DUH-%Y43

N

S ——
exm Eh 0“' 24, .:Szi‘ii::./» S

o 3G PeWoCrane - o .7
E. I. ou PoNnT DE szouas & Comi ﬂEcl S g'ailll 9{. Extra o
Witm! 98, D
M!NGTON ELAWARE ;—j—ﬂﬂgg\—d

mmu GhngedTo *+ & I3leLarson
. G-|(- .
EXPLOSIVES DEPARTMENT LQL.NMB_QQ.Q’,.h__m 13, 1844 CoPY l“
. - \llit&l éj_uqi /}’/a%éflﬁ ,r—v'i)’/

MEMORANDUN g2 P/

This document Consiste nf

e ——— ¢ SePT~

To: J.B. Mdles

O-4

As a starting point for planning the physics measurements to be made durin thm/
start up of she pile, thia memorandum describes a procedure for each of three

cases, a large poisoned pile, running at power with a small unpoisoned pile but
making physics measurements with the large pile befors going to power, and a similar
case except that the physics measurements on the large pile are done after running
with power on the small pils. This memorandum should by no means be taken as a final
proposal. It has rssulted in uncovering shortcomings in instrumentdion which have
been covered in other memoranda. Estimates of the time required for the physics
measurements are given, These will furnish you with a basis for discussion with

the Operating Supervision to estimate the total tims required for each step.

The three alternative schemes for loading and calibrating the first Henford pile
are outlined below.

Case I, Here it is assumed that plenty of jacketed metal is svallable at start up
time. Also it is sssumed that we arc willing to load the pile full t8 2004 tubes and

to run it flattaned from the start. In this method rectangular loading is used de-
cause it 1s simple and takes less time.

The steps used in Case I are outlined here. They are giver in more detail later in
the memorandum.

1, load the pile dry to critical load (prismatic loading).

2. Load dry to 2004 tubes, test safety rods against dry pile,
3. Admit water to pile tubes. TER

L. Poison to about operating conditions.
2. Thermal coefficient measurement. .

+ Calibration of control rods. g ey e o o N 70
7. oporat’ pil‘c [WHORE! M4 [RLON"] \.:" ﬁ"“ MUWNW n LM.WH [

The operations in Case I would be used with practically no change for a 1500 tube pile.

Case II, .In Case II it i¢ assumed that plenty of slugs are available but that it is
decided to run a smaller pile of about 750 tubes first to check corrvsion problems
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before going to the large pile. It is also assumed that the large pile will be run with
only 15CO tubes, ' '

1. Load pile dry to critical load (cylindrical loading).

2. Load to 1500 tubes dry, testing safety rods. ' ) 1
3. Admit water to pile tubes. HEE S ‘
4. Polson to dead pile.
5. Discharge poison and outer tubes to 750 tube pile.

6. Thermal coefficient measurement.

7. Calibrate control rods,

8. Operate small pile at power,

9. Reload outer tubes of pile, repoison, calibrate control rods. *
10. Operate pile at power.

Case III. This is the case where only enough canned metal is available at start up time
to make a pile of 750 tubes. When metal becomes avallable later the pile would be
charged to 1500_7 tubes with a flattened central region,

l. Load pile dry to eritical load (cylindrical loading).
2. 1load dry to 750 tubes.
3. Admit water to pile tubes.
L. Thermal coefficient measurement.
5. Calibration of control rods.
6. Operate 750 tube pile at power.
7« Recharge 750 tubes with new metal, dry the pile,
8. I. Charge to 1500 tubes, add water, poison and calibrate pile using continuous
neutron measurement monitoring.
I, Same as 8 I using foils to measure neutrons,

Case I, If plenty of jacketed metal is available at start up snd it is desired to run
a full pile the following might be the start up procedure,

1. load the pile dry keeping it ulways the shape of a rectangular parallelopiped.
Pirst load 4 horizontal rows of tubes. This will leave the pile with a horigonsal strip
of live lattive 4 rows high and 46 rows long.

