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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 radiatior 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. The locations from which 
material has been deleted is generally obvious by the spacings 
ani "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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ABSTRACT 

(.«0       Project 2.1, Small Boy, was designed to measure the time-resolved 

nuclear radiations resulting from the detonation of a Los Alamos 

device.   The device was detonated on 14 August 1962   10 feet above 

ground, in Area 5 of the Nevada Test Site.   The measured yield was 

(U)        Reasonably complete time-resolved gamma-ray exposure rate data 

were obtained at 191 and 488 meters, with partial gamma-ray data obtained at 

1220 meters.   Reasonably complete time-resolved neutron flux data were ob- 

tained at 131 meters. 

(H)      The peak gamma-ray rates measured it 191 and 488 meters were, 

respectively about one-half the predicted 

rates.   The 488 meter measurement indicates that the gamma-ray rate generally 

agreed with the Los Scientific Laboratory (LASL) Monte Carlo Code (LMC) cal- 

culation, out to about 13 microseconds but then dropped below the calculated 

value.   At about 100 microseconds, the measured gamma-i'uy rat<j 

and then dropped off with n shorter decay time that that calculated.   The 191 

meter data, although no! as complete, was consistent with the 488 meter data. 

( H )       Neutron flux measurements at 488 meters showed values generally 

although the time integral of these 

measurements agreed wel! with the fission-foil measurements made by personnel 

from the Nuclear Kffecls Laboratory of the Ballistic Research Laboratories. * 

Formerly the U.S. Army Nuclear Defense Laboratory and .eferred to as 
"NDI." in this report. 
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The integral of this peak was in re.^cnable 

agreement with the Zr value measured by NDL. 

(U) The Jiitorenti&Uy shielded detector technique worked well, although 

the:'0 wore calibration probiems introduced by the time -dependent neutron 

spectrum present at all stations.   A more defiled calculation of both the rle- 

tccior Khields and the incident neutron spectrum would < larify some oi the 

details of this data. 

  -- J 
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CHAPTER 1 

INTRODUCTION 

1.1 OBJECTIVE 

(,^)  The objective of this project was to measure the gamma- 

ray exposure rate and the neutron fluence rate resulting from the 

detonation of the Small 3oy device. These measurements were to be 

made at th. locations of several of the stations making "free-field" 

electromagnetic pulses (E1JP) measurements and were to be (1) made in 

both good (collimaced) and poor (2T) geometry; (2) capable of suf- 

ficiently high time resolution to record the 

gamma-ray peak; and (3) capable of recording with lower time resolu- 

tion                  out to about 10 seconds. 

1.2 BACKGROUND 

(,'■4)  The gamma-rjy output of nuclear devices ind weapons as 

a  function of tlse has been extremely well documented by the Atomic 

Energy Commission (AEC) for times up to or just beyond the peak (or 

peaks) through the usual diagnostic and alpha measurements. 

11 
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CMJ    in the last few years, three distinct and very important 

considerations have arisen which roakn both a theoretical understanding 

of the production 01 these gamma-rays and an experimental verification 

of their magnitude essential: 

11) Tha transient radiation on electronics (TREE) work has shown 

that, although some important eficcts depend on gamma-ray rates, 

others depend en the number of gamma-rays, integrated over several 

microseconds. The prediction of these effects in tactical situations 

obviously requires that the expected radiation environment be known. 

Furthermore, a knowledge of the radiation environment at a field test 

is essential to understanding the test results. 

(2) The nature of the EMP produced by a nuclear detonation depends 

on the gamma-rays in a way that certainly involves the gamma-rays pro- 

duced after the peak, so that the «ovelopnwnt of a theory for the EMP 

requires a simultaneous measurement of the EMP and the gamma-rays. 

Prediction of the effects of the KKP in tactical situations «gain re* 

quires not only a knowledge of the nuclear radiation sources generated 

by the weapon but s theory relating weapon yield end type with EMP 

magnitude. 

(3) Verification of radiation transport codes must be obtained to 

12 
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supplement the results of effects tests in establishing tactics for 

nuclear weapons, new or old.  In the case of a complete moratorium, 

such theoretical calculations will have to replace field testing 

entirely. 

1.3 THEORY 

w)    the intensity and spectrum of the gamma-rays present  in 

the vicinity of a nuclear detonation depend not only on the yield of 

the device    but on its design and environment.    The situation as of 

1954 has been reviewed in Malik's classic report (Reference 1).   The em- 

phasis  iu that report was on fission dev    <?, and times greater than 

1  millisecond.    Recently, Malik has made additional calculations of 

the gamma-radiation to be expected  from various types of devices de- 

tonated in the atmosphere (Reference 2).   Figure 1.1 is adapted from this 

report and will serve to clarify the relationship between the gamma- 

ray sources present  for the Small Boy device  in the Nevada environ- 

ment.    Neutron effects,  other than those producing gamma-rays,  have 

been ignored, as have been shock waves. 

(.+)        The  initial peak,   responsible  for the highest  gamma-ray 

rate shown here, will, of course, occui  under all circumstances of 

detonation altitude and device design since  it   is  produced  by inter- 

actions  in the device itself.   These gamma rays are quite energetic — 

in the 

<,u)      The next source to appear  is gamma-rays due to  inelastic 

scattering and to capture of high energy neutrons  in the air.     It 

will be of primary importance when the detonation or detector  is  in 

13 



the atmosphere These 

gamma-rays ore very energetic] 

l+\        The next  sjurce   is   due to the decay of isotne*.i:  states 

in fissior. products  and will be  important  for any current device 

design and  .or any  detonation altitude.    The energy of these gamma- 

roys  i:;   in the   i-Mev  range.     Some details  of this  source have been 

itudied by Walton (Kei'ercncG 3). 

(M) . ne next suurce, which is apparently due to  fast neutron 

interactions   iM the  ground,has been sketched in with somewhat avbi- 

tiary  intensity.    The detailed mechanism of this  source  is  not en- 

tirely  eleer,  but  the existence of the source,  apparently  first ob- 

servcti a'   Small Boy, seems certain.    Recent calculations by Malik and 

i..r.),v i "e* cent irrn the decay  time and  the approximate  intensity of this 

souiU'      The energy  of  these  gamma-rays  is  in thel JThe 

.source will  not  he   important  for detonations more-than a  few neutron 

x'.an   "roc  paths;  above  the  ground    and will be more important  Cor 

It will be discussed in more detail later in this 

report. 

(u)      Tl^c next two sources are less  important  for many applica- 

tion!   because the  gamma-ray  intensity is quite low, although the con- 

tribution to the  total  gatuna dose  is substantial.    The gamma-rays 

resulting  from neutron capture  in nitrogen will be  important  only when 

the detonation or detector  is  in the atmosphere    but will be  present 

for any current device design.    Thrse gamma-rays «re quite energetic, 

* Described tu Reference 10. 

14 

**-"•-"'- —-«*—-.-* —  m 



■ "^—- 

raving  about The  final  gamma-ray  source, 

fission  product  decay,  will  be  present   for  any current  device  design 

detonated  at  any altitude.     The energy  for  these gamma-rays  is   in  the 

All of these sources were present in the Small Eoy situation. 

(M) The  neutron signal  is  not  shown because  the  intensity 

depends strongly or. device design and the distance from the detona- 

tion to the? observation point. Furthermore, the arri al time for a 

neutron  of  a  given energy   increases   linearly with distance. 

('.')     The  pri:tiary considerations   in designing  this  experiment 

were  that   a useful  separation between neutron ar.d  gamma-ray contri- 

butions   to   the  detector   signals   be  obtained   and   that   the  detectors 

be   located  such  that   they  would  receive .1  sufficiently   large  signal 

to be  recorded    but would not  saturate, 

(I)     Separation   between  neutrons   and  g.mna-rays was  obtained 

by  shielding   SOTH? detectors with  l'b and  others with  polyctheylene. 

The details  ot   these   shields will   he  discussed   in Chapter  2.     The 

detector currents  observed   from such a pair ol   detectors  can  be 

written as 

:; *   \n " *  s2>.   • 

Where*I   is iht   detector  current   (a   unction of   turn.1) 

S  is •he detector sensitivity  in  its associate 1 shield 

•;.   is the  neutron  lluenci   rate 

v   is the garama-ray exposure  rate. 

15 
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If all of the parameters are known at a particular time, the pair 

of equations can be solved for v and r. at that time, providing that 

the determinant of the system does not vanish, i.e., that 

Sl> S2n * S2Y Sln • 

(it)    The limiting factor determining the proximity of the 

detector» to the detonation in this measurement is the maximum 

iose rate to which the detectors can respond linearly. There is 

evidence that plastic fluors begin to become non-linear somewhat 

above 10 V - Mev/cm sec.  Furthermore, the scintillators have 

several longer fluorescence decay modes in addition to the primary, 

very short decay time, light output.  Severe saturation could then 

have the et feet of obscuring any decrease in gamma-ray rate in the 

several microseconds following the peak, since the longer decay 

r 
modes would become dominant. 1 

/ Although the dose rate resulting from these neu- 

trons can become quite high, the peak gamma-ray rate remains the 

limiting factor in determining these detector locations. The peak 

rate may be found from the expression: 

■R/Ro 
I " lo   £ 

4»" k'xlO 

Where:  I  ■ exposure rate in Mev/cm2 sec at range R 

T  = peak rate of energy release in Mev/sec at the source 

R  ■ range in meters 

16 
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R0 * relaxation length for the gamma-rays, assumed to be 290 

meters in Nevada Test Site air. 

(Mj  The peak dose rates at the three ranges at which Project 2.1 

made measurements were, for these inputs, using the predicted device 

output of 

Range, meters 191      488     1220 

These rates are below the values at which serious non-linearity should 

occur. 

17 
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CHAPTER 2 

PROCEDURE 

2.1 FIELD INSTALLATION 

(U)  Two different types of installations were made.  These 

used the same basic detector design, but the recording systems were 

considerably different.  In the first type, to allow measurement of 

the very short initial radiation pulses, wide range recording sys- 

tems were installed in bunkers.  In the second type, to allow meas- 

urement of the radiation at the same location and with the same time 

resolution as the Project 6.2 EMP measurements, their tape recorders 

were used to record the output of radiation detectors installed near 

three of their pits. 

(U)  Both systems were buttoned up a few hours before the de- 

tonation, with operation initiated by EG&G timing signals obtained 

over hard wires. These timing signals started internal timers in the 

various stations shortly before zero time, after which the signal 

wires were disconnected and destroyed near the station. 

2.1.1 Bunkers. (U) Installations were made in two bunkers 

jointly occupied by Projects 2.1, 6.1, and 6.3. The primary installa- 

tion was in Bunker B, at 1,600 feet from GZ, with additional measure- 

ments in Bunker A,at 625 feet from GZ. The station locations are 

shown in Figure 2.1. 

(U) These bunkers were monolithic reinforced concrete structures 

fV i» TfcteW 
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buried in the desert.  They were lined with 1  inch of steel plate 

welded at all joints. A battery powered motor-generator system in 

the center of each bunker supplied power for the recording and 

measuring instrumentation, which was mounted in spring suspended 

racks around the sides.  The bunkers performed excellently, with 

more than adequate shock and EMP isolation. 

