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GCFR PLENUM SHIELD DESIGN - EXIT SHIELD EXPERIMENT" 

F. J. Muckenthaler, J. L. Hull, and J. J. Manning 

ABSTRACT 

This report describes the integral flux, energy spectra, 
and dose rate measurements made for the Exit Shield Experiment 
at the Oak Ridge National Laboratory Tower Shielding Faci1'ty 
as part of the Gas Cooled Fast Breeder Reactor program. The 
source was the same mockup of fuel pins used in the .-avi-
ous Grid Plate Shield Experiment. Two mockups of the upper axial 
shield were studied: one with seven subassemblies protot.ypic of 
that portion of the Exit Shield without a control rod, and another 
that was representative of the shield region with a control rod. 

The experiment was performed to provide verification of: 
the shield design methods, the shield effectiveness of a pro-
totypic mockup, the analytical ability to calculate streaming 
effects in the presence of a control rod, and the source term 
bias factors for the upper plenum. A series of measurements 
were made behind each configuration; for those configurations 
containing the control rod, measurements were made as a function 
of control rod position with and without B^C in the control 
rod's subassembly. 
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INTRODUCTION 

An experiment was performed at the Tower Shielding Facility 
(TSF) to provide data against which the validity of the calcula-
tional methods used in the design of the exit shield for the pro-
posed Gas Cooled Fast Breeder Reactor (GCFR)1 could be tested. The 
exit shield, located directly above the axial blanket, was designed 
to minimize the neutron streaming into the upper plenum while pro-
viding sufficient void spacing for passage of the coolant gas. 
Many of the design problems in the exit shield were similar to 
those studied for the Grid Plate Shield concept and, as a result 
of that work, were not approached in this experiment. There was, 
however, a concern about the validity of the calculation of the 
neutron streaming through the exit shield with the presence of a 
control rod in the fuel-pin array and b'.anket. Therefore, a study 
of these effects was made. An analysis of this experiment will 
follow in a separate report which will contain comparisons between 
measurements and calculations with descriptions of the calculational 
methods used. 

The experimental configuration consisted of four basic segments: 
a concrete shadow shield placed directly in the collimated neutron 
beam from the Tower Shielding Reactor (TSR-Il); a simulated GCFR 
core directly behind the shadow shield; a cross section of a proto-
typic exit shield without the control rod; and a cross section of 
a prototypic exit shield with a control rod. Part of the simulated 
core (fuel pins) was considered to be representative of the axial 
blanket during these measurements. 

A pitch of 1.8 cm was selected for the fuel pin spacing, 
resulting in 91 pins per subassembly. The exit shield subassemblies 
were scaled to be prototypic of those designed" for the 300 MW(e) 
reactor. The spacing between the subassemblies was selected to be 
.635 cm. The control rod was divided into two equal segments so 
that a study of the neutron streaming through the exit shield could 
be made for several positions of the control rod within 1) the 
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core, 2) the core and axial blanket and 3) the blanket and exit 
shield. Measurements were made for these locations of the control 
rod with and without B|tC in the subassembly liner. 

Integral and spectral neutron measurements were made using 
Bonner balls, Hornyak button, NE-213 spectrometer, and hydrogen-
filled proton recoil spectrometer. The spectral measurements 
behind the exit shield were made to provide a neutron source term 
for calculation of the neutron streaming through the upper plenum 
and plenum shield. 
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INSTRUMENTATION 

A Bonner ball detector measures an integral of the neutron energy 
flux weighted by the energy-dependent response function for that ball. 
The detection device of the Bonner ball consists of a 5.1-cm spherical 
proportional counter filled with approximately one-half atmosphere of 
1 0BF 3. This proportional counter is used bare, cadmium covered, or 
enclosed in various thicknesses of polyethylene shells surrounded by 
cadmium. Bonner ball experimental results are predicted analytically 
by folding a -calculated neutron spectrum with the Bonner ball response 

2 3 functions calculated by Maerker et al. and C. E. Burgart et al. 

Neutron spectral measurements were obtained in the region from 
about 800 keV to 15 MeV using a NE-213 liquid scintillator and from 
about 50 keV to 1 MeV using spherical proton recoil counters filled 
with hydrogen to pressures of 1, 3» and 10 atmospheres. The NE-213 
neutron pulse-height data were unfolded using the FERD code to yield 
absolute neutron spectra. Pulse-height data from the hydrogen-filled 
counters were unfolded using SPEC-4, with the unfolded NE-213 neutron 
spectrum used for the high-energy input spectrum. 

The Hornyak button has a response to neutrons that closely 
approaches that of a fast neutron dosimeter.^ For this experiment the 
button was 0.635 cm in diameter, 0.159~cm thick, and mounted on an 
RCA photomultipiier tube. The calibration procedure consisted of 
first exposing the scintillator to a 2 R/h gamma-ray dose rate and 
the electronic gain adjusted to obtain a prescribed count rate for 
a pulse height setting of six-tenths volt (PHS=060). The button was then 
exposed to a known intensity 2 5 2Cf neutron source and a count rate 
obtained for a PHS of 300. Calibration at this higher PHS (rather 
than 060) was necessary to bias above the maximum pulse height reached 
from gamma-ray induced pulses during the measurements behind the 
configuration- Calibrations and measurements were obtained at this 
PHS even though for some of the measurements the magnitude of the 
gamma flux was considerably less. 
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The measurements for each detector used in the experiment are 
referenced to the reactor power during the run using two fission 
chambers that were previously normalized to an established reactor 
power. The fission chambers, through the use of iron inserts, are 
capable of providing a measurement of the reactor power over the 
range from 0.1 W to 1 MW. 
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3. EXPERIMENTAL CONFIGURATION 

3.1 Concrete Shadow Shield and Surrounding Reflector 

One of the requirements for this experiment was a source of 
neutrons whose spectrum was very similar to that expected to be 
axially streaming from the GCFR core. To do this, it was neces-
sary to minimize the neutron contribution at the exit shield from 
the TSR-II reactor with respect to the flux whose origin lies 
within the fuel pins simulated core. Calculations made for a 

2i 
previous experiment indicated that 90% of the source term would 
lie within the fuel pins by placing a concrete shadow shield 
76.2 cm in diameter and 30.5~cm thick, with a surrounding void, 
between them and the TSR-II (Fig. 1). The circumference and the 

Fig. 1. A schematic of the concrete slab surrounding the fuel 
pin subassemblies. 
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face of the shadow shield away from the reactor were covered with 
a 0.318-cm thickness of iron (Fe) that was attached to the Fe 
forming the fuel pin cavity. The 15.2-cm void region around the 
shadow shield was designed to maximize the flux generated within 
the fuel pins. This region was extended along the initial 61 cm 
of the fuel region after which the remaining length of the void 
(45.7 cm) widened to the Fe liner that formed the cavity for the 
fuel pin region. The outside of this 15.2-cm void was lined with 
0.95-cm Fe. All of this was contained in a 157.5-cm-thick concrete 
slab that was 305-cm wide and 213_cm high. The composition of the 
concrete slab and shadow shield is given in Table 1. 

3.2 GCFR Simulated Core 

The GCFR core was simulated by seven subassemblies containing 
slightly enriched U02 fuel pins (1.99% 2 3 5U) clad in 0.815 mm 
wall aluminum tubing having an 0D of 1.27 cm (see Fig. 2). 

Fuel P in Subossembl ies Wi l l Conta in 91 Fuel P ins . 
U TOTAL PER ROD. 1035.495 Q 
U-Z3S PER ROD: 20.606 g I I 99 . 1 % ) 
PELLET SIZE 1.095 cm 01AM X VARIOUS LENGTHS 1.996 TO 2.54 cm! 
U LENGTH PER ROD: 121.9cm 

DIMENSIONS ARE IN CENTIWETERS 

( PLATE A: 'j! HOLES 

A % « T»P au PLATES 

Fig. 2. Schematic of fuel pin and fuel pin subassembly. 
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ORNL -OWG 76-15485 

FUEL PIN 
MOCKUP 

] C O N C R E T E 

- S H A D O W S H I E L D 
CONCRETE 

H O R I Z O N T A L 
RADIAL 

« T R A V E R S E 

D I M E N S I O N S IN C E N T I M E T E R S 

Fig. 3. The initial mockup of shadow shield and fuel pin 
subassemblies. (Item I-A). 

ORNL PHOTO 81-9549 

F ig . 4 . Mockup of fuel pin subassemblies (Item I-A). 
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Each pin contained approximately 1035 g of U in the form of small 
pellets placed end on to give a length of 121.9 cm. Aluminum 
studs were placed on each end, giving an overall rod length of 
127 cm. 

The subassemblies were hexagonal in shape and the walls were 
fabricated from 0.30-cm-thick carbon steel. The design of the 
subassemblies called for 18.3 cm between opposite flat surfaces. 
Each subassembly was 127-cm long and contained 0.318-cm-thick 
support grids, one in the middle and one at -iach end to maintain 
proper pitch between the pins. Seven subassemblies modeled the 
core with each subassembly containing 91 pins with a pin pitch 
of 1.80 cm (Fig. 3). A semi-quantitative analysis of the impuri-
ties in the Fe is given in Table 2. 

Spacing between subassemblies was maintained at 0.635 cm (±5%) 
throughout the experiment. This was accomplished through the use 
of a series of small steel pieces placed near the ends of the flat 
surfaces on the subassemblies and at the middle. A picture of the 
mockup is given in Fig. 

3.3 Exit Shield 

The dimensions of the exit shield subassemblies as designed 
for the GCFR 300 Mw(e) reactor were somewhat larger than the sub-
assemblies containing fuel pins used in a prior experiment at TSF. 
Calculations indicated that about ~)1% reduction in volume was 
necessary to fabricate assemblies to correspond with the dimensions 
of the fuel pin subassemblies. This factor was applied to the 
volume of B^C and the void spacing but the iron wall thicknesses 
were selected on the basis of material availability, namely, the 
same as for the fuel pin subassemblies. 

The outer liners of the exit shield subassemblies were hexagonal 
in shape matching those of the fuel pin subassemblies (see Fig. 5)• 
The inner liners were cylindrical, with one portion of it tapered 
along the axis, reducing the peripheral shield thickness from about 
5.9 cm to about 2.8 cm over 36.5 cm of the subassembly after which it 
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remained at 2 . 8 cm. This thickness was defined by pieces of Fe 
as shown at each end of the subassembly. The void between the 
liners was vibra-packed with B4C to densities varying from about 
1 . 3 4 to 1 . 3 7 g/cc for the seven subassemblies (see Table 3 ) - The 
overall length of the BL,C portion of the subassembly was 7 6 . 2 cm, 
when added to the Fe end pieces gave an overall length of 8 3 - 5 cm. 

ORNL-OWG 80 -19797 

DIMENSIONS IN C E N T I M E T E R S 

Fig. 5. Schematic of exit shield subassembly. 

Centered on the axis of each subassembly were two cones of 
unequal length filled with B^C and joined at the large ends of the 
cones. The taper of the shortest cone corresponded to that of the 
tapered liner of the subassembly, while the longer cone went from 
a diameter of 7-92 cm to a diameter of 1.43 Qm over a length of 
42.52 cm (see Fig. 6). The cones were supported within the sub-
assembly by thin Fe fins attached to the Fe end pieces of the 
subassemblies. The density and analysis of the B^C in both the 
cones and subassemblies are listed in Tables 3 and 4. These 
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subassemblies were enclosed in a 0.95_cm Fe liner surrounded by 
a slab of concrete 83.5~cm thick, 305~cm wide, and 213_cm high 
(Fig.7). The analysis of the concrete is given in Table 1. 

ORNL-OWG 80-197880 

a r t r 

1.39 

3.40 
1.61— 0.33 

0.48 
D E T A I L A 

H " 

2.(3. 

0.33̂  I J L 

F e - I 
J 

1.19 

1 

HI 
U-0.48 

U-0.47 
D E T A I L B 

1—• 1.65 
0.48 

0.33 

D E T A I L C 

0.33 1 L 

3.09< 

3 * 1-43 r r m z ^ 

D E T A I L D 

D I M E N S I O N S I N 
C E N T I M E T E R S 

Fig. 6. Schematic of B^C cones in exit shield subassembly. 

Control Rod and Subassembly 

The control rod subassembly consisted of two individual sec-
tions; a short piece, 82-cm long, extending from the concrete shadow 
shield through part of the fuel pin configuration, followed by a 
longer piece that extended through the exit shield. In the short 
section the space between the cylindrical inner liner and the 
hexagon shaped outer surface was left void (Fig. 8). Two pieces 
of the longer section (128.5 cm) were fabricated, One.-with a void 
between the inner and outer liners and the other with this void 
filled with B^C. The outer shells of the three subassemblies 
matched the other subassemblies and the inner liners were 16.14 cm 
in diameter (ID). 
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ORNL-DWG 80-19787 
5 . 0 8 Al-

•I s / FUEL PIN 
MOCKUP 
» " " a • 0 

CONCRETE 

•. j SHADOW SHIELD 

EXIT SHIELD 

83.5— 

D • » • 0 

CONCRETE. 

HORIZONTAL 
RADIAL 

TRAVERSE 

335.3-
DIMENSIONS IN CENTIMETERS 

Fig. 7. Second configuration, which includes addition of seven 
hexagonal exit shield subassemblies (Item II) 

ORNL-DWG 81 - 5665 

0 32 cm 

-NOTE: 2 REQUIRED 
I WITH AND 
I WITHOUT B4C 

1. 8. Schematic of the control rod sleeves (Items III3 IV) 
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This separation was designed into the experiment since the 
first 82 cm was to remain void (subassembly shell only) through-
out the remainder of the experiment. This helped minimize the 
loss of run time as well as cutting labor costs by permitting 
the second sections (the longer lengths with and without B^C 
between liners) to be exchanged from behind the exit shield with-
out the tedious task of removing the concrete slab containing the 
exit shield a second time, exchanging the central subassembly in 
the fuel pin mockup, aid then putting the exit shield back into 
its original position. 

The spacings between subassemblies in the exit shield for 
mockups with and without the control rod subassembly were kept 
the same, with the voids averaging slightly more than the designed 
.635 cm by several percent as seen in Fig. 9 . As a result of this 
small spacing between subassemblies there was a much larger void, 
as much as 1.25 cm, between subassemblies and the iron-liner in 
the concrete shield. A photo of the exit shield is shown in Fig. 10. 

O R N L - O W G 8 0 - 1 9 7 8 9 

Fig. 9. Schematic of void spacings measured between exit shield 
subassembli es. 
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ORNL PHOTO 81-9550 

Fig. 10. Mockup of exit shield with control rod sleeve 
(Items IIIs IV) 

The cylindrical control rod was fabricated into two sections, 
each 60-cm long and 15-9~cm 0D (see Fig.1l). Both sections were 
filled with B^C. The control rod follower was also fabricated 
into two sections so that for each of the three positions of the 
control rod within the mockup, the follower would not extend beyond 
the exit shield and interfere with measurements. Each section of 
the follower was filled with B^C. Analysis and densities of the 
Bî C in the control rod and its follower are listed in Tables k 
and 5 respectively. 
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OWNL-DWG dO-t9786R r 
" O s 

JLc ^ — t : e4c 

,-C »Lir 
L3 

zai 
~~7~ 

0 1 5 9 F r - ^ 

1 

S I 
0.63-J 

f 
1.78 

DIMENSIONS IN CENTIMETERS 

Fig. 11. Schematic of control rod and control rod follower. 
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4. MEASUREMENTS 

4.1 Fuel Pin 

For the initial configuration, a slab of concrete containing 
seven subassemblies of 91 fuel pins each was placed in the reactor 
beam (Fig. 3). Since this mockup had been thoroughly studied and 
the results previously presented ^, <j minimum number of measure-
ments were required behind the fuel pins to reassure ourselves 
that the magnitude and spectra of the neutron flux were well known. 

