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ABSTRACT

Several of the experimental holeg of the Clinton'pile havwe been
scanned using Ag wires. From these the rela%ive heﬁtron densities throuéhn

out the pile have been determiged\roughly to be

. 0.88 cos T (r-4.338) cos Tr_(x + ,172)
f) = 23,83 19,8

where r is the radlal displécemenﬁ and x is the displacemsnt along

the axis in feet,

A direct callbration against the "Standard Graphite Pile" gives at
the center of the Clinton pile

'

nv watt%l = 3,234 x 105 neutrons o::mm2 sec wattml°

(thermal) :

A commarison has been made spainst the control rod cslibrations. -

AY . . i




Exnerimental Procedure

Az wires (.020" diameter) were-run completely'throuéh Holes 13, 1, -
15, isa 20, 50, 52 and 62 and to about the center of Holes 59, 60 2nd 6%
of the Clinton pile. With the excepﬁioﬁ'of ﬁolesllh, lé\and 18, these wires
vere irredisted at the same time with approximately 135,503 KYH, Wires
from 1K, 159 and 18 have been corrected to this same.irradiationO' Table I
and Drawing 1273 give the location of thése holes.

About fourteen déys elapsed-betweenlthe time the wires wers reﬁoved
_‘from the nile and the tiﬁe they were cut and counted., One inch sampies wers
cut every eight inches beginning gighﬁ feet from the south outside edge of
the concrete. These samples were weighed, cleaned with acetone, mounted
on Al discs and covered with Scétch tapéa Thp spmples were counted under
one 1nch2F€?ﬁpright mica window'Géiger counteréo Counting rates were cgl-
culated for éach samplen' Coﬁnarable results weré oﬁtained by makiﬁg'corn

c .

rectiona for weight differences, high counting rates and counter bositionau

‘Coordinate Systems and Scales

Thpoughout.this report the coordinate system in the Clinﬁon pile has
~ been set up with its origin at the~geometrical center of the pile losding.
Positive directions for the‘gxes afe north; weét and\up° 

On'the.drawings showing the transverses, three abscissae séales ars
given: (1) The practical scale placed at the bottom of the nage shows
distanéas in feet fro@ the outside edge of the conérete élbng the hole.
i(2) At the top of the pagevis é scale showing the diéplacements in feet

\

from the center of the hole. (3) Where different from (2), .the radial
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distancee in feet from the pile axis sre shown., The minimum value'for the

radial scale is obviously the distance from the pile exis to the hole.

Diecdssion-of Reéults

A lebst 5quares.fit to a cosine function was made to the data from

Hole 62 (see Dr. 1252) This gave cos jq—(xig-f;QEE)g where x 15 the

distance in feet from ‘center of pile loading.

The relztive neutron densities for the other holes were adjusted to
correspond to this fit. The data in the graphite reflector outside of the
metal for Hole 62 show a relaxation length of 51007 em, This value i¢ larger

¢

than that for the grsphite of which the reflector is.made’because of theIOpen
channels (1075'(; 1.75") which lead to the loading face of the pile. It
should be,noiﬁted out that the streaming of the neutrons through thése éhaﬁm
nels may account for the absénce of the bump in the néighborhood of the
metazl edge which is present on all the transverses made normal to fhe pile
axigs. These gumps are dﬁe to slowing dowﬁ of the neutrons in the fefle'ctOro
Vo detailed study‘has been made of the Cd ratiob Most of the data remorted
here have not had'Cd differences anplied. Within the lattice between U-»rods9
75% of the activation of the Ag is due to _slow neutrons. |

The density of slow neutrons along the axis (Hole 62) was enhanced by
the particulé.i‘ loading of the piie .(see Dr. 1253). That is, Channels 1867
and 1868 were e;sentially empty, This also explains the central peaks found
in Holes 13, 14 and 18 (see Drso 1254, 1255 and 1259). The U'doughnuts in
Channel 1867, the thorium in Channels 1866 and 1871 have depressed the cen-

/
tral vart of Hole-62 and elzminated the central peaks from Holes 15K and 20




(see Drs. 1256 and 1261)0 Ag is evident, an additive correction

[:; 0,03 cos 37T.(19+%;;122)" can be applied to the least équarb fit

for Hole 62 to flatten the central region to glve & better fit,
In order to determine a simple anelytical expression for the varie-
tion of the nsutron density 1n the radial directionD the data for the north-

south holes were adausted to the middle plane using the axisl. data (Hole 62)

‘Their average was fit by a cosine function to give 0.88 cos ,Tr(rz;-ggig)

where T 1is the radial distance from the pile axis in feet. This is nearly

equivalent to 0.88 Jo(0.189 r'-r-Oo.OG)»#)9 where Jo is the zeroth order Bessells

1

. ' function. . : o . v

. Integrating the relative density function

fﬂ = 0.88 cos T (r + .338) cos T x + 2172) (1)
23, 83 19,8 ‘

over the active part of the léttica, we get the average density to be
D - 1855 = . :

which implies that the central density is 2.55 times the.average density.

