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RADIATTON LEVELS IN THE VICINITY OF THE BEAM SCRAFERS

The residual radiation level in the neighborhood of a scraper comes

mainly from

R

a. Activity in the copper scraper itself. This can be essily
shielded to & "reasonable” lazvel {~ one week's exposurs in one
hour). The shislding desipgn can be tested experimentally with
a radioactive source.

D.  Bodlum activiiy in the concrets walls of the housing arisiog
Trom neubron capbure. Adding boron to the conerets would reduce
this level significantly. Without boron im the concrebe &
volyethylene~boron ghield sround the scraper might raduce the
level by s factor of 10, Tdning the walls with lesd would
raduce the level bub wonld be very expensive and probably in-
convenient., The activibty diss sway tc & reasonabls level in
about ¥ days.

C. Activity ip the downstresm part of the disk losded waveguide
and other objects in the tunnel. Estimates indicats that these

levels are "reasonable” without any shielding.

I azsumed an average bdesm pover of % kW per scraper. This wmumber is
clearly uvneceriasin by a factor of 3 or parhaps mofeﬂ Such an uncertsinty
has Important consequences; for instance, it is the difference betvesn
being able to work near the scraper for 20 minuiss or 7 minutes (or sn
hour}. The scrapsr and drift section design shonld cerdainly be compatible
with the use of a shieldsd car if one becomes necessary, for exampls, to
add exbtre shielding before work bagins. I think that designing for the use
of menipuistors at the drift sections iz not requirad at this time (and

probably never will be!.
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The unshielded satursbion radistion levele can be derived from previcus
czloulations.
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is 1.3 X 10® mrem/hr {Cu®%; < = 18 nr). Por the present case at a distance
of 3 ft, the level is

2
1.3 x 10% <%) @—% = 2,2 X 10% mrem/hr

2. Douwnstresm part of the machine

For the downstresm part of the machine treat it as & line socurce. The

level at r = 3 f£ for L = 20 £t :< L ?:
is roughly, o ) . tr .
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In TN-62-70 T calculetad the radiation leval in the center of the tunnel

3. Concrete walls

from the sodium activiity in the conerete. I assuped that every giant resonance
neutron made in the machine was captured In the wall, and that the wall wvas a
uniform, long source of radiation. In the present case there is a point sourcs
of neutrons in a long tube and the questlon i1s where along the tunnel do the
negutrong get capbured.

There is information on the attennation of meutron flux in long ducts which
can be swmerized by an approximate enalytic fit to Fig. 4%.12.2 in Price, Horbon

end Spinney (based on experimental measurements)

IRy 4
dz) = %/1@. +-‘-“-)

£
N neutron flux ab the start of the duct (epproximately
®o = ¢/BaR® in the present case)
R tunnel radius (\Jg;;a7%—w 5.9 £t)
q Total neutron production rabe {n/sec}
z digtance down tunnel frow the neutron source

®{z) neutron flux in the tunnel st 2z
e roughly SR
n roughly
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The total number of neutrons at 2z 1is nRQQ(z) and the number absorbed per
unit length at z is

mrR30,

n(z) = -x52%2 .
dz EE) +’%)’”'I

The activity at 2z 1is proportionsl to n so the radistion level at 2z = 0

is proportional to n{z) »
'
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With m = b4 and 4 = 5R =~ 30 £t
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pe222Ka f ax = 25Kg,
xRL & (1 +x)® (1 + 25 x3) x R4

x =2/ = z/5R

The integral I was evaluated mumerically to be 0.135 (the integrand is fairly
1/8). s8¢

f§

close to (1 +x) ° which yields I
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For the case of a long uniform socurce the rediation level is

1 o
ba (22 + Pa) LR L

From TH-62-70, we find D = 160 mrem/hr for (g/L) corresponding to

3% of 2.% M4 (72 kW) over L = 10% ft. 8o scaling to the present cese

o, = 0 = X % = 1.6 X 10 mren/hr

This sssumes that there is no sttenuation of the gamme radiation in the concrete
(which probably actually amounts to something like a factor of 2).

