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UNC~ASSIFIEO
AB8TBACT

Th. total dosag. of gaa~ a ra~a in the radiation fi.ld. of g v.ral
atoato weapon s~~los ions was measured as a fu nction of distance from
ths detonations by using a numb r of photographic films of graduated
sensitivity rang.. placed in National Bures*i of 8t~n&~rda film holders.
The methods used in thi, pro ject gave good resul ts with a r.lativ.2
high dsgr.. of accuracy and. a s~iU expeaditur. of manpower ath aonq.
Ii is recoamsmded that in future operations of this type, this method
be used with a close degree of coverage of the radiation field..
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CKAPT~~ 3.

INSTRUXNSTATION AND OP~~ATI0I

1.1 G3N~~AL

Radiation exposure in roentgen. from a series of atomic detonations
was measured. as a function of distance by means of films of different
sensitivity ranges placed in National Bureau of St*~~~rd.s film holders
at varying distances along a radial line from the point of detonation

1,2 THI NATIONAL BUB~At7 03’ STMIDABDS IlL)! ~~L~~~S

The National Bureau of Standards film holder consists of a
bakelite container with an 8.25 me wall thickness covered. with ~~~~
ore of 1.07 mm of tin and. 0.3 ma of lead. Two dental ii.. film
packets can be placed. in the holder. A lead strip approximately
0.78 me thick was wrapped. around. the outer edge of the badge to cover
the seam and protect the film from tangential radiation, The holder
was placed in a thin plastic ease to protect the film packet from
dust and precipi tation when in the field.. In areas where the thermal
radiation was expected. to be sufficient to damage the holder, an
aluatnum cover 0,61 mm thick was placed. over the ho3.der. As a check,
53 comparisons were made on the loaded holder with aM without the
aluminum shielding to determine the effect, if any, on the transmitted.
radiation by the cover. The aluminum cover did. not appreciably
effect the film densities over the range of energies passed. by the
holder.

1.3 ~~~OKSTI CAL DISCTJSSIOI 07 TER N,B.S. liii! H0LD~~
There is no simple and. direct relations hip between film blackening

and. radiation exposure, but in general, the photogra.~~ic effect ii a
function of the incident photon energy, the rssponsa~/of th, film being
dependent on the absorption coefficient of the e~~lsion. Th. emulsion
blackening per unit exposure, caused. by secondary electrons, decreases
with the increasing energy of the photons in the photoelectric and
Compton regions because the absorption coefficient decreases with im.
creasing g~~~a radiation energy, At higher energies, where pair pro-.
duction becomes significant, the inverse is tras; the absorption oo—
•fficient increases with increasing energy.

~J Response is the rat io of the emulsion d ensity at th~ energy in
questi~n to the density at a reference energy for the same exposure.
Refer ence energy is usually taken in the flat section of th . response
curve, i.e., Ocupton region.
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Two absorption coefficients must be considered , when using film in a

holder , the absorption coefficient of the holder and. the absorption co-
efficient of the film emulsion. As the absor ption coefficient of the
holder increases , the amount of radiation reaching the film emulsion
decreases. Conversely, as the emulsion absorption coefficient increases,
the response of the film increases. Since it i. desirabl e to have the
overall resp onse of the film emulsion in the holder linear, the absor p-
tion versus photon energy curve of the holder is made to match the un-
shielded response curve of the film. Over the energy ranges for which
this is true, the fi lm and. holder combination will be approximately
linear.

In the N.B,S. holder, the lead filter suppresses the lower ener-
gies sufficiently to keep the response linear above 115 key, below
which gamma radiation is attenuated excessively. Tin is added to the
holder to compensate for the discontinuity immediately below the K
absorption edge in the absorption coefficient versus energy curve for
lead.. The secondary electrons produced by high energy gammas in the
surrounding media and ~~st of those produced. in the lead.tin filter are
absorbed by the bakelite. Bake lite is an approximate air—eq~zivalent
material and. the abso rption of the gamma rays in the bakelite layer
approximates that of a large volume of air, Th~ ~ ickness of the bake-
lite was determined experimentally so that a maximum number of second-
aries were produced and a condition of eleotron equilibrium was reached.

