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FOREl!ORD

This report has had classified material removed in order to
make the information availeble 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

([iT?R) Prc’cjram. The objective is to facilitate studies of the
low levels of r~diation received by sme individuals during the
~ti;ospheric nuclear test program by n,zking as much information
~s pcssible availsble to all interested pat-ties.

The naterial which has been deleted is all currently
classified as Restricted Data or Fcrmerly Restricted Data under
tile provision of the Atomic Eriergy Act of 1954, (as er,ended) or
is I:?tional Security Inforrlation.

This report has been rept-educed directly from available
ccpies of the original material. The locations from winich
ititerial has been deleted is generally obvious by the spacings
~nd “iloles” in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of :(hether the deleted information is germtine to his study.

It is the belief of tile individuals wno have participated
in pr~ptiring this report by deleting the classified material
:nd uf tile D~fcnse Nuclear },gency that the report accurately
pot-trays the contents of the original and that the deleted
n,a~erial is of little or no significance to studies into the
siriountsor types of t-adiation received by any individuals
ouring the atmospheric nuclear test program.
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ABSTRAL7
The primary objective of Project 2.2 was to mc.isure initial- and residual-garnma-
exposure rates as a function of time at various distances from high-yield-thermonuclear
detonations. Secondary objectives were to measure the residual gamma-exposure rate
at the lip of the crater from a high-yield, land-surface shot; and to field test a prototype
thermal detector to be used in a radiological -defense-warning system.

The residual -gamma radiation was detected hy m unsaturated-ion chamber, whose
output determined the frequency of pulses that v;ere recorded o~~electro-sensitive paper.
hlost of the initial-gamma-radiation stations consisted of scintillation detectors whose
output determined the frequency of pulses that were recorded cm magnetic tape. Some

initial-gamma instruments were similar to those used during Operation Castle. The
e~I>osure &-atenear the crater was n~easured with a detector- ~~lemeter unit dropped

fro m a helicopter.
Residual-gamma-exposure rate versus time was obtained after Shots Zuni, Flathead,

Navajo, and Tewa. Ti)e observed average-decay exponents for these events were 1.1 for
Zuni ti,d Tewa, 1.2 for Flathead, and 1.3 for Ntivajo. In some cases, the effect of rain-
fall in le:whing the activity decreased the exposure rate by a factor of two.

Records from Shot Flathead at 7,730 fec~ and from Shot Navajo at 13,870 feet indicated
that at these locations about 2L3of the total inltitil -g.lmm[a e,xpo,su).e was delivered after

the arrivai of the shock front.
‘rhe crqter-]ip measuren)ents indicat~d that the method was a feasible one; however,

no usable data was obtained.
The thermal -racliation detector re spon(!ed satisfactorily to a detonation at a

distxnce of 20 miles.



This report presents the final results of one of the projects participating in the military-
effect programs of Operation Redwing. Overall information about this and the other
military-effect projects can be obtained from WT - 1344, the “Summary Report of the
Commander, Task [;nlt 3. “ This technical summary includes: (1) tables listing each
detonation with its yield, type, environment, meteorological conditions, etc.; {2) maps
showing shot locatlons; (3) discussions of results by programs; (4) summaries of objec-
tives, procedures, results, etc., for all projects; and (5) a listing of project reports
for the milib~ry-effect programs.
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Chop#er /

M/TR9wcnoM
1.1 OBJECTIVES

The primary objectives of Project 2.2 v.,cre: (1) to measure the initial-gamma-exposure
rate as a function of time from the c,ietoniition of Iiigh-yield-the rmonuclear devices; and
(2) to measure the residl]al-gamma -exposure rate as a function of time at land fallout
stations. Secondary objectives wc re: (1) to measure residual radiation at early times on
the crater lip of a high-yield, land-surface shot; md (2) to field test a prototype thermal-
radiation detector to be used in a radiological -de fense-warniriig system.

Los Alamos Scientific Labor:it~ly (LA5L) measured initial-gamma-exposure rate
versus time for high-yield cie~’ices duriag Operation Ivy (Reference 1). It was found
that high-yield devices clid not follow i he relatively simple scaling laws of low-yield
devices. Gamma radiation at c. particular distance scales linearly with yield for devices
up to about 100 kt. For megaton-range devices, gamma radiation scales higher with iri-
creasing yield. This enhance mt:n! of initial -g:lmma radiation was attributed largely to
the hydrodynamic effect (Section 1. 3.4). U. S. Army Signal Research and Development
Laboratory (USASRDL) obtained several gamnxi-mposure-r ate-vers’us-time data points
from high-yield devices during [lperatioa Castle (Reference 2). The data obtained by
USASRDL were lower by a f:ictor c]f 1t) or more than the Super-Effects Handbook predic-
tions (Reference 3).

One of the purposes of Project 2.2 w~.$ to resolve the initial -gamma-radiation-scaling
la,irs for high-yield devices. Of p:~rticu]ar interest $vas a high-yield air burst, since it
would allow correlation of the hydrodynamic effect from an airburst with that from a
surface bur,~t. US,LSRDL made n?e~surements of residual-gamma-exposure rates Irom
high-yield de~’ices during oper~tion C.lst.lc (Reference 2). Only Ilmited data were obtained
because of a high loss of instruments curly in the op:’ration. These data indicated that
the decay exponent for the re siclua! activity varicci with the type of nuclear device. Another
purpose of Project 2. z was to determine ticeurate decay exponents for residual activity.

