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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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FINAL REPORT - PT-105-548-A
THE EFFECT OF MASONITE BURNOUT ON
SHIELD ATTENUATION PROPERTIES

INTRODUCTION

In a previous study it was determined experimentally that heat
deterioration, or burnout, of the shield masonite is more severe than
radiation damage under existing and proposed operating conditions. Higher
shield temperatures, which are expected to result from increased power
levels, fringe enrichment, and higher graphite temperatures, will markedly
increase the rate at which the masonite burns out. The laminated iron-
masonite biological shield will lose, as a result of burnout, the hydrogen
and oxygen necessary to attenuate and moderate neutrons.

The purpose of this production test has been to obtain experimental
data from which future shield leakage rates could be estimated. The
attenuation data reported here were obtained in the DR pile bulk shield
facility from experiments using various void spacings to simulate burnout
conditions. From these data it was hoped to determine (1) the resultant
attenuation properties of the shields, and (2) the exposure rates due to
radiation penetrating the shield.

SUMMARY

Flux measurements taken in this test through shield iron-masonite

configurations corresponding to predicted burnout conditions indicate that
. eventual burnout is expected to result in dose rates equivalent to several
roentgens per hour (see Table II); the resultant dose rate will consist
primarily of intermediate energy neutrons. These data have already been
used :n conjunction with data from masonite burnout rate experiments to
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estimate radiation leakage through imperforate shields as a function of
time and pile operating history. (1, 2) It appears likely that radiation
leakage will severely limit access to the experimental levels and top of
the unit of the B, D, F, DR, and H piles within one to two years of
operation after the completion of the current water plant expansion
project unless preventive action. is taken. For this reason companion
studies are underway to develop measures to minimize burnout by the
use of fringe poisoning, (3) to compensate excess shield leakage by
exterior shield patches, (4) and to measure the neutron spectrum more
exactly to permit "living with" anticipated burnout conditions. Test
results indicate that one of the above approaches, or a combination of
them, will preclude serious limitations to pile life and operating efficiency
due to shield radiation leakage. Mechanical failure of the shield as a
possible result of masonite deterioration<5) has not been considered in
this report.

DISCUSSION

A. Experimental Procedure

The attenuation measurements were made in one of the two wells
of the bulk shield facility located on the top of the DR pile. Each of these
facilities consists of a lined opening which increases in five steps from
about three feet square at the bottom to three and a half feet square at the
outside of the shield. The bottom liner of the well is in contact with the

(1) HW-38419, "Iron-Masonite Shield Effectiveness as a Func’ion of Pile
Operating Conditions', L. A, Wilson, 1-19-55 (Secret).

(2) HW-35202, "Hanford Shield Shield Masonite Deterioration Studies'",
L. A, Wilson, 8-8-55 (Secret).

(3) HW-40997, "Interim Report - PT-105-604-A - Reducing Side Shield
Temperature by Fringe Poisoning', W, L, Bunch, 1-19-55 (Secret).

(4) HW-41189, "FY 1958 Budget Study, Shield Patches, B, D, F, DR, and H
Reactors", C. A. Mansius, 2-1-56, (Official Use Only).

(5) HW-41507, "Possible Mechanical Effects of Extreme Masonite
Deterioration in Laminated Biological Shields'", G. J. Rogers,

3-22-56 (SECRET). %
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T-section flanges of the biological shield; the facility thus penetrates
through the four foot laminated structure of the biological shield and is
separated from the active region of the pile by ten inches of iron and the
two foot graphite reflector. A set of attenuation slabs composed of iron
and masonite laminations matching the regular biological shield structure
had been built and used in a previous study. (6) These slabs were altered
for the present test by simply removing sheets of masonite from each
layer while maintaining the laminar spacing with steel washers placed at
the corner of the slabs., This procedure is illustrated in Figures 1 and 2.
A total of six different burnout configurations were used during the test;
these are given in Table I and are pictorially illustrated in Figures 3 - 9

which also summarize the neutron foil activation data.

The neutron measurements were made using the same foil
techniques employed previously. (6) This procedure consists of activating
three types of foils which are each sensitive to a limited interval of the
incident neutron energy spectrum. The three foils are: (1) bare gold foils
which are activated by both thermal and resonance (predominantly 5 ev)
neutrons, (2) cadmium covered gold foils which are activated primarily
by resonance energy neutrons, and (3) cadmium covered sulfur foils which
are activated by an (n, p) reaction which has a threshold at about 1 Mev and
hence detect only high energy neutrons. This method of detection leaves
a great deal of the neutron energy spectrum unmonitored, but under

certain conditions it does provide sufficient data for attenuation analysis.

