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PHASE 1 MFASUREMENTS FOR THE HTGR BOTTOM REFLECTOR AND
CORE SUPPORT BLOCK NEUTRON-STREAMING EXPERIMENT

ABSTRACT

This report presents the Phase 1 measurements of the High-Temperature Gas-Cooled Reactor Bot-
tom Reflector and Core Support Neutron Streaming Experiment conducted at the ORNL Tower
Shielding Facility during FY-1983. In this phase the first four of eight segments that comprise the full
experimental mockup were utilized. These were (1) an upper boron pin layer (graphite matrix) fol-
lowed by a boral shroud, (2) a graphite reflector layer, (3) a graphiie coolant crossover layer, and (4) a
graphite follow-on layer, all containing coolant holes. A collimated beam from the Tower Shielding
Reactor 11 was used as the neutron source. In order to obtain a spectrum of neutrons more nearly like
the spectrum expected from the HTGR, an iron and graphite spectrum modifier was inserted in the
TSR-11 beam ahead of the experimental mockup, The various experimental configurations tested
resulted from the successive addition of the four graphite layers to the mockup. Neutron energy spectra
were measured behind the spectrum modifier and the boron pin layer and integral neutron fluxes were
measured behind the spectrum modifier and behind each of the four layers. The measurements were
divided into two parts, the two parts differing in the composition of the boron pin layer. During Part I,
a reference pin pattern was used which consisted of a combination of graphite and boronated graphite
pins. During Part 11, a full pattern of boronated graphite pins was used. The experimental data are
presented in both tabular and graphical form.

1. INTRODUCTION

During FY-1983, a series of measurements were performed at Oak Ridge National Laboratory’s
Tower Shielding Facility to provide data for the verification of the calculational methods used to predict
the transport of radiation through the bottom reflector and core support structure of General Atomic
Company’s current design of the High Temperature Gas-Cooled Reactor (HTGR). The measurements
comprised the first phase of a two-phasc experimental study and thus have been designated as the Phase
1 measurements of the HTGR Bottom Reflector and Core Support Block Neutron-Streaming Experi-
ment.

In the HTGR, the principal shielding problem in the bottom reflector and core support block region
is the downward streaming of neutrons from the reactor inside the lower plenum through the many
coolant holes that penctrate the region. In an attempt to inhibit the neutron streaming through these
holes, the HTGR design specifies that two regions of the bottom reflector contain boron in the form of
boronated graphite pins inserted into small holes drilled in the reflector’s graphite matrix. One boron
pin region lies directly below the core in a part of the reflector that contains numerous small coolant
holes, while the other is located in a lower portion of the reflector in which the small coolant holes have
merged into six large coolant holes.

The Phase 1 measurements reported on here were designed both to determine the extent of neutron
streaming through the upper portion of the bottom reflector and to investigate the effectiveness of the



upper boron pin region in reducing the streaming. For thesc measurements, an experimental configura-
tion was fabricated which consisted of four segments identified as (1) an upper boron pin layer, (2) a
reflector layer, (3) a crossover layer, and (4) a follow-on layer, all containing simulated coolant holes.

The experiment was divided into two parts, the two parts differing in the pattern of "pins® used in
the upp:r boron pin layer. During the Part 1 measurements, nearly equal numbers of boronated
graphitz piny and plain graphite pins were inserted in the layar in a pattern identified as the reference
pattern, During the Part [I measurements, only boronated graphite pins were used, and the pattern was
referred to as the full pattern,

The experimental configuration was positioned in a horizontal beam emerging from the Tower
Shielding Reactor 11 (TSR-II). Preceding the configuration in the beam were slabs of ir.., and gra-
phite that modified the TSR-II neutron spectrum to more nearly resemble the neutron spectrum emerg-
ing from the bottom of the HTGR core. These slabs are referred to as the "spectrum modifier.”

The relative effectiveness of the two pin patterns in reducing neutron streaming was investigated by
perflorming both integral neutron-flux measurements and fast-neutron spectral measurements behind the
two boron pin layers, as well as behind the spectrum modifier. Further streaming through the mockup
was investigated through integral measurements behind each of the successive layers of the mockup as
they were added to the experimental configuration. The integral measurements were made with the
Bonner ball detector system developed at the TSF, and the spectral measurements were made with an
NE2} 3 liquid scintillator spectrometer and hydrogen-filled proton-recoil counters.

In the Phase Il measurements, which will be completed in FY 1984, four additional segments will
be added to the mockup, including a segment representing the lower boron pin layer.

2. INSTRUMENTATION

The TSF Bonner ball detection system consists of a series of detectors (balls), each of which meas-
ures an integral of the neutron flux weighted by the energy-dependent response function for that ball.
The detection device of a Bonner ball consists of a 5.1-cm-diameter spherical proportional counter filled
with BF, gas ('9B/B concentration = 0.96) to a pressure of 0.5 atmospheres. In order to cover a range
of neutron energies, the counter is used bare, covered with cadmium, or enclosed in various thicknesses
of polyethylene shells surrounded by cadmium, each detector being identified by the diameter of its
shell. Bonner ball experimental results are predicted analytically by folding a calculated neutron spec-

truzm with the Bonner ball response functions determined by Maerker et al.! and by C. E. Burgart et
al.

The NE213 liquid scintillator spectrometer covered the neutron spectral region from about 800 keV
to 15 MeV. The pulse-height data obtained with the spectrometer were unfoided with the FERD code?
to yield absolute neutron energy spectra.

The spherical proton-recoil counters, filled w:th hydrogen to pressures of 1, 3, and 10 atmospheres,
covered the neutron energy range from about 50 keV to 1 MeV. Pulse-height data from the counters
were unfolded with the SPEC-4 code,* which uses the unfolded NE213 neutron spectrum for the high-
energy input.

The measurements for each detector were referenced to the reactor power (watts) using as a basis
the data from two fission chambers positioned along the reactor centerline. The response of these
chambers as a function of reactor power level was established previously through several calorimetric
measurements of the heat generated in the reactor during a temperature equilibrium condition (heat-
power run).



3. EXPERIMENTAL CONFIGURATIONS

The experimental program plan (see Appendix A) called for neutron measurements to be made
behind the graphite segments mocking up the various sections of the HTGR bottom support structure
as they were added to the configuration. The source for the measurements was to be the TSR-11; how-
ever, as pointed out in the introduction, it was first necessary to modify the spectrum of neutrons
emerging from the TSR-II to more nearly resemble the spectrum of neutrons predicted to emerge from
the bottom of the HTGR. Preanalysis calculations® for the experiment fixed the composition and thick-
ness of the spectrum modifier and contributed to the design of the various graphite segments, all of
which are described below.

3.1 SPECTRUM MODIFIER

The preanalysis calculations indicated that 5.1 cm (2 in.) of iron followed by 30.5 ¢m (12 in.) of
graphite placed in the TSR-II beam would provide a spectrum of neutrons representative of those leav-
ing the HTGR core. In the experiment the iron slab (see Fig. 1) was one solid piece 152.4 ¢cm (60 in.)
on an edge. The graphite slab was built from pieces that were 10.16 cm (4 in.) on a side and 121.9 cm
(48 in.) long and were stacked to make a slab equivalent in width to the iron slab. A listing of the
metallic components found in the iron and graphite are given in Tables | and 2, respectively. (Not~
All tables are included in Appendix B.)
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The spectrum modifier (SM) was surrounded with a 91.5-cm (36-in.) thickness of concrete to
minimize the amount of background radiation reaching the detector. The inner 30.5 cm (12 in.) of the
concrete consisted of small blocks 15.2 cm on edge and 30.5 cm long (6 in. facing, 12 in. long), and the
outer 61 cm consisted of large blocks 61 cm on edge and 30.5 ¢cm thick (24 in. facing, 12 in. thick).
The results of chemical analyses of the blocks in the two layers are presented in Tables 3 and 4.

As indicated in Fig. 1, the spectral measurements were made at 125.4 cm beyond the SM. The
15.4-cm-thick iron slab (actually threc pieces, each approximately 5 cm thick) shown positioned
between the SM and the detector was in place for the spectral measurements to reduce the gamma-ray
flux at the detectors.

3.2 UPPER BORON PIN LAYER

The upper boron pin layer consisted of four pieces of graphite 20.3 cm (8 in.) thick and 55.88 cm
(22 in.) on a side, each piece containing an identical pattern of 1.27-cm- and 1.588-cm-diameter holes
(0.5 and 0.625 in.). When the four picces were combined, the hole patterns were grouped into seven
hexagons, six centered around one. The pieces were surrounded by additional graphite to make the
mockup 152.4 cm (60 in.) on a side, as shown in Fig. 2, and the entire layer was then surrounded by
concreie as described in Sect. 3.1,

The six outer hexagons were identical, each containing 216 of the smaller (1.27-cm-diameter) holes
and 108 of the larger (1.588-cm-diameter) holes. The center hexagon contained the same number of
the smaller holes, but only 68 of the larger holes. Thus, the boron pin layer contained a total of 1512
of the smaller holes and a total of 716 of the larger holes,

As mentioned previously, for the Part I measurements, some of the smaller holes (770) were filled
with boronated graphite (BG) pins and some (738) were filled with graphite pins. (Four of the small
holes accommodated permanent graphite pins as described in the following paragraph.) For the Part 11
measurements, all the smaller holes (except those containing the four permanent graphite pins) were
filled with BG pins. The larger (1.588-cm-diameter) holes represented flow paths for the cooling gas
and thus were left open.

The arrangement of BG and graphite pins used in the Part I measurements is referred to as the
reference pattern ard is shown in Fig. 3, where the dark holes represent locations of the BG pins and
the small clear circles indicate holes filled with graphite pins. (Figure 3 actually shows only one-fourth
of the pin array.) The one hole marked with an X in the partial center hexagon (fifth vertical row from
left, third hole from top) identifies the location of one of the four permanent graphite pins, the others
being located in carresponding positions in each of the other three pieces of the boron pin layer.

The arrangement of the all-BG pins used in the Part II measurements is referred to as the full pat-
tern and is shown in Fig. 4. As noted above, in this pattern all the graphite pins except the four per-
manent ones were replaced with BG pins.

The BG pins were extruded (by the General Atomic Company) from graphite flour, nuclear grade
boron carbide (19.8 at % '°B), and a phenolic binder. Table 5 gives the average properties of the pins
as submitted by the vendor, together with the results from two chemical analyses performed at QOak
Ridge National Laboratory.

The graphite pins and the graphite matrix in the four segments, supplied by Airco Carbon, were
fabricated from grade 873S carbon and had a density of 1.75 g/cc. The results of three ORNL ana-
lyses of the graphite are given in Table 6.
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Fig. 2. Photograph of upper boron pin layer (Item 11 A).
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A diagram of the experimental configuration containing both the SM and the boron pin layer is
shown in Fig. 5. (The figure also shows the three-piece iron layer placed behind the configuration dur-
ing the spectral measurements and for one series of 3-, 6-, and 10-in. Bonner ball measurements at the
spect-ometer location, )

A boral shroud (iris), 0.66 cm thick (0.26 in.) and 152.4 cm on a side, was positioned directly
behind the boron pin layer. As shown in Fig. 6, the interior surface of the shroud followed the outline
of the seven-hexagon array, so that the pins and coolant holes were exposed to the next segment of the
mockup (the reflector layer). The properties of the boral are given in Table 7, and the position of the
shroud in the experimental configuration is shown in Fig. 7.

3.3 REFLECTOR LAYER

The reflector layer following the upper boron pin layer and the boral shroud also consisted of four
picces of graphite placed edge on and surrounded by additional rectangular pieces of graphite to form a
22.9-cm-thick (9-in.-thick) by 152.4-cm-square slub whose edges were surrounded by concrete. The
layer contained 716 coolant holes whose diameter (1.588 cm) and locations matched those in the
preceding boron pin layer. A photograph of the reflector layer in position is shown in Fig. 8, and a
sche.uatic of the coolant holes in one of the four pieces of the layer is presented in Fig. 9.
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Fig. 6. Photograph of boral shroud (iris) behind upper boron pin layer.
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Fig. 8. Photograph of reflector layer (Items II B and III B).
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It should be noted that in the actual HTGR design of the bottom reflector for the reactor, the small
(1.588 cm diameter) coolant holes simulated in this reflector layer would be slanted to better receive
coolant gas flowing upward from large coolant holes in the next layer (see Sect. 3.4 below), However,

for this experimental model, the holes in the reflector layer were drilled parallel to the axis of the
model.

3.4 CROSSOVER LAYER

Like the preceding layers, the crossover layer was graphite that was also assembled in four picces.
It was 40.6 cm thick (16 in.) and contained seven large coolant holes whose centerlines were coincident
with the axes of the seven hexagons defined in the reflector layur. The six outer holes had diameters of
19.18 cm (7.55 in.), and the center hole had a diameter of 16.76 cm (6.60 in.). Since the small coolant
holes in the reflector layer were not slanted for this experiment, some of the holes were located outside
the diameter of the large hole and were abruptly ended at the reflector crossover interfacc. A photo-
graph of the crossover layer as mocked up for this experiment is shown in Fig. 10.

It is also apparent from Fig. 10 that the ends of the coolant holes in the center hexagon that project
from the reflector layer into the ciossover layer are not directly exposed to the larger center hcle that
follows. Instead, the smaller coolant holes in the center hexagon are dead-ended approximately halfway
through the layer as shown in Fig. 11. Again, this is a design criterion for this experiment only, for in
the HTGR the holes would slant and flow into the big hole. The large center hole extending through

the remainder of the layer was then connected to each of the six outer holes via 7.62-cm-diameter
(3-in.) voids.

A diagram of the experimental configuration with the crossover layer added is shown in Fig. 12.

3.5 FOLLOW-ON LAYER

The last layer added to the mockup was the follow-on layer, referred to as layer D in the experimen-
tal plan in Appendix A. As were the preceding layers, the follow-on layer was made of four pieces of
graphite, It was 35.8 cm thick (14.1 in.) and provided for the continuation of the six large outer
coolant holes from the crossover layer. It did not, however, provide for a continuation of the center
hole, whict was dead-ended at the inner surface of the follow-on layer as shown in Figs. 13 and 14.
The corresponding full experimental configuration is shown in Fig. 15.

3.6 CONFIGURATION DIMENSIONS: PART I vs. PART II

As mentioned earlicr, the only difference in the composition of the experimental mockup for the
Part I and Part II measurements was the replacement of the graphite pins in the upper pin layer in Part
I with boronated graphite pins. However, to exchange the pins it was necessary to remove all four
layers of the mockup, and repositioning them led to small differences in the distances from the backs of
the configurations to the center of the reactor. These differences are noted in Table 8, which gives the
dimensions from the reactor center to the back of each layer for both sets of measurements. Note that
the dimensions given on the schematics of the various configurations referred to earlier are the dimen-
sions for the Part 1 measurements.



Fig. 10. Photograph of crossover layer (Items II C and I11 C).
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T

4. SPECTRUM MODIFIER MEASUREMENTS (Items I A, I AA)’

Measurements of the spectra of fast neutrons behind the SM were made with both the NE213 liquid
scintillator and the hydrogen-filled proton-recoil detectors, Each detector was located on the beam
centerline 125.4 cm behind the graphite and was protected from high gamma-ray fluxes by the inter-
vening 15.4-cm-thick iron slab shown in Fig. 1. The iron slab was positioned 34 cm behind the SM,
which left 76 cm between the back of the slab and the detector. The resulting energy spectra are plot-
ted in Figs. 16 and 17 and listed in Tables 9 and 10 for the NE213 spectrometer and the proton-recoil
detector, respectively.

Integral neutron flux measurements with the 3-, 6-, and 10-in.-diameter Bonner balls were also
made on the beam centerline 125.4 cm behind the SM, both with and without the intervening iron slab.
These results are shown in the first two lines of Table 11.

