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A VMEATIREME *° ©F "HE ToPINITH MOTTUM "RRrws WE 0N
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e nroecessing, fatrication, and gEL.c™age 2f fiaglle
materials requimes sdeanate Fnoviedpe 5 e “riticality

rerung’ars T these mreter'e s
Jne cf the wost useful of thene @remeters 13 the
‘i nlte mediuwe thernal neutyon muitiplication factor which

‘a3 define’ as the ratle AP the tota! number -r theran 1

atuirons sabsorhed., on thne fverage. in one gensrstion to the

aumber of thirmal reutrons abaorbed in the oreoeding

(1)

genexretion, ;. an ‘nfinite mediunm
The knovliedze of this factorp for a particular fi{ss{le

meter a2l mav then anarle thae calculation of critically safe

condttinng cder whioh Sha matepial way % handled or,

enable ~alelgt!ons of the maometry of 2 reacrtor mace up of

tvis matirigl.

“he Axnerimental determination 5f the “arttnite mead tum

therw? neagtrn olt alteatton antosr requires that rertain

Assimotisng he made. Tt !, therefire of vita) {aportance

g~




that methods be deviaed by vhieh these anpynm;

tine may te

varifien,

THO maaoaeah to be Adencrthgo Az heen CAPTYe out yry)

the 110w e iefinite hie-t1vms in view.

1.

To measure tha Infiutte ment thermaal moutpon .
multinlication fanrt. - o Wl 1-p3s enricheqd
!TP..! Tare; ¢ ILtdretad at n hyr!homn-tﬂ-"-ﬁ‘g"»

N T pgty Ar I35 an o URTRAOLOY for sptes . .
specificrtioas for rafe handling ang stomage of
Thls meterig]. Thie meAsurement yap made by usine
the Physical ~ohatante Teating Reactor ot Hanford
Atomic Froduets Creration, Hichlana, "ashington,

To use tr1a Cexderimental Deasurement sa 4 hasia fop
varify ' ng atherp DORE T ca P Ny 7R made by
neing thg Phyn onstan: z ‘esting Reactap,

Jel R{dpe attsnal Laborstor. sy aondinte) expapd -
wenta Sf a2 A!fferent Na2ture on thisg same mateprial
fron which the ‘nfinite meatm thermal neutysn

RURE AR DR N VR T e factor was f»ht.qud(?" A ecompari{man

*f thase ANSVPPrA van *hgn orde |

e i



DISCUASINY OF TR PRORLEM

"he Infinive me’tum thermsl neutron multinltantton
factar, herea’ter referred vo =a km‘ af n multioly'ng
material may be determined frmm the quantity of theranl
neutron absorber necessary to reduoce kw of the nultiplying
medium to unity(a) “‘).

T'he quantity of thermsl neutron absorber necessary may
be determined from the principle that k, of the Infintte
Just critical medium and a vecuum are the same, namely,
ani“y. 7Then the substitution of & wvoid for a fintte region
of the material will produce no perturnetion ou the
ayato.r.:(3). "he necesssry amount of therwal nsutron abeorber,
hereafter referred to &3 the polson, to produce this con-
dition may then oe detormlioed. The 43sumption 1is made that
the addit!on of the polson to the medfwn changes only the
therarl 2t1lienticn of the md?m{"’) h), e velidity of
this assumnt!’~n vill bte shoaym In later Argument.s .

"™e ‘nfinite wadfnm themaal neutron mattinitoatton
fartar for the anpo! soned syrtem ‘« prtven by

’.r"' :75 p * -
vhere these teras have their usual merning: °/,
Then Koo for the pilaoned ayetem 4s Fivan as

k g .27¢p ' =1

® 7

then “eflaing A Lo AR

A"m .km'l
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Bocs o € i it Bt sy - b b

Akm A% Ltuen found to be

v
k. -k r -r'
A k.—n = km‘ 1 » b mr :
k& . R 4
The thermal utill ration, £, for a bollogeneous medfum te
defined as

