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il 1. Enclosure (1) is the fourth in a seriss of reports dealing with

' analyses of gamma radiation from fallout samples at various weapons tests.

Previous reports were made for Operations UPSHOT-KNOTHOLE (USNRDL~-420,
31 August 1953), CASTLE (USNBDL-TR-32, 26 January 1955), and TEAPOT
(USNRDL-TR-106, 27 August 1956).

2. Efficient arrangaments for transportation of samples to the Labora-
; tory allowed analyses to begin as early as 51 hours after shot time —
) a notable improvemsnt over the earliest-time receipt of four days
accomplished at Operation CASTLE, Other improvemsnts have been made in
the way of refinements in instrumentation and analyzing techniques.
|
!

3. Absolute photon intensities as a function of time are given for each
detectable gamma line from each sample, Since the sample constituted an
accurately determined portion of the material taken from a fallout col-
lector of known area, an estimate can be made of the total gamma source
strength per unit area in the vicinity of the collecting site., Dose
rates calculated for two samples agree within experimental error with
dose rates actually measured at the site.

RIC . MANDELK
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ABSTRACT

Fallout samples collected at Operation REDWING were
measured by a scintillation type gamma-ray spectrometer.
Absolute photon intensities as a function of time are listed
in tabular form for each detectable gamma line from each
sample. Most samples represent known fallout collection
areas so that dose rates in the vicinity of collection sites
can be calculated therefrom.

Cloud samples from Shots Zuni and Navaho show the
presence of Na?*.induced activity and possible mechanisms
for its production are suggested.

This report is one of a series of similar reports issued
by the USNRDL Radiation Characteristics Section following
major weapons test series: USNRDL-420, 31 August 1953;
USNRDL-TR-32, 26 January 1955; USNRDL-TR-106, '
27 August 1956,

ii



SUMMARY

Gamma radiation emitted by selected fallout samples
collected at Operation REDWING was spectrometrically
analyzed for the purpose of determining its characteristics
(expressed in terms of absolute photon intensities for each
discernible gamma line) as a function of time after shot.

—_

Since the absolute photon intensities are given and most
© samples represent known fractions of the area of the fallout
| collectors, one result is that dose rates in the vicinity of
the collecting site can be calculated.

Another important result of the analysis suggests that
Na? becomes an increasingly important contributor to the

radiation hazard from falliut at earli times after detonation

iii




ADMINISTRATIVE INFORMATION

This report is one of a series of technical reports on the gamma-
ray spectra of fallout samples collected at various weapon tests.
Previous data has been reported in this laboratory's USNRDL-420,
31 August 1953, USNRDL-TR-32, 26 January 1955, and USNRDL-TR-106,
27 August 1956. The sample study reported here was conducted in
conjuncrion with Project 2.6.3, Operation REDWING.

; The work was done under Bureau of Ships Project No. NS 081-001,

' Technical Objective AW-7, and is a continuation of that described

' 1 as Subtask 6 in this laboratory's report to the Bureau of Ships,
DD Form 613, July 1956. Similar work is described under Program 9,
Problem 1, in this laboratory's Semi-annual Progress Report,

. 1 July to 31 December 1956, Progress Report USNRDL-P-1,
January 1957,
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camma-ray spectrometer, of radiation emitted by 21 selected
radicactive fallout samples collected by Project 2.6.3 at
the Spring, 1956, weapons test seriles known as Cperatlion
DIDWING at the Pacific Proving Grounds. These measure-
ments were made to determine tne spectrometric character-
ijstics of the fallout radiationversus time and to compare
these characteristics for consistency among samples from
the samé and different shots.

The present work is a continuatlon of the spectrometrilc
analyses of fallout gamma radiation which have Eeen made at
Operaticn UPSHOT-IQIOTIOLE at the Nevada Test Site in 19531,
Operation CASTLE at the Pacific Zroving Grounds in 19542,
and Operation TEAPCT at the Nevada Test Site in 1955 3,4,
takingz advantage of further refinements in instrumentation
and analyzing technique.

Project 2.6.3 collected samples of various types at
several ship, barge and land statlons and returned them
to NHDL by air. This rapid return allowed analysis to
begin as early as 51 hours after shot time--a notable im—
provement over the earliest-time receipt of 4 days accom=-
plished at Operation CASTLE, Other samples requiring

specialized handling, i.e. weizhing, aliquoting, evaporation,

1
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etc., Yoachsd the tnvestiotrtbor ot sarious tlnies, some 83

1ape as ten anys alter shot tirce.

Tne results show apsolute photon éource strensths
cor each energy from the various samples, wnile in previ-
ous reports only relative line jntensities were given.
Since eacn sample constituted an accurately determined
portion of tne material taken from a fallout collector
of known area, an estimate can be made concerning the
total gamma source strength per unit area in the vicinity
of the collecting site.

Other than reporting quantitative information on
photons emitted per square inch of fallout collection
area, this ex»neriment exemplified better organization
and preparation in other ways. The samples were pre-
pared in standardized containers SO that changing geo-
metry was.never a problem. The spectrometer was "well-
seasoned" and jependable and was used without modifica-
tion throuzhout the course of the experiment. The instru-
ment was improved by the substitution of & Moseley X-Y
plofter for the Brown recorder. Finally the analysis
itself was made simpler and more consistent by the

use of a better way of measuring peak areas.
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INSTRUMSHTATION

A gamma-ray photon 1s jdetectable only by means of
the ener;y it loses in an interaction or interactions
with matter. Gamma-ray photons lose energy by thnree main
processes: photoelectric effect, Compton effect, and
positron-negatron pair production. The cross-section for
each effect is dependent on the energy of the gamma-ray
photon and the atomic number of the detecting material.

The enercy glven up by the gamma-ray phoé&n unier-
going any of these processes ultimately manifests itself
in the molecular excitation of the detecting materilal.
Many organic crystals(such as anthracene, stilbene, and
diphenylbutadiene)and many inorgsanic érystals(such as
thallium-activated sodium iodide, indium- or théllium-
activated lithiumiodide, and potassium 1odide) relieve
this excitation in the form of useful scintillations of
licht whose predominant color denends on the crystal.

The intensity of the light flashes produced in these
materials is dependent (in some cases, 1linearly) on the
enerzy of the incident photon (provided it 1s totally
absorbed). These light pulses are detected by a photo-

multiplier tube which converts them into electrical pulses.

3



These pulses are amplified then analyzed according to
peak voltage and counted.

¥aI(Tl) crystals are in wide use today as gamma-
ray detectors because of their high efficiency and linear-
ity. The disadvantage of their being hygroscoplc is largely
overcome by sealing them hermetically in thin-walled alumi-
num containers.

For this experiment a special sample holder was made
for fhe'spectrometer which allowed the bottoms of the
sample contalners to be placed 2 inches above the top of
the collimator (a 1/2-inch hole through 6 inches of lead)
and centered without further adjustment.

The UY-inch in diameter by 4-inch long NaI(Tl) crystal,
5-inch Du Mont photomultiplier tube, preamplifier and
housing (Fiz. 1) were the same as those used in the analy-

sis of the data from Operation TEAPOT3

and are more fully
described elsewhere.4

The output of the preamplifiler was fed into a Tracer-
1ab non-overloading linear amplifier whose output pulses
were analyzed by an Atomic Instrument Company Model 510

~J
pulse height analyzer, the variable base line bias of which

ot e

was provided by a helipot, motor driven tﬁrough its reﬁze.“

The output pulses from the analyzer were fed 1into

4
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an NﬂDL-iesignedu count-rate meter. This count-rate
‘meter has 7 scales ranging in sensitivity from 10 counts
per second full scale to 1000 counts per second full
scale. The output of the count-rate mater controlled the
Y coordinate of a Moseley hLutocraf X-Y plotter, whilile the
X coordinate was varied by tne base line bias of the ;
analyzer. A modification in the form of a potentiometer
in series with the X input allowed fine adjustments fo be
made in matching pulse height to particular lines on the
recoriing paper. A typical recording made by the X-Y
recorder is shown in Fig. 2.
Thne regulated hiszh-voltaze supply for the photomulti-

plier tube was constructed from a UCRL design.,

PROCZDUZZE

The fallout samples were supplied by Project 2.06.3
in 3/4-inch in diameter by 2-inch in length polystyrene
contalners each‘containing approximately 50-1000 micro-
curies total activity. Descriptive information about each

:  sample, the effective fallout area it repfesents, and 1its

associated shot is listed in Tablel®

Samples were obtained from 2 types of collectors. The
cloud sample consisted of material caught on a fTilter paper

through which a representative sample of alr was drawn as

an aircraft flew throuzh the cloud followinz.the detonztion,

#* The tables ajsozer At the end ol the text.

6
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The oben-close total collector (OCC)6’7 vas designed to
collect and hold fallout material wnile reducing to 2
mininum the amount of extraneous material deposited both
before and after the collecting period.‘ Wnen triggered
either by an increase in radioactive backjround or by hang,
the cover of the device opens and a collecting tray rises
into the wind stream for the preset exposure time (variable
in 15-minute increments between O and 81 hours). The tray
has an effective collecting area of about 2,5 square feet
divided into numerous cells to reduce loss of material due
to wind, Samples, other than cloud samples, were obtailned
from this type of collector mounted on converted liberty
ships (Y2G's), barges (YSNB's) and ‘How Island,.

After collection the fallout material was flown back
to the Laboratory and aliguoted by Chemical Technology
Division. The aliguots suzplizd to'this section for analy-
sis were placed in the polystyrene containers and prevented
from shifting, in the case of granular or pulverized samples,
by the addition of a small amount of paraffin.

The machine was calibrated so that on "standard" gain
the total absorption peak of a 100, 200, or 300, etc., kev
gamma ray would be centered on the 1/2-inch, l-inch, or 1-1/2-
inch, etc., line on the recordingc paper. This calibration

was accomplished first by careful zero-settinzg of the X-Y

8
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recorder and analyzer, and tien by varying the gain of the
amplificr and the fine pulse-hei;ht adjustment on the recor-
der until total absorption pealis from standards of known

2% and C5137) fell at the appro-

samma energies (Hg203, Na
priate positions on the recarding paper (Fig. 2). It was
found that this calibration was very stable, reqguiring only
an occasional small adjustment in the zero-set control of
the recorder to allow for variation in paper placement and
ruling defects on the paper. That the equipment was essen-
tially stable in the Y directlon was shown by perilodic
checks with the 60-cycle test position of tne count-rate
meter and by the linearity of the decay curves on semil-
logarithmic paper of the calibrated standards.

