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On tho 0 .oasion or conference or tbe American ociet1 

tor , "'ln ~v1ng uc ·tion held in une or 1956 t Io a at te 

Coll ,o. ·Odified COPJ Of Q ubor1t1oal a e bl,. st ed 

by e ys1ca ta.r ot the "aw 'tor Univer 1ty 

0 o.v to a n rg C~ae1on. rt er the 

s bly 0 la d v1o a co pl ted t the location tor 
display, routine radiation monitoring•• ·onducted. ather 
than the expoeted s ~· tr1cal rad tion pattern, detln1te "hot 

epottl" o 

round the olrcu.'ilfo?Yonoo of th cylinttt-lco.l wall. Ux- r; t 

he looo.tio ... or th a unusuallJ high a~- counts 1nortU.n t&lJ' 

low n utro o l s ?' sured. 

1e oble was ou ;ht to t1e attention ot t-~• authOJt 

t an lys1.a i ht b err ·eted to pcrh pa rovide hol ul 

a in -s ojooted 1gn ot simil r asao bl1ea. 

Upon el't mi.nation ot tho ph7a1cnl rr n0 e ent or the 

1 ttic ct the na bly, 1t an int 1tivel7 poatul ted t 

c o spot e ult d o 1soont1nu1ti s in t a onal 

Ul'nnlw. 1 ttice, s noe they co1ncida4 with tb.• vex-tlce& of the 
tt1c • height ot ese hot spots coincided wtth the 

neompasa the cent or the rad1m.-

r1lly1u~ eaurco n t e asaemblJ. 

'fbus, it t i t th unduly h 

the l ck of b orpt1on r sul tin· tr . th• 



pa,uo! t7 of ura1111um e.el."'OOB the llt:UH'J l"'t.1nxd.n.:. o ·. the oentGr 

to tho vwtieetJ ot t]lC 1.i.attic~ci aeJ; oo th O·tb r band, tu 

t;i1ose .o regto..~s, the :.u1ok or f"U.el ft.>r n~utron ltipllca ... 

t1un e pln1md, t!la low n<Jutron count. In •tt"ect., nt tlle 

vcrttcoa of tl1e l tt1co, t::h~e '-ere fre0 ~th.is ~01:i the 

GO'.Jre~ tSrvott.Gb tho d~tt to~ to """' OO'U.tltor .. · Ol"$ovev, t..~e 

r: dtnt1.on l)Q tern waa !\U:'tt.~or w:>d11!1C£d by the rtecta or the 

~ scnttel'lng, mult1p11e~tion c.nd e.bo~ptlon ln the 
lQ.,tie • 

i 1• th.eu.1c 1• oanoomed w1 th tho pattern ot tll ~amt · 

ro.a:tat.tcm ot tbo •neembly e$cri~4 • 

• 



tI. INTRODUC ·IOll 

A. ....t te. ent or roblem 

e problem eons1sted or Qsure nt and an lysis or 
tho -rad1ntion p ttorn r .sultinC" t.ro a rad.iwn· 

ryll um oint oure uspond d in cylindrical sembly 

eonaistin~ or a ater odorator nd a, SJlll:l trio.al hex: onal 

lattic o natural uranium. 

a. cope or tb.e Problem 

The oeop of thi ee1s 1 s 11tnited to th r dia~ 

tlo ttern p ttern. The a l is wa e only in 

horizont 1 plan of th oure to limit r p ated caloulat1ons. 

•or the sa e rea.son th nalyQ1a s con ined to one extant 

o the lattice -- a e1mplif1ant1on oonsldored justifiable in 

viow of th symmetry or th lattlc • 
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Figure 2 . Positions of gamma-radiation measurement 
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oqu :il.u n pp-r•<u:t t on of tho total neutron yield.. 'To 

co 'pute this neutron y1eld th n, it - ne<.a;ssa'f.'y to d .t ~nine 

tho 01•1 inal i"leutron at·1~ ne;t.h 'tn~l1113 ~.onerated. by t'lo ~ ~ n) 

reaction in th.a "O'UrCO . 'ff V!AlUG of 460 1outron p r 106 

d!s ntart.r tions is a swned {$, p . 108) . 