. However, due to the fact that cosine fit of Hole 62 is known to be high for

. . - . \
mest of the lattice, a better value is possibly

. \ / ’
{ . Central density - 2,55 x 0,88 = 5. o4, (3)
- ’ Average density | T 2 .
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bn@ can Calculéfé that if the lattice.COntaLned 7119 cellsa.eééh
coﬁtainingAthe same number of_ﬂeutrons as the central cell, (whére by 8
central cell is meant a similar cylinder whose voidme is (8“)3 loéated at
the pile center) they Qduld contain all of the neutrons;in the active vart

_of the labtice.

Statistical VWeights

'A The statistical -weight w(R) of a region, R, in the pile is a measurs.
of the contribution of its Laplacian to the Levnlacian of the entire pile of

volume V

w(R) _,f fo dv
jv p’f dv

~

4)

An evaluation of the integral in the denominator over the active part
8f the pile usiné (1) eave 1486. For the present loading a channel of U
metal on,fﬁe edge of the laftice-is equivalent'to 1.8 inhours of reactivity.

‘There is about a S%Iripple in the.northasouth transvefsei\between

the U rods. For this reason the Ag wire samnles were: taken every‘éight inches

between U rods. . o~

Cantrol Rods and Poisons ' ’ " -~

- 1£. one assumes that equation (1) is suffic19nt1y ?eneral to Ppplv %o

tﬁ% entire pile it can be used to determ1ne roughly the sensitivity of the
control and shim rods, namely,

\ .
Inhours/inech = 2,03 coe2 77-(R *’ 4.06) cos2 X+ 2°96) (5)
‘ 286 o 237.6




where X 1s the displacement in incﬁes of the control rod hole in the
direction of the pilé axie, and R(R2_= Y2+-22) is the radial ﬁoordinate in
inches. (For earlier pile losding see CP 1300, v. 27.) With proper pre-
‘cautionég this expression ﬁigh£-be apolied to‘ihe determinstion of the DOison-

Ang effect of a neutron gbsorber placed within the pile,

Absélﬁte Calibration of Neutron Density and Flux

In order to establish~§pe neutn@n density, nvfwithin the Clintﬁn
plle, we requiré a conversion factor;-éb between the operating power of the
piie and the neufron dens;ty at the plle center, say. At present thisvfactor

;’is qgitg uncertain., In fact, the-various determinstions for # ran?e_from
_IOHT to 2;330 A special committeé hae been‘férméd at Clinton Labor#tories
to try to establish a reliable"¢;va1ne; o - .

1In coﬁnection withrour work>with Ag‘wire detectors, we . have used fhé

calibration of the "Standard Gravhite Pile" as a standard source. Usiné

-~ two methods of compsrison against the Clinton pvilsa,7 we have defermined

? = 1,47 neutrons cmﬁ3 waﬁt°1 - €6).

ét theAcenter of the Clinton plle fo: the‘lpaéing of 2-2l.hs through

2-27-15, IThis value depends direétly on the calibration of the sourcs
strength of the Rn-Be source used in the "Standard Gravhite Pile".and on the
calibration of the No, 1 galvanometer arainst pile powero}VWe claim no special

merit for the value and add the word of cautlon that until a more rellable
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&—value is established, it must be considered possibly to be in error by
as much as the range noted above. .

o | - -1

For monocenergetic thermal neutrons of veloecity 2.2 x 105 em sec

we get at the center of the Clinton pile,

e

nv wattfl = 1,47 x 2.2 x 109 = 3,234 x 10? neutrons em~° sec‘l watt™: | {7

(thermal)

\
-

The usual gquestion asked is "What is-the nv at‘a particular spot in -
the oile?" Yo greet core 1s used %0 Spécify for which velocitf or\felccity
distribution nv is desiredo For this Tezson s brief discussién may be in
order.