* Refer to item numbers in data plan given in Appendix A.
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Finally, with the iron slab removed, Bonner ball traverses were made in the horizontal midplane of
the configuration at two specified distances behind the SM. In one series, measurements were mgde
with the bare BF; counter, the Cd-covered counter, and the 5.in.-diameter Bonner ball as close behind
the SM as was feasible. In another, measurements were made with these three detcctors plus the
10-in.-diameter Bonner ball at a distance of 30 cm behind the SM. The data from these traverses are
presented in Tables 12 and 13, respectively.

Following the above measurements, the upper boron pin layer (with 770 BG pins and 738 graphite
pins) was temporarily positioned 15 cm behind the SM and the Bonner ball measurements close behind
the SM were repeated. The results of these measurements, given in Table 14, show a substantial
increase in the count rate due to neutrons that were backscattered by the boron pin layer. (For these
runs the boron pin layer was not surrounded by concrete.)

5. PART I MEASUREMENTS: CONFIGURATIONS WITH
REFERENCE PIN PATTERN

5.1 SM + UPPER BORON PIN LAYER (Items II A, AA, AAA, AAAA)

For the measurements listed under Section II of the data plan, the reference pin pattern was used in
the upper boron pin layer; that is, the layer contained 770 BG pins and 738 graphite pins at the loca-
tions indicated in Fig. 4. Neutron spectral measurements were made on the beam centerline at a dis-
tance of 134.5 cm behind the boron pin layer with both the NE213 spectrometer and the hydrogen-
filled proton-recoil counters. Again it was neccssary to insert the 15.4-cm-thickness of iron between the
mockup and the spectrometers to reduce thc gamma-ray intensity at the detector location, The result-
ing spectra are plotted in Figs. 18 and 19 and listed in Tables 15 and 16 for the NE213 spectrometer
and the proton-recoil counter, respectively.

Integral neutron flux measurements were also made at the 134.5-cm distance with the 3-, 6-, and
10-in.-diameter Bonner balls, both with and without the intervening iron slab, and the results are
included in Table 11.

Bonner ball measurements werc made beyond the boron pin layer along traverses in both the vertical
midplane and the horizontal midplane of the experimental configuration, The results from a vertical
traverse with the 5-in.-diameter ball at a distance of 30 cm behind the mockup are given in Table 17,
and those from horizontal traverses with the bare and Cd-covered counters as close as feasibie behind
the configuration are given in Table 18. The results of a horizontal traverse with the bare and Cd-
covered BF, counters and the 5- and 10-in.-diameter Bonner balls at a distance of 30 cm are given in
Table 19, and measurements with the same detectors on the beam centerline at a distance of 300 cm
beyond the configuration are given in Table 20. (An attempt was made to also perform Hornyak but-
ton measurements directly behind the configuration to define possible neutron-streaming effects down
the coolant holes, but the idea was abandoned when it was noticed that the gamma-ray flux was so
strong compared to the fast-neutron flux that obtaining meaningful data would not be possible.)

As called for under ltem II AA in the data plan, horizontal traverses with the bare and Cd-covered
BF; counters were also made close behind the boral shroud following the boron pin layer. These data
are compared with those taken directly behind the boron pin layer in Table 18.

For the final series of measurements behind the boron pin layer, the reflector layer was temporarily
positioned 15 cm behind the boron pin layer, and measurements were made with the bare and Cd-
covered BF; counters along a horizontal traverse in the intervening gap, both with and without the boral
shroud present. The results are given in Table 21.
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Fig. 18. Spectrum of high-energy neutrons (>0.8 MeV) on centerline 134.5 cm beyond upper boron
pin layer (Item II A, reference pin pattern): Run 7833B.
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5.2 SM + UPPER BORON PIN LAYER + BORAL SHROUD + REFLECTOR LAYER
(Items 11 B, BB)

After the reflector Jayer was added to the mockup, only Bonner ball measurements were made.
(The intensities of the high-cnergy neutrons beyond the reflector layer and the subsequent layers had
been sufficiently reduced to preclude making meaningful spectral measurements.)

The first measurements behind the reflector layer were traverses in the horizontal midplane of the
configuration with the bare and Cd-covered counters as close behind the configuration as was feasible
(see Table 22). Horizontai traverses were also made with the bare and Cd-covered counters and with
the 5- and 10-in.-diameter Bonner balls at a distance of 30 cm beyond the configuration (sec Table 23).
In addition, measurements were made with all four detectors on the beam centerline at a distance of
300 ¢cm beyond the configuration (see Table 20).

Again, the next layer of the mockup — in this case, the crossover layer — was placed 15 cm behind
the configuration, and measurements were made with the bare and Cd-covered counters along horizon-
tal traverses within the void. These count rates are given in Table 24,

8.3 SM -+ UPPER BORON PIN LAYER + BORAL SHROUD + REFLECTOR LAYER
+ CROSSOVER LAYER (Items II C, CC)

The same series of measurements described in Sect. 5.2 were repeated behind the configuration in
which the crossover layer had been added. Data from the traverses close behind the configuration are
included in Table 22, those from the traverses 30 cm beyond the configuration are given in Table 25,
and those obtained on the beam centerline 300 cm beyond the configuration are included in Table 20,

The data obtained within the void formed by the addition of the follow-on Jayer 15 cm behind the cross-
over layer are included in Table 24,

S.4 SM + UPPER BORON PIN LAYER + BORAL SHROUD + REFLECTOR LAYER
+ CROSSOVER LAYER + FOLLOW-ON LAYER (Item II D)

The addition of the follow-on layer (layer D) beyond the crossover layer completed the experimental
mockup for the Part 1 measurements. Again, measurements were made close behind the mockup (see
Table 22), 30 cm beyond the mockup (see Table 26), and on the beam centerline 300 cm beyond the
mockup (see Table 20),

In addition to the above, measurements were made with the bare and Cd-covered counters along the
axis of the large coolant hole that was located directly to the left of the center hexagon as one looks
from behind the configuration toward the reactor. The traverses began near the reflector segment,
passed through both the crossover layer and the follow-on layer and then continued beyond the confi-
guration for several centimeters. Data for these measurements are given in Table 27.
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6. PART 11 MEASUREMENTS: CONFIGURATIONS WITH FULL PIN PATTERN

6.1 SM + UPPER BORON PIN LAYER (Items III A, AA, AAA, AAAA)

For this part of the experiment the number of BG pins in the upper pin layer was increased from
770 to 1508 by replacing all of the graphite pins in the reference pin pattern with BG pins (except the
four permanent graphite pins described in Sect. 3.1). As noted earlier, this pin pattern is referred to as
the full pin pattern. The measurements behind the boron pin layer with this pattern were compared
with those behind the layer with the reference pin pattern to show the effect that the additional boron
in the layer had on neutrons streaming through the support block.

Neutron spectra were obtained with both the NE213 spectrometer and the hydrogen-filled proton-
recoil detectors on the beam centerline at a distance of 125.5 cm behind the boron pin layer, and, again,
the spectrometers were protected from the high gamma-ray flux by the 15.4-cm thickness of iron. The
spectral data for the NE213 spectrometer and the hydrogen counters are plotted in Figs. 20 and 21,
respectively, and are listed in Tables 28 and 29, respectively. Bonner ball data obtained at the same
location, with and without the iron present, are included in Table 11,
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Fig. 20. Spectrum of high-energy neutrons (>0.8 MeV) on centerline 125.5 cm beyond upper pin
layer (Item III A, full pin pattern): Run 7835B.
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Bonner ball measurements were also made beyond the configuration along traverses in both the vert-
ical midplane and the horizontal midplane of the configuration. The results of a vertical traverse with
the S-in.-diameter ball 30 cm beyond the configuration are included in Table 17 and those from hor-
izontal traverses with the bare and Cd-covered counters and with the S- and 10-in.-diameter balls, also
30 cm beyond the configuration, are presented in Table 30. Data obtained with these same detectors on
the centerline 300 cm behind the configuration are included in Table 20.

Measurements with the bare and Cd-covered counters were also made close behind the mockup,
both with and without the boral shroud behind the upper pin layer (see Table 31). Finally, the reflector
layer was placed 15 cm beyond the upper pin layer, and the measurements were repeated in the void
between the pin layer and the reflector layer, both with and without the boral shroud present. These
data are given in Table 32.

6.2 SM + UPPER BORON PIN LAYER + BORAL SHROUD + REFLECTOR LAYER
(Items 111 B, BB)

The measurements behind this configuration were essentially repeats of those described in Sect. 5.2.
The results from horizontal traverses close behind the reflector layer with the bare and Cd-covered
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counters are given in Table 33, and those from horizontal traverses 30 cm beyond the configuration
with the bare and Cd-covered counters and the 5. and 10-in.-diameter Bonner balls are giver in Table
34, The centerline measurements 300 cm behind the reflector layer with these same four detectors are
included in Table 20. And the data from the horizontal traverses with the bare and Cd-covered
counters within the 15-cm-thick void between the reflector and crossover layer are given in Table 35.

6.3 SM + UPPER BORON PIN LAYER + BORAL SHROUD -+ REFLECTOR LAYER
+ CROSSOVER LAYER (Items III C, CC)

As was the case for the two previous layers, these measurements in Part [I beyond the crossover
layer were repeats of those made behind the crossover layer in Part I (see Sect. 5.3). The results from
the horizontal traverses close behind the crossover layer with the bare and Cd-covered counters are
included in Table 33, and those from the horizontal traverses 30 cm beyond the crossover layer with the
bare and Cd-covered countars and the 5- and 10-in.-diameter Bonner balls are given in Table 36. Data
obtained from the horizontal traverses with the bare ar.d Cd-covered counters within the void created
when the follow-on layer was positioned 15 cm behind the crossover layer are incl <d in Table 35.
Results from the measurements with the four detectors on ~cnterline at the 300-cm point are included
in Table 20,

6.4 SM + UPPER BORON PIN LAYER -+ BORAL SHROUD + REFLECTOR LAYER
+ CROSSOVER LAYER + FOLLOW-ON LAYER (item I1I D)

For this final experimental configuration, horizontal traverses were again made as close behind the
mockup as possible with the bare and Cd-covered ccinters (see Table 33), at a distance of 30 cm
beyond the configuration with the bare and Cd-covered counters and the 5- and 10-in.-diameter Bonner
balls (see Table 37), and on the beam centerline at the 300-cm distance with all four detectors (see
Table 20). Finally, measurcments were made again along the axis of the same large coolant hole
described in Sect. 5.4. These results are given in Table 38,

7. ANALYSIS OF EXPERIMENTAL ERRORS

The errors associated with the measurements are due to a number of uncertainties: in the sizes of
voids unavoidably introduced in the configurations; in the positions of the detectors and in their count
rate statistics and calibrations; in the reactor power determinations; and in the effects of the exposure of
the configurations to the weather. Of these, the uncertainty due to exposure is the least understood and
probably beyond simple estimation. The uncertainty is associated with the moisture absorbed within the
graphite and the concrete placed around the graphite and its effect on the neutron transmission through
the mockup. During the experiment, however, the configurations were covered with a tarpoulin to
minimize this effect. Best estimates would put the variation in attenuation for the low-energy neutrons
under 10%, with even less change occurring for the high-energy neutrons.

In order to minimize the void spacings between segments in the configurations, the graphite pieces
used in the mockup were precisely machined and had smooth, flat surfaces that allowed relatively accu-

rate positioning. Thus the error in determining the thickness of the mockups in this experiment was
small.
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Movement of the Bonner balls along a traversing mechanism can vary the detector location with
respect to the configuration several millimeters on either side of a straight line. For the measurements
close behind the configurations (at a distance of approximately 4 ¢m), such variations in the detector
position could amount to a change in the count rate of about 5%. For the measurements 30 cm beyond
the configurations, the change would probably be less than 1 to 2%.

The errors attributed to the measurements are expressed in a manner appropriate to each detector
system. For the NE213 spectrometer, only the counting statistics and unfolding errors are included in
the unscramblizg of the pulse-height spectra with the FERD code, with the resultant flux being
expressed in terms of lower and upper limits that represent a 68% confidence level. Similar errors are
calculated for the hydrogen counter measurements unfolded with SPEC 4, For the Bonner balls, the
statistical error in the detector count rate was kept to 1 to 2% by collecting an adequate number of
counts. Calibrations of the detector over the experimental period indicated less than a 5% spread.

The TSR-11 power level for each measurement was determined from the output of two fission
chambers located in the reactor shield along the midplane of the reactor. The response of these
chambers to the reactor source was monitored prior to the experiment through the use of gold foils and
found to agree, within several percent, to the established reactor power values. These detectors were
calibrated on a daily basis using a 2*>Cf source, with the calibration values lying within about a 6%
spread (+3% of an average value). During any one detector traverse in a given day, the variation in
the reactor nower indicated by the monitor outputs was at most only a few percent; however, during the
several months the experiment was being performed, the monitors indicated variations of about +5%.
Thus, the uncertainty in the reactor power determination was assumed to be *5%.

Rather than calculate probablc errors for each one of a series of measurements in a traverse or for
any onc traverse, we prefer, in general, to quote a value for the error in the measurements for a given
experiment. Thus, assuming the estimated upper limit for all the errors, the errors assigned to the
Bonner ball measurcments should be less than +10%. For the spectral measurements, it should be
noted that they do not reflect the uncertainties associated with the reactor power determination, which
could be, as discussed above, as high as 5%.

8. DISCUSSION OF RESULTS

8.1 SPECTRAL MEASUREMENTS

The measurements of the energy spectra of neutrons behind the spectrum modifier (see Figs. 16 and
17) and behind the two boron pin layers, one containing the reference pin pattern (Figs. 18 and 19) and
the other the full pin pattern (Figs. 20 and 21), showed that the spectra of fast neutrons behind the
boron pin layers were essentially the same both in magnitude and in shape, and, further, that the spec-
trum observed behind the spectrum modifier also had the same shape. Both boron pin layers reduced
the magnitude of the spectrum by about a factor of five.

8.2 BONNER BALL MEASUREMENTS

Bare CQunta' Measurements 30 cm Beyond Configurations. The count rates from the horizontal
traverses with the bare BF; counter at a distance of 30 cm beyond the various configurations for both
pin patterns are compared in Fig. 22. The figure shows that the count rates behind the boron pin layers
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Fig. 22. Count-rate profiles for bare BF, counter along horizontal traverses 30 cm beyond each con-
figuration (Items 1I A-D and III A-D).

were somewhat lower in the vicinity of the centerline than near the edges of the configurations for both
the reference pin pattern and the full pin pattern. The figure also shows that replacing the graphite
pins in the reference pin pattern with BG pins reduced the count rates by about 20%.

With the boral shroud and the reflector layer added to the configurations, the difference between
the bare counter curves for the two pin patterns is more pronounced and the shapes of the curves are
altered. The count rates on the centerline behind the configurations were reduced by a factor of four
for the reference pin pattern and by a factor of six for the full pin pattern. Near the edges of the confi-
guration the reduction was greater due to the presence of the boral outside the pin area between the
upper pin layer and the reflector, but the spread between the curves for the two pin patterns was less.

When the crossover layer was added to the configuration containing the reference pin pattern, the
count rate from the bare counter was unchanged (within the hexagon areas only) from that observed
behind the reflector layer. Beyond the pin area there was a noticable decrease. However, adding the
crossover layer to the configuration containing the full pin pattern increased the count rate on tke

centerline by 30%. Beyond the pin area the count rates fell below those at corresponding positions
behind the reflector layer.
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The addition of the follow-on layer (layer D) to the configurations decreased the count rates by a
factor of about two for both pin patterns, Again, the shapes of the curves were altered, this time
reflecting the higher neutron streaming through the large outer coolant holes.

