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I 
EXECUTIVE SUMMARY 

Estimates have been made of the residual radioactivation of the components of the SSC 

accelerator and detector complex. Such activation is caused by the loss of a small fiaction of the 

proton beams being transported in the SSC accelerator system, by deliberate removal (dumping) 

of the beams and by particles created in the proton-proton collisions in the SSC storage rings. 

Existing methodology that has been successfully used to determine activation levels at 

other accelerator facilities has also been used to estimate the activation of SSC components in 

those cases where calculational methods may be applied. In addition, we have used measure- 

ments from existing accelerators, primarily the Ferrnilab and CERN accelerators, to provide the 

means to estimate activation for those cases in which calculational methods, such as Monte 

Carlo shower codes, are difficult to apply. We have also used these measurements to check the 

cdculations from the shower codes where possible. 

We have estimated activation levels and dose rates, where possible, for the following 

components of the SSC: the abort dumps for both the storage rings and the elements of the 

injector system; beam collimators and scrapers; magnets and other apparatus in the region of 

injectiodextraction from one accelerator to anotheq target stations used to create test beams 

from the high energy booster; superconducting magnets in the high energy booster and the 

storage rings; and representative detector elements. 

We also briefly discuss aspects of handling or dismantling the components most signifi- 

cantly activated and the relevance to Becommissioning of the SSC complex. A short descrip- 

tion of the decommissioning of the Intersecting Storage Rings at CERN, the only pp collider 

that has been decommissioned, is included in this report. 

Radioactivation of SSC components will be qualitatively and quantitatively similar to 

activation at existing large accelerator facilities for high energy physics such as Fermilab or 

CERN. The higher energy of the SSC will not present new problems in the routine monitoring 

and handling of activated components during either the operational phase of the SSC or during 
u 

a possible decommissioning process. 
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1. RADIOACTIVATION AND THE SSC 

The purpose of this Task Force was to describe those components of the Superconduc- 

ting Super Collider (SSC) complex which might become significantly radioactive during the 

life of the SSC and to describe briefly the associated radiation levels and the handling and dis- 

position of these components. The Task Force was charged to estimate the appropriate radia- 

tion levels using new calculations and experience from existing or previous accelerators as 

necessary. A list of the members of the Task Force is given in Appendix A. 

The accelerator complex (see Fig. 1.1) for the SSC1 includes a Linac, a Low Energy 

Booster (LEB), a Medium Energy Booster (MEB), a High Energy Booster (HEB), and two 

storage rings providing pp collisions at an energy of 40 TeV. The Linac, LEB, and MEB are 

very s d w  to existing accelerators at Fendab md Bmkhaven in the United States, to 

machines at CERN in Europe, to accelerators at 

longer operational and which have been dismantled. The HEB pximarily contains supercon- 

ducting magnets and is similar to the Tevaeon at Fermilab, operating in a fixed target mode. 

in Japan, and to accell&atoas that are no 

The main storage rings are conceptually similar to the Tevatron operating in its storage ring 

mode but are substantially larger in size and will provide higher intensity interactions. 

Previous studies have been made of the environmental radiation shielding for the SSC 

and include a general description of the sources of radiation? In this =port we will discuss 

those few areas of the SSC complex that may have significant residual radioactivity after the 

SSC has shutdown. These are (see Fig. 1.1 for a guide to the location of some of these items): 

(1) beam dumps associated with the injectors to the storage ring and the two abort beam 
dumps for the storage rings 

(2) magnets sandl associated hardware and enclosures near the regions of beam transfer 
h m  one accelerator to another md in the vicinity of beam-abort regions 

(3) beam scrapers in the storage rbgs? which axe used to remove a s d  fraction of the 
stored beam during the operation of the storage rings and during and after injection 
from the HEB 
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Fig 1.1 The overall layout of the SSC accelerator complex. 
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. 

(4) targets for the production of high-energy test beams 

(5) collimators located among the interaction region magnets which prevent quenching 
of the superconducting magnets in the interaction regions 

(6) detector components located near the beam pipe in the interaction regions 

The superconducting magnets in the NEB and in the storage rings will not become significantly 

radioactive since the amount. of energy deposition required to induce significant radioactivity is 

much greater than the amount which would result in quenches of the magnets. ?%is is dis- 

cussed in more detail in Sec. 5. 

In order to estimate the activation of the components, typical operating parameters of the 

SSC must be known. F Q ~  our estimates we have chosen to be consmative and have followed 

Refe 2 i~ assuming a s t d  beam intensity in the coUi&r rings approximately three times 

greater than the pment design vdue, which would yield a lumkosity ten times the design 

value of 1033 cm-%ec-l. In particular we have assumed for our estimates: 

a rmximum of 4 x 1014 protons stored in each of the rings per 

a total of 2 x lo1 7 protons per year accelerated to 20 TeV in each collider ring 

"he intensity requirements in the injector systems follow immediately from these assumptions. 

Activation of injectiodextraction components is difffcuh to model. Therefore, in order to esti- 

mate the effects due to injectiodextraction losses, we have relied on experience at the Fermilab 

Tevatron extrapolated to the SSC. 

In the subsequent sections we describe in detail our estimates of the residual radioactivity 

induced in the relevant components of the SSC complex. We also coment  on the handling of 

these components resulting from servicing needs or fiom dismmtling at the end of the useful 

life of the SSC. In the latter case, there has been substantid experience with previous acceler- 

atms,3 most recently with the Intersecting Storage Ring (nSR) at CERN which was also a pp 

collider. The experience of decommissioning the ISR is reported in Sec. 6, and in Appemdices 

I 

4 



D and E and references therein. Decommissioning of the SSC complex will not be qualitatively 

different from previous experience. 

When discussing components of the SSC complex such as concrete in the tunnel walls or 

concrete or soil surrounding the various dumps, it is important to recognize that naturally 

occurring radioactivity will already be present in the soil and building materials. Although there 

are variations in these natural levels, representative values for soil are given in Table 1.1 and for 

some building materials in Table 1.2 below.4 

TABLE 1.1 Approximate Levels of Naturally Occuning Radioactivity in Soil 

12 
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Both 232Th and 238U are largely in quiliirium with their decay products and hence represent a total 
radioactivity about ten times larger than that shown in the Table 



2. METHODOLOGY OF ACTIVATION CALCULATIONS 

2.1 Introduction 

Thomas and Stevenson have given a succinct description of the production 
5 of radioactivity at particle accelerators: 

“In the interaction of a hadron of sufficient energy with a nucleus an 
intranuclear cascade is generated. The emission of particles produced 
during this cascade from the nucleus (spallation) is followed by the 
evaporation of nucleons from the excited residual nucleus. The num- 
ber of radionuclides that might be produced is in principle very large, 
but in practice only a relatively small number are of consequence in 
radiological protection. Although, in principle, all the nuclides that 
have a mass number and atomic number less than or equal to the s u n  

of these numbers for the projectile and target nuclei may be generated, 
in practiee it is found that the number of radionuclides of concern in 
radiological protection is limited by a combination of production cross 
section and radioactive half life.” 

While the genera3 problem involves concerns such as personnel protection 
during maintenance and modification, the focus of this report is more cir- 
cumscribed. The interval during which machine components are exposed to 
radiation from the beams is long, perhaps several decades. Although the beam 
intensity is unlikely to be constant, we make the conservative assumption that 
there is a constant proton loss rate at the highest beam intensities presently 
envisaged. Most isotopes of interest (including tritium) have lifetimes suf- 
ficiently short that equilibrium concentrations will have been reached under 
these assumptions. 

At the moment of turnoff, activities with half-lives ranging from less than a 

second to many years are present in important quantities. A few minutes later, 
only isotopes with lifetimes in excess of a minute or so exist in measurable 

I 
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concentrations. * Although the details depend upon the irradiated material, 
the general picture is that the total activity decreases very quickly at first, 
then progressively more slowly as longer-lived activities come to dominate. As 
an example, the contribution of various radionuclides to the surface dose of a 
cylindrical iron beam stop irradiated by an on-axis 200 GeV proton beam is 
shown in Fig. 2.1. The “initial level” is defined (here and elsewhere) as the 
level 6 min (0.1 h) after turnoff, when very short-lived activities have already 
reached negligible concentrations.t As can be seen, the activity after 4 days 
is about half of the “initial” level. After a month most of the 52Mn (5.6 day 
half-life) and 48V (16 days) have also decayed, leaving mostly 54Mn activity at 
about the initial total level. 

6 

Similar situations occur for other materials. We conclude that there is 
a great advantage in delaying access for decommissioning purposes by a few 
days or few weeks, particularly to high-dose areas. On the other hand, the 
ubiquitous presence of longer-lived radionuclides (2 1 yr) makes further delay 
only marginally advantageous. We therefore assume this scenario, and assign 
prime importance to those activities which have appreciable concentrations 
after 10 days or so. 

To illustrate the calculation methodology developed below, it is useful to 
pursue the case of 54Mn induced in iron one step further. We consider only 
the 54Mn activity induced in iron by a long, uniform exposure, and we assume 
knowledge of the spectra of low-energy particles (thermal energies to a few 
hundred MeV) produced in the nuclear cascades. For incident neutrons with 
energies between 500 MeV and 730 MeV, the average cross section for produc- 
ing 54Mn in iron is about 30 mb.7t Given a cross section qnel x 700 mb for 

* For example, we might expect 54V in irradiated iron. Its half-life is 49.8 s. After 10 
minutes, its concentration has dropped to 0.024% of that present at turnoff. After 20 
minutes, only 0.056 parts per million of the original activity remains. 

t In some cases, the decay products of short-lived species are themselves important long- 
lived activities. For example, 41Ca is the decay product of the 0.87 s nuclide 41S. 
Mainly through the 54Fe(n,p)54Mn and 56Fe(n;2np)54Mn reactions. 
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Figure 2.1. Contribution of various radionuclides to the average total photon dose 
rate at  the surface of an iron beam stop. 200 GeV protons are incident on the axis, 
and the radius is 40.64 cm. Reproduced from Fig. 8 of Ref. 6 .  

inelastic iron-neutron scattering, it follows that about 4.3% of the iron-nucleus 
collisions will result in 54Mn production. Now suppose that R dt' atoms of 54Mn 
are produced in time interval dt' at a time t' in the past. '6Past" is with respect 
to some reference time, e.$. accelerator shutdown. At a time t in the future, 

atoms remain, where 7, the decay time, is'given by the half-life divided by In 2. 
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(The half-life of 54Mn is 0.797 yr, so r = 1.15 yr.) If the production rate R 
were constant for a total time T in the past, then 

atoms remain at time t. In many case of practical interest (including the 
present example), T >> r ,  and (1 - e-T/‘) M 1; the total “on time” is imma- 
terial. Equilibrium has been reached under these conditions and the production 
rate R is equal to the decay rate.** The production rate must be integrated 
over incident hadron energies to obtain the final result. Surprisingly, low en- 
ergies dominate. In a 20 TeV proton collision with iron, less than 3% of the 
interactions with iron nuclei are initiated by particles with energies greater 
than 3 GeV. 

