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ABSTRACT 

An i n teg ra l experiment has been designed f o r the v e r i f i c a t i o n of 

r ad ia t i on t ranspor t methods and nuclear data used fo r the design o f the 

rad ia l sh ie ld f o r the proposed 300 MW(e) gas-cooled f a s t breeder reac tor 

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

oxide rad ia l b lanket mockup as we l l as several sh ie ld conf igura t ions in 

order to reduce the uncer ta in t ies i n the ca lcu la ted source terms f o r the 

rad ia l sh ie l d , and to reduce the uncer ta in t i es in the ca lcu la ted rad ia -

t i o n damage to the prestressed concrete reactor vessel (PCRV). A d d i t i o n a l l y , 

the measurements are intended to bound the uncer ta in t i es in ca lcu la ted 

gamma-ray heating ra tes w i t h i n the blanket and sh i e l d . Although designed 

s p e c i f i c a l l y f o r the GCFR, the experiment w i l l provide generic data 

regarding deep penet ra t ion in Th02 and common s h i e l d mate r ia l s , which 

should also bene f i t LMFBR designers. 

Considerable preanalys is o f the experiment was performed t o solve 

design and f a b r i c a t i o n problems. The analys is consisted of one-dimensional 

neutron and gamma-ray t ranspor t ca l cu la t i ons in s lab geometry represent ing 

the experimental con f igura t ions . A lso , s e n s i t i v i t y ca lcu la t i ons were 

performed f o r several o f the detectors to be used i n the experiments. 

Results showed t h a t the detectors were h igh ly s e n s i t i v e to the nuclear 

cross sect ions o f the mater ia ls which are of pr imary importance. Based 

on the intended ob jec t i ves and the r e s u l t s o f the preana lys is , a de ta i l ed 

measurement schedule was prepared which includes a desc r ip t i on o f con-

f i g u r a t i o n s , de tec to rs , and detec tor pos i t i ons . 

I t was concluded t h a t the f i n a l design and the measurement schedule i s 

s u f f i c i e n t to meet the experiment ob jec t i ves . 
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l . o . INTRODUCTION 

The design of reactor sh ie ld ing i s a complex e f f o r t involv ing i n t i -
mate re lat ionships between rad ia t ion t ranspor t , thermomechanical forces, 
material proper t ies, and economics. To aid the shie ld dssigner in 
achieving the optimum compromise of these considerat ions, several ana-
l y t i c tools have been developed such as d iscrete ordinates and Monte 
Carlo codes. For advanced reactors, where l i t t l e operating experience 
is ava i lab le , v e r i f i c a t i o n of these design methods and the d e s i g n - b a s e d 
data i s important. Integral experiments perform th is funct ion by 
(1) providing data against which the methods and data can be tested or 
(2) providing d i r e c t v e r i f i c a t i o n of the ef fect iveness of the f i n a l 
design. 

An in tegra l experiment has been designed fo r the v e r i f i c a t i o n of 
rad ia t ion t ranspor t methods and nuclear data used fo r the design of the 
radial sh ie ld f o r the proposed 300 MW(e) gas-cooled fas t breeder reactor 
(GCFR).1 The scope of the experiment was chosen to include a thorium 
oxide radial blanket mockup as well as several sh ie ld conf igurat ions. 
The blanket measurements are needed to reduce the large uncerta int ies 
which ex is t i n the cross-section data required f o r ca lcu la t ing neutron 
transmission through a thorium blanket, hence reducing the uncerta int ies 
in the calculated ^ource terms fo r the rad ia l sh ie ld . S im i l a r l y , the 
shie ld measurements are needed to reduce the uncerta int ies in the calcu-
lated rad ia t ion damage to the prestressed concrete reactor vessel (PCRV). 
Add i t i ona l l y , the measurements are intended to bound the uncerta int ies 
in calculated gamma-ray heating "rates w i t h i n the blanket and sh ie ld . 
Although designed s p e c i f i c a l l y f o r the GCFR, the experiment w i l l provide 
generic data regarding deep penetrat ion in Th02 and common sh ie ld mater ia ls , 
which should also benef i t LMFBR designers. 

With the r e l a t i v e l y high cost of f ab r i ca t i ng and performing large 
scale experiments, i t was important that s u f f i c i e n t preanalysis be 
performed to produce a time- and c o s t - e f f i c i e n t experiment design and 
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schedule. More impor tan t l y , some assurance had to be given that the 

resu l ts would s a t i s f y the o r i g i n a l i n te . i t o f the experiment. For t h i s 

i n t eg ra l t e s t , i t was desi rable to design a one-dimensional mockup o f 

the GCFR rad ia l b lanket and sh ie l d , and to provide s u f f i c i e n t f l e x i -

b i l i t y f o r several a l t e rna te sh ie ld designs to be inves t iga ted . I t was 

also necessary tha t the neutron source be representat ive o f an t i c ipa ted 

GCFR source spectra f o r both the blanket and the sh ie ld con f igura t ions . 

In add i t i on , the ma te r ia l s , the dimensions, and the detectors and t h e i r 

locat ions had to be chosen so tha t the observed detector responses would 

be s u f f i c i e n t l y sens i t i ve to the quan t i t i es o f i n t e r e s t i n order to 

y i e l d resu l t s which could be r e l i a b l y extended to the GCFR design. 

The experiment to be performed at the ORNL Tower Shie ld ing F a c i l i t y 
(TSF) w i l l consis t o f measurements behind one-dimensional mockups of a 
GCFR-type rad ia l b lanket and rad ia l sh ie ld . Both i n teg ra l and spectra l 
measurements w i l l be made of the neutron and gamma-ray f l u x t ransmi t ted 
through successive mater ia ls and compared to corresponding ca lcu la t ions 
o f the rad ia t i on t ranspor t . The need f o r such an experiment has been 
provided by the GCFR sh ie ld designer, General Atomic Company (GAC) i n a 
document2 which described desired resu l ts and the t e s t requirements 
needed to achieve those r e s u l t s . In accordance w i th those requirements, 
a de ta i led descr ip t ion o f the experiment design and spec i f i ca t i ons has 
been prepared and i s presented i n the fo l l ow ing sect ions. The s i g n i f i -
cant resu l t s from the preanalysis o f the experiment w i l l also be pre-
sented, fo l lowed by a statement of the Qual i ty Assurance (QA) procedures 
t o be used for the conduct and analysis o f the experiment. 
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2.0. EXPERIMENT OBJECTIVES AND REQUIREMENTS 

2.1 Conceptual Shield ing Conf igurat ion I 

Before def in ing the object ives and tes t requirements f o r the ex-
periment, i t i s appropr iate to f i r s t understand the reactor sh ie ld design 
from which the experiment was conceived. The reference downflow sh ie ld 
design is given in Fig. 2.1 and has been designated "Conceptual Shie ld-
ing Conf igurat ion I " (CSC.I)3 . Of primary i n t e r e s t fo r th is experiment 
is the design of the rad ia l sh ie ld a t the core midplane l e v e l . Since 
the ax ia l d i s t r i b u t i o n of the neutron f l u x i s a maximum at the midplane 
l e v e l , the composition and dimensions of the rad ia l sh ie ld were deter -
mined la rge ly from the sh ie ld ' s performance at the core midplane. 

Table 2.1 l i s t s the mater ials and dimensions o f the reference rad ia l 
sh ie ld design a t the core midplane l e v e l . The design consists of two 
inner rad ia l sh ie ld assemblies and a laminated outer sh ie ld assembly. 
Analysis by GAC showed that th i s combination of mater ia ls performed the 
best of a l l cases considered f o r meeting design c r i t e r i a regarding nuclear 
heating ra tes , helium product ion, and t o t a l f luence exposures. 

