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ABSTRACT 

!�'•tal and boundary condtt\ons dur\ng th� Three M\le Island Un t t  2 

(T"I-2) •cctd�nt are desc r tb�d and d�ta11�d. A br\�f d�scr1pt\on of th� 

TMI-2 plant conftgura t1on 1s g\v�n. l�ortant contr\buttons to th� 

progr�sston of the acc1d�nt \n the r�actor coolant sys te� ar� d\scussed. 

Suff1c1�nt 1nfor .. t \ on 1s prov\ded to allow calculat1on of the TMI-2 

acc \dent w1th cOMputer codes. 
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1. INTRODUCTION 

Th's doc�nt \ s  \nt�nded to prov\de a c�\lat\on of b�st �st\�te 

\ n \ t\al and boundary cond1t\ons for the Three M\le Island Untt 2 (TMJ-2) 

nucl�ar reactor dur\ng the March 28. 1979 acc\d�nt. Th \ s  \ nformdt\on 1s 

prov\ded to a s s \ st those vho ar� perforM\ng analyses of the acc1dent. Thts 

report \s 1 \ •tted to those cond\ t \ ons that affect the progr �ss 1on of th� 

acc\dent 'n the reactor coolant syst�. The conta1nment syst� and 

aux \ 1 \ary bu\ld\ng v \ 1 1  be presented \ n  later reports . 

The �1-2 acc\dent sequence 's descr\bed be1ov \ n  Sect\on 2 .  A br\ef 

descrtpt\on of th� plant conf\gurat\on \ s  g\v�n \n s�ct\on 3 follov�d by 

the planL cond \ t \on at the t\� of th� turb\ne tr \p that \n\t\ ated th� 

events t�t ult \�tely resulted \n s�vere da .. ge to the core \ n  Sect1on 4 .  

The acc\dtnt boundary cond\t\ons are descr\ b�d \ n  Sect \on 5 .  These 

boundary cond\t\ons represent operator act\ons or autOMat \ c  syst� 

actuat \ons that \ nfluenced the cours� of the acc\dent. 

Much work has gone \nto analyz\ng the �1-2 acc\dent to date . Much of 

the \nfor�t\on prow\ ded \n th \ s  doc�nt \ s  c�l \ed frON four sources .  

Th� f \ r st source \s NUR£6-0600 , 1 a report vr\tten by a U . S .  Nuclear 

Regulatory C�\ s s \on (NRC) task force. The second source \ s  the report by 
2 

th� NRC Spec\al Jnqu\ry Group (Rogov\n r�port) . Th� thtrd and f ourth 
3 4 

.. jor sourc�s v�r� NSAC-80-1 and NSAC-24 that d�scr\b� analyses and 

1 nt�rpr�tat \ons of the acc\d�nt by an \ndustry sponsored group. Add\t \onal 

\ nfor .. t \ on has be�n tak�n d \ r�ctly from data record�d on th� plant 

r�acttNeter, a record\ng dev\ce that vas op�rat\ng dur\ng the TMI-2 

acc\d�nt and fro. plant drav\ngs . 

Th t s  docu�nt has b�en produced by the TK I Acc\dent Evaluat \on Progra� 

of (G&b Idaho for the U . S .  Oepart�nt of En�rgy, Idaho Operat\ons Off\c�. 

for any add\t\onal \ nformdt\on or comments , please contact the author or 

the £6&6 Idaho TMI Acc \dent Evaluatton Progra�. 
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2 .  T�£ THI-2 ACCIDENT 

The THI -2 acc1dent began when the turb1nes tr 1 pped off and the ma1n 

feedwater to the steam generators was automat1ca l l y  stopped. The reactor 

pr1mary system began to heat up and the pressure rap1d l y  1ncreased such 

that the p 1 l ot-operated rel1ef va lve {PORV) on the top of the pressu r 1 zer 

opened , the reactor scrammed, and the pressure decreased. Th1 s  val ve 

fa1led open a t  th1s t1me, but the operators d1d not real 1ze 1 t .  

The aux111ary feedwater that norma l l y  wou ld beg1n 1nject1 ng 1 nto the 

steam genera tor , could not, because two aux11ary feedwater block valves 

�ere 1 mproperly closed. W1thout aux1 11ary feedwater the steam generators 

dr1ed out. 1n1s loss of heat s1nk caused the pr 1mary system f lu 1 d  to 

cont1nue to heat up,  and as th1s f l u 1 d  expanded , the pressur1zer f111ed 

w1th 11qu1d . Th1s caused , as the pressur1 zer cont1nued to read above 

normal, the operators to bel 1eve the pr1mary system was ful l and for the 

next few hours they defeated the 1nject1on systems that could have replaced 

the water be\ng lost out the PORV. 

Eventua l l y ,  suff1c1ent water left the pr1mary system to cause the 

reactor coo lant pumps, that were now pump1ng a m1xture of steam and 11qu1d 

water, to a larm on h1gh v1brat1 ons. The pumps were turned off, the last 

ones at 1 h 40 m1n after turb1ne tr1p, and the m1xture of steam and 11qu1d 

separated, resu l t1 ng 1n a reactor vessel 11qu1d level near the top of the 

core . The 11qu 1 d  level cont1nued to decrease as the boll-off rate was 

greater than the f l u1d 1nject1on rate {the pressur 1 zer was st111 1 nd1cat1ng 

h1gher than normal levels and safety 1nject1on was 1nh1b1 ted ) .  

As the level decreased , the decay heat be1ng generated 1n the fuel was 

not removed and the uncovered port1ons of the fuel rods began to heat up . 

The leak through the PORV was d1sc&Yered and stopped at 2 h 22 m 1 n  but 1t 

was too late to prevent core damage . The heatup 1 n  the presence of steam 

caused an exother m1c react1on as the z1rca loy fue l rod cladd1ng ox1 d 1 zes, 
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furth@r heat\nq th@ rods and produc\ng hydrogen gas .  The resu l t \ng h\gher 

tpnperatures led to fuel 1\quefact\on (MOl ten z \ r c a 1oy d 1 s solv1ng ur�n1� 

d1ox1de) and fuel me l t \ng \n sane core 1ocat1ons. Suff1c1ent hydrog@n w�s 

produced by ox1dat\on that a hydrogen burn occurred \n the conta1 n.ent 

al� s t  10 h after the turb\ne tr1p.  

Post-acc\dent e•a�\na t 1 on has deter•1ned that dur1ng the acc1dent 

suff1c\ent fuel da .. ge occurred to resu l t  1n a reg\on vo1d of fuel that 

enca.passes about one- t h 1 rd of the core volu�. fuel 1 1quefa c t \ on and 

reloca t \ on resulted \n a large quan t 1 ty of once molten .a ter\al to set tle 

1n the vessel lover plen�. 

