
MARK!ING

"nmiumil"'"n."'MA 	 72."',171.ASSITION REVIEW/ 

ritimmaal.  5s - 	 - ?e, 
AdrMr 0 Art 5• ADO

CCNeese -

etc.*. owe  5 - 0‘. - 
Ardie414, ADD
NNW 	

DatetaA.Aluo (Chds NumAunr.
1 Clia.-ificsilea limbed

Etairoaloa Canto* oo  1-1 
Ana No DDE CIANIDed Woman

4. Caordlare
S Concerns Ufa! 	
6. CAsuneen: 	

33-56-51

IIMSON . AND GLIM HAZARD 	 M TO
ABOVE- A9D BMICE 	 STRIA71:17.

vS

P. S. Farris, Los Alancs Scieztific Leboratory

L. J. Vortman, Sandia C=poration

AN; .N aS6 A

Present experimental knowledge of radLation
doze vcrau: diztance and the effect of shielding
frcm grzna and neutron radiation is interpreted
fsr Pbc7e- and tx.'o6'-gr -,und str:xttrE5.

•

•

-

SANDIA SYSTEMATIC DECLASSIFICATION REVIEW
DOWNGRADING OR DECLASSIFICATION STAMP 

y..ASSIF1C ION CHANGED TO. _a_ AUTHORITY: to e . .7%. , r--/• 0 

..0C-Z, -9?
	i 

GIN ARKING & DATE RECORD ID:  P 7 S it) i 7 2 1-,

DATED:  5 - A ' " 

PERSON C
rGL AA.

PERSON

4.
.•41



•
•

4
4

4

rp,

4-11
,  ; ;al ' ,- . -:- .2gLgow

fv"
.

::';',V. ';;FiW
eZ.4,2411

1. °, t0,;1!,;';'; ',Mr
•-•7 0

.4
2

1.■

;.,.

`-•■
o
.. , (..; p

...s . ,..0
C

)
,... 4

tr
. ; %

,:,' , &
•:1

1,..,z4: 	,
'---- p

tl .C
4 , I.) ;

r-4 	
1

I.'.: 	
f.-1 0 ...

;'.1
 '	

••,-■
ft

N
	

'

i :: 	
•,..*, 	

±
" 1

 ' 1
1
 V

:
C
`
I C■	

'''.,. 	
r,'`-. C

I tv

r., :t t' - N
 ::;,-; t.) '..t. RI 	

■,. 1
.1

‘, .	
e ,,I i--1

 •, 	
C

sa
 ;:r.i C

-1
.

jj
f"

,	
r

•
r,)	

( , 	
C)

■
:‘
	

•4
	

1.`

•
t •

 o
.;

•	
t

, 
r
-
 

r•I	
1
 tr

. (
1
7
L

 C
:1

\
•

t1
	

*C.
C

I 	
j
 
`,1

 (,)
	4
.
7

	
c.. E

t,
(i

t
0

0
0

0
0

t

c
:
;

4< -1

,- .)1
	

1
1
1
1
1
	

IS
	

I

', * - , 4 -,,; . ,: •.4. -1 -`4 - 4 . t."	
, -:

..,•1 :4-, c•
,--, .:•-•,. oN ---, 4••• ,  N

 C
 - \ C

'''',	
,,,...

v.' i I :	
C

\I

or 1,

..,
•

•

k"
YIr

tt "
 )."%



PLC,--2-!QD GA1:-!..4. azF.D PELLTED 70
; 	 a-- AND B. MG 	 STFT-Ti".

*7 1('ttc'r 	
tho Foderal Civil Def ,,Ine 4dminictrtion

tcd Cron_ the '.7;vision of 131.olny and :idicine ir.fnnT ,..ntiz: or. t.-Le

'n. 	 rch d ,-se 	 o d!stPnce for vnrici ,,, ren47 ,..3 cf

ror :-.rc .:flod. Fe of the ne.Jtron h,v,:ard in U -ri azd

.round 31ter construotion, and itr; effect to! the
r:tlity of ahniter in besemerts ar.d shielded floors of
:to buildingc,

shfeldir,7 cooffici ,snts of t,-/i1 building naterials ami
acserbl's:1 of Lt-trials against neutrons, with considerationa
of T.hc  .etry.

ir ifct.71:1tio% on prcr.7.pt c=a rwairltin

D."c6

of tne irm.ediate rucirar irradiations (neutrons and gonna

rflyS) 	 den,tsnria uoor so.. -eral factors. These fnotors are:
-„-„. 	 "4„1A 	 "c,--".r,rs (o) th&Ins1-0-cp

tho wsaccn.

