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CASIM Predictions of Meson West Tevatron
Target Soil Activation

Suzanne A. Gronemeyer

A new Meson West Target has been proposed for Tevatron II.
The dump design proposed by David Eartly is shown in Figures
1-4. Figure 1 shows a longitudinal side view of the dump
and the shield for target produced muons. In Figure 3, the
core of the dump is seen to be a copper plate surrounding
the beam. The copper is surrounded by iron, which is in
turn shielded by concrete. The tunnel is embedded in sand
and gravel. The sand and gravel within 3' of the concrete
is continuously drained by underdrains. 8Soil below the top
of the underdrains is not considered to be protected

(Ref. 1). Activity produced in the unprotected soil below
can be leached out, transported to the aquifer, and
subsequently reach public water supplies. It is the
activation of this unprotected soil which is of particular
interest. Since the specific type of beryllium target to be
used has not yet been decided, and since it would only
reduce the resultant soil activation, I have chosen to
ignore it and to presume that all the targetted intensity is
lost on the dump.

I have made CASIM (Ref. 2) calculations of the levels of
soil activation to be expected using the proposed dump
design. Since the activation of the unprotected soil is the
major consideration, I made the calculations using
rectangular geometry (rather than the usual cylindrical
approximation). To improve the statistics of my results, I
reflect the lower half through the horizontal plane passing
through the beam and divide the result by 2.

The beam parameters used were:
Incident beam: 1000 GeV/c protons
Beam begins to interact: 1.0 cm into dump
Threshold momentum: 0.3 GeV/c
Beam spot size: 1.0 x 1.0 cm

The dump design modeled was:

Backscatter shield: steel 3' high by 5' wide by 6'
long. The shield is surrounded by concrete out



to the same distance as the dump (see Figures).
Dump: Copper plate 4" high by 12" wide, centered on
beam axis, surrounded by steel. The steel
extends 54" east of the beam, 48" west of
the beam, and 18" below the beam, with an extra
steel plate 4" high by 3' wide centered
below the beam underneath the main body of the
shield. The length of the dump is 20°'.
Concrete: The concrete floor under the dump is 22"
thick. Concrete tunnel walls or shield blocks
extend 3' laterally on either side of the dump.
There are 4' concrete immediately downstream
of the dump.

The region of interest for soil activation is the soil below
the top of the underdrains, which will be 3' below the
bottom of the concrete floor of the dump. The underdrains
are emptied by sump pumps.

The number of stars produced in each region of interest were
summed in the CASIM run. The procedure of Ref. 3 was used
to obtain radionuclide production and subsequent transport
to the aquifer. As discussed in Ref. 3, the radionuclides
of interest are 3H and 22Na. Their production rates in
glacial till are given there as:

3H
22Na

0.075 leachable atoms/star (1)
0.003 leachable atoms/star (15% of
total 22Na production).

Figure 5 is a plot of star densities as a function of
effective radius (R) and distance along the beam axis (Z).
The effective radius of the components has been used to show
their outlines. Since the actual geometry is rectangular
rather than cylindrical, one should use the actual radius to
a point of interest to predict the levels at that point
using Figure 5. The Z distribution prediction can be
considered to be quantitive.

The formula for calculating activities from the number of
stars/proton is given by Ref. 3 as:

A = NSP/T x 3.7 E10, (2)
where A = activity produced in Curies/year,
N = number of protons/year,
S = number of stars/proton in the region of
interest,
P = production rate in atoms/star of leachable
radionuclide,

T = mean lifetime:
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T (3H) = 17.7 yr = 5.58 E8 seconds
T (22Na) = 3.75 yr = 1.18 E8 seconds
1 Curie (Ci) = 3.7 E10 decays/second.

Assuming Tevatron running conditions of 180 days/year, 60%
duty cycle, 60 spills/hour, and 5 E12 protons/spill on the
Meson West Target gives:

N = 7.8 E17 protons/year. (3)

As discussed in Ref. 3, horizontal transport of the
leachable radionuclides happens very rapidly and can
therefore be neglected in soil activation estimates. The
vertical transport to the Silurian aquifer (V) is estimated
to be (Ref. 3):

V (3H)

= 3.
V (22Na) =

6-7.2 feet/year (4)
1.6-3.2 feet/year.

