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PRELIMDIARY CRITICAL ASSEMBLY FOR i 
F'RATT AND WHITlEY REXPCIR - Pwf I1 . .. . . 

'-, 
I. Introduction 

A description of the Super Cr i t i ca l  W&er Reactor c r i t i c a l  experhent  
has been previously reported as Park I, eF 53-9-139, of a serfes  of 
memos on work conducted a t  Building 9213- This report  covers the 
i n i t i a l  start-up procedures, f u e l  loading specifications,  and experi- 
mental r e su l t s  obtained t o  date. Constant reference is made t o  P m t  I 
t o  avoid unnecessary duplication. 

I/ 11. Calibrat f ons 

I n i t i a l  determinations of feed &nd dump ra t e s  of Furfural t o  and from 
the  reactor %ank were made i n - t h e  presence of only those f u e l  tubes 
which might obstruct the n o h l  flow, i.e.,  the tubes above the grating 
covering the l i n e  i n  the tank f loor .  From the discharge r a t e  recorded 
i n  Table I the maximum time f o r  the FuPfural t o  drain from a given 
height can be determined, A s  f u e l  tubes are added the dump time 
decreases due t o  displacement of Furfural. 

TIIvlF, REQUIRED FOR FURFURAL DISCHARGE 

Furfural Height T h e  After Opening Valve 
in. ' min . 

The observed dumping r a t e  from the maxhum Fmfura l  height is about 
0.25 in./sec whfch was l a t e r  found t o  correspond t o  a reac t tv i ty  
change i n  a c r i t i c a l  reactoff of 9 cents/sec. The maximum feed r a t e  
was determined empirically a t  3 gal/min, a fac tor  of f ive below the 
maximum delivery r a t e  expected from the pump capacity. - - 

The reactor height, f o e .  the height of f u e l  solution belowJc the 
Furfural surface was detefmfiied from the Furfural leve l  indicator,  
described i n  P w t  I, by the application of several corrections. 

m *  * The contribution t o  the reac t fvf ty  of f u e l  i n  the tubes above the 
Furfural is neglected. 
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i ' ,  

Figure I i s  a p lo t  of the' emptrically determined additive correction 
that must be applied t o  the  indicator reading t o  compensate f o r  
fac tors  inherent i n  the mounting. An additional fac tor  of 0.188 in. 
was subtracted from the Furfural height t o  compensate f o r  the end 
plugs i n  the bottom of the fue l  tubes. It was observed tha t  indi- 
vidual Furfural heights were reproducible t o  within + 0.015 in.  over 
a 9% tolerance interval  but the absolute height could be determined 
only t o  within + 0.032 in.  due t o  tank f loor  i r regular i t ies .  

The English andMetric uni t  systems were used wherever they were 
consistent with the design or the experiment.. 

111. Design Fuel Loading 

The designed incremental r ad ia l  f u e l  loading, superimposed on a 
Goertzel dis t r ibut ion i n  Figure 11, was by four group 
diffusion theory f o r  a 76.2 em equi lateral  cylinder. The c r i t i c a l  
mass was determined i n  these calculations t o  be 15.34 kg U-235 fo r  
a reactor containing 261 kg of s ta in less  s t e e l  and with a 6.5 cm 
th ick  s ide re f lec tor .  The ref lec tor  and moderator were assumed t o  
be water of density 0.5 gm/cc . 
The experimental reactor core was composed of a number of s ta in less  
s t e e l  tubes described i n  Table I1 and F i p r e  111, arranged i n  the 
prescribed array shown i n  Figure IV. The tubes were spaced i n  
p la tes  with holes d r i l l ed  t o  accommodate 193 tubes 1 in. i n '  
diameter. Figure V is  a photograph of the p a r t i a l l y  f i l l e d  array 
and Table I11 lists the-parameters f o r  locating the  individual 
tubes. The r ad ia l  posit ion of each tube is  designated by a l e t t e r  
and the angle coordinate by a nmber, ' the l a t t e r  increasing i n  the 
counter-clockwise direct ion from the posi t ive X-axis. Various f u e l  
loadings w i l l  be indicated by area numberso i.e., I, 11, etc .  The 
s ta in less  s t e e l  f u e l  tubes and tublar  inser t s ,  by which the loading 
of s ta in less  s t e e l  in the  core was al tered,  ape a l so  described i n  
Table 11. The plugs i n  the  end of the f u e l  tubes a re  not included 
i n  the  specified loadings since, i n  t h e i r  posit ion a t  the unreflected 
extremity of the reactor,  t h e i r  e f fec t  on reac t iv i ty  is indeterminate 
but sntall. -, 

