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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 377TH AIR BASE WING (AFMC)

377 CS/SCBIF (FOIA Manager) 28 October 1999
2051 Wyoming Bivd., S.E.
Kirtland AFB NM 87117-5607

John Greenewald, Jr.

Dear Mr Greenewald

This 1s in response to your Freedom of Information Act request of 24 Scptember 1999, for information

[nitial Nuclear Radiation From Low Yield Fission Weapons. The request was received by my office on 27
October 1999,

To avoid any delays in processing future request made under the Act, please address your let{ers to 377
CS/SCBIF (FOIA Manager), 2051 Wyoming Blvd., S.E., Kirtland AFB NM 87117-5607. We will respond
te your request not later than 29 November 1999.

sincerely

MARVIN L. EVANS
Freedom of Information Act Manager



DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 377TH AIR BASE WING (AFMC)

377 CS/SCBIF (FOIA Manager) 9 December 1999
2051 Wyoming Blvd., S E.
Kirtland AFB NM 87117-5607

John Greenewald, Ir.

Dear Mr Greenewald

This 1s in response to your Freedom of Information Act request of 24 September 1999, for information

initial Nuclear Radiation From Low Yield Fission Weapons. The request was recerved by my office on 27
Oclober 1999

To process yvour request properly, we need a time extension because we must consult with DOE about 2
[urther review of the documents vou are asking for. Also, if you are a registered DTIC user it would be to
vour advantage to request the document from DITC.

We will respond to vou as soon as possible.
Sincerely
M\ ooe /o T

MARVIN L. EVANS
Freedom of Information Act Manager



DEPARTMENT OF THE AIR FORCE

HMEADQUARTERS 377TH AIR BASE WING {AFMC)

2 June 2000

377 ABW/JA
2000 Wyoming Blvd.
Kirtland AFB, NM 87117-50600

John Greenewald, Jr.

RE: Request for Report of Initial Nuclear Radiation From Low Yield Fission Weapons, Report
No. AFSWC-TN-56-14

Dear Mr. Greenewald,

This message is in response to your letter dated 24 September 1999 in the referenced matter.
Thank you for your patience in waiting for this decision, In an effort to provide a fair and
objective review of your request for information under the Freedom of Information Act (FOIA) 5
U.S.C. §552 ef seq. (1994 & Supp. 11 1996), we also consulted the Department of Energy
regarding information in their control. They are in the process of reviewing additional
information that may be relevant to your request. After careful review of the portion of your
request that relates to information in our control, I have determined that only a limited amount of
information may be disclosed to you. As you may already know, FOIA exempts from disclosure
any information that is classified. The fact of the existence or nonexistence of information which
would reveal a connection or interest in the matters relating to those set forth in your request 1s
classified in accordance with Executive Order 12958 (Attachment). As a result, a portion of
your request 18 denied pursuant to 5 U.8.C. §552(b)(1).

If you decide to appeal this decision, please forward your request to the Secretary of the Air
Force at the address provided below. Your appeal must include this letter and a written
statement stating the basis by which you believe information should not be demed. Your
package is due to the Secretary of the Air Force within 60 calendar days from the date of this
letter.

Secretary of the Air Force
THRU: 377" CS/SCBIF (FOIA Manager)

2051 Wyoming Bivd. S.E.
Kirtland AFB NM 87117-5607



Sincerely,

e (i (

DAVID M. PRONCHICK, Colonel, USAF
Staft Judge Advocate

Attachments:
Report No. AFSWC-TN-56-14
Executive Order 12958

cc: 377 CS/SCBIF (FOIA Manager)
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REPRODUCTION QUALITY NOT

This document is the best quality available. The copy fur
to DTIC contained pages that may have the following qua
problems:

 Pages smaller or larger than normal.
* Pages with background color or light colored prin
* Pages with small type or poor printing; and or

 Pages with continuous tone material or color
photographs.

Due to various output media available these conditions m:
may not cause poor legibility in the microfiche or hardcop:
you receive.

D If this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproducec
Black and White, may change detail of the original copy.
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As a condition for obtaining DTIC services, ali information received from DTIC
that is not clearly marked for public release will be used oniy to bid or perform
work under a U.S. Government contract or grant or for purposes specifically
authorized by the U.S. Government agency thatis sponsoring access. Further.
the information will not be published for profit or in any manner offered for sale.

