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FLUX DISTRIBUTIONS AND LEAKAGE CURRENTS FOR SRE, P-16

By
R. BaLENT

A, Two~GrROUP FrLux DISTRIBUTION

USING THE LATTICE CONSTANTS GIVEN IN NAA-SR-MEMO-700, P, 22,
TWO=-GROUP, TWO-REGION CRITICALITY CALCULATIONS WERE MADE FOR 10 FT. AND

11 FT. DIAMETER TANKS. THE CONSTANTS BSED IN THESE CALCULATIONS ARE AS

FOLLOWS:
Core CONSTANTS REFLECTOR CONSTANTS
Kee = 1.26U T = 350 cM®
T = 353 e L2 = 177 cM°
12 = 212 oMl Dr =  1.113
Fast DiFrFuspon Dt = 0.901
CoerFICIENT= DR = 1,113 cM
THERMAL DIFFUSION P = 1

CoeFFICIENT= Dy =0.901 cM

P = 0.82
AUO CENTIMETER AX1AL REFLECTOR SAVINGS WAS ASSUMED SO THE UNREFLECTED
HEIGHT WAS TAKEN TO BE 263 cM. THE AXIAL BUCKLING TERM, (7T/H)2 = 1.43 x 10"LL
CMfz, WAS ACCOUNTED FOR IN THE RADIAL COMPONENTS OF THE TWO-GROUP EQUATIONS.
THE 10 FT. TANK REQUIRED A CORE RADIUS OF 102 cM FOR cRITICALITY (I1.E.,
DIAMETERS 6.7 FT), WHICH CORRESPONBS %o A 1.65 FT. RADIEL REFLECTOR AND A
REFLECTOR SAVINGS OF Y2 cM, THE 11 Ff.HTANK REQUIRED A CORE RADIUS OF
95 cM FOrR crITICALITY (1.E, 5IAMETER = 6;2 FT), WHICH CORRESPONDS TO A
2.4 FT. RADIAL REFLECTOR AND A REFLECTOR SAVINGS‘OF Ua cwm.

[N THE TWO=-GROUP, TWO~REGION CRITICALITY CALCULATIONS THE FLUXES

ARE ASSUMED TO GO TO ZERO AT THE EDGE OF THE GRAPHITE REEEECTOR. REFERENCE
To Fig. SRDP-9-20033 pATED DeEceEMBER 18, 1953 SHOWS THAT THE GRAPHITE HAS AN

EQUIVALENT DIAMETER ONLY SLIGHTLY GREATER THAN 10 FEET. HOWEVER, SINCE THE
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CORE TANK, THERMAL AND CONCRETE SHIELDS WILL HAVE SOME REFLECTING PROPERTIES,
CALCULATIONS OF THE NEUTRON LEAKAGES ARE BASED ON THE 11 FOOT DIAMETER
CASE, ALSO, THE CALCULATIONS ARE FOR A FULLY LOADED CORE. SINCE A HIGHER
U230 ENRICHMENT THAN USED IN THESE CALCULATIONS WILL BE LOADED INTO THE
CORE, THE REACTOR SHOULD GO CRITICAL BEFORE REACHING THE FULLY LOADED
CONDITION AND THué THE RESULTING NEUTRON LEAKAGE WILL BE REDUCED SOMEWHAT
FROM THE CALCULATED VALUES.
THE EQUATIONS GIVING THE FLUX DISTRIBUTIONS ARE AS FOLLOWS:
[N CORE:
Nv(rFast)= AJy (et r) + C I, (,GR)
NV (THERMAL = S A Jo (efR) + S2 C g (/3:4)
IN REFLECTOR:
n(FasT)z F Z( e 14,R)
NV (THERMAL = G Z(6K2g,R)+S3 F Z (e {z,R)
WHERE

Zz 1, (e&Rr) - IK (etRy) Ko(eKRr)
o) (ﬁRoj

THE NUMERICAL VALUES FOR THE 11' TANK ARE

<2 0,016 & 2 = 0.0548 Az

A3 =0.0900 ot - 0.0195 C = -0.193 x 1077
Sy = 0.559 : ‘ F = -0.362 x 107°
Sp 2 -0.88U1 R,z 168 cm G = -0.0267

53: -1.313

B. Four=-GrOuP FLUX DISTRIBUTION

THE FAST GROUP OF THE fwo-GRoup CALCULATION WAS BROKEN DOWN INTO
3 FAST GROUPS AS SHOWN IN TgEnFOLLOWING TABLE ALONG WITH THE SLOWING DOWN
AREA (AGE) AND SLOWING DOWN CROSS SECTION FOR EACH GROUP:
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ENERGY RANGE Tz SLOWING QOWN AREA
Group (ELECTRON VOLTS) (cm) (cm=1)
1 2 X 10° 10 3 x 104 85 CM2 1.312 X 152
2 3 x 104 TO 104 22,4 cm? 4,9 x 102
3 104 10 0.058 2U5 cme 0.455 x 10-2

THE FLUX FOR EACH OF THE THREE FAST GROUPS CAN BE TAKEN AS A SIMPLE RATIO
OF THE SLOWING DOWN AREA OF THAT GROUP TO THE TOTAL AGE TIMES THE FAST

FLUX OF THE TWO~-GROUP SOLUTION. THUS:
N [

(SIMILARLY FOR NV2 AND NV3)

NV NVg
IT IS ASSUMED THAT ALL RESONANCE CAPTURE TAKES PLACE BETWEEN THE 3RD AND
THERMAL GROUPS.
C. LEAKAGE

THE LEAKAGE OUT OF THE CORE AND REELECTOR FOR THE 4 ENERGY GROUPS
IS GIVEN IN FOLLOWING TABLE. THE FIRST COLUMN GIVES THE LEADAGE FOR THE
CASE WHERE THE THERMAL FLUX HAS BEEN NORMALIZED TO UNITY AT R = O,

E. WEISNER HAS ESTIMATED THE MAXIMUM THERMAL FLUX IN THE GRAPHITE FOR A

POWER LEVEL OF 20 MW TO BE 6 X 1013; THUS, THE SECOND COLUMN GIVES THE LEAKAGE

FOR THIS POWER LEVEL.

LEAKAGE OUT OF CORE LEAKAGE OUT OF REFLECTOR
(t.e., R = 95 cm) (t.e., R = 168 cm)
ENERGY GROUP NEUTRONS CM2/SEC. NEUTRONS/cMZ/SEC.
I 2 |
12 x 106 10 3 x 104 ev] -9.85 x 10-3  -5.9 x 1011 -2.70 x 10=% -1.65 x 1010
2[3 x 104 to 10Hev ] 2.6 x 1073 -1.56.x 1011 -.721 x 10-% -.u33 x 1010
3[ 104 70 0.058 Ev 1 —28.4 x 103 -1.71 x 1012 -7.9 x 107%  -4.75 x 1010
THERMAL GROUP +12.5 x 103 +7.53 x 1011 -9.1 x 10-3 -5.45 x 10!

IT 1S HOPED THE ABOVE WILL BE USEFUL IN SHIELDING CALCULATIONS.
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