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ABSTRACT 

This project was conducted to measure  the  initial 

dose as a function of distance for Shots Ct&r Fish F-ime,  Blue 

Gill Triple Prime^and King Fish. 

To accomplish these  objectives,  the tarma dose was measured 

oy film badges,  glass microdosimeters,   cobalt-activated borosillcate 

glass, calcium fluoride thermoluminescent dosimeters, and formic acid 

chemical dosimeters. 

Project 2.2 successfully measured the gamma dose versus 

distance  from Shots Star Fish Prime, Blue Gill Triple Prime^and 

King Fish. 

The gamma doses from all events were within designed ex- 

perimental error and precision. 

The measured gamma doses from the three events scaled well 

as dose per kiloton versus distance.    The theoretically predicted 

doses were than the measured doses, u 

The Incident thermal neutron flux on the pod backplate for 

Shot Blue Gill Triple Prime as estimated by this project agreed 

in order of magnitude with that reported by Project 2.1. 

By the use of cobalt-activated boroslllcate  glass plates at 

two different  locations  in the  instrument pods.  Project 2.2 was 

able to measure the differential thermal neutron flux created 

by the    thermalizatlon of fast neutrons by the pod mass. 

The formic acid chemical dosimeter failed to provide reliable 

gamma doses due to its high dose-rate dependence. 

The CaFa   thermoluminescent dosimeter provided readings 
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that were considerably higher than those msasured by the other 

detectors.    Further rate dependence studies are  necessary to 

explain this discrepancy. 
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CHAPTER 1 

INTRODUCTION 

..1   CBJICnVE 

Ir.e  objective  cf this project was  tc  - .-.mra.  radiation 

ccse a= a far.ction cf distance  fron higli-altir'j.l.   nuclear detonations. 

1.2    BACKGROUND 

Detailed disc^ssirns have been presented  (References 1 

through k) describing gamma-dose measuremerts  that  have been 

conducted since Operation Sandstone.    Early predictions  of 

the effects of nuclear weapons detonated at high altitudes 

(Reference 5)  lead to the participation of projects  measuring 

the gamma dose during Shot HA of Operation Teapot,  and also 

In Shots Yucca, Teak,  and Orange,  of Operation Hardtack 

(References 1 through 6).    The high-altitude shots,  Yucca, 

Orange, and Teak, were  conducted to study the military effective- 

ness of nuclear detonations in the altitude region of high- 

performance aircraft and missiles.     Since that time,   considerable 

interest has been generated concerning the effects of nuclear 

radiation upon the guidance systems and nuclear components of 

missile weapons  systems.     The primary considerations have been 

in the area of kill mechanisms and  in the study of the electro- 

magnetic pulse. 

■ <->:-:-:■, 
• L - - ■ 
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Although many techniques have heen used to measure 

radiation, the film badge has been used at every event where 

gamma measurements were conducted.    In conjunction with film 

badge msasurements, a number of different film holders have 

beeiT'used to provide energy independence and electronic 

equilibrium.    The more  common National Bureau of Standards 

(NES),  the Los Alamos aluminum-wood, and the Edgerton, 

Genaeshausen, and Grier  (EG&G) holders have all been used with 

varying degrees of success.     In the past,  information as to 

the film's neutron sensitivity has been lacking.    The  Nuclear 

Defense Laboratory (NHL) has recently obtained and reported 

the direct neutron interaction correction factors  for most 

dosimeter films  (Reference 7). 

Various glass dosimfiter systems have also been employed to 

measure gamma radiation.    The Dr-6o/PD (Personnel Dosimeter) was 

used at various times until Operation Plumbbob (References 8 ü. 

through 10);  the  silver phosphate glass microdosimeters have 

been used with moderate  success at Operation Plumbbob and 

Hardtack (References  11 through 13).    The results obtained with 

these various detector systems were questioned because  of the 

lack of information regarding their neutron response.     Recently, 

the neutron interaction   :orrection factors  for silver phosphate 

glass microdosimeters   -ave  been evaluated and reported  (References 

Ik and 15).    A.dditicr.ally,  a number of chemical Josiraeters,   In- 

cluding chloroform (Relercnces 9, and 16 through 18). tetrachloroethylene, 

single and double phase,   (References 9,  11,  12,  16, 17, and 19),  and tri- 

chloroethylene (Reference 19), have been used with varying degrees of 

success. 

10 
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.-....-- ;niy a snail part of the eneivv of a megaton-range 

- afjears as g'-Tiü  radiation,  the   fa:*,  that  the device 

•..-.•;."i ir. t.    sar vacuum at high altiv.:.    permits the 

—., rä;:a:ior. to penetrate to a considerably greatfcr distance 

■ ,  -  ■   ...  :u:-st than from a corresponding de* .■.ation at a lower 

..-.■■ i-..    The calculations and predictions  of * he effects of 

:•.-.  r.aticr. at high altitude  (References  1,  [ , and 6) have 

-:   •;.=.: the effective range of gamma rauiation considerably 

.:•;.-/:-s that for blast damage. 

The fa-nraa dose at various distances depends on the relative 

r-ji ■--.-ie of contributions  from several processes.    The major 

~?:-.t ributors to the initial dose are generally: 

1.    The prompt radiation accompanying the fission process. 

This prompt radiation appears to be heavily absorbed in the 

■-eapon components, and due  to this absorption,   it has been 

estimated (Reference 20 )  that only a small percentage of the 

tctal dose at distances of a few thousand yards is contributed 

cy prompt radiation.    Although this observation was made at a 

J-OW altitude where there is considerable attenuation of the gamma 

radiation by the air,   it  is  felt that at high altitudes,  this 

contribution would still be   in the order cf only a few percent. 

