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ABSTRACT

A study has been made of various instrument
records in conjunction with verbal reports in an
attempt to reach conclusions as to the circumstances
leading to the accident and some of the consequences.
The report is divided into four parts concerning:

(a) the shut-off rods.

(b) the power transisni.

(¢) the gasholder

(d) the recordings of other instruments.

The results are summarized at the beginning
of each part,

These investigations ars not necessarily
complete, nor do they cover mors than a small part of
the consequences of the accident. They are based on
information readily available up to the time of writlng.
Further data must await disassembly of various parts of
the reactor structure, and the completion of other

investigations underway. Y
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Introduction

On December 12, 1952 critical height measurements were
being made using the NRX reactor to assess changes 1in reactivity
due to the prolonged irradiation of uranium fuel elements. . In
order to repfoduco the vertical flux distribution obtained during
normal operation, when the reactor is loaded with ™short® lived
Xenon poison, the reactor was loaded with the six middle ring shut-
off rods, This allowed the polymer to be brought up to a level
approaching the normal operating level without the reactor becoming
critical. During the morning it was found that the critical level
was substantiaslly less than the desired level and did not correspond
with either the operating level or the level used in previous
measurements. This lower c¢ritical height is attributed to an
increase in the number of fuel elements with "thin" cooling watepr
annuli loaded into the reacting core. Conssequently 1t was decided
to load the reactor further with one outer ring shut-off rod. To
do this it was necessary to make changes in settings of the valves
supplying cooling and 1ifting air to the rods.

All the shut-off rods were dropped into the reactor and
‘an agreed procedure begun for raising the desired rod. The first
s%ep involved restoring all valve settings to normal. During this
step & number of rods were raised by incorrect manipulation of.the
valves,: . The mistake was promptly corrected and alil rods were
belleVeQ to have been returned to the "down" position. In
attempting to raise the two inner ring rods, all four rods in the
first bank were inddvertently ralsed without accelerating alr
being available in the head gear. Nonetheless, the reactor should
not have gone overcritical, It did in fact do so and the power
begen to rise rapidly The electrical circuit holding the rods
was promptly opened manually before the power became significant,
Although these rods had been ralsed without accelerating air
being available at the head gear they should have fallen under
gravity. The indicating lights showed that only two of the rods
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left the head gear. The power rise was not checked and
continued until the polymer dump valves were opened. By this
time the reactor had been damaged.

This introduction is not intended to be a critical
review of the events leading to the accident, but rather to
orient the reader for a better undeprstanding of the material
in the body of the report.

Figure 9 is appended to show the geometry of the
reactor and indicate the locations of the various rods and
instruments discussed.




NEI-26

PART I - THE SHUT-OFF RODS

Summary

A study has been made of the shut-off rod position
record from E-7-H-25 and of the records of the currents from
special ion chambers in the north and south thermal columns.

These records are not inconsistent with the conclusion
that certain shut-off rods were up immediately prior to the
acclident which were not so indicated at the control desk. The
reactor was'approximately 12 mk closer to eritical than 1t was
thought to be (at the time of the accident). Consequently, when
the first bank of shut-off rods was raised, the reactor went
overcritical by about 6 mi,

, It is concluded that the shut-off rods J-3 and C-9
were up and that M-2l; was partially or wholly up. The positions
of these rods is attributed to tke manipulation of various valves
controlling the cooling and 1lifting air. No explanation is offered
as to why the rods remained up after the valve settings were
restored to normal,

A further contributory cause of the accident was the
failure of all four of the rods in the first bank of rods to fall
promptly under gravity. The holding circult was broken before the
reactar reached a significant power. Only rod M=6 fell. into the
reactor, falling slowly and taking one and a half minutes to reach
the bottom. |

It is the purpose of this part of the report to attempt
" to determine the positions of the shut-off rods immediately prior
to and during the accident, The reccrds from the shut-off rod |
position recorder E-7-H-25 and records of the reactor power level,
obtained from special ion chambers located in the north and south
thermal columns have been examined,
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The Shut-Off Rod Position Recorder, B-7-H-25

The positions of the shut-off rods are indicated by
1imit switches which are actuated by the rod at the ends of the
travel. The lower switches actuate the pens of a multipen
Esterline Angus recorder E-7-H-25 and a row of green lights on
the control desk. Consequently, the recorder and the green lights
indicate when rods are in the "down" position. A corresponding
row of -red lights on the control desk 1is actuated by the upper
1imit switches and indicate rods in the ™up" position. The
indication given by the lower limit switches is known to be
unreliable.

The record from E-7-H=25 for the day of the accldent
and. for a period of a week previous to the accident has been
étudied in conjunction with verbal reports. This study has been
" made in order to détermine the positions of the shut-off rods
during December 12th and to assess the reliability of the
conclusions. A summary of the record for the period Decémber 5
to December 13, 1952 is given in Table I except for a six-hour
interval on December 5. During this interval several attempts were
made to start up the reactor and adjustments were made to rods
J-3, C-9, Q-9 and J-27.

The table gives the time
of the recorder pens and under "remarks" is listed the event if
known, that probably caused the change.

B oof every changa of any one

——pans

k A check was made on the timing of the twelve pens of the shut-
off rod. recorder (E-7-H-25) by actuating all the pens simultane-
ously, and it was found that

pens 8, 9, 10, 11, 1k, 17, 18 gave the same time scale reading.

pens'l2, 15, 16 read half a minute late compared to pen 9.

pen 7 reads one minute late compared to pen 9.

pen 13 reads one minute early compared to pen 9.
The time reading of pen 9 has been used as the reference time.
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TABLE I.
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swabbed and J=27 replaced

{Trip from "zerc power™ after
shut-off rod adjustments
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01.38

0%.40

$5.57 Shut-down atter ¢.H.M.No.ZA
10,03 FP~12 and K-18 raised

10,13 J=3 raised

10.18:5 {C-9 up)ik Q-9 raised

Several start-up attempts mads.
J=3 headgear changed, C-9 & Q-9
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SHUT-OFF ROD POSITIONS AS GIVEN BY E-7-H-25
Recorder Pen Number 7 8 9 10 11 13 14 15 16 17 18
Shut-off Rod Ringt I I N ¥ M K M 0 0 0 0
Fi2 M18 M6 P24 Q-15 F-6 C-15 M2t 3 C-9 Q9 J27
Date Time Remarks Bank No. I 5 4 5 6
Dec.5/52 | 09,13 Final full power opemﬁon O % 4
______ 09.1¢  |Trip following final full power alZAV////N 220 /Al )/ iE 2077 70 VX

W O ?.4};—4
o VBB AV e\ Yl e (e
& j’/%///v"//// L e N

AN W/,

V7N R 1/ /1

% YI® refers to inner, "M" refers to middie and "O" refers to outer

#% Events appearing in brackeis probably eccurred, but pens do not verify.
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TABLE I (continued)

Shut-cff Rod K12

-8B M-6 P24 Q15 F€ C-156 M24¢ J-5 C-9 Q9  J27

i
\
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4

Psn has been off, has regizlsred,
but has immediastely gone off egain

Psn hmas been registering, has gone
off, but has immediately registered
again

Pen has registered approximately
three minutes after event is thought

.to have taken place.

&3

sut has lmmediate
registerad again four times

% Per: has besen of®, has registeredp

has gone of f, but has immediately

registered again.

% Pen has besn registering, has

gone off, has registered, but
has immediately gone off again.

cOoluEn.

Date Time Remarks .Bank ¥o. 2 3 4. 15 |6 |7
Pec.12/52 10.1845 (c-9 up) Q-9 raised f&%égZCD o 425?/ 1 V/§/\‘ﬁ‘
10.20 J~27 raised B [ //M i //// HMILY ) {
12,53 C-15 probably dropped about 1° V7777, N -
14.21 Shut-down L1 S 4////// 7777/ A7 T,
; 14,36 By-pass valves of banks 6&5 opemed /) /A L "
1 14.37 | By-pass valve of bank (4) 3 opened Y 77/, Iz
14,42 v, /A
14.5¢ e T
14,55 i, Al S AN
15,07 First bank raised (/[ /[1L /) 777/, ? ? Y
15.08+5 | M=6 arrived at down position ) ) 7/
18,34 R =Y L
19.28 YA I e
Dec.13/52 | 05.85 . /I VTV
2257 R S ) Y/ R (LANLEL =
in ReprodBotion of B-7-H-25 Bscording Fom
T B g
V///4  Fen registering ishul - I7 Pen has been off, has registerad, Eﬁz Becording emudged by iok, dut ﬁ;ﬁ?
wi has immed &i@ly gone off pen j,:il’f;)b&b;i)’ y@giateriagr :':;9973—:5-»;
again four Simes. AL
e G i registering, has gizg Pen registering at a time whan it EEE‘
57 should nol be according te “remarkﬁmqgvj

%k Pen not registsring at & Yime
when it would be sscording to
Yremark® coluamn.

