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REVIEW OF THE ABORT DUMP SHOWN IN THE SSC 

CONCEPTUAL DESIGN REPORT 

J. D. Coss11irt, Fermi 111b 

April, 1987 

In order to stnrt th.is discussion, I will here present n brief 
review of the 11bort dump postul11ted in the Conceptu11l Design 
Report {5SC-SR-2020t This dump is illustr11ted in the figure 
below 11nd presum11bly represents some consider11ble thought on 
the design of this importnnt component. 
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The sallent reatures or Interest here are: 

I. The dump ts located about 1 ooo meters downstream or 
d1sperstng ktckers and quadrupoles. 

2. It consists or a graphite core surrounded by coollng water 
loops and concrete shletd1ng. 

J. It Is about 10 absorption lengths Jong. 

4. It Is expected to absorb the 400 MJ due to the dump of 
l.JXI014 20 TeV protons perhaps as often as 500 times 
per year. Some aborts, or course, would occur at lower 
energy. 

PROTECTION AGAINST SELF-DESTRUCTION 

The first, and perhaps most essential, design concern Is that 
this dump will not self-destruct! Following the CDR, the quads 
and the drift space spread the beam over an area of 0.5 m2 and 
the shower Is largely confined to a length of J m located 3 m 
deep In the shield. This can be checked, and found roughly to be 
true by looking at the report of Van G1nneken, et.al. <Fermllab 
FN-447(SSC- I 06), "Shielding Calculattons for Multt-TeV Hadron 
Coll lders") from which the following J figures have been copied. 
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Contours of equal energy densily (in 
oevtcm3•1nc1oent proton> ror 20 rev 
protons incident on 1 solld carbon 
cylinder. Tile beam has a bl-Gaussian 
spaUal dlstrlbuUon with ox • oY. 
-0 .1 cm and Is parallel lD and centereij 
on the cylinder axis. Some contoors 
may be omitted for clarity or due lo 
staUsllcal uncertainly. 
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r:or example it is clear that Jess than a few per cent of the. 
energy is deposited more than I 0 cm radially distant from the 
incident particle_ 3 or 4 cm contains oil but about 10 Z of the 
beam_ The peak is indeed reached in approximately 3 m and the 
total longitudinal extent is well described by 3 m. In fact, in my 
judgement, the crude approximation stated in the CDR is 
conservative. Thus one must agree with the statement that 1.5 
m3 is involved in the initial energy deposition. I verified that 
the specific heat, ch of graphite is 0. 17 col-g-1 per oc which 
converts to the quoted value of 0.7 J g-1 per 0 c. Absorbing one 
obort"s worth of energy then results in a temperature rise: 

A T = E/(ChM) = 405MJ/(0.7 X 3.4 Mg) = 167 °c 

The CDR stated a value of 600 °c/GJ which may hove token into 
account the variation in specific heat with temperature. For 
comparison, from the Fermilob Antiproton Source Design Report, 
I hove copied the fo11owing graph of ·enthalpy reserve· for 
several materials including graphite_ It is clear that the above 
value of 120 J/g gives a comparable temperature rise on this 
curve as welt It is likewise clear that the transfer of heat to 
the rest of the dump of result in temperatures more than on 
order of magnitude lower_ Even without water cooling this 
design appears to be adequate. It is especially fortunate that 
such a jolt of energy is possible only about once per 10 minutes. 
It appears that the water cooling serves most to reduce the 
pressure of the air contained within the dump volume_ 
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COOLING WATER ACTIVATION 