(28 ’ V)mol
<?'_r._§"-‘ it

vhere ‘fuel” re“rrs ts the Prsxsionable Trotope '1-225 apna "¢

refers to all tiw other matarisls in the syatem except the
pr1an,

Then

r-rr (3,0 V)0 (5,6 Y) el

Bty = ) © ) N
i 21 (2n 9 V)Y 2-1 (2o EVI+ (5, o V)pou”

o=

(Zn d ")mu
2 (Zu # V)i * (28 g v)oniaon
3 ‘

- (Za v) _rgg_l son

> (=, v,

1

The fluxes in these terms cancel out becsuse the wedium is

oompletely homogreneous,

T the nediuon e homopensous hut the Dotmon is of o

he teroreneoun nature, the =eme ormeltem MRy he m~t wieh

the "ntraducttn n® tre A1savantage factor for the notmnn

.
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vhieh 18 defined na“),

'o
‘Wi 800

vhere l. refere to the flux at the surfsor of the polson et '

) Y

¥ refers to the awerage flux in the poison.
Then
hd ~oiam
(1Y Ay « :
® é‘- (fa V)!

The manttty A7 nolinm nemesary Lo redune km 5% a tent
me~‘m to un'ty may he found ‘o~ Mitte reactor by orovid-
ing 2 cavity in the reactor into vhich s sample of the
2oisoned mediwn may be placed and by providing meanas for
adjusting the neutron energy spectrum incident on this
cavity such that the inoident spectrum is identical to that
vhich would exist in an inf‘nite )edium of the test
anterial.

The above is r simple description of the Physical
Constants Testing Reactor at Hanford Atomic PFraducts
Opewation, Richland, Washington. A cavity 1s provided vhich
is much larger than the test sample®so that a layer of the
medium, the buffer region, surrounda the test sample anc
brings the neutron 2nergy spectrua inty equilibdbrium. Purther
ad justment n7 the speotrum fe me™ by changing the loading

eceonfipuretion of the resctor external to the cavity,



AT e N R S Y o e

"n-ip!*nq ’1‘.

™ fewa 2 the ceonlition 1n wh’eh the test

samnlo hae heen correctly notaoned. Tn actual practioe this

that it 12 quite du'ﬂcult to
obtain the exanot amount 2f poisen arensne vy, Ym m
test sample in D9tsonesa quite close tn the

eondition ‘e aot fulfilled in

IPTreot smount anl
then A amell smount Af poison 1e¢ added ancd en ex’.rapolation

i3 made tn the 2rTect guount. This extrapolation {e made

a3 followst

Y methode P verturtntion thaory

‘t can he o} ywn
that‘n)

o€ o

a n* [
where “ston T MR3 £ polean

'vpo? £1n dI/V

a® .p

psison evo‘d

and @ is definmd gs the reactivity >f the reactor,

Then rewriting ecuation (1)

(2. ),mioon + {il ‘poison Y

Sz,
{

Akm =

wvhe re
S /:.‘LS), vold / ) 20! aon
(‘l/v \A
= 6 polson ~ (?void dl/,poison'

————

- -~
C poison * (’patson ' ”I/V‘m“"

This may bde revritten as
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NG N | Q. ,
(2) A"o '(‘“g)pouou r (";‘)mhon (P__F___onm) 'V' —

r - ‘l/v (vota)
TOg),

1 = total number of &Fram aloms oy molsoufen of the
particulay meteria?

?

——
23
i

m!Aarosaopnt ¢ abeorption ~rpons teotion of the

oarticulap mteariai

LAPERIMEN T AL SJRX

MATERTALY ARD ASSEMELY
The matertisl, 2 vt. ¥ U-235 snriched UFy pParaffin
moderated i & hs(-.mgnn-ho-u—-?)ti atomic ratio of 195, wvas
fabricated at the Oak Ridme National Laboretory, Oak Ridge,
(2)

Tonne s see + The compentiion of the materiail vas 92.0& Py

and 5< pareffin by veight., Thta .uwe a urenium coneentration
of 0.699 grems uranium Per grem of material. ™e average

Particle sise of the UF, vas less than 0.0z inches. The

Raterial vas pmessed {nto blocks of various sizes (X tnches x
¥ {nches x & fnches, 1 ineh x & inches x X inches, 2 inches x
2 inches x & inches, ete.) for esse or handling and assemdbly,
Each of these hlooks e vrapred in & thin plece of alum!num

o'l to eliminate any contamination problems in handling the

“his martf{aulap meterial wvan chosen berause of A need ftop
information 1a this ganerel renge or J-23% eariomment and