Indicates doubt regarding the
status of the shut-off rod.

it This symbol hes also been used in combination with the remainder of the code.
4 This occurrence is probably due to a "bouncing" effsct and is not indicated as an imoomsistency.

92 -IaN



OFFIIAL BSE ot

Y ,

e e

Ay The following conclusions may be drawn from the Table

;‘?*4

as to tte positions of the rods immediately prier to 15,07 hours:

Almost certainly down: M=18, M-6, Q-1%, C-15, Q=9, J=27
Probably downs: - F=12, F=6

No reascn to suspect up: F-24

Either up or down: C-9

Probably up: . M=-2l

Almost certainly up: J=3

The basis for these conclusicns is detalled in the>
Apper:dix,

Furtheimore it should bte noted that although the
holding circuits were tripped a few seconds after ralsing the
first bank at 15.07 hours, only one rod returned to the bottom,
M-6, and as indicated by the reccrder, did not arrive there until
15.08:5 hours. |

The North and South Thermal Column Icn Chamber Recordings

These instruments were installed for accurgte measursment
of the reactcr power level during the critical neight measurements.
They are described In more detall in Fart 11

The section of these records covering the interval

following the shut-down from the preceding critlical helght
measurements up to the accident is reonrcduced in figure 1. These
reproductions represent analyses cf %“he rsoords using a travelling
microscope. Since the pen deflections of the recorders only

5,

amounted to a few millimetres, they should ba regardad with some
reserve, particularly since the zero correatvions are uncertain,
Hoﬁevgr, essentially all the changes in the power level can be
accourted for, from the information given by B-7-H-25, by shut-off
rods rising and falling. It is to be pointed out that the magnitude
of the changes are not necesssarily the same for each record. This
can be attributed to distortions in tne flux distribution by the rods.

OFRCIAL USE chiLy
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Also it has heen necessary to make some small adjustments in the
relative time scales of the records In order %o correlate events.

There 13 no reason to believe that the low point of
these records at 14.30 hours did not represent a condition of the
reactor similar to that at 05.57 hours and almost certainly (see
Appendix) one in which all tre shut-off rods and the control rod

~were down. Consequently, it is evident that sll the rods were
not down immediately before 15,07 hours.

It is known from the power level preceding the 1l.21
hours shut-down that the reactcr was approximately 0.3 mk under-
critical with the two inner and four outer ring shut=-off rods and
the control rod up. The reactivity figures for these rods given
in Table II (Part II) indicate that the reactor was 36 mk under-
eritical at 1L.30 hours.

Using the expression

Source strength
Reactivity less thar critical

Power =

it can be deduced from the north and south thermal power levels at
15.00 hours that the reactor was approximately 5 to 8 and 10 to 12 mk
respectively closer to critical than it was a% 14,30 hours. The
discrepancies can be readily accounted for by uncertainties in the
zero errors of the records and by flux distortions in the reactor.

Diascussion

The following sequencé cf events is proposed which
summarizes the discussion above and which is consistent with the
observations related in Part II of this report.

(1) At 1L.21 hours December 12, 1952 the trip shut-down caused two
inner and four outer shut-off rods to come down so that all
twelve shut-off rods were almost certainly down, A f

(2) At 1l.36 hours the by-pass valves of bankg 6 and 5 were opened

and shut-off rods J-27 and Q-9 rcse.

GFFICIAL BSE CRLY
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. Probably the by-pass valve of bank i was then opened and €-9 -

rose,

At k.37 hours the by-paas valve of bank 3 was possibly opened .

and J-3 almost certainly rose and stayed up; M-2l seems to

‘have risen, at least partially, even though it waa reported

that the valve in the air line lesding to the base of the rod

,?ﬁight»ha#e beenn closed at this time, M-2l then seems to have
‘been fully down at 1L.42 hours, but to have left the bottom

again at 14,54 hours. The thermal column recordings k

however, tend to suggest that M-2li may not have gone completely
up, since both recordings show a much smaller rise at 1l.5k
hours than fall at 1L.42 hours. Although there is no permanent
recording for the red shut-off lights, several red lights in
banks 6, 5, L or 3 were seen to come on at a time appropriate
to the sbove sequence, o
At 1&055 hours the by-pass valvss of banks 6, 5, L4 and very
probably 3, were closed. J-27 and Q-9 fell down completely.
The peh recorder would suggest C-9 fell completely and then
possibly rose again., Both thermal column records tendto sugéelt
that C~9 never fell at all thersfors the pen reglstration miébt

‘have'béen spurious, or that, if it did fall, it immediately rose
agaih. J-3 showed no indicatiﬁn of having fallen, &n event

consistent with the behavicur of J- 3 reported from & teat nadu

on December 31, 1952. M-2lp Tikowlss, saowed no indication of
hlving fallen and very probably stayed up or partially up; an
_evont unlike the behaviour of M-2l, reported from the December

31 toat.f Inferences drawn from this test, however, ars

:'quoltionablo.

If then, i-.udiltaly provious to 15,07 hours outer ring shut-ort’
vods C-9 and J-3 and middle ring shut-off rod M-2i were up, the
reactor would be only 4.5 mk below critical (see Table II)
rather than the 36 mk that it was considered to be. The fact

The time setting of the charts was not sufficiently correct

. to permit comparisons between charts without first mnshing
‘the events to obtain a reasonable fit.

Lt
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that there was some evidence that M-2L was only partially up
would mean that the reactor was somewhat more than 2&.5 mk
underceritical.

(6} At 15,07 hours the first bank of shut-off rods, P-12, M-18,
M-6, F-2l,, was 1ifted, (the red lights of these rods were seen
to come on) and the reactor went not more than 6 mk overcritical.

(7) A few seconds after the first bank was lifted the manual trip
switch was operated. The red lights of M-6 and F-2l, were seen
to go off.

(8) At 15.,08:5 hours, December 12, the pen recorder of M-6 registered.

- 8ince the previous history shows no irregularities for this pen

1t 1s probable that M-6 had been falling slowly, and finally
peached the bottom at 15.,08°5 hours. Later investigation showed
that F-24 had left the head gear, but had stuck and not entered
th reactor.

At 15,085 hours the pen recorder of C-9 also registered.
Since the previous history of this pen shows considerable
irregu;arities, not too much reliance car be placed on this particular,
esvent. However, there i1s the possibility thet $-9 came down at this
time.

The slow falling of M-6& is sufficient to account for thre
decrease in overcriticality approximately twenty seconds after
15.07 hours.

o

i
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APPENDIX

From past operations 1t is known that the pen recordings
of E-7-H-25 (and likewise the green lights) do not give reliable
information about the location of the shut-cff rods., Table I shows
that few rods have no inconsistenciss between December 5 and December
12, 1952, 1In the following analysis irresgularities are listed and an
attempt 1s made to indicate the probables positions cf each shut-off
rod immediately before the first bank was raised at 15,07 hours,
December 12, 1952. Momentary inconsistencies occurring when a rod
either rises or falls, which are attributed to the shutmbff rod
"pouncing" are not indicated in Table I nor mentioned below.

F=12 On five out of six shut-docwns the pen immediately registered,

- ¢ . .
owing to "bouncing" of the rod. On

but promptly went off
the remaining occasion there was no registration by the pen at
all.

Conclusion: F=12 was probably down.

M-18 No irregularities occurred except on twe shut-downs, when the
rod was either slow in falling ov slow irn falling the last few
inches required to operate the microswintch.

Conclusion: M=18 was almost cevtainly down.

M-6 The only irregularity occurred at the 09 . %4 hours December 5
shut~-down when the pen registered and then immediately went off,

_ Conclusion: M=6 was almost certainly down.

F-2lf With the exception of four times on December 6 that it went off

and then on, the pen registsred continucusly.

s

Conclusion: There exists no suggesitlion tia F-2li was not down,
®-15 No irregularities existed.

Conclusion: Q-15 was almost certainly down,
F=6 On three shut-downs the pen registersd, but then immedlately

went off. At the 05,57 hours shut-down and thereafter, when

& The expression "pen went off" means the microswitch at the base
of the rod has opened and the pen wasa no ionger actuated.