Non-compliance may result in termination of access and a requirement to
return all information obtained from DTIC.

NOTICE

We are pleased to supply this document in response to your request.

The acquisition of technical reports, notes, memorandums, etc., is an active,
ongomng prograim at the Defense Technical Information Center (DTIC) that
depends, in part, on the efforts and interest of users and contributors.

Therefore, if you know of the existence of any significant reports, etc., that are
notin the DTIC collection, we would appreciate receiving copies orinformation
related to their sources and availability.

The appropriate regulations are Department of Defense Directive 3200.12,
DoD Scientific and Technical Information Program; Department of Defense
Directive 5230.24, Distribution Statements on Technical Documents: American
National Standard Institute (ANSI) Standard Z39.18-1987, Scientific and
Technical Reports- Organization, Preparation,and Production;Department of
Defense 5200. I-R, Information Security Program Regulation.

Our Programs Management Branch, DTIC-OCP, will assist in resolving
any questions you may have concerning documents to be submitted. Telephone
numbers for that office are (703) 767-8038, or DSN 427-8038. The Reference
Services Branch, DTIC-BRR, will assist in document identification,

ordering and related questions. Telephone numbers for that office are
(703) 767-9040, or DSN 427-9040.

DO NOT RETURN THIS DPOCUMENT TO DTIC

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.
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. }. PURPCSE. ‘ S T
: The purposs of this etudy was to compute initial nuclear ridiatinn doses
: {rom low yisld weapons at altitudaes p to 100, 000 {aet A(SL., ard to prasant the
: rssults ip & mannsr that would permit the greatast flaxibility of use for opers-
* tisnal planning purposes. (U)
i. CONCLU I ™3,
$
I
:
)
¢ .
3. RECOMMINDATIONS.
%,: It is recommaonded that tha curves preseniad in this study de asad Jor
i cyerational planning purposes. For more detziled planning in the case of
4 rapidly moving recsiver, i8 i3 yecommandad that rcachine caleulations be used.{7)
E_ 4. BACKGROUND. |

+ 1
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[ " 5. DISCUSSION, S T TR - t
E 3. Initial auclear r2d o8 2 3¢ l -
l The initial nuclsar raciaic am 1 wact-acs Dasion werpgon T %8 con- ;
; didered 1o originaze {7om tae il 7§ ST1} :
(1) Camma radisticn {rom .3 {isa.on roc=33. i
é {2} Msutrons frum ihs fission process, i \
{3} Gamma radiation from fist neatron recolls (inelastic scatiering). ”
| {4} Gamma radiation {rom 'he radiative capturs of prompt nsotrons 1
| E by citvoges in the stmosghaye. 4
: ' {3) Gamma radation from the fisaion products,
; {4} Delayed nautzons from the fission producis.
;E. {7} Gamma radiation from tha zadiative captare of dalaysd nauizond .

Sy »nitroqen in the atimospasrs.

13) Black body slactromagnstic radiation in i low f-r3y 273y
region. {U)

Dslayed neutrons ars only a fraction of ins total aurslber of naatrons
raliagad 324 may De naglacted in compazison with the number f neatyons
raleased during e Lssion rzaction. As skown in relsrancs 3, tha numdar of l
iolayed neutrona par fasion ia 0.0173 for U-235, 6.044 for U-228, and 0. 0067 |
for P1-23. Cammms radiation from the capturs of delayed neutrons by 2.iT705ea
may also Yo nejlecied for low yield weapens. (D)
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P
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- For the pursocs of i tudy imitial anclédr radialion is d2fined 29 L2 n2vizom b
- 354 garmmna zadiadioa enzittzd durisg arprowimalsly 3o Zrst reinzis 2Il87 8 [ .3
3 sicisnz desonation. JFor 3 discussion of tie pliyaics of 3 muclasr dalcmaticon, v
ses refayencs &, :
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d. GCarnma radiation.

