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1.0 INTRODUCTION 

To aug��ent the standard inst.,..ntation of the Three Mile Island-2 
(TMI-2} nuclear ste .. supply systa. during its startup and initial opera-

. tion, a data recording systa. called a reacti11eter was installed.. It elec­
tronically recorded data fro. 24 instn.���ent channels at 3 sec intervals. 
This reacti11eter systa. was still in operation on March 28, 1979, when the 

· TMI-2 loss of coolant accident (LOCA} �curred. The reacti��eter record 
(magnetic tapes) contributed greatly to the data base used for the analysis 
of that accident. 

Early reviews of the reactilleter data by one of the authors (Henrie) 
identified a sharp rise in pressure in the Once Through Ste .. Generators 
(OTSG) A and 8 about 2 ain after the initiation of the containMent hydrogen 
burn. The indicated pressure rises occurred in bOth ste .. generators during 
the sa.e 3 sec period• and aaintained the s..e or higher indicated pressures 
for longer than 1/2 ain. Since no satisfactory explanation for these data 
was apparent, reacti��eter data for other channels and other ti-es were eval­
uated. Eight sharp spikes or steps were identified: two in a 1 •in period 
starting at 08:17 and six in the 6 ain period starting at 13:52. Each of 
these pulses or steps were indicated on aany. but not all, of the 24 channels 
monitored by the reacti��eter.. The pulses at the various tiaes had greatly 
different shapes. The pulses that occurred at the saae ti-e on the various 
instruaent channels had si•ilar but not id�ntical shapes. and the latest 
pulses differed significantly in shape. See Figures lA to 2C. The tempera­
ture, pressure. and flow sensing instn.���ents that indicated those rapid 
transients were at widely differing locations--sa.e inside and sa.e outside 
of the containMent building. 

It was tentatively concluded that these rapid transients indicated a 
significant energy release and were not si�ly the result of electrical 
noise. Therefore., a study sponsored by the U.S. Departllent of Energy was 
initiated to deter.ine the causes and consequences of these transients. 
This report presents the findings of that study. 

2.0 lNVESTlGATIOI 

The investigation consisted of Collecting d.ata. standardizing timing., 
and evaluating the tf!tlperature., pressure, and flow data. available from the 
computer alar. printer, auxiliary printer. and various recor-1er strip charts. 
It also included plotting and evaluating reactiaeter data during the early 
spike period (08:15 to 08:25) and during the ti11es of known energy releases . 
such as the metal-water reaction whi.ch started at .r06:15 and was quenched at 
.r6:55.,. the core transient at .r07:45, and· the emergency feed-water transients 
at .r07:43 and .rl5:39.. The timing of all data referred· to in this document 
has been corrected to correspond with plant computer time. . 

.. 
. . 

, . 

. 

. . 
. . 

. 

·

. 

The locations and characteristics of Mny affected instru��ents, pumps, · 

and valves. and inforaation concerning their on..,;off ti•ing and. interrelated 
effects were detenwined. An evaluation of all available infornration was 

· 

· then conducted. · 
· 

· · 
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3.0 . COHC' tJSIONS 

· The ·evaluation resulted in the following conclusions and s�ry 
statf!ftlerits: 

1. Tlte steaJt pressure. in stea�r genera1tor A, as indicated by COIIIJiUter 
data recorded on the auxiliary printer, did not show any of tlte 

pressure pulses· tltat were recorded. by the reactiRter bet.een 
13:52 and 13:58 (see Figures lA, 2A, and 3). The COIIIJUter data is 
considered to be the 110re re 1 fable. n.2 COI'.J)Uter data shows that 
the she11 . of stea. generator A, �ar its upper end, wa� .ucla hot­
ter than the stea:ar saturation tsperature and that it cooled rapidly 
at the same time as the reac t imeter-indicated transie�t. Thi s 
rapid cooling was apparently caused by the contain.ent spr_, wet­
ting the temperature sensor rather .L�an the cooling effect of large 
1Uantiti�s of saturated stea. in the stea. generator. That this 
t-."fttpers.ture sensor could have been cooled by the contai..-ent spray 
should be verified by careful exa.ination i�luding physical 
a.orange��ent, watE:r marks, 11ater deposttea fission products, etc. 
If the sensor could not !Jave bet!n wetted, further study -auld be 
warranted.. · 

2. �detailed evaluation of the feed-water fl�ters indicates th�t 
their output ..auld not have responded to a pressure pwlse.. In a 
differential pressure sensir.g device of this type, both sides would 
be exposed to essentially the sue pressure at any given ti-.! and 
the net differentiaJ woula:t be essentially zero at a�l tiES during 
a pressure pulse. Further. records indicar.e that the feed-water 
pumps were not operating during the period o£ the pulses. Also. 

