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Thae incresscd Interost in nossible uses for "nackage®

and moblle nuelear power reachtors adds irpelns to the search
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for raterials end combirations of naterials that wvill provide
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relaobively lighteweight and compact radiztion shielding.

UDackaget recctors that can be shipped great distences,

grected and nlaced inte ooneration in a short nericd of tine

will recuire shielding materials that are easlly transnorted

and con be guickly nut to use, These regulrements suigest

T
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the use of light-welsht neubron noderators and ochoorbers in

eonjunction with & gowmne shield of dense materisl., Liszht

ghiclding from noutronsg and gonme rays 1 nocessary in
recctor onerations, Ia handling of Tiesion wroducts and
rodioliootopes and in mony rescarch oncratioms., The inverss
sgunre low is awnliceble o situations where the sourece of

»adintion ig o polnt souwree sad the surromnding nediuws 1s

k

air or voemr, Shiclding material con be scved by merely

{2

Liniting the dlstauce ol closest annroach to the sovrce,
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for thwe obhsorption and scatiering crogs secihiong are

Py

denendent upon and usunlly vary vith the neubtron snorzies,
“he relative blolopical effectivencss of fast neutrons
ig several tings higher theon that of siow or thernnl neubrons
80 thic naln nrobleom in neutron shieliding is to reduce the
enorgy of fast noutrons withoubt causing secondary reactions
o bale nlace,., Yater iz a pood material for neutron
shielding becouas the hydrozen nuclei heve hilgh ¥slowing

dowm power,” but it is not nractical for oll noutron
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etlon of gonia reys depenas on the shielding
paterial and on tho energy of the incilont revs. o gingle
Pforpula can bo obtained to deseribe the obsorntion of pomma

- =

ays. The throe nechanigns by which gama rave are abgsorhed
are the npholboelectrlie effect, the Complon effect and the
nair-produetion nrocess.

Tie phwobtoclectric effect is rost important for ganma

il

roys with oncrzies below 0.5 llev and for absorbers of high
atonie welsht., In this elfect a photon trrasfers its total

in an outer shell of the stonm. The
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Ionization produced by puotoclscitrons accouwnts lorpely for
Tect of low-encrgy shotons.

The Commton effect ls most importont for obsorbers of
Loy abtonic welzsht and is the nredoninant =rocsss gven in

heavy clcoients waen thc energy of the radiction is betuveon
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nhoton transfops

0 an eleetron, wileh may be bound oy

cdegradet in enerry and 1g deflected
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ot negative eleetrons, Whis hole wovld
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copbination of moteriels and geonctry behaves differentlyw
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o7 naliing

and, as yet, simnle enginecring fommles
predictions are annarently rot aveilable.
Tonzon (2) and Meld (1) studied the effoects of
inecreased homogenelty upon shiclding effectiveness by
arying the mizber of laminotions of ghielding moterinls

and the concentration of different shieldinag sclublons,
fensonts results indilecabed on inerease in the effectiveoness
of havc laouinatod shields, but no incrcase in effoctiveness

wvas evident when the shield was sheathed with cadoiy and
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Tin, leld used the souwe shislding tan's
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th cadmion
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ond paraffin shenth that wwms used here, lis resulis

ghowred a general increace in shielding effectiveness as the

M

manber of lasdnations was Inecressad.
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Sand-boron<carbon mixtures were studied here to
Ceternine thelr offactiveness os neutron moderntors and
absorbers for usce in o radiation shield., Dyy sand vossesses

some adventages as 2 silelding material in locotions subject
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to thermal chonces ond vibrotion., Tnstead of
lerge eracks and volds as concreve would under such
conditiong, dry sand tonds to £ill the major cracks and

14

volds, Clean, high~silica sand kes 2 high perceatage of

oxyoen axd il a geood neutron noderator, Carbon is o
comnonly-used neutron woderator and horoa is & zood
ahsorver of thernal and lov-gnersy neubrons,

The stndy of the ehilelding effectivencgs of these
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rdmbures eongiats of two moain narts. The first 1z the
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shiclding eife trical arrongenents

¢ the paterlals, including unilorn mixzburces. The soecond

g the effect of cherzes in concentrations of the mzterials
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upon their effectivencss Top radintion shielding,















Figure 2. Apparatus.
A, Voltage Regulator
B. Scaler |
0. Reglster
D. MNeubtron Detector Shleld
E. Geiger-mﬁller Tube Box
F., BSource
G. Shilelding Tank
H. Stop Watch
I. Radlatlon Honltor
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Co ITTects of Cancenbtration of okeriols

Hwtures of cand and nowdered boric acld were nrenared
and counted for borie acid concentrations of 1, 2,29, k4,
T.05, 8, 10 and 19,6 ner cant by weisht.