Published values for absorption coefficients of gamma radiation (the
absorption coefficient being the reciprocal of the mean free path) are nearly
always for measurements made under conditions of good geometry. * Such values
are usefal for laboratory work, since it is usually possioie to arrange good

eometry conditions in 2 laborato-y. Under field conditions, however, muitigle
scalieTing becomes quite important; and absorption coefficients determined under
laboratory conditions are not directly applicable. This difficuity may be sur-
momated by using a correction factor called the buildup factor, or by using
effective absorption coefficients and apparent mean free patins. The buildap factor
ey BodeTincdas he Tacior By which oot renmoatry caTaalaiions miust be mlti.
plied in order to correct for the rnultipTW‘c;tteﬁng co ribution. An apparent
mean {ree path is simply defined as the mean free path actnally nbm?gtmu

field conditions. (U)

Measurements of initial gamma radiation as a function of distance from the
poiut of detonation permit an apparent mean {ree path to be determined easily.
It is necessary only to muoltiply the measured dose per KT at a given distance by
the square of the distance (to remove inverse square dependence), and to plot
these nlui as a function of distance, It is customary to plot the results on
scmi-log paper aince this gives very nearly 3 straight line., Usually it iz assamed
that a straight line telationship does exist, and a straight line is drawm through
the data pointg, Ths resulting line is characterized by an intercept value which
for convenience is usually expreseed in terms of dose at unit distance, e. g.,
roentgens per kiloton at one yard, and by a slope which may be expreuud as the
apparent mean free path. (U)

.
Good leﬂmetr! is & rather loose term dnnnti.n‘ an experim~ut in which

mm“d radiation does not reach the detector,
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Recontly some preliminary results of a Monts Carlo calculation belng made e
- 8t K23 on tha elfact of the aiz-ground interface ¢n propagation of gamma radiation ;
bave boan received, as described {n veference 11. Thess preliminary results -
5 show 2hat for a Co-20 radlaticn st 3 mean fres paths, the dose nsar the alre
2 ground interface {s 45 of the {ree air doss. This indicates that the effect of the
b ] ground suriace raay be greater than that calculatad by using a simple, forwsrd-
s T scstiazing model. {U} o -—

* Pacx scattaring decreases with incressing energy. Tor s [0-Mav source, and
A2 approximats treatment, it may he ignaved. . sWOL 781
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- S - The relative air dangities for the vazious altitudes are listed in table 2. | Yo

TABLE 2
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RELATIVE AIR DENSITY AT VARIOUS ALTITUDES ==

Al f | | M | Altitude (ft Relative L‘ren:isz '-

 Bes level . 1.0000 60, 600 0.09413 G
- ;g,m g;i:: ;o.ooa 0.0582% -
38, , 0,00 0.03600 "
2 i
, 0. 96, 000 0.02226 |
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decay schams for Nitrogen-
ke 'illrh for

- Bince decay FCEeEYS A8
- e 'r:rl gddad.
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TR TR e gee 13 given by Kinsey, relavesce 14, #3d -7 s
dotermining the mitrogea-capturs garums radiation enetgies, -
not complate, the miss
determined by taking the fewsst componsnts
lsts the decay scheme and thus satis{y the conservation of

| _eaargy, Table J_I‘iiltl the gamma ray snsrgies nlu.:l.' {U) o 3

TABLE

RAYS FROM THE REACTION N-14
T Relative Intemsity

1.00
- 0.09

-
il

H._??ﬂﬂ
S23% %

T é ddiﬁ ﬁCm - lete Deocay Schtm; _ | ST 1

9.41

.-f .".,:_-..n,l:.-"- _ - " ) o ) | I"-. - - . - Ll’l”-‘ l - r‘
S :.Ig ’ - T -4 T

e.41

0.31

Q.10

: '- 6 A!ur ﬂn'. ;almhtinnl wore made it was found that the additions were of m!.nor |

. ¢, since they contributed only 18% of the nitrogen-captures gammos
BRI _'mﬁ;u at smalt distances and sven loss at large ﬂ:tmcl!. (&i _
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. $50 electroaic computer using buil“up factors obtainec from Coldstein and Wilkins,
reference 15, and absorption coelficients obtained from NBS 1003, reference 10,
- The total nitrogen-capture gamma radistion attsnuation was then obtained by
" aumamation of the ssparate componerts. The dose-distance curves ¢bta‘ned are

F
?
N
| . The attenuation for each component was computed separately on an IBM
shown in figure 2. (U)
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{} Fissiom product gamma radiation. - = R
 Piseion products emit gamma radiation with 3 varisty of energies and
decay periods. 1 the relative abundance, gamma radiation energiss, sad decay
rinds of the short-lived fission products were known, it would be possible, at -}
sast theoretically, to compute the fission-product gamma radiation dose for any -
time or distance of intezest. Efince these parameters are not known for short -
tirmeos after Gseion, it 1a necessary to base calculations on a generalised energy
specirum and decay rats, {(For a discussion of the present state of knowledge .
conzerning fission product gamma radiation at sarly tiraes, ses AFSWP 5021,
refsrence 17.} {(U) ' -

r

-1 I.l.‘i';:lﬁ . "'f._",hiu g )

