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POWER CALIBRATION OF THE
HIROSHIMA BOMB REPLICA

Harry M. Forehand Jr. and Gordon E. Hansen
Los Alamos National Laboratory

In making measurements at the Hiroshima Bomb Replica, investigators were given the
power level at the time of their measurement. They converted this level into the fission rate
within the reactor with a calibration factor.

The primary power measuring device was a polyethylene covered BF; ionization chamber
(Westinghouse WL-6937A) mounted on the stand holding the replica. The current from the
chamber was fed o a lincar, digital current integrator, Other BF; ionization chambers were
mounied inside the reactor building and were available for use when the replica was used
inside. Several different methods of determining the fission-rate calibration factor were used:

Absolute counting of uranium foils that had been placed on top of the core of the replica.
The foils were (0.5 inch diameter and 0.001 inch thick and were wrapped in aluminum.
?Mo was determined radiochemically. 1 Sr, 97Zr, Mo, 193Ru, and 1°Ba were deter-
mined by absolute counting with a high-purity germanium gamma-ray counter.

Comparative counting with a deep-well Nal scintillation counter of uranium foils exposed
in the replica and in a burst of neutrons from the calibrated Godiva reactor at Los Alamos,

Feynman variance-lo-mean measurements.,

Calibration runs were made on 6 November 1982 with the replica inside the building and
on 12 April 1983 with it outside. The calibration factor, in fissions per count of the digital
current integrator, was 6.18 x 10% after the 1982 calibration.

The various estimates of power calibration, however, were not in good agreement. A
final calibration run was made on 6 August 1984 using aluminum-wrapped uranium foils on
top of the core and radiochemical determination of ®®Mo. This run showed the seriousness
of fission product escape from the thin foils used in the first two runs, The escape correction
was estimated taking into account the presence of the oxide layer on the surface of the
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Table 1. Reactor Power Calibration Coefficients

ald? MewD -
Date IIJ{::;;DDL Callbeation Calibration C‘u}::::ﬁl:m
Caclficient Coefficlant
21 Sept 82-16 Dec 82 inKivall  635-10~8%  509-10-% .BD2
12 Apr B3-31 May B3 autside 6.18 - 1074 7.53 - 10% 0.0481 ¢ f
18 July 83-10 Apr 84 inKivall 6.18-10%d 751+ 10% 0.048t e f
7 May B4-13 Aug B4 outside 6.18 - 10%d 753 - 10% 0.048t ¢ f

a) Used by experimenters in data reduction examined in this repart.

b} Revised power calibration.®

) *'e," value of digital integrator counts/Tission.
d} Fissionsfdigital enrrent integrator counts on the 107% ranpe,

e} tin wearsalter 12 Apr 3.

[i Dependson dato of measurement,

Tahle 2, Reactor Power Correction Factors for Measured Fluences

Reactar Correclion

Measurement Diates [iaroiten Faclor
Ratbitaille Sapt = Oct B2 Inside B02
Griffith 25-20 Apr B3 Duisicle H19
Evans 1 324 May E3 Dutside E17
WVerbinaki 1 26 July 83 Inzids B20
Gold 1 16-19 Sept 83 Inside 1.000
Bennett 2122 Sept B3 Inside 05
Ewvans 2 26,27 Scpt 83 Inzide 805
Kerr 1 27 Sept 83 Inside 524
Kerr 2 13 Mar 84 Inside 802
Ker 3 8 May B4 Clutgide w194
Yerbinski 2 10 July 84 Dutside a9
Gold 2 17 July B4 Dutside 1.000

Detailed correction factors supplied by Forehand and Honsen may
disagree by a few percent from the general correction factors given

in Tabla 1.

Mumber identiffes different series of measurements.
Gold had corrected reactor power levels available for data reduction.

foils. The correction amounted to a revision upward of approximately 10% in the reactor
fission rate - a revision downward in the fluence per fission. The correction improved the
agreement between the fission foil measurements and the independent Feynman variance-1o-

mein meéasurcmaents.

Forchand made a new §,, calculation of the ratio of fission rates on a radial traverse
across the top of the fissile core, where the foils were located, to the core average fission
rale using more detailed modeling of the reactor interior. He obtained 0.831 as the ratio of
the fission densitiy on the axis of the core top o the average density. The value used in the
original power calibration was 0,913, This change revised the reactor fission level upward

approximaitely another 10%.
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A comparison of the records of the power levels recorded at different times by the
ionization chamber on the replica stand to those of other (older) chambers in the building
indicated that the new chamber was losing sensitivily at the rate of 4.8% per year.

A least-squares analysis was made of the radiochemical data (corrected for fission prod-
uct escape) and the ionization chamber readings (comected for the drift just mentioned).
The results are the revised calibration coefficients shown in Table 1. In addition to the
calibration changes shown in the table, small changes were made for different range settings
and for changes as faulty resistors were replaced. Complete calibraticn data for each of the
approximately 500 runs of the replica are available.! We estimate an overall uncertainty of
=+ 4% in these revised calibration factors.

Table 2 gives correction factors to be applied to the calibration factors used in specific
gxpenments.
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