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Radioczetive Gas in the Tunnel

I. Introduction
In this note we make socme estimates concerning the radicactivity induced in the
alr in the accelerator tunnel. Some of the beam electrons sirike the disks, some of
the energy scatters oub of the moechine carried by ghotons. These photons cause
T y,n)E, e T gives a £ with & helf-life of 10 mimutes. That's the wain
story. As presentved here, the problems don't seem very sericus mainly becausge life-
times are shord, snd nitrogen hes an especially low giant resonsnce cross section.
The uncertainties in the caleulstion are hard to evaluate., Ve have heen slightly
conservative in piaces, but actual levels 10 times iarger then what we caieulate are
not inconceiveble., Bub it is elways possible to let the air sit in the tumnel until
it has Jdecayed.
It seems that
s) The tumnel does not have to be e&ir tight, but natursl leskege and convection
should be minimized.
b) One camnot predict now what the waiting time should be. This will have to
be determined by radiatlon meesurements.
¢) Corditiops in the accelerator tumnel Bpd in the beem BWl’cchyard tuznel may
be different 8¢ a semi-permeable (not necessarily air tight) barrier should
be placed between them.
4) Radiation exposuves outside the bunnel after venting alsc depend on the
design of the venting Jjets or stacks apd on atmogpherie consider_ations.’ So
far as I know, not much hag been done on this aspect of the problem.

IT. Allowsble Concentrations

In report M-234, Panofsky proposed thet the meximwm design rediation levels for
this project be 1/3 of thoss currently recommended by the AEC, For radistion workers
this would be 1.5 rem per year of whole body penetrating radiation; averaged over 50
weeks of LO hours duraticn this is an aversge level of 3/4 mrem/hr. For the general
population this would be 0.1 rem per year; averaged over a year this is ebout 2 mrenm
per week (168 hr)g This instanmeous level is 63 times ;ess than the average in-
stantegecus level for the radistion workesrs.

The principel constituent in redicactive air is E‘U 2 C and o0 aiso
eontrivute. The radiastions from the first three are similar; & 5 of an Mev or so

ll o

end no nuclesr y rays. The whole body dosze comes from the ammihilation y rays, but
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there is & skin dose from the BT, (For orientation we note that the ' range in/ air
iz on the order of & few meters and the > “range™ is on the order of 100 metn 8., )
ot® s e B~ and sbout 1.5 Mev worth of muclear y reys. We expect similar
hazards from the ,C'ﬁ38 ap from the other nueclides. A published maximun concentration
for 0&38 {}BS Handbook 69) seems to apply to ingestion and not to immersion in &
large volume of gas.

From a letter by W, S. Snyder of the Health Physics Division of the Osk Ridge

Bational Laboratory (to R, Mozley, 26 January 1960) we find that the following con-

centrations extending throughout gn infinite volume of alr at STP yield s whole body

dose rate of 30 mrem in 40 hr.(ppe = micro-miero curie = 10712 i 3.7 X 10*0 aisinte-
grations/sec).
Huclide Concentration
(upc/ca’)
¥ 0.51
o'’ 0.5

In the following we use a maximum concentration of 0.5 puc/cmB for all four nuclides.

Dr. R. Loevinger of the Biophysics Leboratory, Stanford, mede an independent
calculation of the hazards of 13113 and O o in sir (private communieation, 14 Januery
1960) from which we infer meximum permissable concentratlons similar to those from
ORNL. \

There are several interesting points in Leevinger's caleulation. One iz that
the allowable concentraticn depends on the volume of the space containing the air
as long as the dimensions ere less than the range of the y reys which is the order
of 100 meters. So the mllouwsble concentrations ingide the tunnel would be somewhat
larger than those given above; in this note we will not take this effect into aecount.
Ancther point is that the lusgs are not especially radio-sensitive, and thet for
large volumes of air most of the dose comes from external v rays and only a small
part comes from the decay of inhaled nuclel.