Expose an indium foil at the center of the pile and record the number of cownts
per minute for an infinitely long irradiation. The foil should be expcsed for about
20 zinutes in the central shim rod hole. There is room erough between the shim rod and
the thimble to inssrt a foil holder,

While the first indium foil is being counted another two rows of tubes should be
loaded., One row should be above and ons below the first four., This will keep the leaded
lattive about centered, Lxpose another indium foil and count it,.

Continue in this way exposing indium foils after the following numbers of rows of
tubes have been charged: A,6,2,8,9,10,11,12. A plot should be started afters the second
foil has been irradiated of A%/I against A2, A is the side leng.h of a cubical load
havkng the same reactivity as the load in question. It can be calculated from the relation-

ship 3/A2 = %2'.%2*].2 where a,b, and ¢ are the lengths of the sides of the l.aded lattice.
o
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I is the calculated initial activity of a foil irradiated for a few minutes, This
plot will give a continuous descending curve which intersects the axis at the value of A2
corresponding to the critical lcads In this way the critical load can be predicted
accurately before it is reached. The critical load should be reached when 13 rows
have been charged,

The charging should be done with all rods out of the piles. This will save
considerable time and is not at all dangerous provided that an adequate watch is
kept of the neutron intensity at all times. For this purpose there should be two.

BF3 proportional counters in the pile from the start of charging. These counters
could be inserted in one of the central tubes of the pile. They should be connected
to separate scaling and recording circuits and a continuous record should be kept
of their counting rates as a function of the numbers of tubes charged, This data
;ale be plotted to give essentially the same information as is given by the indiun
0l1ll8,.

In addition to the ropportional counters there should be in the pile an ionization
chamber connected to a galvanometer. This system should have a sensitivity of about
1 cm deflection per watt of power., A careful watch of this galvanometer should be
kept as the pile approaches the oritical load. If the intensity starts to rise one
of the control rods should be drivee in to hold it constant. ,

An ionisation chamber should also be connected to the safety circuits so that
if the intensity rises above 10 kw the pile is scrammeds Both of the chambers could
be inserted in the 33" test holes in the pile,

2o After the critical load has been reached two or three more tubes should be
chargeds Then the rods should be withdrawn and the rising period of the pile measured.
The period can be msasured conveniently uaing a proportional counter to detect the
neutrons. This procedurs can be repeated once or twice more, each time charging two
more tubes. From the formula relating excess reactivity with period, values of the
excess reactivity in inhours can be calculated. From these an extrapolation will
give a value of the critical load.

Now the pile should be loaded until it is completely filled. The safety rods
should te adjusted continuously so that it remains in a eritical atate or approximately
80.  In this way a plot of nmumber of safety rods versus nuaber of tubes loaded can
be obtained. The safety rods should be inserted in a definite pattarn. One possible
pattern would be to start at the top of the safety rod ocontrols and proceed to the
right and domward as in reading a book.

. Because of shadowing effects the safety rods are less effective when used
together than they would be if they were used widely separated from each other.
When all the rods are dropped together it is estimated that they decrease k by
about 4%, This means that the average rod has an effect of about 14% in k.

If one rod having this effect were retracted from a pile at critical positon,

the pile would rise with a period of about 45 seconds. The maximum effect that a
safety rod might have would be of the order of 4% in k. Retracting one safety
rod with this effectiveness would give the pile a period of 8 seconds,

The safety rods are motor driven at about 1 £t per second. While this is a
little fast for a regulating rod it should not be too difficult to regulate the pile
using safeties instead of regulating rods. The operator wiil be kept busy but
he should be able to handle the situation. If the pile should start to rise

faster than he had expected he is in an excellent position to drop in as many safeties
28 he sees fit,

¥
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There is a chance that the safety rods will be insufficient to hold the dry mn-

poisoned full pile. In this case poison should be introduced at the center to hold
the pile as the last tubes are loaded,

3¢  Now water should be let into the tubes and & msasurement should be made of the
critical state of the pile in temms of the number of safety rods necessary to hold it.
If the water is let in slowly the operator should be able to hold the plle critical or
nearly so as the water goes in.

be At this point the safety rods should be replaced with control and shim rode
80 that more accurate measuremsnts can be aade of the effect of poisoning., Perhaps &
rods will be necessary to hold the pile.