Cd-Covered Counter Measurements 30 cm Beyond Configurations. The count rates for the horizontal
traverses with the Cd-covered BF; counter at a distance of 30 cm beyond the various configurations for
both pin patterns are compared in Fig. 23. As was the case for the measurements with the bare
counter, the count rates obtained with the Cd-covered counter behind the boron pin layer reflect a
depression in the neutron flux in the vicinity of the centerline, especially for the full pin pattern, Com-
paring the count rates obtained behind the two boron pin layers with the bare and Cd-covered counters
(compare Figs. 22 and 23) shows that the count rates obtained with the Cd-covered counter were a fac-
tor of 20 lower than those obtained with the bare counter for the reference pin pattern and nearly a fac-
tor of 30 lower for the full pin pattern,

As was observed for the bare counter in Fig, 22, adding the boral shroud and reflector layer to the
configuration altered the shapes of the count rate curves for the Cd-covered counter. The count rates
for both pin arrangements were reduced by a factor of about two on the centerlines and a factor of
about four near the edges, so that the depression in the centerline fluxes observed in the measurements
behind the boron pin layer disappeared.

For both pin patterns, the count rates for the Cd-covered counter were decreased when the crossover
layer was added to the configurations; however, the curves for the two configurations differ in magni-

tude by only :bout 20%. Both curves give some indication of neutron streaming from the outer coolant
holes.

When the follow-on layer (layer D) was added, further reductions in the count rates from the Cd-
covered counter were observed, and the streaming through the outer coolant holes was accentuated.
Figure 23 shows that while the count rates on the centerline were reduced by a factor of five for both
pin patterns, the count rates behind the coolant holes were reduced only a factor of three.

Comparing Figs. 22 and 23 indicates that, overall, as the layers were added to the configurations,
the differences between the couni rates obtained with the Cd-covered counter for the two pin patterns
are less than those obtained with the bare counter in corresponding measurements.

S-in.-diameter Bonner Ball Measurements 30 cm Beyond Configurations. The results of the horizon-
tal traverses 30 cm beyond the configurations with the 5-in.-diameter Bonner ball are presented in Fig.
24. These curves arc very similar in shape to those given in Fig. 23 except that (1) no depression of the
flux in the vicinity of the centerline is observed until the crossover layer is added and (2) neutron
streaming through the outer coolant holes is slightly more pronounced. Again, the differences in the
count rates for the two pin patterns decreased as layers were added to the configurations.

10-in.-dlameter Bonner Ball Measurements 30 cm Beyond Configurations. The count rates observed
with the 10-in.-diameter Bonner ball 30 cm beyond the configurations are plotted in Fig. 25. The
shapes of the curves are essentially the same as those for the 5-in. ball, but the magnitudes are lower
by a factor of about three. The effect of the additional BG pins in the full pin pattern is much less pro-
nounced for this ball, the differences in the two pin patterns decreasing to essentially zero behind the
tfollow-on layer (layer D).

Bare Counter Measurements Close Behind Configurations. The data obtained from horizontal
traverses with the bare counter close behind the configurations (withia 4 to 5 cm) are plotted in Fig. 26.
As was the case for the bare counter data at 30 cm, the centerline measurements behind the boron pin
layer with the full pin pattern were lower than those behind the layer with the reference pin pattern,
and the difference increased when the boral shroud and reflector layer were added to both configura-
tions.
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Fig. 23. Count-rate profiles for Cd-covered BF; counter along horizontal traverses 30 cm beyond
each configuration (Items II A-D and III A-D).
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Fig. 25. Count-rate profiles for 10-in.-diameter Bonner ball along horizontal traverses 30 cm
beyond each configuration (Items II A-D and III A-D).

3 ORNL - DWG 83-166308
o e '—rq'"\ L 1 1 TT ! T T T LI S o
1a?
o
£ ® 0 SM + UPPER PINLAYER
o'l 80 SM+ UPPER PilLAYER » BORAL » REFLECTOR LAYER i
a 3 8 0 SM+UPPER PIN LAYER + BORAL + REFLEC TR LAYER+ CROSSOVER LAYER 3
- Y ® o SM+ UPPER PIN LAYER « BORAL + REFLECTOR LATER « CROSSOVER LAYER 4 LAYER D 3
§ b CLOSED SYMPOLS = BURONATED AND GRAPHITE PINS, OPEN 5YMBOLS = BORONAYED PINS :
o 5 -
10?2 - 3
s |
s 4
10!
20 10 [} 10 30
SOUTH DISTANCE FROM CENTERLINE (cm) NORTH

Fig. 26. Count-rate profiles for bare BF; counter along horizontal traverses close behind each confi-
guration (Items II A-D and HI A-D).
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The bare counter iicasurements close behind the boron pin layer also showed that neutrons
streamed through the graphite surrounding the boron pin region — to the extent that the count rates
near the edges of the configurations were higher by almost a factor of 10 than those on the centerline.
This streaming was reduced by a factor of /) when the boral shroud and reflector were added behind
the boron pin layer.

Once again, as occurred in the measurements at 30 ¢m, the addition of the crossover layer to the
configurations caused a definite increase in the bare counter measurements for the full pin pattern and
a slight increase in those for the reference pin pattern. In this case, the effect of streaming through the
large center coolant hole and the two adjacent outer coolant holes became apparent with the addition of
the crossover layer. (As noted in Fig. 22, the streaming effect was not reflected in the barc counter
measurements at 30 cm,)

Neutren streaming through the outer coolant holes is also apparent in the bare counter measure-
ments close behind the follow-on layer (layer D). The center peak has disappeared because the center
coolant hole did not extend through this layer. The centerline measurements behind the follow-on layer
were lower than those behind the crossover layer by a factor of about three.

Cd-Covered Counter Measurements Close Behind Configurations. Count rates from the Cd-covered
counter traverses close behind the configurations are plotted in Fig. 27. The count rates behind the
boron pin layer again reflect the streaming of ncutrons through the graphite surrounding the pin region,
but in this case the count rates in the peaks at the edges of the configurations are only slightly higher
than those on the centerline.
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For the configuration with the full pin pattern, the addition of the boral shroud and the reflector
layer did not reduce the count rates in the vicinity of the centerline (immediately behind the pin
region), but the neutrons streaming at the edges of the configuration were effectively reduced, For the
configuration with the reference pin pattern, the addition of the boral shroud and the reflector layer
reduced the centerline fluxes somewhat and again effectively reduced the neutron streaming at the
edges of the configuration,

As was the case for the measurements at 30 cm, the measurements close behind the configurations
with the Cd-covered counter showed that the addition of the crossover layer similarly reduced the count
rates and the differences in the measurements for the two pin patterns were again slight, However, as
would be expected, the streaming cffects were much more pronounced in the measurements close behind
the configurations than they were at 30 cm. At the locations of the streaming peaks, the magnitudes of
the count rates observed with the Cd-covered counter were lower than those observed with the bare
counter by a factor of about 50.

With the addition of the follow-on layer (layer D), the peak count rates observed with the Cd-
covered counter at the outer coolant hole dropped another factor of three for both pin patterns. The
centerline count rates behind the closed-off center coolant holes dropped a factor of about 20, which is
considerably more than the factor of five reduction observed with the bare counter. Again, the differ-
ence in the measurements with the Cd-covered counter for the two pin patterns was slight.

Bare and Cd-Covered Counter Measurements Close Behind Boron Pin Layer With and Without Boral
Shroud. The effect of the boral shroud in reducing the streaming of low-energy neutrons around the
boron pin region can be seen in Fig. 28, which compares measurements made close behind the borou pin
layer with and without the boral shroud present.
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Fig. 28. Count-rate profiles for bare and Cd-covered BF; counters along horizontal traverses close
behind boron pin layer with and without boral shroud (Items II A, AA and Items III A, AA).
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For the bare counter, the boral shroud reduced the count rates directly behind the shroud itself
(toward the edges of the configurations) by a factor of about 30 for both pin patterns. Not only that, it
also accounted for a 50% reduction in the centerline count rate behind the boron pin layer with the
reference pin pattern. With the full pin pattern in the layer, adding the boral shroud effected nearly
another 50% reduction in the centerline flux, but there was little added reduction in the fluxes directly
behind the boral.

For the Cd-covered counter, Fig, 28 shows that for both pin patterns the boral shroud caused a fac-
tor of four reduction in the count rates near the edges of the configurations and decreased the fluxes on
the centerlirie by only about 10%. Again, replacing the reference pin pattern with the full pin pattern
reduced the centerline fluxes by about 50%.

Bare and Cd-Covered Measurements Along Axis of Outer Coolant Hole. Measurements with the
bare and Cd-covered counters along the axis of one of the large outer coolant holes are plotted in Fig.
29. The results show that the additional number of BG pins in the full pin pattern reduced the count
rates of the bare counter by about 30% and those of the Cd-covered counter by about 15%.
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9. CONCLUSIONS

Experimental results indicate that there is very little difference in neutron attenuation through the
first four segments of the HTGR lower reflector and core support mockup when the reference pin pat-
tern (770 boronated graphite and 738 graphite pins) in the upper pin layer is replaced by the full pin
pattern (1508 boronated graphite pins). The 10-in. Bonner ball results are essentially the same for both
pin patterns behind the extension (layer D) of the crossover segments. For the 5-in. Bonner ball meas-
urements, the count rates behind the pin mockup with the full pin pattern are about 10% lower than
those behind the mockup with the reference pin pattern. The increase in the number of boron pins has
the most effect in the low-energy neutron region where the bare and Cd-covered detector count rates
behind the mockup with the reference pin pattern arc about 25% higher than those behind the mockup
with thefull pin pattern.

The attenuation through the four segments was greatest for the high-energy neutrons. At 30 cm
behind the mockup on the reactor beam centerline, the 10-in. Bonner ball results indicate an attenua-
tion of about 2,7 X 10%. For the 5-in. Bonner ball, it is about the same, 2.5 X 10% for the Cd-covered
detector it is a bit less, about 1.6 X 10% and for the bare detector it was approximately 2,3 X 102,

A detailed analysis of this experiment is reported by C. O. Slater in another report.*
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APPENDIX A

EXPERIMENTAL PROGRAM PLAN FOR THE HTGR BOTTOM REFLECTOR
AND SUPPORT BLOCK NEUTRON STREAMING EXPERIMENT

Phase 1 Measurements

I. Spectrum Modifier
A. Spectrum modifier (SM) only (5.08 cm carbon steel + 30.48 cm graphite).

1. NE-213 and hydrogen counter measurements on centerline as close as feasible to the spec-
trum modifier (with 15.4 cm Fe between detector and SM).

2. 3-, 6-, and 10-in. Bonner ball measurements on centerline at same location as spect..:ime-
ters with and without 15.4 cm Fe following configuration.

3. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration,

4, Bare, Cd-covered, and 5-in. Bonner ball horizontal traverses as close as feasible behind
spectrum modifier,

AA. Spectrum modifier + 15 cm void + upper boron pin layer (770 boronated graphite (BG) +
738 graphite pins).

1. Bare, Cd-covered, and 5-in. Bonner ball traverses in horizontal planc as close as feasible
behind spectrum modifier.

1. Reference Pattern of Boron Pins in Uppcr Shield Layer
A. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins).

1. NE-213 and hydrogen counter measurements on centerline as close as feasible to the con-
figuration (with 15.4 cm Fe between detector and configuration).

2. 3-, 6-, and 10-in. Bonner ball measurements on centerline at same location as spectrome-
ters with and without 15.4 cm of Fe following configuration.

3. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration.
4. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible to configuration.
5. 5-in. Bonner ball vertical traverse at 30 cm beyond the configuration.
AA. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) + boral shroud.

1. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the con-
figuration,

AAA. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) + 15 cm void +
reflector layer of graphite.

1. Bare and Cd-covered Bonner ball traverses in horizontal plane in.15 c¢cm void as close as
feasible to upper boron pin layer.
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AAAA, Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) <+ boral shroud +
15 em void + refiector layer of graphite.

1. Bare and Cd-covered Bonner ball traverses in horizontal plane in !5 cm void as close as
feasible behind upper boron pin layer.

B. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) + boral shroud +
reflector layer,

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration,

2. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the con-
figuration,

BB. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) + boral shroud +
reflector layer + 15 cm void + layer C (crossover layer).

1. Bare and Cd-chvered Bonner hall horizontal traverses in 15 cm void as close as feasible
behind the reflector layer.

C. Spectrum modifier + upper boron pin layer (770 BG + 738 graphite pins) -+ boral shroud +
reflector laysr + crossover layer.

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurcments:
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration.

2. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the con-
figuration,

CC. Spectrum modifier + upper boron pin layer shield (770 BG + 738 graphite pins) + boral
shroud + reflector layer + crossover layer + 15 cm void + section D layer.

1. Bare and Cd-covered Bonner ball horizontal traverses in 15 ¢cm void as close as feasible
behind the crossover layer.

D. Spectrum modifier 4+ upper boron pin layer (770 BG + 738 graphite pins) + boral shroud +
reflector layer + crossover layer + section D layer.

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration.
2. Bare and Cd-covered Bonner ball axial traverses into one 19.18-cm-diameter coolant hole.

3. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the con-
figuration,

I11. Full Pattern of Boron Pins in Upper Shield Layer
A. Spectrum modifier + upper boron pin layer (1508 BG pins).

1. NE-213 and hydrogen counter measurements on centerline as close as feasible to the con-
figuration (with 15.4 cm Fe between detector and configuration).

2. 3-, 6-, and 10-in. Bonner ball measurements on centerline at same location as spectrome-
ter with and without 15.4 cm Fe following configuration.
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3. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration,
b. On centerline at 300 cm beyond configuration.
4. Bare and Cd-covered Bonner ball horizontal traverses as close as feasibie to configuration.
5. S5-in, Bonner ball vertical traverses at 30 cm beyond the configuration.
Specirum modifier + upper boron pin layer (1508 BG pins) + boral shroud.

1. Bare and Cd-covered Bonner ball horizontal traverses as close as fcasible behind confi-
guration.

Spectrum modifier + upper boron pin layer (1508 BG pins) + 15 cm void + reflector layer
of graphite.

1. Bare and Cd-covered Bonner ball horizontai traverses in 15 cm void as close as feasible to
upper boron pin layer.

Spectrum modifier + upper boron pin layer (1508 BG pins) + boral shroud + 15 cm void + |
reflector layer of graphite,

1. Bare and Cd-covered Bonner ball horizontal traverses in 15 cm void as close as feasible
behind upper boron pin layer.

Spectrum modifier 4+ upper boron pin layer (1508 BG pins) + boral shroud + reflector
layer. '

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration.

2. Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the coan-
figuration.

Spectrum modifier + upper boron pin layer (1508 BG pins) + boral shroud + reflector layer
+ 15 cm void + layer C (crossover layer).

1. Bare and Cd-covered Bonner ball horizontal traverses in 15 ¢cm void as close as feasible
behind the reflector layer.

Spectrum modifier + upper boron pin layer (1508 BG pins) + boral shroud + reflector layer
+ crossover layer.

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements:
a. Horizontal traverses at 30 cm beyond configuration.
b. Centerline at 300 cm beyond configuration.

2, Bare and Cd-covered Bonner ball horizontal traverses as close as feasible behind the con-
figuration.

Spectrum modifier 4+ upper boron pin layer (1508 BG pins) + boral shroud + reflector layer
+ crossover layer + 15 cm void + section D layer.

1. Bare and Cd-covered Bonner ball horizontal traverses in 15 cm void as close as feasible
behind the crossover layer.
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D. Spectrum modifier + upper boron pin layer (1508 BG pins) + boral shroud + reflector layer
+ crossover layer + section D layer.

1. Bare, Cd-covered, 5-, and 10-in. Bonner ball measurements;
a. Horizontal traverses at 30 cm beyond configuration.
b. On centerline at 300 cm beyond configuration.
2, Bare and Cd-covered Bonner ball axial traverses into one of the 19,18 cm diameter holes.

3. Bare and Cd-covered Bonner ball horizontal iraverses as close as feasible behind the con-
figuration.
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APPENDIX B. TABLES OF DATA

LIST OF TABLES

Analysis of iron slab used in spectrum modifier.

Analysis of impurities in graphite pieces, (Pieccs were 10.16 cm on a side and 121.9
cm long.)

