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ORSphere Critical Experiment Overview

« Two Critical Configurations
— First, slightly supercritical

— Machined Radius
— Second, slightly subcritical M
* Purpose to create a more accurate '
experiment than GODIVA |
— Detailed assembly measurements

« Component dimensions,
masses, etc.

« Experimentally determined
worths for corrections

— More spherical

— Less structural material in sphere
proximity
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Experiment Overview

0.6260 x 0.0627

Deviation** from the — 0.0
nominal 3.467 inch radius / —\-
0.8750 DIAx 0.0625 THK (11.135g) — ! !
|

(5.535 g)

+0.1

e 0.9536>!

Part #1-6

/ \ 6.404

* Nominal Radii of 8.80618 and
8.74395 cm.

.+ HEU Metal (ORALLOY)
~ 93.2 wt.% 235U

< © EXperiment parameters precisely

+0.1

/

0.7662 Part # 1-8
13295 7

" measured:

(
\//‘8-2 — Dimensions

X (02)

Pin

Part
#1-10

6.842

1.894  Rotated 902 0.5625

AN
030136; 3

0.5625

N7\

Use 4 times
in AVGing

)?6 - +0.0001 in.

Rotated [0.267
45° S
N

T 1.5995
1.038 Part # 1-11

6.152

o — Mass
- +0.01 g

6 pins - 3 holding Parts 1-11 to 1-12
3 holding Parts 1-8 to 1-10

AVG RAD = 3.4665
Meas. are from drawings

* DIA considers threads in calc.

0.5889*
NN
I~ E%L’mas

Part # 1-12
1.867

-0.9
02 (-0.4)

** Deviation is in 10-% inches, differing values in parenthesis from Reference 1

0.625|

— Isotopics
« +19% 234U & 236U
+ +0.005 wt% 235U
— Impurities
Dimension n fches + ~500 ppm
average content
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Critical Configuration Benchmark Evaluation

 Critical configuration evaluation | ...
presented at ND2013 ”
— Modeling error had caused
results to be ~1% low International Handbook
. of Evaluated Criticality Safety
— (results now ~0.18% high) Benchmark Experiments

- Two Benchmark Models
— Detailed and Simple models

« Experimental Uncertainty
— 0.0007 Ak (10)

— Largest contribution due to @) OECD CynEa
uncertainty in curve of

ellipsoidal parts (0.00066)
* This uncertainty not even HEU-MET-FAST-100

addressed in evaluation of
GODIVA benchmark
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Critical Configuration Benchmark Evaluation

* Measured and calculated simplification biases
— Detailed model: (Case 1 shown here)
+ Explicitly model each ellipsoidal sectior
- Button holes
» Diametral hole .. ;. e
* HEU Pins

!
[
!

Diametral filler rod

R 0.164211, L 17.82953 Target hole,

filled by shrink

« Casel Dianéegﬁl7h207lg‘ R fit with HEU
- '0.00192 ? - i = = ——————— E BB03386 ——————%4 — G diamtral hole*
Tilt of all
+0.00013 Ak ptssore 8.685601

0.0231340494°| Gentrz Center
ate section

 Case 2

- -0.00191
+0.00013 Ak

-

7.80708

1.11125

Lower Polar Cap

Top of lower section pin
extended 5.842x10-3 cm above
the flat surface of the lower plate

4.742942

Brass bolt
*Vertical shift and tilt of all plates
above lower plate = 0.00351038 cm
and 0.0231340494 degrees.

z
*The centerline of the diametral hole is also the centerline of the sphere

Dimensions in G{'ﬂ

X 13.WHT03-{6-1
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Critical Configuration Benchmark Evaluation

Simple Benchmark Model

Solid, Homogenous, HEU
Sphere

Retained Si, B, and C
iImpurities

Case 1l
-0.00140 Ak

Case 2

Sample Calculations

MCNP5, KENO-VI, MONK,
COG11.1, XSDRNPM

ENDF/B-VII.O, JEFF-3.1,

JENDL-3.3, JENDL-4,

ENDF/B-VI.8, ENDF/B-V.2
MCNP5, ENDF/B-VII.O

Calculated ~0.18% High

Case 1 Case 2
Experimental kg 1.00447 =+ 0.00014® 0.99846 + 0.00013®@
Detailed Model Benchmark k. 1.0026 + 0.0007® 0.9966 + 0.0007®
Simple Model Benchmark k.  1.0031 =+ 0.0007® 0.9966 + 0.0007®

(a) Thisuncertainty is accounted for in Section 2.1.
(b) This uncertainty includes the experimental and bias uncertainty.
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Reactor Physics Benchmark Evaluation