54Mn emits a 0.83 MeV y-ray in the course of decaying to the stable isotope 
54Cr. If the d&Tibution of 54Mn atoms in the iron is known, one may calculate 
the 7 flux and dose at a given point in or on the target by taking into account 
y absorption and scattering. 

This example contains most of the elements of a “real” calculation of ra- 

dioactivation and dose. Its generalization is complicated by the wealth of 
possible reactions, the lack of complete cross section measurements, and the 
lack of knowledge of the incident hadron spectra. Even here, the cross section 
reported at 340 MeV is not really consistent with those measured at higher 
energies, and low energy neutrons are responsible for more than half of the 
54Mn production. 

7 

6 

* The identity is particularly simple if the activity is expressed in becquerels, or disinte- 
grations per second. As is done elsewhere in this report, it is often convenient to convert 
to curies, where 1 Ci = 3.7 x lo1’ Bq. 

t At the other extreme where P >> T, the activity is (T/T)R. For example, 7Be (t+ = 
53 d) and loBe (t1l2 = 1.6 x lo6 y) are produced in almost equal numbers by cascades 
in a carbon target. If the activity of 7Be is R, then that of “Be after a 25 year exposure 
is 8 x R. It is for this reason that the production of very long-lived activities can 
usually be neglected. 

. 
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In spite of such practical complications, the activation level expected for 
various SSC components may confidently be calculated to the desired level of 
accuracy. The keyword is “desired level of accuracy:” a factor of about two 
may be obtained. This uncertainty is likely to be smaller than the uncertainty 
in exposure estimates for collimators, septa, dipoles, etc. over the lifetime of 

the machine. 

2.2 Calculation Procedure 

Computational methods are based upon a large number of calculations for 
other accelerators and comparison with measurements. They are best applied 
in situations with relatively simple geometry and well known losses. In the SSC 
we have applied these methods to the abort beam dumps for the storage rings, 
various collimators/scrapers? and experimental apparatus, In those cases with 
complicated geometry and/or losses which depend in detail upon fine-tuning 
the operation of the machine, we have relied on experience and measurements 
at the Fermilab Tevatron (See Section 4). 

5 

Given an object (e.g. a magnet) where predictable beam loss occurs, the 
full procedure for calculating residual activation might be as follows: 

1. Calculate the hadronic cascade(s) using any one of several programs de- 
veloped for the purpose (CASIM,’ FLUKA,’ HETC,’* MARS,” etc.). 
The output is 6‘star density,” the density of inelastic collisions in the ma- 
terial with incident hadronic energies above some cutoff, usually about 
50 MeV. The total number of stars per incident hadron is usually about 
2 stars per GeV at several hundred GeV. The number of stars scales with 
energy roughly as E’.’. 5 

Either directly or with minor modifications, these programs also yield 
hadronic energy spectra down to the cutoff energy. 

When a particle’s energy drops below the cutoff, it is either tallied or its 
vital statistics written to an output file for further analysis. 

10 



A brief discussion of these codes and a comparison of simulation and 
experimental results is given in Ref. 2. 

2. The output file is processed by a low-energy transport program such 
as MORSE.12 Such programs are designed to handle the complexities 
of nuclear energy levels, and they access one of several extensive data 
libraries such as VITAMIN-E.13 A major simplification at low energies 
is that only neutrons need to be transported, since in this energy range 
charged particles quickly stop. 

2‘. An alternative to detailed low-energy propagation is available, although 
some approximation is involved: It has long been observed that under 
suitable conditions (far &om the cascade initiation point and the cascade 
axis, and far from material boundaries), the spectrum is “universal:” The 
hadron composition and the spectrum of each hadronic variety is inde- 
pendent of incident hadron type and, except for an overall scale factor, 
independent of position and incident hadron energy. The usefulness 
of this “universal spectrum” follows from our earlier observation that the 
vast majority of radionuclides are produced in low-energy collisions, so 

that there is little sensitivity to details of the high-energy spectra. An 
example of this composition and the spectra of the components in soil 
is shown in Fig. 2.2. To the extent that the approximation is true, the 
low-energy transport calculation need be done only once per material . 
The scale factor is set by a measure of the cascade intensity, such as star 
density. 

14-18 

14 

3. Given the spectrum and composition, the procedure outlined at the be- 
ginning of this section is then used to calculate the activation level. Un- 
fortunately, the production cross section is for an incident hadron variety 
h, a target nucleus of type i, and a daughter species of type f.  More- 
over, it depends upon the energy E of the hadron incident on the target 
nucleus. In obvious notation, we label the cross section ahif(E)- 
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Figure 2.2. Kinetic energy spectrum of hadrons as calculated by T. A. Gabriel 
and R. T. Santoro for the soil backwall of a target-tunnel configuration. This spec- 
trum was assumed to be a representative “ ~ n i v e r s d ~ ~  spectrum by Van Ginneken and 
Awschalom in calculating the effects of low energy particles not followed by CASIM. 

14 

Let the flux of hadrons of kind h be 4h(E). If Nj is the number density 
of the ith nuclear species present in the target, then the total production 
rate Rjf for the f th  final state species is 

If more than one target isotope c m  produce the find isotope, then the 
summation should dso be carried out over i. The result is Rf, the 
production rate per unit volume of species f in a given material. In 
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the usual case, only one or a few target nuclides contribute appreciably 
to R f .  

Similarly, if ahi inel(E)  is the inelastic cross section for hadron variety h 
on target species i at energy E, then the rate of star production per unit 
volume by target hadrons with energy in excess of Emin  is 

The ratio 

is the fraction of stars in which nuclide f is produced. An implicit sub- 
script labeling the material exists, since the result is different for natural 
iron, concrete, etc. 

Again following the development of the introduction, the number density 
of atoms of,isotope f present at a time t after the end of steady-state 
operation is given by 

where ~f is the decay time (half-life/(ln 2)) and it is assumed that the 
accelerator operated for a time T >> rf .  The number of disintegrations 
per unit time in a unit volume is N f / r f .  At t = 0 it is R f ;  this is just 
a re-statement of the fact that in equilibrium the decay rate equals the 
production rate. The specific activity, or number of disintegrations per 
unit time per unit mass, may be obtained by dividing by the density of 
the material. Obviously, the appropriate sum over the final radioisotopes 
of interest must be carried out to obtain the final specific activity. 

13 



Although the universal spectrum situation discussed in item 2‘ above 
has not been assumed so far, it is evident that this approximation is 
equivalent to the factors rf being “universal.” They might be tabulated 
(once and for all, pending new experimental data and upgraded transport 
programs) for the commonest target materials (C, Fe, Cu, Pb, concrete, 
. . .) and the most interesting radioactive daughters (3H, 54Mn9 6oCo, . . .). 
Activation levels could then be obtained in some detail from star density 
alone. 

The total activity can be obtained by integrating N f ( t )  over the volume 
of interest. To the extent that the universal spectrum approximation is 
valid, it is proportional to the total star density 1 S d 3 x .  

Several straightforward but tedious complications have been ignored in 
this treatment, notably the occasional production of an important long- 
lived isotope from the decay of a collision product. Such details are 
discussed in the literature. 6 

2.3 Final-State Isotopes of Interest 

Fortunately, only a small number of low-2 radionuclei exist whose lifetimes 
are long enough to be of concern. Ref. 19 provides a table of all isotopes with 2 
less than 28 which have half-lives longer than one day; this table is reproduced 
here as Table 2.1. Only 15 of the isotopes have half-lives longer than a day, 

and only a few of these are of concern. (The table was presumably truncated 
at Z = 2’3 because of the large number of‘ long-lived nickel activities. 6oCo 
should be added; its half-life is 5.272 years.) 

Several heavier elements me of interest in this study. Some stainless steels 
contain substantial quantities of nickel and (infrequently) cobalt, and copper 
is also relatively common in the accelerator environment. Irradiation of these 
elements produces significant amounts of 6oCo by means of several reactions, 
e.g. 59Co(n,7) 6oCo. Important lead and thallium activities are induced by 
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Table 2.1. 

Radioactive nuclei (2 < 28) with half-lives > 1 day (as reproduced from Table 2 of Ref. 19). 

