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1. Intradx%ticn .

This report is the third of 8 series on c¢riticality studies
of small thermal reactors. While the earlier reports contained data
from relatively simple znd "eclesn" assemblies, the sxperiments to be
deseribed in the pressnt:yeper involved esgemblies which were less
simple and less "oclemn". The term "clean" is used here to imply
an experimental arrangement in which the core znd rsflector are:
not only of simple, celculable geometry but sre also as free ss

possible of holes, recessss and extrencous materials,

The assemblies to be considered here are of sleb geometry,
and thersfors c¢slculable, but contain {1) various amounts of exrcess
poison in the U~A1~HBO core, (2) holsz of various sizes extending
through the reflector and (2) in the later sxperimenis the reflsctor
was a composite of teryllium, containing approximately 2% luecite to
simulate coeling weter, and grephite, :

The experimental facilitiss used for these studies are
described in MonP-~7567 and ORNL-78. MonP-272 contoins general dig-
cussions of the physics of the High Flux Resctor, now in final

ju

esign stage; the experiments now being reported wers performed to

onfirm several of the results derived from itheoretical consider-

o

ation in MonP-272 ond also to obisin smpiricel knowlsdge of certsain

features of the high flux resctor which are not readily calculabls
vecause of complications of geometry or composition,

In particular, this report will describe studies of (1)
the critical mass {or, more directly, the excess O&k/k) of slsb
piles as a function of the length to width ratio of the cors, (2}
the effeet of holes in the reflector,'and of sbsorbers in these:

5

holes, on the k¥ of the reactor, (&) the heet lcad in the reflector

erising from gamma ray absorption, | spatial distributions of
thermal, indium resonence end fast (B > 1 mev.) neutron flux in the
core and in the reflector, perticulerly the distributions of
thermal and indium resonance neutrons in the experimentsl holes,

and (5) the effectiveness of control rods of various materials and
“of various sizes in torms of Ak/k.




II. The ¥xcess Reactivity of U-AL-H.0 Reactors, with Be Reflector,

rs a Function of Geomeiry and Reflector Composition.

The starting point for these experiments is the smell,
clean slab resctor which was described in ORNL-79. The core is
51x1]1 cm in cross~section and 66 om high. It has a 20 em
beryllium reflector on esach face except the top and botiom The
volume ratio of Al to HpO is 0.65 end the fuel concentrstion in

the core is 27.1 grams of U-235 per liter of core.

The size of the rezcior was increased in a series of dis-
erete steps, the final objective being o core of dimensions
71x22. 5x68 om., with a reflector on all sides {sxcept top and
bottom) consisting of 30 em. of beryllium, diluted with sbout &% Tur
luecite 1o simulate cooling water, backed by a secondary 20 cm. layer
of graphite, This final assembly approximetes very closely the
dimensions znd composition of ons of the probable configurations

of the high flux reactor,

The major steps in building up the small slab to final

gize were the following:

(1} Increase in length of the slab from 51 om to 71 om
and addition of 20 em. graphits layer o one (long)
gide of the bveryllium reflector.

(2) Increase in thickness of the slab from 11 ecm. to 17

CiMa

{#) Increase in thickness of the elad from 17 em. to

28.5 cm.

(4) Completion of the mock-up of the high flux reactor,
putting 20 om. of graphi”e on each side of the Be
reflector and intreducing the seven large sxperi-
mental holas in the reflector, FPlate I is a photo-

3

graph of the finsl mssembly.
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As the size of the reactor is increased over that of the
small cleam slab it is necessary to add uniformly distributed
poison in the core to hold k-effective to a value close to unity.
The poison used in these experiments is type 247 stainless steel,
in the form of strips 1/8x15/16x26 inches. These are inserted in
place of 2luminum strips of the same dimensions which are used to
attain the desirsd Al/Ho0 volume retio in the core. Although
this substitution changes the Al to HEO ratio to some extent, the
magnitude of the change is smell and the effect on the neutron age
is also small, and we justify it on these grounds. ¥e are indebted
te H. Pomerance for measurements of the thermal absorption crocss
section of samples of type 347 steel by the pile oscillator method.
The results of these measurements yisld 2,04 mmg/gm of steel or
12,2 cm® for the cross sectiondf each strip.

