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SUMMARY

Evaluations of fully Inserted patterns of cruciform control 
blades have been made In slightly enriched, ordinary-water 
moderated coreB. A curve of differential reactivity with water 
height, ^  versus h, has been measured. This curve Is Integrated 
to develop a plot of reactivity as a function of water height.
Using the integral curve and the measured water height for the 
various blade patterns, the reactivity associated with fully in
serted blades may be determined. For single zone cores, the
experiments have shown that the value of is the same for aan
particular water height, independent of the pattern of blades 
which was chosen to give that reactivity. In an assembly of 

enriched UO^ pins clad with stainless steel and arranged In 
can lattices, the measurements indicated that the function ah
versus h was also insensitive to the thickness of the stainless 
steel or aluminum can walls.

Soluble boron experiments were performed by inserting a 
small amount of boric acid into the water moderator-reflector, 
and by measuring its associated reactivity change. These 
measurements, repeated at various concentrations, yielded a 
curve of the reactivity coefficient of boric acid as a function 
of concentration and integral curve of boric acid reactivity.
All boric acid measurements were made at full water height.

The boric acid concentrations were determined by a poten- 
tiometric titration method. Measurements of accurately prepared 
solutions yielded a standard deviation of 0.73* with an average 
different from the prepared solution of 0.6$*.

Table I shows some parameters of the core in which these 
experiments were made, and Table II summarizes some typical results
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INTRODUCTION

The series of experiments described In this paper was per
formed to determine reactivity values of various patterns of 
fully inserted cruciform control blades. The experiments yielded 
the worth of fully inserted blade patterns in terms of their 
holddown characteristics.1



DESCRIPTION OP F A C IL IT IE S  AND EQUIPMENT

The g e n e ra l d e s c r ip t io n  o f  the f a c i l i t y  has been g iven  in2
paper 14-5  o f the  1958 ANS w in te r  m eeting a t  D e tro it .  F ig u re  1 
shows a  photograph o f th e  c r i t i c a l  assem bly c o re . This f ig u r e  
shows th e  can-type c o n s tru c tio n , and th re e  o f  the  movable con
t r o l  b la d e s  a re  seen suspended by the c a b le -d r iv e n  rod d r iv e s .  
The movable co n tro l b la d e s , o f  which s ix  a re  a v a ila b le , s e rv e  
a dual pu rpose  as c o n tro l and f a s t  s a fe ty .  A c ro ss s e c tio n  o f  
the  c o n tro l  b lade i s  shown in  F igure 2. The b lades a re  con
s t ru c te d  o f  1 /4  inch b o ra l  in  the shape o f  a  crucifo rm , 8 i n .  
t i p  to  t i p .  The meat i s  nom inally  0.168 i n .  o f  b o ra l , 35J* by

2
w eight o f  boron ca rb id e , and the su rface  d e n s i ty  i s  0.366 gm/cm 
o f boron c a rb id e , o r  0 .054 gm/cm of boron -1 0 . The b o ra l i s  
In tended  a s  a  mock-up f o r  B10 - s ta in le s s  s t e e l ,  idiich i s  b e in g  
used in  th e  NS Savannah c o re .



PARTIAL WATER HEIGHT METHOD

J

Measurements of the differential reactivity as a function
of water height have been common in the field of experimental ;
reactor physics for several years. It has been shown in this
series of experiments using can cores that the value of —clh
determined for a particular water height is primarily a func
tion of infinite medium properties of a cell and is not apprec
iable modified either by the nature of can walls enclosing the 
cells or by insertion of slabs of nuclear poisons between cells.
The experimental results are shown in Figure 3, which is a 
curve of ^  as a function of water height, constructed for 
three cores with the same properties of the cell. Many of the 
points were obtained by reaching the same water height with 
different blade patterns. Graphical integrations, performed 
independently on each set of data pertinent to a particular 
core, agree within the experimental uncertainties. A total of 
56 points have been measured in two different can lattices with 
three different sets of can walls. Each lattice yields a con
sistent curve of differential reactivity versus water height 
irrespective of the can wall material, within experimental un
certainties.

The integral reactivity versus water height is shown in 
Figure 4. This curve serves as a calibration curve for blade 
patterns; that is, the critical water height may be related to 
the holddown power for a particular blade configuration. Table III 
shows some typical patterns measured by this method.

The asymptote of the integral reactivity curve represents 
the excess reactivity in the core when the constant of integration
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la  chosen as zero f o r  th e  c r i t i c a l  w a te r h e ig h t w ith no b la d e s  
in s e r te d .

