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ABSTRACT

In an unclasslfled summary fashion, the Los Alamos
efforts related to resolution of Lhe Hiroshima,

Nagasaki doses will he described.

1. Yield of the Hlroshlima Bomb

Using recently located repllicas of the Hiroshima
honb, measurements will be made at the Los Alamos
Critlcal Assembly tacllity (LACAL), which -- In
conJunct lon wlith calculations -- wlll define the

upper limit of the Hiroshima yleld,



2. Neutron and Ge...ma-Ray Output

Two-dimensional calculations of the neutron and
gamma-ray out:ruts of the Hiroshima and Nagasaki
weapons are 1ln progress. Neution and gamma-ray
leakage spectra measurements will be made at the LACAF
on the Hiroshima replica in a near critical configura-
tiun. Similar measurements have heen proposed on the
Mark 9 weapon and on the Ichiban assembly. These
measurements, made with modern techniques, wlill
provide a check for present day cross sections and

calculations.

3. Alr Transport and Ground Effecrts

Calculations of several air transport experl-
ments are In progress. Comparison of calculated

results wlth experlmental results are shown.

4. Debris OGutput

[he neutron and gamma-ray output spectra of
several devices tested {n the atmosphere at the Nevada

Test Stite are being caleulated.  The resulls of these



calculations will Aallow mr~rdels of the debris cloud -
contribution to the tota. dose to be tested.
Calculations have been completed for Ranger Fox and

for Upshot-Knothole Grable.



I. INTRODUCTION

Th2 neutron and gamma-ray doses assigned to the atomic bomb
survivors at Hiroshima and Nagasaki must be accurate wlthin scme
limits if concluslons drawn from studies of the survivors are to
have value. The doses received by the survivors depend upon the
ylelds of the bombs, the specific radiation outputs of the bombs
and of the bomb debris and the transport of the radiation through
the air and shlielding around each survivor. 1In additlon the
self shlelding of the bcdy is important for many biological

effects.

The accuracy of each element of the dose assignment must be
demonstrated by comparlison of pertinent calculated and observed
data from olher experiments and Nevada tests as well as with
physical data from Hlroshima and Nagasakl. To help in deriving
dose assignments and demonstratlng thelr accuracy, a small
program has been started at Los Alamos., Thls program 1ls almed at
helping resolve the question of the yleld of the Hiroshima bomb,
providing two-dIlmenslonal neutron and gamma-ray output for the
Hlroshlima and Nagasakl bombs, examinlng the valldlty of alr
Lransport calculations and providing neutron and gamma-ray output

for some selected Nevada test shots o that the ascuracy of dose



and spectra calculatlions can be demonstrated by comparison with

observations.

The goal of the Los Alamos program 1s to provide that missing
weapons data which will allow the accuracy of dose calculations

to be demonstrated.

II. YIELD OF THE HIROSHIMA #0MB

The bomb exploded at Nagasakl, the Fat Man, was a design
that has been fired In test situations. Yleld data is available
from test firings of three weapons nominally identical to the
Nagasuki homb, allowing good estimates of the yield of the
Nagasakl explosion as reported by ‘lohn Malik In this symposium.
The bombh c¢xploded at Hlroshlma, the Little Boy, was of a
radlcally different deslgn. Thern have been no other test
flrings of the HlroshIima type weapon and no yield measurements.
Estlmates of the yleld of the Hiroshlma explosion by different
Investigators uslng different blis of data have ranged between 1.
and 20 kt also as reported by Mallk. The yleld predicted for the