Polson should now be introduced into the pile. Tubes should be poisoned with
loads of jJacketed lead-cadmiun slugs spaced so that about one tube in 80-is polsoned.
The poisoning should start at the center and extend outward. As the poison tubes are
charged, the rods should be adjusted so that the pile intensity remains constant.

These tubes might be charged with the charging machine so that the k of the plle is
varied alowly enough for Doasurements to be made. A record should de kept of the poison
tubes charged against the control and shim rod setting, Poisoning should continue until
the pile i3 held by one control rod all the way in,

5+ A thermal coefficient should now be msasured. One of the oonirol rods should
first be calibraied over a short range by displacing it a few inches from the ocritical
position and measuring the period of the pile. This can be done at two positions.

A critical position should now be measured. Then the inlet water should be heated a
few degrees so that the plle can warm up. When the pile has been raised to a uniform
temperature, the critical poaition can be aeasured again. From the difference between
the critical positions the thermal coefficient can be calculated, The effects dus
tc metal tewperature and graphite temperature can be geparated during the cooling of
the pile back to cold water temperature. This can be done because the metal is cooled
much more rapidly than the graphite. It will only be possible, however, if the hot water
temperature ia at least 30°C above the cold water temperature. This is because a
fairly large effect is necessary to make the rapid measurements required, :

the measured temperature coefficient the critical position of the Pile under -
pPower can be calculated approximately. The loading should now be adjusied so that about
1/3 of a control rod is necessary to hold the running pile. '

6. The control rods should now be calidbrateds This can beat be done by the
following procedure. Bring the pile to-critical position using ons comtrol rod to
hold the pile if possible, Now pull this vrod out a few inches and masure the period
of the pile. Pull it out farther and aeasurs the period again. No periods should be
used that are smaller than about 30 seconds for the sake of accuracy, Now leave the
rod in the last position and insert the other control rod wntil the plle is critical
again. Repeat the procedure until the first Tod 1s all the way out of the pile.

In this way both rods have been calibrated from the critical position outward,

The rods can be calibrated for positions farther in than eritical by observing
the equilibrium counting rate of a counter in the pile, The counting rate should be
inversely proportional to 1-k where k is the reproduction factor.

7« The pile is now ready for operations Observation should be made of the

rower distribution among the water tubes so that the poisoning can be adjusted to
got optimum power output.

Time Consumed for Various Steps.
Case I,

l. Weasurements during dry loading to eritical load. _mewgn
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Load to 2004 tubes, This step takes time neceasary to load about 1600 tubmey
Time required uniknown

3, Find critical stato with water in pile. ) hour

4., Replace safeties with shim rods to hold pile critical.
Poison to opsrating condition. This step takes the time neceasary to
charge no more than 10 tubes cns slug at a time. Mrg_ﬂgg is requiredy
for measurements

5. Thermal coefficients 5 hours

6. Calibrate control rods. 4 hours

Te =

CASE II. If plenty of metal is available at start up time, btut astill it is decidedy [
to run a small pile for a time first to study corrosion and rediation effects . .