Composition of small concrete blocks. (Blocks were 15.2 cm on a side and 30.5 cm
long.)

C mposition of large concrete blocks. (Blocks were 61 cm on a side.)
ORNL analyses of boronated graphite pins and vendor’s list of properties.

Analyses of graphite segments and graphite pins used in mockup. (Segments were
55.88 cm square.)

Properties of boral in shroud
Distances from the backs of the configurations to the center of the reactor.

Fast-neutron fluxes (>0.8 MeV) on centerline 125.4 cm beyond spectrum modifier
(Item 1 A): Run 7831A.

Neutron fluxes (50 keV to 1.4 MeV) on centerline 125.4 cm beyond spectrum modifier
(Item I A): Runs 1503A, 1502A, 1501B.

Bonner ball measurements at same locations as spectral measurements (Items I A,
IT A, and III A).

Bonner ball horizontal traverses close behind spectrum modifier (Item I A).
Bonner ball horizontal traverses 30 cm beyond spectrum modifier (Item [ A).

Bonner ball horizontal traverses within 15-cm-thick void between spectrum modifier
and boron pin layer (Item I AA, reference pin pattern).

Fast-neutron fluxes (>0.8 MeV) on centerline 134.5 cm beyond boron pin layer (Item
I A, reference pin pattern): Run 7833B.

Neutron fluxes (50 keV to 1.4 MceV) on centerline 134.5 cm beyond boron pin layer
(Item II A, reference pin pattern): Runs 1506A, 1508C, and 1505A .

5-in.-diameter Bonner ball vertical traverses 30 cm beyond boron pin layers (Item II A,
reference pin pattern; and Item III A, full pin pattern).

Bonner ball horizontal traverses close behind boron pin layer with and without boral
shroud (Items II A, AA; reference pin pattern).

Bonner ball horizontal traverses 30 cm beyond boron pin layer (Item II A, reference
pin pattern).

Bonner ball measurements on beam centerline 300 cm beyond various configurations
(Items 11 A-D, III A-D).

Bonner ball horizontal traverses within 15-cm-thick void between boron pin layer and
reflector layer with and without boral shroud (Items II AAA, AAAA; reference pin
pattern).
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Table 23,

Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Table 33.

Table 34,

Table 35.

Table 36.

Table 37.

Table 38.
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Bonner ball horizontal traverses close behind successive layers of mockup (Items II B-
D, reference pin pattern),

Bonner ball horizontal traverses 30 cm beyond reflector layer (Item II B, reference pin
pattern).

Bonner ball horizontal traverses within 15-cm-thick voids behind reflector and crossover
layers (Items 11 BB, CC; reference pin pattern).

Bonner ball horizontal traverses 30 cm beyond crossover layer (Item II C, reference pin
pattern).

Bonner ball horizontal traverses 30 cm beyond follow-on layer (layer D) (Item II D,
reference pin pattern).

Bonner ball traverses along axis of large outer coolant hole (Item II D, reference pin
pattern).

Fast-neutron fluxes (>0.8 MeV) on centerline 125.5 cm beyond boron pin layer (Item
III A, full pin nattern): Run 7835B.

Neutron fluxes (50 keV to 1.4 MeV) on centerline 125.5 cm beyond boron pin layer
(Item III A, full pin pattern): Runs 1511A, 1510A, and 1509B.

Bonner ball horizontal traverses 30 cm beyond boron pin layer (Item III A, full pin
pattern).

Bonncr ball horizontal traverses close behind boron pin layer with and without boral
shroud (Items II1 A, AA; full pin pattern).

Bonner ball horizontal traverses within 15-cm-thick void between boron pin layer and
reflector layer with and without boral shroud (Items III AAA, AAAA; full pin pat-
tern).

Bonner ball horizontal traverses close behind successive layers of mockup (Items III B-
D, full pin pattern),

Bonner ball horizontal traverses 30 cm beyond reflector layer (Item III B, full pin pat-
tern).

Bonner ball horizontal traverses within 15-cm-thick voids behind reflector and crossover
layers (Items III BB, CC; full pin pattern).

Bonner ball horizontal traverses 30 cm beyond crossover layer (Item III CC; full pin
pattern).

Bonner ball horizontal traverses 30 cm beyond follow-on layer (layer D) (Item III D,
full pin pattern).

Bonner ball traverses along axis of large coolant hole (Item III D, full pin pattern).
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Table 1. Analysis of iron slab
used in spectrum modifier’

Element wt %
Fe 98.4
C 0.25
Cr 0.15
Cu 0.03
Mn 1.0
Mo 0.02
Ni 0.05
Si 0.25

%p = 7.86 g/cc.

Table 2. Analysis of impurities in graphite pleces*
(Pleces were 10.16 cm on a side by 121.9 cm long.)

Element ppm Element ppm Element  ppm
Ag <05 Ge <5 Sb <10
Al 12.5 Hg <10 Si 100
B 1.5 In <10 . Sn <10
Ba <5 K < 100 Sr <10
Be <05 Li <2 Ta <10
Bi <10 Mg 7.5 Te <25
Ca 150 Mn <1 Ti 30
Cd <25 Mo <5 A\’ 100
Co <10 Na <5 w <5
Cr <10 Nb <S5 Zn 10
Cu 15 Ni <10 Zr <5
Fe 50 Pb <SS
Ga <10 Rb <5

ip = 1.62 g/cc.
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Table 3. Composition of small concrete pieces®
(Blocks were 15,2 cm on a side by 30.5 cm long.)

Element Number density
Na 2.73 E.st
o 4,202 E-2
Si 3.84 E.3
Mg 1.44 E-3
Fe 264 E-4
H 8.88 E-3
Al 4.14 E-4
Ca 1,00 E-2
K 2,34 E-3
C 7.97 E-3
S 1.015 E-4

“p = 2,39 g/cc.
bRead as 2.73 X 1075,

Table 4. Composition of large concrete blocks*
(Blocks were 61 cm on a side and 30.5 cm thick.)

Element wt % Element wt %
CO, 41.9 AL O, 2.2
Ca 274 Fe,04 0.60
Si0o, 18.1 S0, 0.32
H,0 4.0 P,0s 0.035
Mg 3.66 K 0.30
0, 1.4

%p = 2.40 g/cc.
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Table 5. ORNL analyses of boronated graphite pins and
vendor’s llst of properties"

Element Sample 1 Sample 2
wt %
B 22.57 27.42
C 1y 77.62 73.26
ppm

Ag <9 < 8.6
Al 19000 16000
Ba 35 30
Be < 0.65 < 0.62
Ca (100 820
Cd 15 12
Co < 6.5 < 6.2
Cr 36 39
Cu 280 23
Fe 3100 1800
Ga <35 < 33
K 2000 < 1900
Mg 240 220
Mn 3 19
Mo 43 93
Na 1300 1100
Ni 61 < 53
Pb <130 <120
Sb <70 78
Se 420 380
Si 9500 8400
Sr 15 13
Ti 350 430
A% 27 29
Zn 180 13
Zr 56 62
P 520 470

“Properties:

Diameter, 1.237 ¢cm (0.487 in.).

Density, 1.54 g/cc.

Boron content, 24.3 w/o.

Trace impurities (mostly Fe, Si, Ca, Al), 0.45%.
% Boron in oxide, from 0.11 w/o.

Boron density, 0.375 g B/cc.
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Table 6. Analyses of graphite segments and graphite® pins used in mockup
(Segments were 55.88 cm square.)

Element Sample | Sample 2 Sample 3
_ wt %
C 99.85 99.92 99.85
ppm
Ag <0.22 < 0.22 <0.17
Al 27 < 0.69 1.8
Be < 0.016 < 0.016 0.012
Ca 160 24 44
Cd 0.45 0.32 0.27
Co <0.16 <016 <0.12
Cr < 0.28 <0.28 0.21
Cu 0.4 < 0.38 0.72
Fe 170 8.7 77
K <49 <48 <37
Mg 1.2 <0.19 <0.15
Mn 0.46 0.091 0.64
Ni <14 <13 1.3
Pb <32 < 3.1 <24
Si 11 <14 29
Ti 15 4.2 9.9
A\ 11 0.57 4.3
Zn 8.9 1.6 1.6
Zr 1 1.1 0.87
P <4, <39 <3

% = 1.75 g/cc.
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Table 7. Properties of boral in shroud

Percent boron carbide in core 35 w/o (min)
Core density 2.64 g/cc
Core minimum thickness 4,32 mm
Outer aluminum sheet thickness 1.04 mm
Total thickness plus tolerance 6.7 £ 0.4 mm

Average wt/unit area of plate 17.82 kg/m?

Analysis of core

Element wt %
B (natural) 25.2
C 8.6
Al 65.0
Fe and other 1.2

Table 8, Distances from the backs of the configurations
to the center of the reactor

Configuration Distance (cm)

Item I A, spectrum modifier 127.7

Configuration with reference pattern BP layer

Item II A, BP layer 148.1
Item II B, reflector layer 171.8
Item II C, crossover layer 2124
Item II D, follow-on layer 248.3

Configuration with full pattern BP layer

Item II1 A, BP layer 148.2
Item 1II B, reflector layer 172.0
Item III C, crossover layer 213.0

Item III D, follow-on layer 248.8
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Table 9. Fast-neutron fluxes (>0.8 MeV) on centerline 125.4 cm beyond
spectrum modifier (Item I A): Run 7831A

Flux Flux
(neutrons cm> MeV' kW' s") (neutrons cm? MeV*' kW' 5')
Neutron Neutron
energy Lower Upper energy Lower Upper
(MeV) limit limit (MeV) limit limit
8.1135E-01° 3.749SE+04 3.7973E+04 5.9380E+00 6.6195E+02 69231E+02
9.0694E—0i 4,1739E+04 4,1987E+04 6.2542E+00 6.0872E+02 6.4817E+02
1.0066E +00 3,7450E+04 3.7644E+04 6.5557E+00 5.5095E+02 $.8396E+4+02
1.1069E+00 3.1924F 04 3.2110E4+04 6.8390E+00 4.7485E+02 4,9739E+ 02
1.2047E+00 2.6733E+04 2.689SE+04 7.2352E+00 3.5051E4+02 3.6947E+02
1.3096E+00 2.1825E+04 2.1973E+4+04 7.736SE+00 2.2649E+02 24707E4+02
1.4121E+00 183518404 1.8496E+04 8.2364E+00 1.6929E+02 1.83724E+02
1.5107E+00 1.6002E+04 1.6134E+04 8.7578E+00 1.4252E+02 1.5551E+02
1.6100E+00 1.4089E+04 1.4205E4+04 9.2613E+00 1.1357E+02 1.2484E+02
1.7095E+00 1.2312E+04 1.2421E+04 9.7411E+00 8.3102E4+0t 9,4006E+ 01
1.8125€4+00 1.0627E+04 1.0731E+04 1,0259E+01 6.2057E+01 7.1661E+01
1.9323E400 8.9702E+03 9.0683E+03 1.0777E+01 $.2341E+0) 6.0885E+01
2.1000E+00 7.0510E+03 7.1411E4+03 1.1247E+01 4.4542E+01 $.2472C+01
2.2961E+00 5.2108E+03 5.2959E+403 1L1751E+0! 3.7257E+01 4,4359E+01
2,4988E+00 3.8351E+03 3.9025E+03 1.2393E+M 3.2426E+01 3.8723E+4+01
2.7026E+00 2.8713E+03 2.9427E+03 1.3201E+01 2.6569E+01 3.1464E+01
2,8984E+00 2.2706E+03 2.3400E+03 1.40218+401 1.6372E+01 1.9953E+01
3.0975E+00 1.7880E+03 1.8629E+03 1.4792E+01 7.6443E+00 1.0573E+01
3,2965E+00 1.3890E+03 1.4474E+03 1.5629E+01 1.8243E+00 44275E+00
3.5009E+00 1.1378E+03 1.2083E+03 1.6539E+01 —4.1978E—-01 1.7074E+ 00
3.7074E+00 1.0651E+03 1.1216E+03 1.7533E+01 -1.1442E+00 9.0104E—01
3.9061E+00 1.0756E+03 1.1241E4+03 1.8521E+01 —1.4079E+00 9.5142E—01
4.1528E+00 1.0820E+03 1.1305E+03 1.9498 E+01 —1.2028E+00 1.0835E+00
4.4540E+00 1.0612E+03 1.1026E+03 2.0556E+01 —1.1880E+00 1.1048E-+00
4.7521E+00 1.0533E+4-03 1.0927E+03 2.1580E+01 —9.0292E—-01 1.2922E+00
5.0422E+00 9.8568E+02 1.0200E+03 2.2560E+01 ~1.0615E+00 1.1957E+00
5.3459E+00 8.5345E+02 8.8624E+02 2.3471E+01 —1.1306E+00 1.3088E+00
5.6453E+00 7.3371E+402 7.6879E+02
El E2 Integral Error
(MeV) (MeV) (neutrons cm?kW-'s')  (neutrons cm? kW s")
0.811 1.000 7.6492E+03 2.6243E+-01
1.000 1.200 6.4862E+03 1.8363E+01
1.200 1.600 7.7726E+03 2.8425E+01
1.600 2.000 4.4040E+03 2,0970E +01
2.000 3.000 4.2930E+03 3.8495E+01
3.000 4.000 1.3225E4+03 3.0703E+01
4.000 6.000 1.8991E+03 3.7771E+01
6.000 8.000 8.6784E+02 2.5634E+01
8.000 10.000 2.6904E+02 1.3200E +0t
10.000  12.000 1.0734E+02 8.3186E+00
12.000 16.000 7.6491E+01 8.1232E4+00
16.000  20.000 4.7107E-01 4.4328E+00
1.500 15.000 1.4767E+04 1.8825E+02
3.000 12.000 4.4649E+03 1.1565E+02

*Read: 8.1135 X 107,
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Table 10. Neutron fluxes (30 keV to 1.4 MeV) on centerline 125.4 cm beyond
spectrum modifier (Item 1 A): Runs 1503A, 1502A, 1501B

N Energy boundary Flux Error
(MeV) (neutrons cm* MeV'' kW' g'!) (%)
1 0.0449 0.0524 3.92E 05° 4,91
2 0.0524 0.0637 3.23E 05 4.48
3 0.0637 0.0730 4,12E 05 4.94
4 0.0730 0.0861 4,24E 05 3.69
5 0.0861 0.1030 2.66E 05 5.02
6 0.1030 0.1198 2.63E 05 5.92
7 0.1198 0.1423 3.63E 05 3.43
8 0.1423 0.1666 2.80E 05 4.56
9 0.1666 0.1966 2.38E 05 4.65
10 0.1966 0.2303 1.76E 05 6.13
! 0.1690 0.1957 2.29E 05 1.96
2 0.1957 0.2312 1.77E 05 2.07
3 0.2312 0.2713 1.62E 05 2.25
4 0.2713 0.3202 1.99E 05 1.63
5 0.3202 0.3780 1.73E 05 1.68
6 0.3780 0.4447 1.07E 05 2.52
1 0.3192 0.3831 1.64E 05 0.66
2 0.3831 0.4469 1.07E 05 1.12
3 0.4469 0.5290 8.96E 04 1.11
4 0.5290 0.6202 1.02E 05 0.96
5 0.6202 0.7296 9.46E 04 0.87
6 0.7296 0.8573 5.68E 04 1.27
7 0.8573 1.0124 4.57E 04 1.31
8 1.0124 1.1857 3.48E 04 1.57
9 1.1857 1.3954 2.50E 04 1.74

aRead: 3.92 X 105



Tabie 11. Bonner ball measurements at same locations as spectral measurements (Items I A, H A, HI A)

Bonner ball count rate (s~ W™ 1)

