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ABSTRACT

Estimates of radiation response are presented for the Model 103
Gama-Intensity-Time Recorder (GITR) as used at Operation Sunbeam. The
GITR detector unit, consisting of two concentric ionization chambers,
was mounted inside the GITR recorder case and located 3 ft above ground
level. GITR responses and their time-dependence were estimated for
several idealized radiation source geometries and several calculated
gamma energy spectra. Estimated response values are presented as frac-
tions of the GITR's calibration-response to Cs 1 37 radiation beamed at
the top of the unmounted detector along its longitudinal axis.

The principal conclusions drawn were that:

(1) The GITR responses to distributed sources with specified gamma
energy spectra did not show a significant dependence upon the source
geometries investigated.

(2) There were about 17 % differences between the responses of the
two concentric detectors.

(3) The responses changed about 15 % during the first 100 hours after
fission.

(4) The use of overall average GITR responses for distributed sources
seems wrranted; there is 95 % confidence that 95 % of the population of
GITR responses will be within 12 % of the overall average response of
1.16 for the high-range detector, and within l4% of the overall average
response of 0.99 for the low-range detector, during the first 110 hours
after fission.

Because these response values are measures of the bias in the GITR
calibration technique, the bias can be corrected (or at least minimized)
by dividing the recorded GITR data by the above-mentioned overall aver-
age GITR response values.
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SUMMARY

Problem

The Gamma-Intensity-Time Recorder (GITR) is calibrated by standard-
izing the response of unmounted detectors to radiation having only one
energy and direction of incidence. This results in biased dose or dose
rate data because the GITR response to gamma radiation depends upon the
directions and energies of the incident radiation and upon the shielding

provided by different types of GITR installations. Previous est imates
of GITR response had been based upon radiological environments and
shielding encountered aboard ships at sea. It was considered desirable
to make additional estimates of response which would be more appropriate
to the radiological environments encountered over large land areas, for
GITR's which have their detectors mounted inside the recorder case.

Findings

The estimates of GITR response to radiation representative of fis-
sion products and induced activities did not show a significant depend-
ence upon the geometries ofl the distributed radiation-sources investigated
and showed only a minor dependence upon time after fission. For the
conditions appropriate to Operation Sunbeam, it was estimted that the

low-range detector is unbiased but that dose or dose rate data obtained
with the high-range detector will be about 16 % too high.
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1. INTRODUCTION

The evaluation and interpretation of dose or dose rate measurements
requires some knowledge about how the measuring instrument responds to
the radiation incident upon it. The instrument under consideration is
the Model 103 Ga-Intensity-Time Recorder (GITR) as used for Operation
Sunbeaxa. The GITR deLection unit, consisting of two concentric ionization
chambers of different sensitivities, was mounted inside the GITR case
(see Fig. 1.1) and positioned 3 ft above ground level. Detailed descrip-
tions of the Model 103 GITR may be found in Reference 1.

1.1 Bacl~round

It had been shownl that the response of the Model 103 GITR to gamma
radiation depends upon the directions and energies of the incident pho-
tons and upon the shielding provided by different types of GITR instal-
lations. There have also been previous presentations1 of estimated GITR
responses to several gamma energy spectra and radiation-source geometries
anplicable to Model 103 GITR's as used aboard test ships at Operation
Hardtack.

However, the above mentioned esimates of response were derived:

(3) without consideration of plane radiation-sources, the principal
source geometry for land areas;

(2) with the use of a rather random mixture of calculated and
measured gamma energy spectra representing a somewhat narrow
time span, which leaves some uncertainty as to how much the
GITR responses may change with time;

(3) with consideration o. absorption and photon energy degradation
caused by penetration of radiation through 1-inch-thick steel,
a consideration not appropriate to free-field measurements
over land areas;

(4) but without consideration of photon energy degradation caused
by Compton scattering in air, a consideration which may become
imortant for free-field measurements over large land areas
when other shielding media are absent.

Consequently, it was considered to be desirable to make some
additional estimates of Model 103 GITH response which would be more
appropriate to the radiological environments encountered at Operation
Sunbeam.

I
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1.2 Objective

The objective of this work was to determine - using existing GITR
response data* - how, and to what extent, estimates of Model 103 GITR
response depend upon the choice of time after fission, the radiation-
source geometries, and the radiation energies assumed.

1.3 Approach

The GITR responses were to be evaluated for the following conditions:

(1) The GITR detector unit is mounted inside the recorder case and
is positioned 3 ft above ground level.

(2) Calculated gamma energy spectra for the first 110 hr after fis-
sion are used to represent unscattered radiation from unfrac-
tionated fission products and from fission products plus induced
activities. Additional calculated spectra represent radiation
having degraded energies resulting from Compton scattering of
photons in the air between source and detector.

(3) Radiation-source geometries are idealized. Actual directions of
inciaence for air-scattered photons are replaced by two extreme
simplifications -- the directions of scattered photons are
assumed to be unchanged by the degradation process, or all
directions of scattered photons are assumed to be equally likely.

(4) Distributed radiation-sources are represented by hemispherical
air volumes and by planes 3 ft below the detector.

The sequence of the investigation, also reflected in the sequence
of presented results, was about as follows:

The existing response data were used to prepare normalized estimates
cf response to point-source radiation for various photon energies and
directions of incidence (see Section 2). The normalization was chosen
sc that these basic response values indicated the bias existing in the
GITH calibration technique.

Next, for each o. the photon energies considered, geometry-weighted
resoonses to mono-energetic radiation were calculated for several ideal-
ized source 1,corctries by taking weighted averages of the basic point-
source responses (see dection 3.1). The geometry-weighting-factors are
derived in Ai pcndix A.

Thcn, i'or each of the distributed radiation source geometries of
interest, energy-and-geom.etry-weighted responses were calculated for

*Original data obtained by 11. A. Zagorites of USNRDL, co-author of
Reference 1.

3



various gamma energy spectra by taking weighted averages of the geometry-
weighted responses mentioned above (see Section 3.2). The energy-weight-
ing factors are derived in Appendix B.

Finally, the GITR responses were averaged - both overall and as a
function of time - and various estimates of uncertainty were calculated
(see Section 3.3).

2. AVERAGE RESPONSES TO POINT RADIATION-SOURCES

During the GITR response measurements, the GITR case (with the de-
tectors mounted inside) had been rotated in three longitudinal planes
(45 degrees apart) about the center of the detector unit. 1 The three
response values for each of 17 vertical angles of radiation incidence
(11.25 degrees apart) were averaged for each of five nominal gamma ener-
gies (viz., 0.07, 0.12, 0.13, 0.66, and 1.25 Mev - see Fig. 2.1). These
averages were then divided by the value of the GITR-calibration response
to Cs137 radiation beamed at the top of the unmounted detector along its
longitudinal axis.

The resulting fractions, designated F (Q,E), are the average point-
source response values presented in Tables 1 and 2 as functions of ver-
tical angle of radiation incidence, @, and nominal gamma energy, E.
Note that the values of F (61,E), and all estimates of GITR response to

be derived therefrom, will automatically indicate any bias which may
exist in the GITR calibration technique. For example, when point-source
radiation comes from the lower solid angle of 1-pi steradians (i.e., @
is between 120 and l0 degrees), the values of F (0,E) lave an extremely
wide spread; ranging between 0.03 and 1.02 for the low-range detector,
and between 0.02 and 1.16 for the high-range detector. However, when
point-source radiation comes from the upper solid angle of 3-pi stera-
dians (i.e., Q is between 0 and 120 degrees), the values of F (4,E) have
a much narrower spread; ranging between 0.74 and 1.1) for the low-range
detector, and between 0.j6 and 1.32 for the hiCh-range detector. For
this latter Geometry, the values of F (Q,E) are within about 26 " of the
assigned overall average GITR responses discussed in Section 3.3.