2-    The gamma radiation produced by the (n, y) reaction between the 

thermal and fast neutrons with the Nu In the atmosphere.   At high altitudes, 

the reduced air density eliminates, as a significant contributor, gamma 

production from the atmospheric Nu. 

>    The gamma production from neutron interactions with the 

high-explosive components   is a definite contributor to the   initial 

C£e.    The gamma rays are produced within a few nanoseconds  to 

about 0.25 second   after detonation and have an average energy 

11 
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/-.^ 
i-ange from U,5 to 1C.8 Mev.    The fast-neutron Interaction is  of 

particular importance  in the  case of boosted devices. 

k.    The fission-product  gamma rays.    These are a major 

contributor to the  initial dose  from about 0.25 second until 

10.0 seconds  (References 20 and 21) and have an average energy 

of about  1 Mev. 

5.    The gamma dose arising from neutron interactions with 

the environment of the dosimeter package.    At high altitudes, 

instrument  packages are placed  in appropriate  space vehicles. 

The neutron interactions,   (n,y), with the vehicle structural 

materials and other instrumentation present contribute 

an unknown,  but small, magnitude to the total gamma dose. 

I: 
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CHA.PTER 2 

PEOCEDUEE 

2.1    OPERATIONS 

faring Operation Fish Bowl,  Project 2.2 participated in 

all events 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 instrumentation 

was recovered and reused.    The  events Blue  Gill Triple Prime, 

King Fish, and Star Fish Prime    were detonated as expected_, 

and the results of meisurements made during these events are 

described in this report.    Table 2.1 lists parameters pertinent 

to these nuclear events. 

All project instrumentation was contained in three recoverable 

scientific instrument pods.    These pods were attached to the launch 

vehicle and released at the proper time during the early part 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 22.    Figure 2.1 shows the location and orientation 

of the Project 2.2 instrumentation in the pods.    Table 2.2 lists 

information pertinent to the pods for the three nuclear events. 

All pods from Shot Star Fish Prime were recovered and re- 

turned to Johnston Island between H+8 and H+10 hours.    All gamma 

dosimeters were removed on EH-1 and returned to NEL on D+U 

for analysis. 

All pods from Blue Gill Triple Prime were recovered and 

13 



returned to Johnston Island by H+8 hours. All sa- dosimeters 

were reiiiOftd on D+l and were returned to NIL tor analysis on 

the D+4 flyaway. 

Pods 1 and 2 trCD Shot King Fish were returned to Johnston 

Island at approximately H+6 hours. The gamma instrumentation 

vaa removed trCD Pod 2 1llaed1ately 1 as the rear bulkhead was 

missing trCD this pod. The instrumentation frCIIl Pod 1 was 

removed on D+l. All dosimeters were returned to NDL for analysis. 

Only t he nose of Pod 3 frCIIl this event was found. 

Complete gamma detection packages were fabricated for place­

ment into the instrument pods. Three packages (per pod) were 

located on a support plate 19 inches trCD the 1-ear bulkhead 

and were at equidistant intervals around the pod. Package 

placement and orientation were originally designed to minimize 

attenuation of the gamma rays when the- pods were positioned with 

the predetermined ~ttitude from the source (±7-1/2 degrees from 

vertical). 

The gamma dos imeters were so positioned that at the presumed 

attitude of the pod they would look at the burst through only 

the back-plate and protective coatings (3/16-inch refrasil for 

Shots Blue Gill Triple Prime ~nd King Fish, and 3/16-inch 

carbon for Star Fish Prime). Because of last-minute modifi­

cationt of other pod instrumentation, this unobstructed view 

of the source by t~e dosimeters coul not be maintained. 

The orientation of the pods durlng Shots Blue Gill Triple 

Prime and King Fish ,.rere apparently as planned. During Shot 

Star Fish Prime, pod orientat ion was estimated by Project 8B 

{neference 23) by the measurement of the X-ray shadows cast 

by various pod fittings. Two angles were determined to give 
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pod orientation.    The first,  9, was the ar^le between the 

longitudinal axis  of the pod and the burst In the plane forned 

by this line a^d point.    The second angle,  I, 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 

2.2 is a diagrammatic representation of these angles.    The 

angles 9 and i for Star Fish Prime are listed in Table 2.3« 

2.2    IIBTEUMENTATTON 

Gamma dose measurements were conducted using the following 

dosimetric techniques:     (l)  the darkening of photographic film, 

(2) the photcluminescence phenomenon of silver phosphate glass, 

(3) the production of hydrogen and carbon dioxide  in oxygen- 

saturated aqueous formic acid solutions,   (h) the radiation- 

induced optical density change  in cobalt-activated borosllicate 

glass, and  (5) the manganese-activated calcium fluoride 

themoluminescent dosimeters. 

Each dosimeter package was comprised of dosimeter fiLns in 

NBS film packs;   several glass microdosimeter rods  in their 

appropriate shields,  several cobalt glass plates,  two quartz 

ampules containing formic acid solution,  and several thermo- 

luminescent dosimeters  (Figures 2.3 and 2.h).    The  film was 

maintained at a temperature of UO0    to 550F prior to being 
5 
I placed in the pods.    After mating to the Thor,  this temperature 

range could not be maintained, but no sensitivity was believed 

lost as the film was not exposed to prolonged or excessive heat 

f during the preshot time. 
I 
J Many events did not produce a nuclear environment.   However, iUwas 

> oot considered feasible to reuse the CaF2 thermolumlnescent dosimeters that 

^ had been flown on these events, because their condition could not be deter- 

! 
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mined In the neld.   As a result, there were only enough CaFj dosimeters 

available vo Instrument Shot Star Fish Prime.   None were used for Shots 

Blue Gill Triple Prime and King Fish. 