The core and reloca ted core .. t e r \ als were eventually cooled by 16 h 

after the turb1ne t r \p, �ny act1ons took place dur \ng those 16 h that 

changed or exacerba ted the acc\dent. Those even t s  are descr\ bed 1n 

Sect 1on • of t h 1 s  docu-.nt. 
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3. SUMMARY
.

Of PLANT CONFIGURATION 

The TMI-2 plant conf1 gurat1on 1 s  presented 1n this sect1on . These 

descr1 ptions are i n tended to or1ent the reader w 1 th most of the components 

that were 1 mportant to the progress1on of the accident 1 n  the pri mary 

system. for more detailed desc r 1 ptions of the plant the reader i s  referred 

to References 2 and 3 and the plant f1 nal safety analys1s report. 

The layout of the plant can be seen 1n f1gure 1 .  The reactor vessel 

1 s  connected to two loops, the A loop and the B loop, each hav1ng a hot leg 

and two cold legs. There are two once-through steam gener ators, one per 

loop, and a pressur1zer connected to the A loop. 

3.1 Conf1 guration of the Reactor Vessel 

The reactor vessel contains the cor e .  The water from the cold legs 1 s  

d i r ected through the downcomer and lower plenum, past the fuel el ements 1n 

the core, 1 nto the upper plenum, and out the hot legs. Approxi mately  1 0. 4% 

of the total f l ow enter1ng the reactor vessel bypasses the fuel reg1ons of 

the core dur 1 ng normal operat1on. A f low path through the control rod 

gu1des and 1nstrument tubes allows 6 . 9% of the total f l ow to bypass d 1 rect 

contact w1th the fuel e l ements, however, th1s f l u 1 d  1 s  heated by the 

rad1at1on f 1 elds 1 n  this area. Approx1 mately  1 . 5% of total flow flows 

between the core former plates and the core barrel reg1on. About l% flows 

through leakage paths around the hot leg nozzles between the downcomer and 

the upper plenum. 

A set of vent valves ex1sts between the upper plenum and downcomer. 

These valves automat1cally open under a pos1 t1ve pressure gradient from 

upper plenum to downcomer. The purpose of the vent valves 1s to prevent 

steam b1nd1ng 1 n  the upper plenum a�d the resultant core 1 1 qu1d level 

depress1on dur 1 ng the ref lood phase of a large loss-of-coolant acc1dent. A 

d1 fferent1al pressure of 0. 1 psi 1 s  needed to beg1 n  opening the valves and 

a d i f ferent1 al pressure of 0. 25 ps1 can completely open the valves. 

4 
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Figure 1. Schematic drawing of the TMI-2 reactor coolant system . 
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The core f l ood tanks 1nject 1 n to the upper port1on of the downcomer .  

Dur1ng the TMI-2 acc1dent. the f l ood tanks 1njected only a small amount of 

water more than 8 h after the tur b1ne tr1p that 1n1t1 ated events. 

3 . 2  Conf1 gurat1on of the Hot legs 

The two hot legs connect the reactor vessel to the top of the s team 

generators . The upper port1on of the hot l eg 1 s  often referred to as the 

candy cane. The two hot l egs are referred to as the A loop and 8 loop, and 

the pressur1 zer 1 s  connected to bottom of the candy cane on the A loop. 

The pr 1mary system pressure 1s measured near the top of the B loop hot 

l�g.  The temperature of each hot l eg 1s  also measured near the top of the 

candy cane. The loop f l ows are measured w1 th ventur 1 f l ow meters 1 n  the 

candy cane. 

The or1 entat1on of the pressur1 zer surge 1 1 n e  connect1on to the s1de 

of the A loop hot leg can be seen 1 n  F 1 gure 1 .  The connect1on 1 s  just 

downstr eam of a 90-degree bend. The phase separat1on of the relat1vely 

h 1 gh veloc1 ty 1 1 qu1 d-vapor str eam 1n  th 1 s  bend dur 1ng two-phase pump 

operat1on shou l d  be accounted for when calculat1ng the flow 1 n to the surge 

1 1ne.  

3. 3 Conf1gurat1on of the Pressur1zer 

The pres s u r 1 zer . f1gure 2 ,  contr o l s  the reactor coolant system 

pressure dur1ng normal operat1 on.  The pressure 1 s  decr eased by turn1ng off 

the pressur1 zer heaters and by open1ng the spray valve al low1ng water from 

the cold leg to spray 1nto the steam s pace and condense some vapor. The 
spray operates on pressure d1fferent1al between the outlet of reactor 

coolant pump 2A and the pressur1zer. Therefore, the s pray operates 

norma l l y  only when pump 2A 1 s  runn1hg. Pressure 1 s  1 n creased by energ1 z1ng 

the pressur1 zer heaters caus 1ng some bo1 1 1 ng of pressur1 zer 11qu1d. 



1n 

in 

Steam apace 

el sensing nozzle 
of 3) 

.188 in. men. 

eater bundles (rotated) 

I 77tJ 

Figure 2. Tlll-2 pressurizer. 
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The pressur1zer 1 s  connected to the A-loop hot leg by the pressur1zer 

surge 1 1 ne ,  ente r 1 ng the bottom of the pressur 1 zer through the surge 1 1 ne 

nozzle. The reference e l evat1on of the bottom of the pressur 1 zer 1s 

3 1 0 ft. Th1 s  1 s  3.5 m (11 ft 6 1 n . )  below the e levat1on of the surge 1 1ne 

connect1on to the hot leg. Thus, the surge 1 1 ne acts a s  a loop seal when 

1 1 qu 1d  f 1 1 1ed. 

The pressure rel 1 ef valves are connected to the top of the 

pressur1zer. There are two spr1ng loaded code safety valves that were not 

chal lenged and a p1 1 ot-operated re l 1 ef va l ve (PORV) that fa1 l ed open dur1ng 

the TMI-2 acc1dent. A norma l l y  open bl ock valve 1 s  pos1t1oned between the 

pressur1 zer and the POR V .  Flow through the PORV from the pressur1 zer 

enters a dra 1 n  tank 1n the conta 1 nment bu 1 l d 1 ng. 

Three 1dent1cal d1 fferent1al pressure level 1 nd 1 cators are 1n the 

pressur 1 zer. Only one of these 1 nd 1 cators 1 s  ava1 lable to the operators 

and recorded on the rea ct1meter. The other two 1 nd 1 cators prov1de 1 nput 

for plant safety systems. The level 1 s  temperature compensated but the 

temperature measur1ng dev1ce 1 s  ca l 1 brated only over a narrow range. 