Element Half-life 
bears) 

3ap 
35s 

3 6 ~ 1  

37Ar 
39 Ah 
42Ar 
40K 
41Ca 
45Ca 

. 47Ca 
*44sc 
*4%c 
47sc 
48Sc 

44Ti 
48V 

4 9 v  

W P  
*5'Mn 

53Mn 

j4Mn 
5Ve 
59Fe 
5 6 C ~  
57c0 

*5RC~ 

1.23 x 101 
1.47 x 10-1 
2 . 7 0 ~  106 

2.58 x 100 
7.4ox 105 

5.77 x 103 

3 . 9 2 ~  10-2 
6 . 8 5 ~  10-2 
2 . 3 7 ~  10-1 
3 . 0 0 ~  105 
9.39x 10-2 
2 . 6 0 ~  102 
3 . 3 0 ~  101 
1 . 3 0 ~  109 
1 . 1 0 ~  105 
4.52 x 10-1 
I .29 x 10-2 7 

4 7 a  --f 47% + p- 11 6.57 x 10-3 

2.30 x 10-1 
9-31 x 10-3 J 144-13 +e-+ 4°C 

4.70 x lo1. J 

4.41 x IO-? (48Cr + e- %> 48V) 
9.04 x 10-1 ( 4 9 ~ 2  .S.E!L+ 4 9 ~  + p+> 
4.61 x 10-2 (51Mn %!?!!?+ 51Cr9#?+) 
1.53 x 10-2 ("Fe 8h> j2Mn + #?+I 
2.00x 106 (53Fe 53Mn + P+) 
i.97 x IO-' 
2.70 x 100 
1.23 x 10-1 
2.19 x 10-1 
7.31 x 10-1 
1.97 x 10-1 

5.02 x 10-3 j 

(55C0 18+ 55Fe + 8') 

* Indicates elements that have two decay rates. 
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irradiating lead. A few days after the cessation of irradiation, the activity in 
lead is dominated by '"Tl, "'Tl, and '03Pb. Only the 12-day '''Tl activity 
survives after the first week or two. 6 

2.4 Spallation 

The production of 54Mn discussed in the introduction may be described 
as neutron capture followed by the boiloff of several nucleons. The incident 

neutron energy required for reactions of this type can be quite low, In con- 
trast, the production of isotopes with atomic masses far removed from those of 
the target nuclei involves a much greater nuclear disruption. Such spallation 
reactions usually have a higher threshold energy, FOE example, the induced y 
activity in a h e t y  of elements for several incident proton energies is shown in 
Figs. 11.9-11.12 of Ref. 20. At energies bellow 100 MeV no significant long-lived 
activity is induced in calcium, while the picture has changed dramatically when 
the incident energy is 600 MeV or above because of the production of "Na. 

About 2 stars/GeV are produced in high-energy hadronic cascades. This 
implies a mean energy per collision of several hundred MeV, well above energies 
at which spallation thresholds have significant effect on production rates. The 
sarne conclusion folllows from the Moyer picture, in which the low-energy parts 
of the cascade are mainly propagated by neutrons in excess of 150 MeV. 
While the assumption of a one-to-one relationship between star density and 
activation of these isotopes is still valid, one might expect that relatively more 
spallation products will% be found nearer to the shower cores. 

21 

2.5 Approximate Methods 

As has been noted, in an equilibrium situation the specific activity of an 
isotope is equd to its production rate. In turn, the production rate is propor- 

tionall to the (local) beam particle loss rate. The scale factor relating energy 
loss in the cascade to the total activity immediately after turnoff (actually after 

16 
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22 0.1 h) is variously given as 1 Bq/(GeV s ) ~  or 0.5 Bq/(GeV s) . Incident en- 
ergies are not specified, but seem to be in the 200 GeV range. The conversion 
is consistent with the result that about 2 stars/GeV are produced in a cascade 
and Barbier’s observation that one-third to one-half of all inelastic collisions 
(stars) result in radioisotopes whose lifetimes are between tens of minutes and 
several years. 

20 

2.6 Input for Example Calculations 

As was mentioned above, the best that can be hoped for in calculating 
activities and dose levels in the present context is consistency within a factor 
of two. On the other hand, input numbers must of necessity come from a 

variety of sources, and, if they are to be compared, some uniformity between 
calculations must be achieved. 

The examples discussed below have to do with long-lived activities in the 
SSC ring magnets resulting from distributed particle loss. Several months 
after turn-off, the total activity will have decreased by a factor of four, and 
the dominant residual activity will be 54Mn, with a half-life of nearly a year. 
Other assumptions axe as follows: 

6 

1. The proton loss rate is 2.3 x lo8 s-l in each ring. This is (1 - e-’) times 
the loss rate with 4 x 1014 protons in each ring and a 300 h lifetime from 
beam-gas scattering. 

2. The magnet may be modeled as an iron cylinder with radius 13.5 cm. 
While this assumption ignores the 6oCo produced in the coils and stainless 
collars, these activities do not contribute substantially to surface dose. 

3. Following Thomas and Stevenson5 (their Table 6.4), 2 2 5  stars/GeV are 
assumed for 200 GeV striking iron, or 450 stars per collision. The energy 
scaling from the table is such that 1.5 stars/GeV, or a total of 30,000 
stars, would be expected in a 20 TeV cascade. Van Ginneken’s results 
using CASIM are substantially lower, with 20,000 or fewer per cascade. 23 
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In using star density profiles from Ref. 23, we therefore scale to a total 
of 30,000 stars for comparison purposes. 

4. Gabriel and Santoro predict the production of 72 54Mn atoms when a 
200 GeV proton strikes an iron beam stop. If there are 450 stars and 
the inelastic p-Fe cross section (averaged over energy) is 703 mb, the 
effective 54Mn production cross section is 112 rnbe Honda and Lal quote 
about a third of this value in the 500 MeV to 700 MeV energy range, but 
it has already been pointed out that (a) low-energy neutron production 
contributes substantially, and (b) the cross section is expected to be 
about 70 mb at 50 MeV. We therefore assume that effectively 10% of all 
stars in iron produce 5 4 ~ n ,  

6 

24 
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2.7 A Worked Example: Activity in the Ring Magnets 

To illustrate the application of the methodology discussed above, we cal- 
culate the induced activity in the SSC ring magnets as the result of beam loss. 
Many of the input numbers come from Ref. 6 ,  in which Gabriel and Santoro 
considered the effects of 200 GeV protons striking an iron beam stop. Four 
days or so after the irradiation has ceased, the surface dose has decreased by a 
factor of two and about hdf of the remaining dose is due to 54Mn, with most 
of the balance due to 48Vs Since most of the isotopes of interest are somewhat 
similar y emitters, it may be assumed that surface dose behavior adequately 
mirrors radioactive isotope abundance inside the stop. 

! 

As stated in the last section, we assume that 2-3 x 108 20 TeV protons are 
lost per second around the ring, or 28 cm-ls-l. 

With our assumptions that 10% of 30,000 stars per cascade produce 54Mn 
atoms, the production rate R is 6.9 x IO1’ per second. The half-life of 54Mn 
is 0.7991 yr (fiom Table 2.1), so T = 0.79’9/(%n2) yr = 1.15 From Eq. 2.1, 
the number of “Mn atoms present at times short compared with a year is 

1 

TR, or 2.5 x IO1’ atoms. The disintegration rate is R, or 6.9 x 10l1 Bq = ) 
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19 Ci per ring. Given the total magnet mass calculated from the parameters 
listed in the Conceptual Design Report (2.7 x 10’’ g), the average activation 
is 700 pCi 8-l. 

1 

Alternatively, the rule of thumb given in the last section says 

R = 1 Bq s GeV-l x 20,000 GeV x 2.3 lo8 s-l 

= 4.6 x 10l2 Bq 

for the induced activity at the moment the machine is shut off. After a few 
months 54Mn dominates and the activity has decreased by a factor of four, to 
12 x 10l1 Bq. 

The two methods yield results which agree to within a factor of two, well 
within the uncertainties of the energy scaling of the first method and the 
approximate nature of the second. However, in the more careful first case 
the number of stars was assumed to increase by a factor of 67 when the energy 
scaled by a factor of 100. In the second case application of the rule-of-thumb 
implicitly assumes that the number of stars scales linearly with energy. Had 

the same scaling been used in the second case, the result would have agreed to 
within 20%. 

2.8 Absorbed Dose 

By t‘absorbed dose,” one means the amount of energy absorbed by a unit 
test mass exposed to radiation. The composition of the test mass depends 
on the problem at hand, but if the concern is biological safety it should be 
tissue, or water. The conventional units for absorbed dose are rads, where 1 

rad = 100 ergs g-l, and grays, where 1 gray = 1 J kg-l, or 100 rads. For 

most applications the concept of “dose equivalent” is also of interest, where 
the dose equivalent is the absorbed dose multiplied by some quality factor 
which appropriately weights the effectiveness of the radiation in producing 
biological (or other) damage. In this report we are interested mainly in y- and 
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P-radiation produced in radioactive decay, and for these radiations the quality 
factor is close to unity. We therefore limit the discussion to absorbed dose, 
with the understanding that in this context absorbed dose and dose equivalent 
me very nearly identicd. 

For the moment, consider a mass element in a uniformly activated uniform 
medium. In equilibrium (times long compared with the flight time of decay 
particles, or fractions of a nanosecond) each such element produces as much 
energy by radioactive decay as it absorbs. If the energy is emitted in the form 
of y-rays, then 5 

D = 2.13AE, , 

where fi is the absorbed dose rate in rads h-l, A is the specific activity in 
pCi g-l, and E-, is the emitted y-ray energy in MeV. The coefficient follows 
in making the appropriate unit conversions. 

This result remains true for a finite object if the specific activity and 
medium are uniform for a few y-ray absorption lengths from the fiducial mass. 
For f MeV y-rays in iron, the absorption length is 2.0 ern, so the scale is 5 
or 10 cm. 

25 

In many cases of interest, it is not appropriate for fiducial mass to consist 
of the same material, but it should instead consist of a material such as organic 
tissue. In this case the coefficient must be corrected by the ratio of mass-energy 
attenuation coefficients in the host and sample materials. For E, x 1 Mev and 
most material combinations, the ratio is close to unity, but at lower energies the 
differences between e.$. iron and tissue are extreme. Since Compton-scattered 
y-rays are involved in the radiation transport, we can expect a coefficient 
somewhat less than 2.13 even if -1 MeV photons are emitted in the nuclear 
decay. 

I 

Now consider the fiducial mass as being on the plane interface between 
two uniform media. Both axe of the same material, but only one is uniformly 1 
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activated. By the symmetry of the problem the fiducial mass now absorbs 
exactly half the absorbed dose as before, and so experiences a dose rate 

D =1.07AE7 . (2.2) 

What if the unactivated part is now removed, so that we are considering the 
absorbed dose at the surface of a uniformly activated object? If the unactivated 
half is presenit, some small fraction of the dose absorbed in the fiducial mass 

arrives in the form of photons produced in the activated half but Compton- 
scattered in the unactivated half. Its removal therefore reduces the dose rate 
in the sample mass. Since only part of the Compton component is removed, 
the reduction is small, and the coefficient remains close to one. As before, 
the appropriate scale factor is the y-ray attenuation length in the material: 
To evaluate the absorbed dose rate at the surface of an extended object whose 
dimensions are large compared with the attenuation length, we need only know 
the activity level in the vicinity of the measurement point. 

