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AN INVESTIGATION CF SOME COF THE CTRCUMSTAMCES

PERTINENT TO THE ACCIDEMT 'TO THE NRX REACTOR-

OF DECEMBER 12, 1952

by

W. J. Henderson, A. C. Johnson and P. R. Tunnicliffe

ABSTRACT

A study has been made of various instrument
records in conjunction with verbtal 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 irasnsient.

(¢) +the gaﬁbolger

(d) the recordings of other instruments.

The results are summarized at the beginning
of each part.

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

On December 12, 1952 critical height measurements were
being made using the NRX reactor to assess changes in reaétivity
due to the prolonged irradiation of uranium fuel elements. In
order to reproduce tre vertical flux distribution obtained during
normal operation, when the reactor 1s loaded with "short" lived
Xenon polson, 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 withcut the reactor becoming
critical. During the morning it was found that the critical level
was substantially less than the desired level and did not correspond
with either the operating level or the level used in previous
measurements., This lower critical height is asttributed to an
increase in the number of fuel elements with "thin" cooling water
annuli loaded into the reacting core. Consecquently 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 lifting air to the rods.

All the shut-off rods were dropped lnto the reactor and
an agreed procedure begun for raising the desired rod: The first
sfep invelved restoring all valve settings to normal. During this
step & number of rods were ralsed by incorrect menipulation of the
valves., The mistake was promptly corrected and all rods were
belleved to have been returned to the "down" position. 1In
attempting to reise the two inner ring rods, a&ll four rods in the
first bank were Inadvertently raised without accelerating air
being availeble in the head gear. Nonetheless, the reactor should
not have gone overcritical, It did in fact do so and tre power
began to rise rapidly. The electrical circuit holding the rods
was promptly opened manually before the power became significant.
Although these rods had been raised without accelerating air
being available at the head gear they should have fallen under
gravity. The indicating lights showed that only two of the rcds
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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 & better understanding of the materisal
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.
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PART I - THE SHUT-OFF RCDS

Summary

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

These records are not inconsistent with the conclusiocn
that certain shut-off rods were up irmediately prior to the
eccident which were not so indicated at the control desk. The
reactor was approximately 12 mk closer to eritical than it was
thought to be (at the time of the accident). Consequently, when
the first bank of shut-off rocds was raised the reactor wvent |
overcritical by about 6 mk,

It is concluded that the shut- off rods J-3 and C-9
were up and that M-2l was partially or whol ¥y up. The rositions
of these rods is attributed to tlLe ﬂanipulauion of verious valves
contreclling the cocling and 1ifting air. No explanstion is offered
as to why the rods remained up after the valve settings uere

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 circuilt was broken before the
reactcr reached a significant power. Only rod M-é Tell into the
reector, falling slcwly and taking one and a half minutes to reach
the botton.

It is the purpose of thls part of the. report to attempt
to determine the positions c¢f the shut-off rods immediately prior
to and during the accident. The records from tke 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-0ff Rod Position Recorder, E-7~H-25 -

The positions of the shut-off rods are indicated by
limit 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 is actuated by the upper
1imit switches and indicate rods in the "up" position. The
indication given by the lower 1limit switches is known to be

unreliable.

The record from E-7-H-25 for the day of the accident
and for a period of a week previous to the accicdent has been
studied in conjunction with verbal reports. This study has been
made in order to determine 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 December 5
to December 13, 1952 is given in Table I except for a six-hour
interval on December 5. During this interval several atitempts 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 every change of any one
of the recorder pens and under "remarks" is listed the event, if
known, that probably caused the change.

# A check was made on the timing of the twelve pens of the shut-
off rcd recordsr (E-~7-H~25) by actuating all the pens simultane-
ously, and it was found that |
- pens 8, 2, 10, 11, 1k, 17, 18 gave the same time scale reading.

pens 12, 15, 16 read half a minute late compared to pen 9,

pen 7 reads one minute late ccmparecd to pen 9,

pen 13 reads cne minute early compared to pen 9.
The time reading of pen 9 has been used as the reference time.
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TABLE T
' SHUT-OFF ROD POSITIONS AS GIVEN BY E-7-H-25
Recorder Pen Number 7 8 9 10 11 12 13 14 15 16 17 18
% :
Shut~-off Rod Ring I I M M M M M M 0 0 0 ¢
P2 M-18 M6 F24 Q-15 F-8 Cc-15 M2¢ &3 C9 Q-9 J-27
Date Time Remarks Bank No. 1 2 3 4 | 5 6
Y
Dec.5/52 108.13 Final full power operation e 77 O% 7 /7////// . - . 7
Ti wi ; - /, / AL /. A
______ 0918 _ |Trip following final full pover fLLy////NALAY /I A LB LAY NS U
Several start-up atiempts made. :
J«3 headgear changed, C=9 & Q-9
swabbed and J=27 replaced
L Trip from "zero power" after |
c ~—{15.29 ~ [shut- d justi T V/ 1 /720721 (T T2V 7 /77 /7 7/ A2 Py
Dec.5/52~ { 15.29 shut-of{ rod adjustments '_//7/- / 7'/7/,7//7/ /’/ZZ /720717 57-////" //‘/[‘7/ / {Z.'].Z/; Jp——
Dec. 6/Q52 1 & 2 shift ;;é;gf ;) B CZ;&;&( 4;_ jf;;/v; 7 ‘l ,
Dec.5/52 | 05.00 ///// AT i)
Dec.;o/az 1 shift 7//[/// 4///// T ; /Z///z A /%! - Jffz f{/ A
Dec.11/52 2 shift | ; 7///// T T Z T Vo 7
11.49 First bank up L L o VoAV, /) ///,f{_////7/ N //L///[
11.58 First bank down LY ///A’// =" //]//// S s s ALY » v
15.41 Shut-off rods up L1777/ oL/ /777777 VizZ Trrar
22.35 Shut-down after C.H.M.No.l U A N ey w1 G\ Y R | e Q[/ /11777
I 23,22 Shut-off rods up LLLLLL O LLLLL LLLLLL.
Dec.12/52} 01,20 777 ST :
01.38 777 ! T
03.40 7// *I 7> ]u_[ T
05.57 Shut-down after C.H.M.No.2A o r;}jﬁ///g// / 7/, /////g\ LLLLLA /1 [k “44“1 ppaern i
10,03 F-12 and #-18 raised 727777 ////// 77 p— AL %éﬁﬂ:’ i,
10.13 J-~3 raised '7 X ////// 7/ . /7 A
10.18:5 {C-9 up)i®k Q-0 raised : ///I//////A 77 | .’///// | /[ /1]
v v
% "I" refers to inner, "M" refers to middle and "O" refers to outer -
&t Events appearing in brackets probably occurred, but pens do not verify. &
!
N

000007




NEI-26

+£OUBSTSUOOUT UB SB LIJBLOTPUT 40U ST pue 300jge  Jurounoq, u og wup Arqeqosd

T QOUBJIUNLO0 STY], b4

+9p00 BY3 JO JOPUIBWOI 5Y3 YsT4 UCTJBUTQUOD UT pasn usaq os(8 swy [oquis syl ¥§

. *POX JJO-3NUS Oy3 JO sn3s3s
oya Jurpdeiad 4qnop s$948OTPUT

‘UWNTOD | IBUBd
09 JUTpPJ000B BQ PINOM T UM

‘UM OO
pAdswea, 03 Jurpxoooe 9q 30U prroYs
4T USUYM BUWT} B 3¥ JUTJIS9$T135a usg

*Jutdeqstfex A1quqoad ued
ang ‘jut Aq pefpnus Juipaooey

Ce]

