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With one modification, this series of measurements is a repeat of several of the 
mockups that were investigated during the Axial Shield Experiment performed earlier for 
the Japanese-American Shielding Program for Experimental Research (JASPER) program 
at the Tower Shielding Facility (TSF). For these re-runs, slabs of lithiated paraffin, 10.16 

cm thick and 152.4 cm on an edge, were placed between the spectrum modifier and the 
axial shield and directly behind the axial shield. Each of the slabs contained a void area 
that corresponded in dimension and location to the surface area of the seven hexagons in 
the axial shield plus the boron carbide (B4C) collar that surrounded them. The lithiated 
paraffin was made part of the mockup to reduce the neutron contributions to the detector 
from those neutrons passing through the concrete surrounding the hexagon assemblies. 
The slabs were present in all of the mockups except one, for which the lithiated paraffin 
following the axial shield was removed. 

Spectral and integral flux measurements were made behind the axial shield for six 
B,C homogeneous-type assembly containing: (1) the B4C rod bundle assembly; (2) the 
B4C central blockage type; (4) the B4C central sodium type; and (4) another B4C 
homogeneous-type assembly. The neutron source was the Tower Shielding Reactor I1 
(TSR-II) modified to give a flux typical of that incident on the axial shielding in a Liquid 
Metal Reactor (LMR). 



1. INTRODUCI'ION 

The Axial Shield Experiment, completed in 1991, was designed to extend the 
studies of the effectiveness of different axial shield designs located beyond the fission gas 
plenum and at the same time provide a comparison of the neutron attenuation 
characteristics of stainless steel and B4C as they would be integrated into the design. The 
experiment served to provide data for verification of the analytical tools used in 
calculating the neutron streaming in each design. The results of the measurements, 
however, were in poor agreement with the calculated values obtained by the Japanese. 
The ratio of these values, calculated compared to measured, were much higher than the 
desired value of one. 

It was assumed by the Japanese that this discrepancy was due to an incorrect 
determination of the water content in the axial shield concrete. Further attempts to 
determine the water content were not considered since such an analysis is very difficult. 
To minimize the contribution from the concrete, it was suggested that lithiated paraffin 
bricks in the form of a slab be placed on each face of the axial shield. The slabs would be 
10.16 cm thick and 152.4 cm on an edge, with a void over the area occupied by the seven 
hexagons and the B4C border surrounding the assemblies. 

The same spectrum modifier preceded the axial shield as was used in the original 
axial shield measurements. Mockups were limited, however, to just those in the original 
measurements that contained the six B,C homogeneous assemblies surrounding a central 
assembly whose composition also contained B4C as the shield material to be studied. 
Measurements were made behind each mockup according to the program plan in 
Appendix A. 

1 
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2 INSTRU"TATI0N 

The Bonner ball detection system used at the TSF consists of a series of 
different-sized polyethylene balls, each of which measures an integral of the neutron flux 
weighted by the energy-dependent response function for that ball. The detection device 
inside the ball consisted of a 5.1-cm-diam spherical proportional counter filled with boron 
trifluoride (BF,) gas (?€3/B concentration = 0.96) to a pressure of 0.5 atmospheres. In 
order to cover a range of neutron energies, the counter was used bare, covered with 
cadmium, or enclosed in various thicknesses of polyethylene shells surrounded by 
cadmium, each detector being identified by the diameter of the polyethylene sphere. Data 
from the Bonner ball measurements are predicted analytically by folding a calculated 
neutron spectrum with the Bonner ball response functions determined by Maerker et ai.' 
and C. E. Burgart et al? 

An NE 213 liquid scintillator spectrometer system measured the neutron spectrum 
from about 800 keV to 15 MeV. This system makes use of pulse-shape discrimination to 

distinguish neutron pulses from gamma ray pulses. The resulting neutron pulse-height 
data obtained with the spectrometer were unfolded with the FERD code3 to yield absolute 

neutron energy spectra. 
Spherical proton-recoil counters, filled with 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 makes 
use of the unfolded NE 213 spectrum to correct for the contribution from higher-energy 
neutrons. 

The Hornyak button detector consisted of a 0.635-cm-diam, 0.159-cm-thick button 

of lucite interspersed with zinc sulfide mounted on a photomultiplier tube. The 
calibration procedure was based on first exposing the scintillator to a 2 R/h gamma-ray 
dose rate and adjusting the amplifier gain so that a prescribed count rate was obtained at 
a pulse height setting (PHS) of 0.06 volts. This procedure kept the gain of the system 
constant on a daily basis. The button was then exposed to a known strength Californium 
("'Cf) neutron source and a dose rate/count rate ratio obtained. However, for this 
particular experiment, it was necessary to obtain this neutron dose rate ratio at a higher 
PHS, namely 3.5 volts, to guard against a gamma ray contribution to the count rate when 
run in gamma ray fields greater than 2 R/h. Thus, even though the detector response no 
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longer corresponds to that of a dosimeter, it was elected to continue expressing the 

measurements in terms of a dose rate. At that PHS, even though the lower limit of the 
neutron energy response for the button is not known it did not detract from its usage to 
define the neutron streaming effect where small gaps existed in the mockup structure. 

The measurements for each detector were referenced to the reactor power (watts) 
using the data from two fission chambers positioned along the reactor centerline as a 
basis. 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). 
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3. EXPERIMENTAL CONFIGURATION 

The experimental program plan (see Appendix A) consists of repeat runs for 

several of the hexagonal mockups that were run previously in the Axial Shield 
Experiment, but this time a slab of lithiated paraffin was placed before the axial shield axxd 
another one following it. The slabs, 10.16 ern thick and 152.4 ern on an edge, were built 
from lithiated paraffin bricks. Each of the slabs contained a void whose shape closely 
mocked up the face of the axial shield corresponding to that area occupied by the seven 
hexagonal inserts and the B4C border surrounding them. These slabs were included to 
enhance the neutron flux entering and then emerging from the hexagonal area with 
respect to those entering and leaving the concrete surrounding the B4C collar. The 
hexagonal mockups represented LMR shield designs currently under study for the area 
directly above the reactor core and the fission gas plenum region. The only hexagons 
studied were those containing B4C located in the center of six surrounding homogeneous 
B4C hexagons. They were: (1) a central blockage in which the coolant flows around a 
central cylinder of B4C; (2) a B4C rod bundle in which the coolant flows around them; (3) 

a reverse of (1) in which the coolant flows through the center of the B4C blockage; and 
(4) a homogeneous B4C hexagon. 

The neutron source was the TSR-II, whose emergent spectrum was modified to be 
similar to that predicted for the LMR design. It should be noted that the material 
thicknesses mentioned in the program plan are nominal, the actual thicknesses used are 
given in the left corner of the slabs shown in the various figures displayed in Appendix C. 

3.1 SPECTRUM MODIFIER 

The preanalysis calculation indicated that nominally 10 em of iron, 10 em of 
aluminum, 2.5 cm of boral, and 20.3 cm of "radial blanket" placed in that order in the 
TSR-II beam would provide a spectrum of neutrons representative of those incident on 
the axial shield from the LMR core. In the experiment (see Fig. 1) the iron component 
consktd of two rectangular slabs 5.20 and 5.13 em thick, both 152.4 em on an edge. The 
three aluminum slabs totalled 9.12 cm in thickness, and the boral was 2.54 em thick, all 
having the same edge length as the iron slabs. Composition of the iron, aluminum, and 
boral are given in Tables 1, 2, and 3 respectively. (Note: All tables are included 
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in Appendix B.) 
The uranium (UO,) slabs used to represent the "radial blanket" were fabricated for 

earlier experiments performed in the Liquid Metal Fast Breeder Reactor (LMFBR) 
Program. They contained natural UO, pellets, 1.397-cm outside diameter (OD), enclosed 
in 1.524-cm OD aluminum cylinders. Between the aluminum and the pellets was a 
0.00508- to 0.01016-cm annulus filled with argon. The cylinders were stacked side-by-side 
vertically having a triangular pitch of 1.608 cm. The space between the aluminum 
cylinders was filled with sodium. This arrangement of the rods and sodium was enclosed 
in an iron vessel having an overall thickness of 11.05 cm and a length of 152.4 cm on each 
side. 

Each of the two radial blanket slabs used in this modifier contained 522 rods of 
natural UO, amounting to 64.6% of the volume of the slab. The rods were divided into 
seven rows, with alternating rows of 74 and 75 rods. The U02 density was 10.28 g/cc 

(94% of theoretical). The volume fraction of the aluminum cladding was 11.2% while that 
for the sodium and argon are 23.3% and about 1% respectively. The pellet stack length 
in each of the rods was approximately 121.9 cm. These rods were built by Numes 
Corporation in 1962 to conform, in general, to the then AEC/RDT designs for the Fast 
Flux Test Facility 0. A schematic of the slab is shown in Fig. 2, with analyses of the 
UO, and aluminum given in Tables 4 and 5. 

This spectrum modifier (SM-1) was surrounded by 20.3 cm (8 inches) of lithiated 
paraffin followed by up to 152.4 cm (60 inches) of concrete to minimize the neutrons 
scattering back into the slabs and to reduce the amount of background radiation reaching 
the detectors. The lithiated paraffin was shaped as small bricks 10.16 cm on an edge and 
20.3 cm long (4-in-facing and &in-long) and the concrete consisted of blocks 61 cm on 
each edge and 30.48 cm thick The composition of the lithiated paraffin and the concrete 
blocks have been presented in Tables 6 and 7 respectively. 

3.2 BORON CARBIDE HOMOGENEOUS HEXAGON ASSEMBLY 

The B4C homogeneous assembly was composed of alternating pieces of B4C and 
stainless steel, a schematic of which is shown in Fig. 3. The B4C was contained in an 
aluminum vessel, the internal depth of the B4C powder being 7.77 cm. The width of the 
B,C was 14.73 cm from inside flat surface to inside flat surface with a wall thickness of 
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0.627 cm, making the outside dimensions of the container 15.98 cm. Each end plate 

thickness covering the B4C was 1.123 cm. The density of the B4C powder (120 grit) was 
1.41 g/cc. An analysis of the B4C powder is given in Table 8. Analysis of the 6061 

aluminum was given earlier in Table 2. When the hexagon was placed in the 
configuration an aluminum-enclosed B4C-loaded container was placed nearest the reactor, 
followed by alternating pieces of stainless steel and aluminum clad B4C. 