Jandmboric ascidegroniite piztures consisted of varying
concentrations of graphite and saad, Tho borie peld
concentration wos naintained at 2.0 ner cent, “he diffcerent
grophite concenbrations usad were 9,374 13.2 and 20 ser cent,

The gheet iron insert was renoved from the Usnli when
thege variong nixztures wero used,.

R

7o deternine wheth

Comnarisons

cr the hydrogen ln the hovie acid

uas seatbering the slow nowtrons or sfwther the horon was
absorbing then cpproximecely equol welgihs of hydrogon
centained in boric acid and distilled walor weyre comnared.
Aodxture of 2,45 1b of water and 10.2 1b of sond was
placed In the ingert abt position 5. The ol contolined
52.2 1 of sond.

The shilelding tank wos fiiled with Y8,3 1bh of dlstillesd
wnier o obhltoln neutron counts for compoarison of woter with
the sand, boric acid and graphite nizmtures,
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Sasition | Counting T
ATV anrmce of Tine Soumts Counting
mant Inscrt {Itinutes) Rote

A 1 1 2191k o101 * oy
I . 1 20132 2013 15
A 9 1 21853 2186 £ 15
X - 1 22051 o0y 15
A 5 1 21697 o170 £ 15
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o 3 o002 500 * 9
3 & L% 210 + 5
B 5 7R YhH £ ¢
* 1 5 12793 2551 % ap
C 2 ) 12057 2573 + 22
C § 5 12600 D590+ 0D
C ; 5 12460 ohon * oo
G 5 9 12477 ko5t op

Garma 3 1 20812 26012 T 16k
Table 8
Send and Cranhibte {(7ith Sheoth)
Josition
of Slow Heubtron Foet hentron Gorwso
Insert Comnting fate Comnting Note Counting HNatbe
i 1390 + 18 2551 * o2
2 1bhok = 18 2573 * 22 )
3 1366 * 18 gho2 * oo 26012 T 1ok
G 1386 = 10 2oz t 22
5 1305 =18 2k X 22

!



Sand ond Crovhite (Mlthout Sheath)
Pogition Cournting
L aTIT Qe of g c ta Countine
Lreansoe of Tine ot rounting
nany Ingers (iinutes) ate

A 1 5 16455 3297 * 26
A e, £ 15206 32kl * 25
A 3 5 1830 3061 * 29
A i & 15545 3190 * o
A 5 5 15337 67 2%
0 1 10 G2L0 aob * 8
3 o 10 a4 Alid X &
2l 3 10 ety o8 8
3 I8 10 5000 gro * 0
B g 10 313 831 X85
a 1 e 11328 o066 =
G b 5 110207 oohyy * o9
¢ E g 11L05 ooli * o1
o 5 11333 oaG7 21,
¢ 5 5 11053 oR0S £ o7
Garma 3 1 gl ovnol ¥ 16k
Yable 10
Sond and Gronhlte (fithout Shenth)
Tosition '
of Slow :;‘outro'q Taot "eutron Gawmg
Insert Counting lete Covnting Tote Counting Nate
1 2673 £ 27 2255 X 21
2 2593 + 206 ookl + o1
? 2636 * 26 2201 + 21 srook * oaoh
s 2560 £ 20 oRG7 X o1
5 2536 * 285 2000 * 2
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as tho two noterials were unifornly nplxed ave shown in
Tables 16 and 17, Yhe geometry indicated as Wigparote! 1s
For 5.25 1h of horle acid in the insert at nosition 5. The
tont: econtained 4,5 1h of sand. The peonetey called "Hix
(Insert)" iz for the two matericis when they were uniformly
mized end were placed in both the teni: and inscrt with the
insert ot wosition Y. The geonetry called "llxture" is Tor
the twe matorizls when they woere unilfornly mixed with an
additionsl 3 1t of sand which replaccd the sieet iron

snsert. %his misture contalned 5,05 ver cont boric acld,

Table 1&

»