*utslds JJo ou03 A{ogeTpowuly SBY
anq ‘padagstied suy
sey ‘Suregstdea ueaq sevy usg ¥

7E

*uteis poteqsidoa
fregysrpoumt sey anq ‘jJo oucld swvy
outy B 9% JuTJe3stfed 40U uUed ¥E | _Olpedesstded sey ¢;jo uceq Sey ued X

SowtTy InoJ utrelds paJsysridal
Ayeqerpoumit swy qnq ‘jyJjo ouod
sBy ‘JutJdegstdox usaq sevY usd

-gaWTy JInoJ ursdv
JJo auo3 ATesuIpoumit sSwWY 3nqg
CE Spoanqstdad swy °JIO useq SBY usg

e

od

o ouod

-90e6(d LL4By 2aBY G%

AY3NOYY ST RUBAD JO3J% SONUTW 98I,

K1equutxoxdde pouasystdoa swuy usyg

ULs.iu

padeqstides LIojBTpoUUT SwY 3nq

urelde jJo euod A{sjurpeutut Swy 3ng
‘poJsoasTZed S6Y “;J0 uesqg Suy usg

i3

(dn pox jjo-gnyse) [ 3Jo, Jutoq sw
pPSqILOSOpP puB JUTJIBRSTIAX 30U UBJ

A

BUTPL000y Gg~li-L~% JO uorTgonpoadsey UT pesn apo)

‘330
] euod suy ‘GurasqstIss uoeq seYy uUsd

(waop poa gg-gnys) w;mumuwﬁﬁou.cmm

I I N R T . _ boLgtez |
/1L \\\\\\\%\W\\ N MR, “ 6860 | 2g/¢1r0eq
s i, .
e A RN v ol
_ MNNNW =&NN\\M . i uotqisod wwop a® POATLI® G-I | §-20 GT ;
/ ¢ ¢ Wi I PosTEL JuBq 354Td| L0 4T
77 c 2 W ’ oo ot
B & W/ ¥5°91
QNRN%.@%VvQ 27 vl
7 oy peusdo ¢ (3)queq jJo eafua ssed-Ag 1891
1 LV A7) pouado G g s)uuq jO soalus ssed-fg| 9o HT’
/L A AV s | 11/ RS 777, . wiop=4uug | 1291
A AN, 7 wT 3noqe peddoxp f1qeqoad gT1-0| gg°2T
= il mm VAV Eﬁwu Lz=r{ 0g°0L
y y, - - . . *08
i Wy YAV, pester 6-0 (dn 6-0) | §+8T°0T | 29/21°0°G
o ll.sf % g 2 1 "ON Jusg SHLBLOY euT 238Q
Lz=r 6V 6-0 ¢ PN T

9¢-13N

(penurquod) T FIVL

8T 94 GI-0 %2-d 9-W G- 2T POy JJO-3nyg

AINO 3ISN VIDI440



OFFICIAL USE ONLY NEI-26

-7 - EEI-26

The followin’ conciusicns may te drawn from the Table
as to tle positions of the rods i;mcdiatcly prior to 15,07 hours:

Almost certeinly down: M-18, IM-6, =15, C-15, Q-9, J-27
Probably down: F-12, F-5%

Vo reascn to suspect up: F-2l

BEither up or dowm: c-9

Probebly up: - M=2l}.

Almost certainly up: J-3

The basis for these conclusicns is detailed in the

Apper.dix.

Furthe.more 1t should pe noted that although the
holding circuits were trivped a few seconds after raising the
first bank at 15.07 hours, only one roé returned to the bottom,
M-6, and as indicated by the recorder, did not arrive there until
15.08+5 hours. '

The North arnd Scuth Thermal Column ITon Chamber Recordings

These Instruments were installied for accurgie measurement

of the reactor power level during the critical height measurements.

They are described in more deteil in Part II.

The section of these records covering the interval
following the shut-down from the vreceding critical height
measurements up to the accident is reonrcduced in figure 1, These

reprocductions represent analyses cf the records using a travelling

microsccpe. Since the pen deflections of the recorders cnly
amounted to a few millimetres, they should be regarded with scme
reserve, particularly since the zero corrections are uncertain,

However, escentially all the chanzes in the power level can bhe

accounted for, from the infcrmetion given by E-7-E-25, by shut-off

rods rising and falling, It is to be pointed out that the magnitude

of the chenses are not necesssarily the same for each record. This

can be attributcd to distortions in the flux distribution by the rods,
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Alsc it has been necessary to make some small adjustments in the
relative time scales of the recorcds in order to correlate events,

There is no reascn to believe that the low point of
these records at 1l;,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 all the rods were
not down immediately before 15.07 hours,

It is known from the power level preceding the lh.2l
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 Il) indicate that the reactor was 36 mk under-
criticel at 1l,.30 hours,

Using the expression

Scurce strength
Reactivity less thar critical

Power =

it can be deduced frum the north and scuth 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 at 1l..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,

Discussion

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

(1) At 1&.21 hours December 12, 1952 the trip shut-down caused two

inner and four outer shut-off rods to come down sc that all
twelve shut-off rods were almost certainly down,

(2) At 1k.36 hours the by-pass valves of banks 6 and 5 were 6pened

and shut-off rods J-27 and Q-9 rose.,

000010
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(3) Probebly the by-pass valve of bank L was then opened and C-9
rose, '

(L) At 1l4.37 hours the by-pass 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 was reported
that the valve in the air line leading to the base of the red
might have been closed at this time, M-24 then seems to have
been fully down at 1.2 hours, but to have left the bottom
again at 14,5l hours. The thermal column recordings #,
however, tend to suggest that M-2ly may not have gone completely
up, since toth recordings show a much smaller rise at lh.5h
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, a or 3 were seen to come on at a time appropriate
to the above sedquence, .

(5) At 14.55 hours the by-pass valves of banks 6, 5, li and very
probably 3, were closed, J=-27 and Q-9 fell down completely.

The pen recorder would suggest C~9 fell completely and then
possibly rose again., Both thermal column records tendto sugszest
that C-~9 never fell at gll therefore the pen registration might
have been spurious, or that, if it did fall, it immediately rose
again. J=-3 showed no indication of having fallen, an event
consistent with the behaviour of J-3 reported from a test made
on December 31, 1952, M-2l 1ikewise, showed no indication of
having fallen and very probably stayed up or partially up; an
event unlike the behaviour of M-2l. reported from the December

31 test. Inferences drawn from this test, however, are
questionable.

If then, immediately previous to 15.07 hours outer ring shut-off
rods C-9 and J-3 and middle ring shut-off rod M-2l were up, the
reactor would be only 2l;.5 mk below critical (see Table II)
rather than the 36 mk that it .was considered to be. The fact

e The time sebting of the charts was not sufficiently correct
tc permit comparisons between charts without first meshing
the events to obtain a reascnable fit.
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that there was some evidence that M-2li was only partially up
would mean that the reactor was somewhat more than 24,5 mk
undercritical.

At 15,07 hours the first bank of shut-off rods, F-12, M-18,

M-6, F-2li, was 1ifted, (the red lights of these rods were seen
to come on) and the reactor went not more than & mk overcritical,
A few seconds after the first bank was lifted the manuel trip
switch was operated. The red lights of M-6 and F-2li were seen
to go off.

At 15.08:5 hours, December 12, the pen recorder of M-6 registered.
Since the previous history shows no irregularities for this pen
it is probable that M-6 had been falling slowly, and finally
reached the bottom at 15,08°5 hours, Later investigation showed
that P-2l; had 1left the head gear, but had stuck and not entered
the reactor.

At 15,08:5 hours the pen recorder of C-9 also registered.

