i nd t h e  a bo ve de s c r i be d  mod i f i ca t i on s  

t o t he ex i s t i ng C l a s s  I E  s y s t em t o  b e a c cep t a b l e .  

Fo r a l � e l ec t r i ca l  l oa d s  t ha t  p r e v i ou s l y  d i d  n o t  req u i r e l os s - of

o F fs i t e powe r ba ck-up  p ro t ec t i on and  a l l new l y a d d e d  l oa d s  wh i c h 

now req u i re  t h i s  p r o t e c t i on ,  t he l i ce n s ee i s  i n s t a l l i n g two n ew 

d i e s e l ge ne ra t o r s .  The s e  d i e s e l gene ra t o rs w i l l  be a s s i g n e d t o  b u s s e s  

2 - 3  ( b r ea k e r pos i t i on 3 • 3 ) a n d  2 -4 ( b r e a ke r p o s i t i o n 4- 1 3 ) . 
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Th e s e  l oa d  g roups  a re n ow des i gna t e d  "G ra y" a n d  "\·/h i t e "  r e s pe c t i ve l y . 

The r e  d i e s e l s a r e s e l f - co n t a i ne d  s k i d -mo u n t e d  o u t d oo r un i t s r a t ed 

n om i n a l l y  a t  2 5 00 k.,, e a c h . The c on ve n t i o n f o r b u s  a s s i g nme n t h a s  be e n 

od d  n umbe r s f o r  t h e  A l oop  a n d  e ve n  n umbe rs fo r t he B l oop  a nd t h i s  h a s  

b e e n  r e t a i n e d  f o r t he M od i F i c a t i o n s . W e  h a ve r e q u i re d  t ha t  t he n ew l oa d  

g r o u p s  b e  �a i n t a i n e d  i n d e c e n d e n t  a n d t h a t  n o  i n t e r l o c k s  s h a l l b� 

i n c o r p o r a t e d  i n t o  t h e p o\v e r s v s t en d e s i g n t h a t  c o u p l e s t h� l oa d  g r o u p s  

i n a n y rn a  n n e  r . 

Ea c h  n e1t1 d i e s e l  �oJ i l l h a ve i t s own sw i t ch gea r, c o n t r o l  ba t t e r y ,  a n d  fue l 

t a n k  i n s t a l l e d a dj a ce n t  t o  i t .  The s w i t c h gea r  w i l l  be  c on n e c t e d  ( v i a  

u n d e r g r o u n d  ca b l i n g )  t o  b a s s e s  2 - 3  a n d  2 - 4  ( g r a y a n d  w h i t e r e s p e c t i v e l y ) 
t h r o u g h  t he ex i s t i ng c i r c u i t b r e a ke r s  ( p r ev i ou s l y  y s e d  f o r  c o n d e n s a t e  

b o o s t e r  o um p s Co - p - 2A a n d Co - p - 2 8 )  , .J i t h mo d i f i e d r e l a y i n g  t o  a c commo da t e  

t h e  o o•.ve r s ou r c e s . L o s s o f  o f � s i t e p mve r w i l l b e  d e t e c t e d b y  n ew 

u n d e r v o l t a g e s c heme s  wh i c h w i l l  a u t oma t i c a l l y  s t a r t t he d i e s e l s . Th e 

b r ea ke r s  a t  b u s s e s 2 - 3  a n d  2 -4 w i l l  b e  n o rma l l y  c l o s e d  a n d t h e n ew d i e s e l  

g e n e r a t o r c i r c u i t  b r e a ke r s  w i l l  b e  a u t oma t i ca l l y  c l o s e d  w h e n  t he u n i t s 

h a v e  a t t a i n e d  r a t e d  s p e e d  a n d  v o l t a ge . M o t o r l oa d s  a r e a u t oma t i ca l l y  

t r i p pe d u p o n  l o s s o f  powe r a s pa r t .  o f  t he e x i s t i n g  d e s i g n .  The s t a f f  

r e q u i r e s  t h a t  t h e s e b u s s e s  be ma n ua l l y  l oa d e d  b y  a p p r o ve d w r i t t e n  p r oce d u r e .  

Th e s 3 a c t i o n s  c a n  be p e r f o rme d f ro� t h e c o n t r � 1  r oom . T h e  b a s i s  f o r 

t h i s  r e q u i r e� e n t i s  t h e t i m e  a va i l a b l e  f o r o p � r a t � r  a c t i o n a n d  t h e 

d i F f e r e n t  l oa d s  r e q u i r e d  � o r t h e va r i o u s  p o t e n t i a l  p l a n t  c o n � i t i on s . 

