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I . INTRODUCTION 

A s e r i e s o f i n t e g r a l e x p e r i m e n t s a r e b e i n g p e r f o r m e d a t t h e Oak R i d g e 

N a t i o n a l L a b o r a t o r y t o p r o v i d e e x p e r i m e n t a l v e r i f i c a t i o n o f t h e n u c l e a r 

d a t a and r a d i a t i o n t r a n s p o r t m e t h o d s t h a t a r e b e i n g u s e d i n t h e n u c l e a r 
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d e s i g n c a l c u l a t i o n s f o r f u s i o n r e a c t o r s . I n t h i s p a p e r , m e a s u r e d and 

c a l c u l a t e d n e u t r o n a n d gamma- ray e n e r g y s p e c t r a r e s u l t i n g f r o m t h e t r a n s -

p o r t o f M 4 MeV n e u t r o n s t h r o u g h a 0 . 3 0 - m - t h i c k l i t h i u m h y d r i d e ( L i H ) 

and t h r o u g h 0 . 0 5 m o f l e a d ( P b ) f o l l o w e d by 0 . 3 0 m o f L i H a r e c o m p a r e d 

as a f u n c t i o n o f d e t e c t o r l o c a t i o n . A l s o r e p o r t e d a r e c o m p a r i s o n s o f 

t h e m e a s u r e d and c a l c u l a t e d n e u t r o n e n e r g y s p e c t r a as a f u n c t i o n o f 

d e t e c t o r l o c a t i o n b e h i n d a 0 . 8 0 - m - t h i c k a s s e m b l y c o m p r i s e d o f s t a i n l e s s 

s t e e l t y p e - 3 0 4 ( S S - 3 0 4 ) a n d b o r a t e d p o l y e t h y l e n e ( B P ) . The s p a t i a l 

d e p e n d e n c e o f t h e gamma- ray e n e r g y d e p o s i t i o n r a t e i n t h e S S - 3 0 4 - B P 

a s s e m b l y m e a s u r e d u s i n g c a l c i u m - f l o u r i d e (manganese a c t i v a t e d ) t h e r m o -

l u m i n e s c e n t d o s i m e t e r s ( T L D s ) i s c o m p a r e d w i t h c a l c u l a t e d d a t a o b t a i n e d 

u s i n g r a d i a t i o n t r a n s p o r t m e t h o d s . 

The L i H and P b - L i H a s s e m b l i e s s i m u l a t e b l a n k e t c o m p o s i t i o n s and 

c o n f i g u r a t i o n s and t h e 0 . 8 0 - m - t h i c k S S - 3 0 4 - B P a s s e m b l y r e p r e s e n t s a 

t h i c k s h i e l d c o n f i g u r a t i o n . I n a p r e v i o u s p a p e r J m e a s u r e d and c a l c u l a t e d 

n e u t r o n and gamma- ray s p e c t r a w e r e c o m p a r e d f o r S S - 3 0 4 - B P s l a b c o n f i g u -

r a t i o n s up t o 0 . 5 6 - m - t h i c k and t h e w o r k r e p o r t e d h e r e f o r t h e S S - 3 0 4 - B P 

a s s e m b l y i s a c o n t i n u a t i o n o f t h a t s t u d y and i s o f i n t e r e s t i n d e t e r -

m i n i n g t h e e f f e c t i v e n e s s o f t h e c a l c u l a t i o n a l m e t h o d s i n d e t e r m i n i n g 

t r a n s p o r t o f M 4 MeV n e u t r o n s i n a t h i c k s h i e l d . 

The e x p e r i m e n t a l and c a l c u l a t i o n a l p r o c e d u r e s a r e d e s c r i b e d i n 

S e c t i o n I I and t h e m e a s u r e d and c a l c u l a t e d d a t a a r e p r e s e n t e d and d i s c u s s e d 

i n S e c t i o n I I I . 
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I I . EXPERIMENTAL AND CALCULATIONAL PROCEDURES 