100 mill1eu~1os shoul provide a neutron flu of 1. 1 x 106 

neutron~/ eo . !f this value is uubstituted :for <) 0 1n the 

eviou& qu t101 , 4' t ls deter.mined to be 7 . l.$ x 106 neutron / 

sec . 81m~e ppr ox! · tel';Y 2 . , nemt.~Qns are go .. or ted 

re ult of e oh t1ssion, the nu .. -nber or fi:ia1ons n1 c s y to 

~ roduce $.I,.5 ' 1~;6 noutron /sac is -..een to be 2 .. 17 x 106. nd 

since 5 (1 , 0 Mav} ~d.uced 1n 

each f:tnsion , ttvidontly t e total _atJr.'ilL't yield tro?:!l the 1 t-.ic 

fl sionin~ mounts t.o 10 . 6) ·· 106 ( a. .o :iev) nd 16 . $ 106 

o. 7 .101 ) pbotonn/seo . 

tiona 

• Sv• volW!l tr1c source t,rm fl1th this v luo o ...__.... ____ ...._ ______ _.. ___ ___ 

by di 1cUng the total ""m: yield bJ the total volume or 

e bly .. 'h volume of th0 nsombly · n detorm:J.ned to be .67 
ioS c :?3 . i'borororo • the vera volumetric source em ea.n be 

v .. ,v 10. a2x106 (l . O Eov) 
3.67x1o5 

l~.2~lici6 (0 .7 
3,67x1oS 

ov) pbotons/c 3 .. 
soe 
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The ubcrit1c 1 aaae bly upon lich tl ls rad1at1on ly-

els w de eona1sted ot hexagonal lattice ted in a 
eylindrioal tank or light ater aa depicted 1n e 1. e 

ct al location or the lattice with respect to it position 

1.n the cyUnd&~ 1s ovid&nt ro i e 11 in ni h the loca-

tions or ·be ura.n1U"O columns in the pacer are shown. Th 

he16h to ~tch those columns reached 1s ev1d nt o 1gure 

12 . qthe su;portin.::; s ell was e om quarter - inch low-

oarbon steel . 

'l'h latt1o aa exagonal, oonaiatillg ot 864 alu s or 
turnl an!u canned !n lum1num Jackets with 1-)/4 inoh&a 

b tw n e nt r l!r1 • aoh elug as one 1ncb in diameter, 

e1 ht inchaa lone- and W$1 ed approximate l y four pounda . 

Vertie 117. th .. s were arra ed. in our l aywa b7 quarter-

1.nch aluminum spacer plates a depleted in FiGure l. 

fhe mod.wator ot the assa.'!lbly c.ona!atcd or three hundPe4 

gallons ot lic:ht ater . ith tho steel shell , tlle nt r lao 



at d a a adi t1on hi ld. t.rl'l re no ovioio tor 

to tic but inc cc to 

h -RS rnbly ily rrord d,, ne 

ff cted oonv_,niontly. 

• nt 

1.. :on-port ble 

The oounti ui nt u d or th x r1 nt l 

co t d Of deo d c ler, od l l61A, nur etut>c by tho 

·uel or-Chic :,,;J,o Oo:rpor t on. 

ntor u o · tJuel -Chic o sc1nt1ll tion 
' 

· t otor, 0 " DS-lA, h det etor 0 r tod 

olta.g 0 1200 v. i h the diro - ion.al sh1 ld on .. 
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C ount1n" ehoc. "' nd l ml ry pp in w r one with 

port bl r... i t1on t r, typo 2610. 

c. ourco 

100 1111eur1 radium-beryllium eou.rco a rovi ed . 

xtran ous ourc tor t c 11 ... e bly. or purpo of 
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a.1.un11mbly w1th: rep~<:uien.t..atlon 
J:u&l rod 
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VI. 00 URE 

