
TASK CLOSE OUT OOC\KNT 

Task Scope ('tz: 1 '<'·, / ; ... c.:. ~, ~.·" &/·, ... .,:~f· 
t.; - ..L~( ~/ fl& -.. 

To: H. Levenson 
S. Levy 
E. Zebros id 

Task No . . =t ~ 

Reason fel t task is completa : 

PW!bers of eo-1 ttee 

..... 
7 ' i . 

/ . / 
~· · 0 .' .... ., 

- l / 

Lla te Ccr.tp i e te ,. / /. -: • - //"/ 7 . 

I fJ - 2 .:0. 

.. 

2004 2A4 

:c .,, 
·l 

~
! 

t; . 

;; 



£_- ·· · T-· \ SA1·139-79·PA 

I 

I 
I . . 
l 

I 
f 
I 

TO: Ktl Lteb 

FROM: Mike Kolar 
Ttlecopter No. 717/944-4755 

COIWECTIYE SIMJLATION OF COLD SHUTDOhtt 
FOR THR£E MIL£ ISlAND REACTOR 

Aprn 1979 

Prepared for : 
Electric Power Rese&rch Institute 

3412 Hi11view Avenue 
Palo Alto. Ca lifornta 94304 

Contributors: 
Hld1 8ozof'9111nesh 

Vernon OeMy 
Jack Goocbln 

AI SCllNCl Al't'UCATIOtQ. INC • S 'ALO AlTO SQUARl. SUIT£ 200. 'ALO ALTO. CA ~ 
, • AlSUOUEAOUl •,.,.,. ARIIOA • AAU NGTON • BOSTON • CHI~C • HUNTSVIu.£ •lAJOUA 
- \.OS AHGlUS • AOQ(VII.U • 5UHHYV~ • TUCSON 

2004 245 - . .. 

t 



.. 

1.0 EXPERIMENTAL OESCRIPTI~~ 

A simulation ot the dam~ged Three Mile Island nuclear reactor 
core "'S carried out in a systa 1110cfelfng experf.rent. The Njor apparatus 
associated with the eaperf~nt consisted of a plexiglass cylinder which 
re~rasented the core. four circular flat heaters which represented the 
melted clad and fuel debris collected on the grid spacers, and a water 
flow network which represented the core cooling syst~. A sch~tic of 
the experiment ts shown fn Figure 1. The experiment was designed according 
to various parameters specified by E?RI . These are listed tn Table 1. 

The plexiglass cylinder is 4 feet long and has an internal 
df~ter of 9.75 inches and. a wall thickness of 1/8 fnch. The four 
heater plates an 1/2 inch thick and 8 inches fn diameter. Each fs 
ecunttd in a plexfglass spacer ring such that the gap between. the cylinder 
and the heate~ asselbly is 1/4 inch (see Figure 2). This ge~trical 
configuration was necessar,y be,ause the largest heater elements obtainable 
on short notice were eight inch nominal dfu.eter, and the closest di~n~tter 
plexiglass cylinder obtainable was 9.75 inches in diameter. Str.ce a 
1/4 inch gap was specified by EPRt, a spacer rtng was necessary. 

The heater plate assembly consists of an electric stove top 

burner element. The element i s packed fn fine sand and surrounded by 
a steel shell (set Figure 3). Eac~ element ts rattd at 2100 watts at 
240 volts, but because of a 1~ vol tage (195 v} at nfght fn the but1din~·s 
noannal 208 voltage line, the measured power to tht heater plates '-IS 

only 1490 watts . 