4
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TABLE 1

Average High Range Response (F) of Model 103 GITR (Detector Mounted
Inside Case) To Point Sources of Specified Gamma Energy and Direction

Responses for 3 horizontal directions (45 degrees apart) were averaged
for each vertical angle of radiation incidence. Values are fractions
of calibration response to Csl37 beamed at top of unmounted detector along
its longitudinal axis. 9 = 0 for radiation arriving from directly
overhead.

Vertical Angle Nominal Gemma Energy (Mev)
of Radiation 0.07 0.12 0.18 o.66 1.25
Incidence, Q
(degrees)

0 0.9552 0.8568 0.9259 0.9638 1.0791
11 0.9937 0.9012 0.9737 1.0470 1.1416
22 1.0338 o.9478 1.0240 1.1373 1.2077
34 0.9383 0.9359 1.0172 1.1502 1.2151
45 0.9447 0.9242 1.0105 1.1633 1.2225
56 1.0491 0.9999 1.0556 1.1907 1.2434

67 1.165o 1.0816 1.1027 1.2187 1.2647
78 1.2185 1.1293 1.1248 1.2367 1.2771
90 1.2743 1.1738 1.1472 1.2549 1.2896

101 1.1962 1.1236 1.1110 1.2502 1.3163
112 0.9957 0.9937 i.o146 1.1821 1.2919

123 0.6146 0.7448 0.7959 1.0235 1.1590
135 0.3578 0.5524 o.6379 0.9102 1.0761
146 0.2205 0.3933 0.4947 0.7345 0.9363
157 0.0533 0.1534 0.2354 0.4553 0.6459
169 0.0361 0.1015 0.1409 0.3355 0.4295
iJ6 0.0245 o.0672 0.0843 0.2517 0.2855

EL V TO 
PHOTONI

TOP4 450 PHOTON 2
GITR

0 45,
~ ~Y ~PHOTONS POO

1,2,3 L OO

ELEVATION PLAN



TABLE 2

Average Low Range Response (F) of Model 103 GITR (Detector Mounted
Inside Case) To Point Sources of Specified Gamma Energy and Direction

Responses for 3 horizontal directions (45 degrees apart) were averaged
for each vertical angle of radiation incidence. Values are fractions
of calibration response to Csl37 beamed at top of unmounted detector
along its longitudinal axis. Q = 0 for radiation arriving from directly
overhead.

Vertical Angle Nominal Gamma Energy (Mev)
of Radiation
Incidence, 9 0.07 0.12 0.18 0.66 1.25
(degrees)

0 1.0546 0.8299 0.7691 0.9358 1.0948
11 1.0168 0.8262 0.7680 0.9494 1.1047
22 0.9823 o.8225 0.7668 o.9632 1.1148
34 0.9796 0.8416 0.7750 0.9712 1.1147
45 0.9769 0.8611 0.7832 0.9793 1.1146
56 1.0270 o.8961 0.7949 0.9855 1.1136

67 1.0796 0.9325 0.8068 0.9917 1.1125
7, 1.1328 0.9524 0.8185 1.0051 1.1243
90 1.1687 0.9726 0.8303 1.0186 1.1361
101 1.1655 0.9592 0.8208 1.0092 1.1307
112 0.9740 o.8256 0.7368 0.9473 1.0829

123 0.7028 0.6333 0.6237 0.8693 1.0212
135 0.4214 0.4858 0.5063 0.7826 0.9553
146 O.2404 0.2238 0.3244 o.6414 0.8457
157 0.0572 0.0851 0.1386 0.4006 0. 5794
169 0.0422 O.0824 0.1207 0.36o4 0.5330
100 0.0311 0.0798 0.1051 0.3242 0.4903

PHOTON I

TOP OF 0 4P OTON'
GITR-p5 4PHOTON 2

PH OTON S
J 1,2,3 PHOTON 3

ELEVATION PLAN
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3. RESPONSES TO DISTRI3JTED RADIATION SOURCES

The GITR responses to distributed radiation sources having specific
gamnma energies were obtained by taking geometry-weighted averages of
the point-source responses. In turn, the GITR responses to distributed
sources having specified gamma energy spectra were obtained by taking
energy-weighted averages of the geometry-weighted GITR responses.

3.1 Radiation Sources With Specific Gamma Energies

Geometry-weighted GITR responses, designated Gj(E), to distributed
radiation-sources having geometry j and gamma energy E were calculated
from equations of the form

Gj(E) Sji (@,E) F (9,E);

where the Sj(Q,E) are geometry weighting factors, the F(Q,E) are the
point-source responses, and the summation covers the range of vertical
angle of radiation incidence, @, appropriate to source geometry J. The
geometry weightinG factors, derived and presented in Appendix A, are
estimates of the fraction of the dose rate contributed by radiation
arriving from particular directions.

The specific designaticns of the Gi(E) arc defined as follows: Gh
represents the response to hemispherical sources overhead when a finite
source is so close that scattered radiation is insignificant or when it
is assumed that scattered radiation from an infinite source has kept its
initial direction of emission. G., which is actually the response to
unscattered radiation from a spherical source all around the GITR, is
used to represent the response to scattered radiation for which all
directions of radiation incidence are assumred to be equally likely. Gpf
represents the response to a finite plane source 3 ft below the detector.
Gpu represents the response to unscattered radiation from an infinite
plane source 3 ft below the detector. Finally, Gps represents the response
to scattered radiation from an infinite plane source 3 ft below the de-
tector if it is assuied that the scattered radiation has kept its initial
direction of emission.

The values of these weighted responses are presented in Table 3 for
the various gamin energies E. Values of response range between 0.&5 and
1.29, and for a Given geometry the responses to different gamma energies
ay vary up to 53 .



TABLE 3

Response (G) of Model 103 GITR to Radiation From Distributed Sources
Having Specific Gamma Energies

Values are fractions of GITR-calibration response to Cs137 beamed at top
of unmounted detector along its longitudinal axis. All estimates are
based upon stipulation that energies and directions of photon incidence
at detector are identical to energies and directions of photon emission
from source.

Nominal Plane Source 3 ft Below Hemispherical Spherical
Gamma Infinite 61 ft Dia. Source Source
Energy Overhead Around
(Mev) G u G G Gh GS PU ps I pf I hI s

;Unscattered Scattered Either Scattered or Unscattered
Radiation Radiation Radiation

Only Only

High-Range Detector

0.07 1.019 1.257 0.878 1.100 0.907
0.12 1.004 1.168 0.896 1.031 0.900
o.13 1.011 1.139 0.919 1.070 0.938
0.66 1.172 1.252 1.100 1.192 1.095
1.25 1.248 1.289 1.207 1.245 1.182

Low-Range Detector

0.07 0.989 1.177 0.879 1.057 O.890
0.12 0.837 0.965 0.753 0.902 0.768
0.18 0.741 0.826 O.681 0.798 0.696
o.66 0.956 1.O16 o.902 0.988 0.909
1.25 1.089 1.134 1.o43 1.118 1.050
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3.2 Radiation Sources With Specified Energy Spectra

Energy-and-geometry-weighted GITR responses, designated H(j,it),

to distributed radiation-sources having geometry j and energy spectrum

i at time t were calculated from equations of the form

E E

I= W (i,t,E) G (E).

u s

The W. (i,t,E) are energy-weighting factors, the Gj (E) are geometry-

weighted GITR responses for specific energies E, and the summation

covers contributions by unscattered (u) photons and, if applicable, by

scattered (s) photons as well. The energy-weighting factors, derived

and presented in Appendix B, are estimates of the fraction of the dose

rate contributed by particular gamma energy intervals represented by E.

The specific designations and calculations of H are detailed below.

(C) For finite radiation sources (i.e., considering unscattered

photons only):

E

H (h,i,t) = Wu (i,t,E) Gh CE),

for a finite hemispherical source overhead;

E

H (pf,i,t) = 7 W u (i,t,E) GIf CE),

for a finite plane source 3 ft below.

(2) For infinite radiation sources (when it is assumed that scattered

photons have not changed their initial directions ol' emission - nc = no

change) :
E E

t(v'i't)nc X Wvu (i,tE) Gh (E) +X W vs (i,t,E) Gh (E),

for an infinite volume source overhead;

E E

H (p,i,t)nc Wpu (i,t,E) Gpu (E) +C' Wps (i,t,E) Gps (E),

13



for an infinite plane source 3 ft below.