T h e  1 i c e n s e e ' s d e s i g n i s  i n  c o n F o r�a n c e  w i t h  t h i s  r e q � i r em e n t  a n d  i s  

a c c e p t a b l e .  
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Bu s s e s  2 - 3  a n d 2 -4 ha ve e x i s t i n g b u s  t ra n s fe r  s cheme s t ha t a l l o•"' con 

t i n u i t y o f  powe r s up p l y ,  s ho u l d one  o f  t he two o f f s i t e p owe r c i r c u i t s 

t h r ou g h  t h e  a ux i l i a r y t ra n s fo rme r s  be  l o s t , b y  fa s t - t r a n s fe r t o  t h e  o t h e r 

t ra n s fo rme r .  Th i s  s c heme i s  t o  be l e f t  i n t a c t  a n d  t h e n ew u n d e rvo l t a ge  

de t ec t i on s c heme s w i l l  h ave a 1 0  s e c o n d  de l a y to  a c commoda t e t he f a s t 

t ra n s fe r i f  o n e  c i r c u i t r ema i n s a va i l a b l e . We f i n d t h e a b o v e  

mod i f i ca t i on s  t o  be a c c e p t a b l e . 

We w i l l  r e q u i r e t ha t  t e s t i n g req u i r eme n t  o f  t he G r a y  a n d Wh i t e d i e s e l 

gene ra t o r s  a n d  t he i r a s s oc i a t e d  D . C . con t ro l  powe r s ur p l i e s ( b a t t e r i e s ) 
be c ompa ra b l e  t o  t ho s e  t ha t  n ow a p p l y t o  t he C l a s s  I E  d i e s e l ge ne ra t � r s  

a n d  ba t t e r i e s .  

B .  S t eam Ge n e ra t o r  A a n d  B S ho r t  Te rm So l i d  Wa te r Ope ra t i on 

Th e 900 ho r s epowe r co n de n s a t e  pumps  a re t he s i n g l e l a r ge s t l oa d s  

t ha t  w i l l  r e ce i ve d i e s e l g ene r a t o r  ba c k - u p  powe r s o u r ce p r � t e c t i o n . 

Th � c i r c u l a t i n g wa t e r p um p s r a t e d  a t  2 2 5 0  h o r s e p owe r  e a c h  ha •te p l a c e d  

a n  a dd i t i o na l re s t ra i n t on t he p owe r s y s t em .  Th i s  s i ze l oa d  i s  t oo 

l a r ge fo r a n y  o F  t he fou r  d i es e l ge ne ra t o r s  now o n  s i t e  ( r e d , g r e e n
'
, g r a y  

a n d  wh 1 t e ) . The l i ce n s e e  h a s  p ropos e d  t o  p r ov i de a 1 3 . 2  kv  1 i ne f r om 

t he M i d d l e t ow n S u b s t a t i on t o  a ccommoda t e  t h e  mo t o r  s ta r t i n g  r eq u i reme n t s  

o f  t h e s e l a r ge l oa d s . Th i s  l i n e  w i l l  h a v e  t h e  ca pa c i t y  t o  s t a r t  a 

s e co n d  c i r cu l a t i n g wa t e r  p umo wh i l e s u pp l y i n g p ow e r t :1  t h e  f i r s t .  Coo l i n g 

s y s t em r eq u i reme n t s  a re f u l f i l l e d by  one  p um p  ope r a t i on .  
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The n ew 1 3 . 2  k v  o f f s i t e t ra n sm i s s i on l i ne  w i l l  o r i g i n a t e a t  t he 

M i d d l e t ow n  J u n c t i o n S ub s t a t i on .  Th i s  s u b s t a t i � n h a s  a 2 3 0  k v  a n d  a 

1 1 5 kv b u s  t i e d t oge t h e r  by  fou r a u t o- t ra n s fo rm e r s .  Th i s  mod i f i ca t i on 

u t i l i z e s  a u t o - t ra n s fo rme r n o . 2 a n d  c o n n e c t s  t o  t h e  1 3 . 2  k v  t e r t i a r y  

w i n d i n g ra t e d  a t  2 5  MYA . Th e g r o u p  o p e r a t e d a i r b r e a k  sw i t c h e s  o n  t he 