To obtain more information about the neutron flux penetrating the
burned out mockups and to be able to better estimate leakage dose rates,
a "lucite integrator' was placed on top of the test well. The lucite
integrator consisted of one foot square lucite (methyl methacrylate) plates
stacked with gold foils between the sheets until an approximate one foot
cube was formed as in Figure 10, The foils were placed in a helical pattern

to minimize flux perturbation interaction caused by the absorbing foils.

(6) HW-36370, "Attenuation Properties of Hanford Pile Shield Materials",

W. L. Bunch and R. L. Tomlinson, 9-1-55 (Secret). |!
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FIGURE 10
Lucite Integrator and 1000 cc Chamber Placed on Top of Well
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Simulated Burned-OQOut Iron-Masonite Attenuation Slab Compositions-
Inches of Material per Layer in Test Configurations

Layer Configuration Number e
Number Material 0 1 2 4 3A dA,
1 Masonite 3.5 0.9 0.9 0.9 0.9 0.1 0.1
(inner) Iron 3.751 3.175 3.75 | 3.75| 3.75 3.75| 3.75
2 Masonite 4.5 2.3 1.1 1.1 1.1 0.3 0.3
Iron 3.75( 3.754{ 3.75} 3.75| 3.75}) 3.751 3.75
3 Masonite 4.5 3.4 2.3 1.1 1.1 1.3 0.3
Iron 3.75| 3.75 3.75} 3.75) 3.75 3.75| 3.75
4 Masonite 4.5 4.5 3.4 2.3 1.1 2.4 0.8
iron 3.75| 3.175 3.75] 3.75| 3.175 3.75}| 3.175
5 Masonite 4.5 4.5 4.5 3.4 2.3 3.5 2.4
Iron 3.75| 3.175 3.75] 3.75| 3.75 3.75{( 3.75
6 Masonite 4.5 4,5 4.5 4.5 3.4 4.3 4.0
(outer) Iron 2.50| 2.50 2.50¢ 2,50 2.50] 2.50} 2.50
Inches of Masonite
removed 0 6 9.4 |12.75| 16.1 14,25 | 18.1
% of total Masonitd
removed 0 23 36 49 62 55 70
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The purpose of an integrator is to thermalize the entering neutrons thereby
simplifying the problem of detecting them. Utilizing the flux distribution
within the integrator, a crude estimate can be made of both the number
and "effective energy" of the incident neutrons.

The gamma intensity penetrating the burned out shield section
was measured with a 1000 cc ionization chamber which had been calibrated
and used for the previous attenuation measurements. (6) The chamber was
used only outside the well and was placed alongside the lucite integrator as
shown in Figure 10. Because of the leakage of neutrons and gamma
radiation around the VSR openings, the background radiation on top of the
unit is rather high. Boxes of borated paraffin were placed around the
integrator and chamber, and a top covering consisting of a paraffin slab
and lead bricks was used to protect the measurements from this perturbing

effect. This arrangement is shown in Figure 11,

Iron-constantan thermocouple junctions were located at the center
of each slab by placing the leads in grooves cut in the masonite strips
used to hold the foils. The leads were brought out of the well to a switch-
box (see Figure 12), where the several thermocouples could be read
rapidly and accurately with a Rubicon potentiometer. Standard tables
were used for converting each emf reading to a delta temperature above
ambient,

B. Interpretation of Data

An abridged version of the neutron data obtained during this test
is tabulated in the Appendix, and Figures 3 - 9 epitomize the data. The
gamma attenuation data are presented in Figure 13. A typical ""equilibrium"

temperature traverse is shown in Figure 14.

A primary goal of the measurements has been to determine the
dose rate penetrating the shield as a function of burnout. The gamma data
were obtained directly in terms of mrem /hour, but it was necessary to

approximate neutron leakage dose rates from the foil measurements.

(6) Op. Cit.

