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& SUMMARY OF S8HOT DATA, OPERATION TEAPOT
! Latitude and . -
Shot Code Name Date Time? Area Type Longitude of
Zero Point
° ' "
1 Wasp 18 Pebruary | 1200 T-1-4t 762-ft Alr noe oues
i o N1
» "
2 Moth MPebruary | os4s | T-3 300-2 Tower noa uau
i 0 15
3 Tesla 1 March 0830 | T-ob 300K Tower oo am’
i 02 iHen
. Turk 7 March 0620 | T-3 800-R Tuwer now'o oseu
i N N.un
A t '
5 Hormet | 12 March 0620 | T-2a 300-ft Tower " on ses’
s M B
] Bee 23 March 0808 T-7-1a 500-ft Tower "o e
1% 0 B.MUY
] A 1%
1 Eee 23 March 1230 T-10s 67-ft Underground now o wm
i 1 nmuu
8 Apple 29 March 0456 | T-4 800-R Tower nou e’
i W W0
9 v.asp’ 29 Marck 1000 T-1-4 740-f Alr "o "": .
s 0 5.1
10 HA 8 April 1000 | T-88 36.620-t MBL Alr Y T
i 8 BuM
n Post 9 April 0430 T-9¢ 300-t Tower o
1He 1 .M
13 MET 18 April 1118 rr 400-ft Tower ® o aen’
1 N e
13 Appla 2 5 May 0810 | T-1 500-ft Tower G IRTE
! B N ren
14 Zucchint| 15 May 0800 | T-7-1a 500-R Tower oW amm
J 14 L1} 8.M74
¢ App.uximate iocsl time, PST orior to 34 April, PDT after 34 April.
t Actual zero point 36 feet north, 436 feet west of T- 7 4.
t Actual zero pouint 94 feet north, 62 feet west  T-7-4.
§ Actual rero point 38 feet south, 39T feet west of i-35.
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ABSTRACT

This report is concerned with that part of Pr-ject 2.3 wvhich studied
the activities induced in the surface of the earth near ground zero dy
neutrons released from a nuclear detonation.

Genma-ray spectral measurements of Nevada Test Site soil obiainsd
frca the vicinity of ground zerc following Shots 1, 4, and 7 have been
studied. From these it is concluded that the relative juantities of
observed neutron-induced activity to fissiorp-fallout activity are func-
tions of height, yield, and type of detomnation.

Ten dirreﬁent soil snples were exposed to the pautrons from Shot 5.
While on.ly and Nn activities could be de?initely found in signifi-
cant quantities in all soils, the relative amounts of these two radio-
isotopes varied over a coneideradble range and, within reasonable accuracy,
can be said to have been activated in proportion to the amount of sodium
and menganese atcms present in the s0il at the time of irradiation.
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FOREWORD

This report presents the final results of one of the 56 projects comprie-
ing the Military Effects Program of Operation Teapot, which inoluded 1§
test detonations at the Nevada Test Site in 1955.

For overall Teapot military-effects information, the reader {s ro-
ferred to "Summary Report of the Technical Director, Military Effects
Program,” WI-1153, which includes the following: (1) a description of
each detonation including yield, zero-point environment, type of devioce,
ambient atmospheric conditions, etc.; (2) a discussion of project results;
(3) a oummary of the objectives and results of each project; and (4) a
listing of project reports for the Military Effects Program.

PREFACE

The suthors desire to acknowledge the assistance of, and several
very profitabls discussions with, M. Horma, J. lai, and C. Callahan of
the Analytical and Standards Branch. Chemical Technology Division, NRDL.
vith regard to the chem. -1 ana'yses of the soil ssmples and to the
problems of preparati. . of samples for future work.

The assistance and couperation of W. M. Johnson, Principal Soil
Correlator for the Western States. U. S. Department of Agriculture, Soil
Conservation Service, .a discussiuns concerning 60il fundamertals, is
gratefully acxnowledged. 'Ime de-ailed soil description which he bas
supplied has :<cn greatly appreciated.

The assistance of R. A. Taylcr in electronic matters, 30 vital to
the entire opcration, cannot be adequately covered by words.

We also cesire to thank Mavriird Cowan of Sandia Corporation fur the
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INTRODUCTION

1.1 SCOPE OF THIS REPORT

Following & nuclear detonation, gamma radiation is observed in the
vicinity of ground zero. The sources of this radiation are radiocactive
nuclel formed either by the fission process or by nuclear transmutations
induced by neutrons. Fission products and ncutron induced radicactive
isotopes formed by neutron reactions in any material which is thrown into
the air sppear as fallout. The distribution of this fallout is dependent
on the size and height of burst and the meteorclogical conditions at the
time of burst. Radioactivity may also be induced in any other matter in
the vicinity by ncutrons which escape from the device.

Project 2.3, Operation Teapot, studied the spectra of both types of
residual gamma radiation. This report covess those parts of the project
vhich studied neutron induced activities exterior to the device, specifi-
cally, in this case, s0ils.

1.2 OBSECTIVE

The sole purpnse of this report is to provide information on the
nature of the garma radiation activities induced in soils by the neutron
radiations from auclear weapons. Observations were made within the first
few days after detonation. This information may serve as source material
for the development of a tactically useful system for predicting similarly
produced radiation from othe: devices over various terrain and soil con-
figurations. However, a method for the prediction of such radiation will
not be part of this report.

1.3 THEORY

1.3.1 Residual Gamma Radiation from a Nuclear Device. The resicual
gamma radiatiors which are observed following the detcnation of a nuclear
device are either fission product radiations or radiations from radio-
active isotopes that have been produced by a neutron capture reaction.

The neutron capcure may occur either ir material in or immediately around
the device or it may occur in matter which is in the immediate vicinity
of the place of detonation but which is not an intimate part of the device
or associated equipment. In the latter category are the neutron capture
processes which occur in the soil within a few hundred yards of ground
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zero. It may also include neutron capture reactions in any equipment or

other material which happena to be in the vicinity of ground zero at the
time of detonation.

1.3.2 Attenuation of Neutrons-General Discussion. Neutrons which
reach the s0il or other material exterior to the device must first escape
from the device and finally pass through the air or other matter which
separates the device from the object of interest in which radioactivity
is8 induced. During the passage through this matter, the neutrons are
absorbed and scattered (attenuated) by the nuclei of this matter. These
processes cause same modification in the pature, especially the energy
spectral characteristics, of the neutrons.

Interactions between neutrons and other nuclear particles are of
three general types: elastic scattering, inelastic scattering, end
capture. Which is to be the most probable type of interaction depends
on the energy oi the aeutron.

For fast neutrons the scattering cross section is usually consider-
ably larger than the capture cross section. The probability of an inter-
action 1s dependent on the density of scattering nuclear particles, the
density of incident neutrons, the stomic number of the scatterer, and the
energy of the incident neutrons.

Neglecting certain quantum mechanical effects in which the wave
length of the incident neutron must be considered, elastic scattering may
be viewed as a strictly mechanical problem in which both energy and momen-
tum must be conserved. Scattering material of low atomic number reduces
fast neutrons to thermal energies much more quickly than do higher atamic
number materials. For example, if a neutron traverses & medium composed
of hydrogen, sn average of 17.5 cocllisions are required to reduce a 1 Mev
neutron to thermal energy. Thermal energy is considered to be about
1/40 ev. To effect the same reduction in carbon requires 111 collisions
and in lead, 1800 collisions (Reference 1).

Inelastic scattering of neutrons may occur if the neutron possesses
sufficient kinetic energy to raise the scattering nucleus to an excited
level while be’.ng scattered. Again momentum, as well as energy, must be
conserved.

If a fast neutron is captured, the resultant nucleus is always in
an excited state. O?ten this higher state is farther above the ground
state than the binding energy uf one or more nuclear particles within the
resultant nucleus. These nuclear particles may then escape from the
nucleus. Specific reactions of this type occur when a fast neutron is
captured and & proton escapes, an (n,p) reaction, or when a fast neutron
is captured and an alpna particle escapes, an {n, 8) r~action. Many other
types of reactlons may occur, depending on the energy of the incident
neutron, but the two reactions mentiocned are the only fast neutron
reactions which sppear st ail possitle in any quantity for nuclear device
neutron energies.

Therms) neutrons are in temperature equilibrium with the surrounding
nuclear material and will diffuse through this material until captured.
Usually the capture of a thermal neutron adds insufficient energy to the
target nucleus to allow the escape of a nuclear particle such as a proton
or an alpha particle. The surplus enargy available in the resultant
nucleus then escapes in the form ¢l a gamma ray, an (n, ¥ ) reaction. Such

12
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radiative capture reactions may also occur for iucident fasst neutrons but,
with the exception of ccrtain resonant energies, are much less probable
for the higher energy neutrons than for thermal energies.

The probability that one of a beam of monoenergetic neutrons will
pass undeviated through a target material may be expressed as an exponen-
tial function exp(ky 4 Bg)x, where Kk, is the absorption coefficient for
the mod!um through which the neutron moves, pg is the scattering cceffi-
cient for this seme medium, and x is the path length. Both the absorption
coefficient and the scattering coefficient are energy dependent.

A peutron detector placed anywhere in space will be affected by all
neutrons wvhich pass through that space and which have the proper energy
to be ovserved by that detector. Thus the detector placed at same arbi-
trary location in the earth, B, (illustrated in Figure 1.1) cbserves all
neutrons passing through B. Neutrons may reach that point from the point

0

-

~N
(-}

> —— S S, S— e e - w—— —

Figure 1.1 Radiation of psutrons from point of detonatlon.

of detonation of a device by a large number of paths such as the direct
route, 1; a single scatter in the air, 3; several scetters in the air, 4;
scattering in both air and soil, 2; or by meny other rcutes wvhich nay
include any number cf scattering interactions. Because of this, neutrons
fram the device may be incidiut on the detector from any direction.

