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Report on Shieiding the MURA High Inteunsity
50 Mev Electron Accelerator

James H., Smith

1. Allowed levels of radiation.

This report will considep the ahiolding of the M.U.R.A.
50 Mev electron accelerator under the assumption that it will be
run at full intensity, i.e. hoﬁxlol’ eleotrona & second, for
40 houprs each week. It will consider allowable radinttqn.doael
of 300 milliroentgens per week of gamma rays snd 3JO0O milliroensgen-
equivaloent-men per week of neutrona for MURA workers. (Note that
this is higher by a factor of three than surrent good practice
and higher then that allowed by AEC for young rediation workers.
This figure was used only because the inatsllation is a temporary
cne and presumatly will not acstuaslly average anything close to
{0 hours of opereation per week and will not be operated as a
long term device). Allowgble radiation levels at the house next
door will be considered 8 milliroentgen equivalent man per week.
(2¢5 & rem/wk is a rough figure for natural background).

Protection of the sidswalk area has not been specifically
considered. I do not believe that any presctical shield will
aotuslly bring it Qown to frem/wk. If nesessary I can conaider
it turther.

2. References.
References referred tec in the pyeport are:
1. Protection Againat Betatren-8ynchrotron Radiations up
to 100 Millicon Electron Volta- Handbeok 55, U.S. Dept.
of Commerce, Natiopal Bureau of Standardp (1954)

2. Resctor Shielding Design Manual, Rd:- by J. Rockwell III;
D. Van Nostrand 1956.
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3. TID-7545 Conference va 3hielding of High Energy rcselera-
tors, Held at New York, April 11 to 13, 1957
L. L.H. Lenzl and A.O. Hanson, Phys.Rev. U3, 959 (1951)
3. Sources of radiation.
A.  y-rays

All calculations have tsen made under the assumption
that 50 Mev electirons are incident on iron. Iron has a radistion
length of 14.1 zas/ca® or 1.8 om and a critical energy of 24.3 Mev.
Therefore no reasonable shower theory cen be applied. I have made
a very rough shower type analysis using a eritical energy 17 Mev
(for corvenience in calculation) to estimate the source of redia-
tion. This shows that after 2.7 radiation lengths (.85 ecm) 72%
of the initial electron energy is atill preasent in the shower.
After 2.7 radiation lengtha we assume that the minimum absorption
for iron holdas.

The geometry of the accelerator makes it ressonable to
suppose that the resulting y-rays must go through ebout 8" of
ivon. In most cases they will penetrate closer to 16". I have
assumed &nly 8%. It might be worth noting that if the beam
scallops are in any way pecullar it might be possible to get a
beam out through much less iron.

After the 2.7 initial radiation lengths the remainder
of the iron attenuates by a facter of 38 leaving .72x38 = 19% of
the 1.itial energy leaving the machine as y-rays. Theywill be
vtis brosdly distributed in ensygy around 7.5 Mev. This is

50 Mev x 4.8 x 1013 electrons x 0.019 = 4.56 x 10%3 Mev/aec
= 0.61 x 1013 7.5 Mev y-reys/sec.



B Neutrons

The 7 ~r..s in the iron produce a non-negligible number
of photoneutrons. The jseen free path for an intoraotion in iron
of density 7.8 is </
mip =3 = (0.8"/7 x/ouo;e) .

The probability for a photon of energy k to intersct in Jx 1is
vg W) Lk
where N(k)= number of photons per Mev and dk is the photon energy

inteval 1n Mev. The probability for producing a neutron in

is then 5’__;_&_”/‘)"‘

= 0.847 x 1023 SJ; o74) NCR) o de

Since moat of the reactions will be produced in the giant resonance
region where & 1s strongly peaked at 17.5 Mev we may remove N(A)
substituting K(17.5). The remaining integral is juat the
integrated cross section which may be written .12 %2- x 10”24
Mev om® (Ref. 3 p 202). The probability for making a neausron in
dx is then

0-847 x 1023 dx ¥(17) x 0.12 Tux 10724

= 0,847 = 107! x 0.12 x l%i-zé X N(17) A x

= 0.14 ¥(17) /X (10 om)
The probrbility for a single electron to make Y neutron in some Ax
ia then

0.1l fﬁ(l?)r‘r = 0-14 x "track length"
of 17.5 Mev 7 -4

A numerical integration of my simple shower curve gives
§ = 0.2858. Or there are
0.1y X 0.29 = 0.0404 nmeutrons per electrons
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0.14 fu(u)'{r = 0.14 x "track length"
of 17.5 Mev 7 -4

