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FOREWORD 

This report has had classified material removed in order to 
make the Information available on an unclassified, open 
publication basis, to any interested parties.    This effort to 
declassify this report has been accomplished specifically to 
support the Department of Defense Nuclear Test Personnel Review 
(NTPR) Program.   The objective is to facilitate studies of the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much information 
as possible available to all  interested parties. 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision of the Atomic Energy Act of 1954, (as amended) or 
is National Security Information. 

This report has been reproduced directly from available 
copies of the original material.    T'.e locations from which 
material has been deleted Is generally obvious by the spacings 
and "holes" In the text.    Thus the context of the material 
deleted Is Identified to assist the reader in the determination 
of whether the deleted information is germane to his study. 

It Is the belief of the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense Nuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material Is of little or no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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FOREWORD 

This report presents the final results of one of the projects participating in the military-effects 
'•J programs of Operation Hardtack.   Overall information about this and the other military-effects 
Vj projects can be obtained from ITR-1660, the "Summary Report of the Commander, Task Unit 

3." This technical summary includes: (1) tables listing each detonation with its yield, type, 
'*-4 environment, meteorological conditions, etc.; (2) maps showing shot locations; (3) discussion 

of results by programs; (4) summaries of objectives, procedures, results, etc., for all projects; 
and (5) a listing of project reports for the military-effects programs. 
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ABSTRACT 

The principal objectives were to measure: (1) Inltlal-gamma dose rate, (2) total initial-gamma 
dose, (3) total neutron dose In low dose regions, and (4) rate of Induced activity decay In soil, 
all (or very-low-yield nuclear bursts.   A secondary objective was to field-test a prototype of 
the standard Air Force fallout detector (MG-3). 

Much of the effectiveness in the delivery of air-to-air weapons depends on the range at which 
they can be safely delivered.   Radiation measurements are necessary to substantiate existing 
methods of prediction or to form the basis for necessary revisions. 

The nuclear yield for Shot Hamilton was about one twentieth of that predicted; therefore, 
optimum utilization of the Instrumentation was not obtained. 

Results of initial-gamma dose rate versus time from two locations, as determined by Kaiser 
electronic automatic-dose-rate Instruments, are presented graphically.   The existing theoreti- 
cal method Is apparently valid for weapons of this yield as substantial agreement between meas- 
ured and computed data was obtained. 

Results from films and glass-phosphate dosimeters of total Initial gamma are in substantial 
agreement with theoretical predictions.   At 110 yards, an average dose of 243 r was measured, 
and at 310 yards 18 r was measured. 

The neutron dose was measured from a slant distance of 576 to 1,550 yards. The measured 
dose, using sulfur activation and track population counting in neutron films, agreed with theo- 
retical estimates. 

The decay rate detected by an MG-3 Ion chamber burled at 30 yards from ground zero Indica- 
ted only fission-product decay.   No neutron-Induced activation of the soil was apparent from the 
data obtained. 

Fallout was not recorded by the MG-3 installation In the path of predicted fallout as dose-rate 
levels were not sufficiently high to activate the Instrument. Satisfactory operation of the Instru- 
ment located at 30 yards proved to be an adequate field test of the Instrument. 
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PREFACE 

The preparations and field work of this experiment were made possible by the assistance of: 
R.F. Merlan, M/Sgt W. P. Schaus, and A/2C R.  Cowles of the Air Force Special Weapons Cen- 
ter, Klrtland Air Force Base, New Mexico.   Assistance In the reduction of data was given by: 
J.A. Blaylock and M/Sgt J. M. Pulllam of the Air Force Special Weapons Center; Clarence 
Slover of the Lexington Signal Depot, who processed the LSD film dosimeters; and Fred Rlggln 
of the New York Naval Shipyard, who read the glass needle dosimeters. 
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INTRODUCTION 
1.1   OBJECTIVES 

The primary objective of this project was to measure nuclear radiation from a very-low- 
yield detonation, specifically: (1) initial gamma dose rate, (2) total initial gamma dose, (3) total 
neutron dose in low-dose regions, and (4) rate of induced-activity decay of Nevada Test Site 
soil. 

A secondary objective of this project was to field-test a prototype of the standard Air Force 
fallout detector (designated MG-3). 

1.2   BACKGROUND AND THEORY 

In this report the initial nuclear radiation associated with a nuclear detonation is considered 
to include the gamma and neutron radiation emitted during the first 20 seconds after an air 
burst. 

During the delivery of an air-to-air nuclear warhead, the air-crew dose is received essen- 
tially In two increments.   The first increment, i.e., neutron dose, gamma radiation associated 
with the fission process, and gamma dose arising from the capture of neutrons by the nitrogen 
In the air, is received within a fraction of a second after the detonation.   This dose is solely a 
function of the distance of the aircraft from the point of detonation and must be accepted for an 
air-to-air delivery of any specific rocket.   The second, and final, portion of the dose is received 
during the escape maneuver (the flight path of the aircraft subsequent to the delivery) and arises 
from the fission-product gamma rays.   For a stationary observer the fission-product portion of 
the total gamma dose is less than 20 percent of the total (depending on the range), but this frac- 
tion is increased considerably in the case of an aircraft moving toward a detonation after it has 
taken place.   Consequently, the escape maneuver is i critical parameter in the employment of 
air-to-air nuclear warheads.   With the increased speeds of modern supersonic interceptor air- 
craft, optimum escape maneuver programming to minimize the air-crew radiation dose is es- 
sential. 

:••• 

1.2.1  Initial-Gamma Dose Rate versus Time.   Gamma rate versus time has been measured' 
during Operations Buster-Jangle (Reference 1), Jangle (Reference 2), Redwing (Reference 3), 
and Plumbbob (Reference 4).   The data obtained during Operation Buster-Jangle are not directly 
applicable to air bursts, as the measurements were made on a surface and for an underground 
shot.   The delivery rate of the initial gamma radiation and the total gamma dose from an air 
burst are significantly different when compared with surface or underground bursts.   Operation 
Redwing measurements were concerned primarily with megaton-range devices. 

The data obtained from operations Buster-Jangle and Plumbbob form the basis of existing 
methods of predicting gamma doses received by aircrews during the escape maneuver subsequent 
to the delivery of the air-to-air, nuclear-warhead, MB-1 rocket (References 5 and 6). 

With the advent of fractional-kiloton nuclear warheads suitable for fighter delivery, the validity 
of using existing dose-prediction techniques based on kiloton-range measurements must be sub- 
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,'<e. stantlated.   As no determlnatlonH u( initul-gumma duac rate versus time hud been made for 
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nuclear detonations in this yield range, these measurements were necessary to experimentally 
substantiate existing scaling methods or provide a basis fur obtaining new extrapolation methods. 