It is obvious that a cal~ulation of neutron intensity cammot consi-
der each individual scatter and capture, but must lump these into some
simplified equation. The relative decrease in neutron intensity as a
function of distance may be app:r ximated mathematically through use of an
eftective attenuation coefficient, B, or an effective interaction length,
L, such that

Iy Ile"“x - Ile.x/L
Such a simple expression does not alvays apply since neutrons of higher

18
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energy may be scattered into a lcser energy region thereby producing
a buildup of lower energy neutrons. Under these circumstances this
expression applies to the higher energy neutrons but not to the lower
energy ones until an equilibrium situation is reached.

1.3.3 Attenuation of Device Neutrons in Air. As the neutrons redi-
ate from the point of detonation, as illustrated in Figure 1.1, they undergo
scattering interactions in the air. A measure of the rate of removal of
neutrons from an arbitrarily chosen energy intecval provides a first
measure of the effective interaction length for that energy region.
However, if there are neutrons radiated from the device having energies
greater than the energy interval under consideration, a certain percent-
age of these higher energy neutrons will be scattered into the observed
energy interval. Also, a few of the neutrons in this energy interval
will be captured by appropriate nuclei in the air. At sufficient distance
fram the neutron source an equilibrium condition should be reached in which
the number of neutrons entering a given energy interval is proportional
to the number leaving. Thus the effective interaction length for all
energies of neutrons will be the same at large distances fram the neutron
source.

Thermal neutrons are produced by the degradation of fast neutrons
irto the thermal energy region. Thermal neutrons are lost by capture.
Therefore &t sufficient distances thermal neutrons should also approach
an equilibrium condition in which the effective iateraction length is the
same as for fast neutrons.

3.3.4 Neutron Induced Radioactive Nuclei. Radioactive isotopes
are produced by all the capture processes mentioned in Section 1.3.2.
The most cammon neutron reaction producing radioactive isotopes is the
(n,”) process; although this reaction is possible at all neutron energies,
it has its largest cross section for neutrons in the thermal energy range.
It is also possible for fast neutrons to produce radioactive isotopes
by other reactions such as an (n, ¢) or an (n,p) process, but these
reactions usually have a threshold at several Mev, so are effective only
vithin a relptively small fraction of the fission neutron spectrum. The
Fe’"(n,p Mn’° reaction for example has a threshold at 2.9 Mev and its
cross section reachesa peak at 14 Mev (Reference 2) of 0.11 s. This
is very small campared tc the 13.3 barns for the Mn55(n,)' Mn2° reaction
and therefore probably does not compete significantly in the production
of radioactive isotopes in soils unless very large quantities of iron
are present iu the soil.

1.4 PREVIOUS WORK ON SOIL INDUCED ACTIVITIES

An assessment of the problem of neutron induced activity in soil was
made (Reference 3) at Operation Ranger. The five ghots of this operation
were detonated between 1,000 and 1,400 feet above the terrain and gave an
opportunity for measuring induced soil activity without significant
quant!ties of fallout activity. Dose rate measurements were made for
each shot. Radioactive soil sasmples fram Shot 5 were returned to USNRDL
for analysis. Based on half-life measurements starting at H 4 3.5 days,

14
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the neptron indvr:d radioactivity in the soil samples was determined to
be Nact. Inact!.e aluminum, calcium, iron, magnesium and silicon were
each present in tlhie samples to greater than 10 percent as determined by
spectro-chemical analysis. Sodium and copper were determined each to be
present to less than 10 percent.

Similar radiological surveys (References 4, 5, and 6) conducted at
subsequent Nevada Test Site operations form the present basis for pre-
dicting neutron induced dose rates in Nevada Test Site soil. These cata
have been summarized in graphical form by APSWP (Reference 7) for the
prediction of gumma-ray dose rates to be expected as a result of neutron
induced radioactivity in Nevada Test Site soil. Sandia Corporsation has
devised (References 8, 9, and 10) a system for the prediction of soil
induced activity douse rates based on specific weapon models. Both the
AFSWP and the Sandia Corporation work are limited to Nevada Test Site soil.

15
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Chapter 2 * -
PROCEDURE

2.1 SCINTILIATION SPECTROMETRY

Ganme radiation is very high encrgy electramegnetic radiation. It
can be observed only if it interacts with matter, usually through trans-
fer of ite energy %o an electron. The electron cannot retain the added
kinetic energy as it passes through matter, but pramptly loses it througn
a series of interactions with the atoms in the matter through which it
moves, with the average energy loss per interaction being only & small
fraction of the initial kinetic energy of the electron.

Each interaction between this electron and the matter through vhich
the electron passes results in an excitation or ionization of an atam
in the matter. When the atam returas v» its normal ground state, it
releases the surplus acquired energy, usually either by thermal transfer
of energy to neighboring atams or by the emission of a quantum of radia-
tion. If the reiease is in the form of radiation, the energy of each
quantum is much less than that of the gamma ray which initially triggered
the process.

For certain transparent crystals the resulting radiation is withi v .
an easily detectable spectral region, such as the visidble part of the
spectrum. This ™™enamenon forms the basis of scintillaticn spectrometry.
Thallium-activated sodium iodide [NaI(T1)] is such a cryetal. If the « .
crystal makes good optical contact with & phntamultiplier tube, the
visible light liberates electrons photoelectrical'v fram the photosensi-
tive surface on the face of the tube. By appiying appropriate voltage
increments between successive dynodes of the photamultiplier tube, these
electrons are accelerated from one dynode to the next and at eackh dynode
secondary electron production tskes place. DBecause of this series of
electron multiplication, the final output of the tube is an electrical
pulse of sufficient magnitude to produce a signal in standard, but
relatively sensitive, electronic equipment. This process is illustrated
in Figure 2.1. A typical crystal-photomultiplier system ready for use
is shown in Figure 2.2. Becausesodium iodide is deliquescent, the
packaged crystal must be sealed against exposure to moisture. The
crystal package has a transpareant face (glass) against the photomulti-
plier tube, but otherwise is light tight. The photamltiplier tube is
covered with black electrical tape to prevent light fram leaking fram
the outside into the photosensitive surface of the tube. A very small
leak will admit considerably larger quantities of light than is seen by .
the photomiltiplier tube from the scintillations of the crystal.

2.2 ENERGY ABSORPTION BY A NaI(Ti) CRYSIAL

Gamma rays may interact with matter through a number of processes
(Reference 11), most cammon of which are the photoelectric, Zompton,

16
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PHOTOSENSITIVE SURFACE
ELECTRON

/ PHOTOMULTIPLILER TUBE

LIGHT QUANTA

i SIGNAL
ot
ouT
INCOMING
GAMMA HV
RAY W

\ \Nal (T1) CRYSTAL
PHOTOELECTRON

Figure 2.1 Operation of photosultiplier tube.

2.2 The 4i-inch-diamster by 4~inch-high MI(T1) arystal and
attashed photosultiplier tube used for measuring pulse-height
distributions from gamma radiation.
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and pair production interactions. In a photoelectric interaction, the
gume quantum is campletely absorbed by an atam of the crystal. Most
of the energy of the gemma ray is transferred to an atamic electron,
vhich escapes fram the parent atom. In the Campton process the gamma
ray is scattered by an atom in tne crystal, in which case only part of
the gammma-ray energy is lost and the photon continues with lower energy
in a direction different from its initial directiom of travel. In the
pair production process the gmmaa quantum is also campletely absorbed
iving its entire energy t0 & pair of electrons, one positively charged
positron) and the other negatively charged (negatron) that are crested
at the point of interaction. Since an energy equal to the rest energy
of the electron (B = myc®) must be absorbed to create each slectron of
the positron-negatron palr, & gemma-ray energy cf at iesst 2m,c = 1.022
Mav is required before the process can take place. This process becomes
significant only for geamma radiation having energies greater than several
Mev. In the photoelectric effect, the photoelectron leaves the parent
atam with a kinetic ensrgy less than the energy of the incident gammma
quantu , by an amount equal to the binding energy of the atamic shell
from vhich it escapes. This kinetic energy is transformed into arn
electrical pulse by the crystal-photomiltiplier system. The remaining
gumna-ray energy is very quickly released by the parent atom when an
electron fram one of its outer shells falls into the shell fraom which
the photoelectron escaped. This causes the release of one cr more
characteristic x-reays. Because of the relatively low energies Of thess
characteristic x-rays, they are quickly absorbed and produce their own
photoelectrons from shslls having very low binding energies. Because
all this aappens 7 a time much shorter than the resolving time of the
electronic equimment, all the energy appears as 8 : .ngle pulse, the size
of which is directly proportional to the epergy of the incident gamma ray.
In the Compton process the incident gamma-ray scatters fram one of
the electrons of the atam with which it interacts. The energies of the
scattered gmmma ray, and of the Compton electron, are determined as a
function of the angle of scatter through use of equatiouns derived fram
the laws of the conservation of mcmentum and energy. The Compton elec-
tron loses its kinetic energy in the crystal producing at the output of
the photamiltiplier tube a. electrical pulse in magnitude proportional
to the kinetic energy of the Campton electron. As the scattered gamma
ray passes through the crystal, there is a finite probability that it,
too, will undergo an interaction within the crystal. If it does, this
interaction may be either a photoelectric interaction or another Camp-
ton interaction. bBecause of the highar photoelectric crcss section for
lower gm=sa-ray energies, the prubability of this second intersction
being a photoelectric process becamss greater the lower the energy of
the scattered Compton gamma ray; aleo, the longer the path thrcigh vhich
it must travel, the greater the probability of succeeding interactionms.
Because of the relatively long resolving time cof the electronic equipment
campared to the time required for these physical processea, the energy
from any series of Campton interactions, followed by a final photoelectric
interaction, will result in a single output pulse proportional to the
epergy of the incident gamma ray. If a Campton scattered gamma ray
escapes fram the crystal, the resulting electronic pulse is lower in
nagnitude and produces a part »f & continum of _ower magnitude.
The total kinetic energy of the positron-negatron pair origlnating
f.ua the pair production process is 1.022 Mav less than the energy of
18
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the incident gamma ray. This produces an electronic output pulse in
magnitudes proportionally 1.022 Mev less than the photoelectrically
produced total absorption peak of the gmmrs rey. However, after the
positron comes to rest, it is annihilated through a merging with same
negatively charged electron in the vicinity, resuiting in the reiease of
tvo gamma rays esch vith an energy E : 5oc” = 0.511 Mev. Either of these
gauma rays may interact wvithin the crystal. 1f the full energy of only
one is absorved (the other escaping) a pulse is developed in magnitude
0.511 Mev leas than the photoelectric pulses. However, if the full
energy of both guanta of anrihilation rediation is absorbed, the resulting
pulse is indistinguishable from a photoelectric pulse.

