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Inflnlte Slab-Shield Dose Calculations

G. J. RusJtll

~s Alamos Neuuon Scauering Center
Los Alamos, New Mexico 87545 U,S.A.

ABSTRACT: I calculated nemron and gamma-ray quivalent doses leaking
tirough a varic~ of infmilc (larninmc) slab-shields. In W shield computal.ions,
1 ustd, as the incident neutron spxmm, tie leakage specnm (c 20 McV)
calculated for the LA.NSCE tungsten production target at 90°10 W target axis.
The shield tiicknus was fixed al 60 cm, The results of lhc shield calculations
show a minimum in he total leakage quivalcm dose if the shield is 4045 cm
of iron followed by 20-15 cm of berated (5%B) polyethylene.
lfigh.pcr~ormancc shields can be atlaincd by using multiple Iamin.miens.
‘fhccakulaud~ allhcshicld surf~e is very ckpcnckntonshi.cld rnalcriai,

Introduction

I performed a seriesof equivalent dose calculations fof a varicly of shield laminates
bombarded by a ncuuon sfwuum charaaeriw.ic of !hc LANCE tungstenfmducticm
Iargcl. TIM computations were done using the La Alarnos Mome Carlo code
MCN@’l. I chose infinite slab genrnewy (~ Fig, 1) to simplify problem exm,mion
and dcvelq a “/=1” f~ h issuesinvolved, The incickru qmmum was WI cakr,dmed
Icaking &bw 20 MeV from the LANSCE Io-cmdiam u,mgsun mrgel M 90”10 !hc
mrge! a.xis[2’(.w Fig, 2), A @nl sotwe of mcmodira lional ncumms was assumed
incident normal to h inner shield surface. 1 calculamd neuuon and gamma-ray
surface-fluxes al the ~itc (OUW) shield surfaceand convened to cquivalcm dow
using the flux-to-dose conversion factors in Ref 2, I ah Icmkcdat albcdo neutrons
mndIc&agc gamma rays al dK inrer shkld surkc,

I mvcstigaud a variety of shield materials, The overall shield thickness wu fixed at
64)cm (a typical shield+iut aI LANSCE). The intent of Ws study was 10analyze the
Scnsmvlly of dtc doac al ItM ouler shield surface to variations in shield laminate
composition, The primary motivation fof he work wu to recommend a shield
configuration fm W LANSCE FP-5 shield,(])



radiations can affect neutron insr.rumerubackWounds: outer-surface mdiations may
Conrnbu[c10 insuumem backgrounds,bul are defini~ly a biologic~ dose concern.

Results

A summary of W shields studkd are given in Tables 1 and 11.The “conventional”
medmd of constructing neutron bcarn line shielding at spa!lation wmrces is [o iiave
an inner iron mne followed by a boratcdou[er region of wax a polyethylene.[d] We
mocked up this conventional shield and varied l.hciron thickness from O cm (an all
~lyetiylcne shield) to 60 cm (an all iron shield), The rcsulrs are shown in Fig. 3.
There is a minimum in the lotal squiva.lentdose curve fo7 a laminate shield of 4045
cm of iron followed by 20-15 cm of polyethylene (5% B), I also studied other shield
laminates. The results for two of these laminates arc also shown in Fig. 3;
significant gains can be achieved by multiple (> 2) laminations. No
attempt was made to find the “optium” laminate,

In Fig. 4, I show he neutron and gamma-ray equivalent dose COITIP04WILC for Lhe
conventional shield corrhgurtion as a function of iron thickness. The ncurrortand
gamma-ray dose components arc qua] at -40 cm of iron, Except for [he iron
tiickncss range of =35-50 cm, the LOLSIdose is dominated by me neutron dose. In
r.hcregion of iron thickness where the gamma-ray dose comptent is significant,
multipk laminaus can h usc to rcducc k gamma-ray doseeornponcnt(we Table I).
For tic all-iron shield, the total &se is nearly emiscly due to ncutsons;presumably,
“windows” in the iron crossWh are Implant m lhis conWxL

