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Report	 on Shielding t~e MORA H1gh Int~n.1ty
SO Mev Electron Accelerator 

Jame. H.	 SaltA 

1~	 Allowed levels or radlatloDo 

This report w111 con8lel" the sb1eldln8 of the M"U-IR"Ao 

SO Me. electron accelerato~ UQ~e~ tAt •••gap'loQ t~t 1~ will be 

run at full lntenalt" l~e~ 4~a~101) .1.o~rQft. a "Qond, tor 

40 hours each week~ It will con.14.r .ll~.b~' radiation do.e. 

ot 300 ml111roent@en. per week Qt 8.... r.78 aDd 300 al111roea'.ea

equ1'Valont'~"'D per week ot p.utl'onl tor "URA waltke".... (Ioce tbat; 

thl. 18 higher b7 a faetor ot t~~_ ~~n lurrtn' 1004 practloe 

and higher than that allowed b7 Ale ~o;r ~uDI "~I.'S.oD work.rao 

Th1s tigure was used only b.o.~s. tp. 1D.tal1.tlo~ 1- • ' ..pora., 

one and pre.umatly will DOt .ot~.11J .9.~8 ••~rtb1as clo•• to 

40 boura or opeNtlon pes- w••k .114 wIll taot b_ opeNted ••• 

lons terti deyloe) 0 Allowable ••41atS.oD ~,v'l. at 'he boa•• nezt 

door will be COD81dere4 8 ~lllro.D'S.Q Iqul,alent maD per veak~ 

(2.5	 • rq/"k 1- • roup t1lU" tor AatQral baokpound)" 

P~t.otloD ot the .1d...4k arta baa no' b••n apeclt1cal17 

lonllde...4o I do not belleve 'be, aD7 p,.o~ioal lh1eld ,,111 

."pall, brims 1t down to 8~wk~ It A.'••••" X ltD con.l~.r 

it tur'b'Pa 

20 aet•••ao•• " 

Retez-eno•• reternd to in ,he ,.po,.' are; 

1.	 P~'.Ot1oD A8.1~.t "t.'roD--'JaQh~'.oaJ~41.tloD. up 

to 100 Ml11100a Il••trqq Vol'... __""--ok $51 (J08. Dept .. 

ot OO__l'Oe. ".tlo,.l "'."11 It Ikn'afd. (19S4) 

2.,	 a••cto. Sb18141rtl n..1Sft ""\Ill, 14:) tI, IQ Ro~kw.ll III~ 

D~ Van lo.t~nd 19S6~ 



30 TID-7S4S Conterenoe 1,)0 Shielding ot H1gb berg)' t~uc.lo.l-."" 

tor8 g Held at lew York, April 11 to 13. 19S7 

40 LoBo Lanal and AoOG HaDlon. Ph78oRevo ~o 9S9 (1951) 

Sources at radlatloDn 

All oalculations bave taeD ..de under the •••umptloD 

tbat SO M•• electrons are lnclden' OD iroD., Iron baa a ra41atloD 

leasth ot 1401 ga/ea8 or 108 oa aDd • critioal eners7 ot 24.3 lie." 

!'heretore DO reasonable shover theol7 oaD be applledo I hay...d. 