-7-




because critical experimente could essily be conducted and

thus a comparison of the values of the inf{nite medimm

gt sation factol oitatned Dy tvo A1ffes-
ent methods could % made.

thermal meutron mis

The noison used in this experiment consisted of horen
carbide impregnated polyethylesne oontaining 3 wt. € boron
carbide'7). Thie metertal wes in the form of 0.005 tneh
thick blown tubing. It was Gawloped in the past for use in
experimenta of this type. The neutron absorption cross
section of this poison wvas weasured with respect to standard
copper by Aanger coefficient methods in the Physiecal
Constants Testing Resctor,

The assembled systex was 28 inches x 28 inches x
inches vith a 6-inch x 6-inch x 12-inch central section
used as the test sample. This geve a 2-inch buffer region
surrounding the test sample,

A6 1/2-1noh x 6 1/2-1nch x 30 1/2-1nch rectangular

.

tubs constructed frouw 1/A-ineh 615" gluminum wvas used to

house the test sample and tha huffer mmterial on either end
of the test sample. T™he test sampls and twvo end buffers
vere contained in rectangular tanks, These tanks were con-
strueted ~f 1/3-1nch 613T aluwinum. The tank for the test
sample was 6 i/X tnebes x & 1/% inches x 12 1/ inches and
the two end buffer tanks were 5 1/% inches x 6 1/A inches x
9 1/8 tnches. Figure (1) shovs the partially assembled
system and some of the 4ifferent size bHlocke and FPigure (?)

9.



shows the sssembled system vith the tanks being put in plaes,

A total of 1771.10 Rg of 2 wt. ¥ 7-2%8 enriched UF,
payeffin aodereted at & hydrogen-to-U-238 atomic retio of
195 wre used. This assembly contaized MW.b Ng:af 5995,

Previcus to this ezperisent the bare eriticet ated of
this material had been msasured by Oak Ridge Natiomsl labo-
retory and was found to ocontain 25.9 Kg U-?SS(,). Per o
grephite reflected system the minimum oriticsl mass wee
consideredly lass, and & good Geal more than the minimum
eritical mass would ba present viwn the system was sssembled
in the cavity of he Phyeionl Constants Testing Reactor
vhich 1s grephite wderated. Por this reascn, extreme ocare
had to be exercised vhils sssemblying the system. Esoch
individual block was wrepped with poison before being placed
in the cavity. "™he saount of poison ha‘ deen previously
determined from theoretieal caleulations of km and from an
estimeate of L 5% heoed on the work done at Oak Hidge National
Laboratory. The theoretical calculation of ko {s shown in

the Appendix. Then based on theee predictions of 'o the
essembied poiscasd system would have ‘.zw egqual to umity.

Tables 1 and 2 give the wmass of sach material used in the
teat sample and buffer region as well as the 2200 mster/sec.
crose seotion values and atomic or molecular weights,

Some coper wvas uaed to pciton down t @& bduffer region
in addition to the boron cardide impregnated polyethylene.
The resson for using ocopper was that sinos the doron cardide

-9~




{mpregnated polyethylens wms still i{n sowswhat of o

developmental atame not enough of 1t wes available to 4o the
complets noisoning.
"™e test ramcle “ank was provided vith hatse and the

Rlonlw ~f matertal in 1% were Arflled so that flux traverse
measuremsnts coult be mede in it, These holes vere in the

longi tudionl and ‘rensverse directions ¢2 the test sample .nd
extended thres inches into thy buffer region 80 that the
trawrses could be axtended out ‘nto the buffey region,

EXPERIMENTAL PROCEDGRE

The flux traverses vere sade by 1irrediating bare and
cadmium covered gold foils plaoed in positions elong the
traverse hwles. Algure 3 showz the treverse bars and the
g91ld foils in place. These folle are 0.25 inch x 0.5 1ngh
x 0.005 inch gold and the cadmium dishes used wre 0.040
ineh thisk. "he activity of the folls was obtained by
plasing tm@bn & -inck cryatal scintillation counter and
no":m the gamns f'rom Aqu fecay. The activities vere
rorelired to untt mane of the fofls and to a constant
rerctor nower level hy use of a monitor foil placed outside
the nasemhly,