The counting procedure was a v ~y al ple one requ1r1ng no 

apec1al teehniquea. The per1pherr or tho a ell in the w1-

zonta1 pl or the source as , ar'·cd every 1 ve degreea, o.nd 

1n v1cin1ty of t..~e v rtices or the l ttioe the ntorval 

or aauroment was re :uced to 2-1/2 degi-eea . Counts were then 

de at 11 r ed looat1ona . During the count. the mid-

po1nt or the detector was place on the narKed location and 

the oj cted rea or the detector waa ed to calculate a 

" er centimeter" counting rat• . 
in the t1· t count w s d•, b c ground counts 

were conducted inter ttontly; but since all count• war• ac-

oompU.ahed du.ring one continuous aosalon the back ound 

var1 d little. 

·1e ouree waa pos1t1oned !.n the aasettbly by o or a 
hollowed wooden cup th t aerved as a conta1ner for the source . 

This cup w a auapended l:n t1 e aouroe tube and eeauae 1ta 

dia _oter .so nearly ap1.)rox1mate th t or t..~ tube er was 

little ro ro~ ovement; and e on1tion of the aoui-oe was 

t.hePetore assured. 
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e xpQr!mental r uulte re listed in App ndix nd 

e d pie tad ,1. th the t eo~etioal pro-.l.ietion in P1gv_re 13. 

o ol!a lln repr :Jent"' t"le :r..porimont 1 v lu obtain d, 

·r tho dott,d liner pres nt · o lcul ted v luea . Th 

orr 1 t:l.on aaured nd o lo t d .. tt rns 
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for in th. sy:Jtem or 0 l.eu' t1on employed., tt nu t1on or 

th rnd1ation to values below b ck< ound. wss poatuln tod f'or 

these puths . .. 1e d r r nc thooretic l!. nd 

aou.r d tt rns of acatterin 

rtex tl t e ult in rtion or th prooos n r th 

~ d1 tion ot utn nd pnth D s c ping bsorption nd 

~e nrob le error lt ted in ip endix 

th r 1 ionship 

tho count. 

l 
q.6z < t)2 

I' 

cs baoed upon 



sooo--~~~~~~~~~~~~~~~~~~~~~~~~, 

-:E a. 
(.) - -

5000: II I 
0 > 
z t-

I I <( > 
t- 11 

0 (.) I 1 w <( I I a:: 
:::> I 
(/) 0 I I <( w I . 
LaJ ~ I I I 
~ 4000 I 

I I 
....J ~-O-ir~~~ .JJ ~~~-0-\-~ -0--0--0-~.J! I 0\ 
:::> ~~-<>-~~~-<>-~ :f\) 
(.) 
....J 
<( 
(.) 

3000--~----~~-r...~~--'-~~---~---'~~--~~---~~...__~--

o 20 40 60 80 100 120 140 160 180 
POSITION OF MEASUREMENTS (DEGREES) 

'1.:t."u rio.a l)a. .tte;uJ'l.lrod (..-......) and ca l cul ated ('""'""'-- ) ,~v.tiation nat ter . 



sooo..-~~~~~~~~~~~~~~~~~~~~~~~~--

-~ 
Q. 
(.) -

0 >- 5000~1 
z I-

\ t\ Ii I 

<{ > 
0 I-w (.) 
a: <t 
:::> 
(/) 0 
<t w 
w ~ 4000 ~ _J l do-~ -o- -o---<\- ~.a- -n- -0-~ _J~ M -a...-n-~ -0- -0--a-__..__-0-~ J 60-\0-~ -0-a- -o- o- -a-al--0-<3 I °' :::> \JI 

(.) 
_J 
<t 
(.) 

