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Crucial parts of the proton-antiproton collision scheme
are the colliding detector areas to be constructed in the
B-O and D-O straight sections. At the present time this B-0O
area is ready for construction while preliminary efforts on
D-O0 are being made. This report is a part of that design
effort and represents shielding calculations for the B-O

area as it is shown in the Title I report.
1. General Comments

Some general comments regarding the biological shield
for this area need to be made at the outset. Fig. 1 is a
general plan view of‘the B-O colliding beam area while
Fig. 2 is an elevation view of the same area. The detectors
(forward angle, backward angle, and central detector) may be
either installed in the beam line ("detector in"™ position)
or be in the assembly hall ("detector out™ position), In
either case the assembly hall can be assumed to have high

occupancy by visiting experimenters, contractor personnel,
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and Laboratory personnel during both fixed target and
colliding beam operations. The area on top of the berm will
have minimal occupancy and is subject to less stringent
requirements. The collision hall will, in both operational

modes, be an exclusion area.

At the time of the present work the beam intensity for
Tevation operations is not well defined. For the
calculations described here, 1014 1000 Gev protons per pulse
was assumed. During collider operation 1012 particles in
each of the two beéms is a more realistic intensity. 1It is
clear that in both modes of operation only accidental beam
losses will contribute to radiation exposure in either the
assembly hall or on top of the berm since in either physics
program (fixed target or colliding beam) the B-0 region will
be free of planned targeting (neglecting the p-; .
collisions!) An important implication of this is the
absence of any problems involving soil activation and, for
the most part, radioactivation of components. The |
restriction of beam losses to accidental losses at this

location clearly serves to reduce the quantity of shielding

required.
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2. TLateral Shielding Calculations

The Monte Carlo Code CASIM! was used to calculate the
dose equivalent expected for 1014 1000 Gev protons (or
antiprotons) targeted in several ways. It is clear that the
loss of 1014 circulating hadrons in a localized region of a
superconducting accelerator is a highly improbable
catastrophic event. It is improbable for a circulating beam
because of constraints of magnet time constants coupled with
the initial condition of a circulating beam along with
aperture limitations. It is more probable for an injected
beam not yet circulating but such a beam would be limited to
the Doubler injection energy. It is catastrophic because of
the possible severe damage done to accelerator components.
Such a catastrophic beam loss would likely be self limiting
in that it would serve‘to shut down the accelerator.
Radiation detectors should certainly be used to effect a
shut down in the event of such losses. Thus, in the
remainder of this work only one such accident pulse need be
considered. These different cases are described in Table 1
and are meant to describe several possibilities with
different beam elements installed in the B-0 straight
section. Cases 1 through 5 are for various configurations
involving the "detector out" situation and for each of these

cases, several different locations within the collision hall
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for the simulated beam loss were chosen. The shielding
geometry is that provided by the 12 ft. thick movable
shielding wall since that wall protects the area with the
highest occupancy. This was done to test the dependence of
éexternal dose rate upon the location of the loss point,
since the locations or size of beam line components in the
hall were unknown at the time of this report. Case 6 is the
"detector in®" case. Dose rates on top of the berm and
elsewhere may be obtained by using the usual "3 ft./factor
of 10 rule" for cases involving small changes in shield
thickness and radial dimensioné. The calculations were
carried out for a shield 14 ft. thick to provide the reader

a calibration for small changes in shield thickness.

Figures 3~-19 display contours of dose equivalent/lol4
protons in units of mrem as a function depth (z) (downstream
along the beam line axis) and radius for Cases 1~-6. An "x"
on the 2 axis denotes the loss point of the beam. These
contours were derived from the star densities |
(stars/cm3'proton) calculated by the Monte Carlo program

3 which is valid

using the conversion factor 1073 rem/star*cm
for areas external to concrete shields greater than about
100 cm in thickness. 1If the concrete shielding is replaced
with iron shielding to obtain a reduction in the space

required then the precautions discussed by Gollon in TM-664

must be observed,?2 The placement of the concrete shield in
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Figs. 3-18 is slightly different than that of Fig. 19.
While that of Fig. 19 is the one most nearly like the
configuration to be used, the differences are of little
consequences as long as one compares doses at equal

shielding thicknesses.