Hiroshima exploslon was 15 kt (Schiff, 194y),

To supplement the on golng work by Mallk, Kerr, and others
to resolve the dlffernt Interpretations of blast, thermal, and
canlster data, Los Alamoz has started a program to establlsh

theorcetical Limits on the yleld of the Hlroshima exploston,



Obviously, if the bomb could be designed and the yleld predicted
in 1945 with the data available then, the yield can be calculated
now with the wealth of data and calculational tools available
now. However, as 1s often the case with good ideas, there is a
problem with this one. All of the data available in 1945 is no
longer readily avallable or is expressed in terms not suitable
for our current calculational schemes. One of the crucial -
indeed critical - numbers available 1in 1945 1s missing. This 1is
the number that determines the criticality of the Little Boy
assembly. OF coursc, the actual value used in 1945 for the
infinitely tamped mass of 235y 1s available as is the 1945
estimate for the criticality of Little Boy. What 1Is missing are
enonigh details of the experiments and experiment analysis to
cstimate the accuracy of the quoted values. And one very useful

measurcment was never made in 1945,

The yleld of the Hiroshlma bomb is very sensltive to the
estimate of crlticallty. Sensltivity calculatlons uslng a numher
of cross scotlon sets avallable at Los Alamos resulted In a
spread of ylelds from 8 to 24 kt. Uslrn? a subscel of generally
accepted cross sections resulted In a spread of calculated ylelds
from 1?2 Lo 18 kt., These were strictly sensitlvity studles with

no slgniflicance to be attached to the central value.



Nuclear archeolcgy at Los Alamos would probably turn up
enough details of old experiments and analysis so that, coubled
with a fairly complicated calculational program and pertubation
aralysis, a good theoretical estimate of the Hlroshima yield
could be prouuced. This estimate, however, would be subject to

fairly large uncertainties bhecause of the many steps in the

calculational program,

Fortunately, Los Alamos is [n a position to prouuce a
theorctical estimate of the maxlmum yield of the Hiroshima
exploslon that is accurate to the nowinal 10% qucted on directly
measucrcd ylelds. This will be accomplished by doing the
criticality measurement that was not done in 1945, The
measurement wlll be dore in the Los Alamos Critical Assembly
ivacllity (LACAF). The Los Alamos Critical Asscmbly Facillty 1s
set up to allow two pleces of fissile material to be brought
safely together Into a critical conflguration. Most of the
critical mass data avallable to the nuclecar communlty was

produced In this facillty.

In May of 1981, four oblects were located In fleld scoraqge
at Los Alamos. Three o these objJects were later ldentificed by
Harlow Russ, a retired employee, as non-fisslle componenis of

Little Boy weapons whlch had been retlred from stockplle,



The fourth object was a traininag device without the proper
materials. Harold Agnew, the former Director of the Laboratory,
had wisely stored these four samnles. These components were

transferred tc the LACAF.

After the publicity in June concerning the Hlroshima-
! 'asaki doses, it developed that several people in the
Laboratory knew of the exi<tzance of these components but had not

bheen aware of any intereutc in them.

Fissile parts have been ordered which will allow a direct
experimencal determination of the criticality of the Little Boy
in the LACAF. With this informaticn, a calculation of the
maximum yield is straightforward. The calculated yleld is of
necessity the maximum yleld because of the possibhility of a
mal function of the Hiroshima bomb. Even witn this limitation, an
accurate theorctical valuc for the maximum yield will be very
valuable. A low theoretical value excludes the higher yields
fnfeored by other technliques. The effect of a hlgh theoretical
value ls not su clean.However, a high thecoretlcal value for the
yleld would indlcatzs with high probabllity that techniques which

infer lower yields should bhe crlitlceally examined,

At this polnt, It always appecars that the dlrect solution to

the questlon of the Hlroshima yleld is to simply fire one of the



Little Boy replicas and measur2 the yleld. Tnis Is easier said
than done Because of the protlems of measuring ,izlds of this
t-pe of device In an undergrcund environment, the directl,
mcasured yield would have very large error bars: larger than the
error bYars associated with the program we are following, The
interprstation of other test diagnostics cupled wiih ealcu-
lations would reduce the error bars ta 10%, Howev€r, even 3