Horizontal traverses with the Hornyak button, 2- and 5~in. 
diam Bonner balls were made at 30.5 cm behind the fuel pins and 
these results are listed in Table 6 and plotted in Fig. 12. The 
neutron spectrum measurement at 155-4 cm behind the fuel pins 
obtained with the NE-213 scintillator is plotted in Fig. 13 and 
listed in Table 7- The low energy part of the spectrum obtained 
with the proton recoil hydrogen-filled detectors at the same 
location is plotted in Fig. 14 arid listed in Table 8. The 2-, 5", 
and 10-in. diam Bonner ball measurements at the NE-213 location 
are given in Table 9* 

A.2 Exit Shield 

The exit shield was then placed behind the fuel pins, the 
shield consisting of seven subassemblies also spaced 0.635 cm 
apart and surrounded by concrete. Care was exercised in aligning 
the subassemblies with the fuel pin subassemblies so that the 
streaming path between subassembly walls did not appear to be 
interrupted. A plan view of the mockup is shown in Fig. 7. Spec-
tral measurements with the NE-213 and hydrogen-filled proton recoil 
counters were made on centerline at 39-8 cm behind the exit shield. 
These spectra are plotted in Figs.15 and 16 and listed in Tables 10 
and 11 for the NE-213 and hydrogen counters respectively. Measure-
ments with 2-, 5~, and 10-in. Bonner balls along with the Hornyak 
button were also made on centerline at the 39-8-cm location and 
these results are given in Table 9- The radial traverse at 1.9 cm 
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12 6 £ 6 12 
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g. 12. Radial traverses at 30.5 cm behind fuel pins with Hornyak 
and Bonner balls. (Item I-A). ORNL DWG. 81-9551 
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Fig. 13- High energy neutron spectrum on centerline at 155.4 cm 
beyond fuel pins (Items I-A). 
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Fig. 14. Neutron spectrum from 100 keV to 1.4 MeV on centerline 
at 155.4 cm beyond fuel pins (Item I-A). 
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Fig. 15- High energy neutron spectrum on centerline at 39-8 cm 
beyond fuel pins plus exit shield (Item II-A). 
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behind the exit shield with the Hornyak button, shown in Fig. 17, 
along with the 2- and 5~in. Bonner ball data display expected 
peaks at the voids between subassemblies and between the subas-
semblies and the concrete shield. It should be noted that in this 
experiment traverses are always made in the horizontal plane 
through the reactor beam-shield sample centerline. The relative 
magnitudes of the peaks at the concrete interface reflect the void 
spacing at that point and the difference in flux intensities in the 
fuel pins in each of the areas. The peaks at the subassembly inter-
faces are nearly the same. Data directly behind the subassemblies 
gives a good picture of the alignment of the two cones placed within 
the subassemblies. The peaks behind the subassembly on the right 
indicate the cones to be centrally located. The cones in the other 
two subassemblies are slightly off center to the left, allowing a 
greater number of neutrons to stream through on the right hand side. 

ORNL DWG. 81-9554 

RUNS 1496R, 1496B, H97f l , 1495B, M95f l / «J0JHCfll8 

Fig. 16. Neutron spectrum from 100 keV to 1.1» MeV on centerline 
at 39.8 cm beyond fuel pins plus exit shield (Item II-A). 
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Fig. 17. Radial traverses behind Fuel pins plus exit shield 
th Hornyak button and Bonner balls (Item II-A). 

As would be expected, however, due to geometry the streaming through 
the center subassembly is somewhat greater than for the adjacent 
ones. The numerical values for the curves in Fig. 17 are given 
in Table 12. 

3 Exit Shield with Control Rod Subassembly (no B^C) 

The center subassemblies from both the fuel pins and exit shield 
were removed and replaced by the control rod subassemblies without 
B^C in the void between inner and outer liners (see Fig. 18). The 
first series of traverses were along the axis of the control rod 
subassembly without the control rod present. The flux distribution 
was mapped using both the Hornyak button and the 2-in. Bonner ball. 
These results are given in Table 13 and plotted in Fig. 19- The 
slopes of the two curves are essentially the same over the first 
100 cm but as they approach the exit shield the slope of the curve 
for the 2-in. Bonner ball data drops faster than for the Hornyak 
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Fig. 18. Schematic of fuel pins and exit shield with central 
control rod subassembly without B^C in sleeve (Item III-A). 

button, where upon entering the exit shield the two curves once 
again have essentially the same slope. A radial traverse, made 
at 1.9 cm behind the exit shield with the Hornyak button, is 
plotted in Fig. 20 and listed in Table I1*. The distribution is 
flat across the control rod void, dropping sharply at the edge 
of the exit shield subassembly. Behind the exit shield subassembly 
the flux decreased slowly until the detector reached the end of 
the exit shield where the flux dropped sharply only to peak again 
at the outer void. Radial traverses were made at 39-8 cm behind 
this configuration with the 2-in. and 5~in. Bonner balls and the 
data are plotted in Figs. 21 and 22 and listed in Table 15 and 16 
respectively. These measurements were complemented with centerline 
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Fig. 19. Axial traverses through fuel pins and exit shield with 
2-in. Bonner ball and Hornyak button, no B^C in control rod sleeve 
(Item III-A). 
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Fig. 20. Radial traverses at 1.9 cm behind fuel pins plus exit 
shield with Hornyak button for several control rod positions, no B^C 
in control rod sleeve (Items III-A, III-B, III-C, III-D). 
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ORNL- DW& aO-»9795 

Fig. 21. Radial traverses at 39.8 cm behind fuel pins plus exit 
shield with 2-in. Bonner ball for several control rod positions, no 
B4C in control rod sleeve (Items III-A3 III-B, III-C, HI-Dh 

z ORNL-DWG 8 0 - 1 9 7 9 6 

12 6 t 6 ( 2 18 2 4 3 0 3 6 

S DISTANCE FROM CENTERLINE ( e m ) N 

Fig. 22. Radial traverses at 39-8 cm behind fuel pins nlu;. exit 
shield with 5-in. Bonner ball for several control rod positions, no 
BijC in control rod sleeve (Items III-A3 III-B3 III-C3 III-u). 
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measurements also at 39.8 cm using the Hornyak button and 10-in. 
Bonner ball. The data are given in Table 9- It should be noted 
that throughout the presentation of the data in this report no 
corrections in the detector location with respect to the center-
line have been made even though locations of the peaks may indicate 
small errors in the original positioning of the detector. 

The next series of measurements were for three positions of 
the control rod within the control rod subassembly. In the first 
position one half of the control rod (60 cm) plus the control rod 
follower were placed in the control rod cavity such that the end 
of the control rod was 7 cm from the concrete shadow shield. For 
this position the end of the control rod follower was coincident 
with the back face (face away from the reactor) of the exit shield 
(Fig. 23). An additional 60 cm of control rod was then added to the 
first 60 cm (now 120 cm total) and positioned again so that the end 

ORNL-DWG 8 0 - I 0 6 7 8 R 

5 . 0 8 A l - jFUEL PIN 
MOCKUP 

EXIT SHIELD 

h - - 8 3 . 5 -

H O R I Z O N T A L 
RADIAL 

T R A V E R S E 

- 3 3 5 . 3 
D IMENSIONS IN C E N T I M E T E R S 

Fig. 23. Schematic of fuel pins and exit shield with central 
control rod subassembly without B^C in sleeve, control rod fully 
inserted (Item III-B). 
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of it was 7 cm from concrete shadow shield. Adding the 60 cm of 
control rod necessitated the removing of the small cone section 
from the control rod follower to keep the end of the follower at 
the face of the exit shield (see Fig. 2*»). This position mocks up 
a partial withdrawal of the control rod from the core into the 
blanket region. The third and last location of the control rod 
was to simulate its complete withdrawal from the core. For this 
mockup the control rod was pulled back from the shadow shield 
until the outer face of the control rod was flush with the back 
face of the exit shield with the control rod follower completely 
removed (see Fig. 25). 

ORNL- DWG 8 0 - 1 0 6 7 9 R 

DIMENSIONS IN CENTIMETERS 

Fig. 2k. Schematic of fuel pins plus exit shield with central 
control rod subassembly without B^C in sleeve, control rod partially 
wi thdrawn (Item III-C). 
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ORNL-DWG 80-10680R 
5.08 Al FUEL PIN 

-83.5—H 

250.5 
335.3 

DIMENSIONS IN CENTIMETERS 

Fig. 25. Schematic of fuel pins plus exit shield with centra] 
control rod subassembly without B4C in sleeve, control rod fully 
withdrawn (Itemlll-D). 

For each of the above control rod positions radial traverses 
were made in the horizontal plane with the Hornyak button at 1.9 cm 
behind the exit shield and with the 2- and 5"in. Bonner balls at 
39-8 cm. Data from the traverses behind the four configurations 
(no control rod mockup included) are plotted on the same graph 
for a given detector for comparison purposes. The plots for the 
Hornyak button, 2- and > n. Bonner balls can be seen in Figs. 20, 
21, and 22 respectively with the values listed in Tables 14, 15, 
and 16. With the control rod fully inserted into the core (60-cm 
control rod plus follower) the peak value of the neutrOn flux 
measured with the Hornyak button behind the control rod subassembly 
is reduced about a factor of five from the data without the control 
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rod, with a dip in the flux at centerline directly behind the control 
rod handler. The data behind the exit shield subassembly in these 
same two traverses show the ratio narrows to about a factor of two. 
With the 120 cm of control rod in the fully withdrawn position (no 
follower) the neutron flux directly behind the control rod is about 
a factor of two less than what was measured behind a full complement 
of exit shield subassemblies earlier in the experiment. From the 
same traverses the data behind the exit shield subassemblies shows 
the flux to be reduced only about 30%. 

For the 5~in. Bonner ball similar comparisons indicate some-
what the same reduction in flux values but for the 2-in. ball the 
flux along the centerline was reduced about a factor of 15 in going 
from the no control rod mockup to the 60-cm control rod configura-
tion. The 120-cm control rod data using the 2-in. ball is very 
similar to the exit shield data except for the extra streaming in 
the voids. Measurements with the Hornyak button and 10-in. Bonner 
ball were also made on centerline at 39-8 cm behind the exit shield 
and these results are given in Table 9. 

lt.it Exit Shield with Control Rod Subassembly (B^C) 

The second section of the control rod sleeve subassembly was 
then exchanged for a similar section whose void between the inner 
and outer liners was filled with B^C (Fig. 26). In the absence of 
the control rod the axial traverses with the Hornyak button and 
2-in. Bonner ball were repeated. These results are listed in 
Table 13 and plotted in Fig. 19- For the Hornyak button traverse 
there was only about a 30% decrease in flux over the first 100 cm 
of travel from that measured without B^C in the sleeve, with this 
difference increasing slightly beyond that point. For the 2-in 
Bonner ball the flux magnitudes are about the same over the first 
80 cm, beyond which there is a sudden drop of about a factor of 5 
with a return to nearly the same value as for the no B^C case after 
passing through the exit shield. 

The series of radial traverses with the Hornyak button, 2-
and 5-in. Bonner balls were repeated for the four positions of the 
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Fig. 26. Schematic of fuel pins plus exit shield with central 
rol rod subassembly with B^C in sleeve (Item IV-A). 

control rod (including no rod) as shown in Figs. 26, 27. 28, and 
29. These results are plotted in Figs. 30, 31, and 32 and listed i 
Tables 17, 18, and 19 for the Hornyak button, 2-, and 5~in. Bonner 
balls respectively. As expected, the shapes of the curves were 
essentially the same as in previous series without B^C in the con-
trol rod sleeve except now the streaming effect between subassemb-
l i e s is more defined as indicated by the appearance of a new peak 
and valley at about 10 cm off centerline. The presence of the B^C 
in the control rod subassembly also reduced the width of the cen-
terline peak with a small effect on its magnitude, maybe 20%. For 
the 2-in. Bonner ball the magnitude of the centerline peak was 
unchanged with a very slight reduction in peak width for the no 
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Fig. 27. Schematic of fuel 
control rod subassembly with B^C 
(Item IV-B). 
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in sleeve, control rod fully inserted 

ORNL - DWG 8 0 - 1 9 7 8 4 
EXIT 

^ MOCKUP — - 8 3 . 5 — — 

• CONCRETE 

'• I SHADOW SHIELD 
CONCRETE CONCRETE 

• • I M I I I I I I M — 
PINS 

.'CONCRETE ' 
[— - 82 — 45 -

CONCRETE 

.'CONCRETE ' 

2 5 0 . 5 
- 3 3 5 . 3 

DIMENSIONS IN C E N T I M E T E R S 

J 
Fig. 28. Schematic of fuel pins and exit shield with central 

rod subassembly with B^C in sleeve, control rod partially withdrawn 
(Item IV-C). 
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Fig. 29. Schematic of fuel pins and exit shield with central 
control rod subassembly with B^C in sleeve, control rod fully with-
drawn (Item IV-D). 
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Fig. 30. Radial traverses at 1-9 cm behind fuel pins plus exit 

shield with Hornyak button For several control rod positions, B^C 
:n control rod sleeve (Items IV-A, IV-B, IV-C, IV-D). 
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Fig. 31. Radial traverse at 39-8 cm behind fuel pins plus exit 
shield with 2-in. Bonner ball for several control rod positions, B4C 
in control rod sleeve (Items IV-A, IV-B, IV-C, IV-D). 
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Radial traverse at 39-8 cm behind fuel pins plus exjt, 
in. Bonner ball for several control rod positions, B^C 
sleeve (Items IV-A, IV-B, IV-C, IV-D). 
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control rod mockup. With the control rod a considerable effect 
was noticed behind all the subassemblies, not just the control 
rod. Similar effects were noted for the 5~in. Bonner ball. Cen-
terline measurements with the Hornyak button and 10-in. Bonner 
ball at 39-8 cm behind the mockups are given in Table 9-
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ANALYSIS OF EXPERIMENTAL ERRORS 

The error in these measurements normally results from a combination 
of uncertainties in reactor power determination, detector calibrations, 
count rate statistics, detector positioning, fabrication tolerances, 
and the weather. During the measurements the configurations are nor-
mally exposed to the weather but for this experiment an attempt was 
msde to limit this effect by covering the mockup with a tarp. Fabri-
cation of components within cost limited budgets requires allowance 
for larger tolerances than preferred under ideal circumstances. This 
effect car. be seen from the traverses behind the exit shield where 
peaks and valleys are not symmetrical. No attempt has been made to 
estimate these effects on the measurements. 

A significant source of error in the experiment usually lies in 
tht! determination of the reactor power. The power level for each meas-
urement was determined from the outputs of two fission chambers located 
in the reactor shield along reactor centerline. These detectors were 
calibrated daily and at one point during the experiment when compared 
to gold foils placed at the detector locations the non-agreement was 
less than During any one detector traverse in a given day the 
variation in reactor power as indicated by the monitors might be only 
a few percent. However, over a span of several months of reactor opera-
tion the monitors indicated that the power level may have varied as 
much as $% from the power level indicated by the reactor control cham-
bers. These variations may indicate the reliability of the monitors or 
the readings may be a realistic change in the actual power output. 
Thus, rather than assign an error value to each data point, it would be 
more realistic to assume, in general, an overall value for the whole 
experiment of probably less than ± 5 % . 

