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I. Introduction

Since 1947, a group at ORNL under the direction of E. P. Blizard

has been making shielding measurements in the core hole of the Oak Ridge

pile shield. Up to the end of 1948, about forty different measurements

were made. The results of these tests have been published in the following

reports: ORNL-32, 0RNL-33, ORNL-159, 0RNL-209, 0RNL-228, ORNL 435, 0RNL-438,

C.F. #47-1133, and BNL-C-64.

The object of these different tests varied from studying methods of

making attenuation measurements to obtaining engineering information for

stationary pile shield designs and fundamental information for mobile reactor

design. The purpose of this report is to summarize the neutron data for the

most valuable tests of uniform shield where both the shield attenuation and

composition are considered well known. Also the results of heavy metal

differential neutron measurements will be reported, even though the composition

of the neutron analyzer is not well known. In these experiments, measurements

were made in a uniform "analyzer" shield with and without a heavy metal front

slab. The difference is an index of the fast neutron shielding characteristics

of the metal.

II. The Core Hole Facility

The shield testing facility is the core hole through the seven foot

Oak Ridge pile shield, at the center of the west face of the pile. The iron-

lined hole is 28g» x 32g" at the outside and 24" x 28" at the inside face,

with three intervening steps as shown in Fig. 1.

A typical arrangement of shield blocks is shown in the hole. The X

pile shield consists of 5' of barytes concrete between two 1' ordinary concrete

walls. The asymptotic neutron relaxation length is about 10 cm, nearly the

same as for ordinary concrete (0RNL-203).



The Oak Ridge shield is 6' from the pile face, and the core hole is

in line with the loading tubes in the graphite. The nearest slugs in the

standard pile loading are 74" from the graphite face. The fast neutron flux

at the core hole was increased by loading a single slug at the near end of each

loading tube, which is visible through the core hole.

The thermal neutron flux incident on the shield sample at a pile power

of 3800 Kiif is 5 x 109 n/cm^/see as measured by a silver wire. The gamma flux,

extrapolated from ionization chamber readings in ordinary concrete, is about

12000 R/hr. (CRNL-33).

III. Review of Measurement Program

The past shield measurement program may be divided intc several

distinct phases . The first major phase consisted of engineering type attenua

tion tests of Brookhaven concrete, Portland concrete, Hanford laminated shield

ing, and iron -aggregate concrete designed to simulate the Hanford. composition.

These tests were undertaken to give practical information to aid in the design

of stationary pile shields. Most of these tests cannot be considered as useful

for fundamental shielding studies since the hydrogen content of the shields was

not very well known. The uncertainty was especially great for the tests in

which high volume fractions of Portland cement were used to provide the water

content, as in the iron-aggregate tests. (Memo from Rockwell to Blizard,

Y-El-1, 9/2/49J.

Concurrent with these early engineering tests, efforts vieve made to

counter the effect of streaming of neutrons from the surrounding poor X shield

into the shield under test. The ratio of neutron relaxation lengths for the

two materials was nearly two for most heavy aggregate tests.

The usual method of neutron measurement was to obtain the •'•:• -rmal

neutron distribution by irradiation of gold foils, 25 sq„ cm in area. Since
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most of the shields under test were good moderators, the thermal flux was

assumed proportional to the fast flux. In some cases indium foils, bare or

cadmium covered, were used.

In an attempt to overcome the effects of streaming, a number of early

tests were carried out with 16" shield blocks with spaces between the blocks.

It was hoped to match the average neutron attenuation in the X shield by these

tactics. Actually the tests measured a laminated air-concrete shield, and

showed pronounced evidence of lateral streaming in the air gaps. The neutron

streaming was studied by taking horizontal and vertical gold foil traverses

at about 8" intervals in the shield blocks.

This type of "laminated" shield test was soon abandoned, end measure

ments of efficient shields were made only in the outside two or three steps

of the core hole. This reduced the magnitude of the streaming problem, because

of the initial attenuation of neutrons in the first few feet of the X shield.

It was still necessary to measure neutron traverses to determine the effects of

streaming. These problems still remain to some extent even with a good shield

surrounding the test plug, since there is streaming down the cracks between

the sample and the shield. The steps are provided to reduce these effects. In

the core hole measurements, both effects were superimposed.

The second phase of the measurement program was still essentially an

engineering phase, but the shield compositions were somewhat better controlled.

Magnesium oxychloride-iron aggregate shields were developed to compete with and

improve on Hanford shield characteristics. The M.O. and 11.1. shields were

developed and tested. The compositions are given in Table 5. A series of tests

with M.O. were made to find the effect of iron and boron containing "thermal"

shields on the neutron and gamma attenuation. Finally a differential test,

using a uranium converter source of fast neutrons, was used to determine the

attenuation of neutrons with a spectrum near that of a fissiorp-spectrum.
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This technique was also introduced to increase the effective source strength,

and decrease the effects of streaming. However, it was too difficult and

dangerous to use in subsequent core hole tests.

In the last phase of the core hole program a study of materials and

geometrical arrangements potentially useful for mobile reactors was initiated.