(U) The predicted signal and detector coverage for the 1600- 

foot station, Bunker B, is shown in Figure 2.2. Detector D is not 

shown on this diagram since it was not a part of the basic measure- 

ment.  It had only the same aluminum blast shield used on the EMP 

pit detectors and was installed f.o provide a comparison between the 

bunker and pit measurements. 

(U) The Bunker B installation consisted of six 2n gamma-ray 

detectors, two collimators and detectors for good geometry gamma-ray 

and neutron measurements, three 2TT neutron detectors, and three blank 

detectors to determine extracameral effects such as EMP pickup in 

the detectors or cables.  Recording was by means of oscilloscope 

photography for times near the gamma-ray and neutron peaks and a tape 

recorder, identical to that used by Project 6.2 for EMP measurements, 

for later times where the required time resolution was not so strin- 

gent.  Elevation and plan views of Bunker B are shown in Figures 2.3 

and 2.4 

(U) The detectors were all of the same basic design, consisting 

of a liquid scintillator (with the exception of one plastic scintil- 

lator used in Bunker A), light pipe, an optical attenuator, a photo- 

20 
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sensitive device, a blast shield and, generally, a neutron or 

gamma-ray discriminating shield.  A very thin, optically opaque, Al 

foil was installed just in front of the photosensitive element in 

the blank detectors.  This kept all of the light from the scintilla- 

tor out of the photosensitive device  but did not significantly 

alter any nuclear radiation scattered into it.  The photosensitive 

device was a high current phopodiode for measurements near the peak, 

or a photo-multiplier arranged to provide a wide-range, non-linear 

response for the measurements at later times.  These detectors, 

except for the collimated detectors, could also see radiation 

coming from the ground, as will be discussed later. 

(U)  The detector assemblies, except for the neutron/gamma 

shield and scintillator, were installed below ground in 8-inch dia- 

meter steel pipes, with conduits leading to the bunker interior. 

These conduits were welded to the steel bunker shield at the bottom 

and to the 8-inch pipe at the top. The tops of the 8-inch pipes 

were covered by the neutron/gamma shields, which also performed as 

blast shields to ensure that the detector assemblies would survive 

the shock wave. 

(U)  The collimated detectors consisted of liquid scintillators 

and high current photodiodes, as in the 2n detectors, bu': in a some- 

what different physical configuration. The collimators consisted 

of lead apertures, with the entrance aperture set into a concrete 

pier about 30 feet in front of the bunker and the exit aperture set 

into the bunker wall.  Steel conduits, welded as for the 2n detectors, 

were provided from this detector compartment to the bunker interior. 

21 
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(U) The Bunker A installation differed in that only two uncolli- 

mated detectors, one with a liquid and one with a plastic fluor, were 

used. Detector sensitivities were chosen to cover the range from the 

gamma-ray peak down to about 0.01 of the peak intensity. 

(U) 2.1.2 EMP Pits.      Detector installations were also made at 

three Project 6.2 pits and the data recorded on the same tape recorder 

as used for the EMP measurements.  The ranges for these installations 

were 625 feet, 1,650 feet, and 4,000 feet. The detector and its in- 

stallation were the same as for the bunker measurements, but the time 

resolution was limited to about 1 \isec  by the bandwidth of the tape 

recorder.  The peak was therefore integrated by an approximately 1-M,sec 

time constant before being recorded.  Three dynamic ranges were used, 

allowing the gamma-rays to be recorded out to about 1000 u-sec.  Only 

one detector was installed at each of three pits.  No Pb or CH2 shields 

were used, but the 1-inch Al blast shield was installed.  This instal- 

lation is shown in Figure 2.5. 

2.2  NUCLEAR RADIATION DETECTORS 

(U)  The detectors used for nuclear radiation transient measure- 

ments in this experiment fall into two categories.  The first type was 

designed in such a manner that, as installed, they would be sensitive 

to radiation arriving from any direction above the horizontal.  The 

detectors themselves were actually almost isotropic in sensitivity, as 

may be inferred from the design.  The solid angle visible to the de- 

tector was essentially determined by the height of the scintillator 

above the ground.  As installed, the detectors could see the 
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ground (through the shields) for most of the distance between the 

detector location and the device. These are the "2n" detectors 

referred to earlier. The second type was designed to measure radia- 

tion arriving in a beam with a very limited numerical aperture and 

limited diameter and are referred to as collimated detectors. 

2.2.1 2TT Detectors.  (U) The requirements for wide angular 

sensitivity, large dynamic range, and length of time during which 

measurements were to be made led to an extremely flexible design 

in which the components could be easily interchanged. The detector 

assembly as installed in the field is shown in Figure 2.6. It con- 

sisted of a scintillator, light pipe, photo sensitive device, and 

auxiliary electronic assembly. Arrangement of these elements in 

the detector is shown in Figure 2.7. The detectors illustrated 

were so constructed that by a modification of the finish of the 

light pipe (changes in the optical density of the filter and the 

diaphragm diameter), the light from the fluor, as seen by photo- 

sensitive devices, could be modified by a factor of 10 . The sen- 

sitivity of a given detector could be adjusted downward from the 

4 
maximum sensitivity by any factor up to lx?Q . Two types of 

mechanically interchangeable packages, consisting of a photosensitive 

device and auxiliary electronics, were available for each detector. 

(M\   The first package consisted of an FW-114 photodiode 

which was biased to a voltage of either 1,650 or 2,500 volts from 

a 1.7-p.f capacitor bank charged from an external high-voltage power 

supply through a charging resistor. This electronic package was 
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capable of delivering 10 to 15 amps during a radiation pulse while 

operating in a linear mode, i.e., without driving the photodiode 

into a non-linear region. With the aid of this package and the modi- 

fications discussed in the paragraph above, detectors were assembled 

with sensitivities ranging from approximately 

(IT) The second type of photosensitive device package which 

was used in the 2T. detectors consisted of a photo-multiplier tube 

in an electronic feedback loop. This type of circuitry can pro- 

vide a well-defined non-linear input-output relationship suitable 

for use in measuring transients over a wide dynamic range over 

long tiir.e intervals. 

(U) Figure 2.8 shews the circuitry contained in the non- 

linear package. The operation of this circuit is as follows: 

If a suitable negative dc trigger is applied to the trigger input, 

tube v~2 becomes non-conductive. When this situation occurs, tube 

Vi forms a feedback loop between the anode of the 665S-A photo- 

multiplier (PM) tube and the high voltage string of the 66SS-A. The 

action of this feedback loop is to regulate the current through 

the high-voltage string in such a way as to cause the «node cur- 

rent of the photo-multiplier tube to remain constant no natter what 

the input illumination on the photo-cathode. Under these conditions 

the input illumination on the photo-cathode can be varied over a 

range of several orders of magnitude without causing excessive cur- 

rents or saturation phenomena to occur in the PM tube. Furthermore, 
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under conditions of constant current through the PM tube, the input 

illumination is related to the high voltage string current by a well- 

defined function. 

(U) Thus, under conditions of constant anode current the high- 

voltage string current can be used as a measure of the input illumi- 

nation. As a practical matter, the voltage drop across part of the 

high-voltage string is used as a measure of the current through the 

string. Tube V3 gives an output signal into a 50-ohm terminated 

cable which is linearly related to the high-voltage string current. 

(U) The overall steady-state transfer function of a typical 

2TT detector circuit fitted with this package is: 

6.40      8'80 

^ V0 + 1.078 ) 

where limits of V0 are (-0.075) 
2 VQ 

a (-0.785) 

and VQ 
a output, volts 

2 
D  ■ energy flux, Mev/cm sec. 

This equation will describe the behavior of the 2n detectors, when 

equipped with the non-linear package, to within 0.005 volt over the 

entire operating range specified above. By a change in the optical 

system of the detector and adjustment of the two electrical controls 

shown in FigurJ 2.8.the numerical constants contained in 

this equation can be adjusted independently, with the exception of 

the exponent. By properly selecting PM tubes the value of the 

exponent can be varied over a small range. Thus, the transfer func- 

tion of a given detector can be adjusted to suit the purpose. 
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(U)     Tne  function of the  trigger  tube V2  is  to disable  the  feed- 

back  loop during times when the  input   illumination on the  photo 

cathode of the   PM    tube  is above or below the useful dynamic  range 

of  the electronics.     This  action prevents   the destruction of,   or 

damage  to,   the   PM    tube or the  associated  feedback loop.     For  this 

p.irticujir  experiment,  the. non-linear circuitry was  triggered on and 

became operative  at   approximately 2X10"4 seconds after t0.   Triggering 

was  provided  by  .1 trigger circuit  located  in the   instrumentation 

bun   .r. 

(H) ^y utilizing the  non-linear electronics  package,  2TT de- 

tectors were  assembled which gave useful signals   in radiation  fields 

ranging  trom approximately! 

^   Any one detector using one   recording channel has  a use- 

ful  dy:ianic   lange of  2x10  .    These detectors were designed  for  this 

experiment,  by LG&G,  Santa Barbara.     Further details may be  found  in 

their   report   (Reference 4). 

2.?.2    Colliiv-ited Detectors.     (U)     The purpose of the collimated 

detectors  used   in this experiment was  to allow the determination of 

the source strength,   in the region of the nuclear device,  as a  function 

of  time.     Detectors  used  in the collimated measurements were of a 

type previously developed and used by EG6C  fur nuclear-weapons  diag- 

nostic measurement'.    This detector consists of a cubical aluminum 

structure approximately 8 inches along each edge which holds either 

a 6 by 6 by 6-inch plastic fluor or a 6 by 6-inch cylindrical tank containing 

NE-211  liquid  fluor.     In the present experiment  liquid  fluors were 
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used, and the axis of the cylindrical tank was oriented at right 

angles to the axis of the radiation beam.  In all cases of interest 

here, the detector was oriented so that the radiation beam did not 

strike the photo sensitive element.  Figure 2.9 shows an exploded 

view of the general configuration of the collimated detectors. 

(U)  The defining geometry of the collimator used in conjunction 

with these detectors is shown in Figure 2.10. Two identical colli- 

mators were used, one for each collimated detector.  They consisted 

of three lead diaphragms, thick enough (3 inches) to be essentially 

opaque to gamma radiation, each with a circular conical aperture. 

The centers of the apertures were coaxial with the line of sight be- 

tween the center of the detector and the center of the nuclear device. 

The entrance and exit aperture spacing and diameter were chosen to 

meet the following geometric criteria: 

(1) No rays which originate in the neighborhood of the device 

at distances greater than 3 meters from the axis of the collimator 

can reach the detector directly, i.e., without being scattered at 

least once. 

(2) All rays which originate within 2 meters of the center of 

the device and pass through the forward aperture of the collimator 

will reach the detector. 

(3) The bundle of rays defined by the collimator will have a 

diameter of 0.8 inch at the rear aperture of the collimator. 

(U) The criteria above assure that a negligible amount of radia- 

tion scattered by the ground will enter the detector and that no 

27 



. I'I~Tn fill 

singly scattered radiation from the ground between the collimator and 

device will be seen.  The criteria also assure that no vignetting will 

occur for rays which originate within a 2-meter radius of the center of 

the nuclear device. The center aperture did not contribute to defining 

the principal beam but was used to keep radiation coming around the 

entrance aperture out of the exit aperture. 