OFFICIAL ESE T2LY
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1t would be expected to do so, the pen showed no registration,
If F-6 never came down as indicated by the pen recording, the
estimates of reactivity would not te altered since they are
based on the critical height determined previous to 1k,21 hours
and the situation immediately before the accident. Only if F-6
was down until 1L.21 hours and then rose before the accident,
would there be any change in the reactivity estimates, There
is no reason to belleve that the changes in valve settings that
took place during this interval or were contemplated, would have
affected the position of this rod; nor is there an indication
in the thermal column records of such an occurrence,

Oﬁ the other hand, the apprcximate critical welr box height

of 261 cms. obtained previocus to 1l1.21 hours December 12, 1952
is 7 cms. less than the height of 284 cms. for the March 1952
measurements (CRGP-508) if corrected for the increase in number

i,‘a

ng annuil, for tle air cooling
on one X-rod, for the presence of an X-rcd in F=18, and for the
general M"aging™ with irradiation {CRGP-508) of all X-rods.,

This disagreement, along with other Tactors for which no
corrections have been made, such as charge Iin the swelling of
irradiated X-rods, is not thought to be sufficient to suggest
any change in status of the sghut-off rods for the two
measurements., If the rod did not corz down at 05,57 hours,

it was probably not down during fthe March 1952 critical height
measurements, an unlikely coincidencs.

Conclusion: F=6 was probably down.

tered and then

ntly regi

At the shut-downs the pen consiste iet

immediately went off. 1In the case of the 05.57 hours December
12 shut-down, the pen registered szain at 12,53 hours, 1i.e,
some seven hours later. Since there waz at the same time a
very siight fluctuation on the thermal column lon chamber
recordings, the possibility that at 12.53% hours C-15 fell,
perhaps the M"last inch™, was suggssted.

Conclusion: C-15 was almost certainiy down,

QFRICAL 4SE CHiLY
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. No irregularities seemed to have existed., On December 12

the pen indicated the rod was 1ifted at 1l;,37 hours, was

down at 1L.4j2 hours and was up again at 14.5L hours.

Conclusion: Since the pen showed no previous irragularities,
there is no reason to think that M-2L probably was not-up.

No irregularities existed until the 1L.21 hours shut-down at
which time the pen registered and then went off. At 14.37

hours the pen registered and then went off, suggesting the rod
had risen. There was no Indication later that it ever came

down., ‘

Conclusion: J=3 was almost certainly up.

™e history of this rod showa its pen had been very erratic,

for during most of the time when the rod was down the pen was
off, and on two occasions when the rod was up the pen registered.
However, the pen consistently registered and then went off when-
ever there was a shut-down, and once registered and went off
when the rod was lifted. Thus, from the history of the pen the
momentary indication at 1l},55 hours could indicate that the rod
fell down, or rose, or fell down momentarily and then rose again;
or did not move at all.

Conclusion: (=9 could have be=zi: elther do
The only irregularity occurred at the 15,29 hours, December 5
shut-down (from ?zero" power) when the pen which had been
registering owiné to the rod having possibly bsen 1lsff down
after swabbing, went off, regilstersd and then off again. It did
not register again until 11.58 hours, December 11, when the first
bank was léwered, At 1l{.36 hours, Decemver 12 the pen indicated
the rod was lifted, and at 1,55 hours lowered.
Conclusion: Q-§ was almost certainly down, (
Previous to the 15.29 hours December 5 srub-down (from "zero"
power) J=27 had been replaced and the pen was registering
possibly owing to the rcd having been left down after replace-
ment. At the shut-down the pen went off and then immediately
registered; thereafter there was no indication of any
irregularity. ’

Conclusion: J=27 was almost certainly down.
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PART II - THE POWER TRANSIENT

SUMMARY

The behaviour of three power indlicating and two

temperature measuvring instruments ras!

been investigated in order

that some estimates could be made of the behaviour and reactivity

of the NRX reactor during the power transient. The instruments and
records investigated were (a) power galvanometer E-7-L=10LA, (Db) the
records of the outputs from speclal ion chambers installed in the
thermal columns for measurement purposes during the current reactivity
measuremerts, (c) the record from the power measurement "Micromax™"
recorder E-7-L-109A and (d) the records cof temperature before and

after the "polymer cooler" E=5-T-/0 and E~-5-T=39,

It is suggested that the following conclusions, which are
not inconsistent with the facts observed, can te drawn from these

investigations.,

(1) Before the first vank of shut-off rods (i.e, F-12, M=18, M-6,
F-2l}) were raised the pile was more reactive by about 10 mk
than it would have been with all the shut~off rods down.

(11) When the first bank of shut-off rods was raised the pile
went overcritical by about & mk and diverged with a doubling
time of about two seconds rsaching a power of the order of
100" KW" (1084 null) ¥, B

(1i1) The plle was tripped and only the shut-off rod M-6 fell into
the pile. The pile continucd to diverge but at a rate
decreasing with time in such a way as to suggest it would
have levelled off at about "20 MW" (1094A). This effect was
probably due to M-6 falling slowly into the pile,

(iv) At M7 MW" (109A) boiling occurred in scme of the temporarily
cooled rods, expelling lizght water from the pile and .

AR

1 SRS - TS
[

increasing the reactivity by at least 2 mk,

o

X See discussion for definition of terminology.
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(v) The pile continued to diverge with a period of the order

of 10 to 15 seconds and reached a power between "60 and 90
MW" (109A) when it was checked by opening the polymer dump
valves,

(vi) The pile power was greater than "10 XKw" (N.T.C.) for a time
less than 170 seconds and greater than "1 MW" (109A) for
less than 70 seconds.

(vii) No reliable estimate can be made of the integrated power
during the transient.

POWER GALVANOMETER E-7-L-10LA

This galvanometer is located at the lower right hand
gside of the panel at the back of the control desk and measures the
current from an ion chamber located in a tangential hole on the
north side of the pile at an elevation of 274 cms, from the bottom
of the calandria., The galvanometer shunt was set on range 1 giving
a nominal full scale deflection 50 cms. at 25 MW (weir box 280 ems.).

The behavicur cf this galvanometer as a ballistic
instrument was considered. The galvanometer was observed to be
critically damped and to take about two seconds to reach
equilibrium wher a steady current sufficient to prcduce full scale
deflection was applied: It was concluded that the galvanometer did
nct behave in a ballistic fashion durinpg the nower trarsient, and
followed the power'indiéated by its associited fon chamber
reascnably well.

The motion of the 1lii:ht spot on the scale was observed
by at least seven persons. They were asked independently to
attempt to reproduce the motion of the spot to the btest of thelr
recollections by operating a potentiometer supplying a variable
current to the galvanometer. (In general the time for the spot
to travel from 20 to MO cms, was timed by another observer using
a stop watch)., These tests were carried out at nine to fifteen

OFFICIAL USE "1Y
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days after the incildent.

The time for the pille power to double obtained by this
method was glven remarkably consistently by each observer but
ranged from 2 to 17 seconds as given by different persons. The
majority opinion favcured the longer times, and, for what this
investigation i1s worth, it is sugpgested that the time for the pile

power to double in this region lay in the range of 10 tc 15 seconds,

The polymer dump was initiated just vefore the
galvanometer spot went off scale. t is variously estimated that

the spot was off scale for from two to ten seconds.

Some opinion is that this galvanometer did nct gc very
far off scale which wculd indicate from the nominal sensitivity of
the instrument that the pile power did not much exceed ™30 MW"
(109A). This is not in agreement with the evidence given by
E-7-L=109A, It is suggested that the sensitivity was suppressed
by the shielding effect of shut-off rods in the pile and by the "low"
weir box setting,k and that the upper end of thne galvanometer motion
can be correlated with the fina! nart of the transient which has been -
assigned to that period when some of the cocling water had been
expelled.

A doubling time of 10 %o 15 seconds requires a positive
reactivity of 2.3 to 2.9 mk.

POWER RECORDS GIVEN BY SPECIAL ION CHAMBERS LOCATED IN THE THERMAL
COLUMNS

A boron coated TQT ion chamber was inserted into each
thermal column to give accurate indication of pile power during
the current reactivity meusurements, One of these chambers (the
south) was backed off by an uncoated chamber to balance out any

& Records of the readings as a function of the weir box setting at
a constant pile power showed that the sensitivity would be
reduced by about 10% at 260 cms. height,
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gamma ray effects, It was confirmed that, as expected, the gamma

réy effects were negligible. Each neutron chamber was connected to

an AEP 1478 D.C., amplifier located in the control room, Each
amplifier had a range of input resistors available by switching.

The output voltage from the final cathode of the amplifiers was fed
via potential dividers to recording millivoltmeters. A smoothing

time constant of about five seconds was incorporated in the potential
dividers. The ion chambers were estimated tc yield a current of 10~
amps at 30 MW, The north thermul column instrument was a Minneapolis-
Honeywell “Electronik" recorder, operating with a chart speed of four
inches per hour, and the south thermal cclumn a Leeds and Northrup
"Speedomax” with a chart speed of one inch per hour. At the time of
the incident, the amplifiers were operating on a range giving a full
acale deflection at the order of 10 KW pile power.

