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ABSTRACT 

An integral experiment has been designed for the verification of · 

radiation transport methods and nuclear data used for the design of the 

radial shield for the proposed 300 MW(e) gas-cooled fast breeder reactor 

(GCFR). The scope of the experiment was chosen to include a thorium 

oxide radial blanket mockup as well as several shield configurations in 

order to reduce the uncertainties in the calculated source terms for the 

radial shield, and to reduce the uncertainties in the. calculated radia-

tion damage to the prestressed concrete reactor vessel (PCRV). Additionally, 

the measurements are intended to bound the uncertainties in calculated 

gamma-ray heating rates within the blanket and shield. Although designed 

specifically for the GCFR, the experiment will provide generic data 

regarding deep penetration in Th02 and common shield materials, which 

should also benefit LMFBR designers. 

Considerable preanalysis of the experiment was performed to solve 

design and fabrication problems. The analysis consisted of one-dimensional 

neutron and gamma-ray transport calculations in slab geometry representing 

the experimental configurations. Also, sensitivity calculations were 

perfo.rmed for several of the detectors to be used in the experiments. 

Results showed that the detectors were highly sensitive to the nuclear 

cross sections of the materials which are of primary importance. Based 

on the intended objectives and the results of the preanalysis, a detailed 
~ 

measurement schedule was prepared which includes a description of con-

figurations, detectors, and detector positions. 

It was concluded that the final design and the measurement schedule is 

sufficient to meet the experiment objectives.·'~ 



1.0. INTRODUCTION 

The design of reactor shielding is a complex effort involving int1-
mate relationships between. radiation transport, thermomechanical forces, 
material properties, and economics. To aid the shield d2signer in 
achieving the optimum compromise of these considerations, several ana­
lytic tools have been developed such as discrete ordinates and Monte 
Carlo codes. For advanced reactors, where little operating experience 
is available, verification of these design methods and the design-based 
data is important. Integral experiments perform this function by 
(1) providing data against which the methods and data car be tested or 
(2) providing direct verification of the effectiveness of the final 
design. 

An integral experiment has been designed for the verification of 
radiation transport methods and nuclear data used for the design of the 
radial shield for the proposed 300 MW(e) gas-cooled fast breeder reactor 
(GCFR). 1 The scope of the experiment was chosen to include a thorium 
oxide radial blanket mockup as well as several shield configurations. 
The blanket measurements are needed to reduce the large uncertainties 
which exist in the cross-section data required for calculating neutron 
transmission through a thorium blanket, hence reducing the uncertainties 
in the calculated source terms for the radial shield. Similarly, the 
shield measurements are needed to reduce the uncertainties in the calcu­
lated radiation damage to the prestressed concrete reactor vessel (PCRV). 
Additionally, the measurements are intended to bound the uncertainties 
in calculated gamma-ray heating ·rates within the blanket and shield. 
Although designP.d specifically for the GCFR, the experiment will provide 
generic data regarding deep penetration in Th02 and common shield materials, 
which should also benefit LMFBR designers. 

With the relatively high cost of fabricating and performing large 

scale experiments, it was important that sufficient preanalysis be 
performed to produce a time- and cost-efficient experiment design and 
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schedule. More importantly, some assurance had to be given that the 
results would satisfy the original intent of the experiment. For this 
integral test, it was desirable to design a one-dimensional mockup of 
the GCFR radial blanket and shield, and to provide sufficient flexi­
bility for several alternate shield designs to be investigated. It was 
also necessary that the neutron source be representative of anticipated 
GCFR source spectra for both the blanket and the shield configurations. 
In addition, the materials,·the dimensions, and the detectors and their 
locations had to be chosen so that the observed detector responses would 
be sufficiently sensitive to the quantities of interest in order to· 
yield results which could be reliably extended to the GCFR design. 

The experiment to be performed at the ORNL Tower Shielding Facility 
(TSF) will consist of measurements behind one-dimensional mockups of a 
GCFR-type radial blanket and radial shield. Both integral and spectral 
measurements will be made of the neutron.and gamma-ray flux transmitted 
through successive materials and compared to corresponding calculations 
of the radiation transport. The need for such an experiment has been . 
provided by the GCFR shield designer, General Atomic Company (GAC) 1n a 
document2 which described desired results and the test requirements 
needed to achh:!vE:! those results. In accordance with thosP. rP.fiUi rements. 
a detailed description of the experiment design and specifications has 
been prepared and is presented in the following sections. The signifi­
cant results from the preanalysis of the experiment will also be pre­
sent~Ll. followed by a statement of the Quality Assurance (QA) procedures 
to be used for the conduct and analysis of the experiment. 
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2.0. EXPERIMENT OBJECTIVES AND REQUIREMENTS 

2.1 Conceptual Shielding Configuration I 

Before defining the objectives and test requirements for the ex­
periment, it is appropriate to first understand the reactor shield design 
from which the experiment was conceived. The reference downflow shield 
design is given in Fig. 2.1 and has been designated 11 Conceptual Shield­
ing Configuration I 11 (CSC.I) 3

• Of primary interest for this experiment 
is the design of the radial shield at the core midplane level. Since 
the axial distribution of the neutron flux is a maximum at the midplane 
level, the composition and dimensions of the radial shield were deter­
mined largely from the shield's performance at the core midplane. 

Table 2.1 lists the materials and dimensions of the reference radial 
shield design at the core midplane level. The design consists of two 
inner radial shield assemblies and a laminated outer shield assembly. 
Analysis by GAC showed that this combination of materials performed the 
best of all cases considered for meeting design criteria regarding nuclear 
heating rates, helium production, and total fluence exposures. 