The response curves of ‘various film emulsions vary somewhat , thus
the combination holder—film emulsion relationship is more linear for
some emulsions than for other .. In the exposure ranges from 1 to 10.000
roentgen. and. in the energy range from 115 key to 10 Key, the film holder
is considered. accurate within t 20 per cent, wi thout further knowledg.
of radiation quality, for the f~4lowixig emulsion types: Du~pont 510, 606
and ~~stman 51~8..o (double ooat)51 • Further work by K. Nhrl ich has shown
the Aipont 1290 also to be accurate within this range, but , at the present
time , no analysi, has bean. mad e on Dupont 508.

i,)i OALI~PA~PION

The filim yere calibrated in the N.B.S. holders by means of a
source. The CobO source was calibrated, by the National Bur eau of
St*v A~~da and it was found. that the radiation flux produced. ~~~ roent-.
gens per hour at one meter as of December 1, 1950, The source is con-
tained in a brass cylinder and, in the calibration, measurements were
mad.e in a direction perpendicular to the axis of the cylinder. Distances
were measured. from the axis of the cylinder. The calibration was based
u~pon measurements aade with a cavi ty ionization chamber which, in turn,
had. been calibrated against 200 milligrams of radium containe d in a

~J K. ~~rliah and, 5, Fitch , Nuolsonios 1951, V—9, p 5- 17

10
-

AT~~~ ic ENERGY ACT 1945

~~~~~~~



platinum capsule having a wail thic1~~ees of 0.5 mm. The emission con-
stant of radium contained in the platinum capsule was taken as
roentgen. per hour per milligram measured at one centimeter . Thi s
calibration was mad.e of the source alone and some scattering was intro-
duced by the holder , Correction for this error was made by the beta—
tron comparison described below.

In the fi eld. calibratio n, the L B S. holders wer e placed. on a board.
at fixed. distances from the source and. the source was raised to a height
so as to be directly in line ,wtth the center of the film holder. The
expected. radiatio n exposures were calculated. by using the invers e square
law for radiation intensity ,

The holders were placed. at distances from 0.3 ± 0,003 meters to
O,914$ t 0,003 meters from th. cobalt source, giving a maximum err or of: 1 per cent in radiation exposure rate measurements. The minimum time
exposure was 3 minutes 3 second.. which gives a maximum error of ± 1.7
per cent in timing.

The radiation spectrum of a 10 Key betatron is believed to closely —

approximate that of an atomic explosion, To obtain normalization factors,
sets of Dupont 510 and. 6o6 films were expQs.d to the Naval Ordina~qe
Laboratory IL) Kev betatron and. to the Cow fi eld calibration unitiZl ,
These films were processed and read. together; exposure versus density
curves were plotted, and comp,re&. The exposure versus density curves
for both the betatron and ~0w calibration are g~own in Figure. 1,2 and
1,3. The betatrozi calibration curve and. the Co curve fall directly
upon each other and. therefore it is not necessary to normalize the c~60
values,

The betatron exposur ea were measured by using Victoreen r chambers
which were calibrated by the National Bureau of Standards against radium,
Three r chambers wer e used , one in the center of the beam and. one on
each side of the beam serving as monitors, Batios were established be-
tween the center and. side r chamber readings, after which, the center
chamber was replaced by the N.B.8. film holder. The exposures received
by the film were calou.la ted, by taking the side r chamber reading and.
multiplying this value by the previously established, rati o,

The center r chamber had. a lucite “air equivalent’ layer around
its detector head, the thic~~ess of which was determined. experimentally
by K, Ihrlic h to obtain a condition of electron equilibrium (i. e. a
maximum number of secondaries produced in the lucite reach the chamber) .
The two aide chambers had. a lead. cap placed over their detector heads
to pr event stray electrons from reaching the chambers,

~J Similar comparisons for all, emulsions used. ~mve previou sly been made
and are discussed in the National Bureau of Standards Rep ort 81.107,
RADIATION SNNSITIVITY OP PHOTOGRAPHIC ~ WLSI0NS.
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The 3.3.8. holders , each loaded with two film packets, were locat ed
at varying distances along a radial line from ground zero. The holdera
were placed normal to ground. zero on i~luainim stake. and wer e recover ed
approximately 3 hours after the d.etozi4tion.

The exposed films were developed. in 3as~~an Dental ~.Bay Film
Developer for 5 minutes , fo llowed by an acetic acid stop bath for 30
second.. with vigorous agitation. The films were then immersed in Zest-
man Dental I~Ba7 Fixer for 7 minutes and. washed. for 15 minutes , The
temperature of the solutions was held constant at 68°F t ~ O during
processing, A set of control films and. films calibrated with Co6° were
processed along with each group of exposed film.

The photographic transmission densities were read. on an Ana co—
Macbeth densitometer which was frequently checked for sensitivit y
changes by means of a density wedge and zero shift by means of the
contro l films. The densito meter measures the percenta ge Of a narrow
beam of light of constant intensity that is transmitted. by any given
small area of the test film, The reciprocal of this is the opacity and
the common logarithm of the opacity is the density which is read directly
from the densitometer,

The exposures recorded by~~he film. were determined by comparing
densities with those of the 0O

g~ calibrated films by means of density
versus exposure curves, Figures, 1,3 , 1.2, 1.3, 1.14, and 1.5 are typical
of the calibration curves,

The films used. and the ranges over which thay were used. are as
follows $

~~u].sion Typo Sensitivity Bange (ri

Dupont 508 0.2 to 5
Dupont 5lO 1 to l5
Thipont 606 5 to 200
Dupon~t. l2~0 50 to 1000