3000 ...... ~~L--~-'-~~~~~.._~____.L...-~-'-~~_._~~._~___. 
180 200 220 240 260 280 300 320 340 380 

POSITION OF MEASUREMENTS {DEGREES) 

'if1.'i..U?e l.)b. il!ea:n1i-ed (-..-) cOJ.culo.t - ---) rndiat 



VIII .. ISCU I 

hooretio l ti of l"nd1 tion ob-

o. tho vlmt 17-d ev1b ayetc " Of e !cul t1on 

nd nt gb nt o s rv n p ro -
t!on of 0 true p tt rn. {)' v r .. t1 th 

,. 1 h h tt rns ot t 

depend nt upon h v 11 

d th 

Th 

tion ill 

ra.tl1 

1on o 

di 

1· th sis !'Gflect the 

ity of h eo.lcu t d 0 1 tlt..i 

exper n l. thod . 

jOl't 1 porta c 1n th o lcul • 

bri fl • The dee 1 p t&rl or t 

us d 1 . th cnloul io~ 

1 

v _1 .bl • 

or v r 
i ht n. f otor in obt in· 

l.eo d!ff r n t lit rr ture 

cy of tl1 c lcu.lu.tod d1 t1on pntt rn i thus 

eli 'bil ty o ourae rem hi.ch t 

tv .tod . 

r to ov r t 

n utron f t1c1on y o th t t y 

111 or di t1on. 

ney u 1'01·· tho t otor ·s. 
t oi no lcul t d tor ll h r y3 counted by t 

d t etor . .'1noo tho 0 out r 0 t 1 sd r 4!a ion 

rosult t -r ys born n th ltltttc d 1 f 1 -
n1on , h d t c or ust t • I' 1 in h1eh ol 

t'.>GC r of v riou noro lea !o preoe t . h pproxl t1 



65 
ot this 

l 

osto;n (7) 1 not ~ el o nd over-

r ct1 

In th 

nor a. 

o er i ppro i 

d1 ;ton .. 

lc.u t n he 

1o prob ly o o 
y o ution 

bsorption ta fford by th l ttice . In 

t i ithout -rre t. tor it 

th ttlc a l l r 

on in th 

ealcul· t1o 

ly 
t1o l v l 

a 

ould 

of tch ro due d to l uos ibel o· ac· ··J.'ound by h 

b orpt1on r th t .r nd ur • uc. ot th l tt1 JI 

th tticc iuc nt1nu1t! a, r :roo1 •l 
1 ts , t r 1 0 nU!:l. 1 t t 1 

b orpt1on, hn v 1 .. , th!s C ctr could not • 
n tr- n vol 

( , r oe or +O "' on l ttir\ ), itb-

t tlux .. ua employed s an ppr oxi t1on for 

0 t1e .. · 1a t.hod t ds to '\1" r t.1 th 

or l cu Ut' ourc ' !no it 1v 

t to 11 r th - d tr 

0 t r th ti t 1 

out r l ot th e rn r o 

ls le f3 n in the tnt rlor . res noe or tho 

at il'· r fl ct r t nd to 1nim1 f)' t' l. r ror , 
cl r e l c t r1 in 

d in • hi s pt1 n oul p 11 :to 



66 

the vertox po. tbs thr·ou(;b the wood cup ana through. tho water 

·ref'l e ,w. By this nsc.rumption, the :'u.lt.,bcn• of! [;oon.-.ui-rnya 

se. ttered out or the path tht'*Qugb. i~ho oup ould be oqu lled 

by th nurrber ccntt&J?Gd tn . In tbl.s zd.twation only tho 

ab..-orption eoa!.'f !o!ent woi1ld nnvo been used ln ealculoting 

th tt.enuo.tion thl"ough the eup. f'tu;;ugh tbe nU.'i'lber ot .,rum 0.-

10 tte i ,s u.nchatl~ed, tho f'ect th.at thei~ d1roct1on baa been 

eh nged roolude3 th•'llr to11ow1nc the pa !ID of t.b.o vetttox and 

eo.uaoo tbom to :;inter the highly o.bsorbing lntt:1ce . Since the 

nc tteY.t: d rays boeo.!12 al:u.iorbod, the tottll ooerf1oiont or t-

tenua ,ton 1e used to anleulate the a.tt0nuat1on ti1rotljh. the 

·. oo:t cup. I:n tho: wat~r reflector, c; .. tnt':ltt, .. rayf.l eenttored out 

ot the vertex path ~'re lt t replace.ii by oth.ori rays being 

so tterod in, ror th<"' pnd1at1on ot the ad,.jao~nt paths >.ns 

already boe:1 bsol'."b~d by the lnttice . :.i.'be:refore, the total 

· ttenunt!on coetf1ciont ns n tt1n. 11.rnd . Oonaequontly, though 

th sotimpt1on o.r recl~ooal .. cattc1~1r.g a& .ade, 1t d1d not 

rtter into the c lcul~t1ono . 