« Evaluated measurements of
— Reactivity Worths

« Buttons, diametral rod,
central void

— Reactivity Coefficient
« Surface material worth
— Kinetic Parameter
* Bess
— (June 2014 ANS)
 gand A
— (This Meeting)
— Reaction Rates
* Neutron importance
* Fission density
— (June 2015 ANS)

Nuclear Science
March 2014

jﬁ\f\Ll . BEGION |
i -‘I__nternatiznal Handbook
=, of Evaluated Reactor Physics
chmark Experiments

~ \ J"

@) OECD Ly Nen

ORSPHERE-FUND-EXP-001



B.: — Measurement Method

Ap(AK)
Berr="" /Ap($)

HEU pin,
3 equally
spaced

HEU plug

fit with HEU

Target hole,
/ filled by shrink

Lower P:olar Cap
| /- Brass bolt

| 0501 +0.0005_ |

'

Diameter
|

) —|— € diametral hole*

T *The centerline of the diametral
i hole is 0.0508 cm below the
) centerline of the sphere

Break Corner 0.005
Typical /

W

0.263
+0.001

PC#1

+ 0.005 :
0.230 - 0.000 Radius

0.460+_ 888? Sphere Diameter

+0.005 ;
0.230 - 0.000 Radius

~Q
% ldaho National Laboratory

#8-32 Tap - 3/16 Dp.

PC#3

A
w0
o
ol S| &
\__ . . gl <fs
Lol =8
/ o
/ \
- 3.442 +0.005 -

Dimensions in inches
13-WHT03-48-2
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B.: Benchmark Model

Benchmark Value: B+ = 0.00657 + 0.00009
Agrees well with GODIVA | experimental value of 0.0066

Sample calculation result, MCNP5-1.60, ENDF/B-VII.O:
0.00651 £ 0.00003 (-0.86%, -0.640)

Limitations of method
Need to very accurately measure worth values
Worth value of uniform composition
Worth values that can be accurately calculated

11
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Prompt Neutron Decay Constat,/

L S 3 !
i o B I N -
! - 16% - i
\ =, \ - [l
-1~ s !
\ !

A

Rossi-a and randomly pulsed neutron e
(RPN) measurements ‘

Three 2°2Cf time-tagged fission neutron
sources iy, i m—"—

— <0.15 ug %°2Cf, ~25,000 to 86,000 e e
fissions per second e
. . . L 0.354
 Spiral Fission Counter (SFC) W7 \) 2
— 93 wt.% 23°U Metal o uag 2,
— Uranium split plugs used around SFC Mailkn N\ N\ &
shaft to minimized void introduced EANMMNINNE %%
: N ek -
-+ Center plate re-machined S T
/ 0.263—f’,w
— Surface Hole 747 T
— Diametric Hole , 2
For 58 {4 % l
~ threads |~/ ; /
FRONT VIEW L 7
Dimensions in inches %g AR

=
N

13-WHT03-50 |
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Prompt Neutron Decay Constant, o

Reactivity ranged
from £0.5 ¢.

Rossi-a and RPN
measurements back
to back

RossI-a

— Continuous

RPN

— 25 cycles per
measurement

Note: The time scale starts at the bottom right of the figure,
moves left and ends at the upper left of the figure.

13
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Prompt Neutron Decay Con

“The data from both types of
measurements were fitted by
nonlinear least-squares methoo
to the function D + Eexp(—at) to
determineg the prompt neutron
decag constant (a) with the
value of Dfixed and obtained
appropriately from the average
count rate, the detected Cf |
fisston rate, and the width of the
time bins.”

stant, O,

10"

10°*

COUETS PER CHANNEL PER CALIFORNIUM F|SSION
o

boratory

T T T1IT

U DT

\

"« ROSSI-« MEASUREMENT, 11 min,

TOTAL COUNTS = 2.214 x 10°
o RPN MEASUREMENT, 40 min,
TOTAL Cf FISSIONS = 4.62 x 10’
. TOTAL COUNTS = 2.08 x 10

N

L 11
—
=)

=]

COUNTS PER CHANNEL PER COUNT IN ROSSI«

11 lllljll

-
‘?
»>

—
°.
-

o \ e

-
| - =
E OQ\Q i
. ‘l\o\ :
L 1.':\\~Q -

So

! 1 12 1

0 0.8 1.6 24 3.2 4.0
TIME (usec)
1 dn

" de
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Prompt Neutron Decay Constant, o

« Variance weighted average of 538 measurements

— No values discarded

« Prompt Neutron Decay Constant: o =1.1061 + 0.0009 ps

« Comparable to GODIVA value: o = 1.10 £ 0.01us?