ﬁ rough value for Qp could be gotten by uvsing the upniform line source
formule with the level proporticmal to the sbsorbed power and inversely propor-
tional to the length taking L = 50 £t for the point socurce. Then

= 160 {mrem/hr) ( ) (3 1 W) = 2.2 X 10° mrem/hr

which is pretty close to the previous value.

The total activity depends only on the smount of absorbed power. From
Table I of TH-62-70, we find that 72 k¥ gives 117 curies so the present 5 kW
gives 8.1 curies of Na®* total.

The level from the sceraper is about 18 times that from the walls and

gbout 200 times that fran the downsbtresw part of the machine.

C. Reduction of the Leval

1. Shielding the scraper

From TH-63-92 the saturation radistion levels in the copper scraper are

Tl/a Photon Energy (MeV) Level {(mr/hr)
Cu* 13 hr 0.5 2.2 x 10*%
Cc®° 5.3 yr 1.3, 1.4 2.4 x 10°



From the shielding curve in TN-63-92 for lead {Fig. 4} we can construct a
curve of the level as a function of shield thickness neglecting any oblique
shielding factor. This is shown in Fig. 1. Por thicknesses grester then 1
inch the Co®® dominates because the higher energy photons are much more
penetrating. A 3 inch shield would reduce the level from the scraper to
about 50 mr/hr at 3 feet which is similar to that fram the dowﬁstream part
of the accelerator. A shield of this thickness 15 inghes long would weigh
e = 190 pounds

about ‘ ____a* 16" ke“*_
5" >< >
3!!

In view of the complicated geametry, I would suggest mocking up the

80 gource. The total Co®°
activity in the scraper is gbout 3 curies. One can measure 0.5 mr/hr easlly
which is 100 times less than the calculated level, so & 30 mCi source of Co®°
would be adequate.

16x (5.52 - 2.5%) 62.b % 21.3

shielding and measuving the levels fram a Co

Jeverel points to note: ,

a) The oblique shielding may be important so & shield that is thicker

in the middle night be most econmmic.

b) The induced activity arises from intersction of photons with energies
greater than about 20 MeV which are infrequent in the later parts of the
showver. Roughly speaking, the activity is effectively limited to the
first 8 radiation lengths (4.9 inches in copper).

e} If space is at a premivm, a tungeten shield would be thinner. Three
inches of lead is about equivalent to 3 % (11.3/18) = 1.9 inches of
tungsten.

d) An experimental measurement would give information of self-sbsorption
in the copper, leskage oul the end of the scraper and cylindrilical shield,
the shielding effect of the quadrupole just upstiresm of the scraper; beck
scattering fran the walls of the tunnel, and other effects which may be
significant but which are too camplicated to calculate very wall.
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e) The GoB® 1ife time is long enough so that the saturation level is
reached only after a long irradiastion time. After an irradiation of
length T, +the level is (1 - e”T/T) times the saturation level.

For Co®°(t = 7.60 yr)

T (yr) 1.0
1 0.125
3 0.33
10 0.73 .

So after 3 years of operation the Co®° level will be about 1/3 of the
value given here.

£) If this shield is left in place, will it became seriously radioactive
itself? The scraper has a wall thickness of 2 inches of copper which is
about 3.6 r.l. which should absorb most of the e-y cascade so that there
should be very little 7-induced activity in the shield. What about nuc-
lear interaction in the lead or tungsten? A detailed calculation requires
knowledge of the energy spectrum of nuclear particles going through the
shield. To get a rough idea of the problem, estimate the probability of
interaction in the shield (for lead)

ax"f"a (3" X 2.5 X 11.3

10724 % 6 x 1023
) 500 = 1/h

>R

wvhere I've assumed & 1 barn cross section. Very roughly, for every four
radicactive nuclei left in the copper there is one radiocactive nucleus in
the shield. The activity in the shield is less shielded, but there is
less activity. The issue is not clear.