The therms],-racliation detector, p:lrt of an early-warning system for nuclear detona-
tions, was .este~ ~.vith !ov-yielcl devices during Operation Teapot (Reference 4). The
tests were successful. The tietector showed a capability far in excess of the requirements.
It was decided to dete rntine the response of this detector to megaton-range devices during
Operation Redwing in ord~! r to complete the testing.

1,3 THEORY

The gamma radiation ernittecl from a nuclear cictonation may be divided into two por-



tions: Initial radiation and residual radiation. The residual radiation may include rxli-

ation from both fallout and neutron-induced activity.

1.3.1 Initial -Gamma Radiation. For a fission-type device the initial radiations are

div~d approximately as shown in Table 1.1 (from Reference 5). The major contribution
to initial-gamma radiation is from the fission-product gammas and the gamma radiation
from neutron capture by N14 (n, y) in the high-explosive components nnd air. The prompt
gammas are nearly all absorbed in the device itself and are of little significance outside
of the device. The fission-product gammas predominate at close distances (Reference 5).
The N14 (n, y) gammas become relatively more important at greater distances, and even-
tually become the major contributor. This applies only to devices with yields of less
than 100 M, in ‘which the hydrodynamic effect is small. Figure 1.1 shows the contribution

TABLE 1.1 ENERGY PARTITION IN FISSION

I

I
1 7

.——.—.
pet hle v

Kinetic Energy of /

Fission Fragments
‘~

81.0 ( 162, (J
,!

Prompt Neutrons L 4.0 8.0

b
? I

Prompt Gammas* 4.0
1

8.(I

Fission Product Gammas
\ 2“7 I

5.4

Fission Product Betas \ 2.7 1
\

5.4
i

Fission Product Neutrinos
\

5.5 /
1

11.0

Delayed Neutrons
\

0.1
I

0.2.—.. ..—
Totals \ 100.0 ! ~(Jfl.o

* Mostly absorbed in the device.

from fission-product gammas and ?J14 (n, y) for a cne-kt surface burst. With respect to
time, the Ni4 (n, y) radiation is essentially emitted ~+’ithin 0.2 secoud; the fission-product
gamw as, however, continue to contribute for the first 3b sec:~nds.

For thermonuclear devices, in addition to gamma radiation from fission-product
gammas, it is necessary to consider the inter~ction of neutrons from the fusion process
with Nid. The radiation due to the fusion process may vary over wide limits, depending
on the design ‘-of the device. For a given yield, the number of neutrons available may be
ten times ‘as great for fusion as for fission, and there fore a large contribution to gamma-
radiation exposure may be due to the N14 (n, y) reaction in a thermonuclear device (Ref-
erence 3).

1. ~. ~ Residual-Gamma Radiation. Re sidual-gamrna radiation consists of fission-
product radiation from fallout and radiation from neutron-induced activity. The decay
rate of the residual radiation from fallout will follow approximately the expressions:

It = I~t-1”*

and: tz
r=

J
It dt = 511 (tl--0”2–t2-0-2)

-t 1

(1.1)

14



Where: + = exposure rate at time t

II = exposure rate at unit time

t = time

r = exposure’ ~~veen times ti and ~, where ti ~ 10 seconds

The decay of the residual radiation is expected to vary with device design. For ex-

* x

\

\
[

—N’4 (n,y).
\— --=- Fi ssion Products

\

\
\ Capture -to-Fission Rotio:O.5

. (R@ferenco 5)

+-

\
\

~i

l– \
\\

..— —
~—— 9

\
\

..— ,

\
\

‘\\
\

\*

0 I 2 3 4 s

Distance from GZ, 10S yds

Figure 1.1 Graph of gamma exposure versus distance for a one kt surface
burst. This ill ustration shows the co,ltribution from fission-procitict gammas.

amp!e, the presence of Np23g would tend to decrease the absolute value of the decay
exponent for a period of time.

1.3.3. Absorption in Air. The absorption of unscattered gamma radiation in air is
e~}~ntial with distance. From a point source of mono-energetic radiz. ticm, the varia-
tion of intensity with distance is ex~ressecl as:

ID = ICe ‘F D /4rD2 (1.2)

intensity at distance D

source intensity

total Iinear absorption coefficient ( this coefficient generally decreases
with incre:,sing gamma energv)

distance
15



The absorption coefficient p in Equation 1.2 is applicable for narrow-beam geometry,
and a correction shoul{! be made for field conditions where the detector is approximately
a 27Tsensing element. This is done by adding a buildup factor B to Equation 1.2 to ac-
count for the scattered radiation that will be detected. Buildup factors for different
energies and distances have been calculated (’Reference 6), and some values are shown
in Table 1.2. For omni-directional detectors, the expression is:

ID = IoBe ~ ‘/47rD2 (1.3)

1.3.4 Hydrodynamic Effect. As shown in Section 1.3.3, the attenuation of gamma
radiation is highly dependent on the amount of absorber between the source and the de-
tector. For devices of less than 100-kt yield, essentially all of the initial-gamma radia-
tion is emitted before the shock front can produce an appreciable change in the effective

TABLE 102 CALCULATED BUILDUP FACTORS

The buildup factor (B) given here is the factor Br (MOD, Eo) as
computed by Nuclear Development Associates for AFSWP @efe rence 6).

B
Energy (EO)

1,000 1.500 3,000

Mev yds yds yds

1 16.2 29.3 85.0

3 3.85 5.35 10.2

4 2.97 4.00 7.00

10 1.70 2.01 2.90
—

absorption of the air between source and detector. For high-yield devices, the velocity
of the shock front is sufficiently high to produce a strong enhancement of a large per-
centage of the initial-gamma radiation (Reference 7). The higher the yield, the larger
is this percentage. A simplified treatment of the hydrodynamic effect follows.