3 3  BORON CARBIDE ROD BUNDLE 

The single assembly had a series of 37 rods of B4C contained in stainless steel 
tubes equally spaced on a pitch of 2.38 cm throughout the aluminum assembly. The OD 
of the tubing was 2.06 cm, its inside diameter (ID) 1.897 cm, with each tube having a wall 
thickness of 0.0813 cm. The cap thickness on each end of the tube was 0.159 em. The 
length of the BqC inside each tube was 44.7 cm, giving a volume of 126.28 cc. The 
average density of the B4C in the 37 rods was 1.30 g/cc. The average width of the 
aluminum was approximately 15-00 cm (flat surface to flat surface), and was surrounded, in 
this case, by nearly 0.465 cm of stainless steel as seen in Fig. 4. An analysis of the 
stainless steel tubes is given in Table 9. 

3-4 BORON CARBIDE CENTRAL SODIUM CHANNEL ASSEMBLY 

This particular hexagon mocks up the B4C axial shield design with sodium flowing 
through the center of the assembly. A stainless steel can with 0.452-cm-thick walls served 
as the container for the B4C as shown in Fig. 5. The length of the central aluminum 
cylinder was only 43.412 cm, with the two aluminum end pieces (0.794 cm thick) that 
enclose the B4C providing the remainder of the 45 cm length. The 5760.1 cm volume of 
the B4C in the assembly had a density of 1.39 g/cc. 

3 5  BORON CARBIDE CENTRAL BLOCKAGE 
In this assembly the central neutron shield was represented by a 12.98-cm-diam 

cylinder of B4C surrounded by aluminum enclosed in a stainless steel blanket 0.462 cm 
thick (see Fig. 6). The length of the B4C was limited to 4-4.05 cm so that each opening of 

the central cylinder could be covered with a 0.476-cm-thick aluminum plate. The volume 
of the B,C was 5846.9 cc, having a density of 1.38 g/cc. 
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3.6 LEAD SLAB 

A lead slab, 3.81 cm thick, was used to attenuate the gamma ray flux during the 
spectral measurements. The composition of the lead is given in Table 10. 

3.7 SUPPORT STRUCIVRE FOR THE ASSEMBLY MocgcmS 

The shield mockup was composed of a combination of seven subassemblies placed 
so that the axis of the central assembly coincided with the horizontal centerline of the 
reactor beam as it passed through the mockups. To support these assemblies in that 
fashion, a 45-cm-thick aluminum honeycomb structure, shown in Fig. 7, was secured in a 
modified concrete slab that had been used in an experiment prior to JASPER. The 
honeycomb itself represented a vertical path for sodium flow between assemblies in a 
typical LMR design. Between the aluminum honeycomb and the surrounding concrete 
slab was a layer of B4C whose width varied as shown in Fig. 8. This B,C had an average 
density of 1.33 g/cc. Between the B4C and the concrete was a 0.952-cm iron envelope. 
The B4C was covered on both ends of the honeycomb with a 0.81-cm-thick aluminum 
plate, making the total length of shield in that region about 46.6 cm (the mesh was only 
45 cm long). The concrete slab was 304.8 cm wide, 213.4 cm high, and 45 cm thick. The 
analysis of the concrete in the slab is contained in Table 11. A picture of a typical 
experimental arrangement is shown in Fig. 9. 

A lithiated paraffin brick slab, 10.16 cm thick, was placed between the "radial 
blanket" and the axial shield mockup to enhance the neutron flux penetrating the 
hexagons with respect to the flux penetrating the concrete around the hexagons. A 
second slab of lithiated paraffin was placed behind the axial shield, again to inhibit 
neutrons reaching the detector from the concrete with respect to the hexagonal area. The 
slabs, 152.4 cm on an edge, contained a void at the center in the form of a cross whose 
dimensions closely matched the perimeter of the B,C collar surrounding the seven 
hexagon assemblies in the axial shield. The shape and dimensions of the void are given in 
Fig. 10. A schematic of the lithiated paraffin slab superimposed on the seven hexagon 
arrangement is shown in Fig. 11. 

I 
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3.9 AXIAL s- 

The mockup for the Axial Shield Experiment re-runs was the same as used in the 
h a 1  Shield Experiment in 1990. The shield to be examined was a combination of seven 
hexagonal subassemblies briefly described as a central hexagon surrounded by six others. 
For this series of measurements the outer six assemblies were always of the homogeneous 
B4C type while the central hexagon varied as indicated in the program plan. The physical 
features of the hexagons were described earlier in this report. The spectrum 
modifier-axial shield combination provides a good representation of some of the U.S. 
ALMR shield designs and the loop-type (NIS) arrangement €or the Japanese. The water 
content of the concrete in this slab was found to be 8.0 i 0.5 wt percent6 in an 
experiment conducted at the TSE 

3.10 BACRGROUND SHIELD 

It has been the custom in the past to obtain background measurements as well as 
foreground measurements when the detectors were located at sufficient distance behind 
the mockups where neutron contributions to the detector from areas other than the 
mockup itself might not be negligible. For the background measurements a container of 
lithiated paraffin bricks, 91.4 x 91.4 cm on edge and 40.6 cm thick, would be placed 
between the detector and mockup in such a manner that contributions directly to the 
detector from the face of the last slab in the mockup would be substantially attenuated. 
The same approach was used €or background measurements in this series of mockups, 
using the face of the lithiated paraffin slab that followed the axial shield as the enclosed 
area to be shadow-shielded from the detector. Upon removal of that lithiated paraffin 
slab to do Item IIB, the area of the axial shield previously covered by the lithiated paraffin 
slab was still assumed to be the area to be shadow-shielded. 

A second set of background measurements was made for the mockups in Items 
IIA, IIB, and IIIA. In the initial axial shield measurements (1990-91), the program plan 
called for the background measurements to be made with only the area of the hexagons 
and B4C surrounding them shadow-shielded. This type of background measurement was 
repeated in this experiment only behind the mockups in Items 11, with and without the 
lithiated paraffin slab following the axial shield, and in Item IIIA. Though these three 
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measurements were not part of this experiment’s original program plan, they were 
included in an attempt to provide data from which, when compared to the initial 
experimental data, it might be possible to determine the effectiveness of the lithiated 
paraffin slabs preceding and following the axial shield. 

A schematic of the background shield used in this manner is shown in Fig. 12, 
where it is superimposed upon the area of the hexagons. To the left in the figure is a side 

view of the shield thickness, the width of the five bricks being equivalent to 50.8 cm. The 
bricks were placed directly behind the lithiated paraffin slab and remained there, 
unmoved, after the lithiated paraffin slab was removed for Item IIB. 
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4. MEASUREMENTS 

The experimental program plan for this series of measurement re-runs limited the 
number of mockups to be studied, due to the run time available, to mockups containing 
boron carbide in the assemblies. The spectrum modifier was to remain the same as in the 
original measurements: but it was to be followed by a slab of lithiated paraffin as 
discussed earlier in this report. The variables in the different mockups were the central 
assemblies which represented different approaches to physical combinations of the B,C 
shielding material and the sodium coolant. The program plan does not include any 
mockups where the B4C is replaced by stainless steel as in the original experiment. 

The lithiated paraffin slab that followed the axial shield was identical to the one 
preceding it, both contained a void discussed earlier. This slab was removed for the 
measurements in Item IIB. It was necessary to insert a lead slab between the mockups 
and spectrometer in Items 11 and III to attenuate the gamma rays and provide a 
reasonable medium in which to obtain a neutron spectrum with good statistics in a 

reasonable time period. 
It should be noted that even though there were changes in the order in which the 

measurements were made, the results have been reported in the order suggested by the 
program plan in Appendix A. Throughout this report, the words configuration, item, and 
mockup are used interchangeably when referring to the content of the program plan. At 
no time during these re-runs is the lithiated paraffin slab, before or after the axial shield, 
used as a point of reference for the detector measurements. For the spectrum modifier 
measurements, the reference is the radial blanket. Behind the axial shield the reference is 
the face of the hexagonal assembly. 

4.1 SPECTRUM MOD- 

Measurements behind the spectrum modifier and lithiated paraffin slab were 
limited to centerline measurements and radial traverses with the Bonner balls. Data was 
obtained on centerline with the 3-, 4-, 5, 8-, IO-, and 12-inch Bonner balls at 30 and 
150 cm behind the radial blanket. These results are listed in Tables 12 and 13 
respectively. Mappings of the traverse flux distribution from south (S on the data tables) 
to north (N on the data tables) at 30 cm behind the radial blanket were made with the 3-, 
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5-, and 8-inch Bonner balls along the horizontal midplane. These results are listed in 
Tables 14, 15, and 16, and plotted in Figures 13, 14, and 15 respectively. A schematic of 
this mockup is contained in Fig. 1. 

4 2  BORON CARBIDE HOMOGENEOUS SHIELI) MOCRUP (ITEhB IEA, IIB) 

This mockup behind the spectrum modifier and lithiated paraffin slab consisted of 
seven B,C homogeneous assemblies placed in the aluminum mesh structure contained in 
the large concrete slab. This slab was placed directly behind the lithiated paraffin slab and 
centered on the reactor beam centerline. A second lithiated paraffin slab, identical in 
shape to the first one, was then placed directly behind the concrete slab to complete the 
mockup for Item IIk 

A slab of lead was placed behind the mockup for the neutron spectral 
measurements as shown in the schematic in Fig. 1. Measurements were made at 25 cm 
behind the lead and the spectrum from the NE 213 scintillator is given in Table 17 and 
plotted in Figure 16. The spectrum for the low-energy neutrons obtained with the 
hydrogen counter are given in Table 18 and plotted in Fig. 17. The 3-, 5, and 10-inch 
Bonner ball results at this same location are given in Table 19. With the lead removed, 
both the horizontal traverses at 30 cm and the centerline measurements at 30 and 150 cm 

were made with the Bonner balls. The centerline measurements at 30 cm are given in 

Table 12, and the results at 150 cm are contained in Table 13. The horizontal traverse 
results are given in Tables 14, 15, and 16, and plotted in Figs. 13, 14, and 15. Results 
from the Hornyak button traverse at 2.4 cm behind the axial shield are listed in Table 20 
and plotted in Fig. 18. 