''o -].r ,La 	 72-ofsc., 	 ttnaz'aillty.7:4:y be

o fc'.1r tynec of wenon. :cso are, first, the strate;ic
fission woanzl. 	 fin weznon 	 concidered to be any

tc 	 fth 	 rricd y1:, ,oero or the i-29

 r to'l 	 pr'.7rtt:Y by a. 1=7-range mizaile. 1, second de.n1,11:n

	

f'sssu-tyce 	 .._'-crLeral.:17„ the y 0 .1 of a
1 	 r an--1 oar 	 crnied

rrf or 	 1.>511i7ti or
tn thr_,c. A th:ir-i dint3s7t

i-7;n 	 n,n "_:t7

The 	 typo is tho therncnuclear ve;mccn
wn,ich cr:n 	 c-7.nri‹!byintsrr.cont4nentz)

cf 	 jot, 	 r;v,Jp0111-:Ircn

in,c-ortant coneernini7 thl tct41 netztron
C1i ;7:1. stated• thplt T .4.,.9 the aotual nlre r 1.11

th! 	 oe 	 c :,-,5,17!
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CIASSIFIE
sommosswilas

ncren.ses Lsso.f.r F..'weapons arc concerned. Although the data are
extremely deficient and nerhspn suapect; it appears that thermonucioar
weepor.s may give the highest neutron dose yields per kiloton of or? type.,
The colistants neonsscry for determanir.g dose from. any 

of these typos are

rhown in T:.tble 1, in units of rep per kiloton C yield, at i theoretical

:ern 	 stsrce from ;':oit- of detontIon.

	

Oons.;. -dern€ the ommo. re._ dace, At hal4 	
fclIfx± that dezifn do-ts -ot

chnn 	 per 	 ,.ctor or yel. There nre other feotor3

wni ,.:h ore 	 .:r.certant Ln3ofor 	
w.127 	 rpy doc ine 	 I.:on,:.ernois lield

cnlY -
:7nportInt insofar as it influences gamma ray doss. in other wordn,

direct scalinr may be eoplied for ell type weasono in the same yield rarge.

As 	
hydrodyn=do effects occur %if:Joh are important

insofar ae gar=s, ray done is concerned. Thin is because the gmma ray

done is deldvered er:er 	
'nee early! of time after t

a

 he time of

detoostion. The hyirodyncimic effects arc ,Tach that t1.2 	 total encri77,

eth thIni fhe 	 enerf7y, inh,..casea , mere 6,1 -11 more n.lr 	 Tr4n11):,,2 cut cf

thc wa7 bY 	 t]?-='t 	
leavL:17 n z.)artial 	 1-;h4:3-1 the 	 front.

3iLcP 	
ic ho absorb:1=z rater:1,7d bot:ween the shoc.:; frent anci the point

of detonation, gamma rays emitted st 
late times only fall off ae inverse

n.rure, and the absorption function is •'hero. Thus, the total gTmma dose
per kilotL o can be increased. This effect does not bf.cor.e 

too ipportant

until yields neater than 100 kt are reached. Therefore, 
a yield variation

ppi_ies to extremely large strategic fission weapons and 
thermonuclear

weapons,

c..7:nLi6cratic717 do not affect net:trcn dcoe beaal;ne

	

r. ,.:1trcn'dcric lc 	 vithin 	 nillisecsndn.

y'effost on 	 rays ma :,r be more accurately considered by

refrr.ce 	 23n. ct.nd 23 7a of of 1. The more .12=nortant aspects of the

enviro=ent .-
rn:confting the weapon are, of course, air density and the

the - A.rre,.;.ndin terrain, G ,merelly, the target region =A:."
	o f 	 thnt leriot4,

	

n 	 Ai27 ,en.,ty, of cn....rst,

	