The e x p e r i m e n t a l f a c i l i t y f o r p e r f o r m i n g t h e i n t e g r a l m e a s u r e m e n t s 

i s shown i n an a r t i s t ' s r e n d i t i o n i n F i g . 1 . The i m p o r t a n t c o m p o n e n t s 

i n c l u d e an e l e c t r o s t a t i c g e n e r a t o r , a t r i t i u m - t a r g e t s o u r c e can a s s e m b l y , 

a c o n c r e t e t e s t s l a b s u p p o r t s t r u c t u r e , t h e n e u t r o n - g a m m a - r a y d e t e c t i o n 

s y s t e m , a n d a t h e r m a l n e u t r o n s h i e l d . The d e t a i l s o f t h e e x p e r i m e n t a l 

and c a l c u l a t i o n a l p r o c e d u r e s u s e d t o o b t a i n t h e n e u t r o n and gamma- ray 

s p e c t r a h a v e been d e s c r i b e d i n d e t a i l i n R e f s . 1 - 3 , so o n l y a b r i e f d i s -

c u s s i o n o f t h e s e p r o c e d u r e s i s g i v e n h e r e . 

A . E x p e r i m e n t a l P r o c e d u r e s 

The e x p e r i m e n t s a r e c a r r i e d o u t u s i n g M 4 MeV n e u t r o n s h a v i n g a 
o 

s o u r c e s t r e n g t h o f ^ 1 0 n / s p r o d u c e d i n t h e i n t e r a c t i o n s o f 250 keV 

2 

d e u t e r o n s w i t h 4 mg/cm o f t r i t i u m s a t u r a t e d i n a t i t a n i u m t a r g e t . The 

n e u t r o n s a r e p r o d u c e d v i a t h e 

D + T n + 4 H e + 1 7 . 6 MeV ( 1 ) 

r e a c t i o n . The t a r g e t i s e n c l o s e d i n a c y l i n d r i c a l , r e - e n t r a n t i r o n can 

w h i c h has t h e f u n c t i o n s o f s h a p i n g t h e n e u t r o n s p e c t r u m i n c i d e n t on t h e 

t e s t s l a b s and o f r e f l e c t i n g n e u t r o n s e m i t t e d i n t h e b a c k w a r d d i r e c t i o n 

t o w a r d s t h e t e s t s l a b s . The i r o n s o u r c e can was c a r e f u l l y d e s i g n e d t o 

m o d i f y t h e D -T n e u t r o n s o u r c e d i s t r i b u t i o n e m a n a t i n g f r o m t h e c a n t o 

ma.'.e i t c h a r a c t e r i s t i c o f t h a t i n c i d e n t on t h e f i r s t w a l l o f a f u s i o n 

r e a c t o r . 3 The t a r g e t , i r o n c a n , and t h e t e s t s l a b s a r e s u p p o r t e d by 

t h e c o n c r e t e t e s t s l a b s u p p o r t s t r u c t u r e . The c o n c r e t e f o r m i n g t h e 

s t r u c t u r e i s s u f f i c i e n t l y t h i c k t o a c t as an e n v i r o n m e n t a l s h i e l d a n d 

m i n i m i z e t h e r a d i a t i o n b a c k g r o u n d l e v e l i n t h e v i c i n i t y o f t h e d e t e c t o r . 
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F i g . 1 . A r t i s t ' s r e n d i t i o n o f t h e e x p e r i m e n t a l f a c i l i t y . 
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The e x p e r i m e n t t e s t s l a b s ( 1 . 5 2 x 1 . 5 2 m 2 ) a r e i n s e r t e d i n t h e c a v i t y i n 

t h e c o n c r e t e s t r u c t u r e . ( I n some c a s e s , h o w e v e r , t h e t e s t s l a b s 

h a v e a c r o s s - s e c t i o n a l a r e a t h a t i s l a r g e r t h a n t h e c r o s s - s e c t i o n a l a r e a 

o f t h e c a v i t y . T h e s e s l a b s a r e m o u n t e d o u t s i d e o f t h e c a v i t y a g a i n s t 

t h e f a c e o f t h e c o n c r e t e s t r u c t u r e . ) 

The n e u t r o n a n d gamma- ray e n e r g y s p e c t r a a r e m e a s u r e d a t v a r i o u s 

p o s i t i o n s r e l a t i v e t o t h e d e u t e r o n - t r i t i u m t a r g e t a x i s and as a f u n c t i o r , 

o f t h e t e s t s l a b c o m p o s i t i o n and t h i c k n e s s u s i n g a 0 . 0 4 7 m d i a m e t e r b y 

0 . 0 4 7 m h i g h NE-213 l i q u i d s c i n t i l l a t o r m o u n t e d o n a RCA 8 8 5 0 p h o t o -

m u l t i p l i e r t u b e . N e u t r o n and gamma r a y e v e n t s i n t h e d e t e c t o r a r e 

s e p a r a t e d u s i n g p u l s e - s h a p e d i s c r i m i n a t i o n m e t h o d s and a r e s t o r e d i n 

s e p a r a t e memory l o c a t i o n s i n a ND-812 p u l s e - h e i g h t a n a l y z e r c o m p u t e r . 