Zastnan 5148-0 (double coat) 1000 to 6000

These films were stored in a refrigerator at 500P and were removed
214 hours before use, Any ohi~nge that might have been due to temperature
or aging was compensated for by use of cont rol films~ which were used, to
zert. set the densitometer , and by use of a new set of calibration films
during each processing.
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2,1 DISWSSION

The total exposure in roentgene is presen ted as a function of
distance in yards. For the air bursts (Shots 2, 3, and. le) , the distances
given are slant range distances (i.e. from the actual location of the
detonation to the detector) . For the tower bursts (Shots 5, 6, 7, and.
8), the distances were measured from the base of the tower to the de-
tector ,

From the raw data, an exposure versus distance curve is plotted as
RD2 versus D where :

B to tal exposure in roentgens, and. DC distance in yards,

From a point source, the total. exposure varies with distance accord.-
ing to the following formulaZ

(2,1)

where:
A = a constant dsteiiiiined by the yield. of the weapon and the conversion

factors necessar y for B to be in ro entgen..
u ~ the linear absorption coefficient,
The above formula takes into account attenuation of the primary red-
istion due to absor ption by air .

Prom eq. 2,1, it follows that

1n BD2 In A — u D  (2 .2)

Plotting on semi—log paper with RD2 as the ordinate and D as the
abscissa , a straight line is obtained with a ~~gative slope determined
by u, from which the ,ffective mean free path~l and the effec t ive ab-
sorption coefficient&l can be directly determined.,

~~ J ~~fective mean free path — Th. photon intensity is reduced in value
to 1/c of it. original value, including losses due to multiple scatter~
tug.

~~ J 
rfective absorption coefficient — The reciprocal of the effective

mean free path,
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T~~(ng values of B directly from the ED2 ver sus D curve, an B ver.
sue D curve is plotted.

A mathematical analysis of the possible deviation fro. a straight
line due to the sources’ finite dimensions shows a maximum error of less
than one per cent under the test conditions .

2,2 NORMALIZATION OP P~~)WT GA)OIL& DOSAGE TO A BZF~~ZNCE AIR D~~8ITT 701
USE IN SCALING

The exposure in roentgens per unit time is proportional to the
product of the gamma ray intensity and the mass absorption coefficient
of air. Thsrfore gamma exposure from a point sourc e is dependent upon
air density, This i. due to the variation of absorption coefficient
with density. To scale gamma exposur e and yield. from one nuclear
detonation to another requires the normalizing of the gamma exposures to
that which would be present if the air densities were the same for the
two detonations.

A determination of the normalisation factor follows together with
a plot of a family of normalization curves which give the factors to
normalize to a density of 1.0 2 i o 3  gm/cc for various distances. To
use thes e curves, Jig. 2.8, read. the normalizing factor for the density
of the air at th. time of detonation and. at a particular distance ,
If the density is greater than 1.0 2 i o3  gm/ca, multip ly the determined
expgsur e in roentgen. by this factor , if the density is less than 1.0 1
10.’.~ gm/cc, divide the exposure in roen tgen. by this fac tor. The resul-
tant exposure is then that which would have been received at the
reference density, Two detonations of similar type weapon., normalized.
to thi s density at any oom~~n distance, can then be scaled. to determine
relat iv, yields. 0onvsrss1~, if the yields are known, the exposures can
be calculated, A set of RDC versus D curves for all the shots, norzaliaed
to this density, Fig. 2.9, have been included to show use in scaling.

2,3 ACOURLCT

It is felt that the results presented. are accurate to within t2 0
per cent,

2.)
~ ADDITIONAL DATA

The purpose of Pro ject 2,1, in addition to ~~asuring radiation
exposur e as a function of distanc e, was to make additional exposure
‘seasurement. for other projects. Film holders were placed in instrument
shelter, for Shots 1 to Ii., Information was given directly to Projects
6,1, 3.1. and 1,13 and. to the Ari~r Field J~rces and the Marine Corps.
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DERIVATION OF NORMAL IZATION FACTOR N -

(Cut iss) (3.7z10 10) (E NEV ) (t 6xt O)~~~ (,h) (3~Qo) (,‘~MD)
£zpos ur . r/hr =

83p (4~rD
2 )

= A* .~~
D

Sut ~ & = such that~~ a Constan t

= = ~r and Exposure r/hr =
p 1 p2

dE
— =

dE —
— — Die M D
dp

=

dp

Fox a change in •xposur . ~E = —DET f1~Z •—rpD dp

= La 
— Li = B D —e ~~~~ 

Dj

£ 2 
— 

= 
~~ (•

h1~~
2

D —
. ~h1D] 

= 
( 102) D 

~£ 1 5,—1& 1D 1

L£ 2
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DERIVATION OF NORMALIZATION FACTOR N
(Curies) (3.7xt0 10) (ENEY ) (t.6xL0 6) ()~~ (3600) (, M D)

Exposure i/hr = ____________________________________________________

83p ( 4wD2 )

=

But ~ = ~~~~~ such that 4~ a constant

:. = = ~r and Exposure r/hr = Be 1~Dp1 p2

dE
_ = _ D B C M ,

— = _DB. M D.~~~. =dp dp

For a chang , in exposure ~ C = - DBr f10
102 e~~PD dp

= E2 
— Li = B (. 1t 2 D —e

£ 2 — 
E 1 = 

B (9~~L 2 D , 
= ,~h 1 ( t — ~~!) D

E~ Be F’i0 
I

£ = 
La

~ sJ~i ( 4
~p1) D

For p2 > E~ E~ N

For p2 < P ~ L i = C 2
N

Where N = ~~ (i_ pLy D
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1.0 .90 .96 .911 .92 .90
1.0 1.02 1.0)4 1.Ob 1.00 1.10

WRRINRN’~AL DZNSITT, UNITS 07 ~~~~ 1/oc

NOrmalization factors for scaling exposures of pro mpt gamma from air—
burst nuclear detonattSns in air of various densit ies.

All densities normalized. to a density of 1.0 I 10~~ ga/c c , i.e. all
exposures normalized. to that which would have been obtained at this density.

I —normaitted exposure, N —experime ntal exposure , N ——norm alizat ion factor

Izperta eat.l deqity greater than ixperinental den1t t7 less than
1 I 10’) ga/cc 1 1 b0~~ •/ca