Beginning with the 51x11x66 cm. reactor, containing 1.3%
kg. of fuel, both poison and fuel were added in appropriate
increments until a length of 71 cm. was reached. At this stage
the reactor contained 1.94 kg. of fusl, and the excess 0, 59 kg.
(over the clean critical mess of 1.35 kg.) required 266 em? of
uniformly distributed poison to hold the excess reactivity to zero
with all control rods removed. Table I shows the excess reactivity,
represented by poison cnntent, for each of the assemblies studied.
The excess Ok/k is obtained by computing the k for each assembly

from % = 7 925 / Ttotal  WHTE Tiotal T 25 T IAL T THu0 + opqoons

k - ki
then Ok/k = ~-Ow—w—h where k, refers to the clean, unpoisoned core
kg
and k; to the poisoned assembly,

when the reactivity ie changed by a means which does not
alter the total amount o fuel in the core or the concentration of
fuel, it can easily be shown that the fractional change in k is
given smnply by Ak/k = -Ao/o, where Ao is the amount of uniform
poison added to or removed from the core and o is the total cross

section of the reactor having the smaller amount of poison. For
example, when graphite is added to one side of the beryllium re-
flector of assembly 3 (refer to Table I), 27 em® additional poison



<ali»

are required to offset the increased reactivity and the effect of the
graphite layer is given by

K Nor Ak
G e = e 3 (0, O
4384 o k

Table I summarizes the pertinent criticality data for each
of the beryllium reflected reactors in this series. Column Z in-
dicates the amount of U-225 reqguired to fill the core having the
dimensions shown in column 2, at a fuel concentration of 37.1 grams
per liter of core. Column 4 shows the amount of uniformly distributed
poison required to hold the excess k of the assembly to zero; that
ig, to hold the reactor just at criticalily with &ll control rods

withdrawn, For each assembly, the o Ong + Oy

pile ~ Y25 Mt

Ho0 is given

in column 5, the experimental k is shown in columm € and in colurm ¥
is shown the excess Ak/k which ern te made available by the removal
of distributed poisocn.
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Table 1

Critical Lass and Poison Content (Excess k) of U*Alnﬁzo Reactors
with Be Reflector - A1/H.O (Volume) = C.€5; Be ~ 20 om Thick -
Reactor Bare Top and Bottom

Assembly Dimensions Mass 2 Foison 2 Pile k Me/k
Number L xwxH Kg. em® em® Excess
1 22x22x68 1.21 6¢ 2591* 1. 5€26 3.5%
P 51%11%x66 1.35 30 g0t 1. 5849 2.0%
Sa 7ix11IxEE 1. 94 Z66 4118 1.5184 6. 5%
3k 71x11xE6 1.94 303 4116 1. 5057 70 4%
(20 cm. graphite
on one side)
4 71x14xE6 2.44 €40 5179 1. 4388 12. 4%
(30 ems graphite
on one side)
5 71x17x6€6 2,94 1140 £240 1. 3670 18, 3%
(30 em. graphite
on ons side)
€ 71%22.5x66  3.95 1848 BI04 1, 3247 22.0%
(30 em graphite
on one side; 2%
water in Be)
7 71x22.5%66  3.95 1580 8364 1. 3603 16. 8%

(20 em. graphite

on ell sides of

Be, Seven &" holes
in reflector; 2%
water in Be)

* contain fractional fuel tubes
ko, = 1.€167 (clean core)



111, Effects of the Experimental Holes Through the Reflector.

It will be recalled that the research facilities of the
high flux reactor include seven large experimental holes, four of
which begin at the core-reflector interface and extend through ths
entire thickness of reflector. The other three noles begin 15 ecm.
out in the beryllium and extend through the remainder of the re-
flector, 1In connection with these irregularities in the reflector
a number of experiments are of interest: (1) the cost of the holes
in terms of Ak/k, or in terms of additionsl fuel, (2) the effect on
the reactivity of the core of filling any one or all of the holes
with water, and (3) the effect of various absorbers, euch as experi-
mental apparatus, at various positions in the holes. Item (2)
is of interest from the standpoint of safety, since it is conceivable
that an accident might oceur in which the wall of the hole would
collapse or otherwise fail, causing the hole to fill with water and
thereby increasing the reactivity; furthermore, it is likely that
water-cooling will be desired for experimental spparatus in one or
rore of the holeg on certain occasions, and the data obtained hers
will indicate the maximum sffect of water cooling on Ak/k.

