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PR~!..lMWAAY ?RE(:JCT:or: 0~ CO:: -:-~~~::-• :J::rJ:=!..:: :: ::-:t.\'!0?. 
DU~I~G ~~TUR~L C R:~~~;;Qh 

r·ast core thermo:ouple behav~O!"' h~s D~er. re\ie .. ed to ~!.:cblish hew the tr:enno-

c~u~l~s may beha~e during natural circu lation. !t i s ex~ec:ed that the highest 

ret: cf (Ore !.har:-1ocot.::>1: incn:ase will be !:>elo~ 3C°Fihr and that at most 12 

thern.ocouoies r.:av r each sotLoro~ ion tE-:-:Perature or above. Mcst :hermocouples ---· '-"-

0 ~ SCL'SS I or; 
There have been many reports wr i tten about the core th~rmocouoles and the basis 

ac::eo ted P ir-~t :!"~- ,·c tr.~--~ 0.: : .,:::.1 -- ,.- ~~ .' · •oo::.bc' .. - ,· ... - ""O' l.ml· -y ·o •ho 
- - - ;;I "" .,. U ._. ~ C: ~ t \. w 4 0 • •- - • ••-: •• iJ ,.. I "" ~ ... -

couoles. The pr·esence of fue1 ~.ar:icles near ::1e : ::er..'Jcc-:;pies coup1ec wi th 

that during the early phases of c" rldown, t he fuel heat generati on was hign 

couoies were rewetted and this behavior is illustra~ed in Figures la and lb where 

ther~ocouples at pcsition G-11, F-7, 6-~. E-11 and E-~ ~nd H-e are all seen to 

exhibit a :~~perature drop of over ?OOcF/h~ while 7a11ing below the saturation 

tem~erature . The final temperature r~ach~d by ~he th~ rr.~o:ouples prG~ably depenoed 

u~on the flow reaching the thermocouple after it w~s re~~:ted. The behavior of 

.. 

th~r~ocouples K-11 and D-10 is particul~r1y inte~est ins ~s they ffioY eahibit re~etting 

and r edryout as the saturation te~perature ftas 1o~erea. It is also suspected that 

during this early ph~se of th~ c~~ay, s~~ f uel particies redistribution was tcking 

p1ace. 
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earl) ~art of the accident is to 1ooL &t t~!:r ~!~a~~ o r ~s systE~ ~ress~re is 

Th , s :J!! '".a\ io .. is esoecially noticeable in ri9ure 2a where thermocouple HB ber.avior 

is r•:.J:-s·. :eto tnat of I _on t. / 8/79. A s ir.:1 ar cattern of tnennocouo1e rising 
sa~ 

hni 1e 7 a- is o~:reas;n~ is o~se rved in Fi9~re 2~. A plot was made of the coverage 
s -

of :ne fi ·o~e huttest : ht: rnoccuo1es :;:inus ho: ~ec te::;perature ~sa function of t ime 

co;;;~ 1 es is small indicating that steam or dry areas are very small at th is stage 

o$ :r.e c~cay h~a : . This is snown in Fi gure ! wr.~~e the f~ve hottest :e-~pe .. a:ures 

o! ail !.~ese- t:.c-r~·~Ci1up1es i nai cctes that a11 c.ure thermocouc1es are now :>ract1callv -- - - --

core ~herm0couples. Tne highest ra:e ~f ce: .. ~ase or increase ~as that already 

~a~,n~~ ra:e of te~perature chance woul~ be 60 t~ 70°F/hr. If we assume that 

rewett i n~ and dryout are reversible temperature ir.c :-eases of 60 to 70°f may be 

ind1:a t i ve of local core tnern.ocouole dryout. ~ more reasonable expectation of 

the te~Derature rise that might result is to look at Figure 5 when the pump trip 

~ool p;a:e . ln this c~se. ~h~rmocoupie H-e whicn ~a s primarily wet ted s~arted 

to r i se sharply due to ~articula:e an~ flow recis~ributio~. The rate of ten~er

a t~re rise is about 70°F/hr and a11 owing for ~ecay h~at r eduction , this would 

correspond to about a ~G°F/nr tc~:erature r i se in late April. It is suspected 

tr.~t cur ing tne switch to r.e:tural c.i rculat icn , hot test core thermoc ouples can be 

• • 
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th~ ~ransient after the pump is tripoec, :he fie~ fa1is :e1ow the natural circula-

tion value (see for ~xarnple Fig~re 6}. This fiow ~o~i~ ~~~duce s~a9~ation fio~ 

at sor..e of the therrr.ocoupies anc dryout of the fuel partict.1ates around the thennC\-

coupl e. This period of zero to 800 seconds is especially critical. Thermocouples 

should rise at 30°~/hr and as high as lOcf/hr if they ~e:o~e olanketed. 

The nex: period of interest is the behavior of the th:rmocouples at the much lower 

flow rate of na:ural circulatio~. The to:al f1ow wi11 oe:re~~e by a factor of 

about 20 and if we assu~e that the ~her~oco~ple te~Jera:~~E will rise accordirigly. 

it is found that at most 12 thermocoupies ~ay reach sat~~ation temperature. This 

rate of rise will take place slowly as ~ater fiow droos ttrough the particulates. 

It is e~pected that some redistribution will take piac~ during this period of time. 

but that in st:r.crai, the Soi.le number of high thermoco~;oies ~ill continue to e.xis~. 

CONCL US j Oti 

1. Most core :hermocouples wil i rise gra~~a11y c~~ing t he transfer t~ ~!t~~ai 

circulation and they should stop at 200 to 250cF. 

2. 1-. few thermocouples :r.ay be sub.iect tc recis:rib<J:ion cf fio"'· and fuel 

particulates. Their ter.·perature rise may be at r.•!:'St 30°F/hr. 

3. Due to the reduced flow rate associated with natural circulation. a few 

the~ocouples may reach saturation t~r.oeratures. This nu~ber is not expected 

to exceed 12. .• 

~. During the initi al stage of the transient close to stagnation flo~ may ·set in. 

Even under st:~gna~ion flow, the ther.:,~coupie te!':'l;_:erature rise wili be below 

70°f/hr one! rr.ay be termir.ated as natural circulation sets in. 

S. Levy 
4/23/79 
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