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ABSTRACT

This report describes the work performed by the ORNL Neutron Physics
Division in the Fast Reactor Experimental Shielding Research during the
month of January, 1974. Additional FTR and Demo-Plant first-fission
measurements were made because of a significant disagreement between
earlier measurements and calculated results. Measurements were taken

235

with several U fission counters, a bare and Cd-covered BF,_ counter,

3

and the 3-in. Bonner ball. A more comprehensive set of shield con-
figurations were analyzed with two of the configurations being duplicates
of experiments conducted during August and September 1973. Care was
taken to ensure that the effects of reflected low-energy neutrons from
either the ground or the air in back of the shield were eliminated.

The new results were found to agree to within about 10 percent for the

two configurations run earlier.
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LMFBR Shielding Experiments at the Tower Shielding Facility
FY 1974

JULY JAUG SEPT | OCT | NOV {DEC | JAN | FEB | MAR | APR | MAY | JUNE

TIA

1. FTR Inconel Cccc
Experiment
2. FTR Preliminary CccC
Stored Fuel
Experiment
3. Demo Preliminary 1 ccee | ¢
Stored Fuel
Experiment
4. Total Cross-Section CCC {ccev
Check
5. IDemo Rod Drop CCCV
6. IFTR Stored Fuel cc
Experiment Repeat
7. 2Total Cross-Section CCl| X
Check
8. Demo AI Experiment XX | XXXX | XX
9. 3pemo Stored Fuel XX | XXXX | XXXX

3-D Experiment

IThese experiments are repeats and have five weeks allocated to them beyond the previous schedule.
2This experiment was rescheduled with one week increase in time to allow for vacatioms.
3This experiment was decreased by six weeks in FY 1974.

V = Vacation
X = Scheduled
C = Completed






INTRODUCTION

This monthly report presents the progress of the Fast Reactor
Shielding program which is being conducted under 189a No. 10028. The
results obtained in the repeat of the FTR and the Demo preliminary
stored fuel experiments are documented herein. These experiments were
repeated because of a significant disagreement between the measured and
calculated results for the two experiments conducted during the months
of August and September. The new results agree to within approximately

10 percent for two of the configurations run earlier.

PROGRAM PLAN

The program plan as scheduled for this experiment was prepared by
ORNL for implementation during January FY 1974. The following is a
listing of the experimental configurations which were utilized in the

measurements of the "repeat' FTR and Demo first-fission experiments.

I. Bare Beam
A. 235U fission chambers (bare)
235 .
B. U fission chambers (Cd-covered)
IT. FTR First-Fission Experiment

A. Shield configuration 1A
Spectrum modifier (4-in. SS + 6-in. Na + 1l-in. Boral) +
2-1/2-in. Incomel + 1l-in. SS + 2-1/2-in. Inconel.
1. 235U fission counter TSF #16 (Cd-covered) on centerline
at 1-1/2 in. behind Inconel.
2. BF3 (SP-32) Cd-covered.
a. On centerline at 1-1/2-in. behind Inconel.

b. Radial traverse in horizontal plane at 1-1/2

in. behind Inconel.




3-in. Bonner ball on centerline at 1-1/2 in. behind

Inconel.

Shield Configuration 1B (Shield Configuration 1A reflected)

Spectrum modifier + 2-1/2-in. Inconel + 1l-in. SS +2-1/2-

in.

1.

Inconel + 3-1/2-in. Void + 4-in. SS

235U fission counter TSF #16 (Cd-covered) on center-

line within void at 1-1/2 in. behind Inconel.

BF3 (SP-32) Cd-covered

a. On centerline at 1-1/2-in. behind Inconel.
3-in. Bonner ball on centerline at 1-1/2 in. behind
Inconel.

3-in. Bonner ball on centerline at 1-1/2 in. behind

Inconel, 4-in. iron replaces 4-in. SS reflector.

Shield Configuration 2A

Spectrum Modifier + 2-1/2-in. Inconel + l-in. SS + 2-1/2-

in.

1.

Inconel + 24-in. Axial Shield.

235U fission counter TSF (Cd-covered) on centerline

at 1-1/2 in. behind configuration.
BF3 (SP-32) Cd-covered.
a. On centerline at 1-1/2 in. behind configuration.
b. Radial traverse on horizontal plane at 1-1/2
in. behind configuration.
3-in. Bonner ball on centerline at 1-1/2 in. behind

configuration.