The elevation of the Silurian aquifer is about 677'. The
elevation of the beam is to be 746'; unprotected soil begins
at an elevation of about 740'. Thus the radionuclides must
travel about 63' vertically to reach the aquifer. The times
required with the most conservative transit rates are:

3H: 63'/(7.2'/year)
22Na: 63'/(3.2'/year)

8.75 years (5)
19.7 years.

Thus their activities upon reaching the aquifer have been
reduced by factors of:

1

P (3H) = exp(-8.75/17.7) 0
.00525.

= (6)
P (22Na) = exp(-19.7/3.75)

0.6
=0
Three separate CASIM runs were made, each using a different
random number seed and calculating 200,000 pseudostars. The
results were 0.712, 0.540, and 0.332 stars/incident proton
in unprotected soil. The average is 0.528; the standard
deviation is 0.190 (statistical only). The result can
probably be assumed to be accurate within a factor of about
three (Ref. 3). Using:

S = 0.528 stars/proton, (7)
Equations 1-3, 6-7, and the factor of 2 from reflection, we
predict the activity/year reaching the Silurian aquifer to
be:

A (3H) = 7.8 E17 x 0.528 x 0.610 x 0.075 (8)
2 x 5.58 E8 x 3.7 EI10

= 0.456 milliCuries/year,
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A (22NA) = 7.8 E17 x 0.528 x 0.00525 x 0.003
2 x 1.18 E8 x 3.7 E10
= 0.743 microCuries/year.
The EPA upper concentration limits on community water
systems are:
3H: 20 pCi(picoCuries)/ml (9)

22Na: 0.2 pCi/ml.

The Laboratory has applied this limit to users of individual
wells in considering new construction. The minimum
consumption per well user is taken as:

Consumption = 40 gal/day = 5.55 E7 ml/vear.

This figure coupled with the activities reaching the
Silurian aquifer per yvear give concentrations (C):

C (3H)
C (22Na)

0.456 milliCi/5.55 E7 ml
0.743 microCi/5.55 E7 ml

8.2 pCi/ml (10)
0.013 pCi/ml,

values well within the legal and more stringent Laboratory
limit (Ref. 4).

For a mixture of radionuclides, the weighted sum of the
concentrations must be less than 1. This condition is also
filled:

8.2/20 + 0.013/0.2 = 0.48. (11)

It is worth noting that if the underdrains are located 3!
lower (i.e. 3' of additional soil are protected), the values
of 8 obtained (Egn. 7) are 0.0564, 0.0526, and 0.0314, for
an average of 0.0468, as opposed to 0.528. Leaching water
must travel 3' less to the aquifer (Egqn. 5). The net result
(Eqns. 8 and 10) would be 0.0414 millicuries/yr or 0.746
pCi/ml of 3H and 0.0845 microcuries/yr or 0.0015 pCi/ml of
22Na. Thus an additional 3' of protected soil would improve
the soil activation problem by about an order of magnitude.

A complete listing of my SUBMIT file for running this job
interactively on the CYBER is included as an appendix. It
is available as a public file: GET,STM1117/UN=94590.

I wish to thank David Eartly for suggesting this
calculation. Don Cossairt, Jack Couch, and Sam Baker made
many valuable suggestions. Cossairt's TM-945 (Ref. 5) was
particularly useful.



TM-1117
5

References:

l'

S. I. Baker, private communication, 17 June 1982,
Based on C. W. Pfingsten and C. N. Baker of Soil
Testing Services, "Ground Water Seepage Study,
Neutrino and Main Accelerator Laboratory Areas,
National Accelerator Laboratory, near Batavia,
Illinois", memo to R. E. Pages of Daniel, Urbahn,
Seelye, and Fuller, 25 July 1973.

A. Van Ginneken, "CASIM: A Program to Simulate
Transport of Hadronic Cascades in Bulk Matter",
FNAL FN-272, January, 1975.