The general nature of the reccrds during the power transient
is shown by accompanying photostat reproductions. The pile power,
initially of the crder of 100 watts, rocse ranidly to greater than
"0 KW", and about 170 seconds later fell back ra-idly below "10 KW",
In order to obtain any useful information concerring the rate of rise
of pile power, it was necessary bto examine these records with a
travelling microscope. The position of each edge of the record trace
and each edge of the nearest time index line was measured for various
deflections on the chaft, A value was then cbtained for the centre
to centre distance between the trace and time index used, at various
deflections of the pen. In each case the results indicated that the
recorder pens travelled at a constant speed across the chart., The
transit times obtained from the known chart speeds were 29.8 and T1
seconds for the north and south thermal column instruments
respectively. Although the south thermal column recorder itself was
much faster than the other, the longer transit time is attributed
to time constant effects in the associlated equipment and inaccuracies
in the chart, The matter has not been iInvestigated further.
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The north thermal column recorder was taken for further
investigation. The analysis described above 1s presented in
figure 2. The actual D.C. amplifiédr and recorder used were removed
from the control room and set up alongside the electronic pile
analogue. The output power indicaticn from the analogue 1is in the form
of

Af a vnlta 11
A e W

a v age up to a maximum

200 volts., T

i

is was converted to an
effective infinite impedance constant current source simulating an ion
chamber by feeding the voltage to the D.C. amplifier input through a

2 x 10 " resistor. The impedance conditions were satisfied on the
range used during the power transient since the input impedance was

5 x 108~ﬂ_/gain of feedback = § x 1OS-JLo The input was loaded with
3000 pf, the estimated capacity load in the pile installation. In

this way it was hoped that all time constant effects were reproduced.

In the first instance a number of power transients were
gsimulated by suddenly unbalancing the D.C, amplifier, thus presenting
the recorder with a gross overload sigrsl. The transit time of the
pen was found to be 20.l seconds consistently. The traces obtained
were analysed by the method described and plotted in the same manner
ag figure 1. Hach analysis gave essentially a straight line but the
transit time deduced varied from 22.8 to 317.2 seconds as compared with
the directly measured time of 20.l seconds. A typical analysis giving
e transit time of 26,5 seconds is shown in figure 3. It is believed
that this spread of deduced times originated from lack of
perpendicularity and variation of the angle hetween the time and
deflection axes of the recorder within the scale of measurements.

This is not surprising.

It is concluded that figure 2 indicated that the pen
travelled at its maximum rate across the chart, probably with a
transit time of 20.l seconds.

The plle analogue was set up to atiempt to place a

limiting value on the pile reactivity during the initial rise in
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power., A continuously variable control worth 30 mk positive

was added to thé normal analogue c¢ontrois in grder to simulate

the first bank of—éhutwoff rods, The recordser chart speed was
increased to twenty-~four inches per hour to obtaln accurate and
readily interpretabdle records, The step reactivity controls of

the analogue were Sset so that as the “"shut-off rod" control was
brought to maximum reactivity, the "pile™ would become overcritical
of various known amounts., The proper Initial power was set in
within an accuracy of about twenty psr cent. To simulate the
lifting of the first bank of shut-off rods, the continuous control
was turned from minimum to maximum manuaily in an estimated time of
two seconds and in a roughly linear fashion. The "pile™ was then
allowed to diverge until the recorder reached full scale, and the
"true"™ behaviour of the power as indicated by the analogue output
meter observed meanwhile. A series of runs was taken for various
amounts overcritical and the results are shown in figure l. PFigure
5 has been obtained from the behaviour =f the analomue output meter
and added to show the actual rates a2t wrich the "pile™ power rose

in comparison with the recorder.

It is concluded from comparison between figures 2 and

i that the pile went at least 6 mk svercritical when the first

bank of shut-off rods was raised with the congsequent doublling time
of power less than two seconds,

PILE POWER RECORDER E-7-L-1094A

This instrument is a Lseds and Northrup "Micromax™
recorder set up to record 1 m.a., current full scale, It 1s
connected to a unique, partially fedback D.C, amplifler located at
the pile face. The assoclated ion chamber 1s located in a
téngential hole at the south side of ths pile at an elevation of
111.5 cma. above the bottom of the calandrim. The full scale
deflection normally corresponds to a pile power of 60 MW (weir
box at approximately 280 cms, )},
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The record of the power transient consisted of a barely
inked broken line and an attempt to analyse it by the method given
above proved unsatisfactory indicating an excessive tilt of the
instrument axes compared with the width of the transient, However,
examination of the trace showed that the staticnary positions of the
pen during successive attempts made by the instrument servo-mechanism,
tc achieve balance, could be readily distinguished. Since tle time
intervals betweer successive balance attempts is well defined a
very good plot could be made of instrwnent reading against time.

This is shown in figure 6.

The initial porticn of the rice indicates that the pile
power was beginning to level of” when the power rose above a level
of about "15 MW'" (109A). However, a sudden change in the rate of rise
occurred at "7 MW" (1094), and the recorder rose linearly at 1its
maximum rale to full scale and then returned riost of tlhe way down at
maximum rate, (This was ccnfirmed by investigetion of the recorder
behaviour)., The change in tie rate of rise indicates a sudden increase
in reactivity and was orobably due tc ezmpulsion of water from some of

the X-rod cooling cliannels,

The recorder and its ascccicted amnlifier were removed
from tre pile building and set up beside the pile analogue,
Investigation of the amplifier circuit shcwed that approximstion to
an equivelent ion chamber source from the analogue could not be
readily reached. The response of tie amplifier to trarsient input
signals showed that the overriding time constant lay in the reccrder.
The output of the analogue was conseaiently fed directly to the
recorder. The chart speed was increased to three inches per minute.
In order to estimate the reactivity increase which occurred at
"7 MW" (109A), the analogue was brought to critical and levelled off
at this indicated level on the recorder. The reactivity was then
increased by a known amount and the "pile'" allowed to diverge. Thils

was repeated for varying amounts of excess reactivity. The results
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of these runs are plotted in figure 6. For an excess reactivity
of 2,5 mk or greater the recorder ran up at its maximum rate. It

is concluded that the increase of reactivity was 2,5 mk or greater,

One pcint which may be sigrificant showed up on these
tests., If sufficient overload sigral were applied to the recorder,
the needle of the balance indicating galvanometer would jam and the
recorder remain at full scale deflecticn after the signal was
removed and until the galvenometer movement was freed. The amount
of overload signal required was scmewhat dependent upon the existing
deflection of the pen during its application but it was shown that a
current of 1,5 m,a, or greater would always jam the galvaiometer
movement, The D.C, amplifier proved capable of delivering this
current. If 1t can be presumed tlrat the adjustment of the recorder
had not been disturbed by removal from the pile building it may be
concluded that the pile power while exceeding "60 MW" (109A) did not
exceed "O0 MW" (109A), otherwise the movement would have jammed and
the recorder remained at full scale deflection.

It should be noted tlut the nile power exceeded "1 Mw"

(109A) for less than sixty-two seconds,

Mr., Clayton has investigated the zhare of the lower

part of the power rise so thai some estimate cculd te made of the !
initial reactivity of the pile befcre the power became significant.

i

If the shape of the rise is attributed to —rompt temperature poisoningk
effect, calculation indicates that at low nower the pile was 6,2 mk %
overcritical. The calculation, however, indicates that the plle \
would have levelled off at about 100 MW due %to prompt temperature \
poison. Visual inspection of figure & suggests that the pile might
have levelled off at approximately 25 MW but for the sudden increase
in reactivity., It 1s cconcluded that the shape of the curve is not
attributable to the temperature effesct. A much more likely

explanation is that the shut-off rod M-6 was falling relatively
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slowly during this period. This 1s consistent with the observation
reported in Part I, that it arrived at the bottom one and a half |
minutes after the trip. It 1s intended to make a theoretical
investigation of this explanantion.

DISCUSSION

For the purpose of discussion the reactivity values

of the control and shut-off rods calculated from data given by

Hurst (TecPI-L2) using M2 = 312 cm2, are given in Table II.

TABLE II
Shut-0ff Rod Circle ' Reactivity mk
Inner 10,0
Middle 5.3
Cuter 3.1
Control rod 3.3 1

The following time table of events would seem to fit
the observations:

(1) With the welr box set at 260 cms., the six middle circle
shut-off rods in the pile, and tre X-rod G=15 aircooled,
it had been shéwn that the pile was‘approximately 1 em, In
polymer height, 1,8, 0.3 mk, below critical.

(2) The remaining shut-off rods were dropped in at 1l1.21 hours,
and valve changes made to arrange to keep down one more outer
shut-off rod., During these valve changes a number of shut-off
rods were inadvertently raised and supposedly lowered again.
It is evident that at 15,00 hours several still remained up.