~~~~~(i )(i) i :4_
U determine d. experi mentally and taken to be 2.72 2 lO~~ cm’1.

Fig, 2,0 Normali zation Facto rs
28

~~~ TOMIC ENERGY Ai. p T~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- 

~~~~~~~~~~~~~~~~ 
-
~~ 2 - ~~~~~~~~~~ - ’-

~~~~ 
-- ‘ -- - 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

UNCI
~j11~

IED

ArDen.tt~ee—aM--No aa1ization ~ .c tori Used.

Shot - -
‘ Air Density \ Normalization Factors

-

, gm/cc \ l000 yds 3000 yda
2 1.059XL0 ’3 \ 1.18 1.55

.99511.0’3 j 1.01 1.05
1.035fl0 3 / 1.1 1.30

5 1.035fl0 3 i.i 1.30
6 1.o36no ~ ‘ 1.1 1,32
7 1.O58X10~~ 3 .17 1.511
S 

- 
1,020E0 1.05 1.3.7

- _ _—TARLJ 2,2

Gamma ~~~osares, Air ~ur.ts

Sbot 2 Sbot 3 Sbot 34
• Distance Ixpo sure Distance Ixpo sure Distance Ixposure

(Yards) (Roentgen.) (Yard.) (Roentgen.) (Yard..) (Roentgen.)

563 3.035 1170 2700 1130 2200
602 950 1195 21400 1230 3.350
683 53411 1210 2350 1300 900
782 378 1230 2200 1395 500
030 253 1250 1950 11490 3435
930 i~6 1270 1830 1590 316

1030 103 1280 1520 1690 226
1130 634 1360 3.3400 1785 150
.230 36 11420 1115 1885 110

3.330 214 1~40O 095 - 1980 75
11423 18 15140 630 2025 52
1517 10.5 1610 3470 2170 38
1617 6,9 1660 3342 2280 28
1717 1.7 1769 255 2370 19
1812 3,34 10140 182 23470 13
1909 2,34 1920 1110 2580 10
2007 1.6 2000 101 2600 7.5

2080 83 2790 5.0
23.60 59 2870 3,5
2290 145 2970 5.0

• 2520 23
_________ ___________ 

2630 15 
_________ ___________

29

S~TOM~C ENERGY AC~~~WL

UNC t IED 
_ _ _  --

-
~-

- - - - -
~~~~



