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s8tion test on Mav 1, 1975, Witk the core in place dut with ne power hissery to

orocuce decay heat, two tests were concucted and were successfu. in developing
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in 04l leg temperacures, which maintained & natural circulasction flow rate for
«C Tinutes Or more. & large change in the indicated water levels of bteth stes:
generaters occurred in the same two-minute depressurization time. The £inal
sevel was 310 inches above the lower tubeshee:.‘whereas the initial level was
373 inches. The reasor Ior rapidly creating a 20F cecrease in the cold leg

temperature was tc use the transpert time between the ccld leg temperature probe

énc :tne hot leg temperature prode to calculate the naturel circulation #low rate.

> 7 - - - . < < -" - 3 < = - wne -
FCT the second tes: iritiazl operating conditione were reestah.ished several

nours later, and after securip .he last twc RC pumps, the OTSC water levels
were rapicdly intreasec tc cocl down the cold leg temperatures cischarging from
both stea= generators. Mzin feedwater flow was used to increase the initial

water level c¢f 31U inches to approximztely 390 inchee in sever cinutes. The
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+:RFT Cala TTOon Shls simu.atec naturta. civcusation flov rTate ter: are

sresented in Figures < through S
assexbly lowerec-l00r plant. The lcczatiorn of the instrumentation used o measure
the behavior of the reac:or coclan: svster during natural circulation is showr

ir. Figure 1, TFigure J displays locy B hot leg and cold leg RC temperactures
& s ! v ® &

n
(2 ]

curing the firs:t test descridved adbove. RC pressure and pressurizer leve. are

srown in the lower grarh., RT pressure varied + 60 psi about the normal operating

T

&9 24 7 - o ¢ : i & ~ e
-aSUTe CLS8T.AYS & COTArison ¢ ths ~Eness hot .ep termperacture and the RL sgvszer
P g =4 Swa 5 [ . ne 1 oo A "

SALLTAC1ION teTpeTature. apPraxinacte.y L.0f SUDCOQLINE existel In thée KA. svsten

Figure - cisplavs the rapic change in steam generator pressure ani steac

e bvpess valves were used ¢ cool the celd

iez temperatures 15 to 20F.

Figure 5 shows & compariscn of a co.l leg tempersture vith the saturation
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data show that “he time delay for

ccld leg temperatur: to be s.iterec v changin

m

steat pressure is approximately
two minutes.

Test datez from the second test, natural circulation bv raising water level,
&rve presentec in FTigures 6 through ?.l igure ¢ shows hot leg anc cold leg
temtavatyures In 1007 ~., Thé .ower graph displavs RC pressure and ;ressuriz;r
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TiguiTe ESptLEVy loor BB mms +C 285 temperatures. The .ower graph
§ By BE THEITE, INe ANunt of sebCoo.ing is frestety than L1OF for the secons ..
85t Indoling & natuvas circulation fuivw raze. Tigure € shows thne change &n
SCLH BLEAT ganerarcy pressures and waiey leve. indicszsions.

Figure © cisc.avs & zomparison ¢f 100D & cold leg temperature ant the .
saluraticon temperaiure corresponding to loop 4 stear pressure. KNeote again the
short time delay of 2k minutes for the cold leg temperature to follow sceac
préssure,

L Firgs: Nasura. Ciwcu.aticn Test vish Decev Eeat

or Lovemper -, 1972, Duke Power (ompany conductel a leoss-of-cffgite-power
test at Jicnee Unit L. The only dats avallztle are shown in Figure 10, Loop 2
anc B onot and ool les temperatuves are very well maiched, and the core temperature
diflerence is abcut 377, The maxnimus value ¢f hot leg temperature was oalv 360T,
3 Seconé Nasursl Circuliation Test wizh Decav YHeas

Or. May o, 1974, Duke Power (omparnyv performed anccher maturva. zirculation
test on Oconee Unit 1., E&W and Duke determined that if the natural circulatien

tes: coulé pe comrleted
gTester than ratec p
The natural circulation
£low, the RC pumps were

Tigure 1 JieNaaTe
Tne corée temperature di

locp A =

Figure 1. shows &

-l .-
-

sature terserature

. .-

- e

-3F compared to

withir v after reactor shutéown,

"
=

cne ho decav heat

ower would pe avallatle cue tc the previcus power history.

test was successful, and after 37 minutes of unpowered

restarted.

