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MEASUREMENT OF THE STORED

ENERGY IN THE NRX REACTOR

REFLECTOR GRAPHITE

by

H.B. Hilton and E.A.G. Larson

Summary

9RIO-86~

With the co-operation of workers at Windscale and Harwell,
whose assistance is hereby gratefully acknowledged, the stored
energy content of the inner reflector graphite of NRX has been
measured.

Measurements made at three different elevations and at
different positions through the reflector show that there is,
at present, no danger to NRX from an accidental release of the
energy.

The energy stored in the reflector in 1958 is less by a
factor five to ten than the stored energy as measured in 1953.

It appears that there has been a continual release of stored
energy since 1954 when, after the rehabilitation, the maximum
power was raised to 40 MW.

Additional thermocouples have been installed in the inner
reflector, and future stored energy measurements are being
scheduled.
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INTRODUCTION

CRIO-865

NRX is a natural uranium~heavy water moderated, high flux
reactor, built in 1947. *

Surrounding the cylindrical aluminum reactor vessel is a
graphite reflector. The reflector is in two cylindrical sections
separated by a two and one half inch annular gap. The inner
reflector is nine inches thick and eleven and one half feet high.
The outer reflector is two feet thick and eleven feet high. The
reflector is cooled by air drawn downward through the annular
gap.

There are two projections of the graphite reflector which
extend horizontally through the reactor shielding to the north
and south faces of the reactor. The outer faces of these thermal
columns are approximately six feet square.

The maximum power of NRX was increased from 30 MW to 40 MW
thermal after the rehabilitation following an accident to the
reactor in 1952.

This report discusses the results of stored energy measure
ments made on samples from the inner reflector. These measure
ments, made in 1958, are compared to measurements made in 1953
on graphite taken from the north thermal column.

* For description of NRX see "Nuclear Reactor Plant Data, Volume
2)A.S.M.E. New York 1959."
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HISTORY

In 1953, while NRX was being rehabilitated after the accid
ent of December 12, 1952, the stored energy of samples of graphite
removed from a plug in the north thermal column was measured.

The stored energy measurements by R.W Attree, L.G. Cook,
and R. L. Cushing (cRc-9n) showed that the maximum total energy
stored at the vertical center of' the inner !>eflector was 81
calories per gram. This energy was released between 100°C and
500°C with 52 calories per gram released in a peak between 100°C
and 240°C. A sample sent by L.G. Cook to the United States was
found to have 38 cal/gram of sto:r'ed energy released between l1Jr6°c
and 258°C as reported by E. Fast. (WrRL - 54~99).

It was estimated at that time (Memo ~ A.G. Ward to W.B. Lewis,
June 4, 1953) that a maximum temperature rise of 50 0 e could be
expected for an energy release under conditions of no heat loss.
A dangerous condition would be reached when the total irradiation
under the same conditions reached 75,000 MWD. A.G. Ward recom
mended that samples be removed from NRX and NRU regularly to check
the accumulation of stored energy and that a study be made of the
possibility of releasing the energy stored in NRX in a controlled
experiment.

G.H. Kinchin measured the thermal conductivity of samples
from the same piece of graphite as R.W. Attree, et a1 used in
their measurements. These results are reported in RDP-57.

No work was done on the NRX graphite until the accident to
the Windscale pile in 1957 emphasized the possible danger to the
NRX reactor. In November, 1957, work was begun to measure the
stored energy on samples from the inner reflector. Since the out
put of the reactor by the end of 1958 was estimated to be over
75,000 MWD, some urgency was attached to the measurements. This
report covers the work done to date on the measurements of the
stored energy in the inner reflector. It also describes the extra
temperature measuring instruments that have been installed in the
reflector in order that the future record of graphite temperatures
will be more complete than the past records.

3.0

GENERAL

WINDSCALE MEASUREMENTS OF STORED ENERGY

Operations personnel started work on the measurement of
the stored energy in the lveflector of NRX in November, 1957.
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It was agreed at that time, after consultation with research
personnel, that only the inner reflector need be examined, since
the fast neutron flux at the outer reflector is low enough that
relatively little stored energy would be expected there.