The uranium, enriched t o  93.1% i n  U-235, was med a s  an aqueous 
solution of UO2F2 having i n i t i a l l y  a concentration of 0.504 gm 
U-235/cc. Preparatory t o  the f i r s t  loading 25 kg U-235 were 

- distr ibuted among all tubes. Although it was recognized t h a t  a 
' complete loading of these f u e l  tubes would 'be considerably i n  excess 

of the  predicted c r i t i c a l  mass, uncertainties i n  calculations and 

'i *+ George Chase, Fox Progect, Pratt and Whitney Aircraf t ,  pr ivate  
communication. 
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Fig. 11. Radial Fuel Distribution (Qesigned Loading Superimposed on Goertzel Distribution). 
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Fig. IV. Experimental Reactor Core Tube Array. 
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TABLE I1 

DESCRIPTION 03' FUEL TUBES USED I N  VARIOUS EXPERIMENTS - 

E D  .NO , S%EEL TUBE STEEL INSERTS LINEAR AREA FUEL SOLUTION 
Outside Wall Over all Outside W a l l  STEn OF 
Diameter Thichess  Area Dfameter Thickness DENSIT3e STEEL Volume Height 

in .  in.  cm2 Nmber in.  in .  gm cm cm 2 cm 3 cm 
. . 

* Includes s t e e l  fn fue l  tube w a l l .  
* Fuel solution concentrations f o r  each experiment are  given in  Table IV. 



SPACER PLATE DESIGN PARAMETERS 

Hole 
Hole Diameter 
Designation in .  

LOCATION 
Radius 

in.  Angle* 

. .. 

L1 
11 8 .098 1 5 O 1 5  ' 

L2 
11 11 

11 37O45 
=3 

11 60°15 
L4 V 82'45 ' 

* Measured counterIclocM8e from the x-axis. 
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TABm I11 - Continued 
Hole 
Diameter Radius 

in. in. 

1.009 m.002 8.868 
l f  11 

f l  l f  

ff 11 

/ Hole 
Designation Angle 
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Hole 
Hole Diameter 
Designation in. 

TABU I11 - Continued 

Radius 
in. Angle 

** The holes designated "z" are for experimental measurements. 
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the  f a c i l i t y  w;ith which the solution could be diluted, compared t o  
being concentrated, jus t i f ied  the high i n i t i a l  inventon.  

IV. Approach t o  C r i t i c a l i t y  a t  Design Dimensions 
. . . . 

An i n i t i a l  loading of thir ty-eight  1 in .  tubes, containing no 
s ta in less  s t e e l  inser t s ,  located i n  an arb i t ra ry  manner near the 
center of the reactor,  was made c r i t i c a l  with a reactor height of 
48.8 cm. Changes were ~pade i n  the number of tubes i n  the array and 
the corresponding reactor heights required f o r  c r i t i c a l i t y  were 
measured, the data being given in Table N and as curve A - 1  i n  
Figure VI. A stepwise approach was then made t o  a c r i t i c a l  system 
of design configuration, that is, with all tubes containing the 
prescribed ma~s of s ta in less  s t e e l  and volume of solution &d with 
the Furf'ural and f u e l  solution a t  the same level .  This approach 
was made by successive addition of s t e e l  inser t s  t o  the  tubes, the 
addition of more tubes t o  the assembly, and the  d i lu t ion  of the 
UO2F2 solution. These data tire recorded i n  Table N and i n  Figure 
V I .  The l e t t e r  i n  the experiment designation represents a U-235 
concentration and the numeric r e fe r s  t o  the inse r t  tube loading. 
Table I1 describes the f u e l  tubes under each s e t  of conditions. 
The actual  height of the f u e l  solution is indicated i n  each case by 
the horizontal l i n e  intersect ing the appropriate c m e .  The posit ions 
of the  tubes i n  the reactor i n  these experiments a re  shown i n  Figure 
VII. I f  one extrapolates each experimental curve of Figure V I  t o  an 
abscissa value of 215, one-obtains the c r i t i c a l  height tbt would be 
expected if a l l  tubes were in place, since t h e i r  combined area is 
equal t o  that of 215 tubes 1 i n o  i n  diameter. 