Much of the effectiveness of the employment of very-low-yield weapons will depend upon the 
range at which they can safely be delivered.   The position of the aircraft at burst time and its 
subsequent maneuvers for the next 20 seconds will largely determine this range from a nuclear- 
radiation standpoint. 

1.2.2 Neutron Dose.    Neutron dose has been measured during practically all past nuclear tests; 
but (or the most part, these have been concerned with dose levels in excess of those of interest 
in the delivery of air-to-air missiles.   No measurements had been made of the neutron dose from 
fractlonal-kiloton yields below the limits of fission-foil-technique sensitivity. I.e.,   10 rep. 
Since this dose region corresponds to that of operational interest to the Air Force,  measurements 
in this range are required. 

Several techniques appear to be adaptable to measurements of low neutron dose.   Types A and 
B Kodak personal-monitoring films have been successfully used in the past for other applications 
(References 7 and 8).   The resonance-threshold foil dosimeter (Reference 9) developed by General 
Electric permits an evaluation of the neutron spectrum to be made by determining the activation 
of various foils.   An energy-corrected total dose can thus be found with this method. 

The possibility of using sulfur to determine the neutron dose in the low-dose region had been 
under investigation for some time (Reference 10).   Measurements during past nuclear tests have 
demonstrated that the biological neutron dose closely follows the sulfur neutron flux for fission 
weapons: 

I, 
Remo ' {1.52 i 0.76) x 10» 

where lo ■ the sulfur neutron flux at 1 yard (n/cm2) and Rem0 ■ the neutron dose at 1 yard.   It 
can be seen that 1/Rem will be constant over the distances of Interest If the sulfur mean free 
path Is equivalent to the neutron dose mean free path, since: 

.      I,e-DR/X 
1 &— 

Rem. e-DR/A 
Rem =  'p, 

Where:   D ■ distance from the source 
R > relative air density, correcting the mean free path back to the atmospheric 

conditions existing at shot time 
X ■ mean free path for standard ICAO atmosphere (15 C and 760 mm Hg). 

Reference 11 shows that the neutron spectrum does not vary from one to six mean free paths. 
Splenic and thymic weight-loss measurements of mice exposed to fission neutrons have yielded 
an average mean free path of 212 t 55 yards.   The mean free path for NACA atmosphere of sul- 
fur neutrons Is 210 yards.    For fractlonal-kiloton yields, this direct relationship should hpld 
for all doses of operational interest, as these occur well within a range of ten neutron mean free 
paths. 

1.2.3 Induced-Activity Decay Rate.   One source of radioactivity formed during a nuclear det- 
onation is the induced activity in the soil resulting from the activation by neutrons of the soil 
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conalituenta. Of military Importance' are the Initial level o( thla Induced activity and Its rale of 
decay. It appears that the most-slgntflcant Isotopes produced in most soils are Na!4, Al2', and 
MnM (Table 1.1). 

The results of experimental meaburernenta made during Operations Teapot,  Redwing, and 
Plumbbob are given in References 12,   13,  14, and 15.   Although early measurements of the 

TABLE   1.1   ISOTOPE  HALF  LIVES AND ENERGIES 

Isotop«    Formad By Hilf Life 
Energy of Emitted 

y Radiation 
Mev 

A1M         Aln(n. y)A. 2.3 mln 1.78 

Mn**       Mn'1 (n. y) Mn14 2.5H hrt 0.85,   1.8,   2.1 

N»»4        N«a (n. y) N«M IShrs 2.8.   1.4 

Intensity and decay of the induced field were attempted during these operations, no successful 
documentation was accompllai.ed, owing to various technical or operational difficulties.   With 
the advent of fractlonal-kiloton ground weapons, the decay rate at a few minutes after the deto- 
nation can be a significant parameter In their employment.   Aluminum, with the short half life 
Indicated in Table 1.1,  is the primary contributor to the dose levels at these times. 
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Chapter 2 

PROCEDURE 
2.1   OPERATIONS 

The objectives of this project were such that only a fractional-kiloton detonation above ground 
permitted useful Information to be obtained.   Shot Hamilton best fitted these requirements. 

Detectors and measuring devices were located along two surface lines at approximately right 
angles to each other. 

Film badges and associated equipment located from 0 to 60C yards from ground zero on the 
0-degree azimuth were placed Inside standard 3-inch steel pipes and attached to the CWL cable 
(Project 2.12).   This cable was drawn back to a safe distance at approximately H + 5 minutes 
for recovery of equipment, thereby minimizing the film exposure resulting from induced or fall- 
out activity.   The film badges and associated equipment were removed from the pipes approxi- 
mately 30 minutes after shot time. 

The film badges and associated equipment located from 300 to 1,600 yards from ground zero 
on both lines (0 and 85 degrees) were attached to stakes driven into the ground.   The RTF 
(resonance-threshold-foil) dosimeters located outside §50 yards on the 0-degree azimuth were 
recovered 7 minutes after the shot.   The other equipment was recovered within 2 hours after 
shot time. 

The Inltial-gamma-dose-rate instruments were Inside s/4-lnch plywood sealed boxes anchored 
to the ground by 12-inch metal stakes and located 425, 550, and 750 yards from ground zero on 
the 85-degree azimuth (Figure 2.1).   These Instruments were recovered 2 hours after the shot. 

One low-resolution dose-rate detector head (MG-3) was blast protected and located 30 yards 
from ground zero on the 85-degree azimuth.   Figure 2.2 shows the location of the detector head 
in the foreground.   The power supply and recorder for the Instrument were shock mounted and 
located 320 yards from the detector head and connected by a protected cable.   A second MG-3 
was located 650 yards from ground zero on the 85-de^ree axis.   The unit was placed In a box 
made of 3/4-inch plywood and secured to the ground by 12-inch metal stakes. 

Late evacuation (H — 2% hours) was required in order to turn on power for the initial-dose- 
rate instrumentation.   Early re-entry (H + 5 minutes) was required In order to detach equipment 
from the CWL cable and for recovery of resonance-threshold-foil dosimeters. 

The location of Instrumentation stations In relation to ground zero is indicated in Figure 2.3. 
The Instrumentation placed at the various locations Is indicated in Table 2.1. 