(3) For infinite radiation sources (when it is assumed that all
directions of incidence for scattered photons are equally likely - ss
spherical symmetry):

E E

H (v,i,t)ss =7 ) WVU (i,t,E) Gh(E) +jX Wvs(it,E) Gs (E),

for an infinite volume source overhead;

E E

H (p,i,t)ss = ) Wpu(i,tE) Gpu(E) + W (i,t,E) Gs (E),

for an infinite plane source 3 ft below.

The several estimates of geometry-and-energy-weighted GITR response
to distributed radiation-sources having various gamma energy spectra are
presented in Tables 4 and 5, in addition to a few estimates of response
to horizontally incident point-source "initial" radiation. For the low-
range detector, the weighted responses range between 0.39 and 1.12 for
hemispherical or volume sources overhead, and between 0.85 and 1.09 for
plane sources below. For the high-range detector, the weighted responses
range between 1.02 and 1.25 for hemispherical or volume sources overhead,
and between 1.03 and 1.25 for plane sources below. These values show
no significant dependence upon the geometries of the distributed sources
investigated but they do show a slight dependence upon the change of
energy spectra with time after fission.

3.3 Averages and Confidence Limits

Using the results shown in Tables 4 and 5, all responses for a
given detector and given time after fission were averaged, and 95 %
confidence limits were calculated (assuming normal populations of re-
sponse values). These averages are presented in Table 6 and Fig. 3.1.
The figure shows that there are differences of about 17 % in the re-
sponses of the two detectors and that these responses change about 15 %
in the first 100 hr after fission. These differences, although statis-
tically significant, are not very large.

Consequently, all the responses for each detector were averaged
and are presented (with their 95 -95 % Tolerance Limits) at the
bottom of Table 6. Assuming normal populations, we have 95 % confidence
that 95 6 of the population of GITR response values will be within 12 %

11



TABLE 4

High Range Response (H) of Model 103 GITR (Detector Mounted Inside
Case) to Specified Gamma Energy Spectra and Radiation Source Geometries

Values are fractions of calibration response to Cs
37 

radiation beamed at top of unmounted detector.
U - Undegraded; D - Degraded; E = Energy; (F11) = Firsion product spectrum; (FIA) Combined fission
product and induced activity spectrum; 3S, assumes spherical symmetry for scattered radiation; NC
assumes no change in direction for scattered radiation.

Spectrum Nominal Time After Fission (hr)
and

Geometry - 0 0.1 1 5 11 24 51 110

1)OIS1 1, RICAL 5OURC, OVERIFAD (eSO)

VE > 0.9 Mev 1.215 - - - - -

U FP) 1.237 1.221 1.208 1.201. 1.195 1.187 1.1?0
U FPA) 1.233 1.216 1.2o2 1.194 1.177 1.153 1.1 0

D FP)SS - 1.151 . 1 i. 106 1.00 1.083 1.070 1 .078
D FP)NC - 1.203 1.186 1.174. 1.170 1.159 1.151 1.157
D FPIA)SS - 1.A2 1.115 1.098 1.06 1.o61 1.032 1.022

D FnA)Nc - 1.200 1.182 1.170 1.162 1.1147 1.131 1.126
HSo Ave. ---.5 l 1 1 1.153 1.137 1.121 1.119

1iiANFiE8flCE 3 Fr RELi1 (mun)

Finite Diameter 61 ft

UE > 0.9 Mev 1.207
U(FP) - 1.193 1.161 1.136 1.129 1.112 1.097 1.103
U(FFIA) 1.182 1.119 1.127 1.111. 1.06 1.0.o 1.031

Infinite Diameter

tiE > 0.9 mev i.2A 8 - - - - - -

DFJG - 1.205 1.176 1.155 1.150 1.13h. 1.117 1.116
D(FP)C - 1.240 1.219 1.205 1.100 3.110 ].WJI 1.191

D(FPIA)SS - 1. 18 1.163 1.]47 1.135 1.101) 1.074 1.055
D( FPIA)NC - 1.236 1.216 ] .20 1.1P 1.111 ].It, 3.357

PSB Ave. 1.227 1.20M7 3-171 T. 1(,;) 1.153 2.135 3 11T, 1.109

HORIT7kNTAI, RADIATION INC"DENCF, FROM POINT r, 0lfCF.
UE > 0.9 Mrv Immediately after zero time

Horizontal Anle of Rdiation Incidence is Response Is

normal to narro(w side of (IT case 1.311
normal to wide side of (THi rare .36
150 from above-mentioned nor rls
Unknown Ave.



TABLE 5

Low Range Response (H) of Model 103 GITR (Detector Mounted Inside Case)
to Specified Gamma Energy Spectra and Radiation Source Geometries

Values are fractions of calibration response to Cs137 radiation beamed at top of unmounted detector.
U = Undegraded; D = Degraded; E EnerFir; (FP) Fission product spectrum; (FPIA) = Combined fission
product and induced activity spectrum; SS assumes spherical symmetry for scattered radiation; NC
assumes no cnge in direction for scattered radiation.

Spectrum Nominal Time After Fission (hr)
and
Geometry " 0 0.1] 1 5 ]l 24 51 110

HM.1MIRTCAL SOURCE oVRWAD (KsO)

UE > 0.9 Mev 1.138 - - - - - -
U PP) - 1.105 1. o66 1.037 1.029 1.010 0.999 1.012
U PPIA) - 1.105 i.064 1.030 1.O16 0.990 0.961 0.952
D(FP)S., - 1.009 0.9(4 o.950 o.942 0.921 0.907 0.921
D( ")NC - 1.055 3.029 I.0OY 1.002 0.986 0.976 0.989
D(FFIA ) S, - 1.010 0.970 o.944 0.932 0.910 0.890 0.890
DIFI A)NC - 1.o62 1.029 1 0 1 R 0.975 0.9fO
WO Ave. 1 I -5 1.O2'- 0. 0 97 0 0.951 0.957

I AN S S O CE 3 FT BEI (!B)
Finite Diameter - 6l ft

UE > 0.9 tiev 1.o43 - - -
u(FP) - 1.02 o.986 o.954 o. 945 0.923 0.909 0.921
U( FrA) - 1.024 0.980 o.45 0.929 0.897 0.860 o.846

Infinite Diameter

[IF > 0.9 Mev 1.089 - - - - -

D(F)s - 1.o46 1.005 0.97T6 0.(',6 0.947 0.933 0.944
D F) NC - 1.072 1.037 1.013 1.005 0.988 O.91 1.001
D(FPIA)SS - 1.037 1.000 0.9o

8  
0.954 0.927 0.09 O.891

D( FIA)NC - 0 1.0 3 1.00P 0. 0.978 .966 .
PSB Ave. 1.06 -IX-7~ lt500 0.T7 0.966.3 0.925 0.929

HOR17ONTAL RADIATION INCIDFACE FROM POINT SOIRCE
Ur > 0.9 Mev immediately after zero time

When Horizontal Angle of Radiation Incidence is Response is

normal to narrow side of GITR case 1.145
normal to vide side of GITR case 1.195
450 from above-mentioned normls 1.0
Unknown Ave. 1I16

13
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1 3 HIGH RANGE DETECTOR

0a. 1.2

a.J

>LOW RANGE DETECTOR

-j

r,.- CALIBRATION REFERENCE

.0

i,0 9 _

10 005 01 1 10 100
TIME AFTER FISSION (HR)

Fig. 3.1 Ilinety-five Percent Confidence Region for Average Response of
Model 103 GITH (detector mounted inside case) to Several Gaum Enera
Spectra and Pr.diation Source Geometries as a Function of Time. Rela-
tive responses are fractions of calibration response to Cs137 beamed
at top of unmounted detector.
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TABLE 6

Average Response of Model 103 GITR (Detector Mounted Inside Case) to a
Range of Gamm Energy Spectra and Radiation Source Geometries

Values are fractions of calibration response to Cs137 radiation beamed
at top of unmounted detector. The averages were based upon all response
values for all spectra and geometries presented in Tables 4 and 5.