I t i s important to note tnat the f i n a l design f o r the GCFR demon-
s t r a t i o n p lan t does not e x i s t , and hence the f i n a l rad ia l sh ie ld design 
also i;oes not e x i s t . In p a r t i c u l a r , the recent decisions to requ i re a 
l a t e r a l core r e s t r a i n t mechanism and to reverse the d i r ec t i on of helium 
f low may g rea t l y a l t e r the reference rad ia l sh ie ld design. For example, 
the need to boronate the inner rad ia l sh ie ld may be la rge ly e l iminated 
i f the inner sh ie ld i s cooled by i n l e t gas instead of o u t l e t gas, as 
planned f o r the CSC.I design. This would r esu l t since the sh ie ld assem-
b l ies would be kept below the threshold temperature f o r thermal neutron-
induced helium damage in the s ta in less s t e e l . I t is c lear tha t consider-
able analyses of a l te rna te sh ie ld designs w i l l be required i n the near 
f u tu re . 
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Fig. 2.1. Schematic of reference downflow GCFR sh ie ld design designated as "Conceptual 
Shie ld ing Conf igurat ion I " (CSC.I) (Ref. 3) . Also shown is the "Shie ld ing Core Model A" (Ref. 4 ) . 
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Table 2.1 

Geometry and Mater ia ls f o r Conceptual Shie ld ing 

Conf igurat ion I at the Core Midplane Level 

Region and Mater ia l Inner Radius 
(cm) 

Outer Radius 
(cm) 

Thickness 
(cm) 

Core: Enrichment Zone 1 0.0 77.9 77.9 
Enrichment Zone 2 77.9 96.9 19.0 
Enrichment Zone 3 96.9 115.6 18.7 

Radial Blanket: Row 1 115.6 134.1 18.5 

Row 2 134.1 152.6 18.5 

Row 3 152.6 171.0 18.4 

Helium Gap 171.0 194.0 23.0 

Inner Shield 1: SS-316 194.0 195.0 1.0 

C + Bi»C* 195.0 207.7 12.7 

SS-316 207.7 209.0 1.3 

Helium Gap 209.0 214.1 5.1 

Inner Shield 2: SS-316 214.1 229.1 15.0 

Helium Gap 229.1 234.2 5.1 

Outer Shie ld : SS-316 234.2 239.3 5.1 
C + B^C* 239.3 244.4 5.1 

Graphite 244.4 267.0 22.6 
C + BitC* 267.0 272.1 5.1 

SS-316 272.1 277.2 5.1 

Helium Gap 277.2 312.9 35.7 

PCRV L iner : Fe 312.9 314.7 1.8 

PCRV 314.7 

*25 weight-% boron mixture of graphi te and B4C a t 1.6 g/ml bulk dens i t y . 



6 

The core and b lanket model1* used f o r the CSC. I design includes a 

U02 r ad i a l b lanket ; however, previous designs have used a Th02 b lanke t , 

and f u tu re designs may rever t to Th02 b lankets f o r p o l i t i c a l reasons. 

In e i t h e r case, there are uncer ta in t ies i n the U02 and Th02 cross sect ion 

data, p a r t i c u l a r l y regarding gamma-ray product ion and hence gamma-ray 

heat ing. Also, there are uncer ta in t ies in the Th data fo r deep neutron 

penet ra t ion . I n d i c a t i v e of the uncer ta in t ies i n the Th data i s the f a c t 

t ha t the soon-to-be o f f i c i a l ENDF/B-V evaluat ion f o r thorium contains a 

15-30% lower capture cross sect ion f o r neutron eneroies above 40 keV. 

This change w i l l have s i g n i f i c a n t impact on the ca l cu l a t i on of t h ° neutroi. ; 

and gamma-ray source from a GCFR Th b lanke t , and the ca l cu la t i on ur the 

gamma-ray heating w i t h i n the b lanket . 

2 .2 . Object ives and Requirements 

Based ori the design considerat ions described b r i e f l y in the previous 

sec t i on , ORNL and GAC cooperat ive ly formulated the fo l l ow ing s p e c i f i c 

ob jec t i ves f o r the Radial Blanket and Shie ld Experiment: 

1. To v e r i f y cross sect ion data and t ranspor t methods used to 

ca l cu la te : 

a. the energy dependence of the neutron and gamma-ray f l u x 

through the rad ia l b lanke t , rad ia l s h i e l d , and PCRV 

b. the gamma-ray heating i n the rad ia l b lanket and rad ia l 

s h i e l d 

c. heterogeneous e f f ec t s r e s u l t i n g from design compl icat ions 

i n a s - b u i l t sh ie ld designs. 

2. To provide experimental comparisons o f sh i e l d e f fec t i veness 

f o r a l t e rna te sh ie l d designs. 

In response t o the ob jec t i ves , GAC issued a repor t 2 present ing the 

t e s t requirements f o r the experiment which were needed to insure t h a t ' 

the ob jec t ives would be s a t i s f i e d . The fo l l ow ing l i s t summarizes the 

requirements descr ibed in the GAC repor t . 



1. The experimental conf igurat ions should contain b lanket and 

s h i e l d assemblies which are representa t ive o f the cur ren t GCFR. 

2. The assemblies should be modular to permit measurements on 

in termediate con f igu ra t ions , and t o provide f l e x i b i l i t y f o r 

cons t ruc t ing several a l t e rna te con f igu ra t ions . 

3. The energy spectrum of the neutron^source should be representa-

t i v e o f a GCFR.: ' > • 

4. Measurements should include neutron and gamma-ray transmission,, , 

measurements using spect ra l and i n t e g r a l de tec to rs , and gammS- ; 

ray heat ing measurements using thermoluminescent de tec to rs . 

High spa t i a l reso lu t i on neutron detectors should be used f o r 'o. 

• measurements o f s h i e l d heterogenei t ies . 

5. S u f f i c i e n t preanalysis, should be performed to insure the ade-,, ' 

quacy o f the experiment design. 1 " 

6. S u f f i c i e n t postanalysis should''be performed to prov ide: 

several benchmark problems fo r the v e r i f i c a t i o n o f new data-' 

and methods used f o r design analyses by ORNL and GAC, and,)(tD)Jj M 
bias fac to rs f o r r ad i a t i on t ransmission and heat ing to be appTijjJij 

i n actual design ca l cu l a t i ons . 

7. Qua l i ty Assurance procedures should be consistent w i t h 

Appendix B, or''ANSI N 45.2, , ' " ? 
u . " y&wz* 

c' • • V 
,„ VJ '.J . . . . .i. .-i.'4-...j 

The purpose o f the next two sect ions i s to address t h e ' s p e c i a l 

t e s t requirements (excluding No. 6 ) , and to show tha t w i t h i n>,rg&^jSam^ 

l i m i t s , a l l the requirements are s a t i s f i e d by the f i n a l experimen;|||lj 

and measurement s p e c i f i c a t i o n s . . ' 
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3.0. PREANALYSTS 

3.1. Calcu la t ion of GCFR Reference Shield Design 

The preanalysis was i n i t i a t e d w i th a one-dimensional t ranspor t 

ca l cu l a t i on o f the CSC.I design (described i n Sec. 2.1) from the core 

cen te r l i ne to 30 cm in to the PCRV at the leve l of the core midplane. 