A numerical integration of my simple shower curve gives
S a 0.2056. Or there are
0.1y x 0.29 = 0.0404 neutrons per electrons
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(This $s a reasonable numbe: in that we usually assume 0.01
peutrons per electron from oupr 22 Mev mgchine and the number
should go like the energy squared). |

The machine thus becomes a source of

4=8x2013 x 0.040Y4 = 1.94 x 1032 neut/sec.
These neutrons will be considared to have 1 to 3 Mev energy. I
do not believe that the few fairly high anergy neutrons will be
& problem. Furthermore, the neutrons will be gsaumed isotrepie
to be produced at the electron orbit, snd to escape betweem irea
yokes since this can happen in certain directions and is the
worst case.
ko y-ray shielding requirements.
A. Beans

If the eleotron beam strikes a target of some sort,
a highly directed beam results. If the direction of these beams
is known then loeal shielding will take sare of the beam problea.
If beams oan arise dy accident, then the gpnorui shielding should
tqknlenro of a beam in the equatorial plane.
" A rough calculation of Lansl and Hanson's data shows
thut‘fqr eaoh y-ray total there are 13.5 y's per steradian at
the center of the beam. Since this ia for 17.5 Mev eleotrons we
may assuse 13.5 x (;g:s)' = 110 y's per stersdian at center per
v~mbean.

Since there are 0.61 x 103 ¥'s per sec. the central.
‘beam intensity will be
| 0,67 x 1015 7.5 Nev y-s/ses ster.
At 12 feet from the beam source 1 ca® = 0.748 x 107> steradian
ar Shere will be a y flux of

0.5 x 1010 7.5 Nev y's/sec om"
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Since a flux of 1=7.5 Mev y/sec cm® makes a dose of
0.85 x 1075 r/hr or 3.4 x 10'“ r/40 hr wk (Ref. 2 p.19), this is
a dose of

1.7 x 108 r/40 hr wk,
(This is a central 1ntenait§ of 8100 r/min at 1 meter which sounds
¢ little high when compared with the output of our 22 Mev machine
of 80 r/min at 1 meter),

Since 1.7 x 10® r/40 hr wk must be reduced to 0.3 an
attenuation of

5.7 x 106

= 15,6 mean free paths must be provided.
B, Aversge equatorial plane shielding.

If there are no beams, or if beams are in some ways
taken care of separately, there will still be a general equatorial
plane radiation. 1In the following we assume it to be spread
oqually in aszimuth and to be confined to 10° up and 10° down from
the equatorial plane, We calculate the y=ray flux at a radius
of 16! from the center of the machine and 7 1/2' from the orbit.
The v-riyl thus cross an area

A=2xx16x2 x 7.5 lan10° 2265 sq.ft,
) = 2,46 x 10° cm®
The y=-rey flux is then |

13 _
0,61 x 10 . 8 75 Mev rays
flux = = 0,25 = 10 L_(~reye
2.46 x 10° ? sac cm

Dose = 3.l x 10‘“ x 0,247 x 108 = 8,400 r/40 hr wk
Thus the y-ray attenuation required in the equatorial plane ia
2.8 x 10“ = 10,2l mean free paths even in the absence of

conaentreated beams.
A number of simplifications have been made here, Actually

there will probadly be e narrow much hotter band right at the
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equatoriasl plane, However, there 1s probobly justification for
averaging over a falir part of a persont!s body., Furthermore the
radiation will be more nearly targeptial then radial thereby
cutting down the dose. Also most radiation of this type will
pass through more than 8" of iron.

Ce y=rays toward the roof,

The number of y~rays which scatter toward the roof 1is
a hard thing to puess but fortunately the guess is about 0.2%
thus requiring an attenuation of about 3 x 103 to get to 300 mr/wk
at a point 8 feet from a concentrated bsam. More shislding than
this will be needed for neutrons,

Do y-ray beams toward the basement of the house next door,

The point nearest the source in the basement of the
house next door is 24' from that source assuming a tangential
beam. The y-ray dose is then 1/l that calculated in part A,
However the level desired is 8 mr/40 hr wk so that an attenuation

}%21%15.71106=

5x35 x 107 = 17,8 mean free paths 1s required,

of

Es vy-rays to the street

Not considered since the neutron problem is probably
worse,
5+ HNeutron Shielding Requirements

A. General shielding of MURA Ra workers,

The machine produces 2 x 1012 neutrons per second., At

a point 8 feet from the target the neutron flux is
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-2-&9—13 = 2,68 x 10% neut/on™® sec,
Ux x 240" '
Reference 2 p.22 gives a dose of 0,12 mrem/hr for a flux of 1
neutron per cm® per sec in ths range 1-3 Mev. This 1s 4.8 mrem/uk
per neutron or
4e8 x 2,68 x ].06 = 12,9 x 106 n rem/wk
An attenuation of
he3 x 104 = 10.66 mean free putha is thus needed,