This involved a study of boron cement and lead, tungsten carbide and boron car

bide, and paraffin in various geometries. These measurements were limited by

streaming, and by the small range of attenuation measurable with gold foils in

boron, except for interesting experiments on boron cement and a laminated WC-B;C

shield. Also, differential experiments to determine the effects of heavy metals

on neutrons yielded interesting results. In this phase, slab thicknesses were

reduced to one or two inches, in order to obtain more detailed ne.;tron and gamma

attenuation information. This improvement was especially dictated because of

the sparse gamma attenuation data previously obtained with the large blocks.

Since the core hole dimensions introduced undesirable streaming and

geometry problems, and the enforced experimental conditions for gamma measure

ments were so poor, a better experimental facility was needed. Based on previous

experience, a new external lid tank facility •;;.'.. designed by Blizard and Clifford.

This facility is described in CRKL-402. The first major experiment undertaken

is a measurement of fission neutrons and pile gammas in water through an attenua

tion of about 109.

IV. Summary of Best Measurements in Uniform Shields

This report presents a critical review of the neutron test data to

select the best measurements of uniform shields. The criteria for judging

the tests are given below:

a. A knowledge of shield composition to within 15-', except for the

hydrogen content. Here an uncertainty of i 15/° waa considered

acceptable, unless the hydrogen content was very low, when a



greater uncertainty was accepted,

b. A measured attenuation over a range of 105 or greater, without

noticeable interference due to streaming from the X shield.

The criterion for bad streaming has not been rigorously defined, but two

aids were used in the selection. First, if there was a noticeable deviation

from the exponential or smooth attenuation curve on a logarithmic scale at

large thicknesses, together with the obvious effects of streaming present in

the traverses, the data would not be considered reliable. Second, if the

traverses were sufficiently poor so that the logarithmic extrapolation of the

difference between the central foil activity and the side activities amounted

to 10/o or more of the central reading, the central measurement was rejected.

Vertical traverses were always worse than horizontal, because of the larger

crack at the top. This was kept in mind in estimating the valid range of

attenuation.

The measurements of uniform shields which fall into this strict category

are limited to Portland concrete, H.O., M.l. iron aggregate concretes, boron

cement, and a laminated V«'C-B.C shield. To this list can be added Hill and

Roberts' measurement of the attenuation of fission neutrons from a point source

in water. These measurements can be converted to the equivalent attenuation

for an infinite isotropic plane source, for comparison with the core hole

measurements. As will be shown below, the core hole measurements approximate

the conditions for an infinite isotropic fission source.

A. M.O. Concrete

M.O. concrete is the high density (5.6 gm/cc) iron aggregate-

magnesium oxychloride cement mixture developed to improve on the characteristics

of the Hanford and Brookhaven shields. Both the M.O. and Brookhaven shields

have about 20 mg. mole/cc of hydrogen, compared to 42 mg mole/cc in the Hanford

shield. However, the density of M.O. was increased to 5.6 gm/cc, compared to
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4.3 gm/cc for both Hanford and Brookhaven, in order to improve the gamma

attenuation characteristics of the shield. This improvement was possible

because of the high specific water content of M.O. cement. The mixing and

handling characteristics of M.O. concrete are described in ORNL-17, ORNL-240,

and Cm'IL-323.

The most reliable data on M.O. concrete were obtained in runs 30 and

31. In run 30 an array of one inch diameter uranium slugs was buried in a

two inch layer of lead in front of the M.O. concrete sample. This uranium plate

was designed to convert the thermal neutron flux from the pile into a fast

neutron flux from the plate. This arrangement was used to simulate a fission

spectrum from a highly enriched small pile. In run 31 a standard core hole-pile

source attenuation test was made, with two inches of lead preceding the M.O.

concrete.

The attenuation curves in Fig. 2 show that the effective source strength

was increased by a factor of ten with the fission source, and that the attenuation

characteristics of both the pile spectrum and the modified fission spectrum in

M.O. concrete are nearly the same. The characteristics for the source alone

are obtained from the difference of the two measurements (Fig. 3). The traverses

for the two runs, and the differences, are plotted in Figs. 12, 13, and 14.

The traverses for run 30 are better than the corresponding ones for run 31 due

to the higher neutron flux in the M.O. shield', with the consequent reduction

in streaming from the X shield.

The attenuation for the finite fission source can be converted to the

attenuation for the equivalent isotropic infinite, plane so&Vce by the method

of Welton in LP-141, or by the method of Hurwitz. Following the latter,
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I(z) = 2 7T R f(R) dR

Vz2 + a2

27T / Rf(a) dR + 27T /R f(R) dR
z \/z2 + a2

= I (z) + I (Vz2 + a2) + I (v/z2 + 272)

where I izL, is the required attenuation as a function of z for the infinite

plane source, R is the distance from a source point to the measured axial point

of coordinate z, a is the radius of the circular source, l(z) is the measured

attenuation for a finite source and f(R) is the measurement due to the point

source. A table for the pertinent data is given below, (Table I), and the

results are plotted in Fig. 3.

TABIE I

M.O.