(3) During preparations to raise the two inner rods the whole of
the first bank was inadvertently raised, i.e, F-12, M-18, M-6
and F-2l at 15.07 hours,

() The pile went overcritical by at least 6 mk and began to
diverge rapidly.

X This value is given by the Reactors Branch,
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(6)

(10)

Before the power reached a significant level the trip clrcuits
were operated but only rod M-6 fell into the pile, (F-2L left
the top of the rod assembly but stuck before entering the
reacting core). ‘

The pile continued to diverge covering the power range of

"1l MW" (109A) to "17 MW" (1094) in less than seventeen seconds,
By this time a substantial deflection was observed on the
galvanometer E-?-LwthA, The rate of divergence was decreasing
at this power level due tc M=6 fallin:g relatively slowly during
this period.

At ™17 MW" (109A) the reactivity suddenly increased by at leust
2 mk caused by the expulsion of cooling water from a number of
temporarily cooled rods, and the power continued to increase at
an enhanged rate for less tixan a further seventeen seconds.

The galvfnometer.(E=7~L~thA) deflection increased at a rate
indicating the plle to be of the order of 3 mk overcritical,
The polymér dump valves were opened at a power of "25 MW" (104A)
and the power contlnued to rise for a shcrt time and then
rapidly fell. The maximum power attained was between "60 MW"
(1094) and "90 MW" (109A).

The total time elapsing from the initiation of the transient

to the pile power falling to less than "10 KW" (north tlermal
column) was less than 170 seconds,

The following deductions would appear to fit the facts

and the programme above:

(a)

In the first Instance the pile went overcritical by
approximately 6 mk, but not much more than this. At this time
the pile was believed to differ from the previous condition
when it was known to be 0.3 mk undercritical by:
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2 middle shut=off rods out + 10,6

Control rod in = = 3,3

i outer shut-off rods in = - 12,k

Net reactivity charge = = |1 mk
T

i,e. the pile should still have been well below critical
even though all the Ffirst vank had been raised.
However, the pile did go 6 mk overcritical and was
therefore more reactive than expected by
6 + 0,3 + 4.1 = 10,5 mk.

It 1s therefore evident thaet several cther shut-off rods were

also up which werc not so incdicated., The amount of reactivity

required could have been re.dily supnlied by M=2L, J=3 and ®=9

and 1s nct inconsistent with the conclusion given in Fart I,

(b} The expulsion of cc¢.ling water incressed the reactivity by at
least 2,5 mk, The velue for the reuctivity effect of the water
is given as 0,28 r'k per rod. There are sufficient damaged rods
in the pille to reacily account for 2,5 mk ever if it 1is supposed

that only half tlc water was expelled from these rods.

It will have been noted that all power levels quoted have
been given in invertcd commas, together with a note In brackets of the
instrument from which they have been taken. The.e 1s clearly a
discrepancy of a factor of the order two between E-7-L-10LA and
E-7=L~109A, This is not unexpected in view of the manner in whiéh the
plle was loaded, Consequehtly; any figures stated for cverall pile
power must be regarded with considerable reserve on three counts,

(a) the pile flux distribution was considerably distorted in azimuth,

(b) . there would be a marked radial concentrztion of power at the
inner regions of the pile, ' '

(¢) 1ion chamber 10LA was close to tle top of tle nile,
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VI THE INTEGRATED POWER DURING THE TRANSIENT

An attempt was made to obtain a value for the

integrated power produced during the transient by investigation of

the recorded temperatures of the polymer being circulated through

the cooler,

The records are reproduced on the accompanylng photostats.

(a) E=5-T=)i0 - Polymer Temperature Before Cooler

temperature:?

Chart Time

1,30 - 15.00

15.19 hours +

15.21 hours +

15.21 hours +
15,28 hours +

15,28 hours +

hours

.2 min,

.3 min.

.3 min. to
.5 min,

The following is a summary of the behaviour of this

Temperature constant between 56°.57°,
A step rise to 56.8° from 56,3° -
similar step rises occur on the other
chart and 1t is belleved that this one
is not connectad with the accident.

A sharp rise to 61,2° - the rise takes
about two minutes.

Temperature changes from skarp rise to
constant, This probably occurred when
the circulating pumps were stopped. as
the polymer was dumped.

Temperature constant at 61,2°,
pfesumably the heated pblymer is now
static in the cooler - the river
cooling water was not flowing in the
cooler,

Sharp spike drop in temperature
followed by partial recovery to 60°
then rapld exponential llke decrease
to I;7° at 16,00 hours.
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The latter part of the discontinulty cdue to the
accident, 1.e, from 15,28 hours on (chart time) is very difficult to
explain and 1s presumably connected with the presence and possible
mixing of cold river water. Especially difficult is the drop in
temperaturé of the polymer temperature at the input to the cooler,
Note that the temperature after the cooler does not drop in a
gimilar fashion but returns slowly to ambient temperature.

The No. 2 cooler containing tle "after" the cooler
thepymometer, is In the lower header room and would likely be cooled
I ! .
by the presence of the cold river water.

The No. 1 cocler containing the "before" the cooler
thermometer is in the No. 2 stecrage tank room. We have not becn
able to find any reasonable explanation for the sharp drop in
temperature of this cooler at 15,28 hours (chart time),

(b) EB-5-T=39 - Polymer Temperature After the Cooler

The following is a summary of the behaviour of the
temperature:

Chart Time E-5-1-39

1l,30 = 1L.50 hours Temperature level at 57.3° following
a slow increase from 5h.7° at 12,00
hours. -

14,51 hours ' Spike drop to 53.5° and recovery of
temperature to 57.2°. '

15,01 hours ' Sharp drop to 530 and remains there

' ' until 15,06 hours.,
15,06 hours . Sharp rise to 61,2°. Appears to

remain constant for five or six minutes
then decreuses slowly and smoothly (in
contrast to the temperature at input to

cooler) anc reaches 55° at 18,00 hours,
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The sharp rise in temperature beginning at 15,06 hours
(chart time) dnd 15.19 hours + .2 minutes (chart time T-L0) are
‘believed to be a result of the accident, i.e. T-4O chart is
" considerably off time and T-39 is approximately on time,

The peculiar behaviour of the tem-erature "after”
cocler (T=39) before the accident has the following explanation.

. .- As pext of the experiment underway -1t was required
to hold the pdlymer température constant. It had been rising
slightly and at the time of the accident an operator on the main
floor was adjusting the valve on the river water to the polymer
cooler. This valve had been closed previously and the polymer
temperature adjusted by cooling on lower tube sheets. He relates
that some minutes before he had opened and closed this valve
(accounting for the down pip at 11,51 hours on T-39) and again
just before the accident he had opened this valve and when the
alarms (health on the main floor) went the valve was open. He
received instructions from bridge to close the valve and evacuate

the rocm. .«

The rise of 8° reccrded on T-39 is therefore the
result of two events: |
(1) the river water was shut off, the coolers having been on or
partially on for a few minutes.
(2) the heat generated in the polymer by the accident.

With this partial understanding of the polymer
temperature records, the only rnertinent information is the
temperature rise of M;AOF recorded at the input to the cooler.

This, however, must be used with caution in estimating the total
energy generated in the pile during the transient. There 1is no
reason to believe that the temperature had reached its maximum value
when the circulation pumps were turned off, almost certainly at
15.21 +..3 minutes as indicated by the flat top of the temperature
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pulse, Additional factdpg ares

(1) The time lag in the instrument recording the. temperature.
Trhis is a resistance thermometer coil of wiré snclosed (and
thermally insulated) in a brass tube, which in turn is installed
in a stainless.steel well in the cooler heeder, Tests of the
brass tube alone show that the ins*runent takes thirty seconds
to record a temperature riss of 15°, The response time with the
well included is not known but could be quite long,
(2) Tre mixing in calandria is unknown, i.e. whether or not an
averagze sample 1s beins fed to ths cocler. Since the pclymer
to cocler is drawn from the lower part of the calancdria, it
nresumably received less th=y the average leat during the
transient, ‘
(3) Effect of cold or hot river water (the river weter coming from
-~ the bottum of the rods is corsiderably hatter>thén the polymer)
on tha polymef. This ~ight rove occurred due to mixing or by
river water running over tie nolymer pipes,
(l) Chemical effects.

The heat liberated by ursnium converted into oxide by
the action of steam is very lerze =rd amounts to 2.6 megajoules/Kgm.
of uranium. The temperabure risze of t.¢ »olymer could be accounted

for by the consumption of 57 Kgm. of uranium.
i How much uranius was, in fact, corsumed will not be

known until the calandria has been examined so that as yet no

allowance can be made for tiis effect,

The chance of hot river water contributing to the
polymer temperature 1is believed to be small. If this is true, the
temperature rise of polymer th:on represents a minimum for the
temperature rise of polymer in the calandria during the transient.
It is worthwiile to calculate thils minimum energy dissipation in
the polymer assuming tha* it all increased by l.L°F,
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Polymer in calandria filled to 260 cms., level = 123 x 260
= 32000 pds.