Assume a sphere that has a volume VOand radius R, and is filled with a gas of density
PO and mass M. Then,

M = VOpO = 47rR3pO/3 (1.4)
,..

Let the gas be compressed into a shell with thickness AR (R remaining constant).
The new gas volume is expressed as Vi (Vl = imR2 AR) with a density of pi. The mass
has not changed, thus,

M= v~po ~ 47rR2ARP1 (AR <<R)

4xR3po/3 ~ 47rR2ARpl (1.5)

(1.6)

16



Equation 1.6 indicates that a ray originating in the center of the sphere would traverse
only 1/3of the mass in the shell model that it would in the homogeneous model. The re-
sult would be an enhancement of radiation. Once the shell of material in the shock front
passes the detector, an even greater enhancement results.

As previously stated, the N“ (n, y) component of initial radiation is essentially emit-
ted within 0.2 second. Since it takes at least one second for the shock front to reach a
detector at a distance of 7,000 feet (even for devices in the order of 6 Mt), the N*4 (n, Y)
component is not significantly enhances. The fission-product gamr,:as continue to con-
tribute during the first 30 seconds; therefore, this radiation is strongly enhanced by the
shock wave.



Chopfef2

PROCEDURE
2.1 Ol~ERATIO!iS

Table ‘2.1 lists shot particip:itiiln and instrumen~ation. ?“he ]nstrufi~ent stations were

placed in previously prepared positions :~t the latest practic:lble time prior to each shot
and Ivere recovered postshot as soon as Natl-%fe ~on{htions permitted. The residual
stations were activated upon placcme nt. Their 5-day owrating period aliowed for 2
days of data -recorclillg and three 1-d~y s},ot deluys. For the surface bursts, the initial
stations were :w: ivatet.1 by a minus -1-mi,lute-tirning signal for warmup, and a minus-
15- second sigil:il to start the recordc r. Shot Zuni ilas an exception; only a minus-l-
second signal IVUS;,v:ti I,]ble to stal.t the l.ecorck? r. Timing signals ‘were necessary on
the initial stations because cIf the limited recording time available (Cook Research
Labor: itory MR 33 recorders, 4 minutes; Sanborn recorders, 15 minutes). For Shot
Cherokee, the recordc rs were noL st:trted until after the device release.

2.2 INSTRUMENTATION

In desigmng lr:s!r~ln~entation for this prujcct, there w’ere two objectives: (1) to design
instruments to best fuifill ttm requirements; a]ld (J) m design Llexible instruments read-
ily ad:q~t:lble to L ivicle v:i riety uf field ]jwusuremt’nts. In view of this dwd objective, the
instruments wt?redesigned to be compact, drift-free, reli~ble, wide in d:’narnlc-range

coverage, an[l i(mr jn cost. The lmsic circuit evolved nwn>ured di~;~~~~~ increments of
charge. Essentially, this circ’.~it could be used with :my sensing element that had an out-
put which was u kncwn function oi’ the radiation field. 1 bus, the circuit was equal Iy
applicable t.o ion chambers, scintillation :leteclors, or photo-conductive crystals.

In operation, the charge on Cl (Fi:;ure 2.1) helcl tube T1 well beyond cutoff. The output
current of the sensin~ clemcul discharged Cl at a rate tiependent upon the radiation lcnrcl.
‘,Vhen the volt:igx? :it the grid of TI reached the grid base, T1 conducted, fed a negative sig-
nal to the grid of Tj, mid initintcd a regencratl~’u actiol~ ‘.vhIch rapidly cut off T2. Then Cl
charged to a potcntlal equal to B-plus less the cilthode VOIt..ge and the grid-to-cathode
drop through the diode action of the grid of T1. When Cl fv.~s completely charged, the
circuit returned to its normal condition of 1! conducting an i T1 cutoff. The circuit
remained in this condition until Cl was once more disch~rged by the output of the sensing
element. The output of this circuit consisted of pulses that had a repetition rate propor-
tional to the output current of the sensing element.

2.2,1 The Residual Instrument System, Conracl I Detector. In general, decay of the—- —.. _- ———— —
gamma-exposure rate from f:~iiout contami:lation is given by:

I = 11t-<

Where: I = the

[1 = the

x = the

(~.1)

gamma-exposure rate at time t

gamma-exposure rate at unit time

decay constant (given as 1.2 for gross fission products)
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TADLZ 2.1 SHOT PART3C2PATNN4 ANO lNSTRUMENTATION

- lnlttal ●ietlon, Ouetma; fp = Initial etatloo, Photomultiplhr, R = Reoldual sktion;

Shot
Stetlon

KRiir Location
Ranp from Ground hro Instrumcntathm

Zuni

Flathead

Navajo

.

Tcwa

321.01
2m.02
221.0s
221.04
221.00

221.06
220.OIC
220.08C
221.02C
Porteblo

221.OJ
221.00
220.OIC
220.oac
220.09C

220.14C
221.OIC
22102C
221.04
Portable
Portable
Poriable

221.01
22103
221.04
221.05

221.06

220.08C

220.MC

220. 14C
221. OIC

2’21.02C

221,04C

Portable
Portnble
Portable

221.01

221.03

221.0’4

221.05

221.06

220.08C

2’ZO.OIC

221.OIC

221.(?2C

Portoblc

Portable

Portable

221.01

221.03

221.04

221.0s
220.08C

.—

221.OIC
zz~,oz~

Portable
. . .. .