I n  Figure VIII these extrapolated values together wSth the experi- 
mentally determined c r i t i c a l  heights have been plot ted as  a function 
of the mass r a t i o  of U-235 and s ta in less  s t ee l ,  yielding a se r i e s  of 
curves, each representfng a par t icu lar  tube array. These curves can 
be extrapolated t o  71.2 em, the height of f u e l  solution i n  the tubes 
with the maximum s t e e l  loading t o  be attempted i n  these experiments, 
thereby giving an estimate of the c r i t i c a l  loading a t  near design 
dimensf ons . Since these ex t rapola~ions  a re  inherently uncertain, 
par t icu lar ly  that of the "215 tubev1 curve, an additional p lo t  was 
made i n  Figure IX, - i n  an attempt t o  be t t e r  predict  the  c r i t i c a l  
mass at  a height of 71.2 cm with a l l  tubes i n  place. This graph shows 
the  number of tubes c r i t i c a l  a t  a height of 71.2 em, from the 
extrapolations' of Figure V I I I ,  a s  a function of the U-235-stainless 
s t e e l  mass r a t i o .  Extrapolation, i n  turn, of t h i s  curve yields a 
value of the mass r a t i o  corresponding t o  a c r i t i c a l  mass of 11.3 kg 
of U-235. Because of an apparently unjust i f ied lack of confidence 
i n  t h i s  extrapolation and t o  f a c i l i t a t e  the  f u e l  di lutfon a subse- 
quent loading of 9.8 kg U-235 was selected. This is equivalent t o  
a f u e l  solution density of 0.196 gm U-235/cc. A s  reloading with t h i s  

lambc
Line

lambc
Line



FUEL LOADING FOR E X P E R m S  SE87ES A, B and C 

No. of Solution Reactor Critical Steel 
Exp . 1 Inch Concentration Location Areas* Height Mass Mass 
Number Tubes gm U-235/cc cm k 

* Refer to VII 
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Fig. VI.  Experimental Approach to Critical (Experiments A-1 Through 6-2) 
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Fig.VI1. Fuel Distribution: Experiments A to C Inclusive. 
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CRITCAL HEIGHT OF REACTOR (cm) 

Fig. VIII. ~ ~ ~ ~ / ~ t a i n l e s s  Mass   at id vs. Critical Height. Ref. Table IV. 
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solution'progressed it becam6 apparent tha t  the mass had been 
underestimated and it was necesskry t o  supplement the loading 
with a few tubes containing solution a t  a higher concentration. 
These l a t t e r  tubes were located on one side of the assembly t o  
minimize the  e f fec t  of the perturbation and most of the measure- 
ments reported here were made with t h i s  loading, D-1 described 
i n  Table V and Figure X.. 

FUEL LOADING IN EXPER= D-1 

Tube Solution Reactor Cr i t i ca l  Mass of - 
Number Dia. Concentration Location Height Mass Stainless 
of Tubes in .  gm U-235/cc. Areas - cm U-235 kg Stee l  

V. Neutron Flux Measurements 
. . 

Bare and cadmim-covered indium f o i l  traverses were measured rad ia l ly  
and longitudinally i n  the reactor-. The r ad ia l  traverse was taken 
37.6 cm from the bottom of the reactor (38.1 cm from the tank f loor)  
i n  experimental holes Z 1  t o  Z5-. A single longitudinal t raverse was 
made i n  hole Z1.   he f o i l s  were supported with t h e i r  planes perpen- 
dicular t o  the traverse by aluminum s t r i p s .  

A l l  f o i l s  were exposed f o r  20 minutes a t  a suf f ic ien t ly  high power 
leve l  t o  reduce s t a t i s t i c a l  variations i n  the following counting 
procedure. The ac t iv i ty  of both s ides  of each f o i l  was measured by 
four GM counters and the r e su l t s  were averaged a f t e r  being corrected 
f o r  dead time, background, decay, counter variations,  and power 
level .  Relative power levels  were determined from the ac t iv i ty  of a 
large indium f o i l  located a t  a given point in the reactor during each 
exposure. 

I 

The re su l t s s  of .these traverses a re  given i n  Tables V I  and V I I  and 
Figures X I  and XII. 
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Fig. X . Fuel Distribution : Experiment D- \ .  
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0 5 10 15 2 0  2 5 3 0  35 4 0  

DISTANCE FROM REACTOR CENTER (cm) 

Fig. XI. Radial Flux 37.6 cm f rom the Bottom of the Reactor. 
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RADIAL NEUTRON FLUX AT MID-PLANE 

I . -  
R E L A T I V E  A C T I V I T Y  

Locat ion 
a Radius Indium Cd Covered In 1 n - ( ~ d  In  ~ d )  

LONGITUDINAL NETPIlRON FLUX AT POSITION Z1 

1 :  . n  R E L A T I V E  A c T I v I T j l :  

Distance Rrom 
Floor - cm Indium Cd Covered In  1 n - ( ~ d  1n ~ d )  

12.7 14459 9104 5355 
20.3 18131 12117 6014 
28.0 21987 14184 7803 
35.6 22675 14327 8348 
40.7 21146 13539 7607 
48.3 18756 11825 6931 
55.9 14037 8 6 9  5347 
63 *5 8520 5373 3147 
71 .I 2494 1778 n 6  
76.2 1481 1162 319 
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V I .  linportance of Fuel 

