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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 Ll~tle Boy replica. We used motiif’led
renwneters and thermoluminescent dosimetry techniques for
the measurements. The preseilt status of our analysis is
presented including est~mates of the neutrowdose-relaxa-
tlon length in a~r and the variation of the neutron-to-
garmna-ray dose ratio with distance from the replica.
These results are preliminary and are subject to de~ector
calibration refinements,

INTRODUCTION

Los Alamos National l-abo~atory,
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-
qress purposes of (a) determining
critical separation of fuel parts for
yield calculations and (b) measuring
radiati~n leakage. This report pre-
sents data concerning the neutron dose
measured during operation of the Lit-
tle Boy critical assembly l’tits out-
door location,

The results should be interpreted
with several reservations. We bclleve
the data p~esented are representative
of the doses as measured under the ex-
isting experimental conditions. Our
reservation pertain to scaling to de-

vice yield and to the influence of
barometric pressure,
teryain corrections.

THE ASSEMBLY

l’heLittle Boy rep

humidity, and

ica (Malenf t
8!1984, see Figure-l) features a 2 U

forb, a large Gteel case, in an as-
sembly high above its outdoor sur-
roundings. The neutron so,r e is the
fissfon process in the !3\U core.
The intervening material, which af-
fects external neutron-dose n~easure-
ments, is Predominantly st~el, There
is thicker steel at the note of the
device. The general terrbln of the
experimental area is presented in
Plassmann and Pederson (1984, see Fig~j
ures 1 and 2). The canyon w811s arid
elevatlon diff?renccs influence the
interpretation of our results.
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1964), the other a 9-in. PNR”4 spher-
ical instrument (Hankins 1968). The
Anrlersson-Braun remmetcr (Figure 1)
is a standard health physics neutron
monitoring instrument. The renwneter
response closely follows the response
quoted by the International Commission
on Radiological Protection.

The PNR-4 remneter was modified I

(Figure 2) so that 6LiF (hot-pressed
3.2-nzr by 3.2-rIznby @.77-inn-thick!
ch~p; thermoluminescent dosimeters ~
(l!flJs)could be Incorporated as neu-
tran detectors. Thermoluminescent do-
simeters are used in place of the BF3
detector, which Is normally part of ~
the _PNR-4 sphere. The incorporation

Figure 1. Andersson-Braun detector.
The boro~ plastic has 10-nnn-diamholes
over ?0% of the area.

of 7LiF and normal LiF chips pro-
v{des a means af subtr~ct(ng the
garmna-ray response from the 6LiF
respcnse.

The thermal-neutron detector (Flg-

/{2 cadm~um-coveredki’ ‘L1m ‘“i chips”

ure 3) contains oth b re and 0.51-nvn-

The LiF also provides a measurement

&’l=2i5%’w’LENE
Figure 2. Fast-neutron detector,
Ifled PNR-4.

!EUTRON-DOSE MEASUREMENT METHODS.—

Neutron-dose Ieakaae from

mod-

th?
Little Boy assembly ;as monitored
with two Independent rermneters; one
~as the 9-in, Andersson-Braun cylin-
drical instrument (Block and Petrock

of the ganrna-raydose.

RESULTS

We normalized the fast-neutron
dose (Figure 4), monitored with the
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Figure 3. The mal-rleutron doslmeter
packet, 56LiF- LiF-LiF hot-pressed
Chips.
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Figure 4. Neutron dcse (rem/1016 flsslons)
measured with Andersson-Braun detector.

——— .

Andersson-Braun rennneter, to 1~16
fissions. Measurements are reported
for distances of 0.75, 2.0, and 2.94 m
from the center of the core. The
dose-rate curves also Illustrate the
effect of Increased steel at 30°.

At great~r distances (Figure 5),
the Andersson-Braun rermneter indl””
cates that the neutron dose-rate fol-
lows the Inverse square law out to
100 m. The data at 100 m and beyond
are used tc estimate the neutron ra-
dlatlon relaxation length (Figure 6]
by a flt to the equation

where D(r) ■ dore rate at distance r
(meters) from the source, Go ■ ex-
trapolated source term, and L ■ neu-
tron close relaxation length (in
meters).

,&____ *— *__&____Jo
DISTANCE TOCORC CENTER (m)

Figure 5, Neutron dose from Little
Boy repllca measured with Andersson-
~ri~rl detector.
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Figure 6. Neutron dose-rate elaxa-
tion length, fGO = 2.14 X !0’, L m
200 m.

A llnear least squares flt to the ex-
perimental data for distances greater
than 100 m yields a n(~tron-c!osere-
laxation length of 200 rII. This leogth
compares very favorably with the value
estimated by Auxler et al. (1966).