Since tre previous history of this pen shows considerable

irregularities, not too much reliance can be placed on this particular

event. However, there 1s the possibility that C-9 came down at this

time.

The slow falling of M-6 is sufficient to account for tre

decrease in overcriticality approximately twenty seconds after
15.07 hours.
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APPRENDIX

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-off rods. Table I shows
that few rods have no inconsistencies between December 5 and December
12, 1952. 1In tre following analysis irregularities are listed and an
attempt is made to indicete the probable positions of 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 shut«off rod
"pouncing" are not indicated in Table I nor mentioned below.

F-12 On five out of six shut-downs the pen immediately registered,
but promptly went off A owing to "bouncing" of the red. On
the remaining occasion trere was no registration by the pen at
all,

Conclusion: F-12 was probably down. -

M-18 No irregularities occurred except on two shut-downs, when the
rod was either slow in falling or slow in falling the last few
inches required to operate the microswitch.

Conclusion: M-18 was almost certainly down.,

M-6 The only irregularity occurred at the 09.1h hours December 5
shut-down when the pen registered and then immediately went off.
Conclusion: M-6 was almost certainly down.

F-2l, With the exception of four times on December 6 that it went off
and then on, the pen registered continuously.

Conclusion: There exists no suggestion that F-2li was not down.

%~-15 No irregularities existed.

Conclusion: Q-15 was almost certainly down.

F-6 On three shut-downs the pen registered, but then immediately

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 was no longer actuated.
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it 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 be altered since they are
based on the critical height determined previous to 1L.21 hours
and the situation immediately before the accident. Only if F-6
was down until 1li,21 hours and then rose before the accident,
would there be any change in the reactivity estimates. There
is no reason to believe that the changes in valve settings that
tock 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 arn occurrence,

On the other hand, the apprcximate critical weir box height

of 261 cms. obtained previous to 1lj,21 hours December 12, 1952
is 7 cms. less than the height of 28l cms. for the March 1952
measurements (CRGP-508) if corrected for the increase in number
of X-rods with "thin" water cooling annuli, for tlte air cooling
on one X-fod, for the presence of an X-rcd in F-18, and for ths
general “aging" with irradiation (CRGP-508) of all X-rods.

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

it was probably not down during the March 1952 critical height
measurements, an unlikely coincidence, |

Conclusion: F-6 was probably down.

At the shut-downs the pen consistently registered and then
immediately went off, In the case of the 05.57 hours December
12 shut-dcwn, the pen registered again at 12,53 hours, i.e.
some seven hours later, Since there was at the same time &
very siight fluctuation on the thermal cclumn ion chamber
recordings, the possibility that at 12,53 hours C-15 fell,
perhaps the "last inch", was suggested.

Conclusion: C-15 was almest certainly down,
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M-2lp No irregularities seemed to have existed. On December 12

C-9

321

the pen indicated the rod was lifted at 1l..37 hours, was

down at 1L.42 hours and was up again at 1l.5L hours.

Conclusicn: 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 1L.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.

The history of this rod shows 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 rcd
fell down, or rose, or fell down momentarily and then rose agein;
or did not move at all.

Conclusion: C~9 could have been either down or up.

The only irregularity occurred at the 15,29 hours, December §
shut-down (from "zero" power) when the pen which had been
registering owing to the rocd having possibly been left down
after swabbing, went off, registered and then off again. It d4did
not register again until 11.58 hours, December 11, when the first
bank was lowered. At 1l;.36 hours, December 12 the ven indicated
the rod was lifted, and at 14.55 hours lowered.

Conclusion: Q-9 was slmost certainly down.

Previous to tke 15.29 hours December 5 shut-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 FOWSR TRANSIENT

I SUMMARY

The behaviour of three powar indicating and two
temperature measuring instruments Fas' been investigated in order
that some estimates could be made oflthe behaviour and reactivity
of the NRX reactor during the power transient. The instruments angd
records investigated were (a) power galvanometer E-7-L-104A, (b) the
records of the owbtputs from special ion chembers 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 cf temperature before and

after the "polymer cooler" E-5-T-L0 and E-5-T-39.

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

investigations.

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

(i1) When the first bank of shut-off rods was raised the pile
went overcritical by about 6 mk and diverged with a doubling
time of about two seconds reaching a power of the crder of
*100 KW" (108A null) ﬁ.

(ii1) The pile was tripped and only the shut-off rod M-6 fell into
the pile. The pile continued 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 "17 MW" (109A4) boiling cccurred in some of the temporarily

' cooled rods, expelling light water from the pile and
increasing the reactivity by at least 2 mk,

&  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" (1094) when it was checked by opening the polymer dump
valves. ,

(vi) The pile power was greater than "10 Kw" (N.T.C.) for a time
less than 170 seconds and greater than "1 MW" (1094) for
less than 70 seconds.

(vii) No relieble estimate can be made of the integrated power

during the transient.

POWER GALVANOMETER E-7~L-10LA

This galvarometer is located at the lower right hand
side of the panel at the back of the control desiz and measures the
current from an ion clkamber located in a tangerntial hole on the
north side of the pile at an elevation of 27l ems., from the bottom

of the calandria. The galvenometer shunt was set on range 1 giving

a nominel full scale deflection 50 cms. at 25 MW {(weir box 280 cms.).

The benavicur cf this galvancometer as a ballistic
instrument was considered. The galvanometer was observed to be
critically damped and to take about two seconds to reach
equilibriun wher a steacdy current sufficient to prcduce full scale
deflection was applied. "It was concluded that the galvanometer did
not behave in a ballistic fashion during the nower trargient, and
followed the power indicated by its associated ion chamber

reascnably well.

The mection of the ligzht spot on the scale was ocbserved
by at least seven perscns. They were aslked independently to
attempt to reprcduce the motion of the spot to the best of their
recollections by operating a potentiometer supplying a variable
current.to the galvanometer. (In general the time for the spot
to travel from 20 to 4O cms. was timed by another observer using
a stop watch), These tests were carried out at nine to fifteen
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days after tiie incident.

The time for the pile power to double obtzined by this
method was gilven remarlably 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
investigaticn is worth, it is suggested that the time for the pile

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

The polymer dump was initiated just vefore the
galvancmeter spot went off scale, It is varicusly estimated that

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

Some opinicn is that this galvanoreter did nct gc very
far off scale which wculd indicate from the nominal sensitivity of
the instrument that the pile power did nct much exceed "30 MW"
(10%94). This is not in agreement with the evidence given by
BE-7-L-109A. It is suggested that the sensitlvity was suppressed
by the shlelding effect of shut-off rods in the pile and by the "low"
welr bex setting,g and that the upper end of the galvanometer motion
cart be correlated with the final nart of the transient which has been -
assigned to that pericd when some of the cooling water had been

expelled.
A doubling time of 10 to 15 seconds requires a positive
reactivity of 2.3 to 2.9 mk.
IIT POWER RECCORDS GIVHEM BY SPECIAL ION CHAMBERS LCCATED IN THEEX TERERMAL
COLUMNS

A boron coated TQT ion chamber was inserted into each
thermal column to give accurate indication of pile power during
the current reactivity mcasurements, One of these chambers (the

south) was backed off by an uncoated chamber to balance out any

&% Records of the reacdings as a function of the welr box setting at
a constant pile vower shcowed that the sénsitivity would be
reduced by about 10% at 260 cms, height.