The P3S8 c y l i n d r i c a l ANISN5 ca l cu la t i on was run using the ORNL 51 neutron 

group and 25 gamma-ray group coupled cross sect ion l i b r a r y which was 

prepared f o r GCFR sh ie ld analyses.6 A d i s t r i b u t e d neutron source i n the 

core and b lanket regions was ca lcu la ted using a 51-group neutron f i s s i o n 

spectrum fo lded w i th the rad ia l f i s s i o n d i s t r i b u t i o n r e s u l t i n g from a 

previous 2-D k - c a l c u l a t i o n (performed at GAC using the 2DB d i f f u s i o n 

code). The neutron and gamma-ray f l u x spectra at several key locat ions 

i n the design are given i n Fig. 3.1 f o r neutrons, and i n Fig. 3.2 f o r 

gamma rays. The spectra were used to guide the experiment design through 

the f requent comparison o f the GCFR reference spectra w i th the spectra 

ca lcu la ted f o r the TSF mockups. 

3.2. Select ion of a Spectrum Modi f ier 

The neutron energy spectrum emerging from the TSF reactor 7 is not 

t y p i c a l o f a GCFR, so tha t a spectrum mod i f ie r (SM) i s required to y i e l d 

a source w i t h the proper spectral c h a r a c t e r i s t i c s . Several 1-D t ranspor t 

ca l cu la t i ons were performed f o r various t r i a l compositions of the SM, and 

the r e s u l t i n g SM neutron leakage was compared to the ca lcu la ted neutron 

leakage from the CSC.I core. The se lec t ion o f the best SM design was 

based on the v isual comparison of spect ra, and add i t iona l considerat ions 

o f mater ia l o b t a i n a b i l i t y , overa l l a t tenuat ion in the SM, and the r e l a -

t i v e importance of d i f f e r e n t energy ranges. The SM design, which was 

selected f o r use w i th the blanket mockups, was comprised o f 10 cm carbon 

s tee l fo l lowed by 9 cm of aluminum and 2.5 cm of bora l . F ig. 3.3 shows 

a comparison of the TSF leakage source, the modif ied spectrum, and the 

reference CSC.I core leakage. 
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F ig . 3 .2 . Gamma-ray spectra a t selected loca-
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Fig. 3.3. Comparison o f TSF reactor source, the spectrum emerging from the TSF spectrum 
mod i f i e r , and the neutron leakage from the GCFR reference core design. 
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3.3. Detector S e n s i t i v i t i e s 

An important aspect o f the preanalysis phase o f a data v e r i f i c a t i o n 
experiment i s to assure that the detector measurements w i l l be s u f f i -
c i e n t l y sens i t i ve to the data of i n t e res t so t ha t reasonable and r e l i a b l e 
conclusions can be made. The s e n s i t i v i t y analys is too ls developed f o r 
sh ie ld design work equal ly wel l f o r experiment design and provide a 
maximum of in format ion w i th a minimum of e f f o r t . The SWANLAKE sensi-
t i v i t y code8, which uses forward and ad jo in t ANISN f luxes , was used 
numerous times in the preanalysis to determine detector s e n s i t i v i t i e s , 
sometimes r e s u l t i n g i n design mod i f i ca t ions . 

The one-dimensional models used fo r the forward and ad jo i n t ca lcu la -
t i ons are shown in Fig. 3.4 which also shows the locat ion o f the ca lcu-
la ted Bonner ba l l response. The TLDs are i n - s i t u - t y p e detectors and 
were located between the slab assemblies. In a l l three models, the 
boundary source was a t the l e f t boundary, and was the TSF neutron leakage 
source f o r the blanket mockups, and was the Th02 blanket leakage source 
(neutron and gamma ray) f o r the sh ie ld mockup. The nucl ide dens i t ies 
f o r the mater ia ls used in the preanalysis ca lcu la t i ons are given i n 
Table 3.1. 

3 .3 .1 . TLD Response 

The s e n s i t i v i t y of the thermoluminescent detector (TLD) used f o r 

gamma-ray heating measurements were calcu lated f o r both Th02 and U02 

blanket mockups. The detector s e n s i t i v i t y to changes in nucl ide dens i t ies 

were determined f o r the major nucl ides i n the b lanke ts . Figure 3.5 shows 

the resu l t s f o r the case of a TLD located between the second and t h i r d 

Th02 blanket s labs. As shown i n Fig. 3 .5 , the spectrum mod i f ie r used 

f o r the TLD 1-D ca lcu la t ions was somewhat d i f f e r e n t from the f i n a l SM 

design; however, the d i f fe rence had only a s l i g h t e f f e c t on the s e n s i t i v i t y 

r e s u l t s . 



Table 3.1 

Nuclide Densit ies (atoms/barn-cm) of TSF Slabs Used in the 

Preanalysis Calculat ions fo r the GCFR Radial Blanket and Shield Experiment 

Boronated 

Graphite3 Graphite Bora! Aluminum SS-304 

Carbon 

Steel 

TSF 

Concrete Th02
b U02 

H 8.88-3 

Nat. B 2.23-2 c 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 

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 

?For bulk density of 1.6 g/ml (95% of theore t i ca l dens i ty ) . 
For bulk density of 10.0 g/ml; used in ca lcu la t ions at 7.0 g/ml. 
Read as "2.23 x 10" 2 . " 
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ORNL-DWG 79-14137 

Fig. 3.5. S e n s i t i v i t y of TLD to mater ia ls i n ThOz b lanket mockup. 
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ORNL-DWG 79-41438 

F ig . 3 .6 . S e n s i t i v i t y o f TLD to mater ia ls in U02 b lanket mockup. 



17 

The s e n s i t i v i t i e s given in Fig. 3.5 represent a percent change ir-
the TLD response f o r a percent change i n the densi ty of the mater ia l i n 
the indicated region. The resu l ts are given separately i n terms o f neu-
t ron and gamma-ray cross sect ions. The negative values ind ica te a 
dominance o f the t ranspor t cross sections whi le the pos i t i ve values 
r e f l e c t the importance of the neutron-induced gamma-ray product ion cross 
sect ion. The s e n s i t i v i t i e s are not except iona l ly la rge, but they seem 
adequate fo r r e l i a b l e i n t e r p r e t a t i o n of the r e s u l t s . 

An important r esu l t which is provided by the s e n s i t i v i t y code f o r 

the case of gamma-ray responses is the spa t ia l d i s t r i b u t i o n of neutron-

produced gamma rays which cont r ibu te to the t o t a l detector response. 

Figure 3.5 shows tha t 21% of the TLD response resu l ted from gamma rays 

produced in the s ta in less steel immediately adjacent to the de tec to r , 

wh i le the remaining 79% resu l ted p r imar i l y from Th(n, y) react ions i n -

s ide the blanket s labs. Although t h i s d i s t r i b u t i o n appeared adequate 

f o r i n f e r r i n g the desired data regarding thorium gamma-ray product ion 

cross sect ions, the "background" due to the SS-304 gamma rays was f u r t h e r 

reduced by redesigning one o f the three blanket s labs. Fabr ica t ing a 

f u l l - w i d t h slab as two ha l f -w id th slabs w i th a corresponding decrease 

i n the SS-304 can th ickness, allows less s teel to border the TLD, hence 

reducing i t s con t r i bu t i on to the TLD response. I t a lso allows neutron 

and gamma-ray transmission measurements to be made i n f i n e r blanket 

thickness increments. 

Figure 3.6 gives the same resu l t s f o r a TLD i n a UO2 blanket mockup. 

