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During the six-month Mesopause the proton beam targeting 

configuration in the Meson Area will be modified to allow tar-

geting of two, and ultimately three, independent proton beams. 

It is anticipated that the proton beam to produce the M5/M6 

beams will be targeted in the existing Target Box. The protons 

for M2/M3/M4 will be targeted for the most part in the Target 

Box, but will be transmitted to the Detector Building for high 

intensity targeting in the M2 cave. Targeting for the Ml beam 

line will be in the 300-foot area for pion production or in the 

Detector Building for direct proton experiments. In the light 

of this changed target configuration the question of radio-

active contamination of the ground water system must be 

re-examined. 

The ground water control system around the Target Box is 

illustrated in Figure 1 from the construction drawings. This 

13 system was designed for operation at 400 GeV, 10 protons/sec 
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continuous operation. Historically (1975, 1976), the targeted 

intensity has been 10
11 

protons/sec with a scheduled -2 x 1012 

ppp, so the Area has been operating at a level of two orders 

of magnitude below the intensity on which the ground water 

system was designed. 

For Tevatron operation the targeting parameters for the 

Meson Area, as specified for the Research Division, are: 

1. 10
13 

protons/min at 1000 GeV 

2. 5000 hrs/yr operation 

3. Half of the flux on the Ml system, half distributed 

between the M2 and M6 systems 

4. Ml targeting is half for pions (300' area) and half 

for protons (Detector Building) 

The nuclides of importance in the ground water calculation 

22 3 
are Na and H . Both have half-lives sufficiently short to 

have a significant production cross-section and sufficiently 

long to have a potential for moving off-site before decaying. 

The original ground water studies, in common with similar 

studies for the SPS, (see TM-284A) concluded that H3 was not 

a significant contaminant. As a result, detailed calculations 

were published only for Na
22 

contamination. The present 

calculation will be valid for all contaminants. 
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TABLE l 

Relevant Nuclides in Soil Activation Studies 

Nuclide 

c11 

Na24 

Na22 

Production Reaction 

c 12 {n, 20 MeV, 2n)c11 

Na 25 cn, 2n)Na24 

Al27 spallation 

Na 23 Cn, 2n)Na22 

Al
27 

spallation 

016 spallation 

Half-Life 

20.4 min 

15 hr 

162 days 

53.3 days 

2.6 yr 

221 days 

313 days 

401 days 
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016 spallation 12 .. 3 years 

II. Activation 

Detailed calculations do not exist for the Meson Area 

system. The approach used here will be to scale from the 

existing system, keeping in mind that the calculations indi-

cate that the original ground water control system was already 

very conservative. 

1. M5/M6 Targeting, M2/M3/M4 Targeting 

This targeting takes place in the present ground water 

control system {cf. Fig. 1). Referring to the targeting 
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assumptions with Introduction, the probability of 

ground water activation by Na 22 production is reduced 

by 

a. 

b. 

c. 

1013 p/sec 

10
13 

p/min 
= 60 

8766 hrs/yr = 
5000 hrs/yr 1.7 

Assumed M(400 GeV)/M(30 GeV) 
Experimental M(lOOO GeV/M30 GeV) = 2.2 

Relative reduction in contamination =[2ill' 

Therefore, the potential contamination of the ground 

water system by Tevatron targeting at the present 

Target Box position is reduced by a factor of ~224 

relative to the original design, which was already 

very conservative. 

2. Ml Targeting in the Detector Building 

The proton beam in the Detector Building is 4 feet 

above the floor of the building. The floor is an 

8-inch slab. This four feet would be filled with 

steel when the proton beam is targeted in the Detector 

Building (cf. P605). The contamination at this 

position relative to the Target Box design is: 

a. Factors due to targeted beam, as above, for 

Target Box = 224 
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b. Shielding effectiveness of 4' Fe vs 

TM-812 
1104.2 

10' Soil = 1.2 

c. Geometric Factor (1 ) 
~ 

Net Reduction in Contamination Relative to 

= .46 

Target Box Design =~ 

3. Ml Upstream Targeting 

Figure 2 is a cross-section of the new construction in 

the 300-foot area. This cross-section applies from 

269' (Front End Hall) to 363'. The beam will be tar-

geted and collimated in this region. The Ml beam as 

illustrated, is four feet above the floor of the 

enclosure as in the case discussed for the Detector 

Building. 

4. Ml Dump 

The beam will be dumped in the 500-foot area where the 

cross section is as shown in Figure 3, with 2.5 feet 

of steel beneath the target. 