Thickness

(inches)

Run 30
File -f" Source

(cts/min/kw)

Run 31
Pile Only

(cts/min/kw)

Finite ,

Source
Infinite

Source

(cts7min/kw) (cts/min/kw)

0 6.17 x 105 2.52 x 105 3.65 x 105 3.76 x ID5

4 2.16 x 105 2.02 x 104 1.96 x 105 2.04 x 105

12 1.11 x 104 8.48 x 102 1.02 x 104 1.10 x 104

20 3.51 x 102 3.08 x 1C1 3.20 x 102 3.84 x 102

28 1.21 x 10 1.11 x 10° 1.10 x 101 1.34 x 101

36 3.34 x 10"1 4.22 x 10-2 2.92 x 10_1 4.72 x lO"1

4A* 1.26 x 10-2

5.9 cm

0.95 x 10-3

6.1 cm

1.16 x 10~2

;>.o gtaX = 6.0 cm

* streaming
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The small change in relaxation length indicates that the corrections

were small over the range of attenuation measured. The results also indicate

that the corrections are in such a direction that the relaxation length for

the typical core hole measurement is very nearly equal to that for an infinite

plane fission source.

B. M-1 Concrete

M-1 concrete is a high density (4.7 gm/cc) iron aggregate magnesium-

oxychloride cement shield designed to natch the Hanford shield approximately in

density and hydrogen content, M-1 includes about 1p by weight of boron in the

form of colemanite. It was hoped that tiie addition of boron would reduce the

production of hard secondary gamma rays in the shield, so that trie gamma per

formance would compete with the M.O. shield.

The M-1 tests are described in detail in ORNL-438. Two reliable

tests of M-1 concrete were made (runs 15 and 46) with somewhat different composi

tions (Table 5). The actual densities were 4-5 and 4.7 gm/cc respectively. The

two attenuation curves are plotted in Fig. 4, together with that for M.O. in run

30. The attenuation for all three tests are nearly exponential with approximately

the same relaxation lengths, i.e. 5.8, 5.9, and 6.1 cm. The attenuation data for

run 46 are detailed every two inches over a range of 10^", but do not include

traverse data. The traverse data for run 15 are plotted in Fig. 15.

C. Laminsted WC-B^C

One of the measurements of WC and B^C, supplied by NEPA, very nearly

meets the criteria for inclusion in this set of experiments. An attenuation of

10^ was measured through 40" of laminated WC and B^C shielding slabs. However,

the composition of the first half differed somewhat from the composition in the

second half. Since two distinct relaxation lengths were measured, the measure

ments in tine second half are taken as a valid indication of the performance of
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that composition. The change in spectrum from the first to the second half

is assumed to be small enough so as not to influence significantly the

measured relaxation length due to boundary effects. These measurements are

reported in detail in ORNL-435. The composition of both halves is given in

Table 5. The average density of WC-B^C components is 5.0 gm/cc in the first

half, as compared with A.2 gm/cc for the second half. The density of the WC

is 7.9 gm/cc and of B/^C is 1.9 gm/cc. The average lamination is 2.0" of WC and

3" of B^C in the second half. Corresponding values are 2" WC, and 2" B4C for

the first half. The reduced densities were used to decrease the weight per

slab, and more nearly match the attenuation characteristics of the X shield

in order to reduce streaming problems. The WC slabs were sheathed with 1/8"

wall aluminum, while the B^C slabs were covered with 1/16" aluminum. The

traverses are plotted in Fig. 16, and the attenuation is given in Fig. 5. Foil

measurements were made at the boron tungsten boundaries and the tungsten boron

boundaries. The foil activities differ by a factor of 1.2 in these positions,

and these activities have been normalized together in Fig. 5.

The attenuation shows a definite change in character at the interface

between the two shield compositions. The relaxation lengths are 8.7 cm and

6.5 cm for the first and second halves, respectively. The corresponding mass

attenuation factors are 43.5 gm/cm2 and 2?.3 gm/cm2. These figures assume that

the characteristics of the aluminum are not significantly different from those

of the WC-B4C as measured; i.e. the density of the aluminum is assumed to be

the same as the WC-B4C mixture. ,

The results indicate a striking difference in the neutron characteristics

of the two mixtures. If there was no significant interaction of neutron behavior

between the boxes, evidently the absorption coefficients for mixtures are not

linear combinations of coefficients for the individual materials. This may be

expected since the dominant energies are different in the two shields.
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D. Water

The most reliable data known for the attenuation of fission spectrum

neutrons in water are those of Hill and Roberts (ORNL-181). Measurements have

been made in the core hole water tank (ORNL-159), but the influence of streaming

limited the reliable attenuation range too severely. Pile neutron attenuation

data are now being taken by Clifford in the ORNL lid tank facility to serve as

background measurements for fission source measurements. Preliminary measure

ments with a collimated pile source agree well with the data of Hill and Roberts,

in the range from 30 to 90 cm, after an R2 geometry correction. When the fission

source data are available from the lid tank, the present range of attenuation

will be extended to about 10°.

