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I. Iztroduction

'

The resctivities of four reactors wvere calculated using current
methods ama cross section dsta for comparison with experiment, This type
of analysis is required periodically tc evaluate the effects of refinements
in methods and revisions in cross section data. In particular, the
recent library revision made this effort desirable at this time.

The fcur reactors vhich were analyzed vere SGER, the wvater immersed
S8ER core ir SCA-4B, SOIR, and SCA-LKA. A variety of core losdings and
reflector shim configirations were used to make a total of twelve reactivity
calculaticns. These may be grouped into six near critical configurstions
and six significantly supercritical configurations. The magnitude of
the experimental uncertainty 1s least for the near critical configurations,
probably because they are independent cof errors in the control drum
callibration curves. It is therefore felt that these six provide ilhe most
reliable test of the calculational method.

I1. Summary of Results

The comparison between calculated and experimental reactivities 1is
given in Teble I. An effective delayed neutron fraction ( ﬁ erf) of .0075
was used for the SNAP 8 cores to convert calculated & K/K to dollars.
For SCA-LA, a )’fe of of .0080 was used. References from which “he

experimental reactivities were obtained are included in Table I.

Avomae
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~e—= gre twvo values of excess reactivity quoted for the full loaded,
2273y simees STE. These differ by $1.55. One measurement was teken in
the welT ané The oiner was taken in the v;cuum vessel. The actual
gif%erence ir reactivity betwveen the two vas ;pproximately 32¢ from the

_position of the drums at criticality. The remaining discrepancy may be
attrituted <o the use of drum calibrations to determine excess reactivity
b ecause the drum calibrations in the two locations were quite different.
A similar problem existed for the fully loaded, fully shirmed S8ER with

v ariations in excess reactivity as high as $1.76 being quoted. The

value of $1C.99 in Table I 1s the accepted velue. The facc that the
calculations underpredict the redctivity of these two reactors may be in
part due to these differences in drum calibrations.

There are various ways of grouping the data to arrive at an average
error between caiculated and experimental reactivity. Using all the data
with an average of the two values for the fully loaded SSDR, a mean error
and standard deviation of -0.11 - 1.53$ is obtained. Removing the water
£looded and reflected SCA-UB data gives -0.54 = 1.28$, which would be
more applicable to beryllium reflected reactors. Grouping the six data
points for tne mear critical configurations, the mean and standard
deviation is 0.51 :l.05$. Without the SCA-LB data this changes to
0.17 :.7h$. Grouping the six supereritical configurations, the mean and

standard deviation 1s -0.73 = 1.76$ with the SCA-LB data and -1.25 - 1.36$

without.
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III. Conclusions and Recommendations

It may ve concluded from these results that the previously used $1
normalizatior for beryllium reflected reactors is no longer applicam:e wilh
thue nev cross section library. For near critical lnadings or reflector
sonfigurations, the calculations indicate that no normalization is required.
For supercritical reactivities, a normalization of ~v $1 may still be
reguired. It 1s not clear whether this is due to the inability of the
celculations to determine reflector worth or to the use of drum calibrations
to determine excess reactivity.

It 18 recommended that an investigation of reflector worth be
continued. Emphasis should be placed on the SCA-LA experiments because
they depend less on drum calibrations. In addition, an attempt should be
rade to calculate either S8ER or S3DR critical drum position in two-
dimensional geometry.

It is also recommended that pcison worth (preferably boron splines)
rather then drum calibrations be used in the future to determine excess
reactivity.

Iv. Method Used

The calculations were made usingl the APC code in the leskage iteration
(DB2) mode. Leakage terms from the core were spread to the non-core zones.
Two comparisons of this method were made with R,Z DOT calculations and slightly
higher reactivities were obtained with APC in both instances. For the
165 element SSDR core the difference was 26¢ and for the 211 elements

-

S8ER core with no shims the difference was 2¢. These
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camparisons wvare made with an old library but this fact should not alter

the ctonclusions that the APC method 1s ressonably sccurate. The differences

hetveen. the tvo calculations were primarily due to geometrical
differences and should be independent cf the iibrary used.

All the cealculations were made using Sk’ Po transport theory with
a new 28 group cross section library. The cross sections were weighted
over a ZrH reactor spectrum and are based primarily on SXDF/B data. The
major difference in reactivity between the new and o0ld libraries resulted
from using ENDF/B cross sections rather than KEDAK cross sections for U23S.
The only other significant reactivity difference came from using ENDF/B
rather than Al zirconium cross sections. The revised spectrum weighting
made little difference because all calculatiors were at room temperature;
however, some differences would be expected in temperature coefficients
calculated with the new library. The cross section sets which were used in

the caiculations are identified in Table II.

Cell weighting of cross sections was used only in the SCA-4B calculations;

It was necessary in this instance beceuse of the water and poison splines
in the core. The standard nmethod for dry or NaX filled ZrE reeztors
is to use no cell weighting.

