s o
¥ UNANNOUNCED .
X POR-2612(EX)
2 (WT-2012)(EX)
- EXTRACTED VERSION

OPERATION DOMINIC, FISH BOWL SERIES
Project Officers Report—Project 2.1
[ External Neutron Flux Measurements

John W. Kinch, Project Officer
US Army Nuclear Research Laboratory

Edgewood Arsenal, MD
= 30 December 1963
o™ r
[: 10
? g;’ NOTICE:
o This is an extract of POR-2012 (WT-2012), Operation DOMINIC, Fish Bowl Series,
N ? Project Officers Report, Project 2.1.
:;.j Approved for public release;
; : distribution is unlimited.
3
v | DTIC
kv Extracted version prepared for ELECTE
o Director
DEFENSE NUCLEAR AGENCY MOV ED
L Washington, DC 20305-1000 \J
3 \Y B
kY 1 April 1985
b
‘i
iz
¥
: It ao 85’ 056
A




et
» o

TR
i,
L

]
PP

'l‘-

“r

i ik e gl

.'\"‘:'

/.

%

> |
- Destroy this report when it is no longer needed. Do not return {

{.:; to sender,

‘- PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,

-’.;\' ATTN: STTI, WASHINGTON, DC 20305-1000, IF YOUR

05 ADDRESS IS INCORRECT, IF YCU WISH IT DELETED

F

FROM THE DISTRIBUTION LIST,OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION.

R

e

.
PRI . S R

P aha

d L4
:@z
k) M

oy e T




UNCLASSIFIED

)

X

N UNCLASSIFIED

} ECURITY CLASSIFICATION OF THIS PA ﬂ’# J

{‘ Form Approved

[ REPORT DOCUMENTATION PAGE OM8 No. 0704.0188
Exp. Date: Jun 30, 1986

Ao Ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

2a. SECU.RITY CLASSIFICATIO_N AUTHORITY
N/A since Unclassified

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE
Unclassified

3 DISTRIBUTION S AVAILABILITY OF REFORT
Approved for public release; distribution
is unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S)

S. MONITORING ORGANIZATION REPORT NUMBER(S)
POR-2012(EX) ({WT-2012)(EX)

Ga. NAME OF PERFORMING QRGANIZATION
US Army Nuclear Research
Laboratory

6b. QFFICE SYMBOL

{if applicable)

7a NAME OF MONITORING QRGANIZATION
Defense Atomic Support Agency

6¢c. ADDRESS (City, State. and 2iP Code)

£dgewood Arsenal, MD

Tb. ADDRESS (City, State, and ZIP Code)

Washington, DC

8a. NAME OF FUNDING / SPONSORING
ORGANIZATION

8b. OFFICE SYMBOL
{(tf applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8¢, ADDRESS (City, Stave, and ZIP Code)

10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT |
‘-“L" ELEMENT NO NGO NO ACCESSION NO
N
t1 TITLE {include Security Classification)
.::" OPERATION DOMINIC, FISH BOWL SERIES, Project Officers Report—Project 2.1
External Neutron Flux Measurements, Extracted Version
12. PERSONAL AUTHOR(S)
Y Kinch, John W., Project Officer
\1 13a. TYPE OF REPORT 13b. TIME CGVERED 14 DATE OF REPCRAT (Year, Month, Day) 5. PAGE COUNT
N Project Officers FROM TO 631230 37

16. SUPPLEMENTARY NOTATION Th1s report has had sensitive military information removed In order to

provide an unciassified version for unlimited distribution.

The work was performed by the

O fe in_support of the DoD Nuclear Test Personnel Review Program.