Count-rate statistics are expressed in a manner exclusive to each 
detector. For the NE-213, counting statistics and unfolding errors are 
included in the unscrambling of the pulse-height spectra using the FERD 
code, with the resultant flux expressed in terms of lower and upper 
limits that represent a 68% confidence interval. Similar errors are 
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expressed in the tabular data for the hydrogen counter measurements 
unfolded using SPEC Neither of the spectra, NE-213 or Hydrogen 
counter, reflects the error in determining the reactor power since 
this is not fed into the unscrambling. This, as discussed in the 
previous paragraph, could be as much as 5%. 

For the Bonner balls the statistical error in the detector count 
rates was kept at a maximum of 1-2% by maintaining an adequate count 
rate. Calibrations over the experimental period indicated about a 
3~k% variation. If one now includes the error in reactor power deter-
mination for each run, the error in the Bonner ball data would probably 
average around ±5%. 

Data with the Hornyak button probably contains a larger error 
value than that obtained with the Bonner ball. Despite attempts to 
maintain temperature stability within the detector systems the wide 
variations in temperature during a run led to changes in the detector 
response. It has been estimated from prior experiments that an error 
of several millimeters in positioning at a distance of 30.5 cm behind 
the configuration, would result in an error of only 1-2%. Positioning 
accuracy at distances further from the mockup, of course, would be less 
stringent. For the Hornyak button closely positioned behind the mockup 
a strong effort was made to position the detector initially on center-
line within a tolerance of 1-2 mm of the 1.9 cm. Since the surface 
projected by the subassemblies was somewhat irregular the spacing 
between mockup and detector could not be held within a closer tolerance. 
Hence, a positioning error of 5% in the data might be suggested for 
some of the data points. Combining these errors with those from the 
reactor power determination, calibrations, and counting statistics 
should give an estimated standard error within £.10%. 
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Table 1. Analysis of concrete in fuel pin and exit shield slabs 

1 
Fuel pin Exit shield 

shield concrete concrete 
Element {%) (5fc) 

Free H 20 2.30 1.69 
Bound H 20 4.02 6.04 
LO 1 37.62 36.87 
Si02 11.28 7.9 
Fe203 0.94 0.97 
A12C03 1.30 — 

CaO 33-34 43-9 
MgO 13-6 7.8 
Na20 <0.01 <0.1 
K 20 0.50 — 

S03 0.091 0.86 
P20s 0.09 0.05 
co3 45-9 51.5 

A 
"Lost on igni tion11 
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Table 2. Analysis of Fe used in fabrication of the components listed 
below 

Sample 0 C Fe 

1. Bi«C subassembly outer 1 i ner - - 519 ppm 99.92% 

2. Bi<C subassembly i nner 1 i ner - - 903 ppm 100.26% 

3- Fuel pin subassembly 1 i ner 24 ppm 484 ppm 99-0% 

4. Concrete slab l iner 193 ppm 0.21% 97.3% 

Semi-quant i t a t i v e spectrochemical analysis of Fea 

n 13 £L 
Ag .05 <.005 <•005 <.005 

Al .05 <.02 • 05 <•05 

Cr <.02 <.02 .05 . I 

Cu .01 .01 .02 .05 

Fe M M M M 

Mn .2 .2 -3 • 7 

Mo .01 .01 .05 .05 

Ni .02 .05 £.02 £ .02 

Si • 05 .01 .01 .02 

V <.01 <.01 <.02 <.02 

Corresponds to sample number above 

Table 3- Weight, volume, and density of Bi+C in each component of exit 
shield subassemblies 

Subassembly 
number 

Long cone Short cone Subassembly s leeve 
Subassembly 

number wt(g) vol (cc) den(g/cc) wt(g) vol(cc) den(g/cc) wt(g) vol(cc) den(g/cc) 

1 807-2 633-0 1.28 589-6 446.2 1.32 16779-5 12426 1-35 

2 820.6 632.6 1.30 570.2 439-2 1.30 16756.8 12471 1.34 

3 803.6 626.9 1.28 581.2 445.^ 1.31 16892.9 12471 1.36 

4 822.3 624.8 1.32 566.8 438.6 1.29 17074.2 12471 1.37 

5 810.8 632.8 1.28 578.9 440.0 1.30 I 6 8 9 2 . 9 12403 1.36 

6 807.3 631-9 1.28 575-9 438.3 1-31 16961.0 12471 1.36 

7 804.0 622.5 1.29 577.3 442.0 1.31 16756.8 12435 1-35 
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Table Analysis of B^C used in exit shield subassemblies 

Percentage by Weight 

Gr i t Boron Carbide 

120 76.39 22.95 

Semi-quanti tat ive spectrochemi ca 1 analysis of Bi,Ca 

Ag <20 Mg 40 

Al 50 Mn 20 

B M Mo <25 

Ba <20 Nb <100 

Be <5 Ni <10 

Bi <25 Pb <20 

Ca 425 Rb <100 

Cd <200 Sb <100 

Co <30 Si 1300 

Cr 30 Sn <25 

Cu 200 Sr <25 

Fe 250 Ta <500 

Ga <20 Ti 100 

Ge <100 V <25 

Hg <600 W <200 

In <20 Zn 2700 

K <25 Zr <100 

Li <10 

a ppm 

Table 5- Weight, volume, and density of B^C in the control rod, 
sleeve, and follower 

Component wt (g) vol (cc) den(g/cc) 

Control rod sleeve subassembly 1 1 6 7 8 8 3 9 0 1.39 
Control rod #1 ( f i r s t ha l f ) 1 4 2 0 4 1 0 7 7 1 1.32 
Control rod #2 (second ha l f ) 1 4 1 4 9 1 0 7 2 5 1.32 
Control rod fol lower ( large diameter section) 3 8 5 5 2 9 5 4 1.31 
Control rod fol lower (small diameter section) 1 2 1 0 9 3 2 1.30 
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Table 6. Radial traverses in the horizontal plane at 30.5 cm behind 
the fuel pins (Item I-A) 

Distance from 
center I i ne 

(cm) 

0.635_cm-diam 
Hornyak button 

dose rate 
(erg/g.s.kW) 

Bonner bal l count rate (s - 1 .W-1) 

2 - in . -d lam 5- in . -d iam 

82.0 N 
81-3 
8 0 . 0 
72.0 
71.1 
70.0 
6 2 . 0 
61.0 
6 0 . 0 
52.0 
50.8 
50.0 
42.0 
40.6 
40.0 
37.0 
35.6 
35-0 
32-5 
32.0 
31 -0 
30.5 
30.0 
29.5 
29.0 
27.0 
25-4 
25-0 
22.0 
20.3 
20.0 
17.0 
15-2 
15-0 
12.0 
11.0 
10.5 
10.2 
10.0 
9-5 
9 .0 
8 .5 
8.0 
7-5 
7-0 
5-1 
4 .0 
2.0 
0 
3-0 S 
k.O 
5-1 
8 .0 

10.2 
12.0 

9-44 ( -4 ) 

1.41 ( -3 ) 

2 .10( -3 ) 

3 .14( -3 ) 

4 .78( -3 ) 

5 -75( -3 ) 
6-19 (_3) 

6 .53( -3 ) 
7 .08( -3) 
7 .03( -3) 
7 .28( -3) 
7 .08( -3) 

7-58( -3) 

8 .69 ( -3 ) 

8 . 9 M - 3 ) 
9 -50( -3 ) 
9 -61 ( -3 ) 
9 .75 ( -3 ) 

9.81 ( -3) 
9 -97 ( -3 ) 
9.81 ( -3 ) 
9 .86 ( -3 ) 
9 -69 ( -3 ) 
9 .81 ( -3 ) 
9 .75 ( -3 ) 

1.00 (-2) 

1.03 ( -2 ) 

1.01 (-2) 

1.01(-2) 

9 -69 ( -3 ) 

2 - 92(-1) 

4 - 2 5 ( - l ) 

6.12(-1) 

8.41( -1) 

1.14(0) 

1-32(0) 

1.55(0) 

1.64(0) 

1.80(0) 

1-90(0 ) 

1.97(0) 

1.97(0) 

2.02(0) 

1.98(0) 

1.99(0) 

1 . 5 3 ( D a 

2.16(1) 

3 . 2 2 ( 1 ) 

4.88(1) 

7.36(1) 

9-01(1) 

1 .09(2 ) 

1.24(2) 

1.39(2) 

1 .52 (2 ) 

1.66(2) 

1.72(2) 

1.73(2) 

1-75(2) 

1-71(2) 



39 

Table 12. (continued) 

Distance from 
center! ine 

(cm) 

0.635-cm-di am 
Hornyak button 

dose rate 
(erg/g.s.kW) 

Bonner bal1 count 

2 - in . -d iam 

rate ( s - 1 . y - i ) 

5~ • rs.-diam 

13-0 — - - 1.63(2) 
15.2 — 1-91(0) — 

16.0 9 . 0 6 ( - 3 ) — — 

18.0 — — 1.52(2) 
20 .0 8 .67 ( -3 ) — — 

20.3 — 1.85(0) — 

23.0 — — 1.38(2) 
24.0 7 - 9 M - 3 ) — — 

25.4 — 1.68(0) - -

28.0 7 -28 ( -3 ) — 1.23(2) 
30.5 — 1.54(0) — 

32.0 6 . 1 7 ( - 3 ) — 

35.6 — 1-32(0) — 

38.0 — — 8.63(1 ) 
40.0 4 .78 ( -3 ) — — 

40.6 - - 1.17(0) — 

48.0 — — 5.82(1 ) 
50.0 3 .14 ( -3 ) — — 

50.8 — 8 . 4 2 ( - l ) — 

58.0 — — 3-84(1) 
60 .0 2.16(—3) — — 

61.0 — 6 . 1 7 ( H ) — 

68 .0 — — 2 .51 (1 ) 
70.0 1 .41( -3 ) — - -

71.1 — 4 - 3 9 ( - l ) — 

78.0 — — 1.78(1) 
80.0 9 . 9 2 ( - 4 ) — — -

81.3 — 3.01 ( - 1 ) — 

88.0 —— 1.29(1) 

aRead: 1.53 X 101 
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Table 7- Run 7819B. NE-213 on centerline at 155.4 cm behind fuel 
pins (Item I-A) 

H2 0TH017 F L O X { S / ( C M 2 * S * M 2 V * K H ) ) N E U 1 F 0 N r L U X { N / ( C H 2 * S * H E V * K H ) ) 
EN2KGT L C K I 5 UPP23 ENEBGY LOSES UEE23 

(MEV) I I J i l T I I S I T fHEV) 1 I M I T I I K I T 

8 j 1 1 E - CI 2 . 0 7 1 G3 132 0 3 5 . S42 00 1 . 31E 02 1. -6E 02 
9 . C 7 E - G1 2 . 6 9 E 0 3 2 . 72E 0 3 6 . 2 5 2 GG 1 . G 6 E r> ? 1 . 142 02 
1 . 0 1 ^ GG 2 . 6 1 S G 3 2 . 612 G3 6 . 5 6 E OJ 8 . 9 2 E 0 1 9 . 452 01 
1 . 1 1 5 00 2 . 4 4 ; 03 2 . 47 3 G 3 6 . 843 00 7 . 5EE 01 7 . S 6 2 0 1 
1 ,2 'JE GO 2 . 3 8 1 G3 2. 402 0 3 7 . 2 4 2 C-J 5 . 9 3 2 0 1 € . 2 3 2 01 
1 . 31 E GO 2 , 2 6 1 03 2 . 232 0 3 7 . 7 4 2 00 4 . 12E C I 4 . 162 0 1 
1 , WT. r -•J V' 2 . 0 9 1 G3 ?. 122 03 6 . 2 4 2 00 2 . 96E 01 3 . 2S2 0 1 
1 . 51 E GO 1 . 9 4 1 0 3 1. S6E 03 8 . 7 6 E 00 2 . 27E J 2 . 48E 0 1 
1 . 61 S uG 1 . 8 G E 03 1 . 823 03 9 . 2 6 2 00 1 . 9 5 E 0 1 2 . 14E 0 1 
1 . 71 E uC 1.6 6 1 G3 1 . 692 03 9 . 742 00 1 . 60E 0 1 1 . 7 9 2 01 
1 . 81E 00 1 . 5 6 E 03 1. 582 03 1 . 0 3 2 01 1 . 17E 0 1 1 . 3 3 2 0 1 
'> > 9 3 2 GG 1 . 5 1 E 03 1 . 53E 03 1 .CSE 01 8 . 37E OG S. 7 7 2 0 3 
2 . 1 GE OC 1 . 5 2 E 03 1. 53E 03 1 . >22 01 6 . 2 4 E 00 7 . 5 8 2 CO 
2 . 3 CE GG 1 . 4 6 ' 03 1 . 43E 03 1 . 1 8E 01 4 . 92E GO 5 . S S E 00 
2 . 5 G E GG 1 . 2 6 E G3 1. 27 L 03 1 . 2 42 01 4 . 2 3 E 00 5. 112 CO 
2, 7CE CC 1 . 0 G E 03 1. 01E 03 1 . 3 2 E 01 3 . 75E CO 4 . 3 9 E GO 
2 . 9 G E GG 7 . 8 G E 0? 7 . 9 ' 3 02 1 . 4 0 2 01 2 . 67E 00 3 . 1C2 0 0 
3 . 1 CE J G 5 . 9 4 1 0 2 6 . 0B2 02 1 . 482 01 1 . 44E 00 1. 732 0 0 
3 . 3 C E CO 4 . 6 2 5 0 2 4 . 73E 02 1 . 56E 01 4 . 7 6 E - •01 7 . 212 -•01 
3 , 50E GG 3 . 76E G 2 3 . 892 02 1 . 6 5 2 01 1 . 8 9 E - •02 2- 252 --01 
3 . 71 E GC 3 . 2 7 E G 2 3. 372 02 1 . 752 01 - 1 . 3 0 E - •01 6 . 5 9 2 - •02 
5 . 5 1 2 GO 01E 0 2 3 . 103 02 1 . 8 5 E 01 - 1 . 6 4 E - •01 6 . 2 6 2 - •02 
4 . 1 5E 00 2 . 8 1 F 0 2 2 . 892 02 1 . 5 5 2 CI - 1 . 3 1 2 - •01 £ . 7 9 2 - •02 

45E CC 2 . 6 2 E 0 2 2 . 692 2 2 . 0 6 2 01 - 1 . 1 5 2 - •01 1 . C 1 2 - 3 1 
4 . 7 5 3 CC 2 , 3 5 E G 2 2 . 42F. 02 2 . 1 6 2 CI - 8 . 8 9 E - •02 1 . 2 1 2 - 0 1 
5 , CUE GG 2 . 0 4 E G 2 2 . G5E 02 ' 2 . 2 6 3 01 - 1 . G 3 E - •0" 1 . 1 3 2 - •01 
5 . 3 5 2 GO 1 . 7 5 E 0 2 " 1. 303 02 2 . 3 5 E C1 - 1 . 0 9 2 - •01 1 . 2 5 2 - 0 1 
5 . 65E GO 1 . 5 1 E 02 1 

• . 572 02 

F1 2 2 •I ' ITSGSA: EP.HOH 
(ME V) (1EV) ( V (CH2*S*KV:) ) (K/(CW2< !S*iCK) ) 

, 81 1 1 . 0 CO • 4 . 3 9 ? 3 . 3 5 2 CC 
' . 0 0 0 1 . 2 0 0 02 2 . 662 C 0 
1. 200 « £ " * t» nuu 8 . 4 3 E **, ~ 4 . 602 0 0 