2.2  GAMMA MEASURING DEVICES 

2.2.1   Kaiser Electronic Automatic Dose Rate Instrument.   Instruments (Figure 2.4) developed 
by the Kaiser Aircraft and Electronics Corporation for the Air Force Special Weapons Center 
were modif^d to measure Initial-gamma dose rates at three locations.   The recording system 
used In conjunction with the measuring device utilized an Ampex Corporation AR102 Airborne 
magnetic-tape recorder.   A block diagram of the system is shown in Figure 2.5. 

The flpr ritr Instrument required 28 volts dc, and the recorder used 110 vclts ac at 4C0 cps 
along with 28 volts dc.   This power was supplied at each location by a standard Air Force port- 
able generator. Type B-10-B, usually used for aircraft starting.   The generators were started 
manually at H-3 hours.   Activation of the instrument was accomplished by an Edgerton, Germes- 
hausen & Grier (EG&G) hard-wire timing signal at H-15 minutes.   A hold-down relay was used 
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to keep the circuit closed after the timing signal expired.   As the generators would not operate 
under no-load conditions for the length of time required (from H - 3 hours until after shot time), 
a resistance with a rating of 7.6 ohms and capable of dissipating 1,600 watts was placed In paral- 
lel with the instrumentation.    This load served to prevent spark plug fouling and other conditions 
concomitant with no-load operation.   The resistances were not disconnected when the instruments 
went Into operation, since the Instruments required little amperage. 

The output of the scintillation probe and photomultipller of the dose-rate instrument was direct 
current ranging from 0.05 to 500 ^a for minimum to maximum Incident gamma fluxes.   The dl- 
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Figure 2.3  Station plot plan. 
*     ' 

rect current was impressed into the compressor-oscillator unit.   In this unit,  the direct current 
was converted to pulses by a blocking oscillator.   The pulses were amplified and recorded on 
magnetic tape. 

The probe consisted of an energy-compensated aluminum hemisphere with an interior plastic 
scintillant.   The entire surface of the hemisphere was coated with silver-activated zinc suliide, 
ZnS{Ag), and responded predominantly to gamma-ray energies below 130 kev.    The light from 
this coating and from the plastic scintillation crystal was converted by the pnotomultipller to an 
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Figure 2.4 Kaiser dose-rate Instrument, showing 
probe, compressor-osclllator-ampllf ler unit, and 
power supply (top to bottom). 
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electron flow that was directly proportional to the amount of litjht given off by the phosphor. 
The plastic scintlllant responded to energies above 130 kev.   While the responses of the two 
phosphors overlapped, the additive error was only 3 to 4 percent in the neighborhood of this 
dividing line.    Figure 2.6 is a schematic of the circuit associated with scintillation probe and 
photomultlpller. 

In the compressoi oscillator-amplifier unit, the direct current^rom the scintillation probe 
was converted to pulses by the blocking-oscillator tube (V-l In Figure 2.7), which operated in a 
conventional manner.   The compression circuit regulated the oscillator repetition rate by vary- 
ing the bias on the tube (V-2 In Figure 2.7),  when the tube was conducting, to supply the current 
demanded by the photomultlpller.   Advantage was taken of the low-voltage characteristics of a 
low-mu trlode to provide a logarithmic response in the compression circuit.   The oscillator 
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Figure 2.6  Kaiser dose-rate instrum nt, gamma scintillation probe. 

output was taken from the plate of V-l and applied to the grid of the amplifier tube (V-3 in Fig- 
ure 2.7).   The pulse from the oscillator drove the amplifier tube to cutoff and resulted in an 
output of 90 volts.   The amplifier output was then applied to the recorder. 

The power supply of the instrument furnished 28,  150, and 1,000 volts dc to the .system.   The 
28 volts was applied through the center tap of a transformer to the plates of six 26A7-GT tubes 
in parallel.   One of the transformer secondaries supplied 180 volts ac to V-7 (Figure 2.8) for 
rectification and to V-8,-9, and -10 for regulation to 150 volts dc.   The 640-voU output of the 
other secondary was rectified and doubled through the action of two sets of seven germanium 
rectifiers.   Tubes V-9 and V-10 regulated this potential to-1,000 volts. 

Several modifications were required in the original instruments to obtain the characteristics 
necessary for this application.   Thj plastic sclntillant's size was decreased and its shape changed 
to decrease its sensitivity.   This was necessary to obtain the 0.05-to-500-^a output of the orig- 
inal design in spite of higher levels of incident gamma flux.   The output-frequency range of the 
blocking-oscillator circuit was increased by a factor of forty to 2,000 to 12,000 cps, to provide 
a 1-msec response time.   To realize this response time, a quality Ampex magnetic-tape re- 
corder was substituted for the wire recorder in the original instrument. 

The compressor circuit output was checked for linearity with microampere inputs.   The cir- 
cuit response for inputs corresponding to dose rates up to 40,000 r/hr was linear for a typical 
instrument.   The instruments were also subjected to a burst from the Godiva U assembly at 
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Los Alamos.   At a distance uf 200 cm, no permanent neutron damugo occurred.   During the 
time period when the dose rate was within the recording range of the instrument,  no transient 
blackout.s or spurious signals were recorded.    Calibration of the instruments was accomplished 
at Los Alamos using a 100-curle Co" source.    The resulting calibration curve (frequency versus 
r/hr) for a representative instrument is presented in Figure 2.9.   Geometry considerations 
dictated the positioning of the probe from 10 to 170 cm from the source tu achieve the desired 
dose rates. 

Frequency versus time was recorded on the Ampex tape recorder from time zero to H ♦ 60 
seconds.    In order to change this frequency to a voltage necessary to drive the Bristol chart 

TRANSfORMtH 
A»-or 

* VALUE    DETERMINED 
BY    CALIBRATION 

RECOROC» 

SIGNAL    FROM 
RMOTO   MULTIPI ItR 

Figure 2.7  Kaiser dose-rate instrument, oscillator and compression circuit. 

recorder, the system illustrated In Figure 2.10 was used.   The curves produced on the Bristol 
recorder chart served as calibration checks. 

The two types of recorders In Steps 1 through 5 (Figure 2.10) were used to stretch the time 
scale by a factor of sixteen.   The signal output from Step 5 was amplified, clipped, and differ- 
entiated In Steps 6 through 8 in order to accurately trigger the one-shot multivibrator In Step 9. 
The output pulses from the miltivlbrator were of constant amplitude and width but with a repeti- 
tion rate equal to the input triggering signal.   These signals were Integrated and then recorded 
on the Bristol chart recorder as voltage versus time in Steps 10 and 11. 

2.2.2   Film.   Film was used to record the total gamma dose at the stations indicated in Table 
2.1.   Standard NBS film holders (Including Kodak 548-0 and Dupont 553, which contains D502, 
D510, and D834 film) and Lexington Signal Depot film packs and film stacks were used as shown 
In Table 2.1. 