The PNR-4, 6L1F, 7LIF, nLl data
(Figure 7) Ind!cate 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 th~?
Andersson-Braun measurements were
actlvea Note that the fast-neutron
dose at 90° Is a factor of 3 greater
than the dose at OO. Both the fast-
and thermal-neutron dose rates were

0°
I S2.1 n 0.70?y

Figure 7. L“;ttleBoy assembly ther-
moluminescent dosimetrv (rem/10~6 fis-
sions).

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

The TLD data (Figure 8) illus-
trate the neutron dose at distances
out to 200 m, The figure also shows
the thermal-neutron and garmna-raydose
results. Note that our measuremcnt$
show the neutron-rem dose rates to be
siqnlficantly greater than the dose
rates from gamma rays at all the de-
tector poslt?ons we used. Th:s iS

especlall.vtrue c?ose to the assembly,
The thermal-neutron curve also illus-
trates the effect of neutron energy
degradatlcm In air.

We used the Andersson-Braun neu-
tron dose-rate results and the previ-
ously reported ganm-ray measurements
(Plassmann and Poderson 1984) to ob-
tain a neutron-to-gamna-ray-dose ratio
curve (Figure 9) es a fun:tlon of dis-
tance from the Little BOY repllca.
Near th~ assembly, at 0.75 m, this ra-
tio ’reaches a value of J80 and then



rapidly decreases to about 10 at the‘“’r————————— farthe~t detector position.

Calibration Procedure

“‘o. I 1s 10 Im tw
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Figure 8. Little Boy assembly, ther-
moluminescent doslmetry.

The neutron detectors used In our
measur

!!!?
nts were calibrated with a

bare Cf source. The source had
previously been calibrated in the
standard Los Ilamos 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-
m~ned by using the dose-e ulvalent

5conversion of 3.33 x l!3- mrem/
cd. This gives a dose equivalent
rate

= 9.54 x 10-3 Q/r2 mrem/hr,
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Figure 9. Little Boy assembly neutron
to gamna-ray dose ~atio.

where Q = source
trOlls/see)and r ■

distance (m). ,

Calibration of
tors was done in a
featuring special

strength (in neu-
detector-to-source

the neutron detec-
very large building
provisions for low

return of radi~tion. The nearest wali
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 arid
fit to the equation

Drz ■ (B + R)r2 + DO ,

where D - measured response at source-
to-detector distance r (In neters),
D ■ response ax unit distancu, R ■

1!t e room return (assumed to be con-
stant), and P ■ backgrotind counting
rate (constant).
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standard.

FUTURE WORK

The results

of the thermolumines-
dosimeters was accom-
same method using a
as the calibration

reported In this paper
represent the present status of our
data analysis and should be considered
as preliminary. Ue int~nd to improve
the remmeter calibration technique by
Incorporating the effects of detector
energy response in combination with
the neutron leakage spectrum from the
repllca. The latter is accomplished
by calculation or measurement. Re-
sults from spectral rnea:wements with
an NE-213 liquid scintillator system
and a proton-recoil gas ionization
detector (Evans 1984) will also be
used to corroborate the dose-rate
evalu~tion. The neutron-to-gamma-ray
ratios are subject to reevaluation
when more ;re~i:e gamna-rfiy dose
results become avail~ble,

ACKNOWLEDGMENTS

We are grateflll to Roland llavis
of Los A’lames for providing calibra-
tion data for thr sources used In
th{s report.

REFERENCES

Auxier, J. A., J. S. Cheka, F. F’.
Haywood, T. D. Jones, and J. H. Thorn-

qate. 1966, “Field-Free Radiation-
Dose Distributions for the Hirosnima
and Nagasaki Bombings.” Health PhysN
12:425-429.

Block, S., and K. F. Petrock. 1964.
“Evaluation of a Neutron Rem Dosi-
meter” in Hazards Control Quarter?

w;fpp~a’ll;~nla”c’~;~ti
Radiation- Laboratory, Livermore,
California.

Evans, A. E. 1984. “Little Boy Neu-
tron Spectrum Below 1 MeV.” Proceed-
in s of the 17
~e
~, }ebruary 5-9,
T/Xhington.

Hankins, D. E. 1968. A Modified-
Sphere Neutron Getecto)~. Report

. m Los 1amos Scientific Lab-
oratory, Los A“!amos,New Mexico.

Malenfa~t, R. E. 1984. “Little Boy
Replication: Justification and Con-

;:;:;”:;lc;~;v;$
ys z ocle e ruary J- , *

Pasco, Washington.

Plassmann, E. A., and 7..A. Pederson.
1584, “Ganrna-Ra.yDosimetry Measure-
ments of the Little Boy Replied.” Pro-
ceedings of the 17th Mid ear To ~~

Feetinq 0’ “’el!:::tw9w:eb,-uary5-9,