A 1111 O P 000 1 OB N0 ASHOA
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FIGURE 12
Placement of Thermocouple and Foils into Test Slab
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Thermal neutron flux intensity has been estimated from the bare
and cadmium covered gold foil activity. These foils have been calibrated

in the Hanford Standard Pile (radium-beryllium source in a graphite

stack) where the thermal flux is known, (7) A conversion factor of 100 n/cmZ

sec per mrem/hr was used for the thermal flux,

Fast neutron dose rates were approximated by extrapolating the
available sulfur foil data to the surface of the shield using the effec. 73
removal cross sections obtained previously. (6) Sulfur foil activity nas
been '"calibrated" in terms of neutron flux by normalization to a theoretical
neutron flux distiribution within the active region of the pile. (2,6,8,9,10)
The fast neutron flux has been converted to dose rate hy assuming an
average value of 5 n/cm2 sec per mrem /hr,

Intermediate energy neutron dose rates have been estimated from
the lucite integrator data, The distribution of thermal neutrons within the
integrator indicates that the average effective energy of leakage neutrons
is less than 0.1 Mev. A conservative conversion factor of 25 n/cmz sec
per mrem /hr has been used for this intermediate energy flux.

(7) HW-26207, "The Standardization of Gold and Indium Foils and the
Absolute Neutron Flux Determination in the Hanford Standard Pile",
D. E. Davenport, G. L. Lynn, and C. R. Richey, 8-27-54,
(Declassified).

(8) HW-29125, "Measurement of Neutron Fluxes in Graphite Reflector",
R. L. Tomlinson, 9-1-53 (Secret).

(9) HW-29135, ""Measurement of Neutron Flux Spectra Inside Reactors',
R. E. Heineman, 8-26-53 (Secret).

(10) HW-28303, '"Neutron Energy Spectra in a Hanford Pile'", R, E,
Heineman and J. W. Culvahouse, 6-5-53 (Secret).
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A total of six different burnout conditions have been mocked up in
the measurements. Two different assumptions were made in the removal
of the masonite so that two different sets of burnout conditions are
approximated. In the first series of tests, numbered l, 2, 3 and 4, it was
assumed that (1) a linear temperature distribution exists through the shield,
and (2) the ultimate residue may be approximated by one-fourth of the
original masonite., As the testing progressed these assumptions did not
appear to be conservatively realistic, and condition 3A and 4A were mocked’
up. In the latter tests, it was assumed that (1) burnout of succeeding layers
is enhanced by the burnout of the previous layer, and (2) the calculated
shielding effectiveness of the final residue is more realistically approximated
by about one-twentieth of the original masonite. The leakage for the various
conditions estimated from test data is shown in Table II.

C. Sources of Error

There are several factors which limit the accuracy of the interpre-
tation which can be made with these data. Each of these is discussed

separately in what is thought to be descending order of importance,.

1. Lucite Integrator

The interpretation of the lucite integrator data in terms of neutron
dose rate introduces a great deal of uncertainty into the total leakage dose.
It is well known that the energy distribution of neutrons is very important
in determining dose rate(n) and it is also well known that the measurement
of a neutron energy spectrum is very difficult, The lucite integrator
offered a readily available and inexpensive method of evaluation but one

which lacks the resolution necessary for accurate interpretation,

(11) RH-1 Reactor Handbook, Volume 1, June 1955, page 946 (Secret).
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The principle of operation of a lucite integrator is that a mono-
energetic source of neutrons incident on an hydrogeneous medium will be
scattered and slowed down to thermal energy. The thermal neutron
population will become a maximum at a depth of penetration which is
characteristic of the incident neutron energy; for a higher energy mono-
energetic source of neutrons this maximum will appear after a deeper
penetration since more collisions are required on the average to thermalize
the higher energy neutrons. Calibration work of this nature has been
reported for bare indium foils in paraffin(lz) and is summarized in Table III.

TABLE IiI
PARAFFIN INTEGRATOR CALIBRATION (12)

Neutron Energy Position of Maximum
0.03 ev 0. 3 inches
24 kev 1. 0 inches
700 kev 2.1 inches
4,1 Mev 3.0 inches
15 Mev 4.5 inches

Paraffin was used as the integrator in the first two burnout stages
but was found to flow because of the high temperatures which existed on
top of the experimental well, Lucite was used as a substitute on the
basis that the hydrogen content was quite similar to that of paraffin and
therefore both should exhibit approximately the same slowing down power
for neutrons. The hydrogen contents were calculated using the formula
C5H802 for lucite and C25H52 for paraffin and assuming densities of 1.2
and 0. 8 respectively. These assumptions yield a hydrogen content of
6 x 1022 H/cc for lucite and 7 x 10%2 H/cc for paraffin, This was considered
to be close enough agreement to permit the use of the table above for

(12) BNL-351, "Neutron Monitoring with Indium Foils", F, B, Oleson,

July 1955,
A,
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estimating the average effective energy of the neutrons which were slowed
down in the lucite integrator. In every case the maximum foil activation
was attained after approximately one inch penetration into the integrator,
which corresponds to a neutron energy of 24 kev. This energy incidentally
corresponds to a "window' in the total cross section of iron, (13, 14) but

the energy resolution of the integrator is so poor that the measurement
actually indicates only an energy of this order of magnitude rather than
determining a specific energy.