The pressur1zer heaters are mounted 1 n  the lower port1on of the 

pressur 1 zer. There are three bundles of heaters each conta 1 n 1 ng 39 heaters 

that suppl y  1 4  kW per heater . The heaters are tr1 pped off when an 

1nd1cated l ow water level of  1 27 1n. 1 s  detected. There apparently are 

thermostat1ca l l y  contro l led breakers on groups of 1nd 1 v 1 dual heaters 

(9 heaters per group) that would deenerg1ze the heaters 1 f  they uncovered 

and overheated. 

3. 4 Conf1gurat1on of the Steam Generators 

The once-through steam generators (OTSG) transfer the energy from the 

pr1mary system flu 1 d  across the tubes to the secondary system f l u 1 d  

produc1ng superheated steam at the outlet. The major components and f l ow 

paths 1 n  the steam generator secondar 1 e s  are shown 1 n  F1gure 3. 
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Orthce ring 
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• 7712 

Ftgure 3. THI-2 once through steam generator. 



The feedwater enters the steam generator through 32 nozzles and 1s  

m1xed w1th f l u1d from the bo1ler reg1on. Th1s flu1d f l ows down a 

downcomer , through an or1f1ce plate, and enters the bo11er reg1on. At 

normal operat1ng cond1t1ons, the f l u1d 1s heated to dry superheated s team 

pr1or to l eav1ng the bo1ler r eg1on . The s team leaves the s team generator 

at the s team outlets f l ow1ng to the turb1nes and condenser. Rel1ef valves 

that dump s team d1rectly to the atmosphere are connec ted to th1s 1 1 n e  to 

pr event secondary system overpressure. 

The emergency feedwater or aux111ary feedwater 1s 1njected through 

nozzles on a r1ng near the top of the bo1ler r eg1on. The aux111ary 

feedwater 1s sprayed downward onto the tubes. 

The water level 1n the s team generator downcomer 1s measured us1ng 

d1fferent1al pressure l evel transducer s .  Two measurements that were 

recorded on the TMI-2 react1meter dur1ng the acc1dent for each s team 

generator are the s tar t-up range level that measures the downcomer l evel 

from 6 1n. above the tube sheet 1n the downcomer to a he1ght 394.75 1n. 

above the tube s heet 1n the bo1ler r eg1on and the operat1ng range level 

that measures the level from 96 1n. above the start-up range lower tap to 

the start-up range upper tap. The operat1ng range l evel measurement 1s 

temperature compen sated wh11e the startup range level measur ement 1s not .  

The fact that the upper tap 1s 1n the bo1ler r eg1on means the 1nstrument 

r ead1ngs arc effected by the f low f r 1ct1on. 

3.5 Conf1gurat1on of the Cold Legs 

The four cold l egs connect the s team generators to the r eac tor 

vessel . Eac h  cold leg conta1ns a reactor coolant pump (RCP) and an 

emergency core coolant (ECC) 1nject1on port. Both h1gh pressure 1nject1on 

(HPI) dur 1ng off-normal s 1tuat1on� and makeup f l ow dur 1ng normal or 

off -normal s1tuat1ons are 1njected through these ports . Usually,  makeup 

flow 1s 1njected 1nto the 1 8  cold leg. Note that the elevat1on of the 

connec t1on to the r eactor vessel 1s lower than the el evat1on of the r eactor 

coolant pumps. The l etdown 11ne 1s connec ted to the bottom of the l A  cold 
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tev. The 2A cold lev conta\ns the pressur,zer spray l,ne connec t,on. 

connected to the p� cas,ng at the puMp ex, t .  Cold leg t.-peratures 1re 

.. asured about 3 ft  upstrea• of the punp 'ntets. 

The RCPs are not se lf-pr\•,ng . That \ s ,  the pUMp� cannot develop 1 

pressure head unle�s there ,s water \n the \�eller rev\on . 

1 1  



4 .  TMI-2 PLANT CONDITIONS AT TURBINE TRIP 

The cond1t1ons of the TMI-2 plant a t  the t1me of the tur b1ne tr 1 p  that 

1 n1 t1ated the acc1dent are g1ven 1 n  Table 1 .  These va lues have been taken 

from the react1meter and other sources. At the t1me of the turb1ne tr 1 p  

the pres s u r 1 zer was be1ng operated 1 n  manual mode. All  other major systems 

were 1 n  automat1 c mode. 
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TABlE 1 .  TMI-2 PlANT INITIAl CONDITIONS 

Reactor powr 

Hot leg t.-perature 

Cold leg t.-peraturt 

Reactor coo l a n t  f l ow  rate 

Pressure (B-loop hot leg) 

A-loop s tea• generator 

Pressure 
Level (above tube sheet) 

level (above tube sheet) 

B-loop stea• generator 

Pressure 
level (above tube sheet) 

level (above tube sheet) 

Stea• generator feedwater 
tet�Perature 

97.�. (2694 .... , 

592 K (606•F) 

565 K < 5s7•r > 

1.71 1 104 kg/s (3.81 1 104 lbM/s) 

5.8"' (229 1 n . )  

15.91 "Pa (2307 ps1a) 

6.36 MPa (923 ps1a) 
6.76 • (266 1 n . )  operat 1 ng level 
1nstrU�Rnt 
4.22 • (166 1n . )  s tartup level 
1ns tr.-ent 

6.34 "Pa (920 ps1a) 
6.85"' (270 1 n . )  operat \ng level 
\ns trUIIen t  
4.29 • (169 \ n . )  s tartup level 
1nstrUIItn t  

• 
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5. TMI-2 ACCIDENT BOUNDARY CONDI TIONS 

The boundary c ond1t1 ons that affec ted the progre s s 1 on of the TMI-2 

acc1dent 1 n  the reactor c oolant system are presented 1 n  th1s sect1 on. The 

net mass loss f r om the pr1mary system, events 1 n  the pres s u r 1 zer, the 

reactor coolant pump beha v 1 or ,  and steam generator cond1t1 ons are descr 1 be d .  

5.1 Net Mass Loss f r om Pr1mary System 

Dur1ng the TMI-2 acc 1 dent, suf f 1 c 1 ent water was lost from the pr1mary 

system to cause the core damage. The system water mass l osses dur 1 ng the 

acc 1 dent were the f l ow out of the pressur 1 zer PORV, the l etdown f l ow, and 

system leakage. The system water ma ss ga 1 ns dur1ng the acc1 dent were the 

makeup and h1gh pres sure 1 nject1on (HPI) f l ows, the pump seal 1 nject1on, 

and the core f l ood tank. Each of these losses or add 1 t 1 ons 1 s  desc r 1 bed 1 n  

more deta 1 1  below. 

