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AH~n'R.i ['.T 

Radiation attenuation tests were made on both a Hanford shtald 

samplfl lind an iron aggregate oxychloride oement~ the physical prope.ties 

of whi ch are given a companion Technical Division Report (oo.Nl-17), The 

tDell.surements consisted of the det.ection of neutrona throughout the shIeld 

by rnflnna of gold foils and the detection of '( radiation through tncre~sing 

thicknesses of shield by meane of a collimated G" M. tube with a fixed 

geomct17., 
10 

These samp1f'~' ~/ere exposed to a pile flux of approximately 10 

fI/f';m
2
/se . and an accompanying l' flux which extrapolated to about 12 , 000 

a/HT at the ir,ner face of the shield . 

Various arrangements of thermal shields \~ere tested with both 

samples in an effort to detcrmin~ qualitatively the effect on the production 

Ilnd trunsmhoion of r rays with a. variation of the capture medium in the 

first (,Ir thermal portion of sh i eld samp1e c The results indicate thCit tbe 

gamma;; are raducr'd in number when boron is used in the front portion of 

shield, with or without an iron thermal shleld o The neutrou attenuation 

in the outer portions of the shiald is essentially unaffected b.Y the nature 

of the thormal shield. The NO and Hanford samples displayed approximately 

equal overall neutron ,attenuation Gamma int.ensi t1 es were less throughout 

the MO ~wmple than at correspondtng points in the Hanford sampJ.e . 

U ARTIN MARIETTA ENERGY SYSTEMS LIBRARIES 

11~1I1111!llIlIllIlllllIlllImlllllllll 
3 4456 0251095 9 
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INTRqDUCTJQ~ 

A magnesium oxychloride iron aggregate ooncrete has been 

developed ~ this laboratoryt and 1s described in a companion report 

ORNL-17 ~ The present report describes the transmission maasuremen~B 

which compare the ehielding efficiency of this concrete with that of a 

facsimile of the Hanford shield , 

'f SOnNG FAe! ,IT! 

Figure 9 (drawing a~J279) shows the iron-lined hole througb 

the west face of the 1 pile ehleld~ The pile 1s on the right . and a 

typical arranrement of shield sample blocks is shown in the holo 

This hole is OD the discharge faca, so that bare metal is 

visible down the 2-x2" charging channels I This fast · flux Is en? .anced by 

the addition of one slug at the discharge end of each channe~> 'l'he next 

nearest metal loadlng is 74" from the west, or near face of the graphite , 

Thermal neutron flux at the inner end of the shielding samples 

hns been measured with a silver ,,11"e to be 5xl09 n/cri Isec J Gamma flllX p 

from extrapolation of ionization chamber readings in an ordinary concrete 

snmple , is found to be about 12000 R/hro 

pE:.;cr Ii1ION QF GN,'PLEf, 

Concrete samples were cast into a set of three forms, each ~6· 

long t having four Sides of A·II steel plate " In the cast blocks the tw 

faces parallel to the pile face were finished concrete (no iron plat.e) 
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The colemani te (16% B by wt . ) layers were made bJ ene lou) ng the 

powder between tM n sheets of aluminum, the edges being cloued on a wooden 

frame~ The B20) and glass wool were similarly enclosed, E8~h boron 

containing layer was designed to decrease thermal flux qy 8 factor of 

about lOB e 

The Hanford f~csimi1e 1s shown in Figure No.lO 0 It . 3 

" fabrlcatod by the local shops of mild steel and tempered masonite 

MF:TH ()D: OF r:!E. . ,fur E:.1F . .NT 

NeutrollS 

Neutron flux was measured by activation of gold folls Imbedded 

:1 n the shield samples , Although these measure thermal and rt!50nanl! 