.. For attenuation calculaticns, the Motz energy specitrum was divided .
into 80 energy increments from 0.1 to 8.0 Mev. The attenuation for each incre- '
ment was computed separately on an IBM 650 slectronic computer in & manaer
directly analogous to that used for nitrogea-capture gamma radiation. The total
fission-product gamms radiation attenuation was then obtained by summation of
the separate increments. The {issiocn-product gamma radiation dose-distance
curves are showa in figure 3, (U} - - " -
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T pianres 1 through 4 are curves which show the prompt neutron dose, the = "~
” .iuh:ui‘-:;:n:n pmfn-l dose, the fissiop-product gamma dose, and the total -'

dose for a stationary receiver as a3 function of borizrontal distance for various

barst altitudes from 10, 000 feet to 100, 000 feet. Also presented are isodose

lines from 0.0l to 10C, 000 rem on a plot having a keight of burst and horizontal

distance as coordinates, Horizomtal di.iisace is t2 be interpreted as the distance

from ths detonation to the receiver with the two at the same alnt[:sde. The AT A

air decaity corresponding to the burst height was used in compuling the raages. _.
A The curves have been drawn for a yield of 1 kiloton. For other yields the values ;
' obtainad from the carves should be multiplied by the yield in kilotcns, (U} | -

- el T-HE
l-"_- .

-

3k
[
e

[ 7811 . pwun 181

.
T
s




F

.

L

.

-

ST TR T I e O T N T by ST W gy i ey, RCRTIE T LT T e Y R Y R 1 E i, Ry

e -~

For
Hone he u::imr- nf:n;:l‘ solution it i» recommended that maochine :;lculau

rameters gl
for making the +|'::J.r:uLu:lm:np‘a §°vea in appendix Il should be used

{v)

S3WO!L 781

Hop o, LR e
. | - - L 5L o
S P 22
' i e -—_—-—I——m_-—__—_____
A :--h - - . ' = m [RR ,--p"ul"l'ﬂ;'i' nal,
, . - r ] . L] f . , - ‘.1 . '..-‘I [" [ :,
. -H " h-l . ) ¥ ".
ad S ' Y e -y "'r.:,l
_ . B - - P .l "
et =, 1 " 4 ' | S an
":‘ ! - H' .. T n ‘r- ' B o i r *i ‘ 1-
1'..% .’ . .'- - y . b ; - ‘!* N * . .t A “ﬁ" F! A ]r .
-:l-'I 4 - ' ‘I"'. . ﬁ"“
% i b ."""
Ege T taa © e A :ﬁ’w e
. . x -
) ] & ) & g Ty - iR . .. P . ) - 7. -'h.-_ = l-.nll
e - el NS I X SRR o E

o rm A L] iy ; [ .L- L [
Ll \ . 4y - Ll = -‘ 1"-I. ir 'I' . i T ' - :
; ! ~ o 1 .r.‘ A i g iy a P "5 -'1 -1-.-1 r.r -uro. N '-.I:I-.‘-r‘“. S -t
- . " B 3

P ) T YR R e | S Ep e T e CpeT T e ey A e e o T T e b I L AT T T PR e, S )




"I""-.F.l -;-l"'-’ul"-". ‘ & ' #
- ar 1 "
S g
iy
E‘F- r;&‘ ;-

o mumupm
‘b, Larrick, Ross G., and nﬁwri. Camma Ex

: 3
. - TEAPGT. CITP ITR-1115, May o -
1 :-3- Ghutnn.. Sunu-‘.l Weapon Activities of Los Ahmn: SCiantiﬂc Laborstory, {2
o-Bantly MEL L,h-lﬁ 1 % b
s Putnu. H. GC., Critical Alumhlial at Los Alamos Hu.:lnonicl 13 Ne. Iﬂ Co 4 1.
L “J“; Qctober 1955, [Uaclassilied Fepori) . L 3
7€ "Richards; Pauil., and Holland, Samusl 8., X-radiation from m Atomic B Bt
S} . Bomb, Air Force Spacial Weapons Cunur - cem _ SR
' !Ecut-m report) ‘ _ . B

{Unchuiﬂnd}. Air Force 3pecial Weapons ' .
{Secret report) L | .