Abte
Ourlle

m
Eaey
POX

-or-
Vncfe
oboe
YobR
Nan

w
ooor~
Uncle
Cfbva
!loge r

Peter
William
Yoke
Alfa
How
Love
Nan

Able
Dog
E.lsy
Fox

G>orge

(h-e

ROUC r

Peter

Wilii.irn

Yoko

Alfa
Ilow
Love
Nan

Able
Dog
Easy

Fox
George

mm
Ilncle

Willi.tm

Yoke

How

Lave

Nan

Able

Dog

Eiisy

Fox

Owe

MM?

William
Yoke

Ilow

29,400
20,684
16,370
20,082
24,922

20,207
85,432
76,310
63,720

WJ,t)oo
70,000
1O,3O(I

10,270
T,000

11,270
10,320

43,400

56,570

?8,000

72,000

6’3,00G

45,800

4,4’2?

7,’730

10,745

14.920

59,800

6.?,155
G2,344

40,907

0,068

7,0,000

60,000

75,000

85,000

4a,ot;o

7,922

10,700

13,170

1G,180

56,341

58,282

36,006

15,582

ml,000
7~,()”o

/3.1,000

28,9:>(I

I 7,530

22,200

24,711
54,:1G6

3,960

51,775
37,631

70,000

1P,Ig, R
tp, ~, R

R
R
R

R
R
R
R
R

R
R
R

1P,R
Ip, 18,R

R
R
R
R
R
R
R

R
1p,lg. it
1p.lg. R

1P,R
n

R
R
}{
R
R

R
1{
kt
R

H
1P,lg. R

1P,R
lg. R
lg. R

R
a
tl
R
R
R
R

R
lp,lg, R

R
R
R
Ig

R
it
R

——
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Measurements of the decay constant require good (short) time resolution at early
times (t small, I large) when the changes in gamma-exposure rate are most rapid. At
later times (t large, I small), the rate of change of the gamma-exposure rate of the
gamma radiation is much smaller, and the instrument system need not have such good
time resolution. ‘r’he instrument for the measurement of residual-gamma radiation was
designed to cover a range from 1 rhr with a time resolution of 5 minutes, to 104 rfir
with a time resolution of 0.05 minutes. ‘rhe basic circuit is shown ,n Figure 2.1, where

——. ~——— ——

,, ‘~+ —>
I $

22!4 v
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— -— —--- r.———— 15V
II

I
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22K

i
“~-–_ –.--.-.+–-–-–-—--—–- -––-—

--
-.—

22>2V

Figure 2.1 Schematic diagrurn showing the basic circuit for the Conrad and Gustave
detectors. The Conrad detector used an unsaturated ion chamber as the sensing
element, w’hereas the Gustave detector used a scintl ilation detector.

the sensing element is an unsaturated ion chamber. The ion chamber was designed to
have a current output proportional to the square root of the gamma-exposure rate. The
overall detector response is given by:

Whe rc: f = the output frequency

r = the gamma-exposure

k = a parameter chosen to meet specific design objectives

(2.2)

rate in r/hr

In laboratory calibrations on a 250-kv X-ray beam, these detectors showed a preci-
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sion of better than two percent, including drifi effects, over a three-week period. The
completed detector head, including ion cham~r and electronics, was encapsulated in
Hysol 6020 casting resin. A typical calibration curve for these detectors is given in
Figure 2.2.

2.2.2 Residual Instrument System Recorder. The two-channel recorder used with

this system consisted of an Esterline-An@s-chart driw to supply the time base and

I I I

#.—..

1 —. I 1

0 ‘ 7 Fobruory

7%
In : 8 Fobrltory

—.——

‘- ‘“F

._l-l__L_
10-2 10-’ I 10 102

Frequency, pulse/rein
. Fikmre 2.2 Craph showing a typical calibration curve for

the Conrad detectors. The se detectors were calibrated
60with the .200-curie Co source and the ?50-kv X-ray gen -

crater.

tv:o electric styluses writing on Teledeltos paper charts. The output from the detector
head was fed through an amplifier directly to Stylus No. 1, which produced a mark for
each detector-oltput pulse. In addition, the detector output was fed to a scale-of-n
courite r, thence tu Stylus No. 2. Thus, Stylus Xo. 2 produced one mark for each 11 out-
put pulses horn the detectcr. [n this manner, a chart speed S1OWenough for the required
five-day operating period could be used v.’hi]e maintaing resolution of the fastest antic-
ipated pulse- repetition rate. In operation, the record from Stylus No. 1 was used until

21



the pulse-repetition rate was so great that the recorded marks overlapped and could
not be resolved. At that time, Stylus No. 2 would be used, with each mark representing

11 pulses from the detector head. The chart drive that supplied the time base was’
calibrated with a Watchmaster before each event. By means of the Watchmaster, the

chart drive could be set to have a maximum error of 1 miuute in 24 hours, or * 0.069
percent. This was nnt the optimum recording system for use with this detector but
rather a compromise forced by a lack of funds and time.