2.2.3 Detector Calibration.  (U)  The original calibration of 

these detectors, described in Reference 4, was predicated on the assump- 

tion that the spectrum of the fission neutrons at the detector positions 

would not change significantly with time and approximately resembled 

the SPRF* spectrum. Deviations from this were expected, but the well 

known rapid approach to equilibrium with distance of the time integrated 

spectrum was reassuring and, at that time, there were no time-dependent 

calculations that illuminated this question. The first attempts to 

analyze these Small Boy data showed that either this assumption or the 

detector neutron calibration was seriously in error, 

(U)  The symptom exhibited in the analysis was that the calculation 

gave negative neutron fluxes, a circumstance which was inconsistent 

with the presumed accuracy of the detector calibration.  The measured 

gamma-ray exposure rates were not seriously affected by this anomaly 

and the values reported here will be seen to be quite similar in many 

respects to those previously reported on the basis of these measure- 

ments.  The data was quietly tucked away with the resolve to investi- 

gate the neutron calibration of these detectors at some future time. 

•Sandia Pulse Reactor Facility 
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This was subsequently done and the results reported in Reference 5. 

This later calibration was a much more detailed measurement than the 

original effort but did not show any deviations from the original 

calibration that were sufficiently drastic to account for the analy- 

sis problem. 

(U) This left only the temporal dependence of the neutron spec- 

trum at the detector positions to account for the problem. About this 

time the results of Straker's (ORNL) time dependent neutron calculation 

became available. These results are given in Reference 6. They show 

that the neutron spectrum is anything but time independent at these 

detector locations and accounts completely for the analysis problem 

mentioned earlier.  Further, they allow a determination of the effec- 

tive neutron sensitivity of these detectors as a function of time and 

thus make possible an analysis of the data which is quite reasonable. 

(U) Essentially what has been done is to start with the original 

detector calibrations, which are described below, calculate the de- 

pendence of the detector sensitivity on neutron energy over the entire 

energy range, assume that the ORNL results describe reality, and 

combine these to calculate what the detector sensitivity would be 

as a function of time. These steps are described in the next three 

sections. 

Basic Detector Calibration. (U) Primary calibration 

of these nuclear radiation detectors was accomplished from a measure- 

ment of the steady-state response of the bare detectors to a CO 

radiation source (Reference 4). No attempt was made to calibrate detec- 
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tors with radiation pulses similar in magnitude and shape to those 

which the detectors would see in actual use, primarily because no 

such sources were then available. However, tests were performed on 

each detector using iij»,ht pulses to assure that all of the elements 

of the detector behind the fluor were capable of linear pulse re- 

sponse to levels higher than would be encountered in actual use. The 

accuracy in these basic detector gamma-ray sensitivities is estimated 

to be 10 percent. 

(U)  In the subsequent data analysis it has been assumed that 

all of the gamma-rays involved, except for those produced in the de- 

tector shields by neutrons, had an effective energy of 2.0 Mev. The 

sensitivity at this energy was taken to be 0.89 of the CO60 sensitivity, 

based on the results of an LRL Monte Carlo calculation of the depend- 

ence of scintillator response on photon energy given in Reference 7. 

The LRL calculation was uone for a 6-inch cubical plastic scintilla- 

tor with good collimation, but at these energies the error introduced 

by using these results should be negligible. The gamma-ray data 

presented in Chapter 3 is given in terras of roentgens/second. The 

conversion factor used was  2.30x10 —Iz^yJsiL—  at 2.0 Mev so 
R 

that the sensitivity of a detector having: 

, ,«-20    . V - Mev  .  „60 . 
Sv ■ 1x10   amps/ 5   for CO  becomes: 

» cm sec 

Sv = lxlO"
20 x 0.89 x 2.30 x 109 =» 2.05xl0"U amps/-B_ at 2.0 Mev, 

sec 

(U) The gamma-ray transmission of the detector shields was tneas- 

60 
ured with a Co  source in both of the calibration efforts mentioned. 
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The  sensitivities  of the  shielded detectors   to   the   2.0 Mev.   gamma-ray 

energy  assumed here were  determined  by multiplying  the  measured  trans- 

mission by the ratio of the shield  transmission  factors  at  the  two ener- 

gies  and using the  resultant  value with the  2.0 Mev sensitivity of the 

bare detector.     These values  are shown  in Table  2.1.     The  good geometry 

transmission  factors were  used,  which  should  be  adequate,   except   for  the 

case of the Pb shield,   since  the dose build-up  factor  is  not significantly 

different   for these energies.     The error  for  the  Pb shield will be greater, 

but  even here,  the difference   in dose build-up appears  to be  less  than 

20 percent.     Since  this  detector was  not   intended  to make  a gamma-ray 

measurement  and  the accuracy of the neutron measurement does  not depend 

strongly on the gamma-ray sensitivity,   this value will be used. 

The gamma-ray detector sensitivities  used   in the subsequent data reduc- 

tion are given  in Table 2.2.     Only those detectors   from which  data was 

obtained are  listed. 

(U)    The neutron sensitivity of the basic detector,  i.e.,  the 

unshielded   fluor-photodiode combination,  was determined  for the 

neutron spectrum from the Sandia Pulse Reactor Facility  (SPRF)  and 

for  14 Mev neutrons   from a steady-state deuterons-on-tritium source 

during the original calibration (Reference 4).   An attempt was made to 

measure the attendant  gamma-rays  and correct  the  final  results  for 

their effects.    An  independent measurement of the neutron sensitivi- 

ties of these basic detectors   (using fresh NE-211) was made,  for 

another application (Reference 8), using much the same techniques, but 

with considerably  improved measurements of the gamma-rays.    Substan- 
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tial differences between these measurements in both the absolute 

sensitivities and in the ratio of sensitivities for fission and 14 Mev 

neutrons were found.  Two other available data bear on this.  The 

first is an LRL Monte Carlo calculation of the neutron sensitivity of 

a plastic scintillator given in the report mentioned earlier (Reference 7) 

and an LRL experimental result quoted in that report.  All of these 

are summarized in Table 2.3. 

(U)  The EG&G I results differ considerably from all of the others, 

probably due to the way the gamma-ray backgrounds were treated, and will 

not be considered further.  The EGoG II value at 14 Mev will be used in 

thi.: report.  It differs from the LRL calculated value by about 16 per- 

cent, and lies between the LRL calculated and measured values, all of 

which is not surprising in view of the differences in the scintillators 

and other parameters. The error bar on the value given by EG&G II for SPRF 

neutrons is considerably greater than that for the 14 Mev value and 

almost includes the LRL value at 1.4 Mev (the two values differ by 

about 22 percent).  The LRL calculated values normalized to the EG&G 

II value at 14 Mev will therefore be used for the detector neutron 

sensitivity at other energies.  The neutron data in Chapter 3 are 

given in terms of neutrons/cm -sec so that the sensitivities used 

have been calculated in those units.  Figure 2.11 shows the relation- 

ship between neutron sensitivity and neutron energy fur a bare detector. 

Effect of Shields on Neutron Sensitivity of Detectors. 

(U)  It appeared doubtful that a measurement of the neutron sensi- 

tivities of the shielded detectors was feasible for enough intermediate 
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neutron energies to make the effort worthwhile.  Fortunately, the EG&G 

calibration described in Reference 5, which measured the neutron sensi- 

tivities of the shielded detectors at the White Sands Fast Burst Reac- 

tor Facility and at 14 Mev, also made a careful measurement of the 

gamma-rays incident on the shield and those transmitted through, plus 

those produced in, the shield.  These measurements were corrected for 

the neutron sensitivity of the gamma-ray dosimeters. 

(U)  The approach adopted was to perform a hand calculation of 

the prompt gamma-rays produced in the shield and the neutrons trans- 

mitted through it as a function of neutron energy and normalize the 

resulting detector currents to the measured values.  The neutron sen- 

sitivity would then be tied down to a measurement at both ends of 

the useful energy range and hopefully provide an acceptable representa- 

tion of the sensitivity at intermediate energies. 

(U) The opportunity to normalize the calculation made some 

liberties possible which otherwise would certainly le.?.d to diffi- 

culty.  As examples, a good geometry neutron attenuation calculation 

was used, apparently with impunity, and the geometry of the nxv 

source in the shield did not have to be precisely known. The major 

source of error in this calculation is that neutrons moderated in 

the shields are not properly treated. The decrease in scintillator 

sensitivity with neutron energy partially compensates for this but 

certainly not completely. At some future time it may be possible to 

perform a Monte Carlo calculation on these shields which, after normal- 

ization to the experimental values, should give a more detailed and elegant result. 
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(U)  The neutron energy range was divided into the same 9 inter- 

vals used by ORNL, since that calculation is used in the next section 

to derive the effective sensitivity of the detectors as a function of 

time.  The neutron transmission and gamma-ray production cross-sections 

came primarily from the ENDF/B compilation and were averaged over the 

ORNL energy intervals for the calculation.  The scintillator neutron 

and gamma-ray energy dependence used were from Reference 7 and the 

scintillator neutron energy dependence averaged over the energy inter- 

vals.  The transmission factors for the gamma-rays produced by neutrons 

in the shields were for the good geometry case.  The details of the 

calculation will not be given, but the results are given in Table 2.4. 

The neutron and neutron-produced gamma-ray components of the detector 

current are listed, as well as the total sensitivity used in the 

subsequent data reduction. 

(U) The total sensitivities, because of the way they were calcu- 

lated, agree identically with the measured values reported in Reference 

5, with the exception of the FBR* sensitivity for the Al + Ch2 shield. 

The sensitivities for this shield given in Table 2.4, when folded 

with the FBR neutron spectrum, give about one-half the measured sensi- 

tivity, that is, the normalization procedure mentioned earlier was not 

adhered to strictly in this one case. The rensitivity that would have 

resulted from this normalization was completely inconsistent with the 

measured sensitivity at 14 Mev. The measurement at 14 Hev was thought 

to be more reliable than that at FBR, so that the calculated sensitivi- 

• White Sands, Fast Burst Reactor. 
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ties normalized only at 14 Mev have been used.  Some of the reasons for 

this choice (none of which apply to the Pb shield measurement) are dis- 

cussed below: 

(1) What is probably the most important reason follows from the 

fact that most (more than 90 percent) of the neutron signal with this 

detector shield combination in the FBR environment comes from the nxv 

reactions. This component of the detector current is very small in 

the energy interval containing most of the FBR neutrons and increases 

rapidly as the number of FBR neutrons is decreasing rapidly. A small 

error in either the calculated detector sensitivity or the FBR spec- 

trum used for the comparison would strongly influence the calculated 

FBR response (the tail of the FBR spectrum is wagging the dog). A 

less significant aspect of the calculated sensitivity is that any 

consideration of the moderated neutrons produced in the shield would 

raise the calculated sensitivity somewhat. 

(2) The FBR measurement of the sensitivity of this detector- 

shield combination can be questioned as a result of the way the 

gamma-ray component of the detector current was treated. The meas- 

ured neutron sensitivity was calculated from the expression: 

q - Svflv 

Sn •    g 

Where:    Sn is the neutron sensitivity 

q    is  the  total charge collected during a measurement 

Sv  is  the detector gamma-ray sensitivity  (coul/R) with the 
shield  in place 
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0n and 0V are the neutron and gamma-ray flüence, respectively, 
incident on the shield. 