B, Basement of house next door,

The attenuation required is 300/8 times that for
radiation workers, but a;ain the distance is twice as great, 16!

in this case, The attenustion needed 1is

%x%xudxloht
L.03 x 105 = 1209 mean free paths,

C. Neutrons originelly going up but scattered from the roof.
Very roughly 1" of hydrocarbon material will scatter O.4

of all neutrons hitting 1it, |
If we then assume that 1/6 of all neutrona

head toward ths roof and penstrate 1 of wood, 0,07 of them will
luttor: The roof then becomes a source of

| 2 x 1012 x 0,07 = 1.4 x 10" neutrons/ses

-=roughly isotrople,

The house is roughly 26! from the center of the roof

80 thero is a neutron fliux at tho‘houno from this source of about

—2eli 20° 1.8 x 10,"' neut/sec om®
hx(26x30.5)" |

At 4.8 mremfAvk per mui/on‘uo this 1s a dose of 8.65 x lol" nrem/wk
An attenuvation of |
1.08 x 10% = 9.20 mean free paths 1s needed,
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One trouble is that such & shield face is then a
sourceé of neutrons itself., Iff we assumz a point source of
2 x 10'2 neutrons and use the Gold integral approximation
(Rossi High Energy Phyasios p. S40) we find a requirsmsnt of 10,2
mean free paths.assuming that neutrons emerge from the opposite
side of the shield fully lsotropioc,
D, Neutron shielding of street,

This is a rather cemplicated structural problem whioch
I cannot consider without more dstailed knowledge of the setup.

7« Required Shields
A, RNeutron 8hields

Reference to section 6 easily leads to the following
val ues of required shielding
Barth Coneorete Heavy Con Iron

MURA (10066 ntp) 709. 502' : 303. 109.
BEouse Basement (12,9 ) 9.6i cove ~oon F—
Roof (10.2 mfp) 7.6 Le9" 3.2! 1,0

MURA; Pive to six feet of ordinary concrete looks like the best
nolﬁtlon. For general room shielding I do not believe you will
be snough pressed for space towarrant haavy concrete or iron

unless it is needed for y-rays.
House Basement: Safe with no additional shieldling.

Roof: The roof looks like a real problem. A 5' thick slab of
concrete will weiph approximately 325 tons. I'm no engineer,
but thia looks formidable, especially 1f part of it must be
removable. An iron roof would be 400 tons.

The problem might be alleviated somewhat by putting
in a thinnar roof with a high wall toward the house. This


http:approx1matel,.)25

~{g =

6. Attenuation of neutrons and 7.5 Mev y-rays in earth, concrete, heavy concrete,

lead, and iron,

Earth (density 1.5)

Concrete (density 2.3)
Heavy Conerete (density i.25)

Iron

P TY |

#for 7.5 Mev y-rays

Mean free path
in nuclei for
minimum absorp-
tion of y-rays

10,.4"

6. 7%
3.77"

1. 74"
835"

Reference

3p201

corrected
1p38

3p20l1
corrected

1p36

1p38

Mean free path
in for
absorption of
low energy neutrons Reference

8.9" 3p179
Sl.8" 3p179
307” 3pl79
2.1‘ 3?119

Note that the attenuation of y-rays is modified consicerably by the bulld-

up factor.
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would still irradiate MURA woikers upstalirs. I understood,
turthermore, that you were not anxious to build outaide your
bullding and I think this would be necessary unless you saverely

restrict access to the machine and use iron or heavy concrete.

B, Gemma shieldinz of the house basement next doors.

Sectisn 4D showed an attenuation of 5.35 x 107 = 17.8
neamfree~paths wvere needed to shield the houae from direct
beams, 12 feet of earth (Panofaky mey have different earth
from yours) is 1ll.5 meen free paths, hence an additional 6.3
mean froe paths must be provided for asdequate protection., 1In
addition a buildup factor (Ref. 2 p. 423) of 7.08 = 1,96 mfp's
must be provided, or a total of 8.3 mfp's, This is® L4.63* of
conerete, 1.20' of iron, or 6.9" of lead. This additional
shielding should be provided for about $10°, of the orbital
plone measured from any possible beam spot, Probably lead
placed close in 1s best.

