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INTEGRAL EXPERIMENTS ON F’AST SYSTEMS 
OF PLUTONIUM, URANIUM AND THORIUM* 

J. J. MCENHILL AND J. W. WEALE 
ATOMIC WEAPONS RESEARCH ESTABLISHMENT, ALDERMASTOX, 

UNITED KINGDOM 

Abstract - R&urn6 - AHHOT~~~P - Resumen 

Integral experiments on fast systems of plutonium. uranium and thorium. The 
paper describes two types of integral experiment which have been undertaken to 
provide experimental checks on nuclear data and methods of calculation. 

The first consists of a cylindrical assembly of material with a point source of DD 
or DT neutrons at its centre. The neutron flux and various reaction rates in the cylin- 
der material are measured as a function of position. Results obtained are compared 
wGtlh calculation. Experimental results for natural uranium and thorium are presented. 

The second type of experiment is a low-power experimental reactor of simple 
regular geometry and approximately homogeneous composition. Holes can be pro- 
vided as required for the insertion of counters or perturbation samples. The core 
composition is adjusted by the addition of a moderator to provide a neutron spectrum 
UThich tests tlhe nuclear data in the energy region of interest. Measurements are made 
of the neutron-energy spectrum and various reaction rates and perturbation cross- 
sections as a function of position in the reactSor and the results are compared with 
computer calculations. Results are presented for a system consisting of a core of 
of U2s5 and graphite surrounded by a natural-uranium reflector. 

Expdriences integrales sur Sacteurs B neutrons rapides de plutonium, #uranium 
et de thorium. Les auteurs d&rivent deux types d’expkiences int&rales visant k con- 
tr6ler expkimentalement des donrkes nuclkaires et des m&hodes de calcul. 

Le premier dispositif experimental est un empilement cylindrique de mat6riau 
au centre duquel est placke une source ponctuelle de neutrons DD ou DT. On mesure 
le flus de neutrons et l’intensit6 de diverses rkactions dans le matkriau, en fonction 
de la position. On compare les rkultats des mesures A ceux des calculs. Le m6moire 
(tonne les rkmltats des expkriences effect&es avec de l’uranium nature1 et du thorium. 

Le deuxikme dispositif est un r6acteur expkrimental de faible puissance, ayant 
tine &om&rie r&guli&re simple et une composition sensiblement homogkne. On peut 
le munir, selon les besoins, de canaux pour l’introduction de compteurs ou d’kchantil- 
Ions de matkiaux perturbat$eurs. On rkgle la composition du coeur par l’adjonction 
#un ralentisseur, afin d’obtenir un spectre de neutrons tel que le contr6le des don- 
n&s nucl8aires s’effectue dans la zone d’kergie voulue. On mesure le spectre d’knergie 
des neutrons, ainsi que l’intensitb de diverses reactions et les sections efficaces de 
perturbation, en fonction de la position dans le rkacteur. On compare les rksultats 
in ceux qui sont donn6s par des calculatrices. Le mkmoire donne les rkultats obtenus 
a\-ec m rkacteur ayant un cc~ur compos6 de z35U et de graphite, ent/ourk d’un rbflecteur 
en uranium naturel. 

Qimerpammde mccnepmaembw nicTeMahw w3 GarcTpbIx rreii-rponiax c nnyrowieht, ypa~o~ H 

TOPHeM. B ;nOKJIaAe AaeTCfi OIIEiCaHHe ABYX 3KCIlepZlMeHTaJIbHbIX YCTaHOBOK, C03AaHHbIX JWi 
3KCTTepHMeHTaJIbH0k IIpOBepKH 5JAepHbIX AaHHblX M BbI?iIiCJIHTWibHblX MeToAOB. 

HepBaSI J’CTZUW3Ka COCTOWT &I3 C~O~KM MaTepaana IJWiH~pMZIeCKOti +OpMbl C TOYeYHbIM 
McT~~MKOM ~efi~p0H0B DD ~n'13 DT PaCIIOJIO~eHHblM Bee~&~Tpe.no~o~ HeiiTpoHoBM Parr- 
nZiwbIe CK~POCTH peaKumI B uvrnm~pe 5i3MepHmTcfi KaK +YHKURI nono2rceHHx. l lonyYeHHbre 

_ _-P 
* Including work by L. R. Day, J. R. Dominey, H. Goodfello\s-, M. H. McTaggart. 