It is important to note that the final design for the GCFR demon­
stration plant does not exist, and hence the final radial shield design 
also does not exist. In particular, the recent decisions to require a 
lateral core restraint mechanism and to reverse the direction of helium 
flow may greatly alter the reference radial shield design. For example, 
the need to boronate the inner radial shield may be largely eliminated 
if the inner shield is cooled by inlet gas instead of outlet gas, as 
planned for the CSC.I design. This would result since the shield assem­
blies would hP. kept below the threshold temperature for thermal neutron­
induced helium damage in the stainless steel. It is clear that consider­
able analyses of alternate shield designs will be required in the near 

future. 
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Table 2.1 
Geometry and Materials for Conceptual Shielding 

Configuration I at the Core Midplane Level 

Region and Material 

Core: Enrichment Zone 
Enrichment Zone 2 
Enrichment Zone 3 

Radial Blanket: Row 

Helium Gap 

Row 2 
Row 3 

Inner Shield 1: SS-316 

Helium Gap 

C + Blj.·C* 
SS-316 

Inner Shield 2: SS-316 
Helium Gap 
Outer Shield: SS-316 

He.l i urn Gap 
PCRV Liner: Fe 
PCRV 

C + B~tC* 
Graphite 
C + B~tC* 
SS-316 

Inner Radius 
(em) 

0.0 
77.9 
96.9 

115.6 

134.1 
152.6 
171.0 
194.0 
195.0 
207.7 
209.0 
214.1 
229.1 
234.2 
239.3 

244.4 
267.0 
272.1 
277.2 
312.9 
314.7 

Outer Radius 
(em) 

77.9 
96.9 

115.6 

134.1 
152.6 
171.0 
194.0 
195.0 
207.7 
209.0 
214.1 

229.1 
234.2 
239.3 
244.4 
267.0 
272.1 
277.2 
312.9 
314.7 

Thickness 
(em) 

77.9 
19.0 
18.7 
18.5 
18.5 
18.4 
23.0 
1.0 

12.7 
1.3 

5.1 
15.0 
5.1 
5.1 
5.1 

22.6 
5.1 
5. 1 

35.7 
1.8 

*25 weight-% boron mixture of graphite and B~tC at 1.6 g/ml bulk density. 
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The core and blanket model- ·used for the CSC.I design includes a 
UOz radial blanket; however, previous designs have used a ThOz blanket, 
and future designs may revert to ThOz blanket~ for political reasons. 
In either case, there are uncertainties in the UOz and ThOz cross section 
data, particu.larly regarding gamma-ray production and hence gamma-ray 
heating. Also, there are uncertainties in the Th data for deep neutron 
penetration. Indicative of the uncertainties in the Th data is the fact 
that the soon-to-be official ENDF/B-V evaluation for thorium contains a 
15-30% lower capture cross section for neutron energies above 40 keV. 
This change will have significant impact on the calculation of the neutron 
and gamma-ray sou~ce from a GCFR Th blanket, and the calculation of the 
gamma-ray heati~g within the blanket. 

2.2. Objectives and Requirements 

Based on the design. considerations described briefly in the previo·us 
section, ORNL and GAC cooperatively formulated the following specific 
objectives for the Radial Blanket and Shield Experiment: 

1. To verify cross section data and transport methods used to 
calculate: 
a. the energy dependence of the neutron and gamma-ray flux 

through the radial blanket, radial shield, and PCRV 
b. the gamma-ray heating in the radial blanket and radial 

shield 
c. heterogeneous effects resulting from design complications 

1n as-bu11t sh1e1d des1gns. 
2. To provide experimental comparisons of shield effectiveness 

for ~ltern~te shieln designs. 

In response to the objectives, GAC issued a report 2 presenting the 
test requirements for the experiment which were needed to insure that 
the objectives would be satisfied. The following list summarizes the 
requirements described in the GAC report. 
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1. The experimental configurations should contain blanket and 
shield assemblies whic~ are representative of the current GCFR. 

2. The assemblies should be modular to permit measurements on 
intermediate configurations, and to provide flexibility for 
constructing sev.eral alternate configurations. 

3. The energy spectrum of the neutron source should be representa­
.tive of a GCFR. 

4. Measurements should include neutron and gamma~ray transmission 
measurements using spectral and integral detectors, and gamma­
ray heating measurements using thermoluminescent detectors. 
High spatial resolution neutron detectors should be used for 
measurements of shield heterogeneities. 

5. Sufficient preanalysis should be performed to insure the ade­
quacy of the experiment design. 

6. Sufficient postanalysis should be performed to provide: (a) 
several benchmark problems for the verification of new data 
and methods used for design ana lyses by ORNL and GAC, and- (b) 
bias factors for radiation transmission and heating to be applied 
in actual design calculations. 

7. Quality Assurance procedures should be consistent.with 10 CFR 50, 
Appendix B, or ANSI N 45.2. 

The purpose of the next two sections is to address the specific 
test requirements (excluding No. 6), and to show that within reasonable 
limits, all the requirements are satisfied by the final experiment design 
and measurement specifications. 
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3.0. PREANALYSIS 

3. l. Calculation of GCFR Reference Shield Design 

The preanalysis was initiated with a one-dimensional transport 
calculation of the CSC.I design (described in Sec. 2.1) from the core 
centerline to 30 em into the PCRV at the level of the core midplane. 

The P3Ss cylindrical ANISN 5 calculation was run using the ORNL 51 neutron 
group and 25 gamma-ray group coupled cross section library which was 
prepared for GCFR shield analyses. 6 A distributed neutron source in the 
core and blanket regions was calculated using a 51-group neutron fission 
spectrum folded with the radial fission distribution resulting from a 
previous 2-D k-calculation {performed at GAC using the 2DB diffusion 
code). The neutron and gamma-ray flux spectra at several key locations 
in the design are given in Fig. 3.1 for neutrons, and in Fig. 3.2 for 
gamma rays. The spectra were used to guide the experiment design through 
the frequent comparison of the GCFR reference spectra with the spectra 
calculated for the TSF mockups. 

3.2. Selection of a Spectrum Modifier 

The neutron energy spectrum emerging from the TSF reactor 7 is not 
typical of a GCFR, so that a spectrum modifier (SM) is required to yield 
a source with the proper spectral characteristics. Several 1-D transport 
calculations were performed for various trial compositions of the SM, and 
the resulting SM neutron leakage was compared to the calculated neutron 
leakage from the CSC.I core. The selection of the best SM design was 
based on the visual comparison of spectra, and additional considerations 
of material obtainability, overall attenuation in the SM, and the rela­
tive importance of different energy ranges. The SM design, which was 
selected for use with the blanket mockups, was comprised of 10 em carbon 
steel followed by 9 em of aluminum and 2.5 em of boral. Fig. 3.3 shows 
a comparison of the TSF leakage source, the modified spectrum, and the 
reference CSC.I core leakage. 
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3.3. Detector Sensitivities 

An important aspect of the preanalysis phase of a data verificati~n 
experiment is to assure that the detector measurements will be suffi­
ciently sensitive to the data of interest so that reasonable and reliable 
conclusions can be made. The sensitivity analysis tools developed for 
shield design work equally well for experiment design and provide a 
maximum of information with a minimum of effort. The SWANLAKE sensi­
tivity code 8

, which uses forward and adjoint ANISN fluxes, was used 
numerous times in the preanalysis to determine detector sensitivities, 
sometimes resulting in design modifications . 