2 3 0  kv s i d e  w i l l  b e o o e n e d  t o  i s o l a t e  t h e  t r a n s & e r  f r om a d i r e c t  

c o n n e c t i o n t o  t h e 2 3 0  k v  s y s t em .  Th e r e i s  a s p a r e 2 ] 0  k v  1 i n e t h a t  

t e rm i n a t e s o n  t h e t owe r a t  t he e n t r-a n c e t o  t he M i d d l e t own sw i t c h ya r d 

on o n e  e n d  a n d  t e r m i na t e s  o n  t h e  t owe r a t  t he e n t r a n ce t o  t h e  Th r e e  M i l e  

I s l a n d  Sw i t c h ya r d o n  t he o the r �oo. +h-i s l - ine s ha -res a dou b le -ci r cu i t  

1 i n e o f  t ra n sm i s s i on t owe r s w i t h a n  e x i s t i n g 2 3 0 kv 1 i n e t o  t he p l a n t . 

A t  t he M i d d l e t own  J u n c t i o n S u b s t a t i o n , a s ho r t  1 i n e s e c t i o n f r om t he 

e x i s t i n g c a p a c i t o r b r e a ke r o n  t h e 1 3 . 2 kv t e r t i a r y o f  t h e n o .  2 t r a n s f o rme r 

b a c k  t o  t h e s pa r e  2 3 0  k v  c o n d u c t o r s � u s t  b e  c o n s t r u c t e d .  Th e c a p a c i t o r  

ba n k  w i l l  b e  d i s c o n n e c t e d . The n e ce s s a r y a d d i t i o n a l re l a y i n g w i l l  

b e  p r o v i de d  f o r  t h i s  c a p a c i t o r  b r e a ke r t o  p r o t e c t  t h i s  n ew f e e d . 

A t  t he Th r e e  M i l e  I s l a n d  S u b s t a t i o n , a 1 3 . 2  kv u n d e r g ro u n d ca b l e 

s u p p l y f r om t he s p a r e  2 3 0  kv c on d u c t o r s  w i l l  be r u n  a r o u n d  t h e 

s o u t h e r n  s i de o f  t h e  n a t u r a l  d ra f t  c oo l i n g t ow e r .  Th i s  u n d e r g r o u n d  

p o r t i o n o f  t he ca b • e r u n  p r o t e c t s  t h e 1 i n e f r om a n y  o f  t h e  o t h e r 

i n c om i n g l i n e s  fa l l i n g o n i t . O n c e  a r ou n d  t h e c oo l i n g t owe r , t h e 1 i n e 
goe s o v e r he a d  f o r o ne s pa n  a n d t e rm i n a t e s o n  a 1 8  MVA 1 3 . 2 /4 . 1 6  k v  t r a n s 

f o r m e r .  A s pa r e 1 0  MVA t r a n s f o rme r w i l l  a l s o b e  i n  � l a c e  w i t h ma n ua l sw i t c h i n g 
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ca pa b i l i t y f o r e ne r g i z a t i o n s ho u l d t he f i r s t  o n e  Fa i l .  The s e  t r a n s 

� o rme r s a r e l oc a t ed  a dj a cen t t o  t h e  c i r c u l a t i n g wa t e r  p ump h ou s e a n d  t h e 

e l e c t r i ca l sw i t ch ge a r ba y .  The 4 kv p o r t i o n o f  t he 1 i n e t i e s  i n t o  b re a ke r  

c u b i c l e  5 -4 o n  b u s  2 - 5  l o ca t e d w i t h i n  t h e  sw i t c h g e a r b a y .  Th i s b r ea ke r 

wa s o r i g i n a l l y u s e d  t o  s u p p l y p owe r t o  c i r c u l a t i n g wa t e r  p ump C\.f - P - l E .  

Th i s b r e a k e r  �<� i l l  h a v e  n od i f i e d r e l a v i n g t o  a c c :'lMmo d a t e  t h e  n ew P Ow e r 

s o u r c e .  We h a v e  r e q u i r e d  t h i s  a l t e r na t e p ov1{! r s o u r c e s c h e me t o  be 

' ; ma n ua l - on l y1 1  b y  a p p r o ve d w r i t t e n  p r o c e d u r e . The b u s  mu s t  be c l e a r e d  

o f  a l l c n n ne c t i o n s f o l l ow i n g l o s s  o f  o f f s i t e p owe r p r i o r t o  r eene r g i z a t i on 

a n d  s ub s e q ue n t  l oa d i n g o f  t he c i r c u l a t i n g wa t e r p u m p . The re  i s  a n o rma l l y  

o p e n  b u s  t i e b e tween  b u s s e s 2 - 5  a n d  2 -6 . C l o s i n g t h i s b u s t i e g i ve s  a c c e s s 

t o  f i v e o f  t he o r i g i na l  s i x p um p s . 