simple test woula cost an order of magrircudes morz than the

measurements in the LACAM,

For the determination of dase, the real quection is nor the:
yiela of the Hirushima bomb, but the neutren and giImma-ra. autput
of the bomb and the output of the debris cloud, Theée mi-jgsurement
of the two-dimenslonal osutputs of the de<ise would b2 even more
expensiie rhan a yifld measaremert in an underqgrouni ensiranme-y
and there arec real problems with measurements of debris clauds in

undergraund envirornments,

There arc two more actirities to be des~ribed: a proqram af
comparlson of calcuylated spe~tra wlth sprcotra medsared in rne
LACAF, and a proqram of compiarisoan of calaalared ogtpats wichk
oulputs measared ram atmoaspheric shiots At the Heevodl Tesre Site,
Thesa programs shauld ve rompleted and the resalts examined

b F3re ~onsiderlnrg 4 Hevada experiment.,



-10-

III. NEUTRON AND GAMMA-RAY OQOUTPUT

Los Alamos is doing two-dimensional calcuvlations of the
neutron and gamma-ray output spectra of both the Hiroshima and
Nagasakl bombs. The Hiroshlma bomb calculatfons are in pro-
gress. The Hiroshima bomb was much more two-dimensional than the
Nagasakl bomb which was nearly spherical. Thus more interest

attaches to the Hiroshima bomb calculation.

Calculations of the neutron output of the Hlroshima bomb
werc done by W. HBiggers of Los Alamos in 1962 with limited
relecase to the effects community. Ho report of the results nor
other documentatlon of these calculations has been found. Some
records may exlst in dead storage. These calculatlons are
mentioned only becau.e the ncutron output appears to have becn

uscd before for dose estimates at Hiroshlma.

In 1975, W.t. Precqg of Los Alamos dld onc-dimensional
(spherlcal) calculatlons of the neutron and gamma-ray output
spectra of both the Hlroshima and Hagasakl bombs for Lnclusion 1In
the Defense Nuclear Agency (DHA) classifled Nuclear Weapons
Output Handbook. These outputl spectra were declassifled by the

DOL In 1976 and published as a letter to C.P. Knowles. Because
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these output spectra are the starting point of all of the

re-analyses of dose which have been done to date, the letter is

Included as an appendix to this report.

In the Preeg letter, in addition to the output data, are
comparlsons of dose as a function of distance wlth the dosec
inferences of Hashlzume et al. The Preceg doses are not valld.
The doses were not cal~rulated in an alr-over-ground geometry but
came from a mode'! for Inflnlte air transport and we ¢ done for
dry alr, the debrls contribution Lo the qgamma-ray dose was not
included and the Magasakl height of burst was Incorrect. This Is
all pointed out In the lettr. The dnse calculations werce not

pursued further,

With the revival of Interest In the HHroshima-Nagasakl dosces
at Los Alamos, the one dimensional! calculations of output spectra
dene by Preeg were repeated with the computers, operatling
systems, codes and cross scetlons currently In use at wos
aAlamos, SIx years Is a long time.  [The Preeg oulpul spectra were

confirmed.

he two-dlImensional output calculations now belng done will
al low comparisons Lo be made with activatlon data from locatlons

close to qround sero.  Hecause of the anisotropy of the output of
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the Hiroshima pomb, these comparisons could not be made before.
These comparisons will be a new test of the validity of the

calculations.

To provide calibratlion data for the output spectra calcula-
tlons, ncutron and gamma-ray spectra measurements will be made at
the LACAF on the Hiroshima replica in a near critlical conflgura-
tion. These medsurements, made with the best techniques
avallable, will provlde yet another check of codes and cross
sectlons, The spectra measured at the LACAF on a cold statle
assembly are not the spectra of an expicviding bomb. Hlgh enerqy
nettrons ennlag oat of an exnloding bomb penctrate a coastantly
changlng thlckness of material. Low eneray neutrons Iin an
explodling bomb experlence a thermal environment very different
from the thermal environment of a statle assembly. Speelal