The f1~ ne~rk representi ng the core cooling system ts shown 
in Ftgure 1. The part of the network surrounded by the dashed lfnt 
rep"sents a constant tell'!perature si nk . Water enters the bot to:a of t."t 
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plexiglass cylinder through a spreader pl1te and is dispersed into unifo~ 
flew so that 1 jet does not i~~pinge on the unders ide of the lowest huter 
plate. fiye ther.ocouple locations are indicated in Ftgure 4. The thermo
couples wre located about 1/8 inch froaa the heater plitts. 
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2.0 EXPERIMENTAL PROCEDURE 

The experiment ~as designed according to tht EPRt specfffed 
par-ttrs gfven tn Table 1. Ourfng the constructf~ of the apparatus, 
SAl stdf determined from a si.plt heat balance on the systet!t that the 
fnlet temperature of 180°F was fnconsfstant wfth other parameters, 
na .. ty heater plate power . It was thtn agreed that an inlet temperature 
of 100-130°F was cnore reasonable. Before diu was about to be taken, 
it was also discovered that the mass flow rate had been incorrectly 
calculated, and that tht correct value was about 17 gpat. Since the 
ca(Jicfty of the p1111p in tht experf~n~nt was only 10.5 gC~m. ft was agreed 
by EPRI and SAI staff that lO.S gpm was still a representative value of 
the flow rate and the experiment would proceed. 

• To run the experf~nt, the seconda~ storage tank was ffrst 
brought up to ~the des fred temperature. Thf s was accocnp 11 shed by 
diverting some of the inlet flow through en auxillar,y heater. and adding 
tap water to the system; while also pumping water out from the storage 
unit to keep the level constant. When the syster.1 was at the approxfmate 
temperature, the bypass loop through the auxflla~ heater was closed. 
A flow loop was thus establ ished between the simulated core and the 
COI\Stant ttsr4)erature storage tank. When the systera reached an equilfbriUII 
tetnptrature. data was recorded as to flow rate and temperature. 

Because of the unavailability of a proper size flow zneter, the 
~ss flow rate was dtteMmfned by collecting the outlet flow f~ the 
vertical cylinder wt thfn a spedffed tfmt and then wefghfng the water. 
The flow ratts thus dete~f ned are accurate to wtth f n s:. 

.' 
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3.0 RESULTS 

The results of the operi1111nt are s'--Nrtzed tn Table 2. At 
both the low and high Nu flow rates, there appeared to be good fluid 
atx1ng, indicated by the fact thlt there ~•s no radial te=ptrature gradf
ttnt nor~~ there any sign of subcooled botling. The thtnaocouplt u. 
peraturts were recorded with a d1gtta1 readout ~ttr with 1 built-in 
reference ~erature. Although the thenDCCouplts were not previously 
calibrated, ~~e1r accuracy fs est1~ted at t ZOF. the reason for this 
relit1vely luge error Is not due to tht thermocouple itself, but is due 
to temperature osctllatfons. Thtse oscillations are the result of bub
bles f~ dissolved afr in the water fo~~ng on tht tbermocouple and su~
sequently breaking l~ose. 

Based on the results of this eaper1~t. it ~Y be concluded 
that, for the particuhlr geon.try and par~~~eters dtffned in Table 1. no 
localized subcooted boiling. will occur. 
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Table 1. Experimental Para.eters · 

" 
, Exptri~:~~ntal EPRl Sptttfftd Experfl':'.ent Parameters 

1. No. of Heater Plates 4 4 . 
2. Heater Plate spacing g• g• 

3. FlOM Rate 0.3 9PIII 10.5 9JD 

4. Heater Pa..er 
(per plate) 

1.7 kw 1. 49 kw 

S. Annular C.p 0.25 inch 0.25 -tnch 

6. Inlet Tenp 180° 105°- 133° 
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Tlblt 2. Te~~ptraturt Distribution tn Sf1111lated Core 

'· Miss Flow Rate (gal/afn) 10.5 10.5 10.5 

Ther-ocouple tlo. Ttq)trature °F 

1 111 127 137 
z 114 127 136 
3 109 127 136 ' 

4 109 127 i36 
5 106 123 133 

Miss Flow R•te (gal/mtn) 0.77·0.83 0.80 0. 78 0.71 
-

ThtriiOcouple Ho. TeDPtrat"rt °F 

1 140 142 145 155 
2 . 140 HZ 142 152 
3 129 130 130 139 
4 134 130 131 138 
5 lOS 106 107 116 

Heater Plate Power for all tests • 1.49 kw ~ 21 
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