; ﬁ.Ih ;._Hl-llll:ﬂml.. T. D., and Willett, D. K Neutron Flux Huiluramunt:.
R Optntinn TEAPOT, OTP ITR- 1116, H.ar I95%5. [Secret-RD report)

7. Paase and Peass, Com ri:nn of Radiation Hazarde from Spherical and
. Toroidal Bomb Clouds, hﬂﬂ RM-T, May 1952. [Secrst report) )

o l.' Grossman, B. H., and others, Atomic Cloud Growth Study, Cperatica
o HJPO‘T. OTP WT-1132, D:mﬁ 1955, (Secxet-RI report)

.
- -

- -

R
- Y. Hﬁllida Dlﬂd Introducto Nu:llar Fh li:l. John Wilaymd Sons, Inc., ;
; New Turk. 1959, p. nclaseilied report) .
10. Whits, NB3 1003, as reported ia LASL LA=-1620 (¢ee referencs 11), o
11. Malik, John 8., Summary of Information on Gamma Radiation from Atomic |
Weapons, LASL » JADUSTY . raport
23, ‘ . 12. Titcs, Frank W., and Berger, Marztin J., Pralimimr Reanlits of Propo-
- ' N atiom of Camma Radiation Near a Boundary, U5 Eapartm-nt of Cornmercs,
- nciassified report) !
13. Bughes, Donald J,, and Harvey, John A., Neutron Cross Sections, McGrawe .
- Hill Book Company, Inc., New York, 1955, IUn:Iu:mia report) :
14. Klnlez' . B., and others, Can. J. Phys. 29 1 {1951) as reported in LASL :
2 {620 (ul rlflram:l 11}.
15, Goldstein, Herbert, and Wilkine, Ernest J., Jr., Calculstions of the Peng-
fration of Gamma Rays, NYQ 3075, 30 June 1954, m
16. Kare, H. ]., and Wagnar, John J., Pr-initiltiun of l‘iniﬂn Bornhs b |
cret-RD
§
: SWOI 781 l‘ |
- . (T
L -
",.-..-. |




BIBLIOGRAPHY {Con.}’ Iy |

17. Borg, D. C., and Eisenhauer, C., Spectrum and Attenuation of Initial S
" ‘Gamrma Radiation from Nuclear Weapcns, AISWP 5J2-8, January 15955, K
Iﬁ:ﬂm rnparﬂ = N | . .

‘18, Hatj Gamma-ray Spectra from Los Alamor Reactors, Fhys, Rw. 36 E_
153{1 . . !

. - B i

19, Storm, Lllery, Glrnm; Radiation Exposure as a Function of Distancs,

Operastion RAMGER, Program Reports, Vol. 4. Gross Weapons Mcasure- %
. ments, OR WT-ZGI June 1952, (Secret-RD report)

. Spentaneous and Neutrnn-!ﬁﬂucea i ission, A~ ﬁ#cumh-r 1954,
IE:!# Tepors) | | .
'21. Carter, Robert E,, and others, The Biological Effectivenesas of Neutron
| Radiation from Nuclear Wea nimﬁﬂﬁwm
April 1953, (Secrei-HD Y |

pri . report

" 22. Harris, P. 5., and others, Pbysical Measurements of Neutron and Gamma E‘
‘ . Radiation Dose from High Neuirun Yield Weapons and Correlation of Ljose
F ‘ wilhk Biological Elfect, % -

20, ,....M.chmn R. B., Emission Probahilities of Prnm t Neutrons from t -
k

. peration ToAPOT, STF E’TK-IIE?, Iprﬂ 15573,
{ﬁﬂrlf-ﬁﬁ r#porti . _ _

r 3 'l'ui:ﬂlr. Roy C., 'I'lrd ¥dward N., Nuclear Radiation from Atomic
Weapons, SWC TN 34-4, 12 May 1954. [Secret-RD reporty

£4. Hendrickson, J. R., lnd others, Shielding Studies, Opuratinn TEAPOT, .
OTP-ITR-1121, May 1955. {Sucret-ﬁﬁ Teport) i