The location of the holes is shown in Plate I and also in
Fig, 1, which is & sketeh of assembly 2b, The so-called six inch
hole is made up of a hollow aluminum tube of square eross s=zction,
having ; inch wall thickness and measuring six inchss overall =long
the edge; the eight inch holes is of similar coustruction and measures

eight inches along ths outer edge.

The cffects of the various noles were messured by the
following procedurec., #e begin with 2 reactor which is just critiecal
with a given amount of poison and with no holes in the reflector.

A portion of the graphite and beryllium in the region of the hole

to be studied is removed, the square aluminum shell is inserted at
the proper place and the reflector is re-stacked around it. %e now
observe that in order to offset the leaksge through the hole and
bring the reactor back to the point of criticality an amount of
distributed poison A must be removed from the core. The effect of
the hole on the reactivity of the reactor is given by Ak/k=Lo/o,
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Before inserting a close-fitting paraffin block into the aluminum
shell to simulate water-filling, the core is poisoned excessively
to offset the expected increase in reactivity., Wwhen the hole is
filled with paraffin the distributed poison is again adjusted until
the reactor is just critical and the reactivity change due to the
introduction of paraffin is determined as before,

In Table 11 we present the resulte of the experiments just
deseribed, for assemblies 3, 5 and 8. DMeasurements were taken for six
irch holes at the edge positions and for both six inch and eight inch
holezs at the center poeition. It was thought 2t one time that soms
interaction between the holes might take place, bul measurements made
on individual holes and on varioug combinations of two or more holes
indicate that the effecte zre approximately additive,

-11- A



-
Table IT

Effect of Bxperimental Holes in the High Flux Pile Critical Assemtlies

Assembly No. IIT v VI
Resctor Dimensions (em) 71x11x66 71x17xGE 71x22, 5%66
Critical Mass (k&) 1.94 2.94 2,95

S (ptle) (cm®) 4118 €240 8384

5 (poison)  (cu®) 0 1140 1848

S (total) (em®) 4421 7380 10252

Effect of the Holes in Ok/k (in percent) where k is the k of the

Pile with Solid Reflector

Assembly No.

Holes extending %o
hole
nole

hole

inch on

inch in

()]

o)

inch in

Heles beginniig,

6 inch hole

inch hole

inch hole

extending

inch hole
¢ inech hole
& inch hole
Holes beginning
inch hole
incin hole

& inech hole

ITI

VI

réactor ~ reflector interfacé

edge
center

center

CIn.

edge
center

centr

reactor -

edge
center
center
cm., from
edge
center

center

from reactor

0.17
G. 34
C. 68

water

0,90

5. B8

filled

reactor - water filled

G. 24
0.37

=18

0.75 0. 49
e C. 86
2. 64 1.71
0.12 0.08
e 0.12
0. 40 .22
0.€5 C. 42
o 0. 84
2. 45 1.53
C .08 C. 06
- C.0¢
C. 2z 0. 11



“S-

It is interesting to note that the effect of the holez de-
creases percentagewise as the thickness of the slab is increased.
This is expected on theoretical grounds.

Table 11I contains a summary of the total cost in Ok/k for
two alternate provisions for experimental holes. This table shows
the change in Ak/k that would be expected if the holes in these two
cases- should be filled with water. An estimate of the cost of the
holes in terms of eritical mass can be obtained by use of the empir-
ical relation Mw/M = 4.5 Lk/k. however, this relation leads to a
reasonably accurdte result only in the case of fuel MM added to the
peripbery of a eylindrical ecore. 1In the case of a rsctangular
geometry the cost in eritical mass (AM) corresponding to a given &k
will depend strongly on the statistical weight of the position at
which the additional fuel is added and the figure cobtained from 4.5
Ak/k is a reasonable approximation only for positions of average

statistical weight.