The n e u t r o n and gamma r a y p u l s e - h e i g h t d a t a w e r e n o r m a l i z e d t o t h e 

a b s o l u t e n e u t r o n y i e l d f r o m t h e t a r g e t w h i c h was d e t e r m i n e d u s i n g a s s o -

c i a t e d p a r t i c l e c o u n t i n g m e t h o d s . The u n c e r t a i n t y i n t h e n e u t r o n s o u r c e 

4 
s t r e n g t h has been d e t e r m i n e d t o be ± 3%. 

The p u l s e - h e i g h t d a t a w e r e o b t a i n e d f o r n e u t r o n s w i t h e n e r g i e s 

a b o v e 850 keV a n d f o r gamma r a y s w i t h e n e r g i e s a b o v e 750 k e V . The 

5 

n e u t r o n and gamma r a y p u l s e - h e i g h t d a t a w e r e u n f o l d e d u s i n g t h e FERD 

c o m p u t e r p r o g r a m t o p r o d u c e t h e e n e r g y s p e c t r a . The n e u t r o n r e s p o n s e 

m a t r i x u s e d t o u n f o l d t h e s p e c t r a was o b t a i n e d f r o m m e a s u r e m e n t s u s i n g 

t h e p u l s e d n e u t r o n beam f r o m t h e Oak R i d g e L i n e a r A c c e l e r a t o r ^ and t h e 

gamma r a y r e s p o n s e m a t r i x was g e n e r a t e d u s i n g gamma r a y s o u r c e s o f known 

e n e r g i e s . The t o t a l r e s p o n s e o f t h e NE-213 d e t e c t o r i s known t o w i t h i n 4 

5%. G a i n c a l i b r a t i o n s w e r e d e t e r m i n e d t o be r e p r o d u c i b l e t o w i t h i n 1%. 

The e n e r g y r e s o l u t i o n o f t h e d e t e c t o r was shown t o v a r y as 
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R n = [ 3 0 0 + 8 0 0 / E N ] 1 / 2 ( 2 ) 

f o r n e u t r o n s o f e n e r g y E^ and as 

R_ = [170 + 288/E ] 1 / 2 

Y Y 

f o r gamma r a y s o f e n e r g y E . RN and R a r e t h e f u l l w i d t h o f h a l f -

maximum ( i n p e r c e n t ) o f t h e d e t e c t o r r e s p o n s e t o n e u t r o n s o r gamma r a y s . 

B. C a l c u l a t i o n a l P r o c e d u r e s 

The c a l c u l a t e d n e u t r o n and gamma r a y e n e r g y s p e c t r a w e r e o b t a i n e d 

u s i n g t w o - d i m e n s i o n a l r a d i a t i o n t r a n s p o r t m e t h o d s . The e x p e r i m e n t a l c o n -

f i g u r a t i o n was r e p r e s e n t e d i n r - z g e o m e t r y w i t h c y l i n d r i c a l s y m m e t r y a b o u t 

t h e d e u t e r o n beam a x i s . The c a l c u l a t i o n a l m o d e l s u s e d t o e s t i m a t e t h e 

t r a n s p o r t o f ^ 1 4 MeV n e u t r o n s t h r o u g h t h e L i H a n d Pb p l u s L i H s l a b s and 

t h r o u g h t h e S S - 3 0 4 - B P a s s e m b l y a r e shown i n F i g s . 2 and 3 , r e s p e c t i v e l y . 

The g e o m e t r y shown i n F i g . 2 i s r e p r e s e n t e d u s i n g 42 r a d i a l and 92 a x i a l 

mesh i n t e r v a l s . The c r o s s - s e c t i o n a l d i m e n s i o n s o f t h e L i H and Pb s l a b s 

w e r e l a r g e r t h a n t h o s e o f t h e c a v i t y i n t h e c o n c r e t e s t r u c t u r e s o t h e y 

w e r e , by n e c e s s i t y , p o s i t i o n e d on t h e f a c e o f t h e s t r u c t u r e as shown i n 

F i g . 2 . The g e o m e t r y i n F i g . 3 was r e p r e s e n t e d u s i n g 42 r a d i a l and 

91 a x i a l mesh i n t e r v a l s . I n t h i s m e a s u r e m e n t , t h e S S - 3 0 4 and BP w e r e 

p o s i t i o n e d i n s i d e o f t h e c a v i t y . A l s o shown i n t h e f i g u r e a r e t h e l o c a -

t i o n s o f t h e TLDs t h a t w e r e u s e d t o m e a s u r e t h e gamma- ray e n e r g y d e p o s i -

t i o n r a t e s i n t h e t e s t s l a b a s s e m b l y . 