25. Kalil, Ford, A Film Badge Method of Differential Measurement of Com-
7" bined Thermal-Neuiron and Gamma Radiation Ex osureos, LA-I1923, April A

ssiiied report

46. Greenfield, Stanley M., and others, Transport and Early Deposition of

{ Radioactive Debris {rom Atomic Explosions, uly
f (Secrel-RU report) —
37, Taplin, George V., and others, Mu:urumant of Initial and Residual
' hdllﬂml Ch:m::;l Mathndl,wml
\ * May 1955, {Secret-RD report)
o 1,

SwCl 781

-4 R L o "'*E.- ' *

s Kot ek it 55 o MYt T ULt Bkt




| -

ril

- —ull a2 .

~ [
4 fy ! E
. 1
” ¥ T_ i T §
A Moy G ‘:\._ 41 K f_.l'
5 N .
Iadm - - e . . - . » . = a S, F ; - * o ,E .ﬂ _‘1" s P oa “I.EJ A" - N ; o .
o RS ART L M e A e AR e R e g e e S ) et A o pafuiy il e At L St T
- . - TS ER N B~ R e I L LS S = il L oo L A
- ey 1 ﬁ. f-- = L e, P - . y 1
: . X s R —~ . . . - - - - . .. ) - L E "_..p."-' B : - ’ !
r_'-'-'._, ) -ﬁ\‘" -'_- : - .r_' - . : " e r 1'.. - P - .l l': - ' g ll.—\.-.L- -t -.'-*- ¥ ,.1.-“' e 0 =T- TR . = .*“.. ' ) - * . ‘
L : - - : - - : R U T - .
* L . '

NXUTROXN SIN3ITIVITY OF FILM DCSIMETERS

g

the resgits ol nectron film sensitivity tests which were made at Los Alamos,

Thao {ilm packs ueed in the experiment woze supplied, calibratad, and read by
the flim dosimetry group at Evans §ignal Laboratory, Belmar, New Jeraey. Tha
film wae calibrated with a Co*® source at £SL at the same time the exparimental
exposures were made st Loe Alamos. The film types tasted is the experiment
included the following: (U) |

Table § A
F1LM TYPES TESTED FOR NEUTRON SENSITIVITY

Recommended Exposura Ranyge

Film Pack DuPont Film Type {roentgens)

150-2 606 25-600
1290 40-600
553 606 25-600

510 %-100
202 2.%-12 {C)

BWOL 131
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Neotrom corrections to the TEAPOT gamma-dose data were obtained from
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=% K | The neutron component of the filra blackening was treated as ths sum of a
! responsse to low-energy {gold) neutrons and that dus to the high-energy neutron
\ Rep dose. This division of the filyn neutron sensitivity was sccomplished with }
4 the ase of the Godiva neutron flux calibration data furnished by the N-2 division ;
1 of LASL. The Godiva neutron flux curves show that tha flux at short ranges {rom
. {C) A the assambly corsists easentially of high-energy neutrons. Thls fact allows the
! ¢omputation of the film neutron sensitivity to tha high-enargy rep dose, 8ince |
y in the percentage of gold neutrons in the Godiva flux increases with digtance, the r_
! diffsrence in the total seutrun {ilm blackening and that compnted from the high- .
uld | energy rep dose sensitivity at distant stations may be attributed to the gold neu- _‘
K F tron response. I the perturbations in the neutron flux caused by the film pack j'
ot " holders are assumad tn be small, the value o!' the goid neutron unlitivity of the |
: smulsions is the number of !: old neutroas/cm} REC38sary tno cause the sams film :
181 blackening as ) roeatgen of C** gamma radiation.” (U) !
l Fm 1
- Heroafter, the term "fllm R 1s uweed to designate the amount of film blascken- E
ing caused by exposure to | roentgen of Co** gamma radiastion, i
' WOl 781 l
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f | . The sagtron ¢ensitivity ﬁf the various emulsions, as ﬁll:uhud i:r the
i Joregoing procedurs, gives neutron exposurss which agres with the observed
‘ vloes at sach station within the limits of the experimental errors. Tha Tesults
i

of these calculations are shown in table 7. (U)

The deviations listed are the average deviati { :
readings from the mean value, (U) $ ons of the individual film

values which have been quoted in the literature, Table 3 is 2 partial list of

&

E

t These values for film sensitivity to nentrons are in general agreement with
Et published valuee, (U)
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The gold neutron flux was obtained direttly from the goid detector measure-
men:s taken at Operation TEAPOT. (U}
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t > "he transmission of gamma radiation through the atmosphere depends

srimarily on tiie density ¢f air along the path traversed., The aiz density of

¢ jurse varies with altitude, and whenever the source and receiver are at different

altitudes, the air dersity varies along the path traversed by the gamma radiatien.