It also follows that the absorbed dose at any distance from the surface of 
a uniformly activated thick slab of infinite extent is the same as that at the 
surface. 

A final step permits extension of absorbed dose calculations to a wider 
class of geometries. We consider a small mass element (the “detector”) some 
distance from the surface of the thick slab, and consider the flux of y-rays 
due to the activity in a volume element d V  = r2drdS1, at a slant distance r 
and subtending a solid angle d R  from the fiducial mass. Those y-rays which 
originate in the volume and which are not absorbed or scattered in the inter- 
vening material contribute to the flux at the mass element. In addition, y-rays 
produced elsewhere can Compton scatter in d V  to contribute to the flux. Fi- 
nally, -prays emitted from d V  can Cofnpton scatter elsewhere to reach the test 
mass from other directions. The flux from the direct process is proportional 
to dV/47rr2 = d r  dS1/47r times the appropriate attenuation factor. The same is 
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true for Compton photons with a final scatter in dV, and very nearly true for 
photons produced in dV which get to the test mass by scattering elsewhere, 
outside the cone defined by dR. Integration over r yields the flux from dR; as 
before, most of it comes from the first interaction length near the surface. The  
picture which emerges f r o m  this approach is that the dose rate at a detector at 
any  point can be calculated as the integral of surface dose rates over the solid 

angles subtended by the activated objects. The only additional approximation 
is that sizes of the objects and regions of activation are large compared with 
interaction lengths for the 7-rays in the material; near edges the equilibrium 
assumed between scatter-out and scatter-in Compton processes breaks down, 
just as it did when we removed the passive scatterer in the discussion of sur- 
face absorbed dose rate. As has been mentioned, means large compared 
with the interaction length of the y-rays, which is about 2 cm for 54Mn and 
6oCo y-rays in a ferrous materid. 

As an example, consider a uniformly activated slab of iron, 5 cm x 2 m 
x 2 m, 20 m from the radiation detector. The surface dose at the center 
of slab's face is Dss When the detector is on the normal to the slab's face, 
As2 M (2 x 2)/202 = 0.01 sr, so D = (0.01/2n)f iS.  If the detector is 45' from 
the normal, then h is reduced by 4, with some small increase because the 
edge subtends a finite solid angle. 

Finally, consider an activated cylinder (e.g. an SSC dipole yoke) whose 
radius is large compared with a y-ray interaction length. At its surface, the 
absorbed dose is the same as that near a flat slab with the same near-surface 
activation. As the detector is moved away from the cylinder, the flux drops as 
the solid angle subtended by the cylinder, or sin-' R/ r .  For example, an SSC 
dipole yoke has a radius of about 13.5 cm, while the radius of the cryostat is 
about 30 cm. The absorbed dose at the cryostat is thus reduced from that at 
the s d a c e  of the yoke by a factor sin-' 13-5/30) or 0.30. 
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2.9 

Dipole 
A Worked Example: Absorbed Dose at the Surface of an SSC 

We have already calculated the total 54Mn activity in the 83 km ring to be 
19 Ci, or 6.9 x 10l1 Bq, or 8.3 x lo4 Bq cm-l. To find the absorbed dose at the 
surface of the iron yoke ( r  = 13.5 cm) or the (inside) surface of the cryostat, we 
need information about the distribution of the activity in radius. One source 
of such information is Fig. 23 from Ref. 23, reproduced as Fig. 2.3. The curves 
show the number of stars per radial increment (between P and P + d r )  in a solid 
iron cylinder, integrated over z. The dashed line is an estimated exponential 
fit to the small-radius part of the 20 TeV curve; it is of the form e-'/t, with 
l? = 10.5 cm. With an intercept of 1700 stars/cm at P = 0, the integral is 
18,000 stars per 20 TeV cascade, which, as we have mentioned, is a typical 
CASIM result. 

However, only the slope is needed for the present purpose. For an .activity 
profile of the form be-'ie9 the total activity is bk' and the activity density A at 
radius P is be-'/'/27rr. With b e  = 8.3 x lo4 Bq cm", 

(8.3 x lo4 Bq crn-l) x e-13.5/10*5 
( 2 ~  x 13.5 cm) x 10.5 cm A =  

= 26 Bq 

= 8.9 x pCi 8-l . 

Since 54Mn emits an 0.8 MeV ^/-ray in the process of its K-capture decay to 
54Crg Eq. 2.2 yields 0.0'76 mrad h-l. This result should be decreased by 10% 

or 20% to correct for the mass attenuation ratio between iron and tissue, and 
for the absence of backscattered Compton photons. 

AB alternative estimate can be macle with the aid of the tables given in Ref. 
6, which give the calculated photon dose rate averaged over the surface of 2 m 
long iron cylinders of various radii when struck on-axis by 200 GeV protons. 
When interpolated to r = 13.5 cm, the average is 6.4 x lo-'' rem h-l. The 
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Figure 2.3. Longitudinally integrated star density (in stars/cm-incident p don)  for 
5 ,  10, and 20 TeV protons incident on 5.0 m radius solid iron cylinder. The density 
is per unit width annulus at  radius r ,  The calculation has a cut-off momentum of 0.3 
GeV/c. Reproduced from Fig. 23 of Ref. 23. The dashed line exp(-r/lO.5 cm) has 
been added. 

average over the SSC's 83 km ring would be 2/83,000 as large. Multiplying 
by the assumed loss rate of 2.3 x lo8 s-l and an energy scale factor of 67, 

we obtain a surface dose rate of 0.24 mrad h-' at machine turn-off, or 0.06 
mrad h-l after four days. The agreement is fortuitous. 

As has also been mentioned above, the absorbed dose at the cryostat wall 
( r  = 30 em) will be lower by a factor of 0.30, or 0.02 mrad h-l. 
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3. ABORT BEAM DUMPS 

In this section we focus on the activation and handling of the abort beam dumps for the 

SSC storage rings.26 Smaller beam dumps for the injector accelerators are also present in the 

SSC complex and are briefly described in Sec. 4. 

There are two beam dumps for the storage rings, located as shown in Fig. 3.1. Beams in 

the SSC storage rings are stored for a time period of 12-24 hours. At the end of this time, the 

beams are kicked out of the storage rings into the abort dumps. The storage rings are then 

reffled and this cycle repeated, As stated in Sec. 1, an equivalent of 500 aborts of 4 x 1014 

protons at 20 TeV may occur per year. 

A schematic view of an abort beam dump for the SSC is shown in Fig. 3.2 and is con- 

ceptually sixdar, although larger in size, to beam dumps at many other  accelerator^.^^ The 

beam incident on the dump is dispersed by magnets and/or other defocusing devices to decrease 

the energy density impinging on the dump. The beam energy (1.2 GJ) is absorbed in graphite 

plates contained in a water-cooled aluminum structure. This structure is in turn surrounded by 

iron and by concrete. A waterproof layer surrounds the concrete. The dimensions of the iron 

and concrete are chosen so as to limit the activation of soil surrounding the dump-see Ref. 2. 

Graphite is chosen as the primary energy absorbing medium because it has a high melting 

point and because it has a low atomic number. The latter is important since the number of radi- 

oactive daughters with significant lifetimes produced in p + C collisions is thereby constrained 

to a few species. 

3.1 Activation Levels in the Abort Dumps 

In order to estimate the activation of the dump, calculations with CASIM2* were used to 

estimate the number of stars produced per incident 20 TeV proton.29 In the CASIM calcula- 

tion the dump was assumed to be cylindrically symmetric. The incident beam strikes the dump 

irn a ~~18oxn-1, circular spot 35 cm in radius. In our calculations of activation we assume that 

2 x 1017 protons/year at 20 TeV are dumped for 25 years and take a cooldown period of six 

months. Although substantial amounts of short-lived isotopes, such as 11C, are produced, 
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Fig. 3.1 An expanded view of the SSC injectors and abort region 
for the storage rings. 
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Fig. 3.2 A conceptual design of an abort dump €or the SSC 
storage rings. 
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within six months after shutdown only a few long-lived isotopes remain and are primarily res- 

ponsible for the residual activation. 

In the graphite there will be significant activation from the production of 3H and 7Be. In 

the aluminum %a9 3H and 7Be will be present. In iron the situation is somewhat more 

complicated because of the large number of radioisotopes, which are produced in significant 

quantities. The most abundant, with half-lives greater than one day, are summarized in Table 

3.1, along with those for other materials in the abort dump. However, some of the activity 

levels are misleading if taken at face value. For example, 5lCr and the ground state of 52M.n 

are produced in a abundance ratio of about 3: 1. The p+ decay of 52Mn is followed by a cas- 

cade in which four y-rays with a total energy of 3.96 MeV are usually emitted, and in addition 

there are usually two 0.5 1 1 MeV y-rays h m  the positron anmihilation. 5 1 0  decays by elec- 

tron capture and produces a 0.310 MeV y-ray 9 percent of the time, As a result, 52Mn pro- 

duces nearly 60 times the absorbed dose, as does the 51Cr in spite of its lower production rate. 

It is thus SO ineffective in producing detectable radiation that it could well be omitted from 

consideration. 

In the concrete the total activation level will be very low, = 30 pCi/gm, comprised of a 

number of isotopes: 3H, 7Be9 22Na, 45Ca, 54Mn9 55Fe, 60C0, and perhaps 137Cs and 15%~. 

The relative mix of these isotopes depends in detail on the composition of' the concrete used, 

According to the 10 CFR 61 classscations of radioactive waste,30 all of the dump components 

would be low-level, Class A waste, taking the central core as a single component. 
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TABLE 3.1. Activation in the storage ring abort dumps. (Only isotopes with half-lives longer 
than one day are included.) 