IIf. Caleulstion of Activity

A. Beam lLoss
In Report M-263 we estimated the amount of high energy radistion which leaks
out of the accelerator. We assumed that the rate of ebsorption of the electron bean
in the loading disks was equal to 3% of 2.7 Mw (60 u=s x 45 Bev) distributed uniformly
over the full length of 10,000 £t. We found that the total emergy carried out of the
accelerator by the cascade shower (photons and electrons with energies around the
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critical emergy -~ 20 Mev in copper) was about 5% of the incident energy or
2.k x 1016 Mev/sec. In the following we make sn extreme sssumpbion (which will
give a high level of rediometivity) that all this shower energy 1s carried by 20
Mev photons, i.e., there are 1.2 X 1015 photcns/sec golng through the air of the
tunpel. We found that the total nmumber of emerging neutrons (giant resonsnce
peutrons with <E >= 5 Mev) was 8 x 1043 nfsec; we congider these inthe following,
but they do not contribute appreciably to the activity in the air,
B. DMNuclear Reactionsz in the Air
The nunber of interactions in the 2ir in the tunnel depsnds on the ath
lengths of the photons and neutrons which in turn depend on their angular distribu-
tions. The enguier distribution of the shower particles is not ¥nmowan. The shower
particles tend to go straight shead, but in this csse ncne would come ocut of the
machine. Only particles far from the core of the shower get out, and thesze
probably meks sn angle with the shower axis of the order of 10°. If the radius of
the tunnel is 5 ft, this gives & wean path length of 5/sin 10° = 29 £t. The angular

distribution of the neutroms is isotropic. The mesn path length is

<'&>c[’ﬂ(6)g§-dﬂ IK
“ aq
by Z -
1 = R/sin 6
2n 1 n ‘ ,
R 1
<’&>:=f d@f (Eme)gdcosGwRJ[\ d8 = x R = 16 ft
0 -1 0

In the Tollowing we use & mean path length of 30 £t for all particles,
The rate of formation of active nuclei throughout the tunnel is

R = T2t <i>eo

R = rate of formation of daughter nuclei (sec"l)

I = mumber of particles going through the air (sec’l)
N, = Avogadro's mumber

A = atomie weight of initisl nucleus

t = density of air 1.3 x 1072 gem™
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cross section per micleus per incident particle (cm?)

The following table summasrizes the data we use for the various reactions.

Initial  Abundance Reaction Fimal T;a Decay™
Nuclide in Air Huclide 2 Products,
% min  Energy
' +
' l.28
gt 80 (7,n) ¥ 10 noy
(n,2n) y3 .
1 1.08
(v,2np) ot 20 no y
16 , 15 1.7 "
o 20 {y,n) 0 a.1L y
a0 1 (op)  ob® 3 Z32F

aStrcminger, Hollander, Seaborg RMP 30 565 (1958)

PHoltman, Sugarman PR 87 633 (1952)
Edwards, MacMillan PR 87 377 (1952)

®Howerton UCRL - 5226 rev Oct. 1959

Reactioﬁb

Cross Section
fodk width o
Mev-mb Mev mbh

20 8 2.5
< 10°
0.5 10 .05

130 8 16

200 10 20

For the representative values ¢ = 1, A =1k, g = 10'27 cm?, I=1.2% 1015 we have
23
R:l.exlolﬁxé—?—%lﬁg——

1.3 % 1070 900 10727 = 6.0 x 10° sec™t

The rates of formation of the various daughter nuclides are given below:

Rate of Formation

Final _ R
Huelide nuclides/sec
o+t 0.24 x 10%°

3 4ncident y 12 % 10°°

incident n <3x10°°

total 15 x 100

ot 17 x 100
o038 0.42 x 10%°

Bquilibrium

Concentration
8 3

pi curies/em

3.1

190
220

2.5
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R is the rate of formation. These daugbter nuclides decay, each with its own
half life. AL equilibrium as mapny ars decaying as are beling formed. The equl-
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air (1 curie = 3.7 x 10+° disintegrations/sec). The volume of the tunnel is
V= x (5% x 10" x (30)° = 2.1 x 10 ca®

If there ls good mixing of the alr in the btumel we can write the equilibrium
concentration, S, as ‘

8 = in upe/ em?.