!h.e ttenuat1on calcn.i.le. t1on.e 1.n a.l.l paths wore ·al nya 

f.n!t!ally mo.do with the hle;hest enerSJ !"ttdlotlon fol.lowi11S 

thoae patba . When the .t"adia.tion level t thl.s energy waa 

r .. duocd to a value below b e _,.f:>"l:"ount\ cu·id tno B\l ..... a ttcn or thia 

ctiv!ty and the eont~1but1ono of the ieseer one~ 1eo as 

doter.Dined to be also below bae~~ound. the oaloul · ttons ero 

ter:n'lna.ted . fhis qnc 'tho ca e fo ~ enle:ulatiom1 concet>n&d ·ith 

p th.; tbrout!)l the la tt1o .. ~e au-;n;:n t::l on ot t.,..,,o radia tton or 
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All enor~ies tollowinc the vertGx path., how~ver. xoeeded 
b o ground; t..~crotore the value of tho au ~ !tl.tton waa usod in 

th& ttcnuation cnloull:ttiona . 



As a vesult t1.f' thia r:rtudy, 'W1thin t'!.'1$ limits of this 

expetJ!n10nt , th·a .tollow:tn~ eot:.elu1;1lone ~;; be drtl'ttt:. : 

1 . t;.~:;ap1te it~ don~11t;t, tr11en a hexagor:la,l J.~t:tie1:1 tts 

employed· in im i:u.1tu;J~1bly or ttiJ.s ty-pe , tha G».ca1ic of il:amra,a ... 

!"'!l·d1ation fJ.t ~i~ v~rt1oea o!' t.';e lnttii'.)e cat:~ be ant:toipated. 

2 . 1'1 t.b. r~i;•:rti to s41.fety f~1:n1 (ii\mroo. - i-adla ti on, (Wn ... 

aideration r1uat be 3ivon these loaal areatl of rad1at1on in 

dec1di:n'.l upon tte rn.titability ot th.la tlet\1gn i:n sat!efy1ng 

the needs tor a 'nlH::l~:r e.s~ambl,]1' .. 

) • $U.fH)e the 8'.1~1:1pllf'ied SJJ!J<tOl'!\ Qf lltlS.lJS.iS hGI'G!J.t'i 

0i!i:pl<ly~d. rosultod !rt CCJ»:j'J1.:ttcd i.t~lutJS. of r.t'"ad.iat,1011 that SllOiJe>d 

a de.t'lnite eo1·ralt!t.ion l'it...li tnia expel"1Ul()l·rtal val·ass, th1'1 

o.nal7tic .aolut;ion ,my J.Set•va a$ n SbOd tirot l1Pl':>ro.x1mt1on at' 

the oxp0et~d ?Jad:tation llatt~rr.1 oif? 4ftn cu.u~onwl;r ot thin kind . 



6 

t CT ID 

1. 

D v1 

• 

5 .. 

6. • of nuol 
• J,., D-. 

7. r 
0 r d 

• pl . ' 195$ .. 
9. 'tt ..r 

10. 
.. J., ire 

1 b 

12. 

• 



70 

13. ny , _ y • 
, 2739. 

le l 

• l 
.. 

is. n1t 

• 



71 





73 

able 4. (0-0 t1nu ) 
fii Ml l!J1 H 1115 U II - I 'It JI • - .lilllllll •1111Nil1 

, t1e1 no 
t'i.R~'t"A'!!:!li ) ( ) 

'*' ,- fj ..... at t $i:IP'*"1ZoCi# I .., _ - l iii 

s 
100 

105 
10 

lS 

20 

12.$ 

130 
ls 
140 

5 
1$0 

f• • I _. 