(4 e 8 ev. ) flux, it is assumed that this is proportional to the tota.l rha 

:in the region, which Is reasonable in a highly absorbing medium. Care was 

taken in the ease of the laminated Hanford sample, to meAsure at ~ orrespond ln 

points in each iron-masonite ~cle, so that the ratio between thormal And 

fast fiux would remain appr~ximately the same o Jt is obvious that a 

t.hc,rmal flux reading in t.he masontte is not comparable to one in the irl)D 

Gold foils were inserted in the Hanford sample b,y means of 

removable strips of .t,1t thick masonite " 'fhe foils were t.aped to the strips 

at 4" lntervRls, and positioned in the masonite tit from t.he iron- mttsonite 

interfac~)s . FoU dimonsions wero. 2t" x 1 9/16-x . OOI)" , 

Tho foils were inserted in the concrete blonks b.1 me'ltls of tw 

" I~n. heavy iron pipes Those were cast into the materIal, ono horizonta 

and 4" from tho inner face, tho other vert! cal and 4" from thE> out.er face 

ctUtll th Icsses 8a built ppcnd 
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Tnside each pipe WAS placed a paraffin cylinder l~- 0 4D 1" I..D , The foll s 

were wrapped at 4- intervals un a 1" diameter wooden spindle which we 

inserted inside the cylindr1 cal paraffin liner " The foUs were Imbeddetl 

in hydrogenous material to increase thermal activation , but this effect 1s 

not great (about a factor of 2 to 3 in a 1% B sample) . 

Gamma r ayB 

Gamma rays were measured b,y meuns of a Geiger MuJler counte 

a rranged as shown in figure 17 v Successive readings ;,-ere taken \'I i th 

i ncreasing thickness of shield in place i 73 the facility hol e .,. 

As the useful range of Geiger tubes is only about l OOO w it 

was necessary to vary the pile power level to extend the r eadings OVer 

the required attenuation. With this teohnique , care was takeu to obeerv 

and correct for the oount s due t o radioactiv:i.ty induced at the higher 

power level which appears disporportionately large witb very l ow levels: 

Thus it wns attempted t o mnke sufficient measurements t o determine the 

oquil1brium gamma flux through each thi~kne8s ~ 

It shoulrl be noted that no attempt has beeD Dade to S6parat~ t ho 

attenuation of the shields for primary sources of gammas and neutrona , 

Our measurements include the t wo coupl ing effects , that is, (n ,dt ) capture 

procesG~s, inelastic scattering , and <r,n} proce:3ses, such as may occur 

w1th deuterium in the shield .. One would of course expect the (n , r ) 
proces:'p.s to be . very important, and the <.r,n) contribution t o be negligibl e 

RESULTS 

Neutron attenuatiop (hard componan~) 

L Hanf ord shield 

Neut r on mea.surements OD the Hanford ta(lslmile ~ "ith l~· lron 
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thermal shield, as bunt, reveal an effective neutron relaxation length 

ot 4 . 7 ems. over the first throe bio l.ogical layers 0 Borst (CP-1202) 

ruported 4 0 8 cms. for the same meas\1rernent.. It wll1 be noted (Figure 1, 

Table II) ,however, that at shield depths of groster than 32 inches, there 

is a considerable increase in effec .. ive relaxation length which can be 

attrihuted at least in part to a ha ('dening of the neutron spectrum. The 

iron thermal shield transmits a lS1 'ge percent~ge of intermediate ellero 

neutrons, whioh are slowed t.o ther/ial in the mason! te and detected there " 

It is doubtful if the l~ relaxat'.on length would have been observed in the 

first f~w biologLal layers H ft 3t neutron deteotora had been used " 