2.2.3 hlitial Instrument System, Gustave I Detector. For the high-range, fast-——.—. .—.
resolution detector, the basic c1rcuit of Figure 2.1 was used with a scintillation detector
as the sensing element. The kit te r consisted of an RCA 929 phototube and a National
Racliac ScintiiIon Branch plastic phosphor nmunted in an electron-equilibrium thickness
of bakelite to provide an air-equivalent M slv.mse (Reference 8). The purpose of the
electron-equilibrium layer was to present a source of electrons that might be scattered
into the crystal to replace those electrons produced by radiation absorbed near the crys-
tal surfaces and lost without being detected. These detectors were constructed to cover

three ranges: lo? m 106 r/hr, 103 to 107 r/hr, and 104 to 108 r/hr.
The overall detector response is given approximately by:

f=kr (2.3)

Where: f = the pulse repetition rate

r = the gamma -exposure rate in rf’hr

k = a parameter chosen to meet specific design objectives

The maximum pulse-repetition rate of these instruments was 1,000 pulses/see, the
maximum rate that could be resolved by the recorder (a Cook Research Laboratory
MR-33 eight-channel magnetic-tape recorder). ‘1’} Vicalcalibrations for these detectors
are shown in Figure 2.3. Figure 2.4 shows the energy dependence of the Scintillon-
phosphor Gustave I detector, rcl:itive to Coso gamma radiation at a rate of 100 r/hr.
To reduce the errors due to flutter and wow, a 1,f)OO-cycle-tinle base ~vas recorded on
the tape simultaneously \+ith the gaImma-exposure -rate data. An American Time Prod-
ucts transistorized-frequency t)tmdard with an accuracy of ● u.ti2 percent was used to
provide the time base.

2.2.4 Photomultiplier Feedback Circuit, Initial Instrument System. This system was. -—
essentially the same as that used during Ope rat~n Castle (Reference 2). The detecting
element, a Scintillon phosphor 2.75 inches in diameter by 0.5 inch in height mounted in
a bakelite block for electron cquilibri’.lm, was placed inside a blast-resistant housing
at the top of a light pipe. The output of the crystal after passing through the light pipe
was detected by an RCA 6199 photomultiplier tube. The photomultiplier tulx? was used
in a 100-percent-feeclback circuit which held the photo- multiplier-tube-anode current
nearIy constant, regardless of the incident i ight flux, by reducing the dynode voltage
(Figure 2.5). The gain of a photomultiplier tube Ivith constant anode current was approx-
i mately proportional to the antilog of the dynode voltage. In this manner, a useful
dynamic range of about a factor of I(JT was reslizcd.

2.2.5 Calibration. Three radiation sources (rI 250-kv X-ray generator, a 2.5-Mev
Van de Graaff gener:itnr, and a 2(JOcurie Coco source) were used in the calibration of
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102 10~ 104 10‘ 10‘ 107

Gamma Exposure Rate, r/hr

Figure 2.3 Graph showing typical calibration curves for the Guetave
detectore. These detectors were cal]brat8dwiti the 250-kv X-ray
generator and the 2.5-hlev Van de Graaffgemrator.

Energy, keV

Figure 2.4 Energy dependence of Guetave I detector normalized to Co@
energy (1.25 Mev), dose rate 100 r/hr.
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the Project 2.2 instruments. The Conrad detectors were calibrated wjth the 200-curie

Co60 source and the 250-kv X-ray generator. The initial-gamma instruments, the

Gustaves and the photo multiplier feedback-circuit (ietectors, were caiikmated with the
250-kv X-ray and the 2.5-Mev Van de Graaff generator.

The 250-kv X-ray machine was operated at an applied potential of 250 kv, and 10-ma
current. The X-ray beam was hardened with 1 mm of cadmium filt~ ation to give an
effective energy of 190 kev. The instrument response to this beam was the same as
for Coso, since the instrument response was flat to below 125 !;ev. The maximum

10 M

l-- lu4–
-

—.——
-.

+

—

+

‘Phosphor

F@.me 2.5 Schematic diagram showing the photomultiplier feedback
circuit of the initial-gamma detector system.

.
usable-exposure rate attainable with this X-ray generator (consistent with good geom-
etry) was 6,400 r/hr.

The Van de Graaff generator was operated at 1.0, 1.5, and 2.0 Mev, resulting in a

nxzximum rate of 106 r/hr.
The 200-curie field calibrator was specifically desigrmd for operation under EPG

weather conditions. The main components were the source container and the control
traiier. The source containc r was made of stainless steel and the plug-and-rise-tube
assembl,y of M’onel metal. The source, inclosed in a double-walled Monel capsule, W?M
raised and Iowe red pneumatically and was supported by three spri rig-loaded pins, one
of which actuated a microswitch to indicate when the source was up.

‘I’he Co60 was in pellet form and filled a space 0.39 inch in diameter and 1.58 inches
in length. The Mcnel metal shielding (capsules and rise tube) was 0.33 inch. The
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source was calibrated in the field over the exposure-rate region used with a set of
Victoreen r-meters calibrated at National Bureau of Standards (NBS) in March 1956.

2.2.6 High-Range Initial-Gamma Station Calibration. There were no sources avail-
able for direct gamma- radiation calibration up to the maximum ranges of the initial-
gamma instruments. Because of this lack, scintillation detectors were used, thereby

enabling calibration with a light source. In practice, the instruments were directly cal-
ibrated by the use of the 200-curie CoM source in the field and a Van de Graaff generator

in the laboratory to the limit of the available radiation rates. The calibration was then
extended to the maximum range through the use of a light calibration, which was normal-
ized to the radiation calibration.

The light calibrator consisted of a light source filtered to provide a beam having
approximately the same spectral quality as the light output of the scintillator, and a
series of neutral-density filters that varied the light output in known discrete steps.
Errors due to the direct response of the circuit elements to gamma radiation were in-
t reduced into the calibration; however, these errors were shown to be small in the
ranges where the light and radiation calibrations overlapped. The re were no reasons
why the relative error should have increased beyond the range of dual calibration.

2.3 READOUT ERROR AND ACCURACY OF THE GUSTAVE AND CONR.4D SYSTEMS

In general, the output of the Gustave and Conrad detectors may be given as:

r = ktn

Where: r=

t =

n,k=

(2.4)

gamma exposure rate

ti rne between output pulses

design parameters

If the error in reading time between pulses (i. e. time base) is At, then:

r+ Ar=k(t+At)n

[
Ar=k(t+At)n-tn 1
Ar (t + At)n - tn—=
r

tn

At
For ~ << 1,.. this formula reduces to the definition of differentials.