From Figs. 3-19 it is clear that the worst cases
encountered are those involving the "detector out"
configuration. As one would expect from intuitive
reasoning, a loss on the central detector produces lower
radiation levels because the detector itself is a massive
object that it is significantly self-shielding. However, it
is difficult at the present time to determine locations of
beam line components (e.g., low 8 quadrupoles) which would
be associated with the central detector and contribute loss
points less well shielded. No calculations were done
specifically for the forward or backward detectors but the
"detector out™ cases should cover these conservatively. As
one can see from these results, the worst dose equivalent
rate seen in these calculations is 50 mrem/lO14 with 12
ft. of concrete shielding. The doses expected on top of the
berm as a function of 2 over the roof will be virtually

identical to the ones calculated here.
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3. Muons

Because it is presently planned to locate the B-0O
Colliding Detector area so that the assembly hall is
external to the Main Ring, accidental beam losses in the
Main Ring or Energy Doubler upstream of the Colliding
Detector Area could contribute radiation exposure from muons
to persons working in the assembly hall. Because of the
depth below gtade of the plane of the accelerator, there
should bé no muon exposure outside of the assembly hall, 1In
‘this section an estimate is made of the muon hazard. 1It
should be stated that no muon radiation exposure problem
would exist if the assembly hall were inside of the Main
Ring. This consideration should be remembered in the design

of future collision halls of this type.

Muon dose rates have been calculated uéing Monte Carlo
techniques by Van Ginneken.3 In the case of muon dose rates,
the problem is restricted to forward angles and the worst
doses are found at zero degrees. The worst exposure would
be expected in the plane of the Energy Doubler in the
assembly hall next to the shielding door. This point is 37
feet from the beam center line in the collision hall. Such
a point is on a line tangent to the Enerqy Doubler 151

meters upstream of an estimate of the location at which an
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estimate of the muon flux is desired. Using the results of
Ref. 3 (including both prompt and decay muons) for 1000 GeV
incident protons one obtains 2 x 10”8 muons/cmz'proton. This
implies a dose equivalent of 71 mrem/lo14 protons. At 65
feet radially from the center line the location of interest
is on a line tangent to the Energy Doubler 209 meters

upstream, the dose is reduced to 35 mrem/lO14 protons.,

If the loss point were 100 meters upstream of the
Colliding Detector area the muon flux at the outside of the

shielding wall would be 2 x 10”11 muons/cm2

‘proton so that
one can see the rapid decrease in dose equivalent rate as
one leaves the axis defined by the tangent to the Energy
Doubler at the loss point. The half angle of the muon cone
for half maximum is, at these distances of soil shield from

the loss point of around 150-200 meters, approximately 3

milliradians.

The above was done for a loss of beam at a point. Any
loss of beam over a lengthy region of the Energy Saver would
reduce the dose equivalent accordingly and sweep out a band
of exposed region in the assembly hall, For example, if the
above loss 200 meters upstream were a uniform loss over 60
meters (three 22 ft. dipoles) instead of a point loss, the
hot spot (down to half maximum) would be spread over a 3

meter by 1.2 meter area instead of the circle of 0.6 meter
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radius circle (down to half maximum) obtained with the point
loss. One would thus expect a dose of 11 mrem/lo14 protons
(applying the ratio of the areas to the 35 mrem). Beam
losses over more extensive regions would thus further reduce

the muon dose equivalent rates.
4. Labyrinth Shield Door

A special concern is the 8 ft., thick shielding door
which blocks the side labyrinth shown in Fig. 1. The
labyrinth itself is a rather standard one and from Fermilab
experience is quite adequate. Following Gollon and
Awschalom,4 the 1lst leqg is 6.1 "units"™ long where a unit‘is
JEP(A is the cross sectional area). A labyrinth this long
attenuates the neutron flux by a factor of 0.02. From the
mouth (tunnel side) of the labyrinth to the loss point it is
18' so that using the fact that 1 neutron/GeV is emitted
isotropically and 3 x 107 n/cm2 is approximately 1 rem of
dose equivalent at the mouth of such a labyrinth we have at
1000 GeV:

1000 g x 1014gp§otons,£gm 3 881 rem
4 r° proton 3 x 10" n/cm

-8
Putting in the attenuation of the shield door (10 3) and

the labyrinth, we have:
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-8
881 rem x 0.02 x 10 3) = 38 mism
Tot? protons 10 protons

external to the shield. This dose equivalent is very
comparable to that found outside the large 12 ft. thick door
under catastrophic accident conditions. The two doors are
sufficiently separated in distance for the maximum doses not

to be cumulative at the same location.