A test sample tank filled with helium was used as (]
substitute for a vold. Helium is very good for this purpose
because of 1ts lov neutron absorption and scattering oross

sections,

-10-



The »ethod used to fiad the eormeot amount of poison
and henee k., vas then to msasure the resctivity of the
resctor at a particular comtesl Tod setting wish the test
sampls in place. The tsst sample was than Wemewved, end vith
the ocxtrol rods pesitioadd at .he same previous settiing, s
reactivity measuremsnt of the tast sample tank f*1lled with
helium wvas made. The potson in the Sest sampls vas then
ad justed towards the correct value. A flix traverse msasure-
ment wvas then mede and the nNoison in ‘ne Luffer region
adiusted to ohtaln the ocorreat incident flur., These

megsurensnts vers repsated and adustments made until the
test sumple was polzonsd to within 1€ of the correct value
and the correct nsutron energ; spectrum was imncident on the
test sample. A samll amcunt of poison was then added to the
test sample and the resctivity and flux traveree msesure-
nents ware again made, Then as shown in previocus argussnts
an extrepoclation was then made to the correet value,
Purther asasurewints vore made to obserwve the effect
of owrpoisoning thw buffer and polisoning the test seaxple
complately helsrogensously. In the lstter experissnt the
poison wes plaeed outsids the test sample rether than around
the individual blosks. The purpose of these experiments was
to warify soms work Jdone previously on lovw U-235 snriclhments
for vhich the heterogentous type poisoning wes uue(a)

Perturbation theory would prediet that fach of the Tvo

-11-




methoda give the carrect answer.

Pigures & cal S are examples of the treverses made vidh
the baye and cadmiun covered gold foils. The cadmium reti
plots were waed to insure the lasident osutron eevrgy
spectrum Was the correct spectrus for the materisl.

Table {3) shows the valuee of X Omﬂ other results ob-

tainot from experimental date he fore coyrection faotore WON
tatroineced.

DISCUSSTON OF ERROR ANALYSIS
It can bs shown by twe group snalysis thet the errer in
| S -1 esn be minimided by requiring that the sadmium rettio _
be constant in the test sampls and out into the buffer
(8)

region' '. The srror involved here results from speetral

mismatohing in the test semple. An sxpreesion fer this . *

1\
[\

U';.,ézi; ;
@ ﬂl )
AE.

where $,/¥, sod n /e, are the fast-to-slov finx and edjoint

eyror may be writtan

"

3
pa

.H

‘.'

flax retios which would be found in the infiaite eritical -
notaoned wedium and #.'/6,' and 2y '/my' sre the similer flux
ration {n the test samvle. Thus 17 either the flux spectrum

~r the adfaint flux spectrum is matched thwe aspectrcl %Pror
in ¥, vill vanien,

.
-10-



The sssumption has been made that the addition of
poisan to the system chenges only the thermal utilisation of*
the symias. The edéition of the poison bes two effeats,
Pipes, 1t shubds a elight shift in the nsutron témpereturs
end seccnd, deecause of ths polyethylsne ocntained in the
poison the hydrogen-%0-0-235 ratlo is slightly increased.
The second of thees 18 the largest and can be corrected for
by observing the effect of the sddition of a small emount of
polyethylens and extyapolating this effect baek to the eor-
rect valoe. This nerrection amounts to & ? per ocent
decrease in ths observed valus of Dk, The firet effect
12 more 4ifficuil te deterwine; however, by varying the
cedmium ratio over the rense involwed it was deternined that
the combined effect of this and any posaihle mismatoxr in the
speatyum wes no grester than 1 per oent in Akm. "his 1s
included as ap ervor in the error analysis.

The latter effect results from slight ohanges in /v( and
p which are dependent on neutron temperature; from their
basiec definitions, 1t ean be seen NO othsy ehange oooure in
’Z' ¢ or P beoause of the addition of the poiton(l).

