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Further C ritical Experiments on e Snell Reactor of Enriched U-£3&

with M-HgO moderator end Be Reflector

Introduction

/
the  experimental fa c ili t ie s  end operating procedures 

which here been need in the conduct of o r i t ic s l  experiment* to 
•tody the characteristic*  of smell enriched reactor* here been 
described in HonP-307. The purpose of the present report is  to 
describe briefly  certa in  improvements that have been node in 
the experimental f a c i l i t ie s  and to present the results of fur
th e r measurements on c r i t ic a l  masses end spatiel'neutron flux 
d istribu t ions In Be reflected reaetore having square and thin 
•lab gaosntries. The c r i t ic a l  mats of a reactor having the 
usual D-il-HgO core and no reflector /hai^SCeo fcaml measured,
and preliminary experiment a to determine the feet neutron flux

, »< '  &
in  these resotors ;here bean carried out.1 ^
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Sxperimenlal Fac ilit ies!

i l th  the germination of the experiments dealing with liquid 
reflcetora, and In preparation for a eeriea of experiments on reactor* 
having solid reflecto rs, i t  who decided that i t  would bo worthwhile to>' t
neke certain major changes in the experimental arrangement in the 
c r i t ic a li ty  oell in order to provide for greater flex ib ility  and great
e r convenience in stacking solid reflectors. The entire liquid sto r
age and piping eyatem was removed from the ce lla  end in place of the 
tank assemblies which had been uaod for DgO and HgO reflectors e low 
platform framework of cast iron was erected. A & inch plate of £9 
aluminum was placed ovor the oast iron framework to serve ea a floor 

. on which to build c r i t ic a l  easemblles The center portion of the 
v p la te  la cut out and flanges ere provided to bold accentor plate 
i of i  inch aluminum through which arts d rilled  a rectangular array of 

V holes accurately spaced to position the lower enda of the fuel tubes 
?  ftor A1 to HgO rutios equal to or greater than 0 65 Thus tha bottom 

of the reactor is re la tive ly  clean, the cone end a considerable portion 
. 4 of the reflecto r having oply the £ inch perforated aluaim® vlate
m p

jMV immediately under them.

Tha upper endn of the fuel tubes ere held In portion by 
arote bora of aluminum angle which are adjustable to accomodate.

m  %

1
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rectangular cores of various sizes. Tha mounting plate fbr the con
tro l  wire pulley* and the control rod guide plates have been replaced 
by new plates which are d rilled  and tapped to provide for the location 
of control alternate a t euitable positions in any of the various eteemb- 
l ia a  that can be constructed on tha baoe support. Platss 1 and £ show 
a core of square oroaa section with Be refleo to r assembled on the p la t
form. Tha level of tha fuel i t  a t the same height ea the top o f the 
f ile s to re .in  these aaseah.lies, the rw ainlng upper portion of tha 
fo il  tubes being empty up to the rubber stoppers. Plate 2 showsAxel tubes being empty up 

>y T tha control rod guide plate, which also bolds the control rod shock 
absorber cups, end the mirror which enables the action of the source 
drive mechanism to be viewed from the control room.

vsjf

- m u
Since our e a rlie r  report, UonP-337, we* written, practically  

a l l  of the radiation detection end monitoring lnitruw nte have been re
placed by improved c irc u its  of more recent denign. In particu lar, we have 
found that the vibrating reed oonitrons, two of which are shown in Plate 
L are a decided improvement over the older designs in s ta b ility , sensi-

$->V
t iv i ty  and response time
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The operation of th« control rod system has been improved 
by replacing the  hand operated control rod counter weights and clamps 
by small gear boxes (one for each control and safety rod) which «wre 
designed to l l a i t  the macinum rate of withdrawal o f the rods Ih i le  
the operation of the rod* io e t i l l  basically  manual, the uee o f  the 
gear boxes insures a reaaonably aloe and constant rate of withdrawal 
o f  the rod and a lto  fa c ilita te s  changing the control rod position in 
M all increment* with accuracy.