_‘) 17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number}

et FIELD CROUP SUB-GROUP DOMINIC, Proj. 2.1 Star Fish Prime High Altitude

n}‘_ 18 3 Fish 3owl King Fish Nuclear Explosions
e 11 Blue Gill Triple Prime Neutron Flux

el 19. ABSTRACT (Continue on reverse «f necessary and «dentify by block number)

iy

Y -1 The objective of this proiect was to measure the neutron flux as a function of distance from
i high-altitude nuclear detonations. The threshold detector system was used to measure the
i flux. Gold, U*%%, Pu??, Np2®7, U2?%, sulfur, magnesium, aluminum, and zirconium foils were
14V erployed as detecting materials. Instrument pods carried aloft by the launch vehicles were
i used to position the detvectors near the detonation., Four sets of instruments were placed in
A each of three pods for Shots Blue Gill Triplie Prime, King Fish and Starfish Prime.

I

. L
afaflaliuy

The project was censidered a success because it obtained data in all events.

e

4

=

20 DISTRIBUTION 7 AVAILABILITY OF ABRSTRACT
L uncLassikspunumites O same as reT.

CJ omic USERS

21 ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED

223, NAME OF RESPONSIPLE INDIVIDUAL
Betty L. Fox

22b. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL

(202) 325-7042

DNA/STTI

431 APR ecdition may be used until enhausted

DD FORM 1473, g4 mar

SECURITY CLASSIFICATION OF THIS PAGE

All ather editions are obsofete
.i

LI Y E
TR . .

PR PR PSRy Y

UNCLASSIFIED




TR ATOEEN TR T Y SRR an bn Bl L4 S abd S i A SN b el R,

LN UNCLASSIFIED
"*. . URITY CLASSIFICATION

T
Ly

‘l
£ T

-
]
i
-

7
..-_'
. !
Lt
-

2 o‘ .I-"I'

J‘_-:" 2t ':. Iy .:

B SECURITY cn.;ssmcnnou OF THIS PAGE 3
i ii UNCLASSIFIED :

AR {1_‘ :\. xﬂ». "o } T
- ‘-.‘\‘._ e " * -, '.\,h -.- 1. ) '&
AT .




1]
3
3
5»‘\
!A
B
H
b
?«
o
i ‘*
v
"

E:.:;[‘..ll_ i \'\“T

FOREWORD

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

The material which has been deleted i3 either currently classified as
Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication. E

The Defense Nuclear Agency (DNA) belijeves that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes 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 atmospheri¢ nuclear test program.
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ABSTRACT

The obJective of this proJect was to measure the neutron
2lux as a function of distance from high-altitude nuclear
detonations.

The threshold detector system was used to measure the
flux. Gold, U*?%, Pu?3®, Np?27, 1F®? sulfur, magnesium,
aluminum, and zirconium folils were employed as detecting
materials. Instrument pods carried aloft by the launch ve-
hicle were used to positlon the detectors near the detonation.
Four sets of instruments were placed in each of three pods
for Shots Biue Gill Triple Prime, King Fish, end Starfish
Prime.

Measurements of the neutron flux were made at three
distances from Shot Blue Gill Triple Prime. WNeutrons with

energies greater than}:__

A——

Only the neutron detectors from the 2.5-km pc e -

covered after King Fish. These detectors showed’
—

e

Measurements made during Shot Star Fish Prime showed that

-

neutrons with energies greater than
ey
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The measured total flux'’
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The prol)ect obtained data in all events in which it

participated and can be considered a success,
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVE

The objective of this project was to measure the neutron
flux as a function of distance from high-altitude nuclear

detonations.

1.2 BACKGROUND

Neutrons that are nr.oduced in excess in both the fission
and fuslon processes and pass into the medlsa surrounding the
reacting mass have been measured during almost all auclear-
weapon tests since Operation Sandstone. Measurements made of
the neutrons that completely escape the physlcal boundaries of
the device being detonated are referred to as external-peutron
flux measurements. The determination of the number and energy
of neutrons ln the external environment of nuclear devices
detonated at high altitudes 18 of prime importance In the evalu-
ation of thelr effect on electronic and nuclear systems.

Both cellimted and uncollimated flux measurements have been
made (References 1 through 23), the latter being more common. This

' type of measurement has usually involved placing detecting medla at

various distances from the point of detonation. A myriad of physical

aryangementa has been used to obtain measurements on the surface
and at low altitudes. High-altitude messurements have bern made
by carrylng the detecting medis into position in pods attached

to the shot vehicle and in the pay loads of auxiliary rockets.