on structural materials, it might be desirable to load 1500 iudbew firat and then e
charge them according to the following procedure:

l. a. Load pile with no water in it. One of the central tubes should be left
enpty so that two BF3 counters can be inserted, These two counters will be w
with separate scaling circuits and recorders. All rods are to be out of pile.
locding is to start at the center and is to be kept approxigately cylindrical in
shape,

l.b. When 100 tubes have been loaded an indium foil 4s to be given an
irradiation at the center of the pile. This can best be done in the central shim
rod hole, A foil holder can be inserted as there is 1/4" of clearance between the
shim rod and the top of the hold. After a 10 or 15 minute irradiation this foil
is to be counted with a 9 counter and the activity it would have had if the irra=
diation time had been infinite, computed,

This procedure is bo be repeated after the following numbers of tubes have been
loaded: 100, 150, 200, 240, 270, 300, and as often as is deemsd advisable after thag,
The irradiation times will be adjusted to give & convenient countirg rate.

A plot. should be made of the reciprocal of the sctivity of these indium
foils against the numbers of tubes loaled. Ag the critical load is approached
the squilibrium activity of the plle gets larger and larger until it becomes
infinite at k ® 1, The plot msantioned above will give a contimous descending
curve which will intersect the axis at the coritical load. .

A continuona record is also to be kept of the counting rate of the BF 3
counters as a function of the number of tubes charged, The counters will give
essentially the same information as that obtained with the indium foils.

The measuremsnts in (b) are possible because the pile with k less than 1
acts as an amplifier of the neutrons naturally present from spontaneous fission.

l.c. During the loading there should be in the pile an ionization chamber
sensitive to neutrons and capable of giving a galvanomster a deflection of about
1 cm. when the pile is at the power level of one watt. This chamber could be
inserted in one of the 33" test holes.

There should also be.in the pile a chamber connected to the safety circuits
30 that the rods will be driven in if the power rises above about 10 kw,.

As the critical load 1s approached a close watch of the nsutron intensity
as indicated by the ion chamber and the counters must be kept. As soon as the gal-
vanometer shows a deflection the pile should be stabilised with one of the contrpl
rodse.

5
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2,8, The pile is now approximately at the sritical loades Load two more
tubes, Now let the pile rise in intensity with the rods all out.and measure the
period, This can best be done with the prwportional counters, The excess
reactivity of the pile can be calculated from the formula.

‘{'» 5#* ™+ 0.7 * T+ 505 ' T+ 3 - 83

Load two more stringers and repeat the measurement. load two more and repeat.
The measurements in this section quite accurately indicate ths critical load of the
Pile by extrapolation back to zero excess reactivity.

2¢b. Now load the pile farther keeping it as near the critical state as is
possible by using the safety rods as control rods. This should be quite easy with
the system of control that the safety rods will have. Keep a record of the number
of safety rods necessary as a function of the number of tubes charged. This should
continue until 1500 tubes are charged.

3+ Now water should be let into the pile and a msasurement should be made of
the critical state of the pile in terms of the number of safety rods neceassary to
hold it. If the water is let in slowly the operator should be able to hold the
pile critical or nearly so as the water goes in.

heas At this point the safety rods should be replaced with control and shim rods
80 that more accurate measurements can be made of the effect of poisoning. Per-
hapa 2 shim rods and 2 control rods will be necessary to hold the pile,

4.b, Poison should then be introduced into the pile. Stringers should be
poiscned with jacketed lead cadmium slugs on a square lattice, 9 tubes on a side.

The poisoning should start at the center and extend outward. As the polson tubes

are charged, the rods should be adjusted so that piie intensity remain constant. ‘
A record should be kept of the poison tubes charged against the control rod and i
shim rod setting. Poisoning should continue urtil the rods are withdrawn .
completely from the pile,

5. The outer 750 tubes and the poisoned tubes should now be discharged. The
pile should be brought to such a state that one control rod most of the way in
can hold the pile critical. The outer 750 tubes should be recharged with dummy
alugs having the same outer dimensions as the standard slugs.

6. A thermal coefficient should now be measured, One of the conirol rods
should first be calibrated over a short range by displacing it a few inches froa
critical position and measuring the period of the piles This can bLe done at two
positions. A critical position should now be measured, Then the inlet water should
be heated a few degrees so that the pile can warm up. When the pile is raised '
to a uniform temperature the critical position can be msasured again, From the )
difference of critical position the thermal coefficient can be calculated.