Since the calorimeter used by R.W. Attree in 1953 had been
dismantled, it was decided to send the samples to England. It
was agreed that the Engineering Design Branch would design tools
which could be used in drilling and removing plugs of graphite
from the inner reflector through the 3- position self~serve holes
which extend only through the outer reflector. NRX reactor opera
tions were assigned the job of cutting and removing the specimens.
Since the research chemistry group had not disposed of the equip
ment for machining irradiated graphite they agreed to machine the
samples. After machining, the samples were to be sent to Windscale
for the stored energy measurements.

SAMPLE REMOVAL AND PREPARATION

R.W. Attree received a letter from J.C. Bell at Windscale
dated December 5, 1957 describing the size of the samples re
quired. The samples were to be cylinders 1.8 inches long, 0.49
inches in diameter, within to.005 inches. The complete dimensions
of the specimen may be seen on draWing B-2836-l. The stored
energy measurements were to be done by the linear rise method to
be described later.

During December, 1957 and January, 1958, tools were designed
and fabricated for sampling the graphite at self-serve eight.
(S.S. 8) A detailed description of the method used is available
in NRX File, No. 6218-32-1, Volume 1, so only an outline of the
procedure will be presented here.

S.S. 8 was chosen because the adjacent position S.S. 9 could
be used to see the cutting tool when it broke through the inner
reflector close to the calandria wall. The latter position extends
through the outer and inner reflectors. A three inch diameter plug,
nine inches long, (the thickness of the inner reflector) was tre
panned from S.S. 8. It had been intended that an aluminum liner would
be placed through the inner reflector to prevent crumbling of the
graphite after the plug was removed; but at the request of the
researcher in charge of the uranium depletion experiment on S.S. 8,
and since there was no evidence of breakage of the graphite, the
liner was not installed.

Eight three-quarter inch thick discs were cut from the graph
ite plug in BUildihg 234 hot cell. The first sample was cut from
the inner face of the plug and marked II A". Successive cuts ~'Jere
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were then made and the resulting discs identified from "B" to IIH".
The samples were, from A to H, 0.38, 1.125, 1.86, 2.67, 3.37, 4.13,
4.88 and 5.64 inches respectively from the inner reflector face.
They were shipped to Building 107 and machined with a jewellers lathe
in a shielded dry box. In order to prevent the accidental release
of stored energy by local heating from the machining operation, the
specimens were cooled during machining by spraying with cooled nit
rogen gas. After machining, which took approximately two weeks, the
samples were shipped to Windscale.

STORED ENERGY MEASUREMENTS

Figure No. 1 shows the results of the measurements made at
Windscale on the samples from S.S. 8 as reported in a letter from
J.C. Bell to R.W. Attree dated April 25, 1958.

Specimens A, D, and H were measured by the linear-rise method.
The temperature of the calorimeter is increased at 2°C per minute
while a differential thermocouple is used to keep the temperature
of the sample a precise amount below that of the calorimeter. The
breaks in the curves for specimens A and H occur when the temper
ature lag between the specimen and the calorimeter is removed.
During the early part of the measurement the calorimeter is held
40°C below the specimen temperature in order to keep control if the
rate of energy release goes above the specific heat of the graphite.
From samples A and H, it was seen that the temperature lag was not
necessary, so specimen D was run without it.

Specimen B was measured in the same manner on a "Sykes"
calorimeter in which the temperature is increased at the rate of
6°c per minute.

Specimen C was measured by "dipping ll at ~~OO°C. 'rhis is a
routine Windscale technique in which the specimen is heated in
a furnace at 200°C. Since the stored energy was so low in the
sample, nothing was detected with this method.

From these Windscale results the maximum rate of energ~

release was 0.065 calories/gram/cC (Figure No.1 Specimen DJ.
Since the specific heat of graphite in the temperature range
measured is approximately 0.3 calories/gram/cC it was obvious that
there was no danger from the release of the stored energy in the
NRX reflector.

No attempt was made during the work on this report to calculate
the total stored energy or to compare these results to the 1953 meas
urements as more complete results were received from Harwell as
described in the next section.
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4.0

GENERAL

HP~WELL MEASUREMENTS OF STORED ENERGY

G.H. Kinchin visited Chalk River on March 17, 1958, to discuss
with operation and research personnel the stored energy problem in
the graphite of NRX and NRU.