The scheduled background measurements called for in the data plan and reported 
in Table 13 were made using the shadow shield that was 91.4 cm x 91.4 cm x 40.6 cm 
thick. The added background measurements were made using the cross-shaped 
arrangement of lithiated paraffin bricks described earlier in this report (see Section 3.10). 
This shield was placed against the lithiated paraffin slab, thus covering the void within the 
slab. Results from these measurements are also included in Table 13 indicated by the 
notation nen. 

The lithiated paraffin slab behind the axial shield (one closest to the detector) was 
then removed from the mockup without moving the shadow shield as positioned in Item 
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IIA. The background measurements were repeated and these results for Item IIB are also 
included in Table 13. The cross-shaped background shield was then removed and the 
scheduled measurements for Item IIB were initiated. 

A lead slab was placed in the mockup to do the spectral measurement for Item IIB 
as shown in Fig. 19. The spectrometers were again located at 25 cm behind the lead on 

centerline. Results using the NE 213 detector are given in Table 21 and plotted in 
Fig. 20. Spectra obtained with the hydrogen-filled counters are listed in Table 22 and 
plotted in Fig. 21. Results from the 3-, 5, and 10-inch Bonner ball measurements at this 
same location are given in Table 19. The lead slab was removed and traverses made at 30 
cm behind the axial shield with the 3-, 5-, and 8-inch Bonner balls and the data are listed 
in Tables 14, 15, and 16, and plotted in Figures 13, 14, and 15. Centerline data at 30 and 
150 cm are given in Tables 12 and 13. Results from the Hornyak button traverse at 2.4 
cm behind the axial shield are listed in Table 20 and plotted in Fig. 18. The backgrounds 
this time were obtained using the 91.4 cm x 91.4 em x 40.6 cm shadow shield. All of these 
measurements under Item LIB were obtained after completion of the program plan for 
Items IA, IIA, IIIA, NA, and V k  

4 3  BORON CARBIDE ROD BUNDLE ASSEMBLY (lTEh+i mA) 

For this mockup the B,C rod bundle hexagon was surrounded by the six BqC 
homogeneous assemblies to form the axial shield which was then followed by the lithiated 
paraffin slab used in Item IIA. Again spectral measurements were made with the NE 213 
scintillator at 25 cm behind the lead slab that was added to the mockup as shown in Fig. 1. 

These results are listed in Table 23 and plotted in Fig. 22. The hydrogen counter results 
at the same location are given in Table 24 and plotted in Fig. 23. Bonner ball data at this 
same time location are given in Table 19. 

The radial traverse results with the three Bonner balls at 30 cm beyond the Axial 
shield are given in Tables 14, 15, and 16, and plotted in Figs. 13, 14, and 15. The data 
from the Hornyak button traverse at 2.4 cm are in Table 20 and plotted in Fig. 18. The 
Bonner ball data on centerline at 30 and 150 cm behind the axial shield are in Tables 12 
and 13. 
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4.4 BORON CARBIDE CENTRAL BLOCRAGE ASSEMBLY (ITEM NA) 

The central assembly in the previous mockup was replaced with the B4C central- 
blockage-type assembly. The new axial shield mockup was followed by the same lithiated 
p a r a 5  slab used in the previous mockup. Spectra were not obtained for this mockup, 
just the integral 5ux measurements were requested. Bonner balls were located on 

centerline at 30 and 150 crn behind the axial shield and these results are part of Tables 12 
and 13. Traverses were made with the 3-, 5-, and 8-inch Bonner balls at 30 cm and these 
data are recorded in Tables 14, 15, and 16, and plotted in Figs. 13, 14, and 15, Hornyak 
button data at 2.4 cm behind the axial shield are part of Table 20 and plotted in Fig. 18. 

45 BORON CARBIDE CENTRAL SODIUM CHANNEL ASSEMBLY (TIEM VA) 

The mockup for Item VA was obtained by replacing the central blockage assembly 
with the central sodium channel assembly, keeping the same six B,C homogeneous 
assemblies used in the previous mockups to surround it (see Fig. 1 for schematic details). 
Again spectral measurements were not requested. The Ebnner ball results at 30 and 150 
cm on centerline are given in Tables 12 and 13. The radial traverses with the 3-, 5-, and 
8-inch Bonner balls generated data that are given in Tables 14, 15, and 16, and plotted in 

Figs. 13, 14, and 15. The Hornyak button data from the traverse at 2.4 cm are given in 
Table 20 and plotted in Fig. 18. 
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5. ANAL,YSIS OF EXPERTMENTAL ERRORS 

The errors associated with the measurements are due to a number of uncertainties: 
(1) the sizes of the gaps between slabs, unavoidably introduced in the configurations; 
(2) in the positions of the detectors; (3) the detector count rate statistics and calibrations; 

(4) the reactor power determinations; and (5) the effects of the exposure of the 
configurations to the weather. Of these, the uncertainty due to the weather is the least 
understood and probably beyond simple estimation. The uncertainty lies in the amount of 

moisture between the slabs and in the lithiated paraffin surrounding them. During this 
experiment the mockups were covered with a plastic tarpaulin that would limit the amount 
of moisture reaching the slabs. Thus, for this experiment, the effect of the weather was 

assumed to be negligible. 
Count rate statistics are expressed in a manner specific to each detector. For the 

NE 213 measurements, counting statistics and unfolding errors are included in the 
unfolding of the pulse-height spectra using the FERD code, with the resulting flux 
expressed in terms of lower and upper limits that represent a 68% confidence interval. 
Similar errors are expressed in the tabular data for the hydrogen measurements unfolded 
using SPEC4. Neither of the spectra, NE 213 or hydrogen counter, reflects the error in 
determining the reactor power since this error is not included in the unfolding program. 
This could be as much as 4%. 

The Bonner balls were calibrated on a daily basis using 252Cf as a source, with the 
resulting count rates falling within about *3% of an average value obtained throughout 
the years. 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 perpendicular to the configuration centerline at 
30 cm behind the configuration, such variations in the detector position could amount to a 
change in the count rate of about 2%. For the measurements on centerline beyond the 
30 cm point, the error in positioning several millimeters either side of the selected location 
would lie within the statistics of the measurement. 

The error in the Homyak button measurements was largely dependent on the 
ability to maintain a constant temperature around the detector in the presence of large 
swings in the ambient temperature. Comparison of the calibration factors using a 252Cf 
source made before and after a traverse showed an average spread of about 4%. This 
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variation, combined with error limits given for the power determinations, position 
locations, etc., does not project an overall error beyond that quoted for the other 

detectors, about 4%. 
The TSR-II 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 this ratio, detector response to gold foil results, agreed 
within about 5% with a history of earlier such comparisons. These detectors were 
calibrated on a daily basis using a 252Cf 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 power indicated by the monitor outputs was at most 
only 3%; however, during the several months the experiment was being performed, the 
monitors indicated a spread in any one power level of about *5%. Thus, the uncertainty 
in the reactor power determination was assumed to be 4%. 

Rather than calculate probable errors for each measurement in a series of 
measurements during a 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 and Hornyak button measurements 
should be less than ~10%.  
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I. 

II. 

Spectrum Modifier 
A. Spectrum Modifier (SM-1) (10 em Fe + 9 em AI + 2.5 cm bora1 f 20 cm 

Radial Blanket) + 10 em lithiated paraffin with iris (see II) 
1. 3-, 4-, 5-,8-, lo-, and 12-in Bonner ball measurements on 

centerline: 
a. 
b. 
3-, 5-, and 8-in Bonner ball horizontal traverses at 30 cm behind the 
radial blanket 

30 cm behind radial blanket 
150 cm behind radial blanket (foreground and background) 

2. 

Homogeneous Axial Shield Mockup 
A. SM-1 + 7 B,C homogeneous-type assemblies (10 cm lithiated paraffin slab 

preceding and following axial shield) 
1. NE 213bydrogen counter spectrum measurements on centerline as 

close as feasible behind the axial shield 
2. 3-, 5-, and 10-in Bonner ball on centerline at NE 213 location 
3. 3-, 4-, 5-, &, lo-, and 12-in Bonner ball measurements on 

centerline: 
a. 30 cm behind axial shield 
b. 150 cm behind axial shield (foreground and background) 
3-, 5-, and &in Bonner ball horizontal traverses at 30 cm behind 
axial shield 
Hornyak button (0.25-indiameter) horizontal traverse as close as 
feasible behind axial shield 

4. 

5. 

SM-1 + 7 B,C homogeneous-type assemblies (10 cm lithiated paraffin slab 
preceding axial shield only) 
1. NE 213bydrogen counter spectrum measurements on centerline as 

close as feasible behind the axial shield 
2. 3-, 5-, and 10-in Bonner ball on centerline at NE 213 location 
3. 3-, 4-,5-, 8-, lo-, and 12-in Bonner ball measurements on 

centerline: 
a. 30 cm behind axial shield 
b. 150 cm behind axial shield (foreground and background) 
3-, 5-, and 8-in Bonner ball horizontal traverses at 30 cm behind 
axial shield 
Hornyak button (0.25-indiameter) horizontal traverse as close as 
feasible behind axial shield 

B. 

4. 

5. 
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Rod Bundle Axial Shield Mockup 
A. SM-1 + 6 B4C homogen&us-type assemblies around one B4C rod bundle 

hexagon assembly (10 cm lithiated paraffin slabs preceding and following 
axial shield) 
1. 

2. 
3. 