- e - -
- s e 10&

eop A &nE I ¢oil leg ang leg temperatures.

fierence on locr B is sligntly larger than that or

~n
el s

The highest hot leg temperature was only S558F.

cozpariscn of the highest hot leg temperature with the

¢f the RC svster.

Minizum sudcooling was approximately

"™
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either high RC pressure (2335 psig) or pump monitors and bdoth feedwater pumps

were shut cown., The emergency Ieecwater svstem was delaved in supplving water

¢ the stear generators for approximately 7 minutes. Instrumen: air pressure

& - e - 4 - 1% - -9 . 9 - mliyem -
reéducec to 2 value below 30 psi until 3 édiesel-powered backup compresscy was
- " "
manualiv started zhout nisctes after the srip, At that time, the energensy
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te 937 on the Operz:e Range
level indication (~372 inches above the tubeshee:). Control roor operatsrs tookn

- -

majual control of the startup valves in an effor: to reduce the zocldows raste

Figure 14 shows the rapid decrease in the cold leg temperature without the
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n in RC pressure and pressurizer level. This was cdue tc the
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CPETELOY 5 USe OI EIRn rPréessure injecCticon, as required, tc meinsain RC oressure

anid pressurizer level.

Fisure 135 displav
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RC svstem temperatures anc the saturation temperature
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gIrence ¢
igure 1€ shows recorcdec stear generator parameters that were available for
this unplanned natural circulatior occurrence. Wnen the emergency feedwater was
suppliec to the loop A steam generateor, it automatically fillec the generater to
€3’ on the operate level. This setpcint has beer changed to 507 on ai. B&W

JOWeTes~L00p piants subseguent ¢ this incident.
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3 displavs the loor B core temperature difference of 35F or more

and the simultanecus chanze in RC pressure anc pressurizer level during the

igure <=~ ghows cther RC syster temperztures and indicates nearly ecual
p E perforzance., Thne highest hot leg temperature is more cthar
100F below the saturaticn temperature for the RC svstern.
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tha: the normal fi111 rate for the emergency feedwater svstem has

drastically reduced stearm pressure tc 700 psig. A review of previous case

-

core had only 0.2 EFP davs at the time ¢f this
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Figure 26 compares the lowes: col leg temperature with the stear genera:or

turation curve.
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On Neovember 29, 1677, Toledo Edison Compary experienced an inadvertent
loss of offsite power incident which unpowerec the four RC pumps and resulted
iz natural circulation flowv rate conditions in the RC svste=. The initial reactor

power was ~(0L. The incident was initiated br unremoved electrical tes: ‘umpers
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A-sc shown is the amount of subcocling ¢f the loop 2 hot leg below the RC syster
ior. temperature. The minimum value is greater tham a -0F margin.
Figure 2% cisplavs the variation irn steas gemervazer water level indizacior

&ns pressures during the time the emergency fesdwater svster was supplving water

ry=

- P& oy " - - . L35 3 - leve" | 4

th€ RU system. The second generator was only filled to the B-foot leve.. Nozice
- T = - . e segmae sa - - - -~ & 452 & ~bna 1

the recovery of stear pressure after terminating cthe £ill ¢f she loor 1 stear

generator.

-
<
-

igure 30 shows the usual relationsnip of cold leg temperati~e to the stearn

a 7 - o o d mawsmiea deye 4 Prawat &% “awd 3 ;
é’0r satLTatlion tetperature QUYIng natura. circu.iatior conditions.

m

Figure 31 displays the calculated core decay heat profile based on the
sower nistory of Davis-Besse . orior to the reactor trip.
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Pl P . &% Javis=-5esee . Iuring Planned ioss of Ofigite Pover Tes:

Tolede Ediscen Company periormed & loss of offsite power test on January 13

-

187¢, tc evaluate tne atility of the Davis-Besse 1 plant tc withstané thie transien:.