2.3 THE SIPCLE CHARNEL GAMMA RAY SPRCTRUMETER

if a mcans is found vhereby a plot may be made of the number of
photamultiplier output pulses against puise magnituds (usually called
pulse height since the magnitude is ssen as height on the screen of an
oscilloecope ), all those output pulses produced by the total absorption
of the energy cf individual monoenergetic gamma rays appears at the same
valuz of pulse height and produce a peak, known as the full energy peak,
in the resulting plot (References 14, 15 and 16). Gamms rays, the energy
of vhich are not totally absorbed, form a contimious distribution between
zero and the full enargy peak. An electronic device capeble of producing
such & plot vas the single channel acintillation svectromster vhich vas
used to study the raniations from the samples returned to Mercury from
the field following Shots 1, 3, 4, znd 7. It consisted of an amplifier,
single channel nulse Leight analyzer, count reate circuit, and Brown strip
chart recordesr, and wvas basically the same as had been used for similar
measurcments in Operstiou Upshot-Knothole (Reference 12) and in Operstiom
Castle (R:ference 13). The block disgrem of the electronics for this
apparatus is shown in Pigure 2.3, and the comple te spectramater is pic-
tured in Figure 2.4. The most significant change in tke spectramester,
between the Upshot-Knothcle, Castle, and Tegpot msasirements, has been
an increase in the size of the thallium-activated sodium iodide crystal
used as a detecting device for the spectrmtter. For msasuremsnts in
Operation Upshot-¥Xnothols a cylindrically-shaped 1 in.-dismster by 1 in.-
high crystal vas used, and for Castle, a & in.-dismeter by & in.-high
crystal vas used. PFour Tespot, a 7 in.-diamster by b in.-high crystal
vas used. {(This crystal vas loaned to this project for Teepot by the
Radiation Division of the Baval Research laboretory.) This crystal, a
DuMont type 6364 photamiltiplier tube, and & cethode follower preemplifier
ar= housed in the cylinarical leed cuatainer, wvhich sits immediately to
the right o* the slectronic chassiz. At the top of the cylindrioal
holder (see Figure 2.5) is a 6 in.-thick c;lindrically-shaped piece eof
lead vhich acts as a shield between the crystal and a sowrce of gamma
radiation and alsc provides the aperture through vhich the rediations
traverse in ordsr to reach the crystal.

The effect of increasing the size of the crystal to sphance the total
absorption effect has been shown in the Castle report (Asference 13).
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2.4 THE TWENTY CHAINEL GAMMA RAY SPECTROMETEF

Following nct 5 the many soil sampies,which had been exposed to the
rneutron radiation were analyzed using a 20 channel pulse beight analyzer
hich was rmounted in 8 2 1/2 ton. 6 by 0, Type K53 truck. The particular
mounting of this spectrometer had been made primarily for the other part
of roject 2.3, the study of gamma ray radiation fields produced by fall-
out. However, .t could still be used for the observation of gamma ray
spectra enitted by individual redioactive ssmrles. A block diagram of
the electroni:s for this spectrameter is illustrated in Figure 2.6 and
a photograph of it aprears in Figure 2.7. This type of analyzer can
record 2. rulse height intervals {channels) simultaneously, thereb-
de.reasing the time required %o record a spectrum. A permanent record
of t.e rnformation appearing on the scaling strips at the top of the
specironeter 18 made photograrhically us.ng & modified K25 aeria’ photo-
graohy caZere mouated or the opposite wall of the truck, as illustrated

Flgure 2.5 Collimator and lsed shield housing the 7-inoh-diametar
by 4-inch-high MI(T1) crystal, the DuMont Type 6364 photomultiplier
tuwe, and preamplifier.
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in Figure 2.8. Tbese two processes permitted very rapid scanning of the
samples from Shot 5, which was required because of the large number of
samples and the relatively short half-lives of the isotopes present.

The detection crystal for the 20 channel analyzer consisted of a
4 in.-diemeter by 4 in.-high cylindrically-shaped NaI(T1) crystal.
This crystal and associated photomultiplier and preamplifier were mounted
in & lead housing 6 in.-thick on all sides and 8 in.-thick at the colli-
mator. A croes sectional view of this system is shown in Figure 2.9.

2.5 PROCEDURE FOR SHOTS 1, 4, AND 7

Nevada Test Site soil samples were collected fur Project 2.3 by
several groups at the Nevada Test Site. For Shots 1, 4, and 7 these
samples were simply dug from the earth in the vicinity of ground zero
sopetime within the first day after detonation. Their gamma-ray spectra
were then analyzed on the single-channel analyzer (Reference 13) to
determine qualitatively the importance of neutron induced activities.

For Shot 1 samples were obtained by a team of two men from Rad Safe
vho scooped ur about half a shovel of dirt from the immediate vicinity
of the originally plenned ground zero. This was transferred to a ccn-
tainer and returned to the laboratory at Mercury. Two samples were
prepared fram this soil and measured within 1 1/2 hours after the time
of detonation. Similar procedures were used to obtain samples for Shots
L gnd 7, using the services of persomnel from Projects 2.4, 2.5.2, and
2.6.

2.6 PROCEDURE FOR SHOT 3

Several pleces of material vhi h appeared to be of metallic aature
wvere picked up by a Rad Safe team in the vicinity of ground zero. The
spectra of these particlea were followed on the single channel spectro-
peter for about two weeks. The radiation characteristics fram these
samples were those of & mixture of fiasion cts and induced activities.
Although not soil samples the fact that N radiation vas found to con-
tribute appreciably to their total raudiationsy led to the inclueion of the

results of the observations of fuir gemma rediations {n this report,

2.7 PROCEDURE FOR SHOT 5

This part of Project 2.3 vas conducted in cooperation with the
Sandia Corporatiom, who, tharough the U. S. Department of Agriculture,
procured nine representative scils for this experiment. These s0ils vere
procured f-am various locations within the continental limits of the
United States, Hawaii, and Puerto Rico. They are considsred by the
U. S. Department of Agriculture as typical representatives of sands,
loams, and clays. In additilon, a tenth soil (Type 8) vas procured at the
time of Operation Teapot at the Nevada Test Site. Forty samples, four
of each so!l type, were prepared for exposure to neutron rediation at
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Figure 2.8 Wall of K53 spectroueter truck opposite the 20-channel
analyser showing the recording camera in place.

Shot 5. The names and locations of procurement for each soil are as
follows:

0. Spring Clay Loam las Vegas, Nevada

1. Conowingo G5ilt Loam Pennsylvania

2. Nipe Clay Puerto Rico

3. Koolau Clay Haweaii

4. HNorfolk Fine Sandy Loam South Carolina

5. Clarringtor Loam Towa

6. Chester Loam Virginia

7. Houston Black Clay Texas

8. Nevada Test Site Area 3-A

9. Niland Gravelly Fine Sand Westmoreland, California

A detailed description of the soil series with which thesc samples
are members is given in the appendix.

2.8 CHEMICAL ANALYSIS OF SAMFLES (SHOT 5)

Upon return tc NRDL, a quantitative chemical analysis was performed
on & portion of one sample set, 31 through Lu.® The resulting iron,
manganese, potassiut, magnesium and sodium content: are listed in
Table 2.1. This analysis was supplemented by a spectrographic analysis
of samples 41 through 50, which was of a qualitative nature, and the

* The last digit of each sample number designates the soil type. Samples
11, 21, 31. and 41, for examp.e. are the same soil, but were placed for
exposure at different locations.
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results of which did not basically differ from the quantitative analysis.
Further analysis of portions of the original U. S. Department of Agri-
culture (USDA) samples were made for Sandia Corporation by the Smith-
Emery Company of Los Angeles. Their results are listed in Table 2.2.

for some samples there is a decided variation between the soil
chemical composition reported by the two groups. 'This variation aprears
to be real and is apparently caused by lack of homogeneity in the ori-
ginal sample material. Upon visual exsmination of any soil, it is
immediately apparent that the various constituents irn the soil are notv
uniformly mixed. Since the samples analyzed for Sandia Corporation were
taken from the initial naterial (approximately 12 pounds) delivered by
USDA and the NRDL analyses were made on the small test tube samples
(approximately 5 grams) whose radiation had been stucied with the scin-
tillation spectrometer, it is not surpiising that differences in chemical
composition may occur. Thorough mixing, as for example ball milling,
of each of the soils before exposure or chemical analysis would have
given a truer picture of the soils' average chemical camposition and
would have achieved greater uniformity between samples of the same series
in this experiment.