ACTIVITY (Ci) 
NUCLIDE W - L I F E  AT TURNOFF AFTER 6 MONTHS 

Graphite 3H 12.3 y 111 108 
7Be 53.3 d 83 8 

~~~ ~ ~~ ~ 

Aluminum 3H 12.3 y 52 
7Be 53.3 d 26 
22Na 2.6 y 52 

~ 

51 
2.5 
46 

Iron 0.8 y 
5Tr  27-7 d 

48v 16.0 d 
5.6 d 

56c0 022 y 

28 18 
10 0.1 
3.3 - 
3.0 - 
0,6 0.12 

3.2 Handling and Dismantling of the Abort Beam Dumps 

The core of the abaft beam dump is envisioned to be one or more sealed cylinders (or 

boxes) of aluminum containing the graphite. The water-cooled aluminum cylinder is sur- 

rounded by a steel pile which is encased in a water-proof concrete skin. The weights of the 

various components are approximately: 

Weight (metric tons) 

4.7 

34 

1650 

- 350 

2039 
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The steel pile is envisaged to be made of 8" cast plate. Using the formulae (in Ref. 27, adapted 

from Ref. 31; see also Appendix B) one may estimate the dose after a six month cooldown 

period at various locations within the dump. The results are summarized in Table 3.2. Doses 

are the h u m  at the particular surface. These dose rates may be used to crudely estimate 

the man-rem burden upon disassembly of the dump. 

TABLE 3.2. Surface doses in the storage ring abort dumps. 

h a t i o n  Dose (me&) 

outer sPUfaCe Of alumirnwn 
Inner surface of iron 
Outer surface of iron 
lion - average 
Concrete - average 
From face of alumhum 
Back emd of aluminum (z = 970 cm) 
Front face, iron backstop (a; = 970 cm) 

370 
1320 
0.2 
50 
0.005 
25 
620 
3305 

We envisage three possible modes of disposal of a dump: 

1, Bux-ialinsinz. 

2 .  Remove the graphite-aluminum core and leave the steel pile for future recycling. 

3 a Remove both the core and the steel pile. 

In case 2, the core would probably be removed from the upstream face of the steel pile. In case 

3, the core could also be removed from the upstream face or from above after unstacking part 

of the iron pilea If a use €or ake iron can be found - at mother accelerator facility for example 

- then option 3 wodd be attractive. 

h either case, we assume that the dump structure would be designed to allow minimum 

exposure and rapid dismtling of the most activated components, in particular the core. Only 

p d a l  removal of the comcrete and iron would be required to gain access to the core for remo- 

I 
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val from above or the core piece or pieces could be pulled out from the front of the dump. 

Much of this removal would be done by crane and hence the dose to workers would be small, 

resulting primarily fiom attachment of lifting bolts or fiitures. We estimate that removal of the 

core will require 2-5 days and that the total burden incurred would be less than 1 rem.32 

Removal of the iron would likely require less than ten days, and the burden would be 

similar to removal of the core, less than 1 rem. Since the activation in the concrete is very 

small, no significant burden would be incurred in its removal. We estimate that the cost of 

removal of one dump would be approximately $60,000. 

Depending upon the characteristics of the SSC site, the dump may be left in place at the 

end of the useful life of the SSC. In this case the front face of the dump would be sealed with 

~0~cret.e. Since the dose at the front of the aluminum cylinder would be a maximum of 

25 maem/far, the burden incurred would be a few tens of mrem at most. Such a procedure 

would require 2-5 people working for less than one week. 

3.3 Disposal of Radioactive Water from the Abort Dump Cooling System 

The two abort dumps will be cooled with a closed loop water system consisting of coils 

wrapped around the aluminum cylinder (see Fig. 3.2). This water will become radioactive 

because of the interactions of the cascade with the water in the coils. The only long-lived 

isotope produced is tritium. 

Using a specific model of the cooling system (see Appendix F), we find that there would 

be at most 0.14 Ci of tritium in the water to dispose of at the time of SSC decommissioning. 

The concentration in the closed loop water volume (1,600 liters) would be 84,000 pCi/ml. 

This is not a problem for disposal. It could be diluted into 6800 m3 of clean water and be 

below the EPA guideline of 20 pCi/d for drinkable water. Alternatively, it could be used as a 

wetting agent for concrete, to solidify other low-level wastes. 
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4. ACTIVATION IN THE INJECTION SYSTEM 

The injection system for the SSC storage rings is shown in Fig. 3.1. The injection sys- 

tem is comprised of a 600 MeV Linac, an 8 GeV LEB, a 100 GeV MEB, and a 1 TeV HEB. 

The Linac and the LEB are very similar to the injection linac at F e d a b  and to the Fermilab 

8 GeV booster, respectively. In its operationd characteristics the MEB will be similar to the 

Femailab main ring (conventional magnets) operating at 100 GeV. Finally, the magnets in the 

HEB are superconducting, apld hence its operational charactexistics will be very similar to the 

Fermilab Tevatron. 

The mas  within the injection complex which may become significantly activated are the 

injection/extraction points between the various accelerators and the dumps associated with each 

accelerator. Based upon F d a b  experience?3 we estimate that the exterior of most of the 

Linac will have a dose of < 1 me& on contact. Occasionally (every 2-3 years), access 

within the linac tanks will be required, in which case contact readings of 1 rem may be 

encountered The transfer line between the linac and the LEB will have “hot spots” with a dose 

of 20-40 mremhr at QIE foot, Since the Linac is a valuable and usehl accelerator, experience 

would indicate that its components would be reused in other locations at the end of the useful 

life of the SSC, rather than being dismantled and stored. 

The major points of activation in the LEB will again be in the extraction area fporn the 

LEB into the MEB and an internal beam dump. Based on the experience at Fermilab,% the 

apparatus in these regions will become significantly activated, and maximum doses on contact 

will be 1-5 r e m .  The isotopes responsible for the long-lived activity will be predominantly 

%th and various cobalt isotopes. Previous experience with dismmtling or repair activities at 

Fenmilab indicate that a total b d n  of 100-500 mrem (shared among 5-10 people) would be 

hcmd upon removal of these items (see Appendix C). Activation of the remainder of the 

magnets in the LEI3 or ME93 will be s r d . 3 3  Doses on contact soon after shut-down would be 

1-3 memhr and this wodd decrease by a factor of about ten within a year. In the MEB, the 
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areas of significant activation will be similar: the injection area from the LEB, the extraction 

area to the HEB, and the internal beam dump. 

Since superconducting magnets will be used in the HEB except in the vicinity of the 

region for injection from the MEB, extraction into the storage rings or HEB abort dumps, and 

extraction for test beam targets, negligible activation of these magnets will occur. Activation 

and dose levels in the injection/extraction regions will likely be less than in the LEB or MEB- 

10-50 mre& at one f00t.3~ 

In the present design, two beam dumps would be necessary for the HEB. Two dumps 

would be needed since protons must be injected in opposite directions into the storage rings. 

The location of these dumps is shown in Fig. 3.1. Each dump will be very similar in scale to 

the existing beam dump at the F d a b  T e v a ~ o n . ~ ~  (See Figs. 4.la and 4.lb) The Fermilab 

dump is designed for a maximum of 7 x 1017 protons per year at 1 TeV. The HEB both injects 

protons into the storage rings and provides tests beams. We assume that a maximum of 1013 

. protons per spill are accelerated for both injection into the storage ring and for test beams. (In 

the present design a lower intensity, 1012, is envisaged during test beam use, but 1013 would 

be desirable). We finthemore assume 72,000 cycles per year for test beams and 28,000 cy- 

cles per year for injection. Fendab experience35 would indicate that approximately 10% of 

the cycles, or 1017 protons per year, might be aborted. The amount of beam aborted would be 

shared between the two dumps, with one dump receiving more beam during test beam opera- 

tion, Tke activation in the dump may be crudely estimated by scaling from the 20 TeV case 

described in Sec. 3.1. The scale factor is roughly 

would expect total activation levels in these dumps with values no more than 5% of the levels 

given in Table 3.1. 

(l 
x ($r = 0.05. Hence, one z x 1017 

The MEB will also be used to create low intensity test beams far studies of experimental 

appmt~s .3~  Beam extracted from the HEB will strike a target creating secondary beams. 

This p m e d m  is similar to that now used to create secondary beams at Fermilab, which are 

used for testing apparatus and for physics experiments. The composition of a typical target 
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Fig. 4.la Overall view of the Fennilab Tevatron abort dump. 
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Fig. 4.1 b The layout of the core of the dump. 
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system is described in Appendix B. The target system contains a beryllium traget and magnets 

to select the appropriate secondary particles and to absorb the remnants of the primary beam. 

Four such systems may be used for this purpose at the SSC. 

Activation levels and doses have been estimated for the Fendab target systems.37 These 

levels would be similar at the SSC. Activation of the beryllium target just after turn-off will be 

approximately 0.15 Ci, primarily in 7Be, The total activation of the three magnets in the target 

system will be about 2 Ci, primarily 54Mn. Residual doses on contact in various regions of a 

target system are given below (refer to the drawing of the target system in Appendix B): 

DOSE ON CONTACT (MREM/HR) 

LOCATION ATTURNOW L - l F r E R 4 M O m s  

Front. 1900 850 

Side/top near target 9 5  1 .0 

Sidehop near dump 54 5 

Back 95 10 

5. B W  UXSES IN THE STOFCAGE RINGS AND AT THE I ' N ~ ~ O N  REGIONS 

In -this section we estimate the activation of the superconducting magnets in the storage 

rings, of the scrapers used to clean up the stored beam, of collimators near the interaction 

regions (IRs) and of possible detector components in or near the interaction regions. 

Before beginning a discussion of the specific elements of the storage ring and interactions 

regions, it is worth noting that there are operational limits to beam losses in the storage rings at 

places other than the intersection points. With the assumptions given in Sec. 1, namely a max- 

imparm luminosity of 1034 cm-2 sec-1 at an intersection region, approximately 3 x 109 protons 

per second would be lost through pp interactions at the collision points. Hence, during opera- 

tion of the storage xirigs, losses elsewhere in the ring, other than fiom beam gas scattering, 