We w i l l  r e q u i r e  t ha t  t h e  1 3 . 2  kv  1 i n e b e  t e s t e d wee k l y  b y  e n e r g i z i n g 

b u s s e s 2 - 5  a n d 2 - 7 f o r a s h o r t  t i m e  i n t e r va l t o  a s s u r e co n t i n u e d  

f u n c t i o na l ca p a b i l i t y .  The r e  a r e n o  p h a s e  a n g l e d i f f e r e n c e s  b e tween  

t he e x i s t i n g s y s t em a n d t h i s  n ew l i n e s o  t h a t  t h e c o n n e c t i o n may b e  

ma de  o n  a l i ve b u s  f o l l owe d  b y  t r i p p i n g c i r c u i t b r ea ke r  2 8- 5 2 t o  p r e ve n t  

t i e i n g t he 1 1 5 k v  s y s t em t o  t h e  2 3 0  k v  s y s t em t h� o u g h  t he p l a n t  

d i s t r i bu t i on s ys t em .  \ole f u r t h e r  r e q u i re t h a t c i r c u i t b rea ke r s  T- 56 - 2  a n d  

T- 7 B- 2  be ve r i f i e d open  o n  a da i l y ba s i s .  
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I )  t he a p p l i ca t i on i s  I i m i t e d  t o  t he c i r cu l a t i n g  wa t e r pump s . 

2 ) t he s e  pumps  a re o n l y  r eq u i red  fo r t he t i me w i n d ow  neces s a ry  t o  

comp l e t e  t he mod i f i ca t i on s  t o  s t eam ge n e ra t o r s  A a n d  B fo r l on g 

t e rm co re coo l i ng .  

3 )  t he t i me r equ i re d  t o  have t he 1 3 . 2  kv l i ne ope ra t i :) na l i s  con s i s t e n t  

w i t h  t he requ i r eme n t  t o  p rov i de b a c k - u p  p owe r a s  s o o n  a s  p r a c t i ca b l e .  

4 )  a l t e r na t i ve p ro po ? a l s  s u c h  a s  t h e u s e  o c  d i e s e l  g e n e r a t o r s  we r e  n o t  

cons i de re d  f e a s i b l e  d u e  t o  t he s i z e r eq u i r eme n t s  f o r  s t a r t i n g 2 2 5 0  

h o r s e powe r l oa d s  a nd i ndoo r s e r v i ce wou l d r eq u i re  a n ew b u i l d i ng 

t ha t  c ou l d  n o t  be b u i l t  i n  t i me ba s e d  upon  e x i s t i ng s ched u l e s . 

5 ) t he new l i ne h a �  bee n i s o l a t ed t o  t he e x t e n t  p r a c t i ca b l e f r om t h e  

2 3 0  kv s y s t em a n d  t he r e f o r e  ma y s u r v i ve a l oca l 2 3 0  kv s y s t em 

d i s t u r ba n c e . 

6 )  g i ve n  a t o t a 1 g r i d  b l a ckou t , t he r e a r e s i x com�u s t i on t u r b i ne s 

i n  t he c l o c; e  p r ox i m i t y o f  Th ree  M i l e  I s l an d .  The s e  u n i t s a r e 

r a t e d  2 3  M VA e a c h  a n d  h a ve b l a c k- s t a r t  r emo t e  s upe r v i s o r y 

con t r o l . Th e s y s t em d i � pa t ch e r i n  Yo r k  ha s s upe r v i s :"J ry con t r o l 

o f  t h i s  s y s t em w i t h  t he one  exce p t i on t ha t  t h e  s y s t em  d i s pa t che r 

i n  leba non  wou l d  have  t o  be con s u l t e d  a s  t o  t he o os i t i on o f  

ce r t a i n  i n t e r ve n i ng c i r cu i t  b re a ke r s .  