H. Shieff, A. F. Thomas, K. A. Wallace. 
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pe3yJlbTaTbi CpaBHHBaEoTCR C PaCYtXOM. aaEOTC5l 3KCIleptrMeHTaJIbHbIe pe3yJlbTaTbI J$JDi Ilpl+f- 

ponbioro ypaHa M TO~MR. 

BTOpbIM TMnOM yCTaHOBK211 IIBJUiFIeTCR 3KCIlepHMeHTiUIbHbIk PGSKTOp HW3KOji MOUJHOCTR C 

TlpOCTOti 06bIYHOfi ROMeTpMeii M lJpl46JlI43MTWlbHO I-OMOEHHbIM COCTaBOM. PeaKTOp MO2ET 

MMeTb KaHaJXbI, HeOfjxofikiMbre AJIR BBeneHWI CWTYMKOB MJIM B03My~lUOLXJMX o6pa3uoB. COCTaB 

aKTMBHOZi 30HbI PeryJUipyeTCSi ~O&lBJIeHHeM 3aMe~JIliTWUi C TeM, wo6bx HMeTb CIIeKTP H&TpO- 
HOB, HeO6Xo~HMbIii JUIR I IpOBepKH SlAepHbIX AaHHbIX B r?HTepeCyiOIJJeii 06JIaCTH 3HeprWi. M3Mep- 

5llOTCFI 3HepreTWieCKEifi CIEKTP HefiTPOHOB, pa3IWiHbIe CKOPOCTIl peaKI&ili &i kI3MeHeHMe IlOIN!- 

peworo ceYewin KaK @y~~UtrPi rronoxewui B peamope, M pe3ynbTaTbI cpamkiBakcm3 c paweTa- 
MM Ha BblYMCJIWTtYlbHblX J’CTpOfiCTBaX. &U-OTC5I pe3yJlbTaTbI AJIR CFlCTeMbI, COCTOSl~eji W3 aKTMB- 

~oii 30HbI ~3 ypaHa-235 w rpa@iTa, 0KpyxeHHoZi oTpamaTeneh4 133 npxpoa~or0 ypaHa. 

Experimentos integrsles realizados con reactores riipidos de plutonio, uranio y torio. 
Los autores describen dos tipos de experimentos integrales que se han llevado a cabo 
con el prop6sito de comprobar experimentalmente determinados datos nucleares, 
asi coma la exactitud de 10s m&odos de c15Jculo empleados. 

El primer dispositivo experimental cons&e en un montaje cilindrico en cuvo 
centro se halla una fuente puntual de neutrones DD o DT. El flujo neutrbnico’ y 
las diversas velocidades de reacci6n en el material de1 cilindro se miden en funcihn 
de la posici6n de la fuente y 10s resultados asi obtenidos se comparan con 10s calculados. 
La memoria presenta 10s resultados de experimentos efectuados con uranio natural 
,y con torio. 

Para el Segundo tipo de determinaciones, se utiliza un reactor experimental de 
baja potencia, con una geometria regular sencilla v una composici6n sensiblemente 
homogknea. Los orificios practicados en el mismo &eden utilizarse para introducir, 
conforme sea necesario, contadores o muestras perturbadoras. La composici6n de1 
cuerpo se regula mediante la adicii>n de un moderador, a fin de disponer de un espectro 
neutrbnico que permita comprobar 10s datos nucleares en la regi6n energbtica que 

interesa. Se realizan mediciones de1 espectro de energias neutrbnicas y de diwrsas 
\Telocidades de rem&n y secciones eficaces de perturbaci6n en funcih de la posicihn 
cn el reactor y 10s resultados se comparan con 10s obtenidos con calculadoras. La 
rnemoria da 10s resultados correspondientes a un sistema que corkstIe en un cuerpo 
de 236U y grafito, rodeado de un reflector de wanio natural. 

Introduction 
A broad programme of research is in progress at Aldermaston to improve 

our understanding of the neutron physics of fast systems. Its primary aim is 
to reduce the errors and uncertainties which arise in the present calculat,ions 
of nuclear characteristics for fast-reactor systems. These errors arise mainly 
from the inadequacy of the basic nuclear data, and the work therefore centres 
on an attempt to improve these data and to establish a single set of data for 
fast-reactor materials which is sufficiently accurate over the whole energy range 
of interest. The overall programme comprises three interrelated areas of work : 

(a) Measurements of important nuclear cross-sections and parameters ; 
(b) Compilation of nuclear-data sets using results of (a) and other available 

data, and the development of methods of theoretical analysis of the nuclear 
characteristics of fast systems; and 

(c) Checks of the accuracy of the nuclear data sets and system analvsis against ” 
integral experiments. 