Mr. Kinchin spoke of the experience of the United Kingdom on
the releasing of stored energy from irradiated graphite piles. A
discussion followed on the energy storage in the NRX graphite. Mr.
Kinchin recommended that future samples be sent to Harwell, where
there was a continuing program of stored energy measurements and the
samples from NRX could be easily handled. Also the samples for the
Harwell calorimeter did not have to be machined to the tolerances
required for J.C. Bell's equipment at Windscale. The Harwell equip
ment would give the rate of release of stored energy and the integ
rated stored energy in calories per gram up to 400°C. From these
results an estimate could be made of the temperature to which the
graphite would rise during an energy release.

R.W. Attree stated that his group did not have sufficient per
sonnel to machine further samples of graphite. It was decided that
the machining would be done by reactor operations personnel using
the equipment in Building 107.

At the same time J.G. Bayly of the Reactor Physics Branch wrote
to A.H. Cottrell at Harwell requesting plans of their calorimeter
so that AECL could build its own equipment for future measurements.

The following is a description of the removal of samples from
the inner reflector and the results of the Harwell measurements on
the graphite from self-serves eight, two, and fourteen.

4.1 SAMPLE REMOVAL AND PREPARATION

On the basis of the above meeting, it was decided to cut
additional samples from the existing pieces of the graphite plug
from self-serve eight, part of which had been sent to Windscale.
Eight samples one-half inch long and three-eighths inches in
diameter were cut from the remaining pieces of the three-quarter
inch thick discs. Since accurate dimensions were not required for
the Harwell calorimeter, the samples were cored out of the discs
rather than machined. This operation was carried out in the shielded
glove box in BUilding 107. The samples were shipped to Harwell
April 15, 1958.

From the experience gained in obtaining calorimeter samples
in February, it became obvious that some better and quicker method
was necessary for making periodic checks on the stored energy in
the reflector. The best way to do this would be to trepan a sample
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plug from a self-serve hole as had been done previously, core out
the desired samples for the stored energy measurements, and then
return the graphite plug to its original position in the reflector.
In order to complete this operation during a scheduled shutdown it
was desired to core the specimens at the reactor face rather than
outside Building 100 as was done previously. The Engineering Design
Branch was requested to design equipment to carry out this operation.

The equipment was used to remove samples from plugs taken from
S.S. 2 and 3.S. 14 which are two and one-half feet above and below
3.S. 8 respectively. The three inch diameter, nine inch long plug
was removed as described previously. It was placed in a flask at
the reactor face where it was clamped securely. A coring tool was
used to remove samples from the plug for the Harwell calorimeter.
The plug was reinstalled into the inner reflector from which it
can be removed for sampling at any future date in the same manner.
(Drawing series for the equipment are Nos. 1556 and 3065.)

On the basis of the Harwell measurements on the 3.3. 8 graphite
only three samples from each plug were taken. They were labelled
as follows: S.S. 2 - A/H/l, B/H7l, C/H/l; S.S. ll~ - A/L/l, B/L/I,
C/L/l. The A, B, C designation refers to samples removed from the
plug 1.25 inches, 4.25 inches and 7.25 inches from the inner face
of the reflector.

The samples were removed on the December 8, 1958 shutdown and
shipped to Harwell on December 15, 1958.

4.2 STORED ENERGY MEASUREMENTS

Figures Nos. 2, 3, and 4 show the results of the stored energy
measurements on the graphite samples from self-serves two, eight, and
fourteen respectively. The results from all of the specimens from
S.S. 8 are listed in Table No.1. Table No. 2 gives the integrated
stored energy to 400°C, the temperature at which the release starts,
the irradiation temperature, the thermal flux and the maximum rate
of energy release up to 400°C for S.S. 2, 8, and ll~. We have com
pared samples B, F and H from S.3. 8 with samples A, B, and C res-
pectively from S.3. 2 and 3.3. 14 since each of three samples
were located approximately the same distance from the inner face of
the reflector. The irradiation temperatures are from measurements
made by a temperature measuring plug in the self-serve positions to
be described later. The temperature measurements were made on 3.S. 2
from December 31, 1958 to January 26, 1959 while 3.3. 14 temperatures
were measured during July, 1959. As explained later these tempera
tures are subject to variation with time. The 3.3. 8 temperatures
were actually taken in the pneumatic hole P-l, 4.75 inches above
3.3. 8. The flllX estimates are taken from measurements made by
R.E. Jervis (CRDC-730).
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Distance from Starting Stored Energy
Sample Inner Face of Temperature up to