7 )  t ra n sm i s s i on l i ne t owe r  fa i l u r e cou l d  n o t  r e d ne r t h e  1 3 . 2  kv 

a n d  t h e  2 3 0  kv s y s t ems i nope r ab l e .  
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\.Je f i n d t he add i t i on o f  t he 1 3 . 2  kv t r a n s m i s s i o n  1 i ne a s a ba ckup  powe r 

s o u r ce t o  be a ccep t a b l e g i ve n  t he ope ra t i ona l nee d s  a n d  t i me r e s t ra i n t s  

p resen t a t  Th r e e  M i l e  I s l a nd Un i t  2 .  

C .  S t eam Gene ra t o r  A Mod i f i ca t i on s  

The s e  mod i f i ca t i on s  p ro v i d e  a new 7 0 0  ho r s e powe r h i gh p re s s u re pump fo r 

c i � c u l a t i n g wa t e r  t h rou g h  t he s e c�nda ry s i de o f  t he A s t eam  ge r e r a t o r . 

Th i s  new l oop  i s i n  coo l e d b y  t he N u c l ea r  Se rv i ce s  R i ve r  Wa t e r S y s t em 

a n d  t he N uc l ea r  Se rv i ce s R i ve r  Wa t e r Pu rge s . The new h i gh p ress u re 

pump w i l l  be powe red  f r om b u s  2 - 3 ( G ra y ) , the N uc l ea r Se r v i ces  R i ve r  

Wa t e r Pumps a re powe re d · f rom t he ex i s t i ng C l a s s  I E  powe r s ys t em .  We 

f i nd t he powe r s o u r ce a l l oca t i on s  t o  be con s i s t e n t  w i t h  t he s e pa ra t i on o f  

· t he A a n d  8 s team gene ra t o r  mod i f i ca t i on s , t o  capa b l e o f  s u p p l y i n g t h e  

p r a c t i ca l  req u i reme n t s  o f  t h e  s y s tem a n d  t o  t he re fo r e be a c ce p tab l e .  

D .  S t eam Ge ne ra t o r  B Mod i f i ca t i on s  

These mod i f i ca t i on s p rov i de a new 700  h o r s ep owe r h i g h p re s s u re 

p ump fo r c i r cu l a t i ng coo l i n g wa t e r t h rough t he s e conda r y  s i de o f  t he B 

s t eam gen e ra to r .  Th i s  n ew l oo p  i s  i n  t u r n  coo l ed by  t he Seconda ry  

Se r v i ces  C l osed  Coo l i n g \o/a t e 'r Sy s t ems wh i ch u t i l i z e s  t he Se con da ry 

C l osed  Coo l i ng Wa t e r Pumps . The f i na l  coo l i ng l oop u s e s  t he N uc l e a r  

Se r v i ces R i ve r  Wa t e r Pumps  fo r c i r cu l a t i o n .  The n ew h i g h p r e s s u r e  

pump  w i l l  b e  powe red  f rom bu s  2 -4 (wh i t e ) , t he s e conda r y  s e r v i ce c l os e d  

c o o l i ng wa t e r  p umps  S C - P- l B  a n d  S C - P- l C a re powe red  f r om 4RO mo t o r  

con t ro l  ce n t e r (M C C ) 2 -4 1 B wh i ch i n  t u r n  c o n ne c t s  t o  4 80 vo l t  b u s  2 -4 1  
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and  t h r ough a 4 1 60/480 vo l t  t o  b u s  2 -4 .  Th i s  a r rangeme n t  a l l ows a 

back-up pump (one pump ope ra t i on mee t s  coo l i n g s ys t em requ i r emen t s ) 
and  i s  pa r t  o f  t he wh i te powe r s y s t em .  The Nuc l ea r  Se r v i ce s  R i ve r  

Wa t e r  p ump s  a re  ex i s t i n g l oa d s  on  t he C l a s s  I E  d i e se l s .  We f i n d the  

above powe r a s s i gnme n t s  t o  be con s i s t e n t  w i th t he s e p a ra t i on r eq u i r e 

me n t �  o f  ke e p i n g t he B s t eam gene r a t o r  coo l i n g s vs t em o n  t h e  e v e n  n um b e r e d  

s e p a r a t e  b u s s e s , t o  b e  c a p a b l e  o f  s u p p l y i n g t h e f u nc t i o n a l r �q u i r e me n t s  

o f  t h e  s y s t em a n d  t o  t he re fo r e  be a c ce p t a b l e . 