000018



OFFICIAL USE ONLY NEI-26

- 17 - ‘ NEI-26

gamma ray effects. It was confirmed that, as expected, the gamma

réy effects were negligible. Eech neutron chamber was connected to

an AEP 1178 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 to vield a current of 10~
amps at 30 MW. The north thermzl column instrument was a Minneapolis~-
Honeywell "Electronik" recorder, operating with a chart speed of four
inches per hour, anc the scuth thermal column 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
scale deflection at the order of 10 KW pile power,

The general nature of the records during the power transient
is shown by accompanying photostat reproductions., The pile power,
initially of the crder of 100 watts, rcse rapidly tc greater than
"10 KW", and about 170 seconds later fell back raridly below "10 Kw",
In order to obtain any useful information concerning the rate of rise
of pile power, it was necessary to 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 chart, A value was then obtained 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 acrcss the chart., The
transit times obtained from the known chart speeds were 29.8 and 71
seconds for the ncrth and south thermal column instruments
respectively. Althcugh the south thermal column recorder itself was
much faster than the other, the longer transit time is attributed
to time constant effects in the associated equipment and inaccuracies
in tre chart. The matter has not been investigated further.
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The norih thernal colwmn reccrder was taken for further
investigation., The analysis described above 1s presented in
figure 2, The actual D.C. amplifier and recorder used were removed
from the control room and set up alongside the electronic vile
analogue. The ouvtput power indicaticn from the analogue is In the form
of a voltage up tec a maxinum of 200 volts., This was converted to &n
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" aresistor. The impedance conditions were satisfiled on the
range used during the vower transient since the input impedance was
5 x 10" - /gain of feedback = 5 x lOEn-. The input was loided with
3000 pf, the estimated capacity load in the pile instellaticn. In
this way it was hoped that all time constant effects were reproduced.

" In the first instance a number of power transients were
simulated by suddenrly unbalancing the D.C. amplifier, thus presenting
the recorder with a gross overload sigral. The transit time of the
pen was found to be 20, seconds comsistently. The traces obtained
were analysed by the method described and plotted in the same manner
as figure 1. Each analysis gave essentially a straight line but the
transit time deduced varied from 22,8 to 37.2 seconds as compared with
the directly measured time of 20.lL seconds, A typical analysis giving
a transit time of 26.5 seconds is shown in figure 3. It is bvelieved
that this spread of deduced times originated from lack of
perpendicularity and variation of the angle beltwecen the time and
deflection axes of the reccorcder within the scale of measivrenents,

This is not surprising.
It is concluded that figure 2 indicated that the pen
travelled at its maximum rate across the chart, probably with &

transit time of 20.l seconds,

The pile analogue was set up to aticmpt to place a

limiting value on the pile reuctivity duvring the initial rise in
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power. A continuously variable controllwofth 30 mk positive

was added to the normal analogue contrcls in order to simulate

the first bank of shut-off rods. The recorder chart speed was
increased to twenty-four inches per hour to obtain accurate and
readily interpretable records. The step reactivity controls of

the analogue were set 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 avout twenty per cent. To simulate the
lifting of the first benk of shut-off rods, the continuous coentrol
was turned from minimum to maximum manually 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 tre power as indicated by the analogue output
meter observed meanwrile. A series of runa was taken for various
amounts overcritical and the results are shown in figure L. Figure
5 has been obtgined from the behaviour of the analogue outpu’t meter
and added to show the actual rates at which the "pile" power rose

in compariscn with the recorder.

It is concluded from comparison between figures 2 and

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

bank of shut~off reods was raised with the consequeni doubling time

of power less than two seconds,

PILF, POWER RECORDER E-7-L-109A

This instrument 1s a Leeds and Northrup "Micromax®
recoréer set up to record 1 m.a, current full scale. It is
connected to a unigue, partially fedback D.C. amplifier located at
the pile face. The assoclated ion chamber is located in a
tangential hole at the south side of the pile et an elevation of
111.5 cms. above the bottom of tke calandria. The full scale
deflecticn normally corresponds to a pile power of 60 MW (weir

box at anproximately 260 cms.).
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The record of the power transiant cmusisted of a barely
inked Croken lineg and an attempt to analyse it “J the methoed given
above nrcved unsatbtisfectery indicating an excessive tilt cf the
inctrument axes comparcd with the width of the trensient. However,
examination ci the trace shcowed that the staticnary poesitions of the
pen during successive attempts made by the instrument servo-mechanism,
vishsd, Since tre time
s is-well defined a

ver; zoocd nlot could te made of instrument reading against time.

t¢ aclieve talance, could ke readily disting
t

intervals tetweer successive balance attewmp

This is shown in figures 6,

The initisl porticn of the rise indicates that the pile
pouwer wss veglnning to.level of” when the power rose above a level
of about "15 MW" (109A). However, a sudden chanzs in tle rate of risc
rly at 1ts

occurred st "7 MW" (1094), and the recordsr rcss linez
tle way down at

in
naximaoen rate to full scale and then returned rost of

i the recorder

[
ot
}-4

maxirwum rate, (This wes confirmed by investigstion

.

behavicur), The change in tae rate of rise ind

e
[N

coles a sudden increase

in reactivily and was nrobably due to expulsion of woeter from some of

the X-rod cooling ciannels

The rocordsy and its assccieted awnlifizr wvers renoved

from tre pile buildirg and set up beslide the plle anulogue.

Investigatiocn of the

jl

apliiier circuilt showed tihat approximation to

EN

an equivslem; icu clanmbor scurce from the analcgue could nct te
121y reached., The rosnonse of tie emplifier to Ltru-slilent input

slgnn}s shewed that the overriding time constant lay in the racerdsr.
The output of the analozue wasg consecquently Tsd directly to tiwe
ceerder,  The chart specd was increased to thres inches per minute.
In order tc estimate the reactivity increase viich occurre t
"7 MW® (10CA), tle ancloguc was Lrought te critical and levelled off
1 t

at this ind

|.J.

(e

(%]
e
)

4

. - " 1, - ) N N .- s L
evel on the recorder, ne rewctivitly was

increased vy & known anscunt and
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of these runs are plotted in fisure 6. For an excess reactivity
of 2.5 wmk or pgreeter the reccrder ren up at its maximum rate. It

is concluded that the increaese of reactivity was 2.5 mk or greeater.

One point which mey be sigrnificant shcwed up on these
tests. If sufficient overlcad signal were applied to the recorder,
the necdle of the balance indicating gaivanometer would jam and the
recorder remain. at full scale deflecticon arfter the signal was
removed and uvntil the gelverometer movenent was freed. The amount
of overload signrnal required was somewhat dependent upon the existing
deflection of the pen during its application but it was shcwn that a
current of 1,5 m.a., or greater would always jam the galvéucmeter
movement, The D.C. amplifier proved capable of delivering this
current. If it can be preswsed tiat the adjustment of the recorder
had not been disturbed by removal from the pile building it wmay be
concluded that the pile power while exceeding "60 MW®™ (1094) did rot

exceed "90 MW" (1094), otherwlse the movemént would have jammed and
the recorder remeined 2t full scale deflection.

It shculd be noted tlat the plle power exceeded "1 Mw"
(1094) for less than sixty-two seconds,

Mr. Clsyton has investigated the shape of the lower
part of the power rise so thal some estimate cculd e made of the
initial reactivity of the pile Lefcre the power becames significant.
IT the shape of the rise 1s atiributed to prompt tewpe
effect, calculation indicates tiat at low power the pllie was 6.2 mk
overcritical., The calculation, however, indicates that the pile

would have levelled off ef 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 is ccncluded that the shape of the curve is not
attributable to the temperature effect. A much more likely

explenation is that the shut-off rod M-6 was falling relatively

rature poiscning

<7
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slowly during this period., This is consistent with the observation
reported in Part I, that it arrived at the bottom one and a half
minutes after the trip. It is intended to make a thecretical
investization of this explanantion,.