At the greatest thicla ' sses it is to be expected that a part 

of the foil activation arises frol neutrons which have been s~attered into 

the shield sample from the surroUl1ing I-shield concretec This effect 

would be expect.ed to be most impori lnt in a laminated shieJ r':, since in a 

transverse direction neutrons do neG encounter a balanced shiel d.. Tables 

J and II show flux meaBurements ma : e along the axis of the sampl e compared 

to others at the same shield depth but displaced horizontally or vertically 

From these it can be 6f;en that th, trans'ferse leakage factor cannot be 

xeessive, but a quantitative eva. uaUon will be forthcoming in a later 

rcport < 

Table III shows a te ll r!\ellsurements lJIElde at a later date wh :l.ch 

essentially dupllca1.e those of '1\bles I and II.. These indicate an interhul 

cond.stency of meaeurement bettel than J:£~ 

Table ]1( reporte data 1'lken on a Banford biological shield with 

a 3ft iron thermal .,hleld inl:ltead 0: the l~· thickness as was used in the 
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actual piles ., The neutron attenuatlorl for these two cases is compared 

in Figure 1, where it Ifill be seen that at large thicknesses the two are 

about equivalent. 

2 , 110 type shielg 

The neutron attonuation of the magnesium oX7chlorid~-jrJn 

aggrecate conorete ( ... 0) is compared to the RaDford biological sh1eld in 
Figure L It will be seen that between thicknesses of 15 and at;o~·c. :3 

inches, the two behave alike . Beyond this distance the transverse leakage 

into the Banford material. becomes predominant" From 40 to 48 incl\oslI ' the 

readings exhibIt a neutron relaxation length characteristic of ~~ surrounding 

X spield u Further out than this the readings are scarcely above background 

aoo, hence II not very meaningful" 

It is to be expected that NO and Hanford biological shields would 

be approximately alike for fast neutrons since their hydrogen concentrations 

nre nearly the same o A comparison of their major constituents jn Mg~ .moleG 

per C.Oo is as follows ~ 

W- bioL 

MO 

Density 

4 .. 27 

5080 

Fe 

64 ~0 

85,,3 

:;1O\': Nl~UTRONf,-THp:r.1AL sl!mr.os 

s: JIg 

42u3 

38"3 12 . 7 

o G Cl 

21 ,, 7 26,5 

30c4 2096 

Ii 

LO 

An iron thermal shield was used as the innermost shield component. 

in the Hanford piles to absorb most of the energy in the radiati on , This 

could be water-cooled, and thus no temperature stability problems were 

encountered . The power absorbed by thi s shield has been measured and found 



,.8 • . 

* quite low $ so that it apl~ars possible to utilize a thermal shield whose 

primary purpose is not to absorb heat, but to assist in the radiation 

attenuation .. 

The large thermal flux incident on the inner ,jhield face pl'oduces 

IllaIW hard gammas due to captura, which adds definite17 to the effective 

ganma source . Because boron absorhe neutrons readily with little or no 

~apture ga:-Imas, it could be utilized to advantage in the tbermal bield o 

Accordingly two boron-oontaining layers were constructed, of such thickness 

8 2 as to decrease thermal neutron flux by a factor of 10 (about 1 gm/, m ) 

As is to be expected, these layers did not exhibit any effect 

upon the neutron attenuation at l arge thloknesses of, shleld, but the thermal 

flux in the first foot of shield is considerably reduced, with an accompanying 

reduction in capture gamma8 ~ Tbis is demonstrated in Figure 2 in which 2~ 

of coleman! te is compared to '*" }t'" as a thermal shield . At large distance!) 

the flux is higher in the case in which iron is used, but t.his r.1orely 

demonst~ates that NO is a better neutron shield than the p1~e iron which 

displace~ ito Similar effects will be noted in Figure 1. The Hanford 

biological shield was tested with two different thicknesses of iron thermal 

shield ~ and again the laminated iron and masonite appears better than the 

pure iron~ Thus the ordinate (Figuro 1) at 20- corresponds in one case tQ • 
flux through l~'" Fe, #" masonite, .3 3/4- Fe, and lin masonite. which is 

to be compared to the otber reading at 20'* representing flux througb Jet Fe 

J4- masonite, 3 3/4- re, 4t- masonite, :3 3/4- Fe, and in masoniteo 

Fi~e 3 and 4 show the msults of af.d'ng a secnnd layer of 

boron at a point farther back in the shield., Measuroments show t.hat the 

" Gee <RNf.-17. page 9 
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amount of ~..oron used was not justified in this position. Data was als 

taken w~ ... h a second boron-containing layer behind the .~.II !i'e thermal 

shielCl .. 