purpose codes have been developed to handle these effecets,

lhere are proposqals to do simllar spectra measurements at the
LACAL on Lhe MK 9 weapon and on the Tahlban assembly., Most of Lhe

parls necessary Lo do tnese experiments also exdst,

Measurements on the MK 9 assembly would provide a complete
loop bhetween the cateulatlonal procedurea and Nevada Test Slte
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Measurements on the Ichibhan assembly would resolve a long
standing buc little known problem. In addition to there be]ng
two different calculated ncutron speccra for the Ichlban
experiment (which has been reported), therec were two different
neutron dose measurements made on the Ichiban assembly. Only ore
of the measurements was reported. Modern mecasurements would

clear up the discrepancy.

IV. AIR TRANSPORT CALCULATLONS

l.Los Alamos has one of the premler transport calculatlonal
capablilities In the country., The Los Alamos MCHP code Is a
contlnuous enerqy Monte Carlo code for coupled ncutron and
qgamma-ray transporl calculatlons which Is In use at tnstallatlions
around the world. Cross scctlons for the code wan be processed
from scveral sources Lncludling the Lvalualted Muclear Data 'iles
(LNDE)  ibrary. Many of the features of the MCNP code and eross

scetlon Llbrarles are used In calculatlons of weapon output.

With the Intention of doing Monlbe Carlo dose calenlations
when the two-dimenstonal outpual became avallable, several Leats
of Lhe THDI data for alr Lransport were made.  The f1prat
caleulat lony were of Lhe Hguld oxygen and nltrogen pulsed sphere

experiments done under DHA ausplicees at TLHL (Wong, 1970). In
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the.e experiments a pulsed source of DT neutrons 1s generated in
the center of a sphere of the material to be tested. Neutrons
emerging from the surface of the sphere are counted by time-of-
flight techniques. Typical results from these calculations with
ENDF cross sectlons were that calculated and measured total
neutron fluence between 2 and 14 MeV agrced to better than 10%.
However, discrepancies up to 50% werc seen in sub intervals of
the energy spectrum. Generally, the calculated fluences were low
at high energies and high at low crergles. The rcesults of a
typlcal calculatlon arc shown In Flqure 1 with the tlme-of-flight
spectrum at the toup and the enerqgy spectrum at the bottom.
Calculatlons done usling the LLNL cross sccetlons produced better
comparisons, probably because these experiments had been used in
the normallzatlon of the LLHL c¢ross sectlons. tven so, Flgure 2
shows discrepancles of 10% In Lotal fluence between 2 and 14 MeV
and discerepancles of 30% Ln sub Intervals In comparlsons of MCNP
calculatlons using L LHL cross sections and measurements of a

ITquld alr pulsed sphere experliment (Stdha, 1278).,

Somewhat dlscoure o' "y these resalls whileh Iondleated that
we woere not calenlat oo transported spectra very well and
Lhat Lhere wiorse systema, trends In Lthe differences, we looked
ot Lhe "broomstick” e« viaments (CLifford, 1967). In Lhese OQak

Ridge Hat Tonal Laboratory expertiments o continuous source of
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neutrons from a port In the Tower Shielding Reactor II impinged
on one end of a thin cylinder of the material under
investigation. Neutrons emerging from the other end of the
cylinder were counted Iin an cnerygy discrimlnation mode. The
result Is a rather clean transmission experiment. Agaln,
calculations with ENDF cruss secctions of the ncutron tranmission
through liquid oxygen and nitrogen werc disappointing. The
calculated fluence tended to be low at high energles. In
additlon, the calculated valleys in the transmltted fluence
through nltrogen did not agree In magnitude (factor of two) nor
In energy (10%-20%) with the observed valleys., The comparlsons
of calculatlons with observatlon are shown In Flgure 3. In thls
flqure the snake across the figure Is the error band of Lhe

observatlons and the ltttle Llick marks are Lhe caleulatlons.