=]

v L "‘ - - P T
A _ el
'l - - - - D

=T VAL L Gy S, . R . T T T IV e
P T N T IRV W T W e T U 0 Wy BTy =P TS TP L W, VR ST S P NP W 1 O W WP P W W B R e T




e el me At el Ak o i il e i W e g -~ Ny i gt B e a’ Ll B I . Sapth M a
= TR . W N T T T g e T T L T g T I Qe T a T T a T T m o e e o moa e e et LW

-‘. I,
u L]

P

e ‘
> In the measurements of the uncollimated flux, the total flux at ]
: the detecting statlon has been measured with no consideration
:‘ glven to the angular distributicn.

:f Neutron detectors of various types have been used. The

usual method of detecting nzutrons from nuclear detonations,
. however, has been by the use of small amcunts of materials that

are activated through nuclear transformations involving neutron

capture or fission. The emissions from radicactive isotcpes
) produced in these materlals sre measured and correlated directly
2 with the neutron flux to which the materials havr been exposed.
- Prior tec Operation Teapot, most measurements were made of
slow neutrons (using gold as a detector) and fast neutrons (using
& sulfur as a detector). However, other materials, such as arsenic,
tantalum, copper, and iodire, have also been used. During
Operation Teapot, the fission-foll method of measuring fast
neutrons was first successfully used on a large scale. This
method gave the first indlcatlon of spactrum thet was complete g
"'._: encugh to allow the caleulation of neutron dose. The measurement

o of neutron flux from nuclear devices detonated at high altitudes

B wag first attempted at Operation Hardtack. Time-of=flight
Y/ measurements were made by the Maval Research Laboratory (NRL)
{Reference 211»), and threshold detectors were flown by Sandia
Corporation and Nuclear Defense lahoratory {NIL). These
':"‘.' measurements, although limited in scope, gave a valuable 1in-
" sight into the external neutron environment of devices detonated

at high altitudes.

o 1.3 THEORY
- To theoretically determine the number and energy dis-

tribution of the neutrons produced by a nuclear detonation, the

L"I 10
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following must be known: {1) the source strength, (2) the
attenuation and degradation caused by the case and the reentry
vehicle (R/V), and {3} the menner in which the neutrons behave

as they move from the peint of detonation to the point of interest.
The weapons laboratories usually have a prediction of the source
strength for standard devices; however, the complexity of the
various modifications to accommodate these devices to various
reentry vehicles make the calculatlon of the neutron flux and
spectrum at the exterior of the R/V difficult.

Many laboratories and sclentists are now studying tke treans-
port of neutrons through the atmosphere. Computer codes have
been written which follow a neutron on its flight path, and with
these codes, the calculation of the flux and spectrum at any
peint is possible. However, most codes make simplifying
assumptions which, in meny instances, cause the results of the
computations to be in error. A new, all-inclusive code is now
being written by Los Alamos Scien:ific Laboratory (LASL) in
cocperation with the Defense Atemic Support Agency (DASA). It
is expected that this code will include not only cases at the
ground-alr interface but also cases at altitudes comparable with

those that are described in this report.
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CHAPTER 2
PROCEIURE
2.1 OPERATICNS
During Fish Bowl, Project 2.1 participated in all

avents for which the Thor was used as a launch vehicle. The
events designated as Tiger Fish, Blue Gill, Blue Gill Prime,

Star Fish, and Blue Gill Double Prime produced no nuclear
environment. However, in most instances, project lnstrumentation
was recovered and reused. The events Blue Gill Triple Prime,
King Fish, and Star Fish Prime, were detonated as expected,and
the results of messurements made during these events are
described in this report. Table 2.1 lists parmmeters pertinent
to these nuclear events.

All project Instrumentation was contained in the rear
bulkhead of three recoverable sclentific ifnstrument poda. These
pods were attached to the launch vehicle and released at the
proper time during the early pert of the trajectory,to place
them at various distances from the point of detonation. A
complete description of the pods can be found in Reference 26.
Figures 2.1 and 2.2 show the location and orientation of the
Project 2.1 instrumentation in the pods. Table 2.2 lists in-
formation pertinent to the pods for the three nuclear events.