Time After Fission 95 % Confidence Limits
(hr) High-range Detector Low-range Detector

FOR AVERAGE RESPONSE VAlUES

, 0 1.261 + 0.070 1.110 + 0.058
0.1 1.201 + 0.021 1.053 + 0.021
1.1 1.177 + 0.023 1.015 + 0.021
5.2 1.161 7 0.025 0.987 _ 0.022

11.1 1.153 + 0.026 0.976 + 0.022
23.8 1.136 7 0.029 0.955 7 0.024
51.1 1.117 + 0.033 0.938 7 0.028
11o.0 1.114 +_ 0.037 0.943 ; 0.032

FR 95 % OF POWIATION OF RESPONSE VAUIES

0-110 1.159 + 0.133 0.990 + 0.141
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of the overall average response of 1.16 for the high-range detector,
and within 14 % of the overall average response of 0.99 for the low-
range detector, during the first 110 hr after fission.

In Reference 1 the average values of response range between 1.27
and 1.06 for the high-range detector and between 1.07 and 0.93 for the
low-range detector. These values are in very good agreement with those
shown in Fig. 3.1.

4. CONCLUSIONS

The GITR responses to point source radiation will be within about
26 % of the assigned overall average response to distributed sources if
the direction of radiation incidence is within the upper solid angle of
3 pi steradians (i.e., 9 is between 0 and 120 degrees). This implies
that strict uniformity of contaminant distribution is not a critical
requirement for use of an average GITR response applicable to transit
radiation.

For a given geometry of distributed radiation sources the GITR
response to different gamma energies my vary up to 53 %. However, all
responses to mono-energetic distributed sources were within 31 % of the
overall average GITR response assigned to each detector.

The GITR responses to distributed sources with specified gam ma
energy spectra did not show a significant dependence upon the source
geometries investigated. However, there were about 17 % differences
between the responses of the two detectors; and the responses changed
about 15 % in the first 100 hr after fission because of changes in the
spectra resulting from different rates if growth and decay for the several
fission products and induced activities.

The use of overall average GITR responses to distributed sources
seems warranted; there is 95 % confidence that 95 % of the population
of GITR response values will be within 12 % of the assigned overall
average response value of 1.16 for the high-range detector, and within
14 % of the assigned overall average response value of 0.99 for the
low-range detector, during the first 110 hr after fssion if the detectors
are mounted inside the GITR case.

Because these response values are measures of the bias in the GITR
calibration technique, the bias can be corrected (or at least minimized)
by dividing the recorded GITR data by the above-mentioned overall average
GITR response values.
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APPENDIX A

ESTIMATION OF SOURCE GEOMETRY WEIGHTING FACTORS

The weighting factors used for the estimation of GITR response to a
specified source geometry were actually estimates of the fractions of
the dose rate contributed by gasma radiation coming from particular
directions.

The directions of radiation incidence for the unscattered radiation
were easily defined by the assumed source geometries. However, the
actual directions of incidence for the scattered radiation were not so
easily handled - therefore, for simplicity's sake, two extreme conditions
were assumed: (1) the scattered radiation did not change direction, i.e.,
directions were the same for scattered as for unscattered radiation; or
(2) the scattered radiation came from all directions with equal likeli-
hood, i.e., spherical symmetry was assumed.

For the following derivations let us define:

R is dose rate at point P, r/hr
k is dose rate one foot above a one-square-foot contaminated plane,

r/hr per ft 2

K is dose rate one foot from a one-cubic-foot contaminated air
volume, r/hr per ft 3

B is dose rate buildup factor due to scattered radiation, dimension-
less

r is slant distance from point P to contaminated point source, ft
h is height of point P above contaminated plane, ft
X is horizontal distance between point P and contaminated point

source, ft
9 is angle between vertical line and direction oi? radiation incidence

at point P, degrees
p is linear attenuation coefficient for air, per ft
y=pr is number of mean-free-laths between point P and contaminated

point source, dimensionless
ab,c are constants
S is the fraction of the dose rate contributed by a particular

region of a radiation source.
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For plane sources:

dR - k (1/r 2 )2n x dx B exp [-wr),
2 2 h2

r = x + hrdr= xdx

:. dR 2v k (r/r)B exp [-pr]

or dR = 23 k (dy/y)B exp [-y]

r h

Now Unscattered Component Scattered Component

dR 2A k(dy/y)exp [-y] + 2g k y/y)(B-1) exp [-y]

or the dose rate from an annular region defined by Yl and Y2 is:

Y2 fY2

R (ylY 2 ) ft 23 kJ/ (dy/y)e'Y + 2i k (dy/y)(B-1) e y .

yl Yl
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The exponential integral (-Ei [-y) ) 4 lY)e" ,

therefore the dose rate from unscattered radiation coming from the

annular region is

R (ylY2)unscattered = 2g k (-Ei [-Yl (-Ei [-Y2)

and the fractional contribution is

S (YlY2)unscattered {R (Yl Y2)unscattered s

= YminimumYmaximum unscattered

Now let B 1+ ay + by 2 + cy 3 where a, b, and c are evaluated for

various energies by using the buildup factors (for homogeneous infinite

media) obtained from Reference 2. Then the dose rate contributed by

scattered radiation coming from the annular region (assuming no changes

in direction) is
(y 21t k ~~Y2 +b Y)d/~-

(ylY2)scattered = 2t k4 (ay + by2 + cy 3 )(dy/y)ey

or R (ylY2)scattered = 21 kf e'Yl(ta+b+2c) + [b+2c] y 1 + cy )

-e Y2([a + b + 2c] + [b + 2c] Y2 +cY 2 )

and the fractional contribution is

S(YlY2)cattered = R ( y l' y 2 ) scattered }
S~y ,'2)s at ere ,R (Yminimum, Ymaximum) scat tered

For spherical or hemispherical sources:

dR = K(l/r 2)(2a r sin O)rdgdr B exp [-W]

or dR = 21tK (sin 9 dQ)(B exp L-pr] dr).
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P

For a spherical source - used only for the assumption that
scattered radiation comes from all directions with equal probability -

the dose rate increment is

(dR)scattered = 2 K (sinQdQ) {(B-l) exp[-r dr}

For a hemispherical source the unscattered component is

(dJ) unscattered 2,x K (sinQdQ) (exp[-w~]dr} ;

and the scattered component - assuming no changes in direction - is

(dR) scattered = 2A K (sinQdQ) {(B-l) exp [-W] dr}

Since all three equations are of the form

dR = 2a K (singQd)(A exp [-r] dr),
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where A is either 1 or (B-i), the dose rate contributed by a particular

region defined by 91 , Q2' rl, and r2 isr 2 @2
(9 ,"2,rl, r 2 21t A (exp L- w)(sing dQ)dr

r2
=,2) K [cosl-COS 2] A exp [-4r] dr,

r1

and the fractional dose rates - for a spherical or hemispherical shell
whose thickness is defined by rI and r2 - are

S ( 1,Qr[ 2 ) oso c05Q 2 1 A exp [- w) dr

{Cos (9mnmm-osQM:iU) A exp [ trar

Since the integrals in the numerator and in the denominator are equal,
the expression simplifies to

cosol - cosQ 2  }
s (l,2,r 1 , r2 ) - s (Q1 ,G2 )- cos (nimum)-cos (0maximum)

which is independent of the shell thickness. Consequently, these values
of S (91, 2 ) are also used to estimate the dose rate contributions from
infinite volume sources.

In all cases, for either plane or volume sources, the fractional
dose rates have been defined so that

Ymaximum @maximum

S(yY 2 ) = S (0 1.