The sequence of rad ia t ion transport ca lculat ions used to obtain the 

neutron and gamma ray energy spectra and the photon energy deposit ion 

rates is shown i n Fig. 4 and i s very s imi la r to that described in Ref. 1. 

The sequence is i n i t i a t e d using the GRTUNCL code to obtain the uncol l ided 

neutron f l ux and f i r s t c o l l i s i o n source d i s t r i bu t i ons at a l l spat ia l mesh 
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i n te rva ls in the ca lcu la t ional geometry. The source term fo r the GRTUNCL 

code was obtained by ca lcu la t ing the angle-energy dependence of the 

neutrons emitted from the reactions of 250 keV deuterons iri the t r i t i u m 

target and weighting the neutron emission p robab i l i t i es by appropriate 

so l id angle factors to account for the anisotropy of the neutron source 

in the GRTUNCL code. The calcu lat ional procedure used to obtain the 

angle-energy dependence of the emitted neutrons is described in de ta i l 

in Ref. 3. The f i r s t c o l l i s i o n source data from GRTUNCL is input to the 

two-dimensional d iscrete ordinates code DOT.'' This code calculates the 

co l l i ded f l ux d i s t r i bu t i ons using the f i r s t c o l l i s i o n data as a spa t i a l l y 

d is t r ibu ted source. These calculat ions were completed using an S ^ 

angular quadrature. A f i n a l scatter ing source tape is generated in DOT 

and is employed to carry out a l a s t - f l i g h t t ransport ca lcu la t ion using 
o 

the FALSTF code to obtain the neutron and gamma-ray energy-dependent 

f l u x at each detector center locat ion. The output from FALSTF i s com-

bined wi th the uncoi l ided f l ux data from GRTUNCL to y i e l d the t o ta l f l ux 

a t each detector loca t ion . These to ta l f luxes are processed to obtain 

the neutron and gamma-ray energy spectra by smoothing the f l ux per un i t 

energy in each mult igroup energy in terva l wi th an energy-dependent 

Gaussian response funct ion having a width determined by Eq. (2) fo r 

neutrons, and Eq. (3) for gamma rays. Performing the calculat ions in the 

sequence shown in Fig. 4 assures that ray e f fec ts from the D-T neutron 

source are e l iminated, as well as those from intense las t c o l l i s i o n 

sources from neutron reactions with experimental components. 
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Fig. 4. Sequence of calculations to obtain neutron and gamma-ray 
energy spectra. 



The rad ia t ion t ransport calculat ions incorporated a 53-neutron, 

21-gamma-ray energy group l i b ra r y obtained by col lapsing the 171-neutron, 

36-gamma-ray VITAMIN C data l i b r a r y (ENDF/B-IV).9 The VITAMIN C l i b r a r y 

was created as a general purpose cross section data set fo r the analysis 

of fusion neutronics problems. The f ine-group l i b r a r y was collapsed using 

the ANISN10 code by representing the experimental components in spherical 

geometry and using the neutron emission p robab i l i t i es as the weighting 

funct ions. The energy boundaries of the 53-neutron l i b r a r y , were based 

in part on those used in the DLC-47 l i b r a r y , 1 1 but expanded at high ener-

gies so that the D-T neutron source could be more accurately represented 

in the transport ca lcu la t ions. The angular dependence of the cross sections 

fo r a l l nuclei was approximated using a Pg Legendre expansion. The composi-

t i on of the materials used in the calculat ions is given in Table I . 