The effects due to metal tempsrature and graphite teamperature can be separated :
during the cooling of the pile back to cold water temperature, This can be {
done becauss the metal is cooled much more rapidly than the graphite,

From the measured teamperaturs coefficient the critical position of the
pile under powsr can be calculated approximately. The loading should now be
adjusted so that about 1/30f a control rod is necessary to hold the running
pile,

7. The control rods should now be calibrateds This can best be done ,
by the following procedure, Bring the pile to critical position using one control a
rod to hold the pile if possible, Now pull this rod out a few inches and measure l
the period of the pile. Pull it out farther and measure the period again,

JeBoMiles (X -6~
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no period should be used that {scsmalld than about 30 seconds for the sake of accuracy.
Nowp;.eavo the rod in the last position and insert the other control rod until the pile
is critical again. Repeat the procedure until the first rod is all the way out of the
pile. In this way both rcds have been calibrated from the critical position outward.

-.J.B.)B.lea . ' 7=

e rods can be calibrated for positions farther in than critical by observing
the equilibrium counting rate of a counter in the pile. The counting rate should be
inversely proportional to l-=k where k is the reproduction factor.

8. The pile i3 now ready for operation. It should be brought as rapidly as is
consistent with safety to such a power (about 100MN) that the central tubes hest the
water to about 60°C. Presumably the pile will be operated at this power until a
satisfactory answer has been obtained as to corrosion problems and so forth.

9. Now it will probably be desirable to load the pile to 1500 tubes and
to polson the center so that the power output can be raised. The amount of poison

necessary can be predicted approximately, from the observed change of critical position
of the rods in the small pile during operation and from the poisoning data obtained in 4.
After the pile is reloaded and poisoned the control rods can be calibrated by observing
the period of the pile for various control rod settings at powers of the order of 1000 kw.

10, The pile would now be ready for operation at high power. Observations should
be made of the power distribution in the water tubes so that the poisoning can be
adjusted to get optimum power output.

Time Consumed for Various Steps. Case IT.
1. Load dry to critical loads Foil measurements

JTubes loaded %rradiatc Measure
150 min, Simultanecus with loading
5
200
250
300
330
350
360 .
370
' 380

2 hours extra time for irradiation
2, a. Measure 3 periods - 20 minutes each, i EEE
be Load to 1500 tubes ,
This step takes the time necessary to load about 1100 tubes. Time require unknown
3+ Find critical astate with water in pile. 3. hour
4. a. Replace safeties with shim rods to hold plle critical.

b. Poison to dead pile, This step takes the Lime necessary to chargs no more
than 10 tubes, No ext i

ra time is required for measurements.
5. Modify charg; to 750 tubes cylindrical pile.

to charge 760 tubes. Time required unksown.
6. Thermal coefficient, 1 hour

7. Calibrate control rods. 4 hours
8. Operate pile for one month,

9+ Load pile to 1500 tubes and poison calibrate. 4 hour
Calibrate control rods. 4 hours

A%,
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This step takes the time necessary
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Case ITI. Only enough mtal is available at start up to make a
tubes and later metal for 1500 tubes is available.

l.a. load pile with no water in it. One of the central tubes should be left
empty so that two BF; counters can be inserted. These two counters will be con-
nected to separate scaling circuits and recorders. All rods are to be out of pile.
The loading is to start at the center and is to be kept approximately cylindrical
in shape. ‘

1.b. When 100 tubes have been loaded an indium foil is to be given an irredition
at the center of the pile. This can best be dons in the central shim rod holes A
foil holder can be inserted as there is 1/4" of clearance between the shim rod and
the top of the hole., After a 10 or 15 minute irradiation this foil is to be counted
with a,& counter and the activity it would have had if the irradistion time had been
infinite, computed.