The Hill and Roberts data extend 90 cm from the source over a

range of 10° attenuation for an equivalent isotropic plane source. This point

source attenuation has been converted to isotropic plane attenuation by the

usual integration procedure:

I(zL = 27T /R f(R) dRV8
The original point source data are given in Table 12. The pertinent

results for the point-plane transformation are also given. The plane data are

plotted in Fig. 6, normalized to the boron cement data at the origin.

The fact that the data for a collimated pile source agrees with the

point source data after an R2 correction confirms the idea that the transport

kernel governs the attenuation of fast neutrons in water (first collision source).
*

At the same time it means that part of the attenuation from isotropic plane source

is due to the l/y asymptotic behavior of the exponential integral characteristic

of the transport kernel. In order to observe the effects of neutron build-up and

spectral hardening in water, it is necessary to study the collimated plane
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attenuation. A plot of this function in Fig, 8 shows that the attenuation is

nearly exponential in this range of attenuation and an asymptotic relaxation

length of 8.3 cm can be assigned for water. These results indicate that in the

observed range of attenuation, the build-up and hardening effects tend to cancel

each other, yielding nearly exponential attenuation.

S. Boron Cement

Boron cement is the hydrogenous component of the M-1 shield. It

consists of equal weights of MgO and colemanite, gauged with saturated Mg CI2

solution. The composition is given in Table 5 under "B.C.". It is a neutron

moderator with a density of 2.0 gm/cc and a hydrogen content 0.7 that of water.

The oxygen content is 1,2 tines that of water, and 8 mg mole/cc of boron are

included to reduce secondary gamma production in hydrogen and chlorine.

The boron cement tests were made with 1 inch thick samples behind

2" of lead, used for protection of personnel from pile gammas. The traverses,

given in Fig, 17, indicate that streaming becomes serious after about 10°

attenuation. The attenuation in Fig. 6 exhibits a curvature -with a continually

increasing "relaxation length." This behavior is similar to water in this

respect.

Since the boron cement contains 0.7 gm/cc of water equivalent, the

transport kernel is also assumed to be controlling for fast neutron diffusion.

In Fig. 7 the isotropic attenuation is multiplied by thickness in inches to

approximate the transformation from exponential integral to exponential. The

result indicates an asymptotic relaxation length of 7.6 cm. The effect of the

front 2" layer of lead in the boron cement test is to increase slightly the initial

rate of attenuation over that for no lead.

F. Portland Concrete

Measurements with two different Portland concrete samples were made.

(Runs 10 and 29). The composition of each batch was specified as the standard

concrete "wall mix"; four parts Teruiessee limestone gravel, two parts river sand,

uiv' one part Portland cement.
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The expected composition of this mix is given in Table 5. The

hydrogen concentration is the principal uncertainty. This will vary with the

age of the concrete, the external humidity, and the conditions of curing, so

that the hydrogen content can be specified only to - 20$. However, since the

volume fraction of cement, and the resulting hydrogen content are both low, this

measurement still falls within our category of a "known" composition. From a

study of the composition in Table 5, it is seen that Portland concrete is nearly

pure oxygen (71.8 mg. atoms/cc vs. 55.5 for H2O.). The traverses for runs 10

and 29 are given in Fig. 18 and 19. These traverses indicate that attenuations

of the order of 10' - 10^ are obtained before streaming becomes objectionable.

This is to be expected since Portland concrete is found to have a relaxation

length nearly equal to that of the surrounding X shield. The range of valid

attenuation in run 10 was limited primarily because of the streaming caused by

a 4" air gap following 60" of shielding. This condition was corrected in run 29.

The attenuation curves for these two runs are given in Fig. 7. The attenuation

exhibits a curvature characteristic of an isotropic plane source and moderating

shields containing no heavy metals. At attenuations of the order of 10-5 the

rate of attenuation is only slowly varying, and asymptotic relaxation lengths

are 10.7 and 10.0 an for runs 10 and 29, respectively. The average of the two

results is 10.35 "t 0.3 cm for concrete of density 2.3 gm/cc. The different

attenuation curves may be due to a difference in the water content of the two

samples.

If an operation similar to that for B.C. is used to convert the

isotropic plane attenuation to the collimated plane case, assuming a transport

kernel, the asymptotic character of the attenuations are somewhat more clear.

On this basis the relaxation lengths are 11.4 and 10.8 cm respectively, or

an average of 11.1 cm.
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G. Review of Uniform Shield Data

The attenuation information on the uniform shields is summarized

in the table below. The asymptotic relaxation lengths for the "equilibrium"

spectra are given for the appropriate geometries. The results for comparable

runs indicate that the shields may be ranked in the following order, neglecting

the effects of the different types of diffusion kernels assumed.

Table 2

Shield

B4C - WC

M.l.

M.O.