2.9 EXPOSURE PROCEDURE A. SHOT 5

For exposure to the neutron flux each sample was contained in a
short-length of 1 1/2 inch iron pipe, capped at both ends as shown in
Figure 2.10. In all, forty samples were attached to a cable* which ran
radially from ground zero to an anchor point outside the expected radia-
tion fields. The distribution of the samples on this cable was as
follows:

Samples 11 - 20 50 yards from GZ
Samples 21 - 30 150 yar°s from GZ
Samples 31 - 40 250 yards from GZ
Semples 41 - 50 350 yards from GZ

A bracket was welded on eack container and used to bolt the pipe to the
cable.

2.10 COLLECTION AND FFEPARATION OF SEZCTROMETER SOURCEBS (SHOT 5)

At spproximately H 4 3 hr all forty scamples were brought, immedi-
ately after recovery and in their exposure (ontainers, to the Control
Point at the Nevada Test Site. There, enough material wvas taken frca
each container to fill a test tube of approximately 3/8 inch disme‘er
to a depth of 2 to 2 1/2 inches. Equal volumes Oof each swmple, a: near
as could be determined visually, were used. All samples were numbered
fram the original exposure container to eliminate any possitble errors in
transfer.

# By M. Cowan, Sandia Corporation
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TAKIE 2.1 ATALYSIS AT NRIL IN PERCENT BY WEIGE?

/|

Do SRS D - A T T VY S O Y N %

0.75
3.92
54.0
4.2
0.79
2,75
i
2.7%
1.25

3.9

w0 | w0 | x| m
0,0122 5,05 0,63 1.%0
0.211 - 1.60 0,5
0.27% 0.23 0.05 0,06
0.037m 0.3% 0.46 0.22
0.,00796 0.03 0.08 0.04
0.0847 0.5, 1.11 0.77
0.0341 0.5 1.43 J.28
0.0458 2.45 0.%52 0,08
0.0687 1.04 2.53 1.5
0.100 1.98 1.77 3.2%

TABIR 2.2 ARALYSIS BY SCOTT-IMEXY OOMPANY IN PERCINT BY WELIRT

iampis JNo, I ) 4
0 0.020 1.3 0.51
1 0.160 G.27 1.%
2 0.240 0.06 0.07
3 0.067 0.0V 0.38
4 0.022 less thaa .01 0.0%
5 0.070 2.5 1.03
) 0.036 0.19 1.59
7 0.0%59 C.06 0.%
8 0.0%9 1.63 2.9

L N 0.0&K 2.1 1.6
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2.11 PROCEDURE FOR TAKING DATA FOLLOWING SHOT 5

For analysis, each sample was placed in identical geometry relative
to the lead collimator and crystal. The bottam of each test tube was
2 1/2 inches above the top of the 1/2 inch diameter aperture in the lead
collimator. Thus, as seen by the crystal, each sample was in consistently
good geametry.

The pulse height distribution of each sumple was observed from O
to 4 Mev over forty channels and fram O to 300 kev over twexnty channels

Figure 2.10 Sample exposure, Shot 5.

in the initial runs. It became immediately apperent that there was no
information of value in the lower energy region and these measurements
were discontipusd in later runs.

Background pulse-height distributicne were taxen at intervals
during the sample runs. In all cases the background war negligible
relative to the sample counting rate.

Pulse-height distributions were otserved a second time fram 12 to
24 hours after the initial data were recorded. The later pulse height
distributions for samples 21, 22, 27, and 28 were used to verify the
results from the earlier analyses. Agreement in all but one case was
good, and well within the experimental errors.
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Chapter 3
DATA REDUCTION

3.1 ANALYSIS OF PULSE-HEIGHT SPECTRA FROM SHOT 5

Fram the observed data, pulse-height spectra, without gorrection
or normalization, were prepared. A typ.cal example is illustrated in
Curve A of Pigure 3.1 for Sample 18.

The center of the 2.76 Mev full energy peak of llc.a"‘ was used as
the energy scale calibration mark. The peak was spparent in all but a
few cases and in those samples where the 2.76 Mev peak could not be seen
the 0.845 Mev full energy peak cf Mn56 was used as the calibration peak.
The center of the Na24 peak was located by assuming it to have Geussian
form. This center of the Geussian was normalized to fall in the nty-
eighth channel. Under these conditions, the 0.845 Mev peak of vas
located in the eighth channel, since the first channel did not begin at
zero but at approximately 100 kev.

The process of normalization was the progressive broadening of each
channel. This compressed the totel raw pulse-height spectrum into a
soaller number of channele, placing the center of the individual total
absorption peaks at a normalized position on the energy scale (Curve B
of Figure 3.1). At least a portion of this normalization is required to
campensate for a shift in gain due to the tempersture fluctuations of
the crystal and a shift of gain within the amplifiers of the analyzer.

As a result of the above manipulation, direct camparison could be
made between spectra, since each spectrum could now be analyzed in an
identical manner. The full energy peak area was used as the basis for
this analysis. The channel in wvhich a full energy peak is observed
includes background counts {usually so meall as to be insigniricant) and
counts from the Compton distributions ol higher energy peaks. To find
the true area of each superimpcsed peak, it was necessary to unfold the
spectra, vhich means that the Compton distributione for higher energy
peaks were successively subtrected from the pormaliced pulse height
distribution. In this way, a series of full en~rgy peaks and their
associated Campton distribut: ns were evolved, as illustratel in Curve B
of FMigure 3.1. The pulse height ~fstributions of five different gax a
rays can be seen in Figuxwﬁ 3.1. The highest energy peak belongs to the
2.76 Mev gamma ray of Na2®., The shaded area 5 is the Compton distribu-
tion associated vith this peak. This Compton distribution must be sub-
tracted from the rest (f the spectrum to determine megnitude and location
of the full energy pesksgf next lowest ensrgy. This peak belongs to the
2.1 Mev gama ray of Mn’° for vhich the solidly-shaded area & is the
Campton disiribution. Su tion of this area lesves the 1.8 Mev gemmma
ray full energy peak of Mn’° as the next lowest energy gsmma ray, for
vhich the shaded area 3 i{s the Compton distridution. Similar snalysis

shovs that the shaded areas 1 and 2 are regpectively the Compton distri-
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buti:xexﬁ for the 0.845 Mev gamma ray of Mn7® and the 1.38 Mev gamma ray
of Na<c™.

The unfolding system, fram vhich the shape and area of the Campton
distributions were determined relative to the area of the full energy
peaks for the particular NaI(Tl) crystal used in these experiments was
derived from the Compton custri tions of five known gamma ray sources
(Bg293, a2, Mn7é g and Na%) and the Berger-Dogget (Reference 1h4)
theoretical Campton diltributions. The results of this derivation ves
& specific peak-to-total functior for the NaT(Tl) crystal used in this
set of experiments.

In addition to the peak-to-total correction used to determine the
total mumber of gamma-quanta cobserved by the crystal, a second correction
vas required to add those gamme reys vkLich traverse the crystal without
undergoing a Campton. photoelectric or pair production interaction.

This correction has been calculated and is sometimes called the

(1-e7#X) correction, since thie equation, with 4 being the total absorp-
tion coefficient of Nal, gives the relative mmb:r of gemsa~-quanta vhich
traverse the crystal with no interaction.

A third correction vas required to account for the porosity of the
lead collimator to gamma radiation. The apparent transmission through
the edges of the lead collimator has been calculated and found to be
significant for gamma-ray energies above 40O kev. This porosity bas
been ccnfirmed experimentally and appropriate corrections have been
made {n the calculations. The purosity correction factor as a function
of gamna-ray energy is shown in Figure 3.2.

After these three corrections have been applied, the mmber of
gamna rays of =ach energy entering the KaI(Tl) crystal through the aper-
ture of the collimator will have been determined.

At the energies involved, the self-absorption effects of the source
material and of tne air between source and detector were negligible.

3.2 m.anmmwmurhebmm%mummo

To determine the mmber of redioactive atoms at time zeic, three
additional corrections wvere required.

The first vas a correction to time rzero from the time of cbservation
of the rate of emission of radiation. Since the radiations of only
two redicactive 1sotopes, Nec* and Mn’°, vere found, the adjustment could
be made relatively ea.'ly, using the known decay constants of these two
isotopes.

The second correction determined the mmber of raediocactive stoms
needed 8t time zero to produce the rate of emission obeerved in the
crystal. This vas derived frca the equation, dN/dt 2 AN.

Since the emission cbserved by the crystal ves that from o.iy &
small frection of 4" steradians, s 80114 angle correction vas alaso
required. This vas determined dy ~aiculation from t{- known gecmetry of
the experiment and ves calculated to be (1.197 x 10°") of &+ steradians.
A final correction, dividing by the wveight of the semple, vas required
to determine the number of radiocective stoms per grem of soil. The
samples vere prepared to have as near equal volume as possidle. However,
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their densities did vary considerably, such that the increment of weight
between different samples was relatively large, percentage-vise.

A final formulation may now be given for the number, N, of activated
atams at the time of detonsticn of the device of each individual type
in each 80il sample per unit weight of soil semple. This formula is

- (an/at)(XA)
n: (e"XEy(W)(KB)(1 - e PX)(A)(KC)

vhere dN/dt is the measured count rate
KA 16 the porosity correction factor
e~Al 19 the zero time correction (to time of detonation)
W is weight of sample
Ky {8 the peak to total correction
(1 - e$X) 15 the -rystal interaction correction
A 18 the iecay constant
KC is the geametrical correction

3.3 ESTIMATED MAGNTTULE OF ERRORS

Each of the specific manipulations in the system of analysis just
described has an associatcd error. Ap estimmte of these erros is as
follows:

1. Determination of the total number of counts in the pulse beight
distribution relative to the number in the full energy pesk (peak to
total correction) as a function of energy for the spacific crystal used
in this experiment. Estimated ercor is 41 percant.