One of the most difficult problems in an experiment of
th.s type ia the deterauination of the propsr absorption
oroes section weluss for tne different maverials, Beceuse
“of the low moderetion and high enrichaent the effective
aeutron temperatire was considerably high@r thun for most

-12-



common thermal reactor systema. The use of 3taadard 2220

aster/sec. croas section veluss for the different materials

in the systam wvas introducing an error becsuss cf the higher
asutron temperature and 1o e4dition the Nestron enevgy
spectrum wes not the common Maxwellisn with 1/E tail for
whieh these cross sections wre dcaimﬂ( IO). ™™he mapgnitude
a¥ this effect can he deterwined by use »f rome fairlr rocent
Aevglormenta tn thia ®1ald. A table of effect'we croes
pection veluer has haon tahulate’ for systins eontaining a
nixture +f hydropen, -2 anA a 1/v abcorber(o). T™hese
croes sections were cbtained by calculating the Wigner-¥ilkens
spectruz for different a‘xtures nf these ingredients and
averegiog the cross seéctions over the spsotrum by d4ividing
the spectrum inte 30 groups. All the materials in this
experiment exoept U-235 snd hydrogen wr® then classified as
the 1/v absorber. Any non l/v effect of carnon and flourire
are negligible due to their low eross sections and horon s
striotly & L/v absorber. Then the only disorepancy in thies
method is the effect the U-233 reecnances have on the
spectrum. In spite of this fact 1t 1s believed that this is
e better approximation than the 2200 meter/sec. vslues since
most of the 7-229 resocnance effect 1s acoounted for in the
resonance esaape prabebility term,

nging this Vigner-vilkens method a 1,27 {ncresase in the

value 5 ¥__ ta nhteined ~ver the value nhtainad from 1/v

-18-



2000 meter cross section valuss. Necsuse of the inarastasés

of thie eorrection the value of the i{ncrease is slmd 9.

clivied a2 A @FPor !n the flosl anser, o
This then results in & value of X  of 1.8 ¢ ﬁ.ﬁﬁé ;
"he rest of the error anslysis s shown in e

Appeniix,

SDOUNY AND CONCLUSIONS

Valurs uf' k,, obtained from experimentel dats rre listed
ia Table 3. 51x 4ifferent rwasuremsnta of ik, were made
with the sixth aeasure:mnt deing sade by 2 differeat method
of poisoalng the test sample. All of tiese msasuremsnts Are
in good agresment, and r 3imple averege value is taken o3
the final value. Thie “inal value was then corrected for =
slight change in hydrogen to 7-235 retio caused by the
hydrogen content of the material used as the therwal nsutron
absorber. A further correction was msde to acdount for the
abnores] neutron energy spectrum vhich vas pressnt in this
system., The Tinal enrrectsd wvalne of ko wan then found to
be 1.7216 T n.NM,

A thenretical aalenlation 2€ ¥ 1s shown In the
Apoendix and given s k., value of 1.73. This 1s in good
agreement vith the experimental welue,

Critical experimnts dome cn this matarial at Jek Ridge

National Laboratoryry ahin thwt the uiatoum critical mnas for

~17-



a bare “square” eylinder contains 25.8 kg of 0-235(2). A

cslculated value of the amount of U-235 1in a just eritical

bare square cylinder vas obtaimed using she oxperimendel R
value. Again there was good amn vith the m;. 7
results. This calculation is shown in the Appendix. ‘

A rather unique atmospheric contamination prodlem wvas
encountered and is alsc discuassed in the Appendix.

In eonclusion, the value of Ky fOr 2 wt. € 0-235% en-
riched Uranium ™etra "loride pareffin modereted st & hydrogen
to U-235 atomic retlo of 12% was found to be 1.216 f 0.011,

A® a result of this experiment, the Physiocel Constants
Testing Peactor was found to be a vealid instrument for
determining criticality nareamsters for spenificetiona of

safe handling and ntorege conditions =f fiss!le metarials,

APPENDIX

THEORKTICAL CAICULATION OF i, £
The value of i‘o sy bs ocaloulated dy use of standard
2207 meter/sec cross sections and the ¥movledge of the
materials in question. The method used ves to caloulste | I

from the four faoctor formuls

vhere ¥, ¢ , p eand f have their usual meaning and may be
{

~1A-~



vritten as follows'l),

" s d
¥ .39

N s 1.99%




"he crlcalation oF € 18 talen from a partly theoret{osl

partly empirical formula vhose only ,1ust1riog§10n s that
from past experience 1t ssems to work,

Then

A/i 312__..1

microscopic elastic scattering cross section

—

Za H?Zr” (Y -1)