. All pods from Blue Gill Triple Prime were recovered and

returned to Johnston Island by H#3 hours. The neutron detection

packages were removed and returned to the NIL mobile laboratory

for analyeis. The rear bulkhead of Pod B-2 was severely
12
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damged; however, all neutron instrumentation except that

located 1n Quadrant 4 was intact. The peckage in Quadrant b

was 80 badly damaged that no information could be obtained.
Pods 1 and 2 from Shot King Fish were returned to Johnston

Island at approximately H+6 hours. The neut-on instrumentation

fram Pod K-1 was removed and returned to the NIL mobile laboratory.

The rear bulkhead of Pod K-2, which contalned the neutron instru-
mentetion, was missing when the pod was delivered to Johnston
Island. Only the nose of Pnd K-3 was found.

The pods from Shot Star Fish Prime were returned to Johnston
Island between H+8 and H+10 hours. Pod S-1 showed aigns of re-
entry damage,and the rear bulkhead was bent near Quadrant l.

The neutron instrumentation in that position was missing. Al-
though Pods 8-2 and 8-3 showed some signs of dammge, all neutron
ilnstrumentation was intact. As soon as initial examination and
preliminery photography were completed, the neutron packages
were removed and returned to the NIL mobile laboratory.

The location of the neutron instrumentation in the rear
bulkhead of the pod presumed an orientation of the pod at
detonation which would allow the instruments to look at the
burst only through their covers and protective coatings
(3/16-inch refrasil for Shots Blue Gill Triple Prime, and
King Fish, and 3/16-inch carbon for Star Fish Prime)}. Any
other orlentation would place segments of the pod mass and
other instrumentation in the angle of viev and consequently
introduce unknown quantitles of shielding and scattering.
The:{ntroduction of these unknown quantities would meke in-
terpretation of both the flux and spectml data extremely

difficult.
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The orientation of the pods during Shots Blue G111l Triple

Prims and King Pish was apparently as planned. The good
agreemsnt of the neutron data from the four quadrants as well
as the general cbservation of burn shadows, etc., seemed to
substantiate proper orientation. During Shot Star Fish Prime,
pod orientation vas estimated by Project €B (Reference 27) by
the meagurement of the X-ray shadows cast by varlous pod fittings.
Twoc angles were determined to give pod orlentation. The first, 9,
was the angle between the longitudinal axis of the pod and the
burst in the plane formed by this line and point. The aecond
angle, #, measured the roll attitude as the angle between the
burst point and the YY-axis of the pod in the plane of the rear
bulkhead. Figure 2.3 13 a dlagrammatic repregentation of these
angles. The angles & and ¢ for Star Fish Prime are listed in
Table 2.3.
2.2 INSTRUMENTATION

Instmumentation consisted exclusively of the NIL threshold
detector system {References 13, 19, and 25). This system is
compcged of a series of materials activated through neutron
capture or fission by neutrons with energies above a threshold
energy. Table 2.h lists the materials used, the reactions,
their threshold energles (E,), and their effective cross-sections
(0,¢¢). It should be noted that P?® and Pw?® do not possess
natural thresholds. However, by the use of an enriched B'°
shield, an artificial effective cross section can be produced.
The threshold energles and effective cross sections are determined
by the thickness and density of the boron shield. Shields with
a penetmfion density of 2.2 gm/cx® of shield surface were used

during this experiment. Figure 2.4 shows this boron shield and

14
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the arrangement of the various folls within it. Although 1t is

not necessary to place any of the folls except the U*?® and the
PuP3? in the boran shleld, all foils except zirconium and gold
are assembled within it for convenience. The boron shield, the
zireonium foils in their shield, and the gold foils were
assembled in an aluminum container for placement in the pods.
Figure 2.5 shows the arrangement of these detectors. Figure 2.6
shows the foilg ready for assembly into a campleted package.
After exposure, reccvery, and retwrm of the folls to the
NIL moblle laboratory, the induced radicactivity produced in
the foils by neutron interactions was measured. Using
previously determined calibration constants, the neutron

flux required to cause the observed activation was calculated.