A second method of utilizing a lucite integrator to determine
effective neutron energy is possible if sufficient calibration work could be
done. This method would determine the exponential rate of decrease in
the number of neutrons in a particular energy group (such as the 5 ev
group measured by a cadmium covered gold foil). However, the cadmium
covered data which were obtained were of such low count rate that very
little statistical confidence could be placed in the information obtained
from it and the method has not been pursued.

2. Sulfur Foils

The interpretation of sulfur foil activation in terms of neutron

dose rate has been discussed previously. (6) The important assumption
made in this case is that the high energy spectrum (neutron energy greater
than about 1 Mev) does not change appreciably in penetrating the shield.
Because of the inelastic scattering cross section in iron, which becomes
important at energies greater than 1l Mev, hardening of the neutron energy
spectrum should not occur, Buildup in the energy range just below 1 Mev
should be detected by the lucite integrator if it exists to any great extent,.

(13) Physical Review, Volume 85, No. 4, February 15, 1952, '""Neutron
Transmission Crors Sections in the Kilovolt Region', Carl T.
Hibdon, Alexander Langsdorf, Jr., and Robert E, Holland,

(14) Personal Communication, Henry W. Newson. To be published in
Physical Review, Volume 102, No. 6, June 15, 1956.

(6) Op. Cit.
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Because the integrator did not indicate significant buildup of this energy
component, the effluenthigh energy neutron dose rate has been determined

by extrapolating the sulfur foil measurements to the outside of the shield.
This extrapolation necessitates the use of "effective removal cross sections",
an empirical method for predicting attenuation properties of a given material
as a function of its composition, (6) Another limitation on the experiment

is also introduced; namely, the use of masonite for the residue of the
burnout process.

3. Residue Composition

A tar-like fluid is formed during the heating of masonite when the
oxygen and hydrogen components are evolved. In order to avoid the
difficulties involved and to eliminate the delay necessary to actually
bake the huge quantities of masonite to the desired state of deterioration,
it was deemed expeditious to approximate this situation by simply removing
fractional amounts of the masonite. In doing this it becomes necessary to
determine the relationship which exists between masonite and the expected
residue, The effective removal cross sections determined previously
were used for calculating fast neutron attenuation coefficients; the photon
cross sections were based on a 6 Mev photon energy from the results of
the previous study. (6) The cases which have been calculated are (1) the
anticipated residue, which is thought to consist of 30% of the carbon
contained in the masonite, and (2) a 5/16" thick layer of masonite, which
was the residue left in the test to approximate the ultimate burnout
condition. The calculations are summarized in Table IV, The composition
of the thin masonite layer used to simulate ultimate burnout conditions
does not duplicate the final expected composition. However, it can be
seen that resultant fast neutron and gamma attenuation coefficients are
within 2% of the expected coefficients and this is less than the experimental

error involved in making attenuation measurements.
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From the results of the calculations in Table IV it can be concluded
that the second set of test configurations (3A,4A) was a suitable substitute
for the anticipated residue for both fast neutrons and photons. The
presence of the small amount of hydrogen remaining in the masonite used
in the test shield might perturb the relationship that would actually exist
for the intermediate energy neutrons. A calculation was made by L. A.
Wilson comparing the test residue and the expected residue on the basis
of slowing-down powers which indicated the two cases to be equivalent;
nonetheless an unknown, though probably small, uncertainty is introduced

because of the use of masonite rather than carbon as the residue material.