This procedure is to be repsated after the following numbers of tubes have
been loaded: 100, 150, 200, 240, 270, and 300 and as often as is deemed advisable
afterthat. The irradiation time will be adjusted to give a convenient counting
rate.

A plot should be sade of the reciprocal of the activity of these indium folls
against the number of tubes loaded, As the critical load is approached the equil-
ibrium activity of the pile gets larger and larger until it becomss infinite at k= 1,
The plot mentioned above will give a continuous descending curve which will inter-
sect the axis at the critical load.

A continuous record is also to be kept of the counting rate of the BF3
counters as a function of the number of tubes charged. The counters will give
essentially the same information as that obtained with the indium foils,.

The measurements in (b) are possible because the pile with k less than 1 acts
as an amplifier of the neutrons naturally present froa spontansous fission,

l.c. During the loading there should be in the pile an ionization chamber
sensitive to neutronz and capable of giving a galvaromster a deflection of about .
1 ca when the pile is at a power level of ocne watt. This chamber could be inserted
in one of the 34" test holes.

There should also be in the pile a chamber connescted with the safety circuits
80 that the rods will be driven in if the power rises above about 10 kw.

As the critical load is approached a closs watch of the neutron intensity
as indicated by the ion chamber and the counters must be kept. As soon as the
galvanometer shows a deflection the pile should be stabilized with ons of the
control rods.

2.2,, The pile is now approximstely at the critical load, load two more
tubes, Now let the pile rise in intensity with the rods all out and msasure the
period. This can best be done with the proportional counters. The exzcsss
reactivity of the pile can be calculated from the formula:

&n =3h,_33 + 193,38 _

d Tt o’ ¢ 665 T+ 3% 1+83
load two more stringers and repeat the measurement. lLoad two more and repeat,
The measuremsnts in this section quite accurately indicate the critical load of
the pile by extrapolation back to zero excess reactivity.

[T Ry ————
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2.b. Now load the pile farther keeping it as near the critical state as
possible by msing the safety rods as control rods. This should be quite easy
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with the system of control that the safety rods will have, - Keep a record of the
number of safety rods necessary as a function of the number of tubes charged. This
should continue until 750 tubes bhve been charged.

2.c. The outside of the pile should now be loaded with dummy slugs having
the same diameter as the standard slugss The water orifices should be zoned so that
the center 800 tubes get 24 g.p.m. each while the outer 700 get 16 gepem.

3. Now the water should be admitted to the pile. If the water is turned on
falrly gradually the operator should be able to keep a critical position using the
safety rods until the pile is critical with all tubes filled, With water in the
tubes the pile should be critical with about one control rod all the way in. If
this is not the case the loading should be adjusted to make it approximately true.

Le A thermal coefficient should now be measured. One of the control
reds should first be calibrated over a short range by displacing it a few inches
from critical position and measuring the period of the pile. This can be done
at two positions. A critical position should now be measured., Then theinlet water
should be heated a few degrees so that the pile can warm up. Vhen the pile is
raised to a uniform temperature the critical position can be measured again.

From the difference of critical position the thermal coefficient can be calculated.
The effects due to metal temperature and graphite temperature can be separatad
during the cooling of the pile back to cold water temperature, This can be done
because the metal is cooled mich more rapidly than the graphite.

From the measured temperature coefficient the critical position of the pile
under power can be calculated approximately. The loading should now be adjusted so
that about 4 of a control rod is necessary to hold the running pile.

5. The control rods should now be calibrated. This can best be done by
the following procedure. Bring the pile to critical position using one control rod
to hold the pile if possible. Now pull this rod out a few inches and measure the
period of the pile. Pull it out farther and mesasure the period again. No periods
should bs used that are smaller than about 30 seconds for the sake of accuracy.