Pulse height spectra were recorded for each sample on
standard zain (3 Mev full scale) and on "high" gain--
amplifier gain increased by a factor of four (0.75 Mev full
scale)=--in those cases where the strengtn of the sample
allowed it. UHow long the taking of periodic recordings of
each sample could continue after shot time before the count
rate became too low for statistically significant results
depended of course, on the original strength of the sample.

On nearly all of the standard-gain records, a calibrated

22

Na standard source was recorded on the same sheet in 2

different color ink, while on the high-gain records a

9
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calibrated Hg2o3 source was used., Thils use of the calibrated
standards allowed a constant check to be made on the stabil-

. ity of the equipment (see Appendix I).

ANALYSIS OF DATA

The pulse height spectrum of a monoenergetic gamma ray
consists of a total absorption peak and continuous "Compton"
distributidn. If the energy of the gamma ray is above 1.02
Mev, psir production begins to tske place and one of two

secondary pesks is contributed to, according to whether one

—— e e m i ————— e .
P

or both of the annihilation quanta escape from the cfystal.
The peaks all have the shape of normal distribution functlous
or "Gaussians" because of the statistical nature of the
photoelectric effect and the secondary-emission phenomenon
inherent in the operation of a photomultiplier tube.

If two incident gamma energies are present, the lower
is superimposed additively on the continuous Compton dls-
tribution of the higher. An example of the ideallzed
addition of three different monoenergetlc gamma rays 1s
shown in Fig. 3. As more gamma energies are added the
resulting confusion becomes progresslvely worse, (If the
higher energies are above 1.02 Mev, the presence of

: annihilation radiation escape peaks further complicates

the spectrum and thus the analysis.)

10
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Fig. 3 Addition of Three Total Absorption Peaks
at Different Energies and Thelr Associated Compton
Distﬁigutions Showing the Resultant Spectrum (heavy
1line).
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In order to untangle these overlapping distributions
and arrive at the basic gamma lines, & method of graphical
unfolding is used. One starts at the highest-energy peak
present (assuming that it i1s not superimposed on the Compton
distribution of a still higher energy) and measures the area
under the total absorptiocn peak. Then knowing the peak-to-
total ratlo (the method of ascertaining thils ratio is des-
cribed later) for each energy, one can calculate the area
of the Compton distribution. After drawing in the Compton
distribution of the highest energy, the process 1s repeated
fér the next highest-energy peak using the Compton of the
highest energy as a base line. The process is continued
until all the ehergies present are analyzed. Knowing the
resolution of the instrument for each energy, one can tell
whether there is only one energy contributing to a particu-
lar peak, or two or more unresolved energies present, by
the width of the peak. The resolution (width of a peak 1n
kev at half-maximum height) was determlned by measuring the
resolution for several total absorption peaks of known energy
and plotting the results (Fig. 4).

in order to facilitate the measuring of the photopeak
areas and to aid in estimating the relative size of two
unresolved peaks,a series of Gaussian curves of predetermined
widths, various helghts and,thus, known areas, were drawn by

means of a Gaussian curve generator (see Appendix II). By

12
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superimposition of the sultable Gaussian oﬁ thé pﬁise height
spectrum with the a1l of a frosted-glass light table, the
area of each total absorption peak was determined without
tedious measuring with a planimeteé. for errors incurred
by this measuring system see the sectlon on errors. .

The ratlio of absolute photon intensity to total absorp-
tion peak area 2s some function of the energy of the gamma
ray, I/A = T{E). For the determinatliem of the graphical
relationshlp between I/A and E, it mams first necessary to
ascertain further machine parameters and other energy-
dependent factors.. These were:

(1) Crystal 1interaction prohability, v. This

1s simply the fraction of incident photons of a par-

ticular energy which interacts in the crystal and is

given bhy:.

v =1 - exp(~uxX)

where hy i the total linear absorption coefficlent

for gamma rays in sodium 1od1de8 and X is the crystal

length., Par @& crystal 20.16 cm (¥ inches) in length,

‘v versus E 1s shown plotted in Fig, S.

" (2). Peak-to-total ratio, w. This Tactor 1s deter-

mined experimentally by recording the spectra of several

sources of known gamma energy and measuring areas of the

total absarption peaks and the areas under the total spec-

trum, The metlos of ‘these areas plotted against energy

14
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furnish a fairly smootli curve. Tne peak-to-total
curve characteristic of the machine used in the present
experiment is shown in Fig. 6.

(3) Counts per second per square inch in the
total absorption peak, C. This number is a constant
of the machine and is found by dividing the number of
counts per second per inch of deflection in the Y direc-
tion by the channel width in chart inches. The channel
width used throughout the experiment corresponds to
0.1 inch on the chart paper and the total Y deflectlon
is 10 inches. Then for the 200 c¢/s scale, C is 200.

(%) Source reductidn factor, K. This factor is
the fraction of photons leaving the source which enter
the crystal and talkes into account effects of collimator
penetration, finite extension of source, and solid angle
subtended by the crystal from the source, assuming a |
point source and an opaque collimator. These effects

are discussed in some detall in a theoretical paper by

"R. L. Mather of this 1aboratory.9 Derived from informa-

tion contained in this paper is Fig. 7, showing K, the
source reduction factor for a point source, versus r,
the distance of the source from the collimator axis.

To find the averase source reduction factor, X, to account

15
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for the rinite extension of the source, it was necessary

to perform the following numerical integration:

T
K = fQ sKr_,:dr

T s
Jg rdr -

where rg is the radius of the extended source. Tae

jetermination of K is somewhat simplified by the fact

that ¥ is constant over part of the range of r, 1.e.:

K = a?/16(z = b/2)2 (0sT <a/2)

~where a 1s the collimator diameter, b the collimator
thickness and z the distance from the center of the
collimator to the source. When r is larger than a/2
and smaller than az/b, X is some function of r determined
graphically by interpolation and derived from Fig. 9 of
Mather's paper. For values of r equal to or larger than
az/b, X vanishes. |
To make the reduction factor,K, enerygy dependent,
i.e., to include penetration effects, an approximation9
is used. Penetration is a function of gamma-ray energy
_and the increased aperture Jdue to increased energy is
approximately the same as the geométrical aperture of
an opaque collimator two mean-free=-patns less tnick.
For the particular geometry ihvolved in the present'

experiment, the values of the machine parameters are as

follows: _

13



a

1/2 inch

z 5 1inches

ro = 3/5 inch

b = (6 - 2/u) inches

where 1/u is the mean-free-path of gamma radiation
in lead.
¥ was evaluated by means of numerical integra-
tion for values of E (and corresponding values of
b) at 200-kev intervals between O and 2 Mev and at
3 Mev (Fig. 8). |
The absolute photon intensity is a combination of these

various correction factors, i.e.:
I = AC/vWK

A graph of I/A versus £ 1s shown in Fig. 9. After reading
the energetically approrriate I/A from the graph, the number
was multiplied by the area of the total absorption peak of
the corresponding gamma ray to obtailn absolute photon inten-

sity of that line.

RESULTS
The absolute photon intensities with their estimated
errors are listed for each gamma line of each record in

Tables 2 and 3. The abbreviated sample notation used for

1.9



04

O

£

it

29%

20

L\

18
ot " SO0 RES & T ;
: : K

ibaie

1 0-4g 400 800 1200 1600 2000 2400 2800 3200

rig.
Detectnor (including ccllimatzr peretrst’ n) Versus Gamma

= 1)

e B el

® ™M

E (KEV)

& Avermzs Fraction, %, of Source Photons Entering
Lol

Zuergy

e =
| SR O SIS Sl st —
3! o : — .
no® S T >
- + 1 e ot
e s - o .
I8 4 -
I 4 .
+ T 7
10 t * .o
x08 ; 2 Ilr : ‘ =
I Z_ e
1
— . T 7 1
- ; .
25 A N -
X109 ra | ]
- ;
a PO D ]
> 2 : T
. p)
20 - - — - ]
106 D SRR S e e -
e e i R - —= =1
15 —y . T el R
NS —— e o S ] Soonens e g uirutt IR
‘ 1 t i
R S : R (S omuil R SN SRSy Syl RS
:, + T -+ . -l —— 41_:::.“.._—
1.0 - : 1 DR, 1 . 1 !
0ot %00 800 1200 600 2000 400 2600 3200
£ {KEV) -

o Ratio, I/4, of Phntonz »sr 3econd From Source to
Under Tntal Absorction Peak (in in,<) for the 200 C/S
Scale Versus Gamma Znergy

24



A |
brevity in Tables 2 and 3 is explained in Table 1, Table
II contains the information cbtainzd from the standard zain
recor<inss and Table 3 1lists the photon intensities found
from the hizh zain (4¥X) recordings. Decause of the increase
in resolving power some lines which were unanalyzable or
undetectable on tﬁe standard gain records became analyzable
on tne high gailn records.

The data have been left in tabular form to make the
information more readily accessible to those who wish to use

it.