Table 11

Summary of Total Bffect of Experimental Heles

Assembly No, TI1 \ VI
Keactor Dimensions {cm) 71x11x€E€ 71x17566  71x22.5%6€6
Mass [kg) 1.94 2.94 3. 95

Cost in Dk/k of two 8 inch

heles plus five € inch holes 9. 33% 5. 7% 2.56%
Cost in Ak/k of seven six imeh holes 6€.39% 4, 23% 2. 62%
Effect in dk/k of water filling two

8 inch holes and five 6 inch holes  2.14% 0, 94% 0. 54%
Effeet in Ak/k of water filling seven

6 inch holes 1.41% C. 8% C. 24%

~13- A,
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The effect of possible absorbers (experimental apparatus)
in the holes on the excess k of the pile hes been studied by taking
ihe . extreme case of a cubicle Cd box (.020" €4, 10 cm along an edge).
The effect of this relatively large absorber on the k of the pile
when it is placed at various positions in the holes is shown in
Figure 2. From these measurements it is estimated that the meximum
excess k required to offset the effect of experimental apparatus in
the holes is 1.5%.

Finally the excess k of the 3.25 kg mock-up of the high
flux reactor has been measured., The charascteristics of this mock~
up include: (1) 2 core of dimensions 71x22, 5x66 om. containing 3. 905
ke of U-235 in water solution at a concentration of 37.1 grams U
per liter of pile; (2) Al/H.C (volume) in the core = C.63; (3) a re-
flector on all sides consisting of 30 cm of Be plus 30 cm of
graphite; (4) no reflector top of bottom; (5) lucite distributed
throughout the Be to simulate 2% in cocling water; and (6) seven €
inch experimental holes through the reflector 2zs prescribed in the
design of the high flux reactor. The excess k of this mock-up
assembly is found to be 18.8%  When allowanece is made for the top
and bottom water reflectors of the high flux machine the total
aveilable excess k is inereased to about 20% Hr this loeding.
Therefore it appears that a comforteble mergin cxists over the total

k requirements which zre estimated to bez as follows:

Temperature coefficient ~ - - = -« = = « -0.5%

Experimental apparatus in holes

!
4
§
H
¥
=
v
G
K

Total Ak/k required - -

s

3

i

H

)

§

¥
it
on
]
=

IV. Neutron Distributions

Ye have measured the spatisl distributions of thermal and

-
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cpithermal neutron flux in the £.94 kg pile, the 3.9 kg pile and in
the varicus experimentazl heles of the mock-up assembly as in-
dicated in the listing below., These measurements were made with
indium foils, used alternately bare and cadmium covered as desecribed
in previous reports, A calibration of our foils in the standard
(sigms) pile indicates that the absolute flux {nv) is obtained from
the mezsured saturated activities shown in the attached figures by
the fcllowing relations:

(nv}themxal = &0 Apnermal

(nv)epithermal =1.66 Lopitnermals

Teutron distributions have been measured as follows:

bl

(a) TFigure 3 - A lsteral traverse across the 2,94 kg pile (along
the short axis of the slab, at mid-height).

(b) TFigurs 4 ~ A lateral traverse across the 2,95 kg pile (along
the short axis of the slab, at mid-height),

—
led
—

Figure » - A series of meesurements along the center line of the

gix inch hole whiech is located at the =dge of the long side of
the core:

{1) with solid reflector in place;

(2} with hole extending in to the cors-reflector intsrface;
and

(2) with the hole beginning 15 cm out from the edgs of the
COTE.

Thege curves show the depressions in the "solid reflectopr?
neutron distributions caused by lhe presence of a single
six inch hole in the reflector.

sl

16



(d) TFigures & through 8 show the neutron distributions along the
axes of the vari®us experimental holes that are planned for the
high flux pile. These measurements were made with all seven
6 inch holes (or eguivalent) in the reflector.

These figurss are composite curves; the original data were
reported in ORNL-51. The complete curves ars presente

:d here
because it is believed that they offer a bstter perspective
of the spatial veriation of thermzl and indium resonance

neutrons in the high flux reactor.

(¢) Figure @ - A comparison of the thermal and indium resonznce
neutron flux measured (1) along the axis of the deep center
tiole and (2) along the edge of the same hole,

(£} Figure 1C - The fast neutron flux (E>1 mev.) a2nd the indium
regsonanece flux, measured a2long a line midway betwsen two of
the large experimental holes that extend through the reflector.

{(z) Figure 11 - The fast nsutron flux (E>)1 mev) 2nd the indium
resonance flux glong the edge of ong of the experimental holes.
Unfortunstely, the shape and size of the fission chamber made
it imprectical to obtain useful data along the central axis of

an experimental hole.

The U-238 fission chamber which was used To messure the
flux of fast neutrons has teen described in ORNL-%1 and in ORNL-79.