e ••r, rougb .hower tJPe an817818 using a critical energy 17 M•• 

(~or oor.en1enoe ID oalculation) to ~.tl..t. the .oure. ot redla

tlol'l~ thla abows that atter 2ft7 radiation lenatha (4... 8S am) ~ 

ot tbe l111t1.1 electroD .nero 1e .till pre••Il' 1n the MOWere, 

At'.r 207 ra41.tloD leDstba w.·••sum. tb.~ the _lDt.um ab8orptloD 

tor troD holeS. ~ 

'h. 8e~t., of 'be .oo.l.~tQr .-ke. it r.a.onable to 

.uppa•• tbat ~ ...ultlD8 y-....,. au•• so t~\l8b ,bout 8- or 

1;0.. Ia .fta o••es tbe7 .,111 peDe'...'. 010.... to 16- 0 I hav• 

•••u..d oal,. a- It alsbt be worth QotJae tbat It tbe b...r 

10aUo,. are 111 ao, wa, peoul1ar So. a11!!' be po.albl. to get a 

tJ... OU, tbrolllb a.uob 1••• lroDo 

After tbe 2~7 initial ra41."oa 1.~8tb$ tbe ,...lnder 

of "'. iroD atteDuat•• b7. taotor of 38 1..y1n8 f' 72a38 • ~ at 

tbe 1),1'1.1 .aeru 1...11»8 the &Meh1a••• '(-"'78(\ !'h.y,,~11 be 

... bttoedl, 41.trlbuted la e••" .~uDd '1 "S Mev. Tb18 1. 

S~ Me. a 4~8 x 1013 .l.o_ro~•• Q.Q19 • 4~S6 ~ lolJ Mev/nee 

• On61 x 1013 70S ••, r·""I••o~ 



B .Neutron. 

The r-rtZJs in the	 1roD prod~c. a DOD-Desllg1ble number 

01 pbotoneutron.,.	 The laeul rree path tor aD InteraatloD 11l iron 

of den.it, 1~6 1. )-1
WI! p =A:: ( (). f'l7 I 0 

21 
a;.~ ·It 

The probabl11tJ' for a photon or energ7 k to interact in d~ 1. 

,1)1. II(At)cLA 
") 

where B(~)~ number ot photon. per Mev and dk 1s the photoD energy 

The probability tor producing a neutron 1n 

1. then S1- #(,/o).,U. 

.. 0.847 :It 1023 5J.;,. tq.A) /1(04) "'-Ie 
Sino. moat ot the reaction. will be produced in the gl.~t r ••onance 

region where e: 1. atrong17 peaked at 17...S Mey we .a, NIIO.. ,,(A) 

aub.tltut1ng 1(17oS)o fbe re..la1as Integral 1. Juat the 

1ntesrated eros. sectloD wb1cb .., be v~1tt_D 012 ~ x 10-24 

Mey om- (R.t~ 3 P 202)~ ~p. probab111t, tor ..kiDS. n.u'ron 1n 

cU 1. thell 

O~847 x 1023 .1")( 1(17) x 0,,12 ¥ z 10-24

• 0.847 z 10-1 x 0.12 z JWf6 )(' 1(17) ,))t 

• 0014 1(11) J't (ia ca) 

'be probrbl11t, tor a .luSl- eleotron to mate. neutroa in 80" ~ 

1. then 

0(114 flf(l?) ~ •	 0,.14 x "track length

ot 170S M.. ~-A.
 

A QUIIl.r1oal 1ntegration ot "'1 .Sllpl- Ihower aun. gl••• 

S• OG28S8t> Or the" aN 

'0014 x 0029 • O~0404 DeutroDa per 81eotrone 
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B Neutron. 
~**"'1ao':... ... _ .........-.

The y-rr; ,f S 1n the 1ron produce a DOD-aeslip ble number 

01" pbotoneutron.~ The IdeaD rre8 path tor en Interaotl.ol1 10 iron 

ot den.1t~ 7~8 1. )-1
WI 'r '= A -= ( o. f'l7 J( / 0 

21 
a;..~ · 

The probabl11t., tor a photon of eners,. k to interact in d~ 1. 

~ II(Al)cLA
") 

where B(~)~ number ot photon. per Me. aDd dk 18 the photon energ1 

1nt.'val in M•• ~ The probabl1it,. tor producing a Deutron In 

1, then S-f- )/f",) ~ 

.. 0,847 x 1023 5~ cq..A) NrA) eLI< 
S1noe moat ot the reaction. will be produced 1n the giant r ••onance 

region where (J' 1s strongl., peaked at 17,,5 Mev w••&7 Jlelllowe I(,A) 

.ub,t1tutlns 1(17oS)~ fbe remalalas tntegral 1. Ju.t the 

lntesrated eros. sectloD wblcb "7 be w~1tteD 012 ~ x 10-24 

M.~ om 8 (R.t~ J P 202)~ ~h. probabl11tJ tor ..kiDS a n.u'roa 10 

da 1. tnen 

o~847 :It 1023 .1.']( 1(17) J[ 0.,12 ¥ z 10-24 

• 0.847 z 10-1 x 0.12 z ~6 )C 1(17) ~')t 

• 0014 11(17) J"t (1n oa) 

'be probrbl11ty tor a .lngle eleotron to -ake • neutron 1n 10.. ~ 

!a then 

0014 r-(17) *- 0 .. 14 x "t..ck l.ng~b· 
of 17QS Me'Y ~-A. 