2., Determination cf the number of gmama reays vhich traverse the
crystal vithout interaction (1 - e~¥X) correction as & function of
energy. Estimataq »rror §2 percent.

3. Geametric correction to determine the solid angle subtended by
the crystal. Estimated errur {42 percent.

k. Poroeity {transmission) correction as & function of epergy for
the number of swuma rays tranamitted through the ndges of the lead
~ollimmtor. Bstimated error 45 percent.

5. The decay constant correcticn, ), for Ke2® and M0, Estimated
error 41 percent.

There is alsc a general statistical counting error taken as
4 VN, vhere N, represente the gross rew photans counted within each
photopeak.

7. The zer. tiac correction vas knovn vithin an estimated srror
of 1C.1 percent. This errvur ves insignificently smsall and therefore
was not considsred in the results.

. The weight of each sample wvas known vithin an estimsted error
of 4u.1 percent. This error vas (nsignificantly amall and therefore
vas not consilsred in the resulits.

Inherent wvithin the systam of Cagptcn subtrection is a systamatic
error. This srror evolves from the furmilation of the subtrection
curves and the reading accurecy of the grephs. This error, plus other
amal] systematic errors., are cstimated s probably not more tham 45
percent, and this error has been added to the rendom prodbedle =rrors.
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Chapter 4
RESULTS and CONCLUSIONS

k.1 RESULTS AND CONCLUSIONS FOR SHOTS 1, 3, 4, AND 7

Preliminary exploratory measurements using the single-channel
analycer were made of ssmples picked up fram the fi-at shcots of the
Teapot series fram which it wvas apparent that induced activities were
major contribvutors to same of the gﬂmple activities. These activities
were idrntified in the field as Na<' and Mn/~ by gamma-ray energy and
kalf 1ife. iater examination of other data revealed that is also
a possible contributor but }‘Bs gama-ray energy and half life can be
casily masked by that of Ma<* and its contribution is relatively mmall.

Spaciral measurements were made on ground samples from Shot 1
(7SO £t air burst), fram Shot 4 (500 ft tower shot), and fram Shot 7
(\wnéerground shot), wvhich show respectively: pure induced activities,
miced fission-produ: v and induced activities, and almost pure fission-
proudct activities (for this discussion ths induced activities from
bamiv camponents. especially Np239, are lumped with the fission-product
activities, since they are intimately mixed togetber in the explosion).
Also ceported are the cpectra from the metallic samples picked up at
et 3 (300 £ tower shot).

The spectra from Semples 1-1 gnd 1-2% are shown in Table k.1.
Samplies were obtained by a teasu of two men from Rad Safe who scooped up
about 2alf a shovel of dirt fraom the immediate vicinity of the originally
nlanped ground zero. This was transferred to a container and returned
to the lalcratory at Mercury. Serples 1-1 and 1-2 were both prepared
from this soil. Tho test tube was filled to a depth of 3/8 inch for
Sexple 1-) and tc a dzoth of one inch for Sample 1-2. The asuigmment of

-ray activitiecs was checked by exposing samples of NaCl and Fe
i'probably containing scme Mn) to the peutrons from Shot 2. The 0.5 Mev
Zipe which appears along with those of the induced activities could be
ennihilation radiation fram an induced-positron activity or fram pair
produstion by higb-energy redistion, sucu as the )5.8 Mev line from Nazl‘.
Relative to the amourni of Ne2¥, the smouct of Mn0 in Semple 1-1 is only
56 perccot of that in Ssmple 1-2 (after deacay corrections). This is
‘ndicative cf the sampling «rrors invoived in this sort o2 measarement.

The spectrs from Sengle 3-2, a metalil:s pilece, gsthered near ground
gero is shown in Table 4.1 and has both fission prog.uct and induced
activity lines. The 1.4 Mev line attributed to Na®* sppears to have
excess intensity in the first spectra and may indicate the preseace of
another activity.

* In pumbering semples, the first number designates the shot, the second
oumber the particular sample.

3
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The spectra from Samples 4-1 gtaken by Project 2.6 personnel at
2,400 yards South fram ground zero) and 4-3 (taken by Project 2.4 per-
sonnel at 600 yards East from ground zero) are also shown in Table 4.1.
The samples wvere gathered in a manner similar to Semples l-1 and 1-2. The
discrepancy in the data of Semple 4-1 raises some question of the sssign-
ment of the line to the Na?Y activity because the 2.75 line is sbsent in
the first 3/8/55 spectra and the 1.38 (7) line has disappeared in the
3/8/55 spectra (20 hours later); whereas it should 7till be visible if the
half life were 14 hours as for Nef*. It is possible that errors could
have been made in the data recording process, but there is no method of
checking now. It is possible that the activity is not NaRb in this sample,
but there is insufficient information to reach this conclusion. The inten-
sity of the two Na2%* lines should be equal. excess of intensity in
the 1.4 line might be due to the 1.5 line of (in Semple 4-3, for
example ).

For camparison, a spectra taken at a camperable tiwe from Sﬁ}f T-1
is included in Table 4.1, in which no gamma lines ascribable to can
be detected.

These data appear to be consistent with the filluwiag picture: the
total fission-product activities are overwhelmingly greater than the total
activities induced in neardby soil material by the neutrons from the device.
For devices vhich are exploded at a height of several fireall radii, such
as Shot 1, the fission products are carried away in the fallout cloud,
but activities are induced in the 80il near ground zero, and .11 samples
taken near ground zero show essentially only soil induced ac _sities. For
lower altitude shots, such as a tower shot (Shots 3 and 4) for which some
of the soil found near ground zero has been carried into the stem and
cloud produced by the device, a more-equal ratio of soil induced activities
relative to fiseion product activities is found, vhile sanmples obtained
at greater distances fram ground zero show decreasing amounts of induced
ac.!vities relative to fission product activities. In the case of a sur-
face or underground shot, such as Shot 7, for which the soil induced
activities are thoroughly mixed with the weapon debris, the whole of the
resulting mixture is distributed as fallout. The soil induced activities
will be small (not more than a few percent) everyvhere campared to the
fission product activities.

This has important consequences for these special cases. The decay
rate of the induced soil a.ctivit¥613 a mixture of exponential decays gue
to the 2.59-hour half iife of Mn’® and the 15.0-hour half life of Ka2
instead of the t~1:2 decay typical of fission products. The gamme spec-
trum contains a large amount of the highly penetrating 2.75 Mev gmme
line from Na?“, while the effective upper limit of the fission-product Semma
spectrum is 1.6 Mev.

k.2 RESULTS FROM SHOT 5

The results fram each sample, 11 - 50, are shown in Tabie 4.2,
Columns A and B respectively give the mmber of atams of Ne2' and Mn’6 at
zero time per gram of soil, as calculated in accordance with the celures
desﬁribed in paragraphs 3.1 and 3.2. Column C is the ratic of Mn’° to
Na2% at time zero for each sample.
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TANLE b.1 PEOTON FLUX (ARAITRARY UNTTS) IN SEVEMAL GAMMA-RAY LINES FROM
VAXIOUS SAMFLES COLLBOTED AT OFIRATION TRAPOP

T™he lines are aseigned to fiseion profuct activities and to induced activities.

Hoursili et. W Aotlvity Lines
Semple After| from Fission Product Lines Ha24
¥o. |8no 7 6L I | B0 ] 230 | T80 | O8% TI7Y0 ) Rl
1-1 1 { 2/18 4,7 |Close 0.00 0.00| 0.48| 0.18] 1.81| 1.36 | o.21
$0.04| $0.04 | 40,08 | 40,10 | 40.09 | $0.¢ | 40,08
1-2 1 " |s.8 . 0.00 0.00| 0.00 | "2,71 | 71,12 | 75,47 | 8,20 | T0.89
40.13 40.20| $0.20 | §0.25 | $0.36 | $0.30 | $0.30 .20
1-2 1 12/19(%0.7 " 0.00 | "0.00 ~0.00| T0.00 ‘to.oo ‘to.oo 'Ex).« ‘t(l,.so 'tg.u
$0.02: $0.13 40,041 40,04 | $0,06 | $0.07 | $0.15 | $0.16 | 40,04
3-2 3 $.0 " 1 6,00]71.60| 72,00 4.38, " 7.85] 9.468 - T2.54 70,74 | T
$0.30 | $0.16 | 40,20 | $0.44 | $0.75| 40,96 40,26 | 40,07
3.2 3 .0 * |78.10| 1,20 T1.60 | T1.20 | T2.37| "5.26 “0.82 [T0.38
10,26 40.12 | 40.18 | $0.12 | $0.24 $0.83 $0.03 | $0.03
41 ¢ |3/7 | 7.3 (2000 {T1.90{ 07917122 |T1.87 | T4.96] Ta.57 | 1.93 | 0.7 | "6.19 | 0.001
yda, 40,20 $0.20 | $0.25 [ $0.40 | $0.40 | $0.40 | $0.50 | $0.40 | $0.30 | $0.40
-1 4 [3/8 I:'r.o " 1To.78| 0.32] 0,62 [T1.34 | 2,54 73.¢2 [ 0.00 |70.00 | T0.00?| “0.00?
$0.20 | $0.18 | $0.20 | $0.30 ) $0,40| $0.40 | $0.50 | $0.10 | $0.15 | 40,13
49 4 13/8 29.0 [600 [T2.80| 2,7t Tz.01 [T4.50 | T6.25 “5.40 |T0.00 |~0.00 | T1.76 |79, a1
yds. |$0.50( 40,46 0,50 {40.80 | $0.50 | 43,80 | +1.00 | 40,70 | $0.60 | 40,90
7.1 7 13/24( 8.6 T2.80 | T1,08 | 71,01 |Ti.131 70090 T1.07 {T0.00 | T0.00 | T¢.00 |T0.00
| $0.20 [ $0.10 | $0.18 140,20 | $0.10 | $0.10 | $0.08 | $0.04 | 30,08 |$0.06
1