Now leave the rod in the last position and insert the other control rod until the
pile is critical again. Repeat the procedure until the first rod is all the

way out of the pile. In this way both rods have been calibrated from the critical
position outward.

The rods can be calibrated for positions farther in than critical by
ebser¥ing the equilibrium counting rate of a counter in the pile. The counting
rate should be inversely proportional to l-k where k is the reproduction factor,

6. The pile is now ready for operating. It shauld be brought as rspidly
as is consistent with safety to such a power (about 100 MN) that the central tubes
heat the water to about 60°C., Presumably the pile will be operated at this pover
for about a month or until enough metal is avallable to recharge the pile,

7. Now it will probably be desirable to load the pile to 1500 tubes
so that the center can be flattened and the nower output raised. In order to make
the proposed measurements it will be essential that the pile be compleiely discharged.
This is necessary so that the water can be drained to test the safety rods. The
procedure will be the following: ‘

Keep the water flowing at a reduced rate and replace all of the metal
in the pile with new metal,

Now with the satety rods in, dry the pile. This can be done by removing
the end caps. Perhaps it will be necessary to blow the water out with compressed air,
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Now pull the safety rods out a few at a time using foils to measure activity. In
this way the critical state of the pile can be found, The critical state can be fairly
accurately predicted by the measurements in 2b.

8.I. There is a possibility thut the induced radioactivity of materials
in the pile will be so high that measurements of small neutron intensities with an
ionization chacber or a counter will be impossible. It would be convenient at this
stage to be able to measure neutron intensities corresponding to 100 watts of pomer.

If the following procedure is carried out at powers much above 1 kilowatt the radlation
intensities may be uncomfortably high. Let us assumes that critical position can
be measured at about 1 kilowatt.

Bring the pile to a critical position using the safety rods as regulating

rods. Now charge with metal the outer 750 tubes that up to the present contained
~only dummy slugs. Xeep the load approximately cylindrical. As each tube is charged

adjust the safety rod position so that the rower level remains constant. Keep a

record of the number of safety rods necessary to hold the pile at various loads,

The procedure should be followed until 1500 tubes are loaded. If it should turn out

that the safety rods are insufficient to hold the pils, substitute poison slugs

for metal slugs in the control stringers reloading one tube in 25.

Now water should be gdded to the pile. The pile shculd be brought to a critical
state with the safeties, and poison should be introduced into stringers in the central
zone until the pile can be held with one control rod all the way in,

The control rods should now be calibrated, This will be done in the same way
as is outlined above for the small pile. It will not be necessary to measure a thermal
coefficientas the thermal properties of the lattice will be already fairly well
know from the small pile.

The pile is now ready for operation,

8. II. If it turns out that it is impossible to measure small neutron '
intensities in the presence of the background of the pile the loading will have to be
done using foils to locate the critical atates This will be more time consuming. The
procedure would be as follows:

In 2.b. the number of safety rods necessary to hold the dry 750 tube pile
was measured. Insert 5 more safety rods than this number, Now irradiate indium foils
and load as in Step 1.b. In this way the critical state can be predicted before it
is reached, Before the critical load is reached insert 5 more safety rods. Repeat
the above procedure. In this way a rough plot of the numbers of safeties necessary
to hold various loads can be obtained. Proceed until the pile is loaded to 1500
tubes.

Now water should be added to the pile, The critical position can be found
by retracting safety rods and irradiating indium foils until the critical number of
rods can be predictsd by extrapolation. Poisoning should now be added to the central
zone. Periodically the safety rods should be retracted one by one and indium foils
should be irradiated to find the critical state. This procedurs can be followed
until the critical state as above can be represented by one control rod all the way inl

Now the control rods can be calibrated as above except that now it will
probably be necessary to operate at higher intensities. It should he perfectly
alright to run the pile at several hundred kw, for this calibration.
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Time Consumed for Verious Steps. Case III H , A
l. Load dry to critical load i
Fcil measurements
Tubes loaded Irradiate Measure
100 15 min. Simultaneous with loading
150 "
200 n
250 n
300 10 mia.
330 "
350 "
360 "
370 "
380 n