A 1I....r10al 1ntegratl011 ot '" f .lapl- .how... cur'Ye Sl••• 

S• O1)28S8() Or then aN 

0014 x 0029 • O~0404 DeutroD. per .l.ot~ne 
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,-.....	 ('Ih18 18 a N.aonable D~8,t' 1D ,be, v. aa..ll, ...... 0.01 

_"troD. per .1eo'roD troa our 22 ".9 _obiDe aDd ttl. aUlllbe. 

ltIIould 10 11k. ttw .aero .qlll.reel) 0 

Ifhe _cbine tbu. beoom••• hUH. of 

~b8z101) x Oo040;~ • 1094 x 1012 Ded/••Co 

Tb••• lJeutrona will be oonaid_Nd to ba¥. 1 to 3 lie.. 8_1'170 

40 DOt belle.e ,bat 'be few talrlJ blab --rsr _"'JIODe vlll b• 

• p..bl." PurtbeNOl'e g tbe Deut..a vlll be •••uaed ·1.....pl. 

~ be produoed at the eleotro~ orbit. liD! ~ .....- be••• U. 

JOk•• 81m e tbl. CIID happeD la ••nala dlNotloaa aDd 1. th8 

WONt 0••• 0 

It. 0 .,-ft7 .b1eld1na requlr-eat.o 

!. 8... 

It 'be el"'JIOD be.. .trine • '-Plet of ... 8O..t • 

• bSIb17 diNoted beaII ...al'ao It tbe direo'loll of th••• , .... 

1. Daowa tbeD	 10eal ableldlq will tall..... ot t;be ... probl.o 

It be... oaa ar1•• b7 .coldeD'. ttlaa the paeNl eb1eld1a, gou14 

......N of a b... 111 the equatorial plauo 

, I'OUSb oalculatloll of Le.·l aDd lIaDaoa·. data .~. 

hat t. Mob y-rar tokl tbe" .N 1)05 .,f. per .teradialJ at 

.... 0"'" ot ,be beuao aiu. tbl. 1. tor 11.5 lie••1eotroD••• 

-7 ..... U.S z (~S)· • 110 Y·. pel" .'...d1.. ail OeD'.l'pe. 

T"Mua. 

II....... a.. 0 0 61 11 1013 yt. per ••00 tbe OeJ1tra.l.·~ 

__ la'eult., vill be 

0.67 x 101S 7Q$ lie• .,.../... at.l'. 

A' 12 t ••' ,... *be b....oune 1 .8 ·0.146 z 10-S .'....dlan 

'~....." wUl	 .... y nu of
 

ODS. 1010 7,5 leY y,./,....

I 
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~	 S1noe a flux of 1-7.5 Mev y/seo em- make. a dose of 

0.8S oX 10-5 r/br or 3.4 x 10-4 1'/40 br wt (Ret. 2 p.19). this 1s 

• do.. or 
1.7 x 106 rAO hr wk. 

(fhi. 1. a centr&1 intensity or 8100 r/min at 1 meter which aoUDda 

c little high when compared with the output or our 22 Mev I118.cb1De 

of 60 r/m1n at 1 meter). 

Since 1.7 x 106 r/40 hr wk must be reduced to 0.3 an 

attenuation ot 

S.7 x 106 • 15.6 mean tree pat~ must be proY14e4. 

B. Average equatorial plane shielding. 

It there are no beams, or if b.... ar. 111 .018. wap 

taken CGN or 8 eparatelJ'. there w11l .ttll be • general equetGrlal 

plaDe rad1ation. In the tollowing we a••ume it to be .p..-d 

.~Q&117 in az~utb and to be oonfined to 10° up and 10· down tro. 

the equator1al plane. W. oaloulate the y-raJ tlux at a ~dlu. 

of 16' tJtom the oeDter ot the maohine and 7 1/2' trom the orblt. 