Shield Configuration 2B (Shield Configuration 2A reflected)




Spectrum modifier + 2-1/2-in. Inconel + 1l-in. SS +
2-1/2-in. Inconel + 24-in. axial shield + 3-1/2-in.
void + 12-in. Na + 2-in. SS + 12-in. Na.
1. 235U fission counter TSF #16 (Cd-covered) on
centerline within void at 1-1/2 in. behind
axial shield.
2. BF3 (CP-32) Cd-covered on centerline within void
at 1-1/2 in. behind axial shield.
3. 3-in. Bonner ball on centerline within void at
1-1/2 in. behind axial shield.
Shield Configuration 3A
Spectrum modifier + 2-1/2-in. Inconel + 1-in. SS + 2-1/2-in.
Inconel + 24-in. axial shield + 12-in. Na + 2-in. SS +
12-in. Na.
1. 235U fission counter TSF #16 (Cd-covered) on centerline
at 1-1/2 in. behind configuration.
2. BF3 (SP-32) Cd-covered on centerline at 1-1/2-in.
behind configuration.
Shield Configuration 3B (Shield Configuration 3B reflected)
Spectrum modifier + 2-1/2-in. Inconel + 1l-in. SS + 2-1/2-in.
Inconel + 24-in. axial shield + 12-in. Na + 2-in. SS +
12-in. Na + 3-1/2-in. void + 24-in. Na
1. 235U fission counter TSF #16 (Cd-covered) on
centerline within void at 1-1/2 in. behind Na.

2. BF3 (SP-32) Cd-covered on centerline within void

at 1-1/2 in. behind Na.




3. 3-in. Bonner ball on centerline within void at
1-1/2 in. behind Na.
G. Shield Configuration 4A
Spectrum modifier + 2-1/2-in. Inconel + 1l-in. SS + 2-1/2-in.
Inconel + 2-in. SS + 24~in., axial shield + 12-in. Na +
2-in. SS + 12-in. Na
1. 235U fission counter TSF #16 (Cd-covered) on center-
line at 1-1/2 in. behind configuration.

2. BF3 (SP-32) Cd-covered on centerline at 1-1/2 in.
behind configuration.

3. 3-in. Bonner ball on centerline at 1-1/2 in. behind
configuration.

H. Shield Configuration 4B (Shield Configuration 4A reflected)
Spectrum modifier + 2-1/2-in. Inconel + l-in. SS + 2-1/2-
in. Inconel + 2-in. SS + 24-in. axial shield + 12-in. Na
+ 2-in. SS + 12-in. Na + 3-1/2-in. void + 24-in. Na.

1. 235U fission counter TSF #16 (Cd-covered) on center-
line within void at 1-1/2 in. behind Na.
2. BF3 (SP-32) Cd-covered on centerline within void at
1-1/2 in. behind Na slab.
3. 3-in. Bonner ball on centerline within void at 1-
1/2 in. behind Na slab.
III. Demo First-Fission Experiment
A. Shield Configuration 5A

Spectrum modifier + 10-in. blanket + 5-in. SS + 2-1/2-in.

Inconel + 2-1/2-in. void + 2-1/2-in. Inconel + 2-in. SS +




4-in. Fe + l-in. SS + 4-in. Fe + 1-in. SS + 2-in. Fe + 2-

in. SS + 48-in. Na + 2-in. SS.

1. 235U fission counter (bare and Cd-covered) on center-
line at 1-1/2 in. (and 1-5/8 in.) behind configuration.

2. BF3 (SP-32) bare and Cd-covered.

a. Within 2-1/2-in. void between Inconel slots.

b. On centerline at 1-1/2 in. behind configuration.
Shield Configuration 5B (Shield Configuration 1A reflected)
Spectrum modifier + 10-in. blanket + 5-in. SS + 2-1/2-in.
Inconel + 2-1/2-in. void + 2-1/2-in. Inconel + 2-in. SS +
4-in. Fe + 1-in. SS + 4~in. Fe + 1-in. SS + 2-in. Fe + 2~
in. SS + 48-in. Na + 2-in. SS + 3-1/2-in. void + 4-in.

Fe.
1. BF3 (SP-32) bare and Cd-covered within the void
behind 2-in. SS.

a. Vertical traverse, bare.

b. Vertical traverse, Cd-covered.