Reflector LI·OO°C

A 0.4 inches 180°C 6.8 cal/gm

B 1.1 II 210 6.1 II

C 1.9 II 130 7.5 II

D 2.7 II 160 5.3 II

E 3.4 II 200 4.3 II

F 4.1 II 230 3.2 II

G 4.9 II 220 3.8 II

H 5.6 II 200 4.3 II

TABLE NO. 1

STORED ENERGY IN S.S. 8 SAMPLES HARWELL RESULTS

The Harwell measurements were done by a linear rise method
rather than the adiabatic rise method since the stored energy in
the samples was so low. The sample is placed inside an enclosure,
the temperature of which is controlled to be a fixed amount above
that of the sample. Heat is supplied to the sample from the envir~

onment. Measurements are made of the temperature of the sample as
a function of time. The measurements are carried out up to 400°C
after which the apparatus is allowed to cool and a second run is
made without disturbing the sample. The rate of release of stored
energy with temperature is calculated as follows:

The rate of rise of temperature is given by

= ds
dt + h

where ds
dt

h

=

=

rate of release of stored energy cal/gr/min.

rate at which heat is supplied from the environment
to the sample. Cal/gram of sample/minute



I Max. Rate Stored Energy Irradia- ;Relative
Position Sample Distance from of Starting up to tion Thermal

Inner Face Energy Release Temperature 400°C Temo. Flux

Self- A 1.25 inches 0.09 ca1/gm/oC 170°C 15.9 cal/gm 128°c .76
Serve
No. 2 B 4.25 II 0.072 170 12.2 Ii 127 .70

C 7.25 11 0.066 170 10.1 II 113 .60

;-
Self- B 1.1 inches 0.050 cal/gm/oc 210°C 6.1 ca1/gm 160°C 1.0*
Serve
No. 8 F 4.1 0.032 230 3.2 II 154 .92

H 5.6 0.042 200 4.3 1I 150 .86

Se1f- A 1.25 inches 0.073 cal/gm/oc 180°C 12.4 cal/gm, 115°C .64
Serve
No. 14 B L~. 25 0.061 180 9.9 II 115 .59

C 7.25 0.050 190 7.5 II 104 .50

Estimated thermal flux for this sample is 1.9 x 10 n/cmL/sec.

CD

o
::d
H
o
I

CD
0'\

'\.]1

r Estimated reading. This set measured by plug in pneumatic hole
4.75 inches above S.S. 8.

TABLE NO.2

HARHELL MEASUREMENTS ON STORED ENERGY FOR S. S. 2, 8;> 14
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specific heat
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Rewrite in terms of the emf on the sample thermocouple

First Run

8 de P ds + Phdt l
= dt

where P = de = thermo electric power
dt

or de = P ds P h
dt 1 --s- dt + -S-

8econd Run

de = P h--ar- 2 -.s-

As the difference in temperature between the environment and the
sample is controlled very closely, h is the same at a given
temperature for each run.

Eliminating h from the two expressions we get

= f de

JS

·ds ~ 2 cal/gr/oCCiT de
~ 1

ds is plotted as a function of T and the stored energy
CiT evaluated by integration.

From Table No. 2 it is seen that the maximum stored energy up
to 400°C is 15.9 calories per gram measured for 8.8. 2, sample A.
The lowest is 3.2 calories per gram for 8.8. 8, sample F. 8ince
the maximum rate of energy release is 0.09 calories/gram/oC, there
is no danger of an uncontrolled energy release in the inner reflector
at the present time.

8ince these results are much lower than the stored energy
measurements made by R.W. Attree in 1953, a detailed comparison of
the two sets of measurements has been made as described in the
next section.
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5.0 COMPARISON OF 1953 AND 1958 MEASUREMENTS

R.W. Attree et al (CRC-541) plotted the rate of release of
stored energy in calories/gram/minute versus temperature of the
sample while the Harwell results were plotted as calories/gram/DC
versus sample temperature, which is the more useful figure for
evaluating the possible hazard to the reactor. Fortunately,
complete thermocouple readings were sent from Harwell with the
results of the S.S. 2 and S.S. 14 measurements. We were able to
make the necessary scale changes as follows:

