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ABSTRACT 

Several of the experimental holA~ of the Clinton'pile have been 
" \ 

scanned using Ag wires~ :irom these the relative neutron densities through= 

out t~e ~ile have been determiqed roughly to be , 

,0 _ 0,,88 cos .7T (r -+- .338) cos -rr (,; + ,,172) 
19·,6 - 23~g3 

where r is the radial dlspla.cement and x is the displacement along 

the a.xi s in .feet n 

·A direct calibration against the "Standard GrQ:phite Pile" gives Il.t 

the center of the Clinton pile 

-1 nv watt· 
( the,rma.l) 

. 5 -2 -1 -1 30234 x l~ neutrons em see watt 

A comllFlrison has been rna.de ap.:a.inst the control rod calibrations" 
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Exnarimental rrocedure 

AF? wires (0020 11' diameter) were-run completely'throug:h Holes l3~ 14,)' 

15n ISo 20 g 50~ 52 and 62 and toa.bout the center. of Holes 59D 60 and 61 
. , 

of the Clinton pile. 1;11 th the exception of Holee 140 15 and lS~ thes.e 'fr/ires 

were lrrA,dia,ted at the same ti08 with a:P'Proxlmp..tely 135D503 K;'lH" llires 

from 14b 159 and 18 have been correoted to this same irradiat1on~ Table I 

and Drawing 1253 give the location of these holes. 

About fourteen daye elapsed between the time the wires were removed 

from the pila and the time they weFe cut and counted. Doe inch samples were 

cut every eight inches beginning eight feet from the south outside ed~e of 

the concrete. These samples were 'weighed v cleaned with acetone~ mounted 

on Al dlGca and covAred with Scotch t~pey The samples were counted under 

one inch P~~pri~ht mica window Geiger counter~Q Counting rates wer~ cal~ 

culated 'for each sflmple. COMl)ara.ble results were obtained by making cor-

rections for weipht differences n hi'€!:h counting rates and counter positions" 

Coordinate Systems and Scales 

Th!ou~hout this renort the coordinate system in the Clinton pilp. has 

been set u~ with its ori!tri at the geometrieal center of the 'Pile loading. 

Positive directions for the axes are north~ west and up. 