The core began to heat up shortly after the A-l oop pr1mary coolant 

pumps were tr 1 pped off 1 01 m1n after the turb1 ne tr1p based on measured hot 

leg temperatures. The total net mass lost out of the system pr 1or to pump 

tr 1 p  had to be suff 1 c 1 ent to result 1 n  a water level near or below the top 

of the core fol l ow1 ng pump tr 1p  as the vapor and 1 1 qu1d separated. If one 

makes as sumpt1ons about the amount of 1 1 qu1d  that settles 1 nto the pump 

suct1 on port1on of the cold legs fol l ow 1 ng pump tr1 p ,  one can calculate how 

much mass had to have left the sys tem. I n  order to ensure that a 

calculat1on of the early phases of the acc1 dent 1 s  w1 th1n assumed reactor 

vessel 1 1qu1d level ranges, the var1ous mass 1 nflows or outf l ows can be 

adjusted, thus decreas1ng the 1mportance of the somet1mes large 

uncerta 1 nt1es 1 n  the 1 nd1 v1dual flows. 

5. 1 . 1  PORV flow Rate 

The f l ow out the PORV was a funct1on of the valve pos 1 t 1 on 

(open/c losed), the upstream block valve pos 1 t1 on ,  and the flu 1 d  cond1t1on 

upstream of the va l ve. The pressure 1 n  the pressur1 zer was much greater 

than the s 1 nk pressure (dra 1 n  tank) throughout the acc1 dent and the f l ow 
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through the PORV was cr\t\cal or choked wh�nev�r both th� PORV and block 

valvt wtrt optn. It  should b� assUMed that the PORV fa\led op�n on 1 ts 

f\rst challtnge wh�n the pressurt txcteded 1 5 . 65 "Pa (2270 ps\a) and 

r ... \ntd optn throughout th� acc\den t .  A s\M\ lar valve has b�en flow 
2 

tested and the flow \s 17.3 kg/s (38. 1 lbM/s) for pur� s t�am at 

16 . 24 NPa (2355 ps\a) and 80.8 kg/s (178.  1 lbM/s) for pure 1\qu\d at 
3 

16 .27 "Pa (2360 ps\a). Earl\�r sourc�s r�port an ar�a of a 1 -S/32 \n. 
-4 2 2 

or\f\c� (6 . 7 74 x 10 • or 0 . 007212 ft ) .  

Th� pos1 t1on of the b lock va lv� upstrea• of th� PORV \s e1 ther open or 

clos�d. The pos\t\on of the block valve as a funct\on of t1me from turb\n� 

tr\p dur\ng the acc\d�nt \ s  g\v�n \n Table 2 and has be�n co.p\led from 

Rtference 3 .  

5 .  1 . 2  Letdown Flow 

The letdown syst� renov�s pr\.ary systeM flu\d from the botto. of the 

pu.p suct1on of the lA cold l eg .  l�tdown flow renov�d s 1 gn\f\cant amounts 

of flu\d frOM th� systPM dur1ng the T"l-2 acc\dent .  

Two d\ff�r\ng sourc�s of l�tdown flow h\s tory 1nformat1on ar� th� 

operator t�st\MOny follow\ng the acc\d�nt and measur�d l�tdown cooler 

behav1or. Th� operators s tated that throughout th� acc\dent they tr1�d to 

.. \nta\n l�tdown at about 60 gal per m1nute (Measur�d downs trea• of the 

cooler s) . [3.8 kg/s (8 . 4  lbM/s)]. 

Th� l�tdown flow has a l so b��n es t\mdted us\ng th� t��rature 

r�spons� of th� two letdown coolers and th� pr\ .. ry sys t�• t��rature . 

The sourc�s for the letdown flow are NSAC-80-1
3 

\n wh\ch the f l ow h 
4 0 

g\ven fro. 0 to 1000 s. and NSAC-24 1 n  wh\ch the f l ow \s g\ven fro. 6000 

to 12000 s .  Unfortunate ly. the calculated flow dur1ng the com.on t\� 

per1od 1s d\ff�rent \n the two sourc�s. Th� NSAC-80-1 f l ow 1nfor�t1on 1 s  

conta\n�d \n a plot (1n un 1 ts of lbM/h) for th� results of a s\ngl� letdown 

cooler . The f l ow  fro. the f1gur� MUst b� doubl�d to account for both 

letdown coolers (assum1ng \d�nt\ca l responst). The r � s u l t\ng flow at  

1 5  



TABLE 2. PRESSURIZER BLOCK VALVE OPERATION 

T1me T1me Va l ve 
(h:m1n after turb1ne tr1p) (s after turb1ne tr 1 p) Operat1on 

0 0 Open 

2:22 8520 Closed 

3:12 11520 Open 

3:11 11820 Closed 

3:40 13200 Open 

5:18 19080 Closed 

5:40 to 7:38 20400 to 27480 Cycled open and 
closed to ma1nta1n 
pressure between 
13.2 and 14.9 MPa 
(1915 and 2165 ps1a) 

7:38 27480 Open 

-9:10 -33000 Closed 

-9:25 -33900 Open 

9:49 35340 Closed 

10:00 36000 Open 

11:08 40080 Closed 

12:36 45360 Open 

12:47 46020 Closed 

12:52 46320 Open 

13:00 46800 Closed 
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6000 s f r �  NSAC-80-1 1 s  10.6 kg/s (23 . 3  lbM/s). The NSAC-24 flow 

1nfor�tton \s conta1ned \n a f1gure (tn un \ t s  of kg/s) for total l etdown 

flow. Tht resul t \ ng flow at  6000 s fr� NSAC-24 1s 7.30 kg/s 

(16 . 1 l�s). NSAC-24 refers to potent \ a l  foultng of the letdown coolers 

(pr\or to tht acctdent) as an adju s t \ ng factor for calculat \nQ the f lov. 

It ts felt that the NSAC-24 reported flov ts MOre accurate. 

Bastd on the above tnfor� tton. the flov fr� NSAC-80-1 from 0 to 

6000 s \ s  .ad1f\ed to be cons \ s tent v \ th NSAC-24 by d \ v1d1ng 1t by 1 . 45 . 

NSAC-24 f l ow  1s used as reported fr� 6000 to 12000 s. The resu l tant f l ow 

t 1 .e  htstory 1s 1\ s ted \ n  Table 3 .  The average f l ow rate t o  12000 s fro. 

Table 3 ts S.67 ( 1 2 . 5  l�s). 