The Lexington Signal Depot calibrated the film exposed in their holders using Co60.   The 
sources of radiation used to calibrate the NBS film packets were a 500-curie Co60 source at 
EG&G and a 7-curie Co60 source at Klrtland Air Force Base. 

The 500-curie source was encased in a uranium shield.   The source was located l^/i inches 
from a window at the front of the shield.   The window could be removed and the source rotated 
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in place In lettit than 1 second,   I'uttlnu the »ourc« In povUlun was done remotely from the con- 
trol room.   The Hource had been calibrated by the uae of a Vlctoreen R-meler, which was* cali- 
brated at the National Bureau of Standards to an accuracy of i 3 percent.   The source calibration 
curve la shown In Figure 2.11.   The configuration of the source room was such that only one 
NBS film holder could be exposed at one time.    The Kodak 548-0 film packets were placed inside 
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Figure 2.9   Calibration curve for Kaiser dose-rate instrument, 750-yard station. 

their NBS holders at S1/^ Inches from the window of the shield and exposed from 200 to 1,400 
seconds, giving the film a total dose from a minimum of 1,000 r to a maximum of 7,000 r. 

The Dupont 553 film packets inside their NBS holders were placed at distances of 51/2 to 112 
Inches from the shielded window and exposed from 40 to 400 seconds to give the film exposures 
within the range of 1 to 2,000 r.   The calibi-ation curves are shown in 7igure 2.12. 

All of the Kodak 548-0 film packs vere calibrated insidj a steel pipe holder.   The Dupont 
553 film packs were calibrated both inside and outside the pipe holders. 

The 7-curle source was used to calibrate the film for small total doses.   The film packets 
Inside their NBS holders were exposed to a total dose from a minimum of 0.1 r to a maximjm 
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o( 10 r.   The üKreement o( the calibration from 1 to 10 r uHltig the two «ourceH wa« «atlafactory, 
the difference being leas than 1 percent. 

The photographic-transmission densities were read on a (Urn densitumeter deHiKiied by the 
Los Alamos Scientific Laboratory and built by the Eberllne Instrument Corporation. 

2.2.3 Radlac Detector DT-60/PD.   Approximately 160 personnel dosimeters (DT-60/PD), 
four to a location,  were used at positions Indicated In Table 2.1.    This gamma detector covers 
an exposure range from 0 to 600 r.   The detectors were read before the shot on a calibrated 
standard reader to determine predose readings. 

2.2.4 Glass Needles.   Approximately 160 glass-needle, phosphate-glass dosimeters, eight 
to a station, were used to measure the total gamma dose at positions Indicated In Table 2.1. 
The dosimeter consisted of a small glass phosphate needle Inside a teflon sleeve,  which In turn 
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Figure 2.10  Block diagram of Kaiser playback-and-readout equipment. 

was encased In a lead shield with walls 2 mm thick.   After exposure to gamma radiation, the 
response of these glass dosimeters was indicated by an increase in fluorescence  upon illumi- 
nation by ultraviolet light.   The glass needles were air mailed to Brooklyn Naval Shipyard im- 
mediately after the shot so that the indicated dose could be ascertained. 

2.2.5 Gamma Radiation Fallout Detector (MG-3).   The MG-3 is a battery-powered, self- 
recording set.   It was designed and fabricated by Technical Operations, Inc., under contract 
with the Air Force for the purpose of studying the use of such a unit as a part of an Integrated 
fallout-countermeasure system.   ThiS instrument measured X- and gamma-ray dose rates from 
1.0 to 1,000 r/hr with an accuracy of ± 10 percent of the indicated reading. 

The sets consisted of ruggedized detector, indicator, and recorder units (Figure 2.13).   The 
detector unit had an ion chamber for the sensing device.   In common with all ion chambers, ion- 
izing radiation caused a flow of current whenever there was a voltage across the ion chamber. In 
this case, there was a nonlinear relation between the amount of radiation and the amount of cur- 
rent.   This relation was fixed by the geometry of the chamber and the fact that the chamber was 
operated in a nonsaturated region, I.e., the voltage was inadequate for collecting ions as fast as 
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they were formed.    Feedback was employed to reduce the chamber voltage as the amount ol 
radiation Increased.    Even though the amjjllMer wait linear, the combined effect wan to pruduce 
a nonlinear scale on the meter. 

The components In the Indicator unit Included a translNtor amplifier, a built-in alarm system, 
batteries, a built-in calibration source, and a direct-reading meter. 

The amplifier had a small current for an Input.    An output current of up to 1.0 ma operated 
the Indicator.   One feedback potential was developed across the metering circuit and varied 

S 10 20 40 

DISTANCE FROM WINDOW .INCHES 

100 

Figure 2.11   Calibration curve for 500-curie CoM source. 

from 0 to about 20 volts.  Another feedback voltage to the chamber was applied to the positive 
end of the chamber voltage battery.   A schematic diagram of the detector and indicator is shown 
In Figure 2.14. 

There was a built-in alarm system Incorporated in the MG-3 unit.   When the radiation level 
reached approximately 0.5 r/hr, a relay was closed and an alarm buzzer was turned on. 

Power for the unit was supplied by six batteries ranging from 1 to 21 volts.   The normal life 
of all the batteries was 6 months of continuous operation.   The battery that operated the alarm 
could operate continuously for 18 hours with the alarm turned on. 
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Ainu built into the unit was a itandardUlng source.    Tlie radioactive malerial wa» krypton 
in» (Kr").    The »ourto waa herrnelically Bealed.    It had a thin,   itiiinleM-atvel window through 
which beta radiation reached the ion chamber when the source control wa» turned on. 

The recorder unit waa an Eaterllne-Aniju« »trip type with a spring-operated paper drive.    The 
chart drive waa capable of apeeda raniclng from 12 m/mln to ^ m/hr.    The recorder charla of 
both MC-3 unita were operated at a »peed o( '/« m/mln, each chart waa 100 feet long.   The two 
Inatrumenta were located 850 and 30 yard» from ground zero,  the former to meaaure fallout and 
the latter to meaaure ihe rale of decay of activity produced in the »oil by the neutrons eacaplng 
from the device.   The tteel caae of the cloae-ln detector was surrounded by 6 mchea of boric 
acid and 12 Inchea of paraffin to minimize activation of the caae Itself.    It was placed In a hole 
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Figure 2.12   Calibration curves for NBS dosimeter film. 