On 'the dra,1dngs eho,.,ing ~he tran8verses~ thre~ abse! asae scales aI'S 

givp.n; (1) The practical scale plac~d at the bottom of the ~aga shows 

dt,tancea in feet from the outside edge of the concrete along the hole~ 

(2) At the top of the page is a scale showing the displa,cements 1n feet 

from the center of 'the hole. (3) '~~re different from (2)9 ,the radial 

~~~!-" ':~"""~"',''\1.' \ 
~.'. f.: '. ~,~' .. ~, :"',~: 

/~ 



" 

,,' 

,.... 

.. 

/ 

-4-

distances in feet from the pile a.xis e.re shown. The minimum v8\ue for the 

radial scale is obviously the distance from the pile ansto the holeo 

Dl'8cussion of Resul ts 

A 1e'st squa.res ii t to a coSinQ function' 'lias malie to the data from 

Hole 62 (see Dr" 1252)* This gave cos lI(x -r,,1122)~ wher~ x is the 
1:9<>195 

distanCJe in fe~t from center of pile lQ:1dlngo 

The relative neutron densities for the other holes were adjusted to 

corresp'0nd to this f1to The data in the graphite reflector outside of the 

meta.l for Hole 62 show a relaxation len~th of 51007 cm~ This va.lue 1.9 larger 

than that for the gra.:nhi te of which the reflector is made because of the o-pen . . . . 
r 

channels (1075 11 x 1,,75") which lead to the loading fa.ce of the pileo It 

should be,nolnted out that the streaming of the neutrons through thase chan

nels may account for the absenqe of the bump in the neighoorhood of the 

metal edge which is -present on all the transverses made normai to the pile 

8xisQ These bumps are due to slowing down of the neutrons in the reflectoro 

No detailed study has been,made of the Cd ratio., Most of the ,data renortGd 

here have not ha.d Cd differences a!>plied. Within the lattice between U-rods 9 

75% of the active.tion of the Ag is due to/slow neutrons" 

The density of slow neutrons along the axis (Hole 62) was enhAnced by 

the p~rticulAt loading of the pile (see Dr. 1253). That 18 0 Channels 1867 

and 1868 were essentially empty~ Thl s also expla~ns the central peaks found 

in HOles 13~ 14 and 18 (see Drs. 1254~ 1255 and 1259)" The U doughnuts in 

Channel 1867~ the thorium in Channels 1866 and 1871 have depressed the cen

tral nert of Hole-62 and eliminated the central peaks from Holes 15 and 20 

~ • ...H~ 
~ 
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(see Drs .. 1256' ;qnd 1261)0 As is evident~ an additive correctIon 

[ - 0003 cos' JiT (,: ..,... 01722 )J' can be applied to the least square fit 
, 19.795, , 

fOr Hole 62 to flat·ten the central region to give a b~tter f1 to 

In order to determine a simple analytical expression for the var1a
I 

tlon of the neutron density in the radial direction~ the data for the north-

south holes we're adjusted to the middle plane using the axial, data (Hole 62)" , 

Their average was fit by a cO!!line function to give 0 0 88 cos 7T (r .,.. ,,338) 
23,,83, 

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

. eauivalent to 008S Jo(OolS9 r -r 00064)9 whF!re Jo Is .the zeroth order Bessel~s 

function. v 

Integrating the relative density.function 

f::: 0.~8 eoe . Tr(r +- ,,3ig} cos 7T(x + ,,1722 
230133 19.8 

(1) 

over the active part of the lattice"" we get the average density to be 

f' =n~~5 :: 0,,3928 (2) 

whiCh implies that the central density is 2055 times tbe.avera~e densitYQ 

Howf>vert) due to the fa.ct that cosine fi t of Hole. 62 is known to behl~ for 

most of the latt1ce~ A. better value is possibly 

CeniTal dens1tz = 2055 x OQ8~ = 2024~ 
Ave.rage dens! ty 

\ 

(3) 

.. . ~~.~--: .. ~'> ~r~";:"J'~"" 
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One can celeulate that if the lattice contained 7119 cells"each 

containinf! the SAme number of neutrons as thecentrel cell. (where by a, 

centra,l cell h meant a similar cylinder \.,hose voiume il'! (311 )3 locRted at 

the -pilp. cent~r) they would contain all of the neutrons in ~he active !Jart 

of the la,tJ:ic~" 

Sta,ti stfc.al \ieight~ 

The statistical-weight ,,,,(.R) of a region~ Rp in the "Pile is a mea,5UT$, 

of the aontribution of its La:plactan to the Lanlac~an of the entire pile of 

volume V 

w(R) -~ 
-Iv 

p1; dv 

p'" dv 
(4) 

An evaluRtion of the inte~ral in the denominator over the active part 