The charge, q, was collected until the TLD's used to measure the 

gamma-ray fluence could be removed, so that the measurements would 

be comparable. The term SJ was calculated from the TLD measurement 

after correction for neutron effects in the TLD.  This procedure com- 

pensated for the residual fission product gamma-rays from the reactor 

between the time of the burst and the time the reactor was lowered 

into its pit but did not compensate for residual activity in the Al 

shield itself since the TLD was not located close to the shield. 

Furthermore, the Co  transmission factor for the shield was used, 

although many of the gamma-rays present were more energetic than 

those from Co  .  Both of these factors, if they had been incor- 

porated into the calibration, would have lowered the measured 

sensitivity but probably not enough to account for the entire 

discrepancy. 

(3)  Finally, the calculated sensitivity, before normalization, 

came within about 10 percent of the measured value at 14 Mev, which 

implies that it is probably reliable down to a few Mev, and its use 

docs provide a self-consistent set of sensitivities.  Fortunately, 

the value of Sn (for this detector-shield combination) below 2.35 

Mev, which is where the problem, if any, really lies, could change 

by 50 percent without changing the value of v obtained from the Small 

Boy data by more than about 5 percent. 
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Calculation of Effective Detector Sensitivity versus Time. 

l*0     The cables  given  in Reference 6 contain,   among many other 

things,  calculations of the time dependent  neutron spectrum at the 

air-ground  interface from both  fission 

The height of  the 

so that  the ORNL values will not  apply exactly to the 

operational situation.     French has reported,   in Reference 9,  a method 

to correct  for  the source  (or detector)  height effects  in this  type 

of calculation,  but   it  applies  directly only to  the  time  integrated 

case.    The correction,  for  tho  S.nall Boy parameters,   amounts  to a 

decrease of about  15 percent   in neutron fluence at  the  1600 station. 

The ORNL calculation will  thus  give  results which tend  to be high, 

but the application of French's correction technique to the time- 

resolved  neutron spectrum  is  not  ail straightforward;   it   is  not 

Attempted  ir. this  report.     The  time dependent spectra appropriate 

to the  191,  i*6H,   and  1225 meter  locations  are given in Table 2.3. 

These have been constructed by multiplying the ORNL results   tor 

fission by the respective values given by 

Malik  in Reference  10 for  the  Small  Boy device and adding the  two 

resulting matrices.    The values given for the Small Boy device were: 

The multinliers used for the tables were: 
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Total Neutrons 

Fission 

4.88 x 1023 

The ORNL calculation averaged 4rrr 0 over the range intervals used and 

tabulated the average values. The table entries here are the same 

except for the multipliers mentioned earlier. The first column of 

row-sums (i.e., the next to the last column) are simply that. The 

23 
second column of row-sums are the first row-sums x 10  and divided 

by 4^roS, where r0 is the range of the station. 

(U) Each table entry was divided by the row-sum for the row in 

which it appears, giving tables of the fraction of the total number 

of neutrons in a particular time interval that lie both in that time 

interval and a particular energy interval. 'The columns in these 

tables were then multiplied by the appropriate detector sensitivity 

for that energy interval and the row-sums again taken. These row-sums 

will represent the detector sensitivity in the particular time inter- 

val for the neutron spectrum calculated by ORNL. These values are 

given in Table 2.6. 

(U) They were also plotted on linear paper to a large scale and 

a smooth curve drawn through them, conserving the area in each time 

interval. These curves of detector sensitivity versus time were used 

for data reduction at the three detector locations and are shown In 

logarithmic form in Figures 2.12 and 2.13. The times shown sre 

relative to gamma-ray arrival at the station. The 191-meter station 

presented a probleu because the ORNL range interval that contained 
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this   station went   into  about   100 meters,   thereby seriously distorting 

the  time dependence with respect  to that which would be expected at 

191 meters.     The  neutron  intensity would  also be affected.     In an 

attempt   to compensate  for these difficulties,   the  time  scales  for 

the  two  inner range  intervals,   i.e.,   100.1-200.6 and  200.6-275.4 

meters,  were shifted   (by adding or subtracting the  appropriate  time) 

so that  neutron arrival time coincided with  that  at  the  191-meter 

detector station,  the detector sensitivity versus time calculated for 

both of them, and  the  average of the two values  at any  time used as 

the detector sensitivity versus time function for the 191-meter station. 

This  average curve differed  from the two  input curves  by  less  than 

5 percent at early and  late times and by about  20 percent  around 20 \is, 

2.3    DATA RECORDING  SYSTEM 

(U)    The signals  from the detectors were brought  into the 

recording system on RG 9/U 50-ohm coaxial cable terminated  in its 

characteristic  impedance  at  the end of  its  run.     High-impedance  re- 

cording devices, e.g.,   541 oscilloscopes,  were in some cases bridged 

across  the  S0-ohm line when any small  reflections  that might be pro- 

duced would not  be expected  to be   important.     The oscilloscopes   in 

Bunker A were  triggered by a gamma-ray  fiducial-marker generator. 

The output of this generator was also distributed to the other occu- 

pants of the bunker.    A similar arrangement  was used   in Bunker B 

except that  triggering was done by parallel  trigger generators driven 

by two detectors,  to give redundancy.    The trigger generator was also 

used to put a zero time mark on the tape recorder timing channels  in 
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Bunker B and to supply a zero-time trigger to the other occupants of 

the bunker. 

(U) Gamma-ray fiducial-marker generators were also installed in 

Bunkers C and D to provide trigger pulses to the occupants of those 

bunkers, although Project 2.1 had no experiments there.  This genera- 

tor is described in the Project 6.2 report and will not be described 

further here. 

2.3.1 Bunker B.  (U) The detectors and associated recording 

devices used in Bunker B are summarized in the one-line diagrams of 

the instrumentation given in Figure 2.14. 

(U)  All oscilloscope data were recorded on 4x5 Royal X Pan sheet 

film using Tektronix cameras focused on the trace.  The shutter was 

operated by a signal from the timing circuit described below.  The 

base lines were recorded on separate film and the oscilloscope grati- 

cules were photographed on the shot film prior to the experiment. 

The oscilloscopes were operated in the single-shot mode and armed 

by the timing system at about T-l second. The EG&G scopes were left 

armed when the bunker was buttoned up before the shot. 

(U)  In both bunkers and pits it was essential to isolate the 

recording systems from anything that could act as an antenna for 

the EM signal generated by the nuclear detonation, since such pick-up 

could easily mask the data. Both systems were activated by the usual 

EG&G timing signals obtained via wire lines which had to be destroyed 

before zero time. The lines were cut by a guillotine at the bunkers 

at T-5 seconds and, in addition, primacord, wrapped around the timing 
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signal lines and detonated at about T-2.5 seconds, was used in both 

cases. 

(U)  Both systems were provided with internal sequencers to con- 

trol them after the timing lines were destroyed. The pit EM recorder 

system is described in the Project 6.2 report and will not be con- 

sidered further here; however, the bunker system is described below. 

(U) The EG&G timing signals used in the bunkers were relay clo- 

sures at T-30 minutes, T-5 minutes and T-5 seconds. The lines from 

the relay contacts came into a central timing panel supplied by one 

of the agencies occupying the bunker and were redistributed to the 

separate project timing panels supplied by the other agencies occupying 

the bunker. The Project 2.1 timing panel passed the signals on to the 

recording equipment and generated the additional signals required. 

Each EG&G signal operated electrically~latching relays in both the 

central and Project timing panels so that the signal would not be 

lost when the timing lines were destroyed. A block diagram of the 

Project 2.1 timing system is shown in Figure 2.15. 

(U) The Project 2.1 Bunker B system used the T-30 minute signal 

to initiate the internal timer in the Bunker tape recorder. The T-5 

minute signal applied power Co this recorder and initiated a 4-minute 

time delay relay in the timing panel. The resulting T-l minute sig- 

nal started the recorder tape-puller motor. This time delay relay 

was necessary to replace the T-l minute signal available at ehe 

Project 6.2 stations, the normal home of these recorders. Since all 

timing lines were destroyed at T-2.5 seconds, it was necessary that 

41 

- — 



—:— ^^^——■—— 
1 

the timing circuits provide all signals needed after this time.  Each 

of the primary signals from the control point could be simulated from 

the timing panel by a switch, which also could isolate the panel from 

the signal.  Panel lights indicated each of the operations and the 

status of the timing panel and signals. 

(U) The Project 2.1 Bunker A timing system consisted of only 

i  T-5 second section of the panel. 

2.3.2 Bunker A.  (U) Two radiation measurements were made in 

this location, using different fluors. Except for the scintillators, 

the detecting and recording systems used were identical. This system 

is summarized in the line diagram given in Figure 2.16. 

(U) Each channel consisted of two Tektronix oscilloscopes:  a 

model 519 in series with a model 517.  The signal from the detector 

was delayed 145-nsec, to insure that :he 517 sweep was in the linear 

portion of its range when the desired signal occurred. The signal, 

after the 145-nsec delay, entered the model 519 oscilloscope through 

a 50-ohm to 125-ohm impedance transformation. The signal taken from 

the output terminals of the 519 distributed-deflection system was fed 

on to the plates of the 517 through a 125-ohm to 50-ohm impedance 

transformation. An additional 2:1 attenuator was also used in this 

line.  The 50-ohm line was terminated at the input to the 517. The 

oscilloscopes were operated in the single-sweep mode and armed at about 

T-second. The photographic recording system was the same as that de- 

scribed above. 

(U) The oscilloscopes were externally triggered from a gamma 
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fiducial-marker generator pulse of 8 volts. This pulse also provided 

Project 6.1 with a zero-time signal, which they further distributed 

to Project 6.3. 

2.3.3 Tape Recorder Systems.  (U) Radiation measurements were 

recorded or. tape in four locations:  Bunker B, and Project 6.2 EMP 

pit Stations 519.02, .04, and .06.  Each of the pit stations was 

equipped with a single gamma detector and a gamma fiducial-marker 

generator similar to those used in the bunkers. Associated with 

this detector were three tape channels covering three dynamic ranges. 

See Figure 2.17 for the block diagram of the tape channels in these 

stations. 

(U)  In the Bunker B tape recorder (see Figure 2.18) one of the 

inputs used 3 channels, as described above, 2 other inputs were 

covered by two dynamic ranges and the other S inputs included only 

a single range.  In each recording box, channels No. 7 and No. 8 were 

timing channels having a very stable 100-kc crystal oscillator signal. 