·feed-water teaperature data shaw less tbar. lOf change during the 
period of the pulses, ir.dicating that there was probably no f.law 
surge at that time. Therefore. the in�reased feed-water flow sig­
nal recorded by the reactiJRter data (s� Fig. lii and 28) appears 
to have been caused by sa��ething ott�r than a change in feed-water 
flow or pressure. 

3. An evalt•ation of the siaultaneous increase in reactor coolant flow 
in loops;\ and B (see Fig. IC and 2t} shows that the zero flow 
i_nditat'ion for loop 4 is mre suppressed than for loop B. This 
gives an apparently false indication that loop 8 flow is typically 

. higher than loop A flow during the transients. The significant 
.difference in the shape of the A and R flaw signals during the 
13::56 transiel'lt (see Fig. 2C) could have been caused by an e lec­
trical noise sig!1al superiiiiJOsed on the bilo flo.-eter outputs ,which. 

. Wf!re varying quite differently due to SOlie other influence at that 
· 

·• .time. · 
· 

· . . . ·' a 

J 
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J 
i I I 

.· ! J J 
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� 1 
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4.. The siiiiUltaneous incref:ses in reactiJEter-indicated s�• generator 
liquid levels appeared to be supported by si•ilar changes shown on 
strip chart recorders. However, it was deter.ined that the tran­
sient indicated by the strip charts occurred earlier starting at 
13:50. Thert.fore. the 13:52 to 13:58 increases ir. ste• generator 
level indicated by the reacti��eter data were not indicated on the 
strip chart recorders and were apparently caused by sa.thing other 
than actual level increases. 

· 

5.. Recent tests conducted at Three Mile Island on the actual turbine 
header pressure sensor show that even though it is functioning 
properly. it d�s not respond to pressures below about 500 psi. 

·Since OTSG A was open to the steilll header and its pressure was 
actually between 0 and 10 psig (see Hg. 1A and 2A). the indicated 
turbine header pressure changes {ranging off-scale-law between 496 
and 502 psig) were probably caused by sa.e type of signal cross 
coupling. 

6. The analysis of the reactiater pulses that occurred at 08:17 and 
08: 18 showed that they were a 11 st:ort..:te� spikes with quarter 
cycle periods of 3 sec or tess. Positive and negative spikes fra. 
most of the reactiater channels correlated well with each ather 
during this period. See figure 4. The asterisks (*) indicate 
spikes that correlate in their ti•ing with other spikes. Unlike 
the broader pulses recorded during the 13:52 to 13:58 period. these 
spikes are typical of superimposed electrical noise. Note that 
there are longer repeating cycles. most of which are in phase. 
with same about 120 degrees aut of phase. Further. the spikes 
indicated an channel 7. pressurizer level. were noted to be 180 
degrees aut of phase with those of all other channels that were . 
respandinq to the spikes. It was deterained that thfs channel was 
established to have a reverse input signal. Its output reads f� 
0 to 400 in. as its input signal varies f� 10 V positive to 10 V 
negative. All other channels that did not respond to the spikes 
were off-scale. except far channel 14. feed-water teti!Pf!rature. 
The feed-water temPerature channel May have signal conditioning 
that is different from that reported--llllhich is to indicate a 0 to 
50QOF output as its. input signal varies fn::. 10 V positive to 10 V 
negative. (This is not typiCal of temperature-indicating channels.) 
Since the spikes all appear to be caused by superi��posed noise,·· 
and since essentially all of the reactimeter channels that were on 
scale were responding to the noise. the noise signal -.y have 
originated in the reactimeter power supply or grounding syst� 
which is cannOn. to the signal coriditioning circuitry for all 
channels. 