NE 213lhydrogen counter spectrum measurements on centerline as 
close as feasible behind axial shield 
3-, 5-, and 10-in Bonner ball on centerline at NE 213 location 
3-, 4-,5-, 8-, lo-, and 12-in Bonner ball measurements on 
centerline: 
a. 30 cm behind axial shield 
b. 150 cm behind axial shield (foreground and background) 
3-, 5, and 8-in Bonner ball horizontal traverses at 30 cm behind 
axial shield 
Hornyak button (0.25-in-diameter) horizontal traverse as close as 
feasible behind axial shield 

4. 

5. 

Central Blockage Shield Mockup 
A. SM-1 + six B4C homogeneous-type assemblies around one B4C central 

blockage hexagon assembly (10 cm lithiated paraffin slabs preceding and 
following axial shield) 
1. 3-, 4-,5-, &, lo-, and 12-in Bonner ball measurements on 

centerline: 
a. 30 cm behind axial shield 
b. 150 cm behind axial shield (foreground and background) 
3-, 5, and &in Bonner ball horizontal traverses at 30 cm behind 
axial shield 
Hornyak button (0.25-in-diam) horizontal traverse as close as 
feasible behind axial shield 

2. 

3. 

Central Sodium Channel Shield Mockup (lithiated paraffin as in IIA) 
A SM-1 + six B4C homogeneous-type assemblies around one B4C central 

sodium hexagon assembly (10 cm lithiated paraffin slab preceding and 
following axial shield) 
1. 3-, 4-,5-, 8-, lo-, and 12-in Bonner ball measurements on 

centerline: 
a. 30 cm behind axial shield 
b. 150 cm behind axial shield (foreground and background) 
3-, 5, and 8-in Bonner ball horizontal traverses at 30 cm behind 
axial shield 
Hornyak button (0.25-in-diam) horizontal traverse as close as 
feasible behind axial shield 

2. 

3. 
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Table 1. Analysis of iron slabs (p = 7.86 gC'oc) 
used in spectnun modXer 

Element w t %  

Fe 
C 
Cr 
cu 
Mn 
M o  
Ni 
Si 

98.4 
-25 
.15 
.03 

-02 
-05 
-25 

1.0 

Table 2 Analysis of 6061 duminum (p = 270 g/cc) 

Element wt % ppm 

Al 97.5 
cr .22 
cu .23 
Fe -47 

Mn .Ol  
Si .63 
Ti -042 
Zn -07 
Li 
Ni 
Sn 
V 

Mg -86 

3 
50 

< 10 
150 
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Table 3. Composition of bod  slabs d 
in spectrum modifier 

(B4C - 40-43 vol % in B,C-AI mixture) 

Elemental With 
Density Composition AI Cladding 

Component (g/cc) (wt %'.> (wt %I 

B4C 2.3 
AI 2.70 
B 
C 

65 
27.5 
7.5 

- 75 - 19.6 - 5.4 
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Table 4. Composition of UO, radial blanket 

Component vol % Density 
(glee) 

UO, (pellets) 
Al (8001) 
Na 
Void 

64.6 
11.2 
23.2 
1.0 

10.28 
2.8 
0.92 
I-- 

U content 88.18 wt % of UO, 

mu .0053 mu --- 
.713 =U 99.28 

Metallic Impurities in UO, (ppm)' 

AI 
B 
Be 
Bi 
C 
Ca 
cd 
c1 
co 
Cr 

<20 
<I 
<2 
<2 

< 10 
<20 

< O S  
c3.3 
c2 
c 10 

Cu 1 Na 
F <2 Ni 
Fe <20 Pb 
H,O 2.1 Si 
Li <1  Sn 
Mg <lo Ta 
Mu c4 Tu 
M o  <10 W 
N 54 Zr 

e20 
c 10 

<4 
<20 
<2 

<25 
<4 
e25 
e25 

*ppm = parts per million 
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Table 5. Analysis of aluminum used in UO, radial blanket cladding (p = 27 glcc) 

Element wt % ppm 

AI 
Fe 
Ni 
B 
Be 
cd 
Co 
Cr 
cu 
Li 

Mn 
Mo 
Pb 
Si 
Sn 
T 
Ti 
V 
w 
Zr 

Mg 

Major 
.59 

1.13 
e6 

< 20 
<20 
<20 
e6 
52.9 
6 
3.04 

11.2 
<6 

<20 
27.5 

<60 
<2000 

65.5 
44.2 

<60 
<20 

Table 6. Composition of Ethiated-pare bricks (p = 1.15 g/cc) 

Component wt% 

CIlH,,, 
Li,CO, 

60 
40 
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Table 7. Analysis of 6lcm x 61- x 305-m (p = 240 g/cc) 
concrete blocks used to surround configuration 

Component wt% Component wt% 

co3 41.9 A2°3 2.2 

Ca 27.4 Fe203 -60 

SiO, 18.1 so3 -32 

H20 4.0 '2O5 -035 

Mg 3.66 K -30 

0 2  1.4 

The water content in these blocks was found to be 8.3 * 0.5 wt percent.6 
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Table 8. Analysis of B4C in hexagon assembfies (p = 1.41 g h )  

Sample # % Boron % Carbon % Boron Nitride 

1 78.2 20.0 1.8 

2 78.2 20.4 1.6 

3 78.2 20.0 1.8 

Element Sample #I* Sample #2* Sample #3* 

At 5 10 3 

Ca 5 5 30 

co c1 <1 < I  

Cr 

c1 
1 

3 

cu 3 

Fe 10 

Mg <5 
Mn 1 

3 

5 

3 

50 

10 
3 

3 

3 

3 

50 

5 

5 

Na 5 10 30 

P 3 3 3 

sc 3 3 3 

Si c20 <20 c20 

Ti 3 3 10 

'parts per million 
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Table 9. Analysis of 304 stainless steel 
in tubes used for 

boron carbide rod bundle 
(p = 7.92glCc) 

Element Wt% 
Fe 70.3 

co 0.11 
Cr 
cu 

18.3 

0.37 
Mn 1.24 

Mo 0.32 

Ni 9.0 

Si .3 1 
Ti -023 
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Table 10. Analysis of lead slab used as part of mockup in IIA, IIB 
(p = 1135g/cc) 

Element wt% PPM 

Lead 
AI 
Ag 
B 
Ca 
Cr 
c u  
Fe 
Li 

Mn 
Na 
Ni 
P 
Si 
Sn 

Mg 

99.9 
<3 
30 
<l 
1 
10 

800 
1 

20 
<3 
5 
1 

30 
5 

<3 
30 
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Table 11. Aualysis of concrete in axial shield mncrete 
slab (p = 240 glcc) 

Axial shield 
Element concrete 

("/.I 
Free H,O 0.97 

Bound H,O 

LOI' 

SiO, 

Fe203 

CaO 

2.44 

35.25 

9.41 
0.94 

1.57 

36.96 

13.2 
0.022 
0.53 

0.16 

0.10 

43.9 

'LO1 (Lost on Ignition) includes the fiee and bound H,O 
and SO,. To obtain correct wt% for the materials, 
multiply CO, value by -7334 to get CO, and when 
summed the LO1 values should not be included. 

The water content in this shield was found to be 
8.0 * 0.5 wt percent6 



Table 12 BOMCX ball measurements on centerline 

Bonner ball count rates (s-lW-') 

3-inch- 4-inch- 5-inch- %inch- 10-inch- 12-inch- 
Configuration' diam ball diam ball diam ball diam ball diam ball diam ball 

IA 6.07 (2)' 1.89 (3) 2.53 (3) 1.85 (3) 9.02 (2) 4.56 (2) 

at 30 cm behind the mockups (Items IA, IIA, IIB, HlA, JYA, VA) 

w 
td 

IIA 5.56 (-1) 2.00 (0) 3.10 (0) 2.79 (0) 1.76 (0) 9.24 (-1) 

IIB 5.50 (-1) 1.94 (0) 2.95 (0) 2.74 (0) 1.66 (0) 9.26 (-1) 

IIIA 6.42 (-1) 2.31 (0) 3.50 (0) 2.98 (0) 1.79 (0) 9.84 (-1) 

IVA 5.95 (-1) 2.12 (0) 3.20 (0) 2.88 (0) 1.70 (0) 9.39 (-1) 

1.01 (0) 4.31 (0) 3.36 (0) 1.90 (0) VA 8.46 (-1) 2.98 (0) 

%ee experimental program plan in Appendix A for description of configurations. 
'Read: 6.07 x lo2. 
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Table 13. (continued) 

Bonner ball count rates (s-'W-') 

8-inch-diam ball 10-inch-diam ball 12-inch-diam ball 

ConfiPuration Foreground Background Fore wound Background Foreground Background 

IA 1.51 (2) 5.93 (0) 7.85 (1) 3.01 (0) 4.01 (1) 1.52 (0) 
IIA 2.98 (-1) 7.39 (-3) 1.78 (-1) 4.02 (-3) 9.98 (-2) 2.22 (-3) 

IIB 3.57 (-1) 1.48 (-2) 2.20 (-1) 8.40 (-3) 1.23 (-1) 4.59 (-3) 

IIIA 3.24 (-1) 8.06 (-3) 1.86 (-1) 4.39 (-3) 1.06 (-1) 2.39 (-3) 

IVA 3.11 (-1) 7.67 (-3) 1.79 (-1) 4.32 (-3) 1.04 (-1) 2.33 (-3) 

VA 3.61 (-1) 7.76 (-3) 2.34 (-1) 4.39 (-3) 1.29 (-1) 2.40 (-3) 

IIA 1.25 (-2) 8.37 (-3) 5.39 (-3) 

IIB 4.42 (-2) 2.88 (-2) 1.77 (-2) 

IIIA 1.17 (-2) 7.68 (-3) 4.98 (-3) 

Osee experimental program plan in Appendix A for description of configurations. 
'Count rate without shadow shield between detector and configuration. 
'Count rate with shadow shield between detector and configuration. 
dRead: 5.20 x 10'. 
eCount rate with shadow shield shape that matched the shape of the seven hexagons (see schematic in Figure 12 for dimensions). 
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Table 14. 3-inch Bonner ball traverses through the horizontal 
midplane at 30 cm behind a series of oon6guratiom 