R
¥V
IV. Calculated Exposures

A. Inside the Tumnel
We calculabe the exposure to a person who enters the tumnel afier the beam
has been off for a time W and who yvemsins in the tunnel for s time long compared
with the half lives of the nuclides involved (~ l/ 2 hr). We suppose that the
equilibrium concentrations are present.

E dose (mrem)

8 equilibrium concentration (upc/ ems )

c maxizum permissable concentration
(by definition this gives a dose rate of 0.75 mrem/hr and is 0.5 p.;,tc:/em3
for all nuelides)

T mean life (hr) Note: Ty =<t4da2

W waiting time {hr) -

o

E = (0.75 £) e"w/""‘f T 4t
0
1.5 steW/T

If we take account of the different species of daughter nuclei

BE= 1.52 8, Ty e"w/.ci {mrem)
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Some results are given in the following table. .
Exposure E, {mrem)
Fuelide 8 T W=0 20 min 1 br
(puefer’)  (ur)

et 3.1 0.48 2 i 0.3
w3 190 0.24 el 18 1.0

o*? 220 0.05 17 0 0.0
23 5.5 0.88 7 5 2.3
Total Exposure (mrem) 97 2k 3.6

From this caleulstion it is possible that & person could enter the tunnel
about once per week without heving the radioactive air blown out of the tunnel.
(Note that radiation conditions inside the tunnel will probably be dominated by
the residusl activity in the accelerator itself anywey.)

B. Venting After the Beaw Is OFF

Suppose that the machine is turned off and the tunnel air containing the
equilibrivm concentration, S, is vented into the atmosphere. The effective waiting
time, W, will depend on how fast the air is puwped out. The time for a complete
change of air will probably be on the order of 10 minutes and so W will be about 5
minutes, We suppose that the radlosctive air is quickly { < 1 minute ) diluted in
the stmospherse sbove the machine by a factor D, If & 1s the concentration inside
the tunnel, then the concentration outside the tunnel is 8/D. This idee of in-
stantanecus dilution is en over-simpiification, but it will lesd to an idea of the
dose to people ouitside the tunnel. The calculation is exactly the same as before
except that the initial concentrstion is reduced.

o

By = (0.75 §é§) e-W/‘C f e"t/t dt
‘ 0

E, = E/D
The allowed exposures for the genersl population are 15 times less than for radiation

workers. So, if we summarize the topography of the site and the surrounding com-
mmities and the vegeriesg of winds and air currenis by the dilution factor D and



TN-62-9
Page T

it S 50, venting once a week would be allowed.

¢. Continuous Venting
Suppose the tunnel is vented continuously while the mechine is on. At
present it is not planned that the venting sysitem will operate continuously; how-
ever, this calculation would spply if there were a small continuous leskage from
the tunuel (volumtary circulation).

First we take = model in which the air cireulates very slowly compared with
the mean lives of the deughter nuclides., This mesns thet as the air starts out of
the tumnel it has the eguilibrium concentration 8, A time W is required for the
radicactive air o get to the atmosphere where il is diluted by a factor D. The
size of the leak can be specified by the time required for the escape of & volume of
alr equal to the volume of the tunnel. Aftver one tunnel volume has leaked out, the
exposure cutside the tvzmel_ is the same as the calculation of E& in the previoq.s
gection. If one tunnel volume lesmks out in one week (note 1 week/l0O min = 1000 so
the leak rate is 10'3 of the vent rale), the exposure is the same as vepting after
the beam is off once & week if the values of W end D are the same.

Wow we consider the very unréalistie ezze in which the venting vate is fast
compared with the ween lives involved (so that wost of the deughter nuclei decay
outside the tunnel);the rate at which active muclei get into the atwosphere is the
same @8 the rate at vwhieh they ere produced, R. The air is ejected at a rate V/T
vhere 7T 1s the time required for one complete change of alr in the tupnel <10 min,

and we assume & dilution factor D. The concentration of active aloms is

7T %I:- active atoms/cmB

To get the concentration ln curies we bave to divide by the mean 1ife and fix the
unite so the concentratioa is

BE TS e

Suppose we take T/T ¥ 1, then the equilibrium concentration sbove the mechine is
8/D. The values of 8 tabulated before are ebout 500 times the tolerance concen-
tretion for radiation workers snd are 500 % 63 = 30,000 times the general population
eoncentrations. With respect to the general population we have not taken into
account an effective decay time arising from the time required for the radicactive

~ag b0 blow from the sgite.
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D. Radiation lLevel Near a Vent ‘

¥While the tunrel is heing vented, it is po%iﬁle that the air in the vent
(or stack) will be a serious radistion hezard for s short time before it is diluted.
We calculate this exposure and neglect the exposurs from the large gas cloud over-
heed.