S'tll oroa. an area....1'&,. tbus 

A • 2. x 16 .z 2 x 7.$ z tQ.,. 10° !:: 26S aq.tt. 

:8 2.46 x loS em

'1'be y-ft, tlux 1. tihen 

nwr: _ 0161 x 10
13 

• O"2~ : 106 L5 Mev 1:1'IlY8 
2.46 x 105	 sao oa 

Do•• • 3.4 z 10-4 z 0.247 • 10
8 

• 8.400 r/4.0 br vk 

ftna. ,be "..,..., .tt.auatloD required 111 the equatorial plane 1. 

2.8 z 104 • 10.24 "'Q he. patM ."en 1n the ab••nce ot . 

oemoeDtatect b..... 

A amaber of a1mplltlcatlon. " ..e b••11 _de hore. Aotuall1 

tbt" w1l1 probab17 be .. ~JtI'OW lIlQob '-"$.1' band risbt at tbe 
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equat.orial plane. However J there 1s probDbl~ justlt1catlon for 

averagln6 over a fair part or a per.on l • body. Purthermore the 

radiation will be more nenrll t~r8e~tlal than radial thereb7 

cutting down the doe8. Also most radiation ot this tlP8 will 

pass throue}1 more than 8" of iron. 

e. y-rays toward the root. 

The number of y-rays which- scatter toward the roo1' 18 

a hard thing to euess but fortunately the gues8 1a about O.2~ 

thus requiring an attenuation ot about 3 x 103 to get to 300 ar/wK 

at 8 point 8 reet from a concentrated b9am. More ahieldlD8 than 

this will be needed ror neutrons. 

The point neareat the source in the basement ot tbe 
./"-

hou.e next doo~ 18 24' from that source assuming a tangential 

beam. The y-ray dose 1s then 1/4 that ealoulated in part A. 

However the level desired 1s 8 mrl40 hr wk 80 that an attenuation 

of 
Jg9 %~ %5.7% 106 = 
Sx)S x 107 • 17.8 mean tree paths 18 required. 

I. y-raJ's to the street 
• i 

Hot oon8idered since the neutron probl~ 18 probably 

wor••• 

5. .eutron Sb1eldlng Requirements 

A. GeI1eral shielding ot JIURA ft. workers. 

The machine produoes 2 x 1012 neutrons per second. At 

• point 8 teet rram the target the neutron flux 18 
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2 x 10 = 2.68 x 106 Deut/aa- a.o •
 
.... x 240

Reterence 2 p.22 glves a d08. ot 0.12 mrell/hr ~or a nux ot 1 

neutron per em· per ••c 1n the l'anse 1-3 Mey. ~. 1. 4.8 aHII/vk 
per neutron or 

4.6 x 2.66 x 106 • 12.9 x 106 • ~k 
An attenuation or 

4.3 x 104	 • 10.66 .ean tree pathll 1. ttw. D••dlNt. 

B. ".ement o~ house	 next door. 

The attenuatl~,n required 1s 300/6 time. that tor 

radiation workers. but s[a1n tbe 41stance 18 twioe .a great. 16' 

in th1. case. The attenuatloD Deeded 1s 

Jgo x t x	 4.3 x 104 • 
4.03 x loS • 12.9 MaD bee patha. 

p.	 Jleutrona or1g1nallz pl. up but scattered troll the roo~. 

Very I'OUShlJ 1- or bJdrooarbol1 _terlal v1ll 80atter 0.4 
of	 all Deutrooa hitting it. 

It we th_ ••lJWIe that 1/6 ot. all ri.utrou 

11..4 ~ t~ root aDd penetrate 111 ot '*ood. 0.07 ot th_ will 

...tter. !he I'OO~ then beocu.. • 8Ouroe of· 

2 z 1012 x 0.07 • 1.4 z 10- neutrona/••o 

··roushlr 180trople. 