The gamma fiducial-marker generator drove a monostable (one-shot) 

multivibrator to provide a fiducial-mark on these channels. Details 

on these timing channels are available in the Project 6.2 report. 
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TABLE 2.1    £bf)> 2.0-MEV GAM1A-RAY SENSITIVITY OF BARE AMD SHIELDED DETECTORS  (U) 

Shit Id 
Co60 Measured 
Transmission Factor 

Ratio of Shield 
Transmission Factora 

2.0 Mcv Sensitivity 
a«pa/__£_ 

None 1 

l" Al 0.682 

1" Al + 3.6"CH2 0.554 

l" Al > 3.6"Pb 7.47x10 -3 

1 

1.09 

1.28 

4.73 

2.05x10 

1.52x10' 

11 

11 

1.46x10 -11 

7.20x10 -13 

(For a bare detector sensitivity to Co60 of lxlO'20    amps/ VgM*v    ) 
cor  sec. 
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TABLE  2.3   CH)     SCINTILLATOR NEUTRON SENSITIVITY   (U) 

Source 
S„(14 He v) 

Mev) 

Sn(SPRF) Sn(1.4 Mev) 

Sy(l.25 Mev) 

Sn(14 Mev) 

Sv(1.25 SY(1.2S Mev) Sr (SPRF)  or Sn(1.4 Mev) 

0.68 0.37 - 1.84 

0.37 0.55 0.55 0.67 

0.32 - 0.43 0.74 

0.43 (13.6 
Mev.) - - - 

EG&G I  (Ref.  4) 

EG&G  II  (Ref.   8) 

LRt Calc.  * 

LRI. Meas =  ** 

The units  are all  In energy terms,   I.e.,   ampere»/—If ~ Mev    or   ÜZ 
cm -lec cm 

*  6 Inch cubical scintillator, colllmated neutrons. 

** 6 Inch by 6 inch cylindrical scint Illator, no cilllmation. 

TABLE 2.-1 (q)   NEUTRON SENSITIVITY OF SHIELDED DETECTORS VERSUS ENERGY    (U) 

All entries  are   for  a detector having an unshielded Co'°   sensitivity of  1x10"'°   amps/. I'StL?  
cm    sec 

Multiply the entries by 10"'*   to get the component of detector current resulting from 

1 neutron/cm"-sec   Incident on the shield and  In the energy band. 

Al Shield Al  ♦ CIL Shield Al  ♦ Fb Shle Id 

Lm.rgy 
Interval n 

nxv 
(Al) Total n 

nxv 
(Al) 

rxv 
(C) Tot.-.l n 

nxv 
(Pb) Total 

U.U tu 1.11 Mev 2.14 0.22 2.36 0.001 0.162 0 0.163 2.41 0.006 2.42 

2.35 5.18 2.22 7.40 0.188 1.29 0 1.48 6.49 1.10 7.59 

3.33 8.30 6.50 14.8 0.802 4.33 0 5.15 7.45 1.97 9.42 

4.06 10.9 U.9 24.8 1.18 10.0 0 11.2 7.61 2.06 9.67 

6.36 15.3 22.0 37.3 2.92 17.0 3.72 23.6 9.26 1.94 11.2 

8.19 22.4 25.6 48.0 4.64 20.4 12.5 37.5 20.9 2.50 23.4 

10.00 27.7 28.5 56.2 8.27 23.1 7.05 38.4 32.3 2.88 35.2 

12.20 33.8 28.7 62.5 12.2 23.3 7.55 43.1 40. V 3.01 43.9 

15.00 J9.3 28.7 60.0 14.8 23.3 9.51 47.6 45.3 1.09 48.4 
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Figure2.5   (U)  Detector installation at EMP pits.   (U) 
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STYROFOAM   SHOCK  ABSORBER- 

SHIELDING  WHERE NECESSARY - 

FLANGEC   ALUMINUM 
HEMISPHERE— 

STYROFOAM   SHOCK   ABSORBER 

SUSPENSION   RING 

8"l.O. STEEL LINER 36'DEEP^- 

DETECTOR   ASSEMBOT 
.    INCLUDING FLUOR. OPTICAL 

. •  ATTENUATOR, PHOTOSENSITIVE 
DEVICE, PRE-AMP, ETC. 

NOTE 
DETECTOR ASSEMBLY CASE IS 
ELECTRICALLY   ISOLATED 

CABLCS IN CONDUITS TO 
BUNKER   BELOW 

Figure 2.6  (U)  2r detector installation.   (U) 
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I GASKET 7   INSULATOR 

2 PHOTOCELL DETECTOR HEAD •   LIGHT SOURCE 

3 SHELL 9   GASKET 

4 GASKET 10 LIGHT SOURCE   MOUNT 

5 BLANK   COVER II   COLLIMATOR REAR APERTURE 

6 CASE 12  FLUOR   TANK 

Figure 2.9   (U)  Collimated detector.   (U) 
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2 w DETECTORS- 

4" « PIPE SLEEVE   PACKED 
WITH LEAD WOOL  

rfl 
LO.S.    TO   10  ABOVE   6Z. 

LEAD ENTRANCE 
APERTURE 2.00" RAQ- 

r mam 

COLLIMATOR 
TUBING  WITH 2 
LEAD APERTURES 
EXIT APERTURE 
0.400" RAD. 

■:--v.-.:-v-.^.-:.-;.-v-.-.-.r\ 

^ 

~^-3- 

DETECTOR 

REMOVABLE 
CONG PLUGS 

2   I.D. INSTR. 
CONDUIT 

SPRING MOUNTED 
INSTRUMENT RACKS 

i_o 
J" 

Figure2.H0  (U)  Collimator geometry.   (U) 
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ATTN. 

1001 
ATTN 

1000:1 
ATTN. 
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0 G> 0 

Station  4, 4000 

I 
1001 
ATTN. 

m 
1000 I 

ATTN. 

© @ 
Station 2, 625 

ff  Lint   Matching    Termination 

(j7) Indicates   Channsl   Number 
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OET 

»1 

ATTN. 
-Tfl '    i 1 j nJU 
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100 1 
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10001 
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0 0® 

Figure 2.17  (U)   EMF pit upe channels.   (U) 
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CHAPTER  3 

RESULTS 

(n)    Project 2.1 was relatively successful in meeting the tech- 

nical objectives,     tn addition,  a new EMP source was   found,  the 

"ground" gamma-rays,  resulting  from neutron  interactions with the 

soil near a nuclear detonation.     There were  the  usual difficulties 

with equipment,  but  some of  the data that would have  been available 

from the data channels  that had problems could be recovered  from 

other data channels.    Of  the  three major equipment problems   (all  in 

Bunker B, at 488 meters),   the most painful was  t\.e  loss of the 

chai.uels   intended  to  record  the  gamma-ray peal   at 488 meters.    EG&G 

oscilloscopes were used  for this  measurement  and,   lor reasons  that 

no one has ever been able  to determine, were  left  in  the single-sweep 

mode,  armed,  but not  connected to the arming signal  from the  timing 

system.     All but one of  the  four oscilloscopes  certainly triggered 

prematurely, and the data on the  fourth is of questionable value. 

Fortunately,  however,  peak gamma-ray data was obtained at  the  191- 

meter bunker.    The second major problem was  the  failure of  the oscil- 

loscope on the  Pb shielded detector, 

to trigger at  the pioper time.    The gamma-ray trigger signal 

probably was capacitively coupled  around  the delay  in the  trigger  line, 

triggering the oscilloscope early.    This  resulted  in not being able  to 

calculate  the gamma-ray  rate during the  fast  neutron arrival  tirae  (about 
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This loss is somewhat mieigated by the fact that the 

channel did record the peak gamma signal. Finally, the nor.-linear 

detector system, intended to measure the. very late (after a few 

milliseconds, gamma-rays, did not produce any signal at all. The 

reason for this is not known. A summary of the results frcrn each 

data channel is given in Table 3.1. 

(U)  Seme of the oscilloscope data had to be extracted from 

traces which were so thin, due to writing speed deficiencies in 

those oscilloscopes, that normal reading of the traces was impos- 

sible. The technique used to "intensify" these traces will be 

briefly described because it may be useful to others with this 

kind of data and is quite simple.  High contrast contact positives 

are made of the original negatives and several high contrast prints 

(neg Lives) made of each positive, i.e., this must give traces which 

ara dark on a background that is as transparent as possible. These 

prints are then stacked, carefully registering them, until the 

signal-to-noise ratio is maximized and this stack read in the normal 

way. As much as another half-centimeter of readable deflection has 

been obtained in this way for one of these films. 

(U) In the following sections the traces from each oscilloscope 

or tape recorder channel are reproduced. These are converted to plots 

of detector current versus time by applying the system recording sensi- 

tivity factors and any applicable cable attenuation factors, and 

finally, the radiation intensities, found via the detector calibration 

numbers, are given as a function of time. 
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3.1 OSCILLOSCOPE AND TAPE RECORDER DATA 

(U) The data channel sensitivities are given in two forms for 

the oscilloscope data which follows: The first is the usual de- 

flection sensitivity of the oscilloscope in volts/division at the 

oscilloscope input; the second is derived from the attenuation in 

the data channel and is the sensitivity in current at the detector 

output per division of oscilloscope deflection. Cable attenuation 

has not been included in these current sensitivities but has been 

included, in the one case where it was significant, in the detector 

current plot given in the next section. Only the current sensiti- 

vity has been given for the tape recorder data since the voltage 

sensitivity of the oscilloscope is related to reality only through 

a long chain of tape recorder channel and playback system sensitivi- 

ties. A large number of playbacks were made of each of the tape re- 

corder channels, and those reproduced here generally cover the time 

and amplitude range of interest. Much of the noise seen in the tape 

recorder data is peculiar to the wide band width FM system used, 

and some due to the overload properties of the VCO, but some is of 

external origin. The source of this latter component has not been 

identified. 

(U) The traces from the 191 meter measurement are shown in 

Figures 3.1a and b. The approximately 100 Mc noise on the 517-1 

trace interferes with the signal near the base line but Is apparently 

not responsible for the step just after the peak. The source of 

the nolae is not known. The tape recorder traces are quite noisy. 
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perhaps obscuring some fine structure, primarily as a result of the 

recording-playback system mentioned above.  The initial excursions 

in the bottom trace are due to overdriving the VCO.  These die out 

in about 10 microseconds but obscure the early part of th<i signal. 

(U) The 488 m^ter traces are reproduced in Figures 3.°.a thru e. 

One must look carefully to see the data on 541-1 (Dotector C).  It 

is off-scale i; the upper right hand corner, but the oscilloscope 

deflection i3 still linear with applied voltage. The tape channels 

ou this cJntector shows one form of the externally generated noise 

mentioned earlier.  Another form of noise, probably due to the severe 

overdriving this VCO experienced, appears on Tape Channel 1J, De- 

tector D.  However, there is some evidence that the VCO In this chan- 

nel was misbehaving.and this nt ise may be 3  result. 

in)    The one trace recovered from the EG&C scapes is shown at 

the bottom of Figure 3.2b. The gamma peak was off-scale and there 

is appreciable noise—origin unknown, but possibly breakdown in the 

detector hi.?h voltage system — so that it is difficult to establish 

the timing for this trace. 

This is interesting but doesn't help 

with the timi:.g problem. 

;u)  The 551-1 record for Detector E shows ringing* 

caused by capacitance in the tape 

recorder.  (The period of the ringing is right for the length of coax 

between the detecto; and recorder.) The recorder was not intended 

tu handle pulses with rise tines *%  short as this prompt gamma-ray 
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pulse  and had considerable distributed capacitance as well as  a 

filter designed to  increase the pulse rise time to avoid VCO prob- 

lems.    The net result was  that  although the coax line was  terminated 

in 50 ohms  at  the  recorder,   it was  shunted by a few hundred pico- 

farads.    This problem did not  arise on any of the other channels, 

perhaps  fortuitously:    Oscilloscope 541-1 on Detector C might have 

shown it, had  it been on scale during the right time period,  and 

Detector M had a Pb shield, considerably attenuating the prompt gamma 

pulse. 