Brookhaven

W-l

Boron Cement

Water

Portland Concrete

Density (gm/cc)

6.2

4.7

5.6

4.3

3.6

2.0

1.0

2.3

Relaxation Length

cm
7—7

4.7 29

5.9 28

6.1 34

6.3 27

6.6 24

7.6 15.2

8.3 8.3

11.1 26

Plane

Geometry

isotropic

collimated

The hydrogen concentrations are known to only + 15/» or better on

those shields studied in detail (except M-1 - run 15) because these tests were

made in the early engineering phase of trie program, and were not intended for

fundamental measurements. The attenuation characteristics for Brookhaven and

W-l concretes, (Portland cement - iron aggregate shields) are included in the

summary because the hydrogen contents are known nearly as well, +20/". These

show the same general exponential attenuation curves as for the other heavy

uniform shields.
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V. Differential Slab Experiments

A number of experiments were performed which can be classified as

differential slab experiments. In these cases two experiments were made with

a given shielding material, which included M.O., BiC and boron cement. The

measurements were made with and without a slab of heavy material in front of

the uniform shield. By examining the two attenuation curves, the effect of

the heavy slab on the incident neutron spectrum is evident.

In general the spectrum is softened, due primarily to inelastic scatter

ing in the metal. This is evident from the increased rate of attenuation in the

early regions of the uniform shield, compared to the attenuation without the

heavy slab. At greater thicknesses, the relaxation length approaches that for the

test without the slab. In this latter region a characteristic ratio or attenuatioi

factor may be obtained from the two tests. If the attenuation produced by the

heavy slab is assumed to be exponential, an effective relaxation length may be

determined from the attenuation factor and thickness of the heavy material. It

would have been desirable to measure the attenuation as a function of both the

thickness of the heavy slab and of the analyzer material to determine the

validity of the exponential assumption.

Only a few of the total number of experiments fall into this category.

Some which might have been used were designed primarily to find the effect of

generation of capture and inelastic scattering gammas in the heavy layer. For

this purpose experiments were performed with and without boron layers present.

These arrangements complicated the tests so that no direct differential analyses

for neutrons could be made. The presence of these extraneous layers will be

noted below.

Differential experiments were performed with Fe, WC and Pb in conjunction

ith M.O., B>C and boron cement analyzers, respectively. The Fe test compared 2"w
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of c.'lemanite and !'.0. concrete preceded oy I" of ~&2 O3 and 7.5" of Fe. The

WC test compared "B^l" preceded by 8,25" of WC (/° =7.9 gm/cc), 0,75" of masonite,

and 1" of alui-inum. t-'or purposes of comparison, the masonite and aluminum were

considered equivalent- to 'C of density 7.9. The Pb tost compared 2" of Fb

followed by boron cement with 10" of Pb in the same arrangement.

The attenuation data for the various tests are given in Tables 16, 17,

18, and the corresponding curves are plotted in Figs. 9, 10, 11. The pertinent

esults for the test.res tod below. The accuracy of the experiments was

insufficient to demonstrate the relative efficiency of lead and iron. However,

since the .»C was used in only naif density, its superiority is clearly demon-

r: trot ad.

i XX. bO. !; U._i_d UC

Front 31;

Fe+

B2O3

Pb

Table 3

Differential Front Slab Experiments

Uficrmjj

••5]

/°
Igiycaj

t

1

M.O.

B.C.

''3; C"

Attenuation
Factor

18 t 3

13 ± 3

ISt 2

C.0± 1

S.6± 0.5



Table 4-

19

Summary of Neutron Characteristics
for Uniform Shields

Shield Run

Noo Density (gm/cc)
Attenuation

Range
Relaxation Length Reference

Material A(cm) pX (gm/cm2") CRNL Report

*Mo0o Concrete 30 5.6 10? 6o0 34 436

n n 31 5.6 106 6.1 34 436

*H„1 -Concrete 15 4o5 106 5.8 26 438

n n 46 4o7 104 5o9 28 438

Brookhaven 3 4c3 105 6.3 27 436

Concrete 4 4o3 105 6.3 27 436

W„l Concrete 11 3.6 106 6„6 24 209

*WC-B^C 42 5.0 103 8.6 42 435

*B^C»WC 42 4»2 105 7o0 29 435

** Water H&R 1.0 106 8.3 3o3 181

** Boron

Cement
34 2.0 106 7.6 15 o2 436

** Portland ] 10 2o33 108 11.4 27 209

Concrete ) 29 2.33 109 10.8 25 436

Notes!

* "Asymptotic" relaxation length for an isotropic plane source„ If a diffusion
kernel is assumed A will be the same for both isotropic and collimated plane
sources.

** "Asymptotic" relaxation length for a collimated plane source with a transport
kernel assumed.



Table 5. Shield Compositions*

Shield Material
—*-! !

