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238 
The neutron emission spectra from U spheres pulsed with 14-'1eV neutrons have 

been measured from the source energy down to 10 keV and have been cc-iipared with 
calculations employing ENDF/B-IV and ENDL cross sections. The low ergy spectra 
(10 keV to I MeV) are best described using ENDF/B-H' cross sections >ile the high 
energy spectra (2 MeV to 15 MeV) are best described using ENDL cross actions. I t 
is concluded that use of ENDL cross sections should y ield the best estimate of 
t r i t i um breeding and ENOF/B-IV that of Pu breeding in a CTR fusion-f ission blannet-

c U Pulsed Sphere Measurements; spectra from 10 keV to 15 MeV cc* Jred] 
i th calculat ions; implications for fusion-fission blanket calculations.! 

Introduction 

A recent study' has shown that the breeding of 
t r i t ium and Pu in a CTR fusion-f ission blanket is quite 
sensitive to the emission spectra from 14-HeV neutrons 
on 2 3 8 u and other structural materials in the reactor. 
To have confidence in the breeding calculat ions, i t is 
essential that the cross sections used in the calcu
lations describe reasonably well the neutron emission 
spectra from 14-MeV neutrons incident on 2 3 T J . The 
neutron emission spectra from 0.8 and 2.8 mean-free-
patf's ( n . f . p . ) 238u spheres pulsed with I4-MeV neutrons 
have been measured from the source energy down to 10 
keV. From a comparison of these measurements with ca l 
culations, i t is concluded that use of ENDL cross 
sections 2 should y ie ld the best estimate of t r i t ium 
breeding and ENDF/B-IV that of Pu breeding in a CTR 
fusion-fission blanket. 

Experimental Method 

Figure 1 shows the 0.8 and 2.8 ro.f.p. 2 3 8 U spheres, 
A conical insert was machined into the spheres in 
order to accomodate the low mass target assembly. A 
t r i t ium loaded titanium target was located at the 
center of the spherical targets. A solid state s i l icon 
detector at 174° with respect to the D+ beam l ine 
monitored the neutron production by counting the 
associated *He par t ic le from the T(d,n)4He reaction. 
For measurements between 2 and IS MeV, 5.1 cm diameter 
by 0.1 cm long NE 213 and P i lo t B sc in t i l l a to rs were 
used at 120° and 30° respectively. The f l i g h t paths 
ere 765 cm at 30° and 977 cm at 120°. The repet i t ion 

rate for the high energy measurements was 2.5 MHz and 
the burst width was 4 ns. 

For measurements between 10 keV and 1 MeV, a 5.1 
CI:I diameter by 1.9 cm long 6 L i glass sc in t i l l a to r was 
•used at 26° with respect to the deuteron beam l ine at 
a f l i gh t path of 801 cm. The burst widths were 10 and 
TOO ns while the repet i t ion rate was 10 KHz. A 
detailed iescription of the neutron detector packages 
2nd the coll imations employed is given in re f . 3. 

Uranium 2 3 8 - 0 . 8 m.f.p. 

Standard t ime-of - f l ight electronics were used In 
measuring the emitted spectra. The stop pulses into 
the time-to-amplUude conver er were generated from a 
capacitive beam pick-off unit Time calibration of 
the system and the conversion from counts {ctsl/channel 
to cts/ns (high energy) and c ' . /us (low energy) are 
described in deta i l in ref . 3 The high energy data 
are presented as t ime-of-f1iglr spectra while the low 
energy data have been convertec into energy :pectra. 

Experimental Results and Calculations 

Figures 2 and 3 show the measured and calculated 
high energy t ime-of - f l ight spectra. The various 
spectra are ident i f ied by the 2 3 8 U sphere size, angle 
of observation and cross section l ib rary used. Figures 
4 , 5 and 6 show the s imi lar ly ident i f ied low energy 
spectra. 

The high energy spectra are presented as cts 
(sphere in) per ns per total 14 MeV cts (sphere out) . 
The high energy spectra calculations therefore require 
that the Pi lo t B and ME 213 detector eff iciencies be 
folded into the Monte Carlo calculations. 

The low energy spectra measurements are presented 
as neutron/keV/source neutron. The conversion from 
cts to neutrons requires a knowledge of the *>Li glass 
detection ef f ic iency. The detection eff iciencies for 
the 6L1 glass and Pi lo t B» NE 213 sc in t i l la tors can be 
found in ref . 3. The absolute source strength was 
required for the low energy measurement ar.d i t was 
obtained by cal ibrat ing the alpha counter against the 
14-MeV flux as measured with the NE 213 and Pi lot B 
sc in t i l l a to rs . Reference 4 describes in detai l the 
measurement and data processing of the low energy 
spectra. In part icular , i t describes the determination 
of the time independent background by inserting in 
good geometry a thick paraffin absorber between the 
oLi detector and 238u sphere. 

Urcnium 2 3 9 - 2 . 8 m . f . p . 
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UHRNI'JH 238 - 0-8 M.r.P. - 30 CES. 

Fig. 2 Comparison between the high energy 
measurements and calculations for the 0.8 
m.f.p. 2 3 8 U sphere at 30°. 