4 feet square and 4 feet deep and covered by a thickness of 4-by-4 lumber and two layers of 
sandbags (see Figure 2.15).   It was connected to the power supply and recorder by 1,000 feet of 
rable buried 6 inches under the surface. 

2.3  NEUTRON MEASURING DEVICES 

Neutron flux was measured with sulfur bags, sulfur planchets,  nuclear-ti*»,^ timilsions,  and 
neutron dosimeters (Table 2.1). 

2.3.1  Sulfur.   Common S" when irradiated with neutrons above 2.5 Mev energy, undergoes an 
(n, p) reaction to become P*2,   a &~ emitter.   When the 0" emission is counted, the flux of neutrons 
with energies above 2.5 Mev can be'calculated, and consequently,  the neutron dose can be esti- 
mated (see Section 1.2.2). 

Sulfur pellets and planchets have often been used in this manner.   One limitation of this method 
is that the pellets and planchets cannot measure doses below approximately 1 rem with conven- 
tional counting equipment. 

To measure an extremely low flux of neutrons above 2.5 Mev energy, large samples of sulfur 
(800 grams in this case) can be exposed and the activity concentrated by burning the whole sample 
In one planchet.   Nearly all the P" remains in the planchet,  while nearly all the S32 burns.   The 
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0~ activity on the pliinchet kncreuaeti linearly wltli tin- number uf graiiiH burned on the plunchet. 
Therefore, there Is no need to burn the whole sample LI enough counts per minute are reached 
to enjoy good gtatlstlcs before burning the full 800 grams. 

2.3.2  Neutron Film.   Nuclear track films are photographic films especially prepared to show 
proton tracks In the emulsion.   The protons are evolved by two mechanisms; the first being the 
Nu«(n, p) Cu reaction caused by thermal neutrons and the second being hydrogen recoils caused 
by fast neutrons.   Protons travelling through the thick emulsion leave dense tracks that can be 
counted under a microscope.   The films used were the Kodak personal neutron-monitoring films, 
Types A and B.   The Type A film was known for many vears as Kodak nuclear-track dental-size 
dim, Type NTA.   The Typ« B badge contains two pieces of film and two sheets of aluminum In 

T-        —  

Figure 2.13   Fallout detector (MG-3), showing detector, 
indicating, and recording units. 

addition to the packaging material.   Aluminum shields and ceiiulose radiators make the nuclear- 
track population a measure of dose, Independent of energy.    The films were returned to AFSWC 
(or processing and counting of the proton tracks.   Figure 2.16 shows the calibration curves, 
derived from exposing both sulfur and Types A and B films at the Los Alamos Godiva. 

2.3.3  RTF Dosimeters.   Resonance-threshold foil (RTF) personnel neutron dosimeters were 
exposed at six locations as Indicated In Table 2.1 and Figure 2.3.   The dosimeter case was 2-S 
aluminum, 0.102-inch thick.   The aluminum case housed three sets of Indium foils.   Each set of 
(oils was in a package of three 0.003-lnch-thick disks, approximately 0.625 inch in diameter. 
One set of the indium foils was unshielded, and was activated by neutrons up to 0.1 kev.   The 
second group of foils was covered with 0.010-inch-thick cadmium disks.   Only neutrons with an 
energy greater than the cadmium cutoff (0.5 ev for the thickness used) could activate the indium. 
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TABLE   2.2   CALIBRATION AND READING  OF 
INSTRUMENTATION 

InBlrumenti 
Where 

Calibrated      F 
Where 
rocessed 

Where 
Read 

Kaiser Dose Rate LA8L ^-_ AFSWC 
NBS Film Pack*    EGliO and AFSWC AFSWC AFSWC 
Kodak 548-0 Film EGtG AFSWC AFSWC 
LSD Film SUcks LSD« LSD LSD 
LSD Film Packs LSD LSD LSD 

Glass Needles NYNSt NYN8 NYNS 
DT-80 LASL — NTS 
Dose Rate LASL — AFSWC 
Type A Neutron Film LASL AFSWC AFSWC 
Type B Neutron Film LSD LSD AFSWC 

RTF Dosimeter LASL — NTS 
Sulfur Plancheu LASL AFSWC AFSWC 
Sulfur BafB LASL AFSWC AFSWC 
Mc-3 Tech Opst — AFSWC 
* Lexington Signal Depot 
t New York Naval Shipyard 
J Technical Operations Inc., Arlington, Massachusetta 

The third foil packet, shielded by cadmium covered polyethylene disks, w.s provided to detect 
neutrons in the Intermediate energy range.   These dosimeters were mounted against a 10-by-12- 
by-6-lnch paraffin block to simulate the response when worn on the body. 

The RTF dosimeters were recovered 7 minutes after detonation.   The foil activations were 
determined with an Anton pancake mica-end-window tube (1007TA) and a Model 192 Nuclear 
Chicago ultrascaler. 

2.4  DATA REQUIREMENTS 

The data required included: (1) gamma dose rate as a function of time and distance until 
approximately H + 20 seconds at the earth surface; (2) total gamma dose as a function of distance; 
(3) neutron dose as a function of distance; (4) fallout as a function of time at a given distance; 
(5) neutron-induced activity decay rate of NTS soil; and (6) rate of rise of fireball during tlme- 
dose-rate measurements.   The Instruments were calibrated, processed, and read as shown In 
Table 2.2. 
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Chapter 3 

RESULTS and DISCUSS ION 
The calculated relative air density at Frenchman Flat fo/Shot Hamilton wai 0.875, using ICAO 
atmosphere as standard (15 C and 760 mm Hg).   The radiociiemical yield measured by LASL 
was 1.17 ± 0.06 tons.    This nuclear yield of about 1 ton was a twentieth of that expected; as a 
result, all measurements were an order of magnitude lower than those anticipated during the 
planning period before the shot—a significant fact in interpreting this data. 

Where applicable,  the total-dose measurements are presented as dose times slant distance 
squared versus slant distance from ground zero with no corrections for relative air density. 
Shot Hamilton was detonated on a 50-foot wooden tower. 