· 

' . . . ' 
. .

. . . . 

A correlation of the reactimeter channels affected by the 
,noise at 08:17 and 08:18 shoillls that the same channels were affected 
by the longer pulses .that occurred between l3:52 to 13:58 (see 
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Table 1). This cor·relation indicates that these later. longer 
pulses may also have been caused by superf111posed electrical noise. 
even though the noise characteristics were drastically different. 

7. A statistical study of the reacti�ter data by EG&G Idaho personnel 
assigned to assist in this study shows good correlation between 
signal outputs on various channels .any ti.es during the day 
{3/28/79}. This finding supports the conclusion that the tran-

.sients had a single com.on cause. 
· 

8. It is concluded from the preceeding ,evaluations. that the t� sets 
of spikes and �teps were false indications of para��eter changes. 
possibly caused by reacti�ter power supply ��alfunctions. or ground 
loop faults. Studies of energy releases that occurred during the 
first day of the TMI-2 LOCA indicate that energy was not released 
as quickly as would have been i�lied by the 13:52 to 13:58 reacti­
meter pulses. if these pulses had resulted froa real para.eter 
changes. However. since .uch was learned about these energy 
releases. some of the infonaat1on is documented in Sections 4.0 
and 5.0. Explanations were developed for ��any of the observed 
temperature. pressure. and liquid-level anoaalies. whl=� help to 
better understand the accident. These are su..arized in 
Section 6.0. 

4.0 EMERGENCY FEED-WATER TRANSIENTS 

Operation of the emergency feed-water (EFW) sy:.tu would be expected to 
produce tra,sient responses in various plant systetas. Therefore. feed-water 
tran.-.ients were analyzed to deter;��ine their signatures and. thereby. deter-:­
mine whether the transients obsarved at 13:52 could have been produced by an 
unrecognized EFW operation. 

Two weoll characterized EFW operations. one in each steu generator. 
have been a.�alyzed in deta11;the more pertinent results are described in 

· the . fo 11 owing paragraphs. 

4.1 KEY PROPERTIES OF EMERGENCY FEED-WATER SYSTEM 

Emergency feed water can be supplied to either stea. generator through 
supply systems that are. independent fr011 the nonaal feed-water systas. 
Emergency feed water enters ttle shell sfde of the steu generator at a high 

· elevation where it contacts the tubes as spray • .  Because fluid fr011 the pri­
mary coolant ·system enters the steamgenerator from the top. the EFW ini-

. t i ally contacts the hottest regions of the tubes and flashes the water to 
steam. . ' . . 

Startup of EFW pumps is recorded as an event·on the alan� printer. The 
time that a threshold pressure is reached on the pump discharge is.also re­
corded on the alarm printer. However� feed-water flow cannot begin until . 
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Reac:tlieter 

channel 

1 • 
z 
3 
• 
5 
6 
7 
8 

10 .
. · ll 

·. u 
14 
15 
16 
H 
18 
19 

.21 
22 
23 
24 

tnput 
voltage 

. 
· · 0 to 10 · 

-10 to 10 
-10 to 10 
-10 to 10 
-10 to 10 
�10 to 10. 
+10 to. lOCI . 
·10 to 10 

0. to 10 
0 to 10 

·10 to 10 
+10 to ·lad 
.z to ••oe 

·10 to 10 
-10 to 10 
·10 to 10 
-1o to ao 
+2 to +10 
d to +10 

·10 tolO 
·10 to 10 

TABLE 1. Response of Reactimeter Channels to Pulses at 08:16 and 13:52. 
Reedings at stated tiMe• 