Ar . nAt— z—
r t

(2.5)

(2.6)

iVhere: Ar
— = the relative error in gamrn;i-exposure rate due to errors in the time
r

measurement

At
- the relative time-measurement error

-1-
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For the Conrad I detector, n = -2, and:

+-r ~ -2At

r t
(2. 7)

In practice, at high-pulse-repetition
were LIsf.?~ to read out the kta. Hence,

Ar . (Nt + At)n - OTt)n——= —
r

i Nt)n

Ar . (T + At)i’ - {T)n-— z_ .- .
r .n1

rates, a number of pulses N over a period T
from. equation 2.5:

(2.8)

. r~ t.. —-
-r

tk~here: At now- includes all errors in reading the time interval T.

The time-base error for the Conrad recorders was ● 0.069 percent; therefore, the
readout error was ilegligible, and the errors of the Conrad 1 syskm (of the order of
10 percent) could be attributed to the detector itself.

For the Gustave I system, n ~ -1, and:

Ar . -At
r T (2.9)

Hence the Gustave I system error was essentially that of the detector (the time-base
error * 0.02 percent), and was of the order of 10 percent.

2.4 BEACH-B.4 LL-RADIATION-DE TECTOR-TELENIETER UNIT

To attain the objective of measuring the residual-exposure rate on the crater of a..
land-surface burst, a droppable radiation-detector-telemeter unit was devised. A
Gustave I detector system was connected to key a ‘~-watt VHF transmitter that had
been constructed in the field. The detector and transmitter were mounted in a poly-
ethylene bottle suspended at the center of an air-inflated, 5-foot, plastic beach ball.
The beach ball was attached to a 27-pound lead brick by means of a 6-foot line. This
m~de it possible to drop the system from a helicopter more accurately with a minimum
of impact shock to the instrumentation. The lead brick hit the ground first and allowed
the beach ball to slow down over the 6-foot distance before hitting the ground. In ad-
dition, the beach ball itself acted as a good impact absorber. Once the beach ball was
released, the helicopter could go a short distance away and orbit in a radiologically
safe region, while receiving the data transmitted from the beach-ball unit.
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2.5 THERMAL-RADIATION DETECTOR

The thermal-radiation detector consisted of a phototube, amplifier, and high- and
low-band-pass filters. The phototube output was produced by incident-the rrnal radiat-
ion from a nuclear device, lightning strokes, or other sources. This output was fed
to a high band-pass filter that passed only signals with a rise time similar to those
caused by nuclear detonations and to a low band-pass filter that passed only those sig-
nals with a duration typical of nuclear detonations. Thus, an incident thermal-radiation
signal had to have both a rise time and a duration typical of nuclear devices in order to
activate the thermal-radiation detector.
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c’hopuw 3

RESULTSmd DISCUSSION
3.1 RESIDUAL-R.4DIATION MEASURELMEXTS

‘Me data obtained from the residual-radiation stations are shown in Figures 3.1
throug?l 3.18 in the form of log-log plots for convenience of ~>resentation and for ease
of determination of the decay exTonent. The decay exponent was equal to the slope of

a straight line drawn through the data points that u’e re consldere~l to be related to each
other only by radioactit’e decay. All residual d~t~ was analyzed in detail for this re-
port. The instruments for those stations wpre:cntecl b; Figllres 3.3, 3.11, and 3.12
Mere operating at ievels below their high-resolution regibn ,md did’not yield the essen-
tJa]ly continuous curves shown in the remaindur of the grou~J of Figures 3.1 through

3.1S. (.h Figures 3.1 through 3.18 the slopes are shown as (lashed lines which were
drawn through the linear ~mrtion of the curves. In drar, ing these dashed lines, early
times were avoide i when the concentration of gamma-ray sources was still building Up

because of continuing deposition of fallout mater itil, and other dzta points were ignored
in cases where rain or wind Id redistributed the fti!lout rr:.iterial and caused pertur-
bations in the decay curve,

Measured residual .gumma-radiation doses for each of the four shots are plotted on
maps of Bikini Atoll in Figures 3.19 through :.22. Free-field exposures shown on these
figures were extrapolated to infinite time using Equation 1.1, Section 1.3.2, of this
rcpo rt,

Tables 3.1 through 3.4 summarize the d:it~ on residual --s!~tion locations, time of
arrival of fallout, maximum-observed-exposure rate, total expo$urc, and decay expo-

nent. ‘l’he average decay (x~onent was found to be 1.1 for Shots Zuni and Te,va,
lneglectin:; the resu!ts from Station 221.04C,

w}lich recel~-ed too l~c~x-pie~o-r ~t:curate evaluation). In the many cases where
there was early rain leaching, the slope indicated by !hc! data poiqts taken after rain
bad ceaseci was used to heip determine the best-fit striiight llnr.

In these curves, the gamma -exposure rate after r~infall was approximately half of
that expected if the normal radioactive decny w~ re tile only cause of change of exposure
rate.

In Figures 3.3 and 3.18, the buildup of the exposure rate was apparently more com-.
plex than the monotonic buildup presented by most of the other figures. It appears that
fallout ceased to arrive for a short period at 6(J minutes (in Figure 3.18) and then began
to arrive agairl.

