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In the course of shielding and radioactivation
calculations, physical and chemical data for some soils
and concretes were collected. They are given here

because they may be useful to others.

Soil
This is the average of three samples taken close to
the booster location at level 730. Following the
engineering tradition, the water content is given as
percentage of the dry weight, namely, if 110 1b of
moist soil give 100 1lb of dry soil, the water content
will be given as 10% (actually 10/110 = .091). The water
content in this area may be as high as 14%. Hence, the
chemical composition will be given for "dry" and "moist"
soils. The formula for the "moist soil" has been

calculated using a conservative 10% water content.

The density of the soil is given as 90% of the

undisturbed soil density. This is a common compromise

betireen deneciby and coocdt of compaoackion.
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Portland Cement Type 1

This is an average of one year production of the
Marquette Cement Co. (1967) and a typical analysis of

the Lehigh Cement Co. (9/4/68).

Limestone
This is an average for samples taken from four

locations near Batavia, Illinois.

Sand and Gravel

This is an average of two spot samples of sand and

two of gravel from pits near Batavia, Illinois.

Iron Ore

This is a hermatite-magnetite ore from Brazil.

Ordinary Concrete

Two examples labeled "Limestone Concrete" and
"Ordinary Concrete" are given. The first one is low in
sodium and it was formulated for use in the booster
enclosure where the sodium activation by thermalized
neutrons is to be minimized. The second one is made with
the gravel and sand specified in the "sand and gravel"

analysis.

Table I - Composition of the limestone concrete.

Cement 520 1b/cu yd (13.03%)
Na-free Limestone 3180 1lb/cu yd (79.70%)
Water 290 1b/cu vyd ( 7.27%)
Total 3990 1lb/cu yd

Note that the formulation of concretes vary
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considerably even using the same aggregates depending on
ultimate concrete strength. For example, Table II shows
how the same coarse and fine aggregates are used to

- formulate three different concretes.

Table IT
Strength 3000 4000 5000 1b/sqg in
Cement 442, 545. 658. (.161) 1b/cu yd
Fine Aggregate 1363. 1218. 1112, (.272) 1b/cu yd
Coarse Aggregate 1951. 2000. 2030. (.496) 1b/cu yd
Water 284. 290. 292. (.071) 1b/cu yd
Total 4040. 4053.  4092. 1b/cu yd
g/cm? 2.39 2.39 2.42
1b/cu yd 150 151 152

Although the density has not changed, the amount of
cement has increased by 50% going from 3000 psi to 5000 psi
concrete.

Heavy Concrete

The formulation is based on an aggregate of hematite and

magnetite. This concrete will be used around the booster.

Ore 6364. 1b/cu yd (88.36%)
Cement 517. 1b/cu yd ( 7.18%)
Water 321. 1b/cu yd ( 4.46%)
Tot*al 7202.
o = 4.27 g/cm’® = 266 1lb/cu yd
Results

The results are given in two tables. Table III gives
the elemental composition in percentage by weight. Table IV

gives the number of atoms per gram of material.
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DRY SOIL MEZIST SUIL CEMENT 1 LIVESTun
SILICON S.51054E+21 4.89BETELD, 2.11416E+21 2.615200+20
ALUMINI UM 1.354038+21 1.23045E+2 1 6.317685+20 7.366905419
1RGN 3.526455+20 3.13501E£+20 2.14606E+20 6+470552+19
CALCIUN 1.027885+21 9.13783E+20 6.8S101E+21 3.230907+21
MAGNESTUN S.522325+20 5.176C4E+20 3.666828+20 3.022655+21
SULFUR 0 0 1.84  E420 0
CARBGN 1.870598+21 1.66295E+21 1.454355+20 6+268735+21
SED 11U 1.165637+20 1.036425+20 1.02174E+20 o
POTASSIUN 8.94975E+19 7495635419 6.77T780E+19 0
HYADRSGEN 0 A 7.37  E+21 o 0
GAYGEN 1.91230E+22 2.071465+22 1.36270E+22 1.961245+22
SAND-GRAVEL IRSN OHE WATER LMNST Cane,
SILICOHN 2.A0148E+21 0 0 $4.84  E+20
ALUMINI UL 0 “ 0 0 1.41  E+20
1RON 1.81 E+20 7.66 < EF21 0 7.95 E+19
CALCI UM 2.69 E+21 0 - 0 3.47  E+21
MAGNESIUN 2.03 E+21 0 0 2.46  EB421
SULFUR 0 o 0 0 2.40  E+19
CARDGN 4.7T4919E+21 0 0 5.02 E+21
SUDIUI 0 0 0 1.33  E+19
POTASSIUN 0 0 0 8.82  r+18
HYADOED N >O 0 6.64 n+22 ] 4.7¢ E+21
OXYGEN 1.93 E+22 1.09 L+22 3.35 D422 T1.9¢ E+22
HEAVY CUNCHITE 2.D-CINCAETE
SILICOUN 1.51797E+20 2. 154720+2 1 0 0
ALUNMINT UM 4.535095+19 1.017152+20 0 o0
RON . 6.TS09TE+21 1.736945+20 0 0
CALCIUM 4.919035420 3.16887E+21 0 0
MAGNTSIUN 2.632755+19 1.619325+2] 0 0
SULFUR 1.221905+19 2.9564165+19 0 0
CARSIN 1044225419 3.67C505+21] 0 0
SED U 7 436065+ 15 1.64499E41¢ 0 0
PLUTASSTUL L BELLLES 1T 1.091235+19 0 0
HYADALGEN 2.G60755+ 1 o +21 0 0
ONYGE N 1.2116€0+22 1.9 te 0 0