Yminimum 0 minimum

The various source-geometry weighting factors, S, - corresponding
to the angles of radiation incidence for which GITR responses had been
measured - were actually calculated for gamma radiation energies of
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0.255, 0.5, 1, and 2 Mev because build-up factors for these (and higher)
energies were available. These values of S were then plotted as a
function of energy and curves were drawn so that, by interpolation and
extrapolation, the values of S for the actual energies of interest
could be estimated.

The results of the above-mentioned calculations and estimations
are presented in Tables A.1 and A.2. The finite plane (with its 61 ft
maximum diameter) was created by simply eliminating the annular region
represented by the nominal vertical angle of radiation incidence 9 = 900;
this was done purely for ease of calculation.
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TABLE A.1

Estimated Fraction (S) of Dose Rate Contributed by Various
Contaminated Annular Regions of a Plane 3 ft Below Detector

9 = 0 for radiation arriving from directly overhead.

Nominal Vertical Radii of Annular
Angle of Region G1u1na Energy or Radiation Source (Mev)
Radiation (ft)

Incidence, 0 0.07 0.12, 0. 18 0.66 1.25
(degrees)

UNSCATrERFD Component From FINITE (61 ft dIla.) Mlane 2fpr'

101 9.89 - 30.5 O.440W o.451o 0.452i O.b5R, o.46(47
112 5.61 - 9.89 0.2130 0.2t, 0.212 0.10) 0.2102
123 3.66 - 5.61 0.1332 0.13-5 0.31') 0.1302 0.121),)
135 2.46 - 3.66 ).o,0,06 0.0':' 0. 0,) o.066, 0.o0('4

146 1.60 - 2.46 0.05,1 0.0581) o.05 '  
o.0581 0.0577

157 0.9 - .(X) 0.031,') 0 ,.03t,7 0.03(5 0.0300 0.0358
169 0.30 - 0.91 0.01'3 0.010 o.0170 0.0173 0.0172
100 0 - 0.30 0.00)1 o.0021 0.0021 0.00?] 0.0021

UNSCA'IEIRFI) Componetit Frorn f lNF IT, ' ao ra 2

90 30.5 - OD 0.3t,17 0.34 3,3 0.403) o.4043 0.49t,2
101 9.89 - 30.5 0.281) o.2'146 0.267 0.245(, o.2321
112 5.61 - (.:') 0.1333 0.1315 0.1t.6 0.112 '  0. 105
123 3.66 - 5.61 o.W'63 0.1',"". 0.07)5 0.0701 0.00511
135 2.46 - 3.66 0.05"r0 O.0o54 0.05-5 0.04'(6 O.o38

146 1.62 - 2.46 0.,3 o 0.0305 0.0350 0.03y0 0.02-1
157 0.91 - 1.60 o.0,'3 (

)
.0'7 0.0o'1-) 0.01 )K 0.011,"

169 0.30 - 0.91 0.0117 0.011, 0.0106 0.0')3 0.00'
1M 0 - 0.30 0. 001] 0.0013 0.0013 0.0011 0.0011

SCAMMERED CoMponent From INFINITE Plane S

Asnuing No Cangne in PIrertion for Scattered Radiation

90 30.5 - 0.)135 O.q24 0.020 o. * 56 0.9533

101 9.89 - 30.5 0.o33 0.0566 0.05,n 0.-03) 0.0341
112 5.61 - 9.A9 o.oi26 0.0113 O.0O4 0.0079 0.00('q
123 3.66 - 5.61 0.0053 o.0047 0.o43 0.0033 0.002
135 2.46 - 3.66 0.0026 0.0024 0.0022 0.0017 0.0015

146 1.6o - 2.46 0.0015 O.oo 0.0013 0.0010 0.0OO0
157 0.91 - 1.62 0.000 O.00" 0.0007 0.0005 0.0005
169 0.30 - 0.91 o.oo04 o.oo4 0.0003 0.0002 0.0002
180 0 - 0.30 0.00o 0.000o 0.0000 0.0000 0.0000
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TABLE A.2

Estimated Fraction (S) of Dose Rate Contributed by Various Zones of A
Contaminated Sphere or Hemisphere

@ = 0 for radiation arriving from directly overhead.

Nominal Vertical Zone Hemisphere Sphere
Angle of Boundaries Above Detector Around Detector
Radiation 91, 2 UNSCATIERED or Used for

Incidence, ( SCATTERED Radiation Assumption of
(degrees) (degrees) With no Change in Spherical

Direction Symmetry for

Sh  SCATTERED RADIATION
S

s

0 0 - 6 0.o48 0.002
31 6 - 17 0.0383 0.0191
22 17 - 28 0.0750 0.0375
34 28 - 39 0.1089 0.0545

45 39 - 51 0.1386 0.0693
56 51 - 62 0.1630 0.0815
67 62 - 73 0.1811 0.0906
78 73 - 84 0.1923 0.o961

90 84- 9o 0.098o -
90 84- 96 0.0980

101 96 - 107 - 0.0961
112 107 - 118 - 0.0906
123 118 - 129 - 0.0815
135 129 - 141 - 0.0693

146 141 - 152 - 0.0545
157 152 - 163 - 0.0375
169 163 - 174 - 0.0191
180 174 - 180 - 0xo
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APPENDIX B

ESTIMATION OF CAMMA ENERGY WEIGHTING FACTORS

The geometry-weighted responses to specific gamma energies, G, were
in turn weighted by factors which are actually estimates of the fraction
of the dose rate contributed by particular gamma energy intervals of a
specified energy spectrum.

Gamma energy spectra change with time, due to the different rates
of growth and decay for the several fission products and induced acti-
vities. Because measured spectral data for the first few hours after
fission were rather limited in availability and detail, it was expedient
to use calculated gamma energ7 spectra for the estimation of changes in
GITH response due to changes in spectra with time.

B.1 UndeGraded Fission Products

Unfractionated and undeGraded source-spectra due to U2 35 fission
iroducts were based upon Table 2 of Reference 3. The tabulated values
of photons/sec-Mev-lO4 fissions for each energy interval were multiplied
by the width of' the interval to obtain the number of photons/see-f04
fissions in the energy interval. Figure 2.1 of Reference 4 was then
used to obtain factors (i.e., r/hr per photon/cm2 -sec) which converted
the photon spectra into dose-rate spectra - the dose rates at 1 cm, (r/h
(4v x 104 fissions), contributed by the 19 to 22 energy intervals used i
Reference 3. The dose rates for several of these intervals were combine
and normalized to result in fractions of dose rate (Wu) contributed by
the five intervals (viz., less than 0.09, 0.09-0.15, 0.15-0.35, 0.35-0.9
and Greater than 0.9 Mev) representinG the energies for which GITR re-
sponse measurements had been made. All fractions W for 1.1 to 110 hours
after fission had already been calculated for another report.* The
fractions for 0.1 hour after fission, desired for this report, were
estimated by extrapolating the curves of W vs t:Lie al'ter fission.

*H. Rinnert. Esti;ites of Radiation Geometry and Energy Response for

the USNRDL Model 1954-56 GITR. USKRDL-TR to be published.
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B.2 Undegraded Fission Products and Induced Activities

The effects of induced activities were approximated as follows:

(1) Estimates of photon spectra (photons/sec-lO fissions, if cap-
ture-to-fission ratio is unity) for various possible induced activities
were obtained* as functions of time.

(2) References 5 and 6 were used to obtain reported sets of capture-
to-fission ratios for induced activities observed in actual fallout con-
taminants.

(3) Items (1) and (2) were then combined into several sets of in-
duced activity photon spectra as functions of time.

(4) When, in each source-energy interval, the number of photons/
sec-164 fissions for the various sets of induced activities were added
to those for the fission products, it was noted that there was a general
shift toward the lower energies. Because it was desired to estimate
GITR responses for a wide range of energy spectra, the particular set of
observed induced-activities spectra which (when combined with the calcu-
lated fission-products spectra) maximized the shift toward the low energies
was selected for this study.

(;) The conversion of photons/sec-lO 4 fissions to dose rate contri-
butions (Wu) Ias already been described in Section B.1.