I I I . DISCUSSION OF RESULTS 

A. LiH and Pb+LiH Assemblies 

The measured and calculated d i f f e r e n t i a l neutron energy spectra 

behind the LiH and Pb plus LiH slabs as a funct ion of detector locat ion 

are compared in Figs. 5 and 6, respect ively. In Fig. 5, the spectra are 

compared fo r the cases when the detector i s on ( r = 0.0) and o f f ( r = 0.46 m) 

the axis of symmetry at z = 2.38 m and in Fig. 6 the spectra are compared 

when the detector i s on the axis at z = 2.70 m. The source-to-detector 

distance along the z-axis is obtained by subtract ing 0.57 m from the given 

z values. The so l i d curves are the measured spectra and the points are 

the calculated data. The measured data were obtained by unfolding the 

pulse-height data and fo r some of the spectra in Figs. 5 and 6, as well 
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Table I . Composition of Mater ia ls9 

Element Composition (Atom/cnrbarn) 
Lithium 
Hydride Lead SS-304 BPb Concrete A i r Iron 

H 6.21-2 7.13-2 7.86-3 
L i -6 4.61-3 
Li -7 5.75-2 
B- l 0 4.87-4 
B - l l 1.97-3 
C 3.41-2 
N 3.64-5 
0 3.54-3 4.39-2 9.74-6 
Na 1.05-3 
Mg 1.40-4 
A1 2.39-3 
Si 1.58-2 
K 6.90-4 
Ca 2.92-3 
Cr 1.77-2 
Mn 1.77-3 
Fe 6.02-2 3.10-4 8.48-2 

Ni 7.83-3 
Pb 3.34-2 

aLead, a i r , and i ron compositions are theo re t i ca l . A l l others are w i th in 
±5% of compositions determined from chemical assays. No impuri ty concen-
t ra t ions are included in SS-304 composition. 

bBP = Borated Polyethylene. 
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as those given bi-low, two curves are shown. The two curves indicate a 

68% confidence in te rva l in the unfolded spectra. The calculated data 

were obtained by smoothing the f l ux per un i t energy in each multigroup 

energy in te rva l wi th an energy-dependent Gaussian response funct ion 

having a width defined by Eq. (2 ) . I t i s not k inematical ly possible fo r 

250 keV deuterons to produce neutrons with energies above 15.1 MeV. The 

ind ica t ion of more energetic neutrons in the spectra is a manifestat ion 

of the Gaussian response of the r^utron detector used to smooth the data. 

The calculated and measured neutron energy spectra are in reasonably 

good agreement fo r both the LiH and Pb plus LiH slab assemblies at a l l 

detector locat ions. At neutron energies below ^6 MeV, the calculated 

data are lower than the measured data wi th di f ferences ranging from 

to nearly a fac tor o f two depending on the neutron energy. This 

systematic behavior prevai ls at a l l detector locations and whether or 

not the lead is present in the assembly. When the lead is included, the 

pr inc ipa l e f f ec t i s a reduction in the magnitude of the neutron f l ux 

per un i t energy by nearly a factor of two at a l l neutron energies. The 

shapes of the calculated and measured spectra do, however, remain the 

same. 

The integrated neutron energy spectra, obtained by in tegrat ing the 

spectra in Figs. 5 and 6, are shown in Figs. 7 and 8, respect ively. The 

measured and calculated data are in good agreement fo r both the LiH and 

Pb plus LiH slab conf igurat ions and at a l l detector locat ions. The ca l -

culated in tegra l data agree with the measured integrated spectra w i th in 

^5% to -̂20% except at neutron energies above ^15 MeV where the d i f ference 

i s due to the Gaussian smoothing of the data rather than cross section 

or neutron t ranspor t e f f e c t s . 
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LiH and Pb plus LiH slab assemblies fo r the detector a t z = 2.38 m, 
r = 0.0 and r = 0.46 m. (Note breaks i n the ord inate) 
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The measured and calculated d i f f e r e n t i a l and in tegra l gamma-ray 

energy spectra as a funct ion of detector locat ion behind the LiH and Pb 

plus LiH slabs are compared in Figs. 9-12. 

The calculated and measured d i f f e r e n t i a l and in tegra l energy spectra 

behind the LiH slabs are in excel lent agreement f o r gamma ray energies 

up to ^10 MeV. The ca lcu la t ion reproduces the spectra in magnitude, and 

w i th in the l i m i t s of the broad energy group s t ruc tu re , accounts for the 

st ructure in the measured spectra as we l l . For the Pb plus LiH slabs, 

however, the agreement among the calculated and measured data is less 

favorable. The d i f f e r e n t i a l spectra are in good agreement up to MeV, 

but at higher energies the calculated data are lower than the measured 

data by about a factor of three. Thermal neutron capture in lead y ie lds 

gamma rays of 6.5 MeV (5%) and 7.2 MeV (95%). These l ines appear i n the 

measured spectra but are not accounted fo r in the calculated data. The 

f a i l u r e of the ca lcu la t ion to reproduce these gamma rays can be a t t r i bu ted 