2.2.1   Film Doslmetry.    The gamns film aoslmeters employed 

were similar to those used at past weapon tests (References 24 

and 26).    These dosimeters were composed of     NBS film holders 

loaded with two dental-size dosimeter film packets that were 

sealed in polyethylene bags to prevent damage from moisture.    The 

NBS film holder 'Reference 25) consisted oS bakellte-tin-and- 

lead shields.    The bakelite shield,  8.25 mm thick was covered 

with 0.3 mm of lead.    A lead strip of 1-mm tnickness covered 

the seam.    The low-energy radiation was more strongly suppressed 

by the lead shield than the high-energy radiation, and this kept 

the response linear above 115 ker-    Below 115 ^"V,  the ganma 

radiation was seriously attenuated.    The bakelite» was used as 

a media which produced electronic equilibrium at the surface 

of the film.    The employment of the NBS holders essentially 

eliminated energy dependence from the measurements.    In order 

to cover the region of  interest,   DuPont film packets SX231, 

containing emulsions 508,  510,  and 1290, and Eastman Kodak 

packet 6^9-C,  covering the general range from 0.1 rad to 

approximately 7*L0*   rads, were used.     Table 2.4 gives the 

sensitivity ranges of the various dosimeter films exposed. 

Since  film sensitivity is affected by environment and 

manufacture,  ji:h batch was calibrated at the same  time that', 

the experlmei-.-al jarama exposures were made.    This was accomp.'.ished 

by calibraticr.   ::"'  '•-he  film at the Nevada Test Site Just prior 

to shot time a- Johnston Island.    The  control,  calibration, 

and exceriaer.tal films were developed at the same time and 
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their densities measured. The films were processed tor 5 

llinutes at 20.8o ~.20°C with lCodak liquid X.n.y developer. 

The denait7 pt the experiJiental film vas then converted to 

dose by cadli&ring it with the film that had been exposed to 

calibn.ted eaounts ot Cr/ 0 sa- n.diation. 

leutrona will directly inten.ct with the film, and thus 

yield readings that are higher than the true g&m~~a response. 

Correction factors for the e:rtect of neutrons were determined 

(Reference 1) and were applied to the film data utilizing the 

neutron spectrum and integrated flux measured by Project 2.1. 

2.2.2 Glasa MicrodosiJieters. The glass microdoeiJieters 

used were precision cylinders of silver meta}lho.phat.e glass, 

1 by 6 lllll, anutactured by the Bausch and LCIDb Ccapany. The 

coarpoaition of the base aterial vas carefully controlled in 

production to the tollOVirJ8 weight percent: Al(P~ )3 , 50 

percent; Ba(P~ )8 , 25 percent; ~ t 25 percent. To this 

base vas added an additional 8 percent, by weight, of As P~. 

Gamma n.diation formed stable luminescence centers in this 

glass which, when excited by ultra-violet radiation, emitted 

photons with a wavelength of approxiately 6400 i. The 

intensity of this luminescence which was measured in a fluorometer, 

vas directly proportional to the g&lllll& dose. It has been re­

ported, (Reference 28 ) that the range of the microdosimeter is 

from 1Xl01 to lxlo' rads, but by use or the appropriate heating 

and readout techniques (Reference 27 ) , the upper range was 

extended to approxiately lXlif rads. 

Two readout instruments were used: the Turner Model 110 

Flurometer and the Bausch and Lamb Microdosimeter Reader, 

wh i ch was modified by personnel at NDL in accordance wi th 

17 
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specifications determined by Oak Ridge national Laboratory 

(ORNL).    Although the  response of the glass  rods was energy- 

iependeat  for energies below  100 kev, energy independence 

'above ICC kev was obtained by the use of lead shields with 

the electron equilibrium established by a Teflon insert.    The 

shields were composed of a tight-fitting 2-mm-thlck Tteflon 

tube  into which two glass rods were  Inserted end to end;  a 

C.75-nm lead strip was then wrapped once around the Teflon, 

and the edges  of the   lead were  crimped shut.     The  lead 

suppresses the lower energy radiation sufficiently to keep 

the  response  linear above  115 key.    Below 115 kev the gamma 

radiation is severely attenuated.    The glass rods were calibrated 

at NDL by exposing them to known doses of Co80   .    A calibration 

curve was  constructed, plotting the difference in observed 

luminescence from exposed and nonexposed rods versus dose. 

Dose during calibration was measured with standard Vlctoreen 

ion chambers that had been cross-checked with dosimeters 

calibrated at ITSS. 

Corrections for fast and thermal neutron interactions with 

the glass  rods were made utilizing information in References Ik and 15. 