(Item ul IIA, m, IIIA, VA) 
Bonner ball count rates (s-*W'l) 

Distance from 
centerline (cmj 

loo s 
90 
80 
70 
60 
50 
40 
35 
30 
25 
20 
17 
15 
12 
10 
9 
8 
6 
5 
3 

2.5 
0 

2.5 
3 
5 
6 
8 
9 
10 
12 
15 
17 
20 
25 
30 
35 
40 
50 
60 
70 
80 
85 
90 

100 N 

Item IA" 

2.29 (1)b 
3.12 (1) 
4.70 (1) 
6.66 (1) 
9.40 (1) 
1.44 (2) 

3.74 (2) 
4.45 (2) 
5.09 (2) 

2.37 (2) 
3.07 (2) 

5.89 (2) 

6.17 (2) 

5.75 (2) 

4.91 (2) 
4.30 (2) 
3.63 (2) 
284 (2) 
2.24 (2) 
138 (2) 
8.69 (1) 
6.05 (1) 
4.13 (1) 
3.37 (1) 

Item IIA 

288 (-2) 
3.43 (-2) 
3.97 (-2) 
4.73 (-2) 
6.62 (-2) 
1.07 (-1) 
1.76 (-1) 
236 (-1) 
2.92 (-1) 
3.58 (-1) 

453 (-1) 
4.80 (-1) 

5.34 (-1) 

537 (-1) 

5.49 (-1) 

4.10 (-1) 

5.14 (-1) 

5.51 (-1) 

5.48 (-1) 

Item IIB 

659 (-2) 
8.78 (-2) 
1.17 (-1) 
1.55 (-1) 
202 (-1) 
260 (-1) 
3.25 (-1) 

3.98 (-1) 

4.75 (-1) 

5.61 (-1) 

5.79 (-1) 

Item IIIA 

3.49 (-2) 

4.92 (-2) 

1.89 (-1) 
2.46 (-1) 

4.16 (-2) 

7.01 (-2) 
1.13 (-1) 

3.10 (-1) 
3.82 (-1) 

4.79 (-1) 

5.75 (-1) 

6.22 (-1) 

5.55 (-1) 
5.94 (-1) 

Item IVA 

2.81 (-2) 
3.43 (-2) 

4.77 (-2) 

1.80 (-1) 

3.60 (-1) 

3.87 (-2) 

6.61 (-2) 
1.07 (-1) 

2.32 (-1) 
2.95 (-1) 

4.70 (-1) 

Item VA 

2.82 (-2) 
3.48 (-2) 
4.04 (-2) 

1.09 (-1) 

4.82 (-2) 
6.82 (-2) 

1.87 (-2) 
2.39 (-1) 
3.07 (-1) 
3.70 (-1) 
4.33 (-1) 

5.68 (-1) 

4.82 (-1) 
5.16 (-1) 

6.33 (-1) 
5.91 (-1) 

7.07 (-1) 
6.03 (-1) 

7.88 (-1) 

8.23 (-1) 
5.81 (-1) 

5.80 (-1) 8.32 (-1) 
8.33 (-1) 

5.85 (-1) 
7.82 (-1) 

6.09 (-1) 

5.95 (-1) 
7.22 (-1) 

537 (-1) 
5.20 (-1) 
4.78 (-1) 
4.65 (-1) 
4.14 (-1) 
3.62 (-1) 
3.01 (-1) 
238 (-1) 
1.84 (-1) 
1.07 (-1) 

3.95 (-2) 

6.97 (-2) 
4.82 (-2) 

5.68 (-1) 

5.00 (-1) 
4.78 (-1) 

4.11 (-1) 

3.27 (-1) 
261 (-1) 
202 (-1) 
150 (-1) 
1.13 (-1) 

4.69 (-1) 

3.94 (-1) 3.64 (-1) 
3.28 (-1) 3.04 (-1) 

1.22 (-1) 1.12 (-1) 

2.61 (-1) 2.41 (-1) 
204 (-1) 1.83 (-1) 

7.49 (-2) 6.91 (-2) 
5.02 (-2) 4.67 (-2) 
4.06 (-2) 3.82 (-2) 

3.46 (-2) 

6.66 (-21 

6.61 (-1) 
5.91 (-1) 
5.29 (-1) 
5.01 (-1) 
4.55 (-1) 
3.92 (-1) 
3.19 (-1) 
2.51 (-1) 
1.97 (-1) 
1.14 (-1) 
7.10 (-2) 
4.88 (-2) 
4.08 (-2) 

"See experimental program plan in Appendix A for description of configurations. 
bRead 229x 10'. 
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Table 15. 5-inch Bonner ball traverses through the horizontal 
midplane at 30 cm behind a Series of (;onfigurations 

@tern IA, IIA, m, IIIA, NAY VA) 
&mer ban count rates (s-'w-'> 

Distance from 
centerline (cml 

100 s 
90 
80 
70 
60 
50 
40 
35 
30 
25 
20 
17 
15 
10 
9 
8 
5 
0 
5 

Item IA" 

6.06 (l)b 
8.58 (1) 

1.97 (2) 
3.01 (2) 
4.98 (2) 
8.86 (2) 

1.30 (2) 

1.21 (3) 
150 (3) 
1.81 (3) 
2.16 (3) 

2.43 (3) 

2.59 (3) 

2.46 (3) 

207 (3) 
1.77 (3) 
1.47 (3) 
1.13 (3) 
8.41 (2) 

2.87 (2) 
1.79 (2) 
1.18 (2) 

4.83 (2) 

9.36 (1) 

Item IIA 

8.40 (-2) 
1.07 (-1) 
136 (-1) 
1.84 (-1) 

5.05 (-1) 
9.28 (-1) 
1.22 (0) 

2.89 (-1) 

1.59 (0) 

2.91 (0) 

3.02 (0) 
3.03 (0) 
3.01 (0) 

1.58 (0) 

9.56 (-1) 
5.20 (-1) 
298 (-1) 

130 (-1) 
1.81 (-1) 

Item IIB 

2.09 (-1) 

3.87 (-1) 

7.23 (-1) 
9.84 (-1) 
1.35 (0) 

2.78 (-1) 

5.22 (-1) 

1.85 (0) 

2.95 (0) 

Item IIIA 

1.07 (-1) 
1.38 (-1) 
1.91 (-1) 
3.00 (-1) 
5.29 (-1) 
9.62 (-1) 
1.29 (0) 
1.64 (0) 
2.04 (0) 

262 (0) 

3.22 (0) 

3.05 (0) 3.46 (0) 

3.36 (0) 

Item IVA 

8.68 (-2) 
1.08 (-1) 
1.40 (-1) 

2.96 (-1) 
5.28 (-1) 

1.89 (-1) 

9.58 (-1) 
1.27 (0) 
1.66 (0) 
2.04 (0) 

2.64 (0) 
2.80 (0) 

2.40 (0) 

3.29 (0) 

8 
9 
10 2.97 (0) 
15 
17 2.77 (0) 
20 239 (0) 
25 2.17 (0) 
30 1.87 (0) 1.78 (0) 
35 1.41 (0) 
40 1.35 (0) 1.08 (0) 
50 9.94 (-1) 5% (-1) 
60 7.28 (-1) 335 (-1) 
70 5.18 (-1) 2.02 (-1) 
80 3.78 (-1) 1.40 (-1) 
85 
90 2.83 (-1) 
100 N 2.05 (-1) 

"See experimental program plan in Appendix A for description of configurations. 
bRead: 6.06 x 10'. 

3.34 (0) 
3.35 (0) 
3.34 (0) 
3.39 (0) 
3.33 (0) 

3.22 (0) 

2.61 (0) 
2.39 (0) 

2.81 (0) 

2.04 (0) 
1.67 (0) 
1.29 (0) 
9.91 (-1) 
5.37 (-1) 
3.06 (-1) 
1.85 (-1) 
1.33 (-1) 

Item VA 

8.53 (-2) 
1.08 (-1) 
1.37 (-1) 
1.89 (-1) 
2.99 (-1) 

9.57 (-1) 
1.26 (0) 
1.64 (0) 
2.02 (0) 

2.60 (0) 

5.31 (-1) 

2.39 (0) 

2.78 (0) 
3.41 (0) 

3.65 (0) 

4.19 (0) 
3.96 (0) 

3.95 (0) 
3.66 (0) 

3.42 (0) 
2.78 (0) 
2.61 (0) 
2.36 (0) 
2.01 (0) 
1.63 (0) 
1.29 (0) 
9.61 (-1) 
5.17 (-1) 
3.00 (-1) 
1.85 (-1) 
1.32 (-1) 
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TabIe 16. %inch &mer ball traverses through the horizontal 
midplane at 30 em behind a series of mnfigurations 

(Items IA, IIA, IIB, IIIA, NA,  VA) 
Bonner ball count rates (s-'W-') 

Distance from 
centerline {an) 

loo s 
90 
80 
70 
60 
50 
40 
35 
30 
25 
20 
17 
15 
10 
9 
5 
0 
5 
9 
10 
15 
17 
20 
25 
30 
35 
40 
50 
60 
70 
80 
85 
90 

100 N 

Item IVA 

7.18 (-2) 
8.99 (-2) 
1.13 (-1) 
1.57 (-1) 
261 (-1) 
4.56 (-1) 
8.27 (-1) 

1.42 (0) 

2.08 (0) 

Item VA 

7.23 (-2) 
9.22 (-2) 
1.15 (-1) 

2.64 (-1) 
4.64 (-1) 
8.49 (-1) 

1.62 (-1) 

1.14 (0) 
1.45 (0) 

2.13 (0) 
1.80 (0) 

Item IA" 

3.53 (1)b 

5.24 (1) 

1.25 (2) 

2.00 (2) 
3.45 (2) 

8.14 (1) 

6.14 (2) 

1.04 (3) 

1.47 (3) 

Item IIA 

7.16 (-2) 
9.12 (-2) 
1.16 (-1) 
1.62 (-1) 
260 (-1) 
4.60 (-1) 
8.28 (-1) 

1.42 (0) 

2.05 (0) 