B.3 Degraded Spectra

In order to approximate the effect of energy degradation resulting
from photon scattering by the intervening air between source and detector
the techniques of Gates and Eisenhauer, explained in Reference 7, were

used to estimate the degradd spectra applicable to an infinite volume
source aid to an infinite plane isotropic source 3 feet below the detector.
In brief:

(1) Given [Di(E)] j as the fraction of the dose or dose rate delivered

by photons having energies less than or equal to E I1ev from an infinite
source having a specific source energy Eo - E * Esimates of Di(E) for
various energies E and Eo are presented in F~es B.1 and B.2 (note -
these figurcs are this author's revision of the actual figures in Refer-
ence 7.

(2) Given wj as the fraction of the dose rate which would be contri-
buted by the jth source-energy interval of an infinite plane source if
only unscattered photons were considered. To evaluate vj let us define:

*Table II in: W. Williamson, H. Rugge. Gamma Spectra for Some Possible

Induced Activities Accompanying a Nuclear Explosion. USNRDL-T4-106,
l March 1959.
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Pi as the fraction of the gamma energy in the jth source-energy
interval (i.e., the Pj are the gamsa source-energy spectrum);

Dj(A) as the fraction of the dose rate delivered by scattered
photons having original source energy E o = Ej; see Curve A in
Figures B.l or B.2;

Ki as either the "true" linear absorption coefficient shown in
Table 8 of Reference 7, or the mass energy-absorption coeffici-
ent shown on page 450 of Reference 4;

yj as the height (in mean-free-paths of air) of the detector above
the infinite plane source of energy Ej;

(-Ei[-y]) as the exponential integral representing e ds,
where s is the slant distance (in mean-
free-paths of air) between the detector
and a point source in the plane.

Then, according to Reference 7,

[1= Di D(A) I f +{ K c - i ' yt  - D i(A)]

where the Dj(A) are obtained from Figure B.2.

(3) Combining (1) and (2) above, the estimated fraction of the
dose or dose rate, delivered by both scattered and unscattered photons
having energies less than or equal to E Mev, from an infinite source
with a source-energy spectrum defined by a set of Pj's is:

D(E) - P [Di (E)] for an infinite air volume source, where
the [Di(E)]j are found in Figure B.l; and

D(E) = V 5 [Di(E)] for an infinite plane source three feet
below the detector, where the [Di(E)]j
are found in Figure B.2.

(4) Now, it follows that the fraction of the dose rate (W) delivered
by both scattered and unscattered photons having energies between E1 and
E2 Nev is W = D(E2 )-D(E 1).
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The fraction of the dose rate delivered by unscattered photons having
energies between E1 and E2 Mev is

E2

Wvu P  [1 - (A)], for infinite volume source, where
the summation covers all source

1 energy intervals included between
El and E2 Mev and where Dj(A) is
found in Figure B.1, and

E2

Wpu [ V [1 - D (A)], for infinite plane source, where

the sunmation covers all source1 energy intervals included between
El and E2 Mev and where Dj(A) is
found in Figure B.2.

The fraction of the dose rate delivered by scattered photons having
energies between E1 and E2 Mev is, therefore, simply the difference

= (W)volume - Wvu, for volume sources;

Wps = (W)plane - W pu, for plane sources.

B.4 Energy-Weighting Factors

The results of the above-mentioned calculations are presented as
functions of time in Tables B. and B.2 for undegraded and degraded
energy spectra, for fission products only, and for fission products plus
induced activities.
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TABLE B.1

Estimated Fraction of Dose Rate (W) Contributed by Various

Gamma Energy Intervals of a Fission-Product Spectrum

Energy Interval Time After Fission (hr)

(1ev) 0.3. 1.1 5.2 11.1 23.3 51.1 110

UNDMPADED SPECTRUM (Wu )

< 0.09 O.00,49 0.0080 o.oi8 0.0110 0.O147 0.0296 0.O450
0.09 - 0.15 0.0088 0.0036 0.0017 0.0015 0.0029 0.0069 0.O120
0.15 - 0.35 0.0187 0.0398 O.0624 0.0704 0.0855 0.1020 0.1023
0.35 - 0.90 0.0344 0.2903 o.4564 o.4994 o.6o91 o.6415 0.5246

>0 .90 0.9332 o.6583 o.4677 0.4177 0.2878 0.2200 0.3161

DEGRADM) SPECTRUM IN AIR 3 M_ ABOVE INFINITE CONTAMINATED PAE
Component due to UNSCA7'1!ERID Radiation (Wpu)

< 0.09 0.0026 0.OO44 0.0065 o.o06i 0.0082 0.O161 0.0237
0.09 - 0.15 0.0026 0.0023 0.0010 0.0021 0.0019 O.0043 0.0072
0.15 - 0.35 0.0141 0.0265 o.o17 0.0465 0.0571 0.0667 0.0642

0.35 - 0.90 o.o194 0.2152 0.3394 0.3718 o.4526 o.4646 0.3689
> 0.90 0.7740 0.5450 0.3853 0.3447 0.2359 0.174o o.24146

Component due to SCATTERED Radiation (w ps)

< 0.09 o.o71 0.o442 0.0566 0.0552 0.0638 0.0950 o.1247
0.09 - 0.15 0.0126 0.0179 0.0214 0.0235 0.0268 0.0292 0.0276

0.15 - 0.35 0.0363 o.o470 o.o541 0.071 0.0645 0.0677 0.0601
0.35 - 0.90 O.04% 0.0605 0.682 0.0699 0.0741 0.0723 0.0633

> 0.90 0.0629 0.0370 0.0258 0.0231 0.0151 0.0101 0.0157

DRRADFJD SPECTtR AT CF.NTER OF INFINITE COM"IMIATED VOP ME OF AIR
Component due to IN'CAfIERD Rlidition (W vi)

< 0.09 C.0000 0.0000 0.0001 0.0001 0.0002 0.00o6 0.0009
0.09 - 0.15 o.0014 0.0006 0.0003 0.0003 0.0005 0.0012 0.0021

0.15 - 0.35 0.0041 0.0092 o.Oi4h 0.0165 0.0207 0.0256 0.0252
0.35 - 0.90 0.0412 0.0983 0.1634 0.1796 0.2240 0.2396 0.1935

> 0.90 o.14604 0.3546 o.p616 0.2350 0.1620 0.1195 0.1748

Cinponent due to SCATI'FRFM Idiatlon (Wvs)

< o.09 o.o665 o.o96 0.1063 o.11A 0.1305 o.1514 0.1523

0.09 - 0.15 0.0342 0.0475 0.0560 0.0595 0.0641 0.0753 0.07o*
0.15 - 0.35 0.0853 0.1141 0.1304 0.1361 0.1531 0. 1(44 0.1501

0.35 - 0.90 0.1321 0.1622 0.1779 o.Ito0 o.1'76 0.1,64 0.1732

> 0.90 o.1668 o. lp9 o.0892 0.0'03 0.0530 0.03(0 0.0575
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TABLE B.2

Estimated Fraction of Dose Rate (W) Contributed by Various Gamma Energy

Intervals of a Combined Fission Products and Induced Activity Spectrum

Energy Interval Time After Fission (hr)
(Mev) 0.1 1.1 5.2 11.1 23.8 51.1 110

UDPDR.D) SPEOMM (wU)

< 0.09 0.0500 O.O149 0.0118 0.0110 0.0150 0.0276 0.0425
0.09 - 0.15 0.0010 0.0053 0.0165 0.0315 0.0637 0.1228 o.1622
0.15 - 0.35 0.0190 0.0O14 0.0738 O.0942 0.1362 0.2112 0.2641
0.35 - 0.90 0.0270 0.2852 0.4618 o.4924 0.5366 0.4691 0.3363

> 0.90 0.9030 0.6275 0.4361 0.3709 0.21485 0.1693 O. 1949

DEGRADED SPECTRLD4 IN AIR PT AB3VE lNFINII CCIWJ'IIAT i PlANE
Coponent due to UNSCAT1ERF13 Radiation (W )