The results of these experiments indicate that the (nv)faot
4

near the center of the 3,05 kgm, assembly is 40% of the (nv}thermﬂl’
in reasonably good agreement with the caleulatsd value of (nv)

virgin
= 60% of (nV)inepmal €iven in MonP-272.

V. Gammes Healt FProduction in the Reflector,

In the high flux reszctor the beryllium is water-cooled and
there is no concern regarding the possibility of excessive hesating
in this portion of the reflzsctor. The graphite, however, is cooled

1 L
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only by air and empirical informetion on the heat production in graph-
ite was desired to substantiste theoretical calculations which have

- been reported in MonP-272, In the reflector, heat production iz
primerily from sbsorption of gamma rays. Most of these coms from the
core of the reactor, but some arise from neutron Cépture in beryllium
and in graphite.

The gamma ray sbsorption mesgurements were made in the
rectengular assembly having core dimensions 71x17x8€ cm. and loadsd

to 2.94 kg of fuel, Messurements were made in the core and in

the reflector slong a line perpendicular to the long dimension of

the reactor. Threes graphite ion chembers having volumes of appfox—
imately 1, 10 and 200 ce., were used to cover the range of gamma

flux encounterad in going from the interior of the core through the

Be reflector and out to the edge of the graphite portion of ths re-
flector, In order to minimize the possibility of measuring ionization
due to unforeseen neutron rezctions in the gas of the ion chamber the

zg: air, argon,

t

measurements were taken with sach of four filling ga
€Oy and He.

The data taken with the air-filled chember have begen correct-
ed for jonization produced by protons from the (n,p) reaction in
nitrogen, This is 2 thetmal nevtron resction which is exothermic by
Q.62 Mev., producing & proten of 1.1 em range in sir. Sinece these
dsta were taken with the 10 cc. and £00 cc. ion chambers it was
assumed that the Praction of protons not traversing their full path
in the chamber is small., This azssumption probebly introduces an
error of ths order 20-30% in the corresctions applisd to the air
chamber data. The probsbls errors in the corrected data are of
course smeller. The data obtained from the CO, filled chamber,
after correction for differences in =lectron density, are in good
agrecment with the corrected dats for sir (see Figure 12).

In the case of the He filling #n error is introduced in the
ionization measured in and nesr the core of the reactor, where the
fiux of fast neutrons is relatively high, by recoil He nucled., It is
not feasible to caleulate corrections for this =ffect and in Figure

12 we show only dsta taken with the He chamber at pdnts sufficiently

gl

B



distant from the core that the fast neutron effect is not appreciabls.
At the Be-graphite interface the contribution from He rescoils is
apparently negligible and the He data, after correction for electron:
density, are in good agreement with the results obtained with sir and
0.

Tre date obitained with argon in the chamber are not in
gond agreement with those taken with the other three gases. %hile

pas
Ui

the reasons for this disagreement mre not known with certainty, it
probably due in part to the fact that srgon has appreciably higher
atomic number than graphite or beryllium and therefore does not
satisfy the Brage-Gray eriterie to the same extent as do air, CQE
snd He. The argon results have been omitted from Figure 12,

The sabsolute ionization currents were m&?sured by means
of o calibrated potantiometer -~ electrometer setup., Flgure 12
shows the values obtained from thesé messurements for the tofal:gamma
ray beat produoetion in the beryllium and in the graphite of the
high flux pile, asguming:a maximum thermal neutron flux of 2 x 1014
in the core., It should perhaps te pointed out that the calculation
of thess results from the measured quantities requires a noermalizs-
tion factor of the crder‘log to extend our measurements, taken st
2 thermal flux of 1.6 x 105, to the esse of the high flux pile
operating st a thermal flux of & x 101% in the ¢ore, The upper
sxperimental curve has been normalized to a thermal neutron flux

of 2 x 10% at tue of the core. The dot-dash sxperimentsl

curve has been normelized to a thermal neutron flux of 2 x lolé,at
the gdge of the core, that ig, at the point of maximum flux in the