3-in.-diam ball 6-in.-diam ball 10-in.-diam ball
Item Shield Configuration Disiance on Centerline Foreground® Background” Foreground Background Foreground Background
A2  Spectrum modificr (SM) 125.4 cm behind SM 6.52 (2)° 462(1) 1.22(3) 731 (1) 439 (2) 2,01 (1)
1-A-2 SM + 35 cm void 125.4 ¢m behind SM 1.14(2) 207(1) 3.56 (2) 344 (1) 140 (2) 931 (0)
+ 154 cm Fe 3.65(2)
11-A-2 SM + upper pin layer 134.5 cm behind upper 7.57(1) 6.41 (0) 1.67 (2) 9.53(0) 6.77(1) 328 (0)
(770 boronated + 738 pin layer
graphite pins)
-A-2 SM + upper pin layer 134.5 cm behind upper 1.26 (1) 231(0) 438 (1) 411 (0) 200 (1) 1.21 (0)
(770 boronated + 738 pin layer
graphite pins) + 35 cm
void + 15.4 cm Fe
I1I-A-2 SM + upper pin layer 125.5 cm behind upper 6.06 (1) 4.36 (D) 1.47(2) 7.20 (0) 6.63 (1) 1.99 (0)
(1508 boronated pins) pin layer
Il-A-2 sM + upper pin layer 125.5 cm behind upper 1.08 (1) 1.64 (0) 4.72(1) 3.01 (0) 2.18(1) 9.08 (-1)
(1508 boronated pins) + pin layer

0s

35 cm void + 154 cm Fe

?Neutron flux without shadow shicld between detector and configuration.
bNeutron flux with shadow shicld between detector and configuration.
‘Read: 6.52 X 10>
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Table 12. Bonner ball horizontal traverses close behind spectrum modifler® (Item I A)

Distance Bonner ball count rates (s~ 'w ™)

from

Centerline Bure Cd-covered S-in.-diam
(cm) counter : counter’ ball¢

7428 1.93 (3)°
73.7 8.32 (1)
73.5 1.77 (3)
64.2 2.02(3)
63.7 1.42 (2)
63.5 2,98 (3)
54.2 4.42 (3,
53.7 2.19(2)
53.5 4,58 (3)
44,2 5.65 (3)
43.7 2.98 (2)
435 6.50 (3)
34,2 6.78 (3)
337 3.87(2)
335 8.04 (3)
24.2 7.98 {3)
23.7 4.51 (2)
23.5 9.48 (3)
14.2 8.58 (3)
7.78 (3)
13.7 4,94 (2)
13.5 1.07 (4)
42 8.94 (3)
8.66 (3)
3.7 5.19 (2)
3.5 1.03 (4)
5.8 9.14 (3)
9.25 (3)
6.3 5.7(2)
6.5 1.11 (4)
15.8 8.98 (3)
16.3 4,78 (2)
16.5 9.91 (3)
25.8 8.06 (3)
26,3 4,32 (2)
26.5 9.47 (3)
35.8 6.83 (3)
36.3 3.63(2)
36.5 7.67 (3)
45.8 5.59 (3)
46,3 2.76 (2)
46.5 5.65 (3)
55.8 409 (3)
56.3 1.96 (2)
56.5 3.89 (3)
65.8 2.81(3)
66.3 1.22 (2)
66.5 2.46 (3)
71.8 2.32(3)
73.8 8.43 (1)
740 N 1.66 (3)

“Traverses within horizontal midplane of configuration.
4.3 cm behind configuration.

€4 cm behind configuration.
7.62 cm behind configuration.

“Read: 1.93 X 10°.
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Table 13. Bonner ball horizontal traverses 30 cm beyond spectrum modifier® (Item 1 A)

Distance Bonner ball count rates (s ~'w ')

from

Centerline Bare Cd-covered S-in.-diam 10-in.-diam
(em) counter counter ball ball

73,18 191 (3)°
73.4 5.92 (2)
73.2 1.99 (3) 8.84 (1)
63.7 2,60
63.4 8.03 (2)
63.2 2.56 (3) 126 (2)
3.7 3.38 (3)
$3.4 1.06 (3)
$3.2 3.21 (3) 1,60 (2)
43.7 4,04 (3)
4.4 135 (3)
43.2 3.69 () 196 (2)
33.7 5.03 (3)
1.4 1.54 (3)
3.2 4.42(3) 231 (2)
4,28 3)
2.7 5.68 (3)
2.4 1.78 (3)
2.2 471(Q3) 2,99 (2)
13.7 6.15(3)
13.4 193 (3)
13.2 512(3) 2.84 (2)
1.7 6.37 (3)
34 2,01 (3)
3.2 5,26 (3) 2,90 (2)
5.41 (3)
63 6.46 (3)
6.6 2,00 (3)
6.8 321 (3) 2.84(2)
5.40 (3)
16.3 6.03 (3)
16.6 1.84 (3)
16.8 507 (2) 2,71 (2)
5.19 (3)
26.3 570 (3)

26,6 1.72(3)
268 4.60 () 2.51(2)

36.3 5.14 (3)

36.6 1.49 (3)
36.8 4.18 (3) 216 (2)

46.3 3.90 (3)

46.6 1.23(3)
46.8 3.5003) 1.82(2)

56.3 314 (3)

56.6 9.98 (2)
56.8 294 () 1.49 (2)

66.3 2.38 (3)

66.6 7.53 (2)
66.8 234 (3) 1.15(2)

ne 6.28 (2)
78N 1.90 (3) 9.19 (1) 2.08 (3)

*Traverses within I‘;grizonul midplane of configuration.
bRead: 191 X 10°.



Table 14. Bonner ball horizontal traverses within 15-cm-thick vold between
spectrum modifler and boron pin layer* (Item I AA, reference pin pattern)

Distance Bonner ball count rates (s~ 'W ™)

from

Centerline Bare Cd-covered 5-in.-diam
{cm) counter? counter’ batt?

73,28 261 (2
72,7 6.76 (3)
70 6.02 (3)
63.2 1,86 (2)
62.7 9.16 (3)
60 8.46 (3)
53.2 5.09 (2)
52,7 111 (4)
50 119 (4)
432 6.12(2)
a7 1,22 (4)
40 1.43 (4)
3.2 7.28 (2)
327 1.34 (4)
30 170 (4)
232 7.98 (2)
227 1.46 (4)
20 201 (4)
13.2 : 8.62 (2)
127 1.58 (4)
10 201 (4)
3.2 9.01 (2)
27 1.64 (4)
0 2.09 (4)
6.8 8.96 (2)
7.3 1.65 (4)
10 1.98 (4)
16.8 8.46 (2)
17.3 1.50 (4)
20 2.07 (4)
26.8 7.81 (2)
2.3 1.45 (4)
10 1.68 (4)
36.8 6.88 (2)
373 1.25 (4)
40 1.41 (4)
46.8 5.84 (2)
413 1.10 (4)
50 117 (4)
56.8 4.54(2)
513 1.03 (4)
60 8.63 (3)
66.8 3.27(2)
67.3 802 (3)
70 5.76 (3)
738 243 (2)
743 N 585 (3)

%Traverses within horizonial midplane of configuration.
44 cm behind configuration.

4.3 cm behind configuration.

7.3 ¢m behind copfiguration.

fRead: 2.61 X 10°,



Table 15, Fast-neutron fluxes (>0.8 MeV) on centerline 134.5 cm beyond

boron pin layer (Item II A, reference pin pattern): Run 7833B

Flux (ncutrons cm? MeV'' kW' g')

Flux (ncutrons em’? MeV"' kW' ¢')

Neutron Neutron
energy Lower Upper energy Lower Upper
(MeV) fimit fimit (MeV) limit limit
S1135E-017  5.8282E+03 $.9119E+0) 59380E+00 1,6376E+02 1.7044E + 02
9.0694E—01 6.3615E+03 6.4054E+03 6.2542E+00 1.5414E+402 1.6290E + 02
1.0066E + 00 5. 7057E+03 $.7399E+ 03 6,.5557E+00 1,4446E 4+ 02 1.5170E+02
1.1069E+00 4.8664E+03 4.8996E+03 6.8390E+ 00 1.2491E+02 1,.2989E +02
1.2047E+00 4.0846E+03 4.1135E+03 1.2352E+00 9.0973E+01 9.5003E+01
1.3096E +00 J.3548E+03 3.3815E4+03 7.1365E+00 6.0812E+01 6.5012E+01
1.4121E+00 2.8208E+03 2.8474E+03 8.2364E+00 4.4904E +01 4.8746E+01
1.5107E +00 2.4609E +03 2.4852E+03 8.7578E+00 3,5200E+01 17933E+01
1.6100E+00 2.1893E+03 2.2106E+4+03 9.26138+00 2.5452E+401 2.77719E+01
1.7095E 400 1.9487E+03 1.9688E 403 9.7411E+00 1.9708E+01 2.1980E+01
1.8125E+00 1,7092E+403 1.7284E+03 1.0259E+ 01 1.654SE+01 1.8542E+01
1.9323E+00 1.4500E+03 1.4683L+03 1,0777€+01 1.3842E+01 {.5572E+0t
2.1000E+00 1.1439E+03 1.1609E+0) 1.1247E+0! 1.1394E+01 1,2990E+01
2.2961E+00 8.4765E+02 8.6404E+02 1.17S1E+0] 8.7107E+00 1.00S3E+01
2.4988E +00 6.25S0E+02 6.3845E+02 1.2393E+01 6.0293L+00 7.1902E+ 00
2.7026E+00 4,8309E-+02 4,9740E+02 1.3201E+01 4,9430E+00 5.7489E+00
2,.8984E +00 3.8686E+02 4.0081E+02 1.4021E+01 3.6981E+00 4.2717E4+00
J.0975E+00 3.1028E+02 3.2540E+02 1.4792E+4 01 1.9462E+00 2,3797E+00
1.2965E+00 2.5308E+02 2.6492E+02 1,5629E + 01 5.2897E-01 9,0204E—0]
1.5009E+00 2.1120E+02 2,2562E+02 1.6839E+01 ~6.4077E—02 24291E-01
1.7074E+00 1.9569E+02 2.0742E+02 1.7533E+01 -2.1260E—01 8.1868E ~02
319061E+00 2.0034E+02 2.1041E+02 1.8521E+01 -2.3309E-01 1.0636E—01
4.1528E+00 2.1291E+02 2.2306E+02 1,9498E+ 01 ~1.8660E—01 14226E—01
4.4540E+00 2,2563E+02 2.3439E+02 2.0556E+01 -1.7693E-01 1.5274E—01
4,7521E4+00 2,2933E+02 2.3777E+02 2.1580E+01 -1.3640E-0! 1.7906E—01
5.0422E +00 2.1446E+ 02 2.2194E+02 2.2560E+ 01 -1.5920E-01 1.6485E—01
3.3459E+00 1.9304E + 02 2.0021E+02 23471E+01 -1.6616E—01 1.8424E~—0I
5.645)E+00 1.7680E+02 1.8458E4+02
E} E2 Integral Error
(MeV) (MeV) (ncutrons cm?kWis')  (neutrons cm’kW's"')
0.811 1.000 1.1700E+03 4.6292E+00
1.000 1.200 9.8940E +02 3.2670E+00
1.200 1.600 1.19S3E+03 5.1745E+ 00
1.600 2.000 7.0265E + 02 3,8795E+00
2.000 3.000 7.0601E+02 7.4934E+00
3.000 4.000 2.4069E+02 6.2830E+00
4.000 6.000 4.1621E+02 8.1394E+00
6.000 8.000 2.2407E+02 5.6059E+00
8.000 10.000 6.5770E+01 27773400
10.000  12.000 2.7047E+01 1.6721E+00
12000 16.000 1.5287E +01 1.3376E+00
16.000  20.000 ~8,2826E—04 6.3833E—01
1.500 15.000 2.6327E+03 3.8169E+01
3000 12.000 9.7344E+02 2.4485E+01

*Read: 81135 X 10,
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Table 16, Neutron fluxes (50 keV to 1.4 MeV) on centerline 134.5 cm beyond
baron pin layer (item [I A, reference pin pattern): Runs 1506A, 1508C, and 15054

N Energy boundary Flux Error
(MeV) (neutrons cm'2 MeV-! kW1 g1) (%)
1 0.0449 0.0524 6.49E 04° 4.47
2 0.0524 0.0636 4,54E 04 4.80
3 0.0636 0.0729 6.03E 04 5.09
4 0.0729 0.0860 6.00E 04 395
5 0.0860 0.1028 3.66E 04 5.54
6 0.1028 0.1197 401E 04 5.92
7 0.1197 0.1421 5.42E 04 3.50
8 0.1421 0.1564 3.98E 04 491
9 0.1664 0.1963 3,78E 04 4,51
10 0.1963 0.2300 2.70E 04 6.16
1 0.1668 0.1967 3.77E 04 1.86
2 0.1967 0.2309 2.18E 04 315
3 0.2309 0.2737 241E 04 2.52
4 0.2737 0.3207 3.02E 04 2.04
5 0.3207 0.3763 2.61E 04 2.12
6 0.3763 0.4448 1.64E 04 2.89
i 0.3192 0.3831 2.38E 04 0.82
2 0.3831 0.4469 1.63E 04 1.35
3 0.4469 0.5290 1.42E 04 1.30
4 0.5290 0.6202 1.63E 04 1.11
5 0.6202 0.7296 1.54E 04 1.00
6 0.7296 0.8573 9.30E 03 1.44
7 0.8573 1.0124 7.48E 03 1.50
8 1.0124 1.1857 5.79E 03 1.77
9 1.1857 1.3954 4.13E 03 1.99

*Read: 6.49 X 104,
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Table 17. 5-in.-diameter Bonner ball vertical traverses 30 cm
beyand boron pin fayers® (Item Il A, reference pin pattern;
and Item II1 A, full pin pattern)

Distance Bonner ball count rates (5! W)
from
Centerline  Reference pin pattern, Full pin pattern,
(cm) Item II A® Item 111 A°
76.2 Above 2.32 (2)¢
71.2 2.68 (2)
70 2.36 (2)
66.2 3,10 (2)
61.2 3,49 (2)
60 3.01Q2)
56.2 3.90 (2)
51.2 4.44 (2)
50 3.55(2)
46.2 4.78 (2)
41.2 5.32 (2)
40 4.23 (2)
36.2 5.61 (2)
312 6.07 (2)
30 4.54 (2)
26.2 6.27 (2)
21.2 6.61 (2)
20 5.03(2)
16.2 6.86 (2)
11.2 7.00 (2)
10 5.27(2)
6.2 7.15(2)
1.2 7.19(2)
0 7.09 (2) 5.41 (2)
kR 7.31 (2)
8.8 7.33(2)
10 5.53(2)
13.8 7.15 (2)
18.8 7.18 (2)
20 £48 (2)
28.8 6.74 (2)
30 5.31 (2)
38.8 6.27 (2)
40 492 (2)
47.5 4.56 (2)
48.8 5.35(2)
58.8 4.48 (2)
68.8 3.60(2)
72.8 Below 3.24 (2)

9Traverses within vertical midplane of configuration.

5SM + upper boron pin layer (770 BG + 738 graphite pins).
‘SM -+ upper boron pin layer (1508 BG pins).

YRead: 2.32 X 102
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Table 18. Bonner ball horizontal traverses close behind boron pin Iayer
with und without boral shroud® (Item 11 A, AA; reference pin pattern)

Bonner ball count rates (s™'W™!)

Distance Without boral shroud With boral shroud
from
Centerline Bare Cd-covered Bare Cd-covered
(cm) counter® counter® counter® counter?