P. J. Gollon, "Soil Activation Calculations for the
Anti-Proton Target Area", FNAL TM—-816, September
14, 1978.

A. L. Read, "Regulations on Exposure from Drinking
Water", memo to Division/Department Heads, April 5,
1979.

J. D. Cossairt, "Soil Activation Calculations for
the Proposed Neutrino Front Hall", FNAL TM-945,
January 15, 1980.



O T T T
E H : o 17

o
(o
LITT-IN.L
Vi



_“‘f . Y _&Lﬁy -
e (A
(/QS 7%) 81 __ﬁ&ﬁ:%’ , S oy
. -T— 79‘/'6' -
(55 9 z-m ). ,2.1
Y E LE V

+ A 7¢149ad

,,,,,,,,,,,,,,

.éLﬁ’-‘f’mv) 3|

SDKM L

V.
LINFNL



e (557 em) 3‘2 "

7(‘/6 70"\) /@ "

(NI D T

(9/%«) 3

[ R S IR TR SEPER TP

LTIT-INL



B e T T T T e S B A [
J Y R oot M G @ . .._ﬁ,. T S [P AU N O N
5 | ; i g ! ; i Lo
GYC eV | NPT L) O - , i }
] ™ [ [ . : s d
: I N ey '
H D 3 H N
. :

¢%~W~~WQJWUr+4 o |

‘ELI:"

N e

T - —y R R | .
* 7‘/5‘ ! P Ror & =Frbmm) oy

(w2e)| e
| va baiidn

| 742 e’f ié:;g‘a 'f/.f '@;;;. Ll
(94| go,

e YEEE
»

,,,,,,,,,,,,,,,,

un,mnm,t .s'o,/

e geede Do 0w, . e - B .
Lo T N T
o s ooy . Lo . [ S P R i EE I T e T R T T O

R S




) ﬁztlﬁ() vo

r

her effeltive

i~y

Avewn  in IS

Com ponents
(=).

P
DprHf\

Divwn

NITS OF STARS(GEV)/(GM3*ING,PTCLE)

STA s IN U
N FOR“THE "INTEGRAL POWERS OF 10

ht X width

Rege = (heig

R EENEREF DENSITY

o
(=}

91L. 40

[«
[ =

WO OB B o8 9o W S0 PO Se

822.9

bl e

e on ou G 4% 4% w o=

"t

G

@

731.52

c

e

cc

0 S0 we o6 e v P8 o
H

640.08

«
o
e
ot

W 50 on po Pr o 90 0o

548.64

@
[k X B X L ¥ X1

o«

457,20
LA L L E L AL DR A ELE AL AL B P PR AR e R T T R e T L R L R L T R L Ll L T

g

[ R X N R & X X _J

. v : B,. - .B POV -
B R i et bl i b el Bl D et T R e

365.76
8 A

3
atp
SR

1

t

3

3

]

PE S0 ou Ow o0 WO WS 4O o

(&

274.32

o
[

Lol od

L&

B9 9 o wo on pa. o

132.88

[

:c
C C:

P 00 g TE DB 90 G 4V ¢

91,44

c

o :
o o
c ‘o

Pe 0 oo oo PY 20 30 2o Se

0,00

609,60

20)
(16)u87

-

WT v es ca vt se Do gy | OF 00 SN Pu E5 o e B

P 00 &0 S 98 B 59 oo

8
O € e D R i D el EEE LR LR L r e

'R Qz)365_.m

i
]
i
]
!

"o p= oo 30 o 9w o

(&

H
1
H

"o

G

L33

—

*e o0

8

L)
A

“3A

o 20 9o oe oe ov od

LY
A
A
Qg
9

]
]
3
1
i

C At
Q
9
g e

oo ov 00 be 3¢ vl

1
1
i

9
9

i

9
8

9
188

9

9% B 50 Se 00 Sl

1
1
H
H
k

.9 .
9
8

[}
t
18 8
3
1
H

8-

8 A

Pro

LI
1
1
3
t
3
 §
i
1
b}
(]

9 9

1
1
919
3

9
9

. B
At

a0 on 90 00 03 I¥ o¥

]
H
3

. 8'}'--;--‘A---‘----"--‘-'-‘------"------"8"----“-8"6-‘-----8"-‘-----“-‘--"-‘-"'"-"" --'——--———Bv—————-

(s)eus.