Dtsc:rlptlon 08:16. 1!151 

s4 sec 57 sec 60 sec 6 sec: 9 sec 11 see 

f'OW£R RAIIGfb 0.1 .. 967 c c: O,Zll636 c: 0.206006 
T/HOl Ab 620 c c .610 c c 
T/HOT ab · 6ZO c c: 620 c . e 
T /COLD A (1111111, 313.706 !.: J..lL.ill 194.406 195.6ll 195.871 
T/COLD 8 228,510 228.92) 227.111 145.788 147.015 147.ZSJ . 
RC/FLOW Ab 0.00174658 c e O.OOZ14Z O.ZIB98J 2121!109 
PZR LVL � mJ1! J93.168Bd 400.0l2b c e 
MUT LVl 84.5755 �!.:!!!! !!:.ll.!l 65.6!10 65.8182 !Y!!I 
OR, riC. PRUSb 0.091558 c 0.061039 0.091558 0.·106818 0.106818 
RC PAESSb 1582,61 1581.41 1582.37 1517.19 1577.24 1577.21 
RC FLOW 8 O.g§l!!3 O,Z06009 0.134590 0105ZNO 2:12�117 0.3598!3 
F.W. TEMP 437.381 437.374 4J7.359 7.88,149 288.119 288.111 
TURB HDR PRES !!L!Q! 500.148 498.905 � 500.194 500.651 
OTsG A OP LVL 47.9949 I 48.0956 48.0431 1oob c c . . 

zsob O'rSG A SU LVL 220.953 l,l1.167 m:m c c 
F .w. now A . !!!.:!!! !11.1i05 41Z,6lJ .175.517 312.984 !!!:J!! 
F.W. FLOW 8 !!!:.!§.! 406.870 !lL.!!! 4ZS.IZI 443.570 445,553 
OTSG A 51 PRESS � U.346Z 21.0154 !L.!!!l '· 1487 L9lll 
OJSG I ST PRESS !!!:.!!!! !1tJi1 345.958 l!L!1i 270.143 uun 
OTSG I OP LVL §!.IZU 65.958§ !Y1II 61,0H7 61.2495 6l.llt6 
OTSG 8 SU LVL 241.169 � � l.!!:.@g � � 

15 SIC 18 sec 

e 0.213636 
e c: 
c: c: 

!!h!§l 1!1JB 
147.235 147.363 

01U14!0 0.122504 
e c 

65.8671 65.8457 
0.137337 0.122078 

1577.21 1577 , ft 
g.340607 9:335114 

288.U9 288.103 

� !!mdl! 
e e 
c c 

·l!lrJil DhZll 
� 445.355 

L.IW ?.1743 
!l..LlD 271.411 
61.2719 61.210 

244.521 211.111 

NOTh Undtrttne tndtcatts response to pulstt. 
1Rtactt•ter tiMe c;orrected to plant cOMpUter tt111e by •ddlng l 1111n 12 sec fra. 01:00 to .rlO:OO end 1 11tn 6 sec fr011 .1'10:00 to 15:00. barr-scale. .· · · · . 

. · 

. . 
eND change frOI· prevlous.reedlng, . dchannel 1 has • negethe spike (dip) signal condition noted to bt 180 degrees out of phase. S• notation for channel 14� whtch did not 

·respond, . . · . .. 
· 

. eTesh of turhln�> he .. dtr preuurP. orally l'l!l'""ted lty EGI.G Idaho ptrsonnt'1 on 12110182 show no response below 500 psi. 
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valves are opened; valve opening is not recorded on the alar. printer. and 
the time at which flow started had to be inferred by changes in stea. pres­
sure and water level. The latter two parameters were recorded by the reacti­
meter and were readily available. 

The EFW system was operated at 07:43 and at 15:39 on March 28. 1979. 
For these two periods the data record is available so that systea respor.se 
can be analyzed in detail. The second operation (at 15:39) will be described 
first because it was a dominant event at that ti�. The �•rlier EFW opera­
tion {at 07:43) was complicated by a core transient that occurred 2 •in 
later • .  BY compe.r1son with the "clean• EFW operation at15:39. the effects 
of EFW operation at 07:4� can be separated fro. those of the 07:45 core 
transient. 

4.2 SYSTEM RESPONSE TO EFW OPERATION .AT 15:39 

Emergency feed-water pump 2 8 (EF-P-28) was started at 15:34:21; pu� 
outlet pressure reached a switch trip level {1.555 psi) a few seconds later 
at 15:34:2 6. These events are recorded by the alarM printer. 