# (nknown Souros.
TAKIE 4.2 QUANTTYY OF Be2* AND w56 1N RACH 5OIL BMPLE

]

B L
hgor Radiosotive Fumber of Radiocective
50 itoms Jer grem Fa4 Atoms per gram Raio of ° dloactive
Sample Mn {,85 Nev) Na {1.36 Mev) M’° to } i 1in Zach
X, ) |zl (% Brroxl) Sancle
n 12,327 | 5.91 4.045 5.66 3,05
12 21,585 | 5.% .580 6.41 37.2
12% 21,899 5.90 643 6,32 34.05
13 5. U8 £.95 640 6,53 9.
4 7 | 6,29 136 8.17 4,96
15 4.6 5.9% S.114 5.58 91 -
16 2.7.8 | 5.9 1.166 5.9 2,35
17 4527 | 5,94 .793 6.1%6 5.7
18 5473 | 5.94 17.316 5,53 0.32
19 6,518 | 5.9, 24,682 5,50 0.26
20 856 £.10 13,614 5.52 0.063
Aa 4,702 | 6,00 1,318 6,0¢ 3.5
2 4,673 | 6,00 1.328 6.03 3,52
21 later| 4.79 | 5.9 1.3m 5,68 3.5
22 6,70 5.92 49, 6,42 13.70
22% 6.533 | 5.92 .558 6.33 11,70
22 later{ 6.654 | 5.93 176 6,47 37.7%
23 1.936 6.02 ,218 8,22 8,86
2, 2255 | 6.65 L0581 10,76 4,18
2% 1,628 | 6.00 1.852 5,78 0.88
26 9937 5,15 2356 6,79 2,63
27 1.219 | 6.7 247 759 AR |
27 later| 1,30C | 5.9 27 5,82 479
28 1.893 5.9 5.190 5,51 0.36
26 later| 1.866 | 6,33 5.400 5.59 0.3
29 1.871 | 4,06 8,860 5.55 2,21
30 .233 6.57 4,954 5.%9 0,047
n 1.031 | 6.0% .27, 7.17 3,75
32 1.469 | 6.05 .091 10.00 16.11
3 2519 | 7.01 . 1,77 4,05
73 057 | 9.57 .016 19.20 3.67
35 437 6.56 479 6,81 0.91
36 258 6.76 .112 9.15 2.30
37 432 ] 6.0) o 10.81 5.97
38 451 6,76 1.409 6,09 0.32
39 465 | 6.38 1.919 5.7 0.2
40 .C57 | 9.83 1,128 6.15 0.05
41 266 | 7.07 089 10,46 2,95
42 49 6,58 .038 15.%6 13.08
) ALy | .88 033 16.68 hobl .
“ - ~ - - -
45 129 7.29 148 8.23 0.87
46 0m 8.36 047 12,38 1,86
47 .006 | 8,38 0% 12,68 1.61
A8 A2 | 7.9 387 7.01 2.32
i9 162 6.86 613 6.26 n.26
0 .03 [13.96 J24 7.03 0.099
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Table 4.3 compares the measured ratio of Mn% to Na2l with tae
expected ratio ueing the observed ratios of manganese and sodium in the
s0il types as determined by the NRDL and Smith-Emery soil chemical analyses.
The measured ratio of Mn56 to Na2% has been determined fram the four samples
of that type using a weighting factor inversely proportional to the percent
errgr associated with the individual samples. Calculations of expected
M5 and Ne2“ heve been made from the soil chemical analyses using the

TABLE 4.3 COMPARISON OF MBASURED Ma TO Na  RATIO
7O THAT EXPECTED FROM CHEMICAL ANALYSES

Measured Ratio of Mn to Na Raticof Mn to Be
foil Ratio of from Analysis by Expected from Analysis
Tyre | Ma to Na NRDL Sni th-Emery ERIL Saith-Feery

0 0.065 0.0063 0.01k7 0.063 0.147
1 3.32 0.321 0.595 3.2 5.96
2 21.46 3.503 b,03h 35.07 %0.40
3 7.12 0.133 1.662 1.33 16.64
b b.27 0.154 2.293 1.5k 22.96
5 0.89 0.0853 0.139 0.854 1.39
6 2.21 0.094 0.189 0.9k 1.89
7 4.53 0.4k 0.985 h.ks 9.86
8 0.32 0.035 0.036 0.35 0.36
9 0.24 0.024 0.031 C.2h 0.31
i

assumption that all activation is produced from (n,Y) reactions in the
thermal energy region. For sodium, the thermal neutron cross section used
was 0.56 $0.3 barns, and for manganese, 13.4 $0.3 barns (Reference 17).

4.3 INCIDENT NEUTRON RADIATIONS

Provided certain assumptions are a: :epted, it is possible to calcu-
late from the information in Tables 4.2 and 4.3 the incident thermal neu-
tron flux at each of the four semple station locations. Of primary impor-
tance is the assumption that all Na2d and Mn56 activity was produced from
Na3 and Mn55, respectively, by an (n,Y) process. This 18 not necessarily
true, since it is also pgssible to produce these radioisotopes by an (n,p)
reaction on Mge* and Feo0, respectively, and by en (n,a) reaction on A127,
However, all these reactions have thresholds in excess of 3 Mev. Since
neutron flux measurements show (Reference 18) a large predominance in the
thermal region, the assumption that all NaRd and Mn56 (s produced by a
thermal neutron reaction does not appear unreasonable.

The measured theimal neutron rlux was measured (Reference 18) at
each of the fouwr sample locations by gold foil deteclors. It will be
noted that the average neutron flux at both 50 yards and 150 yards from
ground zero are consistently lower using the sodiwm and manganese data
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than was obtained ubing thg gold data. Tuis is somewhat inconsistent with
the idea that Na2¥ and Mn56 should have been obtained fram both thermal
and fast peutron reactions. If any discrepracy were noted, it would have
veen expected to be the reverse of what was observed.

For the neutron-flux calculations presented in Table 4.4, the NRDL
quantitative chemical analyses were used for the sample content of sodium
and manganese. Same discrepancies will be noted if the Smith-Emery
analyses are used. The neutron fluxec at the 50-yard and 150-yard posi-
tions are plotted in Figure L.l fcr each sample using both NRDL chemical
analyses (Plot A) and the Smith-Emery analyses (Plot B). Note the inver-
sion of the sodium and menranese average neutron flux values between the
two analyses. This shift is attributed directly to the soil composition
as defined by the two chemical aualyses.

Another way ¢f plotting the data is done in Figures 4.2 and L.3.

sing the gold neutron flux values, effectlve peutron activation cross
sections have been determined for each sample. FPigure 4.2 shows the
results for sodium and Figure 4.3 for manganese. Note that for many
samples the cross section i{s less than the thermal neutron activation
cross section, which, as indicated before, iis nov reasonable. However,
in all cases, the value of the crosa section for each individual sample
is relatively close to the thermal neutror activation cross section,
wvhich strengthens the initial assumption that use of the thermal neutron
cross section alone is a reasonably valid assumption.

L.4 UNTFORMITY OF SOILS

In discussicns with the Soil Conservation Service, emphasis was placed
on the fact that these samples, taken st single points, are not represen-
tative enough of any one of the indiviuual soils for a specific spplication
of these results. As an exmmple, the fact wvas emphasized that in the
Nevada Test Site area., the salt content of the s0il concentrates by a
factor of at leart 2 directly beneath the desert vegetation. Tnerefore,
the activation per gram of soil taken fi‘um an open, unvegetated aree will
be lover than the same s80il surrounded or covered by vegetation. Similarly,
numerous soil samples taken from various locstions within the Nev & Test
Sit> area bave shown, upon analysis, considerable differences . dium
content, approaching & factor of L. #

The ~erall reliadbility of the neutron-flux figures as calculatini
is cpen to some question based on the differences in chemical analyses
of the soils. The calculation of the number of redioactive atams at time
180 possesses & greater reliablility since the soll analysis 414 not enter
these specific calculstions.

k.5 [DECAY OF SOIL INDUCED ACTIVITIES

The half lives of the two {sotopes. Ba2® snd Ma™", found as eo:l
indued activities are 15.0 hours and 2.56 hours, respsctively. %he half
life of the overall #0il activity viil be dependent upon the rslative
smounts of these two isoto l)gthg?nntmthe.ou For exmple, Soil 2,
Nipe clay. has a large Mn retio; 58' it decays vith & half life
approaching the 2. Sé-hou.r half life cf Mn Conversely, Sem, ie O has a

* M. Coven. Private Compmusi-ation. L7 )
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very égv rutio, such that its half life approaches the 15.0-hour half life
of Ne<®.

If a mixture of sc.l induced activities and fission product fallout
constitute the radiation field, the observed half life will become strongly
dependent upon the induced activity half life within a few hours after
detonation, providing the quantity of soil induced activity existing in
the mixture 18 of the same order of magnitude as the quantity of fallout.
The gross fission-product half life changes with time, decaying rapidly
at early times, leaving the relatively constant decay of the s0il induced
activities as the major contributor to the activity during a major part of
the first day or two after detonation.

k.6 CONCLUSIONS FROM SHOT 5

The relative probability for the production of radiocactive isotopes
in ten different soils by the neutrons fram a specific relatively high
neutron-flux experimental device has beep found for four different loce-
tions relative to ground zero. Only Nac* and activities have defin-
itely been isolated, and it would appear that the induced gemma radiation
activities at times greater than 1 hour after detonation from most soil

types wvill be these two radiactive isotopes. What changes would be made
because of a different (,pe of device having a different neutrop spectrum
is unknown. What difference would be made becruse of differing water
content in the soils, with sppropriate moderation of the nsutrons, is also
unknown.