Znn No. Density Elemental Components - (milligram atoms/ce)
JFe E B 0 Mg CI Ca Si Al m « C w Total

M4O0 36-31 5.6 B8.3 26„^+l5fl 21.3 8.69 2oCE
-

—
— O.St «•«» .— ••an 1W.8

M.l. 35 4.5 55.7 63(£#) 3-7« 47.3 10.5 3.21 1.25 — — 0.25 •**« —
— I87.O

M«^.« 1(4 4.8 68.5 35*9<+20*) 3.91 32.0 8.5 2.89 1.29 — — 0.28 153.2

Brookhaven 3-* M 5M 2ia(+20j0 47 .7 0.35 — 6.45 2.10 0.79 1.22 0.11 «••» «••> 134.5

Wl Concrete 11 3* 4©-5 20.1 3.28 38.8 0.62 — L2.15 3.65 1.36 0.21 0.18 — 120.8 .
•

WC-B^C ft£ 5-0 —
•— 62.0 8.4 , — 34.2 I8.7 123.3

B^C-WC te 4.2 — •• 73.6 77 <*>m •»•» 33-8 14.2 13U.3

I2O X B 1.0 — 111.0 «*•» 55-5 - I66.5

Boron Cement 26^ 2.0 — 79.1(£5*) 7.9S 68.2 l£.l»2 6.93 2.66 181.3

Portland Cement U-29 2-33 0.13 4.76(*£0?0 — 71o8 0.2 14.5 1.5* 0.44
— .06 10.8 *>em 104.3

WC 3T 7.9 m*mt 5.6(+l0j0 10 •»>*
~ 36.7 33»3 88.4

V dfi-zi 1.9 — 7.2(+i05&) 117.5 3.6 4.9 ~ ^ — 33-7 — 166.9

Hanford ¥ — 4.3 64. 3 42.3(+io£) -- 21.7 •19 — 26.5 » 15M

t I *

-

\ 1

....

* Based on valuee $iven in Coaf. Metou T-Et-1 from Boeiwell to Blizardj, datei 9/2/4«



Table 6

Thickness

(ln.M.O.)

* -2

0

4

12

20

28

36

44

Table 7

-12

2.39

5.81

1.18

3c00

2.4'+

6,53

32.2

"8

2.50

6.0.1

1.80

0.90

3-28

1-53

"5 fiT

9.56

= 21 =

Run. 30 - Traverses

2" Converter Plate

+ M.Oo Concrete

(Pile + Fisaion Source)

Saturated Activity (cts/min/kw)

2.60

6.03

2.10

1,11

3M

1.25

3.48

1,89

Inches from center

0

2.76

6ol7

2.l6

1.11

3*51

1.21

3.34

2.60

6.01

2o03

0.98

3-14

1.15

3.14

1.54

8

2..48

5.51

1.80

0 75

2.72

1,08

3.58

2.01

* Horizontal Traverses

Run 31 - Traverser

12

2 o2c

5«72

1»22

2,59

1.20

10.1

7 "af

X

Factor

(xlO6)

(xl05)

(xlO5)

(10*)

(xlO2)

(xlO)

(xlO-1)

(xlO"2)

2" Fb + M.O. Concrete

(Pile Source)

Sattarated Activity {zis/'imin/kw)

Thickness

(in. M.Oo]
Inches from center X

Factor-12 -8 -4 0 4 8 12

* _2 1.92 2.1? 2.18 2.23 2.18 2.26 2.03 (xlO6)

* 0 -1* ° s i 1.84 O CK. 2.52 2.02 2.18 2.95 (slO5)

* !|. 1,32 1..72 lo95 2o02 • 1.34 1.7.1 l.4l (xlO**)

12
- - 7.89 8.83 8.48 7.37 5.92 - - (xlO2)

* 20 3o42 3«06 3-11 308 2.70 2.58 2.98 (xlO)

28 3»20 1.73 1.22 loll 1.06 .1.15 I085 (xl)

* 36 9.20 6.03 4 062 4.22 4.53 6.31 I9o0 (xlO"2)
44 22.6 3.97 0.95 0-95 l,4o 11.6 C3 1 (xl0"3)

* Horizontal Traverses



Table 8

- 22 -

Differential Experiment

Rim 30 - Ewia 3.1

Fisaioii Source Only
M.O. Concrete

Satmated Activity (oIs/min/EW)

Thickness

(in. M.0.)
ladies from center X

Factor !-12

C.47

-8 -4 4 8 12

Co42 0.53 0.42 0.22 0.23 (xlO6)
4.24 3" 1 ~r

3.65 3-99 3-33 2.77 (xl05)

4 1.05 i.o9'0 1.8^ 1.63 1.08 (xlO5)

12 0.82 1.02 i.o04 0.91 0.69 (•x!0k)
20 2.66 2.97 JoXu 3.20 2.37 2.46 2o29 (xlO2)

28 2.12 1.36 1.13 1.10 1.0+ 0.97 1.01 (xlO) ,

36 5.61 3°37 3*02 2.92 2.79 2.95
0 >"i (xlO"1)

-S--T 29 -9 9.16 1.16 l.4o 1.89 2.05 (xl0~2)



Table 9 Jrt'.:.'; .i.;
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Trav^rss

(An. Foils on Wooden Dowel-/
A-^ £&••'••• "•')

•tivity ('it5/min/kw,

TMrbe-?.-v

(inches)

(Up, left) Inches From Center (Down-, Right) X

- 12 « 8 - 4 0 - 8 - 12 Facte

* " a., 03 9o50 10„8 12 oI 11„0 9o3C 8o20 (xl05

"• ^ lo44 1«26 1.38 1027 1.15 (xlO2

*29 12.2 4.07 3.08 3.20 3,-33 17.0 (xlO"