ERRCES

In actual practice the analysis is more 3difficult than
might be assumed from the description in the Lnalysis of
Data section for tne following reasons:

(1) The shape of the Compton distribution is known
only approximately for a gilven energy even though 1its
area is known fairly accurately. Even if the snhape
were accuratély known, it would be mechanically diffi-
cult to draw such a distribution in with a predetermined
area. For this reason a straight line 1s used for tne
Compton distribution, with the resulting rectangle having
the proper area. It is found, however, after drawing in
this rectangular representation of the Comptgn distribu-

tion several times and getting the "feel" of the machine,
that the base line for each succeeding peak can be
~estimated with similar accuracy

21
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and considerably greater speed. Either way, of course,
tnis approximation contributes to the overall error, the
errors becoming progressively greater toward the lower
3 energies.
(2) If two or more energies are present too close
together to be resolved, one can draw two or more
Gaussians of the proper width beneath the broad peak
representing these unresolved energies, but it is dif-
£icult if not impossible to determine which ¢of the ener-
. gies is preponderant. In this case one can do little
. more than estimate. The energies present in thils way.
S therefore have larger estimated errors associated with
them,
(3) Becéuse of statistical fluctuations due to the
' : - lo& count rate on many samples, the curves drawn by the
X-Y recorder are not smooth and the size of the peaks
is somewnat questionadle. In records where low count

rate exists, therefore, the associated errors are estil-

mated to be larger. R

o e+ e e e e

For comvarison between aresas determined by suﬁerimposition
of generated curves s&nd areas measured with the plsnlmeter, sev-
eral total absorotion peszks were measured oF both methods. The
dlspsrity between those pesks so comnared renged from O to Z oer-

cent. This error is In gencrel lass then the stetisticel error.



founi by taking the square root of the total number of counts
contained in a rectangular area whose width is determined by
the width of the Gaussian at the polnt where it ceases to
coincide with the machine-drawn peak. This area is presumed
- to be the actual area compared. The statistical error found
in this way varies widely (because of the great range in
count rate), but for the peaks tested it varles betreon 2 ond
6 percent.
A hindrance to accurate superimposition of the Gaussian
curves on the total absorption peaks, contributing further
= to the error, may be the slicht non-Gaussian character of the
total ébsorption peak caused by the lack of perfect homogeneity
- of the crystalts light production, | |
To get some idea of how much of each spectrum occurred
in analyzable peaks,the total areas of several spectra were
measured with the planimeter and compared with the sums of
| the tétal areas associated wilth each listed enercgy (foundby
; dividing each peak area by the appropriate peak-to-total
ratio). It was found by this method that from 7O to 90 per-
' cent of a spectrum was accounted for in the peak-by-peak
| analysis.
The errors associated with the photon intensities shown

in Table 2 are the result of estimates of the cumulatilve
errors discussed above. They range from 3 percent for peaks

with good resolution, good count rate,and good fit with the
- 23
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superimposed Gaussian curves to 50 percent for peaks poor
in all respects. Occasionally there is ‘present an enerzy
wnich is too small in photon intensity even for a good estl-
mate to be maie as to the quantity. The symbol>0 is used
in the appropriate column in Table 2 to 1indlcate the pres-

ence of such an energy. More rarely the symbol >>0 is

used to indicate the presence of an energy too poorly resolved
(althdugp not necessarily very small 1n intensity) to warrant
an estimated quantitative listing.

In some cases there appear to be discrepancies between
photon intensitles froh the same lines taken at nearly the
same time for the two gain settings., Most of theselinten-
sities are not discrepant, however, by much more than the
estimated error would allbw. In those cases where the dif-
ference 1s too large, the estimated errors should be increased,

However, some of the differences seem predominantly
one-sided. This inconsistency is especially noticeable for
some of the 220 kev lines, i.e.,areas recorded at'high gain
are lower than comparable areas recorded at standard galn,
sometimes by as much as 30 percent. This effect appears 1n
the resolution curves of Fig. 4. For many of the 105 kev
lines compared, the effect is reversed, l.e. the areas recorded
at high gain are higher than comparable areas recorded at

standari gain, It is possible to account for the latter

7a



effect by considerin_ the greater effect an Integrating time

constnnt, such es is used in the count rate méter. has on low,

- pulse heighfs.lo No mechanism to explain the former effect
suggests 1tself, however, and the fact that fair agreement
exists in most cases between comparable 60-kev and 280-kev
lines leads one to doubt the existence of a consistent energy-
dependent machine effect to explaln the discrepancies.

It may be that the disagreements are largely due to

resolution problems in the low energy region of the standard

gain records, since in many cases the areas could be brought

_

closer to agreement by taking from one line and adding to
an adjacent line, This%problem is especlally troublesome in
trying to separate the 60, 105, and 140 kev lines on the
standard gain records.

A discussion of the overall performance of the system
in analyzing the standard sources, including the conslstency

l
|

i l of the results,is found in Appendix I,
l

DISCUSSION

i It 1s of special interest to note the presence of Na24
activity in both the Zuni and Navaho cloud samples (the only
samples to reach this section soon enough for such detection
were fhé cloud samples from each shot)., This activity is
evident from the 1.37-and 2.75~Mev total absorption peaks
detectable on the first two or three recordings maje wlth

25
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If a fission-product decay curve of t and a 15=-

24

hour half-1ife for Na“' are assumed, then the maximum ratio

of Nagg activity occurs 26 hours after shot time., The
intensities of the 2.75 Mev and 1.37 Mev lines may be extra-

poleted back to this time to glve a maxiﬁuﬁvpercentage N824

contribution.




\N324 is a major source of radliation hazard in fallout

{radiation one day past shot time,

There are several possible mechanisms for the production
of Na?4 by neutron induction: A127 (n,a)Na?4, Mg(n,p) Na24, »
and Nae23(n,y )Na24 with respective cross seotions of about

100 mb for 14-Mev neutrons, 191 £35 mb for l4.5-Mev neutrons

and about 0.5 b for thermal neutrons,.ll

However, at
the time of writing enough detalled information was not
immedistely available to permit intelligent speculation on
which of these processes predominstes.

Another interesting result apparent on most of the
series of recordings begun at early enough times is the
build-up of the 1,59-Mev activity from Lal40, The fact
that there i1s evidence of an increase in this activity at
early times indicates that most of the original fission
product of the mass number-140 series was Bal40 or a percursor.
Assuming that all of the Bal40-Lal40 risdl on-product complex
was Bal40 originelly, the build-up of the 1.59-Mev activity
should reach its maximum at 136 hours after shot

time, Theoretically there should be no build-up in

e
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5o
activity 1if the original contribution of La1 to this

parent-daughter complex is more than 11.5 percent of the
total activity of the combination. The evidence 1n1the
.records of samples whose analysis was begun early enough
for the build-up to show up, points toward their being very
little or no Laluo produced as an instantaneous fission
product. This conclusion is borne out by studies of fis-
sicn product yields from 0235 made by Yaffe, et a.l.}2 and

Petruska et a1.13, who report yields of 6.32 % 0,24 percent

0 140
of Balu and 6.33 ¢ 0.32 percent of Ce ,respectively.
Since the difference 18 zero wlthin experimental error,

140
, La is not produced as an original fission product. /

The samples collected at ground and ship stations may
be different due to fallout fractionation and possible
anisotroples in fission-product eJection from the weapons.3
That there 18 evidence that one or both of these mechanisms
are operating can be ascertained by comparison of the spec-
tra of samples collected at different places for the same
shot. No pattern is discernible however, with so few sample
collection locations. Therefore it 1s not possible to say
anything more than that there seem to be discrepancies be-

"tween samples from the same shot which are too large to

explain in terms of measurement error alone, e.g., the 330-

28
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kev sctivities present in records QA2 and RA2 (see Table 1
for notationsl definitions) differ by more than a factor of
3 in percentagewise contribution, Also the 105?kov activi-
ties in BA7 and GA2 differ by more than a factor of 3.

Dose rates measured 3 feet above the surface of How
Island in the vicinity of the collecting sites have been
plotted as a function of time after burstl4 for Shot Zuni,
The dose rates calculated from the photon intensities, listed
in Table 2, of the two samples received from the How Island‘
collection stations (GA and IA), when compared for the -
proper times with the curve drawn from the measured dose

rates, agree within experimental error,

Approved by:

A, GUTHRIE
Head, Nucleonics Division

For the Scientific Director
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APPENDIX 1 STANDARDS CALIBRATION

NS oL

Calibrated standard sources were supplied to this
group by Analytical and Standards Branch of Chemical Tech-
nology Division to allow checks to be made of the relatlon-
ship between area of total absorption peaks and their
associated photon intensities, and to provide standards of
known energy for record by record energy calibration. The
calibrated standards used were 75.6 (44 percent) microcuries
of Na'22and 145 (#5 percent) microcuries of Hg203.' The
standards were calibrated on May 18, 1956.

In order to use these standards to check the correct=-

ness of the I/A versus E curves, corrections had to be made

" in the source strengths listed. In the case of Na22 the

standards were calibrated in terms of positron emission
alone, so that to arrive at the 1.28 Mev photon intensity,
account had to be taken of the 6 toll percent electron cap-
ture.15’16 When this correction is applied, the original
1.28 Mev photon source sérength becomes 80.4to 84,9 "micro-
curies® or 2.97 X 106toj3.14 X 106 photons per second. To
compare this number to that obtained by multiplying the
area of the total absorption peak by I/A for 1.28 Mev, the

area must first be found by extrapolating the decay curve

back through the calibration date. This area is 1.54 (%2

30
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percent) square inches ani gives 2.90 X 106 when multiplied
by the proper I/A from Fig. 9. The latter intensity is from
2.5t0 7.6 percent lower than the intensity determined fro;
the calibration of the standard, but agrees within the
experimental error.

The comparison of the Hg203 photon intensities proceeds
similarly to the Na22 comparison, The H3203 source strength
was given in actual disintegrations per second but only 78.7

of these disintegrations result in 279-kev gamma rays because

of the internal conversion in Hg203. After the appropriate
corrections are made the photon intensities obtained from

the extrapolated total absorption peak area and calibrated
source strength are 4.15 X 106 (5 percent) and 4,22 X 106

(#5 percent) photons per second respectively. The intensi-
ties obtained by the two methods differ by less than 2 percent—
well within experimental error.

203-standard and 94

With 5% recordings of the 145 uc Hg
recordings of the 75.6 pc Na.22 standard made over a period
of several months already available, it was decided to make
a least squares fit of the decay curve to get a quantitatilve
idea of the machine's stability. It was assumed that the
functional form of the equations relating area to time was
A = exp(-At) or a polynomial of the form y = &, + at (a

straight line) where y = 1nA.
31
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The coefficients a, were found by solution of the

simultaneous equations:

1
3

Soao + Blal o

s.a. + 92a1 = my

N N

) _ k - k

where B, = é§=iltn , m E;]Fn ¥n» &nd N is the number of
measured areas, ‘The details are not shown here but the

results are as follows:
For Hg?9%: y = 1.3022 - 0.0154t,
For Na2%; y = 0.4336 - 0.0014t,
Areas were computed from the equations for each day
that spectra were made and compared with the measured areas.