61,2 = 55,8 = hoqu

L.l x 32000 = 1l x 104 BTU
1 x 104 x 105),8 joules
14,8 x 107 joules

18 megajoules,

At
heat

B g8 65 BE

The percentage of the total plle power that appears in the
polymer is normally Iy, 1% aftef prolonged running at high power, This
is taken from the pile bocérdﬁ as an average of ten values with the plle
between 27 and 29 MW, The individual values range from 3.83 to l.24%.

In the case of a fast transtent, the value will be less than
this because the radloactive periods of minutes and longer which
normally contribute to the heating of the polymer will be absent, This
correction is small, however, since aspproximately one half of the heat
in the polymer i1s generated by fast neutrons and one half by the gamma
rays and of the gamma rays about 60% are prompt (RDP=lili), Therefore,
the 0,8% of the polymer heat normally dus to radioactivity is missing
and the percentage of the pile hest appearing in the polymer is 3,3%,
Therefore, the estimated energy produced in pile during transient

=3°%%%0m2 e [[500 megajoules,

If we take a power pulse of the shape plotted in figure 6,
and of duratien 35 seconds above 17 MW, the time beyond 1 MW being 62
seconds and beyond 6 KW, 166 seconds, The triangular spike above the
17 MW level will then contribute 4500 - (17 x 35) - 17(%%-3-32) = 3670
megajoules and the peak power is %%%% + 17 = 230 MW, This is the
minimum value under the above assumptions with the proviso that no heat

was added to the polymer from the cocoling water or by chemical actlon.
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In view of the difficulty in exact interpretation
of the records, and of the possible effect of burning uranium, it
1a recommended that no reliance be placed on the above figures, for

the integrated reactor power during the transient.
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PART III - THE GASHOLDER (RX LZ?)

SUMMARY -

Within a few mlinutes of the accident, the recorder
indicating the height of the main gasholder (RX 127) connected to the
helium system showed that the gasholder had fallen to the bottom and then
risen very rapidly to the top. The record and various eircumstances
associated with the behavicur of the helium cirecult have been
investigated. '

With the information brought to light at the time of
writing, no satisfactory explanation of thre behaviour of the gasholder
can be offered. The possibility of a relatively violent chemical
reaction in the calandria within a few minutes of the accident is

not ruled out.

A good deal of detailed information concerning the pile
structure would be desirable. In view of the amount of work involving
the:pile staff and the difficult working conditions in Building 100,

4t did not seem desirable to press for this information at the present

time. Until the condition of the calandria and of various sections of
the helium system is known, no further profit Seemsvobtainéble by

continuing this investigation.

THE GASHOLDER POSTTION

The height of the gasholder is recorded by a Leeds and
Northrup "Micromax" recorder, which prints the position every fifteen
seconds. The position indication is obtained from a potentiometer
driven by a wire attached to the top of the gasholder. The indicating
system appeared to be in good working order when Iinspected after the
accident. A summary of the record during and after the accident is

shown in figure 7. The time scale is taken directly from the chart.

Further observations of the gasholcder nosition have

been reported by various people. A few minutes after the polymer
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dump began, the gauge in tne basement showed the gasholder to be at

the bottom. At about ITOAS hours December 12, the gasholder was up

and oil was seen on the floor of the gasholder room. On January 21

it was a few inzhes from the bottom. Further, the pressure of helium
in the pipe work near the top of the calandria dropped to zero, at
nearly the same time as the polymer dump began. The pressure has been
reported by cne person to have fluctuated wildly a few minutes later.
As far as is known the pressure remained at zero thereafter.

The behaviour of the gasholder may be summarized as

follows, At 15,085 hours it began to fall in a roughly linear fashion
'with, time and about three wminutes later it had nearly reached the

bottom, It tren rose rapidly to nearly the top of the recorded travel,
poasibly coincidentally with pressure fluctuations in the calandria,

and remained there until 01.40 hours December 13, During the rise, the
recorder printed once and hence tle rise time was less than 30 seconds, -
At Ol@ho hours, the gastolder fell nearly halfway in less than 15 seconds,
paused for about one minute, and fell essentially to the bottom ih less
than another 15 seconds, where it remained until 09.45 hours December 16.
At this time the gaeholder began to rise slowly, eventually reaching a
level of 6,5 inches at 12.00 hours where it remained.

OTHER INFCRMATION WHICH MAY ok PERTINENT

A number cof observations which may or may not be

pertinent to the behaviour of the helium system are recorded below:

(a) The Recombination System

The temperature of the gas before and after the catalyst
in the recombination system is recorded by a Leeds and Northrup "Micromax"
recorder., The recombination system circulates gas taken from the top
of the calandria at about 2 cu,ft/min. and returns it to the top of the
calandria. A summary of the recorded temperatures during and followling
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the accident is shown in figure 8. The times noted are taken from
the chart.. The'sharp pips occurring about once per hour are
asgoclated with the sﬁandardizing proc¢edure of the recorder,

If we make allownace for the first standardizing pip,
both the temperature before and after the catalyst began to rise at
about 15.07 hours, but remained together until about 15,20 hours. The
outlet temperature then began to rise more rapidly than the inlet... At
15.55 hours, when the inlet had risen to 249C and tre outlet to 48.5°%C,
a discontinuity occurred, the temperatures converged and then fell
away together. This effect appeurs to be associated with turning off
the circulating blower, ?he blower was started up again on December
13,7 A AOC rise apgross the oatalyst showed that there was still some
hydrogen-oxygen mixture available but this rise did not persist for

b oo . -

more than an hour., & : e

The average temperature rise across the catalyst during
ndrmal operation appears to be about ZOC_corresponding to &
concentration of the order of 0,2% oxygen in the presence of excess
hydrogen (D, + H,).

(b) Composition of Gas in the Calandrla and Gasholder

H

- The gas coﬁtalned in the calandria and gasholder was
sampled trrough valves 6li1; and* 801 . resvectively on January 21 and
analysed by both thé Chemical Control Branch and by the Phyéical
Chemistry Group. These analyses are not in good agreement, but the
Chemistry Group showed the bulk of the gas to be iir containing
2,5% hydrogen (Db + H, ) in the calandria and 3,0% hydrogen plus 6. 8%
helium in the gaskoldero

(¢c) The Polymer Storage Tanks

The level gauges E=-5-H-}j9 and E=5~:=50 showed that, at
16.00 hours following the accident, No. 1 tankAhad filled to 292 cms,
and No. 2 tank to 56 cms. Subsequensly, over a jeriod of an hour, the
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level in No. 2 tank fell to 50 cms., and then the level in both

tanks rose slowly over a period of i week. Dszspite the fact that

the polymer lines to the tanks were blanked ofy, the indicated levels
continued tc rise slowly, and at the present time No, 1 tank gauge is -
off scale () 320 cms.) and Ne. 2 tark &%t about #0-cms, (January 22).

It should be noted that the polymer line to No, 2 tank
was valved off at the time of the accident and that shcrtly afterwards

all valves to the tanks were closed.

(d) The Gasholder

The gasholder was insp-cted by twe of the authors on
January 2Z2. The room contained about 2 feet of water covered with &
thin layer of oil. The gasrolder se¢-1 contalned ligquid to within six

inches of the top. There was no obkvious sizns that tle gasholder had

suffered any damage.

The liquid in the pasholder and on the floor was sampled
and analysed by the Chemical Ccntrol Laboratories, who reported that
(a) the 1igquid on the floor was light water, (v} the 1iguid in the
gasholder consisted of a two inch layer of oil >overing water
containing 24% D,0. They also reported the Following beba-gamma
activities:

, o . 10
Gasholder (1) oil - 5.5 % 10~ ¢,p.m./ml.
(2) water ~ 4.2 % 109 cgpa“u/mlw
O
Water on tie floor - 1.9 x 107 c.p.m./ml,

. It is estimated that the gashclder contalned of the
order &f 6000 1lbs. of water-polymer mixtu

DISCUSSION

The gasholder is reported (ME-Z23) to have a capacity
of 535 cu.ft. at the 50 inch level. It n
of 12 ins. of water in the helium system and is loaded with

¢

rmally mzintains a pressurs

approximately three tons of lead,
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The initiel rate of fall of the gasholder occurring at
15,08 hours is not inconsistent with the appearance of a large hole
in the calandria. A leak rate of 140 cu. ft/min, indicated by the rate
of fall does not appear to be iInconsisten®t with the flow rate possible
at 12 ins. pressure through the helium lines connecting the gasholder

to the calandria ﬁ.