The geometrical models of the reactors analyzed were generated
using the S3DR model in Reference 4 as a gulde. The main features of this
model are the use of as-built dimensions and material compoaitions and a

reduced density reflector representations. Tabulations of measurements
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made on fuel elements were used to assure that the proper samount of

uranium, zirconium, hydrogen, and cladding wvas used in the core. The reduced
density reflector representetion was used in order to preserve the distance
between the beryliium and the ccre. Reducing the beryllium density accounts
for clearances between drums and stationary parts such es the core vessel and
reflector cusps. The reduced density reflector model 4id not eater
into the SCA-4B calculations because the reflector was water. It also had
little influence in the SCA-LA calculations becsuse both drums and cusps
vere shimmed on that machine and clearances were small. The extent to
which it influences the S8DR and SS8ER calculations is unknown.

Sketches of the models used for the four reactors are shown in .
Figures 1-4. The twelve calculated points presented were obtained by
varying fuel loadings or reflector shims.

Atom density and neutron balance tables for all four reactors are
given in Tables IIX-X. Sufficient data are contained in these tables
to reproduce all twelve calculation_s exactly. This should allow future

evaluation of cruss section data to be made with a minimm amount of effort.
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 Table I
(continued) .
[ Assembly E ; AC&lcul-ated  Reactivity ($) Error Refsrence
| . Xerr Calculated Measured ($)

SCA-LA-37 Elements 1.0746  8.68 ~10.45 <1.77 9
3.25" Reflector ) o
S3ER-211 Elements '1.058h - 7.36 10.09 -2.73 6
SCA-4B-211 Elements 1.0615 . 172 5.87 1.85 10

' No Poilson Splines ' ‘
Water Flooded and )
Reflected ;
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1 - 16 i1.0418 - 0.7938
t71—-18 it.7180 3 -4 | . 7945
19 13.0548 5-6 3.9¢688
20 - A8 182.07a7 71-39 34.3%a7
20 - 21 30.0131 30-32 37.3548
18 - 30 23.08¢9 33 371.5577
31 -3a as5.4340 34—-385 38.4308
» 12352 REV,. 9-87
b S o A G e YR I ey T s s 4T A M AT T S O TR T e [,

e ————



K et

S8 ER 211 ELEMENTS-

FJLL SH

COSINE (MU)

-

1MS - RARIAW _

ANGULAR QUADRATURE CONSTANTS

)
L]

.
.
»
.
.
.
., -
. .
. .
v a . .
. J .

_ __WEIGHY __REFL_DIRECT _ WT. X_COSs ~Im_- '.,._;... o
. 1 =4.71404€-01 () 3 0 \ : -
} 2 -3.33333€-01 1.66:662-01 3 ~5.55553E-02 S X
3 3 3.33333E-01  1.66666E-01 2 5.55553€~02 QgN 5 :( 1&3555 BNQ

. & -9.42809C-01 0 8 . . .0 . RETIE i r g ,
6§ -B.8l91TE-0L 1.66656E~01 8 -1.46986E-01 . Y b i
4 |6 =3,33333€-01_ 1.65666E=0) _ _ 7 __ _ -5.55553E-02 ___ NEVTRON__BMNCE 1313\.55_.*
% T 3.33333E-01 1.66666E-01 Y 885553602 .. . e
3 8 B8.81917E-01 1.66666€~01 S5 1.46986E-01 _,_.,;,;, PR .-.:.;. ‘
j - ' ' . -MR--'
VT R s e DENs"Y.T-“LE LIANTTES .S;Ti';'*'f‘;‘f,w'v“".!:‘ T BaaNURRA NI S
‘ NUCLIDE _ ==> D 2 _ " __ & : s " : 9 I SR
i HASTN' 20C 31658 20C HASTC 20C BE 296K BEN 296K  HIZR) 296K O 20C
- P I3 SRR g o Ty - g P r - - "TeoccvvTaovecen Siacuandionan "Theooeeae s
1 [MIXTURE Y . BRSNS
3 1 CORE 6.40S0E<02 0.0 0.0 0.0 0.0 4. TOS4E-02 3.26395—0(
) 3 VESSEL+GAP 0.9 4.6860E-01 0.0 0.0 . 0. 0.0 g_qo__ ——
1 4 REFLECTOR 0.0 .0 0.0 9. 4466E-01 0.0 0.0 0.0
s B ) 0.0 0.0 .. 00 0.0 . 0.0 $.3800€-0¢
: 6 A SHIM 0.0 0.0 0.9 9.8736€-01__ 0.0 0.0
i1 .1 » SHINM 0.0 0.0 , 0.0 9.0983€-01 0.0 0.0
8 C SHIN 0.0 0.0 . 0.0 ... S5¢38906-01 0.0 , 0.0
NUCL 1DE -=> s ° 10 1 AR
. IRUH) 296K U238 296X  SM149 20C U235 296K o
“2 . -o--‘-—----‘- P - anan N Y L. T ] * . . Lot
MIXTURE N T L ) R T e
3 1 CORE 2,8040E-02  8.1591E-05  3.01006-07  1.1238E-03 RRCME
; 2 INTERFACE__ __0.0 0.0 0.0... ... L 0 . ST R __I;;..:_..___J
____’ VE_S_‘S_E_L:_GAP 3__0_0 0_.9 0._0 0.0 : . .
4 REFLECTOR 0.0 0.0 0.0 0.0 - o o .
E: S 0.0 0.0 0.0. 0.0 o ] .'_ "\" ‘. e . " ! Vi
Lo ASHIN 0. ... 0.0 00  ___._090 e i
4 T 8 SHINM O« 0.0 0.0 0.9 Y '{ e N
5 8 C SHIM 0.0 0.0 \ 0.0 0.0 s e tar, .\K"' -‘..:,.
. ) i S T L NG AV
; R R VRN TS I S -'"1-.' R T e T
; ‘.‘o ’. . , . A , . . . ...-_ '..~,‘ . -:;. ::‘. - -_' s E. ."l o : “‘;,‘V': . ‘o., v -‘& ) -
5 . Ce PSR - R R A S
E ! - ' ' e - e o ' ." ’ .i" ". ’ " :.‘:. -..-“:. "’e :.»‘
. . ) o L » :'3/4' .