2 203

The average deviation for Na22 was 0,03 in“© and for Hg

was 0.106 inz,'The sverage pércentage deviation was 2.0 per-
éent for Ne22 end 5.4 percent for ngos. The probable reason
for the higher deviation for Hg203 is & combination of fewer
records, shorter half 1life (rgquiring progressively more
sensitive count-rate scales with consequent loss in statis-
tical accuracy during the latter part of the recording
period) and higher amplifier gain requiring the use of more

sensitive count-rate scales to provide peaks of adequate

32
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APPENDIX II THE GAUSSIAN CURVE GENERATOR

The Gausslan curve generator consisted of a Gausslan
template mounted on a lucite disk which in turn was mounted
like a wheel on the shaft of a potentiometer, Withla bat=-
tery to provide voltage and another potentiometer to vary the

! amount of voltage across the main potentiometer, the pen of ’
the X-Y recorder was caused to move along the X axis as the

| ’ wheel was turned, The range of the pen's motion durlng one
! revolution of the wheel was governed by the setting of the
[ secondary potentiometer. A photovoltaic cell "looking" at
a light through the template was connected to the Y axis
of the X-Y recorder with another potentiometer controlling
O its range. As the wheel was turned by hand and the amount
of light reaching the cell was varied by the template, a
Gaussian curve of height and wildth, as determined by the
range-controlling potentiometers, was drawn on the recorder
paper. The templafe was made of thin, opaque sheet metal
and %ts shape was determined by plotting a Gaussian curve
6n polar graph paper.

By thls method severalkhundred Gaussian curves were
drawn of various heights for each width. The widths were
chosen to correspond to the widiths at half maximum for the

~actual energies present-in.the fallout spectra as determined

from the resolution versus energy curve,

3




The areas in square inches of the Gaussian .curves 80
drawn were determined by measuring their height and width
(the same for each series of heights) and applying the

formula (derived from the equation for a Gaussian curve):
A= 1.06w% n(O)

where wy .1s the width in inches at half maximum ani n(0)
is the maximum height in inches.
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TABLE |

Miscellaneous Sample Data

Sampie
Site Abbreviated
Designation Designation Collector Collector Location Weight or Ground Area
std High Type From GZ Volume Repre}ez;tation
Gain Gain {in.*)
Shot Cherokee,
Std Cloud AA AB Filter Paper Cloud - -
Std Cloud BA BB Filter raper Cloud - -
YFNB "Whim" 1 FA - Deck(a 10 mi ENE - -
How F-61 GA GB occld) 13 mi ENE 10 ml 7.2
YAG 40 B-1ly HA HB ocCcC 52 NNW 1.36 g 194.1
How F-67 1A IB occC 13 mi ENE 0578 62.5
YAG 40 B-6 Ja JB ocCC 52 mi NNW 10 ml la.4
Shot Flathead,
Std Cloud KA KB Filter Paper Cloud - -
YAG 39 C-36 LA LB occC 29 mi NNE - -
YFNB-13.E-56 MA MB OCC 7.5 mi WNW 0.02¢g 11.5
YFNB-13-E-54 NA NB occ 7.5 mi W 10 ml 14.4
Shot Navaho,
Std Cloud OA OB Filter Paper Cloud - -
YFNB-13.E-54 PA PB ocCcC 8.5mi W 0.28 g 60.6
YFNB-13.E-56 RA RB occC 8.5mi W 10 ml 18.0
YAG 39 C-21 SA - occ 21 mi NNW 10 ml 36.0
YAG 39 C-36 QA QB occC 21 mi NNW -
Std Cloud TA TB Filter Paper Cloud - -
YAG 39 C-36 UA UB OocCC 24 NNW 0.02¢g 1.2
YFNB-13-E-56 VA VB occC 10 mi SW 0.03 g 9.3
¥Y3-T-1C-D WA - Seawater(c) - - -
YFNB-13.E-54 XA XB OCC 10 mi SW 10 ml 14.4
YAG 39 C-21 YA YB OocCC 24 mi NNW 10 ml 14.4

(a) Picked up at random from deck of YENB-29.
(b) Open-close collector
(c} Evaporated sample from large open tank on deck.




TABLE 2

Absolute Photon Inlensities (Standard Gein), sn Milliens of Photons Per Second Per Lane for E&ch Sample

Lise Devignanon !hvl(.)

r
Tims Afte l:'.mn;::z:) pey 108 140 20 280 136 370 450 500 310 610 650 150 [ 713 eg)
co
{ar)

AA 1 0.75 s lo(‘) 3.)2s 5 - 1.62a 4 L.iba & 0.322 10 - 020420 0.54810 0.20 ¢ 20 - G.92 4 10 0.88 8 7 - 0.14 % 20
z 0.60 8 10 2.10e 8 - 1374 4 0.704 10 037 %15 - D.16 & 20 0.37210 01T %20 - 0.77s b 062410 Dlen3I0 Liiwl
b 0.46 8 10 l.l(;l s - 088 b 0.52+10 0.26 + 10 ~ 0.12 %20 ¢.30 10 0.08 & 25 - 0.46 « 1D 0.47 % 12 - G.08 2 30
. 0.20 4 10 (i3e 5 - 0552 & 0.29 212 016w 12 - - 0.26 & 10 - - 9.29 %120 0.28 215 - -

[y 0.30 « 20 [RIT] - Q.39 10 0.23 % 10 O.i4 e 45 0.09 825 0.20% 12 - 0.21 &15 0.22 215 -

& 0.24 & 10 0.68 - 0.382 00 0.16 810 0.l els - 0.06 & 20 G.20 % 15 - - 0.20 1% 0.18 # 20 - -

7 Q.24 ¢ 15 0.58 - 0.32 %10 042+ 20 0.11 =20 ~ .07 230 0.1b %20 - - 0.i3 w20 0.}5 & 20 -

s 0.59 10 0.48 - 0.22210 0.13 25 a.10 # 25 - - 0.21 s 1% - - 0.30 & 25 0.13 2 20 -

9 0.158 15 0.30 - G.18 4 (5 0.00 8 25 0.07 « 25 - 0.17 20 - - 0.05 % 25 0.08 » 40 -

10 0.10 % 18 0.1% - O.les 1S 0.06 ¢ 30 0.06 = 30 - 016 25 - - 0.06 8 25 0.07 # 30 -

1 0,05 % 20 0.07 - 0.04 & 23 0.04 & 50 .03 = 50 - - 0.09 & 30 - - 0.03 s 50 Q.06 & 40 - -
T >>0 3LTie 5 >0 2626 % 25 s 7 0.76 + 10 R J.46 £20 332 S >>4 2574 S 2.05 &0 - J.58 % 20

2 1.20 & 20 300+ 5 083420 201w ) 2.04 & 5 0.85% 10 - .64 820 2168 3 >0 - 1.9% 7 |48« 7 - .38 2 20 v,

3 0.92 » 20 245 5 O>0 L11a & [ 2 .58 & 10 - D.37 4 2% 1.48 & 12G 0.64 » 40 - 1.32 ¢ .0 1.15 & 10 - - B

) 0.80 2 25 185 10 >q 1328 5 1.06 & 10 0.52 % 15 - 0.34 %25 1.0) & 1D >>9 - 0.9% % 10 0.83 #10 -

5 0,48 ¢ 20 099415 0.28820 0.74210 0.43 » 10 V.49 % 10 - 0.20 430 0.54 225 0.30 4 50 - D.57 s 1i 0.52 % 20 - -

6 0.32 # 30 0b54 20 D0.28%20 DO.4es 0 0.26 15 6.32 4 10 - 0.1z & 30 0.38a20 0.19 2°40 B 036 215 0.30 =15 - 0074 4y

7 Q.11 %20 017220 Ol %35 0.1is20 0.06 & 25 0.4 %20 - >0 0.25 & 20 0,138 30 - 0.07 2 25 0,14 620 10082 50 -

» §.04 » 30 0.05 425 0.08415 D0.05&30 0.02 & 40 0.0, & 25 - 0.06 # 50 .10 % 30 0.04 % 50 - 0.04 % 40 0.09 220 0074850 -

’ 0.02 & 50 0024 50 0.0% 25 0.02x135 a4.62 & 50 0.0) & 30 - >0 0.10 & 20 - - 0.06 2 3% 0.07 = 30 >0 -
GA 1 0.20% 10 0.50 « 12 0.25 & 30 0.12 230 0.05 & 40 - - 0.05 % 30 - - G.04 & 40 0.08 % 30 - -

2 0.07 20 0.13220 005820 006220 0.03 » 30 >0 - >0 2.03 & 30 >4 - - u.06 s 20 - .
HA 2 1144 4 10 81y 7 >>0 9.65 8 10 422 %15 3.71 & 15 >0 >>0 5.52 £ 10 3160220 >>0 4.0 810 0.32 %10 20

3 15+ 7 6812 7 278220 4568 5 1,50 1% 1.76 & 20 >0 - 3.38 & 10 >>0 »>>0 2.8 15 3.53 2 10 t 20

. 4288 10 5294 10 3.00%20 359 S 0.99 = 29 188220 >>0 >0 109 2 1) 140425 138 &20 1.32%20 3.34 % 30 X2

[y 10718 (1410 )1l e1d 072410 0.24 « 20 0.56 220 0.36 430 >0 2.34 215 >>9 0.88 %20 0.:8¢50 2.76 815 . 3

. 9.70 = 35 0.5 15 083210 0.3)slS 0.0 %30 0.3) 225 0.188230 0.24 230 .81 al" - 0.8] & i5 0.32%40 2.90 & 15 e 20

s 0.54 = 20 057&iS 0.89a10 0.33 410 0.1% & 30 0.3 %25 0.17%30 0.24 # 30 1.82 & 10 - 0.85% 15 0.324 30 2.90 & 10 * 10