3.1   INITIAL-GAMMA DOSE  RATE 

Data for initial-gamma dose rate was obtained at two of the three stations.    No data was ob- 
tained by the instrumentation at 425 yards from ground zero.   The reason for the failure of the 
Instrument Is not known.   Dose rate versus time for the remaining two stations is presented in 
Figures 3.1 and 3.2.   The experimental and corrected data is presented in Table 3.1.  The dose 
rate data in these figures was corrected for fireball rise, taking Into consideration the increase 
In slant range from the detectors to the fireball (or cloud).   The resulting dose rates are then 
those that would be received from a stationary source.   The data necessary to make the correc- 
tions for fireball rise was obtained from an EG&G film of the detonation.   Analysis of the film 
showed that the fireball rise could be represented by: 

hc = 23.5 t0'' 

where hc is the cloud height In yards and t  Is the time after the detonation in seconds. 
The curves for dose rate versus time obtained at both 550 and 750 yards exhibited a pro- 

nounced leveling off beyond H + 10 seconds (Figures 3.1 and 3.2).   This effect resulted from a 
characteristic of the instruments utilized for the measurements.   To ensure successful docu- 
mentation of the high dose rates anticipated In the time interval prior to 0.1 second for the 
planned yield and to provide th? necessary response time, the output frequency range of the 
blocking oscillator circuit was raised (Section 2.2.1).   This resulted in raising the lower thres- 
hold of the instrument and caused the output frequency of the blocking oscillator circuit to gradu- 
ally level off as the dose rates being measured passed through this threshold.   The decrease in 
actual yield from the anticipated yield by a factor of twenty resulted in the lower threshold of 
the Instruments being reached by both of the Instruments before the entire +40-secund time 
Interval, which was to be documented, had elapsed.   Consequently, the measured dose rates at 
750 yards from ground zero lower than 1.5 * 10~2 r/sec and those at 550 yards lower than 
S x IQ-1 r/sec were higher than the actual Intensities that reached those points. 

An estimate of the probable decay from Shot Hamilton can be made by arbitrarily matching 
the curve for Intensity of the measured dose rate obtained at 750 yards with the curve obtained 
from Shot Lassen, Operation Plumbbob, (Reference 4) at 1 second (Reference 16).    Figure 3.1 
shows the manner in which the measured dose rate probably would have decayed,   indicated by 
the Lassen data points, had the Instruments' threshold not been reached.   The excellent agree- 
ment between the two curves above 1.5 * 10~2 r/sec is apparent.   A theoretical estimate of dose 
rate versus time using data provided in AFSWC TR-58-13 is also Indicated on Figure 3.1. 

Figure 3.2 shows the gamma dose rate versus time measured at the 550-yard location, along 
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Figure 3.1   Initial-gamma dose rate versus time at 750 yards, 85-degree axis. 
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Figure 3.2   Initial-gamma dose rate versus time at 550 yards, 85-degree axis. 
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with the data from Shot Lassen normalized in the same manner as was done for the 75Ü-yard 
data.   The theoretical estimate of AFSWC TK-58-13 is also shown. 

The break In the curve, that Is,  the point at which the nitrogen-capture effect disappears and 
the fission-product portion of the curve predominates, appears normally at about 0.4 seconds. 
The appearance of this break In the data obtained at 550 yards at approximately 0.2 second makes 
the time scale of this Instrument suspect.   As dependence on tape speed was the only time ref- 
erence utilized this error was entirely possible. 

Figure 3.3   shows the measurements obtained at 750 yards, along with the Lassen data normal- 
ized as was done previously at 1 second.    The measurements obtained at 550 yards are also 
plotted In Figure 3.3; however, a constant multiplier of two was used to shift the time axis of the 

TABLE  3.1   INITIAL-GAMMA   DOSE  RATE   VERSUS TIME 

560 Yard« 

Time 

750 Yard» 

Time 
Experimental 
Dos« Rate 

Corrected 
Dose Rat« 

Experimental 
Dose Rate 

Corrected 
Dose Rate 

■ec r/aec r/»ec sec r/sec r/sec 

0.025 1S.1 0.02S 5.36 
COS 7.36 0.05 2.58 
0.075 5.11 0.075 1.61 
0.1 2.77 0.1 1.12 
0.2 0.861 0.2 0.180 
0.3 0.569 0.3 0.0703 
0.4 0.472 0.4 0.0450 

0.5 0.424 0.5 0.0383 
0.8 C.389 0.6 0.0347 
0.7 0.356 0.7 0.0328 
0.8 0.317 0.8 0.0299 
0.9 0.292 0.9 0.0289 
1.0 0.264 0.265 1.0 0.0269 0.0270 
1.5 0.186 0.187 1.5 0.0214 0.0215 

2 0.142 0.143 2 0.0181 0.0182 
3 0.0944 0.0958 3 0.0133 0.0134 
4 0.0778 0.0796 4 0.0114 0.0116 
S 0.0639 0.0659 5 0.0103 0.0105 
8 0.0556 0.0579 6 0.0083 0.0085 
7 0.0503 0.0529 7 0.00778 0.00803 
8 0.0439 0.0466 8 0.00694 0.00721 

9 0.0394 0.0429 9 0.00667 0.00698 
10 0.0350 0.0390 10 0.00639 0.00673 
IS 0.02S3 0.0297 14 0.00556 0.00605 
20 0.0197 0.0246 20 0.00472 0.00541 
22 0.0192 0.0245 30 0.00403 0.00512 
30 0.0144 0.0210 •36 0.00397 0.00539 
40 0.0122 0.0209 

data and the Intensity was decreased to match the 750-yard measurements at 1 second.   The in- 
tensities out to 20 seconds no longer suffer from the instrumentation error and follow the Lassen 
data with close agreement. 

Figure 3.4 shows the percent of the measured initial-gamma dose accumulation as the function 
of time at the 750-yard location.   The heavy line In the figure shows the unrealistically steep ap- 
proach to 100 percent that results from the leveling off of the measured data.    If a decay similar 
to that of Shot Lassen is assumed,  the dashed line illustrates the integrated gamma dose under 
these conditions. 

As a result of the measurements obtained, the shape of the curve for fission-product dose- 
rate decay for very-low-yield weapons was further defined.   The agreement between data ob- 
tained from Operation Plumbbob (Shot Lassen) and the adjusted data obtained from Shot Hamilton 
was found to be good.   As the total dose can be accurately predicted and the fraction of the initial 
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gamma dose attributable to fission-product decay Is known, the shape of the decay curve Is suf- 
ficient to provide reasonably accurate Information on dose rale versus time for weapons of the 
measured yield and certainly can be extended safely to weapon yields of 20 tons. 

3.2  TOTAL INITIAL-GAMMA DOSE 

Measurements were taken from 55 to 1,600 yards along the high-neutron axis (0 degrees) and 

400 600 SCO 1000 I20O 1400 
SLANT DISTANCE .YARDS 

Figure 3.5   Summary of Initial gamma, RD2 versus D. 

from 300 to 1,600 yards along the low-neutron axis (85 degrees) at station locations as indicated 
In Figure 2.3 and Table 2.1. 