2.2.3    Formic Acid Dosimter.    The dosimeter was composed 

of an oxygen-saturated solution of 0.01 M formic acid and O.COIN 

sulfuric acid.    The radiolysis products have been accounted for 

the following mechanism (Reference 28 ): 

HgO - H + OH (2.1) 

^,0 - 1/2 Hj   + 1/2 I^Os (2.2) 

■ l 

"•V\ 

OH + HC00H - HaO + HCO0 (2.3) r^r 

H + HCOOH - Rj+ HC00 (2.10 
•" ' -'"l 

HC00 + Oj  - CPa   + H02 (2.5) 
i" "-' 

1 

•'''i 
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H + Oa - HO, (2.6) 

HCl,  + HCl, - BBO,  + Oj (2.7) 

As srtn from the equations, hydrogen,  carbon dioxide, and 

hydrogen peroxide were produced.    For interpretation of the 

dosimeter, the molecular products were determined.    Hydrogen was 

separated by the use of a Van Slyke gas extraction apparatus, 

and after separation, the hydrogen was quantitatively determined 

by standard gas Chromatographie techniques using a molecular 

sieve column employing air as the carrier gas.    Hydrogen peroxide 

was determined by measuring the triodide-ion by a spectrophotometric 

method (Reference 29).    A Perkin-Elmer ^OOO A Spectrophotometer 

was used to measure the optical density at 350mii.    The formic 

acid solution was exposed in transparent quartz ampules that 

were sealed via a vacuum O-ring standard taper Joint. The 

rates of production of the products formed for gamma and 

neutron radiations were known (References 28, 30, 31, 32), 

and these were combined with the molecular yields to write 

simultaneous equations. As an illustration, assume that A 

and B are the two products measured,  then 

Aq; = YAY + nAn (2.8) 

Bj = YBV + nBn (2.9) 

where 

Am = quantity of A observed in moles/liter 

Bp = quantity of B observed in moles/liter 

Y = total integrated gamma dose  in rads 

A    = gamma yield of A in moles liter"1   rad-1 

n = total neutron dose  in rads 

A^ = neutron yield of A in moles liter"1   rad"1 

By = gamma yield of B in moles liter-1  rad' 
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In • neutraa 71814 ot I ln mlaa llter-l ad-&.. 

Siace A.tf Jr1 Ay , By , Aa, ud ~, wre kDCMl, aolut10D ot 

eq"U&tiou reaulted ill a ftl'lll tor Y• 

llole •• &lao calculated b7 aubatltutinc the neutraa dOH (n), 

au;pl~ed b7 ProJect 2.1 to aol?e eitblr ot the equatiODI. Tbe 
• 

71•141 ot ~n pa aDd ~n peroxide ill tbe tomic ac14 

doaW.ter wre ve U eatabl1abe4 tor both total ,._ and neutraa 

radiation (Btterencea 21 thrOulh 31). Sillce the inters»retatiOD 

ot tbe - dOH hal been lbCMl to be b&Hd upoll tbeH 7iel41 

ot h7drolen and b74rocen peroxlcle (!quat1ona 2.8 u4 2.9), tbe 

doat.ttera wre illters»retecl direct~ vitbwt tbl need tor 

calibration. Tbe tomic acid --~· were coaductecl at Jill.. 

2.2.~ Cob&lt-Acthatecl Joto!Wcate DoiS.ter· Tbe 

~ob&lt-act1vated borolil1cate 1laa1 cloeW.ter ut111ae4 tbe 

~ct that, upon expoaure to iOD1&1DI ra4S&tioe, a pZOODCNDCe4 

-darken1lil ettect occurred (Btterence 21). The -•~nt 

ot ·tbia cbanp in abaorptioa at 3~ pw direct rea4iDII 

when COIIIP&red to plates previoual)o calibrated v1tb a Ct/0 

souree. The c0111poait1on ot theae plates 1n 110le percent vaa: 

510., 62.5 percent; ._o, 10.6 percent; ~Oa1 20.8 percent; 

A~Ou 6.0 percent; and Co,o., 0.1 percent; these platea 

had an ertective ranp ot l~ to 1oe rada (!teterence 21), and 

dU.naions of 1; by 6 b7 2 •· 

Calibration of the glass plates with a 10-curie cr/ 0 

source was J ~ :--~ ·~ r. -;::e day ot the shot to e11:11nate corrections 

for fading. A Pe~k i~·Elmer Spectracord MOdel 4oooj waa used 

to measure :~e o~::ca1 density ot the exposed plates. 

The ::~ u':r · ~ :-. 3-!:-.sit ivity or these dosimeter platea is not 

fully kr.own ~t -::-.e present tU.. Preliminary work at t:.~~ 
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nils Pulse Feactor Facility (SPRF) has been done on the fast- 

■•"•on response (Reference 33 J, but more experimentation must 

-o-nMshed to obtain the neutron sensitivity corrections 

over a wide spectmn of energies. 

p.?.5   Manganese-Activated Calcium Fluoride Thermcl.j-.ir.escent 

Dcslaeter.    Upon exposure of the manganese-activated calciun 

riuoride thermoluminescent dosimeter to radiation,  the electrons 

released in the  ionization process were trapped at lattice 

Imperfections throughout the crystalline solid.    When the 

dosimeter was heated,  the electrons were released and recombined 

with the opposite charges;   light was emitted in the process.     This 

light ^as measured by the employment of a photo-multiplier tube. 

By plotting the  luminescence of the exposed phosphors versus 

temperature at a constant heating rate, and then by comparing Ny 

the area under the curve to that  of similar plots  of calibrated 

dosimeters, dose was determined.    The rate dependence has been 

determined only to 7X103  rads/min (Reference 34),  but work is 

currently being done at EG&G to determine their rate dependence 

at higher fluxes.    The dosimeters are energy dependent,  but 

appropriate shields make them independent in the  range of 

'♦O kev to 1.2 Mev.    Work is presently being conducted at EG&G 

on the energy dependence for energies greater than 1.2 Mev. 