? 0.32 % 20 G.27#20 067410 0.15#20 0.7 10 0.152 25 0.064 )0 0.12 430 1.44%10 - 0.63 & 10 .25 30 279410 * 10

[) 0.10 % 30 019230 0.47&10 0.+x30 0.(0230  0.06230 - 0.10£10 096 %10 - 0,49 4 10 0.15 e 30 2.37 210 * 50

1 0.228 20 011 &35 0.2)410 00630 - - - - 9,49 % .0 - 0.31 215 .21 235 1.8y £ 10

10 0.19 & 20 Q.10 50 D.20 %20 0.07 s 40 - - - - U.3b € 20 - 0.26 & 15 - 1.oba 10
Wl 5210 1.35% 10 0514125 O0.7T8& 5 0.2) % 10 0.16 % 25 0.09 & 20 - 637 %9 011 & 2% - 0.10 30 0.41 & (0

z 268 0.87# 10 027230 0523% 5 0.0y 2 30 2.09 & 30 >0 2.05 2 2% 5.30 w15 0.10 = 20 - u.a5 2 30 0.39 % 10

) o« 2s 0.10% 3 0.04%3 005425 0,033 1 0.02 & 30 - >0 .23 # 15 0.02 8 ¢t 0.95% 20 - 0.33 20

+ . 40 0.02#40 005430 0.04%40 0.03 » 40 >0 - - Q.17 & 10 - 0.05 % 38 - 0.3% €10
Ia 1 - 20 084415 02943 055410 0.16 & 20 a.iBei0 007825 0.10 % 30 CG.34 % IS 0.18 2 20 - u.2l & 20 0 15 0.22 & 40

2 13 0.59#10 0.26%30 0.4} & 10 0.12 820 0.07 & 30 - 0.08 % 30 0.27«20 0.35 230 - 0.17 % 40 0.41 & 15 G.i4 % 40 -

3 .25 0.08 25 0O.J2%20 0.05#%20 >0 0.04% 40 0.0Z2s3v -~ 0.12 %20 >0 0.10 % 10 0.05& 30 0.358 10 >0 -

4 . 20 0.04£30 007410 0.03%30 - 0.02% 33 - >0 3.05 & 30 >0 5.08.# 20 0.04 % 40 0.32 415 -

KA 2 193430 6.27410 296430 3.71&10 232215 138s20 0.60%35 026230 167815 .50 # 20 - 2564 5 2.20 %10 036430 0.53s 2
3 0.928 10 2.32% 5 067230 1.36s S g.;y-x: G.56 2 20 >0 o.la-:o >zo 0.i7e20 079 S 0928 8 0.28 %20 C.23 % ¢S
< 0,48 w 10 104a 5 037430 0724 5 2y 2} D.40 = 10 - C.60 & 10 0.209 25 >0 RV 0548 S 0.26 %30 C.i4als
[ 038418 076810 0.25%25 054810 0.17820 0.30 & 20 - 0.59 # 18 0.16 = 30 - 0.24 & 15 Q.43 810 01240 011 w38
. 0.2% = i 044w 10 021315 027%10 012220  0.25a 15 - 0.48 2 10 0.08 = 23 - 0.15% 15 0.30 %10 >0 0.99 = 30
T 0.08 5 20 0.3 15 0.13a20 0.08e15 6.03 & 30 0.10 £ 15 - 0.32 %19 0.04 % 38 - 0.04 % 25 0.23 410 >¢ 0.u7 % 40
] 0.33 4 30 0.044 15 007&2G¢ 0.0)2]S 0.01 &35 0.04 & 20 - K S.ab s 1S - - 0.02 = 30 G2y & 1S - 0.01 % 30
9y 0.01 & 40 6.62# 3 0.05%20 0.0)a20 - 0.03 & 40 - 0.0l # 50 0.12x15 - - 0.02% 50 02020 -

LAl 0.66 & 1% 210 8 >0 1.208 8 0.7y =10 038 & 15 - 0.1z 20 9220 >0 - 0742 17 0.68 = 10 >0 -

z 0.05 & 20 0.09« 15 004220 0.05e10 0.02 & 25 0,06 15 - 0.01 « 40 0.10 %15 0.02 » 20 - G.02 & 20 u.08 # 20 0.03 & 40 .
MA ] 0.54 = 20 0.65 8 30 >0 0.52 %10 0.23 420 0.398 15 - T30 0 057410 - - 0.30 + 20 0.51 # 10 >0 .

2 >0 C.i4# 20 0.10% 20 D0.i0a1S >0 007+ 30 07e20 | >0 0.32 %10 >0 - - 0.30 215 0.07 4 40 -

3 0.06 & 20 0.06220 0.07%20 0.3%20 - 0.35 » 40 - > 0.25 %18 >0 0.01 %35 >0 0.2¢ & 20 >0 0.03 % 30

. 0.01 425 0.02445 003230 0.02¢40 0.01 & 40 >0 - 0,02 & 25 0.:0420 - - - 0.14 4 25 - 0.02 3 40
NA L 1.97 % 10 1.4 2 10 >¢ D.56 s S >0 0.:4s30 . 20 2.37 ¢35 >0 - 0.20 = 3u 0.41 % 20 0.0985 -

z 0.14 2 20 O.1v 410 V2ZaiS d.iCe B > 0.08 = 20 - 0.05440 0.15 %25 0.04 % 40 - 0.0b & 40 0.23 2 25 - 0.00 % 35

3 0.04 & 40 007« 0.08s25 003225 0.03 30 0.02 & 50 - 3.04 450 0.0¢ # 25 - - 0.03 & 50 0.30 & 15 >0 2.65 2 46

4 0.02 » 40 0.05 % 20 >a .02 40 - 2,024 50 >0 - 0.06 s 29 >0 - 0.02 4 50 0.22%20 008450 001850
OA I 0.5¢ # 20 0.5T% 25 G.41430 3.36s25 0.92 212 0.22% 2v >0 * 3 o 0.460sl0 - - 0.82 8 10 0.6 & 10 >0 0.97 £ 30

2 3.70 25 3B A28 Guwsdd 26080 0.71 & 12 d.ib s 20 - * >0 0 0343215 R 012835 054210 O.40 % 15 >0 G.07 x 40

3 0.39 4 ¢y G2 %30 014440 Olvw,S G.26 & 13 vy e 36 >0 >0 0.1 &25 >0 - 0.20 # 20 0.19 % 20 - 2.03 x 3%

4 s.dem 20 JaTe 0 J.14825 w.15s20 Q.40 & 1E >0 - 0.08 & 25 D0.12w20 >a >0 0.18 & 20 0.18 % 20 - 0.06 # 35

s 0.4) & 30 0.Ud& 30 ..Qo s 3 0.0F =30 0.05 » 30 0.0% + 30 0.04 %33 >0 0.06 & 30 >0 - 0.0% » 25 0.U5 & 30 0.04 & 35 -

. 2.43 435 oo w sy >0 0.01 = 3¢ >0 Vg = 35 >0 >0 0.02 % %0 >0 - -~ 0.03 450 007850
PA ) .09 4 3 047830 .2+ & 4 032828 0.20 & 25 0.2) s 2v - G011 835 0.33&1d 0.10 & 25 - 0.24 & 20 U3 & 20 0.1) # 30 R

) 0.0 & 2% 0.6 30 Oés 0 0.Ubs 30 0.10 = 30 0.18 & 25 - 007 x40 030 2145 0.08 & 20 - a.12 e 20 PRLER o.ls e )¢ 0.0bs

. G.37 % 3% 9,118 35 9.08 8 35 v. 10 » 30 0.0 = 40 0.0y &35 - #0.07 & 40 8.3% & 25 3.06 = 30 - 0.09 & 2% 0.21 & 20 0.i74 36 G.08 %30

s T2 % &0 00380 002840 v.02s%40 0.05 & 40 0.12# 20 >0 0.0%e 40 023825 0.04 £ 35 - 0.03 & 45 0.12 ¢ 35 022 & 40 0.06 445
oA ) G.47 & IO 0.06« 30 0O.05235 0.1l eld >0 >0 * >0 Q.06 & 20 >0 - 0.08 & 30 0.10 » 30 Q.04 & 40

2 Q.02 4 40 0.03e 30 U.02%30 Cu3e&ls - U.ue s a0 - - 0.04 & 30 >0 - 0.02430 005240 0.01# 40 -
A L 0.08 & 32 0.14 2 30 1ie20 ULaeals 0.13 8 i5 0.0% 2 40 - 0.02 840 Q.14 230 ~ - 0.11 %15 0.15 1% 0.07 % 40 0.03 240

2 0.05 & 33 0.04 50 J.0bals 005210 2.08 & 20 0.J3 & 40 - N 08«30 000 20 - - 0,05« 20 0.08 & 20 6.054 50 0.02% 50

3 2.02 % 40 U.0Z# 50 J.3240 303826 9.03 & 2% - .03« 50 0.07 230 - - 0.0l £ 6 0.06 225 002250 -
[V ] 0.J4 % 30 DS #25 u.s, &30 0O5e25 2.05 » 4w >0 2.024 40 0.03 & 3% ~ - 0.04 & 2% 0.06 & 20 a.0¢e 20 0.02e25
TA L IRTENT) 9.8) 215 >>0 7874 3 S.80% % 254810 - 58 5 - 192220 s5pia 5 4832 5 >0 0.50 ¢ 52

2 2.73 % 30 v 708 20 >0 6.27% 3 4.182 7 1.86 2 10 - 2.77 2 1% - 097230 409s .66 e S >0 20

3 2482 20 850 £ 25 >>0 aybs 8 3.13a10  L59s15 >0 2.09 w15 - >0 307610 Z.49e 5 >0 2.70 & 50

) 181820 6273 7 276425 3167a S 2w 10 Lade v 1.86 2 10 - - 2.26 2 10 1.99 & 10 - y.53 % 2y

: l:za;; 33 :D o.aztw }).94: ; .88 & 19 0.93 =l 130810 & >0 036225 10310 0.94 8 15 0.65 & 40 g;g:;;

b6 = Ta7 210 J.548 2d vl s Q.36 v 20 0.65 8 15 - 1.0} 210 >0 >0 0.5¢ % 15 0.734 1% >0 . -2