A
o

I

u

S

« -
o0 o0 vo 9o oo o
«

I

So

87
i .vi

ecf ek

18

8

»e o0 oo o

B

" ow

-

A

AwAM‘
C/f—bA

A N OF W W W D U D A G D N -

Rl

cH

ee o= oo of

Con

8

88
1

7 1
4]

]
-7

7 .

i i L

7 7
1]
3
!

-1
T

[ X % X

8
T 717

Fa
-

Conc

E.
a

1A
3
]

go 2% on'9

os

]

tA

ete, ®

) 121,921 mrmer=mveQermenromecemvral e e e reenm e e e mamar s me e mmraen] e amnewe]

i

e 90

g g
H

66T

T

914,40

822.96

666 1

1
3
H
H

b b 4 43

16 6 6

i 4 4

731.52
Ry’

640.08

L

=2-ze2==~==3=3Femcbh-lmlmc-Gmemomcafefh=T =T = Bemmm=mmmm e
548, 64

(CM)

457420

T

365.76
€

(¢!

o

q-g

or 00 wo o

8

«001=m=mmmee=—aencf=

]
0.00

BéAm — 0

=7’ N (o

REFERS TO THE 10%¥-5 CONTOUR

H /8! R YA

P

8

/0
TM-1117

1721 7¢]



H

TM-1117

|
I
! i
I
.
-l
I " |
o ! g |
7 |
- \
o/ % i
]
(o] fst _
S 5. |
“ < - ~
“ - - ;
A . [l (o ”
‘a el " '
N oo - -
ent o .1 o
£ pd f e . o~ = | -~
MLT o =~ o W | o
dTH & T & ¥ ¢ ojo
<ShFi= ¥ n i} v alna
ZEDV oo W et om N e s ®
SHewli e(n o @ | et el ™) LrF
T. —DNENG of He DadDDD a o
aa NI WMEWE 1L 1D el N Y " )
MO OH-E o « N ] ] a4 -~ a4
oM Pa>g o olf) PATIDIDH - DDO
OO APZWZRaUT-E oD TOTY A Z apa
; hal= ol aa.o0g. MWiaDwr—eQ 21w wiiy
oMW el AZ L) sl il W] ~ el
o ST OO0 He W aZZ WIS
VX O™ [nt & ot oUW ->-F 4= A
L Yo o I =D Z O NI MO RO MITD) | bl
QNI D= ipa. =< PO SO WX o
LDOOPEZEODU T LU IOOK OO H
AN Nfew oir@w el - NPT B0 LB AR sSSIRRBA D

89¢58Y1 ddQI HOAHd




[

TM-1117

3SIZ TMNTERORETED AS

SPATS WITH

JSSTax

n Ty
L} ]
~ N
[ -
v, 72}
« @
[ ] [ ]
(7] (7]
] W
pron o
- ~d
< L
> >
> >
- - ﬂ,
=z et She
0 i} H +
[} b ] ' =
LY [&] ! -
2 o z * b
~ s —t +1 | nIr
- - - o
fo] Lo~y U -~ ey _ b
~ ~+ Cix =E 2 ! ez
o — [Za 12} [7e1 2 ! o3 =
¢ * i O T e| Zk|s : NS
Lo A B 2 T . [%T3) Cottom Dt ; T “
it q -t (4] : “us
> . LAW + 4+ - =D : -
W) PP oy - N 3 ¢ d - z T - .
R = > - oY1 2] 2 2 £ a
~a 0 NNOD Zz c — 3¢ Z z z  jeu 2
o TR + + 4 o4 Ul o £ z 2 xv T
Wy | - LI R F o P HEE N = uo - - Y " L
CTwrln 0 NN >> N p ot ~V o +f L=} o (X <>
QDX ]| N T Z e | s Tl 3 = T i T e
A AN TZ 2P AN ~ a - — - Dt ]
> | N e em 7 3> v -n ~n -t Ao
Clctn ] o e QO bkt = ! (TolP U X4 wz e 2w
[221%] o] OONMNT e nw L= % ~- -~ - TP o~
Gr *eidl o 0 of0mmm (g > AH b ¥ e &Y <@
HAE .Y X B b e i 3¢ 3 T adge b T >C et FD 2T FT 2| ED . T ¥
O At e 2 O 72w I HartlaT 0 W HO Wby el btk
Zis XD e e ejer D O D VW™ Z sz | T thw
YNE FATID e eI e T O 7.3 NmﬂlNUﬂNlN. zz o T
ZC e L OPMTZ TR OO : XD D etedal O an [wn] ey | O 8
IT U T O N P 2T Z P rtrt IO Ot e LA JTOE s UTF DZ2NIT VP Z- 4| T ax
T o [0l B O Y o nrarpe AL T (02T db AT DT ORTOZT HAT O~ e HT |— »
OEAY aq2 ZIEWRx>D "Zd ATIWM SN Z AN Z oD el ki A
(S l=1 Sb & oiv-do o o T | Z o QSrZOROSEZ QMO0 O TIA
v ) X, =t” -~ —- . z z z
< o Z 2 ~ W ~ [ O fn
w > o wes N & o~ -] oD [- ]
o o
-~ N o bl [ ] - [ t -t
* * » W »* | * »
1o A3 3als B8