The one-dimensional models used for the forward and adjoint calcula­
tions are shown in Fig. 3.4 which also shows the location of the calcu­
lated Bonner ball response. The TLDs are in-situ-type detectors and 
were located between the slab assemblies. In all three models, the 
boundary source was at the left boundary, and was the TSF neutron leakage 
source for the blanket mockups, and was the Th02 blanket leakage source 
(neutron and gamma ray) for the shield mockup. The nuclide densities 
for the materials used in the preanalysis calculations are given in 
Table· 3.1. 

3.3.1. TLD Response 

The sensitivity of the thermoluminescent detector (TLD) used for 
gamma-ray heating measurements were calculated for both Th0 2 and U0 2 
blanket mockups. The detector sensitivity to changes in nuclide densities 
were determined for the major nuclides in the blankets. Figure 3.5 shows 
the results for the case of a TLD located between the second and third 
Th0 2 blanket slabs. As shown in Fig. 3.5, the spectrum modifier used 

for the TLD 1-D calculations was somewhat different from the final SM 
design; however, the difference had only a slight effect on the sensitivity 

results. 



Table 3.1 

Nuclide Densities (atJms/barn-cm) of TSF Slabs Used in the 

Preanalysis Calculations for the GCFR Radial Blanket and Shield Experiment 

Boron a ted Carbon TSF 
Graphitea Graphite Boral Aluminum SS-304 Steel Concrete Th02b uo2 

H 8.88-3 
Nat. B 2.23-2c 2.59-2 
c 6.02-2 8.83-2 6.45-3 9.82-4 7.97-3 
0 4.20-2 4.86-2 2.95-2 

Na 2.73-5 5.19-3 
Mg 1.44-3 
Al 3.65-:2 6.05-2 4.14-4 7.05-3 

..j:::. 

Si 3.84-3 
s 1.02-4 
K 2.34-3 
Ca 1.00-2 

· Cr 1. 53-2 
Mn 1.76-3 1 . 55-3 
Fe 7.7-4 6.0-4 6.00-2 8.37-2 2.64-4 

Ni 7.80-3 

Th-232 2.43-2 
Nat. U 1. 4b-2 

aFar bulk density of 1.6 g/m1 (95% of theoretical density). 
bFor bulk density of 10.0 g/ml; used in calculations at 7.0 g/ml. 
cRead as 11 2.23 x lo-<-. 11 
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The sensitivities given in Fig. 3.5 represent a percent change in 
the TLD response for a percent change in the density of the material in 
the indicated region. The results are given separately in terms of ne~­
tron and gamma-ray cross sections. The negative values indicate a 
dominance of the transport cross sections while the positive values 
reflect the importance of the neutron-induced gamma-ray production cross 
section .. The sensitivities are not exceptionally large, but they seem 
adequate for reliable interpretation of the results. 

An important result which is provided by the sensitivity code for 
the case of gamma-ray responses is the spatial distribution of neutron­
produced gamma rays which contribute to the total detector response. 
Figure 3.5 shows that 21% of the TLD response resulted from gamma rays 
produced in the stainless steel immediately adjacent to the detector, 
while the remaining 79% resulted primarily from Th(n, y) reactions in~ 

side the blanket slabs. Although this distribution appeared adequate 
for inferring the desired data regarding thorium gamma-ray production 
cross sections, the 11 background 11 due to the SS-304 gamma rays was further 
reduced by redesigning one of the three blanket slabs. Fabricating a 
full-width slab as two half-width slabs with a corresponding decrease 
in the SS-304 can thickness, allows less steel to border the TLD, hence 
reducing its contribution to the TLD response. It also allows neutron 
and gamma-ray transmission measurements to be made in finer blanket 
thickness increments. 

Figure 3.6 gives the same results for a TLD in a UOz blanket mockup. 
The sensitivities are similar to the ThOz results, while the gamma-
ray contributions show a greater importance for the steel. This result 
is likely due to a more realistic secondary gamma-ray multiplicity tor 
uranium compared to the currently used thorium cross sections. 
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Table 3.2 
Sensitivities of Bonner Ball Detectors 

Located Behind ThOz Blanket Mockup 

Sensitivity [(~R/R)/(~E/E)] 
Region and Material 311 BB 611 BB 10 11 BB 

. . .. . -- ~ .. --

Blanket Row 1: Th-232 -0.62 -0.64 -0.69 
0-16 -0.54 -0.61 -0.63 

SS-304 -0.14 -0.16 -0.18 

Blanket Row 2: Th-232 -0.74 -0.69 -0.71 
0-16 -0.42 -0.57 -0.62 

SS-304 -0.14 -0.16 -0.17 

Blanket Row 3: Th-232 -0.91 -0.79 -0.76 

0-16 -0.23 -0.45 -0.56 
SS-304 -0.19 -0.19 -0.19 

Tota 1: Th-232 -2.28 -2.13 -2.16 
0-16 -1.19 -1.63 -1.81 

SS-304 -0.47 -0.51 -0.55 



19 

3.3.2. Bonner Ball Response 

Bonner ball (BB) sensitivities were also calculated for the U02 and 
Th02 blanket mockups and the reference radial shield mockup. The sensi­
tivities to the important nuclide densities were determined for the 311

, 

611
, and 10 11 Bonner balls which represent epithermal, total, and fast 

neutron fluxes respectively. The detailed BB response functions are 
given in Sec. 4.2. 

The calculated BB sensitivities are given in Tables 3.2 and 3.3 for 
the blanket configurations. In general, the sensitivities are quite 
large for the primary nuclides (thorium and uranium), and small for the 
less important materials. It is apparent, however, that the oxygen com­
petes with the heavy metals in both the Th02 and U02 mockups, especially 
for the 10 11 BB. This implies that a careful consideration of both the 
heavy metals and the oxygen will be required for the final analysis of 
the experiment. Because the relative sensitivites to the heavy metals 
and the oxygen varies markedly between the 311 BB and the 10 11 BB, it 
should be possible to interpret final results in terms of deficiencies in 
either the heavy metal or the oxygen cross sections. 