— ____ ____ ____ ____ 
____ — YIELD DATA

— ____ ____ ____ ____ 
— SHOT 2—l.15KT

\ 4 SHOT 3—30.OKT
~ 
‘\ \ 

____ ____ ____ 

SHOT 4-19.6KT
— 

~. 
— SHOT 5—1l.6KT

\\  \ ~ SHOT 6—11.4KT
\ \ ~ SHOT 7—]3 .8KT
\ ‘5

’ 
\ \ 

SHOT 8—14.OKT
1o9

\
~~~~~~~~~

__  
_ _ _

— ____ ____ ____ ____ ____ ____ ____ ____

SHOT 2 
SROT 6

10~ 
N _ _ _  _ _ _  _ _ _  _ _ _ _ _ _

1000 1500 2000 2500 3000
DIS?.*J01 (YARDS)

Jig. 2.5 ED2 v sD , Normslized to Air Density o f l l l 0 ”3 gii/oc

30

~~ATOP#SIC ENERGY ACT 1545

- 

uNr,Ij~~jifIED 
- - - -

~~~

_ _ — 

~~~~

-- -- -—.—

~~~~~~~~~~

- .—- - - -— ~~--- ---——--—--- - - - ——-~ —-~-~-V-~ -- —- --,- ~~ - — -  —•- ——----- -— -rn S~----—~~~ -~~~~~~-~~ S — - - — —



~ —~ ‘
~~~~~~~~~~~~~~~~~ —‘— ~~~- 

— -

- 

UNC~~~~~~

103

\
__

I

- 

___

-

101 
—~ 

____ == ____ ____ ____ ____ ____ ____ ____

i00
500 1000 1500 2000 2500

• . DI$~AJcI (r~~~s)

Jig, 2.10 lv i  D Sbot 2

31

AtOMIC ENERGY ACT i~~~~~

I: 

--- 

- UN 
_ _ _

U 
_ _

- 

~~~~~~~~
~~~~~~ -- — —-- •• 

—a-- _~~~ ~i- ---- —-- - —-a— ~~~
—--

~ ~~~~~ — ---‘



F’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 

- - —-- 
~~

-
~:

_
_

_ 

-
- 

_ _
__ 

—

10~ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _- -_ _ _

01

I _ 
_  _  _  _  _  _  _  _  _

101 
____ ____ 

- ____

1000 1500 2000 2500 3000

D152AN~I ( YARDS)

Fig. 2.11 R v s D,~~~~t 3
32

~~ V~~~~~~~~ LY~~~~~Y ACT T~~~~~~~ I

UN ~~~~ lED. 
_ _

\

_ _ _ _ _ _ _ _ _ _ _ _ _  
_ _  - 

-



- 
- - 

~~~~~~~~~~~~~~~~~ 
—
~ 

— - 
~~~~~~~~~~~~~~~~~ 

—•---•--•-••,-- —~- •- -- ~~- —

(JL

. I~L

__ -

_  

- 

___ __ __

J 1 o
2

N
101 

_  _  _

• io0 
— _ _ _ _  _ _ _ __ 

_ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

1000 1500 2000 2500 3000

DIS’~ASOI (YARDS)

114. 2.12 R v s D, 8bot )~+
33

-

~

.• 

~~~~

•—  -‘-,-- -

-- — A



— •:_-

UNCL ~~ Ifl9j

__ _i\_
_ _

_ 
-~~~~~~~~~~~

~~2 —— ____ ____ ____ ____ ____ ____ ____ ____

01 
____  ____  ____  ____  ____  ____  ____  ____

I 
_ _  _ _  _ _  _ _  

- 

_ _  _ _  _ _  _ _

10
1
_ _  _  _  _

_
_ _

_
_ _

---~~~~
_

_

• 100 
____ ____ ____ ____ ____ ____ ____ ____ ____ ____

1000 1500 2000 2500 3000

DIS~I1~I (YaRDS)

Jig. 2,13 R v . D, Sbot 5

- :~~~;: 
-

UN~~~FIEO —



- -
~~~~~

- - ---
~
- —---

~~~
-—•- - •—

lED

~
;-- • 

_  __ _ _ __ _
_

101

_ 

_  _  _  _  _  _  -

-

100 
_____ ____ ____ _____ ____ ____ _____ ____ _____ _____

1000 1500 2000 2500 3000

DISTANOR ( xABDS)

1ig, 2,134 Rv s fl, Shat 6

35

~~~TOMIC ENERGY ACT

IJHC A S t IED



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
—

UNCLA~SIF1ED

10~~ ___  ___ _ _ _  _ _ _

N

01 
____  ____  ____  ____  ____  ____  ____  ____

I _ _ 
_ _  _  _  _  _  _  _-

-

N

I

100
1000 1500 2000 2500 3000

DISTAJC! ( mRDS)

Jig. 245 Rv s D, Shot ?
36

AToMIC ENcROY~ACTW
’ 

U~~~~ IEll _~_ _ ~ _ i 
-

~~~



- 
~~~~~~~~~~~~~~~~~~~~ 

-
~~ -=- — ~~~ —— - - -

~~
-
~~~

,- 
—v-,- —- 

— -V--- •- ‘- -- - - -

- - - u i&iii i ‘ -a-ai r
I l_ I l. , - - - ..