. c7ti 	 -` 	 "1r 	
..dose with

nir 7.ishsLty vc,rice ihvorfely ;17. the eltityde of the target. The

	

ro7ction , 	of L. neutron done or Fammz , dose r.1 .ffers for az...7;'

ic resnorzb'y calculted. Ass=ing ses level 
conditions.

frcs 	 fer 	 dose c 0.:.at Z20 ytrds, -ahllo that for garmn

7ioe“:: in 	
y7,re. in beth sp.ses this mean free ,-e"h (the 6'intarce to

n1;sorT 	 Trf-704 5, 1 nne InnreFices

Fy 	 ftcrn 	 In Tr:r1, 1 Cin 	 thc, FaAza
1CC,it ;5

•i.:1..ro2 in air 	 -.1:ezrzz of r9op for
order to detemlne ns-.:tron ecse.,' In to.,

of reent.cenz, -.1s.i.aleet, it in neeeseary to aulti.r , 1:, to,a r-st,

	.,w +.r+ey

1- ,:=.3..so ,am;:1 4 relative biological effoctivenens
, Vector
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fer atrons usinr :ac -
ute retponse of hur.-Ans af, thu ondnolnt. This standard

in;

whe:re X is sl-
x:dn in Inbi I, W is the yield in kt, D is 

slant di6tance in

yards. and A. is the riean fre path in yards.

In the infarnation fcliotiing, in which various shielding considerations

r.hde, the '"h, 7.ir" doue y 4 elds r. , qy 	 re,4us 	 ctl,: by the r.elaicable

0tin7 facter, 7,ven tho7h the shield TcAy change t: 	 etron s:cectrum

;7a= s7c.c7ctrIn 	 reci:=:ely, the biological response
	 per rep

does nst vary ilignificantly over a wide spectral 
region. In certain canes

ther=11 neutron flux, which is unimportant insofar as dose production in

air is concornui, may be:lc:4 important 
when a shield is interposed. A

e,onsideraticn cf therciil neutrons has not been made in this 
short report,

since the controlling factors, such as yield and design, are much more ccm-
1sx than i:lose for eIth= garnn rays or fast neutron 

dose,

r:AF.--E 1

r value in recAt

' value in rep/kt 	 (Extrapolated to zero 
distance)

	r,amma 	 _ Neutron

o
o

	

2 7 10' 	 1 x 'C'
0

	e - . 
0 	x

	2 7 10'
	 x 10'

4.7,e 2 x 10— 	1 x IC— to 2 x 10-

,
Cr.:1:: 	 -1 .;2 -ited

.rCr:...c.ntir, 	 2 	 ..3"11:). 	 1.he r:;dizticn seldinz :ersvI.ied 	 stru(-tures

:74h& 	 C.,:t7.1. 	 to r&- 	 eprezd In tbe dat"

,:HY• 	
?.11esp.rx	 orat



111111111■111111
1. Detcotpr limitationfl.--Each of the detectors is designed to metaure

or 14,.-low A giveu threshold. If the actual radiation is beyor

thrnohold, the re,,
v:Inz ic doubtful; arrjas limits are 

reached in the oast

neutron c:ateotors . 7
 the sccuracy of the reading decreases rnpidly.

	

2, Pnoiti.on   :rtrvict,.r.-a.--Thf, reeding is eemsitive to the exact
locg.,tion ''fl a structure, particuaarly with respect to windows or doors

arz: !cini of linc-of-signt zateriel hotweer,•thedetector

	

3. 	 atrur!tura...-Typ:In of structures included jn the raterial

horoi.r. 	 0:7en ztructurer, below grouna (iaaerally field

f'zrtifion-7 	 ,7
.-'7,rth cover), °loved structures below ground, open and

s',„7.1ot.ros al,!:ove grvani l ar4 earth arr.! masonry houses and bes€=ents

inciudc eorno wood and mote: but 
primarily ecrth and

	Q•sr.'7,•7etr.,,	 eno-z.P;1:: 	 en.
„4,:t'.,-d for eao:: tyoe I trurture it

lo posoiTol to ezA,rForize otruct -arf! typc.s so as to retluce the .s .:oread

	

for z?..17 	 o,ntr,EorT.