For the purpose of discussion the reactivity values
of the cortrol and shut-off rods calculated from data given by
Hurst (TecPI-}2) using M2 = 312 cme, are given in Table II.

TABLE IT

Shut-0ff Rod Circle Reactivity mk
Inner 10.0
Midcle 5.3
Outer ' 3.1
Control rcd : 3.3 &

The following time table of events would seem to fit

e observaticns:
th bservaticns:

(1) With the weir box set at 260 cms., the six middle circle
shut-off roda in the pile, ard tre X-rod G-15 airccoled,
it had been showm that the pile was approximately 1 cam, in
polymer heizht, i.e., 0.3 mk, below criticel.

(2) The remaining shut-off rods were dropped in at 1lL.,21 hours,
and valve changes made to arrange toc lieev 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 rewained up.

(3) During precerations to raise the two inner rcds the whole of
the first bank w.s inadvertently raised, i.e. F-12, M-18, M-5%
and F-2L et 15,07 hours,

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

K This value is gziven by the Reacters Branch,
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(5) 3Befcre the power rewched a significant level the trip circuits
wvere opcrated but only rod M-6 fell into the pile. (F-2l left
the top of the red assembly but stuck before entering the
reacting core).

(6) The pile continued to diverge covering the power range of
"3 Mw" (1094) to M17 WY (1094A) in less than seventeen seconds,
By tiris time a substantial deflection was observed on the
galvalometer E~T7-L-10LA., The rate of divergence was decreasing
at this power level due tc M-6 falling relatively slowly during
this nericd.

(7) At "™17 MW" (109A) the recactivity suddenly increased by at least
2 mk ceused by the exnulsion of cooling water from a number of
temporarlly cooled rccés, and the power continuved to increase at
an enhanced ratec for less than & further seventeen seconds.

(8) The galveaometer (E~7-L-10LA) deflecticn increassd at a rate
indicating the pile to.le of the order cof 3 mk overcritical.

(9) The polymer dump valves were cpened at a power of "25 MW" (1044a)
and the power continued to rise for & shcert time and then
rapidly fell. The maximum power abttained was betweer "60 MW"
(1094) ard "OO MW" (1094).

(10) The total time elapsing from the initiaticn of the transient
to the pile nower felling to less than "1C XW" (north trermal
column) was less than 170 seconds.

The followiling decductions would anncar to £it the feacts

ol
33
o)
ot
5y
)

o]

rogramaie abvove:

(a) In the first instance the pile went cvercritical by
approximately 6 mk, but not much more than tliis, At this time
the pile was Delieved tc differ Irom the previous condition
when it was known tec be 0,3 mk undercritical by:
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been

discrepancy of a facter of the order two betwe
Ew7=-L~1004,
pile was losaded,.

(2)
(t)

(c)

and i«

2 middle slut-off rods out
Contrecl rcd in
i, outer shut-off rods in

Net rcactivity charge

However,

NEI-26

NEI-26

C+ 10.6

= 3.3
hd lzoh-

- .1 mk

e s e das
—_—

the pile shcould still have been well below critical
even thcough all the first bank had been
ti.e pile did go 6 mk overcritical and was

raised.

therefcre more reactive than expected by

6 + 0.3 + lt,1 = 10.5 mk.

It is therefcre evident that several octher shut-
indicated.

also up which wvere not so

The

off rods were

amount of reactivity

required could have been rexzdily suppnlied by M-2lh, J-3 and 5«0

nct inconsistent with

The expulsion of
least 2.5 mk,
is given as 0,28 nk per rod.

The

the conclus

cocling water increassed. ths reactivi

ion given in Fart I,

¥y by at

value for the reactivity effect of the water

There are sufficient damaged rods

in the pile tc readily account for 2.5 mk even if it is supposed

tihat only half ire water was expelled from these rods,

It will have been noted that all nower levels quoted hevs

ziven in invertcd commas,

Thiis is
Consequently,

rot unexpected in

any

the pile flux distribution was
there would be & marked radial
inner regions of the pile,

ion ch

together with a note in
instrument from which they have been taken.

view of the

figures state
power must be regarded with consideratvle reserve

concentraztion

ber 10LA was close to tle top of tle

brackets of the
The:re 1is clearly a
en E-7-L-10LA and
which the

d for cverall

manner in
nile

on three counts,

considerably distoerted in azimuth,

of power at the

nile.
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VI THE INTECRATED FCWER DURIIG THE TRANSIENT

An attempt was made to cbtain a value for the
integrated power nrcduced during the transient by investigation of
the reccrded temperatures of the polymer being circulated through
the ccoler,

The reccrds are reproduced on the accempanying photostats,

(a) E=5-T=ll0 - Polymer Temperature Befcre Cooler

The following is a summary of th. behavicur of this

temperature:

Crort Time E-5-T-40
1l;.30 - 15.00 hours - Temperature constant between ﬁéouﬁ?o.

A step rise to 56.8% rrom 56.3°

similer step rises occur con the other

v
(\J
n

chart it is wvelieved thet thig one
is not comnectesd with the aceident.
15.19 hours + .2 min, A sharp rise to 61.2° - the rise takes

about two minutes.

15.21 hours + .3 min. Temperature changes from slarp rise to
constant, This probably occcurred wiosn

the circulating vumps were stopped as

-

the polymer was dumnad.

15,21 hours + .3 min. to Temperature consisnt at 61,29,

15.25 hours + % min, pfesumably the heated polymer is now
static in tihie cooler - the river
coolinz water was neot flowing in the
cooler,

15,28 hours + ,5 min. Sharp s»ike drop in btemperature

followed by partial recovery to 50°

then rapid exponential like decrcase
0 .
L7 at 16,00 hours
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The latter part of the discontinuity due to the
accident, i.e. frcm 15,28 hours on (chart time) is very difficult to
explain and is presumably connected with the presence anrd possible
mixing of ccld river water. HEspecially difficult is the drop in
temperature of the nolyner temperature at the input to the cooler.
Hote that the temperature after the cooler does not drop in a

similar fashion but returns slowly to ambient temperature,

The 1o, 2 cooler containing tke "after" the ccoler
thermometer, 1s In the lower header rcom a1d would likely be cooled

bj the presence of the cold river water,

The No. 1 cocler containing the "bvefore®" the cooler
therriometer is in the No. 2 stecrage tank room., We have not becn
atle to find any reascnable explanation for the sharp drop in

temperature of this cocoler at 15,28 hours (chart time),

(b) E~5-T-39 - Polymer Temperature After the Cooler

The following is a summary of the behaviour of the

temperature:

Chart Tine E-2-T-39

14,30 - 14.50 hours Temperature level at 57.3° following
a slow increase from 54.7° at 12,00
hours.

1,51 hours Spike drop to 53.5° and recovery of

' ' tempefature tc 57.20.

15.01 keurs Sharp drop to 530 and remains there
until 15,06 hours.

15.06 hours Sharp rise to 41.2°. Appesrs to

remain congtant Tor ive or six minutas
then decrcuses 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 temverature bteginning at 15,06 hours
(crart time) and 15,19 hours + .2 nminutes (chart time T-40) are
belicved tc be a result of the accident, i.e. T-l0 chart is

considerably off time and T-39 is approximately on time.

The peculiar behaviour of the temnerature "after”

cocler (T-39) before the accident has the following explanation,

As part of the exveriment underway it was required
to hold the polymer tenmperature constant, It had teen 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
ccoler., This valve had been closed previously and the polymer
temperature adjusted by cooling on lowexr tube sheets. He relates
that soie minutes before he héd opened and closed this valve
(accounting for the down pip at 1l;.51 hours on T-39) and agein
just before the accldent he had cpened 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 rowm.