4. Capture Gamma Flux

The gamma measurements (see Figure 13) indicate an anomalously
high point for the worst burnout case, 4A, It is felt that this might be
explained by the presence of capture gamma radiation, but a rigorous
proof has not been made. If the cadmium covered gold activity in the
outer layer of iron is plotted along with the gamma data as a function of
masonite removed, it is found that a similar shaped curve is {‘:'rmed,
although the foil activity did not exhibit as much of an increase in neutron
level between configuration 4 and 4A as that observed for gamma activity.
Because of the large jump in the gamma intensity which was fouid in
going from 4 to 4A, it is possible that even larger increases coild
occur for worse cases of burnout. This would be undesirable because

. ‘ the high energy photons which result from thermal neutron capture in
iron are more difficult to shield than are the intermediate energy neutrons
which are the predominate source of the biological dose rate at stage 4A
of burnout. Some doubt exists as to the correct method of extrapolating
gamma intensity to the maximum degree of burnout, but it is concluded
that additional gamma shielding would probably be required for this
situation,




L) -34- HW-38418

5. Temperature Distribution

Several shield temperature distribution measurements have been
taken in the C test hole at the H pile and in the DR shield test facilities,
which have shown a linear temperature drop from the thermal shield to
the outside skin of the biological shield (neglecting laminar effects). This
is the condition which would be expected to exist if (1) the sources of heat
within the biological shield were small compared to the heat flowing from
the thermal shield through the biological shield and/or if (2) the thermal
conductivity of the gross biological shield structure were uniform over
each of the laminar cycles. It was noted during the test that as the
shield was altered by removing sheets of masonite from a slab the
temperature distribution changed so that more slabs were approaching the
temperature of the thermal shield (or in this case of the flange of the T
section.) Representative shield temperature traverses shown in Figure
14 illustrate this observation. Because of the exponential decrease in
heat generation rate it seems unlikely that condition (1) above can be
altered; therefore, the altered temperature distribution is attributed to
the air gaps being better conductors of heat than were the original layers
of masonite. Under these circumstances the burnout rate of each succeed-
ing layer would be accelerated rather than retarded by the burnout of the
previous layer. The uncertainty created by this point makes the time
rate of burnout of the layers much more difficult to take into account in
predicting shield conditions. This uncertainty does not enter into the
present experiment but does affect the accuracy of the curves presented
in references 1 and 2,

6. Facility Edge Effects

Bulk shield measurements are subject to edge effects created not
only because of the clearance allowed between the test slabs and the test
well but also because the material under test does not possess the same
attenuation characteristics as the surrounding shield material. In
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previous tests the streaming through the clearance caused an increase in
the readings within the test slabs, The effect was usually small and a
correction was made when necessary; if not corrected the effect made the
results conservatively high, In the present test the attenuating properties
of the burned out layers are so poor that there is streaming from the test
well out into the shield in spite of the clearance between the well and the
slabs., As before, the correction does not appear to be large but in the
present case the lack of correction would tend to leave the measurements
on the nonconservative side.

D. Conclusions

Although the measurements contain uncertainties which might
minimize their value in basic shielding work, the tests are sufficiently
valid for predicting leakage through severely burned out shields to
indicate the scope of the problem. For example, under severe burnout
conditions radiation leakage will become sufficient to prevent access to
certain regions of the pile building; neutrons will become the dominant
component of the radiation leakage as the shield deteriorates. Because
of this information, current experimental work is being directed toward
precluding serious limitations to pile life and operating efficiency due
to shield radiation leakage. Work in progress includes a study of the
use of fringe poison to reduce shield temperatures and thus extend the
life expectancy of the masonite and a search for better neutron detecting
devices which would more accurately define the dose rate,
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APPENDIX

The Appendix consists of a set of tables containing foil activation
data from the various burnout configurations. Each tabulated point in
Table V through Table X represents the ""best' central point activity and
is a result of the analysis of the several foils placed in the form of a
cross at each depth of penetration, Bare gold foils were irradiated at
each depth but cadmium covered gold and sulfur foils were placed only
within the iron layers. For this reason the measured cadmium ratios
are low, indicating the absorption of the thermal neutrons in the iron.
The foil activities are normalized to the power level of the pile and are

given in terms of counts per minute per gram per 100 megawatts.