E .  S k i d -Mou n t e d  D e ca y  Hea t Remova l S y s t em 

Th i s  new s ys t em w i l l  h a ve 4�0 vo l t  mot o r  o p e r a t e d  va l ve s  

a r r a n g e d  i n  s uc h  a ma n ne r  t ha t  t he r e  w i l l  b e  two S P. t s  o f  i s o l a t i on 

va l ve s  on each  o f  t he t h ree  DH R J i ne s  t h a t w i l l  be  t a p ped .  The s e  va l ves 

w i l l  be  a s s i gn e d  powe r s ou rces  (G ray  and  Wh i t e ) i n  a ma n ne r t h a t a s s u r e s  

i s o l a t i o n c a p a b i l i t y g i ve n a s i n g l e powe r s o u r ce f a i l u r e .  The r ema i n i n g 

480 vo l t  mot o r  ope r a t e d va l v e s  w i l l  be a r r a n g e d  o n  a ' ' p e r l oo p ' ' ba s i s 

t o  a l l ow s e l e c t i o n o f  e i t he r o f  t h e  t\•JO new 4 1 60 vo l t 4 0 0  ho r s e p owe r 

pumps . Th e s e va l ves  a n d t he a s s oc i a t e d  pumps  w i l l  be  p owe r e d f rom 

s e pa ra t e  b u s s e s  (G ray a n d  Wh i te ) to a s s u re s ys tem f u n c t i o n g i ve n  a 

s i n g l e  powe r s o u r ce fa i l u re .  

Two new 4RO vo l t  mo t o r  con t ro l c e n t e r s  w i l l  a l s o be  p r ov i d e d . A l l 

e l e c t r i c  p ow e r e d  e q u i pme n t  ( va l ve s , p um p s , mo t o r  con t r o l  c e n t e r s  a n d  

c a b l i n g ) ' . .., i l l  b e  C l a s s  I E  s y s t em q u a l i t y .  Be ca u s e  o f  t h e l ow d e c a y  

h e a t l e v e l s ,  s u f f i c i e n t  t i me i s  a v a i l a b l e  f o r ma n u a l o p e r a t o r  a c t i � n 

a s s um i n g l o s s  o f  p 0\o1 e r !J r  e q u i pm e n t .  
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Th e s e c o n d a r y  c o o l i n g l o o p f o r t h e  D H R  h ea t e x c ha n ge r i n c l u d e s  a n  

a d d i t i on a l 2 5 0  h o r s e p owe r pump c o n n ec t e d  t o  4�0 v o l t b u s  2 -44 .  A l l 

a s s oc i a t ed  mo t o r ope r a t e d  va l ves  w i l l  r e ce i ve n o rma l p owe r f r om t h e 

w h i t e powe r s y s t em .  S h ou l d t h e w h i t e p owe r s y s t em f a i l ,  b a c k u p  powe r 

ca n b e  p r o v i d e d  f r om t h e  g r a y  s y s t em b y  c l o s i n g t h e  n o rma l l y  ope n 

b u s  t i e b r � a ke r  be twe e n  b u s e s  2 - 44 a n d  2 - 3 4 .  We r e q u i r e t h i s  t i e  

� r � a k e r  b e  r a c ke d - ou t a t  a l l t i m e s a r d  o n l y  c ! 0 s e d  u p o n  t h e F a i l u r e  

o f  t h e  w h i t e p owe r s y s t em b y  a p p r o ve d  w r i t t e n  � r o c e d u r e . 

Th i �  s y s t em w i l l  n o t be u s e d  c o n c u r r e n t l y  w i t h t h e s t ea m g e ne r a t o r  

c o o l i n g m o d e s  d e.s c r i be s  a b o v e  a n d  t h e r e f o r e  d o e s  no t a f f e c t d i e s e l 

ge n e r a t o r  c a p a c i t y .  \.Je f i n d  t h e  e l e c t r i ca l  p owe r: a s pe c t s o f  t h i s  

d e s i g n a s  de s c r i be d  a b o v e  t o  b e  a c c e p t a b l e .  

F .  Re a c t o r  C o o l a n t  P r e s s u r e C o n t r o l  S y s t em 

A l l e l e c t r i c a l  e q u i pme n t a n d  i � s t r ume n t a t i o n r e q u i r e d  t o  

o p e r a t e  t h e s y s t em a r e p owe r e d  f r 0m t h e g r a y  a n d  w h i t e r o�1 e r s y s t em s . 