39 57.5 9 c80 2,13 loll 1.08 12.9 (xlO~

--—:~---—

Inserts

2 2.38 (3&0S

18 lo76 (xlO

22 3o59 (x 1

42 Background

Table 10 Run 46

M^-l Concrete

(Au Foils ci 11 Strips)

Thickness Sat., Activity Thickness Sat,, Activity'

(inches) (cts/min/kw) (inches) (cts/min/kw)

0 2.66 x 104 12 1.32 x 102

2 1008 x 10^ 1 i 5.23 x 10

4 4.74 x 103 16 2.18 x 10

6 1.81 x 10-3 18' 9.35

8 7,20 x 102 20 4ol8

10 3.18 x 102 22 ,s 0 '-•'*«



Table 11
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Run, 42 - Traverses

Laminated WC - B4C

(AtfFoils on Al~Stripg)

Saturated Activity (cts/min/kw)

Horizontal Traverses

Thickness

(inches)

(left > Inches From Center (right) X

Factor- 13 - 11 -- 8 » 4 0 3 11 13

4»5 4o29 3-02 3.10 3.44 3.59 3-50 3.26 3.21 4-50 (xl02)

13.4 2.91 2.16 2„38 2,62 2o70 2.58 2 it- 2.32 3 066 (xlO )

1800 * 3.) 5 062 6.33 6.66 6.5-0 5.97 6„01 9o75 ^ A ,/

25.5 14*9 4.1 3.5 s 0 , 3o8 3.8 3.6 3.8 9,1 (xlO"1)

32o4 26,5 7.4 4.5 4»4 4-4 4n5 4o2 6.0 19 o0 (xlO"2)

40.2 2 3 1 <7 loO 1.0 Io2 JL&J& "; 1 1.7 (xicr2)

Vex•tical rtraverses

Thickness

(inches)

(top) Inches from Center (bottom) X

Factor- 11 .-• 8 • 4 0 / 8 i1

4o5 5o80 3.41 3.51 3.59 > 0 ^^ 3.01 3.65 (xlO2)

13.4 3.37 24-9 2.65 2,70 2„52 *-*0 ^C JL 2.53 (xlO )

18.0 9.55 6.4O 6.66 6.35 5.63 6039 (x. 1 )

25.5 12.3 4o0 3.8 3-8 3-7 Jo,. 8.6 (xlO--1)

32 o4 4.11 6o4 4o 7 H*o H- 4°3 4.7 (x!0~2)

40.2 6.1 1 4o4 1.1 1.0 JL.Q .-il. 1.0 1.3 (xicr2)



xaaia

R

cm

10

40

6C

70

80

90

25

H: •-T. ... \,,::X .

Hill and Roberts Experi.me•,t-

cts/ra

8„1J x 101

8.32 x 10°

1,30 x 10c

4 a U<cJ X ^v.?

9oil x 10~J

2,29 x 1C~J

5.82 x -.0 "*

RA.-

/„c-ra cts/min

i.4o x io^

1.63 x 10-'
p

2„50 x 10

5o20 x 10^"

1„13 x 101

2 tr- x

-1
6o6i x 10

1.83 x 10""1

}„4 x -i.o

ZRA.

:,• rain

4.09 x

- ?•» --3

c, ?6 v 7C5' c <t
-.2

,'0 >!

X 1:

X -o.

^ o 7*^ X -t'.'

8.28 x 10"

2.38 x 1C"

*Ta-tea from ?mccti?.ed data of Table IVl: GRN1-181

R

in

i.,1 o8

lcc8

I9o?

2/ ™

27 „6

31.5

35.5



Table 1?
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Run 34 - Traverses

2" Pb -i Boron Cement

(Au Foils on Al Strips)

II" Bo C . Traverse

Horizontal

,m. (-.'.f p.';T»in

1$ 'J

t 1?

22" 3„ C , .Traverse

.29" Be C, Traversa

1 "1 K 6.70 T 10" 2

9 „ 0 2 „70 X 10"«

p 'i 7 X 10™ 2

r.
"^0 J-i >::

? p^' *c

4= <+. ^- 1,79 z
"f •-*•- 2

+ Q.C ••v. O ,' •-
-•-r r;

^ ;?.5 ^ 1 '• •v 1 r.- -^

Vertical

(in) (ct s/iEin/kw)

-~ 10.5 45.6

7 ,-;• 2^,8

- 3.5 "JO /

'- >•»' ' o „''

\ 3.5 25 oO

j 7.0 22.8

* 10.5 27.9

• • 12 •ia4y*

,, 8 0.546

- 4 0.425

0 0.376

f 4 0.353

+ 8 0.346

f 12 C„602
_

14.8 x 10"^

,. 8 3.36 x lO-2

- 4 1.95 x 10-2

p 1„94 x 10~2

? 4 1,82 x i:r<

1 s 1.93 x ICr2

* 12



Table 1!;-
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Run 10 - Traverses

Portland Concrete

(Au Foils on Wooden Dowels)

oa oura •• -i Activity (cts/min/kwj

Thickness

(incha s)

(Up, left) Inches From Center (Down, Right) X

Factor1 <~L „ g
cr' *"•-

*~,
8 12

* B 1 77 2.52 2.91 2.96 2.83 *c 04^' (x!C5)