Core,

The lower solid curve in Figure 12 represents the total
at produetion in ths reflector caleulated from theoretical con-
giderations lse=e NMonP-272). This calculztion was bassd on the
neutron distribution for a thinner slab pile (70x11x60 cm. ) where
the heat lead in the reflector is comewhat heavier than in the czs
of the assembly in which our measurements were made (71x17x£€ om.),
The measured spatial thermal neubron distribution in this assembly is

shown as s dotted curve.
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The discussion of gamma hsating in the preceding paragraphs
pertaine to a solid reflector., It is expected That tihe presence of
experimental holes will sdd to the hest load in the graphiite due to
the stresaming of gemma rays from the core through these holes. An
attempt was mesde to observe this effect by measuring gamma ray
absorption along the edge of nne of the deep holes in the 2. 95 kg

ssembly. The 10 ce. end 200 ce. ion chembers wers used with a

filling of air =t one atmosphers and carrectlons were made as before
for the ionization due to protons from the nitrogen (n,p) process.
The chamber was placed as near the sdge of the deen center hole as
practicatle; in the beryllium the 10 cc. chamber wag used and the

o

5 inch from the surface of the aluminum

%

center was in the reflector,
shell., In the graphite portion of the reflector the 200 ce. chamber
was used and the center of the chamber was in the graphite, one

inch Ffrom the edge of the hole.

The results of fhuue measurements are diwown in Figure 13,

- where the heat production along the edge of the hole, in watts per
¢e., is compared to (1) the average gamma heat production in the
2olid reflector as measured with air, helium and COE fillings in the
ion chamber and (2) the data obtained in the s011id reflector with
the air-fillled chamber alone. It is seen that the heat production

fallg off mors rapidly =along the =dge of the hole than in the solid

reflector.

\h

The interpretstion of these results is not straightforward,
however, because the chamber, in positions along the edge of the

~hole, iz backed on only thres sides by the reflector. On the fourth

(2,

gide only the § inck wall of the zluminum shell and the 1/8 inch

&

graphite wall of the ion chamber are effective in absorbing gamms rays

and therefore the Brage-Gray criteria for the determination of gemma
By enersEy 1oss by asurements of this type are not fulfilled to the

Cgame degrse as in the case of thes data taken in the solid reflector,

¥I. Control Hod Experiments.

4 number of expsriments have been carried out to study the

L

-
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effectiveness of control rods of various sizes in the 4 kpm. mock-
up of the high flux reactor. The experiments are performed in the
following way: the uniform poison in the "clean" corz [(before the
control rod is iuserted) is adjusted until the assembly is just
eritical, The control rod is inserted and the amount of uniformly
distributed poison in the core is reduced until the assembly is
again just critiecal, When the experiment involves no change in

the amount of concentration of fuel ih the core, the percentaze
change in k, [(Ok/k), is given simply by AZ/Z where AS is the change
in uniform poison and & is the total cross-section of the sctive
portion of the core aflter the rod is inserted. In‘experiments which

entail the removal of fusl gnd the insertion of a control rod, the
k¥ of the clean cors (ky) is calculated, the k of the active portion
of the core after insertion of the rod (kp) is caleulated snd Ak/k

R X . . kl" kr‘
is then given directly by —Fwwm 4.,

Ke

v

Fig., 14 is & horizontal section through the core of the
4 kgm. mockeup Be

oW

ssembly, showing the positions st which control
rods were inserted for study. Our standard 3/4 inch sgiare Cd
control rods whicn are normelly located at (s) and at (b) were re-
placed oy fusl tubes for these etudies, so thst the rods to be testsd

were inserted in clean fu

The Cd control rods tested in these experiments were
essentially replicas of thom designed for the high fluxz reactor.
ingofer ag dimensions and composition are concerned, They were in
the form of acllow cylinders of sguare eross-section (ZL™xB4imxse" in
length) and were filled with weter to duplicate the conditions thset
will obtain in the casz of the bhigh flux rsactor.

The Th rods for the high flux reactor are made up of several
rlates, stacked in a sandwich-like agsembly, with spaces between
plates for the passage of cooling water. In our expsriments Fe was

sed instead of Th for

T
o
3
o2

of availability and sase of fauri-
cation, thne szmount of Fe bc1ng adjusted to sive the same total
thermsl cross ssction as taet provided by the currsnt design of Th

rodg, The test rod then consisted of a rectangular sandwieh of Fe

e
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and lucite plates having the same ilmenslono ags ihe Cd rods des-

eribed above.