Item IIIA 

9.38 (-2) 
1.19 (-1) 
1.73 (-1) 
279 (-1) 
5.00 (-1) 

1.21 (0) 
152 (0) 
1.88 (0) 

2.40 (0) 

9.01 (-1) 

2.83 (0) 

3.03 (0) 

283 (0) 

Item IEB 

1.75 (-1) 
2.38 (-1) 
3.24 (-1) 
4.45 (-1) 
6.12 (-1) 
8.49 (-1) 
1.16 (0) 

1.60 (0) 

2.10 (0) 

2.47 (0) 
2.83 (0) 1.70 (3) 

1.80 (3) 

251 (0) 2.66 (0) 

3.11 (0) 

3.10 (0) 
3.25 (0) 270 (0) 

255 (0) 

270 (0) 

2.60 (0) 

2.88 (0) 

1.68 (3) 2.66 (0) 2.83 (0) 
2.45 (0) 

1.40 (3) 218 (0) 2.11 (0) 2.09 (0) 
1.76 (0) 
1.45 (0) 
1.14 (0) 
8.55 (-1) 
4.69 (-1) 
2.60 (-1) 
1.57 (-1) 
1.08 (-1) 

1.87 (0) 
153 (0) 
1.19 (0) 

5.00 (-1) 
288 (-1) 

9.07 (-1) 

1.79 (-1) 
1.16 (-1) 
1.03 (-1) 

9.78 (2) 1.41 (0) 1.68 (0) 1.44 (0) 

5.75 (2) 
3.07 (2) 
1.79 (2) 

6.97 (1) 
1.10 (2) 

8.44 (-1) 
4.80 (-1) 
265 (-1) 
1.61 (-1) 
1.11 (-1) 

1.21 (0) 
8.78 (-1) 
633 (-1) 
4.61 (-1) 
3.34 (-1) 

8.90 (-1) 
4.87 (-1) 
270 (-1) 
1.64 (-1) 
1.13 (-1) 

2.46 (-1) 
1.79 (-1) 

"See experimental program plan in Appendix A for description of configurations. 
%ad: 3.53 x 10'. 
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Table 17, Spectnun of high-energy neutrons (M.8 MeV) on centerhe 
at 25 cm behind the lead slabs (Item IIA): Run 7940 

Flux (neutrons cm-*MeV*kWk') Flux (neutrons cm-2MeV1kWk-') 

Neutron Neutron 

(MeV) Limit Limit (MeV) Limit Limit 
Energy Lower Upper Energy Lower Upper 

8.11E -01 

1.01E +00 
1.11E +00 
1.20E +00 
1.31E +00 
1.41E +00 
1.51E +00 
1.61E +00 
1.71E +00 
1.81E +00 
1.93E +00 
2.10E +00 
2.30E +00 
2.50E +00 
2.70E +00 
2.90E +00 
3.10E +00 
3.30E +OO 
3SOE +00 
3.71E +00 
3.91E +00 
4.15E +00 
4.45E +00 
4.75E +00 
5.04E +00 
5.34E +OO 

9.07E -01 
3.45E +02 
3.74E +02 
3.27E +02 
2.56E +02 
1.95E +02 
1.56E +02 
1.39E +02 
1.32E +02 
1.26E +02 

1.13E +02 
1.06E +02 
9.43E +01 

6.38E +01 
5.12E +01 
4.30E +01 
3.71E +01 
3.23E +01 

271E +01 
2.55E +01 
2.35E +01 
2.04E +01 
1.72E +01 
1.47E +01 
1.28E +01 

1.19E +02 

7.88E +01 

2.9OE +01 

3.49E +02 
3.77E +02 
3.29E +02 
2.57E +02 
1.97E +02 
1.57E +02 
1.41E +02 
1.33E +02 
1.27E +02 
1.2OE +02 
1.14E +02 
1.07E +02 
9.54E +01 
7.98E +01 
6.46E +01 
5.20E +01 
4.38E +01 
3.80E +01 
3.30E +01 
2.99E +01 
277E +01 

2.40E +01 
2.08E +01 
1.76E +01 

2.60E +02 

1.51E +01 
1.31E +01 

5.94E +OO 
6.25E +00 
6.55E +00 
6.84E +00 
7.24E +00 
7.74E +00 
8.24E +00 
8.76E +00 
9.26E +00 
9.74E +00 
1.03E +01 
1.08E +01 
1.12E +01 
1.18E +01 
1.24E +01 
1.32E +01 
1.40E +01 
1.48E +01 
1.56E +01 
1.65E +01 
1.75E +01 
1.85E +01 
1.95E +01 
2.05E +01 
2.16E +01 
2.26E +01 
2.35E +01 

9.61E +00 
8.16E +00 
7.12E +00 
6.33E +00 
5.37E +00 
4.12E +OO 
3.11E +00 
2.37E +00 
1.79E +00 
1.37E +00 

7.48E -01 

3.71E -01 

1.32E -01 

4.07E -02 

1.02E +00 

5.51E -01 

2.24E -01 

6.67E -02 

2.24E -02 
6.23E -03 
-7.43E -04 
-2.49E -03 
-2.39E -03 
-3.70E -03 
-3.61E -03 
-2.05E -03 
-1.70E -03 

9.97E +00 
8.57E +00 
7.46E +00 
6.58E +00 
5.56E +00 
4.37E +00 
3.37E +00 
2.50E +00 
1.90E +00 
1.46E +OO 
l.lOE +00 
8.18E -01 
6.04E -01 
4.13E -01 
2.65E -01 
1.57E -01 
8.81E -02 
5.69E -02 
3.73E -02 
1.53E -02 
5.36E -03 
3.45E -03 
1.84E -03 
2.47E -03 
2.87E -03 
2.12E -03 
1.99E -03 

5.64E +00 1.12E +01 1.16E +01 
El E2 Integral Error 

0.81 1 1.000 6.86E +01 273E -01 
1.000 1.200 5.25E +01 1.70E -01 
1.200 1.600 5.91E +01 3.03E -01 

neutrons cm-2kW%1 neutrons cm-2kW-1s-1 (MeV) (MeV) 

1.600 2.000 4.56E +01 240E -01 
2000 3.000 6.66E +01 4.52E -01 
3.000 4.000 3.06E +01 3.58E -01 
4.000 6.000 3.23E +01 4.02E -01 
6.000 8.000 1.24E +01 2.80E -01 
8.000 10.000 4.47E +00 1.45E -01 
10.000 12000 1.42E +00 6.20E -02 
12.000 16.000 4.44E -01 4.68E -02 

3.000 1o.m 7 . m  +01 1.19E +00 
1.500 15.000 207E +02 2.05E +00 
3.000 12.000 8.12E +01 1.25E +00 