Aspects of the data measurements and of the theoretical analvsis are described 
in other Aldermaston papers presented at this Seminar. The cresellt paper will 
describe some relevant integral experiments. 
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First of all, however, it is instructive to indicate, by reference to some of 
our problems at Aldermaston during the past two years, how the three pro- 
grammes relate one to another and how they help to establish which microscopic 

Fig. 1 
Vcrsattile experimental reactor essembly (VERA). 

data, need to be checked and which integral experiments are essential. During 
l!WJ a literature review of nuclear data was made and a set of nuclear data 
established by selecting “ best values” from the published microscopic data. 
These data were checked by calculating critical masses for a number of Pu- 
and highly-enriched U-systems, both bare and reflected by various thicknesses 
of natural U. The calculated critical masses were in all cases about 20% smaller 
t,han the experimental values. About this time a direct experimental measure- 
ment of Y for U235 suggested a downward revision of this quantity. A low Y value 
was therefore adopted for the U235 calculations and a corresponding reduction 
was applied for Pu 239 Good agreement with experimental critical masses for fast . 
concentrated systems was then obtained and this set of nuclear data was therefore 
ndopted for general use [ 11. Nevertheless, the need for further measurements 
4 v and further checks against integral experiments was recognized and new 
pork was put in hand. Later it became clear that the low Y value was incorrect 
and that the adopted nuclear-data set was less accurate for U-systems of lower 
c+nrichment. New experimental data had also accumulated and it was decided 
to make a complete revision of data for U235, IF8 and P~23~. As an interim 
measure an attempt was made to adjust the nuclear data empirically to fit 
integral results over a wider range of U concentration. This was done [Z] by 
lIlaking plausible adjustments to the values of Y and of for U235 and to Y and 
0 (n. y) for L ~8 The procedure was successful, reducing the critical-mass errors . 
to of: 3% over the concentration range 2!)?/, to 93 y& U235. It is not satisfactory, 
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however, to rely permanently on this expedient. New microscopic measurements 
and integral checks for the revised data are evidently required and these are 
progressing in parallel with the detailed revision of the basic nuclear-data set. 
Initial results for Y of U235 are reported by MOAT [3], and initial results of a new 
Uz35 integral experiment are reported as part of the present paper. 

Our integral experiments are of three types. The first is the determination 
of critical mass by extrapolation of multiplication measurements made on a 
critical assembly machine ; the second is the analysis of neutronic processes 
in large blocks of material in which a strong compact neutron source is located; 
the third is the detailed study of neutron reactions in a simple system operated 
as a zero-energy reactor. Some of the critical-mass measurements were done 
primarily to provide data for safety assessment; the other experiments were 
designed specifically for testing nuclear data. All the experiments have simple 
regular geometry and uniform composition, so that corrections relating the actual 
experimental system to the calculated model are minimized. 

1. Critical mass measurements for fast systems 
A number of critical-mass measurements have been made for plutonium 

metal in spherical geometry and for 45.5% enriched U metal in slab geometrv. 
The Pu measurements are for a bare sphere and for spheres reflected by naturil 

uranium, pile-quality graphite, steel or water. The results are based on central- 
source multiplication measurements using Pu spheres of 4.5, 6, 7.5 and 9 kg 
and various thicknesses of each reflecting material. Each Pu sphere had a 2.16.cm- 
diameter spherical cavity at the centre to accommodate the neutron source 
used for multiplication measurements. The plutonium metai density was 
15.64 g/cm3 and the metal in the form of two hemispheres was clad in copper 
foil. CL010 in thick on the curved surfaces and 0.005 in thick on the flat surface. 

Calculations for these systems have been made using the nuclear data of 
reference [l] in a multi-group Carlson S, code. Seven energy groups from 10 keV 
to 11 MeV were used for the Fe- and U-reflected systems and 13 energy groups 
from thermal to 11 MeV for the graphite-reflected system. The results are com- 
pared with experimental values for a number of reflector thicknesses in Table I. 

TABLE I - 
COMPARISO,Y OF CALCULATED AND EXPERIMERTAL CRITICAL MASSES FOR 

Pu SYSTEMS 

Reflector 

C (1.61 g/cm3) 
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The experimental critical masses are derived from graphical extrapolations 
of graphs relating central-source multiplication to reflector thickness and the 
errors indicated are estimates of the probable errors of the extrapolations. In 
three cases the extrapolation was rather long (the largest available sphere being 
9 kg) and no error is quoted for these. The result for the bare sphere was obtained 
by analytical extrapolation of a least-squares fit to &  difision-theory 
approximation. 