Uncorrected and corrected (where applicable) data for initial-gamma dose as a function of 
distance are presented in Tables 3.2 and 3.3 for all total-gamma-measuring techniques utilized. 
In most cases there was more than one of each of the detectors per station.   When this occurred, 
the average reading for each type of detector appears In Tables 3.2 and 3.3. 
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TAIMK   3.2   INITUl^GAMMA   DOS»:  VKRSUS  SLANT  UIHTANCt.   O-DfGHKt   AXIS 

SUm NBS lloldera LSD Puki 
l)ncorr«ii»d 

lib Stick» ÜT-60« IjUkft Nrcttilei 
DUUnc« Uncorrvclrd Corncud Uncor r«ct»d Corraclcd Uncorr»cI»d CorroclecJ Uncorrvclffd 

yd 

&& 2,000 1,624 3,000 2.000 1,624 — — »«5 
110 420 340 600 300 220 — — 276 
ito 14T 117 210 10t 78 — — — 
210 73 58 125 60 45 70 65.7 55 
250 40 31 5» 36 27 42 39.3 38 

S10 20.«/l«.9> 15.9/15.2 30/62« 18.5/28.0« 13.6/23.3 23.2 21.6 23/21« 
350 15.7/)«.8 12.5/13.6 21/31» 14/18 10.8/14.8 13.5 12.6 17/12« 
450 7.1/7.4 6.0/6.3 7.6/13.1 7/7 5.9/5.9 7.37 6.95 11 
550 3.4/3.6 2.8/3.0 4.2/6.1 3.8/3.4 2.95/2.55 3.75 3.55 9 
650 1.0/2.0 1.54/1.58 1.82/2.46 1.85/2.05 1.44/1.84 2.71 2.71 — 
750 1.13 1.00 1 55 1.0 0.87 — — — 
850 0.S9 0.52 0.66 0.58 0.51 — — — 
950 0.38 0.38 0.47 0.36 0.36 — — — 

1,050 0.31 0.31 0.2SS 0.22S 0.225 — — — 
1,100 0.26 0.26 0.175 0.180 0.180 — — — 
1.150 0.18 0.18 0.155 0.130 0.130 — — — 
1,200 — — 0.130 0.120 0.120 — — — 
1,250 — — 0.100 0.115 0.115 — — — 
1,300 — — 0.073 0.088 0.086 — — — 
1.350 — — 0.043 0.086 0.066 — — — 
1,400 — — 0.036 0.077 0.077   — — 
1,450 — — 0.043 0.088 0.088 — — — 
1.500 — — 0.029 0.044 0.044 — — — 
1,550 — — 0.022 0.044 0.044 — — — 
1,600 — — 0.014 0.033 0.033 — — — 
« First number refers to dosimeter inside steel pipe and second number to those outside. 

TABLE 3.3   INITIAL-GAMMA DOSE VERSUS SLANT DISTANCE.   85-DEGREE AXIS 

Dose, roenlfen«. 
Slut NBS Holders LSD Packs 

Uncorrected 
LSD Stacks DT-60S Glass Needles 

Distance Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected Uncorrected 

yd 

300 23 19.4 41.8 23.0 19.4 22.2 20.6 17 
350 14.6 12.4 27.5 14.0 11.8 15.8 14.8 15 
425 7.9 6.75 13.0 7.0 5.85 7.5 7.0 9 
450 6.3 5.38 10.0 5.9 4.98 4.5 4.1 — 
550 3.3 2.88 4.80 3.05 2.63 2.75 2.55 — 
650 1.54 1.32 2.08 1.70 1.48 1.25 1.25 — 
750 0.88 0.77 1.05 0.88 0.77       
850 0.51 0.46 0.60 0.48 0.42 — — — 
950 0.34 0.34 0.36 0.28 0.28 — — — 

1.000 0.24 0.24 0.265 0.21 0.21 — — — 
1,050 0.17 0.17 0.200 0.18 0.18 — — — 
1.100     0.150 0.140 0.14 — — — 
1,150 — — 0.108 0.120 0.12 — — — 
1,200 — — 0.085 0.115 0.115 — — — 
1,250 — — 0.065 0.110 0.110 — — — 
1,300 — — 0.035 0.077 0.077 — — — 
1,350     0.029 0.055 0.055 — — — 
1.400 — — 0.014 0.077 0.077 — — — 
1,450 — — 0.014 0.033 0.033 — — — 
1.500 — — 0.007 0.033 0.033 — — — 
1.550 — — 0.004 0.033 0.033 — — — 
1.600 — — 0.004 0.044 0.044 — — — 
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Figure 3.5 la a composite of the measurementa made with the DT-60/PD dosimeters,  NBS 
film packs, and LSD film stacks.   Each datum point Is the numerical average of the corrected 
readings obtained by a particular dosimeter technique at the slant distance Indicated.   The NBS 
and LSD data obtained along the 0-degree axis was plotted without distinguishing between dosim- 
eters placed In pipes or on stakes, because all films were calibrated both Inside and outside of 
the pipes.   The DT-60's were probably not sensitive enough to record thes   differences; there- 
fore, data obtained In pipes and at stake stations were plotted the same as    ie films.   The line 
drawn la a least-squares fit of the data points shown. 

The measurements along the 0-degree axis are consistently higher than along the 85-degree 
axis.   The slightly higher dose (10 to 15 percent) on the hjgh-neutron axis Is, for the most part, 
attributable to the Increased nitrogen-capture gamma dose on this axis.   The weapon orientation 
and a 4-lnch-thlck,   11-lnch-dlameter beryllium shadow shield adjacent to the weapon on the 85- 
degree axis accounted for the higher neutron output on the 0-degree axis.   Also presented In 
Figure 3.5   is a theoretical curve for initial-gamma dose (Reference 6) obtained by assuming a 
0.001-kt detonation and a relative air density (NACA atmosphere) of 0.88.   Using TM-23-200 
(Reference 17) and a relative air density of 0.9 the theoretical dose Is approximately a factor of 
two lower than the experimental measurements shown In Figure 3.5. 

No corrections were applied to the total-dose measurements In Figure 3.5 for the Increased 
radiation dosages actually recorded, because of neutron-Induced activity present In the soil and 
In the pipes In which the close-in dosimeters were placed.   Also, no corrections were made for 
any dosages received from fallout.   The cable to which the standard 3-inch-steel-pipe holders 
were attached was drawn back beyond 500 yards at approximately H + 5 minutes.   The film 
badges and associated equipment were removed from the pipes within 30 minutes after shot time. 
Dose-rate measurements on each pipe were negligible, except for the one at 55 yards for   /hich 
the dose rate was only 1 r/hr at approximately 5 minutes after the shot.   Dose rates from fall- 
out at distances greater than 300 yards were negligible.   Film badges and associated equipment 
attached to stakes beyond 300 yards were removed within 2 hours after shot time.   On this basis, 
it is believed that any dose received by the detectors other than initial-gamma dose was negli- 
gible. 