Table 3.4 gives the BB sensitivites for the radial shield mockup. 
As with the blanket mockups, the sensitivities are large which favors 
reliable· interpretation of the experimental data. Also, the variation 
in relative s·ensitivity between the detectors should permit the identi­
fication of the materials which contribute to discrepancies between 
measurements and calculations, should any discrepancies be observed. 

3.3.3. Gamma-Ray Flux at PCRV 

Finally, sensitivities were calculated for a ficticious total gamma­
ray detector 1 ocated between the· outer shi e 1 d and PCRV mock ups. The 
results are summarized in Table 3.5. The most significant conclusion 
from the calculation is the dominance of the steel in both the inner and 

. \ 
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Table 3.3 
Sensitivities of Bonner Ball Detectors 

Located Behind U02 Blanket Mockup 

Sensitivity [(~R/R)/(~~/~)] 
Region and Material 3" BB 6" BB 10" BB 

Blanket Row 1: Nat. u -0.31 -0.33 -0.36 
Na -o.ns -0.06 -0.06 
Al -0.05 . -0.06 -0.07 
0-16 -0.27 -0.32 -0.33 
c. Steel -:-0.05 -0.06 -0.07 

Blanket Row 2: Nat. u -0.39 -0.36 -0.37 
Na -0.05 -0.06 -0.06 
Al -0.03 -0.05 -0.06 
0-16 -0.21 -0.29 -0.32 
c. Steel -0.05 -0.06 -0.07 

Bldnkel Row 3: Nat. u -0.50 -0.42 . 0.39 

Na -0.04 -0.06 -0.06 
Al -0.01 -0.04 -0.06 
0-16 -0.11 -0.24 -0.31 
c. Steel -0.07 -0.07 -0.07 

Total: Nat. u -I. LU -1.11 -1 . 12 

Na -0.14 -0.18 -0.19 

Al -0.09 .. o. 15 -0.19 

0-16 -0.59 -0.85 -0.95 
c. Steel -0.17 -0.19 -0.21 
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Table ·3.4 

Sensitivities of Bonner Ball Detectors 
Located Between Outer Shield and PCRV Mockups 

Sensitivity [(~R/R)/(~L/L)] 
Region and Material 311 [3[3 6'' BB 10 11 BB 

Inner Shield 1: SS-304 -0.31 -0.34 -0.37 
B -0.31 -0.28 -0.26 
c -D. 73 -0.68 -0.65 

Inner Shield 2: SS-304 -1.86 -2.09 -2.30 

Outer Shield: SS-304 -1.16 -1.26 -1.36 
B -0.76 -0.51 -0.39 
c (mix) -0.56 -0.56 -0.55 
c (solid) -2.78 -2.77 -2.67 

PCRV Liner: c. Steel +0.07 +0.12 +0.10 

PCRV: TSF Cone. +0.15 +0.08 +0.06 

Tota 1 : SS-304 -3.33 -3.69 -4.03 
B -1.07 -0.79 -0.65 
c -4.07 -4.01 -3.87 
c. Steel +0.07. +0.12 +0.10 

TSF Cone. +0.15 +0.08 +0.06 
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Table 3.5 
Sensitivity [(~R/R)/(~E/E)] of Total Gamma-Ray Flux 

Between Outer Shield and PCRV Mockups 

Secondary y Sensitivity Contribut·ion 
Region and Material (%) E {y) E ( n) 

Inner Shield 1: SS-304 8.3 -0.18 -0.11 

B 0.1 -0.03 -0.28 
c 0.3 -0.11 ·-0.53 

Inner Shield 2: SS-304 22.3 -1 .41 -0.98 ,_ 

Outer Shield: SS-304 44.7 -2.14 -0.01 
B 13.5 -0.06 -0.30 
c (mix) U.l -0.17 -0.17 

C (solid) 1.3 -0.65 -0.45 

f>CRV Liner: C. Stee 1 8. 7 -0.05 +0.03 

PCRV: TSF Cone. 2.0 -0.01 +0.15 

Total: SS-304 75.3 -3.73 -1.10 
B 13.6 -0.09 -0.58 

c 1.7 -0.93 -1.15 

c. Steel 8.7 -0.05 +0.03 

TSF Cone. 2.0 -0.01 +0.15 
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outer shield slabs. It is interesting that almost 10% of the response 
is due to the Fe liner located 11 behind 11 the detector. Also, the secon­
dary gamma-ray contributions sum to 100%, i.e., the total detector re- · 
sponse, which means that source gamma-rays from the Th0 2 blanket source 
were effectively attenuated by the shield. 

Actually, the contributions totaled nearly 102%, and summed to over 

117% in an earlier attempt. The impossible value of 117% was improved to 
the more realistic 102% by grossly refining the mesh spacing near the 
detector. This was required in order to give a proper treatment of the 
source for the adjoint calculation which was the total gamma-ray flux. 
The largest contributor to the error was an overprediction of the impor­
tance of low energy gamma rays produced in boron in the boronated graphite 
region nearest the detector (see Fig. 3.4). It is expected that a further 
refinement of the mesh would bring the sum of all gamma-ray contributions 
to a value of 100%. 

3.4. Contributon Analysis 

While the sensitivity analysis provides a quantitative assessment 
of the importance of individual materials, it is sometimes useful to 
obtain a qualitative assessment of the importance of various components 
in an experimental configuration. Contributon theory 9 provides this 
information by allowina nnP. to calculate at every spatial point in the 
configuration the flux of particles (called contributons) which contribute 

to an observed response, e.g., a detector count. For one-dimensional 
problems, one can determine the contributon flux for each energy group 
at every spatial location. The TOOTH code (1-0 equivalent of the more 
popular FANG code 10 ) was prepared for the purpose of calculating the 
spctce-energy contributon flux and plotting the flux as a projected 3-0 
surface. Since the TOOTH code requires only the forward and adjoint 
ANISN fluxes, which were already required for the sensitivity calcula­
tions, several TOOTH plots were generated for the radial blanket and 
shield configurations. A few sample cases are described below. 
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ORNL-DWG 79- 14139 

Fig. 3.7. Contributon flux(¢*¢) for 311 Bonner ba.ll (above) and 10 11 

Bonner ball (below) located in gap between the outer shield and the PCRV. 
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Figure 3.7 compares the contributon surfaces for a 311 BB and a 10 11 

BB located in the gap between the outer shield mockup and the simulated 
PCRV. The source for the forward calculation was the neutron leakage 
from the ThOz blanket configuration. An attempt was made in Fig. 3.7 
to indicate the approximate location of the significant shield components. 
The two surfaces appear quite similar for the inner and outer shield re­
gions, owing to the fact that only the high-energy source neutrons can 
survive the attenuation through the boronated shield sections. Near the 
detector position, however, the two surfaces differ which is a reflection 
of their particular energy response. The 311 BB emphasizes the lower 
energy neutrons which are generated in the final steel layer of the outer 
shield and also neutrons scattered back from the concrete. The 10 11 BB 
observes primarily the source neutrons slightly modified by the final 
layer of steel in the outer shield. 