< 0.09 0.0268 0.0243 0.0065 0.0061 0.0082 O.01 8 0.0219
0.09 - 0.15 0.0006 0.0033 0.0104 0.0198 0.03g 0.0731 0.0932
0.15 - 0.35 0.0069 0.0262 o.ogO o.0616 0.0886 0.1320 0.1577
0.35 - 0.90 0.0489 0.2077 0.3412 0.3628 0.3889 0.3264 0.2258

> 0.90 0.6972 0.5106 0.3579 0.3039 0.1998 0.1297 O.i445

Component due to SCATTKM i ndiation (W )

< 0.09 0.0923 0.0734 o.0061 0.0711 0.0958 o.1479 0.1904
0.09 - 0.15 0.0092 0.0175 0.0248 0.0297 0.0387 0.0509 0.0567
0.15 - 0.35 0.0277 0.o451 0.0558 0.0595 o.0654 0.o671 0.0625
0.35 - 0.90 0.0332 0.0574 o.o66 0.o652 0.0623 0.0503 0.0380
* 0.90 0.0572 o.o345 0.0239 0.0203 0.0129 0.0078 0.0093

DFURAD3) SPECTRHJM AT CFITER OF INFINITE COWIM~IIaTED VOME OF AIR
Component due to UNSCATI102) Radiation (WZu

< 0.09 0.00314 0.0029 0.0002 0.0002 0.0004 0.0008 0.0012
0.09 - 0.15 o.01 0.0008 0.0024 0.0045 0.0093 0.0180 0.0236
0.15 - 0.35 0.0032 o.o92 0.0174 0.0218 0.0321 0.0198 o.o61o
0.35 - 0.90 0.0212 0.0963 0.11%1 0.1751 0.1923 o.1676 o.1191
* 0.90 0.4538 0.3377 0.2439 0.2083 0.1385 0.0906 O.105

Component due to SCATTERED Radiation (W V)

< 0.09 0.1187 0.1230 0.1247 0.1478 0.1974 0.2750 0.3194
0.09 - 0.15 0.0299 0.o65 0.0598 0.0663 0.07,86 0.0927 0.0971
0.15 - 0.35 0.0753 0.1106 0.1321 0.1376 0.1478 0.1477 0.1355
0.35 - 0.90 0.1033 0.1561 0.1722 0.1673 0.1578 0.1295 0.101,2
> 0.90 0.1911 0.1169 0.0832 0.0711 0.01458 0.023 O.0344J
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I NZTRUMENTS

INITI[AL DISTRIRUTION

NO.
cPY

NAVY

3 CHIEF, BUREAU OF SHIPS ICODIE 210L)
1 CHIEF, B3UREAU OF SHIPS (CODE 320)
6 CHIEF, BUREAU OF SHIIPS (CODE 685C)
1 CHIEF, 9UREAU OF MEDICINE AND SURGERY
1 CHIEF OF NAVAL OPERATIONS (OP-OTT)
I CHIEF OF NAVAL RESEARCH (CODE 1041
1 COMMANDER, NEW YORK NAVAL SHIPYARD (MATERIAL LAS)
3 DIRECTOR, NAVAL RESEARCH LABORATORY (CODE 20211
1 OFFICE OF NAVAL RESEARCH (CODE 422)

10 OFFICE OF NAVAL RESEARCH, FPO, NEW YORK
1 COMMANDER, NAVAL AIR MATERIAL CENTER, PHILADELPHIA
2 CHIEF. BUREAU OF SHIPS ICO! E 210L0
1 NAVAL MEDICAL RESEARCH INSTITUTE
I US NAVAL POSTGrADUATE S(HrnOL9 MONTEREY
1 OFFICE OF PATENT COUN,Ft., 'AN IEGO

ARMY

I OFFICE OF CHIEF RESEARCH AND D~rVrLtDPmFNT (ATOYIC OFFICE)I
1 CHIEF OF RF~rARPCH AND DIFVrLnPmFNT (LIFF SCIENCE IDIVI
1 DEPUTY CHIEF OF STAFF FOR "ILITARY OPERAT!',FS IDGM(
1 DEPUTY CHIEF OF S;TAFF FOR m)[ ITARY ')PEYATIONS (CPR)
1 OFFICE OF ASSISTANT 'HIEF or 'TAFF, (,-2'

1 CHIEF OF ENGINrFRS (E NCMCr-E)
I CHIEF OF ENGINFERI (ENrCW)
1 CrS ARMY YATEIIEL COMMAND (AmCrO~D-~f-
1 li S APMAy Fr E~won- ADSFNAL
1 CG, COM AT nrVFLOP'ArNT CrMMVAND C9R ACFNCY
1 COMMANDANT, Cl4~vlrAL r Rgl C (I ILARAPY)
1 Cog C'EMI-0 P~ FARCH-I AN') '' L~~N LAP~RATOR IrS
I COMMA.~prp. * 'CL) AQ DFFFNCF AH' RAT(nRv
I HO, ARMY 'i'VI P-4vJMNTAL 11Y' rljf ACFEN(Y
1 Cr,. A$ALRDEF N PRD)V NC, .RPl"4g
1 DIR CTDPQ, wAITFR PRFE ARMY M',IrAL (JNT -R
1 C(,. (OMOAT PFVfLnpm NTN, CO-AANn~ ICpr

m
R-VI

1 CG, 'J1JARTlQMAlTll? Q~S pNf' -j CI~mMAN[,
1 Ho o r

0
rWAY PrlrvIp~( W 11-'

3 THE S1u!vrFfN r, N) RAL I Ar" Nr
I CO, APMY rLECTPCONIC P' C AN" -. %(,f'lV
I CC,, ARMY ELECTRONIC 'u' U'N
1 C0, INGINEFR RES AN) rV LA1I! T,4
1 f'IiT CTnR, 'iSAC"S NIrtrAp ?-r
1 C69, MfRitLITY rrOvA."

I CS, MIINITIPNS CO)m-A.;r
1 C6', FRANKFrOMO APIC'NAL
I CG, AP~ly vI', ILE rC M -:

35



AIR FORCF

1 ASSISTANT CHIFF OF S TAFFI INTLILLIGENCE AFCIN-381
6 CG, AERONAUTICAL SYSTEM, DIVISION )ASAPRD-NSl
1 DIRECTOR. USAF PROJFCT RAND

1 COMMANDANT. SCHOOL Of S ROSPACL MtDIC INL, BROOKS AFB
1 OFFICE OF THE SURGEON ( SU'3.I). STRATEGIC AIR COMMAND
I OFF ICE OF THE SURGEON (,F NLRAL
1 CG. SPECIAL WEAPON', CENTER E-,wRB
1 DIRECTOR, AIR UINIVERSITY LITERARY. MAXWFLL AFB
2 COMMANDE:R, TICHNICAL TRAlfINING WING. 34,15TH TT6

1 1:i. SECOND Al TTEOITCF s BARKS'ALE AFHj

1 COMMANDER, ELECTRONIC 5SYCTFMS DIVISION ICRZT)

OTHER DOD ACTIVITIES

3 CHIF , DEFENS1 ATOMIC SUPPORT AGENCY (LIBRARY)
I COMMANDER.FC/DASA, SANOIA 4ASE IrCOVI
1 COMMANDER, FC/D'A'A, 'ANLDIA BASE (F(TC',. LIBRARY)

1 COMMANDER. FC/f)ASA, $ANPIA BIASE IFWTI

2 OFFICE OM CIVIL DEFENSE. WASHINGTON
2 CIVIL DEFENSE UNIT. ARMY LIBIRARY

20 DEFENSE DOCIEMF.NTATION CENTER
I DIRECTOR. ARMED FORCES RAOIO)IOEOGY RESEARCH INSTITUTE

AEC ACTIVITIES, AND OTHLRS

1 AEC, DIVISION OF MILITARY APPLICATION

I AEC SCIENTIrIC REPNFSENTATIVE, IRANCE
1 AEROJET G'%LRAL, AZUSA

I AFROJET GENERAL, SANI RAA0
I ALLIS-CHALMERS -AANI~rACTtHRINn CO. MILWAUIKEE
I ALL I -CHIklfEE' MANH;ACTURfINr, CO. wAS;'INc.T0N
1 ALLISIN DIVISIO)N - G'kC
2 ARGOSNE. C AN( IPRE SEACHsOo ~IT AL