Relative to the canonical Target Box, the shielding 

at 500' is: 

a. Target Box factors 224 

b. Shielding effectiveness 2.5' Fe vs 

10' sand and gravel 0.75 
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c. Geometric factor 

Net Relative Effectiveness 
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0.25 

13 
Scaling for the relative amounts of beam targeted in each 

position we have an overall relative effectiveness factor. 

REF = 1 
Relative Activation 

= 1 

L Beam Fraction 
Effectiveness Factor 

all targets 

REF 1 = .5 (273 x .25 173 • 25) "+ .25 + + x 
= 224 124 42 124 

I REF = 132 

The amount of potential activation, relative to the already 

conservative Meson Area design, is reduced by a factor of 

132. 
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Major modifications to the targeting system for the Meson 

Area require a re-examination of the question of the possible 

contamination of the ground water system by radiation. The 

question is complicated at the present time by new EPA regula-

tions lowering the concentration guidelines for tritium by a 

factor of 50. This note will consist of two parts. In the 

first, a comparison will be made between the present ground 

water protection system as designed, and the multiple targeting 

system being designed for the Meson Area. In the second part, 

the level of tritium concentration at the 70-foot aquifier 

will be estimated, using the original design parameters as a 

calibration of the original target box system. 

Figures 1 and 2 illustrate the present ground water 

protection system around the Meson Target Box. The design 

parameters for the system were: 1
'

2 
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13 
10 p/sec interacting 

400 GeV 

Continuous operation (8766 hrs/yr) 
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In Table I are listed nuclides relevant for ground water 

contamination studies. Of these, Na 22 and H3 have half-lives 

sufficiently short to be produced in significant quantities 

and sufficiently long to have a potential for reaching the site 

boundary before decaying away. 

In Table II, the composition of Fermilab soils is detailed. 

II. The Effectiveness of the Revised Meson Targeting System 
Relative to the Original Design 

A. Introduction 

During the six-month Mesopause the proton beam tar-

geting configuration in the Meson Area will be modified 

to allow targeting of two, and ultimately three, 

independent proton beams. It is anticipated that 

the proton beam to produce the M5/M6 beams will be 

targeted in the existing Target Box. The protons for 

M2/M3/M4 will be targeted for the most part in the 

Target Box, but will be transmitted at times to the 

Detector Building for high intensity targeting in the 

M2 cave. Targeting for the Ml beam line will be in 

the 300-foot area for pion production or in the Detector 
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Building for direct proton experiments. In the light 

of this changed target configuration, the question of 

radioactive contamination of the ground water system 

must be re-examined. 

A cross-sectional view of the Target Box construction 

is given in Figure 3, taken from the as-built con-

struction drawings. This system was designed for 

operation at 400 GeV, 1013 protons/sec, continuous oper-

ation, as noted above*. 

For Tevatron operation the targeting parameters for 

the Meson Area, as specified by the Research Division, 

are: 

1. 1013 protons/min at 1000 GeV 

2. 5000 hrs/yr operation 

3. Half of the flux on the Ml system, half distributed 

between the M2 and M6 systems 

4. Ml targeting is half for pions {300' area) and 

half for protons {Detector Building) 

The original ground water studies for Fermilab (see 

*Note: Historically (1975, 1976) the targeted intensity has 
been 10 11 protons/sec with a scheduled ~2 x 1012 ppp, so the 
Area has been operating at a level of two orders of magnitude 
below the intensity on which the ground water system was designed. 
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TM-284A), in common with similar studies for the SPS, 

concluded that H3 was not a significatnt contaminant. 

As a result, detailed calculations were published only 

f 
22 . . 

or Na contamination. The present calculation, since 

it is purely relative, will be independent of any 

specific nuclide. 

B. Activation Calculations 

Detailed calculations do not exist for the Meson Area 

system. The approach used here will be to scale from 

the existing system. From the Neutrino experience, 

which is documented (cf. TM~284A, TM-292 4 ), it is re-

sonable to assume that the original ground water con-

trol system was already very conservative. However, 

this assumption will be examined in Part III below. 

1. M5/M6 Targeting, M2/M3/M4 Targeting 

This targeting takes place in the present Target 

Box with its ground water control system (Figure 1). 

Referring to the targeting assumptions in the 

Introduction, from considerations of energy and 

intensity, the probability of ground water acti-

vation relative to the design is reduced by 

a. 1013 p/sec 

1013 p/min 
= 60 



b. 

c. 
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8766 hrs/yr = 1 7 5000 hrs/yr • 

1 . l' . t ( 0. 7) Mu tip 1C1 y a E ( 400 GeV) = 
{1000 GeV) 
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0.53 

Relative reduction in contamination due to changes 

in targeting parameters 

2. Ml Targeting in the Detector Building 

The proton beam in the Detector Building is 4 feet 

above the floor of the building. The floor is an 

8-inch slab. This four feet would be filled with 

steel when the proton beam is targeted in the 

Detector Building (e.g., P605). The contamination 

at this position relative to the Target Box design 

is: 

a. Factors due to targeted beam parameters, 

as above, for Target Box 

b. Shielding effectiveness of 4' Fe 

c. 