Experimental Beaulta

A. Bare P ile

While waiting for the arrlT al of sufficient beryllium to 
oontihue the atudlea for the high flux p ile , i t  was decided to try to 
obtain a figure for the bare o rltlo a l e lse  an a check on tbs funda
mental characteristics of th is reactor. A bars assembly was bu ilt, 
with cadmium sheet a around the a Idas of the reactor to reduce the 

• • uffbot of nearby objects, and although c rit ic a li ty  was not fina lly
rlmahed, a anil t ip i  le s t ion of about 11.6 mi obtained a t a load of 
COCO graaa. The extrapolation of the reciprocal counting ra te  va 
■aaa curve (see Pig. 1) Indicates a c r i t ic a l  m at of about & & kg. 

r* After correcting for the pretence of holes for control rods, i t  1a
* estimated that the bare c ritic a l acta la  6.310.1 kg. The Al/HgO

volume in th ie  case.was 0 63, the height o f the oore was 66 o m . ,  • 
the maximum loading attained trca 46 cm by 43 cm in area, approx- 
imating aqua re geometry.

t f e
a j  2 a

B. Beryllium Be fleeted Reactore

2ii.-

This report w ill bo lim ited to  e discussion of the ex
periments which hare been done on ro la tire ly  "clean" Beryllium 
aaeamblles; th a t la , assemblies which have simple, calculable 
geometries, which contain vary small amounts of exoeaa poison In the 
core, I f  any, and which have no extraneous materials o r irregular 
configurations in the reflaotor A number of experiments which 
have been performed more recently an larger and leas "clean** 
assemblies, having, for example, 2# water in the Beryllium and 
holes of appreciable cross section extending through the re f le c t
or, w ill be described in a la te r  report.
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p*T- Thm f i r s t  in tills  series of experiments oo Beryllium re f le c ts
piles ms the meesureswat of tbs c ritica l mass of a square atsemoly bar 
lag an Al/HjO volume ra tio  in tba core of 0 6ft This assembly was built 
up to c r it ic a li ty  in a manner similar to that which ass described in 
lfaft^"357* Using the calculated value of the c ritic a l aass at a f i r s t  
approximation to the dimensions of core to be expected, a "peroaneot"
Be reflector was stacked* allowing space for a core of 1300 gwa of 
9»tS6, or an 8 x 6 tube square By means of s limited number of VfeltfcMP* 
Be so lu m  which could be used Interchangeably with fuel tubes, the dimen
sion* of the core could conveniently be changed from an 8 i  8 tuba square 
to t i t t e r  * 7 x 7  tuba or a 9 x 9 tube square. Thus, an error in the cal* 
culated value of the c r i t ic a l  sees tp to about £3$ could he taken earn of 
by t£* use of the interchangeable Be. An erro r greater than th is would 
MSSssitate re-stacking the pensanent reflector. %

In itia lly , only a few fuel tubes (15 la  th is  case) a rt placed 
in Un  core, the remaining portion of the core volume being f i l le d  with 
iden tica ltubas containing DgO, whose reflec ting  properties era very 
sim ilar to  those o f Beryllium The fuel content is  than increased by 
replacing tubea containing DgO with tubes containing fuel. At approp
r ia te  Intervals in th is  build-up process* the control rods are with* 
drawn and the counting rates of BPS proportional counters located near 

' tb s  assembly arm observed The reciprocal counting rata, whan plotted 
vs the nsas Of 9»£36 aboard, extrapolates to sero at c ritio s l sass.