In Tabk 1,you w w k dramtie incrca.scin dose fcx W@dyethykne and regular
conercle shieldseomparcd to an iron/polyethyknc sheld. l%crc may bc wrnc benefit
in sublaminaticm of M outer @yet.hykne zone, This is particularly tsue if
mmlmlzing ncut,rundose is mcucunprtant than krcasing gamma-ray dose,

Note m Table 11that regular @yc~ykne al the outer surfaceof n conven’kmal shield
w more effectwc (by =22%) than bmtcd fmlyethykne m reducing ncutsondoseal the
owcr sfucld surke. HoweveJ, W gamma-ray ~ and eseapmg gamma-ray energy
arc h@cr for rq’dar @ydlyhKW

Conclualon9

In general, gammway quivalertt dose is not eaplicit.ly considered in the contea[ of
ncuwon beam line shielding at @lalion ncut,ron sources,[’l If U bnpor~nt /o
contemplate the total (neufron plus gamma ray) fiquivalent dos, in
nwtron b~am lint shhfd d#sign. For a conventional shield Iaminatc of iron
followed by bormcd (5%) polyelhylcnc, 1 have shown thm the minimum total
equivalent dose is achieved wlwn the lamination is 40-45 cm 0[ iron followed by
20-15 cm O( polycdlylcnc, This IS for an ove.mll shield thickness of 60 cm, and for

i



an incidcn! ncuwon s~cr,r-~m (< 20 McV) characteristic of tie LANSCE lungsten

production rargel at 90°10 Lhe larget axis.

[ have shown tiat multiple laminates significantly improve shield performance,
producing high-performance shields. No attempt was made m find the
“optimum” lamina~. The cakulalions indicale hi (for dose considerations at dw
outer shield surface) caution should lx exercised in using regular concrete and lead in
neuuon beam line shield applications.

No attention was explicitly given here to Lhe importance of albcdo neutrons and
gamma-rays al the inner shield surface. These Iauer mdiations are important in
neuuon beam line shield design bmause lhey can affect insuumerrtlxxkgmunds. For
infinite slab-geaneuy, Lhemagnitude of d’iescaltrcdo neurons can be significant,
For example, calculaud ncuuon alMo cu.rrenrsat the inner shield surface aseabut
0.18,0.56,0,78, and 0.91 n/n for tit polyelhykne, regular concrae, iron, and led
shields,respectively,

For thicker shields, multiple Iaminat.km should provide high-performance shields.
This work is essentially a “progres? report” of what has been done m dale,
Considcrabk work needs to be done m explain all k effecls found. I am studying
shield Iaminales in spherical geometry for neutronbeam line, c-, and beam sw
applications. In lhese deliberations, altrcdo neur.ronscan sigrrificanl.ly affect total
equivalent doses at the outer shield surface. For a fixed shield thickness,
improvements in shield performance by factors of two or more (vis-avis
high-perfmnamx shields)can have si~nifscanteconomiccomsequenca.

We have evidence tia[ shield ~rfonnmce is quite sensitive m W incident neuison
spa.rum; here appears u) lx signifham shield perfot’maru enhanccmems for wfter
incidentneuuon ~tm
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Figure Captions

Flu. 1. [nfinite slab-shield mockup showing conventional and
high.pfofmance shieldccmfigurat.ions.

Fig. 2. Calculmed neutron leakage (aI 90”) from UK 10-cm-diam LANSCE
tungsten production target Imnbarckd by IW-MCV protons. The
ncuuon spccoum below 20 MeV was mud in the shield stuck.

Fig. 3, Calculaud total equivaknt dtM ram at the ouw surfaceof infinite
slabshkld l~inatcs. The cunm is drawn as a guide-tcAe+ye.

Fig. 4. Cakulatrd neutronand gamma-ray cquivakm d- rate canponents
at tlw outer surf= of infimtc slabshicld laminates. The curves arc
drawn asgukks-ldw-cye.