Slope changes are evident in the curves in Figures 3.9 :md 3.10 after about + 500
minutes. This effect was probably not due to instrumentation errors because these
curves represented the data from two independent instruments located at the same sta-
tion. A possible explanation of these slope changes w~s the presence of one (or more
than one ) radioactive isotope \vhose half life was such that the decay was slower than the
combined fission fragment decay of t ‘t. ~, and the decay slope was dominated by this
isotope fron] about + 500 minutes until the end of the record. However, the instrumen-
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~atiorl didnotrecord for a sufficiently long time to determine cfefir,itively the half life of
this isotope.

Reliability of itesidua l-Radiation Data. hgcneral, the residual in-
strumcntation functioned either well or not at all.

Tables 3.1 through 3.4 show that the

major malf{mctions were due to inoperative chart drives.
‘The possibility of malfunc-
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l?igurc 3.1 Residuttl exposure rate i~ithin bl:lst shield versus time for Shot ‘Zuni;

Statioll 221.0~, r~ge 68,600 feet. For unshielded rate multiply by 1.4. Total

t.ionii]g cI1’the recorders was anticipated prior to the opc”ation; however,
lack of funds

and time iorced the use of these record~rs.
The recorders th~: worked were checked

With a Timemastt:r and adjusted to witlun * 0.069 pel c ‘:nt accuracy.
The repeated cali-

brations cf the instrument systerr:s indicated a m:mir;lunl total error of less than 10

pertce?,t.

Figures 3.1, 3.3, 3.7, 3.8, 3.9, 3.13, 3.14, 3.15, 3.16, 3.17, and 3.i8 present data

taken with the detector heads inside a steel pipe which served as blast and thern?al pro-
tection. ‘i’he results from these stat io’)s shoilld be increased by a factor of abOtlt 1“4

to compensate for the shielding of the blast housings.
This estirrute of the shielding

29 Text continued otl Page 43.
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Figure 3.5 Unshielded residual exposure rate versus time for Shot
Station How, range 78,000 feet. Total 74.5-hour exposure, 126r.
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Figure 3.17 Residual exposure rate within blast shield versus time for
Shot Tewa; Station 221.03, range 17,550 feet. For unshielded rate,
multiply by 1.4. Total 55-hour exposure, 948r.
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Figure 3.19 Map of Bdcini AtolL showing unshielded residual exposures fot Shot Zuni.
This illustration gives exposures at Islands Dog,

George, How, Uncle, and Yoke. See

TAM<:3.1 far references to station designations,
distances from ground zero, iWTIVai

Figure 3.20 ?.fap of Bikini Moli showing unshielded residual exposures for Shot Flathead.
This llhstration gives exposures at Islands Able,

Alfa, Easy, Fox, and George (a and b).

See Table 3.2 for references to station designations, distances from ground zero,
arrival

times, and maximum exposure rates.
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TABLE 3.1 SHOT ZUNI fNSTRUfWENTATION AND RESIDUAL-EXPOSURE fNFORIilATION

Azimuth Distance
Island

Arrival Maximum Total Decay
Station From From

Ground Zero Ground Zero
Time Rate ● Exposure* Exponent

degree ft minute r/br r

Dog 221.03 5.5 68,600 21.7 81.2 703(72.9 hr) 1.07
George 221.06 17.1 70,500 31 42 349(77.8 hr) 1.07
How Portable 60 78,000 28.8 17 126(74.5 hr) 1.04
Uncle 221. OIC 268.8 10,300 26 28 139(85 hr) 1.1
Yoke 221.02C 292.2 43,400 ‘25.3 80 125(20.4 hr) 1.18

Nan Portable No fcdlout
Charlie 221.02 Drive inoperative
Love Portable Stylus taxi drive inoperative
Obcie 220.08C Drive inoperative

Pete r 220.14C Styl .JS inoperative
Roger 2’20.09C Stylus and drive inoperative
William 221. OIC Drive inoperative
Alfa 221.04C Drive inoperative

——.. —..—

● Corrected to free-field values.
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factor was derived from the field measurements at station 221.06, Shot Flathead, where
one detector was inside and the other was outside the blast housings. On the other hand,
Figures 3.2, 3.4, 3.5, 3.6, 3.10, 3.11, and 3.12 present data from detector heads with-
out Mast shields. The se detectors were calibrated for free-field conditions (C060) and

gave free-field data.

3.2 INITIAL-RADWTION MEASUREMENTS

The results from the initial-gamma stations arc shown in Figures 2.22, 3.24, and
3.25. The initial-gamma station for Shot Zuni (Station 220.09C) was destroyed by the

10’

w

:
E
o

IOs

7

L

— —. .-.

I

io-’ 10’* 10-’ I

Time After Shot, Seconds

Figure 3.23 Shielded initial exposure rate versus time for Shot Zuni;
Station 220.09C, range 7,000” feet. For ~nshielded rate multiply by 1.2.

shOck wave, and t~ data fro;]] this st:ttion were available only to shock arrival and are

given in Figure 3.23. Figures 3.26, 3.27, and 3.28 present the total-initial-gamma ex-
posure as a iunction of time.

The initial -gamma-e.~msure -rate data presented are subject to uncertainty in abso-
lute magnitude. Data reduction indicated a strong possibility that the wiring of the

magnetic-tape recorders might not have been the same as previously presumed and
that the association of a particular recorcte r chanlwl with a particular-detector-
sensitivity range might h?.ve been incorrect. The wiring could not be checked in the
laboratory because the equipment had been disassembled at the termination of the field
phase of the cpcration. Subsequent analysis of the recor{fed pulse shfipes has led to the
association assumed for the initial-gamma data presented herein, and the derived
total-exposure values agreed reasonably well with thuse rneasurcci by Operation Redwing
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Project 2.1 (Reference 9). However, there is still some uncertainty on this point, and
the curves presented may be off in absolute magnitude, although the shape of the curves

as a function of time is probablv correct.
The initial-gamma values given reprc? sent those observed at the dekctor and should

be multiplied by a factor of approximately 1.2 to correct for station shielding. This

factor of 1.2 is a measured vaiue of the attenuation of the blast shield for Co*” radiation;
the attenuation is a function of the energy of the incident radiation. Time is a factor
only in that after one minute there is litt}e gamma radiation in this energy range ( > 1“
Mev). Figures 3.23 through 3.28 shoL.ld be multiplied by 1.2 to give free-field values.