The following rapid rise of the gasholder ir less than

o

30 seconds, implies anrn incoming flow of 920 cu,ft/min,, or 5720 I.G.P.M.,

which flow rates cannot be explained by any effect associated with
dumping the polymer (maximum rate 330 g.p.m.) or leakage of light water
into the system. (The maximum flow normally delivered %o the plle is
3300 g.p.m. There was no indication of a large increase in this), A
pressure of the order of 5 1bs/sq. in, & appearing in tle calandria
could explain the rate of rise, provided the pressure was maintained
during the delivery of 460 cu,ft. of gas. The rapid burning of about
70 Kgm. of uranium under water could produce the requlred amount in
the form of hydrogen. Although the continusd burning of hot uranium
under water is possible due to the large evolution of heat (2.6
megajoules/Kgm) ths consumption of such s large amount seems unlikely.

The remaining possibiiity of & hydrogen-oxygen explosion

kel

is not very acceptable either. The amount of snergy required to raise
the gasholder could be readily supplied by “he carning of 0,11 cu,ft,
of hydrogen. However, this energy must Ls tracsmitted through a long
run of pipe work, Also the recombinatbion unit zhowed no evidencs for
the appearance of explosive mixtures of hydrogsn and oxygen in the
calandria at this time. Indeed the maxdimum temp2rature rise occurring

at 15,55 hours suggests a maximum hydrogsn concentration (in the

B s T ]

kX Before these conclusions can be accsntei as mlmblev a more
detailed know edge of the physics ;aymut of the piping connecting
the gasholder to the calandria will be vequired, They are not
consistent with some opinions expressed by the Pile Operating Staff,
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presence of excess oxygen) of less than 5% k, possibly an explosive
mixture, or less than 25 cu.ft, in the then nearly empty calandria,
This corresponds to the consumption of less than L Kgm. of uranium,
It might be added that the gas analyses offer little asslstance in
solving this problem since any evidence they might have offered was
lost long before the samples were taken,

The subseqient fall of the gasholder together with the
fact that it flow contains water and that No, 2 storage tank ls partially
filled, represent a number of circumstances which are difficult to tie
togefher, In the first case, it seems likely that the gasholder was
mechanically stuck at the top of Its travel., That the helium system
was open is evident from the fact that it did fall (unless some valve,
not reported, was opened in the helium system at this time). The
rate of fall 1s so rapld, apart from the hesitation which is probably
mechanical, that it does not appear to be possible for the contents
of the gasholder at this time to have leaked out through the calandria
with the pressure available. The initial fall of the gasholder
demonstrates the rates to be expected, It is therefore suggested that
the o1l seal of the gasholder was almost completely "blown" at this
time, but that the water observed in the seal later had not yet entered.
That the seal was blown is supported by the large amounts of oil later
reported in the basement, by the fact that this oil had evidently
not been expelled by the water sntering the gasholder (fthe seal was
not completely full)'aﬁd that there is now very 1ittle oill in the
seal. Purthermore, if the oil seal had besan filled with water
flowing in through the helium lines previous to this time, a "water
lock™ would have formed In the lines and prevented the gasholder
falling at all. The gasholder could not have been under a
"significant vacuum (not 12 ins. of water even if the oil seal had not

A Phillips gives results in EI=83 wiich would suggest that tris
figure should be of the order of 1%.
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been blown) nor could the prompt compression of the gas in the system
explain more than a small fraction of tre fall,

The partial filling of No. 2 storage tank must be
attributed to water entering through the helium balancing line. This
could have come from the top of the calandria t this seems unllkely
since gas appeared to be still circulating in the recombination system,
or by splll over through the balancing line from No. 1 tank. The
observed behaviour of the level gauges in these tanks does not suggest
that No. 1 tank was sufficlently full to spill, but it would seem
necessary to investigate the behaviour of tlrese instruments carefully
before this possibility is ruled out. The Instruments are at present
inaccessible.

The slow rise of the gasholder on December 16 can be
readily attributed to water flooding the gasholder room provided
the helium circuit connected tc the gasholder was sealed. A water lock
greater than 12 ins. high in the lines would effectively seal the gas-
holder from the calandria. December 16 was the first day on which the
water level in the basement rose sufficiently to apilll over Into the
gasholder room. The rising level in the room would slowly force air
from the inside of the inner dome into the gashclder throcugh the pipe
connecting the oll overflow pan to the oil szeal. The water levels
attained are adequate to explain the effect, and the "backlash®
effects of water trapped in the gasholder room and of the water lock
in the tube connecting the oil seal to the oil pan which are large,
enough to explain why the gasholder did not fall when the basement
was pumped dry., It is evident that the o1l seal must have been at
least partially full at tkis time, '

The following is a summary of the possible sequence
of events:
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Decamber 12 15,08 hours Calandria punctured, and gaskolder
: began to fall.
15,11 hours Gasholder rose rapldly to the top, its

011 seal being blown at the same time,
This must be attributed to the rapid
generation of large volumes of gas in the
system, The gasholder stuck at the t0p°A
December 13 01,40 hours The gasholder fell rapidly. The oil seal
was still not made.
After 01.l0 hours December 13 A mixture of heavy and light water
end before 09,45 December 16  appeared in the oil seal.
December 16 09,45 hours to The gasholder rose six inches due to
12.00 hours water flooding the gasholder room. A
blockage must have existed in helium
l1ines to tre gasholder at this time.
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PART IV - THE RECORDINGS OF OTHER INSTRUMENTS

 SUMMARY

The recordings of all other instruments in the control
room of Building 100 were inspected. Photostatic coples cof the
sections of trese records pertinent to the accident together with
those already discussed are attached teo this report. Any changes
in instrument readings noted are briefly discussed.
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RECORDS INSPECTED

E-7-L-38
E-T7~L~-31
E-1-T=10
E-1-F-16
E-1-L-29
F-1=L=~30
F-1-L=29

. E-7-L-109AX

F-7-L-1B
E-7-L=LA
BE-3=F=8

E-3-L=20

E~7-L~111

F-1-L-25

E-5-H-37
B-6-P-22
E-1-P-8

E-2-T=10
B=3=F=9

E-7=H=25
E-5-H=-60
E-1-T=17
B-3-F~T7

E-7-H=21
E-5-T-40
E-5-T=39

E-7=-L=109A

F-1-L-23
E~-T7-L-2A
E~l =T=60

N.E. Corner Building 100
Instrument Room

Temperature Rise Through Unit
H.P. Water to Unit

Inlet to Tank 103

Inlet to Tank 10l

Inlet to Tank 103

Esterline Angus Power Recorder
S.W. Corner Building 100

N.W. Corner Building 100

Alr Flow in No, 1 Inlet

Alr Exhaust Duct

Power Output Chamber 11

Outlet Tank 10l

Gasholder level in Inches
Welr Box Position

Process Air

Water Pressure In and Out
Temperature of Water from Control Rods
Air Flow in No, 2 Inle%
Shut-0ff Rod Position

Welr Box Position

Temperature at 3% Water Outlet

‘Air Flow from Unit

No. 1 Control Rod Position

Polymer Temperature Before Cooler
Polymer Temperature After Cooler
North Thermal Column

South Thermal Column

Power Recorder Micromax

Neutron Monitcr

S.E., Corner Building 100

Temperature Before and After Catalyst
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E-1-T-10 - Temperature Bise Through Unit

Pemperature peak at LL2 on chart. The scale is
full scale = 500 div. = 30°C.

Therefore the temperature rise across the unit during

transient = %%% x 30 = 26,5°¢C,

E-1-F-16 - H.P. Water Flow to Unit

Flow at time of transient = 75,6 div,
The scale is ~ full scale = 100 div. = 4000 g.p.m.

, =
Therefore the water flow through unit = ﬁ%%g x 14000

= 302l,0 g.p.m,
Note: Slight rise to 75.9 div., in water flow at about 15.10 hours,

entva——

presumably at the time of the transient.

, Phe power indicated by the temperature rise of the
H.P., Water is then

26,5 x 2 x 302k x 20 105ué8 MW = 25.3 MW,
60 10
This is a minimum value as the temperature indicating
element is slow and will not record the maximum temperature. The
temperature me&suring;elément is the same as that described under
E-5-T-40 and E-5-7-39.

E-2=T410 - Temperature of Water from Control Rods

Print "M1" is control rod water temperature

Print "2" is temperature of water from J-9

Discontinuities appear on the records at 15.17 hours,
The rise is not recorded on chart and we see only the tall of
return to normal some eight or nine minutes later,

Full scale = 200°F

2
ps

T
e
B

K3
o

B



E~3-F=9 = Alr Flow in No. 2 Inletb

Level at 8000 pds/hour until 15,10 hours.
15.10 hours -~ a bump to 8700 pds. lasting fifteen minutes. Then
level again at 8000 pds/hour until 16,25 hours.