One possibility is that inltldlly the shields could be installed around the
serapers. After some mopths of operation if the shilelds are getting too active
they could be removed, and then put in place only when scmeone is working near
a scraper. Depending on the actusl conditions the shield might be divided into
two layers, one permanent;y‘installad and the other lkept cool outside and then
put in plece whenever scmeone was working near by.



2. Reducing the Concrete Activity

&) Adding Boron to the Concrete

The activity in the conecrete arises from neutron qapture:on the roughly

1% sodium present in the aggregate leading to Na®* (Ti/a = 15 hr; 7's of

1.37 and 2.75 MeV).

It is possible to reduce the scodium activity considerably

by addirg some boron to the mix because 3*° nhes a large caplure cross sectlon

and the neutrons capture preferentially on the B*® rather then on the Néaz,

Assume that the probabllity of capture on & particular atomic species is

propartional to the stomic abundance in the concrete times the thermasl neutron

capiure cross section.

Spinney, p. 268)

For a typicel ordinery concrete (Price, Horton, and

~ Abundance Teapt fi04 Resulting Activity
Wi £3 fjdi g:fs0
. L o i+ivi
Element | . % | atomic % | barns % % barns P50y | Lfioq % T%
H 1.0] 17.0 0.33 5.62 45.3 0.007 12 yr
0 52.91 56.1 <0.0002{ 0.01 0.1 0.000 29 sec
Si "33.7 20.3 0.13 2.64 21.3 0.66 2.6 hr
AL R 2.2 0.23 0.51 %1 k.1 2.3 min
Fe 1.k 0.k 2.53 1.01 8.1 0.027 b5 day
Ca L.k 1.9 0.43 0.82 6.6 0.022 b.5 day
Mg 0.2 0.1 0.063 0.01 0.1 0.01 9.5 min
c Onl O.l 0-0032 Onoo 0-0 0-000 -
Na 1.6 1.2 0.50 0.60 4.8 4.8 15 hr
K 1.3 0.6 1.97 1.18 9.5 0.65 12 hr
Total {100.0] 99.9 S 12.k40 99.9

For each element & certain fraction of the capture reactions, g4, leads to a
radioactive element. The initial saturation activity is propqﬁtional to the
product. . gfu tabulated in the next to last column. The -sodium is worst.
After it has decayed by about a factor of 200, the iron sctivity becomes




important. 4 typilcal mumber for the swount of steel reinforcing rod in

gtructnral concywtis is 150 pownds of rebar per cublce yard of conerete. For
gz 3 iz - / -
¢ 150 1p/fe”, this corresponds ©

8 conorets density ¢
of iron which is 2.8 tlpes wmore than listed in the teble. The initd

activity is 4.8/0.027 % 3.6 =

[+:]

. . . o 24
vrar, the radiabion level is oven less because Ha

gomas in sevies {total ewergy #.12 MeV) whereas Fe
or & 1.29 MeV gamma with an aversge gamms encrgy of L.18 Me¥. The ratio
of the initial redistion levels is H9(L.12/1.18) = 170, and the two cdniri-
butioneg are eguel after a walting tims of L.65 days.

If 1, iz the abomic abundsnce of added boron, the fraction of the

oepbires on sodlum is

whars Gg 5% barns and the sum % dess not lvelude sy boron. Four the

amall amounts of boron we expect to uss, the 2ddition of the boron dogs nob

7

change the Tq very mach. Toen the sodlum activity is reduced by a factor
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f, atomlic sbundance {%) of the i~-th element
As atomic welght of the i-ih element

L= L£4h;  aversge atomic weight (17.0 for ordinary concrete)
Vg welght % of the i-th element.

Thus for the boron (A = 10.8}

wal%) = £, 10.8/17.0 = 0.6k £.(%)

&
The rsdiation level decreases with time becauss of decay, so a reduction
con also be echieved by waltlipg before entering the tunnel.