Taking the two expressions as given in the section on the
Harwell results -

de = P ds + P hdt 1 S- CIt ~

and

de = P hcrt" 2
-S-

Subtract

de de = P ds
~ 1 ~ 2 S- ~

ds S [ de ~- ]= -p <It 1~ dt 2

The specific heat values used were taken from the Reactor
Handbook, Volume 3, Section 1, Page 136 over the temperature range
of interest for unirradiated graphite. The specific heat of
irradiated graphite is essentially the same as unirradiated graphite.
A measurement is reported in Volume VII of the 1955 Geneva Conference
in paper P/746 by W.K. Woods et al on a sample with 475 cal/gram of
stored energy. Its ?pecific heat was raised by only three percent.
We will assume here that the specific heat of the samples taken did
not change under irradiation.

Using the figures supplied by Harwell for P and ~ from the
measurements on S.S. 2 and S.S. 14 samples, the calculations for
ds were carried out for sample A from S.S. 2 since it contained
dt the highest stored energy. rrhe result is plotted in Figure 5
together with the measurements of R.W. Attree on the 1953 samples
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as given in Figure VII of CRC-541. The three samples given are from
a plug removed from center of the north thermal column. The samples
were numbered 1, 3, 5 and were 0.4, 2.25 and 6.25 inches from the
inner reflector face respectively. Also plotted on Figure No. 5 is
the results for specimen A, S.S. 8 as it agrees closely in position
to the No. 1 sample of CRC-541.

It is apparent from Figure No. 5 that the 200°C peak of stored
energy measured in 1953 has been annealed out of the NRX inner
reflector. Prior to the accident, NRX had operated at a maximum
power of 30 MW, but after the rehabilitation the reactor went to a
maximum power of 40 MW. This new power level raised the graphite
temperatures as well as the neutron flux in the reflector.

The combination of temperature annealing and nuclear annealing
caused by the increase in power was sufficient to anneal out the
200°C peak of stored energy.

Figures No. 6 and 7 taken from the 1955 Geneva Conference Paper
p/746 by W.K. Woods et al show measurements of these effects. Fig
ure No. 7 shows three samples irradiated to the same total flux but
at varying temperatures. The peak beyond 200°C disappears and the
total stored energy decreases as the temperature rises. Figure No. 6
shows the effect of increasing irradiation levels on the 200°C peak.

In CRC-706, R.W. Attree, R.L. Cushing and J. Pieroni give the
results of measurements on Windscale and Hanford graphite. The 200°C
peak measured in this graphite was found to be very sensitive to
temperature as well as neutron flux. As samples were taken from the
higher temperature and more central parts of the reactor the peak
disappeared. This is what we have observed in NRX from 1953 to 1958.

6.0 ENERGY RELEASES IN NRX

It was felt that we might be able to see if an energy release
had taken place in NRX if the temperature measurements taken of the
reflector routinely once a day were carefully studied.

Table No.3 gives some of the results of this study. The two
temperature readings taken of the inner reflector are recorded. For
completeness, the three highest temperatures of the outer reflector
are also given.

The October 20, 1951 figures were typical of the 30 MW operating
period, although temperatures up to seventeen degrees higher were
frequently recorded.

It took a week for the graphite temperature to reach a new
equilibrium after 40 MW operation was begun. The readings of April 4,
1954 are typical of the early 40 MW operating period. The temp-
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eratures varied by 5°C to 10°C from month to month and by June 26,
1955 the temperatures shown were reached.

After the shutdown of June 27, 1955 to June 30, 1955 we have
definite evidence of an energy release as shown in the readings of
July 1, 2, and 3. The reading of 198°c for the center of the inner
reflector is the highest graphite temperature ever recorded in NRX
On JUly 4 the reactor was shut down for reasons not attached to the
graphite temperatures. The readings of July 7 after start-up show
no evidence of a further release. Thus at least part of the stored
energy was released July 1, 2, and 3, 1955. By January 13, 1956
the temperatures had dropped as shownin the table. Since that time
the tempel>ature at the center of the inner reflector has fallen as
low as 99°0 and has risen as high as 181°C (August 17, 1958). Nothing
as sudden as the changes in July 1955 could be found. The tempera
tures at the time of writing (July 23, 1959) are also shown.