The rise of 8% reccrded on T-39 is therefore the
resuvlt of two events:
(1) the river water was shut off, the coolers having been on or
partially on for a few nminutes.

(

) the heat screrated in tie polymer by the accident,

N

With thiz »nartial undecrstanding of the volymer
temperature records, the only nertinent inforaction is the
. . 0. . . .
temperature rise of LI F recorded at the input to the cooler. -

This, however, ~must be used with caution in estimating the total
; .

enerzy generated in the pille during the trensient. There is no
reascn to belicve that the temmerature had reached its maximum value
when the circulation punips were turned off, alwost certainly at

15.21 + .3 minutes as indicated by the flat top of the temperature
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stors ars:

N

tie instrument recording tlie temperature.
anice bthermometer coil of +ire enclosed (and

in turn is installed

l‘l

ted) in a brass tube, which

-LY

teel well in the cooler lLezader, Tests of the
shoty that the Instrument takes thirty seconds
sirature rizse of 150. The response time with the
not knosm but could be avite long,

landria is unknown, i.e, viatner or nolb an

5 beiny fed to the coocler. Since the polymer

wi I'rom the lower part of the calandria, it

vcd less then the averazs @eat durdng the

r hot river water (ths river weter cening frow

L

o+

-

i

O

rods is consicderably er then the polymei)

This might rave ocecurred due to mixing or by

over the polymer nines.
liberated by uranium converied into oxide by
@ very lorge arnd smounts o 2.6 megaioules /Lo
crature rise of the pclymer could Le sccounted

on of 57 Kgn. of uraniua,

How much vranium was, in fecet, ceor zvaed will not be
krniown until veen examined so tnat as yest no
gllcuance ca effect.

The chance of hot river water contriosuting to the
nolvrier temperalurs is belleved to be small., If this is true, th
temnerature rise o4 poliymer Lhen represents
towperature rise of poiymer in the calandria dur:

It is worthw: ile to c;l vlate thnis miniman
the nelymer assuming thi' it all incrsased
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Polymer in calandria filled to 260 cms. level = 123 x 260
' 32000 pds.,

bt = 61,2 - 55.8 = L. 4OF

heat = 4.l x 32000 = 1l x 10% BTU
1l x l()br X lOSh;B joules
1,8 x 107 joules

= 148 megajoules,

it

i

The percentage of the total pile power that appears in
the polymer is nbrmally },1% after prolonged running at high power.
This is teken from the plle records as an average of ten values with
the pile between. 27 and 20 MW. The individual velues range from
3.83 to L.2l7. |
, ' In the case of a fast trensient, the value will be less
;thgp_phis Qecéﬁse the redioactive periods of minutes and longer which
fno?ﬁélly contribute to. the heating of the polyﬁe?zwill be absent.
‘This'correction is smsll, however, since approximately one half of the
heat in the polymer is generated by fast neutrons and one half by the
gamme rays and of the germa rays ebout 604 are prompt (RDP-lli).
Therefore, the 0,8% of the polymer heat normally due to radiocactivity
is missing and the percentage of the pile heat appearing in the polymer
is 3.3%. Therefore, the cstimated energy prcduced in pile during

transient - 18 .
‘ r . Bbmz ,.LSOO 'megajoules,
. If we take a power pulse of tﬁe‘shepe plotted in figurs 6,
..and of duration 35 seccnds ebove 17 MW, the time beyond 1 MW being 62
seconds and beyond 6 KW, 166 seconds. The trianguler svile sbove the
. . . . - 62 = 135

17 MW level will then contribute L500 = (17 x 35) - 17( 2 ) = 3670
mega joules and the peak power 1s %%J% + 17 = 230 MW. This is the
rinimun value under the above asswmptions with the provise that no heat

was added to the polymer from the cooling water or by chemicsl action.
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In view of the difficulty in exact interpretation
of the records, and of the possible effect of bturning uranium, it
is 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 127)

SUMMARY

Within a few ﬁinutes 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 circumstances
associated with the behavicur of the helium circuit have bveen

investigated.

With the information brought to light at the time of
writing, no satisfactory explanation of tre 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 detalled information.concerning the pile
structure would be desirable. In view of the amount of work involving
the pile staff and the difficult werking conditions in Building 100,
it 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 seems obtainable by

continuing this investigation.

THE GASHOLDER PCSTTION

The height of the gasholder is recorded by a Leeds and
Northrup "Micromax" recorder, which ﬁrints 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 crder when inspected 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 position have
been reported by various people. A few minutes after the polymer
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dump began, the gauge in t:e basement showed the gasholder to be at
the bottom. At about 17.45 hours December 12, the gasholder was up
- and oil was seen on the floor of the gasholder rcom. On January 21
it was a few inches 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 rressure has been
reported by cne person to have fluctuated wildly a few minutes later,
As fer as is known the pressure remained at zero thereafter.

The behaviour of the gasholder may bte summarized as
follows. At 15.08¢5 hours it began to fall in 2 roughly linear fashion
with time and about three minutes later it had nearly reached the
bottorn., It then rose rapidly to nearly the top of the recorded travel,
possibly coincidentally with pressure fluctuzations in the calsndria,
and remained there until 01,l;0 hours December 13, During the rise, the
recorder printed once and hence tle rise time was less than 30 seccnds. .
At 01,40 hours, the gasiolder fell nearly halfway in less than 15 seconds,
paused for abecut one minute, and fell essentially to the bottom ih less
than another 15 seconds, where it remained until 09.l45 hours December 16,
At this time the gasholder begén to rise slowly, eventually reaching a
level of 6.5 inches at 12,00 hours where it remained. i

III. OTHER INFCRMATION VHICH MAY BE PERTINENT

A number cf observations which may or may not be
pertinent to the behavicur of the helium system are recorded below:

(2) 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 following
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the accident is shown in figure 8. The times noted are taken from
the chart, The sharp plps occurring about once per hour are
assoclated with the standardizing procedure of the recorder,

If we make allowvnace 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. A%Y
15.55 hours, when the inlet had risen to 24,°C and tre outlet to 48.5°¢C,
a discontinuity occurred, the temperatures converged and then fell
away together. This effect appezrs to be associated with turning off
the circulating blower. The blower was started up again on December
13.° A hOC rise across the catalyst showed that there was still some
hydrogen-oxygen mixture available but this rise did not pefsist for
more than an hour.

The average temperature rise across the catalyst during
normal operation appears to be about 2%¢c cérresponding to a
concentration of ths order of 0.2% oxygen in the presence of excess
hydrogen (D2 + H2).

(b) Composition of Gas in the Calandria and Gasholder

The gas contained in the calandria and gasholder was
sampled trrough valves 61 and 801 resvectively on January 21 and
analysed by both the Chemical Control Branch and by the Physical
Chenmistry Group. These analyses are not in good agreement, but the
Chemistry Groupr stowed the bulk of the gas to be alr containing
2.5% hydrogen (f% + H2)
helium in the gasltolder,

in the cslandria and 3.0% hydrogen plus 6,8%

(c) The Polymer Storage Tanks

The level gauges E-5-H-L9 and E-5-H~-50 showed that, at
16.00 hours following the accident, No, 1 tank had filled to 292 cms.
and No. 2 tank to 56 cms. Subsequently, over a period 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 ¢ week., Despite the fact that

the peclyaer lines te the tanks were blanked off, the indicated levels.
continued tc rise slowly, and 2t the present time Ne. 1 tank gauge 1s
off scele () 320 cms.) and Ne. 2 tank at about 60 cms. (January 22).

It shculd be noted that the polymer line to No. 2 tenk
was valved off at the time of the accident and that shcrtly afterwards

all valves to the tznks were closed.