The s e n s i t i v i t i e s are s im i l a r to the Th02 r e s u l t s , wh i le the gamma-

ray cont r ibu t ions show a greater importance f o r the s tee l . This r e s u l t 

i s l i k e l y due to a more r e a l i s t i c secondary gamma-ray m u l t i p l i c i t y f o r 

uranium compared to the cu r ren t l y used thorium cross sect ions. 
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Table 3.2 
Sens i t i v i t i es of Bonner Ball Detectors 

Located Behind Th02 Blanket Mockup 

Sens i t i v i ty [(AR/R)/(AZ/Z)] 
Region and Material 3" BB 6" BB 10" 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 

Total: Th-232 -2. .28 -2.13 -2.16 
0-16 -1. .19 -1.63 -1.81 

SS-304 -0, .47 -0.51 -0.55 
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3.3.2. Bonner Bal l Response 

Bonner b a l l (BB) s e n s i t i v i t i e s were also calcu lated f o r the U02 and 
ThCb blanket mockups and the reference rad ia l sh ie ld mockup. The sensi-
t i v i t i e s to the important nuc l ide dens i t ies were determined f o r the 3 " , 
6 " , and 10" Bonner ba l l s which represent ep i thermal , t o t a l , and f a s t 
neutron f luxes respec t i ve ly . The de ta i led BB response funct ions are 
given i n Sec. 4 .2 . 

The ca lcu la ted BB s e n s i t i v i t i e s are given i n Tables 3.2 and 3.3 f o r 
the blanket con f igura t ions . In general , the s e n s i t i v i t i e s are qu i te 
large f o r the primary nuclides (thorium and uranium), and small f o r the 
less important mater ia ls . I t i s apparent, however, tha t the oxygen com-
petes wi th the heavy metals in both the Th02 and U02 mockups, espec ia l l y 
f o r the 10" BB. This impl ies t ha t a carefu l considerat ion of both the 
heavy metals and the oxygen w i l l be required f o r the f i n a l analys is of 
the experiment. Because the r e l a t i v e s e n s i t i v i t e s to the heavy metals 
and the oxygen var ies markedly between the 3" BB and the 10" BB, i t 
should be possib le to i n t e r p r e t f i n a l resu l t s i n terms of de f ic ienc ies in 
e i t h e r the heavy metal or the oxygen cross sec t ions . 

Table 3.4 gives the BB s e n s i t i v i t e s f o r the rad ia l sh ie ld mockup. 
As w i th the b lanket mockups, the s e n s i t i v i t i e s are large which favors 
r e l i a b l e i n t e r p r e t a t i o n o f the experimental data. Also, the va r i a t i on 
i n r e l a t i v e s e n s i t i v i t y between the detectors should permit the i d e n t i -
f i c a t i o n of the mater ia ls which cont r ibu te to discrepancies between 
measurements and ca l cu la t i ons , should any discrepancies be observed. 

3 .3 .3 . Gamma-Ray Flux at PCRV 

F i n a l l y , s e n s i t i v i t i e s were ca lcu la ted f o r a f i c t i c i o u s t o t a l gamma-

ray detector located between the outer sh ie ld and PCRV mockups. The 

resu l ts are summarized in Table 3.5. The most s i g n i f i c a n t conclusion 

from the ca l cu la t i on i s the dominance of the s tee l i n both the inner and 
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Table 3.3 

S e n s i t i v i t i e s o f Bonner Ba l l Detectors 

Located Behind UO2 Blanket Mockup 

Region and Mater ia l 

S e n s i t i v i t y [ (AR/R)/ (AE/E) ] 

3" BB 5" BB 10" BB 

Row 1: Nat. U -0 .31 -0 .33 -0.36 

Na -0 .05 -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 

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 

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 

T o t a l : Nat. U -1 .20 -1.11 -1 .12 

Na -0 .14 -0 .18 -0 .19 

Al -0 .09 -0.15 -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 
Sens i t i v i t i es of Bonner Bal l Detectors 

Located Between Outer Shield and PCRV Mockups 

Sens i t i v i t y [(AR/R)/(AE/E)] 
Region and Material 3" BB 6" BB 10" BB 

Inner Shield 1: SS-304 -0. 31 -0.34 -0 . 37 
B -0 . 31 -0.28 -0. 26 
C -0. 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. 7 1 -0.51 -0 . 39 

G mix) -0. 56 -0.56' -0 , 55 
C ( s o l I d ) ^ -2, 78 -2.77 -2. 67 

PCRV Liner: C. Steel +0. 07 +0.12 +0. 10 

PCRV: TSF Cone. +0. 15 +0>38 +0. 06-

Tota l : ss-•304 -3. 33 -3.69 -4. 03 
B -1. 07 -0.79 -0 . 65 
C -4. 07 -4.01 -3. 37 
C. Steel +0. 07 +0.12 +0. 10 
TSF Cone. +0. 15 +0.08 +o: 06; 
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Table 3.5 

S e n s i t i v i t y [ (AR/R)/(AE/E)] of Total Gamma-Ray Flux 

Between Outer Shield and PCRV Mockups 

Secondary v _ . . . .. 
Cont r ibut ion S e n s i t i v i t y 

Region and Mater ia l (%) E [y) E (ri) 

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.;. -1 .41 -0 . 98 

Outer Shie ld : SS-304 44.7 -2 .14 -0 . ,01 
B 13.5 -0.06 -0. ,30 

C (mix) 0.1 -0 .17 -0. ,17 

C ( s o l i d ) 1.3 -0.65 -0, .45 

PCRV L iner : C. Steel 8.7 -0.05 +0, .03 

PCRV: TSF Cone. 2.0 -0 .01 +0. .15 

To ta l : SS-304 75.3 -3 .73 -1, .10 
B 13.6 -0.09 -0, .58 

C 1.7 -0 .93 .15 

C. Steel 8.7 -0 .05 +0, .03 

TSF Cone. 2.0 -0 .01 +0 .15 
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outer sh ie ld s labs. I t i s i n te res t i ng that almost 10% o f the response 

i s due to the Fe l i n e r located "behind" the de tec to r . A lso, the secon-

dary gamma-ray cont r ibu t ions sum to 100%, i . e . , the t o t a l de tec to r re-

sponse, which means that source gamma-rays from the Th02 b lanket source 

were e f f e c t i v e l y attenuated by the sh ie ld . 

Ac tua l l y , the cont r ibu t ions to ta led near ly 102%, and summed to over 

117% i i i an e a r l i e r at tempt. The impossible value of 117% was improved to 

the more r e a l i s t i c 102% by grossly r e f i n i n g the mesh spacing near the 

detec tor . This was required in order to give a proper treatment o f the 

source f o r the ad jo i n t ca l cu la t i on which was the t o t a l gamma-ray f l u x . 

The la rges t con t r i bu to r to the e r ro r was an overpred ic t ion o f the impor-

tance of low energy gamma rays produced i n boron i n the boronated graphi te 

region nearest the detector (see Fig. 3 .4 ) . I t i s expected tha t a f u r t h e r 

refinement o f the mesh would br ing the sum o f a l l gamma-ray con t r i bu t ions 

to a value o f 100%. 

3.4. Contr ibuton Analysis 

While the s e n s i t i v i t y analysis provides a q u a n t i t a t i v e assessment 

of the importance of i nd iv idua l ma te r ia l s , i t i s sometimes useful to 

obta in a q u a l i t a t i v e assessment o f the importance of various components 

i n an experimental con f igu ra t ion . Contr ibuton theory9 provides t h i s 

in format ion by a l lowing one to ca lcu la te a t every spa t i a l po in t i n the 

con f igura t ion the f l u x o f pa r t i c l es ( ca l l ed cont r ibu tons) which con t r ibu te 

to an observed response, e . g . , a detector count. For one-dimensional 

problems, one can determine the cont r ibuton f l u x f o r each energy group 

a t every spa t i a l l oca t ion . The TOOTH code (1-D equiva lent o f the more 

popular FANG code10) was prepared fo r the purpose o f ca l cu l a t i ng the 

space-energy cont r ibu ton f l u x and p l o t t i n g the f l u x as a pro jec ted 3-D 

surface. Since the TOOTH code requires only the forward and a d j o i n t 

ANISN f l uxes , which were already required f o r the s e n s i t i v i t y ca lcu la -