73.28 7.99 (2)° 1.78 (1)

71.2 4.87 (1)
70 4.72 (0)
68.2 9.38 (2)
66.2 3.35(1)
63.2 9.28 (2) 2.51 (1)
61.2 3.82(1)
60 6.77 (0)
58.2 7.98 (2) 2.47 (1)
56.2 523 (1)
53.2 557 (2) 212 (1)
52.2 5.09 (2)
51.2 1.43 (2)
46.2 1.29 (2)
45 1.21 (1)
43.2 2,40 (2) 1.54 (1)
36,2 8.13(1)
33.2 1.73 (2) 1.58 (1)
30 1.38 (1)
26.2 7.10 (1)
23.2 147 (2) 1.67 (1)
16.2 6.94 (1)
15.0 1.55 (1)
13.2 1.40 (2) 1.73 (1)
3.2 1.35 (2) 1.70 (1)
0 591 (1) 1.46 (1)
6.8 1.39 (2) 1.76 (1)
16.8 1.48 (2) 1.72 (1)
26.8 1.56 (2) 1.61 (1)
36.8 1.93 (2) 1.54 (1)
46.8 327 (2) 1.62 (1)
51.8 1.95 (1)
56.8 7.57 (2) 227(1)
61.8 9.49 (2) 2.45 (1)
66.8 1.01 (3) 2.28 (1)
738N 838 (2) 1.72 (1)

9Traverses within horizontal midplane of configuration.
Detector at 4 cm behind mockup.

‘Detector at 3.8 cm behind mockup.

4Detector at 4.8 cm behind mockup.

‘Read: 7.99 X 102
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Table 19. Bonner ball horizontal traverses 30 cm beyond boron pin layer*
(Item 11 A, refcrence pin pattern)

Distance Bonner ball count rates (s~'W~1)
from
Centerline Bare Cd-covered 5-in.-diam 10-in.-diam
{cm) counier counter ball ball
73.28 4.56 (2) 1.19 (1) 2.98 (2) 1,00 (2)
63.2 4.96 (2) 1.39 (1) 3.78 (2) 1.37 (2)
53.2 4.86 (2) 1.55 (1) 4.69 (2) 1,73 (2)
43.2 4.44 (2) 1.61 (1) 5.67 (2) 2.13(2)
33.2 4.00 (2) 1.61 (1) 6.41 (2) 2.47 (2)
23.2 3.52(2) 1.59 (1) 7.19 (2) 2.71 (2)
13.2 3.21 (2) 1.57 (1) 7.50 (2) 291 (2)
3.2 3.08 (2) 1.52 (1) 7.56 (2) 2,95 (2)
6.8 .14 (2) 1.56 (1) 7.52 (2) 295 (2)
16.8 3.33(2) 1.57 (1) 7.30 (2) 2.85(2)
26.8 3.72(2) 1.60 (1) 6.98 (2) 2.67 (2)
36.8 4,28 (2) 1.59 (1) 6.18 (2) 237 (2)
46.8 4.83 (2) 1.60 (1) 5.35(2) 2.00 (2)
56.8 5.16 (2) 1.46 (1) 4.36 (2) 1.60 (2)
66.8 S.11(2) 1.30 (1) 3.42(2) 1.23 (2)
738 N 4.71 (2) 1.16 (1) 2.88 (2) 9.94 (1)

“Traverses within horizontal midplane of configuration,
bRead: 4.56 X 102



Table 20. Bonner ball measurements on beam centerline 300 cm beyond various configurations

(Items 11 A-D, III A-d)
Bare counter Cd-covered counter 5-in.-diam ball 10-in.-diam ball
Configuration” Foregmul\db Background® Foreground Background Foreground Background Foreground Background

Boronated and graphite pins in upper pin layer (reference pin pattern)

Item Il A 5.78 (l)d 1.24 (1) 1.81 (0) 3.10(-1) 4.92(1) 6.20 (0) 191 (1) 1.66 (0)

Item 1 B 4.78 (0) 1.28 (0) 4.09 (-1) 6.73 (-2) 9.03 (0) 1.04 (0) 3.55(0) 280(-1)
ItemlI C 397(M) 7.59 (-1) 9.78 (-2) 1.00 (-2) 1.75 (0) 1.39 (-1) 6.45(-1) 34 (-2)
Item 11 D 230 (0) 3.65(-1) 4.64 (-2) 3.83(-3) 8.26 (-1) 4.39 (-2) 299 (-1) 1.12(-2)

Boronated pins only in upper pin layer (full pin pattern)

Item HI A 4.86 (1) 9.25(0) 1.39 (0) 2.20 (-1) 389Q1) 4.39 (0) L71 (1) 1.29 (0)

Item Il B 3.37(0) 1.19 (0) 317 (1) 5.60 (-2) 7.61 (0) 9.66 (-1) 3.27(0) 2719 (1)
ItemI C 2.81 (0) 6.43(-1) 1.77(-2) 1.08 (-2) 1.53(0) 1.56 (-1) 594 (-1) 380(-2)
Itemi D 1.75 (0) 298 (-1) 354 (-2) 4.20 (-3) 7.45(-1) 6.47 (-2) 230 (-1) 1.42 (-2)
Item 1 D 3.82(-2) 4.55(-3)

6S

9Sec cxperimental program plan in Appendix A for description of configurations.
®Neutron flur “vithout shadow shicld between detector and configuration.
“Ncutron flux with shadow shicld between detector and configuration.

9Read: 5.78 X 10'.
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Table 21. Bonner ball horizontal traverses within 15-cm-thick void between
boron pin layer and reflector layer with and without boral shroud*
(Items 11 AAA, AAAA; reference pin pattern)

Bonner ball count rates (s'W')
Distance Without bora) shroud With bora} shroud
from
Centerline Bare Cd-covered Bare d Cd-covured
(cm) counter b counter© counter counter

1228 135"
70.2 1.58 (1)
67.2 1.09 (2)
68.2 535(1) 192(1)
04,2 2.05(3)
62.2 1.22(2)
60.2 229 (1)
9.2 197 (3)
37.2 145(2)
8.2 610(1) 283 (1)
4.2 1.76 (3)
522 248(2)
50.2 348 (1)
412 2.68 (2)
42 5.58 (1) 389 (1)
4.2 1.13(3)
422 246 (2)
40.2 419 (1)
172 2,38 (2)
352 478 (1) 4.44 (1)
M2 1.05(3) .
12 232(2) s
302 467(1) *
25.2 6.00 (1)
24.2 92.11(2)
222 242(2)
20.2 s.10(1)
15.2 ’ 634 (1)
142 8.56(2)
122 241 (2)
10.2 538
52 634 (1)
4.2 1.93(2)
22 244 (2)
0.2 5.48 (1)
48 633Q1)
58 8.25(2)
14.8 6.18(1)
159 8.48(2)
248 $.90 (1)
28 9.10(2)
M8 5.66 (1)
358 1.04 (%)
448 s.42(1)
458 1.23 (3)
493 5.58 (1)
54.8 5.74 (1)
5.8 1L71(3)
59.8 5.85(1)
60.8 202(2)
64.3 541 (1)
653 1.99(3)
698 N 4.62(1)

:'r within borizontal midplase of configuratiod.

4 cm behind upper pin layer without boral.
.J cm behind upper pin layer.

5 cm behind u pin layer with boral.
Read: 1.)5 X 107,

€
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Table 22. Bonner ball horizontal traverses close behind successive layers
of mockup® (Items Il B-D, reference pin puttern)

Bonner ball count rates (s' W)

Distance Reflector layer, Item 11 B Crossover layer, Item 11 C Follow-on {syer, Item 11 D
from
Centerline Bare Cd-covered Bare d Cd-covarﬂ Bare Cd-covered
{cm) counter b counter counter counter counter® (:cmnl.ere
7028 5.17 (l), 3.23(m 245 (1)
2.52 (-1)
70 271 (1) 113(1) 4.59 (-2)
60.2 5.80 (1) 488 (0)
60 4,18 (1) 4.64 (1) 1,88 (1) 9.40 (-2)
4,73 (-1)
55.2 6.22 (1)
5s s10(t) 6.99 (-1)
50.2 6.88 (1) 1.30 (0)
50 7.47 (1) 1.21 (0) 361 (1) 273 (-1
1.25 (0)
45,2 7.51 (1)
45 1.20 (2) 2.59 (0) 6.55 (1) 80, (-1)
2.76 (0)
40.2 796 (1) 9.30 (0)
40 1.39(2) 3.34 (0) 7.80(1) 9.58 (1)
3.39(0)
352 8.21 (1)
s 1.45 (2) 3.53(0) 8.21 (1) 9.55 (-1)
30.2 8.76 (1) L)
30 1.38 (2) 3.26 (0) 7.57(1) 9.07 (1)
3.36 (0)
25 1.07 (2) 2.44 (0) 5.60 (1) 4.87 (-1)
2.38(0)
20.2 9.33(1) 1.21 Q1)
20 8.45(1) 1.52 (0) 384 (1) 241 (-1)
1.50 (0)
15 8.55 (1) 1.40 (0) 339 (1) 175 (1)
10.2 1.00 (2) 1.28 (1) 1.39 (0)
10 1.09 (2) 1,75 (0) 322(1) 1.55
1.74 (0)
) 1.36 (2) 2.23(0) 2t (n 1.41 (-1)
2.28 (0)
0.2 9.69 (1) 1.23(1)
0 1.44 (2) 2.45(0) 315(1) 1.38 (-1)
) 1.36 (2) 2.32(0) 318 (1) 1.41 (-1)
9.8 9.82 (1) 1.27(1)
10 1.04 (2) 1.79 (0) 324 (1) 1.57 (-1)
135 8.46 (1) 1.42(0) 339 (D) 1.87 (-1)
19.8 9.24 (1) 1.21 (1)
20 8.44 (1) 1.51 (0) 187 (1) 2.56 (-1)
25 1.09 (2) 2.28 (0) 575 (1) 6.01 (-1)
21.5 8.33 (1)
29.8 8.54 (1) 111 (1)
i 1.39 (2) 327 (0) 1.60 (1) 9.22(-1)
38 1.44 (2) 3.52 (0) 8.12 (1) 9.65 (-1)
398 7.717(1) 9.20 (0)
40 1,36 (2) 3.40 (0) 1.74 (1) 9.24 (-1)
42.5 8.7 (-1)
45 1.08 (2) 2.75 (0) 6.14 (1) 6.94 (-1)
49.8 6.63 (1) 7.10 (0)
50 6.71 (1) 1.°7(0) 344 (1) 2.37(-1)
55 489 (1) 6.83 (-1)
59.8 517(1) 4.57 (0)
60 3o Q) 4.66 (-1) 1.76 (1) 8.26 (-2)
69.8 422(1) 2.86 (0)
70 N 2,56 (1) 249 (-1) 1.05 (1) 3.65(-2)

 Traverses within horizontal midplane of configurations.
4.1 cm behind reflector layer.

d‘ cm behind reflector layer.

4 cm behind cross-over layer.
1 em behind foljow-on layer.

Read: 5.17 X 10
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Table 23. Bonner ball horizontal traverses 30 cm beyond reflector
layer* (Item I1 B, reference pin pzttern)

Distance Bonner ball count rates (s"' W)
from

Centerline Bare Cd-covered  S-in.-diam  10-in.-diam
(cm) counter counter ball ball

70.2 S 3.94 (1) 3.07 (0) 5.95 (1) 1.99 (1)

60.2 4.42 (1) 3.94 (0) 7.58 (1) 2.58 (1)
50.2 5.00 (1) 4.83 (0) 9.68 (1) 3.28 (1)
40.2 5.65 (1) 5.75 (0) 1.17 (2) 3.96 (1)
Jo.2 594 (1) 6.61 (0) 1.34 (2) 4.50 (1)
20.2 €31(1) 7.17 (0) 1.47 (2) 4.92 (1)
10.2 6.44 (1) 7.54 (0) 1.56 (2) 5.15 (1)

0.2 6.39 (1) 7.56 (0) 1.56 (2) 5.16 (1)

9.8 6.35 (1) 7.54 (D) 1.55(2) 5.16 (1)
19.8 6.10 (1) 7.09 (0) 1.50 (2) 4.99 (1)
29.8 5.70 (1) 6.50 (0) 1.34 (2) 4.52 (1)
39.8 5.16 (1) 5.70 (0) 1.18 (2) 3.96 (1)
49.8 4.56 (1) 4.73 (0) 9.58 (1) 3.21 (1)
59.8 3.83(1) 3.74 (0) 7.37 (1) 2.52(1)

69.8 N 3.23(1) 2.81 (0) 5.64 (1) 1.88 (1)

“Traverses within horizontal midplane of configuration.
bRead: 3.91 X 10"
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Table 24. Bonner ball horizontal traverses within 15-cm-thick voids behind
reflector and crossover layers® (Items 11 BB, CC; reference pin pattern)

Bonner ball count rates (s'W')

Distance Behind reflector layar, Item 1 "R Behind crossaver layer, Item Il CC
from
Ceaterline Bare Cd-covered Bare Cd-covered
(cm) counter® counter® counter® counter
70 S 2.80 (2)¢ 1.09 (1) 1.37 (2)
09.5 1.11 (0)
60 3.55(2) 1.60 (1) 1.97(2)
59.5 1.73(0)
50 4.24 (2) 210(1) 2.66(2)
49.5 3.06 (0)
45 312(2)
44,5 4.61 (0)
40 4.77 (2) 2.52 (1) 344 (2)
39.5 5.28 (0)
35 3.64 (2)
kI X 5.43 (0)
30 5.19 (2) 296 (1) 1.57(2)
29.5 5.34 (0)
25 1.57(2)
24.5 4.53 (0)
20 5.76 (2) 330(1) 3.59 (2)
19.5 4.00 (0)
15 3.70 (2)
14,5 4.06 (0)
10 6.07 (2) 3.58 (1) 1.86 (2)
9.5 4.42 (0)
5 4.13(2)
45 4.87(0)
0 6.11 (2) 3.55(1) 4.22(2)
0.5 4.92 (0)
5 4.14(2)
s.S 4.83(0)
10 6.04 (2) 154 (1) 3.89(2)
10.5 4.46 (0)
15 3.61(2)
15.5 4.41 (0)
20 5.54 (2) 3.30(1) 3.56 (2)
20.5 4.05 (0)
25 3.52(2)
25.5 4.67 (0)
30 $.09(2) 293 (1) 3.57(2)
30.5 5.42 (0)
35 3.50(2)
35.5 5.42 (0)
40 454 (2) 2.52(1) 341 (2)
40.5 5.09 (0)
45 3.07(2)
43.5 4.47 (0)
50 4.06 (2) 203 (1) 2.56 (2)
50.5 2.86 (0)
60 3.27 (2) 1.52(1) 1.92(2)
60.5 1.74 (0)
70 2,38 (2) 1.02 (1) 1.40 (2)
705 N 1.13(0)

“Traverses within horizontal midplane of configuration.
4 cm behind reflector layer.