Neutron-only problems like the ones just described are relatively 
straightforward to interpret. Coupled neutron-gamma-ray problems pro­
vide a greater challenge, especially when considering the neutron contri­
buton flux for a gamma-ray response. Such a case is shown in Fig. 3.8 
which shows the neutron contributon flux in the shield mockup due to the 
ThO? blanket source. However, for this problem, the observed response 
is the total gamma-ray-flux detector located between the shield and the 
PCRV. Nearly all types of gamma-ray production processes appear to be 
represented in this example, from inelastic scattering to thermal neutron 
capture. The dominant peak in the distant corner of the figure is likely 
due to the large number of high-energy source neutrons contributing 
inelastic gamma-rays, while the local peaks throughout the shield are 
due to intermediate energy neutron capture in the stainless steel. At 
low neutron energies, both the outer shield graphite and the PCRV concrete 

contribute thermal capture yduuna-t'ays. 

Figure 3.9 shows the gamma-ray contributon flux for the same problem 
described above. The surface is less dramatic than the previous one, 
but is does show a few features of gamma-ray trnnsport cross sections. 
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ORNL-DWG 79-14140 

1-ig. 3.H. Contt-·ii.Julon !"lux rur· LuLctl yctllllllct-r·cty rlux tleLecLur located 
between outer shield and PCRV mockup. The surface represents neutron 
contributons and is dominated by gamma-ray production processes. 



ORNL-DWG 79-14141 

Fig. 3.9. Contributon flux for total gamma-ray flux detector located between outer shield and 
PCRV mockup. The surface represents gamma-ray contributons and is dominated by gamma-ray transport 
p~·ocesses. 
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The characteristic minimum in the photon interaction cross section appears 
as the ridge through the shield near 3 MeV. Also the 7-8 MeV neutron­
capture gamma ray from the steel, and the 0.511 MeV annihilation gamma 
ray appear in the surface. 

Although the value of the contributon analysis may seem vague for 
the purpose of preanalysis, the method should help to identify the source 
of disagreement between calculations and measurements, should any dis­
agreements be observed. 

3.5. Special ProblP.ms RPC]Ilirina Anal~is 

In every experiment, no matter how simply conceived or how carefully 
thought out, problems are encountered during the design, fabrication and 
performance stages. Most problems which arise require a rapid evaluation 
of alternatives to avoid costly delays. The same tools used in the routine 
preanalysis usually provide the means for a quick solution to the special 
problems. Three of the more significant problems encountered with the 
Radial Blanket and Shield Experiment are described below. 

3.5.1. Lack of Clean UOz 

The original intent was to include in the blanket phase of the 
experiment a duplicate set of measurements on U02 blanket mockups and 
lh02 mockups. However, insufficient amounts of U02 were readily avail­
able, which left primarily three alternatives: (a) uo3 available at 
Savannah River (SRP) could be fabricated into suitable slabs, (b) 
previously fabricated CRBR-type UOz slab available at the TSF could be 
used, or (c) the U02 blanket measurements could be discarded. Whereas 
the CRBR-type blankets contain some sodium and aluminum, the SRP U03 

contains significant amounts of water and nitrates. Calculations wPre 
performed to evaluate the acceptability of either alternative, and it 
was concluded that neither the CRBR-type U02 or the SRP U03 material 
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was satisfactory for the 11 benchmark-type 11 comparison with Th02 that was 
intended. It was therefore decided to reduce the U0 2 measurements to 
only two configurations utilizing the CRBR-type assemblies. 

Determining that a substitute material is adequate or inadequate 
usually involves subjective comparisons of the substitute with the intended 
material. Figure 3.10 compares the calculated neutron leakage from 
three different U02 blanket mockups. Included in Fig. 3.10 are the 
intended 11 Clean 11 U0 2 case and the two alternatives: the SRP stock U0 3 
and the CRBR-type assemblies. Except for a dip in the leakage spectrum 
corresponding to a sodium broad resonance, the CRBR-type assemblies com­
pare favorably with the desired U02 case. However, the SRP U0 3 material 
yielded a considerable spectral shift. Also, an error was discovered 
in the SRP calculation: the U03 was mixed with 1 volume-% water instead 
of the actual 1 weight-% water, which would result in an even worse 
spectral shift. Furthermore, the theoretical density of U0 3 is much less 
than U02, which would have required that the blanket slabs be fabricated 
with a correspondingly greater thickness. 

It was therefore decided that no U02 assemblies should be fabricated 
and that data from previous TSF experiments which used the CRBR-type U02 
slabs would be used for the analysis. It was also decided to include a 
few key measurements in this experiment using the U02 slabs for an inter­
comparison with the previous experiments, and al~o for mensurements 
through the shield mockup with a U02 blanket source. 

3.5.2. Density of Boronated Graphite 

Portions of the GCFR radial shield design utilize a boronated 
graphite mixture containing 25 weight percent (w/o) boron and having a 
bulk density of 1.6 g/cc. It was initially believed that a 25 w/o B 
mixture of graphite and boron carbide (B4C) powder could be vibration­
packed to the desired density of 1.6 g/cc, so that the SS-304 cans to 
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contain the mixture were designed and fabricated with the same thickness 
dimensions as specified in the CSC.l design. However, upon attempting 
to fill the containers, the vendor of the boronated graphite mixture 
could achieve only a bulk density of 1.0 g/cc. 

To determine the effect of several corrective alternatives, 1-D 
calculations were performed through the shield configuration using 
different density and different w/o B mixtures. Three alternate cases 
are compared to the desired mixture in Fig. 3.11 which shows the neutron 
flux calculated behind the inner shield assembly containing the boronated 
graphite mixture. The 78 w/o B case (pure B4 C) was clearly not desirable, 
while the other two alternatives appeared equally acceptable since only 
the flux normalization was changed. It was therefore decided to use the 
25 w/o B mixture at the lower density. However, before filling the slabs 
with the mixture, the vendor was instructed by ORNL experts on the art 
of 2-particle vibration packing. Using a technique similar to the loading 
procedure used to fill the grid-plate shield assemblies in the previous 
GCFR experiment, 11 a bulk density of 1.4 g/cc was obtained for all of 
the boronated graphite assemblies. This was quite acceptable for the 
purposes of the experiment. 