must be substantially less (at most = 5 x 107 per second) than this rate in order to operate the 

machine for experiments. Thus, this provides an upper limit to loss of protons in the super- 

) 
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conducting magnets or in scrapers operating continuously during beam storage. Larger beam 

losses in scrapers may be tolerated intermittently (for a few seconds), for example, just after 

completion of injection into the storage ring. Prevention of quenches in the superconducting 

magnets also severely limit the number of protons that are allowed to be lost during beam 

injection and storage in the collider rings. This is described in the next paragraphs. 

5.1 Superconducting Magnets in the Storage Rings 

The superconducting magnets in the storage ring contain and focus the circulating proton 

beams. During normal operation in the storage ring mode, protons are lost from the circulating 

beam from interactions with residual gas around the ring and from pp interactions at the colli- 

sion p ~ i n t ~ .  Most of the particles produced in the pp interactions at the collision points are 

absorbed by experimental apparatus, by collimators, or by scrapers at a few locations around 

the ring. Activation of these components is described in the sections below. 

Most of the protons lost via beam-gas scattering are absorbed by the superconducting 

magnets, essentially in a uniform manner around the storage ring. The loss rate due to 

beam-gas scattering may be characterized by a lifetime, Le., the time it takes to reduce the initial 

intensity by a factor of e-1. This lifetime due to beam-gas scattering is estimated to be 300 

hours38 at an intensity of 4 x lOI4  protons. Given this lifetime, approximately 4.7 x 10l2 

GeV/sec is lost around the storage ring. Making the conservative assumption that this is 

deposited completely in the superconducting magnets (total mass = 2.7 x lO1o gms), the 

average total activity after a cooldown period of a few months would be approximately 

700 pCi/gm. The magnets are primarily composed of iron and copper. Therefore, the 

predominant long-lived isotopes responsible for the activity would be S4Mn and ~ C O ,  with 

small amounts of 56C0,58Co and 51Cr. With the same assumptions, the average dose on 

contact with the outside surface of the magnet cryostat is estimated to be less than 0.02 mremhr 

a few months after shutdown. 

A loss of approximately 1 x 106 protons/cm-see or more into a superconducting magnet 

would be sufficient to cause a quench of the magnet, preventing operation of the storage ring 
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for at least 2-3 hours, the time required to refill the rings. Obviously such losses must be 

avoided and hence accidental beam losses will make a negligible contribution to the activation 

of the superconducting magnets. 

Long-lived activation (> few days) of the concrete walls in the collider ring tunnels 

resulting from losses due to bem-gas scattering will be very small. The primary isotope of 

interest would be ZNa (tla = 2.6 years). After a long irradiation time and a one day decay 

time, we estimate a surface dose on contact with the wall of 4 x IO4 mh. 

5.2 Beam Collimators and Scrapers 

There udal be tkree types of collimatodscrapers in the SSC storage rings: 

0 protection collimators for the E quahpoles (set Sec. 5.3) 

* abort channel c o b t o r s  

0 horizonWverticd scrapers for clean-up of the tails of the beam and momentum 
scrapers to remove off-momentum particles 

We describe the activation of the protection collimators for the IR quadrupoles in 

Sec. 5.3, since these collimators may be strongly related to experimental apparatus in the 

interaction regions. 

The location of the abort channel collimators is shown schematically in Fig. 5.1. These 

are fixed collimators. One of the collimators (n> is located so as to prevent damage to magnets in 

the abort region in case of abort kicker misfire. The other collimator (II) prevents damage to 

downstheam magnets during the normal abort sequence. The precise activation of these colli- 

mators is diffisult to predict since it depends on the operational characteristics of the machine. 

However9 we estimate that collimator I may absorb as much as lOl5 protons per year at 20 TeV 

and that collimator 11 might absorb 5 x 1013 protons per year at 20 TeV equivalent energy. 

Assuming that a collimator is an iron cylinder of radius 35 cm and length 200 crn, it fields a 

total activation after a few month cooldown pepid of approximately 3 Ci (500 nCi/gm) for I and 

0.15 Ci(25 nCi/gm) for II. The principal isotope responsible for the activity will be 54Mn. 
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The probable location of the beam clean-up scrapers is shown in Fig. 5.2. In each ring 

there will be two pairs of scrapers to clean up in the horizontal and vertical planes and a pair to 

clean up off-energy particles. These scrapers will be adjustable. As noted in the introduction 

to the section, each scraper cannot remove more than = 5 x 107 protons per second during 

continuous scraping or the luminosity Hetime will be seriously degraded. During the injection 

process, that is while the beam energy is = 1 TeV, more beam may be scraped. For definite- 

ness we assume that a scraper removes as many as 5 x 1014 protons per year at 20 TeV equi- 

valent energy. The resulting total activation after a few month cooldown will therefore be 

approximately 1.5 Ci, again primarily from HMn and possibly 6oCo if stainless steel is used 

for these scrapers. 

In the vicinity of the beam clean-up scraprs and the abort channel collimators, the nearby 

concrete in the tunnel walls and nearby machine components (e.g., vacuum pipe, cables, etc.) 

may also become somewhat activated. An estimate of the activation in the concrete in the 

vicinity of a scraper may be obtained from the experience of decommissioning the DO main ring 

abort at Fennilab.39 Their measurements of activation in the concrete tunnel walls near the DO 

abort for the Fermilab main ring are shown in Table 5.1. Although the geometry of a scraper in 

the SSC will be somewhat different from the DO abort, we may use these numbers to crudely 

estimate an approximate upper limit to the activity in the concrete walls near a scraper. In actual- 

ity the activation will very likely be less than our estimate since a beam that has been scraped 

will deposit energy over a larger region than a beam impinging on the DO dump. Nevertheless, 

if we assume that 5 x 1014 protons per year are scraped and that the geometry of the scrapers 

is similar to the DO abort, then one would expect activation in the concrete at the level of 

approximately 75 pCi/gm of 7Be, 300 p C V p  of 22Na, 10 pCi/gm of %In, 10 pCi/gm of 

aCo and 15 pCi/gm of 15%~- Activation of concrete in the vicinity of a thin internal target for 

a 500 GeV beam has also been calculated by Gabriel, et d 4 0  Extrapolating to the SSC would 

yield activation levels about twice those above, but these calculations neglect. 
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absorption in the scraper and nearby magnets. Gabriel, et aE. also would indicate that other 

isotopes, 3H, 45Ca and 55Fe, would be present at levels comparable to 22Na. 

TAB= 5.1 Measurements of activity in concrete near the Fermilab DO internal abort dump. 

ISOTOPE Av. CONCENTRATION CURES 

157.4 pci/gm 

806.3 

25.1 

21.4 

3 x 1  

TOTAL 

0.0600 Ci 

0, I920 

0.0680 

0.0068 

0,0105 

0.2665 Ci 

5.3 Interaction Regions-Experimental Apparatus 

The pp interactions at the intersection points produce a large number sf secondary parti- 

cles. For our purposes these interactions may be conveniently modeled by Monte Carlo pro- 

grams such as ISNET4l or PJTHJA42, We have used PYTHIA to estimate the average 

energy flow from charged particles per pp collision as a function of the polar angle with respect 

to the colliding beam axis (see Fig. 5.3). By far, most of the energy flow is near O0, whereas 

very little energy, on average, flows into the larger angle regions. Hence residual activation of 

experimental apparatus will be confined to &e region near 0". 

The layout of a high luminosity interaction region is shown in Fig. 54. A protection 

c o b t o r  is located in h n t  of the first IR quadrupole to prevent the quadrupole from quench- 

ing. The other c o m t o n  m used to c%em up the secondaries from the beam that pass 

through the first q u h p o l e s  and from spray from the first collimator. 

The protection collimator subtends an angular region &om approximately 1 milliradians to 

57 milliradims. An average of approximately 2500 GeV per event is absorbed in this 

42 



collimator. We assume an average of 109 eventdsec, ten times the present design value. 

Assuming this collimator is an iron cylinder 200 cm long and 35 cm in radius, it yields a total 

activation of approximately 2500 nCi/gm after a few month cooldown period. The surface 

dose would be approximately 750 mr/hr. The other collimators in the IR region will be much 

less activated. 

A side view of a typical large detector at the SSC is shown in Fig. 5.5. Such a detector is 

comprised of a large central component covering the angular region greater than about 5 O ,  a 

forward piece covering 1' to 5', and the protection collimators The protection colpimator may in 

fact be an active device, a calurimeter, but the activation level will be similar to the iron cylinder 

case described above. Since such a detector is designed to absorb the energy emitted in the pp 

interactions over the angular region given, only an inner = 1 m thick layer will undergo activa- 

tion. No significant energy penetrates beyond this = 1 m thick layer. Knowing the energy 

flow per event one may estimate the total activation after a few month cooldown period in the 

three angular regions as shown in Fig. 5.6. The central region of the detector will not be sig- 

nificantly activated. This is by far the most massive part of such a detector. The detector piece 

which subtends -. 1-5', will be activated to approximately 6 nCi/gm. These activation levels 

would be appropriate for iron, in which case the dominant isotopes will be 54Mn and various 

cobalt isotopes. If the material is lead, which is more likely, the long-lived activity will be 

smaller, since the activation of lead results in isotopes such as 202T1(12 day */2-life). It is also 

possible that these detector components will be constructed primarily of depleted uranium. In 

this case the natural activity of the depleted uranium will be the dominating factor.43 

The experimental apparatus that will be present at the SSC will represent a very large 

investment in money (hunckds of millions of dollars) and in man-years. Previous experience, 

for example at the ISR (see Appendix D), would indicate that much of the apparatus would be 

salvaged for use i~ experiments at other accelerators. Hence after shutdown of the SSC, one 

m y  assume that most of the experimental apparatus would be removed for use at other accel- 

erator or laboratory facilities. 