13

TM-1117

' : ! : “3 __ i
. . . ' : R
! : ! { i _ < ! H
H . | .
& | | s, | _ N
O ! | ) I m 9 . _ ;
'y X i . w i
! ‘ | | SN ."4 i _ Q - [
© | ! < -t ! —y ; . U
- ; ow! ! m # w' o
5 : o ar ’ 3 . o =
! D ! ~e ? w e
-~ © i & e i Xy b <a a $in
~ | : o nT ! ! z . O N
- ~ ! Wo = - . M ﬂ Y ZZ+
- -~ N ul P R [~ O
o & Cfuaom : Y] Crent-
e 2 a.nCu; M < [ -t
o o] o Wi ¥ 4 X
- - a2 T Vo - o oul
W Fm H-CvwD o > b4
© ) zx nw vn w T
- w W nzZ O o Lo o - - o’
* lo TaxOZ o o oo i a
e -l e Ve 10} 2 e _ [ ICx
| > - a g QL
- 4 .“L.r -t 7] - S 8] Zk
: O« w oe J I L =z =G
-~ . -~ -l . o wn| e (on] wib
- fou [ 2] ~| o=~ -~ WX WL tu « i : (& b -
~ z ‘e NN N ~ [ oX . JOTY, IY [ « | ¥ o . ® [aNN gl ¥ 3]
-~ i W, w e o DD = ¥ i 10 -~ &z
(.Y - (72 c o o 0O ~ ZPa - > | i c S Wy “e T
(8] <t [ o o a N D) QOrten e | i b4 T = | N e -~ )
rd -t S v._ > > > D> =L - w m [ [ 5= - -
W o ~— [T TV & ) o e =TW C [ L 3" = z ood et (V0 | "
* w jo o a . & > AT ea Criz - —— " o Zz .J
(&) Lt =] al & = a > > =20 z woo W | L Z ST ~ e<f
e <[ 4 | =X X X e e o [w] N [ ‘S LIY) Ulwred’ NI omp
4 = < w' g oo S M b= e T (- € u : w e UL L T, -
po io o Qo C > QWX epd o Wb b - . I 2N
= P O~ . & a * & COp-TU e -l - 0 Henrin, WM
~ tomt ob Z - O - WM, ot (e ] = E ! e M ot
~ T =z =z T Z o 0D e <« Wova 4 T> SunNe 500 &
-~ - po o & & a & HEXOZE Ws =0 - o D e a o LT
4 ¢ O o om O, O o Qwaaas OF WS =y ~ Nl 4 SE AL T
bt - e N NN NN DO d e Do Cu Z . (7 T WA e oL
(] o - o & . = x LNy [7 )= THSIN]- .8 &l w PO U XA Wil W
) . O W, ), W a nan no OWT -t a D¢ o Lt b= DWW T
~ ') De > > > > > Wp-—wDa DA=C0ZO ~ e - LT AAAN o el
«f z -t " - ’_ . a | T <aa O=>0utdDo CowN o b4 e X W O>Dkdisy KON
T oA - @XM Yy D S i . | e > = CX¥XCODZT e oubkT22H
Wik Xw (\\] X! X > M M i w f i * . w CZIWV adxvdend =z
e 7 g L4 e B - o~ DuhncinX ANAAAAAA -~y Wi W = el ~ACOOWD—~
aZ tnex W T X T ¥ OFWLO" am anepn _ o - W OMNOV>N e o T CIP -
a4 T« 2 o o | o o Ji ki oo o SO o eI O o\
R oo R e B = 0O N a9z o ! P et - m_.: N8 DM TC 0D
N OFT IO b e el = DO DO - . fx0o To Dedm @ N OIAEA =
i n NN . et g ol R AR L - N - s N> ) 4 @D la | . o
vt agt etz T T T T T eZiukthtn & TN EXRIETIL sl U ® s i
O D ' aCF DUV Z OO I LD Terwmr (it WD (O™ Z2 QOO
o bt TNl Dd O QAN D O (BN R NN — oo NN = O e el Il o .
INANUCO At ZF Pl wd| A wd AHNT NOW ZTEIZZTZ DAMN L WDOE el e . -1
MECEN ol D e 'eaf | N drdT o DWird T Cow | pdaz N b=t D> _} all I <
e o LI O IXOTOM D NOMOTWET U E v LU ADDO e DUy o L v o
Ok of Qe b=~ r 3 s O N D1 i wuu ) e T ) LTATH o T TN TN TREY NI TR
QzZo U en T X e i o o O o ~O0 -4 = VXA Z N DOt | brd
& | =z " N o - —N>>on ) (%] Pt X b
ot e I Ta%- ] T ¥ o W (=] -2 O - =z HIE °4 - S ) of
o QW W ow W W W TTrdZ : -t Tl o u )
=] = | | : [l <t b4 o 1. -
L D ODOW o O Ne | i |
* m * % 5*8_ * » *7*C*LCCCCCCC.LCCC;CCCC (8155} (S ] | QUL . chc
: i
R L O O o I ) A SIS RUREE DU I F O S OV DU