, 6 CO 2 . GOO 6 . 45? C2 3 . 8 7 2 GO 
2. 00 0 3 » >J u u 1. 2 *i 2 u3 7 . 4 1 2 oO 
" . 0 0 0 4 . 0 00 4 . ' 0 2 - 2 5 . 4 * 2 •00 
4> coc 6 . 0 0 0 4. 2 62 02 6 . 2 9 2 f r vi u 
6 . 0 0 0 8 . 200 1 . 4 8 2 •-2 4 . 2^2 00 
3 . 0 0 0 1 0 . 0 00 ii f 2 . 2'i 2 u 0 
•J a C G C 1 2 . 0 0 0 1 . 7 1 2 L i 1 . 3 6 2 00 
2 . OOvi 16«. 0 JG 1 . : i s 0 1 9 . 9 J 2 - •0 ' 
<?. CC C ?C . 0 00 6 . 3 5 2 - 0 2 4 . 2 5 E - 0 1 

1 5 . 0 0 0 3. 11? C 3 3 . 2 7 3 
3 . 0 0 C 1 2 . 0 0 C 1 . C 6 E 03 1 . 9 5 E w 1 
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Table 8. Runs 1 1 4 9 3 A , and li»92A. Hydrogen counters on center-
line at 155-4 cm behind fuel pins (Item I-A) 

H EBERGY BOONDABT PLOX SBHOB 
(HBV) ( S / (CH2«S*HEV«KH) ) (PEBCEHI ) 

1 0 . 0 5 2 8 0 . 0 6 2 1 4 . 1 1E 0 4 1 . 9 2 
2 0 . 0 6 2 1 0 . 0 7 3 2 3 . 1 3 E 04 2 . 3 2 
3 0 . 0 7 3 2 0 . 0 8 6 1 2 . 9 5 E 04 2 . 3 0 
a 0 . 0 8 6 1 0 . 1 0 2 8 1 . 9 5 E 0 4 2 - 9 9 
5 0 . 1 0 2 8 0 . 1 1 9 5 1 . 8 8 E 04 3 . 6 0 
6 0 . 1 1 9 5 0 . 1 4 1 7 2 . 3 4 B 04 2 . 3 1 
7 0 . 1 1 1 7 0 . 1 6 5 8 1 . 7 8 E 04 3 . 1 0 
8 0 . 1 6 5 8 0 . 1 9 5 ® 1 . 6 1E 0 4 3 . 0 0 
9 0 . 1 9 5 4 0 . 2 3 0 6 1 . 3 6 E 04 3 . 1 9 

2 1 0 . 1 6 6 7 0 . 1996 1 . 9 2 E 04 1 . 0 7 
2 2 0 . 1 9 8 6 0 . 2 3 0 6 1 . 7 0 E 04 1 . 3 7 
2 3 0 . 2 3 0 6 0 . 2 7 1 7 1 . 5 4 E 04 1 . 2 7 
2 4 0 . 2 7 1 7 0 . 3 2 1 9 1 . 4 8 E 04 1 . 1 8 
2 c 0 . 3 2 1 9 0 . 3 7 6 7 1 - 1 7 E 04 1 . 5 1 
2 6 0 . 3 7 6 7 0 . 4 4 5 2 7 . 2 3 E 0 3 2 . 1 0 

3 1 0 . 3 2 5 9 0 . 3 8 1 0 9 . 1 6 E 0 3 0 . 7 2 
3 2 0 . 3 8 1 0 0 . 4 4 5 2 7 . 9 3 E 0 3 0 . 7 8 
3 z 0 . 4 1 5 2 0 . 5 2 7 9 6 . 3 2 E 0 3 0 . 8 2 
3 4 0 . 5 279 0 . 6 1 9 7 6 . 5 6 E 03 0 . 7 8 
3 c 0 . 6 1 9 7 0 . 7 2 9 8 6 . 1 7 E 0 3 0 . 7 4 
3 € 0 . 7 2 9 8 0 . 8 5 8 4 4 . 2 1 E 03 0 . 9 7 
3 7 0 . 8 5 8 1 1 . 0 0 5 2 2 . 6 7 E 0 3 1 . 4 5 
3 E 1 . 0 0 5 2 1 . 1 8 8 9 2 . 1 2 E 0 3 1 . 5 4 
3 S 1 . 1 8 8 9 1 . 4 0 0 0 1 . 9 BE 03 1 . 5 8 



Table 9. Measurements on centerline with Hornyak button and Bonner ball configurations 
(Items I, II, III, IV) 

Bonner bal l count rate ( s - ' . W 1 ) 

Detector 
location 

(cm) a 

Hornyak button 
dose rate 

(erg/g.s.kW) 

2 - in . - -diam 5 - i n . -diam 10-in. -diam 

1 tern Configuration 

Detector 
location 

(cm) a 

Hornyak button 
dose rate 

(erg/g.s.kW) 
Fore- b 
ground 

Back- g 
ground 

Fore-
ground 

Back-
ground 

Fore-
ground 

Back-
ground 

I-A Fuel pins 155.4 — 3-10(-1 2 .56( -2) 2.20(1) 5 - 6 5 ( - l ) 1-21(1) 1•90(-1) 

11-A Fuel pin;, + ex i t shield 39-8 3-36(-5> 2 .06( -3 ) — 6.061-1) 2 .22( -3 ) 3-921-1) — 

I I I - Fuel pins + ex i t shield 
(No Bî C in control rod 
sleeve) 

A No control rod 39-8 2 . l 7 ( - 3 ) 3-20(—1) - 2.08(1) — 1.18(1) — 

B 60-cm control rod + 
handler 

39.8 3 -33( -4 ) 2 .09( -2) — 6.01(0) - - 3-22(0) — 

C 120-cm control rod + 
par t i a l handler 

39-8 1.16(-4) 4.02(-3) — 1-95(0) — 1.13(0) — 

D 120-cm control rod 39-8 2 .29( -5 ) l - 9 3 ( - 3 ) — It.OO(-l) — 4.6o(-l) — 

IV- Fuel pins + ex i t shield 
(Bi,C In control rod sleeve) 

A No control rod 39-8 1 .6M-3 ) 2 - 9 8 ( - l ) — 1.69(1) - 9.42(0) — 

B 60-cm control rod + 
handler 

39-8 1.81(-4) l - 1 5 ( - 2 ) — A.oiCo) — 2.05(0) — 

C 120-cm control rod + 
p a r t i a l handler 

39-8 3 .83( -5) l - 8 8 ( - 3 ) — 7 - o M - i ) — 4.73( -1 ) — 

D 120-cm control rod 39-8 1 .67(-5) 1 - 38(—3) — 2 . 2 8 ( - l ) — 2.0K-1) 

^Oistance behind configuration 
^Neutron f lux without shadow shield between configuration 
.Neutron f lux with shadow shield between configuration 
Read: 3.10 X 10"1 
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Table 10. Run 7821B. NE-213 on centerline at 39-8 cm behind fuel 
pins plus exit shield (Item II-A) 

N S O T B C S F L U X ( V { C 1 2 * S * M E V * K V ) ) I . ' E ' J T f . O K F L U X { 1 1 / ( C « . 2 * S * I I E 7 * K 3 ) ) 
ENERGY IOWSE n? 233 ENES3Y LCKIR DrsES 

{MEV) L I M I T I I K IT (MEV) L I K I T 1 1 K I T 

3 . 1 1 E - 0"? 8 . 462 0 1 8 . 623 G1 5 . S43 GG 3 . 2 8 E GJ 3 . 4 2 3 GG 
9 . G 7 E - 01 1 . 172 0 2 1 • 1<33 ) 2 6 . 2 5E uO 2 . 7 7 E GG 2 . 5 5 3 CO 
1 . 01 E 00 1 . 0 8 E 02 1 . G93 G2 6 . 5 6 2 GO 2 . 3 4 E 0 3 2 . 5 G E GO 
1 j 11 E CG 8 . 5 6 2 01 8 . 532 01 6 . 84E C-J 2 . G 2 E GG 2 . 123 03 
1 , 2GE f W v' 6 . 8 3 2 C-1 93E G1 7 . 2 4 3 CO 1 . 6 7 £ GG 1 . 7 7 E GO 
1 . 31 E 00 5 . 6 6 F 0 1 C > • 74E 7 t 74E 00 1 . 2 8 E GG 1 . 2 S E GG 
1 . 4 1 E oc 5 . 0 3 2 G1 s . G<33 -c * 8 . 2 4 E Go 9 . 6 7 1 - 0 1 1 . G 63 00 
1 , 51 E 00 4 . 6 4 2 0 1 4 . 70 3 01 8 . 76E GG 7 . 4 3 2 - 0 1 3 . 1 1 3 - 0 1 
1 , 61 F cc 4 . 3 3 F 0 1 4. 383 C1 9 . 2 6 E CO 5 . 3 6 3 - 0 1 5 . S 5 3 - 0 1 
1 , E oa 4 . G6F 0 1 112 u1 9 . 7 4 3 GC 3 . 8 9 2 - G 1 4 . 4 7 3 - G 1 
1 . 81E CO 3 . 8 6 E C I 3 . S 1E 01 1 . C 3 E G1 3 . 3 2E-G1 3 . 8 3 3 - 0 1 
*i . 9 3 3 Clu 3 . 7 4 c 0 1 3 . 7S3 0 1 1 . G£E 01 2 . 9 7 E - 0 1 4 3 3 - 0 1 
2 . 1 G E cc 3 . 5 9 2 ' 01 3 . 632 0 1 1 . 1 2E G1 2 . 5 3 1 - 0 1 2 . 9 5 3 - 0 1 
2 , 3 0 3 GG 3 , 17E G1 — 4 213 0 1 1 . 16E 01 2 » 1 C r - 0 * 2 . 4 7 3 - 0 1 
2 . 5GE CG 2 . 5 6 E G1 2 . c g -J G1 1 . 2 4 3 C1 1 . 6 S E - 0 1 2 . C 1 E - C 1 
2 . 7GE GG 2 . 031 G1 2 . 063 C1 1 . 3 2 3 G1 1 . 2 5 2 - 0 1 1 . 4 7 3 - 0 1 
2 . 9 0 2 06 1 . 6 7 E G 1 1. 713 01 1 . 4 0 3 61 7 . 6 2 E - 0 2 S . 1 S 2 - 0 2 
3 . 1 CE f r VXJ 1 . 3 7 1 G1 1. 413 01 1 . 48E 01 3 . 5 5 E - G 2 4 . 6 0 E - 0 2 
T . IC-E GO 1 . 1 3 2 G1 1. 152 01 1 . 5 6 3 G1 7 . 5 6 E - G 3 1 . 8 7 E - G 2 
3 . 5 G 3 00 9 . 5 1 ? . GG c - . 84E CG 1 - 6 5 E 01 - 2 . 6 7 E - 0 3 6 . 4 3 3 - 0 3 
3 . 71E GO 8 . 552 GG 8 . 815 j j 1 . 7 5E G1 — 5 . 3 G E—0 3 2 . 4 3 3 - 0 3 
3 i 91 E GO 8 . 0 2 2 f " \J\J 8 . 2'it GO 1 . 3 5 3 G1 - 6 . 1 5 E - G 3 2 . S 2 E - 0 3 
4 . 1 5 E GG 7 . 3 9 1 GO 7 . 613 GO 1 . S53 C1 - 5 . 3 3 E - 0 ? 4 . 4 3 3 - C 3 
a . 45E GG 6 . 4 S S CO 6 . 662 G: 2 . OSE G1 - 5 . 2 2 E - 0 3 4 . 4 6 3 - 0 3 
4 . 7 5 3 00 5 . 6 8 E GG c . 8F2 0') 2 . 163 s,1 - 4 . C 4 E - 0 3 5 . 2 3 3 - 0 3 
5 . G 4 3 wG 4 . 8 6 2 GC 5 . 012 I-J 2 . 2 6 3 C'l - 4 . 6 G r - 0 3 5 . C 3 3 - 0 3 
5„ 3 5S GO 172 OC 4 . 31 E 2 . 3 EE 01 - 4 . 8 C 2 - G 3 5 . £ 1 3 - 0 3 
5 . 6 5 3 vC 3 . 7 * E GO 3. 872 u <J 

E1 32 IVTEG5A EBROH 
(MEV) C13V) {K/ (CX 2 * S * • " • > ) ) 

c . r- i i 'l a J G G m a c s r 9 . * S " - 0 2 
i » U U 77S T4 "l o . 8 7 2 - C 2 
i . ? : o 6 0 3 23 1 . i 6 B - C : 
1 . 6 G G 1. « i 9 . 6 2 3 - ^ 2 7 . G C C v t ' J ^ J 6 2 " >.1 1 . 8 7 3 - 0 1 3. OCtC 4 . 00 0 i ̂  G 1 . 1 
u . c : c 6 . • j G 0 1 . C1 1 . 7 1 3 - ^ 1 
f . JGG 8 . 0 0 u u. CUE 1 . 2 ^ 3 - 0 1 
r i . L' 7 U 10.0GG ?.sr. u 0 6 . f T S E - 0 2 

VG.CGG 1 2 .0Gc c 2 v - : 1 t . 4 2 3 - 0 2 
1 G G O 7 1 3 - „ i 3 . 74 3 - 0 / 

* r . c > o SC. GCG h . 8 1 3 - <t 
w 1 1 . 8 Q E - G 2 

- c - -
• > * j J 15.GGO 1 . 3 83 8 . S 3 3 - G 1 
3 . GGC 1 2 . 0 C 0 2 . 653 5 . 52E-V/1 



44 

Table 11. Runs l4g6A, 149&B, and 149.5B. Hydrogen counters on center-
line at 155.4 cm behind fuel pins plus exit shield (Item II-A) 

B EMtEGT E00HCAB1 H D 1 EBSCB 
(E1V) ja/(CH2*S*BEV*KV)) (PEBCZBI) 

1 0 . 0 4 5 2 0 . 0 5 2 6 1 - 0 5 E 03 4 . 9 9 
2 0 . C S 2 6 0 . 0 6 1 8 7 . 1 4 E 02 6 . 5 9 
3 0 . 0 6 1 8 0 . 0 7 2 9 8 . Q 2 E 02 5 . 5 0 
<1 0 . 0 1 2 9 0 . 0 8 * 8 9 . 1 8 E 02 4 . 5 7 
5 0 . 0 8 5 8 0 . 1006 6 . 6 9 E 02 5 . 8 8 

6 0 . 1 0 0 6 0 . 1 1 9 0 6 . 9 0 E 02 5 . 1 3 
7 0 . 1 1 9 0 0 . 1 3 S 3 8 . 4 0 E 02 4 . 2 1 
e 0 . 1 3 9 3 0 . 1 6 5 2 6 . 7 5 E 02 4 . 2 7 
9 0 . 1 3 9 7 0 . 1 6 7 2 6 . C 8 E 02 1 . 6 8 

10 0 . 1 6 5 2 0 . 1 9 4 7 5 . 5 3 E 02 4 . 8 8 

11 0 . 1 6 7 2 0 . 1 9 4 7 5 . 5 6 E 02 2 . 2 9 
12 0 . 1 9 4 7 0 . 2 3 1 4 4 . 7 9 B 02 2 . 1 6 
13 0 . 1 9 8 7 0 . 2 3 5 6 S . 2 3 E 02 0 . 6 1 
14 0 . 2 3 1 4 0 . 2 7 2 6 4 . 2 1 S 0 2 2 . 4 4 
15 0 . 2 3 5 6 0 . 2 7 2 6 4 . 6 1 E 0 2 0 . 7 8 

16 0 . 2 7 2 6 0 . 3 1 8 8 3 . 2 6 E 02 0 . 9 8 
17 0 . 3 1 8 8 C . 3 8 3 5 3 . 5 9 E 02 0 . 7 1 
16 0 . 3 8 3 5 0 . 4 4 6 2 2 . 9 2 S 02 0 . 9 9 
IS 0 . 4 4 8 2 0 . 5 2 2 1 2 . 4 4 E 02 1 . 1 4 
20 0 . 5 2 2 1 0 . 6 1 4 5 2 . 7 0 E 02 0 . 8 8 