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6. COMPARISON TO PREVIOUS DECOMMISSIONING EXPERIENCE 

A large number of accelerators have been decommissioned. This experience up to 1979 is 

described in Ref. 3. The decommissioning most relevant to the SSC is that of the Intersecting 

Storage Rings (ISR) at CERN which occurred in 1984 and 1985. The decommissioning pro- 

cess is described in more detail in Appendices D and E, and references therein. The ISR was 

also a pp collider, had a maximum center-of-mass energy of approximately 6Q GeV, and was 

approximately 1 km in circumference. The magnets in the ISR rimgs were conventional, 

non-superconducting magnets. In each of the ISR storage rings, typicad proton intensities of 

5 x 1014 protons were stored for a period of two to three days for physics experiments, The 

totd mmber of protons per year injected into each of the ISR rings was as much as 2 x 10". 

These intensities me very similar to the rmxhm expected for the SSC, although of come the 

SSC is a larger and higher energy accelerator- Naively, if one imagined expanding the ISR to 

the size of the SSC, then the activity level would scale by the ratio of the energies to the power 

0.8 and by their circumferences, i.e. by a factor of cy)"." - ( &)9 or about 2. In actuality 

the proton loss rate im the SSC may be higher than in the ISW, because the ISR was built with a 

very large beam-tube aperture. 

The ISR was decodssioned to provide storage and working space for the construction 

of the LEP e+e- storage rings at CERN. Many of the components of the ISR (magnets, etc.) 

were stored in one section of the large ISR "tunnel" (the ISR was housed in a very large tun- 

nel, more like a circular hall ) and the remainder of the ISR "tunnel" was made available for 

working space with unrestricted access. The procedures to measure the activity levels during 

the decommissioning process and a s u m a r y  of measurements are given in Appendix E. For 

the SSC, one would envision similar controls on the material removed from the SSC tunnels. 

Given the scale of the SSC, it seem unlikely that the all magnets would be moved as was the 

case in the ISR decommissioning. Muck of the cost of decommissionhg of the ISR was 

defrayed by the sale of salvageable components. A similar process is likely to occur for the 
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SSC, although the quantity of salvagable items will obviously depend upon the nature of the 

decommissioning process for the SSC. 

7. SUMMARY 

In this report we have attempted to estimate the residual radioactivity levels that will be 

present after shutdown of the SSC accelerator and detector complex and have commented upon 

their disposition during the decommissioning phase of the SSC. We present a few general 

comments rather than review in detail the numerical estimates. Activation in the SSC complex 

will be similar to the levels present in existing large accelerator facilities at Fermilab and 

CERN. h terns of radioactivation, decommissioning of the SSC would not be qualitatively 

different than decommissioning of lower energy accelerators, in particular the CERN ISR. 
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APPENDIX B 
RESIDUAL RADIOACITVlrlrY MEASUREMENTS ALONG THE PB TARGET PILE 

J. D. Cossairt 
September, 1987 

In this brief note, measurements of residual radioactivity made along the PB target pile 

will be described. This was done to test the methods described by P. Gollod for predicting 

such radioactivity based upon surface star density calculations using CASIM? These methods 

have been extensively used at Femdab, especially in the design of the Tevatron IT target piles. 

A design goal was to limit the maximurn residual absorbed dose rates at “accessible” locations 

to 100 m d h r  after long term irradiations and a one hour decay 

Estimating the residual absorbed dose rate for iron is especially troublesome using 

CASXM star density calculations because of the importance of the hadron (primarily neutron) 

flux produced below the calculational threshold of 300 MeV/c (47 MeV energy for nucleons). 

Im the above reference, GoUon followed the general idea of the “danger parameter” devised 

originally by Barbiefi and wrote the following equation 

Q B=- os 
47c 

Here, D is the residual absorbed dose rate due to a “semi-infinite” thick iron slab which has a 

surface star density rate S (stars cm-3 s-1). Q is the solid angle subtended by the iron object at 

the point of interest for determining the dose rate and hence, is 27t for measurements “at con- 

tact.” o is the parameter determined by Gollon for two different irradiations 

o = 9 x 10-3 rnracI/hr per star cm-3 s-1 

for irradiation time with 0 decay time 
8z 

o = 2.5 x 10-3 mrad/hr per star cm-3 s-1 

for 30 days irradiation h e  with 1 day decay time 

o is thus proportional to Barbier’s “danger parameter,” d. Values for other irradiation and 

decay times not given by Gollon can thus be inferred by scaling. 
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The PB target pile was chosen for study because it is a relatively “clean” geometry amen- 

able to modeling with CASIM, as is seen in the vertical cross section shown here. This target 

pile was constructed of new iron shielding and was used for only some low intensity studies 

during the 1985 physics run. Thus, the present (198’9) fixed target run is the “inaugural” run. 

In fact, over 1/2 of the protons which have ever been delivered to this target were delivered 

during a 24 day period preceding these residual dose rate measurements. Thus, to fairly good 

approximation, after one day of &cay (during a two day shutdown), it was possible to obtain 

results for a 30 day isradiation with one day cooldown and use one of the above w-values 

without adjustment. In fact, the week immediately preceding the residual absorbed dose rate 

measurements was exceptionally smooth with essentially no “downtime.” During this 24 day 

p e r i a  the average rate of targeting was 1.39 x 10’0 s-1, z ome omly coumts spills with beam in 

them. Eone divides the total h a m  by the “re&’ time, a value of 7.21 x 109 s-1 is obtained. 

To make the comparison with measured residual absorbed dose rates, I chose the former value 

based upon the rather steady running during the final week. 

CASIM calculations were ma& in the usud manner, taking care to model the magmetic 
6 

fields in the target pile magnets. Yoke fields were modeled with malytical formulae which 

approximate the values of the components Bx and By The star density averaged over azimuth 

was then tabulated for the outer surface both longitudinally (as a function of Z) and on the front 

face of the pile (as a fumction of R). The above formula was used to convert this to the residual 

absorbed dose rate using the stated proton intensity. 

After a one day decay period, measurements of the absorbed dose rate were made using a 

standard Geiger-Miiller survey instrument. It was found that for the longitudinal measure- 

ments, the dose rate at the walls was approximately equal, at contact with them, to that found at 

the mget pile lateral s d x e .  A &shct  minimum absorbed dose rate9 about 20 percent smaller 

than either comtact reading, was found halfbay between the pile and the more distant p d e l  

wall. The activation of the wall is most likely due to the presence of 24Na 

Therefore, the measured values on the longitudinal scan were divided by two for comparison 

= 15 h). 
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with these calculations. No such adjustments were deemed necessary for the radial scan across 

the face of the target pile; no source of significant background upstream of the pile was found. 

No comparisons are possible downstream of the target pile because of the presence of activated 

components. 

The comparison of the Monte-Carlo predictions with the measurements are shown in the 

figures. Across the face, the agreement is fairly good, especially given the sensitivity to 

upstream losses not considered in the calculations. The “humps” seen jn the calculations are 

probably not heal, but instead are an d a c t  of the statistical errors. In the longitudinal scan, 

the agreement-is g o d  in the middle of the pile but fails to “see” the sharp peak in the beam 

dump region within a factor of four or so. The last measurement point may, in fact be 

enhanced due the downstream activated components. Some of the “washout” of the predicted 

structure may, in fact, be due to the m d e  method of subtracting the wall background. Since 

the %Na is produced by thermal neutrons, some of the background peak due to the dump is 

likely to be spread over a larger region of the enclosure. 

It is concluded that reasonable accuracy was achieved. It would be desirable to make 

future comparisons; in fact, a long term cooling curve at the end of the present fixed target run 

should be taken. 
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Fig. 1 The Fermilab target pile.. 



1u 

1 

. I  

0 lcloo 2w30 

Fig. 2. Longitudinal survey of the target pile and comparison of 
measurements and predictions.. 
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prediction. 



APPENDIX C 
ANALYSIS OF EXPOSURE DUE TO WORK ON ACTIVATED COMPONENTS 

J. D. Cossairt 
September, 1987 

In this brief note I summariz analysis of the exposure incurred in various maintenance 

jobs involving activated accelerator and beam line components. Because of their availability to 

me, most of these occurred in the fixed target areas of F e d a b .  The following tabulation was 

made of the parameters associated with each job* After the table I list a brief description of the 

job. Thereafter, I present various plots of the various quantities in this table. All exposure 

rates are mR& while all exposures accumulated are I&. The exposure rates were generally 

measured at the Fendab ‘‘standard” one foot distance from the activated component. 

Accumulated exposures are measured by self-reading pocket dosimeters. 

JOB MAXEXPOSTJRE NO.OFWORKERS MAXINDIVIDUAL AVINTIMDUAL TOTAL, 
NO RATE EXPOSED EXPOSURE EXPOSURE EXPOSURE 

9 
10 
11 
12 
13 
14 

1500 
200 
600 
600 

1000 
1200 
1500 
30 
30 

250 
50 
50 
50 
30 

21 196 
9 51 

12 110 
20 443 
20 307 
11 140 
7 55 
6 34 
3 
7 
8 

10 
6 
6 

42 
50 

100 
50 
25 
40 

68 
26 
35 

120 
103 
61 
18 
16 
22 
20 
52 
13 
18 
28 

1441 
238 
420 

2385 
2055 
679 
129 
96 
42 
50 

423 
13 1 
105 
169 



Brief Descriptions of the Jobs Listed Above 

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

Repair of a water leak in a “target box” cooling loop assembly just downstream of heavily 
irradiated beam dump 

Replacement of a failed magnet downstream of a heavily irradiated beam dump 

Changeover in the sweeping magnets in a target box to allow a different running mode 

Rework of the MPO1 location in the Booster (courtesy of P. Yuista) 

Repair of the same water leak as No- 1 at a different h e  

Salvage and reclamation operations on a target tfain 

Insertion of a pin in a moving target holder on a target train. Finger and hand doses are 