CM) 

The  trigger signal apparently coupled capaci- 

tively around the delay and triggered the oscilloscope  in time  to 

record the gamma-ray peak    but too early to record the neutron peak. 

The  lower trace on 551-2 is the blank Pb-shielded 

detector.    The signal is so small that extraneous effects are negli- 

gible for the Pb-shielded detectors and probably  for the others as 

well. 

(U)    The tape recorder data from the  1220 meter EMP pit measure- 

ment  is shown in Figure 3.3. 

(U)    Base lines and the sweep and pulse calibrations for the 

oscilloscopes wete recorded on separate films    but are not repro- 
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duced here. The oscilloscope traces were read on a microscope 

capable of about 5-micron resolution; however,some of the traces 

are several hundred micron- wide. This is what really determines 

the reading accuracy, which is estimated here to be about 0.2 trace 

widths. The overall reading accuracy is then between 30 and 100 

microns, depending on the trace width, so that the reading process 

is a minor part of the overall accuracy, except within about one 

trace width of the base line. The base line traces were read on 

the same microscope and treated as data in determining the deflec- 

tion of the data trace. This was essential in reading some of the 

519 data since their horizontal traces tend to have considerable 

curvature unless very carefully adjusted. The overall accuracy of 

the oscilloscope measurement of detector current as a function of 

time is probably better than 5 percent, except where the deflection 

is very small or the signal appear* at the start of the sweep (e.g., 

519-1 in Bunker B). 

(U) The tape data is another matter. Although the recording 

and playback systems were well calibrated and the traces could be 

read to about the same accuracy as the oscilloscope data, the noise 

is a serious problem on sons traces. In an effort to alleviate this, 

the noisier traces were read several times, attempting each time to 

estimate the location of the signal In the noise and the results 

of these readings averaged. It Is doubtful that the accuracy of the 

signal amplitude is better than 20 percent for some of these traces, 

particularly near the baae line. However, the timing accuracy 
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should be comparable to that for the oscilloscope data, since the 

tape had an accurate timing signal recorded at the same time as the 

data,and the playback system was tape-speed compensated. Dashed 

lines have been used In the detector current graphs to indicate 

severe noise or signals so near the base line that their reliability 

is decreased. 

CM^  A word about the timing on the detector current and radia- 

tion plots will be helpful: 

(1) 191 meters - the gamma-ray peak has been arbitrarily set at 

and ehe time scale, as shown, is correct. 

(2) 488 meters - It was originally thought that there was no 

gamma-ray peak daca at this station, 

This wai convenient 

and slightly expanded the time scale around neutron arrival time. 

When tome gamma-ray data was extracted, it was plotted on the same 

time scale with the peak arbitrarily set at 

ao the missing 

should not present a serious problem. 

(3) 1220 meters - gamma-ray arrival at station used as zero-time, 

as at 488 meters. 

3.2 DETECTOR CURRENTS 

(.*)      191 Metars. The detector current from Detector F, the 

NE-211 liquid scintlllator, during the prompt gamma pulse is shown 

in Figure 3.4a. The peak ha« been arbitrarily set at      and 
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corrected in amplitude by 10 percent for cable attenuation. The 

short (approximately 35 feet) cable runs had negligible attenuation 

for any other portion of this signal so that the correction was 

applied only over the boost period. The noise on the portion of 

this curve contributed by the 517 oscilloscope is troublesome. The 

solution adopted was to draw in the dashed line and use it in all 

that follows. The entire record from this detector is given in 

Figure 3.4a. The short pulse at about 0.7 microsecond is probably 

noise, and the dashed line has been used in the subsequent data 

reduction. 

(A   Figures 3.5a and b show the detector current from Detec- 

tor J, the NE-102 plastic fccintillator, in the same format as Detec- 

tor F. It had been hoped to compare the behavior of liquid and 

plastic scintillators through these measurements, but the loss of 

the 517 on this detector made tKis impossible. The signals from the 

two detectors are in general agreement, 

which may imply that saturation effects 

are worse in the plastic than in the liquid scintillators. The trace 

from the 519 on the plastic scintlllator Is not very good, so that 

this conclusion is very tentative. Since the data from Detector J 

is not complete and is not as good as that from Detector F, it will 

not be analysed further. 

(U) The detector current from the detector at the EHP pit is 

shown in Figure 3.6. The dashed line indicates that the signal is 
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near the base line and not as reliable as the rest of the curve. 

488 Meters.  (U) The Dt-tector C current is shown ir. Figure 3.7. 

Over the short period of the oscilloscope data, it is about 25 percent 

higher than the tape data. The tape data was quite noisy in this 

region, so the difference is not surprising. The dashed portion of 

the curve again indicates that the signal was near the base line and 

of lower reliability. The Detector D current is shown in Figure 3.8. 

This detector had only the Al blast shielu and was included to allow 

a comparison with the detector in the EMP pit at 488 meters. The 

drive belt on the pit recorder broke, so tnat this comparison was 

impossible, which xs probably somewhat academic, because the Detector 

D data docs not look very good. The one usable data channel was 

very noisy in the 200 microsecond region and neither the shape of the 

curve nor the amplitude agree with the data from Detectors C and E. 

No further analysis of the data ftrom this detector was clone. 

tu*\      Quite complete coverage was obtained with Detector E, 

s>iown in Figure 3.9. Th« portion of the curve over which the channel 

was ringing was obtained by averaging the peak values to obtain the 

lower frequency component. The decrement of the oscillation was about 

15 percent per eye I» so that a large error was not introduced by this 

procedure. The error will be greatest during the rise of the 

neutron pulse where the signal is changing rapidly and the data is 

less reliable in that region. The capacitance which produced the 

ringing would also have reduced the peak of the      signal and 

broadened it, but the integral should be essentially unchanged. 
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correction for this has not been mo.de because it is impossible to 

establish the magnitude of the capacitance. The oscilloscope and 

tape data agree very well in the 30-microsecond interval where they 

overlap and have not beer, separately plotted. The dashed curve from 

100 to 600 microseconds has been drawn to average what are probably 

noise pulses and will be used in trie subsequent analysis. 

f«}  The Detector F current is shown in Figure 3.10, where the 

peak has been erbitnrily set at        It was impossible to 

establish accuratelv the timing for this trace, but the film shows 

the trace apparently coming down from the peak at about the right 

r.ime, so that has been used to locate the origin on this plot. The 

dashed line drawn through the noise on this data will be used in 

converting to gamma-ray intensity. 

(U) The current from the collimated detector, I, is shown in 

Figure 3.11. The dashed line at the bottom comes from some uncertainty 

in the base line and that at the top from a very faint trace. 

(U) The detector current from the Pb-shielded Detector K is 

shown in Figure 3.12. As mentioned earlier, the gamma-ray peak 

should not have appeared on this detector end is not too reliable be- 

cause of the heavy Pb shielding. The detector currents from the other 

two Pb-shielded detectors, L and M, are shewn in Figures 3.13 and 3.14( 

respectively. They egree very well in the region of overlap. Again, 

the dashed line at the top of the Detector L curve comas from a very 

feint trace and that at the bottom from a very email deflection. 

1220 Meters. (II) The detector current from the detector at 
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the EMP pit station is shown in Figure 3.15. This detector recorded 

some of the gamma-rays before neutron arrival, went off scala during 

neutron arrival and recovered. 

3.3 NEUTRON AND GAMMA-RAY INTENSITIES 

(U) The detector currents discussed in the preceding section 

have generally been converted to radiation intensities by straight- 

forward use of the detector calibrations discussed it: Section 2.2.3. 

Those portions of the deleter current c-rv^s previously identified— 

usually by dashed lines —  as somewhat questionable have been 

treated as valid in this section. The detectovs at 191 and 1220 

meters all had a single type of shield, the aluminum blast shield, 

so that it was not possible to sep.uate the neutron and g.irana-ray 

components at those stations as it was at 488 meters.  However, 

estimates of these components which seem reasonable can be made at 

these ranges for at least portion:; of the measurement time. 

191 Meiers.   (M)  The measured prompt genma-ray exposure rate 

and that calculated by Malik (Reference 10) are shown in Figure 3.16. 

The measured oeak value is abvut one-half of the 

calculated value and in the intensity range where flujr non-linearity 

may be a factor. There is apparently no information en the saturation 

characteristics of liquid fiuors, bur Lauzcn and Panaro (Reference 11) 

have measured the response of plastic fiuors at very high radiation 

rates and given an expression relating apparent sensitivity and 

radiation race: 

|  - (.Mi + l)"1 
5o 
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Where: 

S    is the effective  fluor sensitivity 

SQ is  ; ie  fluor sensitivity at  low radiation rates 

$    is the incident radiation rate 

T    cross  section for photon emission by luminescent centers 

r    mean lifetime of luminescent centers 

The value of aT given in Reference 11 for their fluor was 10" * for 

<t> in units of Mev/cm sec. It has been used to calculate the effect 

of fluor non-linearity for this measurement in the absence of speci- 

fic data on liquid fluors. This correction has been made to obtain 

tha values given in Figure 3.16, but this is the only detector for 

which the correction was required. The expression can be rewritten 

in the  form: 

S0   ••    10T 

where I(»SO) i» the measured current, allowing the incident exposure 

rate tu be calculated directly from the measured detector current. 

The correction is 30 percent at the peak current measured here (2.3 

amperes), less than 10 percent at currents less than 1 ampere,and 

less than 2 percent at currents less than 0.5 ampere.  The product 

oi0 in the original expression it 0.3 at the peak current measured, 

so that if the value of OT appropriate to the liquid fluor does not 

differ from the value used by more than SO percent, the corrected 

peak intensity will not be changed by more than about )5 percent. 
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The pulse height (proportional to a) for NE-211 is somewhat greater, 

but the decay time (proportional to T) is somewhat less than the 

values for the LRL fluor, tending to cancel each other, so the esti- 

mate used here seems reasonable. 

(M^  The early part of the pulse does not rise as rapidly 

as the calculated pulse. The 519 oscilloscope sweep speed was almost 

certainly not that much faster than planned, and the system response 

WAS certainly not sufficiently slow to account for it 

so there is no apparent explanation 

for the discrepancy. 

(0 
Scintillators have been observed to become opaque, at very high radia- 

tion rates, to their own light in several measurements, and the first 

plateau       may be the result of the scintillator recovering 

from this phenomenon. There is no quantitative information at pre- 

sent on this phenomenon. The second and third bumps may be due to a 

noise pulse between them —the oscilloscope deflection is rather 

small at this time—-but are thought to be real. There is another 

explanation which would account for all of them, namely, inelastic 

encounters between tho      neutrons and massive objects near the 

device and with the ground In the immediate vicinity of the device. 

The first plateau occurs at a time when the      neutrons have 

traveled about one-half meter, the second, about 2 meters, and the 

third begins just as the      neutrons reach the ground. 

(n\     The measured curve has been re-plotted in the bottom 
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portion of Figure 3.17, which shows the entire gamma-ray signal 

measured (and conjectured) at 191 meters. The dashed line shows 

the ground gamma-rays predicted by the LMC calculation described in 

Reference 10. The initial portion of the curve results from neutron 

scattering (tin v) in the ground near the device (and in the air) and 

is the dominant gamma-ray source out to about 10 microseconds. The 

final portion results from neutron capture in the ground and is the 

dominant: gamma-ray source cut to about 2 milliseconds. The agreement 

between the measurement *nd the calculation 

is quite good, 

as will also be seen at 486 meters. 