7 2.39 » 30 0784 1% 0362 051210 3.2« 30 d.47 4 20 - . 0.9%5 4190 >0 >0 .28 & 25 Q.43 25 >0 0.14 4 30

& 0.22 % 30 036 20 021820 022425 O.dix2% 027220 . 2.65 215 - >0 0098 40  0.37220 >0 .11 s 40

9 412 2 30 220225 Qiye20 0.07#30 >0 O.is e 25 - 3.8y e)8  00bs 40 - 007x 45 033620 O.1ssas 00Tx 0

10 9.03 & 15 Q.05 % 30 D.U3 &30 005415 U.0% 2 50 0.4 & 30 - : V.34 & 15 0.05 s 30 - 6.06 » 45 0.30 2 20 >0 D.0) & 50

0 0.03 = 50 Uule S Jdcels 002845 >0 w0245 - 0.07 840 0.26220 0.02» @« - 0.02 & 50 0.30 # 20 0.06 2 45

UA 1 0.66 » 15 429410 07033 106 S V.57 & 20 0.33 % 25 - W0.18 940 D4l %10 - >0 G678+ 5 0.5) » 10 0.29 » 25 ’,

2 .47 8 20 128420 042a50 J.724.0  0.32ei5 0.3} ez’ - WOl 240 037425 >0 212440 036x15 0.40al15 Oibades 2092 ’g

3 0.29 2 20 0,632 15 draS0 Gdye D 0,152 20 0.21 4 30 L0.06 & 40 J.31 £25 - 0.06 %50 0.19420 0.26 8 15 Q.07 250 D0O8# ’5

; g.zz * .8 038815 0u5#30 027840 1.0+ %20 D14 &3S - W% s 40 327w 20 - 004 %5 G.Ul% 30 Q.21 210 >0 g-g'; : 35

.10 8 30 013430 006#20 00ys20 0.03%40 0.0y % 38 - 0.0} & 40 J.20 & 2% 004a40 002250 002«40 6.15#30 006eS0

VA L 0828 1) 231 %0 GJ9&35 1.11s 5 0.55 # 1% 0.2) & 30 - P IY N >0 vt e 20 0.50 8 15 - 0.08 s 30
2 C.49 2 10 1Ll el0 02230 055810 0.20 ¢ 18 Q.16 % 30 ERIE RL - - .17 & W 0.31 815 - -

3 0.32 818 0.58 410 014820 0ddal0 0.09 ¢ 30 0.07 %30 IRIENE] - - V.06 8 <0 0.26 2 13 >0

4 0.16 8 20 0.28215 008430 0.0 %)5 0.u3 « 40 0.07 & 40 0.26 % 23 - - 0.uSs 4G 024220 >e 0.0¢ & &

5 0.J2s & 0.0228% J.03440 0.03&3%  0.0iad 0.61 & 53 - 0.11 & 3 - >q .02 & 50 v.24els - -

& 0.02 % %0 00)ms0 002e% >0 0.01 » 50 >9 RIE R - 0.01 8% - 0.17 220 - -
wa L 0.04 8 20 313210 042650 0CO0Ie N 0.0, 823 U.02 & 40 2.03 % 28 - 0.02 8 %0 0.0245%  0.02s50 -
XA 1 0.40 & 1V 107210 038e3¢ 054210 0.2+ 2 20 0.09 & +0 :o.u » 24 >0 0.15# 25 0.23 &0 QN7 245 0.04x s

2 0.26 % 15 1404120 023830 v34s 10 0.12 25 0.07 & 30 . WD i1 a3 - 0.0y & W [RLE N -

3 018820 0.36% 10 010440 024810 0.55 = 0 u.05 » 40 >0 0.10 % 40 - 0.07 & 3% 4,15 = 15 - -

4 Qb e 30 Vil e ON5edd GO 20 002440 003240 .06 & 50 . 003450 .02 - -
YA | 2.36 %10 6132 5 190820 3592 5 1.37 & 45 G.42 420 2.34 210 0.44 8 )0 - 1.68 & 2U 2.36 8 10 - 0462

3 1342 20 156 w10 3.83a U 1.524 10 Doa8 4 20 0.60 4 1% 1.83 810 324230 >0 0.66 8 0 161 2130 >0 0.27% 3

4 .48 s 10 0.76 4 {5 D4l 220 0.548.0 0.13 & 4 0.33 2 10 - 1.33 = 10 - QU6 40 0.14 2 45 0.96 @ 10 10.16 % 40 008 x5

H 9,29 I8 D4e2is ©d3Iw 0 026210 0.8« 47 ¢.23 & 20 1.06 815 >0 v.0 & 15 >0 0.092 2.

3 J.uT e 0.08 w40 Q.lys 20 Oube 3 0.04 # 82 J.08 43¢ - 3.62 #18% - G. 75818 >0 0.05 & 4

7 2.u8 % %0 - 0.i17220 0.07a 30 - 0.07 4 30 - veny @ 20 - 0.81 & 20 . Q.03 a

i{a) See Table 1 or expiacatio: of abbreviated deciguations. () Lime dnoignation snargy does nol NECESSArLly TePreseLl an AcLusate e..eryy calibration. {c} Errors Lasted are o percemt. % ladicatas 3z &
. The anergy is rounded off 1o the nesrest 10 kev merely line identification sumber.
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TABLE 2 \