Because Lhe experlments deseriboed above are not dircctly
approrpriate for an alr-over-qround qeometry, we looked al the
Aberdeen Proving Ground experiments, whilch used the U,5. Army
Pulse Radiatlon Diviston (APRD) reacltor as a source. In these
experiments a flssion reactor mounted 14 m above the ground
provides a continuous source ol neutrons.  Detecltors are operaloed
In an energy diseriminatlon mode.  Heasurements were made at
several distancens from the reactor,  Measurements have been made

by several groups with diflferences of 40% hetween measurement s of
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differant groups (Robitaille, 1980). However, if the measure-
ments of the different qroups are compared t>» the average of all
the measurements, the Individual measurements are within ~20% of
the average over the energy range .6 MeV to 10 MeV as shown in
Figure 4. In contrast, the Los Alamos MCHP calculations of
fluerce using the ENDF cross sections fall well outside the 20%
deviatlion from the average of the mcasurements and show a strong
en2rqgy dependence. The Los Alamns calculated fluences re ~40%
below the average of the measurements at hlgh encergles and ~40%
above the average at low cenergles as shown In Fiqure 5. Also
shown on Flgure 5 are the fluences calculated wlth the S, DOT
code by the Defense Rescarch Fstablishment Ottawa (DREO).  The
fluences calculated wlth DOT show exactly Lhe same pattern wlth
neulron enerqgy as the fluenees caleulaled by the Monte Carlo
codes  Thils fmplles elther the cross sections are In question or

all three of the expeelmenters are having Lhe same problem,

Because Lhe ratlo of caleculated to observed fluence as a
function of energy crosses unlty, the calealated neatron kerma,
hedng an Inltegral over encrqgy, has a4 amaller error than the
caleulated luenece as o functlon of energy.s An oxamlnatlon of
Lhe Kermas reported by Robitallle fnaleates an ertor of
caleualated neatron kerma of only ~1%% att JOO m rislng Lo ~30% at

100 m.  Ihils degree of accuracy In Lthe neatron Kerma may be
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completely adequate for the current study of doses. However,
because of the speciral dependence of calculational error
indicated by the pulsed sphere and APRD experiments, caution must

be erercised in the analysis of the sulphur activatlon data.

V. DEBRIS OUTPUT

Gamma rays from the debrls cloud of a nuclear exploslion
contribute an appreclable fractlon of the total dose on the
qround at the ranges of intercest at Hiroshima and Nagasaki. The
modelllng of the gamma-ray dose from the debris is not done as
accurately as could bhe deslred.s  The reader wray refer to the
discusslons of this tople by Kerr and Locewe In thls symposiua,
To help In the callbratlon of more accurate debris models, Los
Alamos will provide the calculated prompt ncutron and gamma-ray
output spectra for several explosfons at the Nevado Test Stte,
These evenls have been selected by Kau! and Szotl representing
DHA as having approprlate diagnostica. The total of the
caleulated alr-transported prompl doses and the debrls dose
should mateh the observed doses.  These dose (and speciral)
comparisons will provide stringent Lests of the everall accuracy

of Lhe Hiroshima and Hagasakl dose calealatlons,

Iwo-dimenslonal caleulat tons have heen completed for

tpshot -Knothole Grable,
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One-dimensional calculations have been completed for Ranger

fox.

Other calculations will be completed as manpower permits.

These calculatlons are not difflcult; locating drawings and

speciflcations for these old shots is slow and time consuming.
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Captions for the Illustrations

Spectrum from Liquid Oxygen Pulsed Sphere
Cnectrum from Liquld Air Pulsed Sphere

Spectrum Transmitted through Nitrogen

Comnarlson of Measured Spectra ﬁﬂﬂﬂ-ﬁfR“ Reactor

Comparison of Calculated Spectra from APRD Reactor
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APRD REACTOR NEUTRON SPECTRUM MEASUREMENTS
CALCULATIONS VS. EXPERIMENT AVERAGE
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APPEND IX