(u)   The rise is due to 

nn v reactions in the immediate vicinity of the detector. It was 

assumed that *he gamma-ray rate just at the arrival time of the 

fastest neutrons was maintained throughout the fast neutron pulse, 

fell off in about the same way it rose,and followed the calculated 

value where the data ends. 

eh« reason« 

for this depend on the neutron intensities, which are discussed below. 

(U) TWo of the many possible neutron Intensities are shown in 

the upper portion of Figure 3.17. The solid horisontal bars are fro« 

the ORHL calculation, using the Small Boy neutron spectrum discussed 
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earlier, for the range interval 200.6 to 275.4 meters. The time bins 

have been modified slightly:  the first and part of the second of 

the ORNL time bins hive been combined and shifted slightly to fit 

the fast aeutron arrival time at the station. The total number of 

neutrons has been conserved and the rates adjusted to compensate for 

the time bin changes. 

t-»)   In the time interval 

the LMC values of gamma-ray flux would give detector currents 

less than JU percent of those measured, so that it appears likely 

tnat no more than about 30 percent error in the neutron flux would be 

introduced over this time interval by neglecting the gamma-ray com- 

ponent of the detector current.  However, since the gamma-ray measure- 

ment agrees so well with the calculation before the neutrons arrive, 

the reutron flux in Figure 3.17 was cal- 

culated from the difference between the measured detector current 

and that which would have been produced by the estimated gamma-rays 

shown or: (hat figure. 

(M)   The situation is somewhat more difficult at later times, 

particularly where the theoretical neutron and gamma-ray components 

of the detector current become comparable and add up tc approximately 

the neasured current. One approach 

where the data begins, is to assume that the LMC gamma-ray intensi- 

ties are correct and calculate a neutron flux fron the difference 

between the measured detector current and the component of current 

that the assumed gamma-rays would have produced. The neutron flux 
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resulting from this assumption is labeled "A". 

(n)    Ir. this same time period, the 

detector currents that the ORNL calculated neutron intensities would 

nroduce are considerably greater than those 

measured, while the detector currents that the LMC gamma-ray intensi- 

ties would produce are from only 25 to 30 percent of those measured. 

Further, the 488 meter data shows that the initial intensity of the 

neutron capture portion of the ground gamma-rays is probably lower 

th?.n i.hat calculated by LMC. This leads to the other approach, which 

is to assume that the gamma-ray component of the detector current is 

negligible in tne interval. 

the case is not quite as clear since the theoreti- 

cal neutron detector currents are only 10 percept greater than those 

measured, and «-he theoretical gamma-ray currents are 40 percent of 

those measured. However, the same assumption has been made in this 

interval, i.e., that the gamma-ray component of the detector current 

is negligible, since this will lead to an upper limit for the neutron 

flux in the entire Interval. 

the theoretical neutron and gamma-ray detector 

currents are nearly equal and add up to nearly 90 percent of that 

measured. The theoretical neutron current has been assumed in this 

interval. The final time bin, contains very 

few neutrons. On the basis of neutron curve "A" in Figure 3.17, 

essentially all of these neutrons are assumed to reach the detector 

and the corresponding flux used ts the neutron 
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»ig> .'. l'\a tt»ui;a cf all ot chis ..re libeled '''t." in ihe neutron 

.u:./i*s si "i4nre J 3/ and he garama-rays estimated o the basis oi 

thtsu a. sumpf ions,  similarly labeled   "B". 

' .;        ■ ■> in« tsured detector current rosultü *.nly  tiMii g.3;imvi- kavs 

i.' ij   •!>'-.   i.  --.   <"ftei lad   is  shown by  the  sol id 

.i'i-.i    i       i"     c   '   ! '.     If  the neutron current   becomes  negligible 

u :.    ; cne  ganma-ray  intensity  can  Ov   fount]  «i 'reel/ 

."r<   .    t.c oac'o:   i>irent, 

'"Ü.~_J;,! £.:.!• ft*' Bot^ p;> and cti2 shielded deleters were used 

«t t;- •■ »«.a j . so that it is possible tr determine the neu Ton and 

i -•• -' .»-""a, :; clients  • f  the  radiation directly ov*r  nost   A  the W?<üT- 

u:v>  ...i     ...a:  l.     These are  Xound by solving t\a p.iir <vf s xrou 1t  neous 

ccji'.    ., . J   
J.   ;.   .;srd   in Chapr«?'    i   ior etch value   oi  tiru   at  whirl   the 

r .H •   :    ->   : iters i' ic s  are desired,  using the value-v  vi   the detect >r 

.ir*>nti>  ..id  sensilivit.es at  that time.    The  tine   i vterva.  over 

..hü . this   -  uld I'.- iKme  began ..vtcre  the  1'b-shieldcd 

d  • i:   . >r  C i' a  s'.ait.s.   and euta w.icic  b >th 

thv.   J'b  »ur'tijrl detector dati  and  the ma'oiitv   of   the  rum.; or«.' 

• ::p;ijs.     It*   «vs*vi W3'   apparentlv well-behaveu,     . ccpt   it. >. . IcuJ-iting 

ly  •vi.'r.n  r-*v   intenfity "ac 

-.ai.ti   ••  thit   the  calculated val-je  .>f  the  i»t »i-r»'.1   ;.r.tt:.silv  be  p.ci- 

ii<.j   is   rh .t   (;>}.,   12  -  $2n Iji  have  the sarj < *gn  u.»   (^^     i^.   "  ~2n slv'» 

wli's'h . is   -'ways positive  lor thest    .electors,  so t'.n    i solution  always 

.xi.-ts.     The basic problem lie*  in the  fact  that  ;h'-«   are uncertainties 

in bot it Mit detector sensitivities and the current r.i .isurenentf •     If 
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both of these were sufficiently accurately known, the solution of this 

pair of equations would always be positive. In practice, however, it 

may be necessary to find the flux from the difference of two rather 

large numbers, so that a 10 percent error can easily change the sign. 

The quantitative effect of errors in a detector system of this type is 

discussed in Reference 12. 

CM)  Ail of the gamma-ray data from the 488 meter measurement 

appears in the lower portion of Figure 3.18, which also includes 

Malik's calculated value for the peak and the LMC values for the 

ground gamma-rays (the dashed curve). The data from Detectors F and K 

are included because they are the only measurements in the region of 

the peak. As previously discussed, both of them are troubled by 

timing and base line uncertainties, and Detector F is very noisy 

over much of its range. The uncertainties will be most severe for 

timing at the beginning of the trace and for amplitude below about 

20 percent of the maximum amplitude for Detector K and 5 percent for 

Detector F. 

(u\ it was again necessary to estimate th« gamma-ray intensity 

during the early part of the neutron signal. Essentially the same 

approach was used as at the 191 meter station. The gamma-ray inten- 

sity before neutron arrival appears to be about 80 percent of the 

LMC value bus. appears to coincide fairly well for a short period 

The nn v component was again assumed to in- 

crease, —  the data shows, then to be constant during the very fast 

neutron arrival period, i.e., from 
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which tine the data probably represents the fall-off of the nn'v 

component. The estimated nn'v rate is shown as a dotted line in 

Figure 3.18. there is no significant 

neutron component in the detector currents, so that the gamma-ray 

intensities may be calculated directly from the detector sensitivities. 

Detectors E and C agreed so well over this region that Detector C data 

has been shown only where it extended the measurement range. 

(U)  The gamma-ray signal from the collimated detector is also 

shown on Figure 3.18. This signal comes down to about the gamma-ray 

level that would be expected for the Small Boy device from the decay 

of isomenc states in fission products measured in the laboratory by 

Walton and Sund (Reference 3). 

m)  Detectors L and M agree within a few percent over most of 

their common range except in the interval from about 

microseconds, where the difference slowly increases to about 20 per- 

cent and then again becomes negligible. These detector currents 

were averaged over this interval and the result used in calculating 

tne neutron and gamma-ray intensities. The neutron intensity is 

shown in the upper portion of Figure 3.18, where the fast neutron 

peak shown ha» been calculated from the Detector E current on the 

basis of the estimated gamma-ray intensity shown on Figure 3.18 for 

that time period. The neutron intensities calculated for the Small 

Boy neutron spectrum from the ORNL results are shown on this figure 

for comparison (the first two time bins in that calculation have been 

combined, again conserving neutrons and adjusting the rate, to fit 
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the fast neutron arrival time at this station). 

(U)  Figure 3.19 gives the neutron flux derived from the colli- 

mated Detector I measurement. The 2TT neutron flux is also shown 

for comparison. 

1220 Meters. (M)  There was only a single detector at this 

range.  It was at the EMP pit and, like the detectors at 191 meters, 

had only the Al olast shield. Much the same circumstances obtain 

here as at 19i meters in that the measured detector currents are 

less than would be expected from the calculated neutron flux over 

most of the measurement interval, and the same approach to analysis 

has been used. The gamma-ray intensities are shown in the lower 

portion of Figure 3.20, where the neutron capture component of the 

ground gamma-rays, shown as a dashed curve, has been calculated from 

the LMC expression given in Reference 10. The neutron intensity 

resulting irora assuming this gamma-ray intensity is shown in the 

upper portion of Figure 3.20 as the curve labeled "A". 

(.u;  From the detector current that 

would result from the calculated neutron intensity is less than 

that observed, so it was subtracted from the measured detector cur- 

rent and the remaining detector current assumed to be due to gamma- 

rays. The gamma-rav intensity is, as before, assumed to be sero 

(whore the recorder recovered fron being over- 

driven) to about giving an upper Halt to the neu- 

tron intensity. The value» resulting fro« these assumptions mt+ 

labeled "B" in Figure 3.20. The gamma-rays in the 
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before neutron arrival at the station, and those 

are not affected by either of these assumptions. 

3.4 DISCUSSION 

(n)   The gamma-ray and neutron intensities interact in much of 

this measurement and it is probably worthwhile to examine the neutron 

measurements in a little more detail so that their implications with 

respect to the gamma-ray measurements will be clear.  The neutron 

intensities resulting from this measurement are generally lower than 

those calculated by ORNL.and it is difficult to choose among the many 

possible explanations. The neutron sensitivities of tne detectors are 

very low at the later times-—because the neutrons are of low energy — 

and the apparent neutron intensity can change greatly without seriously 

affecting the apparent gamma-ray intensity. This appears explicitly 

in the figures tor the 191 and 1220 meter stations and is also true 

at the 488 meter station, so that the gamma-ray intensities reported 

here for all three stations 

i.e., just before and during the decay of the capture component of the 

ground gamma-rays, are on reasonably solid ground. 