16.000 20.000 1SOE -02 1.31E -02 
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Table 18. Neutron spectrum (50 keV to 1-4 MeV) on e n t e r h e  
at 25 cm behind the lead slab (Item HA) Runs 1610.B, 1610.C, 1610A 

~~~ ~ 

Energy Boundary Flux Error 
N (MeV) (neutrons cm-2MeV-'kW1s-') (%I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 

0.0397 
0.0450 
0.0538 
0.0626 
0.0750 
0.0873 
0.1032 
0.1208 
0.1420 
0,1684 

0.1446 
0.1715 
0.1984 
0.2320 
0.2724 
0.3195 
0.3800 
0.4473 
0.5280 
0.6154 

0.5243 
0.6216 
0.7297 
0.8595 
1.0108 
1.1838 

RUN 1610.B 
0.0450 
0.0538 
0.0626 
0.0750 
0.0873 
0.1032 
0.1208 
0.1420 
0.1684 
0.1984 

RUN 1610.C 

0.1715 
0.1984 
0.2320 
0.2724 
0.3195 
0.3800 
0.4473 
0.5280 
0.6154 
0.7297 

RUN 1610.A 

0.6216 
0.7297 
0.8595 
1.0108 
1.1838 
1.4OOo 

3.08E +03 
2.75E +03 
2.71E +03 
2.68E +03 
2B9E +03 
1.32E +03 
1.42E +03 
1.57E +03 
1.13E +03 
9.49E +02 

1.09E +03 
8.86E +02 
8.22E +02 
8.80E +02 
8.28E +02 
6.88E +02 
5.21E +02 
5.57E +02 
5.57E +02 
4.99E +02 

5.32E +02 
4.70E +02 
4.06E +02 

2.36E +02 
1.43E +02 

3.43E +02 

3.37 
2.53 
2.89 
2.25 
3.24 
4.34 
4.09 
3.36 
4.00 
4.70 

1-66 
2.36 
2.32 
2.04 
2.10 
2.18 
2-96 
2.57 
2.64 
2.30 

1.68 
1.87 
1.92 
2.04 
2.69 
3.62 



Table 19. Bonner ball measurements on centerhe 
at NE 213 location (Items Iyl IIB, lIIA) 

Bonner ball count rates (s-lW-l) 

Detector 3-in-Diam 5-in-Diam 10-in-Diam 
Configuration' Location 

IIA 25 em 
behind lead' 

Ball Ball 

2.77 (-l)d 1.47 (0) 

IIB 25 em 4.15 (-1) 
behind lead 

2.16 (0) 

Ball 

8.45 (-1) 

1.20 (0) 

rn 25 em 3.12 (-1) 1.65 (0) 8.78 (-1) 
behind lead 

'See experimental program plan in Appendix A for description of configurations. 
bLead slab between configuration and detector (see schematics). 
'Foreground only. Count rates without shadow shield between detector and lead slab. 
dRead: 2.77 x lo-'. 
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Table 20. Hornyak button traverses through the horizontal midplane 
at 24 cm behind a series of configurations 

0- flA, m, mA, w4 VA) 
Bonner ball count rates (s-lW-') 

Distance from 
centerline (cm) 

70 S 
60 
50 
40 
35 
30 

28.5 
28.4 
28.3 
28 
26 
25 
24 
22 
20 
16 
15 
12 
10 
83 
7.7 
7.0 
6.0 
5 
4 

25 
0 

25 
4 
5 
6 
7 

7.7 
8.3 
10 
12 
15 
16 

22 
24 
25 
26 
28 

28.5 
28.7 
29 
30 
35 
40 
50 
60 

70 N 

2o 

Item I N a  

8.12 (-4f 

1.06 (-3) 

1.35 (-3) 

1.62 (-3) 

1.82 (-3) 
1.94 (-3) 

1.98 (-3) 

1.97 (-3) 

1.96 (-3) 

191 (-3) 
1.83 (-3) 

1.63 (-3) 

135 (-3) 

1.03 (-3) 

8.17 (-4) 

Item IIB 

1.42 (-4) 
2.21 (-4) 
3.20 (-4) 
4.45 (-4) 
5.07 (-4) 
650 (-4) 

7.44 (4) 
8.72 (-4) 

9.83 (-4) 
1.10 (-3) 
121 (-3) 
1.40 (-3) 

1.60 (-3) 

1.72 (-3) 

1.77 (-3) 

1.78 (-3) 

1.78 (-3) 

1.76 (-3) 

159 (-3) 

1-40 (-3) 
1.19 (-3) 

951 (-4) 
1.07 (-3) 

833 (4) 
7.13 (-4) 

6.22 (-4) 
5.21 (-4) 
4.35 (-4) 
3.08 (-4) 
210 (-4) 
132 (4) 

Item IIIA 

7.85 (-4) 

1.03 (-3) 

1.31 (-3) 

157 (-3) 

1.80 (-3) 
1.89 (-3) 
1.99 (-3) 
1.97 (-3) 
201 (-3) 

2.09 (-3) 
208 (-3) 
2.09 (-3) 
210 (-3) 
2.06 (-3) 

2.02 (-3) 
1.99 (-3) 
1.99 (-3) 
1.93 (-3) 
1.82 (3) 

1.59 (-3) 

1.34 (-3) 

1.02 (-3) 

7.97 (-4) 

Item IVA 

8.14 (-4) 

1.04 (-3) 

1.31 (-3) 

1.61 (-3) 

1.85 (-3) 
1.94 (-3) 
2.01 (-3) 
202 (-3) 
2.06 (-3) 

214 (-3) 
2.16 (-3) 
2.19 (-3) 
2.16 (-3) 
2.16 (-3) 

2.10 (-3) 

202 (-3) 
2.05 (-3) 

1.97 (-3) 
1.87 (-3) 

1.62 (-3) 

1.34 (-3) 

1.04 (-3) 

7.78 (-4) 

Item VA 

8.40 (4) 

1.11 (-3) 

1.43 (-3) 

1.72 (-3) 

2.00 (-3) 
2.10 (-3) 
2.17 (-3) 
2.21 (-3) 
2.24 (3)  

2.31 (-3) 
2.34 (-3) 
2.37 (-3) 
2.36 (-3) 
2.31 (-3) 

2.28 (-3) 
2.26 (-3) 
216 (-3) 
2.14 (-3) 
2.05 (-3) 

1.77 (-3) 

1.46 (-3) 

1.13 (-3) 

8.11 (-4) 

. I  

"See experimenta&program plan in Appendix A for description of configurations. 
'Read 8.12 x 10 . 
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Table 21. Spectrum of high-energy neutrons ( > O B  MeV) on cenferline 
at 25 cm behind the lead slab @tern IIB): Run 7941 

Flux (neutrons cm-2MeV1kW1s-') 

Neutron Neutron 

(MeV) Limit Limit (MeV) Limit Limit 

Flux (neutrons cm-*MeV'kW's.') 

Energy Lower Upper Energy Lower Upper 

8.11E -01 
9.07E -01 
1.01E +00 
1.1lE +00 
1.20E +00 
1.31E +00 
1.41E +00 
1.51E +00 
1.61E +00 
1.71E +00 
1.81E +00 
1.93E +00 
2.1OE +00 
2.30E +00 
2SOE +00 
2.70E +00 
2.90E +00 
3.10E +00 

3.50E +00 
3.71E +00 
3.91E +00 
4.15E +00 
4.45E +00 

3.30E +00 

4.75E +OO 
5.04E +00 
5.34E +00 

4.99E +02 

4.77E +02 
3.74E +02 
291E +02 
2.37E +02 
2.11E +02 
1.99E +02 
1.90E +02 
1.8OE +02 
1.69E +02 
1.59E +02 
1.43E +02 
1.22E +02 
9.94E +01 
7.84E +01 

5.47E +02 

6.40E +01 
5.38E +01 

4.05E +01 
4.61E +01 

3.67E +01 
3.39E +01 
3.15E +01 
2.80E +01 
2.34E +01 
1.95E +01 
1.66E +01 

5.06E +02 
5.51E +02 
4.81E +02 
3.77E +02 
2.93E +02 
2.39E +02 
2.13E +02 
2.01E +02 
1.92E +02 
1.82E +02 
1.71E +02 
1.60E +02 
1.45E +02 
1.24E +02 
1.01E +02 
7.98E +01 
6.54E +01 

4.73E +01 
4.18E +01 
3.76E +01 
3.48E +01 
3.24E i-01 

2.41E +01 
2.01E +01 
1.71E +01 

5.53E +01 

2.87E +01 

5.94E +00 
6.25E +00 
6.55E +OO 
6.84E +00 
7.24E +OO 
7.74E +00 
8.24E +00 
8.76E +00 
9.26E +00 
9.74E +00 
1.03E +01 
1.08E +01 
1.12E +01 
1.18E +01 
1.24E +01 
1.32E +01 
1.40E +01 
1.48E +01 
1.56E +01 
1.65E +01 
1.75E +01 
1.85E +01 
1.95E +01 
2.05E +01 
2.16E +01 
2.26E +01 
2.35E +01 

1.32E +01 
1.15E +01 

8.67E +00 
7.02E +OO 
5.19E +00 
3.73E +00 
2.97E +00 
2S3E +00 
1.99E +00 
1.36E +00 

9.%E +00 

9.44E -01 
7.63E -01 
5.76E -01 
3.16E -01 
1.68E -01 
1.05E -01 
3.75E -02 
1.37E -02 
1.09E -02 
1.54E -03 
-2.27E -03 
3.94E -03 
-1.18E -02 
-1.24E -02 
-5.55E -03 
-297E -03 

1.37E +01 

1.05E +01 
9.08E +00 
7.34E +00 
5.60E +00 
4.16E +00 
3.18E +00 
2.72E +00 
2.14E +00 
1SOE +00 
1.06E +00 

6.47E -01 

1.22E +01 

8.52E -01 

3.83E -01 
2.09E -01 
1.43E -01 
6.66E -02 
3.84E -02 
2.89E -02 
1.49E -02 
9.17E -03 
5.73E -03 
3.04E -03 
3.19E -03 
4.66E -03 
6.02E -03 

5.64E +OO 1.47E +01 1.53E +01 
El  E2 Integral Error 

(MeV) (MeV) neutrons cm-2kW-'s-' neutrons cm-2kW-'s-' 

0.811 1.000 1.OOE +02 4.09E -01 
1.000 1.200 7.69E +01 3.07E -01 
1.200 1.600 8.95E +01 5.10E -01 
1.600 2.000 6.88E +01 3.99E -01 
2.000 3.000 1.02E +02 7.66E -01 
3.000 4.000 4.28E +01 5.82E -01 
4.000 6.000 4.34E +01 6.52E -01 

8.000 10.000 5.87E +00 2.36E -01 
10.000 12.000 1.94E +00 1.03E -01 
12.000 16.000 6.04E -01 7.92E -02 
16.000 20.000 3.24E -02 2.68E -02 
3.000 10.000 1.09E +02 1.93E +00 
1.500 15.000 3.02E +02 3.38E +00 
3.000 12.000 1.11E +02 2.03E +00 

6.000 8.000 1.68E +01 4.55E -01 
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Tabie 22 Neutron spectrum (SO keV to 1.4 MeV) on centerhe 
at 25 cm behind the lead slab (Item IIB) Runs 1611.C, 16ll.B, 1611A 

N 
Energy Boundary Flux 

(MeV) (neutrons cm-2MeV-1kW-'s-*) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 

0.0397 
0.0450 
0.0538 
0.0626 
0.0732 
0.0873 
0.1014 
0.1208 
0.1419 
0.166fj 

0.1433 
0.1699 
0.1966 
0.2299 
0.2766 
0.3232 
0.3765 
0.4432 
0.523 1 
0.6164 

0.5243 
0.6216 
0.7297 
0.8595 
1.0108 
1.1838 

RUN 1611.C 

0.0450 
0.0538 
0.0626 
0.0732 
0.0873 
0.1014 
0.1208 
0.1419 
0.1666 
0.1966 

RUN 1611.B 

0.1699 
0.1966 
0.2299 
0.2766 
0.3232 
0.3765 
0.4432 
0.5231 
0.6164 
0.7297 

RUN 1611.A 

0.6216 
0.7297 
0.8595 
1.0108 
1.1838 
1.4000 

4.63E +03 
3.92E +03 
3.88E +03 
3.82E +03 
3.15E +03 
1.92E +03 
2.00E +03 
2.28E +03 
1.61E +03 
1.41E +03 

1.58E +03 
1.32E +03 
1.23E +03 
1.25E +03 
1.18E +03 
9.6OE +02 
7.69E +02 
8.31E +02 
8.26E +02 
7.17E +02 

7.82E +02 
6.89E +02 
6.07E +02 