Feed water began spraying into OTSG 8 at �15:39:06. This is indicated 
by the beginning of a sharp rise in steam pressure in OSTG 8 that began at 
that time. This timing is illustrated in figure 5. AlSo plotted on 
Figure 5 is the water level in OTSG 8. As indicated, water level begins to 
increase at � 15:39:2 7, 21 sec after the pressure spike began. Essentially 
all of the water entering the steam generator during that lag period 
apparently flashed into steam or was held up in the steaa space. 

Feed-water flow continued until �15:52:41. This is indicated by the 
time that the feed-water p� tripped (alarM printer record)� Feed-water 
termination is also indicated by the graph of water level versus ti� {see 
Fig. 6). The water level stops increasing at �15:53:03, soae 2 0  sec after 
pump trip. This short delay between pump trip and the time for -axi�• · 

water level is reasonably accounted for by pu� coast-down. by the draining 
of water held on the surfaces of tubes,. and by other inertias in the 
systems. 

· 

The therMal response of OTSG B was obte.ined .fronl data recorded by the 
utility printer. and is plotted on Figure 7. Steam pressure, obtained f� 
the reactimeter, is also shown on Figure 7. 

The data given in Figure 7 indicate that steam pressure first 
. increased. then decreased. unti 1 feed-water flow was terwinated. · Upper · 

· . downcomer temperature cooled noticeably, f...- 4120F to 3750F, as a result. of 
feed-water flow. · Shell temperature and steam teMperature began to cool 
slowly after feed-water flow had started. 

The cooling of the exposed stea111 generator tubes could be expected. to 
cond.ense steam on the primary side and to possibly affect pressure in the 
reactor coolant system (RCS). A plot of RCS pressure versus time (figureS) 
showsthat RCS pressure was 11ildly dffected; the EFW operation appears to 
have halted a ra� in pressure.;. After·feed-water flow stopped, the.pressure 
ramp . rl!appeared �· · · · · 
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A study of other systea te.peratures during the period of feed-water 
flow showed .that few were affected significantly; stea. pressure in GTSG A 
did not respond sign�ficantly. 

The study of the feed-water transient at 15:39 supports the following 
conclusions and �Y state.ents. 

· 

• The startup of EFW �s is clearly indicated as a recorded event 
on the alar11 printer. Therefore. it is expected that periods when 
e.ergency feed-water transients could occur would be identifiable 
fro. the alar. printer record. 

• Systetl response was as expected: {1) ste• pressure in the affec­
ted generator first increased, then decreased, (2) liquid level 
increased roughly linearly with t1�. {3) pri .. ry steaa condensa­
tion rate increased (a$ indicated by RCS pressure), (4) little or 

. no response was noted in other systi!IIS that would not be expected 
to respond to EFW actuation in one ste• generator. 

• The 13:52 to 13:55 transients indicated by the reacti�ter data 
were too fast to have been cau1sed by an EFW transient. Further. 
the alaf'll printer did not indicate EFW operation at that ti�. 

4.3 SYSTEM RESPONSE TO EFW OPERATION AT 07:43 
Emergency feed-water pu� EF-P-2A was start� at 07:35:43 and the dis­

charge pressure reached 1,573 psi 6 sec later. These ti.ed events are re­
corded on the alan� printer record. An abrupt rise in stea. pressure at 
�7:43:24 indicates that water flow to OTSG A began at that ti�. Water 
leve i in the OTSG A stHII generator began to increase at .r07:43:48. Both 
ste• pressure and water level are plotted versus ti• on Figure 9. 

Feed�water � EF-P-2A was stopped at 08:42:51 as indicated by the 
alar. printer. Significant water flow, however, continued only until .r07:54; 
this is fndi�ated by a peak in water level at that tiae. The rate of water 
level rise is significantly s.aller than for the EFW operation at 15:39, 
indicating that the EFW flow rate was lower for the 07:43 EFW operation. 

The EFW operation at 07:43 has the followingcharact��-.tics that are 
s1111ilar to EFW operation at 15:39: · 

• Pump startup was recorded on the alaf'll printer. 

• Feed-water flow started a. nulllber of 11inutes after PUIIIJ startup, 
. and was evidenced by an abrupt ris.e in stea pressure and an in-
crease. in water levll!l. 

·· · · 

. . 