+ 8" concrete vs 18" Fe and 9' of 

1000 gm/cm2 
sand and gravel = ~ 2 

850 gm/cm 

Geometric Factor (~) 
r 

= 54 

= 1.2 

= .4 

Net Reduction in contamination relative to Target 

Box design, if all the beam were targeted in the 

Detector Building =I 29 ! 
I ' 1----l 
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3. Ml Upstream Targeting 
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Figure 2 is a cross-section of the new construction 

in the 300-foot area. This cross-section applies 

from 269' (Front End Hall) to 363 '. The beam 

will be targeted and collimated in this region. 

The Ml beam, as illustrated, is four feet above the 

floor of the enclosure as in the case discussed for 

the Detector Building. 

a. Targeting factors, as above = 54 

b. Shielding: 4 I Fe + 18" concrete 

vs Target Box 1061 gm/cm2 = 850 gm/cm2 = 1.2 

c. Geometric factor = .5 

Net Reduction =1321 
'---1 

4. Ml Dump 

The beam will be dumped in the 500-foot area where 

the cross section is, as shown in Figure 3, with 

2.5 feet of steel and 8 11 of concrete beneath the 

target. 

Relative to the canonical Target Box, the shielding 

at 500' is: 

a. Targeting factors = 54 

b. Shielding effectiveness: 2. 5 1· Fe + 

8" concrete vs Target Box = 

643 gm/cm
2 

850 gm/cm 
2 = 0.76 
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c. Geometric factor (1 ) 
r 

Net Relative Effectiveness 

= .30 

=/~ 
Scaling for the relative amounts of beam targeted in 

each position we have an overall Relative Effective-

ness Factor. 

1 
REF = Relative Activation 

= 

REF = 

1 
Beam Fraction 
Effectiveness Factor 

all targets 

..:2.. + (2/3 x .25 + 1/3 x .25} + .25 
54 32 12 ~ 

REF = 33 I 

The amount of potential activation, relative to the 

original Meson Area design, is reduced by a factor of 

33, given the distribution of targeting locations and 

intensities specified in Research Division Tevatron 

planning. 

It remains to determine the effectiveness of the 

original design. This will be calculated in Part III. 

III. An Estimate of the Tritium Produced in the Ground Water 
Due to Meson Operation 

To calibrate the original Meson Ground Water System with 

respect to tritium, a calculation can be made using da,ta ;from 
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the CERN shielding experiment. An alternate approach to the 

same problem may be made using the BNL side shield data. 

A. Use of CERN Data 

1. Saturated Activity 

The results of the CERN experiment indicate that 

the observed activity is to first order due only 

to neutron activation. Measurements were made of 

the particle flux as a function of position in the 

shield, using a variety of detectors, with differ-

ent thresholds. These yielded the neutron energy 

spectrum as a function of position. 

where: 

cj>E>E (r,z) 
. 0 

cpE>E (r, z) 
0 

<Po 

a 

;,. 

µ 

= a ¢ e-(r-a)//i. 
r o 

-z/µ e 

= the neutron flux density of 

neutrons greater than energy 

E at (r, z) 
0 

= neutron flux density (E>E ) 
0 

at r = a, z = 0 

= effective radius of target 

cavity 

= neutron flux relaxation length 

in the transverse direction 

= neutron flux relaxation length 

in the longitudinal direction 



-9-
TM-812A 
1104.2 

Renormalizing the CERN data to the edge of the 

"bathtub" 

a~a = 390 cm 
Cern 

<P 0 (E>20 MeV) 
= <Po 

Cern 

-t/J.. e 

where t is the radial amount of material between 

the target and the edge of the bathtub = 6 11 steel, 

9 1 6 11 sand and gravel (neglecting the shielding 

under the train). 
2 

5 2 _6409 m/cm2 
<P = (6 x 10 /cm -sec)e 1149 m/cm 

0 

-64 e 

The saturated activity for nuclides produced in 

water outside the bathtub is , for a = 1 mb, and 

assuming the angle subtended by the irradiated 

If zone = 3 , 

s = 1.33 x 10-20 µCi ml-lmb-l Ge'V'-ls~c-l 
0 

The total activ.;i:ty,, a,t Siltnriation, Q
0 

is, 

Q
0 

= 3.62 x lo""'19 curies mb"""1 GeV ... 1sec-l 

For 400 GeV, 10
13 

p/sec, continuous 

... 3 ·1 S
0 

= 1.60 x 10 }1C.1. ml 

~Q = 0.44 µCi 
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The actual buildup of activity is modified by the 

residence time of the water in the radiation zone 

and the decay of the nuclide enroute to the acquifier 

8 and the site boundary. The residence time is given 

by: 