4 cm behind cross-over layer.

dRcad: 2.80 X 102
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Table 25. Bonner ball horizontal traverses 30 cm beyond crossover layer*
(Item II C, reference pin pattern)

Distance Bonner ball count rates (s”'W-})
from
Centerline Barc Cd-covered 5-in.-diam 10-in.-diam
(cm) counter counter bal! ball
708 2.61 (1)f 371 (-1) 5.63 (0) 1.74 (0)
60 3.55 (1) 5.63(-1) 8.82 (0) 2.79 (0)
50 4,62 (1) 9.01 (-1) 1.46 (1) 4.58 (0)
45 1.74 (1)
40 5.61 (1) 1.17 (0) 1.97 (1) 6.10 (0)
35 2.08 (1) 6.43 (0)
30 6.29 (1) 1,32 (0) 2.13(1) 6.23 (0)
25 2,03 (1) 5.86 (0)
20 6.52 (1) 1,25 (0) 1.92 (1) 5.52 (0)
15 1.81 (1)
10 6.69 (1) 1.19 (0) 1.78 (1) 5.18 (0)
5 1.78 (1)
0 6.76 (1) 1.19 (0) 1.77 (1) 5.21 (0)
5 1.77 (1)
10 6.62 (1) 1,19 (0) 1.78 (1) 5.20 (0)
15 1.82 (1)
20 6.48 (1) 1.25 (0) 1.90 (1) 5.59 (0)
25 2.05(1) 5.90 (0)
30 6.15 (1) 1.32 (0) 2.10(1) 6.26 (0)
35 2.04 (1) 6.32 (0)
40 5.61 (1) 1.16 (0) 1.91 (1) 6.04 (0)
45 1.68 (1)
50 4.58 (1) 8.97 (-1) 1.39 (1) 4.50 (0)
60 3.81 (1) 5.81 (-1) 8.35(0) 2.68 (0)
70 N 2.79 (1) 3.69 (-1) 5.32 (0) 1.67 (0)

9Traverses within horizontal midplane of configuration.
bRead: 2.61 X 10",
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Table 26. Bonner ball horizontal traverses 30 cm beyond follow-on layer* |

(layer D) (Item 11 D, reference pin pattern)

Distance Bonner ball count rates (s"'W-!)
from
Centerline Bare Cd-covered 5-in.-diam 10-in.diam
(cm) counter counter ball ball
708 1.21 (1)® 7.20 (-2) 9.80 (-1) 2.89 (-1)
60 1.70 (1) 1.12 (-1) 1.56 (0) 5.23(-1)
50 2.36 (1) 2.37 (-1) 3,76 (0) 1.28 (0)
45 3.38 (-1) 5.51(0) 1,71 (0)
40 2.93 (1) 3.80 (-1) 6.57 (0) 2.05 (0)
35 3.93 (-1) 6.96 (0) 2.14 (0)
30 3.19 (1) 4.00 (-1) 6.78 (0) 1.93 (0)
25 3.40 (-1) 5.44 (0) 1.52 (0)
20 3.09 (1) 2.54 (-1) 3.87(0) 1.15 (0)
15 2.08 (-1) 3,08 (0) 9.07 (-1)
10 2.93 (1) 1.98 (-1) 2.84 (0) 7.92 (-1)
5 1.88 (-1) 2.74 (0) 7.42 (-1)
0 2.89 (1) 1.88 (-1) 2.70 (0) 7.39 (-1)
5 1.87 (-1) 2.72 (0) 7.50 (-1)
10 2.92 (1) 1.95 (-1) 2.85(0) 8.02 (-1)
15 2.09 (-1) 3.09 (0) 9.19 (-1)
20 3.07 (1) 2.54 (-1) 3,85 (0) 1.16 (0)
25 3.39 (-1) 5.32(0) 1.57 (0)
30 3.18(1) 3.86 (-1) 6.67 (0) 1,94 (0)
35 3.84 (-1) 6.78 (0) 2.13(0)
40 2.87 (1) 3.61 (-1) 6.42 (0) 2.02 (0)
45 3.21 (-1) 5.36 (0) 1.66 (0)
50 2,30 (1) 2.23 (-1) 3.62 (0) 1.19 (0)
60 1.63 (1) 1.03 (-1) 1.50 (0) 4,95 (-1)
70 N 1.16 (1) 6.50 (-2) 9.39 (-1) 2.81 (-1)

“Traverses within horizontal midplane of vonfiguration,

bRead: 1.21 X 10

!
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Table 27. Bonner ball traverses along axis of Jarge outer coolant hole
(Item 11 D, reference pin pattern)

Distance Bonner ball count rates (s''W-')
from
Reflector Layer Bare Cd-covered
(cm) counter counter
4 3.40(1)
4,7 1.07 (3)
6.7 1.06 (3)
9 2.87 (1)
9.7 1.04 (3)
14 2.38(1)
14.7 9.68 (2)
19.7 9.10 (2)
24 1.55 (1)
24.7 8.57 (2)
34 1.01 (1)
34.7 6.79 (2)
39.7 6.22 (2)
44 6.72 (0)
54 4.48 (0)
54.7 4.07 (2)
6! 2.79 (0)
64.7 2.73 (2)
74 1.55 (0)
74.7 Ll (2)
84 7.94 (-1)
84.7 6.72 (1)
89 6.30 (-1)
94 5.14 (-1)
94.7 4.19 (1)
104 3.87 (-1)
104.7 3.22(1)
114 3.14 (-1)
114.7 2.62(1)

9Read: 3.40 X 10'.
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Table 28. Fast-neutron fluxes (>0.8 MeV) on centerline 125.5 cm beyond boron pin Iayer
(Item IIT A, full pin pattern): Run 7835B

Flux (neutrons cm? MeV" kW' ¢)

Flux (neutrons cm'? MeV'' kW' ¢!)

Neutron Neutron
energy Lower Upper energy Lower Upper
(MeV) limit limit (MeV) limit limit
8.1135E~017 6.2674E+03 6.3560E+03 5.9380E+00 1.6672E+02 1.7364E+02
9.0694E—01 6.8954E+03 6.9448E +03 6.2542E+00 1.5215E+02 1.6123E+02
1.0066E +00 6.2502E+03 6.2864E+03 6.5537E+00 1.4437E+02 1.5189E+02
1.1069E +00 5.3108E+03 5.3461E+03 6.8390E+00 1.3147E+02 1,3671E+02
1.2047E+00 4.4204E+03 4,4510E+03 7.2352E+00 1.0134E+02 1,0553E+02
1.3096E+00 3.6219E+03 3,6499E+0) 7.7365E+00 6.0889E+01 6.5449E+01
1.4121E+00 3.0652E+03 3.0926E+03 8.2364E+00 3.9780E+01 4,3758E+01
1.5107E+00 2,6900E+03 2.71156E+03 8.7578E+00 3.2084E+01 1.4883E+401
1.6100E +00 2.3990E+03 24213E+03 9.2613E+00 2.6209E+01 2.8616E+01
1.7095E+00 2.1265E+03 2,1474E+03 9.7411E+00 2.0060E +01 2,2322E+01
1.8125E+00 1.8482E+03 1,.8685E+03 1.0259E +01 1.3182E401 1.5135E+01
1.9323E+00 1.5644E 403 1.5837E+03 1.0777E+01 8.7908E+ 00 1.0506E+01
2.1000E+00 1.2384E4-03 1.2561E+03 1.1247E401 7.3614E+400 8.9344E400
2.2961E+4+00 9.1970E+02 9.3682E+02 1.1751E+0] 6.5629E+ 00 7.9443E 400
2,4988E+00 6.8534E402 6.9895E+02 1.2393E+0) 5.1858E+00 6.4054E 400
2.7026E+00 5.2303E+02 5.3803E+02 1.3201E+01 4.1407E+00 4,9936E+00
2.8984E+00 4,1845E+02 4,3303E+02 1.4021E+01 3.1383E+00 3.7566E+00
1.097SE+00 1.3414E+02 3.5000E+02 1.4792E8401 1.7736E+00 2.25908 4+ 00
3.2965E+00 2.7897E+02 2.9136E4+02 1.5629E +01 $.1764E—01 9.3994E-01
3.5009E+00 2.4190E+02 2.5696E+02 1.6539E+01 ~5.8188E—02 2.8544E-01
3.7074E+00 2.1851E+402 2,3064E+02 1.75313E+01 -2.2137E-01 1.0930E-01
3.9061E+00 2.1195E+02 2.2247E402 1.8521E+01 —2.4941E~01 1.3162E-01
4,1528E+00 2.186BE+02 2,2928E+402 1.9498E 401 —2.0212E~01 1.6696E~01
4,4540E+00 2.2961E+02 2.3880E+02 2.0556E+01 —1.9208E—01 1.7809E 01
4,7521E+00 2.3823E+4+02 2.4708E+02 2,1580E+01 —1.4427E-01 2.1025E-01
5.0422E+00 2.2927E+402 2.3710E+02 2.2560E +01 —1.7166E—-01 1.9273E-01
5.3459E+00 2,0979E+02 2,1723E+02 2,3471E+01 —1.8428E—-01 2.0947E~-01
5.6453E+00 1.8824E +02 1.9634E+-02
El E2 Integral Error
(MeV) (MeV) (neutrons ecm?kW's') (neutrons em?kW' ')
0.811 1.000 1.2687E+03 4.8892E+00
1.000 1.200 1.0794E+03 3.4673E+00
1.200 1.600 1.2974E+03 5.4126E+00
1.600 2.000 7.6289E+ 02 4.0735E+00
2.000 3.000 7.6585E+02 7.8396E+00
3.000 4.000 2.6424E+02 6.5570E+00
4.000 6.000 4.3589E+02 8.4990E+00
6.000 8.000 2.3119E+02 5.80S0E+00
8.000 10.000 6.2364E+01 2.8430E+00
10.000 12.000 1.9818E+0! 1.6617E+00
12,000 16.000 1.3353E+01 1.4358E+00
16.000  20.000 4,0500E—02 7.1617E—01
1.500 15.000 2.8124E+03 3.9730E+01
3.000 12.000 1.0124E+03 2.5371E+01

“Read: 8.1135 X 10,
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Table 29. Neutron fluxcs (50 keV to 1.4 MeV) on centerline 125.5 cm beyond boron pin layer
(Item I1I A, full pin pattern): Runs 1511A, 1510A, and 15098

Energy boundary Flux Error

N (MeV) (neutron cm'2 MeV-! kW-! g1) (%)
1 0.0453 0.0529 6.49E 04 4.48
2 0.0529 0.0642 4.836E 04 4.49
3 0.0642 0.0736 5.93B 04 5.20
4 0.0736 0.0869 6.09E 04 3.92
5 0.086" 0.1038 3.72E 04 5.50
6 0.1038 0.1208 4.30E 04 5.58
7 0.1208 0.1435 5.50E 04 349
8 0.1435 0.1680 4,24E 04 4.67
9 0.1680 0.1983 3.70E 04 4.68
10 0.1983 0.2322 2.95E 04 5.75
1 0.1672 0.1980 3.70E 04 1.94
2 0.1980 0.2332 2.78E 04 2.53
3 0.2332 0.2728 2.73E 04 2.58
4 0.2728 0.3212 3.22E 04 1.94
5 0.3212 0.3784 2.87E 04 1.96
1 0.2718 0.3262 3.23E 04 0.70
2 0.3262 0.3806 2.61E 04 0.96
3 0.3806 0.4440 1.79E 04 1.30
4 0.4440 0.5256 1.55€ 04 1.27
5 0.5256 0.6162 1.78E 04 1.08
6 0.6162 0.7249 1.788 04 0.96
7 0.7249 0.8608 1.0.E 04 1.27
8 0.8608 1.0058 8.22. 73 1.58
9 1.0058 1.1871 6.35E 03 1.60
10 1.1871 1.3955 452E 03 1.94
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Table 30. Bonner ball horizontal traverses 30 cm beyond boron pin layer*
(1tem 111 A, full pin pattern)

Distance Bonner ball count rates (s! W)
from
Centerline Bare Cd-covered 5-in.-diam 10-in.diam
(cm) counter counter ball ball
708§ 4.36 (2)* 1.05 (1) 2,63 (2) 1.02 (2)
60 4.43 (2) 1.12(1) 3.31(2) 1.33(2)
50 4.22(2) 1.17 (1) 397 (2) 1.66 (2)
40 3.75(2) 111 (1) 4.57 (2) 2.00 (2)
30 3.21 (2) 1.01 (1) 5.07 (2) 2.29 (2)
20 2.81(2) 9.46 (0) 541 (2) 2.48 (2)
10 2.59 (2) 9.03 (0) 5.56 (2) 2.56 (2)
0 2.44 (2) 8.66 (0) 5.56 (2) 2.62 (2)
10 2.58 (2) 9.03 (0) 5.52 (2) 2.54 (2)
20 2.73(2) 9.26 (0) 5.30 (2) 2.45 (2)
30 3.11 (2) 1.02 (1) 5.00 (2) 2.26 (2)
40 3.65(2) 1.08 (1) 4.48 (2) 1.92(2)
50 4.02 (2) 1.09 (1) 3.87(2) 1.62 (2)
60 4.21 (2) 1.05 (1) 3.16 (2) 1.30 (2)
70 N 4.04 (2) 9.66 (0) 2.54 (2) 9.80 (1)

“Traverses within horizontal midplane of configuration.
bRead: 4.36 X 102
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Table 31. Bonner ball horizontal traverses close behind boron pin with and
without boral shroud® (Items III A, AA; full pln pattern)

Bonner ball count rates (s W*!)

Distance Without boral shroud With boral shroud
from —_
Centerline Bare Cd-covered Bare Cd-covered

(cm) counter® counter® counter? counter?

70 S 7.51 (2 1.89 (1) 3.96 (1) 4,26 (0)

65 7.99 (2) 2.11 (1)

60 6.91 (2) 2.07 (1) 2.89 (1) 5.30(0)

55 4.97 (2) 1.65 (1) 4.57(1) 5.89 (0)

50 2.95 (2) 1.14 (1) 8.19 (1) 6.86 (0)

47,5 6.64 (0)

45 6.08 (1) 6.27 (0)

40 1.44 (2) 8.19 (0) 4.71 (1) 6.09 (0)

30 1.04 (2) 7.46 (0) 3.37Q1) 6.23 (0)

20 9.27 (1) 7.85(0) 3.01 (1) 6.44 (0)
10 8.66 (1) 7.98 (0) 2.99 (1) 6.62 (0)
0 8.72 (1) 7.96 (0) 2.68 (1) 6.48 (0)

10 8.74 (1) 7.88 (0) 2.88 (1) 6.72 (0)

20 9.52 (1) 7.53 (0)

30 1.10 (2) 7.26 (0)

40 1.54 (2) 7.73 (0)

50 3.34 (2) 1.13 (1)

55 5.38 (2) 1.53 (1)

60 7.13(2) 1.90 (1)

65 7.82 (2) 1.91 (1)

70 N 7.43 (2) 1.66 (1)

9Traverses within horizontal midplane of configuration.
4.2 cm behind upper pin layer.

‘4 cm behind upper pin layer.

5.6 cm behind upper pin layer.

‘Read: 7.51 X 102
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Table 32. Bonner ball horizontal traverses within 15-cm-thick void between
boron pin layer and reflector layer with and without boral shroud"
(Items 11l AAA, AAAA; full pin pattern)

Bonner ball count rates (s W'!)

Distance Without boral shroud With boral shroud
from
Centerline Bare Cd-covered Bare Cd-covered

(cm) counter® counter® counter! counterd

708 1.59 (3) 3.81 (1) 8.68 (1) 1.22 (1)

65 1.61 (3) 4,38 (1) 8.00 (1) 1.43 (1)

60 1.61 (3) 4.49 (1) 8.46 (1) 1.64 (1)

55 4.21 (1) 1.13(2) 1.84 (1)

50 1.09 (3) 372 (1) 1.60 (2) 2.15(1)

45 1.35(2) 216 (1)

40 8.21 (2) 337 (1) 1.24 (2) 2.27 (1)

35 2,36 (1)

30 6.56 (2) 3.27 (1) 1.16 (2) 244 (1)

20 5.51 (2) 328 (1) 1.15 (2) 2.63 (1)
10 4.97 (2) 3.32(1) 1.14 (2) 272 (1)
0 5.12(2) 338 (1) 1.14 (2) 282 (1D
10 5.10 (2) 3.29 (1) 1.11 (2) 271 (1)

20 5.62 (2) 329 (1)

30 6.51 (2) 3.26 (1)

40 8.08 (2) 337 (1)

50 1.13 (3) 3.84 (1)

55 1.38 (3) 4.27 (1)

60 1.63 (3) 4.40 (1)

65 1.67 (3) 4.19 (1)

70 N 3.66 (1)

“Traverses within horizontal midplane of configuration.
4.7 cm behind upper pin layer.

€5 cm behind upper pin layer.

94.5 cm behind upper pin layer.