. . . 

e The other stea• generator did not respond to. the EFW flow. 
. : ' ' . - . 

' .  . . . . . 

Based on these si•ilarities. the conclusion and su.ary statements that were 
made for the 15:39 EFW event also apply to the 07:43 event. 

· 

. . . . . ' . . . . . . . . . 
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5.0 STEM SPIKES Ill THE RCS 

A s ignificant stea. spi ke i n  the RCS occurred at J06:55 as the resul t  
of the brief operation of reactor coolant � RCP-28. The ala� printer 
record shows that thi s  � tripped-on at 06:54:38 and reached ful l  speed at 
06:54:51. Operation of the puiiiJ caused water fra. the pri•ry s ide of OTSG 8 
to enter the bottc:. of the overheated core. Quenchi ng of hot •terfal and 

· the foraation of ste• i n  the RCS caused a IIUIIber of responses. 

Changes i n  pri��ary system para.eters are i l lustrated on F igure 10. 
Reactor coolant systa pressure increased frc:. .,.1,300 psi {as i nd icated by 
the wide range pressure 11eter) to ,..2,040 psi . Thi s  increase took p l ace over 
roughly a 5 •tn period, with .ast of the change occurring during the first 
2 11in. Pressurizer level also increased fro. ,..300 in. to ,..370 in. Ther.o­
dyna rc cal cu l ations i nd icate that for the steu pressure changes experi ­
enced i n  thi s  event, the observed i ncrease in  pressurizer level f� the 
condensation of saturated stea i s  probable� Cold leg ti!IIIH!ratures also 
experienced signifi cant transients . 

The indi cated po���er range i s  a.l so shown on Figure 10. Thi s  i nstru.ent , 
a ga.Ba-ray sensor, experienced a sharp drop shortly after cold water was 
i njected i nto the core. Whi le a part of thi s  drop -., be attributable to 
water shielding, i t  i s  probabl e  that a core rearrangment occurred when the 
overhEated fuel and oxidized cladding Mere quenched with water. Di scussions 
in Section 6.0 provide additional support for a core rearrang�nt at 06:55. 

Response of the secondary side of the stea generators is shown on . 
Figure 1 1 .  The data .of F igure 1 1  show that OTSG B experienced a 11arked stea. 
pressure transi ent and a corresponding reduction in secondary water l e;,e l , 
whereas OTSG A exibited only 11inor responses. .The re$ponse of OTSG 8 i s  as 
expected considering that the water l evel on the pri��ary side was greatly 
reduced by the pu11p operation. The lOMered water l evel caused prillary stea. 
to mve into the stea generator it.nd to contact the tubes belOIIIf the secondary 
water level , thereby boi l ing the secondary water and generati ng  large a.ounts 
of stea.� I n  less than 1 •i n, OTSG 8 was agai n  fi l led with gas (hydrogen} . 
Thi s  prevented effective steu refluxfng and caused an illlledi ate reduction 
i n  secondary steu pressure even though the RCS pressure conti nued to increase. 
Stea�� generator A was not affected by the PIIIIP operation, and s i nce it  was 
gas fi l lecl. it was .not greatly affected by the RCS pressure spike. 

At .1'07:45, an abrupt increase in the teiiiiJeratures of the cold legs and 
i n  the RCS pressure occurred ( �ee Fig 9} . The fnit;al RCS pressure of 
approxiutely 1;.400 ps i was not recorded by the narrOIIIf-range pressure indi­
a.:ator since i t  was off-scale low. The cold-leg taperature increases 
indi cate that the. ccol ing water flow reversed, carrying hOt water fro11 the 
reactor vessel to the te��perature n�easuring lo.cation i n  the cold l egs. 

Of particu l ar faportance to the present study i s  the observed response 
of n�easured . tf!IIPI!ratures and pressUres to tile 07:45 ste• spi ke. The 
following stataents suililari ze �hat response. 
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1 .  Steam generators OTSG A and OTSB 8 did not respond s igni ficantly 
to the steam spike. Thi s  l ack of response was because the gener­
ators were p lugged wi th hydrogen gas and the reactor vessel was 
water f i l l ed to a l evel near the top of the hot l eg nozzles.  The 
openi ng of the PRV caused saturated steu/water to enter hot l eg  A 
whi ch then had a minor pos i t i ve i nf l uence on the OTSG A ste .. 
pressure . 