3.5.3 Gamma-Ray Filter for ThOz 

One problem which arose during thP progress of the experiment was 
the relatively high gamma-ray activity of the ThOz blanket slab. The 
measured 50 mR/hr activity at the surface of the slabs prohibited the 
placement of the gamma-ray spectrometer close to the slabs, while other 
background problems discouraged moving the spectrometer back. A possible 
alternative was to place a piece of lead or iron between the ThOz slabs 

and the detector. 

To investigate the desirability of using such a gamma--ray filter, 
calculations were performed with 5 and 10 em of Fe placed against the 

exit of the Th0 2 configuration. It was decided not to consider a Pb 
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filter since the Pb cross sections are not known as well as iron, which 
would yield greater uncertainty in the analysis of the experiment. The 
results of the calculations are shown in Figs. 3.12 and 3.13 which give 
the neutron and gamma-ray flux behind the 45 em Th02 plus Fe configura­
tions. While the comparison of neutron spectra in Fig. 3.12 tends to 
discourage the use of the Fe filter, the option was totally discounted 
by the gamma-ray comparisons in Fig. 3.13. The emergent flux appears to 
be mostly characteristic of Fe, not Th02, which minimizes the reliable 
inferences that can be made about the Th02 data. 

The option that was chosen for this problem was to move the spec­
trometer away from the configuration and to build a concrete house and 
collimator assembly around the detector to reduce the other background 
components. 
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4.0 EXPERIMENT DESIGN AND SPECIFICATIONS 

4. l. TSF Experiment Design 

The design of the experiment is similar to previous radial blanket 
and shielding experiments performed at the Tower Shielding Facility (TSF) 
for the LMFBR program. 12 ' 13 The TSR II reactor will provide the neutron 
source 7 which will pass through the large beam collimator and a spectrum 
modifier to produce the appropriate energy distribution in the neutron 
flux. The experimental configurations will consist of 150- by 150-cm 
slabs of blanket and shield material placed perpendicular to the neutron 
beam centerline. The slabs will be built up in succession with measure­
ments performed behind each configuration. Figure 4.1 shows the experi­
mental geometry for the case of three Th02 blanket rows. The concrete 
which surrounds the configuration provides a biological shield for TSF 
personnel, while the lithiated paraffin minimizes the contribution of 
neutrons which reflect from the concrete back into the test assembly. 
Figure 4.2 shows the experimental geometry for the full blanket and shield 
mockup. 

The experiment will consist of four distinct phases, each phase 
comprised of several configurations. The first phase will include mock­
ups of a 3-row blanket configuration. The second phase will mockup the 
currently proposed rndinl shiP.ld design, including both inner shield and 
outer shield assemblies. The geometry and material specifications for 
the blanket and shield assemblies are given in Table. 4.1 compared to 
the specifications for the current GCFR design. Shield design options 
will be investigated in the third phase which will mockup alternate shield 
configurations, providing a measured comparison of design performances 
as well as providing verifir.ation of analytic methods and data. Finally, 
the fourth phase of the experiment will consist of configurations which 
model the anticipated material and geometric heterogeneitiei in the 



N OT E : 
ALL DI MENS IONS 
1N CEN T IMETERS 

Fi 0. 4. 1 . 

30 
300 

1 

38 

I 

I R!lNNFR 91\LL l DETECTOR LOCATION 

l 

ORNL-OWG 79-7789 

SPECTRUM 
MOniFIFR 

RADIAL 
BLANKET 
MOCKUP 

Experimental Geometry for Th0 2 Blanket Configuration. 



... 

· .. 

.o 

·' 

NOTE : ALL OFMENSIONS ARE 
IN CENTIMETERS 

CONCRETE 

Fig . 4.2. 
Configuration. 

39 

CONCR(T[ 
BEAM COLLIMATOR} 

. ' . 

CONCRETE 

0"HL-OWG 79-1!" 70 

SP(CTnUM 
q MODIFIER 

RADIAL 
BLANKET 

.3. MOCKUP 

q INNER 
SHIELD 
MOCKUP 

o OUTER 
SHIELD 
MOCKUP 

b • 0 • tl' 

Exper imental Geometry for Full Bl anket and Shield 



40 

Table 4.1 
Geometry and Material Specifications for 

Blanket and Shield Phases of TSF Experimenta 

Region Matcri al 
Assembly thickness (em) 
GCrRa ExJ.H::!r'illlenL 

Radial blanket 1 
Radi a 1 blanket 2 

Radial blanket 3 

Helium gap 

Inner shield 

He 1 i Ulll yct!J 

Inner shield 2 

Helium gap 

Outer shield 

thorium oxide 
thorium oxide 
thorium oxide 

stainless steel 
boronated graphite 
stainless steel 

stainless steel 

stainless steel 
boronated graphite 
stainless steel 
graph i Le 

stainless steel 
boronated graphite 
stainless steel 

15. 3b 

15.3 

15.3 

21.94 

0.95 

12.78 
1.27 

5. 1 

15.0 

5.1 

5. 1 

5.1 

22.6 

5.1 

5.1 

aCorresponds to Conceptual Shielding Configuration I. 

15.2 

~5.2 

15.2 

0.95 

12.7 

1.27 

15.2 

5.2 

5.1 

0.79 
22.9 

0.79 
5.1 

.5.2 

bAverage 11 radial penetration thickness 11 which is 0.75 x (diameter across 
corners). 
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shield assemblies. Also, several deep penetration through concrete con­
figurations are planned for the fourth phase. Little attention has been 
given to these configurations since the chance of having sufficient time 
and funding for these addi ti ana 1 .i terns is very remote. 

4.2. Detectors 

Detectors will include Bonner balls (BB) for integral neutron flux 
measurements, NE-213 and hydrogen counters for fast neutron spectra 
measurements, NE-213 for gamma-ray spectra measurements, and thermo­
luminescent detectors (TLD) for gamma-ray heating measurements. All 
measurements will be made on the beam centerline, and all detectors ex­
cept the TLDs will be located behind the configurations. 