&f'the pile using (l) pave 1436", ,For the 1)res'en~ loading a channel of U 
, . .' 

metal on ,the f!dp:e qf the lattice isequ1valent' to l.,8 inhours of/reactivity.o 

There is about a 5'1& ripple in the north-so1lth transverses b8tween 

" 
the U rods Q For thi s reason the Af!, ~ri re samples toJere' taken every 'eifht. inches 

bet,w~F)n U rods,~ 

Control Rods ~nd POisons 

"f~ 
, 'if, one'assumes that eqllation (1) is sufficip.ntly e:eneral to apply to 

th;e entire plle o it cen bf> need to determine roughly the seMitivity of the 

control ~nd shim rods~ namely, 

Inhour.s/inch :: 1'..;0; CO£!2 1T (R + 40 06) ":.os2 Tf (x -t- 2>O~ 
, ~6 ~7~ 

(~~ ) 

,~;,:', l :':~£f~;~~::;:':> 
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wherE'! X is the dis"Ol~.cement in inches of the control rod hole in th.flJ 

direction of the pile axh
D 

and R(R2 = y2+ Z2) is the- radia.l coordinate in 

inches" (For earlier pile lopding see CP 1300. '1'0. 27., f With proner pre

cautionsp thi s exoression mi~ht .be a-pplied to. the detArmin~tion of the 'PoiMn~ 

,in,p.; effect of a. neutron absorber placed wi thin the pile •. 

Absolute Calibration of Neutron Density and Flux 

In order to establish the neutr.o~ densitY9 n~·within the Clinton . ./ 

;pile~ we require A. conversion factor~ to between the opf!ra.ting power of the 

pilp. and the neutron density at the pilecenter9 say* At present thi~ factor 

is quite uncertaino In fact" the various dete:rminptione for' ranf"efrom 

1,,47 to 20330 . .A. ~-pedal commt ttf'P. has b~en formed at Clinton Laboratories 

to try to e'etabli sh a reliable,-vAlneo 

In connection with our work lUi th Ag wire q.etectors f, ,"e -have 11sed the 

{'Alibrp.tion of the "Standard Gra-phite PileI! as a stand~rd source~ UsinF 

, two methode of pomparison ap.:ainst the Cl1nto·n pilFlo \.,re have determinfld 

I 4 -3 ·-1 ? = L .7 neutrol').s em watt (6) 

at the center of the Clinton pile for the loading of 2=24=45 throu~h 
I 

~-27-45o ~his value depends directly on the calibration of the source 

strength of the Rn-Be sour'ce used in the "Standl'!.rd Grl'lphl t€ Pilet! and on the 

calibretton of the No o 1 g'slvanometer aeainst pile powero "fe claim. no Bnecial 

merit for the value and add the word of caution the.t until a more reliable 

. :' ~~;;;~~~{:~~~'i~;'::;~' ,<, 
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t-value is establi shed» it must be considered possi b1y to be in error by 

as much as the ran~e noted aboveo 

. 5-1 For monoenergetic thermal neutrons of velocity 2~2 x 10 em sec 

we ~et at the op-nter of the Clinton pile, 

/ 

~l 
nv watt = 1~47 x 202 x 105 = 30234 x 105 neutrons cm-2 eae-1 watt-l ~ {7) 
(thermal) 

The usual oU~f1tion asked is IIWhat is the nv at a 'Particular spot in 
I 

the nile?" No great Cflre is used to s,[)ec1fy for which veloci ty or. veloc1 ty 

distribution nv is desiredo For this reeson a brief discussion may be in 

'order~ 

It in known that the a.ctual velocity snectrum within an inhomopeneous 

chain-reacting nile is quite complicated a.nd varies markedly within the lat-

tiee cellsiJ hO'\fever~ (1) a concept of 'Pile neutrons of velocityp v ~ hlls 
1:) 

velol)ed which mea.ns (for a particular pile) neutrons as found ,at the .center 

of th~ moderator of a lattice cell" . (2) Spectrometer mep.surements on neutron. 

beamE!, eeeal',ing from the -pile and studies wi th Cd differ'ence neutrons using 

(1) a.bsorbers (boron) within the 'Pile indicate that euch neutrons have rough= 
v . 

1y a ~aUSiji6n distribut10n corresponding to a temperature of 5500 K> Often 

(3) direct comuarisons are made against a "Standard Gral')hite Pile" whose 

distribution of velOCities, ve 9 Qf neutrons .is taken to be ~auesian at room 

tem-perature ... 

The following rour,h conversion· factors relate the eross !'\ection.6 

corresl'>onding to these velocities to those for monoenergetic thermal neutrons 

. .; ~~~~"(~?~:~':'~; '>':. 
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(as ~roduced by a velocity selector or modulpted source) of velocity. 

5 -1' (1) . Vth = ??2 x 10 emo 6e~ 0 ,assuming w absorption for the deteetoro 

0:.- 2 ~-th - --= c-
o (Tf 

1,128 oc= 1.5lJ. 0; 