~M RAl ATTF.NUAT lOr. 

Capture gamma. rays formed within the shield cons1derabJ,. dj stort 

the gamma raY' attenuation data taken bebind suec8asive thioknesseD of shield 

Jo'or eXllmple j the galDJl'a flux: behind ?tit ,)f iron will vaT'7 considerably 

depending on .t.he disposition of neutrons whicb arc diffusing through ,. 

If there 1s ebsentiaJ.ly Itothing beM nd the iroJl Il then just the capt-uref' 1n 

it-'in will be mf:flSu.r(;d (of ~oUTse, pI us trllnsmi tted primary gammas from 

~he pile)~ On the other hlnd if the iron is followed qy a moderator and 

absorber such as rasonite, this rate of capture will in,1rease consiclerably 

Ther'e is, therefore, some question as to which measurements 

should be takell ~ measuremen'i~s ~ the sh1eld, at various points, or 

measurements oehhd various thicknesses of shield ,. 'l'be purpose of the 

experiment .l.S to learn about .flux behind the whole sbield, so if the total 

thickness ;an be oho8~n. then measurements of components which affe~t 

r~ls flu~ are the interesting ones, For this reason, it is perhaps best 

to rea(1 fluf.e8 !!! the shield,. rather than behind partial shlelds o 80th 

lIIP.Asurement. can be useful, however, if correctly interpreted, BecaW3e 

of the phys~cal difficulties attendant upon flux measurements in the 

shieldfjl )""8ad1ngs were taken In this Inotnnce behind successive thicknesses " 

It is hopcu that with a new technique of measuri ng shield ~amples at the 

outside of th~ test bole, it will be possible to introduce detectors into 

various shield 61CtioDS o 
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GallllDfl attenuation of the Hanford shield ls shown in FI p,ure ~ 

and Table lao The ourve is not dt"awn through the point at 10" (equivalent) 

ainc(~ tM s f "ux does not represent the a1 tuatlon i!! the shield, bu"; rather 

behiJrl a par\lal shiel d, as rli5CU6~~d above. For the other paints, further 

removed fron the sourc~, it may be assumed that the neutron flux has more 

nearly apP"oached equilibrium, that a.~ .l gamma flux measurements are 

e1 milarl'/ perturbed, atid, therefore, an proportional to the fl~.;:= '\t 

.::orre~.,onding points in the shield . 

Figure 6 shows the gamma atte'luatlon data in 110 type sMeldlng 

It 1s assumed that e~uil1brlum 1s more neal'ly reached in the measurements 

orA MO \1.'i th a 2" oolfJmani te thermal shield t :10 this attenuation is crawn 

if I from lov:est points for 'tho data on other' thermal shield arrangements ., 

&"caur;e the }J()ron-containillg thl'rmal shields were not of maximtrll available 

d~nsity, tho} data has been plotted against thicknesses corrected to a 

d3n~ity of 5u8 gms/cmJo 

It is seer. that the beat thermal shield~ from gamma attenuation 

oonsid~ratior.\sll Ie! the single layer of oolernanite (or other boron vehicle) 

at t".e innermost layer . This indL:ates f'u..···tltermore the relative importance 

of oapture gaf.1ma rays 1n the shiel( 1ng problem , 

F".gure l) also compares ;he Hanford shield w1 th the l~O and its 

:olemanite inner layerp again on a rignsity oorrected basis. It is seen 

·"hat even on this basis the Me) plus:olemanlte is superior to the Hanford 

laminat·~.od shicld~ 'l'he :rate of attenl ition is about the same throughout 

the r~dy of the shield, as .ould be e: ~ected when density correctione are 

madr, but the flux at corresponcLi.ng pc.into is lowered by about a factor 

of t\'10 by the coleman! te , 
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(It shou l d be noted that a dml1ar material, deslgnated M1 

since it contains tt boron by weight , shows even better galllll\a att.enuation 

due to the inhibiting of capture gammas throughout the shield . F.:11~ineerjng 

difficulties with tl11s material, however:) irll~ luding .i.ow density , m~ke it 

a less desirable shield than UO , ) 