2 feet 2 feet
Date POlller from top from top Center Center Bottom

Inner Outer Inner Outer Outer
Reflector Reflector Reflector Reflector Reflector

October 30 MW 57°C 44°c 94°C 60°C 5J.j. °c
20,1951

April 40 72 72 134 87 75
4",1954

:.June 26, 40 51 56 166 97 88
1955

July 1, 34 76 64 156 89 84
1955

July 2, 39 86 8'r 191 112 102
1955

July 3, 39.6 67 94 198 119 105
1955

July 7, 40.8 62 76 158 96 86
1955

January 40 Tr 7J+ 111 87 77
13,1956

~uly 40 89 87 179 109 96
23,1959

TABLE NO. 3

NRX GRAPHITE TEMPERATURE MEASUREMENTS FR0r'1 1951 to 1959
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It appears then, that the stored energy is being harmlessly
accumulated and released continually in NRX. At the present time,
no danger exists to NRX from an accidental release of stored energy
in the inner reflector. Since the thermal conductivity of graphite
changes with irradiation, some of the gross temperature fluctuations
may be due to changes in the thermal conductivity.

7.0

GENERAL

REFLECTOR TEMPERATURE MEASUREMENTS

At the meeting held in March, 1958 with G.H. Kinchin, the ques
tion was raised as to what the value of a graphite sample taken at
the outer face of the reflector would be in relation to the stored
energy at the inner face. In order to answer the question it is
necessary to know the temperature of the graphite throughout the re
flector. Since only two thermocouples were reading the temperature
of the inner reflector at that time, it was suggested that as many
thermocouples as possible be installed.

7.1 GRAPHITE TEMPERATURE MEASURING PLUGS

The design of a graphite temperature measuring plug (G.T.M.P.)
was initiated. It was originally intended to install a G.T.M.P.
permanently in each of three instrument holes tangential to the cal
andria at three different elevations. Finally one self-serve G.T.
M.P. was made to insert into any self-serve hole from which a three
inch diameter plug had been removed as described previously. Also
a plug was made for permanent installation in pneumatic hole P-l.
This hole is tangential to the calandria and is 4.75 inches above
the elevation of self-serve eight.

The self-serve G.T.M.P. consists of six thermally insulated
graphite discs each with a spring loaded thermocouple which presses
into the reflector graphite. It has its own shielding plug so that
it can be installed in any self-serve hole in order to measure the
temperature at six different points across the inner reflector. The
plug has been installed in S.S. 2 and S.S. 14 up to the time of
writing and the temperature given in Table No. 2 is taken from these
measurements. (Drawings Series for this equipment is E-3065.)

The plug in the pneumatic hole is similar to the self-serve
plug. It is expected that this will be a permanent installation.
The temperatures given for the central elevation in Table No. 2 are
from this plug as S.S. 8 is being used for experimental work and the
self-serve G.T.M.P. could not be installed there.
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\ TEMPERATURE MEASUREMENTS

The temperature gradient across the inner reflector at 4·0 MW
operation is plotted in Figure No. 8 for elevations at S S. 2 and
S.S. 14 as well as for the pneumatic hole elevation. It has been
noted that these temperatures have varied from reactor cycle to
reactor cycle at the maximum power of 40 MW. Pt. 47, E-7~T~lg is
the thermocouple measuring the temperature of the inner re ctor
at the m:'Ld elevation of the inner face.

8.0 CONCLUSIONS

It is apparent f:rom the results quoted in this report that
the stored energy in the }ffiX graphite is not at a dangerous level.
This assumes, of course, that the conditions in the section of the
reflector from which the samples were taken is representative of
the inner reflector as a whole.

We do not, unfortunately, have thermocouples distributed around
the inner reflector. However, the temperature results from the
self-serve temperature measuring plugs in the north west section of
the reactor and the pneumatic hole plug in the north section indicate
that the temperatures are more or less the same around the reflector.

The Commercial Products Division have estimated the flux
variatlon around the J-rod annulus from the measured yield of cobalt
60. These results indicate that the self-serve two, eight, and four
teen samples come from the higher flux area of the reflector. The
south east section of the reflector appears to have a lower flux by
up to a factor two. Thus, if the temperatures are comparable to the
north west section, the stored energy there should be lower than
measured at the self-serve units.

There will also be local variations in graphite temperature and
neutron flux due to the various experimental holes and assemblies
like the horizontal organic loop.