2.3 CALIBRATION
Periodic calibrations of the threshold detector system

have been made since 1956. A major recalibration of the system

wag made during the period 1 April * ‘1 1959. The
results of these calibrations as w ote calibration
procedures are described in Referen 25.

Because of improved techniques for determining calibration
fluxes and flux depression factors, a complete recalibration of
the threshold detector system was accomplished during January
1963. Changes in the calibration constants of between 1S and
20 percent vere noted for some of the detecting materials.
Others did not change at all or the change was insignificant.
Com?;l.ete resu.ts of this calibration experiment are described
in :Reference 28.

Becauge of the special equipment required for measuring

the activation induced in zirconium (see Section 2.4), the
15
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calibraticn of thase foils was accomplished during the period
the project was in the field. 'The results of this calibration
are also reported in Reference 28.

The data presented in this report was caleulated utilizing
the latest calibration constants. These are summarized in

Table 2.5.

2.4 COUNTING EQUIPMENT

Scintillation-counting techniques were used to measure the
activities induced in the various detector materials. These
techniques were gselected so that the same equipment, with minor
changes, could be used for all measurements. The counters were
assembled ‘rom standard, commercially avallable equipment.

Two types of scintillators were used. -Gamme activities
were measured with a 1- by 1 1/2-inch NaI{Tl) crystal mounted
on an RCA 6655 photomultiplier. In the case of beta activities,
a scintillator-type plastic phosphor replaced the HAI crystal.

The gold samples were placed on a 1/16-inch~thick aluminum
holder for messurement. This holder was machined to fit on
the Nal crystal. The electronics system was biased at approxi-
mately 300 kev which permitted measurement of the hll-kev gamma
mys emitted by Au®®. The calibmation and monitoring of the
electronics system was accomplished with an Sb'%° gource.

The equipnent used to memgure the gamma activity resulting

from the mixed fiseion products in the fission detectors (U3¢, |

Pu?®, WpP?7, and 1P2®) was exactly the same as that used for
measuring the activity of the gold folils. In this casse the

blas of ‘;:he system was set at 1.1 Mev. The U?%%, Pw@®?%, and
P39 samples were counted on a 1/8-inch~thick brass absorber -

while the 'r@?7 samples were counted on a 3/16-iach lead
1¢ |
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absorber. This system was calibmated and monitored with a
P source.

The Na®* produced in the Al and Mg detectors was measured

on the same system as the fission detectors,using the 1.1-Mev

—

bias and the 1/8-inch brass abscrber.

In measuring the beta particles emitted by the P°2
produced by the 5°23(n,p)P°? reaction, the plastic secintillator
previously described replaced the Nal crystzl in the counting
system. The sulfur samples were placed directly upon the
scintillator. The bias of the system was set just high enough
to exclude noise. A natural wranium source was used to mcnitor
this system.

Zirconium-89, formed by the Zr’° (n,2n) Zr®® reaction, is
a positron emitter. Since the folls used were natural
zirconium {51.5 percent Zr®°), other reactions producing other
veta and gamme emitters are possible. For this reason much
care must be taken to meesure only the positron from the Zr®°
Since the direct measurement of the positron would require some
kind of a magnetic spectrometer, i1t 1s much simpler to measure
the positron-annihilation radiation. When a positron and
electron annihilate, two quanta of gamm energy are produced.
The fact that they must be emitted 180 degrees apart in order
to conserve momentum makes this measurement not only possible,
but also easily acccmplished. Two 3-inch NaI(Tl)} crystals
with their photomultipliers were assembled with the crystals
facing each other. The irradiated zirconium foils were then
placed in an aluminum holder between the crystals. The
electronica used with this system reguired not only a coincidence

between the two crystals but that the colncldence occur with

17
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an energy between 400 and 600 kev. Sodiur®?, which 1s also a

positron emitter, was used to monitor this system.