(J IWL ~~~~~ ~~~~~~~~~

__ 
___  

-~~~~~~ 

_

J i o
R 

_ _  

—— __ __ __ _ _  _ _  _ _

• 
I 
_ _

-

~~~

--

~~~~~~~~~~~~~~~~~~~~~

i

101 
____  

__ _  
____  ___  ____  ____  ____  ____  ___

100 —— _ _ _  - ——  _ _ _  _ _

1000 1500 2000 2500 3000
DIR~1I~~ (flails)

J Ig. 2,16 R v s D, Shot l

3?

Ar ~~~~C E?~~~GY ACT T~~~~~~~

_ _  

I



—- --• 
- - —•---—- ---- 

-~~~~---—-~~~~~- 
—

~~~
- —

~~~~~
-- -  ---

~~
----• -

~~~ 

_ _ _ _ _ _ _ _ _ _ _ _

UNCI ASSJE:IE1i 
-

TABLE 2.3

Gamma Exposure1 Tower Bursts

Dis ti~nce ________________ ~xpo sure (~ r)(lards) Shot 5 Shot -i Shot S
1200 — 1550 950 1500
1300 950 720 875
1400 560 520 575
1500 389 330 400
1600 272 179 75~51700 174 127 126
1800 116 85 102
1900 75 54 67
2000 52 36 47
2100 36 28 34
2200 24 20 23
2300 17 12 17
2400 12 9 12.5
2500 9 5.8 9.5
2600 6.5 4,3 6.5
2700 4.3 3.3 - 

4.8

2800 3.0 2.5 3.6
2900 2.5 1.9 2.7
3000 2.0 1.5 2,0

Dis tance 
- 

i~xposure (r)
(Yards) Shot 6
1165 1000
1265 715
1365 443
1465 244
1565 160
1665 98
1765 68
1865 43
1965 30
2065 21
2165 16
2265 12
2365 9.0
2465 6,0
2565 4.3
2665 3.0

38

— 
~ -I -

~~~~~.• ~~~~~~~~~~~ — .—

UN $L~4~If lED 
_ _ _ _ _ _

_ _  ___



_____________________ 
- ---—--------•-- —- ~~~—~~ --•~--- ,- -• -,-~~~~ --—~ - -

-  
-

UKCL1j—j -~~

DIS~!!RThUTION

Copy No.

ARMY ACTIVITIES

Aset. Chief of Staff , G-2, D/A, Washington 25, D. C. 1
Asat. Chief of Staff, G-3, D/A, Washington 25, D. C.

A1~1’N : DACofS, G-3, (RR&SW) 2
Asat. Chief of Staff , D/A, G-~1, Washington 25, D. C. 3
Chief of Ordnance, D/A , Washington 25, D . C.

ATTN: 0R]Yt~X-P1~Chief Signal Officer , D/A, P&0 Division, Washington 25,
D. C. ATTN: SIGOP 5- 7

The Surgeon General, D/A, Washington 25, D. C.
Chairman, Medical Research and Development Board 8- 10

Chief Chemical Officer , D/k, Washington 25, 1). C. II- 12
Chief of Engineers, D/A, Military Construction Division,

Protective Construction Br anch , Washington 25,
D. C. Wi’rN: ENG~~ 13

Chief of Engineers , D/A, C ivil Work s Division , Washington
25, D. ~~~. AT1~N: Engineering Division, Structural
Branch 11i-

The Quartermaster General, CBR , Liaison Office , Research
and Development Division, D/A, Washington 25, D. C. 15- 16

Office, Chief of Transportation, Military Pl~mnfng and
Intelligence Division, Bldg. T-7, Washington 25, D. C. 17

Chief , Army Field Porce a~ Ft. Moaroe, Va. 18- 2].
Army Field Forces Board #1, Ft. Bragg , N. C. 22
Army Field Forces Board ~2, ft. Kn~~, Ky. 23
Army Field Forces Board #14, Ft. Bliss, Tex . 214-
C~~~~nding General, First Army, Governor ’ a Island, New

York 1 , N. T. ATTN: G-]. - 25
Conlbrnding General, First Army, Governor ’ a Island, New

York 1~, N. T. ANN: G-2 26
C~ ”n~’nding General, First Army, Governor’ a Island, New

York 1, N. Y. ANN: G-3 27
Cceanending General, First Army, Governor’s Island , New

York 34, N. 1. A~~N: G-14 28- 29
C~~~anding General, Second Army, Ft. George G. Meade , Md.