). s MUlwons of Photons Per Second Per Line for Each Sample 3

810 50 7% s 900 960 1040 1100 1 1240 1Mo 1600 1690 34

- 0.92 & i0 0.88 4 7 - 0.4 ¢ 20 - - - - - - 0.254 10 - -
- 0.77a 6 062410 VU4w30 01se 0 - - - - - - 0.258 10 i -
B 046 % 10 0.a7a 12 - 0.08 £ 40 - - - - - - 0.25 210 - -
- 0.294 10  0.28 215 - - - Z - - - - 0.2 210 z z
- 0.31 2 IS 0.228 15 - . - - - - - - - 0.23 215 - -
- 0.0« 15  0.18 820 - - _ - - - - - 0.23 % 15 - -
- 0.3%20 0.15320 - - - - - - - 0. 7 aly N z
-~ 0.10925 0.1 a20 - - - - - - 0.21 % 10 - -
- 0.05a 25  0.00 « 40 - - - - - - 0.20 » i0 - z
- 0.0642% D0.07#30 - R - - - - - - 0.15 & 15 - -
- 9.034 50  0.06 # 40 - - - - - - - - 0.11 %20 _ -
- 157« 5 205810 - 0.58 & 20 >0 - - - - .73 % 3 051410 - 0.8%¢ (0
- 1.9%¢ 7 14k 7 - 0.38 % 20 V.)+ 425 0.2) #40 - - - 0.38 210  056% 5 - 0.22 & 20
- i3e 10 115 # 1D - - 0.38420 0.20%40 - 0.27 & 2% - 0.lBeiS  0.62% 4 -
- 095210 083810 - . V.24 %25 0.16 %30 - 227 %1% - 002225 0s7s 5 - -
- 057210  0.52 & 20 - - - - - - - - 0.63 %10 - -
- D.36a 1S 0305 0.03 « 40 - - - 9.10 # 30 - - 0.54 & 10 - -
- 007825 0.l4e20 000850 - - - - - - - 0.36 215 - -
- 004240 009820 007430 - - - - - - - 0.7 15 Z -
- 006435  0.07 &30 >0 - - - - - - - 0.06 & 30 - -
- 006 w40 0.06 # 30 - . - - - - - - " R -
- 0.06 « 20 - - - - - >0 - - - -
>0 aT9e 10 63210 o >0 0.84 « 20 - - - - - bade S - -
»e Zata s 35380 o >0 0.78 & 20 - 2.66 & 25 - 110« 20 0.59 & 28 - 362410  0.59% 2% -
420 132420 339«30 >0 0.67 & 20 - 0.50 = 20 - 0.98 & 20 >0 - 393 ¢ 10 >0 -
AEa20 018450 2.76 % 15 . 0 0.2} » 30 - - - >0 0.59 & 25 - 1.60 % 10 0.43 & 3% -
Si 415 032440 290 %15  0.30#50 030a«20 - - - 0.62 30 0.65« 2% - 1.30 2 45 0.48 8 35 -
B5415 03430  2.90410 029240 029810 - - - 0.50 % 30 0.50 & 30 - 104%15  0.50 &30 -
63410 0.25a 30 2.79 210 T aeS 01} &30 - - - 0.50 % 40  0.56 ¢ 30 - 0.63 & 20 0.26 & &0 -
49410 015630  237s10 10.20a40 0.094a50 - - 0.34% 40 0.4l 20 - 0.32420  0.26840 -
Dixls 021a38  183e10 Joleedo . - - - 0.204 40 0.30230 - 0.16 825  0.07 40 -
26015 - 16bei0 101006 004850 - - - 023840 0.24240 - 007830  O0.13 % 40 -
- 0J0a30 06l %D 010440 005830 - - - 0.08240 02225 - 0154 1% - -
- .05 = 30 0.39 # 10 .07 & 40 0.05 & 30 - - - 0.0B2 40 0.12& 25 - 0128 (5 - -
KIEw ] 0.33 & {0 003 &40 0.0)a 40 - - - 0.08 %40 0.08 & 30 - 0.03 & 15 - -
ELED] - 0.35 8 10 >0 >0 - - - 0.07Ta 40 009430 - »0 - -
- 0.21 s 20 0.46 15 0.22 & 40 - - - - 0.15 « 30 - - 0.42 & 10 - -
- C1Te40  D4ials 044840 - - - - - - - 0.36 4 10 - -
408 10 0,088 30 0.35 210 >0 - - - - - - - C.12% 15 0.07 & 30 -
Ala2 00s2m0  02sis - - - - - 9.06 40 - 006 # 15 004w 38 -
2.20 210 0.53 & 20 - - - - . 0.95e 8 - -
0924 8 0.23 2 25 - - - - - - 0.99¢ 3 - -
0.544 8 0.14 2 2% - - - - - - 0.Ble S - -
043810 0.11 835 - - - - - - 0854 10 - -
0.30 %0 0.09 2 30 - - - ~ - - 0.61 & 10 - -
0.23 & 10 0.7 & 40 - - - - - - 0.34 215 - -
0.2v s - 0.03 & 30 - - - - - - 015 & 15 - -
0.20 » 20 - - - - - - - - 0.07 & 20 - -
0.68 210 >0 B - - - - - - 0.20 % 15 - -
001820  Q.03e 0 - - - - - - - 0.08 & 20 - -
0.50 810 >0 - - - - - - - 0.68 % 10 - -
0.30 ¢ 15 .07 4 40 - - - - - - - 032210 - -
0.22 ¢ 20 >0 0.03 2 30 - - - - - - 0.18 2 15 - -
. - 0.14 225 - 002840 - _ - - _ - o0 s 30 - -
- 02043 041830 0.092S - - - - - - - 0.68 & 10 -
- 0.06 » 40 0.2) » 25 - 0.06 2 35 - - - - - - 0.27 %15 - -
- 00385 030815 >0 0.05 2 40 - - - - - - G4 20 - -
- 002450 022420 004%x%0 00125 - - - - - - 0.04 ¢ 30 - -
- 082810 0.6y 2 )0 >0 0.07 & 3¢ - - - 0.40 » 25 0.13 & 25 0.37 & 20
12635 084010 0.41 & 15 >0 0.07 ¢ 40 - - 0.05 & 30 - - 0.48 % 25 0.14% 20 - 0.16 30
- 040226  0.19 20 . 0.03 & 35 - - >0 - - 0.04 %30  0.i5% 25 - -
>4 0.10 & 20 0.0 & 20 - 0.06 = 38 - - - - - - 0.19 & 20 - -
0.05 w25 6.05 & 30 0.04 & 3% - - - - - - - 0.11 2% - -
N - 0.03850  0.02#50 - - - - - - 0.04 # 40 - -
- 024 & 20 0.3 = 20 ) - - - - - - 034 [0 - -
- 0.i2%20 0I9e30 Q@ - - - - - - 0.41 18 - -
- 0.09%25 0.2ia20 0 - - - - - - 04315 - -
- 0.03 & 45 0.12 # 3% L] - - - - - 0.33 20 - -
- 008430  0.10830 00440 - - - - - - - 0.06 = 30 - -
- 002830 005240 003 e - - - - - - - 0.03 = 30 - -
- GlielsS 015%15 00740 003240 - - - - - - 0.5 # 20 - -
- 2.0% = 20 0.08 & 20 0.05& %0 0.02x50 - - - - - - 0.16 & 25 - -
- 001840 006825 00285 - - - - - - 0.09 & 45 - -
- 0.04 & 25 .20 0.04e 20 002825 - - - - - - 0.09 & 30 - -
Ve g, 4 . s >0 0.50 %50  1.iL#10 - 0.4 & 20 - - - 158410 - 0.04 % 50
37430 409a & s 5 >0 >0 0.86 & 10 - 0.3% 2 30 - - - 160 s 5 -
>0 3174 i0 . 5 >0 0.70 % 50 = 0.52 % 20 - 0.29 2 40 - - _ 172 5 - -
- 2.26 2 10 * 10 - 0.53 s 20 >0 - 0.20 & 45 - - - 1.81x ) - -
Ie25 103410 PEE] 0658 40 0.263% )5 - - 0.14 % 40 - - - 174 5 - -
9 0.50 s 18 s >0 0.20 « 20 - - - - - - 1.27 % 10 - -
0 0.284 2% » 25 >0 Q.14 % 30 - - - - - - 1.06 %15 - -
-0 0.09 ¢ 40 .20 >0 0.11 & 40 - - - - - - 0.79# 20 - -
- 0.07 « 45 * 20 0.15 ¢ 45 0.07220 - - - - 10.06 & 40 - 0.52% 20 - -
- G.06 a2 48 »20 >0 0.03 & 50 - - - - - - 0.19 2 30 - -
- 0.02 % 50 820 0.0 %45 - - - - - - - 014 30 -
b 0.61 %10 3.16 2 40 - - - - - 9.7 20 - -
‘1a %0 4018 - - - - - - 0.28 2 20 -
% a0 :,zs .28 - - - - - - u.2ée 13 - "
a8 21w 20 - - - - - - 0.21 2185 - -
2e s 1158 30 - - - - - - 0.16 & 2% - -
o - - - - - - 0.21 2 10 - -
- - - ~ - - - - - 0.174 18 - -
- >6 - - - - - - - 0.142 20 - -
- >0 0.04 2 40 - - - - Z - 0.08 2 25 - - .
-9 . _ - - - - - - >0 - -
a8 _ - - - - - - »0 - -
0.02 450 - - - - - - 0.01 % 25 - -
-0 0.15 8 28 D.UT 43 0.24 4 8 - - - - - - 0.18 = 20 - -
- 0.0 30 . - - - - - - - J.lb 2 20 - -
- 0.074 38 - - - - - - - - 0.14 4 285 - -
- 0.03 2 53 N N - - - - - - 0.07 & 30 - -
- 1688 20 0.46 425  0.25 30 - 10.27 & 15 - - - 251 8 - -
d 0.60 %2y 0.27 & 30 - - 10,18 2% - - - 1.70% S - -
ok 0 0.1 e 48 0.08 & 50 - - 10.04 & 30 - *0.14 % 20 - 1.06 % 10 - -
M >0 0.09 s 28 - - 10.08 & 50 - - - 0.86 4 20 - -
YRy . 0.0% 4 40 - - 10.04 4 30 - *0.08 8 %0 - 0.26 4 20 - -
- 3.07 8 40 0.03 4 &0 - - 10.04 « 50 - .04 8 40 - Qie s 25 - -

(¢} Errore issted sre in parcamt. ® Iadacates s esergy ahift 20-30 xev below line designation. 1 lndicases as smergy siilt 20-30 kev above Line designation.
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TABLE 3

—_Absolyte Photon Intensities (High Gain), in Millions of Photons Per Becond Per Line From Eachk Recording

Line Designation {kev)(®)