T r. e  c h a r g i n g p u m p s  (A a n d  B )  a r e r a t e d 1 0 0 h o r s e p ow e r  a n d a r e p o•.o� e r e d  

f r om 4?.0 v o l t mo t o r  c o n t r o l  c e n t e r s 2 - 3 2A { g r a y ) a n d 2 -42A (wh i t e ) 
r e s p e c t i v e l y . The c h a r g i n g wa t e r s t o r a g e  t a n k  he a t e r  i s  r a t e d a t  1 00 k\� 

a n d  w i  I I  b e  p owe r e d f r om b u s. 2 -45 . T h e r e  a r e a n umb e r o f  sma l l l o a d s  

a s s oc i a t e d  w i t h t h i s  s y s t em t h a t  h a v e n o t  b e e n  a s s i g n e d  p o•,1e r s o u r ce s . 
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Th e s y s t em w i l l  b e  a u t oma t e d  a s  s o o n  a s  p o s s i b l e  b u t  t h i s  na y n o t  

o c cu r b e f o r e  i n i t i a l  o p e r a t i o n .  A �o t o r  op e r a t e d  i s o l a t i o n v a l ve w i l l  

be p r o v i d e d  t o  a u t oma i i c a l l y  c l o s e  w he n  t h e wa t e r l e v e l  i n  t h e  t a n k  

n e a r e s t t h e  r e a c t o r c oo l a n t  s y s t em i s  a p p r ox i ma te l y  o n e  t h i r �  fu l l .  

Th i s  i s  t o  p r e c l u d e  t h e  i n t r o d u c t i o n o f  n i t r o g e n i n t o  t h e  r e a c t o r  

co o l a n t  s y s t em .  
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6 .  Qu a l i t y A s s u r a n c e  P r og r am fo r TM I 2 S y s t em M� d i f i ca t i on s  

Th e N R C  Te c hn i c a l  Re v i e�" G r ou p  h a s r e v i ewe d a n d  e va l u a t e d  t he Qua l i t y 

A s s u r a n c e  ( QA )  P r o g r a m  o f  G PU/Me t E d a n d o f  t he i r m a j o r s u b c o n t r a c t o r s  

.f o r  t h e TM I - 2 s y c:: t em mo d i f i c a t i o n s . The s e  QA P r o g r a m s  r e c og n i ze t he 

u n i q ue ne s s o f  t he TM J - 2  p l a n t  c o n d i t i o n a n d  ba l a n c e  t he s c h e d u l e  

u r ge n c y  f o r c om p l e t i o n o f  s v s t em mo d i f i c a t i � n s  a g a i n s t  t h e e x t e n t  o f  

a p p l i c: a t i o n o �  t r a d i t i o n a l C..A o r " g r a m  p r a c t i c e s  c:::> n s i s t e n t  \" i t h 

ma i n t a i n i n g a s s u r a n c e t h a t  s o e c i f i e d s y s t e m  r e q u i r e me n t �  a r e me t .  

The G PU / Me t E d QA P r o g r a m  h a s b e e n  s p e c i f i c a l l y  t a i l o r e d f o r  t h e  TM I - 2 

s y s t em mo d i f i c a t i o n s . Th e P r o g r a m  w i l l  a p p l y Q.A c r i t e r i a  o f  l O  C F R  

A p p e n d i x  B c omme n s u r a t e  w i t h  t h e s pe c i f i e d s y s t em r e q u i r eme n t s  a n d  

w i l l  b e  c om pa t i b l e  w i t h t h e  Me t E d O p e r a t i o n s QA P r og r am p r e v i o u s l y  

a c c e p t e d  b y  N R C . G PU / M e t E d h a s e s t a b l i s h e d · a Q.A o r ga n i z a t i o n a t  t he 

TM I - 2 s i t e s pe c i f i ca l l y  r e s p o n s i b l e  f o r  t h e s y s t em m o d i f i ca t i on QA 

a c t i v i t i e s .  Th i s  s t a f f  i s  e x p e r i e n c e d  i n  a l l Q.A d i s c i p l i n e s  a n d  

a s s o c i a t e d  t � c h n i c a l  f i e l d s ,  i n c l u d i n g me c ha n i ca l , e l e c t r i c a l  a n d  c i v i  1 

e n g i n e e r i n g a s  w 1 1  a s  we l d i n g a n d  n o n - de s c t r u c t i v e e x am i n a t i o n .  The 