e me——- e ®e

TS RT BNDY LEAKAGE
_THE REACTION RATES HAVE REEN OIVIDED BY XNF

- 44 ses -

- o 4 amm——

- SUMMARY BY ZONE, INCLUDING SUMMARY FOR ALL ZONES IN_LAST COLUMY® - = = = =
"t&xceonnv = TAST LEFT LEAKAGE

-
v 1
S e sm " omom - srm 41 d by

wow TABLE I (cont.).
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Hxsrapnm 0.63167 0.00210 0.00733 -0.0108% -0,00094 =0.00072"
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i 1_0 20C 0,00000 0.0 0.0 0.0 0.0 0.0
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10 __SM149_ _20C _0.,01390 _ _ _0.0_. 0.0 0+0 .. 0.0 __ _ 0.0 .
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NU FISSTON 1.06144% 0.0 0.0 0.0 1.06144 .
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B ¢ Lo R - X1 .00 . .0 _ . _._00 _ __ . 00 _ . _.___0,00000_ ——
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9 H20 29¢C 2.00545 0.0 0.00003 0. 00001 0.00002 0.9
0. MASTN _20C . 0,0 0.0 _ 0.0 . 0.00016 __ _ 0.00356 0.0 . o
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5_IR_ 2,0 o000 0O 0.0 —. 0.0 0.9 ———l
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7 SM149-Pp 0.0 0.0 0.0 9.0 0,0 0.0
_BU23 __9.,0______ 0.0 0.0 0.0 0,0 . .0.43591 .
9" H20 20C 0.0 0.0 0.0 2.0 0.0 7 T .0
10 HASTN  20C 0.0 0.0 N 3.0 0.0 0.2
L o 3ess 20 9.0 . 0.0 .. 0.0 0.0 o0 - 0.0
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ZONF VOLUME 0.20320 0.63499 9.74930 0.63501 16.50999 76.99374 [
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—— 7 S"‘ l ‘0.?__ PP 0_,_9 0_1“0 9 ° 0 D .__D Q_.p__ MO_ 3.0_1 7’32 3
8 V235 0.0 0.0 0.0 0.0 0.0 0.548063 B
9 H20 20C 0.00001 0.00002 0.90939 0.0 0.00618 0.01211 3
30 _HASTN_20C_ __ _0,00102  _  0.00022 _ __ 0.0 _ 0,0 0.0 0,00495 ___ 3
1Y T316857 20C 0.0 70.00217 0.0 0.0 0.0 0.00377
12 AL 20C 0.0 0.0 0.9 0.00026 0.0 0.0004)
MATL FISN
-1 20 e w000 L0000 0.0 0,0 0.0 Qo0
2 HASTN ‘0.0 0.0 0.0 0.0 0.0 0.2
3 HZIR 0.0 0.0 0.0 0.0 0.0 0.0
4 J“Pp 0.° OQO 000 000 . 0001 000
5 IR 0.0 0.0 0.0 0.0 0.0 0.0
6 4238 0.0 0.0 0.0 3.0 0.0 0.,00013
T SM14%9-PP 0.0 0.0 0.0 0.0 0.0 0.)
.8 U235 00 0.0 0,0 0.0 040 .. 0.43691
9 W) 20¢C 0.0 0.0 0.0 3.0 0.0 0.0
10 HASTN 20¢C 5.0 0.0 . 0.0 0.0 0.0 0.0
._!.l 3._‘_6_55 ?QC 0,_0___ 0.0 0.0 3 .O 000 ¢ 0.0
12 Al nr nnNn h n ~ = N
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