It should be noted that data used in the calculations are “best values” except 
for Y, for which the low value of Y  (RPg)= 2.82 +0.105 E was chosen in order 
to obtain agreement between calculation and experiment for the bare and thick- 
U-reflected systems. For graphite the agreement is reasonably good but for Fe 
the calculated values are too small by amounts ranging from 6% to 11%. Taken 
with the fact that the Y  value should probably be higher, the latter result suggests 
that the Fe scattering data need checking. 

The U-slab experiments were done specifically for criticality safety assessment, 
to provide data against which calculations of fast-reactor melt-down configurations 
could be checked. Measurements of critical size were made for bare slabs and 
for slabs reflected by natural uranium, graphite, steel and aluminium respectively. 
The reflector covered both faces and edges of the slabs. The slabs were constructed 
of machined blocks in the form of hexagons 2$- in across the flats and of various 
thicknesses. These were assembled into pseudo-cylindrical assemblies with a 
neutron source located at the centre, and measurements of the central-source 
multiplication were made as a function of thickness of the enriched-U slab. 
Critical thicknesses were obtained by graphical extrapolation. The results are 
listed in Table II. 

TABLE II 
RESULTS OF U SLAB EXPERIMENTS 

Reflector 

None . . . . . . . . . . . . . . . . 
Nat. U (6-in thick, 

16.3 g/cm3) . . . . . . . . . 
Graphite (6-in thick, 

1.74 gJcm3) . . . . . . . . . 
Steel (S-in thick, 

7.24 g/cm3) . . . . . . . . . 
Aluminium (6.in thick, 

2.58 g/cm5) . . . . . . . . . 

v 
Critical thickness of enriched U (in) 

r 
11.6 in diam. 16.9 in diam. 22.1 in diam. 1 

7.26 of 0.03 5.47 & 0.04 
t 

3.27 & 0.02 2.36 ifs: 0.02 2,Ol & 0.02 

3.00 * 0.02 2.14 h 0.02 1.78 & 0.02 

4.12 ~0.03 -L 2.98 & 0.02 2.57 5 0.02 

4.40 I- 0.02 - 3.21 2 0.02 2.72 & 0.02 
1 l 4 

The diameter indicated is that of the enriched-U slab. The natural-U reflector 
was solid for the first inch on the flat faces of the slab; the remainder of the 
reflector was a 5.7.in layer of 1 $-in rods at a packing density of 0.85. The effective 
density of the enriched-U slabs was 18.44 g/cm% 

These experimental results have been used to check the adjusted set of nuclear 
data [2] for U235 and U238 Calculations were carried out using a two-dimensional 
Carlson code (&) with 13’ energy groups from thermal to 11 MeV. The results 
are listed in Table III. 

17 
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TABLE III 

COMPARISON OF CALCULATED AND EXPERIMENTAL CRITICAL THICKNESSES 
FOR 45.5% U SLABS 

(inches) 

thick all round 

Calc. Exp. Calc. 
L w 

I t 
11.6 7.26 6.99 3.00 3.18 1 
16.9 5.47 5.43 2.14 2.31 
22.1 1.78 1.95 

& A l 

Agreement is good for the bare systems but for the 
errors range from 6% to lo%, the calculated results 
crepancy is ascribed to errors in U23* data at the lower 
by the graphite reflector. 

graphite-reflected systems 
being too large. This dis- 
neutron energies produced 

2. Accelerator-driven integral experiments with uranium and thorium 

The neutron balance in a large cylindrical pile of material with a 14-&W 
neutron source at its centre has been studied experimentally for natural uranium 
metal and for thorium metal. (A full account of the U experiment is given in 
a recent paper [4]). The neutron source was a Zr-H3 target located at the centIre 
of the cylinder and bombarded by a beam of deuterons brought in through 
a drift-tube from a 200.kV Cockcroft-Walton accelerator. Each pile was made 
of vertical rods packed closely together, and it was possible to remove a rod 
from any position to provide access for a counter to measure reaction rates 
and neutron spectra as a function of position in the pile. Copper cylinders were 
inserted and irradiated to measure the 14.MeV neutron flux by the CUDS (n, 2n) 
threshold reaction; fission rates were measured by inserting fission chambers 
loaded with the appropriate material; and neutron-capture rates were measured 
by irradiating small pellets of U or Th metal and separating and counting the 
Pa233 or Np23g activity. All the measurements were related to the strength of 
the central 14-MeV neutron source which was continuously monitored by counting 
the associated cc-particles emitted into a known solid angle at 177O to the deuteron 
beam. The total number of neutrons of all energies escaping from the pile for each 
central-source neutron was measured by means of a “long” counter mounted 
outside the system, its position being varied to take account of the variation 
of the emergent flux with angle. The fission and capture rate results were 
integrated to determine the total number of fissions and captures in the pile 
per central-source neutron. 