(4
TM-1117

GT.193) N=o4

N

C
¢
T C20F00T SULID DUMP- DOWN

STREAM OF "REENTRANT CAVITY-

COMCRETE (N=2), AND

~~Z N

N=l),
=3),

I REFLECT THROUGH THE HORIZONTAL

ol
nu
zZ

NN o e

NE2Z22U e oo
o W e inin
Vo™ e o b= (NN T
OV & e
ofMioynl LW
Wh 4L e (DD
e o oTitn o 0
[LISIVITO N, ) ¢ 4
b &A1l Sl -4
<gio o olllel @ o
@3 D Do b foe (D CI (N 4F
ofie e exNZTZaM
Ctvtxev «f SATT
MIMIMDU e 8
e o eZIrP~
AN o efiin
N DT IO
AN A A T edot
el 1} ¥F e e 00
Wl @ e ermnqgilif bup=
UnULId  JOWE
Sod d ™) ® ® 0.0
M!S 80 P> Y
A>>>rd aAqgED
Z o 1) ot ot v vt L1 o o s e
[l TR FTRTRINTRE - JTH TR TRTRTY]

60 T3 200

Z.GEs792.5)

TINUE

S —€—CONCRETE DOMNSTREAM-OF DUMP

TINSIT T

TANDTPROTECTED

NCRETE (=2}
SOIL IS N=4,

-gF-
uMP)

[- N

LLOLLOUN

CONTINUE

w

CT THRIUGH THE HORIZONTAL

Nt

LE

N=
N=
EFL

a— o Y
o
[JVEL N T
N
e e (N
W) ey
DDk~
LI SVE -4

S L
* oxin U M
ZzZ

[°d 8 8
MOOWw

L) QNV)\I
[ag]Ty o] TN 1, )
OO N O
NN Q gt
N | T o o
L dal el rdan
UM | D
e o T
LIC IR ke $ 4 3
>>al 4D
s o € |, 1} e s
UWLOZu uw
III“IIF
[ )

d wdwr €

o
o

ob
_

.
8 hl

A
N

132
123,
‘347




TN PAT DATA O _THIS _2Pus

TM-1117

Ve

fowr

1 )
i7176753340214357761

187508,

1e6
3.

1,0 200500 0

60%.0

274

[PaTAVIAN]
e s e

435
49,

24.“

o0 va uw alw n Y

-
-

20

B EIYSR

32
33

31

35
]

az

as|.
ag|

41
42




