‘LA-UR -83-3593

@@U/:—E(L/OQOQ -7

Los Alemos National Laborsiory Is operated by the University of California for the Unhed States Department of Energy unger contract W-7408-ENG.34

LA-UR--83-3593

DE84 004317

AT
TITLE: NEUTRON DOSIMETRY OF THE LITTLE BOY DEVICL | E‘g%%!ii;ii%
[l

TH i%iii

AUTHOR(S): R. A. Pedercon and E. A. Plassmann iiilgg %Ea

. . A, ;Egiiliq i

H i%“til

ﬂ ﬂ%:

g i

17th Midyear Topical Meeting E
g

DISTRIDUTION OF YIS ONRHMINT IS LHLIMITED

a5
By sccepiance of this article, the pubilaher tecognizes thal ina U8, Governmant retalne & nonexciusive, royaltyires ioenss 1o publish or rproduce
the published form of this econtributinn, of 10 aliow others to do 8o, for U.8. Government purposes.

The Los Alames National Laboratory tequests that ine publisher identily this article as work parformed under the auspices of the U.§. Depann eni of Energy.

L@g AH@W@@S Los Alamos National Laboratory

Los Alamos,INew Mexico 87545

FOAM NO 038 A4
8T. N0 M0 b/0)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NEUTRON DOSIMETRY OF THE LITTLE BOY DEVICE

R. A. Pederson and E. A. Plassmann
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Neutron dose rates at several angular locations and at
distances out to 0.5 mile have been measured during criti-

cal operation of the Little Boy replica.

We used modifies

remmeters and thermoluminescent dosimetry techniques for

the measurements.

The present status of our analysis is

presented including est'mates of the neutron-dose-relaxa-
tion length in air and the variation of the neutron-to-
gamma-ray dose ratio with distance from the replica.
These results are preliminary and are subject to detector

calibration refinements.

INTRODUCTION

Los Alamos National Laboratory,
at the request of the Department of
Energy, assembled a replica of the
~ Hiroshima Little Boy device. This
system was made available for the ex-
press purposes of (a) determining
critical separation of fuel parts for
yield calculations and (b) measuring
radiatinn leakage. This report pre-
sents data concerning the neutron dose
measured during operation of the Lit-
tle Boy critical assembly at its out-
door location.

The results should be interpreted
with several reservations. We believe
the data presented are representative
nf the doses as measured under the ex-
fsting experimental conditions. Our
reservations pertain to scaling to de-

vice yield and to the influence of
barometric pressure, humidity, and
terrain corrections. '

THE ASSEMBLY

The Little Boy replica (Ma1enf§gt
1984, see Figure 1) features a 233y
tor., a large steel case, in an as-
sembly high above its outdoor sur-
roundings. The neutron so%r%g is the
fission process in the ¢35y core.
The intervening material, which af-
fects external neutron-dose measure-
ments, is predominantly steel. There
fs thicker steel at the nose of the
device. The general terrain of the
experimental area 1s presented in
Plassmann and Pederson (1934, see Fig-
ures 1 and 2). The canyon walls and
elevation differences influence the
interpretation of our results.
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Figure 1. Andersson-Braun detector.
The boron plastic has 10-mm-diam holes

over 20% of the area.
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Figure 2. Fast-neutron detector, mod-
ified PNR-4.

MEUTRON-DOSE MEASUREMENT METHDDS

Neutron-cose leakage from th~
Little Boy assembly was monitored
with two 9{ndependent remmeters; one

was tne 9-in., Andersson-Braun cylin-
drical {nstrument (Block uand Petrock

1964), the other a 9-in. PNn -4 spher-
jcal instrument (Hankins 1968). The
Andersson-Braun remmeter (Figure 1)
is a standard health physics neutron
monitoring dinstrument. The remmeter
response closely follows the response
quoted by the International Commission
on Radiological Protection.

The PNR-4 remmeter was modified
(Figure 2) so that 6L iF

(hot-pressed

3.2-mm by 3.2-mm by Q.77-mm-thick .

chip) thermoluminescent
(1.9s) could be {incorporated as neu-
, tron detectors.
‘ simeters are used in-
Jetector, which 1s normally part o
the PNR-4 sphere.

dosimeters ;

Thermoluminescent do- -
p1ace of the BFg'

The 1incorporation

of 7LiF and normal LiF chips pro-
vides a means of subtracting _the
gamma-ray response from the 6LiF
respense,

The thermal-neutron detector (Fig-

0.51-mm-
L1 Ch1ps-
a measurement

ure 3) contains
cadmium-covered
The /LiF also prov1des
of the gamma-ray dose.

%Eth bsre and

RESULTS

We normalized the fast-neutron
dose (Figure 4), monitored with the
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Figure 3. The;ma1—neutron dosimeter
packet, 6LAF-7LAF-L{F hot-pressed
chips.
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Figure 4. Neutron dose {rem/10'6 fissions)

measured with Andersson-Braun detector.