Table XI contains the saturated activity of all of the foil data
obtained in the paraffin and lucite integrators. These are also normalized
to pile power level and are given in counts per minute per gram per 100
megawatts. No correction has been applied to these data for the helical
pattern in which they were loaded.
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TABLE V

BURNOUT CONFIGURATION 1

. SATURATED ACTIVITY OF FOILS

D?sitatxacle gfg‘:g:::: Activity - Counts / minute. gram - 100 MW
from from Cadmium C:dmium
Reflector Reflector Bare Covered Covered
(inches) (inches) Gold __Gold _ Sulfur
16. 38 13. 75 9.8 x 16 8.- x10°
17.63 15 7.4 x 107 5.8 x 10 4.80 x 10°
19 16. 38 9.6 x 10
20.13 17. 50 1.30 x 108
21.13 18. 50 8.4 x 10"
24. 63 19. 75 1.48 x 107 1.08 x 10
25. 88 21 7.7 x 108 5.6 x 10° 4.27 x 16°
27.25 22.38 6.8 x 10°
28.38 23.50 9.4 x 108
29,38 24.50 7.7 x 108
30. 38 25,50 4.3 x 10°
32.88 26. 88 5.5 x 10° 2.6 x 10°
_ 34.13 28.13 2.4 x 10° 1.78 x10° 3L
. 35. 50 29. 50 1.7 x 10°
36. 63 30. 63 2.3 x 10°
37. 63 31. 63 1,85 x 10°
38. 63 32. 63 1.15 x 10°
39.75 33.75 5.3 x 10
41,13 35.13 6.7 x 10° 2.45 x 10°
42.38 36.38 2,45 x 10° 1.40 x 10° 3.06




TABLE V (contd.)

D?:tt;:ée ggetgii:: Activity - Counts/minute - gram . 100 MW

from from Cadmium Cadmium
F=flector Reflector Bare Covered Covered

(inches) (inches) _Gold Gold Sulfur

43.75 37. 75 2.2 x 105

44. 88 38. 88 3.3 x 10°

45. 88 39. 88 2.9 x10°

46.88 40. 88 1,95 x 10°

48.25 42.25 6.8 x 10°

49,38 43. 38 9.0 x 10 4,50 x10

50.63 44,63 4,1 x10 3.25x10

52 46 6.6 x 10

53.13 47,13 8.8 x10

54,13 48.13 7.2 x10

55.13 49,13 5.3 x10

56.25 50.25 1,75 x 10

57.63 51. 63 4.0

58. 88 52,88 5.3




TABLE VI

BURNOUT CONFIGURATION 2

SATURATED ACTIVITY OF FOILS

D?sctt:::e giﬁ;;i:: Activity - Counts/minute - gram - 100 MW
from from Cadmium Cadmium
Reflector Reflector Bare Covered Covered
(inches) (inches) Gold Gold __Sulfur
11. 63 11, 63 3,15 x 10°
16. 38 13. 75 1.32 x 10° 1.18 x 108
17. 63 15 9.4 x 10" 7.8 x 10" 5.026 x 10°
19 16. 38 1,25 x 10°
24,63 18. 63 2.25 x 107 2.18 x 10"
25.88 19, 88 1.62 x 107 1.34 x 10" 5.67 x 10
27.25 21.25 1,35 x 107
28,38 22.38 1.80 x 10"
29,38 23,38 1.16 x 107
32. 88 24, 63 1,82 x 10° 1,14 x 108
34,13 25. 88 8.5 x 10° 6.4 x 10° 48. 54
35. 50 217,25 6.8 x 10°
36. 63 28.38 9.9 x 10°
) 37.63 29. 38 8.0 x 10°
38. 63 30, 38 4.3 x 10°
41.13 31,75 5.1 x 10* 2.55 x 10%
42.38 33 2,25 x 10* 1.65 x 10* 4,49
43.75 34,38 2.2 x 10*
44,88 35. 50 2.9 x 10*
45,88 36. 50 2.41 x 10*
46, 88 317. 50 1.67 x 10%
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TABLE VI (contd.)

Di}:,i:;acle gggﬁ;;i:: Activity - Counts/minute - gram - 100 MW
from from Cadmium Cadmium
Reflector Reflector Bare Covered Covered
(inches) (inches) Gold Gold Sulfur
48.25 38, 88 6.1x 10°
49,38 40 7.3 x 10° 3.7 x 10
50. 63 41. 25 2.75 x 10° 1.60 x 10°
52 42, 63 5.8 x 102
53.13 43.75 8.3 x 10°
54.13 44,175 5.8 x 10°
55.13 45,175 4.8 x 10°
56. 25 46. 88 1,43 x 10°
57.63 48. 25 6.9 x 10 1,45 x 10
58. 88 49.50 1,85 x 10 1.0 x 10
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TABLE VII