(M)   During the per'od between the end of the neutron scattering 

component of the ground gamma-rays the 

only reasonably solid data is that at 488 meters. The neutron sensi- 

tivity of all the detectors is higher here than at later times, and the 

deviation from the ORNL values is substantial. Fission-foil measure- 

ments of neutron fluence were made by the Nuclear Defense Laboratories 

•t these three stations. Some of those results, from Reference 13, 
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together with the fluence obtained by integrating the ORNL results and 

the HDL 488 meter results are given in Table 3.2 under the heading 

"Total". Integral values have also been given for each of the neutron 

rates assumed at 191 and 1220 meters and are listed under the heading 

"Partial". Where the HDL measurement terminates in one of the ORNL 

time bins, the bin has been truncated as if the neutron distribution 

were uniform with time in the bin, so that the integrals are over the 

same tine intervals (the fission-foil measurements are independent of 

time). The values in parentheses are the ratios of the measurements 

to the ORNL values. 

in)   The first point to note is that the ORNL values at the first 

two ranges ore slightly higher than the NDL Plutonium measurements, 

even though the ORNL low energy cut-off was 110 Kev, considerably 

higher than the 10 Kev threshold of Pu. The second point is that the 

integral of the time resolved measurement lies between the Pu and Np 

values —about what would be expected from the energy sensitivity of 

these detectors. Thus, it is not surprising that the ORNL results 

are generally higher than the results of this time resolved measure- 

ment. This argument applies primarily to later times, since that is 

where most of the neutrons arrive. At intermediate times there is 

little basis for choice between ••signing the problem to the neutron 

cross-sections used in the calculation or to the neutron energy cali- 

bration of these detectors. 

(M)  At 191 meters, assumption B leads to a ratio (to the ORNL 

results) very close to that observed at 488 Bieters, giving some support 
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to ehe conjecture that the ground gamma-rays at 191 meters are also 

lower than predicted by the LMC calculation during the early part of 

the neutron capture component. At both 191 and 488 meters, they 

apparently build up to about the level predicted by the LMC calcula- 

tion and fall off about as predicted. 

(t) The ratios for both assumptions at 1220 meters are close 

to that at 488 meters, so the use of even that rather shaky crutch 

is denied. 

(M)  There is oue further bit of information relevant to the 

gamma-ray intensities that can be ex- 

tracted from the Small Boy measurements and a measurement made at 

Shot Hood during Operation Plumbbob. The measurements at Small Boy made 

by HDL and those made by EG&G at 860 meters (with a 2» detector) together 

with those made by NRL (Reference 14) at Shot Hood and the LMC calculation 

of the neutron capture component of the ground gamma-rays for Small 

Buy are shown in Figure 3.21. The ordinate is relative intensity for 

each curve only, since the individual curves have been moved verti- 

cally to allow easy comparison of their slopes. Also, the curves for 

the HDL 488 meter measurement and the LMC calculation represent gamma- 

ray intensity, while the others are detector current, which will in- 

clude contributions from any neutrons present. These curves represent 

the data over their entire range 
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M    The  Interesting point about  these curves  is  that,  except 

for the  HDL  1220 meter measurement  and the LMC calculation,   they all 

have essentially the same slope, 

The HDL 488 meter data should not have any 

neutron component  and  the ORNL calculation indicates  that  after 

All of this  suggests that the 

prinarv   component of  the detector current   is due  to gamma-rays,  except 

possibly   at   I2i0 meters,   and that  the gamma-ray decay  time   in this 

tine  peiiod   is  shorter than that predicted  by the LMC calculation, 

'iht   average decay time, excluding the   1220 meter data, 

If the neutrons are 

actually negligible over this time period,  the gamma-ray intensity 

can be  found directly from the detector current  at  191 meters  (it has 

not  been shown on Figure 3.17).    There does not seem to be a ready 

explanation for the  1220 meter   behavior.   Also,  the difference in 

geometry between the Small Boy and Hood shots makes comparison diffi- 

cult,  so  that the agreement between the Hood measurement and the rest 

of the Small Boy data may be  fortuitous. 

(iO     At   later times,  the decay times of both the  191 and 488 

meter data approach that of the LMC calculation and generally agree 

with it 

(*)       Neutron fluence values 

are given in Table 3.3 for 191 and 488 asters. 
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Columns 3 through 5 show the inte- 

grals of the HDL 2n detector measurements and the ORNL results (for 

all energy groups) over the time intervals indicated. The time in- 

tervals, extend ftm neutron 

arrival at the HDL detector to the first break in the curve at the 

bottom of the peak. Where it was necessary to partition one of the 

ORNL time bins, it was again assumed that the neutrons were uniformly 

distributed in the bin. 

The agreement between the ORNL and HDL values for both the shorter 

time interval at 191 meters and the 488 meter results is quite good 

in view of the approximations involved. The integrals in the longer 

interval at 191 meters differ substantially and again, as at 488 

meters, the ORNL value is higher. The last column gives the predicted 

fluence calculated from the device neutron output 

for comparison with the integral of the collimited neutron 
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flux at 488 meters. 

( u") The assumptions made concerning the gamma-ray intensities 

during these time periods do not substantially affect the measured 

neutron flux values since the neutron-induced component of the detec- 

tor current was a large fraction of the total current. This is not 

the case at intermediate times at 191 and 1220 meters, as was discussed 

earlier, and there seems to be no apparent way to attack this problem, 

beyond the approach used, until more complete neutron calculations 

and detector calibrations are available. 
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TABLE 3.1  (U)      SUMMARY OF DATA OBTAINED  (U) 
Tape 

Detector Shield    Oscilloscope Channel Function Data Remarks 

191 Meters 
Bunker A F Al 517-1 

519-1 
V peak 
•V.  n 

Yes 
Yes 

J Al 517-2 
519-2 

V peak 
V. n 

No 
Yes 

Only partial sweep. 

EMP Pit. Al 9,11,13 V,  n Ye« 

688 Meters 
Bunker B A AUCH» 1 Non-linear Ho None of the non-linear de- 

B ■1 2 y Det. No tectors bad any apparent 
C (i 541-1 

10,U 
n & late y 

M 

Yes 
Yes 

output. 

D Al 12,13 n U late y Yes 
E AI-K:H2 551-1 

*,5,6 
V. n Yes 

Yes 
i 3343-1 i near peak Yes Trigger time is uncertain. 

3445-1 V peak No Triggered early, no trace. 
Ü Co11lasted 3343-2 y near peak NO Triggered early, no trace. 

3445-2 V peak No Triggered early, no trace. 
1 CollImated 551-1 Y. n Yes 
I A1+CU2 519-2 % Blink Det« No No sweep. 

K Al+Pb 519-1 n(14 Mev) No Triggered on y and gave 
some Y data. 

L M 541-2 n (Flas) Ye« 
M » 551-2 

9 

i* 

it 
Yes 
Yes 

N II 551-2 n Blank Dei Yes 
0 A!fCH2 3 Not:-linear 

Blank Det. 
No 

EM? Pit. Al ;.4,6 y. n No Tape recorder drive belt 
broke. 

W20 Meten 
EMP Pit. Al 2,4 6 >, n Yes 

PA^S  V* ***   ** 
\>*uUA 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 

(U)    The primary objectives of this measurement were met,  result- 

ing in nearly complete gamma-ray data at  191 and 486 meters, with 

partial data obtained at  1220 meters, and nearly complete neutron data 

at 488 meters, with partial data at  191 meters, 

u.l    GAMMA RAYS 

lu'j        The peak gamir.a-ray rate obtained at  191 meters was 

r/sec,  about  50 percent of the predicted value,  and the measured peak 

is narrove;-      There  is more structure apparent  in the measured peak, 

which may be due to neutron interactions  in the  immediate vicin- 

ity of tie device or to non-linearity in the scintillator used. This 

point cannot be resolved on the basis of present information. At 488 

meters,  the treasured peak gamma-ray rate was about 40 

percent of the predicted value, although this measurement  is not re- 

garded as very reliable.    However, both of these measurements  indicate 

that the peak rate could have been somewhat lower than that predicted. 

The  191 meter data also indicates that the rise time was 

somewhat  longer than predicted. 

(.w)       In the period both 

the 191 and 488 meter measurements show gamma-ray intensities up to a 

factor of five higher than that given by the LMC Montr Carlo calcula- 

tion fot Small Boy, probably due to nn'v in the ground near the device. 
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During the time fron 

tit the 191 and 488 

meter stations, the measured gamma-ray intensities agree to within 

about 20 percent with the LMC results. The 488 meter measurement 

also agrees well with the LMC rusulr.s 

and the 191 meter data is not inconsistent 

with the LMC results in this time period. On the basis of this data 

it appears that the IMC results for the fast component of the gamma- 

rays (air and ground neutron inelastic reactions) are valid, but the 

interval between the needs 

more attention. 

M)      The colligated Measurement at 468 meters shows that the 

gamma-ray rate from the device itself fails 

the level expected from decay 

of isomeric states in tho fission products. 

(M)   The 488 meter data indicates that the gamma-ray intensity 

drops to a considerably lower level then that given by the LMC calcu- 

lation in the tline period immediately after decay of the fast gamma-ray 

component. This conclusion it not Inconsistent with the 191 or 1220 

meter data. The 488 meter data shows that the ground capture component 

increases from this very low value to about 30 percent grester than the 

LMC result end then decays somewhat more rapidly 

then the LMC result. The 191 meter data and other measurements at Shots 

Small Boy and Hood shov his same rapid decay. The average decay time 

from the measurements (neglecting the 1220 meter Small Boy measurement, 
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*hici. '.isJ ar'  anatcolously  fast dtvay  rate;   is about 

">3   .icrcciu   of  that   3iv\:n by  the  LMC   :e3ulLs. 

At   later time»  the  messureJ decay tinvj  approaciics 

tiio  Uff.    aluj.     Tne difference  in decay tines  could  itbult   from  »ither 

Lh-    if-aunpt tons  of  tue LMC calculation or,   possibly,   to  the  nourrjn 

i .ili'jv.H w     3"   the detectors  used  in these ne^surcijents.    Ti-*s   question 

»   v> ... r^.socvtd on Lhc  basis of present   ir.rorroation    but  choc lei  !>j 

. PVC :     ..= te-l. 

....      .:  T«G^ 

M - Tne ».niy  reasonably  firm neutron   iata obtained  .it   i91 

ire ers was  the neutron peak.    The peak raue observed v.» 

C^ TV   ">i c'Ltcetoi  tne..6ur«n»nta   jr  4-'i :.«ttrs  e«iv«j  p  ok  rates 

(Tals   second 

val:.e  i.   t'r ip detector n, which had an Integrator with  * t irr* ton »ait 

t.ot  known with  any accuracy.)    The  Integral  u:   this second r*.Trure:»>nt 

is 

The co!limited detector at 688 aeters  gave a 

The 

incegrtl  of this peak Is which screes veil with the 
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value of calculated from the predicted device output. 

(U.)      The only firm neutron data other than that or» 

neutrons was obtained at the 488 meter station.    It is generally 

lower than the values calculated by ORNL and is  in reasonably good 

agreement with the NDL measurement.    The  neutron data obtained at 

191 and 1220 meters  is  not  inconsistent with this conclusion.    The 

ORNL values are generally higher than either the HDL or the NDL 

values,  a circumstance difficult to reconcile with the conditions 

of the determinations.    There is,  therefore, a three-way inconsist- 

ency that cannot be resolved on the basis of present information 

(fortunately,  it does not seriously affect the gamma-ray intensities 

reported here).    A recalculation of the neutron transport for the 

Small Boy geometry and a more detailed calculation of the neutron 

detector calibrations might provide the answer. 
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