dince the previous occurrence, control roo= operateors had demcnstrated that

:or - feet of level in both stear generators would adegquatelr control the cocldown
2 2ae RC grsten. Alsc, 2 specia. natural cirsulisatior tes: wae conduccted & fev
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controliec very well with the lower sefpoint for the emergency feedwater svster.
ifferentiel temperature and a2 60F
margin of sutcooling between hot leg temperature and saturation temperature.

igure 3~ shows stean genera:or conditions cduring natural circulation andé

operation of the exergency feedwater svstenm. After 200 pezonds when the operasor
manua.ly raised the .eve. tCo approvimately < feet, & significant reducsion in

stear pressure resultec. The rate of fill appears to guench stear generation

-

PUS NDCLCQNE & CONEtant .eve. GO€s nCt. oY onle~INTCOURN STeanm generators, the
e~ sal€é Neels 0 Te TETCNEC Wilh The Gelay neat anc the CesirTel CoC.iouwn race.

Figure 35 shows & comparison of the lowest ccld leg temperature and the

stear generator saturation temperature. The action taken bv the operator at

o . o~ Ra Y 5 awrwg A4Ls s Ja ks % %

«vwwe BSEIONCE TEAQUCEs Lneé uUsua. femderature Clilerence 05 2V LC near.iv zero.
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3
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igure 3¢ presents the calculated core decayv heat profile for Davis-Sesse 1
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actor trip on January 15, 19879,

Or December 2, 1978, Toledc Edison Company conducted & special test on

natural circulation with the core at & constant power level of 4% A few davs

"%

earlier testing was completed that provided the neutron flux=cold leg temperature

+

correction factors so that core power woulicd be accurately known during the
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sleacy-slate Catz was codltainecd. In all, six levels were established vanging froc
3 feet to .3 feet and the calculated natural circulation flow rates show
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low rate at & water level of 13 feet. This fluctuation in emergency feedwater

- e -
foy loor A and I steam generators.
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- At 2 ABTETE. LITZUBSIOT TLOW MESSUTEL CRLSuiBtet i L4k 1i7«TA Plircs
=

Rea:zter coclant flow during natural circulatior occ .. .nces, to date, at

coperating B&Y planis is summarized in Figure 41 ané the associated table.

The Ilow rates were calculated basec on observed core . Ts and calculated decav

28T pOwer levels using & sim:le hea: dDalance methos. In the six cases fror.

» ~a - - o = iy O - Simar s = - % -4
ThE NETJTER. LATTULESION 8T rower :esT 8T Javise-Besse ., Treatiodr aover, teasures
- 3 = & sk o A RS - o PPt - s *
veafiy LJUSTTURRNSETICN, W F UBES WLlh T2SETVes U006 . f IO CH.duslte natute.
at el eanr sady TRSES.
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cicse. generateor was .ef: operating to power & makeup pump, cocling water pu=rs,

an instrument air compressor, and scme pressurizer heaters. Irn one miaute the
zergency feedwater pump was operating and supplving feedwater to both stean
generators. Operators tried tco use both steam=driven and mo or=driven emergency
feecwater pumps to evenly ani simul:taneously supply water to both stear generators.

Jne stear generater received too little feedwater and bdoiled dry until the £

ik

4
- =

seration of the other stear™ generator was completed. This resulted in unmatshed

Figure 1% shows several other RC system temperatures during the same time.

The largest core temperature difference recordef for loop B was 35F, whereas

chs mews i
- o . -

subcosling exseeded §

~

ri

Figure 20 displayvs the unmatched filling operation and resulting unequal
sstenm pressures for loop A and B steam generators.
igure 2. shows the close relationship of cold leg temperature of each loop
withn the saturation temperature Icr each steam generator. The time delav is
aprroximately equal to tw minutes as notec earlier for Oconee Unit 1 tests.
Figure 22 displavs the calculated core decav heat at the time natural

sirculazion flow rate existed at Crvstal River 2.
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Cafii.8sior 210V &8CadD.is8nec, SNE TEASEOT Coslant svater has beer maintaires

in & subcocled state (minimum cf < subcoo.ing) anc hea: transfer has beern
estatlishec fror the core via the steax generators :¢ the secondary svste:m,
“hus, it is concluced that natural circulation is a2 reliable, effective means

of core cooling.
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