25 
- •a I ,, 0 

3650 
J 70 

)790 
3 60 

)800 

00 

640 
)8?0 

870 

J750 
4J20 

920 

4.360 
) so 
3860 

00 
4140 
)620 

0 

• Iii • 
+ 2 -.. -
+ 2 .... 
+ -
+ -
- 41 

_41 
_42 
... -

+ 1i4 -
+ 4? -
.: 44 
+ -
.... 1 -
! 43 
_ 41 
+ 41 -



( 

155 
100 
16$ 
170 

17~ 

171·5 
1 -0 

1es 
190 
19$ 
200 

20.S 
10 

215 
220 

2 s 
2)0 
2).$ 

.g 

• (C ti e ) 

3 

O ·"'·' our .. 
( Cp:.it) 

J8)0 

00 

10 

J840 

70 
w..oo 

0 v 

J 60 

" 2 
j 10 

760 
00 

JS40 
1 

1 l 

J8SO 
l!.)10 

+ 1 -
- 1 
+ -... - 1 

+ -
+ Wi. -
+ -
+ l -
• -
+ -
- 1 

+ -
+ -



ft.~ale E.r1~10.l.fl>ti.07 Dm:·~tion Backc;:ru1~nd R~au!i·1~ 'il."roiw 
(do~,.~~$) {~) < ) \ cp~) (cJJy;1} ( cp~) 

237.5 31' .3 

2fJ,O 

~.~ 

2$0 

25$ 
260 

270 

'n5 

)OG 

so~.s 

;~10 

'li) 

l"'lt'• <ZJ) .~2e 

$001 
4.JBO 
.)960 

38$8 

}790 
]800 

3.s32 
J6.J9 
2661 

3f391 

J8S2 
386o 
5t~7l~ 

Wi.10 

;090 
4162 
)890 

371.t;O 

))TSO 

11<• 4J:. 
~ 

+- 1+7 -.. W• '*'"""" r 

"' 42 -
+ 42 -
~ 41 .... 
+ 41 -
+ 41 -
+ 41 -
+ 41 -
+ 4,2 -
+ 42 """'--

... , ~2 .... 
- 42 
• l~ ..... 

i" 46 -. 144 -
f< 42 ,..., 

+ 41 -.. ~,2 -



7 

ok ,l." , .. ITOX' 
(cpm) ( p ) 

rr1c1 no ation 
r'"11.Ril"!r!'l ) ( ) ( " nut ) __._..,.,..._ _____________ . _______ ..._ ____ ...._.._.... __ ._.. _______ _ 

)20 

25 
JJO 

0 

15 
so 

3;)$ 

) 1·:> 
~ 

)) 12S 382 ~ 

3S61 
21 

lS 
3861 
900 

4 71 
t 70 

+ 41 -
+ 41 -
.!. 42 
+ 42 
+ lti -
+ ~ - ""' 

2 
_ 44 

1,.6 



1 

0 ~ 0 0 ..... 
N a 

4 

0 , 
~ ,..( M N 
~ .. • • . .. ,.... ,..,. r4 ~ .. ~t ,... 

""" N 

-
-

-

• 



B. 

etc 

or th1rd cup ( l 

l 

l up 

ll. i:: n ~I§ or 1r t · of tlr t oup 

11 · o:lefit1n of rtrnt ·· -r )1 of t v 
oup 



2 

1 
22 

19 

<md Ottp 

r u 

21 in r r 
d ou.11 

eoond oup 

22 

; ~er or 
l ............. ,...., ot tilt . t l."1>""'·...._..,_ 

1 

2. , 1> 

ot 
tltl 

t1n 

2-' 2) • ..,........._,_ 

£.t 3) ..... 

3 • 

ond *V y Of tbi~d 

flzt•t ~ ot 

ct~ o. tl 

e er t 
ta.c 

or th1tt 

or t• 
ot 
o!' 

ou.p 

p 

oup 


	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083