2. Fission #16 vertical traverse, Cd-covered, within

the void behind 2-in. SS.

Shield Configuration 6, followed by concrete cavity
Spectrum modifier + 10-in. blanket + 5-in. SS + 2-1/2-in.
Inconel + 2-1/2-in. void + 2-1/2-in. Inconel + 2-in. SS +
4-in. Fe + 1l-in. SS + 4-in. Fe + 1l-in. SS + 2-in. Fe + 2~
in. SS + 48-in. Na + 2-in. SS + 7-in. void + 1-in. SS +
cavity with 3/8-in. Fe and 12-in. concrete around cavity.

235

1. U fission counter (bare and Cd-covered) on

centerline at 5/16 in. behind l-in. SS in the cavity.




EXPERIMENTAL RESULTS

. cqe 23 .
A series of measurements have been taken utilizing the 5U fission

counter, the bare and Cd-covered BF3 counter, and the 3-in. Bonner ball
behind a number of mockups of the FTR and the Demonstration Plant shield
configurations. As a continuation of the FTR first-fission experiment,
measurements were taken beyond a very thin shield (shield configuration
1A), which consisted of the spectral modifier followed by 5-in. Inconel
and 1l-in. stainless steel. Measurements were also taken for the same
shield configuration with a 4-in. thick stainless steel reflector (shield
configuration 1B). The reflector was intended to eliminate any background
problems from low-energy neutrons. Shield configurations 2A and 2B
correspond to a configuration which was run in an earlier experiment as
the thinnest case. This shield contains no sodium but does contain the
axial shield mockup. This configuration differs from the earlier one in
that the 2-in. stainless steel slab forward to the axial shield was
omitted. Measurements were also taken beyond an intermediate thickness
shield (shield configuration 3A), which included the spectral modifier,
the Inconel region, and the 24-in. axial shield followed by 24-in.

sodium and 2-in. stainless steel. In this shield configuration, a 2-
in.~-thick piece of stainless steel, which should have been inserted

prior to the 24-in.-thick axial shield, was inadvertently left out of

the program plan. A complete set of measurements were obtained for this
shield configuration, both unreflected and reflected, (shield configuration
2B) before it was determined that the 2-in. slab had been omitted. The
2-in. stainless steel slab was added to correct the intermediate thickness

shield (now designated as shield configuration 4A) and a complete set of




measurements repeated for both unreflected and reflected (shield configuration
4B) conditionms.

Measurements were also taken with the large cavity and the concrete
reflector (shield configuration 6) and also with the Demo Plant full
radial shield mockup (7-in. void and 1l-in. steel guard vessel omitted).
Measurements were taken in the latter case for unreflected and reflected
conditions (shield configuration 5A and 5B, respectively).

Figure 1 shows configuration 1A in the FTR first fission repeat
experiment. Figure 2 shows the same shield configuration with a 4-in.
stainless steel reflector added beyond a 3-1/2-in. void into which the
detectors were inserted for the measurements. Figure 3 shows shield
configuration 2A and Fig. 4 shows the reflected case where the reflector
is approximately 24-in. sodium. Figure 5 shows the configuration for
the intermediate thickness shield where the stainless steel slab was
omitted from the configuration. Figure 6 shows the intermediate thick-
ness shield configuration with a 24-in. sodium reflector. Figures 7 and
8 show the intermediate thickness shield configuration (with the 2-in.-
SS slab added before the axial shield) in the unreflected and reflected
conditions respectively.

The characteristics of the various fission counter detectors used
in this experiment are described in Table 1. TSF No. 16 is the TSF fission
counter, the efficiency of which has been determined through a series of
comparison measurements with a 239Pu chamber of known efficiency.
Measurements were taken with three other fission counters having various
geometries and 235U deposit thicknesses. The efficiency factors are

closely related to the thickness of the 235U deposits in the detector.



The efficiency factor was checked by placing the counter in the bare
beam from the TSR and comparing the counting rate with a calculated
counting rate. The results were reported in ORNL-TM-4420. The efficiency
factors given in Table 1 were determined for the I&C detector and also
the RS and the Y-12 detectors on the basis of the thickness of the 235U
deposit on the collecting electrodes. The data presented in Table 2
gives the fission rate in the various detectors per gram of uranium
based on the efficiency factors given in Table 1. This fission rate
should be about the same for all of the detectors because they were exposed
to identical neutron fluxes. There is relatively good agreement between
TSF No. 16 and the Y-12 chamber. Both of these detectors have a 235U
surface density of one milligram per square centimeter. It would appear
that the efficiencies for the RSP 6 and the M-1037 chambers are not
adequately known.

