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I. Introduction 

The ref lector design of the 5 Kwe Reactor r ep resen t s a significant 

depar ture from previously operated SNAP reflector designs. Previous 

designs used rotating drunns to regulate neutron leakage and thereby 

control the react ivi ty of the reac to r . Instead of rotating d r u m s , the 

5 Kwe Reactor uses sliding segments to regulate neutron leakage. 

The reflector in previous designs was also uniform in thickness over the 

height of the core . The 5 Kwe Reactor ref lector is tapered. 

The purpose of the change in ref lector design is to reduce the 

weight of the shadow shield through a reduction in shieldable envelope. 

Sliding segnaents ra ther than rotating drums pe rmi t a reduction in 

envelope d iameter approximately equal to twice the reflector th ickness . 

Tapering the ref lector pe rmi t s an additional reduction in shield d iameter 

because there is no bery l l ium outside the shadow cone from which 

radiat ion can sca t te r . 

The cu r ren t 5 Kwe Reactor design has two sliding segments each 

of which substend 120 of the reac tor d iameter . The beryl l ium bet^veen 

each segment is s ta t ionary. The sliding segments are split two 

inches above the axial center l ine . The thinner top p ieces remain 

s ta t ionary and the thicker bottom pieces slide a maximum of four inches . 

Rather than sliding para l l e l to the core v e s s e l the segments move 

along the taper angle. 

FORM 719-P REV. 8-69 
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The effect the sliding segments have on the power dis t r ibut ions 

could not be very well determined using the cus tomary one-dimensional 

technique. A two-dimensional model of the reac tor was set up in 

R, Z geometry for calculat ions using the DOT code. Calculations were 

made with the segnaents closed, two inches open, and four inches open. 

In R, Z geometry there is no azimuthal variat ion; therefore , 

it was neces sa ry to make some approximations concerning the fixed 

ref lector when the sliding segments were not fully closed. In one 

calculation with the segments two inches open, the fixed bery l l ium 

was homogenized in the gap. F r o m this a po'wer distr ibution was , 

obtained for use in the prelinainary t h e r m a l , hydraulic analys is . 

This distr ibution did not contain the des i red azim^uthal var ia t ion. To 

obtain it , a power dis tr ibut ion was syntl-esized from two DOT calculat ions. 

A calculation with the segments fully closed and a calculation with a 

360 two inch opening were used. The power distr ibut ions from the 

two calculations were combined using a sinusoidal azimuthal var ia t ion. 

A t imeshare cornputer p r o g r a m was wri t ten for this purpose . 

An additional calculation was made with an untapered ref lector 

to determine the react ivi ty effect of taper ing. A calculation with the 

segments four inches open was used to determiine the total control worth. 

FORM 7 1 9 - P REV. 8 - 6 9 
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II. Summary of Resul ts 

The synthesized power distr ibution at be ginning-of-life is shown 

in Figure 1- Figure 5. Figure 1 shows for one quadrant the peak power 

pe r e lement relative to the core average power. Due to symmet ry 

the power distr ibution m the remaining quadrants i s the same. The 

axial power distr ibution for each element in the quadrant is shown 

in Figure 2- Figure 5. 

Power contours are shovvm in Figure 6 and Figure 7. Figure 6 

shows the power contours with the segnaents fully closed which would 

be representa t ive of end-of-life conditions. F igure 7 =hows the 

power contours with the segments two inches open with homogenized 

berylliuna m the opening. 

The calculated react ivi ty change between segnaents fully closed 

and 360° segments four inches open was $12.63. It i s assunaed that 

the worth is direct ly propor t ional to the angle substended by the movable 

segments . The total control worth would therefore be $8 .42 . The 

react ivi ty lost between a s traight reflector and one with an 8 ° taper 

angle was 24^. 

III. Method of Calculation 

The calculat ions were made using the two-dinaensional t r anspo r t 

theory code, DOT II. The S approxinaation and the s tandard 28 group 

SNAP l i b r a ry was used. The two-dimensional naodel which was set up 

to descr ibe the reac tor i s shown in F igure 8. The composition 

FORM 719-P REV. 8-69 
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of the var ious zones is given in Table I. Macroscopic c r o s s sections 

are available in the SNAP l i b r a ry for most m a t e r i a l s , therefore , 

volume fractions naay be used instead of atona densi t ies . The only 

exceptions were fuel and tungsten. The atona densi t ies of these naate r i a l s 

without volume weights i s given in Table II. 
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1 

1 

1 Zone 

Core 

Inte rnal 

Reflector 

Vesse l + Gap 

Grid Plate 

Collar Buttons 

Plenum 

Vessel 

Gamma Shield 

Reflector 

Table I 

DOT iModel Volunne 

Mater ia l 

Fuel 

Glass 

Clad + Fins 

NaK 

Gap 

BeO 

316 SS 

316 SS 

Void 

NaK 

316 SS 

Hast X-280 

NaK 

Hast X-280 

Void 

NaK 

316 SS 

Tungsten 

Be 

Frac t ions 

Vc )lume Frac t ion 

0. 7546 1 

0. 0068 

0. 0919 

0. 1243 

0.0224 

0 . 6 

0 . 4 

0.39 

0.61 

0.32 

0.57 

0.11 

0.1243 

0.1 

0.7757 

1.0 

1.0 

1.0 

1.0 
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Table II 

Atom Densities 

Isotope 

U-235 

U238 

Zr 

H 

W 

Atom Density ( a toms /ba rn -cm) 

0.001503 

0.000109 

0.03534 

0.05725 

0. 0619 

FORM 719-P REV. 8-69 