Calcuiations of the transmission of gamma radiation as a funciion of the areal

. dipaity® of air traversed were made using an IBM 650 electronic computer. The

R results are listed in table 11 and are vhown in figure 8 for nitrogen-capture
gairma rjdiation and for fission-product gamma radiation. Neutron transmission
is a[s0 inciaded in the figure for comparisoa. (U)

| H 1
~ In order to use the calculated values for neutron transmission, it was
neceYsary to know the integrated value of the areal density along the path

traversed. This value was obtained from the equation;

-

G AH

L
- - e i

. :
Areal density is defined as the product of the denaity and the path length, or px.
For a varying density, areal density s ‘}‘pdx.
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G = gravitational constant, cm/zec?

x = distance from source to receiver in yards

iy, N P - -
>

AH = aititude difference from receiver to source in yards

. el
C = a constaut, ¥ Ll
cm? atm.

for Py and P; in atmospheres, the valre of C/G is 1033,23

For small values of AH, the areal density along the path from source to receiver

wae obtained by multiplying the average density between the source and
altitudes by the path length. (U) y receiver
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APPENDIX 1 . il if,:]
a k3 N EFFECTS OF THE AIR/GROUND INTERFACE

Calculations of the attenuation of gamma radiation in air were based on
buildup factors computed by Goldstein and Wilkins in reference i5 for an infinite
homogenecus water medium. The use of buildup factors computed for water
should be valid for air, since the primary interaction of gamma radiation with

s low atomic number absorbers such as water and air is Compton scatiering.

5 Multiple scattering for Compton interactions, and hence the buildup farctors, will
depend only upon the number of electrons present, provided photoelectric absorp-

" tion and pair production are negligible, and will be nearly the same {or all low

-£8 ¥ Z materials on a normalized density basis. (U)

The use of buildup factors compuied for an infinite homogeneous medium
is valid for bursta at altitude, provided the air is reasonabiy homogeneous for the
distances considered. For high yield weapons large distances are of interest,
and effects due to variations in density with altitude may become important; but
for low yield weapons, variatiorsindensity are not excessive, Most field test

| measurements have been made for surface stations however, and the assumption
3 of an infinite homogeneous medium is not valid near the air-ground boundary.
t 3 Since it was desired to utilize field test measurements to normalize calculated
¢ values for fission-product gamma radiation, a study was undertaken to estimate
t. %! the effects of the air-ground interface from a simple calculation scheme. In
¥ order to keep the calculations as simple as possible, a high-energy {10 Mev)
source was chosen. For high-energy gamma radiation, sca‘tering is predomi-
nately in a forward direction, and back scattering can be neglected without

causing large errors. This reduces the number of calculaticns by about a factor
of 2. (U}

tor Starting with a 10-Mev-gamma source, and considering only forward

" scattered radiation, buildup factors were computed to 4 mean free paths in a
homogeneous alr medium. Differential Compton scattering cross sections f{or
the calculations were obtained by use of the Klein-Nishina equation. Total
absorption cross sections were taken from NBS 1003, ()

Angular distribytion was taken in 109 increments about the horizontal and
about the lateral axes. Because of symmetry it was necessary to compute only
9 increments about the horizontal axis, {0 to 90°), and 18 increments about the
lateral axis, {0 to 180°%)., All the radiation emitted in each angular saegment was

. % assumed to be along the centerline of the segment, and all interactions which
asing occurred within { mean free path were assumed to take place at a point at a dis-
- tancs of 1 mean {ree path. Thus all first interacticns were assumed to occur at

a set of points (9 x 18), each a distanco of 1 mean free path from the source.

uct 3 Each point was then taken as a source {for the next step in the calculation. A

zale new set of coordinates was solected for each point, with the horizontal axis along
ange the centerline of the original segment. Again 9 angular increments were taken

r § about the horizontal axis and 18 about the latsral axts. In this case, each of the

9 increments about the horizontal axis corresponded to a different scattering angle
of the original radiation and therefore to a different energy. All interactions
occuring within 1 mean f{ree path along each segment were assumed to occur at a
point at a distance of | mean {free path for the energy being consldered. Each of

. these points in turn was taken an 3 scurce {or ths next step in the calculation.