Table 3 presents the fission counter measurements obtained utilizing
the TSF No. 16 counter beyond the various FTR shield configurations.
Data are presented for both the Cd-covered and bare measurements. Table

4 presents the BF, detector measurements behind the various FTR shield

3
configurations, again for both Cd-covered and bare detectors. Table 5
presents the 3-in. Bonner ball results taken beyond the various FTR

shield configurations. Table 6 gives a Cd-covered BF, counter traverse

3
taken behind the unreflected partial shield (shield configuration 1A).
This data was taken to determine whether or not there were local streaming
effects from the sides of the shield configuration which could contribute

to the thermal flux at the center of the shield. The results given in

Table 5 seem to indicate that no such streaming effects were present.




Table 7 gives a similar traverse beyond the somewhat thicker shield
(shield configuration 2B), and again there is no indication of a streaming
problem.

Figure 9 shows shield configuration 5A in the '"repeat' Demo first-
fission experiment and represents the full radial shield mockup with the
exception of a 7-in. void and a l-in.-thick steel guard vessel. Figure
10 shows a reflected version of that shown in Fig. 9 (shield configuration
5B). The reflector consists of 4-in. Fe beyond a 3-1/2-in. void. Table
8 presents 235U fission counter measurement in both of the shield
configurations shown in Figs. 9 and 10. Data are presented for two
fission counters, the TSF counter #16 and the more sensitive I&C fission
counter. Measurements were taken with both counters behind this configuration
in order to get a direct comparison between counting rates for the two
counters. The data were taken for the reflected configuration in order
to eliminate the low energy neutron background caused by ground or air
returns. Examination of the ratio of the bare to cadmium-covered detectors
for the reflected and unreflected configurations indicates there is
likely a considerable contamination of low energy flux in the unreflected
configuration. Even for the reflected measurement there is a slight
contamination due to thermal neutrons in-leakage from the edge of the
system, as shown by the change in cadmium ratio for the cases where the
cadmium was inserted on the sides and top and bottom of the inside
surfaces of the cavity.

Table 9 gives the BF3 measurements for the Demo first-fission

shield configurations 5A and 5B. Measurements were taken in the 2-1/2-

in. void in the forward region of the shield and also behind the full
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shield configuration. Again, a change in cadmium ratio can be noted
between the measurements internal to the shield and that external to the
shield. As seen in the reflected configuration, even the lithium paraffin
near the edge of the shield appears to increase the cadmium ratio for

the BF3 detector. Table 10 presents a series of bare BF3 counter vertical
traverses made in the 3-1/2-in. void. These measurements were taken to
determine whether there were streaming problems from low energy neutrons
from the sides edge of the shield to the centerline measurement position.
Table 11 presents the cadmium-covered BF3 vertical traverses within the
3-1/2-in. void and also the cadmium-covered fission counter vertical
traverses taken in the 3-1/2-in. void beyond the Demo shield.

Figure 11 presents a plot of the radial traverses taken with both
the BF3 and the 235 fission counter in the 3-1/2-in. void beyond the
Demo first fission shield configuration 5B. As can be seen by the
upturn in the curves near the edges of the configuration, there are
cases where there is a streaming component of neutrons into the cavity
from the concrete at the bottom of the shield and from the region above
the top of the shield. For the cadmium~covered measurements there
appears to be no significant problem due to streaming into the center of
the cavity for either the BF3 counter or the cadmium-covered fission
counter. It can be seen that cadmium on the bottom of the void has an
effect clear to the center of the void in reducing the counting rate of
the bare detector.

Figure 12 shows the configuration for fission counter measurements

taken beyond the full Demo radial shield, shield configuration 6. The

bare response was within 10 percent of the value measured in the earlier
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experiments. Table 12 presents fission counter measurements in the
concrete cavity beyond the full shield configuration.

The composition of the boroplaster used in the FTR ex-vessel
experiment reported in the August & September Progress Report is presented
in Table 13. The material was obtained from Reactor Experiments, San

Carlos, California.
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