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1. Intrcrluction 

The detailed design of the tunnel for the SSC will, hopefully, soon begin. 

In this oot.e are document.ea some considerations cooceming the design of the 

radiological shielding for personnel access labyrinths. The nethcrls are starrlard 

ones used at Femdlab, nost recently described in detail (alon:J with experimental 

results) in a paper by Cossairt, et.al.1 In the present paper a cooceptual design 

is present.ea which will provide the required anount of prot.ection for use of the 

SSC both as a pure collider arrl as an accelerator used for a fixed-target 

experimental program. A recipe will be developed which will allow designers to 

adjust these calculations for small deviations f ran this cooceptual design. 

2. Brief Sumnary of Corcputational Methcrls 

It is customary in labyrinth calculations to calculate the dose or dose 

equivalent rat.e at the nouth of the labyrinth (the entraoce to the tunnel fran 

the labyrinth) by either "rule of thumb" methcrls or nore sophisticated t.echnigues 

such as M:mte-Carlo calculations using, for example, CASIM2• The attenuation of 

this dose or dose equivalent rate is then calculated for a given labyrinth 

relative to this "dose at the nouth". This has the advantage of separating the 

factor due to the source fran the attenuation factor due to the various legs of 

the penetration. At the time of the design of the Fermilab labyrinths, a set of 

rather extensive calculations of neutron attenuation by various types of 

labyrinths were reported by Gollon arrl Awschalan using Monte-Carlo techniques3
r
4• 

The results irrlicated that it is possible to scale these calculations to 

labyrinths of different dimensions. In practice this is done for rectilinear 

labyrinth legs intersecting perpendicularly by choosing the linear coordinates to 

be in uni ts of ~ where A is the cross-sectional area of the enclosure. 
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Recently, Tesch has fourrl that rather sinple formulae describe the attenuation 

characteristics of "people-sized" labyrinths5• In Ref. 1, results scaled fran 

the Monte-carlo calculations of Gollon arrl Awschalan arrl those obtained using a 

slightly nodified version of Tesch 's formulae are cx:xtpared with absorbed dose 

rate attenuation data obtained at a proton energy of 400 GeV. Both methods of 

calculation agreed to within a factor of three with the data over a total 

attenuation corresporrling to 10-5 , measured for a four-legged labyrinth. 

3. Application to the SSC 

Figure 1 shows a possible design of such a penetration to the SSC tunnel. 

The radius of the tunnel cross section was chosen to be 1. 5 m arrl the nagnets 

were considered to be centered therein, since exact details are unkoown at the 

present time. The earth overburden was chosen to be the minimum seven meters 

determined by bulk shielding requirements6• This is the situation which places 

the nost severe constraints on the labyrinth design, since nore deeply buried 

tunnels automatically guarantee longer vertical shafts. Experience with 

labyrinths at Fermilab arrl elsewhere has taught designers that segments which do 
.. 

oot directly view the beam elements are nuch nore effective neutron attenuators 

than so-called "first legs". Thus it is nost efficient to make the first leg a 

horizontal segment an:i then use a vertical shaft to rec:ch grade level, since this 

secon:l leg is already constrained to be at least six meters long due to hadron 

shielding considerations. It is clear that the first leg should not be chosen to 

be excessively long, since the attenuation of it is approximately inverse square, 

i.e. goes as r 1
2;a2.. Thus it is a less effective attenuator than are legs 2 an:i 

3, which attenuate rooghly as the sum of two exp:mentials. In fact, one of the 

results of Ref. 1 is that the neutrons in leg 1 have a higher average quality 

factor (QF) in leg 1, (approx. 5.5) than in succeeding legs (approx. 3.4). The 

neutron spectrum in such a leg appears to have a rather energetic ("hard") 
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canponent while that in successive sections is daninated by thermal neutrons. 

It is oow necessary to calculate the dose equivalent at the "nouth", the 

entrame to the first leg. In 1983, Van Ginneken calculated the dose equivalent 

per proton lost at various locations in the soil shield surrounding a tunnel of 

one meter radius7 • The largest dose equivalent calculated at the inner wall was 

approximately 2xl0-G mrem/proton lost. This peak value was obtained about 20 m 

dciwnstream of the beam loss, assumed to be at a point in this case. Beca.ise of 

the longitudinal extent of the hadronic cascade, one should consider this to be a 

"line source". When scaling fran a tumel 1.0 meter in radius to one 1.5 meter 

in radius, the dose equivalent at the inner wall of the tunnel becanes l.3xl0-G 

mrem/proton. This calculation was done for 20 TeV protons incident upon magnets 

reasonable in dimensions for the SSC. 

Now one must define how much attenuation is needed. Since the SSC is so 

large, it is prudent to require the dose equivalent rate at the outside entrame 

to the labyrinth to be quite small, canpatible with occupancy by members of the 

general public. For this reason, an annual dose equivalent limit of lO mrem, 

either fran randan losses or fran infrequent (approx. once per year) large scale 

losses of beam was chosen to be the naxi.m.Jm allowable at the outside door. This 

is consistent with the criteria used in Ref. 6. 