The way in which these results can be used to draw up a detailed neutron 
balance is described (for the U pile) in reference [4]. Recently the results have 
been used to check the accuracy of nuclear data for natural U in the fast-neutron 
energy range. Two Monte Carlo calculations have been made by PARKER and 
MERCER [5] using first the nuclear data of reference [l] and secondly the same 
data with the original (unadjusted) values for Y. The results of these calculations 
are compared with the experimental results in Table IV. 
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TABLE IV 
EXPERIMENTAL AND CALCULATED VALUES FOR THE NUMBER OF REACTIONS 

PER 14-MeV CENTRAL-SOURCE NEUTRON IN THE U PILE* 

Reaction Experiment 
r * 

Calculation (A} Calculation (B) 
1 

U238 fission. . . . . . . . . . 1.18&0.06 0.78 0.86 
Us5 fission. . . . . . . . . . 0.28&-0.02 0.20 0.23 

I UB8 capture. . . . . . . . . 4.08kO.24 3.45 3.96 
Leakage. . . . . . . . . . . . . 0.41&0.02 0.53 0.52 

* The effective pile dimensions were: height 112 cm, diameter 99 cm; the cffectiw density was 
16.3 g/cm3. 

Calculation (A) (Table IV) used the data of reference [ 11, in which Y 
(P5)=2.25+0.132 E’ and Y (U23s)=2.32 +0.129 E. 

Calculation (B) (Table IV) used the same data except that the values were 
taken as Y (U235) = 2.46 + 0.144 E and Y (U238) = 2.53 + 0.141 E. 

Evidently the higher values of Y give better agreement with experiment, 
but there is a large error in the U 238 fission calculation. This must be due to an 
error in the fission cross-section or in the inelastic scattering cross-section or 
energy distribution. 

The Th pile results have not yet been compared with calculations but the 
experimental integral results are quoted (in Table V), as they provide useful 
data against which nuclear constants for this material can be checked. 

TABLE V 
EXPERIMENTAL INTEGRALS FOR THE Th PILE* 

; Reaction 
Number of rc;actions per 

14-i&V central-source 
net it ran 

Th (n,f) . . . 0.174~0.009 
I 

; Th (WY). . l  

L 

I Leakage . . 

3. l-Zxpwiments on fast critical systems 
We have recently commissioned a new Versatile Experimental Reactor 

Assembly (‘VERA) and it is being used for studies of the physics of fast critical 
Kystems. The measurements are primarily intended to provide information 
for a systematic check of nuclear data in the energv range 1 keV to 1 MeV. 
For each assembly the neutron flux, neutron spect”m m , fission and capture 
rates and perturbation cross-sections are measured as a function of position, 
and the fast chain-decay constant (Rossi-a) is measured in the region of delayed 
critical. Multi-group Carlson calculations are compared in detail with the experi- 
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mental results and discrepancies are interpreted in terms of corresponding errors 
in group cross-sections. The first assembly, which is now under study, has a 
core of U235 and C surrounded by a reflector of natural U. The properties of this 
system provide a sensitive check of nuclear data for IF5 and will be used to 
select (within experimental cross-section errors) a set of group constants for 
this nuclide. - 

VERA is constructed of square-section fuel boxes mounted vertically in a 
steel lattice plate. The core and the axial portions of the reflector are composed 
of small square plates or bricks of material and are loaded in the fuel boxes. 
The radial portion of the reflector consists of closely-packed round rods which 
surround the square fuel boxes and are located by holes drilled in the lattice 
plate. The assemblies are arranged as pseudo-cylindrical cores surrounded by 
cylindrical reflectors and the compositions of the axial and radial portions of 
the reflector are adjusted to be the same. Accurate calculations are thus possible 
by means of the two-dimensional Carlson codes. In these calculations the core 
is taken as a homogeneous mixture and the experimental results, which apply 
to mixtures of $-in-thick plates, therefore require a slight correction for the fuel 
Cc bunching” effect. 