(@) The Gasholder

The gasholder was inspczcted by two of the authors on
January 22, The rocm contained about 2 feet of water covered with =
thin layer of oil. The gasrolder sezl contained liquid to within six
inches c¢f the top. There was no otvious signs that tle gaskrclder had
suffered any damsge.

The liquid in the geshclder and on the floor was sempled
and analysed by the Chemical Ccntrol Laboratories, who reported that
(a) the liquid on the floor was light water, (b) the liquid in the
gasholder consisted of a two inch layer of oil covering water
containing 24% D20. They 2lso reported the following bveta-gamma
activities:

Gasholder (1)  oil - 5.5 x 10°° c.p.m. /ml.
(2) water - .2 x 107 Cepen. /ml.
Water on tie floor - 1,9 x 100 c.p.m./ml,

It is sstimoted that the gashclder contained of the
order of 6000 1lbs. of water-polymer mixture.
DISCUS3ION

The gashclder is revcrted (ME-22l) to have a capacity
of 535 cu,ft. at the 5C inch level. It rormally meinteirs a pressure
cf 12 ins. of water in the helium syster and is loazded with
approxinately thrse tcns of lead. ‘
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The initial rate of fall of the gasholaer CCC‘””ing at
15.08 hours is not inconsistent with the appearence of a large hole
in the calandria, A leal rate of 140 cu.ft/min., indicated by the rate
of fall doss not appear to be inconsistent with the flow rate possible
at 12 ins. pressure through the heliwnm lines connecting the gasholder
to the calandria ﬁ.

The following rapid rise of the gasholder irn less than
30 seccnds, implies ar incoming flow of 920 cu,ft/min., or 5720 I.3.P.H.,
which flow rates cannct be explained by any =ffect asscciated with
dumping the polymer (maximum rate 330 g.p.m.) or leakage of light water
into the systen. {(Tr.e maximum flow normally delivered to the pile is
3300 g.p.m. There was no indication of a large increase in this). A
pressure of the order of 5 1lbs/sq.in. & appearing in tlre éalandria
could explain the rate of rise, provided the pressure was malntained
during the delivery of L60 cu.ft. of gas. The rapid burning of about

70 Kom. of uranium under water could nrcoduce the required amount in

-

the form of hydrogen. Althcugh the continued burning of hot uranium
under water is possible due to the large evolution of heat (2.4

mezajoules/Kgm) the consumpbtion of such a large amount seems unlikely.

fans =
The remaining possibility of a hydrogen-oxygen explcsicn
is not very acceptable either. The amount of energy regquired to raice

the gasholder could be readily supplied by the burning of 0,11 cu,f%t,

r‘v)

of hydrcgen. However, this energy must be transmitted through a long

run of pipe work, Also the recombination uvnit showed no evidence for
the appearance of explosive mixtures of hydrogen and oxygen in the

calandria at trhis timse. Indeed the maximum tewuperature rise occurring

at 15.55 hours suggests a maximum hydrogen concentration {in the

& Befcrs these conclusicons can be accepted as reliable, a more
detailed know edge of the physical layout of the piping connecting
the gashclder to ths calandrla will be required. They are not
consistent with scne cpinions expres-ed by the Pile Cperating Staf?l.
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presence of excess oxygen) of less than 5% ﬁ, possibly an explosive
mixture, or less than 25 cu.ft. in thke then nearly ecmpty calandria,
This corresponds to the consumption of less than i Kgm., of uranium,
It might be added that the gas analyses offer little assistance in
solving this problem since any ovidence they might have offered was
lost long befecre the samplses Qere taken.

Fhe subseqient fall of the gasholder togethecr with the
fact that it ﬁow contains water and that No. 2 stcorage tank 1s partislly
filled, represent a number of circumstances which are difficult to tie
together. 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 is so rapid, apart from the hesitation which is probably
mechanical, that it does not appear to be possible for the contents
of the gashclder at this time to have leaked out through the calandria
with the pressure available, The initial fell of the gashelder
demenstrates the rates to be expected, It 1is therefore suvggested that
the 0il seal of the gasholder was almost completely "blown" at this
time, but that the water observed in the segl later had not yet entered.
That the seal was blown 1s supported by the large amounts of oil later
reported in the basement, by the fact that this o¢il had evidently
not been expelled by the water entering the gasholder (the seal was
not cempletely full) and that there is now very 1ittle o1l in the
seal. PFurtherncre, if the o0il seal had been filled with water
flowing in throucsh the helium lines previous to this time, a "water
lock"™ would have fermed 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 ever if the 01l seal had not

A Phillips gives results in EI-83 wiich wovld sugsest that tris
figure should be of the order of l%.
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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 tut this seems unlikely
since gas appeared to be still circulating in the recombination system,
or by spill 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 tenk was suifficiently full to spill, but it would seem
necessary to investigate the behaviour of these 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 to 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 spilll over into the
gasholider room. The rising level in the rcom wouvld slowly force air
from the inside of the inner dome into the gasholder thrcugh the pips
connecting the oil overflow pan to the o0ll seal, 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 tke tube ccnnecting the oll 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 cil seal must have been at
least partially full at tlis time,

The following is a summary of the possible sequence
of events:
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December 12 15.08 hours

15.11 hours

December 13 01.40 hours

After 01.0 hours December 13

and before 09.li5 December 16

December 16 09.li5 hours to
12.00 hours

NEI-26
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Calandria punctured, and gaslrolder

began to fall,

Gasholder rose rapldly to the top, 1ts
01l 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 top.
The gasholder fell rapidly. The oil seal
was still not made.

A mixture of heavy and light water
appeared in the oil seal.

The gasholder rose six inches due to
water flooding the gasholdef room, A
blockage must have existed in helium
lines 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 were inspected. Photostatic coplies of the
sections of trese records pertinent to the accident together with
those already discussed are attached to this report. Any changes
in instrument readings noted are briefly discussed.

s.16(2)(c)
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RECORDS INSPECTED

E-7-L-38
E-7-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
E-3-F-8
E-3-L-20
E-7-L-111
F-1-L-25

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

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

E-7-H-25
E-5-H-60
E-1-T-17
E-3-F-7

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

E~7-L-10CA

F-1-L-23

E-7-L-24

E~lj-T~60

NEI-26
- Lo - ' NEI-26
N.E. Corner Building
' s.16(2)(c)

Instrument Room

Temperature Rise Through Unit
H.P. Water to Tnit

Inlet to Tank 103

Inlet to Tank 104

Inlet to Tank 103

Esterline Angus Power Recorder
S.W. Corner Building

N.W. Cornér Building

Air Flow in No. 1 Inlet

Air Exhaust Duct

Power OutputChanber 111
Outlet Tank 10l

~ Gasholder level in Inches

Weir Box Position

Process Air

Water Pressure In and Out
Temperature of Water from Control Rods
Air Flow in No. 2 Inlet

Shut-0ff Rod Position

Weir Box Position

Temperature at 3% Water Outlet

Air Flow from Unit

No, 1 Control Rod Position

Polymer Temperature Before Cooler -
Pclymer Temperature After Cooler
North Thermal Colurmn

South Thermal Column.

Power Recorder Micromax

Neutron Monitcr

S.E, Corner Building

Temperature Belore and After Catalyst
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E-1-T-10 - Temperature Rise Through Unit

Temperature peak at L2 on chart. The scale is
full scale = 500 div.. = 30°cC.

Therefore the temperature rise across the unit during

transient = %%g x 30 = 26.5°C.