27

2.55 nsutrons per fiassion
.29 cm:l

.39 cm:l

21 ( U‘.)j‘ z 36.2h em3l

aumber of astous per c.ll.3

sum on all materials

20 + Zf?qq + 21?1? ¥ 2n?3q = 39.0b OE:I

mAcrosconic ‘nslastic soattering coross section of
239
Ty

2{-(Y¢’(G‘t)1
121-(9_0()1

Eo -

81 w 1.1 mev, (U-238 fission
threshold)

2 mev,

Bo
21

€

~18-




Y was found to he 1.67 colliesons.
€ -1 has to he reduoed by approximetely 3% to aconunt for the

i nodonns te cncm& of m .m of £ikAton asutvans,
Then feom the rbove formulas the following valves waye

obta tmed ¢
ps .TNT
'Zr = 1.60
€c 1.03
Then
kK.« 1.23

®
“ne error in a calculation of this type has normally

been sssumed to be about %% of k he error vas mainly

due to inadecuate theoretliocal treatment and errors in cross
section walues.
*hen the value of km from a theoretical caleulation

was in g29¢ agreemsnt vith the exnrerimantal value of k@ for

this material.




COMPARISON OP REIULTS PROM P.C.T.R. km IMASUNRIENT AND
OAK RIDGE NATIOMAL LARORATORY CRITICALITY RXPERIMENTS

The bare criticsl sige 3f a reactor-mesy ” mw},
the critical duokling of the resctor. The oritisal MM
uay be obtained from the folloving equatien if values for ¥_ , 3
L2 and T sre kmown.

2
-n?r
I:Eﬂ'__._

1+ L%

Vhere "7 fa the geometrical buckling, L’ 1e diffuston
langth souared, and T 1s the ape t2 thermal, and kw 1s the
experimental vmlue (1,21€),

The f2llovwine formulas were used to obtain these

cuantitiees I(l’ 11)

2 L2 (Tep Za) (R 0)

b -
(80 = 195) = Y (n ) (5, s,)

iﬂ/t’ z 195)

/T('panfrin)
Z.;ﬁ.l i Q (lod.)+ Z;rr“.l

- wmod, mod,
Q(p‘nf‘t‘tn) 2.1 E(plmf'fin) ftr

T (a/ver9s) - T (mod.)

+

/mefﬁn) '(H 20) (2 s Ztr’(ﬂp)
( < 4

tr (paraffin)

-20-



le . Z. +Zimhauu

S ol E) gyl (g

atomic op

3
w wight)

e(uod.) z density of moderetor
(paraffin = denstty of pereffin

2 . \2
B -(?,"05) + (...JI..)
R+A H+2A

Az 3.4 om, z bare extrapclation length
° »
L f_q?f)) s 7.8 om,

2
/]“m 7Yz P27 to 1.k em. (without actusl mensurements of T
2 1t 43 A1PF1cult to entehlish
value better than these 1imits),
¥hen the &l ~ve fmuulas were aoplied, the amount of
U-23%5 contained in the critiocal mass of e bare “square’
cylindter was found to be from 23.6 to 30.1 Kg. U-235 depend-

ing on the wvalue of T'm n) (27 to 1.4 on.g). ™e value
2

obtained from critical experiments performed at the Oak Ridge
National lLadoretory wvas 25.9 Kg. 0-235(?). Again there in
gCd agreement bstween the tvo methods within the restrictions
imposed by the - (320) values,

-



EPROR ANALYSTS
The errer in the msscwremsnt of ta is 4ivided inte
three msin parte,

1. Error éuws 30 speetrel mismsteh and possidle changss
infz and p &ue % the addition of peisen,

2. Error dws te the wee of invorrect eross seetiem for
these materisls saused by non-saxwellien 1/v-type
spectre and higher effustive neutyon tewperetuyes.

3. Errers in the standard oroes section valuss and in
experiosntal wetikods.

The first two have boen diseusaed ia the main part of
the text and the third will be discussed here.

The method of determining thie error was to 18e
standard propagation of ervor techmique.