}t'igure 7 ,~ompare8 ganuna attenuations of p.,O plus ooleTIIl1rJ.t e 

ar Id I.tO plus '~" Fe thermal shield with that of the Banford shle l d E..R 

installed, on a density -as is" basis . As is to be expeoted , thf} =:n 

being oonslcterab~ more denae , exhibits better characterlsti cs o 

rt should be noted that the Hanford shiel d sample show~ a lower 

attenuation in thefe tests than was observed b.Y Ztnn in another tes t 

\CPu684) . If both seta of data are plotted against thickness of iron 

our tests show an average relaxation length of 4 .. 7 ~ms . of Fe, 'while 7. Inn ' s 

duta ~ives 4. 5 ems . of Fe for the first 45 ~ms . , and 4 2 ems . for the 

next 20 cms ~ of Fe 

The penetraUon of gamma rays through tM l~k targets has been 

it ** treated by Bethe J Hhschi'elder , Magee and Hull , IIirschfelder and 

....... '*"' .-.. ****it Adams , Harvcy lla11, Sr ., • and Eugene Greuling • The efft'cts of 

Ill\UUple scatterings are such that the attenuation is not exponentlal . 

but an exact treatment has not been made, t o the knowled/.Se of the authors • 

. JI-
Be A. Bethe _ A- 42~l 

.it- f'hys. Rev Q VoL 73, No. 8 (AlJrU 15 jl 1948) , page 852 
-#c .... 

i'llye o Rev < Vol . 73 , No 8 (April l5 ~ 1948), page 86i 
·,1lt. 

Ift-1033 Tranomission of Gamma Ha1s Through 'fhick Jayers , by Harvey 
Hall (of Navy Dept • Bu Aer • 

••• iI 
Mon 1'_1'72 , Bernstei n e t al; a ppendix by Greul1ng l 
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Bethe and Greul1ne: aasl.lJ'll€ esserltially no angular devtat.:ton pel' ucnttt'3ring 

pror.estl, plus an as,:mmptlon about the varlet.ion of cross sectloll w.i th 
" 

energy ~eeradu.t1on. 

Hirschfelder and his 11aborators essentially S5Uuma that 

all photons are nCEl.tto!"ed A.t the most probable aTl£le, r:.nd oaleulate the 

ont.ril".ltions of successive sl~atterln';8 -

The present data for tho iron in the Hanford shield 15 plotted 

in }o'j~. :ur-e B along with normalhad results of ZInn" and theoreti('.al 

ca]cuh.tlone of Bethe, and Hlrachfelder and Adams 

Ono w{Juld eXl'f>d. the 1M) aggregate to be compuTable 011 an iron· 

density basia v:lth Hanford shield, and this is approxImatoly trtle o There 

ls, however, a small correction to be applied beyond the deru,ity factor for 

lltuHluBtion by pebbles compared to solin materiaL 'I'his has been point.ed 

out b.1 N~ M. ;'mith, Jr., who has made a theoretical est1mate of th 

* IMCn1 t.ude of this extra oorrection : 

) 

CNl.-21, II, U. f,mith. Jr", '('hI' Ab~ur!Jtlon and !";catteri~ of Radiation In 
fL'lt1dorn A. eregi\t.ea of Pe',bles. is:3Ul-Jd )/9/48 
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ABLE II 

NEUTHON AT'} I·.~UA'I ION 
Banford Sble .dlt'8f...s1111le 
,-Olr" Iron Th· .. £100 1 ~hield) 

Run 1 

Activities Norn~llzdd to 
x.336 

Uistunce-r ,-- -- -- .--------

Up 02' FrUlL Ct:lnte 
Line of Left 
Sample 12- 8" 4- 0 u .... 