Counts for Cand-soric Acid Ceometries

C a—l-‘- EFTEEn
el J-(_,

Apransce- Geonebry Line Counvs Couwnting
nent (inntes) noke

A Separate ;30 15796 &7 E
A mix {(Snsert) H AZAISHS! 505 £ L
A Tmture L0 2476 G L

B Soeparate 30 1hL52 Lhéo £ Ly
o Ui (Tasert) 40 o8kl BLe * L
D Tdature ho 20032 551 * b
¢ Senorate 10 18662 1066 * 1k
C Miz (Insery) 10 21130 2113 * 13
o Tizture 10 20304 2000 * 3bk
Ganma Senaratoe 1 27212 oy2is * 168
Gorma tix (Insert 1 23058 23350 £ 15h
Gargia Dinture 1 2360k 25530 * 153




Counts for Sondelorice Acld Goomotrics

olow reutron fast Ueulbtron Cam“h_
teometry Counting Hale Cotmbting Tate Counting hate
Separate iy X4 1066 * 1k ayM2 * 155
mix (Insert 1o £ 5 213 s 23853 * 154
Vizbure 136 26 2000 * 1k 2GE2L T 153

Co nffacts of Concontration of i

The effects of varying the concentrations of sand ond
horlie acld nixtures are shown in Tables 18 and 10 and the
neltron covnba sre wlotied in Figure 1C,

The offectes of varying the concentrations of send,
boric acid ond grashilte pixbtures are shown in Yables 20 and
21 gnd the neubtron comwmts ave ploited in Flgure 11, e

poric scld concomtration was nointained ot 1 »er cont for
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e 19

Dorie ficid Hxturen

omic Aeid | Liov L.entron Pngt Lewtron {arme
For Cent Counting Nate Counting Tate Cowmtinr late
0 113 17 sl * 25 25505 2 02
1,0 317+ 5 chig G 22933 * 301
Pl 2085 = 8 pen0 15 3770 = l;“g%j
b0 155 2 5 2okl * 15 23920 * 15k
o 05 1328 2090 * 1h f‘f\)-’;:pﬁ = 153
540 109t L 1530 £ 14 2334 153
10,0 1ol £ L 1657 * 13 23353 * 1753
19.5 20 L 1271 29 25500 % Qp
Toble 20
e da o s Sieyae T eyend Lotd-Cronhite Lidxbinog
UO'..L".‘.{;..) PO RGeS0 0 O e .Lga_-l).l.l, O AT
Counting
Lrrange- Grophite wilme Counts Counting
nend Per Cent  (linutes) Rote
L O 60 HOHZE 1010 * L
A 5.37 50 AOORD oot b
A 1342 50 5790 055 * L
A 200 50 BICEe 965 * i
w3 I )_;_* £ 2 ey +
3 0 50 1572 093 * 3
B 5.37 50 LO176 870 * 3
I 13.2 &0 30500 ke %03
3 20.0 SO 30703 a5%2 % 3
¢ 0 10 241453 245 £ 15
G 5437 10 20207 2001 15
C 13,2 10 21102 21310 £ 15
C 20,0 ic 21500 o109 * 1%
Garna 0 1 22933 22033 +£ 151
Gornin D e 37 2 eplihH 2 221:;26 * 180
Gormo 13,2 2 L1 D3O £ 100
Jarraa 20,0 2 L6439 23220 * 100




Tabhle 21

Counts for Sand-Doric Aeld-Gianhite iztures

= - e P - e T s oy A e e oy
Graphite Siow fleutron Fagt Teoutron {ragmsa
: TR S P T o . . S - ")y vl
Poy Cant Counmting date coumting Hate Countling Rate

O 317 £ 5 2b1s X 16 22033 t 151
Je37 3 x5 cpol 215 22L26 * 105
13.2 3ok x5 2110 * 15 23740 * 109
20.0 303 £ 5 meo * 1y 23220 * 100










The neutron counts for 2,455 1b of water at nogition 5
are toebuliated in Table 22 and are commared in Yable 23 with

1b of boric acid pleced at nosition 5,

1121
4
o
=3
o
-
)
L

the countbsz

Teutyron Counts for YWater and Gond
Fositlon Counting
L ancGe of Time Counts Counting
10mh Tazors (" irmabes) Rate
A 15 Lohlo 2829 * 1L

L4508 1
10 o472 21k7

G
viout W\
)
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o
-+
i+
-‘d

i+
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h18

1

abla 23

D

Teutron Comnts for "ater o Doric Aeld

Slow Hontron Taot Nanbron
aterial Couvnting Hote Cooanting Qate
e . ‘ H
ater 13%5 * 14 ol X4
Noric Acid i ka 1566 + b

The aneubron ond gpomn eounts for the vants fuil of

distillod wabter are baluloted in Teble 2 and ave comnared

.