The NBS and LSD data presented in Figure 3.5 was corrected for the contribution of the neu- 
trons to the film blackening.   This effect can be attributed to both the low-energy neutrons and 
to the total neutron rep dose resulting primarily from the higher-energy neutrons.    Experiments 
that have measured these effects have shown that little error is introduced in the range of useful 
film exposure by assuming an average film type and using a single correction factor for each 
effect on the films.   The total initial gamma dose film data points for a particular slant distance 
as shown in Figure 3.5 were derived from the following equations: 

r dose = film reading -Rr-c—77$—7—r'   + 0-038 (neutron rep dose) 

The corrections used were (Reference 5): film sensitivity to gold neutrons. 
film R, and film sensitivity to high-energy neutrons as a percentage of neutron rep 

dose, 3.8 ± 2.4. 
The gold neutron flux for the 0-degree axis was obtained from Reference 18.   No gold flux 

measurements were made along the 85-degree axis; consequently this correction to the meas- 
ured film dose was based on the 0-degree-axis gold measurements.   The rep dose used in the 
corrections was based on the sulfur-activation measurements as presented in Figures 3.6 and 
3.7. 

The DT-60/PD dosimeter data presented in Figure 3.3 was corrected for the effect of neutrons 
on the dosimeter reading.   The DT-60/PD dose as read by the reader is: 

Reader dose = true dose + 6.8 n 

where n     is the neutron rep dose at a particular slant range due to thermal neutrons, and 6.8 
is an experimentally determined coefficient (Reference 19).    The thermal (gold) neutron flux 
was obtained from Reference 18 and was converted to dose using the factor 
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The gold flux as measured on the O-dcgree axis was used to correct the DT-60/PD measure- 
ments on both axes.   The measured and corrected DT-60/PD doses are presented in Tables 
3.2 and 3.3. 

The gamma doses measured with the glass-needle dosimeters (read by the New York Naval 
Shipyard) are presented In Tables 3.2 and 3.3.   Each reading is the numerical average of eight 
Individual readings at a particular slant range.   The measurements obtained with these dosim- 
eters were generally a factor of two lower than the data In Figure 3.5 and had considerable scat- 
ter; for that reason they were not presented In Figure 3.5.   The doses recorded beyond 400 yards 
were higher than those presented In Figure 3.5.   The response of the glass needles Is not linear 

.with energy and Is higher at low energies.   Although the high energy response has not been fully 
Investigated, the lead shield in which the needle was exposed was probably not sufficiently thick 
to make the needle response as high as It should be.    Because of the lack of time prior to the 

field exposure, the pre-dose reading of the Individual needles was not estaoilshed.   The oack- 
ground reading applied to all the needles was obtained by averaging the readings of 25 unexposed 
needles.   The range of the unexposed needle readings was 30 to 40 r (Reference 20). 

The total initial-gamma doses measured with the LSD film pack are presented In Tables 3.2 
and 3.3.   These measurements were consistently higher than those obtained at corresponding 
distances using the LSD stack or NBS film.   The holder In which the films were placed did not 
make the film response Independent of energy.   As only Co80 and Ra"' were used for calibration, 
the very-high-energy gammas released with the nitrogen-capture phase of the Initial gamma 
radiation were not accounted for during calibration (Reference 21).   For this reason, this data 
was not used In the preparation of Figure 3.5. 

fiyn & ^   ^ ^/ec/ 
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3.4  NEUTRON-INDUCED ACTIVITY 

The MG-3 detector head burled at 30 yards from ground zero operated satisfactorily. Dose 
rate versus time was obtained for 12 minutes after time zero. The dose rate beyond this time 
was below the sensible threshold of the instrument (0.1 r/hr). 

Figure 3.11 shows that the gamma radiation decayed according to the equation y = at      after 
0.4 minute, where y was the dose rate in roentgens per hour, and t was the time in minutes. 
The constants in this equation were a = 2.89 and b = 1.21.   These were determined from a 
least-squares fit of the data points.   The decay exponent of - 1.21 suggests that the detector was 
measuring fission-product decay, rather than neulron-induced activity In the soli.   Thus,  it Is 
believed that close to ground zero the radiation level from Induced activity of the soil was insig- 
nificant when compared to that from fission products. 

As mentioned in Section 2.2.5, the detector head was buried below ground in boric acid and 
paraffin to minimize neutron-induced activity in the head itself.   From all indications, it is 
certain that there was no activation of the detector head. 

Calibration of the chart recorder indicated that the chart read within ± 1 percent of the detector 
reading and that the lag time of the chart needle was less than 1 seconu. Thus the decay recorded 
was the actual decay of the radioactivity above ground. 

N 3.5   FIELD TEST OF MG-3 

The fallout-radiation dose rate at the far-out MG-3 station (650 yards, 85-degree axis) was 
never high enough to be recorded by the chart recorder (0.1 r/hr).   However, the close-in MG-3 
did operate satisfactorily (Section 3.3).   On this basis, it Is believed that the field testing of the 
MG-3 fallout detector was a success. 
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Chapter 4 

CONCLUSIONS and RECOMMENDATIONS 
4.1  CONCLUSIONS 

Histories were obtained for initial-gamma dose rate at 550 and 750 yards from ground zero 
until the Intensity fell below the lower recording threshold of the in-itrumenfS.   After adjusting 
the measured data, agreement was obtained with Lassen data from Operation Plumbbob and 
computed data obtained from the existing theoretical technique. 

The measurements of total-initial-gamma dose were in substantial agreement with theoretical 
predictions. The present methods of predictions for fractional-kiloton weapons appear valid. At 
110 yards, an average dose of 243 r was measured; at 310 yards,  18  r was measured. 

The neutron-induced activity at 30 yards from ground zero was negligible when compared to 
dose rates from fission product decay. 

The field test of a prototype of the standard Air Force gamma-radlatlon-fallout detector 
(designated MG-3) was successful. 

4.2  RECOMMENDATIONS 

With the Increasing importance of fractional-kiloton warheads in the weapon inventory, addi- 
tional measurements of Initial-gamma dose rate versus time from a full-scale yield of proposed 
warheads would be highly desirable. 
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