Bae MU" 1. roUShl7 26' trom the cent•• or the roo~ 

80 the!'" U • .neutJlOIl	 tla at tbe bouse trom thl. ~UJ'C.or abo.... 

~ • 1.8 x	 104 neat/.ee om
4a(26xlO.$)- . 

A' 4.8 _ n/wk per Deut/..• ••e tht. 1. a do•• ot 8.6S x 104 ar-Ivk 
AD .tteoaatloa of 

1.08 s l~ • 9.28 ..an rree paths 18 Deeded. 
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ODe trouble 1s tf~t 5uch L ah1eld ~ace 18 then. a 

8ouroe r4 neutron. it••lt. I~ we a••~ a point BOUrc. o~ 

2 x 1012 neutron. and use; t~c. Gold integral approX1matloll 

(Ro••1 High Enerc Pb'J81c. p. S40) 'lfe find a requlr81ant of 10.2 

..an tree pattul.aeallm'ng that neutron. emerge trcxa the oppoa1t. 

11de or the shield rUll~ isotropio. 

D. Neutron shielding ot street. 

This 18 a rather c..plio.ted atruotural probl.. wbiob 

I cannot consider vi tbout more 4etal1td lmowledge ot the ••tap. 

1. Required Shield. 

Ar Beutron Shields 

Rererenee to .eetlan 6 ea811,. leads to the tollovlns 

value. ot required ahle141D1 

Bartb ConoNt. U...,,. COD IND 

MURA (10.66 IItp) 7.9' 5.2' ).)' 1.9' 

Sou•• Ba.....t (12.9 ) 9.6 1 --- -- ..--
loot (10.2 atp) 7.6' 4.9 t 3.2' 1.8 1 

IIUJ'A. .1•• to .Ix t ••t ot or41DarJ' concrete loon 11k. the b••t 

.olu~lOD. Pol' general room shielding I do not bel i • .,. JOu vl11 

b. enoup pre••ed ror apace to warrant huy,. concrete or iroa 

ual••• it Is Deeded ~OI' y-ra,.••
 

aou•• Ba8-..ntl aar. with no add1tional ah1eldlng.
 

Root. !he ~ looks like. real problem. .l S' thick slab o~
 

ooncret. will ".lab approx1matel,.)25 ton.. I'IIl DO ens1D8er.
 

but th1. loon ro~ldabl••••peolal17 ir part ot It must b.
 

NIIOy.bl.. AD lroc root' would be 400 ton••
 

!be PNblea tight be aU• .,1.ted IIODleVbat b,. pu't1na 

1D a ~lrm"l' J'Oot vi th • tdsbwal1 toward the hou... Ifbi. 

http:approx1matel,.)25


6. AttenuatIon of neutrons and 7.S Mev Y-"7- in earth. concrete. heav7 CODcrete, 

lead. ond iroD. 

Mean tree path
in nuolei tor 

MeaD tree pa tb 
1n tor 

Illn~  ab.orp
tion ot y-ra,.. Reterence 

absorption r4 
low eDerg,. n8utroD8 Rererenoe 

Earth (dens1t7 1.5) 10.4 3p201
corrected 

8.9ft 3p119 

Concrete (density 2.3) 6.7. 0 lp)8 5.6 )p119 

•as 

UeavT Concrete (density 4.25) 3.77" 3p201
corrected 

.3.7" )pl79 

a), Iron 1.74" .lp)8 2.1" )p179 

;~d  .835" lpJ6 

-tor 1.5 Mev y-ra78 

Hote that the attenuat1~n  ot y-raT8 18 m041rled oOD81~.r8b17  by the build
up tactor• 

.~ ,( ( 
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'Would still irradiate HURl. ',~ol·ker8 upstairs. I understood .. 

rurthermore~ that TOU were not anxious to build outside JOur 

build1ng and I think this would be necessary unless fOU severel,. 

restrict access to the ~~chlne and use iron or heavr ooncrete. 

