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<ABSTRACT
Local noutron apce@ & inolde human phantoms exposed 25 te 200 m

from a bare puleed roactor have been mobsured by use of nuclear track

emulsion, Undor the conditions of open tsrrain, flat for st leact 800 m in

all directions, and of a bare rcacter located 2 m above the ground, it waq
iaum ’&hat {e) the mxgwamg neutron enargy spectrum above 500 kheV doca iw?; :

change with depth in o uman phantom, aad (b)to & distance of ot least 200

N - m aleng the Jwgmu&d interface, the e.xpmamg Boutron amergy e,pecemm

above 500 keV closely resembles the emiscion épecééum of the noutron

goureca,

T Now at the Dep&ramem of Bﬁephyeics mdﬁ Va@l@ar Meéﬁcme. Universcity of

' Ca&ifmnﬁa. Lea Angeles,

Work dona un@er the auspices of the U, S, Atomic Energy Commissgion,
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INTRODUCTION “ |
- The local differential proton dose from fission neutrons, ao me&@ured
by uce of nuclear track emulsion inside human phaptoms 40 eo 200 m frem a
bare puleed reactor, % was recently repoxéod. {4) At thet time a method
based on ﬁxe digtritution of pro&oﬁo:e;:@il tracks was deccribed for obtaining
the local faot-noutron cnergy spectrum, Since then this method has hoen

demﬁoped more fully and applied to thc: meagurement of stray neutroa spectza

 inthe vicinity of thoa B@vatz‘on. (2.3) Racenﬁv some of the emulsiune ar'posed

ineide phameme to flopion neutrons were rescanned in order to vorify the

eariter conclusion that the local neutron apéééia were"remzkably similar,

SCANNING AND EMULSIONS | i

In orderx to tcat £or o frack-sampiing biazs, which could strongly lmﬂucnce '
the ﬁzeasummema, e@ch emulsion wae scaunced twice: once by the rau.adgm»
willr meothod, and once by m'toﬁa;l-velumé method (in whi;h every track within
a prechosen volume of emulsion {8 ccenned). When the track dictributions ob-
tained by these two methods were compared, no significant difforences were
found, Tho reported &iatriﬁuﬁioma ére composcd of the sum of the tracks
scarmed by each mat&ad;

Emulsions ot sis compﬁemiy different éxﬁmaure locations were gso scanned,
mms D-36, D-SZ and D~33 and D-40 had been exposed to a 5ing,2@ puleo

36

(1 28%10° £issiom;) at respoctively the front outside, center inside, and back

outoide of a water-filied phantom 25 m from &he reactor, Films D-44, D«25,

i6

and D-46 had been exposed to ai:s pulaee {9. 38X 407" ficoions) at rescpectively

8 The SPRF pulsed reactor facility at Sandis Base, Albuquarque. New Mexico,
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the contor inside and back outside of a phantom at 400 m, and the front imsin‘;a “
of @ phantom at 200 m, The track deonsitien in the emulsions, and other detoils
" of tha scanning and expoaum.' were rép@rteé eéﬂiéx; )
© RESULTS
The @xpeximemaﬁ track-length distributions {rom emulsions at six
cuposura locations, and the local faét-neu&raé cmrz'g';y spectra derived from

thom, are presented ia Figs, 1«6, In gemeral, the epectra follow closely the
5 ,

" . >
pars © 33 fission spoctrum oxcept that thoy have a kigher percentage of low~

energy neutrons., Such a modified emission cpectzrum has been predicted for

{4)

There io no oimple analytical method for evalusting the local uncer -

reactors of the typs vsed in this cuperiment,

mﬁnéy in the neutron emergy opectza. In thic work, the derived spectrs were
exnected to be smooth and continuous, however, and to reflect local trenda

in the yromn-mcmﬁ distributicno rather tmﬁrm&ﬁm variations betweon ad-
jae:_:em pointo, On this basis the uncertainty in the neutron a@ectra ic cotimated

to oqual roughly the wie‘i& of tha heavy lines in the figures.,

DISCUSSION
 Conoidering the diﬁzx;eranc@s in the czposure location of the emulcions,
the apectra are remarkably ﬁsimimx'. Thére was no appreciable hardening of
- the exposing epectrum with depth in the phantoms or with distance %o 200 m.
The only kint of & change in the exposing spectrum wao found in the emulsion
{D-25) at the back of the phmmm at 400 m. This egmc&rum' had me;'a 0.5-to
2-}aV neutrons and fower 3- to 6-MeV noutrons than the others, whick in-

dicotes a gsoftening in the spectrum of the noutrong scattered from the oir and

ground into the back surisce of the ghantom,
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It ehould be emphasiced that these moasurements apply to the opecial

conditions of open terraln, flat for at lénst 800 m in all directione, and to

& bove reactor sitvated 2 m abuve tho ground, The prcaém;e of structures
oz mﬁé. or clevation of the rezctor, rasy appreciably change ﬁhg. n"scasuresl

local gpectra, Decause the 'mewuraﬁzeats do not extend reliably to protons

é;:m: cmkm’ beiow 500 keV, they provide no information about the Sistribution

of neutrons below thic exergy. ’
| However, the following conclusions magy be otated: |

{a} ths exposing fcsion-neutron ég:»ecﬁmm: above 800 keV does not change
with depth in o hurnan phantom, and

(b} to a distance of at least 200 m zlong a flat sir-ground interface, the

@xpcéing fisolon-newtzron apectrum above 500 keV closely resembles the

emlesisn ppectrm of the neutron source,

Ham S
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FIGURE CAPTIONS

Fig. 4. The track-longth energy distribution iﬁ film D-36 and the local
aéutrcm spectrum darived from i, basced en 4887 measured ﬁracks‘.

A, peak from nuclear n, P pro&c'ms; B, corrected recoll proton-receoil
amd peutron apecéra; C, neutron spectrum; D, E, pure 0235 proton- |
raecoil and neutron spectra; o, measured points of the proton track |
spoctrum; A, points corrected for moasguring bias against shoxt
tracks. Tbebverticm (uncertainty) bare sbout some of the ;;eix‘xm“
amount to ﬁN‘i/Z ¥, where N ig the number of tracks of ;his enargy
end Y is the ordinate value of the point, ”

Fig, 2. Tiw track-length energy distribution in {ilms D-32 and D-33 andlv
the lgcal neutron epectrum derived frem it, based on 950 tracke, &?“or
symbols sec Fig. 1} o o

Fig. 3. The track«length Qhergy distribution in {film, D-40 and the local
neutron spoctrum d@rived from it, based on £716 tracks. (For symboln |
seo Eﬁg. 1) | L v ‘

| Fig, 4, The track-length encrgy distribution in ﬁhﬁ D-44 and the local
n@utron'sp@c%x'm derived fz‘é’m it, bazﬁﬁd on 4938 tracks. (For azvmbola”
see Fig, 1) o )

Fig. 5. The &wack«lehg&h energy distribution in film D-is and the local
neutron apecerm& derived from it, based on 4743 tracks, (For aymbald
ocoe Fig., 4} | ' |

Bg. 6. The tréck-lexxgth energy distribution in ﬁlén D-46 and the local
noutron epectrum derived from it, ‘baaed on,A 1876 tracks, (For symbols

ses Fig, 4}
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