not included in these totals 

Rephcement of Kautzky valved downstream of a heady irradiated beam dump 

Torch-cutting of alignment tracks within a target pile 

10. Repair of a target box magnet 

1 1. Removal of target box “drawers” from a storage “cave” 

12. Repair of magnet just upstream of a primary proton target 

13. Repair of “closed loop” water system 

14. Salvaging of bedplate from a target train 
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Fig. 1. Total exposure as a function of peak exposure rate. 
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Fig. 2. Peak exposure as a function of peak exposure rate. 
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Fig. 3. Average exposure as a function of peak exposure rate. 
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Fig. 4. Average exposure as a function of peak exposure. 
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Fig. 5. Average exposure as a function of total exposure. 
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APPENDIX D 
THE DECOMMISSIONING OF THE CERN INTERSECTING. STORAGE RINGS 

( I W  

S .  Pichler 
LEF Division 
CERN 

Geneva, Switzerland 

The CERN Intersecting Storage Rings (ISR) was the f i t  facility for colliding proton 

beams. They were built for a maximum beam momentum of 3 1.4 GeV/c, giving a 

center-of-mass energy of 62 GeV. The ISR started operation in both rings in 1971 and 

improved its performance steadily; during high-luminosity runs, operational currents were 

typically 30 to 40 A, and towards the end of its lifetime it reached 100 times its design lumin- 

osity. The total current injected in 1980 and 1981 is shown in Table 1. Ten thousand amperes 

corresponds to 2 x IO17 protons. A review of its performance and of the highlights of its 

high-energy physics programme has been given by. M. Jacob and K. Johnseni at the last 

meeting of the ISR Committee. 

TABLE 1. The Total Number of Protons Injected in the ISR in Amperes were: 

RING 1 

RING 2 

1980 198 1 

14,6861 

12,423 

9,640 

11,230 

THE INJECTION ENERGY WAS 26 GEV, ACCELERATED TO 31.4 GEV IN BOTH 
RINGS FOR ABOUT 60% OF THE OPERATION TIME. THE REMAINING WAS 
SHARED BETWEEN 26,22, AND 15 GEV. 

In 1981, the CERN Council discussed the long-term scientific.programme of CERN and 

decided to build the Large Electron-Positron Cofider, LEF. In order to accommodate this 

ambitious project within a constant budget, it was decided in 1983 to stop, among other activi- 

ties, the ISR and its physics programme. In addition to liberating funds and manpowek this 

69 



also enabled the reuse of certain equipment and especially the fully equipped buildings for 

LEP, thus alleviating considerably the heavy and urgent demand for hall space for the assembly 

and storage of LEP machine components and experimental equipment. In order to fulfill this 

demand, decommissioning of the ISR also meant the dismantling and removal of a l l  machine 

components and auxiliary equipment from the tunnels and builchgs.2 These components were 

partially stored, partially used in LEP and in other CERN projects, and the remainder scrapped. 

Of the total of 25,000 m2 of ISR space, 4,000 m2 had to be used for storage, mainly of 

magnets and vacuum equipment, and 21,000 m2 could be made available for LEP activities. 

The decommissioning started in July 1984, and was finished seven months later. During 

this time, about 1,880 machine components, 2,500 racks and 7,000 shielding blocks had to be 

move& about. 300 km of power cables, 3,086) %csn of control cables, and 7 km of stainless steel 

pipes were dismantled, amounting to a total weight of approximately 60,000 t, Elements of 

machine systems for which no immediate use couPd be envisaged and which would be essential 

for a possible reconstruction had to be safely stored As storage space, the region of the ISR 

with the beam dump system and the three adjacent octants were chosen: for easy control of the 

area, good access, and judicious use of the adjacent halls and the remaining tunnel, restricting 

the handing of highly irradiated components to a minkmn. 

During the whole decommissioning period, one of the biggest concerns was the handling 

and disposal of radioactive components; their control and storage was of utmost importance to 

avoid the dissemination of active material outside radiation-controlled areas or even outside the 

CERN site.3 Therefore, strict rules, which had to be followed rigorously, had to be applied, 

Fortunately, due to the low loss rates during the 13 yem of ISR operation, the maximurn 

integrated dose, measured at 0.3 m from the vacuum chamber, was only 1 x IO5 G9, the 

radioactivity of &e air and water being negligible, and typical dose rates of induced radioac- 

tivity, measured 48 hours after a fun, were 10 to 50 p Sv h-1(10 1-1 Sv h - l =  1 mm/hrl); 

only in the beam dump and injection areas rates of up to 1000 p Sv h-1 were measured. 

Because of these rather low values, no problems were encountered with respect to doses 
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received by the manpower involved in the dismantling. Specific values of radioactivity, 

measured on samples of different machine components which had to be disposed of, were 

between 1 and 10 Bq g-1 F(l Bq g-l= 27 pCi gm-I), with a maximum of 100 Bq 8-1 for the 

heating jackets of the vacuum chamber. In total, about 60 m3 of radioactive waste (stored 

machine elements, such as main magnets, injection equipment, beam dumps, etc., not 

included) had to be stored in a controlled area on the CERN site, which is negligible consid- 

ering the large amount of material dismantled. 

For most of the dismantling activities outside labour was employed under the supervision 

of the CERN staff, and the dismantling of the SFM, a 100 ton analyzing magnet for physics 

experiments, was entnisted to a salvaging firm. A breakdown is given in Table 2. 

TABLE 2. Manpower Requirements and Costs 

A- 

Transport and handling 

Experimental equipment and control cabling 

Cooling water pipe work 

Vacuum equipment and chambers 

Magnets and cabling 

Power converters and a.c, cabling 

Radiation survey and control 

Administration of salvaging contracts 

Control room and computers 

CERN 
M a n - H o ~  

6,000 

600 

2,000 

2,500 

3,000 

800 

800 

100 

350 

CONTRACT LABOR 

M a n - H o ~  

7,500 

12,000 

10,500 

8,700 

7,100 

4,000 

780 

900 

360 

costs (CHF) 

215,000 

330,000 

256,000 

207,000 

130,000 

115,500 

26,000 

25,000 

6,800 

As already mentioned, the decommissioning of the ISR was done in about seven months. 

In total, 50,000 man-hours of contract labour and 16,000 man-hours of CERN staff were 

required for this activity. 
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A large part of the most valuable equipment, i.e. auxiliary magnets, power converters, 

vacuum pumps, will be reused in LEP or in other CERN projects. Equipment which had to be 

removed and for which no further application could be envisaged for reasons of age or reliabil- 

ity was sold as scrap. 

Concerning the financial aspects of the enterprise, it is worthwhile mentioning that the 

costs for activities contracted outside CEFW could be fully financed by the sale of obsolete 

equipment. The total benefit fi-om equipment and buildings (floor space 21,000 m*) can be 

estimated to be of the order of 57 million Swiss fhncs. 
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APPENDIX F 

CALCULATIONS ON THE ACTIVATION OF THE CLOSED LOOP COOLING 
WATER FOR THE COLLIDER DUMPS 

J. D. Cossairt and C. T. Murphy 
October 2, 1987 

In this note, a calculation of the upper limit for the tritium concentration in the abort dump 

cooling water system is made. 

We assume that the alumhum cylinder is cooled by 180 loops of 0.5" diameter tubing 

(see Fig. 3.2 in main text). These loops contain 115 liters of water, which is the volume of 

water irradiated whenever protons strike the dump. 

Using the CASIM output for stars/cm3/incident proton produced in various parts of this 

dump, we find that 20 stars/iicident proton would be produced in a cylindrical shell of alumi- 

num of volume 1 15 liters at the radius of the water loops. Scaling for the different density and 

cross section for water, there should be 8.6 stars/proton produced in the water. 

The activating flux of 2 x 1017 protons/yr is 6.3 x 109 protons/sec. The total inelastic 

m s s  section is 372 mb; the moss section for tritium production is 35 mb. Thus the production 

rate for tritium is 
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35 6.3 x 109 x 8.6 x = 5.1 x 109 tri t idsec 

At equilibrium between production and decay (a condition nearly achieved in 25 years, since 

the half-life of tritium is 12.2 years), the production rate equals the decay rate. Converting to 

curies (1 Ci = 3.7 x 1010 decayshec), we find an activation of 0.14 Ci from tritium in the 

water at equilibrium. There is also m activation of 0.04 Ci of 7Be, but this activity decays out 

quickly. 

This activity is diluted into the entire water inventory of the system, which we take to be 

1.15 liters faom the cooling coils, 100 liters in the heat exchanger, and 1400 liters in a pair of 2" 



pipes running 350 m from the dump to the heat exchanger. The specific activity is therefore 

84,000 pCi/ml. 

The above result is a worst case, assuming that 2 x loi7 protons per year are aborted and 

that the water is not changed in 25 years. If the water is disposed of every two years (typical 

for Fermilab closed loop systems) the tritium concentration would be a factor of ten less. 

We use the methods of Barbier to estimate a dose rate on contact with the tritiated water. 

Using a “danger parameter” of 1 8 6  mad/hr, appropriate for the 18 keV electron emitted by 

tritium which is produced in only 9% of the stars, we fiid a dose rate of about 4 mrad/hf. 



APPENDIX G 

COMPOSlTlON OF SSC DIPOLE COMPONENTS 
Since the composition of materials must be known with some accuracy in 

predicting activation levels in the SSC environment, those of the dipole coils, 
coUars, and yokes are given below. 
1.  Inner coil. The NbTi alloy is 46% Nb and 54% Ti by weight. The Cu/NbTi 
ratio is 1.3, again by weight.* 
2. Outer cod. The same 46%/54% NbTi alloy is used, but the Cu/NbTi ratio is 
1.8:l. 
3. Stainless steel C O ~ ~ U T S .  These are of Nitronic 40 Stainless. Other manufacturers 
sell the same material as 2169 Stainless, with the number indicating the nominal 
composition 21% Cr, 6% Ni, and 9% Mn, with the balance being Fe. A more 
detailed specication is as follows: 

C 
P 
S 
Si 
N 
Mn 
Cr 
Ni 
Fe 

0.08% max 
0*06% rnax 
0.03% max 
1% max 
0.08% max 
8% to 10% 
19% to 21.5% 
5.5% to 7.5% 
remainder 

4. 
described in ISA Spec #94, as follows: 

Steel laminations in  yoke. These are made to the ISABEL specifications 

C 
P 0.03% max 
Mn 0.42% max 
Si 0*05% max 
S 0.05% rnax 
Fe remainder 

0.008% max after annealing (0.1% before) 

* It is common practice in engineering references to quote composition by weight, but without 
saying that this is the case. 
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