The measurements o f  b lade w orths in te r p r e te d  by t h i s  method
re p re s e n t  measurements w ith  d i f f e r e n t  le n g th s  o f b lad es i n  the
a c t iv e  co re , s in ce  th e  le n g th  o f the  a c t iv e  core v a r ie s  w ith
w a te r h e ig h t. T h e o re t ic a l ly ,  however, th e  worth o f a f u l l y
I n s e r te d ,  th e m a lly  b la c k  co n tro l b lad e  i s  d i r e c t ly  p ro p o r tio n a l
to  th e  r a d ia l  b u ck lin g , B2 , w ith a  s l i g h t  dependence on t o t a l

3b u c k lin g . The th e o r e t i c a l  dependence on to ta l  buck ling  fo r  
th e  range o f  measurements rep o rted  h e re  i s  le s s  than 0 .5 ^ .
T able IV dem onstrates th e  ra d ia l  dependence o f a c e n tr a l  b lade 
m easurem ent. In r o u t in e  b lade p a t te rn  m easurements, o f  co u rse , 
th e  co re  rad iu s  i s  h e ld  co n stan t.



SOLUBLE BORON TECHNIQUE

A Beries of full water height measurements has been made 
by balancing the reactivity worth cf the control blades by the 
reactivity of boric acid in the water moderator-reflector.
The reactivity worth of the boric acid In the water la determined 
by inserting small amounts of boric acid in the water and measur
ing the associated reactivity change. The reactivity coefficient 
measurements Involve changes of concentration of order of 0.15 
to 0.7 gm boric acid per liter and reactivity changes of 16^ to
66^. The concentrations are measured by a potentiometrie titrailfelon method to an accuracy of + 1 The reactivities are 
measured by comparing the reactor periods corresponding to 
given control blade settings before and after the change In 
boric acid concentration. This method in essence is a continuous 
calibration technique in order to minimize overall Interaction 
effects between control blades and the boron in the moderator. 
Figure 5 shows the results of these measurements.

Using the reactivity worth of the boric acid and knowing 
the boric acid concentration In the water for a particular blade 
pattern, one may obtain the reactivity of the blade pattern.
Table II shows a comparison between measurements made with 
partial water height and with the boric acid method.
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TABLE I

SUMMARY OF CORE DATA

U235Fuel: U02, 87# theoretical density, 4# — -—
Fuel Pins: 0.5 in. diameter, 0.028 in. stainless steel

clad, 66 in. active fuel length (Total Num
ber of Pins: 5:280)

Water/AJrani urn Ratio: 3.5 to 1 (Pin Pitch: 0.663 in.)
Water Gap for Control Blades: 0.830 in.
Control Blade Pitch: 9.76 in.
Can Walls: 0.1565 in. thick - 304 stainless steel



TABLE I I

TYPICAL BLADE WORTH RESULTS

B lade P a t t e r n

E q u iv a le n t  
C o n c e n tr a t io n  
gja/R^BO / l i t e r

E x c e ss  R e a c t iv i ty  
D o l la r s

W ater H e ig h t  B o ric  A cid  
M ethod Method

fJ 4  +  ^  
+  4  4  +

4 4 4  
+ 4  + 4  

4  4 H

0.28  + 0 .05  1.23  + 0 .1  1.06  + 0 .2

1 . 1 3 + 0 .05  4 . 3 0 + 0 .1  4 .3  + 0 .2

2.34  + 0 .05  8.52  + 0.25  8 .9  + 0 .2

3.053 + 0.008  11.20  + 0 .5  11.57 ±  0 .2

Holddown Pow er 
D o l l a r s

W ater H e ig h t B o r ic  Acid 
Method Method

9.97  10.5  + 0.2

6 .9  7 . 3  + 0.2

2 .6 8 2 . 7  + 0 .2

0 0

O
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TABLE I I I :  TYPICAL ROD PATTERNS IN CORE I

i

v o
i

P a ttern E xcess
R ea c tiv ity

Holddown
Power

CO $10.1_f0 .5 $ 1 . 1

JT ~ L
4 4 4

h  r

$ 8 .5 + 0 .2 5 * 2 .7

J i ------- L
4  + 4  

4n r
$ 7 , 0 4 0 . 1 $ 4 .2

J  L

10 
i r

$ 6 .8 + 0 .1 * 4 .4

P a t te r n E xcess
R e a c t iv i ty

Holddown
Pow er

$ 4 . 3+0 .1 *6 . 9

1 $ 4 . 0+0 .1 ♦7 . 2

rJ+t+Li $ 1 . 2+0 .1 $ 1 0 .0

4 4 4  
4 4  4 4

$ 1 ,2 4 0 .1 $ 1 0 .0
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TABLE IV

WORTH OP CENTRAL BLADE 

(CORE I I I )

P1na

E f f e c t i v e
R a d iu s

C e n t r a l  
B lad e  W orth

R ad iu s2 x  Worth
1000

2384 47.1  cm $3.82 + 0 .2 0 8 .4 7

1944 42 .8  cm $4.59 + 0 .3 0 8 .4 1

1344 36.O cm
«

$6.66 + 0 .5 8 .5 7

O
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FIG. 1: VIEW OF CRITICAL ASSEMBLY CORE
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O FIQ. 2: CROSS SECTION OF BORAL CONTROL BLADE



PIG. 3: DIFFERENTIAL REACTIVITY VS WATER HEIGHT
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FIQ. 4; INTEGRAL REACTIVITY VS WATER HEIQHT
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PIO. 5: BORIC ACID REACTIVITY IN MARTY CORE I MODERATOR
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