To get an 1dea of the magnitude of this problem, I scaled 
dimens1ons directly from the first figure above. This found the 
water cooling loops to be at radius 130 cm. At the approximate 
pitch of 3.5 cm, and the ·guesstimated" inside diameter of I cm 
the volume is approximately 1.8 X 105 ml, or about so gal. The 
one cm thick cylfndrlcal shel1 containing the tubes has a volume 
of 8.2 X 1 o5 ml over the IO m long dump. So that -20 X of the 
volume of this shel1 is occupied by water (assume no ·bubbles·). 
Again, taking a figure from SSC-106 Ccopled below) we find a 
long1tudinal integral or 18 stars/Ccm*proton) Jn graphite at that 
radius. 
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Hence the I cm thick shelJ at thot radius wilJ contain 18 
stars/proton. (Ignoring in thts simple analysis the very smalJ 
effect of the steel can.) Here I folJow a method used in 
Fermilab TH-1168 (which relied on earlier wort by M. 
Awschalom in TM-408A). To get the number of stars in water. it 
is necessary to obtain the macroscopic cross sectton in graphite 
and water from the microscopic non-elastic cross sections 
quoted by Awscholom in the above reference and 8e11ettini. et.al 
(Nuct. Phys. 79 (1966)609) according to: 

where NA is Avogadro·s number. p is the density. A is the 
molecular weight. and a ts the non-elastic cross section in cm2. 
For graphite and woter we hove: 

a c = 254 mb 
a water = 370 mb. 



Hence, the Yolues of I ore:' 

Ic = 0.029 cm-1 
Iwoter = o.o 12 cm-1. 
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Tln1s, the rotio of stors in the woter to slurs colculoted to be in 
the cy1indricnl shell would be 0.2 X Iwnterlic = 0.063. The 
overoge rote of dumping per year could be token os: 

1.3 X 10 14 X 500/(3. 15 X 101) = 2. 1 X 1 o9 protons/sec. 

The woter thus gets on overage of 3.1 X 109 stars/sec. To 
refresh ones memory, the most popular rodionuclides produced by 
spoliation in the water ore listed here: 

~R=nd=i=o=n=u=cl~i=d=e~~~=a~(mb),~~~~~~t112.~~~~-
3H 35 12.3 yenrs 
7ae 1 o 53.3 days 
1 tc 10 20.4 minutes 
13N 5 9.96 minutes 
150 30 2.03 minutes 

It is fortunate thot the spoliation reoctions hove cross 
sections approximately equol to the threshold of 47 MeV for 
nucleons used in the CASIM colculotions by Von Ginneken. It is 
thus possible to toke the ratio of the above cross sections to the 
woter non-elostic cross section and determine production rotes. 
Since it is hoped thot the lifetime of such on abort dump is the 
some os thot of the SSC, Le. many years, one should colculote 
rodiooctivity on the bosis of equilibrium between production ond 
decoy ofter such o Jong period (worst cose). One obtoins: 
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•'.'.m-:Jide Atoms/sec Total Activitg_(mCi) SP.ecific Act (a Ci /cm3)_ 

3H 2.94 x 108 6.00 0.044 
7ae 8.37 x 107 2.23 0.013 
11 c 6.38 x 107 2.23 0.013 
13N 4.37 x 107 1.16 0.066 
150 2.54 x 108 6.90 0.036 

Except for the 3H ond the 7ae, the obove ore oil short lived in 
comparison to reosonoble times required for accessing the dump 
to perform ony servicing. The most likely external exposure 
might be due to the 7ae collected in ftny deioniz6tion cylinders. 
If one h6d to handle such cylinders, it is easy to calculate the 
mftximum {point source) extern61 exposure rate using the 
standard formu16: 

where D is the exposure rote {R/hr) ot one meter from o point 
source of activity A {Curies) summed over the decoys Ej {MeV) 
multiplied by their brunching fractions, fi· 7ae decays to 7Li by 
a photon-less ground st6te to ground state transition all but 10.3 
S of the time when it emits o 477 keV gamm6. Thus the exposure 
rftte due to the 2-2 mCi of this nuclide is, 

5.2 X 1 o -5 R/hr flJ t meter. 

This would be roughly 0.5 mR/hr flJ 1 foot, not exactly 6n 
overpowering exposure rnte. It would obviously be important to 
place any deionization cylinders outside of the bulk shielding but 
remote from 6ccess during operations to eliminate exposures 
during beam operations. 