Memorandum dated, April 5, 1976, to Dr. C.P. Knowles from

W.E. Preeg. (8 pages)



IN REPFLY
REI'ER 100,
MAILL STO:

UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
(CoxTract W.2405-xa-1b)

P O. Box 1663

Lox ALaMos, NEw Mixico 82944 87545

TD-3
M§-232 Aprll 5, 1976

Dr. C. P. Knowles

R and D Assoclates

P. 0. Box 9695

Marina dcl’qu._gh 20291
RV

THRU: R. N. Thorn, TD-DO

Dear Skip,
SURTECT:  NEUTRON AND GAMMA-RAY OUTPUT FOR FAT MAN AND LITTLE BOY

There have been several requests for the neutron and pamma-ray spectrn
out of the Fat Man and Little Boy devices. Since this data is unelassi-
fled, " Lave deelded to fssue Lt as an unclassified lecter, This La
the same data that was glven Inomy letter to you on October 22, 1975
(Tn--3:75-87).

Some of the overall device parameters such an yleld, mans, total neu-
tron and gauma-ray output are glven In Table 1 for both devices,  The
only change In this table sinee my previous letter s the fnelusion of
twe other referencen for the "observed” Little Rov vield. | The neutron
and pamma-ray spectra are given In Table T and 11, respect voly,

These results have also been comparcd with measurements of done®™ v
range,  The REART code was used to transport the nentron and pamsa rays
through the alr, Most of the gammas ray dose results from (n,y) reacs
tions {n the alr as apposed to divect pama ravae from the dovioe,

No clfecta of the ground were constdered,  The neutron and paamma-ray
dosen tor Hiroshima (Litt e Boy) are plven dn Fig. L and 2, respectively,
Fhe nentron and pamma dogaes Yor Nagasak! (Fat Man) are glven In Fip, .
The nentron measnrement s were obtained From Co acelvidtfon o steel and
the pamma aay measurement a were made from rool ile,

A comprtaon of the caleulated and weasared doses stdi b Teave some
unanswered  questfonns For roshinag, the nentrvon dosaes are in tood
apreement il the gan s vay dovoes e in pood apreement at larvger i -
tancen, The calealat fon ot the gamma vay dose do pot Inelwde Uisalon
product pamma vay:s whileh probably esplaing the Tower done at small
dintaneed,  For Nagasak b, the calealated doses are low tor botly e
trona el o rayna,

M Hanhibsamey ot al,, M |I|l:ll fon o the Ale Dode From the Atomie
Bomba o Wvoshilon amd ok 0" Health Phiviies 1"/, Val, 1Y, .
ll'l"- lh! .

AN Lovan Oeeoree sy Faprrovin



C. P. Knowles -2- April 5, 1976

TABLE 1

« FAT MAN AND LITTLE BOY DEVICE PARAMETERS

Fat Man Litile Boy

Calculated Yield (k) _ 24.9 19.5b
Observed Yield (kt:)"'l ' 22 14 -18.5
Maas (kg) 4700 4050
Neutron Uutput. (mules/kt) 0.28 0.21
Average Enerpy of Leakage

Neutroua (MeV) 0.010 0.315
Gamma-Ray Efficiency (2) v.095 0.C%

nl-‘nt Man measuremeat based on rad chem for Able event Crossroads, Trin{:y,
Little Boy ylelds are piven in the followlny reporus:
LA=1398, "Yield of the Hiroshima 8omb," April 18, 1952,
NOLTR--65=143, "Yicld of the Hiroshima Weapon," December 27, 1965.
RM=-4193-PR, "Y{olkd of the Hiroshima Bomb Derived {rom Pressure
Record," September 19064,

bCulcu]nLvd yiold used in output calculations.



C. P. Knovwles -3=- April 5, 1976

TALLE II

NEUTRON CUTPUT SPECTRA .