Andersson-Braun remmeter, <to 1016
fissions. Measurements are reported
for distances of 0.75, 2.0, and 2.84 m
from the center of the core. The
dose-rate curves also 1llustrate the
effect of increased steel at 30°,

At greater distances (Figure 5),
the Andersson-Braun remmeter indi-
cates that the neutron dose-rate fol-
Tows the inverse square iaw out to
100 m. The data at 100 m and beyond
are used tc estimate the neutron ra-
diation relaxation length (Figure 6)
by a fit to the equation

e-r/L

D(r) = 6y =~

r

where D(r) = dose rate at distance r

(meters) from the source, Gy = ex-
trapolated source term, and L = neu-
tron dose relaxation length (in
meters).
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Figure 5. Neutron dose from Little
Boy replicea measured with Anders:son-
Griun detector.
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Figure 6. Neutron dose-rate {eiaxa-
tion length, Gp = 2,14 x 0%, L =
200 m.

A linear least squares fit to the ex-
perimental data for distances greater
than 100 m yields a nrutron-cose re-
laxation length of 200 m. This leagth
compares very favorably with the value
estimated hy Auxier et al. (1966).

The PNR-4, O6L{F, 7L{iF, DL data
(Figure 7) 1dindicate a neutron dose
greater than the Andersson-Braun re-
sults by about 33%. Of this, 20% may
be due to delayed neutrons as these
measurements were passive and the
Andersson-Braun measuvremunts were
active. Note that the fast-neutron
dose at 90° {s a factor of 3 greater
than the dose at 0°. Both the fast-
and thermal-neutiron dose rates were
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Figure 7. Little Boy assembly, ther-

moluminescent dosimetry (rem/lO16 fis-
sinns).

taken at 30° intervals to minimize
the effect of the 9-in. sphere on ad-
Jjacent dosimeters.

The TLD data (Figure 8) 11lus-
trate the neutron dose at distances
out to 200 m. The figure also shows
the thermal-neutron and gamma-ray dose
results. Note that our measurements
show the neutron-rem dose rates to be
significantly greater than the dose
rates from gamma rays at all the de-
tector positions we used. This 1is
espenially true close to the assembly.
The thermal-neutron curve also {1lus-
trates the effect of neutron energy
degradation in air,

We used the Andersson-Braun neu-
tron dose-rate results and the previ-
ously reported gamma-ray measurements
(Plassmann and P~derson 1984) to ob-
tain a neutron-to-gamma-ray-dose ratio
curve (Figure 9) es a funztion of dis-
tance from the Little Boy replica.
Near the assembly, at C.75 m, this ra-
tio reaches a value of 380 and then
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Figure 8. Little Boy assembly, ther-
moluminescent dosimetry.
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Figure 9. Little Boy assembly neutron

to ganma-ray dose ratio.

" repidly decreases to about 10 at the

farthest detector position.

Calibration Procedure

The neutron detectors used in our
measursggnts were calibrated with a
bare Cf source. The source had
previously been calibrated 1in the
standard Los 1lamos pile and cross
checked with a standard from the Na-
tional Bureau of Standards. The re-
ported strength (Q-value) was within
3% of the originally quoted value.
The dose from the source was deter-
mined by using the dose-ecuivalent
conversion of 3.33 x 10- mrem/
cmé. This gives a dose equivalent
rate

_3.33x 107

o 3600 - 9-2-

r

= 9.54 x 10-3 Q/r2 mrem/hr,

where Q = source strength (in neu-
trons/sec) anc¢ r = detector-to-source
distance (m).

Calibration of the neutron detec-
tors was done in a very large building
featuring special provisions for low
return of radiation. The rearest wa'i
or floor was 4 m from the positions of
the detector and the source. Detuctor
response measurements were made at
several distances from the source ard
fit to the equation

Dr? = (B + R)r + g

where D = measured response at source-
to-detector distance r in neters),
Dﬂ = response av unit distance, R =
the room return (assumed to be con-
stant), and B = background counting
rate (constant).



Calibration of the thermolumines-
cent gamma-ray dosimeters was accom-

bished by the same method using a
source as ‘the calibration
standard.

FUTURE WORK

The results reported in this paper
represent the present status of our
data analysis and should be considered
as preliminary. We intend to improve
the remmeter calibration technique by
incorporatiny the effects of detector
energy response in combination with
the neutron leakage spectrum from the
replica. The latter is accomplished
by calculation or measurement. Re-
sults from spectral mea:urements with
an NE-213 1iquid scintillator system
and a proton-recoil gas i{onization
detector (Evans 1984) will also be
used to corroborate the dose-rate
evaluation. The neutron-to-gamma-ray
ratios are subject to reevaluation
when more precise gamma-riy dose
results become available.
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