to e i ther the thermal neutron capture cross sect ion or the thermal neutron 

t ransport in the ca lcu la t iona l model. The shape in the spectra fo r 

the LiH case is well produced up to 10 MeV. The 7 MeV gamma ray from 

neutron capture in Li as wel l as the 2.25 MeV photon from capture in 

hydrogen are accounted fo r i n both assemblies which suggests that the 

thermal neutron f l ux is being calculated cor rec t l y in LiH and that the 

capture cross section or photon m u l t i p l i c i t y may not be correct in the 

ENDF/B-IV data f i l e s fo r Pb. 
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GAMMA RAY ENERGY (MeV) 
Fig. 9. Gamma-ray f l u x per u n i t energy vs. gamma-ray energy f o r 

the LiH and Pb plus LiH slab assemblies f o r the detector a t z = 2.38 m, 
r = 0.0 and r = 0.46 m. (Note breaks in the ord inate) 
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B. SS-304-BP Shield Assembly 

The calculated and measured d i f f e r e n t i a l neutron energy spectra 

at the two detector locat ions shown in Fig. 3 fo r the 0.80-m-thick 

SS-304-BP slab assembly are compared in Fig. 13. The composition and 

dimensions of the assembly are given in Table I I . 

The calculated and measured neutron energy spectra are in excel lent 

agreement above MeV at both detector locat ions. However, a t neutron 

energies below MeV, the calculated neutron f l ux per un i t energy i s 

lower than the measured data by as much as a factor of three depending 

on the detector locat ion and neutron energy. Note that the measured 

data are indicated by a dashed l i ne below 5 MeV. This is done to indicate 

that the data are very uncertain at these energies. Since the SS-304-BP 

slab assembly is very t h i c k , the low energy neutron spectrum was not well 

defined since the f l ux leaking from the assembly is comparable wi th the 

neutron f l ux leaking through the concrete support s t ruc ture . 

The comparisons of measured and calculated gamma-ray spectra also 

revealed a very s imi la r and more serious behavior and, fo r that reason, 

are not shown here. Since these measurements were made, the experimental 

f a c i l i t y has been reconstructed at a f a c i l i t y where the background levels 

from radiat ion leaking through the concrete are ant ic ipated to be much 

lower than in the f a c i l i t y used for these studies and the experiment w i l l 

be repeated to resolve the anomalies in the measured low energy neutron 

and gamma ray data. 
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Table I I . Theoretical Composition and Thickness of SS-304-BP 
Slab Assembly9 

Material Thickness 
cm g/cm2 

SS-304 5.08 39.97 

SS-304 15.24 k 119.93 

SS-304 15.24 k 119.93 

BP 5.08 5.77 

SS-304 5.08 39.97 

BP 5.08 4.77 

SS-304 5.08 39.97 

BP 5.08 4.77 

SS-304 5.08 39.97 

BP 5.08 4.77 

SS-304 5.08 39.97 

SS-304 5.08 39.97 

81.3 498.72 

aThe actual thickness of the slabs does not vary by more than ±2%. 
bThree 5.08-cm-thick slabs combined to form a single 15.24-cm-thick slab. 
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The measured and calculated integral neutron energy spectra are 

compared in Fig. 14. The data are in excel lent agreement over the neutron 

range from 3 to 15 MeV and agree to w i th in bet ter than a fac tor of two 

between 850 keV and 3 MeV. 

The calculated and measured gamma ray energy deposit ion rates 

(MeV/g/min) as a funct ion of the SS-304-BP slab thickness are compared in 

Fig. 15. The measured data were obtained using calc ium-f lour ide 

(manganese act ivated) thermoluminescent detectors (TLDs) located in gaps 

between the various slabs (see Fig. 3). The calculated data were obtained 

by convolut ing the gamma ray f l ux obtained from the radiat ion transport 
12 

calculat ions with the TLD response functions of Maerker. 

The measured and calculated dose equivalent rates are in reasonably 

good agreement at a l l detector locat ions. The calculated data are lower 

than the measured data but are, i n a l l cases, w i th in a fac tor of two of 

the measured data. The uncerta int ies in the measured data are estimated 

to be ±5%. 
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