The neutron response has been investigated by TTDL at SPRF,  and 

the data is reported in Reference  33.    Additional experimentation 

must be conducted to determine the neutron sensitivity over a 

wide spectrum of energies.     Earlier dosimeters were approxi- 

mately the size  of a pocket watch;  the present  dosimeter is 

a hollow cylinder 1 mm in diameter and 12 mm long filled with 

active phosphor.    The cylinder is  flame sealed under an inert 

21 
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atmosphere.    These dosineters were exposed  in groups of five; 

the groups were  incased in an aluminum container,and the 

container was wrapped with tinfoil to achieve energy independence, 

The entire package was covered with black electrical tape  for 

strength and moisture»proofing. 

Since there is some fading of these dosimeters with time, 

they were  flown from Johnston Island to the Naval Research 

Laboratory (NEL) as soon as possible after detonation.    The 

dosimeters were prepared,  calibrated, and read at KRL. 

TABLE  2.1   PERTINENT  PARAMETERS FOR SHOTS STAR  FISH  PRIME, 
BLUE  GILL TRIPLE  PRIME.   AND KING  FISH 

22 
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prF »o    POD INFORMATION FOR SHOTS STAR   FISH   PRIME, 
"    BLUE GILIj TRIPLE  PRIME,   AND KING   FISH 

i-oa Distance Frcir. Fcir- 

Planned 
:r.at-cr 

■.:": ua - 

S-l 

S-2 ).0 

3-3 14. C 

ft 

t 3-111 
pie Prime B-l 2,500 

B-2 4,000 

B-3 6,000 

km 

• Fish K-l 1.9 

K-2 2.4 

K-3 3-3 

12.3 

23-^ 

1.0 

1.4 

2.1 

2.5 

3.8 

2.9 
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TABLE 2.3    POD ORIENTATION ANGLES 

Pod Number 

S-l 

S-2 

S-3 

>135^ 

U3C 

kl' 

TABLE 2.k    SENSITIVITY RANGES OF DOSIMETRY FILM 

Packet Typ-? Emulsion Number 

6r 

35 

Recommended 
Range 

Dupont iy.-JS\ 

Dupont ;x-23f 

Dupont £y-iS\ 

East mar. tfodaK 

508 

510 

1290 

6U9-C 

0.1 to  10 

10 to 35 

35 to 2,500 

2,500 to TO,:C: 
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UMBILICAL    CORD 

No, 

No 3 

No.  2 

IS 
Figure 2.1   Disposition of gamma containers in instrument pods. 
(Not drawn to scale.) 
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OFF-AXIS  ANGLEg 

POD   LONGITUDINAL AXIS 

wb BURST 

POD    ROLL  ANGLE^ 

UM9ILICAL    FITTING 

.\V 
NSTRUMENT 

BULKHEAD 

BURST 

Figure 2.2   Pod orientation angles. 
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COr-LT    PLATE 

NEC 
' .V   BADGE- 

Ct*:— 'HE^MOLUMINESCENT 
V^y   "Jj     DO? iMETER 

v 

:.ASS RODS 

— PLASTIC   FOAM 

FORMIC   ACID 

Figure 2.3  Gamma dosimeter container. 
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CHAPTER 3 

RESULTS 

3.1    GAMMA DOSES FOR SHOT STAR PISH PRIME 

The gantna doses for Shot Star Fish Prlne are presented 

in Tables 3»1 and 3.2.    The uncorrected gamma dose results 

»ye   lls^e-^  J" Tablfi ^   "^      A^]   -jaTi»>c   in TabT"  ' "^ hav 'KM?! 

corrected for neutron interactions with the dosimeters and 

all data in both tables are reported in rads. 

All gamma detectors were recovered, but no useable data 

were obtained from the cobalt glass plates, because of their under- 

exposure, or frcm formic acid, because of its rate dependence 

(Reference 35 ) •    The tnermolumlnescent dosimeters read high, 

and this difference can not be fully explained at present. 

Ganma dose versus distance and gamma dose times distance 

squared versus distance are plotted   in Figures 3'1 and 3>2, 

respectively..   The doses for these figures are the corrected 

averages of film and AgP03 glass rods.    Although data were obtained 

from the dosimeters in all three Pod S-l containers,  only data 

obtained from the container 1 dosimeters were used in construction 

of these curves.    This is based on the  fact that the data obtained 

from the detectors in containers 2 and 3 appear quite  low when 

compared to that obtained from container 1 and apparently do 

not  fit the curve defined by the data from Pods S-2 and S-3- 

This discrepancy can be explained by the misorientation of 

Pod S-l and the variation in shielding and thenaalization of 

neutrons that would occur for containers 2 and 3-    The 
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relationship of 3ach gamma container to the pods'  umbilical 

connection is shown in Figure 2.1.    This relationship of 

container number to the umbilical connection holds  for all 

the pods on all the Fish Bowl Series. 

3-2    GAMMk DOSES FOR SHOT BLUE GILL TRIPLE PRIME 

Table 3.3  lists the uncorrected gamma data,and Table 3.U 

lists the neutron corrected data  for Shot Blue Gill Triple 

Prime. 