The energy dependent response functions of the Bonner balls to be 
used in this experiment are given in Fig. 4.3. A Bonner ball 1s a 
spherical BF3 counter surrounded by spherical shells of polyethelene of 
various thicknesses. Additionally, all except the bare BF3 have an outer 
cadmium cover. The thickness of the polyethylene and hence the overall 
size of the Bonner ball determines the energy range of maximum sensitivity. 
As seen in Fig. 4.3, the 311

, 611
, and 10 11 Bonner balls respond mainly to 

epithermal, total, and fast neutron flux, respectively. 

The response of a CaF2 TLD is given in Fig. 4.4 compared to the gamma­
ray heating response of type 316 stainless steel. The two responses are 
very similar except for the lower energy gamma rays. 

The NE-213 scintillation detector will provide neutron spectrum 
measurements above 0.6 MeV and gamma-ray spectrum measurements above 
1 MeV. Pulse shape discrimination methods will be used to collect the 
neutron and gamma-ray data simultaneously, and pulse height unfolding 
techniques will be used to obtain absolute flux spectra. The multiple­
pressure hydrogen counters will be used and unfolded to obtain neutron 

spectra from 10 keV to 2 MeV. 
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Fig. 4.3. Response functions for Bonner balls to be used in this experiment. 
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4.3. Measurement Specifications 

A detailed description of all configurations and the corresponding 
measurements is given below. The specifications are summarized in Table 
4.2. The priorities were assigned in agreement with GAC and-represent an 
importance ranking. It is expected that all of Priority 1 will be com­
pleted in the original time and cost schedul~, but that additional funds 
wi.ll be required for the •_•wish list 11 items in Priority 2 and 3. 

L fh02 Blanket Configurations (Priority lA) 

A. Spectrum Modifier (SM) (10.2-cm Fe+ 8.9-cm Al + 2.54 Boral) 

[3. 

1. 3-, 6-, and 10-in. Bunner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball at 304.8 em and NE213 

or Hydrogen counter location. 
3. 

4. 
NE213 on centerline as close as feasible. 
Hydrogen counters (10) at NE213 location. (If NE213 
run not feasible do hydrogen counters as close as 
feasible.) 

Spectrum Modifier+ 1.27-cm void+ 7.62-cul Th02 slab 

1. 3-. 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-·in. Bunner ball on centerline at 304.8·cm. 

C. Spectrum Modifier+ 1.27-cm void+ 7.62-cm Th02 + 1.27-cm 
void+ 7.62-cm Th02 

1. 3-, 6-, and-10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em. 

D. Spectrum Modifier+ 1.27-cm void+ 7.62-cm Th02 + 1.27-cm 
void+ 7.62-cm Th02 + 1 .27-cm void+ 15.2-cm Th02 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and at NE213 location. 
3. NE213 on centerline as close as feasible. 
4. Hydrogen counters (10) at NE213 location. 
5. TLD measurements on centerline in each void. 
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Table 4.2 
Summary of Configurations and Measurements 

for GCFR Radial Blanket and Shield Experiments 

No. Configuration Priority Descriptiona Measurementsb 

1 I. A lA Spectrum modifier BB, s 
2 I.B lA 1/2 Th blanket row BB 
3 I.C lA 1 Th blanket row BB 
4 I.D lA 2 Th blanket rows BB, s, TLD 
5 I.E lA 3 Th blanket rows BB, s, TLD 
6 I.F lA 3 Th blanket rows + reflector TLD 
7 II.A lA 3 U blanket rows BB, s, TLD 
8 II .B lA 3 U blanket rows + inner radial shields BB, s 
9 I II. A lB Inner radial shield row 1 BB, s 

10 I I I. B lB Inner radial shield row 1 & 2 BB, s 
11 IV.A lC Inner + l/3 outer radial shield BB -'='" 
12 IV.B lC Inner + 2/3 outer radial shield BB (J"1 

13 IV.C lC Inner + outer radial shield BB, s 
14 IV.D lC Radial shield + PCRV BB, TLD 
15 V.A lD Graphite + SS inner shield BB, TLD 
16 · V .B lD SS + SS inner shield BB, TLD 
17 v.c lD SS + (C + B4C) + SS shield 88, TLD 
18 VI. A 2 Graphite with 211 SS-304 HB 
19 VI. A 2 Graphite with 111 SS-304 HB 
20 VI. A 2 Graphite with l/4 11 gap HB 
21 VI. A 2 Graphite with l/2 11 gap HB 
22 VI.B 2 SS-304 with no gap HB 
23 VI.B 2 SS-304 \'lith 1/411 gap HB 
24 VI.B 2 SS-304 with l/2 11 gap HB 
25 VI.B 2 SS-304 with 111 gap HB 
26 VI I. A 3 CS + 611 concrete BB, s 
27 VII.B 3 CS + 12 11 concrete BB, s 
28 VI I. C 3 CS + 24 11 concrete BB, s 
29 VI L D 3 CS + 36 11 concrete BB, s 

~Inner and outer shields· refer to CSC.l design; SS =stainless steel; CS =carbon steel. 
BB = Bonnerball; S =spectrometer; TLD = tnermoluminescent detector; HB = Hornyak button. 
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E. Spectrum Modifier+ 1.27-cm void+ 15.2-cm ThOz + 1.27-cm void 
+ 7.62-cm ThOz + 1.27-cm void+ 7.62-cm ThOz + 1.27-cm void+ 
15.2-cm ThOz 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

at NE213 location. 
3. NE213 on centerline as close as feasible. 
4. Hydrogen counters (10) at NE213 location. 
5. TLD measurements on centerline in each void. 

F. Spectrum Modifier+ 1.27-cm void+ 15.2-cm ThOz + 1.27-cm void 
+ 15. 2-cm ThOz .+ 1. 27-cm voi.d + 7. 62-cm ThOz + 1. 27-cm void + 
7.62-cm ThOz + 1.27-cm void+ 25.4-cm Fe 

1. TLO measurements·on centerline in each void. 

II. UOz Blanket Configuration (Priority lA) 

A. Spectr~m Modifier+ 1.27-cm void+ 10.2-cm (UOz + Na) + 1.27-cm 
void+ 10;2-cm (UOz + Na) + 1.27-cm void+ 10.2 em (UOz + Na) 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

. and at NE213 location. 
3. NE213 on ·centerline as close as feasible. 
4. llyd1·ogen counters (10) at NC213 location. 
~. TLO measurements on cente1·1ine in each void. 