2 2 | &2 G“"‘"‘

1 |3% ]
Then from the seauation
Ak (> 2" )potson

= (E,,
wvhsre ( icv)poim is the ocerrect poisen,
One oean write

(2 .Y po1son (g_‘!)‘pﬁ.o G- f’h\ ‘2 1;/v
-;‘- M 4 ) \Gl - E! . b Vv
4 Yo X (Em,

-m-




and further

7
mis * s ct‘e&
Ax_= "™ potaon ™ poteon\@q ~F

)

Y

”E + ME:: + NE + Ng._m;'lg.-

T W1-235  V Cogligy

L4 T
vhere
M = Mass of mater{al in test sample

W 3 atomic or molecular weight
et

.I(-V-‘- ):
wp

< ¢, - F 2
Ca 2 (N7 'He 2/ #1/vg

D), 6,5 %) vBLCE,
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Velues ofvm and y..(.g_}. have been given in Table 1.
ak Q) 4
v

Nther values were

~B o p— ~
+ » o 2 s
,_._gf.‘-__{:,;... - 1.81 ¢ 1n-? Jer “r (/€ae =1.19% x 1072
‘ FCRR e 2
( ST (‘1 P?*)
&,_ 2
/vy - 356 x 1073
‘l/v 1
Then

q (8% 2 13.%4 x 10"6

Then the error introduoed because 2f incorract 2200

wetar/sec. oross sections and because of experimental methods

vaa found to be

[ -
Li(okg) 3 3.7 x 1070

AT™NOSPHERTC COWNTAMINA™TNN
A rather uniouve alr aontamination problem vas en-
eauntered Auring the asurse of the exveriments, Personrmsl

entering the reccrtor rom were found to have narts of thetr

» €,



clothing contaminated, The parts wre located areund the
¥nees, wlhows, and waist, The contamimation ves of quite

1ov setivity snd hed & half 1ife of sppwoxinstsly 15 ulmim
20 presented uo serioms clothing sontamimation predlem. 7%

wvas found that flssien preduct gases vore being relsased
fyrom the sssembly, These gases were then deocaying and pro-

ducing some ionised particlse. The ionimed partieles were
then being pioked up on the particulsy parts of elothing
where slsctrostatic chargs was built up through friotioa.
™his essumpticn vas ebheeked by placing sharged and unoharged
plastic rods in the reactor room,. No activity wvas presant
on the uncharged rods vhile the charged rod sctivity ves
sasily measurable., AAD samples were takea by foreing
raactor room air through blotter paper. Tha isovopes
present were then identified by gumma spectrogrephic methods,
The folloving isotopes were found to be pressat: Rb%,

3
rel33, mgl32, 333, 1132 o018 opy 0?3, M was found

’
i{p the greates: conocentretion. As wvould de suspeated these
1sotopes are mainly the danghtere of fiseion product gases
vhieh weve ancaping from the asesmbly.

The caleulation which follows gives an order of megnt-
tude 1dsa of tae depth from which these gases ascaped
through the waterial.

Prem goid foil irrediations, the flux in *'= *ystem vas

obtained using the formulm

‘.
S v e BERE




vhere
A z antivity »f the pold foill
V s volume of thw foil
v aif-l1ife of gold

A tan minute irradiation at 10 wvatts powver lewsl (¢n this

systen gave a count rate of soproximately S x 103 counts per
ninute on the three-inch asintillation couste~, Assuming
the scintillation counter subtenda half the toi. solid
sngle this gives

g = 10> nsutrons om:? sec:l.
The total number of fissiona that ocour in a ten-minute
irradiation at ten wvatts was then Zr f Vvt wvhere Zr vas
the macroscopic fiasion cross ssction for the asesmbly and V
1s the volusn. 5 . was found to be 0.0907 crni'. V was found
tobe 2.93x 10" em,”, Men S VAt e 1.5 x 105 risstons,
Assuming that only the fission produet from the qu chain
escrnes ‘nta the atmdsphere, and that the flssion product
Yield e 1. €7 nmer rent, then the total numder of Rr‘w atoms
areated var Br "0 o (9.0357)(1.5 x 101%) 2 5.8 x 1017 atoms,
The 233 fission product chain is

37

AL} Kr 37 min. t
Br, >0 . (15.5 uc.)/( ) ( n.) + meutron

total :
° N\ (968)KF (2.8 mr)—Rd D (17.8 atn.)
........51-88( stahble)

where the timeas are the half-iives of these fasotopes,

-7~



Then the amcunt 3f mBﬂ present at time t after shutéc

of the pile ws

88 e - » 9@‘! ‘ - - . t - ij ]