All gamma detectors were recovered and processed.    No use- 

able  data were obtained from the  formic acid dosimeters, and the 

film readings for Pod B-l were all above the effective dose 

range.     In Pods B-2 and B-3, only the 6^9-0 film was within 

range.    The fast neutron correction factor for the 6^9-0 film 

(Reference 33)  is based on the fission-neutron spectrum of a 

pulsed reactor and may not be directly applicable to weapon-test 

data.     Therefore,  until further work is performed,  the 6U9-O 

film data will not be corrected for fast-neutron effects.    The 

6U9-O  film d&za. is not included on the  dose versus distance 

plot  (Figure 3.3)  or the dose times distance squared versus 

distance plot shown in Figure I'1*-.    These plots were constructed 

by using the corrected data for kgF03   glass rods    and zvo types 

of cobalt plates;   cobalt plates that were  in the neutron containers 

of Project 2.1  (Figure 3.5)   (Reference 36 j  and plates that were 

located  in the gamma  containers.     Because the thermal neutron 

response  of ":--   :cbalt plates was very  large, and the fact that 

those   locate!  in  ".r.e  neutron containers  were exposed  to a very 

low thermal neutron flux,  the data  thus  obtained are  considered 

more  valid. 
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3.3    GAM«. DOSES FOR SHOT KIMG FISH 

The uncorrected and corrected geunma doses are reported in 

Table 3.5 and 3.6, respectively.    All dosimeters in Pod K-l 

were recovertftt.    Only the film packet was recovered from 

container 3 in Pod K-2.    All other dosimeters in Packages 

1 and 2 of Pod K-2 were recovered.    Since the rear hackplate 

of K-2 was missing, no neutron detector containers were obtained, 

and therefore, the film data from this pod could not be corrected. 

Pod K-3 was not recovered. 

Vy Figure 3.6 shows the data from Shot King Fish plotted as 

Of) 
Wj gamma dose versus distance,and Figure 3.T gives dose times 

w tw distance squared versus distance. 

•   
-rv 3.it    ESTIMATED DIFFERENTIAL THERMAL NEtfTRON FLUX 
V 

Kft The difference in the thermal neutron flux between the 

iN pod backplate and the central support plate is estimated for I Shots Blue Gill Triple Prime and King Fish in Table 3.7. 

These flux values were derived from the difference in apparent 

gamma readings between the cobalt plates located in the neutron 

containers and those in the gamma containers,and the knowledge 

of the thermal neutron response of the cobalt plates.    This 

procedure  is described in more detail in Section k.^. 

Apparent thermal neutron flux in n/cm2 

=    (back plate dose-central support plate dose)  x I.37XIO8 

n/cmVrad  (References?). 

No thermal neutron flux could be estimated for Shot Star 

Fish Prime, as the doses were all below the  range of the cobalt 

glass plates. 
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Figure 3.5   Location of gamma dosimeters in Project 2.1 
neutron detector containers. 
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CHAPTER 1* 

DISCUSSION 

h.l    GAMMA DOSE AS A FUNCTION OF DISTANCE 

Analysis of the data shows that generally good agreement 

was obtained for gamma dose versus distance for all the shot.s 

in which this project participated. 

For the  three  shots,  the Individual dose  times  distance 

squared versus distance plots yielded essentially straight lines. 

Shots Star Fish Priios and King Fish had a  slope of a  slightly 

positive nature.    Theoretically,  in a vacuum,   RE? versus D plots 

yield a straight,  horizontal line.    A negative  slope has 

generally been interpreted to be caused by air attenuation and 

scattering  of the gamma radiation.    A positive  slope,  as ob- 

tained for Shots Star Fish Prime and King Fish,  can be attributed 

to a  softening of the  neutron spectrum as distance  increases. 

A softer neutron spectrum would produce a  larger apparent gamma 

dose  due to the   inaccuracy of the neutron correction  factors 

and would substantiate the justification of a  slightly positive 

slope. 

Shot  Blue Gill Triple Prime exhibits  essentially a horizontal 

line.     It   is  rv:*  possible to say at present  wnether this good 

agreement wit.-,  v.e REP  versus  D law  is real or  if,  within erperi- 

mental error,   ■;■.■?  line does exhibit a. slight  positive  slope 

similar to  the   :".-.er events. 

In the   :rr.3:ruction of the RD3   versus   D plot  for  Shot 

Star Fish Pri:te,   only the  losinjeters  from gäma  container 
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number 1 of Pod S"1 were use(i'    Because of the mlsortentatlon 

of the S-l'Pod,   (see Chapter 2)^ only the number 1 container 

was directly exposed to the radiation.    Containers 2 and 3 

were shielded by muchiOf the pod mass including the steel 

ballast and the  flywheel of the stabilization system. 

The corrected cobalt plate data obtained  from the neutron 

containers  immediately adjacent to zhe backplate exhibit 

-eater agreement with the AgPC^ glass rods and  the photographic 

Due to the thermalization of neutrons by the pod mass, 

higher values and are not used in the construction of the 

respective  curves  (Figures k.l and k.2). 

k.2    COREELATION WITH PREVIOUS TEST TATA 

All weapon  -test    data in the past has been correlated by 

scaling to a  reference yield and a standard air density.    The 

measurement  of gamma dose at extremely high altitudes is a 

new area,and the  comparison of data from the  shots  in this 

series with the data obtained from past  series   is extremely 

difficult. 

In order to predict gamma doses,  the  following expression 

has been used  (Reference 38): 

D    R^ 
IL_    =     (1.93X109)  exp     (P.P   ) (^.D 
wh. f f TT2ir) 

Where 

Ly = total initial gamma dose,   r 

E = distance  from detonation,   yards 

W = weapon yield,  kt 

r.,. f, = effective hydrodynaraic scaling  factor 

o = relative air density 
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Assuming h,f f   is equal to unity and the relative air density 

approaches zero,  Equation ^.1 can he reduced as follows: 

^fl   =    (1.93X109) (^.2) 
i   w 

Utlllzln« Equation k.2, doses were predicted for each pod on all 

three events, and the predicted doses are shown compared to those 

actually measured in Table 4.1. 