‘Read: 1.59 X 10°,
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Table 33. Bonner ball horizontal traverses close behind successive layers
of mockup® (Items 111 B-D, full pin pattern)

Bonner ball count rates (s* W-')

Distance Reflector layer, Item 111 B Crossover layer, Item 111 C Follow-on layer, Item 111 D
from -

Centerline Bare Cd-covered Bare Cd-covered Bare Cd-covered
(cm) counter® counter® counter* counter® counter? counier*
708 1.62 (l)/ 2,61 (0) 2,16 (1) 227(1) 8.82 (0) 4.21 (-2)
60 3.81(1) 4.00 (0) 315 (1) 423 (-1) 1.48 (1) 8.61 (-2)
55 396 (1) 6.33 (-1) 1.90 (1) 1.29 (-1)
50 4.45(1) 552 (0) 542 (1) 1.10 (0) 284 (1) 2.33 (-1)
45 8.64 (1) 2,34 (0) 5.19 (1) 6.54 (-1)
40 4.70 (1) 6.63 (0) 1.04 (2) 2.84 (0) 6.07 (1) 8.10 (-1)
35 1,07 (2) 2.94 (0) 6.34 (1) 8.26 (-1)
30 4.91 (1) 1.49 (0) 1,01 (2) 2,72 (0) 5.98 (1) 1.94 (-1)
25 7,95 (1) 1.94 (0) 4.34 (1) 4,66 (-1)
20 512(1) 8.11 (0) 6.21 (1) 1.26 (0) 292(1) 2,19 (-1)
15 6.21 (1) 1.21 (0) 2,58 (1) 1.62 (-1)
10 5.40 (1) 8.61 (0) 7.83(1) 1.53 (0) 248 (1) 1.40 (-1)

5 9,72 (1) 1,97 (0) 2.45(1) 1.27 (-1)

0 5.26 (1) 8.28 (0) 1.04 (2) 2.13(0) 245(1) 1.28 (-1)

5 9.79 (1) 2.00 (0) 245 (1) 1.31 (-1)
10 5.33Q1) 8.41 (0) 7.75 (1) 1.51 (0) 248 (1) 1.36 (-1)
15 6.27 (1) 1.18 (0) 2.58 (1) 1.61 (-1)
20 5.00(1) 7.87 (0) 6.16 (1) 1.24 (0) 294 (1) 2.10 (-1)
25 1.87 (1) 1.92 (0) 4.24 (1) 4.34 (-1)
30 4.77 (1) 7.24 (0) 9.88 (1) 2,70 (0) 586(1) 7.59 (-1)
3s 1.05 (2) 2.86 (0) 6.19 (1) 8.09 (-1)
40 4.44 (1) 6.26 (0) 1.00 (2) 2,75 (0) 597 (1) 7.94 (-1)
45 8.15(1) 2.21 (0) 4,92(1) 6.48 (-1)
50 4,15 (1) 4.99 (0) 507 (1) 1.04 (0) 2.74 (1) 2,23 (-1)
55 3.75(1) 5.93(-1) 1.83 (1) 1.20 (-3)
60 3.47(1) 3.46 (0) 3.04 (1) 4,20 (-1) 1.38 (1) 7.55 (-2)
70N 3.18 (1) 2,34 (0) 216 (1) 2.26 (-1) 8.68 (0) 3.72 (-2)

9Traverses within horizontal midplane of configuration.
4 cm behind reflector laycr.

4 cm behind crossover layer.
4.3 cm behind layer D,

*4 cm behind follow-on layer.

TRead: 3.62 X 10",
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Table 34. Bonner ball horlzontal travcrses 30 cm beyond reflector layer®
(Item II1 B, full pin pattern)

Distance Bonncr ball count rates (s! W)
from
Centerline Bare Cd-covered 5-in.-diam 10-in.-diam
{cm) counter counter ball ball
708 2.52 (1) 2.30 (0) 513 (1) 1.86 (1)
60 2.82(1) 2.91 (0) 6.60 (1) 2.41 (1)
50 3.13(1) 3.61 (0) 8.49 (1) 3.08 (1)
40 3.39(1) 4.18 (0) 9.99 (1) 3.69 (1)
30 3.59 (1) 4.65 (0) 1.16 (2) 4,22 (1)
20 3.73 (1) 4,97 (0) 1.26 (2) 4,53 (1)
10 381 (1) 5.24 (0) 1.32(2) 4.75 (1)
0 3.77 (1) 5.22 (0) 1.31 (2) 4,76 (1)
10 3.74 (1) 5.18 (0) 1.29 (2) 4,70 (1)
20 3.65(1) 4.92 (0) 1.25 (2) 4.50 (1)
30 3.46 (1) 4,56 (0) 1.12 (2) 4,12 (1)
40 3.23 (1) 4.03 (0) 9.74 (1) 3.60 (1)
50 295(1) 3.41 (0) 7.98 (1) 2.96 (1)
60 2.58 (1) 2.75 (0) 6.36 (1) 2.33 (1)
70 N 226 (1) 2.14 (0) 485 (1) 1.76 (1)

“Traverses within horizontal midplane of configuration.
bRead: 2.52 X 10",
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Table 35. Bonner ball horizontal traverses within 15-cm-thick voids behind
reflector and crossover layers® (Items 111 BB, CC; full pin pattern)

Bonner ball count rates (s' W)

Distance Behind reflector layer, Item 111 BB Behind crossover layer, Item I11 CC
from
Centerline Bare Cd-covered Bare Cd-covered
(cm) counter® counter® counter* counter?
708 1.80 (2)¢ 8.33 (0) 1.04 (2) 9.72 (1)
60 2.38 (2) 1.22 (1) 1.48 (2) 1.57 (0)
55 1,71 (2) 1,93 (0)
50 2.82(2) 1.59 (1) 1.97 (2) 2,61 (0)
45 2.33(2) 3.74 (0)
40 3.10 (2) 1.86 (1) 2,58 (2) 4,24 (0)
35 2.69 (2) 4.44 (0)
30 3.37(2) 2.13(1) 270 (2) 4,37 (0)
25 2,65 (2) 3.84 (0)
20 3.64 (2) 2.35(1) 2,64 (2) 347 (0)
15 2.76 (2) 1.54 (0)
10 3.89(2) 2.52(1) 2.93(2) 3.84 (0)
5 3.07 (2) 4.16 (0)
0 3.95(2) 2.54 (1) 3.18 (2) 4,28 (0)
5 3.03 (2) 4,14 (0)
10 1.84 (2) 249 (1) 2.86 (2) 3.78 (0)
i5 2.69 (2) 3.51 (0)
20 164 (2) 2.32(1) 2,62 (2) 3.48 (0)
25 2,63 (2) 3.89 (0)
30 329 (2) 2.08 (1) 2.65 (2) 4.32 (0)
15 2.67 (2) 4.31 (0)
40 3.00(2) 1.82 (1) 2.47 (2) 4,05 (0)
45 2.26 (2) 3.52 (0)
50 2.71 (2) 1.54 (1) 1.92 (2) 2.45 (0)
55 1.69 (2) 1.86 (0)
60 2.23(2) 1.18 (1) 1.48 (2) 1.50 (0)
70 N 1.67 (2) 7.96 (0) 1.05 (2) 9.50 (-1)

“Traverses within horizontal midplanc of configuration.
4 cm behind reflector layer.

€4 cm behind crossover layer.
4.4 cm behind crossover layer.

“Read; 1.80 X 10°.
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Table 36. Bonner ball horizontal traverses 30 cm beyond crossover layer*
(Item III CC; full pin pattern)

Bonner ball count rates (s W*!)

Distance
from Bare Cd-covered 5-in.-diam 10-in.-diam
Centerline counter counter ball ball
70S 2.07 (1) 3.28 (-1) 5.41 (0) 1.63 (0)
60 2.74 (1) 4,94 (-1) 8.51 (0) 2.61 (0)
50 3.52(1) 7.48 (-1) 1.34 (1) 4,36 (0)
45 1.59 (1)
40 4.19 (1) 9.71 (-1) 1.77 (1) 5.69 (0)
35 1.88 (1) 5.96 (0)
30 4.66 (1) 1.09 (0) 1.89 (1) 5.86 (0)
25 1.83 (1) 5.54 (0)
20 4.81 (1) 1.04 (0) 1.70 (1) 5.17 (0)
15 1.64 (1)
10 4,98 (1) 1.00 (0) 1.62 (1) 4.87 (0)
0 4.94 (1) 9.98 (-1) 1.61 (1) 4.92 (0)
10 4.89 (1) 1.01 (0) 1.61 (1) 4.82 (0)
20 4.72 (1) 1.03 (0) 1.73 (1) 5.08 (0)
25 1.07 (0) 1.81 (1) 5.43 (0)
30 4.54 (1) 1.06 (0) 1.87 (1) 5.712 (0)
35 1.01 (0) 1.81 (1) 5.79 (0)
40 4.04 (1) 9.42 (-1) 1.67 (1) 5.51 (0)
45 1.48 (1)
S0 3.32(1) 7.30 (-1) 1.22 (1) 4,12 (0)
60 2.65 (1) 4.87 (-1) 7.54 (0) 2.56 (0)
70 N 1.98 (1) 3.10 (-1) 4.90 (0) 1.58 (0)

?Traverses within horizntal midplane of configuration.
hRead: 2.07 X 10"
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Table 37. Bonner ball horizontal traverses 30 cm beyond follow-on layer®
(layer D) (Item III D, full pin pattern)

Bonner ball count rates (s W)

Distance
from Bare Cd-covered 5-in.-diam 10-in.-diam
Centerline counter counter ball ball
70 S 9.92 (0)* 6.71 (-2) 9.66 (-1) 3.04 (-1)
60 1.37 (1) 1.00 (-1) 1.51 (0) 5.37 (-1)
55 1.61 (1) 1.33 (-1) 2.11 (0) 8.10 (-1)
50 1.88 (1) 1.07 (-1) 3.32(0) 1.24 (0)
45 2,12 (1) 2.80 (-1) 4.85 (0) 1.70 (0)
40 2.30 (1) 3.20 (-1) 5.76 (0) 2.00 (0)
35 2.41 (1) 3.24 (-1) 6.09 (0) 2.10(0)
30 2.52(1) 3.33(-1) 5.97 (0) 1.97 (0)
25 2.50 (1) 2,98 (-1) 491 (0) 1.53 (0)
20 242 (1) 2.29 (-1) 3.53(0) 1.18 (0)
15 2.36 (1) 1.96 (-1) 2.91 (0) 9.13 (-1)
10 2.32 (1) 1.81 (-1) 2.67 (0) 8.02 (-1)
5 230 (1) 1.74 (-1) 2.56 (0) 7.61 (-1)
0 2,27 (1) 1.74 (-1) 2.52 (0) 7.42 (-1)
5 2.29 (1) 1.71 (-1) 2.54 (0) 7.60 (-1)
10 2.31 (1) 1.78 (-1) 2.60 (0) 7.79 (-1)
15 2.35(1) 1.90 (-1) 2.82 (0) 8.90 (-1)
20 242 (1) 2.20 (-1) 3.38 (0) 1.14 (0)
25 2.49 (1) 2.78 (-1) 4.61 (0) 1.44 (0)
30 2,48 (1) 3.26 (-1) 5.74 (0) 1.79 (0)
35 2.40 (1) 3.14 (-1) 5.89 (0) 2.01 (0)
40 2.28 (1) 2.98 (-1) 5.59 (0) 1.98 (0)
45 2.09 (1) 2.74 (-1) 4.76 (0) 1.64 (0)
50 1.82 (1) 2,01 (-1) 3.30 (0) 1.19 (0)
55 1.57 (1) 1.36 (-1) 2.09 (0) 7.87 (-1)
60 1.33 (1) 1.04 (-1) 1.47 (0) 5.26 (-1)
70 N 9.79 (0) 6.51 (-2) 9.39 (-1) 291 (-1)

“Traverses within horizontal midplane of configuration.
bRead: 9.92 X 10°,
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Table 38, Bonner ball traverses along axis of large coolant hole

(Item III D, full pin pattern)

Distance Bonner ball count rates (s! W*')
from
reflector layer Bare Cd-covered

(cm) counter counter
5.4 2.63 (1)
5.5 7.55(2)

10.4 2.20 (1)

10.5 7.30 (2)

15.4 1.85 (1)

15.5 7.03 (2)

20.4 1.53 (1)

20.5 6.54 (2)

254 1.23 (1)

25.5 6.16 (2)

354 8.26 (0)

35.5 5.17 (2)

454 5.48 (0)

455 4.02 (2)

55.4 3.63 (0)

55.5 298 (2)

65.4 2.27 (0)

65.5 1.96 (2)

75.4 1.21 (0)

75.5 9.80 (1)

80.4 8.21 (1)

80.5 6.55 (1)

854 6.21 (-1)

85.5 4,73 (1)

90.4 4.93 (-1)

90.5 3.77 (1)

SRead: 2,63 X 10
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Schematic of iron and graphite snectrum, modifier (SM), Note: Concrete covers lateral
sides of configuration.

Photograph of upper boron pini layer (Item II A).

Sketch of one-fourth of upper boron pin layer containing BG and graphite pins (reference
pin pattern) (Item II A),

Sketch of one-fourth of upper boron pin layer containing BG pins only (full pin pattern)
(Item 1IT A).

Schematic of configuration containing SM + upper boron pin layer (Item II A). Note:
Concrete covers lateral sides of configuration,

I aotograph of boral shroud (iris) behind upper boron pin layer.

Schemitic of configuration containing SM + upper boron pin layer + boral shroud +
reflector laver (Item II B). Note: Concrete covers lateral sides of configuration.

Photograph of reflector layer (Items II B and III B).

Sketch of one-fourth of reflector layer (Items II B and 111 B).
Photograph of crossover layer (Items II C and IlI C).

Sketch of one-half of crossover layer (Items II C and III C).

Schematic of configuration containing SM + upper boron pin layer + boral shroud +
reflector layer + crossover layer (Item II C). Note: Concrete covers lateral sides of con-
figuration.

Schematic of full mockup (Items II D and III D).
Photograph of follow-on layer (Items II D and III D),

Schematic of full mockup: SM + upper boron pin layer + boral shroud + reflector
layer + crossover layer + follow-on layer (Item II D). Note: Concrete covers lateral
sides of configuration.

Spectrum of high-energy neutrons (>0.8 MeV) on centerline 125.4 cm beyond spectrum
modifier (Item [ A): Run 7831A.

Neutron spectrum (50 keV to 1.4 MeV) on centerline 125.4 ¢cm beyond spectrum modifier
Jtem I A): Runs 1503A, 1502A, 1501B.

Spectrum of high-energy neutrons (>0.8 MeV) on centerline 134.5 cm beyond upper
boron pin layer (Item II A, reference pin pattern); Run 7833B.

Neutron spcctrum (50 keV to 1.4 MeV) on centerline 134.5 cm beyond upper boron pin
layer (Item II A, reference pin pattern): Runs 1506A, 1508C, and 1505A.

Spectrum of high-energy neutrons (>>0.8 MeV) on centerline 125.5 cm beyond upper pin
layer (Item III A, full pin pattern): Run 7835B.

Neutron spectrum (50 keV to 1.4 MeV) on centerline 125.5 cm beyond upper boron pin
layer (Item III A, full pin pattern): Runs 1511A, 1510A, and 1509B.

Count-rate profiles for bare BF; counter along horizontal traverses 30 cm beyond cach
configuration (Items II A-D and III A-D).
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Count-rate profiles for Cd-covered BF; counter along horizontal traverses 30 cm beyond
each configuration (Items IT A-D and I1J A-D).

Count-rate profiles for 5-in.-diameter Bonner ball along horizontal traverses 30 cm
beyond cach configuration (Items II A-D and III A-D).

Count-rate profiles for 10-in.-diameter Bonner ball along horizontal traverses 30 c¢m
beyond each configuration (Items II A-D and III A-D).

Count-rate profiles for bare BF; counter along horizontal traverses close behind each con-
figuration (Items I A-D and III A-D).

Count-rate profiles for Cd-covered BF; counter along horizontal traverses close behind
each configuration (Items II A-D and II1 A-D).

Count-rate profiles for bare and Cd-covered BF; counters along horizontal traverses close
behind boron pin layer with and without boral shroud (Items II A, AA and [tems III A,
AA).

Count-rate profiles for bare and Cd-covered BF, counters along axis of larger outer
coolant hole (Items II D and III D).
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