E |
L_,,: TAELE 2.1 FPERTINENT PARAMETERS FOR SHOTS HLUE GILL TRIFLE PRIME, - -- :
& - KING FISH, AND STAR FISH PRIME - .
-"‘-. &
;
E
1
1

; l——_N _____,_\ .i

TAELE 2.2 POD INFORMATION FOR SHOTS ELUE GILL TRIFLE FRIME,
KING FISH, AND STAR FISH FRIME

Distance from Point of

Event Pod Detonation
Planned Actual

km

Blue Gill B-1 ° 2500 ft 1.0

Triple Prime B2 Looo £t 1.4

B-3 6000 ft 2.1

King Fish K-1 1.9 m 2.5

K-2 2.4 km 3.8

K-3 3.3 km 2.9

Star Pish S-1 7.5 km 8.7

Frime S-2 10.0 km 12.2

5'3 lh.o k.m 23¢]+
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TARLE 2.3 POD ORIENTATION ANGLES FOR SHOT STAR FISE PRIME

POD 9 ?
S-1 135 61
8-2 43 0
8+3 3] 35

TARLE 2.4 DETECTING MATERIALS, REACTIONS, THRESHOLD ENERGIES,

AND EFFECTIVE CROSS SECTIONS

Detecting Threshold Effective
Material Reaction Energy Cross Section
barns
Gold Aut?7 (n, y)Aut ®e a 1/v
p3e Mssion 1.5 kev D 1T
pRs® Fission 10.0 key P 1.7
Np??? Fission 0.63 Mev 1.6
yede Fission 1.5 Mev 0.55
Sulfur §%3(n,p)pP?2 3.0 Mev 0.20
Magnesium Mg”’ Tl 6.3 Mev 0.11h
Aluminum Al 43 8.1 Mev 0.183
Zirconium Z¢?%(n,en)2r®® 12.0 Mev 0.28

& ‘Detector for room thermal neutrons with upper cut-off at 0.3 ev
b Threshold and effective cross section with boron shield (see

text).

. ..‘L\

o
a TR *a
s ‘L-_'L‘.‘-_.'\L\l“-._._‘._L.\!L.'\A_.‘l"‘--“L:\A.II—JI‘!\-
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TABLE 2.5 CALIBRATION NUMBERS

Calibration No.
n/em®

Py
r

Detector Conditions

Counts/min/gm

Gold 1/2-inch-diameter x 2 mil-thick
foil counted on a 1/16=inch Al
absorber

R 15/16-1nch~diameter foil counted
on 1/8-1nch-thick brass absotber

FPu?3® 15/16-1nch-diameter foll counted
on a 1/B-inch-thick brass
absorber

Np?3? 3/b-inch-diameter foil counted
on a 3/16-inch-thick lead
absorber

pae 15/16-1nch-diameter foil counted
on a 1/8-inch-thick brass
absorber

Sulfur l-inch-diameter 2-gram pellet
placed inslde the boron
shield

Magnesium 1-inch-diameter foil counted on
a 1/8-inch-thick brass absorber

Aluminum l-inch-diameter foll counted on
a 1/8-nch-thick brass absorber

Zirconium 1-inch-diameter foil counted on ,
positron ennihilation equip-
ment . -—

Note: Calibration number for the fissionable meterials based
on activity at H+10 hours. All other numbers based on
activities at O time,

20
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Figure 2.3 Diagrammatic representation ot pod orientation
angles for Shot Star Fish Prime.
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Figure 2.6 Photograph of all foils ready for »s: -mbly
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CHAPTER 3