2 .  Col d  l eg temperatures underwent transi ents that l asted for Mny 
minutes . as wou l d  be expected for the reverse f low s i tuat i on. 

I n  each of the steam transi ents evaluated. the duratior. of the stea. 
bursts in the RCS were many minutes l onger than the trans ient i nd i cated at 
13:  52. The secondary stea pressure responses to the priury systf!ll pressure 
trans ients were s�al l and slow. The very rapid change i n  OTSG 8 stea. pres­
sure at 6:55 was caused by the rapi d  removal of primary water fro. OTSG 8 
and the resul t i ng i nrush of steam. The rate of pressure ri se was approxi.ate 1y 
2 . 5  p s i /sec. whi ch is the same as that i nd i cated by the 13:52 react i�ter 
trans ient . The 6 : 55 trans i ent i s  a dramati c  demonstration of how rapidly a 
steam generator can respond to primary steaB and a l so how effecti vely gas i n  
the RCS prevents "refl ux" heat transfer. I t  i s  concl uded that the indi cated 
trans i ent at 13:52 was so fast that it coul d  not have been caused by a stea. 
burst in the gas-fi l led RCS. 

· 

6.0 OBSERVATIONS WH ICH ASSI ST IN ASSESSING REACTOR CORE CONFIGURATION 

Much more data was stud ied and eval uated than i s  presented i n  thi s  report . 
but the data i s  not perti nent to the purpose and conclusions of thi s  report. 
Observations wh i ch may ass i st i n  assessi ng the current configuration of the 
reactor core fol low. 

6 . 1  PRESSURIZER AND REACTOR VESSEL WATER LEVELS . 

The pressurizer water-l evel i nstrumentati on and l evel hi story. RCS pres­
sure· and temperature hi story. pressurizer spray and rel i ef val ve opening and 
clos i ng ,  and pertinent p i p i ng confi gurations were stud i ed and . correl ated . 
The . cond i t i ons that al l owed or caused the pressuriter to part ially drai n and 
to refi 1 1  at three di fferent t i mes ,  and to remai n  near fu l l  duri ng IIQSt of 
the first day of the accident . were determi ned or postu l ated. F igure 12 
shows the pressuri zer f i l l i ng at two di fferent times . It fi l l ed between 
6 : 54 and .7 : 13 as a resu l t  of steam condens ing i n  the pressuri zer. The high 
pressure/temperature steam was generated as the hot core was quenched. The 
pressurizer f tl led aga i n  between 7 : 30 and 7.: 39 as a resul t  of the pressurizer 
rel i ef v.al ve (PRV) being opened , and the water l evel i n  the RCS be i ng above 
the l eve l of the reactor cool ant nozzl es • .  Th i s  and other i nfon�ation i nd f _.  
cate that the avail able data fr011 the pressuri zer level i nd icators are prob­
ably real i s t ic ; .  that after about 07:25. the reactor · core .was not Uflcoven!d ;. 
and that for most of the time after 07:25. the water l evel 1 n  the reactor 

· vessel was near o.r above the reactor vessel: coolant nozzl es • .  One. particu l ar ·  
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time when a low water l eve l i n  the reactor vessel has been suspected i s  at 
07 :45 (see Sect ion 4. 3 ) .  However, note from Fi gure 12 that the pressuri zer 
l eve l i nd i cator showed that the pressuri zer bad just ref i l l ed at that tillle 
f t  appears that th i s  wou l d  have been imposs i b l e  i f  the water l evel i n  the 
reactor vessel had not been above the elevation of the reactor cool ant 
nozz l es .  