B. Gamma ahleldlnJ of _. the_ house basement next door. 

Seoti:Jn hD showed an attenuation ot 5.35 x 107 =17.8 

alla-frae-paths VIR needed to shield the house from direct 

beams. 12 feet ot earth (Panotaky may have difterent earth 

from yours) 1s 11~.5 mean tree paths, henoe an adcUtlonal 6.3 

meaD free paths must be provided tor adequate proteotion. In 

addition a bUildup factor (Ref. 2 p. 423) of 1.08 • 1.96 mrp·. 
muat be provided, or a total of 8.3 m£p·s. Tbi8 1. 4.6)' of 

concrete, 1.20' or iron. or 6.9- ot lead. Thi8 additional 
+shielding should be provided for about -lOa, of the orbital 

plane measured tram any possible beam spot. Probab17 lead 

placed close in 1. best. 

e. Gtnere1 .9u..~ torlal plane sh1eld1nrs. 

Seotlon 4B shows that 10.24 mtp's are needed to reduoe 

the generel .~u.torlal beam radiation to tolerance. Thi8 18 

S.71' ot concrete. A 81x toot concrete wall 18 rocommen4ed~ 

!'hus • 6' vallot ordinary concrete wl11 protect trom neutrons 

and the s-neral wash of equntor1al gamma rays. There 18 a 

buildup factor which baa been DDdtte4 because ot the mOl.'• 

• trlnsent requ1rementa of be~ proteotion. For 10024 mtp·. 

tbi. ractor 1. 4.13 or 9 1/2" ot additional concrete. 



D. Beamr: or x-rays 

Section 4A ":;,(( ;, i ~ ; G~ an Attenuation ot 1S.6 rntp in 

the direot y-ra'Y beaDle An. additional factor ot 6.11 = 100 m:tp 

01' a total of 17.4 m1'p. A six toot conorete wall will supply 

10.7 mfp leaving 6.7 mfp additional 

6.7� m£p = 3.75 teet of concrete� 

= .97 teet of iron� 

=5.6 inches ot lead� 

I believe it should be p08s1bla to install such a 

b,lt of lead all t.~\e way around the machine and to t 10° of 

the orbital pla.ne. This 18 roughly 8" up 8" down and 6" thick 

lead jur.t outside the l'18.gnet yokes. 

I believe the use of such n lead belt 18 deel~able 

b,cQuae it 1s flex1ble o It need not be in place tor low 

intensity testing and can be th1nned, thickened, or made taller 

or 8horter at will. 

There will obviously be gape In this wall. They must 

be taken care ot separately•• 

E. Sblo1dlBG trom neutron eapture x:ra18 
i 

Very simple approximations show that neutron capture 

y-. 8" not a problem. 

8. Door to the shielding 

p~88ume that qu1ck access to the machine 1s des1rable 

and that therefore a large moving door is undesirable an well 

•• too expensive. Same type at lab,rIntb 18 therefore indicated. 

One po.alble place tor it would be the wall near the house. It 

I 



..: 
"11

might be built like this 

- - ......' t 

T1 would be the standard wall thj~ckness. 

T2 miaht be somewhat thinner aa,. 2/3 ot 1'1 but it would be 

.ater to u.k. T2 • ~l. 

A 4 foot opening 1s susse.ted, but should be designed to tit 

,.ouJ'·n••4e. 

Data on the "fleot10n ot y-raJ'8 18 qU1te scarce, 

but there 18 .GIIle Of) the Ntlectlon ot 6 Me.. y-ra78 rrom iron. 

I!El roulblz ~ ot the inc1dent dOS8 18 reflected from l~n. 

Lei' ,,1~ 1 certainl,. bounce from concrete. Approximatel,. 2 

hoano•• will handle all the y-rad1at10n except tor a directed 

b... loins into tbe doorw.yo The indicated design allows .!2!!!! 

.1QS1. bolIDe. y-1'&"8 to esoape into the room. I recommend, 

bow.ver. t~t th1, arrang8$ent be tr1ed. Ir the measured. 

bJokSrouDd should be too high,s ooncrete block wall shown dotted 

could •••117 be bUilt later. It would certainly be adequate. 