G PU/Me t E d QA M a n a g e r a n d  Q.A e n g i nee r s  we r e  b r o u g h t i n  f r om t he Fo r ke d  

R i ve r  fa c i l i t y .  G PU/Me t E d i s  t he l e a d  r e s p o n s i b l e  Q.A o r g a n i z a t i o n 

f o r t he TM I - 2 s y s t em mod i f i ca t i o n p r o g r a m . The i r  Q.A P r o g r a m  w i l l  

p r o v i d e s u r v e i l l a n ce ove r t he a c t i v i t i e s o f  t h e i r s u bc o n t r a c t o r s � 

i n c l u d i n g We s t i n gh o u s e  a n d B u r n s  & Roe . \Je s t i n g h o u s e  h a s  e s t a b l i s h e d  

a Q.A P r og r am t o  c o n t r o l QA a c t i v i t i e s a s s o c i a t e d  w i t h d e s i g n , p r o -
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cu reme n t  a nd vendo r componen t  fa b r i ca t i on r e l a t e d  t o  t he s k i d  mou n te d  

Backup OH R sys t em mod i f i cat i on .  Wes t i nghous e h a s  o rgan i ze d  an expe r i e n ce d  

QA s ta f f spec i f i ca l l y  res pons. i b l e fo r t h i s  tas k .  \-le s t i nghou c; e  w i l l  

a l s o p r ov i de s y s t em i ns ta l l a t i on and p re -ope r a t i ona l t es t i n g p roce d u r e s  

a n d  on s i te techn i ca l  s up e r v i s i on wh i c h w i ll b e  conduc t ed s ubj ect  t .,  

the GPU/Me t Ed � P r og ram .  

Bo r n s  & Ro e ; s  respon.s r b l e  fo r es ta:b l i s h i n g d e s i g n s Fn r t he o t h e r TM I - 2 

sys tem A!tO d i f i ca t i ons , F nc f ud ii n'g t h:e de s i g n s  fo r t he Reac t o r  Coo l a n t  

Pres s u r e  C:l<n,trot Sy·ste:rr· ,. the A and B S t eam Gene r a t o r Coo l i n g S y s t em .  

Bur n s  a·nd Roe i s  i. mp l emerrnt i· n.g des i g n c o n t r o l QA p r a c t i c e s  wh i c h  a s s u r e 

tha t app rop r i' ate qu•a l i t y s t a n da rdis a r e s pe c i f i e d a n d  i n c l u d e d  i n  d e s i g n 

doc�:�me•n t s  t hat  p rov t de fO> r v e r i f y i n g o r  che c k i n g t he a dequacy  o f  d e s i g n 

a n d  tha t w i l l co'f'llt ro l  de s i. gn cha n ge s . The G PU/Me t Ed QA P r og ram w i  1 1  

p r o v ii de QA. s u r ve H F an·ce fo.r t he fo l l ow - o n  a c t i v i t i e s fo r t h e s e  s y s t em s , 

i ncl u d i n g p rocu reme n t , fab·r i ca t i on ,  i n s t a l l a t i n n a n d t e s t i n g .  

The N RC Re g i ona. J  (!lf fT c:.e: o,f l ' n s pe c t i o n a n d  En f o r ceme n t  h a s  a va i l a b l e 

q ua li f i e d QA s ta f f  expe r i e nced i n  me c ha n i ca l , e l ec t r i ca l  a n d  c i v i l 

e n g i nee r i n g d i sc f p l i ne s  and we l d i n g a n d  non- d e s t r u ct i ve exam i na t i on 

t o  p r ov i de s u rve i l l a nce  of sy s t em mo d i f i ca t i o n ac t i v i t i e s a t  TM I  2 

s i t e a n d  a t  eq u i pme n t  v e n d'cr•r fa c i l i t i e s  a s  n e c e s s a r y .  
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Ba s e d  on ou r r e v i ew a n d  e va l ua t i on o f  t he QA p r a c t i ce s , con t r o l s ,  a n d  

o r ga n i z a t i on o f  G P U/He t E d  an d t he i r  maj o r  subcon t r a c t o r s , w e  conc l ude 

t ha t  t h e s e  QA P rog rams w i l l  a s s u r e mee t i ng t he c r i t e r i a  o f  J O  C FR 50 

Append i x  B c omme n s u r a te w i t h  the TM I - 2 s ys t em mod i f i ca t i on requ i remen t s  

a n d  a r e a c cep t a b l e .  
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