To ensure safety during loading and core modifications and to provide a second 
shut-down mechanism, the lattice plate is divided into two portions and the reactor 
is correspondingly divided in half. One half is mounted on a moveable table 
which rests on rails and can be driven along these rails by an electrically-driven 
leadscrew. Loading and core modifications are only carried out when the two 
halves of the reactor are separated by a distance of 5 ft. A number of safety 
and control elements are provided. These are normal fuel boxes loaded with core 
and blanket material and suspended by cables from winches on the reactor 
superstructure. They can be dropped below their normal positions in the reactor 
through holes provided in the lattice plate. The safety elements are fully raised - 
into the core before the reactor halves are driven together; the control elements 
are raised as the last step in the approach to criticality. The reactor is not provided 
with local shielding but is located in a large room with thick concrete walls, 
and this room is sealed during reactor operation, the reactor then being controlled 
remotely. No cooling system is provided as it is not intended to operate the reactor 
at powers above 100 W. 

The dimensions and composition of the U235/graphite assembly (referred 
to as VERA Assembly 2) are as follows: 

Core height (cm) ................................ 27.15 
Core diameter (cm) .............................. 38.10 
Core volume (1) ................................. 30.8 
Reflector radial thickness (cm) .................... 37.4 
Reflector axial thickness (cm). .................... 39.4 
U235 content of core (kg) . . . . . . . . . . . . . . . . . . . . . . . . . 88.96 
U238 content of core (kg) . . . . . . . . . . . . . . . . . . . . . . . . . 6.80 
Stainless-steel content of core (kg). . . . . . . . . . . . . . . . . 23.44 
Graphite content of core (kg) . . . . . . . . . . . . . . . . . . . . . 35.55 
Hydrogen content of core (g) . . . . . . . . . . . . . . . . . . . . . 3.0 (this is the 

protective 
lacquer) 

Composition of reflector : U-natural (g/cm3) . . . . . . . . . 14.39 
Stainless steel (glcm3) . . . . . 0.832 
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With all safety and control elements fully raised, the above system has an 
excess reactivity of O.3%, i.e. 0.9% in core mass, assuming A K/K=+ (A M/M). 
Holes provided to accommodate counters at the core-reflector interface make 
.the reactivity 0.67% less than it would be in ideal geometry. The bunching 
of the fuel into $-in plates makes the critical mass 2% smaller than it would 
be for a homogeneous system (reference [6]). 

With these corrections the critical parameters for a homogeneous system 
of the above composition are: 

Critical volume: 30.4 1 
Critical mass : 87.8 kg Uz3% 

A two-dimensional Carlson calculation using the nuclear data of reference [l] 
in 13 energy groups predicts a critical mass of 92.1 kg U235 for this system. 

Measurements of fission rates, perturbation cross-sections and the prompt 
chain-decay constant for this system are now in progress. Preliminary results 
of measurements at the core centre are listed in Table VI. 

TABLE VI 
MEASURED CROSS-SECTION RATIOS AT THE CENTRE OF THE VERA CORE 

Fission 

Um8 -- 
U235 

U236 

U235 

Pu= 
U235 

NP 237 

U235 

U238 -_I- 
U235 

(captwe) 

I Perturbation ratio 
Pu239 
gzz 

Experimental 
results * 

* These results have a probable error of about 6 o/6. 
** The calculated 

krence [ 11. 

Future work 

values are from the two 

0.077 0.074 

0.162 0.153 

1.18 

0.488 

0.121 

1.12 

0.365 

0.138 

Calculated 
results * * 

1.53 

Carlson calculations aata from re- 

During the next two years work will be mainly concentrated on the VERA 
programme. The next step after completion of the U235/C studies will be to 
add U238 to the . core adjusting the C content so that the spectrum is not 
appreciably changed, ani repeat the measurements and calculations, thus checking 
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the nuclear data for U 238 Subsequent systems will include PI.I~~~ and various . 
diluent materials such as Fe, Al and Na? and small quantities of a moderating 
material will be added so that the neutron-energy spectrum is varied over the 
desired range. Some diluent materials of particular interest will be studied 
separately in accelerator-driven integral experiments of the type described for 
U and Th. A Na assembly is planned as the next in this series. When the revised 
nuclear-data sets are available, detailed analysis of the U and Th pile result*s 
will be carried out. 
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