The nost stringent case arises if the SSC is used to prcrluce secondary beams 

for a fixed target experimental program, as has been discussed for other 

radiological problems in Ref. 6. In that paper it is clear that a reasonable 

loss pattern for ra:rrlan beam scraping (1%) might be of the order of io12 m-l yr-l 

while the 11once per year" large scale accident might be 5 times higher. The 

large scale accident for the SSC used purely as a collider -v.ould also likely be 

of order 1012 m-1 • The calculation reported in Ref. 7 shows that, at the wall, 
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a 30m length of tunnel is exp'.)sed to a dose greater than half of the peak value. 

Thus, it is prudent t:O take as a source factor the losses over a canparable 

length of tunnel so that the large scale accident for the SSC used to prcxluce 

bean'E for a fixed target program would prcxluce a dose of: 

[l.3xl0-6mrenVproton]x[Sxl012proton/m]x 30m = l.95xl.08mrem 

The labyrinth thus needs to prcxluce an attenuation in the dose equivalent of a 

factor of 5.13xl0-8• 

Figures 2 arrl 3 give attenuation curves calculated for several plausible 

segments of labyrinths using the results of Ref. 2 arrl the adapted methcxl of 

Tesch reported in Ref. 1. The longitudinal coordinates are defined as shown in 

Fig. 1. Figure 2 gives those calculated for the rather ineffective first leg 

for two different tunnel sizes, as indicated. It is clear that the methcxl of 

Gollon arrl Awschalan is the nore conservative for the initial segment while the 

methcxl of Tesch is nore conservative for succeeding legs. The latter gives 

attenuations only dependent upon the cross-sectional area of the laybrinth. Here 

are displayed results for two segments with circular cross sections de~ined by 

radius R {R = O.Sm arrl R = O. 7m) arrl two with rectangular cross sections. Once 

beyorrl the first leg, these results, as far as is kn::>wn experimentally, could be 

applied to any rumber of succeeding legs. The designer of the labyrinth can then 

take these curves arrl calculate the lengths of segments necessary to achieve the 

desired attenuation. Prudence would suggest that taking the average of the two 

methcxls would be a reasonable procedure for ctr"Uiining meaningful estimates. The 

difference between this average arrl the calculations can be called the 

uncertainty. In the example shown here, the choice of the first leg to have a lm 

x 2.lm cross section arrl to be 4m long (r
1 

= 5.Sm) will result in an attenuation 

of O .11 + 0. O 3. This leaves an attenuation factor of 
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(4.7 + 1.3) x 10-7 

to be achieved by the remaining segments. If the next leg is taken to be a 

vertical. cylinder with R=O. 7m extending upward to a value of r 2 = 6m, an 

attenuation of 

(2.0 .± 1.4) x 10-3 

is achieved. This leaves an attenuation factor of 

(2.4 + 2.0) x 10-4 

to be achieved by the third leg. If it is assumed that the horizontal leg is a 

1m x 2.lm horizontal segment am taking the average of the t\\U calculations, it 

is foum that the above value is reached at a value of r
3 

= 12m, with an 

urx::ertainty of + 2m based upon the differences between the t\\U calculations. For 

conservatism, the choice of the longer final leg "WOuld be advisable, given the 

overall factor of three uncertainty in these nethods. Of course, the third leg 

could be shortened by the addition of a fourth segment. Awther aspect of the 

prcblem is the thickness of the earth overburden which nust exist above the end 

of the vertical secom segment. This overburden must provide a neutron 

attenuation equivalent to that of the third leg. A result of the measurements of 

Ref. 1 was that the neutron spectrum in the secom leg of such a penetration is 
~ 

sof~ being daninated by thermal neutrons. Figure F. & of a report by the 

National Council on Radiation Protection an:1 Measurements gives attenuation of 

dose equivalent by concrete for neutrons having energies between thennal am 100 

Mev8. This reference in:iicates this attenuation to be slowly varyin;J with energy 

£ran 10 MeV down to thermal energies. The required value of 2.4xl0-4 is provided 

by about 250 g/cm2 of concrete, equivalent to 120 cm of soil having a density of 

2 .1 g/cm. Thus the earth overburden over the end of the secom leg is rather 

nndest, am is as shown in Fig. 1. 
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4. Conclusion 

Using ecisting methods, it will be possible to design effective personnel 

access penetrations for the SSC. As the design develops in detail, these 

procedures can be applied to its specific requirements. 

The author \\Uuld like to thank S. Baker for his helpful reading of this 

report. 
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LIST OF FIGURE CAPI'IOOS 

1. Plan arrl elevation views of a possible personnel access penetration for 

the SSC. 

2. Attenuation curves for two examples of "first" legs plotted as a 

function of coordinate r1 for calculations scaling fran the results of 

Gollon arrl Awschalom (G-A} arrl by the equations in EN-406. For 

canparison, an inverse square law dependence is also shown. 

3. Attenuation curves for legs succeeding the first plotted as a function 

of the coordinate r1 (i > l}. The notation is similar to that of Fig. 2. 
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