We use & model in which there is no dilution, and in which the waeiting time,
W, is zero. The machine is turned off, and air with the equilibrium concentration S
is vented at velocity v through N vents. T is the time required for venting
the active air. At any time t <the active air is in & uniform line source of

length 4 = vt. Denote the strength of |
this line source by g with units, e.g., i v "
disintegrations per em-sec. The total L= \r't \/\/\’3

oumber of curies (disintegration rate) l
in the tumnel is SV; the amount vented
per vent is SV/¥. The totsl length \\\\ \\\\
of the line source is eventually VI, so \
" \\\\\\\\\\\\\
NP

We assume that the photons come from the line source and we caleulate the photon flux
at r. At time ¥ we have

q&d-
d¢ = w———
hore®
v
X = m > ’& vi = r tan &
rde
ol = cog® o
qdf qds
4@ = — 5 (r/cos 6) = —
bx(r/cos 0} b
o(L)

P(t) = f SO o)
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T Y
cpﬁf«g(t)atm&;fm’lydy, y=2t
0 0
Q= % for -i.v—?- >>1
Substituting for ¢
sV 7 sv

T*®TF B ° Thvr

‘ Each annihilation yields two 0.5 Mev photons. WUe use the conversion factor
4.8 x 1077 mrem/l&ev—cme for these photons, and alsoc take the following values

SV e=R=15X 1020 sec™t (for RJ'B)
N =30
v = 50 ft/sec = 1500 cm/sec

r=5ft = 150 e

The exposure is

v 4.8 %1077 _ 15 % 108 4.8 x 1077

4 10 ° -3
E BT = 8% 30 X 1500 % 150 = 13 X 10 7 mrem

This is negligible.
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V. Comienta

A, The chemical propexrties of Wls are very similar to those of Elu, and i%
is not feasible to filter or separate the 1<113 from the ordinary Bﬁ'h by chemical
meens. The chlorine is an sctive chemicel and it might be possible to separate the
0@38 from the tunnel air before it is venited into the atmo.ayhere however, the
concentration of G40 i enly about 1071 atoms/air molecule.

B, Sco far we have been considering the asgcelerstor tunpnel only., In the
tunnels in the beam switchyard the itotal beam power vwhich may be dumped i1s gbout 20
times greater than the amount that will be lost along the accelerator, and the
volume of the tunnels is about 10 tims less, 8o the equilibrium concentrations of
activity may be asbout 200 tiwmes la:rger. It is possible that people will want to
enter the accelerator tunnel more often than the beam switchyard tumnels. Therefore s
it seems reascnable to seperate the sysiems vhich ventilete the scecelerstor tunnel
and the besm switchyard tunnels. Sowe kind of simple partition in the tumpel should
be enough. It need not be completely air tight. When the faps go on, there might
be a pressure difference across the partition so it shouldn’t be too fliwsy.

C. Ve enumeralte some of the unceriainty factors,

1., Amount of beam loss in the sccelerator. We have used cur usual guess
at average opereting condlitions,

2. Baergy spectrum of the radiation coming from the machine. We made the
congervative asgumption that all of the energy was carried by photons
with the most tréublesome energy. OFf course there will be a spectrum,
ard some of the energy will be carried by electrons. The electrons
will be on the crdexr of 20 times less effective in producing radio-
activiiy than the photons.

3. Anguler distribubtions of the radiatlon from the machine. We used 30 £
for the average peth length; the true value wmight be & few times larger.

L. We concealed & lot of complications by using the waiting time W and the
dilution faetor D. Without any Jjustification we lmplied that values
of D earound 100-1000 were possible. The dilution guestion needs more '
work.