5. Estimate of Dose Rates in the Computer Area Counting

Room

The dose equivalent rates under all operating
conditions in the three story counting room (See Fig. 1) are
of prime concern because of the high occupancy of these
areas. If one determines the amount of shielding present on
a line between each level and the center line of the nearest
beam (either Main Ring or Doubler) and scales the above
CASIM results according to the usual rule of a factor of 10
per 3 feet of laterial shielding, one obtains the following
(in vertically ascending order) for the loss of 1014 1000

GeV protons:
level 1 (14.2 ft. shield) - 9 mrem
level 2 (16.5 ft. shield) - 2 mrem

level 3 (16.5 ft. shield) - 2 mrem
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Level thiee is shielded by no more than level two because it
is high enough that it now looks down through the thin berm

covering the roof of the hall,

Under the present Laboratory policy (see Appendix I) an
area having 9 mrem/interlock trip requires posting it as a
radiation area having "minimal occupancy."™ However, the
liklihood of such a one pulse catastrophic disaster
occurring more than once during any reasonable period of
time is extremely, if not vanishingly, small. Certainly, no
serious hazard to'personnel is predicted for this area.
Muons are not a problem here because these areas are above

the plane of the Main Ring.

6. Analysis of Shielding of the PropoSed Main Ring Overpass

The presently proposed design provides for at least 17°
of soil shielding over these tunnels everywhere except at
B-0 itself. Rather than do an original calculation it is
sufficient here to scale from radiation measurements
previously published.5 In Ref 5, case C there a situation
involving a collimator in a tunnel shielded by approximately
15 £t. of soil (451 cm). 1In this case a dose of 20 urem
(quality factor = 5) per 101l protons dumped on the

collimator at 350 GeV was measured. This scales to 5 mrem
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per 2.5 x 1013. With 2 more feet of soil shielding this
becomes about 1.2 mrem/2.5 x 1013 protons. Since more than
10 such pulses during a one run period is virtually
impossible, in these areas, compliance with the Radiation
Guide (see Appendix I) is thus obtained. An additional
safety factor is provided by the fact that the Main Ring in

this configuration would be limited to 200 GeV.

Ih general, the Energy Doubler is shielded by at least
six more feet of soil and shadowed by the Main Ring magnets
so that the loss of 1014 1000 Gev protons would cause even
lower doses. Such a total dump of the beam is highly
unlikely to occur more than once. Near the ends, however,
the two accelerators are in the same tunnel. There the
drawings (Fig. 20) show 18 ft. in all places so that the
Main Ring dose atop such a loss point becomes about 0.3
mrem/2.5 X 1013 at 200 Gev while the doubler loss produces
approximately 6 mrem/lO14 protons at 1000 GeV (scaling
linearly with energy, which is conservative. The road
crossing at A46-47 (shown in Fig. 20) is a potential
problem. However, with 4' of steel shielding installed
under 3' of granular fill, we arrive at an equivalent‘of 16"
of soil which may be barely adequate, for such a
longitudinally small region, since the dose here scales to
1.4 mrem/2.5 x 1013 200 Gev protons, The same comment holds

for the building at A-45 shown in Fig. 21.
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At the B-O collision region (see Fig. 22) we have a
much thinner shield (11 feet) but only a situation of
scraping on a pipe with the 200 GeV Main Ring beam. Scaling
from the above, one obtains a dose of about 100 mrem per 2.5
x 1013 in a fenced area protected by the same interlocked
radiation detectors which would sense the Doubler "one

pulse" accident,.

Muons resulting from loss of beam at the point where
the Main Ring beam is brought back to horizontal can be
estimated as was done above for the assembly hall using the
results of Ref 3. Such a loss creates a maximum dose of 9
mrem/2.5 x 1013 200 Gev protons directly over B-O in the

fenced area over the thin shielding.

7. Radiation Protection Criteria and Summary

Since the accidental loss of beam in the vicinity of
the Colliding Detector area is highly undesirable for a
variety of reasons and very likely to be infrequent, during
both modes of the physics program it is reasonable that
interlocks activated by radiation detectors would be used to
turn off the beam in such cases. The present Labbratory
standards applying to such areas are listed in section 6.1.3

of the Fermilab Radiation Guide. The pages most relevant to
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the present discussion are inclﬁded here as Appendix I. The
"access by authorized personnel only" listed for the 10<D<50
mrem/interlock trip range could include suitably trained
contractor, visitor and Laboratory personnel wearing proper
dosimetry and working in the assembly hall with appropriate
access control. This is the highest dose range where access
is presently permitted. For the outdoor radiation on top of
the berm these rules apply so that, from Figs. 3-19 and
these rules one can estimate the restrictions required to
protect the general public with a given thickness of earth

berm.

From these results it thus is concluded that the
presently designed shielding is adequate for 1014 1000 Gev
protons insofar as lateral shielding of both the assembly
hall and outdoor area on top of the roof are concerned since
the maximum dose equivalent is less than 50 mrem per 1014
1000 GeV protons. The muons presentAa serious problem,

possibly slightly exceeding 50 mrem per 1014

protons in a
localized region in the assembly hall. It is concluded that
the Main Ring overpass is adequately shielded for 1000 GeV
beams. For the 200 GeV beam in the Main Ring, the fence

around the area above the collision hall would require

interlocked gates.
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Appendix 1 . TM-1016
(From Fermilab Radiation Guide)

6.1-7

6.1.3 "Outdoor" Areas {(cont.)