4.84E +02 
3.30E +02 
2.18E +02 

1.57 
1.76 
1.76 
1.99 
2.66 
3.29 

Error 
(W 

2.16 
2.30 
2.61 
2.43 
2.37 
4.44 
3.32 
3.02 
4.01 
4.09 

1.68 
2.3 1 
2.26 
1.77 
2.20 
2.65 
2.93 
2.5 1 
2.36 
2.35 



44 

Table 23. Spectnun of highenergy neutrons ( S . 8  MeV) on centerline 
at 25 cm behind the lead slab fitern IIIA): Run 7939 

Rux (neutrons cm-2MeV'kW1s-1) Flux (neutrons cm-2MeV'kW%-') 

Neutron Neutron 
Energy Lower Upper Energy Lower Upper 

Limit (MeV) Limit Limit (MeV) Limit 

8.11E -01 
9.07E -01 
1.01E +00 
1.11E +00 
1.20E +00 
1.31E +00 
1.41E +00 
1.51E +00 
1.61E +00 
1.71E +00 
l.8lE +00 
1.93E +00 
2.10E +00 
2.30E +00 
2.50E +00 
2.70E +00 
2.90E +00 
3.10E +00 
3.30E +00 
3.50E +00 
3.71E +00 
3.91E +00 
4.15E +00 
4.45E +00 
4.75E +00 
5.04E +00 
5.34E +OO 

3.61E +02 
3.93E +02 
3.46E +02 
2.70E +02 
2.06E +02 
1.64E +02 
1.45E +02 
1.36E +02 

1.22E +02 
1.16E +02 
1.09E +02 
9.81E +01 
8.20E +01 
6.51E +01 
5.17E +01 
4.39E +01 
3.86E +01 
3.37E+ 01 
2.97E +01 
2.72E +01 
2.51E +01 
2.31E +01 
2.07E +01 
1.78E +01 
1.51E +01 
1.32E +01 

1.3OE +02 

3.68E +02 
3.%E +02 
3.48E +02 
2.72E +02 

1.66E +02 
1.47E +02 
1.38E 4-02 
1.31E +02 
1.24E +02 
1.17E +02 
l.lOE +02 
9.938 +01 

2.08E +02 

8.31E +01 
6.60E +01 
5.26E +01 

3.%E +01 
3.44E +01 
3.06E +01 
2.78E +01 
2.57E +02 
2.36E +01 
2.12E +01 
1.82E +01 
1.55E +01 

4.48E +01 

1.36E +01 

5.94E +00 
6.25E +00 
6.55E +00 

7.24E +00 
7.74E +00 
8.24E +00 
8.76E +00 
9.26E +00 
9.74E +00 
1.03E +01 
1.OSE +01 
1.12E +01 
1.18E +01 
1.24E +01 
1.32E +01 
1.40E +01 
1.48E +01 
1.56E +01 
1.65E +01 
1.75E +01 
1.85E +01 
1.95E +01 
2.05E +01 
2.16E +01 
2.26E +01 
2.35E +01 

6.84E +00 

1.OOE +01 
8.44E +00 
7.41E +00 
6.57E +00 

4.22E +00 
3.27E +00 
2.61E +00 
1.95E +00 
1.48E +00 
1.15E +00 
9.14E -01 

5.48E +00 

6.90E -01 
4.35E -01 
2.28E -01 
1.44E -01 
8.63E -02 
4.91E -02 
2.42E -02 
9.32E -03 
-2.25E -03 
-4.17E -03 
-2.48E -03 
-6.18E -03 
-6.88E -03 
3.33E -03 
-2.OOE -03 

1.04E +01 
8.89E +00 
7.78E +00 
6.85E +00 
5.69E +OO 
4.51E +00 

2.75E +OO 
2.08E +00 
1.57E +00 
1.24E +00 

3.58E +00 

9.94E -01 
7.51E -01 
4.83E -01 
275E -01 
1.74E -01 
1.12E -01 
6.94E -02 
4.14E -02 
2.11E -02 
6.29E -03 
3.42E -03 
3.62E -03 
3.10E -03 
2.87E -03 
2.99E -03 
3.57E -03 

5.64E +00 1.16E +01 1.21E +01 
El  E2 Integral Error 

(MeV) (MeV) neutrons crn-*kW-'s-' neutrons cni2kW-'s-' 

0.811 1.000 7.22E +01 2.95E -01 
1.000 1.200 5.56E +01 1.91E -01 
1.200 1.600 6.18E +01 3.24E -01 
1.600 2.000 4.70E +01 2.64E -01 
2.000 3.000 6.86E +01 4.95E -01 

4.000 6.000 3.30E +01 4.34E -01 
3.000 4.000 3.13E +01 3.84E -01 

6.000 8.000 1.28E +01 3.09E -01 
8.000 10.000 4.84E +00 1.65E -01 
10.000 12.000 1.67E +00 7.08E -02 
12.000 16.000 4.94E -01 5.49E -02 
16.000 20.000 1.85E -02 1.74E -02 
3.000 10.000 8.18E +01 1.30E +00 
1.500 15.000 213E +02 2.25E +00 
3.000 12.000 8.35E +01 1.37E +00 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0.03% 
0.0449 
0.0537 
0.0626 
0.0749 
0.0872 
0.1031 
0.1207 
0.1419 
0.1683 

45 

3.43E +03 
3.09E +03 
3.09E +03 
3.08E +03 
2.31E +03 
1.46E +03 
1.63E +03 
1.82E +03 
1.28E +03 
1.06E +03 

4.03 
3.00 
3.39 
2.61 
3-89 
5.20 
4.72 
3.83 
4.67 
5.51 

Table 24. Neutron spectnun (50 keV to 1.4 MeV) on centerbe 
at 25 cm behind the Iead slab (Item IIIA) Rum 1609.C, 1609B, 1609.A 

Energy Boundary Flux Error 
N (MeV) (neutrons cm-%ieV-lkW-'s-l) (%I 

RUN 1609.C 

0.0449 
0.0537 
0.0626 
0.0749 
0.0872 
0.1031 
0.1207 
0.1419 
0.1683 
0.1982 

RUN 1609.B 

0.1445 0.1714 
0.1714 0.1982 
0.1982 0.23 18 
0.2318 0.2722 
0.2722 0.3259 
0.3259 0.3797 
0.3797 0.4469 
0.4469 0.5275 
0.5275 0.6216 

RUN 1609.A 

1 0.4486 0.5243 5.21E +02 
2 0.5243 0.6216 5.50E +02 
3 0.6216 0.7297 4.83E +02 
4 0.7297 0.8595 4.21E +02 
5 0.8595 1.0108 3.51E +02 
6 1.0108 1.1838 2.36E +02 
7 1.1838 1.4Ooo 1SOE +02 

1.23E +03 

9.10E +02 
9.64E +02 

9.86E +02 

9.28E +02 
7.35E +02 
S.45E +02 
S.75E +02 
5.74E +02 

1.66 
2.39 
2.35 
2.08 
1.80 
2.63 
3.11 
2.72 
2.52 

1.93 
1.53 
1.72 
1.74 
1.88 
2.53 
3-25 
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APPENDIX c 
FIGURES 

I 





V 
rl 

d N N 

; n 

W 
d 
6 
N 

CONC 

0 1 ~ 0 1  

CONC 

c31x01 

Figure 1. Schematic of the axial shield mockup plus lead slab (Items IA, IIA, ITIA, IVA, VA, ITA and IITA + Pb slab). 
Note: Lithiated paraffin covers four sides of the SM-1. 
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ORNL DWG 87-7281 

ET 

0.473 Fe 

THEORETICAL DENSITY = 10.96 g/cc 
ACTUAL DENSITY (0.94 THEO.) = 10.28 g/cc 

524 OD * 0.010 
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(ARGON FILLED) 

DIMENSIONS IN cm 

Figure 2 Schematic of radial blanket slab containing UO, 
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Depth of B,C in container: 7.77 cm (4 total) 
Width of B4C 14.73 cm 
End plate thickness: 1.123 cm 
Wall thickness of container: 0.627 cm 
Width of container (flat surface to flat surface: 15.98 cm 
Density of B4C 1.41 g/cc 
Thickness of SS pieces: 1.25 cm (4 total) 

F w  3. B4C homogeneous-type assembly. 

OD of rod 2.06 cm 
ID of rod walk 1.897 cm 
Rod wall thickness: 0.0813 cm 
Thickness of rod cap: 0.159 cm 
Length of B4C in rod: 44.7 cm 
Volume of B4C rod: 126.28 cc 
Average density of B4C 1.30 g/cc 
Thickness of SS wrapper: 0.465 cm 
Rod pitch: 2.38 cm 
Width of Al (flat surface to flat surface): 15.00 cm 
Width of assembly (flat surface to flat surface): 15.93 cm 

Figure 4. B4C rod bundle assembly (37 tubes). 

\ 
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Diam of Al cylinder: 8.96 cm 
Length of Al cylinder: 43.412 cm 
Width of hexagon (flat surface to flat surface ): 15.99 cm 
Thickness of SS wrapper: 0.452 cm 
Length of SS wrapper: 45 cm 
Volume of B4C: 5760.1 cc 
Density of B4C 1.39 g/cc 
Thickness of Al covers over end of B,C 0.794 cm 

figure 5. B4C central Na channel assembly. 

Width of container (flat surface to flat surface): 16.00 em 
Width of Al (flat surface to flat surface): 15.05 cm 
Thickness of end plates: 0.476 cm 
Diam of B4C 13 cm 
Length of B4C 44.05 cm 
Volume of B4C 5846.9 cc 
Density of B4C 1.38 g/cc 

Figure 6. B,C central blockage hexagon assembly. 
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Flgure 7. Schematic of the aluminum honeycomb witbin a mncrete slab. 
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Figure 8. 
surrounding B,C mllar. 

Schematic of aluminum mesh dimensions along with those for the 
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Figure 10. Schematic of the lithiated paraffin slabs with void. 
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Figure 11. Schematic of the lithiated padfin slab iris superimposed upon the seven- 
hezagon arrangement in the axial shield 
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Figure 13. 3-inch Bonner ball traverses through the horizontal midplane at 30 cm 
behind a series of mdigurations (Item IA, IIA, IIB, IIIA, IVA, VA). 
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Egme 14. 5-inch %mer ball traverses through the horizontal midplane at 30 cm 
behind a series of configurations (Items IA, IIA, IIB, IIIA, IVA, VA). 
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Figure 15. &inch &mer ball travaes through the horizontal midplane at 30 cm 
behind a series of co~gurations (Items IA, IIA, IIB, IDA, IVA, VA). 
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Figure 18. Radial travemes at 24  cm behind the axid shield in a series of 
mdigurations using the Homyak button (Items IIA, ILB, IIIA, IVA, VA). 
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