t i o n s , several TOOTH p lo ts were generated f o r the rad ia l b lanket and 

sh ie l d con f igu ra t ions . A few sample cases are described below. 
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F ig . 3.7. Contributor) f l u x ($*<{>) f o r 3" Bonner b a l l (above) and 10" 
Bonner ba l l (below) located in gap between the outer sh ie ld and the PCRV. 
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Figure 3.7 compares the contr ibuton surfaces f o r a 3" BB and a 10" 
BB located i n the gap between the outer sh ie ld mockup and the simulated 
PCRV. The source f o r the forward ca lcu la t ion was the neutron leakage 
from the Th02 b lanket con f igura t ion . An attempt was made i n Fig. 3.7 
to ind icate the approximate loca t ion of the s i g n i f i c a n t sh ie ld components. 
The two surfaces appear qu i te s i m i l a r f o r the inner and outer sh ie ld re-
gions, owing to the fac t tha t only the high-energy source neutrons can 
surv ive the at tenuat ion through the boronated sh ie ld sect ions. Near the 
detector p o s i t i o n , however, the two surfaces d i f f e r which i s a r e f l e c t i o n 
of t h e i r p a r t i c u l a r energy response. The 3" BB emphasizes the lower 
energy neutrons which are generated in the f i n a l s tee l layer of the outer 
sh ie ld and also neutrons scat tered back from the concrete. The 10" BB 
observes p r i m a r i l y the source neutrons s l i g h t l y modif ied by the f i n a l 
layer o f s teel i n the outer sh ie ld . 

Neutron-only problems l i k e the ones j u s t described are r e l a t i v e l y 
s t ra igh t fo rward to i n t e r p r e t . Coupled neutron-gamma-ray problems pro-
vide a greater chal lenge, espec ia l l y when considering the neutron c o n t r i -
buton f l u x f o r a gamma-ray response. Such a case i s shown i n F ig. 3.8 
which shows the neutron contr ibuton f l u x in the sh ie ld mockup due to the 
Th02 blanket source. However, f o r t h i s problem, the observed response 
i s the t o t a l gamma-ray-flux detector located between the sh ie ld and the 
PCRV. Nearly a l l types of gamma-ray production processes appear to be 
represented i n t h i s example, from i n e l a s t i c sca t te r ing to thermal neutron 
capture. The dominant peak i n the d i s t an t corner o f the f i gu re i s l i k e l y 
due to the large number of high-energy source neutrons con t r i bu t i ng 
i n e l a s t i c gamma-rays, whi le the loca l peaks throughout the sh ie ld are 
due to intermediate energy neutron capture i n the s ta in less s t e e l . At 
low neutron energies, both the outer sh ie ld graphi te and the PCRV concrete 
cont r ibu te thermal capture gamma-rays. 

Figure 3.9 shows the gamma-ray cont r ibuton f l u x f o r the same problem 

described above. The surface is less dramatic than the previous one, 

but i s does show a few features o f gamma-ray t ranspor t cross sect ions. 



Fig. 3.8. Contributor! f l u x f o r t o t a l gamma-ray f l u x detector located 
between outer sh ie ld and PCRV mockup. The surface represents neutron 
contr ibutons and is dominated by gaimia-ray product ion processes. 
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Fig. 3.9. Contributon f l u x fo r t o ta l gamma-ray f l ux detector located between outer sh ie ld and 
PCRV mockup. The surface represents gamma-ray contr ibutons and is dominated by gamma-ray t ransport 
processes. 
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The c h a r a c t e r i s t i c minimum i n the photon i n t e r a c t i o n cross sect ion appears 

as the r idge through the sh ie ld near 3 MeV. Also the 7-8 MeV neutron-

capture gamma ray from the s t e e l , and the 0.511 MeV a n n i h i l a t i o n gamma 

ray appear i n the sur face. 

Although the value o f the cont r ibu ton analys is may seem vague f o r 

the purpose o f p reana lys is , the method should help to i d e n t i f y the source 

of disagreement between ca l cu la t i ons and measurements, should any d i s -

agreements be observed. 

3.5. Special Problems Requiring Analysis 

In every experiment, no matter how simply conceived or how c a r e f u l l y 

thought ou t , problems are encountered dur ing the design, f a b r i c a t i o n and 

performance stages. Most problems which ar ise requi re a rapid evaluat ion 

of a l t e rna t i ves to avoid cos t l y delays. The same too ls used i n the rou t ine 

preanalysis usual ly provide the means f o r a quick so lu t i on to the specia l 

problems. Three of the more s i g n i f i c a n t problems encountered w i th the 

Radial Blanket and Shie ld Experiment are described below. 

3 .5 .1 . Lack of Clean U02 

The o r i g i n a l i n t e n t was to inc lude i n the b lanket phase o f the 

experiment a dup l ica te set o f measurements on U02 b lanket mockups and 

Th02 mockups. However, i n s u f f i c i e n t amounts o f U02 were read i l y a v a i l -

ab le , which l e f t p r i m a r i l y three a l t e r n a t i v e s : (a) U03 ava i lab le at 

Savannah River (SRP) could be fab r i ca ted i n t o su i tab le s labs , (b) 

p rev ious ly fab r i ca ted CRBR-type U02 s lab ava i lab le at the TSF could be 

used, or (c) the U02 b lanket measurements could be discarded. Whereas 

the CRBR-type blankets contain some sodium and aluminum, the SRP U03 

contains s i g n i f i c a n t amounts of water and n i t r a t e s . Calculat ions were 

performed to evaluate the a c c e p t a b i l i t y o f e i t h e r a l t e r n a t i v e , and i t 

was concluded tha t ne i t he r the CRBR-type U02 or the SRP U03 mater ia l 
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was s a t i s f a c t o r y f o r the "benchmark-type" comparison w i th Th02 tha t was 
intended. I t was therefore decided to reduce the U02 measurements to 
only two conf igurat ions u t i l i z i n g the CRBR-type assemblies. 

Determining tha t a subs t i tu te mater ia l i s adequate or inadequate 
usual ly involves sub jec t ive comparisons of the subs t i t u t e w i th the intended 
mate r ia l . Figure 3.10 compares the ca lcu la ted neutron leakage from 
three d i f f e r e n t UO2 blanket mockups. Included i n F ig. 3.10 are the 
intended "clean" U02 case and the two a l t e rna t i ves : the SRP stock U03 

and the CRBR-type assemblies. Except f o r a dip in the leakage spectrum 
corresponding to a sodium broad resonance, the CRBR-type assemblies com-
pare favorably w i th the desired U02 case. However, the SRP U03 mater ia l 
y ie lded a considerable spectra l s h i f t . Also, an e r ro r was discovered 
in the SRP ca l cu la t i on : the U03 was mixed wi th 1 volume-% water instead 
of the actual 1 weight-% water, which would resu l t i n an even worse 
spectra l s h i f t . Furthermore, the theo re t i ca l densi ty o f U03 i s much less 
than UO2, which would have required that the blanket slabs be fab r i ca ted 
w i th a correspondingly greater th ickness. 

I t was therefore decided tha t no U02 assemblies should be fab r i ca ted 

and tha t data from previous TSF experiments which used the CRBR-type U02 

slabs would be used f o r the ana lys is . I t was also decided to inc lude a 

few key measurements in th i s experiment using the UO2 slabs f o r an i n t e r -

comparison w i th the previous experiments, and also f o r measurements 

through the sh ie ld mockup w i th a UO2 blanket source. 