The specific use of these results to calculate the dose rate above a
uniform plane of soil, activated by the detonation of & high neutron flux
wveapon, should be considered only as a tentative answer. Some considera-
tions &8s to the inaccuracy of this apswer are: {1) only four values of
activation as a function of distance are known; (2) no information is
svailable concerning the activation as & function of depth below the soil
surface; (3) the general gssms-ray field spectrs above such a plane is not
established with the desired degree of precisicn necessary for evaluation
of aosage; and (4) the relative densities of the varicus soils and their
attenuation of gemsa and neutron radiation as a function of density is not
established.

4.7 LONG-LIVED ACTIVITIES

Approximately six months after the control pulse height spectra were
aade, further analyses of & Qualitative nature only were performed on
80il Semples 11-20. inclusive. The results showv scme long-lived activity,
not ¢f military significance, dut io an smount wvhich might possibly have
long-ierm effects. The sctivities vere so veak that quantitative measure-
ments vere not possible.
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Chapler S
RECOMMENDATIONS

Upon reviev of this experiment. the following recamsendations are
made with regard to future work on “he subject of induced activities in
soils:

1. All ssmples, which are a mixture of a nuxber of elements, such
as 801l semples, should dbe prepared as a uniform, finely-ground, homo-
genecus material vo achieve upiformity for chemical aralysis.

2. To obtain information regarcipng specific areas, representative
sempling should be med:.

3. The possibility of using pure salts in future exposures should
be investigated. ‘The relations to the actual soils could be made mathe-
matically fram analysis of chemical content of the so’ls.

4. Studies should ve made on the relative activation as a function
of depth below the surface.

5. PRurther information shou.d be obtained regarding the relative
neutron capture cross sections in the soil by elements producing gemmma
enitters to elements producing ron-radiocactive isotopes or isotopes
decaying oniy by be.a emission. One specific factor tc be conside... is
the effect of water conter. within the soil.

6. Tae extension of sampling distance fram grouisd zero is desirable
to indicat= the effact of neutron spectrum hardening on the capture cross
section for the elements present in the soil.

7. Reutron irradiation of selected samples in & reactor or cyclotron
beam should be made to evaluate laboratory methods for Jdetermining induced
activity radistion fields. Field spectral measurements would be required
then only as a check of information or to obtain infomation which could
not be obtained in the laboratory.
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Appendix A

PHYSICAL CHARACTERISTICS .- THE
NINE SOIL SERIES SUIPLIED dY THE
DEPARTMENT OF ARGICULTURE

A.l1 SOIL IBSCRIFTIONS

Physical descriptions have been obtained¥# for the soil serics appro-
priate to nine of the ten soils used in this sxperim.-nt. While Soil 8 is
not described specifically, it does approximately f.t the O Spring Series.
Some Series Descriptions are listed as tentat.ve and are mudbject to change
by the U. S. Department of Agriculture. Parts of the oflicial descriptions
have been deleted for the sake of brevity as not applicable to this experi-
ment.

A.1.1 Soil O. Spring Series. The Spring series includes imperfectly
or poorly dreined Solonchak soils of the arid Southwest. They are devel-
oped on fine-textured valley-filling materials and lake-laid sediments on
nearly level land. They are light-colored, calcareous soils, and conta!n
moderate to high concentrations of salts. They occur in southern Nevada
vhere the mean annual precipitation is about 5 inches and the meen annual
temperature about 60°F.

a. Soil Profile (Spring clay losm)

1. Light grayish-biown campect calcareous clay loam
crust; abcut an inch thick. The lowe: part is vesicular and bas a pirc
tinge.

2. Light pinkish-brown frisble greanular mulrh of . -1-
careous heavy clay loasm; very rlastic vhen wet; about three inches thick.

b. Variations. ‘ampaction of the subeoil varies counsideredbly,
ranging fram slightly campect in the fine zandy loem to ~ampacst and to'gh
in the clay loam soil types. The lower subsoil is scmevhat mottled in the
arcas of high wvater table but does not appear to be mottled in most areas.
The areas with high concertration of selts bhave a more prooounced mulch
layer than the more neariy self-free arcas

A.1.2 Soil 1. Conowingo Series. The Conowinge soils are dsveloped
fram serpentine in the northem Piedmont Plateeu, mainly in Fennsylvenia
and Maryland. The soils of %iis series are dminently shallow but may be
very shallov. bhere scils are very challov, areas are locally knowr as
"Barrens.” They occur in associstion vith the (hester and Mannar soiis.

¢ Fram J. 5. Department of Agriculture, 50i{l Conservation Service.
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DR e add

ey are not widely distribated, and their total erea seems limited.
a. 801l Profile {Conowingo silt loam, forested)

Ay 1/2-0" 1rafmecld consisting of well-decayed plant residues.
0"1" th.iCK.
A o=2" Iight gray (10YR 7/2 - 6/1) &ilt loam convaining some

organic matter; weak fine to medium grapular structure;
very friable; very strongly acid. 1-3" thick.

A, 2-8" Light ;aay (1OYR 7/1) cilt loam; very friable, non-
plmetic; very stromgly acid. U4-8" thick.

b. Renge in Characteristi:s. Where associated with ti:e Neshaminy,
Urbana, Calveir, and Aldino series, Conowingo soils grade towarl those
g=ries. Extensive areas of very shallow soils and some rock outcrop-
componly occur in association with typical Conowinge soils. Colors given
in the profile descrip*ion sbcve are for dry conditions. bhen scil is
moist, colors are two or three unite of value lower.

A.i.3 Soil 2. Nive Serizs, The Nipe series cauprise excessively
dreined dark to dusky red soiis (Latosols) derived frow serpentine ia
upland areas of ~uerto Rico snd Cuba. These scils are eesgily identified
because they stain clothing and skin & “purplish-red" color even vhen they
are dry. The lower perts of buiidings constructed on the sni. e stained
dark red. 7The cley ls e only type in the ceries, which is not widely
distxributed nor extensive,

8. Soil Profile (Nips clay)

O-6" Very dur.y red clay with modersts fine and medium
grauular structure; soft, .riable, very slightly
plastic; neutral or slightly acid. 0-8" *hick.

6-24" Dusky red to dark red clay wii: weak fine granular
structure; soft, friable, ncn-plastic; highly permesble;
Wsutr!:.. 1 g-30" thiCk.

b. Range in Chu-ucteristics. The darker surtace layer is
occasionally more than O inches thick, b:% it may be euntively lacking
because »f erosion. Deptk to bedruck is commonly gie¢at, ranging from a
fev to many feet in diameter. Low fertilit of the 80il is reflected in
slww growth of wegeuation.

c. Jdstribation. Western Fuerto Rico and eastern Cuba.

A.l.5 Soil 3. Xoolsu Series. The 80l of the Koolau series occurs
in wet regio=s at the upper limit of the areas used for grazing or nt the
lower .imit of present forests. It is et elevations ranging fram 400 to
€,000 fest and receives an anmial rainfall of 100 to 250 inches. The scil
occurs eutirely within vegetation zone L, on the islmds of Feue!, Maul,
Moloksi, and Oahu.
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The Koolau soil occupies the driest part of the region occupied by
the Hydrol Humic latosols, but rainfall is extremely high. The profile
is characterized by the grayness of the 4; horizon, the yellowness of the
B horizon, and the "smeariness" of the soil material wvheun it is wet. When
the soil dries, the clays dehydrate irreversibly and form hard granules.
The scil ic very highly leached and aimost campletely depleted of bases.
£1)lica has also been removed, sc there are high concentrations of iron and
a8l - mun campounds. Silica~sesquioxide ratios are generally 0.5 or btelow.

8. Soil Profile (Koolsu clay)

& 0-9" Dark gray silty clay; moderately developed course or
medium granular structure; friable when moist, firm
or bard when dry, smeary when wet; pH 4.0 to 5.0;
roots very numerous.

B gr27" Yellowish-brown to yellowish-red silty clay;
moderately developed medium blocky structure; hard
vhen dry, friable when moist, strongly smeary vhen
wet; pH 4.0 to 5.0; roots present; may be weakly
mottled with gray in lower part.

In places the Koolau s¢il sppears to be duveloping into a
soil comparable to those of the Humic Ferruginous lLatosol group. The
surface layer in these areas is silty and high in bulk density, end on
close examination is seen tc be made up of fine earth in vhich are many
{iny glistening specks. Under the microscope, these specks are seen to
be definite crystals that have been identified in other soils as magnetite,
sratr je, or 1ilmenite. An area on the island of Cahu has been included
thet has a concentration of resistant primsry minerals in & kaolinite
base. The inclusion of resitant materials is thought to be an exception
rather than the rule for the series as a whole.

The scil properties vary samewhat with elevation and with
ibcreasing rainfall. At the lower altitude limit, the soils grade into
the Humic Latosols; snd A; horizons are more distinctly granular and
browner and "2 B horizons are more distinctly reddish. Near the upper
and wetter limits of the series, the soil assumes some hydramorphic charac-
teristics. The A) horizon 1s less distinctly yellowisk aud in same places
may be weaicly mottled with gray in the lower part. The mottling indicstes
poor aeration. The series ag a whcle, however, consists of material that
is very zcrous and ia eesily penctrated by water. This material has high
weter-holding capacity, eand the clays shrink markedly on drying.