16 1.24 I022 1.25 (xl04)

*25 8,05 7.68 8.35 (xlO2)

35 7.59 5.79 5.16 0. p ,>*,
(xlO)

*45 6„59 4.5ft e ff, 7:19 8, ~'i (xl )

55 1.17 9»91 5.98 4o42 3o90 5.16 *4-0 ..-' / (x :• 2)

*66 c.V.- 5.61 5.03 4o43 v. ~4 i^-o'P •-'

- 2
(a-o )

78 2.41 1.92 (xlO"3)

♦Horizontal (Alternate with Vertical)

Tabla 15 Run 29 - Traverses

Portland Concrete

(Au Foils on Wooden Dowels)

Satui ated Activity (cts/min/kw)

Thickness

(inehes)

(Up, left) Inches From Center (Down Rig::t/ X

Factor*- xZ <?
-'•»• 0 4 g J.A

* 8 —0 ^ ^ -*- 0..' ~" I.64 x 0 A-'
;" 7T-B (xiO°)

16 100 0 1.0,4 9.82 9.4.2 ".8J (xlO3)

*25 £ '1> Q P QXf*-' '13 {,
--' "•' -^ - ' 7 << .3 .s (xlO2)

35 3.54
T p~ 3*02 (xlO )

*49 9.43 8.69 '*" - ,"\ 8.05 y • —:'' 1 f" " (.-.r: ••"'•}

1 -»~>
—0..' .*, 0 .,*' -'•--

("* 0 .-:, 6 02 5.93 "'\ $2 r „.52 (xlO"£)

*o6 7; T~ 2,05 ~ 0 .-*•7 1 1" JL 0 '•• -
p t-P (viO"2)

73 ..' G '•>• **
,'/ <c A lo35 1.1*

-v ^- "t

-l 0 ;> ~ 2 029 (xlO'*)



Table l6

Thickness

of M.O.

(inches)

Table 17

k
12

20

28

3o

Boron Cement

TLifiknaaa

(inches)

0

1

3
5

7

9
11

13

15

17

19

21

23

25

27

29

31

33

28 -

Differential Front Slab Experiment
Iron Slab

M.O. Concrete Analyzer
(Au foils on wooden dowels)

Run 23
Sat. Activity
(ats/min/KW)

5-32 x 10
3=37 x 101
1=91 x 10°
9.In x lo-2
3.23 x 10-3

Differential Front Slab Experiment
Lead Slab

Boron Cement Analyzer
(Au foils on Al strips)

Run 3k
Sat. Activity
(cts/min/KW)

2.51
9.^2
2.5^
6.19
2.(A
7A8
2.72
1.19

h.kz

1.99
8.70
3.76
1.63

e.12

3-95

1.9k

1.67

9.2^

x 105
x 103
x 103
x 102
x 102
rl<£
x 1C1
x 101
xlO0
x<
x 10"1
x 10'1
x 10"1
x 10"2
x 10-2

x 10"2

x 10~2
x 10"3

Run 23; ^ 2" Coleiaanite + M.O. Concrete
Run 25; 1" BgO- + 7.5" Fe + 2" Cole. + M.O. Concrete

Run 3^; 2" Pb + Boron Cement
Run 33s 10" Pb + Boron Cement

Run 25
Sat. Activity
(cts/min/KW)

8.57 x 10
2.52 x 10°
9.81 x 10"2
5.07 x 10-3
1.0 x 10"1*

Run 23
Sat. Activity
cts/min/KW)

2.38
6.15
1 ,28

•37
,02

•97

,1k
,22

1.80

6.31

1.57

3*72

3°03

2.18

6.8£

x 103
x 102
x 102

x 101
x 101
x 10°
xlO0
x 10"!

* 10" p
x 10"^
x 10"2
x 10"2

x 10"3

x 10-3

x 1C-3

x 10~3

x 10"3
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Table 18 Differential Front Slab Experiment

"WC" Slab
"Bt,C" Analyzer

Au foils on lA"Ifasonite
Run 36*

B,,C + Al + Masonite

(inches) (cM/EU)

2.38 737

5.25 267

7 „£r> 106

l^o 00 44.7

12. 4 20.7

14.8 14.0

21.4 0.99

Run 37 **

WC + Al 1 Masonite (10")

(inches) (s/m/KW)

, 5.00 h-9.2

7A2 13.3

r> 7c 3.92

12.12 1.40

21.35 0.053*-

* Composition; See Table 5

** 8.25" WC + 1" Al + 0.-75" Maccnite

*** 3.25" WC + .1" Al

Au foils en Al strips

Ran 39
BjjC + Al

(inches) (c/m/KW)

2.38 370

4.30 137

6.62 66.0

O <ryr~ 32.6

1 r\ n 15.O

13.0 7.0

Run ho ***
WC + Al (9.25")

(inches) (:/i./KW)

2„37 188

4.50 4i.c

6.63 11.8

8.75 4,19

10.87 1.41

13° 00 3.10
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FIG. 2 PAGE 31
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