The neutroD acattex-1ng through the labyrinth may be 

.O~ ..r1ou~ than the y-ra~ scattering. An adequate calculation 
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:::'n~ ~.•~ taka'" n arormoua l.UUOU~.it· of' t ill::ie ~ 

Le t 'u~ assume th.r,! t .5 .t)H J~i tfJ.~ tt..tl'.J i~(}'~, ..'. ('l~:j,t··~· -( ion. 

Y.e,t us a s sume that 3" is the mfp for an elaet~;,.(; sca,tter"inr:; off 

a heavy nucleus in c oncee t.e , Very roughly ~ then, eaoh ne ut ron 

which is scattered back OLt will be attenuated b~ ~ fw~tor 3. 

In goinG t hr-o ugh the Labyr-t nt.h a bout 1/4 c r a spnex-e 1s 

uvailable to bounce Uouttt .. Thus a wild g'UGse ls th9.t there is 

an Lon each A bout boune e sa ttenua t of 10 D. t bounce 41 4 alae thu8 

needed.- This indicates that the dotted wall lUlly Hall b(l$ 

needed for neu t r-ons , Agel n I would wr.tl t j iil~1i:;c ~\. t, ann ea8~_lf 

be added later;) 

9. Final remarks. 

The LndIca ted sh1eld--6 If of concrete ar-ound two walls 

and a 51 roof plus 8 lead belt 1s a rather formidable struoture. 

A ront 5' x 30 t x 36 1 plus walls of 6' thick x 0' high x 57' lone 

il'ld1cate 8,100 cubic feet of concrete 01- 580 tonsJ 

Obviously BOrne kind of concrete block s t.r-uc t.ur-e must 

be used. Blocks 18" x 36" .x 72" lIIOuld weigh .nearly 2 tons and 

might be e. convenient size. Imbedded lroll hook-no.Ldez-a are ot 

course convenfenb , You have people ~~ho know b·)tter than I, 

but this co ncz-e t e structure looks like about ",·20 "'" ;>hD}; 000,~, 

Even a ~ursory reading ~111 indicate Uillt 1 have 

made many gross assumptions in thIs lteport ~ In mUtlt ca aes r 

have tried to be conservative. I can only hope tnere 6.1'"0 tHJ 

mistakes. Compared to our expariencfi here at 111100i& L tbi.l:ak 

this shield Locke about xelght ()rdel"'-o:t-ma,~.n1tude W\ ~e II but a 

litt,le bit on the aonBe.r-v~t1ve slde" 1. uuppoae it tt1.~e 1.3 a 

r~al problem as well af' mone, .l.t might b~ pOBsib16 to 3r.uve 

it somewhst with the aaaumr t Lon that when 'you :..~e£i.cb d1:l[ILi$l~OUil 



beam 1nten.tt1'1 ~~ fI.,,,~r. ~e.f\111, Ii_ 'b", JQP", 1:L1Q~ ~r 

concPe~,,··p·~~·4, 
, . 

" '"J 1lf.v~ pot ~QI\,~(1.*"CS o.~.t\lll, t~ ~oble" ot 

poa.~pl. tQet n'Q'ron.~ ~rotQ" ,O~ 8hou14 be prepared to 

ml.,ure the8~ ai ~om•••,1, .taS'. 1 qoy •• well ••pha'1•• 

here the p.ce$al~, tQ~ "'f Qa~tul .u~'~J8 •• SOOD al tho 

maohine 1. runns.~, As l'.a4l~1 ~ow lot.nlt t, n$utl'Oq ~a41_t~Q'rJ' 

pea~ tb4 ~ou.e n,xt 4oo~ tP••••~8u~eat••~ dlrt1cult ~;d 

~qul~••~ thQuGht .n~ c.,•• 

A furtner aaret1 o.ut1on: ~nl. aach1ne 1, lethal ~~ 

• rather short .~poeure (o~.r 10 ••Q~~') 1nside t~. eh1,l4 

.n4 adequct. pr~t'Qt1v. 4,vl~•• aut' ~. taat.~led to pre.eAt 

.OQ~d.nt.l .~po'Qr., b~~ th••••~•• 41ft.re~t problem, 