L. Radint1one7,--If the re...diction spectrum were divided into bands
different ohergic, the band!) of lv.:.2r energy would be shielded more ef-

figct•;:vel: ,
 than those of higher energy. The ganra spectrz . vas not broken

k-Irn into bo_n2s of different energies. The aeutron spectrum 
was broken dawn

	t 	 or -:4ar‘is measured by cold, plutonium, neptunium, uranium, atd

cul;.
7,;1ur. The data from Fold datectorz pre shown scnarat 1v. Differen4e3

to 	 fz.,-.1.11 that tcy 	 :lidexn in ti,o

other !,:c1,:.o.rta:_r.t 4 ez:1 ,

5.:;:i!:44--.,7.141zL=2./ 	
opnn structures or foxholes the

ar-7.7 t're .':.1.,e,t;,
,noes from the weapon at wc a given level of

	

ir 	 :.,-nortant factor In the amount cf radiation scatteritlg

(;40 •7:ren-n1,

:sA.--If there were sufficient sarplcs it would be possible to

(;ofin 	
ri."1"‘*' r

1C7 ,;77 one

recrt,7- 	 .rn confin 	 !*_o t -2f7c: ..7.1',:r1re!i in 	 e.s,mon

in -;.crns o,f an 	 of f,:aei.!it7

• 	 ' 	 :-.:,LL4Orf4" 	 ,14

. 	 , 	 , 	 -lotted esmiErt

V.41 ratio of the f1,134 inci.dent on a atructur$

iti 	
!_hc stracturc. Tho e,:entilty of soli at 7r,t ,rImmn

. 	
,00,1t„

1:11. 	 b

LJANCLASSIFIED

Ii
7' 4



e■I

4 '1,4 	,	 •

•

11111111111111111

ar.72 	 Fic:k 1 for 	 cr

- :.1 le oxp,-s1- .T.-1, T.na soat-v72r ;a 6reatar for tno occn

a'r,a;t 1;.,r 	
resnit.s irdisato t:lat ail.ar a certain

in.r;er, 5: rcchod, larjn anounts of alditional protection reslat from

11 increacen 	 tho en.t7lty index. 0 ,-...nmg. radint 4 on ahieldinF for conoroto,

fr=r,
, and mazonry houzezr, and the baswents ol houses fell within 

the

n,rimt labeled Musos in Fig. 1. kgain, as 
would be e*acted : houses and beze-

t:1 provide al:cut tihe camc docree of protection 
as goer. foxholes, Fig. 2,

a 	 rscom::,er4atonz Inn 1:4:

:	 nf 	 f,..1rs,:sh little

rstNronftc 	 ro17,t Far:rs, radlotics. The Intrar.cnt
rot 	 erect..-.5. to 's.ne m ohSeldlr:!:

r•::cos.! of -0.

•7Sc fo3ov1n.::, i
of

for cval:Latinz house's and

c. For ovaLlatirc: 'Jrz:ercrot ,nd structures, ii is er.:rvestd
th.at t.oriJpoistr leten to -urvco 	 rig. 1 lo

drsi;zn..1 	 -Ireerground proteoti7P stricture, it is

recornnclul tit a donnity index of 15C0 	 provided for
uno rc LCO 'or rnstructs.2res.

rlirg 	 axe,

Ln :;r. - to IC..- the relation to th structuro thlta. The lc*,:er

wa*,. 	 P4, 	 frc.m 7,.:XBUR-SNAPPER S'ht 2 vhere the angle

n't-,cqt 	 Thf_ ..zner our' wan =oasurcd 1:0Z' 
yards frog

E .rot 	 th- angle of -:ncnce vAf csly be gtd %there.

t.;:lc;:n-so 	 vas yrPater.

7or

thit; 	 %„)-o 	 afparatelY

	th:.2	
,-2J:t.1.7422,n of i72-N1d STY!, the fmst

	

toor!. 	 0c. 	 r2cpt:2,, p.

aro. aIlv.zo in fl. 3. R.a,zua 	 froa
ton*) fro the open tend to 1 ,c !II:0er

1.coo,a 	 tl2r: 	 tr 2717=nt of :, o.;ztter:x; rtir:intlon rntrIn47,

fro co•norets-onred foxboicr 1. 	 ti

	S -21 	 1:7,77t 	 mni

cl 	 t%1 ,;reter diziarce to 4 7:2' et th'Cicer
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