3.1 NEUTRON FLUX
The results of the seutron flux measurements made during

Shots Blue Gill Triple Prime, King Fish,and Star Fish Prime

are presented in units of neutrons per square centimeter for 5
each detecting material and slant distance. For all materials ‘
this is the total number of neutrons above the effective
threshold of that material, ‘ :
Tables 3.1 and 3.2 list the data from Shots Blue Gill
Triple Prime ard King Fish, respectively. Data is missing
from positions and pods for which detector packages were F
lost} a8 explained in Chapter 2. Table 3.3 lists the data
from Shot Star Fish Prime. The apparently anomalous measure-
ments in quadrant 3 of Pod S-1 esre attributed to pod orientation y
and are not Iincluded in the aversge. The wide spread in the '_:_
data from the other pods 13 also attributed to shilelding and E
scattering caused by the misorientation of these pods. The E,:,'
data for Shots Blue Gill Triple Prime and Star Fish are
rlotted in Figures 3.1 and 3.2, respectively. ‘;

Several researchers have expressed a special interest in

the gold foil information from these events. This information

1s therefore prese-ted separately., The counting rates in
rela;tive counts per minute are presented as well as the
difference [ralculated as (NB - 1.025 Nc) where NB is the

counting rate of the bare foll end Nc is the counting rate

26
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of the cadmium-shielded foill. The flux below 0.3 ev is
generally calculated by mltiplying this difference by the
calibration number shown in Table 2.5. However, because

of the doubtfulness of the validity of these small c¢ifferences,
no flux values have been calculated. These data are presented
in Téblesa.h, 3.5, and 3.6 for Shots Blue Gill Triple Prime,

King Fish, and Star Fish Prime, respectively.

3.2 NEUTRON DOSE

Neutron dose is presented in Table 3.7 as first collision
rads for each pod. These results were calculated by applying
the dose per neutron per square centimeter at the average
energy between the thresholds of the varilous detecting materials.

The following formula gives the dose-flux relation:

Dose (reds} = (1.0 (NPu-Nﬁp) + 2.5(Nﬁp-ﬂu) + 3.2(Nyy~Ng)

* LS (Ng-Nyg) +5.3(Ng-tay) + 5.9(Ng =N, ] (31
1,07%1077

Where the dose is in rads and NPu’ NNp’ NU’ K., NMg’ NAl,and

Ny, are the number of neutrons per square centimeter above

the threshelds of plutenium, neptunium, uranium, sulfur,

magnesfum, aluminum, and zirconium, respectively. No spectral

effects were considered.

“ Faqes 2839303/

. 32,33 delereq.
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CHAPTER b

DISCUSSION

4.1 NEUTRON FLUX AND DOSE

ettt e s—

The neutron flux data presented in Chapter 3 for Shots

Blue Gill Triple Prime and King Fish are consistent, and no

L —

ancwalies appear. The small variaticn in the dats among the
detectors placed in the various quadrants of the same pod
indicates that the measurements were pot affected by pod

orientation. It would also tend to indicate that shielding

o o s

or scattering by adjacent instrumentatlion was minimal; however,
it is obvious that such was not the case for Shot Star Fish
Prime. 7From the measurements of pod orientation shown in
Chapter 3, it can be concluded that the detector package

located in Quadrant 3 of Pod 5-1 was looking at the burst point

through & large part of the pod mass. The detector packages

located in Quadrants 2 and 4, on the other hand, locked at the

device through the outer flange of the ped. However, it is
expected that scattering and degradation in the pod mess in-
fluenced the measurements to some extent. This 1s substantiated

by an examination of the flux ratios which show a gquite different

spectrum ir the vicinity of Pod 5-1 than in the vicinity of Pods

[
Al o
LB
- AT K AN a—a A A i
Rl ol s St e =L L

5-2 and S-3. The rather wide spread in the measurements made

B =
A N P

in Po_d, S=3 can also be attributed to pod misorientation.

i

e e o e
I S A
Lod, o a_ 4t

Special mention should be made of the gold foll information
presented in Chapter 3. No values are presented for the neutron
]

flux below C.3 ev even in instances when a difference between
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. the unshielded and the cadmium shielded foils exists. It was
o expected that some moderation would oceur in the pod mass {1,200
pounds), but the extent of this moderation was not estimated.