The syste. leakage had been deterM1ned to be 6 gpm l 1 qu1d equtvalent 

p r \ or to the acctdent . Because elevated t�eratures vere observed 

dovnstre� of the PORV, \ t  \ s  f e l t  .ost of th\s leakage occurred there. 

When the PORV fa\ led open thts leakage can be tgnored . Any add1t \onal 

leakage can also be tgnored as \ t  vould have been ve l l  w1th1n the 

uncer ta\nt\es of other -.ss losses and add\t\ons. There ts no evtdence 

that any add 1 t \ onal leaks developed dur\ng the course of the acc\den t .  

5 . 1 . 4 M�keup and HPI flovs 

The .. keup and HPI flovs dur\ng the TMI-2 acc\dent have a large 

uncerta\nty. Our \ng .. keup the flov can be, and was, mdnual l y  throttled 

allow\ng f l ow  t o  bypass the tnject \on port and flov back tnto the .. keup 

storage tank . The MOst probable est1Mates for f l ows have a large 

uncertatnty such that the d1fference between a h\gher e s t t  .. ted f l ow and a 

lower es t \  .. ted flow over the course of the acc\dent (16 h) \ s  

approx 1Mately equal to the or1g1nal vater Mass \n  the reactor pr\ .. ry 

coolant syst... It \s probable that any detat led calculattons of the TMI-2 

acctdent w \ 1 1  requ\re tvo analyses. w \ t h  d \ f ferent \nject \ on flov 

ass�t1ons, \n order to bound the pos s \ ble behavtor s .  

17 



TABLE 3. TMI-2 LETDOWN flOW HlSTORY BASED ON LETDOWN COOLERS 

nme flow Rate flow Rate 
( s) {kg/s) {lbm/s) 

0 1. 91 4.21 
300 (-) 1. 91 4. 21 
300 (+) 8.17 18.01 
550 (-) 8.17 18.01 
550 {+) 1. 91 4.21 

900 (- ) 1. 91 4. 21 
900 ( +) 8.17 18.01 

1400 (-) 8. l7 18.01 
1400 (+) 1. 91 4. 21 
1700 (- ) 1. 91 4. 21 

1700 (+) 7.30 16.09 
2400 (-) 7.30 16.09 
2400 (+) 1. 91 4.21 
2800 (- ) 1. 91 4. 21 
2800 ( +) 8.34 18.39 

4600 (-) 8.34 18.39 
4600 (+) 1. 91 4. 21 
4950 (-) 1. 91 4.21 
4950 (+ ) 6.60 14.56 
5400 (-) 6.60 14.56 
5400 (+) 1. 9 1  4. 21 

5650 (-) 1. 91 4. 21 
5650 (+) 7.30 16.09 
7500 (-) 7.30 16.09 
7500 (+ ) 2.00 4.41 

7800 (- ) 2.00 4.41 
7800 ( +) 0.0 0.0 
8700 (-) 0.0 0.0 
8700 ( + )  2.00 4.41 
9600 (-) 2.00 4.41 
9600 (+) 8.00 17.64 

12000 ( - ) 8.00 17.64 
12000 ( +) 0.0 0.0 
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The operators' tes t\.ony \nd\catts that dur\ng the acc1dent the 

\njec t \on flow was throttled to a levt l that Just replaced letdown and 

ass�d leakage. Th\ s  flow \ s  about 66 g�--4.2 kg/s (9.2 lbM/s) . Other 

\nfor .. t \on prov\des the .akeup/HPI pu.p opera t t on h \ s tory. 

The .. keup/HPI syst� cons\sts of three pu�s and -.ny 11nes and 

valves . When \n .. keup MOde, the 1njec tton 1s normally 1\ned up to the 18 

cold leg. When one p� 1s runn1ng \n Mikeup MOde the MOst 11kely 1nJected 

f l ow  dur\ng the acc tdent \ s  f e l t  to be between 1 thro t t led flow of 66 gpM 

and 1 full f low of 160 g� (4 . 1 7  and 1 0 . 04 kg/s (9 . 19 and 22 . 1 4  lbM/s)]. 

When two pu.ps are runntng tn Mtkeup .ode. the MOst 11kely 1njec ted flow 1s 

felt to be between 250 and 300 g� [15 . 69 and 18 . 83 kg/s (34 .60 and 

41.52 lba/s)). These values assUMe that the operators d\d  not .anually 

throttlt the flow t o  66 gpM when they manually s tar ted a second makeup pu.p. 

When tn HPI or eng\ neered safeguards (ES) .ode. two punps are runn1ng 

and valves are set such that 1 000 g� (62.77 kg/s (138 . 4  lbM/s)j are 

\njec ted wtth  one-quar ter of the total flow enter1ng each of the four cold 

leg 1nJect1on por t s .  Our\ng the f1rst 1 6  h of the acc \ dent the total t t ne  

the E S  .ode was on a.ounts t o  less than lS •1n. Sa.e operator tes t1MOny 

1�1\es that even when tn ES .ode. the flow was throt tled shor tly after 

1n1t1at \on. 

The operat \ on h \ s tory of the .. keup pUNps has been taken froa 
1 

NUREG-0600, \n whtch ac t\ons were deter�1ned fr� the alar• pr\nter s .  

opera t t ng logs, and 1nterv1ews . Tht resultant \nject\on flows us\ng punp 

opera t1on h\story and operator tes t1.ony as a funct1on of t \ �  after 

turb1ne t r \ p  are g t ven 1n Table 4 .  

Changes \n the level of the borated water s torage tank have been used 

to e s t t  .. te 1nJec t1on flows and these flows are generally �ch larger than 

shown tn Table 4 .  However, s1nce a large aMOunt of the flu\d can bypass 

the reactor coolant syst� and return to the makeup tank when (S mode 1s 

defeated, 1 t  1s not felt to be a re11ablt \ndtcatton of 1n)ected flow. 
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TABLE 4. MAKEUP AND HPI INJECTION RATES DURING THE TMI-2 ACCIDENT 

T1me after Turbine Tr 1 p  

(h:m1n:s) (s) 

0 
00:00:41 
00:02:02 
00:04:38 
00:10:24 

00:11:43 
03:20:00 
03:37 
03:56 
04:00 

04:17 
04:22 
04:27 
09:04 
09:50 

09:51 
10:32 
10:36 
11:19 
11:28 

11:33 
11:36 
13:23 
14:41 
14:43 

15:33 
15:39 
15:49 
15:56 

0 
41 

122 
278 
624 

703 
12000 
13020 
14160 
14400 

15420 
15720 
16020 
32640 
35400 

35460 
37920 
38160 
40740 
41280 

41580 
41760 
48180 
52860 
52980 

55980 
56340 
56940 
57360 

Cgpm) 
40 
250-300 
1000C 
66-160 
0.0 

66-160 
1oooc 
66-160 
lOOOC 
250-300 

0.0 
66-160 
250-300 
66-160 
1oooc 

66-160 
250-300 
66-160 
250-300 
66-160 

250-300 
66-160 
250-300 
21od 
66-160 

250-300 
66-160 
250-300 
66-160 

a 
Inlect1on f l ow 

b 
Ckg/s ) 