2 1 0 . 6 1 4 5 0 . 7 2 5 4 2 . E 7 E 02 0 . 8 1 
22 C . 7 2 5 4 0 . 8 5 4 e 1 . S 3 E 02 0 . 9 6 
23 0 . 8 5 4 8 1 . 0 1 1 9 1 . 4 9 E 02 1 . 0 5 
24 1 . 0 1 1 9 1-1875 9 . 9 2 E 0 1 1 . 4 5 
25 1 - 1 8 7 5 1 . 4 C C 0 6 . 17E 0 1 1 . 9 6 

O 
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Table 12. Radial traverses in the horizontal plane behind the fuel 
pins plus exit shield (Item II-A) • 

Distance from 
Bonner bal l at 39.8-cm 

Distance from count rate (s - i . u - i ) Distance from 0.635-cm-diam 
center l i ne 

- i . u - i ) 
— center l ine Hornyak button at 1.9-cm 

(cm) 2 - i n . - -diam 5" in . -d iam (cm) dose rate (erg/g.s.kW) 

60.0 N 9.77(-4)a 7 .72 ( -2 ) 42.0 N 5 . 0 3 ( - 6 ) a 

57-5 — 8 . 7 5 ( - 2 ) 37.0 9 - 7 5 ( - 6 ) 
55-0 — 9 - 3 4 ( - 2 ) 32.0 ' 2 . 2 4 ( - 5 ) 
52.5 — 1 .02 ( -1 ) 30.5 3.86 ( -5 ) 
50.0 1.21 - 3 ) 1 .12 ( -1 ) 30.0 • 1.40 ( - 4 ) 
47-5 — 1 .24( -1 ) 2 9 . 6 1.67( -4 ) 
45-0 1.32 - 3 ) 1 . 3 4 ( - l ) 29.0 1 .43( -4 ) 
42.5 — 1 . 4 7 ( - l ) 28.5 4 .08 ( -5 ) 
40.0 1.48 - 3 ) 1 . 6 8 ( - l ) 28.0 3 -92 ( -5 ) 
37.5 — 

- 3 ) 
1 . 9 7 H ) 27.0 5 .03 ( -5 ) 

37.0 1.54 -3 ) 26.0 7 -97 ( -5 ) 
35-0 1.62 - 3 ) 2.97 ( -1 ) 25.0 1 .04( -4 ) 
34.0 1.65 - 3 ) — 24.0 9 - 5 6 ( - 5 ) 
33-0 1.77 - 3 ) — 23.0 8 .72 ( -5 ) 
32.5 — 4 . 6 3 ( - l ) 22.0 8.31 ( -5 ) 
32.0 4.58 -3 ) 21 .0 8 .06 ( -5 ) 
31.0 9-57 - 3 ) — 20.0 7-75C-5) 
30.0 1.25 -2 ) 5 . 5 6 ( - l ) 19-0 8 .06 ( -5 ) 
29.0 1.27 -2 ) — 18.0 8 .03 ( -5 ) 
28.0 '8.87 - 3 ) — 17-0 8 .00 ( -5 ) 
27-5 — 5 . 8 2 ( - l ) 16.0 8 .42 ( -5 ) 
27.0 4.01 - 3 ) — 15.0 9 -44 ( -5 ) 
26.0 2.30 - 3 ) — 14.0 1 .02 ( -4 ) 
25.0 2.21 - 3 ) 5 . 3 4 H ) 13.0 8 . 4 7 ( - 5 ) 
24.0 2.07 -3 ) — 12.0 5 - 86( -5 ) 
23-0 2.02 -3 ) — 11.0 4 .58 ( -5 ) 
22.5 — 

-3 ) 
4.6K-1) 10.0 7 - 4 4 ( - 5 ) 

22.0 1.99 - 3 ) 9-75 1 .10 ( -4 ) 
21 .0 1.99 -3 ) — 9-5 1 .29 ( -4 ) 
20.0 2.02 -3 ) 4 . 7 4 ( - l ) 9-25 9 . 2 2 ( - 5 ) 
19-0 2.03 - 3 ) — . 9 - 0 5 . 5 8 ( - 5 ) 
18.0 2.03 - 3 ) — 8.0 5 .58 ( -5 ) 
17-5 — 5 .12 ( -1 ) 7 .0 7 . 7 2 ( - 5 ) 
17-0 2.07 - 3 ) — 6 . 0 1.16 ( - 4 ) 
16.0 2.20 - 3 ) — 5.0 1 .27 ( -4 ) 
15-0 2.43 - 3 ) 5 . 7 4 ( - l ) 4 .0 1 .26( -4 ) 
14.0 2.66 - 3 ) 3 -0 1. l4(-4) 
13-0 2-71 - 3 ) — 2 . 0 9 - 8 3 ( - 5 ) 
12-5 — 6 . 5 4 ( - l ) 1 .0 9 - 4 4 ( - 5 ) 
12.0 3.05 - 3 ) — 0 9 - 8 6 ( - 5 ) 
11.0 3.,78 - 3 ) — 1.0 S 9 -19(-5) 
10.0 3.95 - 3 ) 7 . 2 5 ( - l ) 2 .0 9 . 3 3 ( - 5 ) 
9 -0 4.02 - 3 ) 3 .0 9 . 6 7 ( - 5 ) 
8 .0 3.60 - 3 ) — 4 . 0 9 . 5 3 ( - 5 ) 
7-5 — 7 . 2 5 ( - t ) 5 .0 1 .00( -4 ) 
7 .0 3.12 - 3 ) - - 6.0 9 - 5 0 ( - 5 ) 
6 .0 3-17 - 3 ) — 7.0 6 . 5 6 ( - 5 ) 
5 -0 2 . 9 8 - 3 ) 6 .95 ( -1 ) 8 .0 5 . 22 ( -5 ) 
4 . 0 2.67 - 3 ) — 9.0 4 . 9 4 ( - 5 ) 
2 .5 — 6 . 4 2 ( - l ) 9-5 8 . 6 7 ( - 5 ) 
2 .0 2.17 - 3 ) - - 9-75 1. l 4 ( - 4 ) 
0 2.06 - 3 ) 6 . 0 6 ( - l ) 10.0 1 . l 8 ( - 4 ) 
2 .0 S 2.03 - 3 ) — 10.25 8.3K-5) 
2.5 — 5 . 7 0 ( - 1 ) 11.0 4 . 8 6 ( - 5 ) 
4 .0 2 .05 ( -3 ) — 12.0 5 . 3 1 ( - 5 ) 
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Table 12. (continued) 

Distance from 
center l ine 

(cm) 

Bonner b a l l a t 39.8-cm 
count ra te (s - 1 .w - l ) 

2 - in . -d iam 5 - in . -d iam 

Distance from 
centerl ine 

(cm) 

0.635-cm-diam 
Hornyak button at l .g-cm 

dose rate (erg/g.s.kW) 

5 .0 
6 . 0 
7 -0 
7 -5 
8 .0 
9 .0 

10.0 
11 iO 
12.0 
12.5 
13.0 
14.0 
15.0 
16.0 
17-0 
17-5 
18.0 
19-0 
20.0 
21.0 
22.5 
23-0 
25-0 
26.0 
27-0 
27-5 
28.0 
2 9 - 0 
30.0 
31.0 
32.0 
32.5 
33.0 
34.0 
35.0 
36.0 
37.5 
40.0 
42.0 
42.5 
45-0 
47-5 
48.0 
50.0 
52-5 
54.0 
60.0 

2 .08 ( -5 ) 
2 . 21 ( -5 ) 

3 .07 ( -5 ) 
3 .56 ( -5 ) 
3 -90 ( -5 ) 
3 .89 ( -5 ) 
3 .44 ( -5 ) 

3 .40 ( -5 ) 
3 .31 ( -5 ) 
2 . 9 M - 5 ) 
2 -52 ( -5 ) 
2 .25 ( -5 ) 

2 .05 ( -5 ) 
2 . 0 5 ( - 5 ) 

1 .97( -5 ) 

1 .96( -5 ) 
l - 9 5 ( - 5 ) 
1 .95( -5 ) 
3 -11 ( -5 ) 

7 - 1 7 ( - 5 ) 
9-18 ( - 5 ) 
9 - 3 5 ( - 5 ) 
7 .24 ( -5 
3 .061-5) 

1 .69 ( -5 ) 
1 • 62 ( - 5 ) 

l . 5 6 ( - 5 ) 

1 .39 ( -5 ) 

1 .25 ( -5 ) 

1.12(-3) 
9.65(-4) 

5 - 9 2 ( - l 

6 . 2 9 ( - l 

6 . 8 3 ( - l 

6.8o(-1 

6.21(-1 

5 . 5 2 ( - l 

4 . 9 0 ( - l 

4 . 3 6 ( - l 

4 . 5 3 ( - l 

4 . 9 2 ( - l 

4 . 7 7 ( - l 

4 . 0 6 ( - l 

2 . 9 8 ( - l 

1-991-1 
1 .72( -1 

1 - 5 U - 1 
1•37(-I 
1.25( -1 

1 . 1 K - 1 
1.00(-1 

7 - 8 K - 2 ) 

13.0 
14.0 
15.0 
16.0 
17.0 
19.0 
21.0 
23.0 
24.0 
25.0 
26.0 
2 8 . 0 
28.5 
29.0 
29.5 
30.0 
30.5 
32.0 
35-0 

7 .78 ( -5 ) 
1.19("4) 
1 .22( -4 ) 
1 .07( -4 ) 
8 .86 ( -5 ) 
8 .42 ( -5 ) 
7 .44 ( -5 ) 
7 .89 ( -5 ) 
8 .06 ( -5 ) 
8 . 03 ( -5 ) 
7 .42 ( -5 ) 
3 -67 ( -5 ) 
3 -33 ( -5 ) 
6 . 33 ( -5 ) 
1 .22( -4) 
1 .26( -4 ) 
6 . 9 2 ( - 5 ) 
2.09 ( - 5 ) 
1.28( -5) 

Read: 9.77 X 10 
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Table 13. Axial traverses with Hornyak button and 2-in. Bonner ball 
along the centerline of the control rod sleeve (Items III-A, IV-A) 

2- in . -d iam Bonner bal l 0.635-cm-diam Hornyak button 
Distance from count rate (s" l .W"i) Distance from dose rate (erg/g.s.kW) 
shadow shield j- shadow shield — — 

(cm) I tem l l l - A a I tern IV -A (cm) I t e m I I I - A c I t em I V - A " 

5-0 — 4 -97 (2 ) e 1 .2 - - 1.19(0) 
5.4 5.35(2) - - 3.5 1.54(0) — 

10.0 - - 4.36(2) 6.4 - - 1.25(0) 
10.6 4.35(2) 8.5 1.53(0) — 

15-0 — 3- / I ( 2 ) 11.3 - - 1.13(0) 
15-4 3-79(2) - - '.3.5 1.48(0) — 

20.0 - - 3-26(2) 16.2 — 1.12(0) 
20.4 3-25(2) - - 18.5 1-31(0) — 

25.4 2.89(2) - - 21.2 9 - 9 7 ( - l ) 
30.0 - - 2.53(2) 23.5 1.21(0) - -

35.5 2.35(2) - - 31.2 - - 8 . 0 8 ( - l ) 
55.0 - - 1.60(2) 33-5 9.31 ( -1 ) — 

55.4 1 . 7 1 ( 2 ) - - 51.2 — 5 .75 ( -1 ) 
75.4 1.19(2) - - 53-5 6 . 7 5 ( - l ) — 

80.0 - - 8.04(1) 73-5 4 . 5 0 ( - l ) - -

90.0 - - 3-37(1) 76.2 — 3 . 6 9 ( - D 
95-4 6 . 5 7 ( 1 ) - - 93-5 2 . 7 3 ( - D — 

100.0 1.48(1) 101 .2 — 1.63( -1 ) 
1 1 5 . 4 2 . 9 8 ( 1 ) - - H 3 - 5 l - 3 2 ( - l ) — 

1 2 5 . 0 - - 4.52(0) 126.2 — 5-53C-2) 
1 2 5 . 4 1.81(1) — 133.5 5 .77 ( -2 ) — 

135.4 9 .02(0) — 151 .2 — 1.64( -2) 
145.4 4 .79(0) - - 153.5 2 . 3 3 ( - 2 ) — 

150.0 - - 1.74(0) 173.5 1.11 ( -2 ) — 

165.4 1.98(0) — 176.2 - - 6 .78 ( -3 ) 
175-0 - - 9 - 3 2 ( - l ) 193.5 6 . 5 3 ( - 3 ) — 

185-4 1.10(0) — 201.2 — 3-92( -3 ) 
200.0 - - 5 - 9 K - I ) 213.5 - -

205-4 6 . 9 4 ( H ) - - 223-5 3 - 36(-3) — 

215-7 5 .24 ( -1 ) — 226.2 — 2 .32 ( -3 ) 
225.0 — 3 . 8 3 ( - l ) 243.5 2 .42 ( -3 ) — 

225.4 4 . 4 4 ( - l ) - - 246.2 — 1.73( -3 ) 
235.4 3.83C-I ) — 253.5 2 .12 ( -3 ) — 

245.0 — 3 . 0 6 ( - l ) 256.2 — 1 - 57( -3) 
245.4 3 . 3 6 ( - l ) - - 263-5 l - 8 4 ( - 3 ) — 

255.0 — 2•71 ( -1 ) 
275-4 2.89 ( -1 ) 

®No B4C in sleeve 
Bi»C in sleeve 

^No Bi»C in sleeve 
Bi»C in sleeve 

eRead: 4.97 X 102 
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Table 14. Radial traverses in the horizontal plane with the Hornyak 
button at 1.9 cm behind fuel pins plus exit shield for several con-
trol rod positions (no B^C in control rod sleeve) (Items III-A3 
III-B TTT- r. TII-n) 

Distance from Dose rate (erg/g.s.kW) 
center l i ne 

(cm) 
center l i ne 

(cm) 1 tern 111-A® Item l l l - B 6 Item 1 1 l - C e 1tem 11l-D^ 

60.0 N 3 - 5 0 ( - 6 ) e - - 1 . l 4 ( - 6 ) 1 .14( -6) 
50.0 6 .86 ( -6 ) — 2 . 7 2 ( - 6 ) — 

40.0 2 .56 ( -5 ) 1 .46(-5) 8 .22 ( -6 ) 5 .42 ( -6 ) 
38.0 3 - 3 9 ( - 5 ) - - - - — 

36.0 4 .50 ( -5 ) — — 

35.0 — 2 .69 ( -5 ) 1 .76( -5) 9 .67 ( -6 ) 
34.0 6 .36 ( -5 ) — — — 

33-0 — 3 .94 ( -5 ) — — 

32.5 - - — 2 .69 ( -5 ) 1 .63( -5 ) 
32.0 9 -19 ( -5 ) — — — 

31-25 — 3-53 ( -5 ) 1•98(-5) 
31 -0 1 .06( -4 ) 5 .81 ( -5 ) — — 

30-5 1 .25( -4) — 3-83( -5 ) — 

30.0 2 .04 ( -4 ) 1 .40( -4 ) 8 -58 ( -5 ) 8 .45 ( -5 ) 
29-5 2 .54 ( -4 ) 1 -91( -4) l - 5 6 ( - 4 ) 1 .33( -4) 
2 9 . 0 2-32( -4 ) 1 .87( -4 ) 1 .76( -4) — 