2 hours extra time for irradiation

In this case with no pile background an ionization chamber can be used to indicate
when intensity goes up,

2. Measurs 3 periods --20 minutes each . 1 hour extra

3. Find critical ppsition with water in small pile. 1 hour extra
L. Thermal coefficient. 5 hours ‘

Z + Control rod calibration. 4 hours

7. Dry the pile

Find critical state. This has already been done in 1 and 2 so it should not take
long using foils. 2 hours

8. I Find critical state of full pile with safeties, wntor in tubes, no poison.
Contrel rod calibration . 4 hours
II. Load to 1500 Lubes from 7_50 tube pile dry
Safeties Tubes Ludeg Irradiatoe Yeasure foil
— 5 15 ain. 20 min. simultaneous loading
L n

10 " "
10 " " n n
1/3 way to critical 10 min. 20 min. hold loading
1/2 way to critical " 20

extra tims taken

2 hours
Repeat this procedure until pile is loaded to 1500 tubes. It might be repeated five
times. This would be 10 hours extra.

Add water ‘b find critical state 4 hours

Poison to best guess hours to get critical with shims
Calibrate coutrol rods our

This seems to indicate that 24 hours might be used up in case 8 b for measu-ements.
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Step |Cperation Information Operation Additional —]‘ hemarks
obtained for megsure
+ ' rents

Case 1

1. load dry (prismatic){ Dry critical 2 hrs Loading must be
about 13 rows (600 load done anyway
tubes)

2 Measure periods with | Accurate dry
2,4, and 6 tubes critical load 1 hr
| additional -

3. Load to 2004 tudes Effectiveness none Loading must be
dry; hold pile cri- of safety rods done anyway
tical with safeties for worst pos-

(abofit 1400 tubds eible case
added) N
| B Let water in slowly | Safeties néeded! none unlecs | Water must be
to hold full rate of watery put in anyway
pile wet sddition is
slower than
otherwise
A Replace safeties Comparison of Makes msasure-
: with shims safeties and ment in next
shims 2 hour step more sig-
nificant
Poison to oj:efaf.- Effectiveness Poisoning must
ing condition of poisoning none be done any-
apprcadreately a3 asausured way
ghims
5.' Jaut plile Tupei-dturc CO-
sfficient of lhr To predict best
reactivity ison pattern

6. |calibrate con- Control rod h bhrs Needed to follow

trol rods calibration of poisoning changes
full poisoned
plle

Te bperate at powei-
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Step

l

Operation ! Information gperation ; Additi L Remarks
=2 } obtained . : for measure-
.—""!-l— 3 R ments
Laloen . Discnarge &. . { - i -— . Must be discharged
emm— T recharge small pile i : 80 that water can
=4 — ; ! be_drained
an DiY the pile 1 = Q ~| File mst be dried
j 1 - to test safcly rods
) Measure critical i Will-indicate de- ; B
state ! poisoning or poi- ' Necesgary for
H“'m ' soning of graphi : 2 hrs measurements
¢ to a certain ex- ' in 8
Charge outside of | Effectiveness
88X pile keeping pile . of safeties for None Pile must be
' . :;Ltical with safe- , worst case charged anyway
ties H _
&dd water to pile ¢ 1 None Water must be
L ) _ - | added
Measure critical i Bffectiveness
position ' of safeties on Necessary for
. _wet plle 2 hrs sub ste
" Poison center to i Effectiveness : Must be dors to
operating state i of polson vs operate
shim >ods .
Calibrate con® Coatrol rod Needed to follow
‘trol rods calibration of poisoning changes
lar e
II| Alternate pro- . - | - ut Must be used if no
. codure to 8 I 2l hrs gensitive nrutron

detector is avail-
able which will
work in presencs
of gamma ray

background