3 .5 .2 . Density of Boronated Graphite 

Port ions o f the GCFR rad ia l sh ie ld design u t i l i z e a boronated 

graphi te mixture conta in ing 25 weight percent (w/o) boron and having a 

bulk densi ty o f 1.6 g /cc . I t was i n i t i a l l y bel ieved t h a t a 25 w/o B 

mixture o f graphi te and boron carbide (B^C) powder could be v i b r a t i o n -

packed to the desired densi ty o f 1.6 g /cc , so tha t the SS-304 cans to 



Fig. 3.10. Comparison o f leakage spectrum from three blanket assemblies containing a l te rnat ives 
to the desired U02 mater ia l . 



31 

contain the mixture were designed and fab r i ca ted w i th the same thickness 
dimensions as spec i f i ed in the CSC.l design. However, upon at tempt ing 
to f i l l the conta iners , the vendor o f the borenated graphi te mixture 
could achieve only a bulk densi ty o f 1.0 g /cc . 

To determine the e f f e c t of several co r rec t i ve a l t e r n a t i v e s , 1-D 
ca lcu la t ions were performed through the sh ie l d conf igura t ion using 
d i f f e r e n t densi ty and d i f f e r e n t w/o B mixtures. Three a l te rna te cases 
are compared to the desired mixture i n Fig. 3.11 which shows the neutron 
f l u x ca lcu la ted behind the inner sh ie ld assembly containing the boronated 
graphi te mixture. The 78 w/o B case (pure B^C) was c lea r l y not des i rab le , 
wh i le the other two a l t e rna t i ves appeared equal ly acceptable since only 
the f l u x normal izat ion was changed. I t was there fore decided to use the 
25 w/o B mixture a t the lower dens i ty . However, before f i l l i n g the slabs 
w i th the mix ture , the vendor was ins t ruc ted by ORNL experts on the a r t 
o f 2 - p a r t i c l e v i b r a t i o n packing. Using a technique s im i l a r to the loading 
procedure used to f i l l the g r i d - p l a t e sh ie ld assemblies in the previous 
GCFR exper iment,1 1 a bulk densi ty o f 1.4 g/cc was obtained f o r a l l of 
the boronated graphi te assemblies. This was qu i t e acceptable f o r the 
purposes o f the experiment. 

3 .5.3 Gamma-Ray F i l t e r f o r ThOz 

One problem which arose during the progress o f the experiment was 

the r e l a t i v e l y high gamma-ray a c t i v i t y of the Th02 b lanket s lab . The 

measured 50 mR/hr a c t i v i t y at the surface o f the slabs p roh ib i ted the 

placement o f the gamma-ray spectrometer close to the s labs, wh i l e other 

background problems discouraged moving the spectrometer back. A poss ib le 

a l t e rna t i ve was to place a piece of lead or i r on between the Th02 slabs 

and the detec tor . 

To inves t iga te the d e s i r a b i l i t y o f using such a gamma-ray f i l t e r , 

ca lcu la t ions were performed w i t h 5 and 10 cm o f Fe placed against the 

e x i t of the Th02 con f igu ra t ion . I t was decided not to consider a Pb 
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f i l t e r since the Pb cross sections are not known as wel l as i r o n , which 

would y i e l d greater uncer ta in ty i n the analysis of the experiment. The 

resu l ts o f the ca lcu la t ions are shown i n Figs. 3.12 and 3.13 which give 

the neutron and gamma-ray f l u x behind the 45 cm Th02 plus Fe conf igura-

t i ons . While the comparison of neutron spectra i n F ig. 3.12 tends to 

discourage the use o f the Fe f i l t e r , the opt ion was t o t a l l y discounted 

by the gamma-ray comparisons i n Fig. 3.13. The emergent f l u x appears to 

be mostly cha rac te r i s t i c of Fe, not Th02, which minimizes the r e l i a b l e 

inferences that can be made about the Th02 data. 

The opt ion tha t was chosen fo r t h i s problem was to move the spec-

trometer away from the conf igura t ion and to b u i l d a concrete house and 

co l l ima to r assembly around the detector to reduce the other background 

components. 
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4.0 EXPERIMENT DESIGN AND SPECIFICATIONS 

4.1. TSF Experiment Design 

The design o f the experiment i s s i m i l a r to previous rad ia l b lanket 

and sh ie ld ing experiments performed at the Tower Shie ld ing F a c i l i t y (TSF) 

f o r the LMFBR program. 1 2 ' 1 3 The TSR I I reactor w i l l provide the neutron 

source7 which w i l l pass through the large beam co l l ima to r and a spectrum 

modi f ie r to produce the appropr iate energy d i s t r i b u t i o n i n the neutron 

f l u x . The experimental conf igurat ions w i l l cons is t of 150- by 150-cm 

slabs o f blanket and sh ie ld mater ia l placed perpendicular to the neutron 

beam cen te r l i ne . The slabs w i l l be b u i l t up i n succession wi th measure-

ments performed behind each con f i gu ra t i on . Figure 4.1 shows the exper i -

mental geometry f o r the case o f three ThC>2 blanket rows. The concrete 

which surrounds the con f igura t ion provides a b i o l og i ca l sh ie ld f o r TSF 

personnel, wh i le the l i t h i a t e d p a r a f f i n minimizes the con t r i bu t i on o f 

neutrons which r e f l e c t from the concrete back i n to the t e s t assembly. 

Figure 4.2 shows the experimental geometry f o r the f u l l blanket and sh ie ld 

mockup. 

The experiment w i l l consis t of four d i s t i n c t phases, each phase 

comprised o f several con f igura t ions . The f i r s t phase w i l l include mock-

ups o f a 3-row blanket con f igu ra t ion . The second phase w i l l mockup the 

cu r ren t l y proposed rad ia l sh ie ld design, i nc lud ing both inner sh ie ld and 

outer sh ie ld assemblies. The geometry and mater ia l spec i f i ca t i ons f o r 

the blanket and s h i e l d assemblies are given i n Table. 4.1 compared to 

the spec i f i ca t i ons f o r the current GCFR design. Shie ld design opt ions 

w i l l be inves t iga ted i n the t h i r d phase which w i l l mockup a l te rna te sh ie ld 

con f igu ra t ions , prov id ing a measured comparison o f design performances 

as we l l as prov id ing v e r i f i c a t i o n of ana l y t i c methods and data. F i n a l l y , 

the f ou r th phase o f the experiment w i l l cons is t o f conf igura t ions which 

model the an t i c ipa ted mater ia l and geometric heterogenei t ies in the 
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Table 4.1 

Geometry and Mater ia l Spec i f i ca t ions f o r 

Blanket and Shield Phases of TSF Experiment9 

Assembly thickness (cm) 
Region Materi al GCFR3 Experiment 

Radial blanket 1 thor ium oxide 15.3b 15.2 
Radial b lanket 2 thorium oxide 15.3 15.2 
Radial b lanket 3 thorium oxide 15.3 15.2 

Helium gap 21.94 

Inner s h i e l d 1 s ta in less s tee l 0.95 0.95 
boronated graphi te 12.78 12.7 

s ta in less s teel 1.27 1.27 

Helium gap 5.1 

Inner sh ie l d 2 s ta in less s tee l 15.0 15.2 

Helium gap 5.1 

Outer s h i e l d s ta in less s tee l 5.1 5.2 

boronated graphi te 5.1 5.1 

s ta in less s tee l 0.79 

graphi te 22.5 22.9 

s ta in less s tee l 0.79 

boronated graphi te 5.1 5.1 

s ta in less s tee l 5.1 5.2 

Corresponds to Conceptual Shie ld ing Conf igurat ion I . 

^Average " rad ia l penet ra t ion th ickness" which i s 0.75 x (diameter across 
corners) . 
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sh ie ld assemblies. A lso, several deep penetrat ion through concrete con-
f i gu ra t i ons are planned f o r the four th phase. L i t t l e a t t e n t i o n has been 
given to these conf igurat ions since the chance o f having s u f f i c i e n t time 
and funding fo r these add i t iona l items is very remote. 