28.75 — - - — 8 .47 ( -5 ) 
28.5 — 9 - 39( _5) 1 .06( -4) — 

28.25 — — 5.53( -5 ) — 

28.0 1 - 57 ( -4 ) 8 .31 ( -5 ) — — 

27-5 — - - 5 - 8 K - 5 ) 3.11 ( -5 ) 
27.0 — 1.04(-4) — — 

26.0 2.59("^) 1 .41( -4) — 6 .00{ -5 ) 
25.0 — 1.69<-4) 1. l 6 ( - 4 ) 7-67 ( -5 ) 
24.0 3 -00 ( -4 ) l - 7 0 ( - 4 ) - - — 

22.5 - - — 1.10( -4) 6 . 6 7 ( -5 ) 
22.0 2-971-4) 1 .61(-4) — — 

21.0 — 1.59(-4) — — 

20.0 3 .33 (" '0 1 .64( -4) 1 .08( -4) 6 .06 ( -5 ) 
19-0 — 1.72(-4) — — 

18.0 3 -50 ( -4 ) — - - - -

17-5 — — 1.10( -4 ) 6 .25 ( -5 ) 
17-0 — 1.67(-4) — — 

16.0 3 -50 ( -4 ) — — — 

15.0 3-61 ( - 4 ) 1.83(-4) 1 .23( -4) 7 -53( -5) 
14.0 3 -58 ( -4 ) — — 8 . 6 K - 5 ) 
13-0 1.82(-4) — ~ 

12.5 - - — 1.13( -4 ) 5-56 ( -5 ) 
12.0 4 . 4 4 ( - 4 ) — — — 

11.25 — — - - 4 .17 ( -5 ) 
11.0 6 . 1 7 ( - 4 ) 2 .27( -4 ) — — 

10.0 9 . 8 1 ( - 4 ) 3 56(-4) 1 .67( -4 ) 8 .15 ( -5 ) 
9-5 — 2 .42 ( -4 ) — 

9.25 — — 1.41( -4) 
9 .0 — a5.22( -4) 2.55<-4) 
8.75 — — 2 .97 ( -4 ) 2 .00 ( -4 ) 
8 .0 3 - 36( -3) 7 .33( -4 ) - - — 

7-5 — — 2 .78 ( -4 ) 4 . 6 1 ( - 5 ) 
7-0, - - 8.17( -4 ) — 

6 . 0 * ' 4 . 0 8 ( - 3 ) 8 . l 4 ( - 4 ) — — 

5 .0 \ „ — 8 .28 ( -4 ) 2 .89 ( -4 ) 4 .06( -5 ) 
4 .0 — 8.00( -4 ) — 

3 .0 , - - 7 .75 ( -4 ) — — 

2 .5 - - — 2 .48 ( -4 ) — 
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Table 12. (continued) 

Distance from Dose rate (erg/g.s.kW) 
center l Ine 

(erg/g.s.kW) 
center l Ine 

(cm) Item 111—A Item 111 —B Item l l l - C Item 11l-D 

2 .0 4 .25( -3 ) 6 .56 ( -4 ) — 

1.25 — — 1.30( -4 ) — 

1.0 — 2 .89 ( -4 ) — — 

0 4.42( -3 ) 2 .56 ( -4 ) 1 .08( -4 ) 4 . l 4 ( - 5 ) 
0 .9 s — 2.59(" i») — — 

1.25 — — 1.09( -4 ) — 

1.9 — 4 .47 ( -4 ) — — 

2.0 4 .17 ( -3 ) — — — 

2.5 — - - 1.23( -4 ) — 

2.9 — 6 . 7 8 ( - 4 ) — 

3-75 — — 2 . 0 6 ( - 4 ) — 

4.0 4 .11( -3 ) 7-33(-A) — — 

5.0 — 7.7B(-4) 2 .60 ( -4 ) 4.31 ( -5 ) 
6 .0 4 .o8( -3) 7 .81 ( -4 ) — — 

7.0 — 7 .67 ( -4 ) — — 

7.5 — 7 .44 ( -4 ) 2 .67 ( -4 ) 4 .61 ( -5 ) 
8 .0 3 .65( -3 ) — — 

8.75 — — — l - 3 3 ( - 5 ) 
9 -0 — 5 .47 ( -4 ) — 1-79 ( - 5 ) 
9-5 — — — l - 2 3 ( - 5 ) 

10.0 l . l 8 ( - 3 ) 4.14 ( -4 ) 2 -39 ( -4 ) 1.27 ( -4 ) 
11.0 — 2 . 5 8 ( - 4 ) — 

11.25 — - - — 4 .47 ( -5 ) 
11.5 — l . l 2 ( - 4 ) — 

12.0 4 .56 ( -4 ) 1 .81( -4) I . 0 0 ( - 4 ) — 

12.5 — — 1 . 0 4 ( - 4 ) 5-08( -5 ) 
13-0 3 - 9 M - 4 ) 1.81 ( -4 ) — — 

13-75 — — 1.33<-4) 8.72 ( -5 ) 
14.0 3 .75 ( -4 ) 2 .03 ( -4 ) 
15-0 3 .81 ( -4 ) — 1 . 4 4 ( - 4 ) 1.01( -4 ) 
16.0 3 -78( -4 ) 2 .00 ( -4 ) — — 

16.25 — — — 9 . 2 2 ( - 5 ) 
16.75 — — 1 . 3 K - 4 ) — 

17.0 3 .64 ( -4 ) — — — 

17-5 — — — 7 . 3 K - 5 ) 
18.0 3 .56 ( -4 ) 1 .75( -4) — 

20.0 3 -47( -4 ) 1 .65( -4 ) 1 . Q 7 ( - 4 ) 6 . 1 9 ( - 5 ) 
22.0 3 .00 ( -4 ) 1 .51( -4 ) — — 

22.5 — — 1 . 0 1 ( - 4 ) 6 . 0 8 ( - 5 ) 
24.0 2 .86 ( -4 ) 1 .54( -4 ) — — 

25.0 — 1.56( -4 ) 1 .06( -4) 6.83 ( -5 ) 
26.0 2 .68 ( -4 ) l . 4 0 ( - 4 ) — — 

26.25 — — — 6 .08 ( -5 ) 
27.0 — 1 . 1 1 ( - 4 ) — 

27.5 — — 7 .00 ( -5 ) 3-58 ( -5 ) 
28.0 1 .69( -4) 8 . 6 9 ( - 5 ) — 

28.75 — — — 2 .74 ( -5 ) 
29.0 1.79 H O 9 - 0 6 ( - 5 ) 5 -08 ( -5 ) — 

29-25 — — — 6 .67 ( -5 ) 
29.5 2 .23 ( -4 ) 1 .49( -4 ) 9 - 8 9 ( - 5 ) — 

29-75 2 .25( -4 ) — — — 

30.0 — 1.56( -4 ) 1 .36( -4 ) 1 .05( -4 ) 
30.3 I . 8 3 ( - 4 ) 

8.81 ( -5 ) 
— — 

30.5 1 .24( -4) 8.81 ( -5 ) 1. l 4 ( - 4 ) 5 > 25 ( -5 ) 
31.0 1. l 4 ( - 4 ) — — — 

31-25 — — - - 1.97C-5) 
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Table 12. (continued) 

Distance from 
center l ine 

(cm) 

Dose rate (erg/g.s.kW) Distance from 
center l ine 

(cm) 1 tern I I I - A Item I I I - B 1tem I I I - C 1tem I I I - D 

32.0 — 4-94 ( -5 ) __ 
32.5 - - - - 2 -94 ( -5 ) 1 .59 ( -5 ) 
33-0 7 -72 ( -5 ) — — — 

34.0 — 3 .28 ( -5 ) - - — 

35.0 5 .72 ( -5 ) - - 1.93(~5) 1 .01( -5 ) 
36.0 — 2.56 (-5) — — 

40.0 2 .86 ( -5 ) 1 .42( -5 ) 9 . 8 1 ( - 6 ) 5 . 03 ( -6 ) 
50.0 8 .08 ( -6 ) — — — 

60.0 2 . 8 3 ( - 6 ) —— - -

^No control rod 
60-cm control rod and handler 

j l20-cm control rod and handler 
120-cm control rod 

eRead: 3.50 X 10"6 
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Table 15- Radial traverses in the horizontal plane with the 2-in. 

Bonner ball at 39-8 cm behind the fuel pins plus exit shield for 
several control rod positions (no B^C in control rod sleeve) 
(Items III-A3 III-B9 III-C3 III-D) 

Distance from Count rate (s ' l .w" 1 ) 
center l ine n h f* A 

(cm) 1 tern 111-A Item 11l-B° Item I I l - C 1tem I I I - D 

60.0 N 3 - 8 2 ( - 3 ) e l - 9 2 ( - 3 ) 1 •22(-3) 9 •32( -4 ) 
50.0 4 .91( -3 ) 2 -46 ( -3 ) 1 - 5 ! ( - 3 ) I . 1 M - 3 ) 
45-0 5-60( -3) 2 -67( -3 ) l - 6 7 ( - 3 ) — 

40.0 6 .27( -3 ) 3 - 00( -3 ) 1•85(-3) 1-36C-3) 
35-0 7 .09( -3 ) 3 .30 ( -3 ) 2 .06( -3 ) l - 4 9 ( - 3 ) 
33-5 — 3 .49 ( -3 ) — - -

33.25 — - - 2 - l 6 ( - 3 ) — 

32.5 7-93( _3) 5 -87( -3 ) 3 -25( -3 ) 2.72(~3) 
31.25 1.22(-2) 1 -19 ( -2 ) 8 -38( -3 ) 8 .45 ( -3 ) 
30.0 1.70(-2) 1.26 ( -2 ) l - 1 7 ( - 2 ) l - 0 9 ( - 2 ) 
29-5 l -75 ("2 ) — — - -

29-0 1.77("2) — — — 

28.75 — 1-11(-2) — - -

28.5 1.74(-2) - - 9 - 23(~3) — 

28.25 — - - - - 9-12 ( -3 ) 
27.5 1.42(-2) 5 -33( -3 ) 5 -54 ( -3 ) 4 .94 ( -3 ) 
26.5 — 4 - 2 1 ( - 3 ) — — 

26.25 — 3 - 23( -3) - -

25-0 9 -25( -3 ) 4-04("3) 2 -64 ( -3 ) 2 .04( -3 ) 
22.5 9-66 ( -3 ) 4 . 0 1 ( - 3 ) 2 .45 ( -3 ) 1.83(~3) 
20.0 1.07(-2) 4 .42( -3 ) 2 .59 ( -3 ) 1 • 90 ( -3 ) 
17.5 1.32(-2) 4 .95( -3 ) — l - 9 4 ( - 3 ) 
15.0 1-91(-2) 6 .88 ( -3 ) 3 - 29( -3) 2 .30( -3 ) 
12.5 4 .22( -2 ) 1 .30(-2) 4 .15 ( -3 ) 2 .96 ( -3 ) 
11.25 — 2.16( -2 ) 7 . 0 4 ( - 3 ) 6.58( -3 ) 
10.0 1.60(-1) 2 .61( -2 ) 1 .12( -2) 1 .04( -2) 
8.75 - - 3 - 03(-2) - - — 

8.25 2 - 3 9 ( - 0 - - 1.08 ( -2 ) 1 .02(-2) 
7-5 2.98C-1) 2 .74( -2 ) 8.1BC-3) 6 .79 ( -3 ) 
6.25 - - — 4 .62 ( -3 ) 2 .21 ( -3 ) 
5 .0 3 - 2 0 ( - l ) 2 -43( -2 ) 4 . l 8 { - 3 ) 1-91("3) 
2 .5 3 . 1 9 ( H ) 2 .21 ( -2 ) — — 

0 3 . 2 0 ( H ) 2 .06( -2 ) 4 .02( -3 ) l - 9 3 ( - 3 ) 
2 .5 S 3 - 1 9 ( H ) 2 .27 ( -2 ) — - -

5-0 3 . 1 8 ( H ) 2 -39( -2 ) 'i.Ol ( -3 ) 1 .96(-3) 
6.25 — - - A-47(-3) 2 .76 ( -3 ) 
7-5 3 . 0 3 ( H ) 2 .71 ( -2 ) 7 .94 ( -3 ) 6 .68 ( -3 ) 
8.25 — — — 8 .07 ( -3 ) 
8.75 2 . 5 6 ( H ) 2 .51 ( -2 ) 9.38C-3) — 

10.0 1 . 7 8 ( H ) 2 .18 ( -2 ) 8 -55( -3 ) 8 .32 ( -3 ) 
11.25 — — 6 - 0 4 ( - 3 ) 4.99("3) 
12.5 5 -27( -2) 9 -56 ( -2 ) A-45(-3) 3•40( -3) 
15-0 2 .12( -2 ) 6 -38 ( -3 ) 3 - 76 ( - 3) 2 . 9 5 ( - 3 ) 
17-5 l - 3 6 ( - 2 ) 4 .79 ( -3 ) 2 -83 ( -3 ) 2 .06 ( -3 ) 
20.0 1.12 ( -2 ) 4 .33 ( -3 ) 2 . 5 6 ( - 3 ) 1 .87(-3) 
22.5 9 -85( -3 ) 3•98(—3) - - 1-81(-3) 
25.0 9 -05( -3 ) 3 . 8 8 ( - 3 ) 2 .41 ( -3 ) 1 - 83 <—3) 
26.25 - - 11(-3) 2 .43 ( -3 ) — 

27.0 9 -06( -3 ) — — — 

27-5 - - 7-88( -3 ) 5 -32( -3) 4 .56( -3 ) 
28.0 1•16(-2) — — 

28.25 - - — - - 6 .97 ( -3 ) 
28.75 - - - 9-50 ( -3 ) 8 -29( -3 ) — 

29-0 1 .40( -2) — — 

30.0 1 .41( -2) 9 -52 ( -3 ) 7 .99( -3 ) 7 - 9 K - 3 ) 
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Table 12. (continued) 

Distance from 
center l i ne 

(cm) 

Count rate (s - i .W- i ) Distance from 
center l i ne 

(cm) 1tem I I I - A 1tem 1I I -B Item 11l-C 1tem 111-D 

31.0 1 .29( -2 ) 6-73C-3) — 

31-25 — — 5 .45 ( -3 ) 4 .08 ( -3 ) 
32.5 8 .59 ( -3 ) 3 .49 ( -3 ) 2 . 22 ( -3 ) 1 .71( -3 ) 
35 .0 7 -24 ( -3 ) 3 -22 ( -3 ) 2 . 0 0 ( - 3 ) l . * 7 ( - 3 ) 
40.0 6 .39 ( -3 ) 2 .93("3) 1 .82( -3 ) l - 3 3 ( - 3 ) 
45.0 5 . 6 3 ( - 3 ) 2 .73 ( -3 ) 1 .67( -3 ) 
50.0 4 -96 ( -3 ) 2 .40 ( -3 1 .51 ( -3 ) 1 . 1 M - 3 ) 
55-0 4 .38 ( -3 ) - - — 

60.0 4 .00 ( -3 ) 1 .88 ( -3 ) 1 .21 ( -3 ) 9.23 ( -4 ) 

^No control rod 
60-cm control rod and handler 

^120-cm control rod and handler 
120-cm control rod 

eRead: 3.82 X 10"3 
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Table 16. Radial traverses in the horizontal plane with the 5-in. 
Bonner ball at 39-8 cm behind the fuel pins plus exit shield for 
several control rod positions ( no Bi,C in control rod sleeve) 
(Items III-A3 III-B, III-C3 III-D) 