•• St f’V  ■ ' '  ■' "  ^ ^  V ' ^ v l  > \  r  ’̂ * 2

•JhS  In th is  experiment the geometry of sources and B7g counters 
was apparently very good, since the, counting ra te  vs nase plots turned 
cut to  be approximately straight lines, showing no tendency to  e ith e r 
turn  downward Or curve upward near the c r i t ic a l  mass, a t  happens in 
many eases* Two Po-Be sources ware used, cut (10  ̂ neutrons per sec ) 
loetted directly  beneath the lower surface o f the p ile , below the cen
te r  of the core, and another UO5 neutrons per sec.) suspended in a n ; 
empty tub# a t the cors-reflector boundary, a t  aid-height of tLs 
^ i l s S  TWo Bf3 proportional counters wort used to observed the multi
p lication of the reecto r during the build-up to  e r ltle a lity  and are  
used in subsequent experiments as low level monitors. Both -of these 
counters were located In such a manner th a t a large portion of the 
oo re lie s  between the sources and the counters; that is , the counters 
must "look through" the multiplying medium to  "see" the sources and 
the number of neutrons that are able to go d irectly  from source to  
counter la minimised One counter was placed on the top surface of

- f r -
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tb* reflector, is the iamedtate v icin ity  of the core {*«* Plate* \ uwl f*; 
the o tte r n a  pieced ebout 16 feet froa the pile et en olovaUon about 4 
foet higher tte a  t te  top surface of the «esoftly

I t  ws* found that tno square asseeably becwse c ritic a l just 
ttea# fuel tubas short of an 8 i  8 tube array. In order to cooplate tte  
squars geometry i t  was necessary to add a M ail amount of poison (shout 
60 OB2) la  t te  fora of 31-0 030" d isaster gold airee, uaiforaly tia - 
tributod throughout the corn. Tte result lag p ils t te a  te a  a  cord 6 t* M t 6 
m  la  cross ssetioa  and 66 ea in height, containing 1 21 kg of 0-236 at a 
fuel concentration of 36 gas Q per l i t e r  of pile. Tte Al/HgO ratio in 
t te  eors is  0 65 Tte core has re flec to r on a ll aids# coaeistlng of 
aors than 30 cm thickness of Sefylllus, but no reflecto r top or bottoa 
Visa corrections a t*  aada for t te  pretence of control rod ports (sir 
hoist) sad fo r distributed gold wlree la t te  core, the minimum c ritica l 
asst of a square reactor o f th is  type turns out to  be 1 07 kg

Tte second clean Be rsjflsctsd p ils  to be b u ilt ass s thin 
slab eseaably. I t  sas deal fad to  find t te  e ritio a l pass o f  s rectaag- 
a lar gsoastry having a length-to-width ratio of approx la s t sly  6. Tte 
width cel acted for t te  oofs of t t e  p i ls  « i 4  fuel tubes, o r 11 ca , a d  
t te  teeately  bscaae c ritic a l a t a length of 19 fuel tabes (61 a * ) 
with 30 tap  o f excess poison in t te  eosf. Tte seta  o f 9*4M la th is 
onto i f  1.36 kg and when corrections arc aada for excess poicoa aid con
tro l rad pes** t t e  alniaua c r i t ic a l  aass for th is th in  slab  geometry is  
1.28 kg. T te height of t te  p ilo , refloctor thicteesa, fu e l a o n u -  
tration end A1 to HgO volume ra t io  in  the core are the sane in th is  Cess 
as fo r t te  square asssnbly.

•ii. 'V I .. r -'?* * . f '  * V. ®  V-S-vV
f

In  t te  build-up of t te  thin slab aaaaably t te  gacMtry of 
aairces and BFj counters waa oaeontlelly the saae so in the aqusrs 
p ile experiasat. • t t e  plot o f t te  reciprocal counting ra ta  ?a fuel 
aboard, shown in Figure 2, indicates the linearity  of resu lts  that oan 
he obtained with reasonably good source and counter gsoaatry.