It iz known that the actual velocityISpectrum within an inhomogeneous
chain-rescting nile is quite compliceted and varies markedly withih the lat-
tice cells, however, (1) a co#cept of bile.neu%rons of velocityp'vnv hes ds-
veloped which means (for a particular pilé) neutrons 28 found at thé,ceﬁter{
of the moderator of a'lattiFe cell, -(2) Spectrometer messuremente on . neutron
beéﬁs\ascaping from the pile and étudies with Cd difference neutrons using
L%) absorbers (boron) within tﬁe pile indicgte that such neutrons have rough-
ly ﬁ gaussisn distribution corresponding to a temperaturs of 5500 Kg. Often
(3) direct comparisons are made against a "Standard Graphite Pile" whose
distribution of velocitiles, Voo of neutrons is taken to be %aussiah at room
temperature. o | ' o

fhe following rough conversion - factors relate the cro#s'sections

corresponding to these velocities to those for monocenergetic thermal néut:ons
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(as vroduced by é velocity selector of modulated source) of velocity,

Yip = 2.2 x 105 emoiaeguln_aésuming L%) absorption for the dstector,

Oin=-2a e = 1128 g =154 g

. Vﬁ?’

for

=\| 550" . - v ' .
d . 3%0’15-’1°,370’p . (8)

Summary on\Uéé of Granhs
. The graphs have been appénded to help answer tﬁe ever preéent question
"Whagt is the approximate'thermal n§ in a marticular region in phe Clinton
plile operating at.a known power?" In using these graphs at some later daﬁeD
L : ,

| _ . . .
all changes of loading, poisoning and control rod positions mist be consid-

.ered, For poiﬂts-not given on the éraphs'formﬁla (1)

= 0.88 cos JLAX + ;338) oo T (X + .172) ‘ (1)
- 23.83 19,8

should be useful where lr and x are distances in feet from the pile
center. It has been presented in this form becmuse of the relative scarcity
of tables of Besssl's function on the vlant and likely the fit is better to

a ‘cosine thén a Bescel's function anyway due to pile flattening,
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Bouation (7) gives for the pile center

nr wattnl = 3,234 neutrons ™% gée
(thermal)

-1 watt”li;

’
. ]
s

We give two examples: | .
| Eiamnle I; What is 'the thermal nv, in Hole 50, fifteen feet from the
outside south edge of the concrete shielding when the pile is Operatiné at
4000 Kwt
| From equation (7) at pile center
’ ' i . ' ‘

: 10 6 11 1
™Yihermal - 3234 X 10° x 4,0 x 10° = 12.9 x 107" neutrons ecm = ssc L ()

- _ .
(at center) ' ,

From Drawing 1264, the relstive donsity fifteen feet from the south
edge of the concrete is 0,337, therefore, we have, using (a),

/

_ 11 C | 11 1.
MWy ormal - 1229 X 107 x 337 = U.36 x 10 neut?ons em " sec” .
(Hole 50, 15 feet) ‘ '
Example II. What is the thermal nv in Channgl 1063, twenty-five
feet from the outside esst edge of the concrete with the pile operating at
2000 Xw?

From equation (7)

. , . . 1 ) : .
oy = 3,234 x 105 x 2 x 106 = 5,468 x 10 1 neutrons cm™® sec~l | (v)
thermal = - , v ’

(at center)
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Drewinge 1252 and 1253 show thét the coordinates of the point‘in question
are ( _b(5ﬂ#-u“) souths; 3' west, (3 + 4*) up). In order to use equation

(1), we find r = ~VFE5‘+—M“)2 + (384472 = - (6,009 feet). Hence, from

" equation (1)

~

- 0.88 cos I L= 6,009 # .338) oo T (3 + .172)
23.83 - 19.8

R

R

0.88 x .7333 x .8760 = 0.5653,

N

therefore, using (b),we have

DYy ermal = 6.468 x 104t x ;5653 = 3,656 x 101t neutrons em™? gee”t
(Channel 1063, 25 fest)

;
I

Using the dotted lines for the functions given on Drawings 1250 and 1252,

P = 0.615 x 0.877T = 0.5657.
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TABLE 1
Slot Digtance from Centsr of Pile ; Remarke
13 5,30 west 1,37 up To be charged with about 7 Bi bricks
14 2,667 west <103; up To be charged with about 18 Bi bricks
15 0.000" ‘ lajavup Filled with 10 Bi bricks (4 x bt x 12v)
16 2.667' past (1.3% up
17 503* easf  1;3“ up
18 5.3' west 1033 down-
19 2.667" west 1.3¢ down ’
20 0,000? | 1.3% down ~ Graphite removed -
21 2.6677 east vl¢39 down Sample hole
22 5.30 east 1,,3‘0 down Pneumatic Rabbit tube
50 6" east 6“‘up n
51 oaboo' 6t up
52 6! west 6' up
56 6t e@st 6? down Contains BF3 chamber near south sdge
57 0,000 6! down Filled with B> factory - 200 &m L1 over
o central 12 feet
58 6! west 69 down '
59 6“ east 0.000 Fnters south‘side;ends at core - 1.5 ft.
; from center
60 0.000 0.000 Enters south side, ends at core
61 6% west ‘QQOOO' Enters south side, ends at core
62 0,000 0,000 “Runs along pile axls
53 6¢ east 0.000 Enters north side, ends at core
54 VOOOQO 0.000 Enters north side, ends at core
0.000 Fnters north side; ends af core

6% weat

1
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