BURNOUT CONFIGURATION 3

SATURATED ACTIVITY OF FOILS

Activity - Counts/minute -

Actual Effective
Distance Distance
from from
Reflector Reflector Bare
(inches) (inches) Gold
11. 63 11. 63 3,15 x 108
16. 38 13. 75 1,34 x 108
17.63 15 8.82 x 10"
19 16. 38 1,17 x 108
24. 63 18. 63 2.84 x 10"
25,88 19. 88 1.68 x 107
27.25 21.25 1.67 x 10"
32.88 23.50 3.9l x 10°
34.13 24,175 2.20 x 10°
35, 50 26.13 2.35 x 108
36. 63 27.25 3,59 x 10°
37.63 28. 25 2,78 x 10°
41,13 29. 50 3.24 x 10°
42.38 30. 75 1.46 x 10°
43,75 32.13 1,72 x 10°
44,88 33,25 1,45 x 10°
45. 88 34,25 7.45 x 104
46. 88 35. 25 9.0 x 10°
49.38 36. 63 3.75 x 10°
50. 63 37. 88 3.40 x 10°
52 39, 25 4.20 x 10°
53.13 40.38 4,90 x 10°

Cadmium
Covered

Gold

1.13 x 108

7.64 x 10"

2.21x10"
1.40 x 107

3.30 x 10°
1.79 x 10°

1,54 x 10°
9.69 x 10%

2.74 x 10°
2.22 x 10°

gram -

HW-38418

Cadmium
Covered

100 MW

Sulfur

3

4.99 x10

5.46 x 10

10

2
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TABLE VII (contd,)

Actual Effective o .
Distance Distance Activity - Counts /minute - gram - 100 MW

from from Cadmium Cadmium
Reflector Reflector Bare Covered Covered
(inches) (inches) Gold Gold Sulfur

54.13 41, 38 4,20 x 10°

55.13 42,38 2.52 x 10°

56.25 43, 50 7.9 x 10°

57.63 44,88 9.10 x 10 2.90 x10

58.88 46,13 5.7x10 1.52 x 10

LR TR . ' o W ' 'ARE] I no m ' 0o



TABLE VIII

BURNOUT CONFIGURATION 4

SATURATED ACTIVITY OF FOILS

D?:tt::ée ]IDEif:te:;i\;e Activity - Counts/minute - gram - 100 MW
from from Cadmium Cadmium
Reflector Reflector Bare Covered Covered
{inches) (inches) Gold Gold Sulfur
11, 63 11, 63 3.15 x 10
16. 38 13, 75 1.37 x 108 1.14 x 108
17. 63 15 7.82 x 10" 5.00 x 10" 5.00 x 10°
19 16. 38 1.12 ¢ 108
19,75 17.13 1.17 x 10°
24, 63 18. 63 2.25 x 10" 1.82 x 10
25, 88 19. 88 1.39 x 10" 1.28 x 10 5.19 x 10°
217.25 21. 25 1.50 x 10
28 22 1.39 x 10"
32.88 23. 50 3.31 x 10° 2.58 x 10°
34,13 24.75 1. 48 x 10° 1.06 x 10° 7.11 x 10°
35, 50 26,13 1. 85 x 10°
36. 25 26. 88 1,76 x 10°
41,13 28. 38 4.29 x 10° 2,93 x 10°
42.38 29. 63 2.39 x 10° 1.79 x 10° 7.85
43,75 30 2.39 x 10°
44,88 32,13 2.77 x 10°
45. 50 32.175 1.79 x 10°
49. 38 34, 38 3.75 x108 2,23 x10°
50. 63 35. 63 1.82 x 10* 1.15 x 10* 0.96
52 37 2.6l x 10%
53.13 38.13 1.96 x 10°



v Actual
Distance
from
Reflector

(inches)
54,13

54,88
57.63
58,88
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TABLE VIII (contd.)