2.51 
15.69-18.83 
62. 7JC 
4.17-10.04 
0.0 

4.17-10.04 
62. 7JC 
4.17-10.04 
62. 7JC 
15.69-18.83 

0.0 
4.17-10.04 
15.69-18.83 
4.17-10.04 
62. J7C 

4.17-10.04 
15.69-18.83 
4.17-10.04 
15.69-18.83 
4. 17-10.04 

15.69-18.83 
4.11-10.04 
15.69-18.83 
16.95 
4.11-10.04 

15.69-18.83 
4.11-10.04 
15.69-18.83 
4.17-10.04 

(lbm/s )
b 

5.54 
34. 60-41. 52 
138. 4C 
9.19-22.14 
0.0 

9.19-22.14 
138. 4C 
9.19-22.14 
138. 4C 
34. 60-41. 52 

0.0 
9.19-22.14 
34.60-41.52 
9.19-22.14 
138.4C 

9.19-22.14 
34. 60-41. 52 
9.19-22.14 
34. 60-41. 52 
9.19-22.14 

34. 60-41. 52 
9.19-22.14 
34. 60-41. 52 
37.36 
9.19-22.14 

34. 60-41. 52 
9.19-22.14 
34. 60-41. 52 
9.19-22.14 

a. Inject1on dur1ng makeup \s 1nto the 18 cold leg 1nject1 on port. 

b. Assumes 100•f water. 

c. HPI mode--\nject1on 1 s  equa l ly d1 v\ded 1 nto the four cold leg \nject\on 
ports. 

d. Throttled f l ow (from NUREG-0600). 
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5.1 . 5  PU!p Seal lnlec t \on 

The reactor coolant pu� (RCP) seals are Mt1nta1ntd and cooled u s \ ng 

\njecttd w.ter fr� the �keup syst... Whenever a t  least one .. keup pu.p 

\ s  runn1ng, the seal flov \nto the pr\ .. ry syst .. 1s betW@en 8 and 10 gpM 

per r,.ctor coolant pu� when the RCPs are runn \ng.  All  .akeup pu.ps were 

off fr� 10 a\n  24 s to 11 •1n 43 s and aga1n fro. 4 h 17 • t n  to 4 h 22 •1n 

after turb\ne t r \ p  (see Table 4). Operator t e s t \ .ony 1nd1cates a s .. ller 

but nonzero flow was .. \ nta1ned when the RCPs were not rota t1ng. 

5 . 1 . 6 Core flood Tank lnlect \on 

The core flood tanks are co.ponents of a pass1ve s y s t� that 1nJect 

w.ter d\rec tly \ n to the reactor vessel downcOMer whenever the pr\�ry 

syst.- pressure decreases to below 4 . 24 MPa (615 ps1a). 

Our1ng the T"l-2 acc1dent. about 2.83 •3 
(100 f t

3
) of l1qu1d could 

have been \njected \nto the reactor vesse1
3 

fro. 8:31 (30660 s) to 9:10 

(33000 s) v1th by far the largest flov occurr\ng early \n t h \ s  per \od . 

Th \ s  flow averages about 0.96 kg/s (2.13 l�s) and 1s �ch less than the 

.. keup flow at th1s t t ae .  

5 . 2  Pressur1zer Events 

The aut�t1c and operator controlled even ts 1n the pressur1zer dur1ng 

the TMI-2 acc\dent \nclude the control of the block valve, the pressur\zer 

heaters, the pres sur\zer sprays, and the pressur1zer vent valve . The block 

valve vas dt scussed \n Sect ton S. l .  The heater. vent valve. and spray 

control are descr\ bed below . 

5.2.1 Pressurtzer Heater 8ehav1or 

The pressurtzer heaters are d1v1ded 1nto 5 banks that are further 

d1v1ded 1nto 13 groups. Each blnk has a low pressure set  po\nt for turn\ng 
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the heaters on and a h1gh pressure setpo1nt for turn1ng the heaters off 

when 1n automat1c mode. The conf1gurat1on 1s deta1led 1n Table 5 .  

The alarm pr1nter pr1nted act1ons related to groups (not banks) of 

heaters dur1ng the acc1dent. These act1ons have been comp1led 1n Table 6. 
Dur1ng the course of the acc1dent some heater groups apparently fa1led 

wh11e no 1nd1cat1on of any act1on for some groups was pr1nted. for much of 

the acc1dent, the pressure was low enough such that all the heaters should 

have been on. 

Another hypothes1s 1s that the pressur1zer heaters were per1od1cally 

cover1ng and uncover1ng and the thermostats (see Sect1on 3.3) were tr1pp1ng 

the heaters on and off. Th1s requ1res that the pressur1zer level 

1nstrumentat1on was 1nd1cat1ng 1ncorrectly. The 1nstrument error 1s 

poss1ble 1f steam or hydrogen entered the pressur1zer level 1nstrument 

reference leg at the upper level sens1ng nozzle (see f1gure 2), but th1s 

poss1b111ty has not yet been demonstrated. Should th1s hypothes1s be true. 

then the heaters would prov1de an 1nd1cat1on of pressur1zer 11qu1d level. 

Based on a plant draw1ng, heater banks 1 and 2 (groups 12 and 13) are 1n 

the lowest elevat1on heater bundle. These heaters were apparently 

operat1onal throughout the acc1dent. Heater banks 4 and 5 (groups 1 

through 7) are 1n the upper bundles and these groups tr1pped off and on 

throughout the acc1dent. 

For perform1ng analys1s us1ng heater power, 1t 1s recommended that 

Table 6 and the setpo1nts from Table 5 be log1cally comb1ned. except for 

those heaters that apparently rema1n off. 