· 

6 . 2  REACTOR CORE HOT SPOTS 

A study was made of the al arm pri nter record of the temperatures of the 
52 i nstrumented fuel assemb l ies.  There are a total of 177 asse.bl ies i n  the 
core . The resu l ts are summari zed in Figure 13. Figure 13 shows a cross 
section of the core and the 52 i nstrumented e l ements. A col or bar at the 
top of each square shows whether the temperature was above or be l ow 7000F at 
the end of the day .  The l ast time during the day when the temperature changed 
above or be l ow 7QQOF i s  al so shown for each e l ement . The fue l e l ement s that 
cool ed bel ow 7QQOF duri ng (or short ly a£ter) four icent i fied trans i ents are 
shown by b l ack bars . Further, the temperature measured between the hours of 
08 :00 and 09: 30 i s  shown. The . study shows that . at l east 17 of the 52 assem­
b l i es (331) were sti l l  at temperatures hotter than 7000F i n  the areas of the 
thermocoup l e  juncti ons ( some newly formed ) 23 hr after the start of the acci ­
dent. Thi s  hot cond i t i on exi sted even though one reactor cool ant puMp was 
operati ng ,  cool ant temperatures were .r2500f ,. and the RCS pressure was about 
1 ,.000 ps i .  Note that only the periphera l fuel e l ements coo l ed as water was 
added to the core at 6:55 and 7: 21. Thi s  shows that cool ant paths i n  the · 

centra l secti on of the core were b locked at or prior to 6:55. Temperatures 
in many of the fuel c�anne l s ,  parti cu l arly those i n  the H through R hal f of 

· the core , dropped shortly after the 7 :45 trans ient and after the reactor 
cool ant pump started. .  The "hot spots .. and "cold channel s'' are wide l y  scattered 
and continued to change al l day. Therefore , the so l id i fied me l t s l ab (agg l om­
erate) bel ow the rubbl e  i n  the core i s  probably highly irregul ar and not 
conti nuous . A l so ,  even though the core was apparentl y  water covered al l day 
after about 7 : 25,  the central section of the core was so badly p lugged and 
overheated that the metal -water react i on probably conti nued to progress i n  
and below the . f l ow restri ction .  The steam surge wh i ch started at about 7:45 
was probabl y  caused by the rap i d  quenchi ng of a steam bubble that had deve l ­
oped be low the f l ow restriction. Thi s  damaged area shoul d  beca.e evident as 
the reactor is defue 1 ed � 

· 

6 . 3  . SUPERHEAT ING I N  THE HOT LEGS 

W ith the core covered after 7 : 25 , as i nd i cated i n  the preceeding sec­
t i ons , steam l eavi ng the core wou ld have been saturated , not superheated. 
However9 . temperatures i n  the hot l egs and i n  the upper sect1ons . of the steam 
generators remai ned above the saturati on temperature unti l  l ate i n  the day • 

. These temperatures responded to compress i on heat i ng •  expans i on coo l i ng .,  and 
steam . coo l i ng at t i mes when the PRV was open and also when water was added 
to the RCS • .  �n�o�ever, duri ng t i mes when non� of these .changes were tak i ng 

· p l ace , hot l eg temperatures continued to r i s:e . Thi s  i s  apparently a resul t  . 

. of decay heat from f i ne core debris and condensed f i ssion products d i. stri ­
buted i n  the col andri a  above the reactor core., · :; n  the hot l eg s ,  and i n  the 
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TIME WHEN TEMPERATURE 
DROPPED BELOW 700°F 

,.., •TillE WHEN TEMPERATURE DROPPED BELOW 7WF l=J AND STAYED BELOW 
D 06:55 TO 87:04 (RCP.2B STARTED) 

B TEMPERATURE t•F , BETWEEN 118:110 AND Oft30 

,.., tTIIIE WHEN TEMPERATURE ROSE ABOVE 701rF l.!!:!j AND STAYED ABOVE FOR THE REST OF THE DAY 

0 OPEN THERMOCOUPLE · TEMPERATURES MAY 
HAVE REMAINED ABOVE 7WF ALL DAY 

1::] 07:21 TO 07:24 (IIUP.1C STARTED) 

[J 07:U TO 07:58 (CORE TRANSIENT) 

D 11:33 AND 1!1:50 (RCP.1A STARTED) 
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upper sections of the steam generators. Considerabl e  quanti t i es of f i ne 
core debr i s  could have been ejected fro. the core as the water l evel rose 
rap i dly i n  the highly overheated core at 6:54. The surrounding water would 
have tr�pped most of the parti cl es released from the core duri ng  the 7 :45 
transient. 
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