T = 

where 

f = 
R = 

v = 

A = 

T = 

f V 
RA 

years 

fraction of water by volume = 30% 

annual rainfall entering ground water 

volume of activation zone (1/6 cyl); 

L = 3 , t = 3:X. 

surface area of activation 

volume = ((2:X. + 6:X.)·3µ) 

. 36 x 152 3 m 

• 3 m/yr 220 3 x m 

= .69 years 

= 1/3 m 

r = a, 

S~= S (l-e- .693 x .69 
0 12.3 

= .0388 = 6.1 x 10-5 µCi/ml 
0 

The activity at the aquifer is further modified 

by the decay of the tritium in moving from the 

radiation zone to the aquifer . 

• 693 d/v. 
T 
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where 

d = distance to the aquifer = 

v = velocity of the nuclides 

1 m/yr 
5 = 

'[ = tritium half-life 

So finally, 
.693T .693 d/v 

S = S
0 

(1-e T ) e T 

s = 1.04 x 10-
6 

µCi/ml I 

70 ft 

in the 

TM-812A 
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aquifer 

as compared with the Concentration Guide 

S = 20 x 10-6 µCi/ml 
cg 

It should be noted (cf Figure 6) that an ion 

= 

exchange column (the glacial till is effectively 

such) tries to restore equilibrium as quickly as 

possible. A short term (relative to the 12.3 year 

half-life) increase in the soil irradiation will 

be held near the top of the column and be smeared 

out rather than move through the column as a pulse. 

It should also be noted that the actual operating 

experience (1975, 1976) for the Meson Area averages 

1011 p/sec, two orders of magnitude less than the 

design parameters on which the calculations above 

are based. 
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IV. Conclusion 
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The Meson Area ground water protection system as designed 

is adequate also for the reduced EPA guidelines, even for the 

very high beam currents originally specified. Under actual 

running conditions for the proposed distributed targeting for 

Tevatron operation, the system is several orders of magnitude 

more conservative than the EPA standards. 
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Relevant Nuclides in Soil Activation Studies 

Nuclide Production Reaction Half-life Cross Section 

-ell 12 C {n,2n) c11 20.4 min 

Na24 Na25 {n, 2n) Na24 15 hrs 

-Be 7 016 (n, spallation) Be 53 days 10 mbl 

Ca45 Ca44 {n,y) Ca45 153 days 1100 mb 

Mn54 Fe54 (n,p) Mn54 278 days 500 mb 
Mn55 (n, 2n) Mn54 1100 mb 

-Na22 Na23 (n, 2n) Na22 2.6 yr 70 mb 
Al27 (n, spallation) Na22 20 mb 

-H3 016 (n' spallation) H3 12.3 yr 30 mbl 

1ucRL-20131, p.8 
In Fermilab Soil 
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TABLE II 

Composition By Weight of FNAL Soils 

1. Average Soil 

Element A Percent by Wei~ht 

Oxygen 16 55.00 
Silicon 28 22.80 
Aluminum 27 5.51 
Carbon 12 3.32 
Hydrogen 1 1.23 
Iron 56 2.91 
Calcium 40 6.08 
Magnesium 25 2.09 
Sodium 23 0.40 
Potassium 39 0.52 

2. Glacial Till 

Dry Moist 

Oxygen 16 50.80 56.50 
Silicon 28 25.70 21.80 
Aluminum 27 6.20 5.30 
Carbon 12 3.70 3.20 
Hydrogen 1 1.70 
Iron 56 3.30 2.80 
Calcium 40 6.80 5.80 
Magnesium 25 2.40 2.00 
Sodium 23 0.45 0.38 
Potassium 39 0.58 0.49 
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Atoms/gm 

2.07 x 10 22 

4.9 x 10 21 

1.23 x 1021 
1.66 x 1021 
7.37 x 10 21 

3.14 x 1020 
9.14 x 1020 
5.18 x 10 20 

1.04 x 10 20 

8.0 x 10 19 

2.13 x 10 22 

4.7 x 1021 
1.2 x 1021 
1.5 x 1021 
1.0 x 1022 
3.1 x 1020 
8.7 x 1020 
5.0 x 1020 
1.0 x 10 20 

7.7 x 10 19 
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