C. Generel equ-torial plane shielding.

S8ection 4B shows that 10.24 mfp's are needed to reduce

the genersl eruvatorial beam radiation to tolerance., This 1is
5.71' of concrete. A six foot conorete wall is recommended,
Thus a 6! wall of ordinary concrete will protect from neutrons
and the generasl wash of equrtorial gamma rays. There 1s a
buildup factor which has besn omitted because of the mo:e
stringent requirements of beam protection. For 10.24 mfp's
this factor 18 4.13 or 9 1/2" of additional concrete,



D, Beam: of y-rays

. Section LA =¢.i, ¢t an attenuation of 15.6 mfp in
the direct y-ray beam, An additional factor of 6,11 = 1.0 mfp
or a total of 17.4 mfp. A 8ix foot conerete wall will supply
10.7 mfp leaving 6.7 mfp additional

6.7 mfp = 3.75 feet of concreté

97 feet of iron
S+6 inches of lead

I belleve it should be poasible to inatall such a
belt of lead gll t'e way around the machine and to ¥ 10° of
the orbital plane. This is roughly 8" up 8" down and 6" thick
lead ju 't outslde the magnet yokes,

I believe the use of such a lead belt ias desirable
becauss 1t 1s flexihble. It need not be in place for low
intensity testing and can be thinned, thickened, or made taller
or shorter at will.,

There will obviously bte gaps in this wall. They must
be taken care of separately..

E, Shielding from neutron capture y-rays

Very simple approximations show that neutron capture

¥v=® are not a problem,

8. Door to the shielding S ' ...

I pressume that quick access to the machine is deslrable
and that therefore a large moving door is undesirable as well
as too expensive. Some type of labyrinth 1s therefore indicated,

Cne possible place for it would be the wall near the house, It
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mlght be bullt like this

Tl would be the standard wall thickmess,

T, might be somewhat thinner say 2/3 of T, but it would be

safer to make Tz = !1.

A I} foot opening is suggested, but should be deaslgned to frit

1

yourlnooda;

Date on the reflection of y~rays is quite scarce,
but there 18 some on the reflection of 6 Mev y=rays from iron,
Yory roughly 2% of the incident dose is reflected from iron,
Less wi!l certainly bounce from conecrete, Approximately 2
bounces will handle all the y-radiation except for a directed
beam going into the doorway. The indicated design aliows some
single bounce y-rays to esscape into the room. I recommend,
however, that thisz errangement be tried., If the measured
background should be too high,a concrete block wall shown dotted
could easily be built later. It would certainly be adequate.

The neutron scattering through the labyrinth may be

more serious than the y-ray scattering. An adequate calculation



votd take ~n srormous ewmouci of tine.

Let um assume that S,.0" iy trne wlp foi Leuriilon.
£t us assume that 3" is the mfp for an elmeiic scattering off
a heavy nucleus in concrete., Very roughly, then, esch neutron
which is scattered back out will be attenuated Ly # factor 3.
In golnpg through the labyrinth ebout l/i o & spners is
available to bounce "out"., Thuas m wild gusss 1s that there is
an attenuation of 10 at euch bounce. About L bources are thus
needed. This indlcatses that the dotted wall mey well be
needed for neutrons, Again I would walb, &luce 1t can sasily
be‘added later,

9. Flnel remarks,

The indicated shield~<«6* of concrete acround two walls
and g 5! roof plus a lead belt is a rather formidavie structure,
A rocf 5' x 30' x 36! plus walls of 6% thick x 8V high x 57 long
indicate 6,100 cublc feet of concrete or %80 tonal

Obviocusly some kind of concrete biock structure must
be used, Blocks 18" x 36" x 72" would weigh nearly Z tons and
might be a convenient size. Imbedded iron hook-holders are of
course convenlent. You have people who know bis3tter than I,
but this corcrets structure looks like about 20 -~ ,L0,200.

Even a cursory reading willl indicate thet 1 have
magde many gross assumptiona in thils report. In most cages
have tprled to be conservative., I can only hope tnere ars o
mistakes, Compared toc our experience heve at Iilinois ! thiuk
this shield looks about right order-of-ma nitude wise, Lut a
1ittle blt on Lhe conservative side, 1 suppose it slzs is a

real problem g well as money it might be possitvls to shyve

4t somewhat with the assumytion that when you recch dan wruud
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beam lntensitliea you measupa garefully amd buy mors iren ep
concro;g-aa'naqggé,J

% have ;jot cansidered carefully the problem of
poasible faat neutrens., Therefore yeou should be prepared to
measure these at some eayly atage. I may aa well emphaglge
hers the necessity for very careful surveys as soon as the
machine ia running. As regards low intensity neutron radistions
rear the house next door these meussursments are difficult amd
require some thought and care.

A further safety csution: This machine 1is lethal in

s rather short exposure {order 10 seconds) inside the shield
and sdequcte proteative deviees must be inatslled to prevent
scoldental exposure, but these are a different prodlam,