However, it is not felt that the stored energy in other sections
of the reactor can be much different from the values quoted here for
the self-serve samples. On the basis of the operating conditions of
the last five years it looks doubtful that NRX will ever need a con
trolled release of stored energy or will experience a dangerous spont
aneous release unless the operating conditions of the reactor are
changed. The next peak of stored energy is at goo°c which we will
not reach. (Memo G.H. Kinchin to A.G. Ward, March 5, 1953). There
appears to be no danger in going to higher graphite temperatures and
no reactor component is likely to suffer damage if the graphite temp
eratures were raised. A temperature of 400°C could probably be set
as safe since the Windscale measurements taken to 500°C (Figure No.1)
show a continuing decline in stored energy.
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RECOMMENDATION3

CRIO-865

1. Three samples from 3.3. 2 or 3.3. 14 be removed during the
summer of 1960 in order to find the rate of buildup of the stored
energy that we now have. It could then be decided when it will be
necessary to take samples again. This will be an easy operation as
all the tools are available. It should take only a short time
during a scheduled shutdown to take the samples. The samples could
be measured at Harwell or on AECL equipment if it is available by
then. An attempt should be made to measure the stored energy above
400°0.

2. As soon as the experiment is removed from S.S. 8 position
the temperature measuring plug now in S.S. 14 be relocated to 3.3. 8.
This will give us six reliable measurements of the temperature in
the highest flux area of the inner reflector. The plug in the pneu
matic hole and 3.3. 8 will be permanent installations.

3. A careful check be kept on the graphite temperatures in
general so that the variations in temperatures will be better known.

4. If the present ca1andria is ever removed from NRX extra
thermocouples be placed around the inner face of the inner reflector.
Three to five thermocouples equally spaced will give the temper
atures around the inner reflector. At present, not counting the
temperature measuring plugs only one thermocouple is measuring the
inner face temperature at the high flux elevation.

5. That graphite temperatures under 400°0 be considered safe
until further measurements are taken.
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FIGURE I
RATE OF RELEASE OF STORED ENERGY VERSUS ANNEALING
TEMPERATURE- S.S. 8. I WIND SCALE RESULTS
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FIGURE 2

RATE OF RELEASE OF STORED ENERGY VERSUS ANNEALING
TEMPERATURE-S, S. 2) HARWELL RESULTS
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FIGURE 3

RATE OF RELEASE OF STORED ENERGY VERSUS ANNEALING
TEMPERATURE - S.S. 8 , HARWELL RESULTS

I -
0·04 ---::;PECIMEN A /VS.S.8
0·02

/
/'I

0 100 200 300 400
ANNEALING TEMPERATURE "c

I
e- 0- 0·06 SPECIME N B

()

...... S.S.8
/':2: ~

-~- 0·04
..J /<!
0

0·02w /
(/) /<!
W

-..J
W 100 200 300 400
0:::

,ANNEALI NG TEMPE RATURE " C
-?-<.!)

I0:::
W

_2 0·06 SPECIMEN C
w

S.S.8
Cl
w

-0:::- 0'04
0 ~ -
I- ./1(/)

e- u.- 0·02 ,/'
0 Vw ./I--r-
<! 100 200 300 4000:::

ANNEALING TEMPERATURE "C

I
0·06 SPECIMEN D

5.5.8

--- 0·04
V
~/0·02 ,/

/
100 200 300 400
~NNEALING TEMPERATURE "c I



- 18 A -

FIGURE 3 (CaNT)
RATE OF RELEASE OF STORED ENERGY VERSUS ANNEALING
TEMPERATURE- S.S.8 \ HARWELL RESULTS
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FIGURE 4

RATE OF STORED ENERGY RELEASE VERSUS ANNEALING

TEMPERATURE - S.S.14, HARWELL RESUL TS
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FIGURE 6

STORED ENERGY RELEASE RATE VERSUS TEMPERATURE

FOR VARYING TOTAL IRRADIATION LEVELS AT 30° C
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FIGURE 7
ENERGY STORAGE AND RELEASE RATES FOR ONE
IRRADIATION LEVEL AND TH REE IRRADIATION TEMPERATURES
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FIGUR E 8

TEMPERATURE GRADIENT THROUGH INNER
REFLECTOR AT 40MW AT THREE ELEVATIONS
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