Distance from 
centerline 

(cm) 
Count rate (s-l.W-1) Distance from 

centerline 
(cm) 1tem III-Aa 1tem III-Bb Item l l l - c c Item 11l-D^ 

60.0 N 4 . 4 2 ( - l ) e 2 . 1 8 ( H ) 1 . 2 4 ( H ) 7 .40 ( -2 ) 
55-0 5 . 3 2 ( - l ) — - - — 

50.0 6 . 5 3 ( - l ) 3 . 2 8 ( H ) 1 . 8 2 ( H ) 1 . 0 6 ( H ) 
45.0 8.07C-1) — 2.29( -1 ) 
40.0 1.00(0) 5 . 0 5 ( H ) 2 . 8 2 ( H ) 1.66 ( -1 ) 
35-0 1.33(0) 7-22 ( -1 ) 3 9 ( H ) 3 . 1 4 ( H ) 
32.5 1.56(0) 8 . 9 6 ( H ) 5 . 7 3 ( H ) 4.41 ( -1 ) 
31-25 — — — 4 . 9 3 ( H ) 
30.0 1-77(0) 1.00(0) 6 . 4 8 ( H ) 5 . 3 0 ( H ) 
27-5 1-90(0) 1.07(0) 6 . 9 1 ( H ) 5 .20 ( -1 ) 
25.0 2.03(0) 1.08(0) 6 . 6 8 ( H ) 4 . 6 9 ( H ) 
22.5 2.35(0) 1.18(0) 6 . 5 7 ( H ) - -

20.0 3.05(0) 1.48(0) 7•78(-1 4 . 5 0 ( H ) 
17-5 4.31(0) — — 4.980-1) 
15-0 6.75(0) 2 .83(0) 1.21(0) 6 - 5 7 1 - 0 
12.5 — 3-95(0) 1-54(0) 8 . 4 4 ( H ) 
11.25 — — — 9- 1 8 ( H ) 
10.0 1.43(1) 5 .06(0) 1.85(0) 9 . 3 6 ( H ) 
8.25 — — — 8.91 ( -1 ) 
7-5 1.75(1) 5-75(0) 2.01(0) 8 . 2 9 ( H ) 
5-0 2.01(1) 6 .00(0) 2.02(0) 6 . 2 8 ( H ) 
2.5 — 6.00(0) 1-94(0) 4 . 1 0 ( H ) 
0 2.08(1) 6 .01(0) 1-95(0) 4 . 0 0 ( H ) 
2.5 S — 5.98(0) 1.88(0) 4 . 5 7 ( H ) 
5-0 1.95(1) 5.74(0) 1-99(0) 6 . 9 8 ( H ) 
7-5 1.66(1) 5 .34(0) 1.95(0) 8.74 ( -1 ) 
8.5 — — — 9 . 2 6 ( H ) 

10.0 1.33(1) 4 .38(0) 1.77(0) 9 . 4 6 ( H ) 
11.0 — — — 9 . 1 4 ( H ) 
12.5 — — 1-53(0) 8 -34( -1 ) 
15-0 5-93(0) 2-37(0) 1-17(0) 6 . 3 7 ( H ) 
17-5 — — — 5 . 0 9 ( H ) 
20.0 2.77(0) 1.34(0) 7 . 5 7 ( H ) 4 . 4 2 ( H ) 
21.25 — — — 4 . 1 5 ( H ) 
22.5 2.18(0) 1.08(0) 6 . 3 4 ( H ) 3 - 9 5 ( H ) 
25.0 1.93(0) 1.01(0) 6.21 ( -1 ) 4 . 2 8 ( H ) 
27-5 1.77(0) 9 . 7 0 ( H ) 6.20(-1) 4 . 4 2 ( H ) 
28.75 — — — 4 . 4 3 ( H ) 
30.0 1.63(0) 8 . 9 7 ( H ) 5 . 6 9 ( H ) 4 . 2 8 ( H ) 
32.5 1.46(0) 7 . 8 4 ( H ) ' t - 97 (H ) — 

35-0 1.24(0) 6 . 4 ) ( - 1 ) 3 . 8 7 ( H ) 2 . 5 5 ( H ) 
40.0 9 .84( -1 ) 4 . 9 0 ( H ) 2 . 7 6 ( H ) 1 . 5 3 ( H ) 
45-0 7 . 7 9 ( - D - - 2 . 1 9 ( H ) — 

50.0 6 . 3 6 ( H ) 3 . 2 4 ( H ) 1 . 7 9 ( H ) 1 . 0 7 ( H ) 
55.0 5 . 2 5 ( H ) — — 

60.0 4.34 ( -1) — 1.20 ( - 1) 7•29( -2) 
80.0 - - 3 . 8 K - 2 ) 

®No control rod 
60-cm con'trol rod and handler 

jl20-cm control rod and handler 
120-cm control rod 

eRead: 4.42 X 10"1 
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Table 17. Radial traverses in the horizontal plane with the Hornyak 
button at 39-8 cm behind the fuel pins plus exit shield for several 
control rod positions (B^C in control rod sleeve) (Items IV-A, IV-B, 
IV-C* IV-D) 

Distance from Dose rate (erg/g.s.kW) 
centerline 

(cm) Item IV-Aa Item IV-Bfc Item IV-CL* Item IV-Dd 

60.0 N 2 . 0 2 ( - 6 ) e 1.30(-6) 9 -92( -7) - -

50.0 5 .36( -6) — — - -

40.0 1.37("5) 7 .31( -6) 5 .53( -6) 4 .78( -6) 
35-0 2 .94( -5 ) 1.64 ( -5 ) 1.17 <-5) 8 .58( -6 ) 
32.5 4.36<-5) 2 .28( -5 ) 1 - 79(~5) 1.42(-5) 
31-5 - - — 2.13("5) — 

31-25 - - 3 - 06(-5) - - 1.82(-5) 
31.0 5.36(-5) - - 2.27( -5) — 

30.5 - - - - 3 - 08(-5) 3.14 ( -5) 
30.0 1.35(-4) 1. l 6 ( - 4 ) 9 -97( -5) 1.16(-4) 
29.5 1.74(-4) 1 .49(-4) 1•33 ( -4) 1 • 34(-4) 
29.0 1.61(-4) 1.20(-4) 1.12(-4) 1.13(-4) 
28.5 — — 3.08( -5) - -

28.0 8.28 ( -5 ) 4 .61( -5) 3 .11( -5) - -

27-5 — — - - 2.92( -5) 
27-0 1.04(-4) 5•53(-5) 3-83(-5) - -

26.0 — 8 . l 4 ( - 5 ) 6 .03( -5 ) 5 .69( -5) 
25.0 1.64(-4) 9 -81( -5) 7 .61( -5) 7.39 ( -5 ) 
24.0 — 9•92(-5) 7-53(*5) — 

23.0 — 9 . 8 K - 5 ) - - — 

22.5 1 . 5 3 H O - - - - 5-86(-5) 
22.0 — - - 6 . 0 8 ( - 5 ) — 

21.0 — 8.69( -5 ) - - — 

20.0 1.62(-4) - - 6.19( -5 ) 5 .22( -5) 
19-0 — 8.81( -5 ) - - - -

17.5 ! . 76 ( -4 ) - - 6 .22 ( -5 ) 5-25( -5) 
17.0 - - 8 - 8 3 ( - 5 ) - - - -

16.5 1•73(-4) — - - - -

16.0 1.82(-4) — - - - -

15.5 1.75(-4) - - - -

15-0 1.87(-4) l - 0 3 ( - 4 ) 7-50( -5) 6 .97( -5) 
14.5 1.97(-4) - - — — 

14.0 — 1 . 1 H - 4 ) - - 7.75( -5) 
13.75 — - - 8.28( -5 ) - -

13-5 1.93(-4) - - — — 

13.0 - - 9-39( -5 ) — - -

12.5 1.95(-4) — 5.75( -5) 4 .67( -5) 
12.0 1.96(-4) 7-89( -5) — — 

11.5 - - — 4.58( -5) — 

11.25 - - — — 2.94 ( -5) 
11.0 2.70( -4 ) 9 -19( -5) 4 .69( -5) — 

10.5 — — 5.25( -5) 2.89(-5) 
10.0 4 .3K-A) 1.52(-4) 1.01(-4) 7-53( -5) 
9-75 — — 1 • 59(-4) l . 09 ( -4 ) 
9-5 - - 2.04( -4) 1.39(-4) 1-21(-4) 
9 .0 - - 1.55(-4) 7 .28( -5) 3 -50( -5) 
8.75 6.89("4) — — - -

8.5 — 2.13( -4 ) 8 .00( -5) — 

8.0 2 .16( -3 ) 3 .97( -4) 1.12(-4) 2 .92( -5 ) 
7.5 2 .94( -3 ) — — - -

7.0 3.03("3) 4 .44( -4) l . I 9 ( - 4 ) — 

6.0 — 4.44( -4) 1•19(-4) - -

5-0 3 . m - 3 ) 4 .39 ( - 4 ) 1.20(-4) . 2 . <?2 ( -5 ) 
4 .0 - - 4.17( -4 ) 1.11 ( -4) — 

3-0 — 3.83( -4) 9•92( -5) - -

2 .0 — 3.17( -4) 5 .97( -5) — 

1.25 — — 5.25( -5 ) — 

1.0 — 1.34(-4) — — 
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Table 12. (continued) 

Distance from Dose rate (erg/g. .s.kW) 
center l i ne 

(cm) Item IV-A Item IV-B Item IV-C Item IV-D 

0 3 - l 4 ( - 3 ) 1.28(-4) 4 .92 ( -5 ) 3-11( -5) 
1 . 0 s - - 1.29( - - - -

1.25 - - - - 4 .64 ( -5 ) - -

2 .0 - - 1•32(-4) - - - -

2.5 - - - - 5 .47 ( -5 ) - -

3-0 - - 3-97(-4) — 

3-75 - - - - 9 - 28(-5) - -

4.0 - - 4.36( -4) - - - -

5.0 3 .08( -3 ) 4 .56( -4) 1 .06(-4) 2 .86( -5) 
6 .0 - - 4.61( -4) 1 .11( -4) - -

7.0 3 - 06(-3) 4 .64( -4) 1 .12( -4) - -

7-5 3 • 03 ( -3 ) — - - 2.64( -5 ) 
8 .0 2 .89( -3 ) 4 .33( -4) 1 .10( -4) - -

9-0 7-03( -4) 1 • 75(-4) 6 .81 ( -5 ) 2 -72( -5 ) 
9-5 - - 1 • 56(-4) 8 .42 ( -5 ) 6 .03( -5 ) 
9.75 - - — — 9-B9(-5) 

10.0 — 1.84(-4) ' • 2 1 ( - 4 ) 1.04(-4) 
10.5 - - l . l 8 ( - 4 ) 7 -00( -5 ) 4 .86( -5 ) 
1 1 . 0 3 - 1 K - 3 ) 9-72( -5) 4 .86( -5 ) 2 .83( -5 ) 
11-5 - - - - 4 .67 ( -5 ) - -

11.75 — - - — 3-19( -5) 
12.0 2 .21( -3) 8-19( -5) 4 -69 ( -5 ) - -

12.5 — - - 5-47( -5 ) 4 .42( -5 ) 
13-0 1.98(-3) 9 - 36(-5) — — 

13-5 — — 7-75( -5 ) — 

14.0 - - 1.26(-4) - - 9-86( -5 ) 
14.5 — 1.25(-4) 9 - 89 ( - 5) — 

15-0 2 .15( -3 ) 1 • 19(-4) — 9 - 36(-5) 
15-5 — — 9 - 33 ( - 5) — 

16.0 - - 1 . l8 ( -4 ) - - — 

17-5 1.84(-3) - - 6.78C-5) 6 .42( -5 ) 
18.0 — 9.44( -5 ) - - — 

20.0 l - 7 7 ( - 3 ) 8 .97( -5 ) 6.141-5) 5•55(-5) 
22.0 — 8.47( -5) - - — 

22.5 1-61(-3) — 6 .08 ( -5 ) 5-50( -5) 
23-0 — 8.75( -5 ) - - — 

24.0 - - 8.97( -5 ) - - - -

25.0 1.57(-3) 9 .08( -5 ) 6 .72 ( -5 ) 6 .19( -5 ) 
26.0 — 8.33(~5) - - 5-53( -5) 
26.25 1.36(-3) — - - — 

26.5 - - - - 5 .72 ( -5 ) - -

27-0 — 6-11( -5 ) - - — 

27-5 1-03( -4) - - 3-86( -5 ) 3 - 06 ( -5) 
28.0 9 -03( -5 ) 4 .47 ( - 5 ) - - — 

28-5 8 .61( -5 ) — - - 2.43( -5) 
28.75 — — 2 .92 ( -5 ) - -

29.0 9 -53( -5 ) 5 -33( -5) — 3 - 56(-5) 
29-5 1.44(-4) 1 .12(-4) 9 -33 ( -5 ) 1.00(-4) 
30.0 1.42(-4) 1.15(-4) 1 .08(-4) l - 0 2 ( - 4 ) 
30.5 7-42( -5) 4 .30 ( -5 ) 2 .86( -5 ) 3 .47( -3) 
31.0 5 .64( -5) 3 -00( -5) 2 -12( -5 ) - -

32.5 4 .69( -5 ) 2.31(~5) t -57 ( -5 ) 1.27(-5) 
35.0 3 .06( -5 ) 1 -57( -5 ) 1 .02( -5) 9•22( -6) 
40.0 1.67(-5) 7-17C-6) 5 .17( -6 ) 4 .33( -6) 

?No control rod 
60-cm control rod and handler 

j l20-cm control rod and handler 
120-cm control rod 
Read: 2.02 X 10"5 
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Table 18. Radial traverses in the horizontal plane with the 2-in. 