Comparison With Calculations 

Table 1 presents a comparison of the measured and 
calculated integrals for the high energy t ime-of - f l ight 
•;nf'Ctra shown in f i gs . 2 and 3. The integral above 12 
MeV (--164 ns} is a measure of the non-elastic cross 
section nrhile the integral from 2 to 12 MeV (400 to 
164 ns) is a measure of the high energy neutron 
e:;ilesion cross section from a(n ,n ' ) , a(n,Cn), and yof. 
r.ible 1 shows that the ENDF/B-IV non-elastic cross 
section fs correct while that of ENDL appears to be 
s l ight ly high. In the 2-i i i r-leV region ENDL gives 
l->jti(:r agreement with rneasurements than EN0F/8-IV. The 
C.DF/B-IV discrepancy for the 2-12 MeV region increases 
r-oin -16% 1.0 ~?.0% in going from 0.8 to 2.8 m.f.p. 

Table 1 ile 1 Comparison of measured3 and calculated 
I ' l^grals for the 30° high energy emission spectra 
,hy,:n in f igs. 2 and 3. 2 and 12 tfeV correspond to 
f l i'jht times of 400 and 164 ns, respectively. See 
f igs. 2 and 3 for units on the integrals. 
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Measured 

0.263 0.644 

ENDF/B-IV 
2-12 >12 

r b T T 

0.224 0.643 0.243 0.630' 
3 0.324 0.233 0.260 0.232 0.286 0.Z16 

Hie absolute error on the measured integrals is +5%. 
The error on the rat io of two integrals is +_ 3%.^ 
These calculations agr^e with previous calculations 
by Howerton,' 
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Fig. 3 Comparison between the high energy 
measurements and calculations for the 2.8 
m.f.p. sphere at 30°. The 0.8 m.f.p. data 
at 120° are presented without calculations. 

Table 2 presents the integrals of the 100 ns low 
energy spectra of f i gs . 4 and 5 between 10 and 934 VeV. 
Table ? and f igs . 4 and 5 show that the best overall 
agreement is achieved using EN0F/8-IV cross sections. 
This agreement is further i l lust rated by comparison of 
ENDF/B-IV calculations with the higher resolution 10 ns 
measurements shown in f i g . 6. At 2.8 m.f.p. ENDL 
yields the correct integral by overestimating the 
higher energy and underestimating the lower energy 
neutrons. 

?. 



T.iMo 2 Comparison of measured and calculated 
hiU^rtls for Uie . "iss^un ^ptnrtra shown in f igs . 4 
.ni.l 5 lu'twecn 10 ,md 934 keV. Soe f igs . 4 and 5 for 
uni ' .s . 

0 m.f.p. 
(x lO" 7 ) 

10.0 

8.57 

2.8 m.f.p. 
(-.10-") 

3.70 

3.75 

3.65 

EHDF/B-rV 

ENDL 

The absolute error on the measured in tegra ls is 
+10» and a r i s e s from the uncer ta inty in the &U 
glass eff iciency. The error on the r a t io of the 
two measured in t eg ra l s i s 15%. 
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Fig, 4 Comparison between the low energy 
100 ns measurements and ca lcula t ions for 
the 0.8 m.f .p . sphere. 

Conclusions 

Neither l ib ra ry yield-, s a t i s fac to ry agreement 
,;ith hath tow and high energy spec t ra . However, D4DL 
should yie ld the most r e l i a b l e est imate of t r i t ium 
-.ceding and total f i s s ions in a CTR blanket since i t 
/ io lds the best agreement for the 2.8 m . f .p . high 
'-•sergy spectra and gives the correc t number of low 
rr^rviy neutrons for the 2.8 m. f .p . sphere- Agreement 
.-ith the 2,8 m.f .p . measurements i s emphasized since 
.f,e blanket is fueled with a thick layer of 23Bu. 
' l s o , because of mul t ip le c o l l i s i o n s , the to ta l number 
••c low energy neutrons is more important than exact 

. v i r a l shape. On the other hand, the breeding of 

. coires mainly from neutron capture below 1 HeV. 
'. -ce n;QF/8-i¥ yields the cor rec t number and spectral 

;i.pe for neutrons between 10 and 934 keV i t should 
,.•-;<; Id the most r e l i a b l e est imate of Pu breeding. 

Fig. 5 Comparison be t -sea the low energy 
100 ns measurements ar.i ca lculat ions for the 
2.8 m.f .p . sphere. 

&n e a r l i e r ca lcu la t ion of the t r i t ium breeding 
using ENDL cross sections yielded 1.26 t r i tons per 
H-MeV neutron into the blanket . Since then, ENDL has 
been rev i sed 6 by decreasing the f ission cross section 
and increasing the (n,3n) c ross section in order to 
preserve the non-e~.sstic cross sect ion. The pre
d ic t ions shown in f i g s . 2-5 and tables 1 and 2 were 
calculated with th i s l a t e s ' revised ENDL l ibrary , As 
expected, t h i s revised l i b r a r y yielded a lower t r i t ium 
breeding r a t i o of 1.11. The corresponding to ta l 
f i s s ions using revised FNDL is 0.864, and the Pu 
breeding using ENDF/B-IV i s 2 .23 . 

The present measurements do not cover the energy 
range between 1 and 2 HeV. Since the various l i b r a r i e s 
predict percentages from 15 to 25% for neutrons between 
1-2 f!eV in the sphere ca l cu l a t i ons , i t i s c lear that 
these neutrons contr ibute s ign i f i can t ly to to ta l 
f i ss ions and t r i t ium breeding, and measurements in th i s 
energy range would provide additional checks on the 
various l i b r a r i e s . 
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Fig. 6 Comparison between the low energy 10 ns measure
ments and calculations for the 2.8 m.f.p. sphere. 
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