Another check on the degree of hozard with this water 
system is o comparision with All's (annual limits on intake in 
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ICRP 30)_ For 3H, the ALI for on1l intuke is 3 X 109 BQ (81 mCi)_. 
It is cleur thut the 3H in the wuter must be treuted with some 
care, but is not a major consideration. 

RADIOACTIVATION OF THE GRAPHITE CORE 

The easiest way to estimate the residual dose rate at the 
face of the graphite core is to use Figure B.20 (copied here) of M. 
Harbier·s book (Induced Radiooctivity, North Hollond, Amsterdom, 
1969) where his -oanger Parameter- is given: 
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Accord1ng to standard pratttce, exposure rate ER can be related 
to Barbler·s parameter D by: 

ER = C0/ 4fJ )t D, 

where the solid angle term 0/4n Is obvious, • Is the Incident 
hadron flux density, and D ts the danger parameter from the 
figure. For graphite, after a few hours of decay time, D has the 
value of 1 o-6 mrad/hr per unit flux density. • here has the 
value, from the CDR specifications, or 4.2X 1 os 
protons-cm-2sec-1. Thus the exposure rate after such a cooling 
time of a few hours would be about 0.2 mR/hr at contact wlth the 
face of the dump C2n geometry>. Of course the real hot spot wlll 
be 1n the dump center where, from figures In SSC-106, the star 
density per proton wlll likely be about 0.1 stars/cm3. Here one 
can take • to be given by 

• - lSlp 

where l ts the absorption length C= 86.3 g/cm2 ror graphite) and 
s is the star density multiplied by the Incident Intensity. t 
thus has the value or 8 X 1 o9 cm-2sec-1. This would, using 
Barbler's danger parameter. result in a contact dose rate of 4 
R/hr a few hours after beam shutdown. For completeness. I have 
Included another figure from Barbler's book which shows the 
expected production cross sections 1n carbon. 
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GROUNDWATER ACTIVATION 

During the development of Fermilab it was noted that .of all 
rodionuclides produced in the soil externul to uccelerator 
components ond beom dumps. only 3tt ond 22Na must be 
considered when considering migration to aquifers. etc_ (Horak. 
eL al. Health Phys_ 23 ( 1972) 679)_ The goal here should be to 
keep concentrations of these nuclides in any woter which could 
possibly migrate to Jess than the DOE concentration guides of 20 
and 0_2 pCi/ml. respectively_ Here I suggest that this best could 
be done for the large beam dumps by surrounding them by 
concrete (or iron plus concrete to economize on space) to 
sufficiently large radius to reduce the emitted fluence of 
hadrons sufficiently to Hmit the concentrations to the above_ I 
have discovered in working with various people at Fermilob over 
the years that there is much debate Oncluding debates between 
people in this very workshop!) over how to CDlculote dilution and 
migration factors_ In order to avoid this uncertointg. I choose 
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here to use the saturation concentration at the surface or a 
concrete shield to set the design criteria. This ls really a worst 
case scenario since any migration ls guaranteed reduce this 
concentration. Hopefully, the SSC management .c.an keep 
Individuals from digging a well Into the region close to the beam 
dump! For simplicity, I assume that the entire dump ls concrete 
so that I can, again, use a result from SSC-106. I wlll assume 
that any given volume of son Is 10 X water Cby volume). Since 
exponential absorption wl 11 reduce the local concentration by 
over an order or magnitude In 1 meter radially, 1t seems prudent 
to use this water to dilute the Induced radioactivity. I will use 
typical values Csee, for Instance, P. Gollon In Fermilab TN-616) 
for production or these two radlonuclldes in soil of typical 
composition: 