For use in the higbh flux resctor, it is planned that
high

=

these rods be attached at one end to fuel assemblies, =mo that as

a rod is withdrawn fuel is insertsd in its place. snd vice versa,
Therafore, the mezsurement of interest is the effect of the rod

ve, fuel in the some position. The percentage changes in reactivity
of the active poertbn o the core when these rods were inserted in
place of fuel =t positione A and Bof Fig. 14 were as follows:

AAS
Céd rod. at A 70 5%
Cd rods at A and B 20.
Th Rod at A 4,5%
Th rods at A and B 9, 0%,

It was also observed that the resctivity change due ' to
the remcvel of 180 grame of fuel {9 tubes or a 3L inch x 32 inch

section) from a central position such as A amounted to about 2%,

At first glaﬁce, a2 comparison of the effect of a single
rod at & with the effect of rods at both A and B indicates that
the effect of a rod at B {z position of relatively low statistical
weipht) is grester than the effect of a similar rod 2t A (s position
of reletively high stetistical weight). It is szpparent, however,
that thic anomaly comes aboubl as a result of the change in neutron
flux distributions coused by the introduction of the first rod
at A, The neutron flux is depressed in this regon end the statis-
tical weignt distribution in the core is shifted in such 2 way
that the maximum is now in the vieinity of position B, Hencs it is
true that the second control rod, introduced st B, hes a greater.
effect on thefasymmetrical core than the conirel rod at A has on
the clesn pile. Also, ‘this snomaly is more pronounced in the case
of the Cd rods than in the case of the Th rods, azs one would expect,

. -



S
since the depression iﬂ thie neutron distribution and the asymnetry
caused in the stetistiecal weight distribution are ccnsiderably
grester in the case of Cd, Also, the statistical weight st A
ie reduced by a small amount due to the presence of the large
experimental hole through the end reflector on the A end of the re-
actor.

In order to determine the effectiveness of control rods
25 a Tunction of position (in the reactor, & traverse was mads
along the line indice=ted by C-D in Fig. 14 with one of our standard
%/4 inch square Cd rods. In the core the rod replaces one fuel
tube (20 grams of fuel) and in the reflector the rod replaces a 1
inch x 1 inch x 26 inch column of Be. Fig. 15 shows the data ob-
tained from this experiment. The marked asymmetry in the statis-
tical weight distribution iz due to the presence of the large
experimental holes which extend completesly through the reflector
on one side of the reactor asnd begin 15 em. out in the Be on the
opposite side. '

VII. DNeutron Flux bicasurements Between Two Thorium Rods

In crder to determine the extent of the depreseion in the
thermal neutron flux between two Thorium rods closely spaced, a
traversa was teken with Indium foils aleng = line midway tetween
two 33" square Thorium rods plzcsd in the core of the 4 Kg. mock-up
asssembly and sepsrated by a distance of about 3-5/8 between inner
edges, or about £-7/8" between centers. The rssults are shown in
Fig., 16, where the thermal neutron flux between the two rods is
compersd to the thermal flux observed in the clean assmmbly with
golid reflector and aleo with the thermsl flux obtained along the
sare line after the seven large sxpsrimental holes heve been ine
troduced tnrough the reflector, For this comparison the three
flux distributions have been normelized at the edge of the core

since this iz the point of maximum heal production in the reactor,

VILI. Thermal Flux in & Beryllium Bloek Flared in the Core of the
fock-Up Assembly. ‘

It was sug@cat»d by Henry Newson thet it might be possible

am

T
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S
to establish a thermal flux considerably greater then thet sttained
at the maximum of the thermel distribution in the reflector bylrew
placing = fuel assembly nesr the center of the core of the high
flux pile by 2 bloek of beryllium. It was reasoned that the pile-
up of thermals observed in the Be reflector should take place from
each side of the Be block and henee the flux at the center of the
block shomld be increased by perhaps two or three-fold over the
maximum on any cne side of the reflsctor, Since such & block
would require water-copling if inserted in the high flux pile, the
block investigated wes made up of 1 inch % 1 ineh Be columns, 2€
inches long, separated by 1/8 inch stripe of lueite, The ratic of
Be to lucite by volume was therefore /1, and this was estimated
to be the optimum ratio to produce the pile~up of thermals at the
center of the bloek. The thermal neutron flux wss measursed through
the centeér of the block by the use of indium foils and Fig. 17
shows the distribution obtained, compared teo the thermal distribution
measured along the same line with the Be block not present in the

b3

core. 1t iz seen that the gain in thermals at the cenier of the

-

block over the meximum in the refleetor is not appreciable.
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