Time After

fample snd 6-20 30-13% 60 108 140 220 180
$hos Recording (8) !
(br)
51 AB I 1.08 2 401¢) 0zan g0 054828 444810 087815 1.43a18 1.02a 8
78 2 108440 024450 0.64420 3.87610 O0.64#15 1l4s 1S 0467820
99 3 0.85 & 40 >0 0.47 ¢ 20 278815 0.48 815 009418 066025
166 4 0.35 2 50 018450 041420 1.40 £ 15 0.33# 20 0.524 20 0.26 830
191.5 s 0.18 ¢ 50 >0 0.24 2 20 1.05 420 0.16 2 20 0.3542% 0.i104 40
215 6 0.15 % 50 >0 0.18 % 25 0.69 & 25 0.11 & 30 0.23 430 0.058 45
263 8 >0 - 0.178 30 0.50 £ 25 0.07 & 40 0.18 & 30 -
338 9 >0 - 0.17 & 40 0.32230 0,06 45 0.11 % & -
406 10 - - 0.10 & 40 0.17 & 35 >0 0.09 & 40 -
53 B33 1 1,705 085450 1.33 % 50 427210 0.72420 163425 2.09e20
70 2 1,404 50 0.85%50 1184230 3.63&15 0,72 %30 1.5¢425 1.77a20
96 3 1.00#25 0.50%5) 1.12230 2.53 %15 0.46 = 30 1.064 25 10220
118 . 0.774 30  0.36% 50 0,60 % 30 2.09820 0,30 =30 0.72% 30 0.55# 30
193 L1 0.54 & 35 >0 0.59 & 35 1.21 « 20 0.30 & 30 0.52 &30 0.268 35
244 6 0.34 % 40 - 0.4) ® 35 0.74 ¢ 20 0.14 435 0.30 & 30 >0
€545 7 0.17 238 - 0.17 % 40 0.26 « 25  0.12 & 40 0.13 4 45 -
798 s 0.05 # 30 . - 0.04 %35 0.07 « 235 - -
1296 9 - 003 - - 0.04 = 40 - -
242 GB 1 0.05 & 40 - 0.19 # 30 0.5 210 0.11 & 40 0.11 & 50 -
244.5 HB 1{3% 210 & 28 - 700415 2059410 3.85430 7.31%10 1,764 40
360 3l 1.20 & 30 - 3.26 % 20 7.56 %20 1.1l %30 2.85% 20 -
863 514} 0.67 & 30 - 1.21 ¢ 30 1.33 & 25 1,05 &30 0.60 2 25 -
1060 6 >0 - 0.72 & 30 0.5 230 0.74a25 0.22 & 35 -
1299 7 0.23 % 30 - 0.61 & 30 0.34 % 40 0.59 = 25 >0 -
1730 [ ] 0.12 & 50 - 0.45 & 30 0.12450 0.43230 >0 -
1570 9 0.09 & 50 - 0.32 & 40 0.08 2 50 0,23 % 40 - -
360 m 1 0.31440 0,17835 1.02#10 1.6 420 0.30 & 2% 0.74 & 18 -
384 JB 1 0.25450 0.16#30 0.59«15 0.94 815 0.22 &30 0.34 & 30 -
€585 2 0.12450 0,062 40 0.50 & 20 0.73 ¢ 20 >0 0.41 & 40 -
75 KB i 168450 0754 7 l.ede 40 779410 1.84 420 257415 1,77430
97 2 155450 0754 ? 1.23% 25 6.95 210 1,55 & 28 2.07420 1,01%30
196 3 0.78 440 0272 7 0,934 20 2.79&15 0.63&25 095420 0.34# 30
262 . 0.392 7 —_ 0.57 « 30 1.382 20  0.3] 40 0.51 & 30 -
338 H 0.27 4 50 0.09% ? 0.31 430 0.63 220 0.l4 x40 0.23 30 -
436 6 0.07250 0.03¢ ? 0.10% 30 0.20% 20 0.04 % 25 0.09 & 25 -
79 7 0.05¢ 7 - 0.04% 2 0.07% ? 0.05% ? 003 ? -
96 LB 1} 0.46 235 028250 0.68% 20 2.70 £ 10 0.63 & 40 0.84230 0.42% 40
3318 MB 1 0.19 & 30 - 0.39 % 40 1.054 10 0.19 % 30 0.36 & 20 -
123 2 0.08B = 40 0.03 * 50 0.11 & 30 0.16 2 20 0.11 = 30 0.07 & 40
358 NB 1 0.32%45 0.18250 0.6] %20 1.072 15 26 % 40 0.44 %30 0,05#% 50
120 2 0.07250 0.08 %40 0.i6225 0.17220 0.14 & 40 0.10 » 40 -
52 oB | 0.35430 017450 .61 &25 0.56 2 20  0.31 % 30 0.30 4 40 0.70 & 25
70 2 0.26 %40 0.13#50 Q.46 30 0.342 30 .26 %30 0.8 # 4C  0.44 & 30
147 3 0.11 50 0.06%50 0,162 40 0.16 % 35  0.14 & 40 0.06450 0.i4% 40
192 ¢ 0.08e5 005450 0.152%50 01525 0.09 50 >0 0.10 & 50
214 PB 2 0.19435 0.07&50 0.16% 3t 0.58 ® 25 .20 % 30 0.23 235 0.07& 50
218 QB 1 0.04 %60 0.09230 0.08%4C 0.13%30 0.07 & 40 0.09 4 40 0,052 50
238 RB 1 0.0745 006 %50 0.i0« 40 0.16 # 35 0.09 & 40 0.09 %40 0,144 30
" T ) 2,244 25 - 1.6b% 30 1559 %10 2.75 %35 6.27415 4.41%20
94 2 2.10 & 20 - 1.63% 20 13.24 %10 2,80 % 30 47315 354%20
118 3 1.77 2 20 - 1,362 20 10.41 £10 2,00 % 30 3.99 %15 2.5f %25
167 . 1.61 & 20 - 1.39 £ 25 7.14% 30 .55 %35 3.02415 1,682 30
242 s 0.88 & 20 - 0.97 % 25 347415 0.80 %25 137415 0.70 % 50
338 6 0.65 % 20 - 0.70 % 20 1.85% 15  D.52 ¢ 30 0.71 %20 0.25# 50
431 7 0.42 & 25 - 0.48 & 2¢ 6.95% {5 0.31 %25 0.47 # 25 -
580 s 0.21 & 30 - 0.25 ¢ 25 0.45« 20  ©0.22 & 25 0.21 ¢ 35 -
767 9 0.17 # 30 >0 0.17 % 3¢ 0.26 2 25 0.25 % 40 0.09 & 40 -
239 us 2 0.44 & 25 - 0.46 % 15 1.482 15 0.60 & 20 0.52 %20 0,13 % 40
~314 3 0.29 & 30 - 0.38 % 20 0.77 %15 0.14 # 25 0.29 # 30 -
408 4 0.19 & 30 - 0.29 & 25 0.55 % ¢5 0.11 & 30 0.17 # 30 -
239.5 ve ! 052830 0.16440 0.80 % 25 229%20 0.28+30 0.79420 0.34230
336 2 0.26 30 0.09%40 O0.45% 25 1.074 15  0.09 = 40 0.30 & 25 -
432 3 0.17435 0.07#50 0.32%20 0.82% 15 0.08 % 50 0.43 % 40 -
263 xB 1 0.21 & 30 - 0.50 & 30 1.24 215  0.42 %20 0.41 £20 0.16% 40
316.5 2 0.13 & 30 - 0.31 % 30 G.744 10 0.14 % 30 0.30 & 25 -
410 3 0.13 & 40 0.28 + 40 048225 0.11 40 0.17 & 40 -
287 s 1! 1.09 & 20 - 1.98 = 20 6.70 % 10 1.39 & 25 1.45¢2C 0.52#60
314 2 0.97420 0.58¢50 18120 517410 .11 25 1.71 420 030% 40
412 3 0.73% 30 0.52%30 1.39%2°¢ 3.07215 0.72 % 20 1.20 8 18 -
626 4 032440 0.28440 0.55% 25 0.96 % 20  0.43 # 25 0.39 & 20 -
768 s 0.20440 0,05#50 0.33& 25 0.56 % 25 0.31 % 25 0.17 % 30 -

&

i

See Table 1 for explanation of abbreviated designationns.

Line designation energy does not necessarily represent an accurate energy
calibration. The energy is rounded off to the nearest 10 kev merely as a
line identification number.

Errors listed are in percent,

>0 at 165 kev,

0.40 & 50 percent at 165 kav,
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DISTRIBUTION
‘ -
J Copies
NAVY
1-9 Chief, Bureau of Ships (Code 348)
10 Chief, Bureau of Medicine and Surgery
11 Chief, Bureau of Aercnautics (Code AELO)
12 Chief, Bureau of Supplies and Accounts (Code W)
13-14 Chief, Bureau of Yards and Docks (D-440)
15 Chief of Naval Operations (Op-36)
s 16 Chief of Naval Operations (Op-361)
. 17 Commander, New York Naval Shipyard (Material Lab.)
‘ 18 Director, Naval Research Laboratory (Code 2021)
° 19 Director, Naval Research Laboratory (Code 1501)
20 CO, Naval Unit, Army Chemical Center
21 CO, U. S, Naval Civil Engineering (Res. and Eval. Lab.)
. 22 U. S. Naval School (CEC Officers§
i 23 Commander, Naval Air Material Center, Philadelphia
: 24 Commander, Naval Air Development and Material Center
i) 25 €O, Naval Schools Command, Treasure Island
' 26 CO, Naval Damage Control Training Center, Philadelphia
) 27 U. S. Naval Postgraduate School, Monterey
: 28 CO, Fleet Training Center, Norfolk
! 29-30 CO, Fleet Training Center, San Diego
31 Commandant, Twelfth Naval District
32 Office of Patent Counsel, Mare Island
33 Commander Air Force, Atlantic Fleet (Code 16F)
34 CO, Fleet Airborne Electronics Training Unit Atlantic
I 35 Commandant, U, S, Marine Corps
36 Commandant, Marine Corps Schools, Quantico (Library)
37 - Commandant, Marine Corps Schools, Quantico (Development Center)
ARMY
38 Chief of Engineers (ENGEB, Dhein)
39 Chief of Engineers (ENGNBS
LO-41 Chief of Research and Development (Atomic Division)
' 42 Chief of Transportation (TC Technical Committee)
L3 Chief of Ordnance (ORDTB)
L Chief Chemical Officer
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87 .
88
89-91
92

Deputy Chief of Staff for Military Operations

CG, Chemical Corps Research and Development. Command
CO, Hq., Chemical Corps Materiel Command

President, Chemical Corps Board

CO, Chemical Corps Training Command (Library)

CO, Chemical Corps Field Requirements Agency

CO, Chemical Warfare Laboratories

Office of Chief Signal Officer (SIGRD-8B)

Director, Walter Reed Army Medical Center

CG, Continental Army Command, Fort Monrce (ATDEV-1)
CG, Quurtermsster Res. and Dev., Command

Director, Operations Research Office (Librarian)
CO, Dugwav Proving Ground

Director, Evans Signal Laboratory (Nucleonics Section)
CG, Bngineer Res. and Dev, Laboratory (Library)

CO, Transportation Res, and Dev. Command, Fort Eustis
Commandant, Army Aviation School, Fort Rucker
President, Board No, 6, CONARC, Fort Rucker

NLO, CONARC, Fort Monroe

Director, Special Weapons Development, Fort Bliss
CO, Ordnance Materials Research Office, Watertown

AIR FORCE

Directorate of Intelligence (AFOIN-3B)

Assistant Secretary of the Air Force

Commander, Air Materiel Command (MCMTM)

Commander, Wright Air Development Center (WCRTY)
Commander, Wright Air Development Center (WCRTH-1)
Commander, Wright Air Development Center (WCOSI-3)
Commander, Air Res. and Dev, Command (RDTDA)

Director, USAF Project RAND (WEAPD)

Commander, Air Technical-Intelligence Center (AFOIN-ATIAW)
Commandant, School of Aviation Medicine, Randolph AFB
CG, Strategic Air Command, Offutt AFB (IGABD)

CG, Strategic Air Command (Operations Analysis Office)
Commander, Special Weapone Center, Kirtland AFB
Director, Air University Library, Maxwell AFB
Commander, Technical Training Wing, 3415th TTG

CG, Cambridge Research Center (CRHTM)

CO, Air Weather Service ~ MATS, Langley AFB

AFOAT - Headquarters

OTHER DOD ACTIVITIES

Chief, Armed Forces Special Weapons Project
AFSWP, SWTG, Sandie Base (Library)

AFSWP, Hq,, Field Command, Sandia Base
Assistant Secretary of Defense (Res. and Dev,)
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93
94-96
97-98
99-100
101
102-103
104-105
106-108
109
110-111
112-113
114

115

116
117-118
119

120

121

122
123-124
125-127
128
129-130
131-132
133
134-148

149-175

I~

AEC ACTIVITIES AND OTHERS

(For addressees below, transmission is made via specific

transfer-accountability stations designated by the AEC.)

Argonne National Laboratory

Atomic Energy Commission, Washington

Bettis Plant (WAPD)

Boeing Airplane Company, Seattle

Brookhaven National Laboratory

duPont Company, Aiken

General Electric Company (ANPD)

General Electric Company, Richland

Hanford Operations Office

Knolls Atomic Power Laboratory

Los Alamos Scientific Laboratory

Lovelace Foundation

National lead Company of Chio

New York Operations Office

Phillips Petroleum Company (NRTS)

Public Health Service

San Francisco Operations Office

Sandia Corporation

Sandia Corporation, Livermore

Union Carbide Nuclear Company (K-25 Plant)

Union Carbide Nuclear Company (ORNL)

UCLA Medical Research lLaboratory

University of California Radiation Laboratory, Berkeley
University of California Radiation Laboratory, Livermore
University of Rochester

Technical Information Service Extension, Oak Ridge

USNRDL

USNRDL, Technical Information Division
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