Bonner ball at 39-8 cm behind the fuel pins plus exit shield for 
several control rod positions (B^C in control rod sleeve) (Items 
IV-A, IV-B, IV-C. IV-D) 

Distance from Count rate (s ' l .W-l ) 
center l ine . . . Q. b f d 

(cm) Item IV-A Item IV-B Item IV-C Item IV-D 

60.0 N 2 . 4 8 ( - 3 ) e 1.26(-3) 9 -09 ( -4 ) 7 .29( -4) 
50.0 2 .81( -3 ) - - 1.09("3) - -

40.0 3-55( -3) 1.811-3) 1 -31( -3 ) 1.081-3) 
35-0 4 .05 ( -3 ) 2 .04( -3) 1 .45( -3) 1.19(-3) 
32.5 6 .04 ( -3 ) 3 .42( -3) 3 .50( -3 ) 1.40(-3) 
31.25 >.19(-2) 9-52( -3) 9 -82 ( -3 ) 4 .44( -3) 
30.5 — — - - 8.27( -3) 
30.0 l - 4 5 ( - 2 ) 1 . l 8 ( - 2 ) 1 .06(-2) 9 -81( -3) 
29-5 - - — - - 1.09(-2) 
29.0 - - — — 1.13(-2) 
26.75 1 .30( -2) 1.04(-2) 9 -70 ( -3 ) — 

28.5 - - — - - 1.08(-2) 
28.0 - - - - - - 9.62( -3 ) 
27-5 7 -13( -3 ) 5 .49(-3) 3 -57( -3 ) — 

27.0 — — — 5.46( -3 ) 
25.0 5 -29 ( -3 ) 2.63C-3) 1 .87(-3) l - 72 ( -3 ) 
23-75 - - - - l - 7 8 ( - 3 ) 
22.5 5 - 5 K - 3 ) 2-44(-3) 1•72(-3) 1 . 5 K - 3 ) 
20.0 6 .03 ( -3 ) 2 - 53(~3) 1 -78 ( -3 ) 1-51(-3) 
17.5 6 .60 ( -3 ) 2 .66( -3) 1.8o{-3) 1.52(-3) 
15.0 9-41 ( -3 ) 3 .24(-3) 2 .27 ( -3 ) 1.70(-3) 
13.75 — - - i . 4 3 ( - 3 ) 
12.5 3 -57 ( -2 ) 5-44(-3) 2 -97( -3 ) 2.11("3) 
11.5 — - - — 2.61( -3 ) 
1 1.25 — 9-13( -3) 4 .14 ( -3 ) 
11.0 — - - — 3.16( -3 ) 
10.5 — - - — 3.52( -3) 
10.0 1-69( -1) 1.21(-2) 3-93("3) 3-67( -3) 
9.5 — — - - 3 - 75(~3) 
9.0 — - - 3.93( -3 ) 3 .78( -3 ) 
8.75 — 1.49(-2) 3-67C-3) — 

8.7 2 . 4 8 ( - l ) — - -

8.5 — — - - 3 - 56(~3) 
8.0 - - — — 3.16( -3 ) 
7.5 2 . 8 5 ( - l ) 1.49(-2) 2 .26( -3 ) 
7.0 — — — l - 9 9 ( - 3 ) 
6.25 — 1.50(-2) — — 

5.0 2 . 9 3 ( - l ) 1.44(-2) 2 .06 ( -3 ) 1.37(-3) 
2.5 — 1 .3K-2 ) l . 9 6 ( - 3 ) 
0 2 . 9 8 ( - l ) 1.12(-2) 1 - 8 8 C - 3 ) 1 - 38(—3) 
2.5 S — 1 - 37(-2) l - 9 7 ( - 3 ) 
5.0 2 - 9 5 ( - l ) 1.53(-2) 2 -03( -3 ) 1-37(~3) 
6.25 — 1.56(-2) 
7.0 — — — ' - 39(-3) 
7.5 2 .61 ( -1 ) 1.49(-2) 3 - O K - 3 ) 
8.0 — — - - 1.89(-3) 
8.5 - - — — 2.53( -3) 
8.75 1 .96( -1 ) 1.39 ("2) 3 .69( -3 ) 
9 .0 - - — - - 2-97(~3) 
9 .5 — — — 3.22( -3) 

10.0 1 . 1 7 ( - D 1 .08(-2) 3 - 92 ( -3 ) 3-47( -3) 
10.5 — — — 3 - 6 2 ( - 3 ) 
11.0 — — — 3-63( -3) 
11.25 — 7 - 87(-3) 3 .55( -3 ) 
11.5 — — — 3.54( -3) 
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Table 12. (continued) 

Distance from 
centerl1ne 

(cm) 

Count rate (s- i .W-i) Distance from 
centerl1ne 

(cm) Item IV-A Item IV-B Item IV-C Item IV-D 

12.0 — — — 3-37( -3 ) 
12.5 1.96(-2) 5 .21( -3 ) 3 .05 ( -3 ) — 

13.0 - - — - - 2.76("3) 
14.0 — — — 2 . 8 M - 3 ) 
15.0 8 .66( -3 ) 3 - 68(-3) 2 . 6 1 ( - 3 ) : - -7o(-3) 
17-5 6 -37( -3 ) 2 .80( -3 ) 1•89(-3) i . 77 ( -3 ) 
20.0 5 .75( -3 ) 2.56 ( -3 ) 1 .76( -3) 1 .53(-3) 
22.5 5 -33( -3) 2 .44( -3 ) 1-70( -3) l - 4 4 ( - 3 ) 
25-0 5-16( -3) 2.48C-3) 1 .71( -3) 1 .45(-3) 
26.5 — 2.64{-3) — - -

27.5 8 .46( -3 ) 5 -20 ( -3 ) 6.02(~3) 2 .43 ( -3 ) 
28.0 - - 6-95( -3 ) — 3-85( -3 ) 
28.5 — - - — 5-49( -3 ) 
28.75 1.01(-2) 8 .28( -3 ) 7 - 08(-3) - -

29-0 — - - 6 .49 ( -3 ) 
29.5 1.06(-2) — - - 7-10( -3 ) 
30.0 1.00(-2) 7 -82( -3) 7 .24( -3 ) 7.451-3) 
30.5 — — - - 7.26( -3 ) 
31-0 — — - - 6 .47 ( -3 ) 
31.25 6 - 6 8 ( - 3 ) 5 - 65(-3) 3•63(-3) — 

32.5 4 .41( -3 ) 2 -29( -3 ) 1 .50(-3) 2 .44( -3 ) 
35-0 3 -96( -3 ) 2 .04( -3 ) 1.4O<-3) l - 2 4 ( - 3 ) 
40.0 3 - 58(-3) 1 - 8 5 ( ~ 3 ) l - 3 0 ( - 3 ) l - I O ( - 3 ) 
50.0 2 -94( -3 ) - - 1 - 07(-3) 9 . l 8 ( - 4 ) 
60.0 2 .22( -3 ) 1 - 27(-3) — 

?No control rod 
e60-cm control rod and handler 
^120-cm control rod and handler 

120-cm control rod 
eRead: 1.96 X 10"2 
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Table 19. Radial traverses in the horizontal plane with the 5-in-
Bonner bal.l at 39-8 behind the fuel pins plus exit shield for 
several control rod positions (B^C in control rod sleeve) (Items 
'IV-A, IV-B, IV-C, IV-D) 

Distance from Count rate (s- l .W-l ) 
centerl i ne 

(cm) 
centerl i ne 

(cm) Item IV-Aa Item IV-B6 Item IV-Ce Item 1V-0d 

60.0 N 2 . 4 7 ( H ) e 1.54( -J ) 7 .54 ( -2 ) 5 .34 ( -2 ) 
50.0 3 . 4 0 ( H ) — — — 

40.0 5 . 3 9 ( - l ) 2 . 6 5 ( - l ) 1.64 ( -1 ) 1 . 1 5 ( H ) 
35.0 7 .85 ( -1 ) 4 .22 ( -1 ) 2.95 (_ 1) 2 . 4 0 ( H ) 
32.5 — 5 - 58(-1) 4 . 2 3 ( - 0 3 . 6 8 ( H ) 
30.0 1.05(0) 6 . 5 6 ( - l ) 4 . 9 2 ( - l ) 4 . 4 3 ( - l ) 
27-5 — 6 . 6 6 ( - l ) 4 . 9 6 ( - l ) 4 . 3 8 ( H ) 
25.0 1.11(0) 6 .21 ( -1 ) 4 . 4 7 ( - l ) 3 - 82(-1) 
22.5 — 6 . 1 2 ( - l ) 3 - 9 7 ( - l ) 3 . 2 4 ( H ) 
20.0 1.41(0) 6 . 8 7 ( - l ) 4 . 3 2 ( H ) 3 . 3 3 ( H ) 
17-5 — 8 . 5 2 ( - l ) 

1.26(0) 
4 . 8 9 ( - l ) 3 -61( -1 ) 

15.0 3-71(0) 
8 . 5 2 ( - l ) 
1.26(0) 5 . 9 M - 1 ) 4 . 0 2 ( H ) 

12.5 6 .82(0) 2 .00(0) 7 . 2 3 ( - l ) 4 . 3 0 ( H ) 
10.0 1-07(1) 2 .83(0) 8 . 0 K - 1 ) 4 . 1 5 ( H ) 
7-5 1.41(1) 3 .45(0) 8 .51 ( -1 ) 3 . 5 7 ( H ) 
5.0 1.65(1) 3 .82(0) 7 -81( -1) 2 . 7 6 ( H ) 
2.5 1.68(1) 3-97(0) 7 .15 ( -1 ) 2 . 2 8 ( H ) 
0 1.69(1) 4 .01(0) 7 . 0 4 ( - l ) 2.28 ( -1 ) 
2.5 S 1.68(1) 3-87(0) 7 . 1 3 ( - l ) 2 . 3 5 ( H ) 
5.0 1.55(1) 3-82(0) 7 - 66 ( -1 ) 2 . 8 9 ( H ) 
7.5 1.26(1) 3-31(0) 8.11 ( -1 ) 3 . 9 0 ( H ) 

10.0 8 .91(0) 2 .64(0) 7-97C-1) 4 . 6 2 ( H ) 
12.5 5-21(0) 1.81(0) 7 .13 ( -1 ) 4 . 7 6 ( H ) 
15-0 2 .74(0) 1-13(0) 5 . 9 8 ( H ) 4 . 4 0 ( H ) 
17-5 — 8 .05 ( -1 ) 5 . 0 K - 1 ) 3 . 9 2 ( -1 ) 
20.0 1.29(0) 6.57(— 1) 4 . 3 0 ( H ) 3 . 4 3 ( H ) 
22.5 — 5 - 95(-1) 3 - 82( -1 ) 3 . 1 3 ( H ) 
25.0 1.03(0) 5 - 77(-1) 4 . 0 4 ( H ) 3 . 3 8 ( H ) 
27-5 — 5 - 8 6 ( - l ) 4 .22 ( -1 ) 3 - 60 ( -1 ) 
30.0 8 . 9 4 ( - l ) 5 - 3 8 ( - l ) 4 . 0 3 ( H ) 3 . 4 6 ( H ) 
32.5 — 4 . 6 2 ( - l ) 3 . 3 5 ( H ) 2 . 8 5 ( H ) 
35-0 6 . 7 0 ( - l ) 3 - 52(-1) 2 . 4 0 ( H ) 1 . 9 2 ( H ) 
40.0 4 . 8 o ( - l ) 2 - 5 8 ( - l ) 1 . 5 8 ( H ) 1 . 1 1 ( H ) 
50.0 3-51 ( -1 ) 1 - 72(— 1) 1 . 0 5 ( H ) 7 .40( -2 ) 
60.0 1 - 1 9 C - 0 5-20( -2 ) 

?No control rod 
60-cm control rod'and handler 

,120-cm control rod and handler 
120-cm control rod 

eRead: 2.47 X 10"1 
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APPENDIX B 

PROGRAM PLAN 
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GCFR EXIT SHIELD EXPERIMENT 
(Program Plan) 

I. Fuel-pin Assembly (637 pins, 0.635_cm void between subassemblies) 

A. Fuel-pin concrete form with seven subassemblies of 91 fuel 
pins each - 0.635~cm void between subassemblies. 

1. Horizontal traverse perpendicular to beam centerline 
(approximately 60-cm each side) at 30.5 cm behind 
fuel pins 
a. 2- and 5~in. Bonner balls. 

b. Hornyak button (0.635 cm). 

2. NE213 on centerline at 156.7 cm behind fuel-pins 

3. Hydrogen counters (ID) at NE213 location. 

2-, 5~, and 10-in. Bonner balls at NE213 location. 

II. Fuel-pin Assembly (with fuel pins) Plus Exit-shield Assembly 

A. Fuel-pin concrete form with seven subassemblies of 91 pins each 
plus exit-shield concrete form with seven B4C subassemblies. 

1. Horizontal traverse perpendicular to beam centerline 
(approximately 60 cm each side) directly behind the 
exit shields 
a. Hornyak button (0.635 cm) as close as feasible (1.9cm) 
b. 2- and 5-in. Bonner balls at NE213 distance (39-8 cm) 

2. NE213 on centerline as close as feasible behind exit 
shield (39-8 cm) 

3. Hydrogen counters (ID) at NE213 location. 

Hornyak button and 10-in. Bonner ball on centerline at 
NE213 location. 

III. Fuel-pin Assembly (with fuel pins) plus Exit-shield Assembly with 
Unshielded (no B^C) Control Rod Subassembly 

A. Fuel-pin concrete form with six subassemblies of 91 pins each 
(center subassembly replaced by empty control rod sleeve sub-
assembly) plus exit-shield concrete form with six Bî C subas-
sembly (center subassembly replaced by empty control rod sleeve 
subassembly). 
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1. Axial traverse from concrete shadow shield to 30.5 cm 
beyond exit shield 
a. 2-in. Bonner bal1. 
b. Hornyak button (0.635 cm). 

2. Horizontal traverses perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
b. 2- and ^-in. Bonner balls at 19.3 cm. 

3. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39-8 cm. 

B. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced by empty control rod subassembly) plus exit-
shield concrete form with six Bl,C subassemblies (center sub-
assemblies replaced by empty control rod subassembly) with 
60-cm control rod plus rod follower in center subassembly. 
Control rod 7 cm from concrete shadow shield (rod follower 
fully inside exit shield). 

1. Horizontal traverses perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
b. 2- and 5~in. Bonner balls at 39.8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and '(0-in. Bonner balls at 39.8 cm. 

C. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced by empty control rod subassembly) plus exit-
shield concrete form with six Bî C subassemblies (center sub-
assembly replaced by empty control rod subassembly) with 
120-cm control rod plus partial rod follower in center sub-
assembly. Control rod 7 cm from concrete shadow shield. 

1. Horizontal traverses perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm)as close as feasible 

(1.9 cm). 
b. 2-in and 5"in. Bonner balls at 39.8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39.8 cm. 
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D. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced by empty control rod subassembly) plus exit-
shield concrete form with six B^C subassemblies (center sub-
assembly replaced by empty control rod subassembly) with 
120-cm rod in center subassembly. Control rod 82 cm from 
concrete shadow shield (rod follower removed). 

1. Horizontal traverses perpendicular to beam centerli ne 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 
(1.9 cm). 
b. 2- and 5-in. Bonner balls at 39-8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at -39-8 cm. 

IV. Fuel-pin Assembly (with fuel pins) plus Exit-shield Assembly with 
Shielded (B^C) Control Rod Subassembly 

A. Fuel-pin concrete form with six subassemblies of 91 pins each 
(center subassembly replaced by empty control rod subassembly) 
plus exit-shield concrete form with six B^C subassemblies 
(center subassembly replaced by boron-filled control rod 
sleeve subassembly). 

1. Axial traverse from concrete shadow shield to 30.5 cm 
beyond exit shield 
a. 2-in. Bonner bal1 
b. Hornyak button (0.635 cm). 

2. Horizontal traverse perpendicular to beam centerline 
(60 cm each side) directly behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
b. 2- and 5"in. Bonner balls at 39-8 cm. 

3. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39.8 cm. 

B. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced by empty control rod subassembly) plus exit-
shield concrete form with six Bi.C subassembli es (center sub-
assembly replaced by boron-filled control rod sleeve subas-
sembly) with 60-cm control rod follower in center subassembly. 
Control rod 7 cm from concrete shadow shield (rod follower 
fully inside exit shield). 
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1. Horizontal traverses perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
b. 2- and 5~in. Bonner balls at 39.8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39.8 cm. 

C. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced by empty control rod subassembly) plus exit-
shield concrete form with six B^C subassemblies (center sub-
assembly replaced by boron-filled control rod sleeve subas-
sembly) with 120-cm control rod plus partial rod follower in cen-
ter subassembly. Control rod 7 cm from concrete shadow shield. 

1. Horizontal traverse perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
b. 2- and 5- in. Bonner balls at 39-8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39-8 cm. 

D. Fuel-pin concrete form with six subassemblies (center subas-
sembly replaced Dy empty control rod subassembly) plus exit-
shield concrete form with six B^C subassemblies (center sub-
assembly replaced by boron-filled control rod sleeve subas--
sembly) with 120-cm control rod in center subassembly. Con-
trol rod 82 cm from concrete shadow shield. 

1. Horizontal traverses perpendicular to beam centerline 
(60 cm each side) behind exit-shield subassemblies 
a. Hornyak button (0.635 cm) as close as feasible 

(1.9 cm). 
B. 2- and 5- in. Bonner balls at 39-8 cm. 

2. Centerline measurements behind exit shield 
a. Hornyak button and 10-in. Bonner balls at 39-8 cm. 
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