3H: 0.075 atoms/star C 100 X leachable) 
22Na: 0.02 atoms/star Cconservatlvely,20X leachable) 

Outside of a t O m long cylinder of radius R Ccm), a shell or one 
meter thickness will thus contain a water volume of: 

V = 0. 1 Ct OOO)n[(R + t 00)2 - R2] 

V = 6.26 X 104R + 3.14 X 106 Ccm3) 

In the f1gure below from Van Glnneken, we have longitudinal 
Integrals or star density as a function of radius from such a 
dump. The values from these curves is thus denoted here fSdz. 
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Production rotes of leochoble nuclldes, P, converted to pCi ore, 

thus (including the foctor of 100 to get the totol stor production 
in the 100 cm thick cyHndricol shell): 

P3 =o_07SJSdzX 1oox2_1x109/o_037=4_3X 1011JSdz 

P22 = 0_2x 0_02 JSdz x 1 oo x 2_ 1 x 10910_037 = 2-3 x 1o1 o JSdz 

The concentrations in the woter ovoiloble in the 1 m shell would 
then be 

C3 = P3 /V 
C22 = P22 /V 

Furthermore, to meet the regulatory cnteno, we. must hove the 
condition thot 

Substituting, ond solving for R, we hove, 

R ~ 2. 17 X 1 06 JSdz - SO cm_ 

This is solvoble grophicolly where one con plot R ond the right 
hond side os functions of JSdz volues extropoloted from the 
obove figure. The point where the two functions cross 
determines the minimum rodius of the concrete shield with 
respect to groundwoter activotion. Such o plot is given here. We 
see tbot a minimum radius of 6..2 m is required to achieve these 
low levels of concentrotion_ This is o nither fomilior size for o 
beom dump shield! 
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CONTAINMENT OF THE PROMPT RADIATION 

Such a dump design would be worthless if it did not properly 
contain the prompt radiation. Again. copying from Van Ginneken·s 
report. we can get an estimate of the lateral shielding necessary 
for protection against hadrons: z,m WET SOIL 
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Fig. 13 Cont.ours or equal dose equivalent On rem/Incident proton) ror 20 TeV protons Incident on solid 
concrete/soil cylinder. The beam has a bl-Gaussian spatial distribution with ox • oy • 0.1 cm and 
Is parallel to and centered on the cylinder axis. The beam starts Interacting at zero depth. 
Contours for concrete Oen g, bottom axes) are Integral powers of ten. Contours for (wet) soil 
(right and top 1Xes) must be scaled down by 0 .87 as shown for one example. 
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It is very clear that the dumped sized for groundwater protection 
above is perhaps not quite sufficiently buried for this purpose. 
At its surface, approximately 1 X 10-15 rem/proton would 
result. implying about 130 mrem per abort or 6.5 X 104 mrem per 
year. This would provide a significant skyshine source even if it 
were to be in a controlled area. An additional 3.3 m of enrth 
would reduce this value to about 25 mrem/year or 50 
p. rem/abort. 

Reproducing yet another figure. one can similarly estimnte 
the shielding required to handle the muons. z,km DRY so1L 
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From this (using ·wer soil values) that at the approximate value 
of R = 10 m. we have about 10-20 rem/proton at the surface near 
the dump. This translates to 1.3 p. rem/abort or 0.65 mrem/year. 
The real problem area for the muons Is of course. downstream. 
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The 11ccept11ble volue of 25 mrem/yeor is reached ot the 3.6 x, 
10-19 contour ot 11pproxim11teJy Z = 4.7 km. Keep in mind thot 1-7 
m of loterol shield is lost ot thot Z coordinote due to the 
curvoture of the eorth. 

CONCLUSION 

It is cleor thot while further discussion is oppropriote, the 
bosic design of the obort dumps hos been wen defined. The 
design of similor components for the lower energy occeJerotors 
is o stroightforword extension of experience ot existing 
occe 1 erotors. 