5.2.2 Pressur1zer Spray Behav1or 

The pressur1zer spray 1s des1gned to decrease the pr1mary system 

pressure by spray1ng cold water from the outlet of the 2A cold leg reactor 

coolant pump to the steam space 1n the pressur1zer. The spray valve 

automat1c controller opens the spray valve when the hot leg pressure 1s 

greater than 2205 ps1g (2220 ps1a or 15.31 MPa). The spray valve should 

close whenever the pressure decreases to below the setpo1nt of 2155 ps1g 

(2170 ps1a or 14.96 MPa). 
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TABLE 5. T"l-2 PRESSURIZER HEATER CONfiGURATION 

Low 

Correspond,ng b 
Total Pressure On 

Huter Heater Group 
tw' Setpo1nt \n 

Bank Nullb•rlsl ps ,a '"Pa) 

l 13 126 2 1 47 ( 1 4 . 904) 

2 12 126 2135 (14.821) 

3 8, 9, 1 o. 1 1  504 2135 ( 1 4 . 821)  

' '· 5, 6, 1 504 2 1 20 ( 1 4  . 118 ) 

5 1 • 2 ,  3 378 201 5 ( 1 3 .  994) 

•• Each group prov,des 126 kW . 

H1gh 

Pressur•
b 

Off 
Setpo1nt 1n 
ps,a '"Pal 

21SS ( 14.959) 

2155 ( 1 4 . 959) 

2155 ( 14. 959) 

2 1 40 ( 1 4 . 856) 

2125 ( 1 4 . 752) 

b. frOM NSAC-80-1.3 Pressure 1s the gauge pressure measured 1n the 
A-loop hot leg. At.ospher\c pressure 1 s  assu.ed to be 1 4 . 7  ps,a. 
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TABLE 6. PRESSURIZER HEATER RESPONSE DURING TMI-2 ACCIDENT 

T1me 
(h:m1n:s} 

00:00:08 

02:54:19 

04:23:54 

04:30:30 

04:46:21 

05:30:34 

06:13::;:; 

06: 14:06 

07:50: 16 

09:55:10 

10:05:25 

10:07:19 

10:32:36 

10:38:57 

10:39:51 

1 1  :28: 52 

1 1:45:17 

13:26:00 

14:25:26 

nme 
's ) 

8 

10459 

15834 

16230 

1718 1 

18034 

22419 

22446 

28216 

35710 

36325 

36439 

37956 

38337 

38391 

4 1332 

42317 

48360 

51926 

Event 

All heaters (Groups 1-13) automat1c 

Heater groups l, 2, 3, 4, 5 off 

Heater groups 1, 2, 3, 4, 5 on 

Group 10 off (rema1ns off, assumed fa1led) 

Groups 4, 5 off (rema1n off, assumed fa1 1ed) 

Group 3 off (remain off, assumed fa1led) 

Groups 1, 2 off 

Groups 1, 2 on 

Groups 1, 2 off 

Group 8 off (rema1ns off, assumed fa1led) 

Groups 1, 2 on 

Groups 1, 2 off 

Groups 1 ,  2 on 

Groups 1. 2 off 

Groups 1, 2 on 

Groups 1. 2 off 

Groups 1, 2 on 

Groups 1. 2 off 

Groups 1, 2 on 
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The pos1t1on of tht valve was recorded on the react\.eter and that 

data 1s rtproduced \n Tablt 7. The recordtd valve cycltng frOM about 20 s 

to 10 •1n 21 s \s contrary to the sttpo1nts dtscr\btd above. When the 

pressur\zer heaters were placed 1n autOMat1c at about 8 s, the spray should 

also havt been \n aut�t1c. If two calculat1ons art not poss1blt, \t ts 

rec�nded the spray be assu.ed to have operated \n automat\c �de pr\or 

to 2 h afttr turb\ne tr\p and .anually thereafter as 1\sted \n Table 7. 

The spray \s effect\ve only when the 2A pump \s runn\ng. However, \f 

the valve \s open when the pu� \s off. gases can be transported between 

the cold leg and the pressur\zer bypass\ng any water seals \n the 

pressur\zer surge 11ne and lower reactor vessel. 

5.2.3 Pressur\zer Yent Valve 

The 1-\n. d\a�ter vent valve on the top of the pressur\zer 1s 

nor-.lly used only to rtftOve noncondens\ble gases fro. the pr\ .. ry syste. 

follow\ng shut down events such as refuel\ng. Accord\ng to the Rogov\n 

Report.
2 

th\s valve was cycled three t\Mes dur\ng the acc\dent. The 

approx\ .. te t\Mes after turb\ne tr\p were: opened at 7 h 4 S  •tn. closed at 

9 h 10 •tn; opened at 10 h 3 S  •tn. closed at 11 h 10 •tn; and opened at 

12 h 45 •'"· closed at 12 h sa •1n. 

5.3 Reactor Coolant Pu!p 8ehav1or 

The pr\.ary coolant PUMPS were turned off and were restarted at 

var\ous t\ .. s dur\ng the acc\dent. The events are 1\sted \n Table 8. Only 

events that resulted \n flu\d be\ng PUMPed are \ncluded. The operators 

started p�s at other t\ .. s dur\ng the acc1dent. but because they were 

ste,. f\lled. they developed no head. used very 1\ttle current, and were 

qutctly turned off. 
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TABU 7. SPRAY VALVE POSITI ON.FROM REACTIMETER DATA 

T1me T1me 
(h:m1 n:s) _w_ Event 

00:00:00 0 Open 

00:00:12 12 Closed 

00:00:39 39 Open 

00:00:48 48 Closed 

00:01:06 66 Open 

00:01:18 78 Closed 

00:01:39 99 Open 

00:01:48 108 Closed 

00:02:12 132 Open 

OQ:02:24 144 Closed 

00:02:48 168 Open 

00:03:00 180 Closed 

00:03:30 210 Open 

00:03:45 225 Closed 

00:04:06 246 Open 

00:04:21 261 Closed 

00:04:48 288 Open 

00:05:03 303 Closed 

00:05:27 327 Open 

00:05:42 342 Closed 

00:06:06 366 Open 

00:06:21 381 Closed 

00:07:00 420 Open 
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TABU 7. (cont\nued) 

Hr. H• 
{h:•\n:s} ..1!.L Event 

00:07:21 441 Closed 

00:07:54 47C Open 

00:08:21 501 Closed 

00:09:03 543 Open 

00:09:18 558 Cloud 

00:10:03 603 Open 

00: 10:21 621 Closed 

02:55:03 10503 Open 

03:13:18 1 1598 Cloud 

03:45:21 13521 Open 

04:21:42 15702 Cloud 

07:58:09 28689 Open 

09:01:18 32838 Cloud 

10:04:24 36264 Open 

12:05:51 43551 Closed 
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TABLE 8. PRIMARY COOLANT PUMP.OPERATION 

nme T1rwe 

(h:m1n:s) _ilL Event 

00:00:00 0 All pumps runn1ng 
01:13:29 4409 18 and 28 pump off 
01:40:37 6037 2A pump off 
01:40:45 6045 lA pump off 
02:54:00 10440 28 pump on 
03:12:00 11520 28 pump off 
04:08:37 14917 lA pump on 
04:09:14 14954 1A pump off 
15:32:42 55962 1A pump on 
15:32:52 55972 lA pump off 
15:49:36 56976 1A pump on 

28 



Th• st•a• g•ntrator cond1t1ons changed throughout the TMI-2 acc1dent . 

fh• .. ,n f••dwater f l ow  decreas•d to zero w1th1n 1 s after turbtne tr'p and 

tht st•a• gtn•rators bo\led dry by 1 • t n  45 s .  At 8 � t n  and 1 8  s e.ergency 

f•edwater btgan when the •t stakenl y  c losed aux t l tary feedwater block valves 

vert optntd .  