ATTN : AIACM 30
C~~~ nding General, Third Army, It. McPherson, Ga. A1’~N:

ACofS, G-3 31- 32
• Cr- n~ing General, F~~rth Army, Ft. Sam Houston, Tex

A~~N. G-3 Section 33- 334
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Commanding General, Fifth Army, 1660 E. Hyde Park Blvd.,
Chicago 15, Iii . AT1~N : ALFMD-0 35- 38

C anding General , Sixth Army, Presidio of San Francisco,
Calif. ATI’N: AMGCT-1i- 39

Commander-in-Chief, European Command, APO 1403, c/o PM,
New York, N. Y. 340

Commander-in-Chief , Far East Command, APO 500, d o  PM,
San Francisco, Calif. ATI’N: ACofS, G-3 11-i- 145

Conm2anding General , U. S. Army Alaska , APO 914.2 , d o
PM, Seattle, Wash . 14.6

C ommanding General, U. S. Army Car ibbean , APO 8334, d o
PM, New Orleans, La. A1L’1’N: CG, USARCABIB

Ct-~mi~inding General , U. S. Army Car ibbean, A.E’O 8314, c/o
PM, New Orlea ns, La. AT’TN: CG, USARFA.NT 148

C ommanding General, U. S. Army Caribbean , APO 8314., d o
PM, New Orlea ns , La. ATI’N: Chemical Officer , USABCARIE 349

C~ ms,rnding General , U. S. Army Caribbean, APO 8334, d o
PM, New Or leans , La. ANN: Sur geon, USARCABIE 50

Commanding General, U. S. Army Pacific , APO 958, d o  PM,
San Francisco, Calif. ATTN: Chemical Officer 51- 52

C ommanding General , U. S. Army Europe, kPO 14-03, c/o
PM, New York , N. Y. A1’iYN: OP~Yr Division, Conthat
Development Branch 53- 51i.

C ommanding General, Trieste, U. S. Troops, A.PO 209, d o
PM, New York, 11. Y. A’l’YN : ACof$, G-3 55

C~ymn’rndant , Command and General Staff College, Ft. Leaven-
worth , Kan . ATTN: ALLIS(AS) ~6- 5’~Commandant , The In fantry School , Ft. Banning, Ga.
ATI’N: C.D.S. 58 59

Coimnrn~dant , The Artillery School, Ft. Sill , Okia . 60
Commandant , The AA&GM Branch , The Artillery School , ft.

Bliss, Tax. 61
C ozmnandant , The Armored School , ft. Knox , Ky. ATI N: C].aa-

aified Document Section , Evaluation and Researc h
Division 62- 63

Coimaanding Genera ]., Medical Field Service School, Br ooke
Army Medical Center , Ft Sam Houston , Tex . 64

Couanandant , Army Medical Service Graduate School , Walter
Reed Army Medical Center , Washington 25, D. C .
ATTN: Depar~ment of BIophysics 65

Commanding Ge - ‘ , The Transport ation Center and ft.
Eusti a , Ft. -t is , Vs. ATrN. Aas t. C crmurn dant , Mili-
tary Science and Tactics Branch 66

The Superintendent , U . S. Military Acad~~iy, West Point,
N. 1. ATITN: Professor of Ordnance 67- 68

Commandant , Chemical Corps School, Chemical Corps Train-
ing C~~~ and , It - McClellan, Ala . 69
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C~~~andIng General , Research and Engineering Cci~ n,~nd,
Army Chemical Center , Md. ATIN: Special Projects
Officer 70- 71

RD Control Officer , Aberdeen Proving Ground, Md.
Aprw : Director, Ballistics Research Laboratory 72

Ct~ mirnding General, The Engineer Center, Ft. Belvoir , Va.
A’I’TN: Asat. Commandant , The Engineer School 73- 75

Chief of Research and Development, D/A, Washington 25,
D. C. 76

C~~in’~nding Officer, Engineer, Research and Development
Laboratory, Ft .  Belvoir , Va . ATTN : Chief , Technical
Intelligence Branch 77