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

Flow at time of transient = 75.6 div.
The scele is - full scale = 100 div. = 4000 g.p.m.
Therefore the water flow through unit = %%59 x 44000

= 302l1.0 g.p.m.
Note: Slight rise to 75.9 div. in water flow at about 15.10 hours,

presumably at the time of the transient.

The power indicated by the temperature rise of the
H.P., Water is then
26.5 x 2 x 302l x 10 x 10848 4y o 25.3 Mw,
60 10°

This is a minimum value as the temperature indiceting
element 1s slow and will not record the maximum temperature. The
temperature measuring element is the same as that described under
E-5-T-l0 and E-5-T-39,

E-2-T~10 - Temneratvre of Water from Control Rods

Print "1" is control rocd water temperature

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

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

Full scale = 200°F

000043



OFFICIAL USE ONLY NEI-26

- L2 - NEI-26

E-3-F-9 - Air Flow in No. 2 Inlet

Level at 8000 pds/hour until 15.10 hcurs.

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 48000 - presumably the fa-s were turnsd
on at this time,

E-1-T-17 - Temperature at 3" Water Outlet

Record is smooth all day. HNo indication of transient.

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

Level at 11.5 before the accident., Just perceptible
bump-at 12 at 15,15 hours. Bump lastsuntil 15,30 hours. ¥No
explanation has teen found for increased flow in beth air iInlets and

also from the unit.

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

Three sheets,

06,18 hcurs - Weir box raised from 188,8 cms. to 260 cms. where
it remains until 16.L7 hours when it is raised to
30l,8 cns.

B-5-H-60 - Welr Box Position (Line)

Time scale is wrong on this chart. The correct time
08.50 hours was marked thé morning of December 12,

The raising of weir box from 187 cms, to 256 cms. on
this chart at 11,35 a.n, corresponds in time to the 06,18 hours
weir box change on chart E-5-H=37 (above). The inecrcase of weir
box level frem 256 cms. on this chart to 296 cms. corresponds in
time to 16.l.7 hours change on E-5-H-37.
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Water Pressure In and Out - B-1-P-8

Blue trace =~ out - Normal has been 28 p,s.i,
On chart blue trace is 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.i. Flat at 156,5 before transicnt.
15,08 hcurs a spike up to 150 and down to 154 = perhazs
caused by a small explosioﬁ conriceted with the accident
or a temporéry stoprage and restoration of part of the
flow. Then level at 156.5 until 15.40 hours. 15.40
hours a spiké drop to 136 - and recovery to 155,

15,40 - 16,07 hours - a wniform drop from 155 to 1Lé.
16.07 hours -~ a sharp drop to 29 where it remains until
16,52 hours. ‘

16,52 hours - Drops to 16, Thereafter level at 15 to 16
at 21,45 hours where it drops to 13,5 and remains level
to 23,45 hours.

23,145 hours - drops to 10.0 and thereafter remains level,

F-1=L=29 - Tnlet to Tank 103 - Water Activity

103 is No. 1 Tank.
Level constant between 0,0l and 0,045 until 15,15 hours
+ .E minutes (chart time).
At 15,15 hours + .5 minutes a sharp burst just off
cale for abcut one minute with a steep return to 0,1 at 15,20 hours
and to O.lL at 15.30 hours.

Jitters to zero from 15,00 to 16,30 hcurs and then
level to 0.0k,
‘ £t 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 sheefs;
Full scaele = 1 division = 1 x 1077 amps.
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P-1-L-30 - Inlet to Tank 10l - Water Activity

104 is No. 2 Tank.

Level at 0.2l until 15,07 hours, at which time a sharp’
rise to 0,18 and return to normal 0.2k at 15.15 hours.

At 15.45 hours, a series of variations begin and level
oscillates between 0.2l and 0,35 until 21,50 hours.

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

Full scale = 1 division = 1 x 1070 amps.
F-1-L-25 - Outlet from Tank 10l - Water Activity

Level at 0.15 until 15.07 hours.

15,07 hovrs rise te 0,27 and short flat top about
one minute wide,

Sharp drov to 0.2 at 15,12 and more gradual drop to
0.15 at 15,18 hours.
Full scale = 1 division = 1 x 10710 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 45. Presumably due to the fan being
. turned on after the accident.
Full scale = 6,7 divisions = 6700 pds/hour,

E-3-L-20 - Air Exhaust Duct

Indicates radiation level in air exhaust duct,
Level at .185 until 15.17 hours.
15,17 hours - meter goes rapidly cff scale and remains off.
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E-7-L~111 = Power Output Chamber No. 111

Level at 15 divisions until 1l.L2 hours.

15,07 hours - rapid rise shown by "1" printed at 550 divisions.
Rapid fall to base line. A very short tail can be
seen wrere the decrease merges into the normal,
background at 1l L3 hours.

Scale, full scale = 1000 divisions = approx. Lo 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 does not record properly near
zero, the "1" print should be disregarded and rcugh indication

taken from "2" print.

Chart Time

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

10,25-10.50 hours - Level constant at 2 cms,

10,50 hours - jitters and goes to zero at 10,5l hours. Reading is
constant until 11.22 hours.

11.22 hours - jitters and by 11.30 hours rod is up arnd reading is
310 cms. which remains constant until 1,21 hours.

1};.21 hours - rod drops to zero and remains there. (Chart indication
is 18 cms, but "LV print is disregarded near zero
reading.

E~-7=-L=100AX - Esterline Angus Power Recordar

Instrument not cperating.

Trace remains at zero, i.e. -0,3 scale divisions,
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s.16(2)(c)

F-7-L-1B - S,W., Corner Building

Level at .03 until 15.1L hours.
Square pulse from about 1,10 to about 1l.36 hours
in response to ZEEP.

At 15,14 hours (chart time) a vertical rise off scale
remaining off until about 19,10 hours. Return 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-L4A - N.W. Corner Buildigg

Level at 0.03 until 15,25 hours.
ZEEP pulses also show on this instrument.

At 15,25 hours a steep rise to .6l and return to 0.1
at 15,30 hours. Followsd 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

Level at .17 divisions until 15,09 heours at which tinme

record goes rapidly off scale and remains off.

Previous sguare pulses at 14,12 hours to 1lL.40 hours
and from 10.15 to 10.40 hours are caused by operation of ZEEP,

Full scale = 1 division = 0,5 tolerance/8 hours,
Instrument detects gamma rays.,

B-7=L=31 - Instrument Rocom Radiation Level

Level at ,06 until 15.07 hours at which time record
goes rapidly off scale and remains off,
Full scele = 1 division = li tolerances.

Instrument dstects gamma rays,
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E-7-L-2A - S.E. Corner Building

Level at .035 until 15.06 hours at which time a skarp
spike tc just off scale and immediate return at 0.55. Remains at
tris level for two or three minutes asnd drops to 0.27 where it

remains for about half an kour. At 15.50 hours a sharp drop to 0.08

followed by gradual decay to 0.0L at 17.00 hours.

Full scale = 1 divisior = 0.5 tolerance.

Instrument detects slow neuvtrons.

F-1-L-23 - Neutron Monitor

Square pulses 10.05 - 10.30 hours (amplitude = 0,5)
14,00 to 1L.28 hours (amplitude = 0.98) are causecd by ZEEP
cperating.

Transient starts at 15.07 hours and goes off scale for
about one minute and returns to normal at 15.15 hours. Remains at
zero until 01.50 hcurs December 13, when 1t goes off scale and
remains off until 19,00 hours. Returns to scale and decays slowly
to half full scale at 05.00 hours December 1l and to 1/10 full
scale at 11.00 hours December 1L followed by a gradual tail to zero.

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

WIH/ACJ/PRT: ke
Chalk River, Ontario.

March 31, 1953.
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