10 ARGONNt tATIE'NAL LAL3O)?ATD)RY
I ATOMIC OO)Y. 'A',IIALTY nVID',iSON

3 ATOMIC I NllGy MISHi'4NTN
4 ATOMI(' '')Ir4,Y ()F CANADAA Lf"l TED
4 ATOMIC', INT;'4NATI-IAL
1 EAllrOCK A-I) (I~EOvPANY
2 ;IATTELI MOIA ISSTIT''CF

2 BRERS, RfltND r. INC
I IEERYLLIUM CORP )ATI~n
4 9RCn54AV0 ' NAT I'INAL LAIVOrAT 17Y
1 RULIA) OF IN~ ' ALT hvr rITY

I EEIDTEAU nu m~p4r, AL4* J
1 CARNLGPI INTITF OiTEC4\'
1 CS.ICASO' PAT'54Y 140DI'
1 COLUvt3IA 9NIVL('5I TY )fAV! I-,
I COLJMIIIA UNIVER',ITY (""<,I)I

1 COMBUSTION ENGINELRINl, IN4-
1 COMBEUSTION ECINELRIN ,q INk IN~

I COMMITTFE ON THF FEFET- CC ATOMI( P?,OIATIcN
5 Off[E NCE R' SE APT' WE"" P

1 Dn~lVER RFSEAPCHf INS'TIT~sT

1 Dow CHEMICAL COMPANY, R 05Y ILAT'S
4 PUt PONT COYPANY, AI' N"
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1 DU PONT COMPANY WILMINGTON

1 EDGERTON. GERNESHAUSEN AND GRIER, INC, GOLrTA

1 EDGERTONs GERMESHAUSLN AND GRIER, INC. LAS VEGAS
1 FRANK~LIN INSTITUE OF PENNSYLVANIA

1 FUNDAMENTAL METHODS ASSOCIATION
1 GENERAL ATOMIC DIVISION
1 GENERAL DYNAMICS-ASTRONAUTICS (NASA)
2 GENERAL DYNAMICS, FORT WORTH

2 GENERAL ELECTRIC COMPANY, CINCINNATI
4 GENERAL ELECTRIC COMPANY, RICHLAND

1 GENERAL ELECTRIC COMPANY. SAN JOSE
1 CFNFRAL FtFCTRIC COMPANY, ',T PFTFR RIRH
1 GENERAL NUCLEAR ENGINEERIN6 COPRORATION
1 GENERAL SCIENTIFIC CORPORATION
1 GIBBS AND COX, INC
1 GOODYEAR ATOMIC CORPORATIOtl

1 HUGHES AIRCRAFT COMPANY, CULVER CITY
1 IOWA STATE UNIVERSITY
1 JET PROPULSION LABORATORY
2 KNOLLS ATOMIC P'OWER LABOR4ATORY

1 LOCKHEED-GFORGIA COMPANY
1 LOCKMELD) VISSILES AND) SPACF COMP'ANY (NASA)
2 LOS ALAMOS SCIENTIFIC LABORATORY ILIBRARY)
I MASSAC14U'TTS IN;T TIYLl OF TIC14NOLOGY (LINCOLN LAB)
I LOS ALAMOS SCIFNTIFIC LA 1ORATORY (LIVRARY)
1 LO'VELACE rOINDATION
1 MARITI'AE A""INISTRATIYN

1 MARTIN-(IAQICTTA CO;?PURAT1D%
2 .1) LS;'N !IVERS":E :(.s TIA'CH ASSOCIATION
1 MOLINO LA60C ATOPY
1 %AnA * LLWI S Ri 5)ARIJI ,-iT'R

2 !jAS;A. SITIt A% ' f!l4N(AL IN~fORMAr10,1 FACILITY
1 NA7!0NAL 'u~A.Or STA~inAR:, (LIbRARY)
I %ATI')'.AL FCJitAti Cr STAN.IAP'11, (TAYLORI

N..l TI(A '~()MPANY CU 0,10(

2 t4&vr)A 0)' ATI '~ 1)FFIC!

1 j.. VTIIN41h!cv. A-)A osff-I(
1 "r. Yr'?K. ')-' ATI"IN'4 IFIC'
I Nu(C A.A MAT"',ALS A~f) i ;UIP-ET CORPORAT ION
1 Nu(..iAR '.)EIALS. INC

I C'FF I~t Of AS;',ISTANT ',r~d(RAL -iN) PAL (o
0
U'.SIL FOR PATENTS

4. *UILL I"S T, IC.PAFNY
1 V'UWLR ? AC TCR "fVtL)l.. .) . T ,- A

Z(A*T A%) W'I T-OvI''ATr~ISS

1 'INCF-TON tINItrQ'I TY (h.,Itr I
1 )'LIc HUALPIf LA' V'IE I< U
1 P~I),I )P ALT-f '"W VrE "' T%-v

2 u'IJL IC HEALt' T.I 'RVI *w I . T5
1 RESEARCto AALYSIS k c)vrATIlN
I RL41SS' LA'Q PoLYTt, '-%I If jT I' IT'

I RFY'40LDr FLEITRI(AL AN!, *NI'RC'-PA*Av, IN',
I SAN' IA CORPI'ORAT ION,. AL '!1U' Q~Jit

I SANDlIA CORPORATION )'IjtTROOVI
1 SANDIA CORPOTRATIOIN, LIV'RMY)'
1 SPACI TEC'e'OLOG('Y LA.(0qATr)RIiS. INC (NASA,
I STANFORD 11jIVFR~IItY (SLAC)
I STAT) S MARINE1 LINES. INC
I SYLVANIA FLECTRIC PRO.'IICTS# INC
1 TEN)SFE VALIFY AOT'(')RITV

2 UINION CARRIOE NUCI) AR (UOi)'ANY (C5W(6)Pl
6 UNION CA991IOF 4(?C~fJR COMPANY (OR4NI
1 UNION CARRPF NU1CL!A4 COMPANY IPAO ICAM PLANT)
I UINITEFD NUCLEAR (O'RPO$,ATION t)OAI
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I UNIVERSITY OF CALIFORNIA, SAN FRANCISCO

I UNIVERSITY OF CALIFORNIA, LOS ANGELES

2 U. OF CALIFORNIA LAWRENCE RADIATION LAB, BERKELEY

2 U. OF CALIFORNIA LAWRENCF RADIATION LAb, LIVERMORE

I UNIVERSITY OF CHICAGO RADIATION LABORATORY

I UNIVERSITY OF HAWAII

1 UNIVERSITY OF POERTO RICO

1 UNIVERSITY OF ROCH{FSTFR 1ATOMIC ENERGY PROJECT)

1 UNIVERSITY OF RnCHE STR (MARSIHAK)
1 UNIVERSITY OF UTAH
1 UNIVERSITY O1' WASHINOTON (rFEALLE)
I UNIVERSITY OF WASHINGTON (RkI)EI

I US GEOLOGICAL SURVEY. r4.NVEP
1 US GLOLOGICAL SURVEY, MFNlO PARK

1 US GEOLOGICAL SURVEY. WASHINGTON

1 WESTERN RESERVE UNIVLRSITY (FRILFELL)
1 WESTERN RESERVE LNIVLRSITY (MAJOR)
4 .rSTINGHOUSE [DFTTIS ATOMIC DOWER LABORATORY

1 WFSTINGHI4OuF FLECTRI( CrQPORATI"N IRAHILLY1
1 WESTINGHOULE FEr"TRIC C-)oP(rrATION INASAI

I YANKEE ATO-IC ELI (TRVI (,.IPA %Y
25 TECHNICAL INrcRWATIr'. LXTENSION. OAV RIIGL

40 U$NRDL Technical Information Division

D1',TQI0t1TION DATE: 12 August 1963
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