™he ashumPtion was mads that at time t.o.llth.nrsem
formed. This assumption will held for ssicuiating the amsunt

, 38
of Rb sinoe ’Tm‘gg» t.
t (mioutes) Rh _Atams
D - = =~ =~ v = = o = o =« = o = = 0.0
0 - e e 2.0 x 10°?
6O - = o memmmmm e - 1.1 x 10%?
120 = = = = = = == % == - - 1.9 x 10l
WA - - - - - e e .o .- 3.2 x 10°

Then asstming 3.74 of the resstor roox stmoesphere vas sampled
in & verind -7 ten minutes 508 hour after shutdown and that

the filter paper colleocts 30% of the Rbsa atoms Dessing

through it, then the mumher of Rbaa atoms on the filter paper

' TO 89
J6O (.087) (.30) “..?;_L?). at 3 1,h2 x 10“‘ ataome of Rb%

Assuming the Geiger-Miller counter sees 30% eof the disinte-

grations on the filter peper, the scount rate per minute wvas

(.30) (1.02 x 1011) (1- @ %} £ 1.6 x 10” gounts, / min.

~-27-



The actual ecoun rete ohserved with a Ooﬂ.pr-!ﬁhler

counter was approximately 1 x 10° counts/ninute. Tt was a4

7 x 109
As atmed thet x 10 s N9 of the Meaion Drofuet mRned

. )
1.F x {0

vere escanine, Assuming the assemblr to he mmde up of M-inch
x B-inch x ¥-fuch bloeks, the total wolume was 24 x 2% x 21 T
17299 inehes- and the total surface area waz (270)(96) -

25920 mcbn?. Then all the geses were esocaping from a depth
or (17290)(.2015) N
25920

+0°3 1noches into the material. This does

not ;um 35 unreascnable for this tightly bound pareffin
materigl.
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f TALS (2)

MATERIALS IN BCPPER REGION

Katerial weight 18 K8
23R AR AT Because cf she lack of the
S-S 17.a0 boro:a aardide imprsgnated
Paraffin oo iywthylens some 6OpPPSY
r_% 1n2.60
PR had t> be used in polieom-
Y [4
S-S 208 6K ing down the buffer regton.
Solyethvienw Tc avold sny pcasibie
Y ' 1,22
2 somplicortions the croper
2ol son vas Dltced toward the out-
(1) Borsted
polyethylens 3.36 siGe and the boroum
{2} Copper 102.690 impregnated polyethylense

-

placed toward the oentral

region.



-8t~

TARIE (1)

EXPERINENTAL DATA AND VALURD OBTATWED

Types of lneident Plux ® m~ - ﬂt }\u»... Auc.. 2..:8 Amu B ma-/‘p\cu k'

o
o
-6 S N 1 -%/an,
Thermal loading 1.126 1 5.60 1.2120
Intermediste lLoading 1.00 1 .27 1,117
Fast Loeading 1.196 1 5.94 1.7192?

ntererdiste Losding

with addition of

%O%) e of M on

froat ®ace 1.20" 1 6.0 1.712%

Tntemediate 1nading

vith adiition of

59%0 gm of M on fromt

fooe plus 19.3 gu poisom

on 108ide of rectangular

tade at test ocell 1.384 1 6.68 1.2126

(Continned on page 33)




-g“-

TARIR (3) (contimued)
Type of Incideat Plux ¢ Qw -ﬂ- ‘t:u! Aa .\ow / ﬂﬂ * O w\.-» wd+
- 7 son
¢, e, i, P, . € o \n(ao
nteresdiate loading
vith potsan placed
an outside of test
sample inetead of
arownd the iafividami
bloois. 1.506 1 32.51 1.210%

*"These deaeriptions of the insident flax are snly relative to cae smother,
*5The actusl experiwental values of \u\“ / \~\¢o were aot exaetly wmity;
moutal

however, they are wmisy within the expemt

¥ *hese values hawe not deen ecorree
addition nor for the Vigmer-Vilwme spee

orTor.

ted for the increese dw to polyethylems
trem techntgue.
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