181 Thie procedure was repeated until 3 distance corresponding to 4 mean {ree paths

- of the original 10 Mev source was reached. The dose at a given distance was

obtained by adding the dose from each of the angular segments that intersected

SwOl 781
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| a common point at that distance, This dose was compared to the dose from the
unscattered radiation to obtain the buildup factor. Because the number of
calculations increased exponentially with distance, the buildup factors at dis-
tances beyond € mean {ree paths were not computed. {U)

'. A measure of the validity of computing buiidup factors in this manner can

!: be obtained by comparing the results with buildup factors computed by Goldstein

L and Wilkins. Table 13 lists the buildup factors obtained by neglecting back-

f scattering along with those computed by Goldstein and Wilkins for a 10 Mev source.

3 {u)

: . Table 113

f P TILDUP FACTORS FOR 10-MEV GAMMA RADIATION IN FREE AIR

E |

: Number of diean

2 Free Paths Buildup Factors B(r) B{r) - 1

NDA AFSWC NDA  AFSWC % Difference

i 1 k.32 1.26 0, 32 0.26 -15

L < 1.6) 1.59 0.63 0.59 -7

¥ 3 1.83 0.8)

¥ 4 2.22 2.11 1.22 1.11 -10

g :

v As expected, the values computed by neglecting back scattering are lower than

‘¢ those computed by Goldstein and Wilkina of the Nuclear Duvelopment Corporation
! of America. {U)

Calculations were next made of builduv factors with the source and receiver
at the earth's surface. The ground was assumed to have a uniform denwsity 2, 000
timee that of air and to have the same effective atomic number as air. These
assumptions do not Introduce a significant error while they considerably reduce
the calculations required, The actual ground den-itr varies somewhat for
different locations, but a density of 2, } to 2.5 g/em? is a fair average for moat
soil types. 2.45 g/cm® is 2,000 times the NACA sea lavel air density. The
effective atomic number for soil is about 12 or 13 compared to about 7 for air.
For low atoraic numbers such as thess, the photoelectric absorption and pair
production cross sections {which depend on the atomic number Z) are small, {U)

b T E e PR TR R - s,

The same calculation scheme as for the free air case was used with the
mean free path distances in the absorber taken as 1/2000 the mean free path
: distance in air, To stmplify the calculations somewhat, the first intsraction
- below the interface was assumed to occur at the surface, and all radiation
scattered downward after the second interaction below the interface wWas assumed
to be completely absorbed. These two simplifications are partially compersating,
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If the first interaction is assumed to occur at the surface, .ltghtl'? I:Lgha;v:;u.;
will be given for the amount of radiation reflected backhmtn t e;xr‘ an " ud
interaction occurred some distance below the surface; if the radiation l:_?l :re
downward after two interactions below the surface is negle:t:;i. tp:rehm__ ;
slight decreases in the amount of radiation getting back into thae l‘ltll.:: d':E:;:a ¢-
cause of the exponential increase in the number of r:al:uhtmr;l \:n h di -
4 mean free paths was the maximum aistance to which the caicu atmn; waredm; a.
However, it was found that the ratio of the buitdup factor for the air/groun

case compared to the {ree ai’ case could be :pprn:imqted by l_mal!-angl; ICIT‘:EI-
ing only. Thatis, the contribation of multiple scattering considering ?n Yy angles
of 0-10° had approximately the same ratio of _nrf;raund compared to r?; ;11-{ ad
the total multiple scattering contribution. This g:l-eatly_reduced 1r.iz:m num : ro
calculations and permitted the determination of this ratio out to mean {ree
paths, Table 14 lists the results of this calculation. {U)

Table 14

EFFECT OF THE GROUND SURFACE ON BUILDUP FACTORS FCOR 10 MEY

-1} Air/Ground Number of Mean B(r)-1) Air/Groun.
Nun;‘?:: ;f:gl:in SBE{IH -I}s Free Air Free Paths Dlr)-1) Free Air
0.85 b 0.53
;. 0.7% 8 0.%3
3 0.638 10 0. 4%
4 0.62 12 0.42
(0
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