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Measured neutron beam line shielding effectiveness
of several iron/polyethylene configurations

G. L. Legate
LOSAlamosNcuuon ScaucringCenter
Los Alamos, New Mexico 87545 USA

M. L. Howe and R. L. Mundis
Los Alamos Accelerator Health ProtectionGroup
Los Alarnos,New Mexico87545 USA

ABSTRACT: Neutron and gamma-ray Icakagc mcasurcmcntswere taken at
various stages of shield construction for neutron flight path 5 (the Lash-up
flight path) at LANSCE, to compare the rcla(ivc cffcctivcness of several
configurations. Dose cquivalcm rates were dc!crmincd for three catcgorics:
“low-energy neutrons”, below 20 McV; “high-energy neutrons”, above
20 MeV; and gamma rays, asmcmurcd by hand-held survey instruments. The
low-energy neutrons were measured by activation of an iridium foil in a
paraffin-filled cadmium cannistcr, sized to be generally insensitive above
20 JMeV. High-energy neutrons were measured by (n,2n) production of
Carbon 11 in a plastic scintillator with a 20-McV threshold. Thermal
neutronswere not measuredat the shicid-leakagetest points. Room-scattered
neuwonswere observedby Albatross IV detector readings, which were taken
beside the shield as a measureof variation of room background as the shield
COldigUI’atiOll changed.

A sketch of the final shield cross section is shown in Figure 1, For these tests, the
walls were Complcd asshown,and the top was added in stages, Measurementswere
taken directly above the beam pipe at two and four feet from the LANSCE bulk
shield. The four-foot data is more. rcprcscntativc of shielding a beam pipe with
neutron collimators, as opposedto dtim taken ncurcrthe inc~lcicnt interftw between
the flight path sh,icldand the bulk shield, Wc think thirta strongcomponcn(of high-
cncrgy ncutmns impinges on the beam pirthcollimtitors and nearby shielding because
of kickof adequate higli-energy co!liit}ation within the bulk shield. Thus, lhc source
is strcngthcrmdby sptilli~liot~‘wd cvupr)rationspcdru within the flight-path shield,

Ilc (W tabulated in T:II)Ic 1 tire gcncrally self ~xpliu~atory, “P” refers to commercial
high-dcnsily polycll)ylcnc, typicwlly of specific grirvily (),94, “ill}” refers to
fiVC-Wt.-pCrCCIll h)rilk’d lh)lycthykJl\Cof gcllc’ric CollllllCWiil! VilriCtiCS, olic impor’Wlt

indication of these (Iiltii h h: utihly of c(ficil’tu Iiiti]it)il(iot] M rcltitivc thickncs,scs
{}f shield lllil[WiLllS,



Although the data rcprescnl a small and perhaps specialimd sample, onc inlcrcsting
finding is that the “plain” polycthylcnc rcduccs the neutron and 10MI doses (in spite
of the 2.2 McV gammas) more than the boratcd polycthylcnc. This effect is not
unexpected for shields of this thickness, where a xrong high-energy componcm
occurs in the source; addition of the boron compounds displaces -25% of the
hydrogen in the polycthylcnc. The resulting effect is strongly source-dependent and
may also be quite geometry-dcpcndcn~ con:idcnng nctttron buildup and rcfhxtion
from opposite wa!ls within the shie4dcd cavity. Gary Russell has performed Icakagc
calculations for a large number of shield configurations, reported clscwhcrc, which
show the interplay of theseeffects
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Table I

FLKHT PATH FIVE SHIELD TEST RESULTS, (XXXIER 25-31,1987

mrcdrr

SHI.EK3 2FT 4m SIDE
CONFIGURATK)N
INCHES lDl HEN G ~AI tIN HEN G ~AL ~~

6F13 1540 32 160 1730 1000 36 I 04 1140 23
6Fe,4BP 35s 36 40 425 lt6 27 14 157 6.1
12FE 1340 14 40 1400 787 10 25 822 20
12Fe,12BP 10 U 4 2? 8 4 2 14 6.1
12Fc,2P,6Fc,4P 2.6 3.6 2.1 8.3 ,9 1.2 1.1 3.2 0
12Fc,2P,6Fe 53 5.4 3.6 61 28 2 1,6 32 0.4
12Fc,2P,6Fc,4BP 4.7 3.4 1.6 9.7 3.2 108 0.6 5.6 1.4
Shutters Closed 0.6 6 0.4 7 0,6 6.4 0.4 7.4 3

Background

HEN = High+ nergyncutrnns, >20 McV, mcawred by carbon scintillalor activation, using
flus.to-doss rate conversion faclor (5 n hr/nirmr cm 2 s)

LEN = Low.energy ncutr[ms, c 20 MeV, measured h modcr~kxf indiurn foil activation, using
Jflux -lo-chc rsuc ctmvcrsitm (actor (7 n hr/mrcm cm s)
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Flight pmh 5 shielding crosssection schematic diagram.