The data in Figure 3.26 is in reasonable agreement with similar data in Reference
9, especially after the data of Figure 3.26 has been extrapolated to a time equivalent to
that reported by Operation Red,ving Project 2.1.

Figures 3.27 and 3.28 show that approximate ly ~/t ot’ the total- initial exposure for
Shot Flathead 221.04 and Shot Navajo 2’21.05 was delivered after the arrival of the shock
front. Most of this exposure was due to the eiih.lllc~ mcnt caused by the hydrodynamic
effect because the exposure rate was d~C.L~;ll~ ra:)icil:i before the arrival of the shock
front.

Reference 9 compares measured- in; t(al-bi.Y-,l~jn(:l ~.>:posure -versus-distance curves

with curves computed from TM 23-200. Fc>r the purpose of colnparison with published
data, integrated-initial -gamma-rate dat:i from Figulcs 3.26, 3.27, and 3.28 of this
report have been plotted Gn the corresponding curves irom Reference 9. In addition,

extrapolation of Project 2. 2 .measu,.ed diit~ (integratefi-in itial-gamma rate ) to include
initial-gamma dose delivered :ifter the end of project records has been made using
information and methods in Reference 1U. U;xlmsure received prior to start of project
records has been neglected, s~rice the e..,posum !;as relative ~y insignificant. The above -
mentioned plots for Shot Zun; arc snct~n in Figu rc 3.29 and for Shots Flathead and
Navajo in l“igure 3.30.

3.3 BEACH-BALL MRASLRF.LIENTS

The objec&itpe of measuring the exposL]re rtitc at. the lip of the cr:iter from Shot Zuni
W2S 2SSUillL!d by PrOjCCt ?.~ ;it CL klik StiLgL! : P I~IJ ) ~rcp:{rations for Operation Redwing.
The heath-ball lnstru~nent ~t?s dro:~pcd ontu tlx’ Shot %uni cr:i’.er lip at H + 6 hours.
The fall apparently cchscd a change In tl]c C.Lli”l”.. . ,Ltiot; of the system, because the re-

ceived (data indicated an exposure r::te a> i!igh :~s 50, cu0 r/hr at this late time. Further-
more, rotor intc>r[ercnce made recLi;~tion of tl~e transmitted sign:t] tifficult.

3.4 THE RM.4L-R,iDliiTION [! ETI:CTOI{

The thermal -ra~iintion cletect’)r ),:lS i:ls~:,]]~(i 011 S,te ,N:ln for Shot Tewa at a range

of approximately ?0 mi!es, and the d~’tut)atjl ,n iv;is s:itisfactorily detected..
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Figure 3.29 Stuelded initial exposure versus distance, Projects 2.1
and 2.2, Shot Zuni. (Data from Redwing Project 2.2 plotted on curves

presented in ltedwing 2.1 WT report, Reference 9).
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Chopfer 4

CONCLUSIONS

4.1 RESIDU\L-C.4hIhlA-EXPOSL?RE RATE

The results of the resiclu~l-gamma -exposure-rate measurements showed that for
some devices tne dewy exlx)nent varied with both the type of device and the station
loc~tion. The decay ex~xjne~it was fiilrly uniform for different station locations for Shot
Zuni (1.04 to 1. 18) [Lnd r~thc r variabie for various station locations for Shot Navajo
(1.07 to 1.39). Although no special significance was attached, the spread of values for
the IIecay exponent seemed to be greater when the average value was high and smaller
when the average vaiue was low.

The resiciual-inst. iwmentation system pcrfurmeci at about 50 percent of its capability.

This was explained lJy the iaiiure of the recorders, which \vere not designed as field

jnstrurnents and were used kzcause no others were avai [able. There were no known
failures of the Conrad detectors.

4.2 INITL4L-GAKIh!A -EXPOSURE HATE

Figures 3.’27 ant! 3. W show that approximately 2/3 of the total -initial-gamma exPo-
sure was delivered after the arrival of the shock front. Insufficient initial -gamma rate
or dose data was available to allow independent comparison with published scaling laws.

Figures 3.29 and 3.30 indic:~te reasonable agreement of both lledwing Projects 2.1 and
2.2 data points with TLNI23-290; however, measured dose -versus-distance curves ex-
hibit a steclmr sl,~pe than shown on Figure 4-3, page 4-12 of TN 23--200, thus indicating
substantial Cieviatlons at short and very long ranges.

4.3 BEACH-BALL OPEIL\TlON

This experiment denlonstrated the opertitional feasibility of using the beach-ball

techi]ique to drop a radiological telenmte r onto a contaminated area.

4. i THERRIAL-RADIATION DETECTOR

‘IW thermal-radiation detector operated satisfactorily for a 5-Mt detonation at a

dist:{nce of 20 miles.

4.5 RECOMMENDATIONS

Because of experience gained by Project 2.5 during Operation Plumbbob, it is rec-
ommended that this experiment, with improved instrumentation, be repeated on other
high-yield events, e specially high-yieid air bursts.
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