A.1.5 Soil 4. Norfolk Series. The Korfoik series include the most
praminent of the Yeilow Podzoiic soils in the Atlantic and Gulf Coastal
Plains. These soils have been formed from thick unconsclidated beds con-
sisting chiefly of acid ssndy clay loems in vhich there are layers of sand,
sandy loam, and sandy clay. Because of its wide distribution, the Norfolk
series is associated with & large mmber of other soils. It is perhaps
most frequently associated with and closely relatad to the Maxrlboro, Tiftan,
Ruston, 3ilead, Orangetuirg, lLakeland, &nd Kershaw soils. The Norfolk
series may also be associated with a number of other soils such as the
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Bowie, Blanton, Susquehanna, Bowwell, Cuthbert, and Shubuta series. The
Norfolk, Marlborc, and Tifton soils have profiles that are similar morpho-
logically in many respects. Norfolk soils have thicker A horizons, more
friable B norizoms, and : andier solums than do Marlboro soils. They lack
th : »vakly Cemented B horizons and the fine textured C horizon of the
Gilead socils. They are lighter colored, less brown, and contain fewer
concretions throughout the profile than the Tifton series which also has
a more sticky B horizon. Norfoik soils have more unifoimly colored lower
B horizons and are less {ine textured in the C horizon than ure Bowie
80ils. They are much more yellow in the B horizon and perhaps less well-
drained on the whole than the Ruston and Orangeburg series which are mem-
bers of the Red Podzolic group. They have much shallower surface layers
of sandy materials thsn do the lakeland and Kershaw series. The Norfolk
series is one of the most widely distributed and extepnsive s8oils in the
Atlantic Coastal Plain and in the eastern part of the Gulf Coastal Plain.
The series is used for a large variety of crops and is of major agricul-
tural importance.

8. Soil Profile (Norfolk fin: sandy loem)

A o-2" Dark gmyl to gray nearly loose loamy fine sand or
light fine sandy loam with fine weak crumb structure;
strongly acid. 1-4" thick.

Ay 2-15" Pale yellow nearly loose loamy fine sand or very light
fine sandy loam; essentially structureless; strongly
acid. 8-14" thick.

3; 15-18" Yellow to light yellowish-brown very friable fine sandy
loan or light fine sandy clay loam with medium weak
blocky structure; strongly acid. 2-6" thick.

B, 18-338" Yellow to light yellowish-brown friable fire sendy
clay loam with mediimn moderatc to weak blocky structure;
strongly acid. 14-24" thick.

b. Range in Characteristics. The principal types in the
series are sandy loams end loamy sands. Phases are recognized where the
thickness of the A horizon exceeds 18 inches but not 30 inches. Waere
the sandy material is more than 30 inches thick, on the aversge, the soil
is included in the lakeland series. In cultivated fields the Aj horizon
is mixed with the upper part of the Ap horizon and loses its identity.
The texture of the Bp bhorizon is cammonly sandy clay loam but it may be a
heavy sandy loam or & light sandy clay. Small rounded quartz gravel are
present on the surface and throughout the profile in places. There may
also be some amall rounded iron concretions in the scil, especially where
icv is asscclated with the Tifton series.

1
Provisional soil survey color nsmes, 1946, have been used.
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¢, Distribution. North Carelina, South Carolina, Virginia,
Georgia, Alabama, Florida, Mississippi, lLouisians, Arkansas, and eastern
Texas.

d. Remerks. The deeper sands and losmy sands formerly
included in the series are now included chiefly in the lakeland and
Kershaw series. Norfolk series, named for the city i-w Virginia, is no
longer recognized in the originzl area, Cecil County, Maryland.

A.1.6 Soil 5. Cexrington Series. 'The Carrington series includes
zonal Prairie soils developed on Iowan till which has slight to medium
plasticity, a heavy loam to sandy clay losm texture, and is leached to
50 or 55 inches. They resemble in color the Tama soils of loessial origin
and are distinguished from the Clarion soils, which are developed in
glacial till of the Mankato subage of the Wisconsin, in having slightly
heavier textured B horizons, a greater depth to free carbonates, and &
more campact and plastic underlying till, which was & heavy sandy clay
loam texture.

e. Soil Profile (Carrington losm*)

l. Dusky-brown to brownish-black whenr moist; loose.
mellow, fine grannlar loem; strongly acid. 8-12" thick.

2. Trensition layer, ranging fras granuiar, dusky-broim
loam or clay loam in the upper part, to brown c.ay loam in the lower part,
strongly acid. 8-10" thick.

3. Dark yellowish-brown heavy ioem t0 clay loam, weakly
sub-angular. The material is well oxidized and lescued of cerbonates;
slightly acid.

b. Range in Characteristics. The surface layer varies in
thickness and derkness with the degree and shape of slope. A thin
covering of loess may have added to the camposition of the more silty
types. Occasional boulders and gravel are scattered over the surface of
these soils and through the souil sectionm.

¢. Distribution. Rastern Iowa and Minnesota.

A.1.7 Soil 6. Chester Series. The Chester series are gray-brown
Podzolic soils of the northern part of the Piedmont Plateau. Tue soils
are uvnderlai> by and developed from the weathered products of gneiss,
granite, and schist. They occupy the amoother relief flanked by the more
steeply sloping lands with less developed soils of the Manor series.
Acid in reaction.

a. Soil Profile (Chester loam)

A, 0-3" Pale brown to weak brown losm with considerable organic
matter and a shallow covering of leafmold; fine to med-
ium weak crumdb structiure; strongly acid. 1-3" thick.

* Colors according to Misc. Pub. 425, U.S.D.A.
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Ap 3-12" Light brown to brownish-yellow loem; mellow and friable.
Both of these layers carry a high percentage of silt.
In cultivated fields the surface is brownish to grey
t0 light yellowish-brown. Fine weak crumb structure;
strongly acid. 6-10" thick.

b. Range in Characteristics. Small areas bhaving brown soile
and reddish-brown subsoils are nov recognized as Elioak where they occur
in sufficient size to delineat:; texture ranges frwm eilt loaa to slate
loam.

¢, Distribution. Pennsylvania, Maryland, Virginia, and

Delsrare.

A.1.8 Soil 7. Houston Black Series. This is & monotype series
consisting of Houston Black clay and its several phases, wvbich are black
to dark gray gram.lar clayey Rendzinas developed on chalk, marl, or calca~
reouse clay in wverm-temperate humid prairies. Where developed on chalk or
chalky marl the associated series are Austin and Rddy; whers developed
on calcareous clays or clayey marls the associated series are Wilson,
Hunt, Houston, and Sumter. Houston Nlack is a darker, less graoular,
deeper, and less permeable than Austin, the content of clay throughout
the solum being greater, and of CaC03, lower. Houston soils are browner
and generally more sloping and less deeply developed than Houston Black
clay. The series similar to Houston Black but developed in the Grand
Prairie on limestones interbedded with marls is San Saba; the noncalcare-
ois equivalent is Hunt; and the stream terrace analogue is Bell.

’ 8. Soil Profile. (Houstor Black clay)

0-18" Very dark gray (black when moist) clay; medium grain.lar;
very sticky and plastic when wet; very crumbly when
slightly moist; calcareous. 10-20" thick.

16-40" Ssme as Lorizon J. except that it is wesakly granular
to coarse blocky, lower in organic matter, and con-
tains a few concretions of Ca,CO3 in lower part.
0-30" thick.

b. Range in Characteristics. Thickoess of dark layer is
wavy and ranges from 5 to 50 inches in relation to micro-relief; color of
horizon 1 ranges from black to dark olive gray and gray (values of 2/ to
5/); where developed over chalk, horizon 2 {s dark grayish brown and
strongly granular; shallow phases are 15 to 30 inches deep over chalk;
gravelly phases have water-worn pebbles of chert and quartzit. on the
mirface; in level phases the lover sultsil is gray.

c. Distribution. Prairies w.thin the Gulf Coastal Flain in
eastern central Texas, southern (Oklshams, Alabama and probably Arkansas.

d. Remarks. The 801l has an extremely high coefficient of
expansion and contraction on wetting and drying and the clay content

50

CONFIDENTIAL




generally exceeds 60 percent. Crevices 3 to 6 iuches wide and extending
t0 a depth of several feet form &uring extremely dry periods, and puddled
material crumbles vith one thorough vetting and &rying. Prior to 1940,
Bo:ston Black clay wat regardsd a3 & black clay type of the Houston series
but 18 nov of a separste series, Houston Black. Colors are described
vith proviasional Soil Survey colo; nmmes wd refer %0 4ry soil unless
stated otlervies.

A.1.9 3901l 9. Niland Series. The Niland soils are asonal soils
of the southwestern desert region. They sre calcarocus, frishle, grey,
and are derived laryely from grevelly alluvial wash over lake-laid sedi-
ments. These soils occupy ancient beach linss at the cuter margins of
the former Seiton Sea in California. They occur in soutbheastern Calii-
fornis vhere the mean annual precipitaticn s about 3 inches, msan aanual
temperature sbout 7C°F, winters are mild, and summsrs very hot. The
precipitation occurs mostly !n two perioids---early autumn end lats vinter.

8. Soil Profile (Niland Gravelly send). Light grayish-brown
or light brownish-gray calcsrecis incoherent ssnd; vary low in organic
ma.ter; has a quantity of wvster-voran grevel, consisting primcipally of
graaite, chert, quartz, and sandstone ranging fram 1/2 to 3 inches in
almmeter, scattered on the surface, but rarely below a depth of 3 incnes;
about 8 inches thick.

b. Variations. Chiefly in depth of tho alluvial msterial
above the stratified lake-1sid sediments and in the texture and color of
the stratified layers. Theee layers are exceedingly varisble. In & few
places the surface s0il has an ashy-gray cast and in sams places con-
glomerate-lie gravels cemented wvith lime occur on the surface.

c. Distribution. Soutaeastern Celifornia.
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