4.2. Detectors 

Detectors w i l l inc lude Bonner ba l l s (BB) f o r i n teg ra l neutron f l u x 

measurements, NE-213 and hydrogen counters f o r f as t neutron spectra 

measurements, NE-213 f o r gamma-ray spectra measurements, and thermo-

luminescent detectors (TLD) fo r gamma-ray heating measurements. A l l 

measurements w i l l be made on the beam cen te r l i ne , and a l l detectors ex-

cept the TLDs w i l l be located behind the conf igura t ions . 

The energy dependent response funct ions o f the Bonner ba l l s to be 
used i n t h i s experiment are given in Fig. 4 .3 . A Bonner ba l l i s a 
spher ical BF3 counter surrounded by spherical she l l s of polyethelene o f 
various thicknesses. A d d i t i o n a l l y , a l l except the bare BF3 hsve an outer 
cadmium cover. The thickness of the polyethylene and hence the overa l l 
s ize o f the Bonner ba l l determines the energy range of maximum s e n s i t i v i t y . 
As seen i n Fig. 4 .3 , the 3" , 6 " , and 10" Bonner b a l l s respond mainly to 
epi thermal , t o t a l , and f as t neutron f l u x , respec t i ve ly . 

The response o f a CaF2 TLD i s given in Fig. 4.4 compared to the gamma-
ray heating response o f type 316 s ta in less s tee l . The two responses are 
very s im i l a r except f o r the lower energy gamma rays. 

The NE-213 s c i n t i l l a t i o n detector w i l l provide neutron spectrum 

measurements above 0.6 MeV and gamma-ray spectrum measurements above 

1 MeV. Pulse shape d i sc r im ina t i on methods w i l l be used to c o l l e c t the 

neutron and gamma-ray data s imultaneously, and pulse height unfo ld ing 

techniques w i l l be used to obtain absolute f l u x spectra. The m u l t i p l e -

pressure hydrogen counters w i l l be used and unfolded to obtain neutron 

spectra from 10 keV to 2 MeV. 
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4.3. Measurement Spec i f i ca t ions 

A de ta i l ed desc r ip t i on of a l l conf igura t ions and the corresponding 

measurements i s given below. The spec i f i ca t i ons are summarized i n Table 

4 .2 . The p r i o r i t i e s were assigned in agreement w i th GAC and represent an 

importance ranking. I t i s expected tha t a l l o f P r i o r i t y 1 w i l l be com-

p le ted i n the o r i g i n a l time and cost schedule, but tha t add i t i ona l funds 

w i l l be requ i red f o r the "wish l i s t " items in P r i o r i t y 2 and 3. 

I . Th02 Blanket Conf igurat ions ( P r i o r i t y 1A) 

A. Spectrum Modi f ie r (SM) (10.2-cm Fe + 8.9-cm Al + 2.54 Boral ) 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 30.5 cm. 
2. 3 - , 6 - , and 10- in . Bonner ba l l a t 304.8 cm and NE213 

or Hydrogen counter l o c a t i o n . 

3. NE213 on cen ter l ine as close as f e a s i b l e . 

4. Hydrogen counters (ID) a t NE213 l o c a t i o n . ( I f NE213 
run not feas ib le do hydrogen counters as close as 
f e a s i b l e . ) 

B. Spectrum Modi f ie r + 1.27-cm void + 7.62-cm Th02 s lab 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm. 

C. Spectrum Modi f ie r + 1.27-cm void + 7.62-cm Th02 + 1.27-cm 
void + 7.62-cm Th02 

1. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne at 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne at 304.8 cm. 

D. Spectrum Modi f ie r + 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 b a l l on cen te r l i ne a t 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm 
and at NE213 l oca t i on . 

3. NE213 on cen ter l ine as close as f e a s i b l e . 

4. Hydrogen counters ( ID) a t NE213 l o c a t i o n . 

5. TLD measurements on cen te r l i ne in each vo id . 



Table 4.2 

Summary of Configurations and Measurements 

fo r GCFR Radial Blanket and Shield Experiments 

No. Configurat ion P r i o r i t y Descript ion3 Measurements15 

1 I .A 1A Spectrum modi f ier BB, S 
2 I .B 1A 1/2 Th blanket row BB 
3 I.C 1A 1 Th blanket row BB 
4 I .D 1A 2 Th blanket rows BB, S, TLD 
5 I .E 1A 3 Th blanket rows BB, S, TLD 
6 I .F 1A 3 Th blanket rows + re f l ec to r TLD 
7 I I . A 1A 3 U blanket rows BB, S, TLD 
8 I I . B 1A 3 U blanket rows + inner rad ia l shields BB, S 
9 I I I . A IB Inner rad ia l sh ie ld row 1 BB, S 

10 I I I .B IB Inner rad ia l sh ie ld row 1 & 2 BB, S 
11 IV.A 1C Inner + 1/3 outer radia l sh ie ld BB 
12 IV.B 1C Inner + 2/3 outer rad ia l sh ie ld BB 
13 IV.C 1C Inner + outer rad ia l sh ie ld BB, S 
14 IV.D 1C Radial sh ie ld + PCRV BB, TLD 
15 V.A ID Graphite + SS inner sh ie ld BB, TLD 
16 V.B ID SS + SS inner sh ie ld BB, TLD 
17 V.C ID SS + (C + B„C) + SS sh ie ld BB, TLD 
18 VI.A 2 Graphite w i th 2" SS-304 HB 
19 VI.A 2 Graphite wi th 1" SS-304 HB 
20 VI.A 2 Graphite wi th 1/4" gap HB 
21 VI.A 2 Graphite wi th 1/2" gap HB 
22 VI.B 2 SS-304 wi th no gap HB 
23 VI. B 2 SS-304 w i th 1/4" gap HB 
24 VI.B 2 SS-304 wi th 1/2" gap HB 
25 VI.B 2 SS-304 wi th 1" gap HB 
26 VI I .A 3 CS + 6" concrete BB, S 
27 V I I .B 3 CS + 12" concrete BB, S 
28 VII .C 3 CS + 24" concrete BB, S 
29 VI I .D 3 CS + 36" concrete BB, S 

dinner and outer shields re fe r to CSC.l design; SS = sta in less s tee l ; CS = carbon s tee l . 
BB = Bonnerball ; S = spectrometer; TLD = thermoluminescent detector ; HB = Hornyak button. 
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E. Spectrum Mod i f ie r + 1.27-cm void + 15.2-cm Th02 + 1.27-cm void 
+ 7.62-cm ThOz + 1.27-cm void + 7.62-cm Th02 + 1.27-cm void + 
15.2-cm Th02 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne a t 304.8 cm 
at NE213 l o c a t i o n . 

3. NE213 on cen te r l i ne as close as f eas ib l e . 

4. Hydrogen counters (ID) at NE213 l oca t i on . 

5. TLD measurements on cen te r l i ne i n each vo id . 

F. Spectrum Mod i f ie r + 1.27-cm void + 15.2-cm Th02 + 1.27-cm vc id 
+ 15.2-cm Th02 + 1.27-cm void + 7.62-cm Th02 + 1.27-cm void + 
7.62-cm Th02 + 1.27-cm void + 25.4-cm Fe 

1. TLD measurements on cen te r l i ne i n each vo id . 

I I . U02 Blanket Conf igurat ion ( P r i o r i t y 1A) 

A. Spectrum Modi f ie r + 1.27-cm void + 10.2-cm (U02 + Na) + 1.27-cm 
void + 10.2-cm (U02 + Na) + 1.27-cm void + 10.2 cm (U02 + Na) 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 30.5 cm. 
2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm 

and at NE213 l oca t i on . 
3. NE213 on cen te r l i ne as close as f eas ib l e . 