- Considering the number of parameters which can affect the amount
of activation in gold folls, the significance of & small difference
between the counting rates of the unshielded foil and the cadmium-

¥ shielded foll in the second decimsl place is questionable; and

L 1t 1is certain that a difference in the third decimal place is
_‘: not significant. Estimates of the thermal flux by other
h means {Reference 20), however, agree in order of magnitude with
the values presented here.

! As mentioned in Chapter 3, the neutron doses presented are

; single-collision rads. Should multiple-collislon doses be desired,
, they may be calculated frem the following formula:

» D= (0.3Mh Ny, + 1.08(Npy-Nyp) + 3.98(Npp-te) + b.52 (Ny-Ng)
& + 5.65(Ng-Nyg) + 7.35(Myg-Nay) + 7.55 (Ngy-Ny) (h1)
+6.90 ¥, ] 1.07x1077
‘"

. Where:

. NAu’ Npy» NNP’ NU’ NS, NAl’ N’Mg’ NZr’ are the number of

neutron above the thresheold of gold, plutonium, neptunium,

. uranium, sulfur, aluminum, magnesiumand zirconium, respectively.

L 4.2 DATA RELIABILITY

: The threshold detector system 1s assumed to have an internal
L accuracy of #5 percent andi an absolute accuracy of +20 percent.

_1 The folls exposed during all events exhibited activities high
! * enough to permit good statistical accuracy in counting. The
!

g decay of all folls were checked against standard values, and all
= were correct. Except in cases where pod orlentation interfered
i
L k1,

3

4
L
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b with the measurements, there 1s .0 reason to believe that the
[}

-; measurements made during this operation are not as reliable
o as any ever made with the threshold detector system.

4.3 COMPARISON WITH PREDICTIONS

When comparing the data presented- in this report with other
:" data or predictions, three things must be kept in mind: (1) The -
inherent accuracy of the threshold detector system, (2) the
inacecuracles caused by pod misorlentation during Star Fish

pi= Prime, and (3) the difference in R/V configurations and

2 orientation between Blue Gill Triple Prime and King Fish. The
first two items have already been discussed. The relative

importance of the third has not been quantitatively estimated;

L iR

however, that it will affect the measurements 1s unguestionable.
—

The R/V for Blue Gill Triple Prime was oriented with the!'

W=

——
Thege
L]

-
]
l

orientations and configurations are shown in Figures 4.1 and

-"_‘1 £
¥

L.2 for Blue Gill Triple Prime and King Fish, respectively.

2

L3

Calculations of the expected fluxes above the thresholds

Bt ins

of the various detectors were made by perscnnel at Kaman

Nuclear, Colorado Springs, Colorado., Table U,1 lists predicted

and measured values of the flux above 10 kev (Pu?°®), 3 Mev

L

=, L
o e S

will show that the total measured flux (above 10 kev) was

(sulfur), and 12 Mev (zirconium). An examination of this table
F




A good indication as to change in spectrum between pod

l' positicns or shots may be had by comparing the ratio of the

:"_T flux as measured by the various detecteors to that as measured

.‘:--, by plutonium (total flux)}. These ratios are presented in Table
4.2, It can be seen from this table that there is a slight change
in spectrum as distance lncreases for Blue Gill Triple Prime

AP and that this spectrum is different from that for King Fish

I:.' / ﬁ

. The values for Star Fish Prime are rather

. | S —

1 non-conclusive because the effect of the misorientation of

the pods during this event is questionable.

a7

= ﬁaje

s 38, 354¢c
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. CEAPTER 5

CONCLUSIONS AND RZCOMMENTATIONS

5.1 CONCLUSIONS

Measurements of the neutron flux were made at three
L —

distances from Shot Blue Gill Triple Prime.

-
il

Only the neutron detectors from the 2.5 km pod were

recovered after King Fish. These detectors showed.i

-
-
Measurements made during Shot Star Fish Prime showed

~that neutrcns with energles greater than 1.5 kev varied from
-~

I —

_ﬂq
-0 s 1
The measured total flux (above 10 kev) i
—
—
o
The project obtalned data in all events in which it
participated and can be considered a success.
5.2 HECOMMENDATIONS
None.
41
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