Energy Group . Neutron Qutput
(eV) Fat Man Little Boy

6.07 -
3.68 -
2.865 -
?2.232 -
1.736 =~
1.353 -
0.823 =
0.500 -
0.303 -
0.1&84 -
6.7061:-2
2.488-2
9.12E-3% -
3.358-3 -
1.24%05-3 -
LY ) I
.04 -
6.7M:5 -
2.200-4 =
C.A20-6 -
3.061-6 -
L1206 -
h.141-7

7.79
6.07
3.68
2.865
2.232
1.728
1.352
0.823
0.5G0
0.37
0.154
6.761-2
2.485E-2
9.12k--3
3.30E-3
1.2500.-3
T
1.678-4
6.145-5
2,200
8.720-06
J.o0e- 0
L. 10

1.33E+421
2.74¥:121
2.2014-21
3.778421
2.96F421
2.85L121
5.915121
6.1354:21
1.97E121
2.03E421
2.40F:1-2)
1.24121
1,324
1501121
1.708421
G, 210123
1.h28124
1320124
6.62)5123
2.1014823
S5.601422
2.8
1.540121

1.86FK121
7.1114-21
8.501121
1.528422
2.3551-22
J.01F+22
1.01E123
2,338123
3.61K123
3.21101:23
5.4001:23
2.31112)
3,621
7.77%122
5.25051:02
h,120100
I A B )
329080121
7.3401 00
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TABLE I1I
GAMMA=RAY OUTIUT

Cneryy Group Gamma-Riy Ourout

(HeV) Far_tan Littic Boy

9 =10 2.3714:20 3.251420,
8 - 9 9.12E+19 3.07E4+20
7 - 8 2.37F422 1.0)14-22
6 - 7 6.3811421 %.65F:121
5 =6 h. 548121 2.051421
& - 5 11105022 4.8314-21
3 - 4 1.75E+?é 7.3710121
- 3 4. 80100 1.04E122

1 - 2 9.0Q9EI22 1.555E122
0.5 - 1 2.405122 2.601422
0.1 - 0.5 4,9911-2] 1.22K42)
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C. P. Knowles -8- April 5, 1976 .

The:re are several possible explanations for these discrepancies. The
Fat Man device (Nagasaki) had a very large output of low-energy neucrons.
The transport of these neutrons and the resulting gamma-ray production
in the air involves times which are comparable with the time for fire-
ball growth. The effecct of the fireball growth was not considered in
the calculations. Another possibility is that the yield of Litclé Boy
(lliroshima) was considerably less than calculated, as suggested in some
of the references in Table I. This would result in both caiculationus
being lower than the observed values which would sugpest an error in
the conservation factors of activation to dose or nevtron flux to dose.
Finally, there is somc question of the height of burst for Fat Man.
These calculations assumed that it was 580 m. 1If the height of burst
was only 500 n, the observed and calculated doses would be in much
better agroeenent,

These discrepancies can probably be resolved. John Malik (J-DOT, LASL)
has mentioned to me that other dose measurcments exist on devices that
were cither the same or very similar to the Fat Man. By comporing
these measurenvnts with our calculations, we could Jdetermine if the
Nagasaxi comparisons are aceurate amnd henee vhether the Hiroshima
comparisons are valid at the calculated yiceld.

1 hope this information will be useiul to you.
Sincercely yours,
I'n
/u'lz ’_L;. .\

W. E. Preep
Alternate Group Leader, Th-3

cc: Major ® AL Skarupa, DA
Capt. R. E. Wiley, AFTAC
Jo A, Auxleoer, HNL

J. V. Pace, HXNL

Y« J. Deal, Hq, ERDA

E. A. Straker, S\l

¢C. T. Vik, LLL

T. W. Dowler, ADWP=Y, H5-012

Jo Mal Lk, J-DOT, MS8-n/

T. L. Talley/D, R. Worlton, TD=4, MS--750
R. M. Henson, Th-0, MS-MN)

P, P, Whalen, D=}

1sh-1 ()