Figure h.l shows the gamma doses measured by each type of 

detector in all recovered pods on Shots Star Pish Prime,  Blue 

Gill IVIT^I^ PT'ITTS* .   and Kirj? Pish ■clotted 9.s  dose  "Der kiloton of 

yield versus distance. 

Figure k.2 demonstrates enRI? versus D plot utilizing the 

gamma pod doses per kiloton yield.    Also included is the theoretical 

dose curve predicted from Equation k.2. 

It is readily apparent from Table k.l and Figure k.2, that 

the predicted gamma dose was higher than the measured dose. 

This discrepancy can not be fully explained at this time. 

it.3    ESTIMATED DIFFERENTIAL THERMAL NEUTRON FLUX 

Project 2.1 (Reference 36) reports that the thermal neutron 

flux on Shot    Blue Gill Triple Prime  Is of questionable validity 

due to the small difference between the unshielded gold foils and 

■ cadmium-shielded foils.    This difference  Is primarily in the 

second decimal place^and Project 2.1 reports that the flux inter- 

prtetion is left to the discretion of the reader. 

Cobalt glass plates were exposed in the neutron detector 

packages of Project 2.1 and also in this Projeclis    gamma 

detector packages.     It has been reported that  these cobalt plates 

have a thermal neutron response off per 1 rad of 

gamma radiation.    If there weie a large Incident  thermal neutron 

48 

.'• .'• 
".-'.-  -• '.- V V ■.- '> ".- ".- V ",->> V '.■".- V -,- ".- ■,■ ■/ V '>A^^■ ■.,- ■.- V V V V "-- vV%i-V ■,- ■> "J-vV ■*_■'--  > "..' v "-- '-'■ '-• ' 

-   --•-•-•-   -    .•--.--■----   -■ •-• -• •-   -■■•■■•-■■■-• -   ■■ -   -   -■•^.^.^>^>-^-r.^.^--K.^r^^-^^ ^•-.•--•-■; 



^_^IJ>1I H 'J11. '>»■''I'll'I. »TlUiU'U'tf» L'l'lL'» tf»V^L'»lffWlWCTU^l'WLTUIIl^iJ^WV^rW^WI^'\^^^^i^^H.^T^.V'R^y'^ - 

flux on the pod backplate,  the cobalt glass plates   in the 

neutron containers would register an apparently larger gamma 

dose than actually present.    The AgPOa  rods  in the gamma 

containers exhibit a very small thermal neutron respcr.se.and 

due to this low response, a large thermal flux would result 

in essentially no increase in the apparent gamma  dcse.    The 

cobalt glass plates  located on the backplate  fcr Shot Blue 

Gill Triple Prime  read a gamma dose that was within experimental 

error of the  dose as measured by the AgP03  rods.     This  is a 

rrrinn  l^dlcs'tl^r! that the incident thermal flux to the backplate 

was smaller than as a flux of 

would giye an increase  in apparent gamma dose  of which 

does not app« ir in the data shown in Table 3-^' 

The discussion presented above substantiates the fact that 

the incident thermal neutron flux to the pod backplate for Shot 

Blue Gill Triple Prime, as estimated by this project, agrees 

in the order of magnitude with that obtained by Project 2.1. 

Since there were cobalt plates very near the pod backplate 

and also located deep inside the pod on the  central support 

plate, any difference  in readings of the two dosimeters could be 

attributed to the thermalization of fast neutrons vy the pod 

mass.    The cobalt plates are relatively insensitive to fast 

neutrons^and thsrefore,any change  in the fast neutron flux would 

not be seen.    As  shown in Table 3-7,  there  is an appreciable 

t"^ difference  in the readings;  those in the gamma packages being 

■£l higher due to a higher thermal flux.    Utilizing this difference, 

K^ v^ the differential thermal neutron flux between the pod backplate 

W and central support plate was calculated for Shots Blue Gill 

m 
5k Triple Prime    and King Fish    and reported in Table  3.?. 
« 
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k.k   GAMtt DOSE PER KILOTON VERSUS DISTANCE 

Figure U.l gives the average gasma doses per klloton versus 

Cnce, neasured for Shots Star Fish Prime,  Blue Gill Triple 

, and Kin« Fish.    As can he ohserved, all the data lies 

-or-a smooth curve and scales from the megaton range  Into the 

klloton region very well.    Figure k.2, dose per klloton times 

distance squared versus distance, gives a straight line and can 

he used as a system for the prediction of gamma doses for future 

detonations &t a relative air density approaching zero (extremely 

high altitude). 

k.3    EFFECT OF POD MASS ON SHIELDING OF THE GAMMA D06E 

The shielding effects of the pod mass is an unknown factor 

at present.    As demonstrated hy the S-l Pod of Shot Star Fish 

Prime, shielding was a prime reason for the discrepancy in f^ace, 

dose values reported for the three dosimeter containers.    The 

pod mass also was extremely important In thermalizlng a large 

number of neutrons as shown by Table 3.7 and described In 

detail in Section ^.3. 

The gamma contribution from the  (n,Y) reaction of neutrons 

with the pod construction materials or pod components was 

negligible.    In order to be a contributor for Shots King Fish 

and Blue Gill Triple Prime, the secondary gamma production would 

have had to exceed  10s   rads.    This value  is not theoretically 

feasible from the observed neutron fluxes.    If secondary gamma 

production had been a contributor for Shot Star Fish Prime, 

deviations would have been observed in the gamma dose versus 

distance plots when compared to the other shots of this   series. 