HW-38418

Effective Coseo . . . 160
Distance Activity - Counts/minute + gram - 100 MW
from Cadmium Cadmiurmn
Reflector Bare Covered Covered
(inches) Gold Gold Sulfur
39,13 1.96 x 10°
39, 88 1,03 x 10% )
41, 50 1,16 x 10° 4.29 x 10
42. 75 7.28 x 10° 1.73 x 10°
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Actual Effective
Distance Distance
from from
Reflector Reflector
(inches) (inches)
11. 63 11. 63
16,38 13
17. 63 14, 25
18. 88 15. 50
24,63 17. 06
25, 88 18. 31
27.13 19. 56
28 20, 44
32.88 22,13
34,13 23.38
35.38 24,63
36.38 25.63
37.31 26, 56
4]1.13 28.25
42,38 29,50
43,63 30.175
44,63 31.75
45. 63 32.75
46.69 33. 81
49, 38 35. 50

-47- HW-38418
TABLE IX
BURNOUT CONFIGURATION 3A
SATURATED ACTIVITY OF FOILS
Activity - Counts/minute - gram - 100 MW
Cadmium Cadmium
Bare Covered Covered
Gold Gold Sulfur
2,45 x 10
1.38 x 10° 1.20 x 108
1,03 x 108 9.3 x 10" 1.18 x 10*
9.00 x 107
5.20 x 107 4.4 x107
3.70 x 107 3.60 x 107 2.35 x 10°
6.40 x 10"
4.00 x 107
7 7
1,48 x 10 1.08 x 10
7.50 x 10° 6.22 x 108 2.35 x 102
9.80 x 105
1,20 x 107
9.20 x 108
5 5
9.70 x 10 7.6 x 10
4.6 x 10° 1 w2 x 100
5.30 x lO5
6.20 x 10°
6.20 x 10°
2.90 x 105
4 4
3.05 x 10 1,20 x 10



Actual
Distance
from
Reflector

(inches)
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TABLE IX (contd.)

Activity - Counts/minute -

HW-38418

gram - 100 MW

50.63
51,88
52, 88
53.88
54. 88
55. 175
57.63
58.88

Effective
Distance
from Cadmium Cadmium
Reflector Bare Covered Covered
(inches) Gold Gold Sulfur
36. 75 1.30 x 10% 7.30 x 10°
38 1.04 x 10%
39 1,40 x 104
40 1.18 x 10*
4 6.50 x 10°
41, 88 3,30 x 10°
43. 50 3.00 x 10° 8.4 x 10"
44,75 1,40 x 102 4.5 x 10}
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Actual
Distance
from
Reflector

ginches)
11,175

16.38
17.63
18.88
24.63
25.88
27.13
32,88
34,13
35,88
36.06
41.13
42,38
43.63
44.63
45,56
45, 88
49,38
50,63
51,88
52,88
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TABLE X

'BURNOUT CONFIGURATION 44

SATURATED ACTIVITY OF FOILS

HW-38418

ggget:g:ee Activity - Counts/minute - gram . 100 MW
from Cadmium Cadmium
Reflector Bare Covered Covered
(inches) Gold Gold Sulfur
11,75 2.30 x 10°
13 131 x 108 1.19 x 108
14, 25 9.44 x 10 8.62 x 10"
15. 50 8.88 x 10
17. 06 5.13 x 10" 508 x 10"
18. 31 4.61 %10 3.49 x 10" 2.00 x 10°
19. 56 3.49 x 10"
21.13 2.06 x 107 1.70 x 10"
22.38 1.50 x 107 1.25x 10" 3.06 x 10°
23. 63 2.84 x 10
24.31 1.83 x 107
25. 69 6. 71 x 10° 4,11 x 10°
26. 94 3. 91 x 10° 3.20x10°  38.7
28.19 7.34 x 10°
29.19 8. 96 x 10°
30.13 4.82 x 10°
30. 44 2.74 x 10°
31, 81 5.87 x 10° 3.30 x 10°
33.06 2.44 x 10° 1. 95 x 10°
34. 31 2.39 x 10°
35. 31 3.34 x 10°
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TABLE X (contd.)

Actual Effective . .
Distance Distance Activity - Counts/minute - gram - 100 MW
from from Cadmium Cadmium
Reflector Reflector Bare Covered Covered
(inches) (inches) Gold Gold Sulfur
53. 88 36. 31 2.67 x 10°
54. 88 37. 31 1,54 x 10°
57. 63 39.56 9.27 x 10° 2.81 x 10°
58. 88 40, 81 4.06 x 10° 1,11 x 10°

IV 90 P 1 1 1 0 AR
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ABSTRACT

Following experimental studies which had showed that thermal
effects are predominant in the deterioration of the masonite in the older
Hanford pile shields, a series of radiation attenuation measurements were
carried out in the DR test wells in which progressive burnout stages were
simulated by voids. Results of these experimental measurements are
presented for use in determining future radiation leakage problems and
their resolution.