The increases i n  r eac t iv i ty  resul t ing from incremental additions of 
Furfural t o  an already c r i t i c a l  system were determined from the 
concomitant reactor periods and the usual in-hour equation. The 
data,  given i n  Table V I I I  and Figire  XII7,serve i n  the evaluation 
of subsequent r eac t iv i ty  changes due t o  a l te ra t ions  i n  the f u e l  load- 
ing. The importance of the f u e l  a s  a function 0-f posit ion was de- 
termined from the reac t iv i ty  changes incurred by successively ex- 
changing one of the heavier loaded tubes, S-7, with one of those 
along a radius i n  the unperturbed region. In t h i s  manner 70.8 gms 
U-235 were added t o  the location under t e s t  without changing the 
t o t a l  core loading. The data, given i n  Table IX, include the tube 
position, reactor height and the corresponding change i n  reac t iv i ty  
per uni t  of U-235 transferred. The l a t t e r  is plotted i n  Figure 

> a s  a function of the radius of the t e s t  position. - -  

EXCESS REACTIVITY RESULTING FROM INCRlWSED REACTOR IIEIGHT 

Measured a t  Cr i t i ca l  Height = 27.557 inches. 

A H  - Inches 
o .051 
o .128 
0.200 
o .306 
0 *338 

A K. - Cents 

2.. 75 

Radial Reactor Reactivity 
Distance Height Coefficient 

Location in.  in.  ' cents/@ 
A 0 .oo 26,997 0 0345 

E l  3.44 27.081 o e 292 
K3 a 7.34 27 -392 O .lo1 
R3 11.32 27.634 0.0473 
Unperturbed Reactor 27 557 
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Fig. XIII. Excess' Reactivity vs. Furfural Height. 





VII. Importance of Reflector 

I n  the C-2 loading of 175 tubes, aluminum sheets, described i n  Part  I, 
were inserted i n  the tank, adjacent t o  the walls, displacing an annulus , 
of Furfural 2.5 in .  thick and correspondingly reducing the thickness of 
the  l iquid  re f lec tor .  The effect-of t h i s  change i n  re f lec tor  was a 
s l i g h t  increase i n  r eac t iv i ty  as  evidenced by the requirement of a 
c r i t i c a l  reactor height 0.100 in.'lower than p r e ~ i o u s l y  measured. The 
implication of the near equivalence of Furfural and aluminum as  
ref lectors ,  a t  l e a s t  when removed somewhat from the core, precluded the 
use of the l a t t e r  in reducing the l iquid  re f lec tor  thickness t o  the 
6.5 cm design value. 

V I I I .  s-y 

This report  records the progress made in  the c r i t i c a l  experiments f o r  
the  Super-critical Water Reactor up t o  mid 1954 when the proem was 
severly curtai led by the s h i f t  i n  emphasis t o  the Reflector Moderated 
Reactor* In  t h i s  sense it is an interim report  on largely unfinished 
work and cannot present firm conclusions and comparisons with theory 
or  calculations. The measurements which have been made were probably 
influenced by the non-uniform loading of the assembly, an expedient 
t o  achieve c r i t i c a l i t y  a t  near design conditfons, and a r e  not9 
therefore, en t i r e ly  amenable t o  interpretation. The value of the 
c r i t i c a l  mass i n  a uniformly loaded core is 10.8 f 0.5 kg U-235. The 
longitudinal neutron flux, measured with indium f o i l s ,  is typical.  
The r ad ia l  thermal flux, i .e .  neutrons of energy below the cadmium 
cut-off, decreases somewhat with increasing radius but not a s  severely 
as  i n  a homogeneously loaded core, the decrease, from center t o  edge, 
being only about 5@. A somewhat greater change was noted i n  the 
importance of a quantity of f u e l  over the same traverse.  

The next s tep i n  a continuation of the program would be the adjustment 
of the uranium dis tr ibut ion t o  the. same concentration i n  a l l  f u e l  tubes 
and a measurement of the f i s s ion  r a t e  within the tubes along a radius. 
These data would allow any necessary redesign of the f u e l  tube d i s t r i -  
bution t o  achieve uniform specif ic  power - one of the character is t ics  
of the r e a c t o ~ .  

\ 
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APPENDIX 

.. Material Analyses 
. . 

Furfural with 0.1% by volume Tri-n-propylamine as qn 
autoxidat ion inhibitor : 

. . -- 
Carbon 62*2% . Relative Standard Error 2% 
Hydrogen 4 0 %  

Stainless Steel (347,) fuel tubes m d  inserts: 

Chromium 17.7% 
Nickel 
Iron 

12'* . '~elatiie Standard Error 1076 
69.M 

Aluminum: Reported in Part I, CF 53-9-139 