All data from the three events scale nicely,  discounting any 

significant secondary gamma production. 
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1*.6    IATA RELIABILirY 

When evalioating the total error in this experiment there 

are many factors which must he considered;   (l) inherent un- 

certainties *in the  individual dosimeters,  (2) uncertainties in 

the neutron data utilized for corrections,  (3) uncertainties of 

the empirical neutron correction factors,   (h) the unknown 

effects of the pod mass,   instrumentation,and environmental 

changes,   (5) pod orientations to the detonation^and     (6)  errors 

in the slant distance measurements  (pod positions relative to 

burst).    These factors are of unknown magnitudes,and experimental 

error can only he estimated until more information about these 

uncertainties is known.     It is estimated that the gamma dose 

measurements for the three shots may have a ±50 percent error. 

The data in Tahle k.l are average values for all the pods  from 

the three shots and as such are considered to be representative, 

within experimental error,  of the true gamma doses.    The pre- 

cision of the measurements for the various detectors, based on 

the average values,  was  calculated to be within 30 percent 

for film,  10 percent for AgP03,and  10 percent for the cobalt 

activated borosilicate glass. 

4.7    INDIVIDUAL GAMMA DETECTOR PERFORMANCE 

The photographic film dosimetry gave acceptable values 

for all film types except 0*9-0.    It is  felt that more study 

is needed to establish the fast neutron correction values for 

this filmland therefore,all 6^9-0 film data is uncorrected. 

Figure U.3 shews negative prints of selected pieces of exposed 

dosimetry film.    It  is readily apparent that the film underwent 

varying amounts of shielding from the pod nass or from other 

project instrumentation.     The light areas of the film (absorbed 
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radiation) were used In Interpreting the dose from each 

individual film.    Due to the relatively large size of the film 

collared to the glass rods or cobalt plates, shielding would 

sbfif its greatest differential effects on the film.    Therefore, 

the-AgPO^ and cobalt data are considered to be slightly more 

accurate.    Figure h.3 also gives support to the fact that only 

an estimate of percent error can be given at this time. 

The AgPOa glass rods performed well and gave results with- 

in designed experimental error. 

Due to a lower thermal neutron flux, the data from the 

cobalt plates located in the neutron containers of Project 2.1 

are considered more characteristic of the true gamna dose. 

The thermalization data provided by the cobalt plates were 

an important additional benefit obtained from these dosimeters. 

Their high range was a disadvantage in Shot Star Fish Prime, 

and further study is needed to develop techniques for extending 

their lower detection limits. 

The formic acid dosimeters yielded no useable gamma data. 

Work that has been performed (Reference 35 ) since the events 

has demonstrated unquestionably that the formic acid system, 

as used in this experiment,  is highly rate dependent at dose 

rates several orders of magnitude less than those encountered 

in  high-altitude weapon tests. 

In event Star Fish Prime, manganese-activated GaFa  thermo- 

luminescent dosimeters were exposed^and the measured dose was 

generally high compared to the corresponding readings of the 

other systems.    This difference can not be explained fully, 

but the rate dependence  of these dosimeters has been studied 

only to 120 rads/sec which is considerably lower than that 

52 

■"-• 



t'UI'm *l^r^r^WJH|i»L"i|L'ill inn LUIU HIHL ' I." H'puwt > '.i *VV'V •vr^wtwinv F» ■<>■"■ ^y^u^wnirjpj •nrnm*wmif*v r**r*mmyr-orr 

expected at these events.     Experimental work on the dose-rate 

dependence of the thermoluminescent system must be accomplished 

before a more definitive  statement car.  :     n&de  for the  observed 

discrepancies. 
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Figure 4.3   Photographic dosimetry film from Shots Blue Gill Triple Prime and 
King Fish (negative contact prints). 

Identification Code: Gamma 

Symbol Film Number Shot Pod Container Number 

A 2779 Blue Gill Triple P rime 3 1 

B 2738 Blue Gill Triple P rime O 2 

C 2792 King Fish 1 1 

D 2794 King Fish 1 0 *- 

E 2789 King Fish 
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CHAPTER 5 

CONCLUSIONS AND RECCMMENLATIONS 

5.1   CONaUSIONS 

Project 2.2 successfully measured the gamnia dose versus 

distance from Shots Star Pish Prime, Blue Gill Triple Prime, 

and King Fish. 

The gamma doses from all events were within designed 

experimental error and precision. 

The measured gamma doses from the three events scaled 

well as dose per kiloton versus distance.    The theoretically- 

predicted doses were/ .  "   ' than the measured 

doses. 

The incident thermal neutron flux on the pod backplate for 

Shot Blue Gill Triple Prime as estimated by this project agreed 

in order of magnitude with that  reported by Project 2.1. 

By the use of cobalt-activated borosilicate glass .plates 

at two different locations  in the instrument pods, Project 2.2 

was able to measure the differential thermal neutron flux 

created by the thermalization of fast neutrons by the pod mass. 

The formic acid chemical dosimeter proved to be unreliable 

due to its high dose-rate dependence. 

The CaFa  thermoluminescent dosimeter provided readings that 

were considerably higher than those measured by the other detectors. 

Further rate dependence studies are necessary to explain this 

discrepancy. 
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5-2    RECOMMENTATIONS 

In future tests, It is reconnnended that the gamma dosimeters 

be placed close to the exterior of the vehicle  in order to minimize 

shielding by the pod or by instrument masses. 

Experimental work should be continued on new gamma detection 

systemsjand study should continue on the neutron interactions 

and the corresponding correction values.    The dose-rate dependence 

of all the gamma detectors should be  studied to better evaluate 

data taken at  future tests. 
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