C~ mi~itnding Officer , Picatinny Arsenal, Dover, N. J.
ATITN: ORDBB -TK 78

C~~ nRnding Office r , Fra nkf ord Arsenal , Philadelphia 37,
P~ ATTN : RD Control Officer 79

Ccmm~anding Officer , Chemical Corps Chemical and Radio-
logical Laboratory, Army Chemical Center, Md.
ATi~N : Technical Library 80- 81

Commanding Officer , Transportation Research and Develop-
ment Station, Ft. Eustis , Va. 82

Asat. Chief , Militar y Plans Division, Rm. 516, Bldg . 7,
Army Map Service, 6500 Brooks Lane, Washington 25,
D. C. A!ITN: Operations Plans Branch 83

Director , Technical Documents Center , Evans Signal Labo-
ratory, Belmar , N. J. 84

Director , Waterways Experiment Station, P0 Box 631,
Vickaburg, Miss. A9~’TN: Library 8~

Director, Operations Research Office, Johns Hopkin s Uni-
versity, 614-10 Comnecticut Ave., Chevy Chase , Md.
ATTN: Library 86

NAVY ACTIVITIES

Chief of Naval Operations , DIN , Washington 25, D. C.
A!I’I’N: OP-36 87- 88

Chief of Naval Operations , DIN, Washingto n 25, I). C.
AT~N: OP-51 89

Chief of Naval Operations, DIN, Washington 25, D. C.
AT1~N: OP-53

Chief of Naval Operations, D/N, Washingt on 25, D. C.
A~’rN: OP-3711. (0EG) 9].

- - 
. Chief , Bureau of Medicine and Surgery, DIN, Washington

25, D. C. ANN : Special Weapons Defense Division 92- 93
Chief , Bureau cf Ordnance, DIN, Washington 25, D. C. 914-
Chief , Bureau or Pers onnel, DIN, Washington 25, D. C.

ANN: Pars C 95
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Chief, Bureau of Ships, D/N, Washington 25, D. C.
ATTN: Code 3348 96- 97

Chief , Bureau of Supplies and Accounts , D/N, Wash ington
25, D . C .  98

Chief , Bureau of Yards and Docks , D/N , Washington 25,
D. C. ATTN: P-312 99

Chief, Bureau of Aer onautics, DIN, Washington 25, D. C. 100-101
Office of Naval Research, Code 219, Em. 1807, Bldg. T-3,

Washington 25, D. C. ATIN: RD Control Officer 102
Ccnimi~nder-in-Chief, U. S. Atlantic Fleet, Fleet Post

Office , New York, N. Y. 103-1034
Ccrmnrn-ider-in-Chief, U. S. Pacific Fleet , Fleet Post

Office, San Francisco, Calif . 105-106
Commander, Operational Development Force, U. S. Atlantic

Fleet , USN Base , Norfolk 11, Va. AT1~N: Tactical
Development Group 107

Commander , Operational Development Force, U. S. Atlantic
Fleet , USN Base, Norfolk U, Va. A~~N: Air Dept. 108

Commandant, US)&~, Headquarters, USW , Washington 25,
D. C. AT2N: Code AO3H 109-112

President , USN War College , Newport , B. I. 113
Super intendent , USN Postgraduate School, Monterey, Calif . 1111.
Ci”~nding Officer , USN Schools C i ~I~uin d, Naval Station ,

Treasure Island , San Francisco , Calif . u~~~-ii6

Director , USW Development Center , USM~ Schools, Quaxitico,
Va. A1’TN: Marine Corps, Tactics Board 117

Director, USW Development Center, 135W Schools, Quantico,
Va. A~~N: Marine Corps , Equipment Board 118

C~~~~nding Officer, Fleet Tri~in4ng Center , Naval Base ,
Norfolk U, Va. ATi~N: Special Weapons School 119-120

Cc~nmRnding Officer, Fleet Training Center, (SPWP School) ,
Naval Station, San Diego 36, Calif . 121-122

C~~n’rnder, Air Force, U. S. Pacific Fleet, Naval Air Sta-
tion, San Diego, Calif. 123

Crinmrn ~der , Training Cc i1~ n~, U. 8. Pacific Fleet, d o  Fleet
Sonar School, Sen Diego 347, Calif . 1214

C~~ n~int~iug Officer, Air Development Squadron 5, USE Air
Station , Moffett Field , Ca lif . 125

C~ iIvtR.nding Officer , Naval Damage Control TrRin1ng Center,
USE Base, Philadelphia 12, Pa. A~~~: ABC Defense
Course 126

Co~’~~nding Officer, Naval Unit , Chemical Corps School, Ft.
McCle Llan, Ala. 127

Joint Landing Force Board , Marine Barracks , Ca~~ Lejeune,
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