for 
~ =~ .. crT. = 1,,31 0: (8) c 293 p , p 

Summary on Use of Granhs 

The grauhs have been a'Ppended to help answer the ever present Question 

"What is the a'Dprorimate. thermal nv in a narticular region in the Clinton 

pile operp.ting: at a known power?!! In using theflle graphs at sam,e later date~ 

) . . 
all chAn~es of loading l ) 'Poisoning and control rod pos1 tiona must be consid-' 

eredo For pOints not p.iven on the graphs formula (1) 

f:: 0.88 cos IT (1' +' '0338) coe rr (X 1" ,,172) 
23.83 19 Q 8 

(1) 

should be useful where r and x are distances in feet from the pile 

center" It ha.s bep.n T)resent(')d in this form becaUSE) of the relative scarcity 

of tables of BesselQs function on the plant and likely the fit is better to 

a 'cosine than a Bessel i s function anyway due to pile fl:lttening. 

i' \:'.~".~... • ~ 
" ~:': " ~. ; ,. :: .. ' 
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E~uatlan (7) gives for the ~ila center 

-1 4 -2 1'-1 -1 nT watt = 3023 nau~rone em sec watt' ¢ 

(thermal) . 

We ~ive two eXamples: 

Examnle I.. What is'the thermal nV0 1n Hole 50~ fifteen feet from the 

outBide south edge of the concrete shielding ,when 'che pile 1s operating at 

4000 KWl 

From equation (7) at pUe center' 

nVthermal 
(at center) 

I. 5, 4 6 ' 11 .. :.'I ~l 3 .. 23L+ :x 10 x ,,0 x 10 = 12 .. 9 x 10 neutrons em -- see 

From ,Drawing 1264\) the rela.tive density fifteen feet from the south 

edge of the con'Grete 18 0~337\l therefore p 1>'8 have~ uSing (a.)p 

nVthermal = 1209 x lOll x 0337 = 
(Hole 50~15 feet) 

,11 2 
4036 x 10 neutrons cm- -1 -

sec _0 

Examole II. \1hat is 1ihe thermal nv 1n Cha.nnal 106311 twenty-ti va 

feet from the outside east edge of the concrete ~lth the pile operating at 

2000 Inn 

From equation (7) 

(a) 

5 . 6· 11 
nV

th 
1'= 30234 x 10 x 2 x 10 = 60468 x 10 neutrons cm-2 sec-1 

¢ (0) 
erlila ' 

(at center) 

i:'" ~';"'~" '. _: ':~~\;-:~ ~ ~: 
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Draw1llf?;B 1252 and 1253 show that the coordinatea of the 'Point in question 

Are ( - (5° + 4t1) south~ 39 west o (3 g + 4") up)., In order to u~e, equation 

{1)9 we find r ,= -{i5 v+411)2 ';-(3fr+411)2 = - (6,,009 f~et)o ,Hence~ from 

, equation (1) 

P =0088 COll 7r (- 6 0 009 + o}38 ) e08 

~3083' -' 

f> = OQS8 x ,,7333 x ~g.160 ~ b,,56539 

tharefore~ usin~ (b)ewe have 

7T(3 + ,,172) 
1908 

,nvt'h 1 ;: 6,,468 x lOll x <,5653 = 3~656 x lOll neutrons cm-2 see-1 
. erma ' , 

(Channel 1063~ ;>5 feet) 

i 

Udng the dotted line,s for the functions given on Drawin~6 1250 8.nd 1~5~n 

f> = 0.,645 x' 0.,8777 = 0,,5651., 

"'. :::. '·~~.c~r ~:~:" ,.~ 
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TABLE! 

DiRtanoe from Center of Pile 

5.,3 0 west L3 v up 

2 ,,667·11 west (1,,3-;; up 

0 ... 000 9 1,,3 9 up 

16 2,,667 9 veast c1,,311 up 

17 

18 

19 

20 

21 

22 

50 

51 

52 

56 

51 

58 

59 

60 

61 

62 

53 

54 

55 

503~ eaet 

5 .. 3n west 

lo;W up 

1,,3 ~ down' 

2 0 667 11 west 1..,3 i down 

OoOOO~ 103 1 down 

206.67 i P.8st L3 9 do,m 

5<,3 1i east L3 1 down 

6 i ea.st 61 up 

0<,000 

6u wef:!t 

61 e~st 

0,,000 

6~, we~t 

6t east 

0,,000 

'6\ w~st 

0 0 000 

6C east, 

0,,000 

6~ west 

6~ u-p 

6u Ul') 

6 v down 

6~ down 

61 down 

0 .. 000 

0.,000 

0,,000 

0 .. 000 

0,,000 

0,,000 

0.,000 

'. • ..... ,,'\110 , ~ t"";·...,. .. f { 
, ",,. ",;z,"'L;;'~' , .• ':tf',:.r. ~ , 
~"''! "",!,;."ilfJ~'''''5'' ,"~ 

It.; .4."''''' -"'[ :ri''t~ ~t;r .. ... "''''' 
"""""U.~J"",,~, "",'~'_": 

Remarks 

To be charged with about 7 B1 brieks 
1 

To be char~ed with abont' 18 'B1 bricks 

Fi lled wit h 10 B1 bri oks (4" x 4" x 12" ), 

I 

Graphite removed 

Sp.m'Ple hole 

Pneumatic Rabbit tube 

Contains BF3 chamber near 80uth ed~e 

Filled with H3 factory - 200 gm Lt' over 
central 1.2 feet 

Enters south side~ ~mds at core - L,,5 ft. 
~ from oenter 
Enters south aiden ends at cor~ 

Enters south sideD ends at core 

'Runs alan;:; llile axis 

Enters north s1de~ ends at cor~ 

Enters north alden ends at core 

Enters north sldeo ends at core 

.J. 

t .: :':);; •• ~~.( ~'l,::, 
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