Spatia l distributions of t te rs s l  rad epithermal neutron flux 
have bssn measured in both the square pile and the thin slab pila. 
t te s s  asssureaants sera aade with Indium fo ils, used alternately 
bare sad cadaivai covered as described in previous reports. Figure 
3 shows t te  distributions of thermal, and epithermal neutron flux along a
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perpendicular b isector of the aide of the square pile. Figure 4 shone 
tlw  Mm  dlatributifcns along a diagonal of the square assembly Figure 
5  n h m  the resu lts  o f a traverse taken along the perpendicular bisec 
*<Fof the long side o f the thin slab p ile  and the neasuimenta shorn in 
V lgm  d aore taken along the long axis of the rectangular assembly 
AU of UlM# fo i l  (Masureaenta ware taken a t ald-tolgM i of tha cateab- 
H a t.

The ra t io  of the the real neutron flux at certain points la 
t ip  p ile  to  th a t a t the canter of the oore i t  of interest,, and «e pro
m t  these data In Table I

Teble I
Relation* hitMSB Tbernal Neutron Fluxes a t Certain Locations In the 

Rsaetor and that at Canter o£ Core

*tb (Peak) /  *th (Xdge) /
*fch (Canter) ^th (Center)

Distances to T ill to 
Canter Talus

i

IB
m

m

W? 1%  .

lUnierel) 1.98
KDiatonal) l i e

8 ( U tm l)  1.48
H U m ltw ix*!) 0.90

1 1 9
1.19

194
0.86

Center 
86*6 an
98

82 «B

18 an
9

S&9 on

• $
u , " \ i

Mmw'M
■ j p l

$J»ia

■ I
rf 1
' i

m

:r-

Tha ra t io  of tha H lk  t hsm al flux to that a t the center it  
an indication of U * maximum alee flux, fo r  a  given operating level, that 
the  amenably * IU  provide for experimental purposes. The ra tio  o f e ther
mal flux a t the edge of the core to  that a t  tha ceater la  a mansurm of 
the n a x im  heat production per unit voice* to be expected in the core. 
The extent to  ehleh the the real flux holds up in the reflector ie  of in
te re s t  in planning experiments which w ill make use of th is flux.

m
A few preliminary experiments here been carried out which 

y ie ld  ftO estimate of the fast neutron flu* in tbeee reactors A threah- 
M ld  type fission  chamber wet constructed, using 149 ag of uranium 
which ana depleted In U-235 content to approximately 1 pert in 
100,000. the fissionable materiel was coated uniformly on tha inner

m
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surface of a nickel cylinder of .020" wall thickness, 1"- 0 D and 12" 
length This cylinder was used aa the outer conductor of an Argon 
filled  ion chamber; the ionization collected on the center wire wr 
fed to an A-1 amplifier1’ whlch ln turn operated a conventional scal
er c ircuit.

The fission chamber was f i r s t  placed in a graphite colunm 
containing an Sb-Be source, at a position where the thermal neutron 
flux and the Cd ratio  were known from standard Indium fo i l  measure
ments By exposing the chamber a lternately  bare and Cd covered, i t  was 

. determined th a t 93^ of the fissions in U-235 ware caused by neutrons 
of energy below the Cd out off, a t a position in the graphite column, 
approximately 10 cm from the Sb-Be source, where the Cd ra tio  was 
3.7. The re su lts  of th is experiment alto  indicate^ that the 0*233 
content o f the 145 mg sample was 1 part In 90, OOCt

The chamber was then placed at the center of the active 
lattice of the thin slab p ile , where the counting ra te , when correct
ed fo r thexmml fissions In 0  235, indicated that the flux of neutrons 
having energies above iheU-238 threahhold (** 1 liev.) is 0 50 (nv)th . 
This result is  in reasonably good agreement with the calculated v ir
gin flux in th is  core, 0 60 <nv)th . (sec SanP-272) The correction 
for thermal fissions in U 235 m th is  case amounts to only 2$  of the 
total counting rate

s