Table 2B addresses controls for areas which are protected
by radiation activated interlocks. Such areas must be searched
and secured before the dose exceeds 250 mrem during any one hour
period. For example, if the dose per interlock trip is 100 mrem,
then the area must be searched before resetting if two interlock
trips occur within one hour.

TABLE 2B CONTROL OF "OUTDOOR" RADIATION AREAS AGAINST
"ACCIDENT" RADIATION LEVELS: RADIATION INTERLOCKS
USED
Maximum Dose/Interlock Level of Precaution
Trip
D < 0.25 mrem No precaution needed, no

occupancy limit

0.25 < D < 2.5 mrem No precaution needed, minimal
- occupancy

2.5 < D < 10 mrem Signs and ropes, minimal
- occupancy

10 D < 50 mrem Signs and fences with lockea

gates. Access by authorized
personnel only

50 D < 100 mrem Signs and fences with inter-
locked gates. No access
permitted with beam-on

100 < D < 250 mrem , Signs, 8' high fences with

interlocked gates and hard-
ware requiring a search and
secure, The area must be
searched and secured by
authorized lab personnel
before the beam is turned

on and after each interlocked
trip. No access permitted
with beam-on.

16 (Rev. 3/8C
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6.1-8
6.1.3 "Outdoor" Areas (cont.)
3. Special Circumstances

A. Guard Coverage - With the prior approval of the Safety
Section Head, continuous Site Patrol (guard) coverage may be
used as a short-term substitute for fencing and interlocking
requirements.

B. Higher Levels - The possibility of higher severity
accident conditions could be permitted if the level of precaution
taken is much greater i.e., sufficient to make undetected
entry extremely unlikely. For all such cases the approval of the
Safety Section Head is required. An example of what might be
considered satisfactory 1is given below.

For cases where the maximum dose per interlock trip is
greater than 250 mrem but less than 1000 mrem at least the
following precautions shall apply: double fences {(one being
at least 8' high with barbed wire on top), all gates interlocked,
flashing lights warning of the hazard, hardware to require
a rigorous search and secure after each gate interlock trip,
sufficient lighting to ensure a careful search and secure,
interlocks redundant and fail safe, daily inspection of the
fences during operating periods.

11
(Rev. 3/80)
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Table 1

Case 1: A 4 inch diameter steel beam pipe with 0.125"
thick walls runs throughout the straight section.
A 2mm diameter beam scrapes on this pipe at 10
milliradians.

Case 2: A 2mm diameter beam scrapes at the upstream end of
an EPB quadrupole at 10 milliradians. The
quadrupole is located at various places in the
collision hall.

Case 3: A 2mm diameter beam scrapes as in Case 2 on the
upstream end of a string of 4 EPB quadrupoles.
The string is located at various places.

Case 4: A 2mm diameter beam hits the upstream end of a
string of 4 EPB quadrupoles at 10 milliradians.
The point of impact is at a radius of 5 cm
relative to the beam axis. The quadrupole string
is located at various places.

Case 5: A 2mm diameter beam hits upstream end of a string
of magnets 1200 cm long with inner dimensions
equivalent to an EPB quadrupole but with an outer
radius of 50 cm. The point of impact is at a
radius of 5 cm relative to the beam axis and the
angle of impact is 10 milliradians. The magnet
string is located at various places.

Case 6: A 2mm diameter beam hits the upstream end of the
Central Detector (with the plug limiting the
aperature to 6° in place) at 10 milliradians at 40
cm radius from the beam axis.

18
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10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

Plan view of the Colliding Detector area in the
horizontal midplane of the Central Detector.

Elevation view of the Colliding Detector area in
the vertical midplane of the Central Detector
perpendicular to the beam direction (top) and

Figure Captions

parallel to the beam (bottom).

Figures 3-19 are contou
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in these figures.

n

lots of equal dose
protons) as a function of
depth (Z) (cm down the beam axis) and radius for
the cases described below for losses at various
depths. The outline of a plan view of the
collision hall is shown

0.0 cm
500.0 cm
1000.0 cm
2000.0 cm
1.0 om
1000.0 cm
2000.0 cm
500.0 cm
1000.0 cm
2000.0 cm
500.0 cm
1000.0 cm
2000.0 cm
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20, Main Ring Overpass Design as of 10/6/81 - Road at
A-46

21. Main Ring Overpass Design as of 10/6/81 - Building
at A-45

22. Main Ring Overpass Design as of 10/6/81 - Cross
Section at B-O showing Main Ring Overpass

20
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