Table 1. Calcuhe.d Dosesal he CMer Shield Surfxe I
I Neuwon Gamma-Ray ToM

Dose fMe Dose I

(Reference) FeKH2(R)/TeKH2( 5%)/CH2(R)/CH2(5%) 6.49E-05 2.69E-05 9.18E-05
301511512 .51512.5 cm
% of ToId 70,7 29.3

Fe/CH2(R)/Fe/CH2( R)/PMCH2(7%) 8.31 E.05 1.08E-05 9.39E.05

30/511 5/5/2 .512.5 cm
% of Total 88,5 11.5

FeKH2(R)/Fe/CH2( 5%) 7.49E-05 2.33E.05 9,82E-05

30/5/1 5/10 cm
% of Toml 76,3 23,7

FeKH2(R)/-Fe/cH2(R) 6.09E-05 4.80E-05 i.09E-04

30/5/15/10 cm
% of Toml 55.9 44,1

FcKH2(5%)/Fe/CH2(5%) i.44E.04 1.22E-05 1.56E-04

I 5/15t20/10 cm
% of Toml 92.2 7,8
FdCH2(5%) 8.12E-05 8.88E-05 1.70E-04
4ot20 cm

% of Tom 47.8 52.2

FKH2(5%) 8.27E-05 1.08E-04 1.91 E-04
45/15 cm

% of TOIAI 43.4 36.6

F4H2(S’%) 1.63E-04 7.90E.OS 2.42E.04

30/30 cm
% of ToM 67.3 32.7

FeKH2(5%) 1.51 E-04 1.25E-04 2.76E-04

50/10 cm
% of Tomf 54.9 45. I

FdCH2(5%) 3.57E-04 8.80E-05 4,45E-04

+ 80’2 ’98 702E-”

5.87E-04 1,14E-04

5;/5 cm
% of Told 83.6 16.4

FdCH2(5%) 7.50E-04 I,41E.04 8.91E.04

1 I 0130 cm
% of Tom.1 84,2 i51a

1.67Ed3 I,19E.04 1.79E-oJ
I 60 cm

% of TotAI 9393 6.7
Regulu Concrete 5,05E.03 2.28E-04 5.28E-03”
60 cm
‘% of ToM 99.7 4,3

Fe 6.08E-03 I,12E.05 6,10E.03

I 60 cm I



]Table 11. Calculated Relative Shield Performance I

I Neuron Gamma-Ray TokII i
Shield Configuration Dose Dose Dose
[Reference) FcKH2(R)fieKH2{ 5%)/CH2(R)/CH2(5%) 1.00 1.00 I .00

30/5/ 1512.515/2.5 cm

Fe/CH2(R)~e/CH2( R)/PbKH2(7%) 1.28 0.40 1.02
301511 5/512,5/2.5 cm

Y
FeKH2(R)/F+CH2(5%) 1.15 0.87 I .07
30/5/15/10 cm

Fel’CH2(RmeKH2(R) 0.94 1.78 1.19

30/5/15/10 cm

FeKH2(5%)/Fe/CH2(5%) 2.21 0.45 1.70

15/15/20/10 cm

Fe/Ch2(5~) 1.25 3.30 1.85

40~0 cm

Fe/CH2(5%) 1.27 4.01 2.07
45/15 cm

FdCH2(5%) 2.51 2,94 2.63
30/30 cm

Fc4CH2(5%) 2.33 4.63 3.01
50?10 cm

FdCH2(5%) 5.50 3.27 4.84

20/40 cm

PWCH2(5%) 9.04 4,26 7.64

45/15 cm

Fe/CH2(5%) 10,9 5,14 9.18
55/5 cm

FdcH2@%) 11,6 5.24 9.70

I 0/50 cm

CH2(5%) 25.7 4.43 19.5

I 60 cm I

;

Regular Concrele 77,9 8.47 57.5
60 cm

Fo 93.7 ().42 66,4
60 cm
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