In swmary for concrete of demsity 2.3 g/em™{143 1b/ft™)

Sodiun (. \\
Reduetion Badiation Boron Walting . h‘_ﬁ;
Factor Level Ty N 1b/ya” Time ‘
{rmrewm/nr) (%} (%) {elemental B) {days)
) 1600 o o 0 0
10 160 0.15 | 0.0%94 3.6 2.08
30 53 g7 ! 0.30 1.6 3,07
100 16 ~71.62 | ~1.0h ~ho.3 ka6

-

The reduction factors arising from added boron and waiting are mulii-
plicative. That iz, after 2.08 days with fTB = 0.15% +the reduction Tactor
is 100.

Bven if po boron is sdded the levels become resagonable after 3 or 4 days
and & men could vork For an hour or so before getbing his weekly tolerance
axposure (30 mrem} from the concrete activity.

LAY
vhich contains 145% bovon by weight {the mabterial actually mined might not be

Cne borcn minersl that can be added to concrate ie colemmnite Ca EB 6(;‘

pure colemenite snd so might contain less thap 16% B by weight).

- 10 -



b) No Boron in the Concrete
What is the situation if no boron is added to the concrete in the
vicinity of a scraper?

i) A waiting pericd of sbout % days reduces the activity to a reason-
able level.
1i) If this weiting time is unacceptsble, one could put a lead shield
on the surface of the concrete or eround the worker. The Na2* r-rays
are quite penetrating and samething like 4.5 inches of lead would be
required to reduce the level by a factor of 100. This would require a
lot of lead (5.5 T per linear foot of lead lining the tunnel).
i1i) A layer of boron sround the surface of the concrete might re&uce
the level somewhat, but the neutrons are thermalized by the hydrogen in
the concrete where the sodium is, so I think that a layer of boron out-
side the concrete would not do very much good. The concrete would still
be activated and the 7's would come ‘throuvgh the horon leyer easily.
iv) Most of the neutrons come from the screper, and it might be pcésible
4o put & shield arcund the scraper containing lots of hydrogen plus scme
boron. Then the neutrons would be thermalized and captured before they
got to the concrete. Such a cylindricel shield cculd not subtend more
than sbout 90% of the solid angle from the scraper, B0 any reduction
factor would be less than 10.

Congider a cylindrical shield of CHE with perhapa.a few percent
of boron. To get a rough idea of the required thickness consider a
point source of fission neutrons in an infinite water bath. The rms
distance from the source to the point vhere the neutrons have reached
thermal energy is Ry,g =‘\/€? where B is the so-called age and is
sbout 30 em® in water. Thus Bmg = 13 e = 5 inches H 0. Since CH,
and H20 ere similar in density and nuclear properties, the cylindrical
‘shield should have a thickness of 10 inches or so, and might give up to

a Tactor of 10 decresse in the sodiwm activity in the concrete wall.

- 11 -



D. Neutron Activation of Objects in ths Tunnel
First, we can try to get a rough ldea of the levels by scaling from

radistion measurements made in the vault of the 184 inch cyclotron at
" Berkeley (Bocm, Both, Zucker, Nuc. Instr. and Methods 18, 19, 472 (1962)).
The mechine had been runﬁiﬁg at about lua end 750 MeV with about a T0% duty
cycle sc the averasge beam power was about 500 watts. Usually, the besm hite
en internal target snd the beam scabtters sll over and many things get active.
Yor the scraper, I estimante that roughly 0.2% of the incident power gbes into
the kinetic energy of nuclear ective particles which is 10 watts, so the
expected radiation levels around the scraper would be 50 times less than those
measured at Berkeley.
~ Right after the machine was turned off the levels near the meson beam

several feet froa the target were a few rem/br. Elsewhere in the vault
around the rest of the machine the levels were; say, 10-30 times less. After
a two dey cooling off time the levels everywhere were roughly 10-20 mrem/hr.

Sc around the scraper I would guess that the levels fram general nuclear
interaction might be 10-50 mrem/hr right after shut down snd would decrease
t0 & negligible level in = couple of days.

A detailed calculetion of this kind of activation starting from first

rinciples would be very complicated, and on the bagis of this rough calcu-

lation it does not seem required.