(Pori ~ 0 & 
I 

Vert .• J _ 1 I 
Thickness ]-- ~'l 

I 
-~ 

i 
I L:" ?xlO? 11. 6t.dO'" "*10 .. '15 I ./ I - ?2 1 7 1,69,;.10" ! 1 . J.6xl O', · l cl4xlO ~ , .x 0 

.u ,75 1+ ~ :?OxlOo '> ,04xlUv 

I "'19 I;> 12x105 ' ,62xl O5 I 2 I 

23 

17 ,.)x1oJ 

~ .~~04 J ,9Qxlb.4 3.96Jtl04 4 .3OxlO4 16 0011.10 

*27 25 J • 29xl03 2 .. 38xJ0.3 2 .3'xlO3 2~Goxl(}'3 

31..25 3 . 11x103 l .12ylo-' 6'15 ?7J 

35 ~ 50 '11..5 9lLl 36 

Q, 50 266 )6 .6 ss: 

43 . 75 ,101 329 155 :.i.2 . 1 12, ., 11 .. ) 

47 7~ 41 . 
I.., .. 4 , 0 1'1 0 :!3 · ~ 

52 27. 5 6.0 2 . 7 2, ) 2.8 4 ·.0 1 

56 1./1 2 9:0 2 3 1 .• 0 1..2 122 

U'-"-r.;:: (altornate with vQrtUal) 
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IlBLF~ lH 

NEUTRON AT'l'I':NUI\T lON 
Banford ~hield Faosimile 

(l~" Iron "the.'mal" Shield 

Run fl 

'l'hkknes Gold foil AI.!t1vit1es 

10.,7? 

14 , 'II: 

19 

21 

2u3J x lOP I 

61 x ,~.6 

_,99 x 104 
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I 
Up or 

rt 
8 

n 

--

" 1 

I 
I .. ''-''l ".-.J' ~ l!.. l I ...&... ~~-_~~ "~!r ~;...:;:l-r --- ~ 

J J 75 

2. 

36. ~~) 

Ov2 

50 

8,50 

08 

710 

6.1..0 

2.9 

06 11 

:"'---- -«..., ......... ,~ .... ( 

/ 
I 

106 

33xl0 

7, 

lC 8 

•• 

9 ",~8 1 
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J,,7~ 
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I) 

J r, 

'fAS 
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UTRON AT1'EIWATION 
Hanford Shield Faosimile 

herme.l Shield) 

-_.,----------
I 

I 

I ., "J t07 I I , 7" ... 1O·! ,..,,;>X t~ I .· ... 

'11;x.106 11 '<~:d.06 I 7~xl06 11 '7tlxlO6 

6)~2xlo'· 

3 

4) 

rIO 

4< 84;:11",4-

:2<80rl~ 

o 

IJ.u 8 

~q 

I • ... 7:r;104 l, 44)tl04 

~ . 'lO:dO" /."oj '--/+ 1 .IXJ, 

~. - \:I 

64,2 .3 

uS '. 

al 

Ihed 

" . , • 

I 

\ i :2 0 

1 nxlO~ 11 

J, ~4xl'j. ! 5 
I 

j 4.uclO 

~ ' .... 

( 

t 

) 

c' 0 
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TABLE VI 

ID:U'1 RON ATTENUAT ION 
YO Typ," Shield 

(~JI Iron "Thermaln Zhle1d) 
Run 22 EXDosed 2J11~2J12/L8 

--
11 ::::::::::::=-~~== 
II Gold Foil ActivIties Aft I 

Distance Dn Ex Bur~ 3800 Ke~ 
From Center Up or ;-~'-!J1\ ~" =---,.----
LiD. of • Left Down or ~ 
Sample 12 8" Right 
(Hori •• . & 0 .e" "12" 

Verte) 
Thickness 
of ~amp1e 

Inchep 

ilUc50 

19050 

*27u50 

35050 

*43.50 
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