B. Spectrum Modifier+ 1.27-cm void+ 10.2-cm (UOz + Na) + 1.27-cm 
void.+ 10.2-cm (UOz + N~) + 1,27-cm void+ 10.2-cm (U02 + Na) 
+ {0.95-cm SS + 12.7-cm (B~c +C)+ 1.27-cm SS} container+ 
15.2-cm SS 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and at NE213 location. 

3. NE213 on centerline at feasible 1 ocati on.· 

4. Hydrogen counters (10) at NE213 location. 
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III. Inner Radial Shield Configurations (Priority lB) 

A. Spectrum Modifier+ 45.7-cm ThOz + {0.95-cm SS + 12.7-cm 
(B4C +C) + ).27-cm SS} container 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and at NE213 location. 
3. NE213 on centerline as close as feasible. 
4. Hydrogen counters (10) at NE213 location. 

B. Spectrum Modifier+ 45.7-cm ThOz + {0.95-cm SS + 12.7-cm 
(B4C +C)+ 1.27~cm SS} container+ 15.2-cm SS 

1. 3-, 6-, and 10-in. Bonner ba 11 on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and at NE213 location. 
3. NE213 on centerline as close as feasible. 
4. Hydrogen counters (10) at NE213 location. 

IV. Outer Radial Shield Configurations (Priority lC) 

A. Spectrum Modifier+ 45.7-cm ThOz + {0.95-c~ SS + 12.7-cm 
(B4C +C)+ 1.27-cm SS} container+ 1.27-cm void+ 15.2-cm SS 
+ 1.27-cm void+ 4.45-cm SS + {0.8-cm SS + 5.1-cm (B4C +C) 
+ 0.8-cm SS} container 

1. 3-, 6-, and tO~in. Bonn~r ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em. 

B. Spectrum Modifier+ 45.7-cm ThOz + {0.95-cm SS + 12.7-cm 
(B4C +C)+ 1.27-cm SS} container+ 1.27-cm void+ 15.2-cm SS 
+ 1.27-cm void + 4.45-cm SS + {0.8-cm SS + 5.l~cm (B.tC + C) 
+ 0.8-cm SS} container + 22.9-cm graphite 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em. 

C. Repeat B + {0.8-cm SS + 5.1-cm (B 4 C +C)+ 0.8-cm SS} container 
+ 4.45-cm SS 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 18 em 
and 30.5 em. 

2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 
and at NE213 location. 
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3. NE213 on centerline as close as feasible. 
4. Hydrogen counters (lD) at NE213 location. 

D. Repeat C + 35.6-cm void + 2.54-cm Fe + 61-cm concrete 

1. 3-, 6-, and 10-in. Bonner ball on centerline in 35.6-cm 
void at 18 em behind the SS. 

2. TLD in front of 15.2-cm SS. 
3. TLD behind 15.2-cm SS. 
4. TLD in front of 1.9-cm SS. 

V. Alternate Inner Radial Shield Configurations (Priority 10) 

A. Spectrum Modifier+ 45.7-cm Th02 + 1.27-cm void+ 15~2-cm 
graphite+ 1.27~cm void+ 15.2-cm SS · 

1. 3-, 6-, and 10-in. Bonner ball at 30.5 em and 304.8 em. 
2. TLD on centerline in both voids. 

B. Spectrum Modifier+ 45.7-cm Th02 + 1.27-cm void+ 15.2-cm SS 
+ 1.27-cm void+ 15.2-cm SS 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em 
and 304.8 em. 

2. TLDs on 'centerline in the voids. 

C. Spectrum Modifier+ 45.7-cm Th02 + 1.27~cm void+ 15.2-cm SS 
+ 1.27-cm void+ {0.95-cm SS + 12.7-cm (B~C +C)+ 1.27-cm SS} 
container+ 1.27-cm void+ 15.?-rm SS 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em 
and 304.8 em. 

2. TLDs on centerline in the voids. 

VI. Heterogeneous Shield Configurations (Priority 2) 

A. Bare beam + two 20.3-cm-thick graphite slabs (use pieces from 
Carborundum or our own supply) placed perpendicular to the beam 
centerline in the s~me vertical plane dyainst the reactor shield 
(edge to edge) with a vertical spacing between them according 
to the following: 

a) 5.1-cm SS (same depth as graphite) 
b) 2.54-cm SS (same depth as graphite) 
c) 0.635-cm void 
d) 1.27-cm void 

l .. 

• 

• 
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1. Horny~k button (0.635 em) traverses with the horizontal 
plane directly behind each of the configurations. 

2. · Hornyak button (0.635 em) traverses in the horizontal 
plane at 30.5 em behind each of the configurations. 

B. Bare beam+ two 20.3-cm-thick SS slabs placed perpendicular 
to beam centerline in the same vertical plane against the 
reactor shield (edge to edge) with a vertical spacing between 
them according to the following: 

a) no void 
b) 0.635-cm void 
c) 1.27-c~ void 
d) 2.54-cm void 

1. Hornyak button (0.635 em) traverses in the horizontal 
plane directly behind each of the'configurations. 

2. Hornyak button (0.635 em) traverses in the horizontal 
plane at 30.5 em behind each of the configurations. 

VII. PCRV Configurations (Priority 3) 

A. 5.1-cm Fe+ 15.2-cm concrete 

·1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

anq NE213 location. 
3. NE213 as close as feasible. 

B. 5.1-cm Fe+ 30.5-cm concrete 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-~ 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and NE213 location. 
3. NE213 as close as feasible. 
4. Hydrogen counters (lD) at NE213 location. 

C. 5.1-cm Fe+ 61-cm concrete 

1. 3-, 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-, 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and NE213 location. 
3. NE213 as close as feasible. 
4. Hydrogen counters (lD) at NE213 location. 
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D. 5.1-cm Fe+ 91.4-cm concrete 

1. 3-' 6-, and 10-in. Bonner ball on centerline at 30.5 em. 
2. 3-' 6-, and 10-in. Bonner ball on centerline at 304.8 em 

and NE213 location. 
3. NE213 as close as feasible. 
4. Hydrogen counters (lD) at NE213 location. 

4. 4. Qua 1 i ty Assurance Procedur:.IE.~. 

The preanalysis of this experiment has followed practh:es for th~ 
implementation of required DOE and/or other Quality Assurance Standards. 
By official agreement, the GCFR program follows ANSI N45.2. 

,, 
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