L 5§ L P 5 e Pl 3 [l
wlth othor oterisls in Uavle 24.
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Tahle P
Counte for Fgbilleld Uater
Cou?:ti:'zg o
Arrangc- Commts Counting
ment nate
. &0 52120 069 £k
B &0 7636 131 ¥ 1
G 60 14785 s X op
oz 3 135530 Lgei0 £ 123
Table 25
Comparison of Shielding ralterl
Shielding Slow Tioutron  Tagt fleutron Gammnn
Peberials Commtlng Nate Comilng Hate Counting Hate
'ty Tani: 3069 * 26 7602 * 28 175500
Sand 1433 * 11 oLl T 16 25585 * op
Sand=ii HER R
13,25 Gravhite 32 £ 9 2310 * 19 23740 £ 109
end-10.68 H3f0y, 00 = h 1271 £ 9 25500 £ 92
Uator 733 * L oo oo L5510 + 3123
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“he eounting retes showm in Teble 2 help To explain
$ho reason for nsine 1% in, of poraffin ingtoad of 3 in.
Lo dnevesse the fost nomteon cownts, The slow and fast
neutron eounts were both increased an anvrecioble anount
by using helf the thielmess of paraffin and by moving Ithne
neutron detector 1 in. nearer the source.

The cadmiun and poraffin sheath effectively stonmed
the stray slovw ncubrons whileh would have otherwise been
saattered into the shieldlng tamz. Neductionsz in thoe slow
noutron cormis are indlcated by the curves in Fipores 7, §
and 9 iwhen the shielding tank wns shenthed., The fast
aentron counts were higher vhen the shiclding tank wes
sheathcd, ‘"he hisher fost neubron counts wlth the sheath
vere probably csused by the reflectlon of high-cnersy
nenthrons from the souree which were scatiered bacl inte The
tanls by the paraffin sheatha

Colculations based on the mumber of atons of the

L] »

sad in she insert indicate that the graphite






To gvalunie. Tho gamns
coutint increascd vihwen tho sheet lren insert was ronoved
hacanse the iren wos a good atiemustor of goima ravs.

Tho curves in Tloure 10 show that the siow neutron cownt

I

very 1itile by Ilncreasing the concentretion of

o

voe reduco

\51

poric acid beyond 2 ox 3 per cani, The Tast neutron covni,

¥

howvever, decreosed steadily withy dinerensed concentrations of
y

boric ecid, The sandweboric aeld mixbtures started Lo =aclk and

1,

toricstics ot o concenbrabion o

=y

LS B8 L] - 5] . -
lost their dry sand charsce

The send-boric geld-granhite niiziures showm by the

-

curves in Figure 11 indicote less thon 9 ner cent inercase

Kl

in effeciivcaeas vhon the concentration of gravhite wns

choractorigtics at grapulte concentvrations of bo

The mesults of She water substitutlon for horic ecid

on o basis of equel welghts of hydrosen at insert nositlon §
oetive in reducing
the newiron coimnts,
hien the shielding btonl: was £illod with water only the
results were sowevhet diffeoront asz Table PS5 ghows. Yabow

was defiultely the most effective shield of the moterials

and nixtures nsed heve Tor veducine the fost nouiron count,
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Tts slow neubtron and gamma ecounts were twice ag hipgh 25
those for the mixtures which contained 1 per cent boric

acld,
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el potivennss of the mizturos and naterial arrensements

noed hore for shadow! rediatlon shilelding:
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A6 per cent concentration of boric acid nowder
18 more cifective Lor noutron shielding vhen 1T 1s
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rorthest from the radlotion
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gond and distributed throuchoult thae shigsld,
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7 the gsond concentration
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doan 0oL increase the effectivencss of the shicld

neonhration of 19.4 por coent reduces thoe fost
nentyon count te abhouh one~hsli the count Lov sand
alone, The nivturs reduces the slov neulron count
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+o ohout one-sevonteenith the commt Jor sand and it

worse scld miviturces are less effectlive than
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