The prtssure and water level changed throughout the trans1ent. These 

para.eters were recorded on the plant reactt.eter and are shown on several 

f t gures . Ftgure 4 shows the pressur• t n  the A- loop stea• generator 

secondary fr� the start of the acc1dent unt11 16  h. f t gure 5 shows the 

sa.e 1nfor .. tton for the f trst 5 h after turbtne tr1p. ftgure 6 and 7 show 

the pressure t n  the B-loop stea• generator for 0 to 1 6  h and 0 to S h 

r•specttve l y .  Ftgurts 8 and 9 are the long ter• and short terM recorded 

startup level ( .. x1� readtng of 250 t n . )  for the A-loop stea• generator . 

f t gures 1 0  and 1 1  are the long and short ter• operattng range level for the 

A- loop ste .. generator . f tgures 12  through 15 are s1•t lar f t gures for the 

B-loop generator . The operat\ng level readtng t s  te.perature co.pensated 

wht l e  the startup level readtng t s  not . Thus the two level measur�nts 

are not tdenttca l .  It t s  rec�nded the operattng level be used unless 

that level 1s less than about 101 when the startup level should be used 

(see Sectton 3 . 4).  

In  order to •1nt •1ze calculattonal uncertatnttes,  INEL analyses use 

the -.asured stea• generator pressures and leve l s  as boundary condttton s .  

The f low out of the generator t s  tncreased or decreased to -.tch the 

.easured pressure. After 8 •1n 18  s when an operator opened the tmproper ly 

c losed aux111ary feedwater valves, the aux111ary feedwater f low ts 

t ncreased or decreased to .. tch the .easured leve l .  T h \ s  t s  done to 

el\Mt nate the need to estt .. te the .. nual adJustMents that were .. de to the 

au•111ary feedwater f lows 1n each OTSG throughout the acc1dent . The 

aux t l tary f•tdwattr te�erature t s  3 1 1  K ( l OO•f) .  The .. . ,MUM aux111ary 

fttdwater f low per stea• generator t s  about 30 . 8  kg/s (68 lbM/s). 
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6. SUMMARY 

Th i s  document has comp i l ed a best est imate of 1 n 1 t 1 a 1  and boundary 

cond 1 t 1 ons dur i ng the TMI-2 acc 1 dent.  w1th  emphas i s  on those parameters 

needed to represent the progress1on of the acc1dent 1n the pr 1mary coolant 

system. Not a l l  1mportant parameters are known prec 1 se l y  and many have 

very h 1 gh uncerta 1 n t 1 es associated w1th  them. Fur ther research w1 1 1  

improve t h i s  s i tua t 1 on. 

Ana l y s 1 s  of the TMI-2 acc1dent w 1 1 1  be d 1 f f 1 c u l t ,  due to the 

uncer ta i nt 1es  in the i n 1 t 1 a l  and boundary cond i t i ons and the extremely 

comp l e x ,  coupled phenomena tak1ng place.  To r ea 1 1 s t i c a l l y  analyze the 

acc 1 dent on a systems bas 1 s  requires deta 1 1ed representat1on of the plant 

and the use of h1ghly developed mechan 1 s t 1 c  tools  that coup l e  the var1ous 

phys 1 cal  phenomena occur r i ng dur 1 ng the accident progress i on .  In  many 

area s ,  such as molten core 1nteraction w1th  lower core support s t r uc tures,  

the mecha n 1 s t 1 c  mode1 1ng 1s  not yet in place and re11ance must be placed on 

sound eng1neer1ng analyses . 

The boundary cond 1 t 1 ons descr 1 bed 1 n  Sect1on 5 control led the 

progression of the acc 1 dent . The large uncer t a 1 n t i es in these cond i t 1 ons 

can lead to calculate responses that are very much differen t .  when the 

extremes of the uncer ta1nty ranges are used. I t  i s  ant i c 1 pated that 

ana l y s 1 s  of the TMI-2 accident w1 1 1  requ 1 r e  more than one c a l cu l a t 1on to 

bound the response of the system. As the uncer taint 1es in the boundary 

cond1t1ons are decreased through research .  the calcu lated response of the 

system wi l l  become more certa 1 n .  A s  these advances are made, add i t 1 onal 

reports w 1 t h  the 1mproved 1 n i t \ a l  and boundary cond i t i ons w1 1 1  be i s sued. 

42 



7 .  REfERENCES 

1 .  U . S .  NRC , lnvts t \ga t \on \nto th� Ma r c h  28, 1979 Thr�� M \ l e  I s land 

Acc \ dtnt by Off\ct of Inspec t \ on and Enforcenen t ,  lnves t \ ga t t vt ltpor t 
lo .  50-320/79-10, NUREG-0600, August 1979. 

2 .  M .  Rogovt n ,  G .  T .  fra.,ton, Jr . ,  Thr�e "' le I s land--A Report to the 

C�\ s s \ oners and to the Pub l \ c  VolUMe 11. U . S .  NRC Spec \ a l  lnqu1ry 

Group, NUR£6/CR-1250, Vol . I I ,  January 1980. 

3.  Ana lys t s  of the Three M\ le l s l and--Un t t  2 Acctden t ,  Nuclear Safety 

Ana l ys \ s  Center report NSAC-80- 1 , NSAC-1 Rev1sed, "'rch 1980. 

4 .  k .  H .  Ardron, 0 .  G .  Ca1n, TMI- 2  Acc\d�nt Core Heat-up Analys t s ,  

Nuclear Safety Ana l y s \ s  Center report NSAC-24 . January 1 981 . 

S. EPRI  PWR Safety and Re l \ef Valve Test PrograM: Safety and Re l \ef 

Va l ve Test Repor t ,  £PRI Spec \al  Report  NP-2628-SR, OeceNber 1982. 

43 







· R E C E I V E D IG&G � Inc 