16.25 hours - & sharp rise to ;8000 - presumebly the fans were turned

on at this time,

B-1-T-17 = Tamperature at 3" Water Outlet

Record is smooth all day. No indication of transient,

E-3-F-7 - Air Flow From Unit

Level at 11.5 before the accldent., Just perceptible
bump at 12 at 15.15 hours. Bump lastsuntil 15,30 hours. No

explanation has been found for increased flow in both air inlets and

also from the unit,

E-5-H=37 - Welr Box Position (Printed)

Three sheets.
06,18 hours - Weir box raised from 188,8 zms. to 260 cms. where
it remains until 16.L7 hours when it 1is raised to

30l,8 cms.

E-5-H-60 - Weir Box Position (Line)

Time scale is wrong on this chart, The correct time

08.50 hours was marked the morning of December 12,

The raising of weir box from 187 cms, to 256 cms., on
this chart at 11,35 a.m, corresponds in time to the 06,18 hours
weir box change on chart E-5-H-37 (above). The increase of weir
box level from 256 cms. on this chart to 296 ocma. corresponds in
time to 16,47 hours change on E-5-H-37.
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water Pressure In end Qut ~ BE-1-P-8

Blue trace - out - Normal has been 28 p.a.i.
On chart blue trace 1s flat thrcugh the transient with
a step drop to 29,8 at 16,15 hours.
Level at 29,8 until 22,00 hours.
Drop to 28 at 22.00 hours. Thereafter level,

Red trace - in -~ Normal is 156 p.s.1., Flat at 156,5 before transient.
15,08 hours a spike up to 160 and down to 15l = perhaps
caugsed by a small explosioﬁ connected with the accident
or a temporary stoppage and restoration of part of the
flow. Then level at 156.5 until 15,40 hours., 15.40
hours a spike drop to 136 and recovery to 155,

15.40 - 16,07 hours -~ a uniform drop from 155 to 146.
16,07 hours = & sharp drop to 29 where 1t remains until
16,52 hours,

16,52 hours - Drops to 16, Thereafter level at 15 to 16 -
at 21.45 hours where it drops %o 13,5 and remains level
to 23,45 hours,

23,45 hours - drops to 10,0 and thereafter remains level,

F=1=L=-29 = Inlet to Tank 103 -~ Water Activity

103 is No, 1 Tank,

Level constant betwesen 0,04 and 0,045 until 15,15 hours
+ ,5 minutes (chart timej.

At 15,15 hours + .5 minutes a sharp burst just off
scale for about one minute with a steep return to 0,1 at 15.20 hours
" and to O, at 15.30 hours,

Jitters to zero from 16,00 to 16,30 hours and then
level to 0.0l.
, At 22,40 hours a rise to 0,3 to 0.l and at 01,57 hours
December 13, goes sharply off scale and remains off,
Note: Chart shown in two sections on separate sheets.

Full scale = 1 division = 1 x 10 °~ amps,
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F-1-L-30 - Inlet to Tank 10L - Water Activity

104 is No. 2 Tank.

Level at 0,2l until 15,07 hours, at whiech time a sharp
rise to 0,48 and return to normal 0,2l at 15,15 hours,

At 15,545 hours, a series of variations begin and level
coscillates between 0,2L and 0,35 until 21.%0 hours,

At 21,50 hours a spike to 0,9 and return to region of
0.3 where it remailns.,

Full scale = 1 division = 1 x 107*¢ amps.

F-1-L-25 - Outlet from Tank 10l - Water Activity

Level at 0,15 until 15,07 hours.

15.07 hours rise to 0,27 and short flat top about
one minute wide. '

Sharp drop to 0,2 at 15,12 and more gradual drop to
0.15 at 15,18 hours.,
I e
Full scale = 1 division = 1 x 10 ~~ amps,

B-3=F~8 - Air Flow in No, 1 Inlet

Level at 6,7 before accident.
15,08 hours - slight bump to 7.0 which lasts until 15,30 hours.
15.30 hours - return to normal level 6.7 until 16,23 hours,
16.23 hours = sharp rise to 5. Presumabiy due to the fan being

turned on after the accident,

Full scals = 6,7 divisions = 4700 pds/hour,

E-3-L=20 - Alr Exhaust Duct

Indicates radiation level in air exhaust duct.
~ Level at .185 until 15.17 hours.
15.17 hours - meter goes rapidly off scale and remains off.
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E-7-L=111 - Power Output
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Chamber No, 1il

Level at 15 divisions until 1l.42 hours.

15,07 hours - rapid rise
Rapid fall
seen where
background

shown by "1" printed at 550 divisions.
to base line, A very short tail can be
the decrease merges into the normal,

at 1l.543 hours.

Scale, full scale = 1000 divisions = approx. L0 MW.

E-7-H~-21 - Control Rod Positicn

Chart is 12 hours out in time. Normal 8 a.m., stamp

is 8 p.m. December 12.

Also this instrument dccs not record properly near
zero, the "1M" print should be disregarded and rough indication
taken from "2" print.

Chart Time

10.25 hours - 18,2 cms. indicated and drops to 2.2 cms, at 10,25 hours.
This means that rod went from 0 to atout 2 cms. at
10,25 hours.

10.25-10.50 hours - Level constant ait 2 oms,

10,50 hours - jittérs and goes to zers at 10,5l hours., Reading is
congtant until 11,22 hours.

11.22 hours - jitters and by 11,30 hours rod is up and reading 1is

310 cms. which remains constant until 1l.21 hours.

1}4.21 hours - rod drops to zero and remains there. (Chart indicatlon
is 18 cms. but "1" print is disregarded near zero

reading.

E-7-L=109AX

Bsterline Angus Power Recordsr

Instrument not operating.

Trace remains at zeroc, i.e. -0,3 scale divisions,

OFFICIAL USE CHLY



QFFICIAL HER AM

- L6 - NEI-26

P-7-L-1B - §.W. Corner Building 100

Level at ,03 until 15.14 hours.
Square pulse from about 1l,10 to about 1ll.36 hours
in response to ZEEP.

At 15,1} hours {chart time) a vertical rise off scale
remaining off until about 19.10 hours., Rsturn is followed by slow
decay to 0,5 at 00,00 hours 23 seconds,

Scale - full scale = 1 division = 0.5 tolerance/8 hours
Detects gammas,

E-7-L-UA - N.W. Corner Building 100

Level at 0,03 until 15,25 hours.
ZBEP pulses also show on this instrument.

At 15,25 hours a steep rise to .6l and return to 0,1
at 15,30 hours. Followed by a slow decay back to normal reading of
.03 by 18,00 hours.,

Scale = 1 division = full scale = 0.5 tolerance/8 hours,

‘Detects slow neutrons.

B-7-L-3B - N.E. Corner Building 109

Level at ,17 divisions until 15,09 hours at which time
record goes rapidly off scsle and remains off

Previous square pulses at 14,12 hours to 1L.4O hours
and from 10,15 to 10.40 hours are caused by operatlion of ZEEP,

VNS

Full scale = 1 division = 0.5 tolerance/8 hours,
Instrument detects gamma rays.

E-7-L-31 - Instrument Room Radiation Level

Level at .06 until 15,07 hours at which time record
goes rapidly off scals and remains off,

Full scale = 1 division = L tolerances.

Instrument detects gamma rays,
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B-7-L-2A - S.BE, Corner Building 100

Level at .035 until 15.06 hours at which time a sharp
spike to just off scale and immediate return at 0.55. Remains at
this level for two or three minutes and drops to 0.27 where 1t
remains for about half an hour. At 15.50 hours a sharp drop to 0.08
followed by gradual decay to 0.0L at 17.00 hours.

Full scale = 1 division = 0.5 tolerance.

Instrument detects slow neutrons,

F-1-L-23 - Neutron Monitor

Square pulses 10.05 - 10.130 hours (ampliﬁﬁde = 0,5)
14.00 to 14.28 hours (amplitude = 0.98) are caused by ZEEP
operating.

Transient starts at 15.07 hours and goes off scale for
sbout one minute and returns to normal at 15,15 hours. Remains at
zero until 01.50 hours December 13, when it goes off scale and
remains off until 19.00 hours. Returns to scale and decays slowly
to half full scale &t 05,00 hours December 1l and to 1/10 full
scale at 11.00 hours December 1l followsd by a gradual tall to zero.

Chart is L minutes slow at 12,00 hours December 22.

WJH/ACJ/PRT: ke
Chalk River, Ontario.
March 31, 1953.
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