4. Hydrogen counters (ID) a t NE213 l oca t i on . 

5. TLD measurements on cen te r l i ne i n each vo id . 

B. Spectrum Modi f ie r + 1.27-cm void + 10.2-cm (U02 + Na) + 1.27-cm 
void + 10.2-cm (U02 + Na) + 1.27-cm void + 10.2-cm (U02 + Na) 
+ {0.95-cm SS + 12.7-cm (BtC + C) + 1.27-cm SSI container + 
15.2-cm SS 

1. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne a t 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm 
and at NE213 l oca t i on . 

3. NE213 on cen te r l i ne at feas ib le l oca t i on . 

4. Hydrogen counters (ID) a t NE213 l oca t i on . 
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I I I . Inner Radial Shie ld Conf igurat ions ( P r i o r i t y IB) 

A. Spectrum Modi f ie r + 45.7-cm Th02 + {0.95-cm SS + 12.7-cm 
(B„C + C) + 1.27-cm SS} container 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 30.5 cm. 
2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 304.8 cm 

and a t NE213 l oca t i on . 

3. NE213 on cen te r l i ne as close as f eas ib le . 
4. Hydrogen counters (ID) a t NE213 l oca t i on . 

B. Spectrum Mod i f ie r + 45.7-cm Th02 + {0.95-cm SS + 12.7-cm 
(Bi»C + C) + 1.27-cm SS} container + 15.2-cm SS 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 30.5 cm. 
2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 304.8 cm 

and a t NE213 loca t ion . 

3. NE213 on cen te r l i ne as close as f eas ib le . 

4. Hydrogen counters (ID) a t NE213 l oca t i on . 

IV. Outer Radial Shie ld Conf igurat ions ( P r i o r i t y 1C) 

A. Spectrum Mod i f ie r + 45.7-cm Th02 + {0.95-cm SS + 12.7-cm 
(Bt+C + 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 (B-C + C) 
+ 0.8-cm SS} container 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 30.5 cm. 
2. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne a t 304.8 cm. 

B. Spectrum Mod i f ie r + 45.7-cm Th02 + {0.95-cm SS + 12.7-cm 
(Bi+C + 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 (Bi»C + C) 
+ 0.8-cm SS} container + 22.9-cm graphi te 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm. 

C. Repeat B + {0.8-cm SS + 5.1-cm (B^C + C) + 0.8-cm SS} conta iner 
+ 4.45-cm SS 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne at 18 cm 
and 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne a t 304.8 cm 
and at NE213 l oca t i on . 
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3. NE213 on cen te r l i ne as close as f eas ib l e . 
4. Hydrogen counters (ID) a t NE213 l oca t i on . 

D. Repeat C + 3o.6-cm void + 2.54-cm Fe + 61-cm concrete 

1. 3 - , 6 - , and 10- in . Bonner ba l l on cen te r l i ne in 35.6-cm 
void a t 18 cm behind the SS. 

2. TLD i n f r o n t of 15.2-cm SS. 

3. TLD behind 15.2-cm SS. 

4. TLD i n f r o n t of 1.9-cm SS. 

V. A l te rna te Inner Radial Shield Conf igurat ions ( P r i o r i t y ID) 

A. Spectrum Mod i f i e r + 45.7-cm Th02 + 1.27-cm void + 15.2-cm 
graphi te + 1.27-cm void + 15.2-cm SS 

1. 3 - , 6 - , and 10- in . Bonner ba l l a t 30.5 cm and 304.8 cm. 

2. TLD on cen te r l i ne i n both voids. 

B. Spectrum Mod i f i e r + 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 ba l l on cen te r l i ne a t 30.5 cm 
and 304.8 cm. 

2. TLDs on cen te r l i ne i n the voids. 

C. Spectrum Mod i f i e r + 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 + 15.2-cm SS 

1. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne a t 30.5 cm 
and 304.8 cm. 

2. TLDs on cen te r l i ne i n the voids. 

VI . Heterogeneous Shie ld Conf igurat ions ( P r i o r i t y 2) 

A. Bare beam + two 20.3-cm-thick graphi te slabs (use pieces from 
Carborundum or our own supply) placed perpendicular to the beam 
cen te r l i ne i n the same v e r t i c a l plane against the reactor sh ie ld 
(edge to edge) w i th a v e r t i c a l spacing between them according 
t o the f o l l o w i n g : 

a) 5.1-cm SS (same depth as graph i te) 
b) 2.54-cm SS (same depth as graph i te) 
c) 0.635-cm vo id 
d) 1.27-cm void 
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U 

1. 

2. 

Hornyak button (0.635 cm) t raverses w i t h the horizoaua'T: 
plane d i r e c t l y behind each of the c o n f i g u r a t i o n s . 

Hornyak but ton (0.635 cm) t raverses i n the ho r i zon ta l 
plane a t 30.5 cm behind each o f the conf igurat idn^vSt 

B. Bare beam + two 20.3-cm-th ick SS s labs placed perpenS^m 
to beam c e n t e r l i n e i n the same v e r t i c a l plane a g a i n s ^ t l i ^ 
reac tor s h i e l d (edge to edge) w i t h a v e r t i c a l s a s p a c j ^ ^ ^ 
them according to the f o l l o w i n g : 

a) no vo id 
b) 0.635-cm vo id 
c) 1.27-cm void 
d) 2 .54-cm'vo id 

1. Hornyak but ton (0.635 cm) t rave rses ' in^thMnomgonf l 
p lane d i r e c t l y behind each o f ° t he conf^rgun^iLOnsi 11V- LrrfflBMli 

2. Hornyak but ton (0.635 cm) t raverses 
plane a t 30.5 cm behind each o f t h 

V I I . PCRV Conf igura t ions ( P r i o r i t y 3) o 
A. 5.1-cm Fe + 15.2-cm concrete. 

B. 

1. 
2. 

3 - , 6 - , and 10 - in . Bonner b a l l on;cenite^1n,TO 
•ifi'tS! 

3 - , 6 - , -and 10 - i n . Bonner b a l l 
and NE213 l o c a t i o n . 

3. NE213 as close as feas ib le .^ 

5.1-cm Fe + 3 0 . 5 - c m concrete 

-'ssilS 

1. 
2 . 

3. 

4. 

3 - , 6 - , and 10- in . Bonner b a l l 

3 - , 6 - , and 10- in . Bonner ba 
and NE213 location.-;. v 

NE213 as"close 

f^l 

61-cm rorict^M^fflpBl 

Hydrogen"counters 

5.1-cm Fe + 

, and 10- in? Bonner bal^l^orll^grSgE 1. 3 - , 6-
2. 3 - , 6 - , and 10- in . Bonner bal 1 "on^G^n^^iES 

and NE213 l o c a t i o n . " ' ^ ^ ^ ^ 

3. NE213 as close as f e a s i b l e . 

4. Hydrogen counters ( ID) a t NE213 "1 o'catijggg 
* ilaP 
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D. 5.1-cm Fe + 91.4-cm concrete 

1. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne a t 30.5 cm. 

2. 3 - , 6 - , and 10- in . Bonner b a l l on cen te r l i ne at 304.8 cm 
and NE213 l oca t i on . 

3. NE213 as close as f eas ib le . 

4. Hydrogen counters (ID) at NE213 l o c a t i o n . 

4 .4 . Qua l i t y Assurance Procedures 

The preanalysis o f t h i s experiment has fo l lowed pract ices f o r the 

implementation of requi red DOE and/or other Qual i ty Assurance Standards. 

By o f f i c i a l agreement, the GCFR program fo l lows ANSI N45.2. 
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