Cf Chamber® S;(;ji}r;l Hféii(ign Prompt Neutron Decay Constant (ps)
59 DH 2717 DH 1678 1.1172+0.0035 1.1089+0.0050  1.1145+0.0028 (107)
59 DH 2717 DH 0 1.1061+0.0016  1.1157+0.0030  1.1082+0.0014 (152)
2 Surface 3.512 DH 0 1.1075+0.0022  1.1226+0.0070  1.1089+0.0021  (81)
61 DH 0102 SH 2693 1.1476+0.0097 0.9478+0.0880  1.1451+0.0097  (14)
61 DH 1.78  SH  2.693 1.0965+0.0059 1.0817=0.0077  1.0919+0.004  (44)
61 DH 2472 DH 0 1.0907+0.0027  1.0925+0.0046  1.0904 +0.0024  (94)
61 DH  op1p Scintillatorat 0000 00075 11102200066  1.1078£0.005  (46)
surface@
Average of All Values 1.1061 £ 0.0009 (538)

(a) Chamber 61 (0.500-inch-diameter; 8.6x10* fissions/second) could be at any radius in the DH and in the 0.504-
inch-diameter SH. Chamber 59 (0.375-inch-diameter; 2.6x10* fissions/second) could be located only at one end
of the DH, and chamber 2 (1.000-inch-diameter; 5.6x10* fissions/second) only adjacent to the outer surface. The
radial location given in the location of the Cf deposit in the ionization chamber.

(b) The 0.50-inch-diameter, 0.500-inch-long SFC could be placed at any radius in the diametral hole of in the 0.5-
in.-diameter SH. The radial location given is for the center of the SFC.

(c) The values in parentheses are the numbers of both types of measurements that were performed.

(d) The scintillator was adjacent to the outer surface of the sphere. The scintillators were shielded with 0.25-inch-
thick lead, and this lead shielding actually was in contact with the sphere surface.

15
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Prompt Neutron Decay Constant, o , Evaluation

« Measured over many runs (538)
— Numerous days - Temperature + reassembly
— Varied detector and source position = Arrangement
— Two Measurement Methods
— Varied configuration using buttons
— Included all measured values

+ Drives down uncertainty

* Originally believed that systematic and random uncertainties are
accounted for because of the large number of measurements.

16
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Prompt Neutron Decay Constant, o , Evaluation

During review by the International Reactor Physics Benchmark
Experiment Project (IRPhEP) Technical Review Group:**

« All 538 runs are not independent
+ Correlation between many of the runs

+ Taking deviation of variance weighted average fails to account for
possible systematic uncertainties.

- Given uncertainty of £0.0009 us is:
» increased by V538 (number of runs)

- divided by v7(number of independent source/detector
configurations).

+ Final experimental uncertainty:
1.1061 + 0.0079 ps-*

** Incorrect in ANS Transaction Paper! Full evaluation in the International Handbook
of Evaluated Reactor Physics Benchmark Experiments should be referenced for most
up-to-date evaluation. o
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Prompt Neutron Decay Constant, 0, Benchmark
Model

Smaller sphere (Case 2)used for o measurements with buttons to keep
system at delayed critical (£0.5 ¢)

Began with Simple benchmark model for critical configuration
Modified to bring reactivity up to delayed critical using surface material
worth coefficient

K.q: 0.9966 + 0.00069

Reduced from 70 pcm so 2.0¢ reactivity measurement uncertainty is
not double counted with the surface material worth coefficient

Surface material worth coefficient: 0.086 + 0.003 ¢/g
B 0.00657 = 0.00009

Sphere mass must be increased by 603.8 £ 125.5 ** gram to reach
delayed critical.

Radius of benchmark model 8.76339 + 0.00692 cm

** There was an error in the uncertainty propagation for the benchmark model at the time the
ANS Transaction was written! Full evaluation in the International Handbook of Evaluated
Reactor Physics Benchmark Experiments should be referenced for most up-to-date evaluation. s
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Prompt Neutron Decay Constant, 0, Benchmark

Model
Radius of henchmark model 8.76339 + 0.00692 cm

Radius uncertainty is bias uncertainty
accounts for uncertainty in:
Case 2 benchmark model
Surface material worth coefficient

Beff

27.2 times larger than the radius uncertainty!
Corresponds to 0.00136 Ak @
Bias uncertainty in o is £ 0.229 us™

Experimental uncertainty in o is + 0.0079 ps

Benchmark prompt neutron decay constant:

1.1061 + 0.229 us (20.76%)

19
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Comparison to Godiva

Reported GODIVA a.
1.10 £ 0.01 pst
Measurement uncertainty only
Has not been evaluated and no benchmark model for prompt
neutron decay constant derived.
ORSphere
Experimental Uncertainty: £0.0079 s
Bias uncertainty: 0.229 ys
1.1061 + 0.229 us

Using current HEU-MET-FAST-001.:
benchmark k s = 1.000 + 0.001

oL uncertainty would increase to £0.167 ps

20
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Mean Neutron Generation Time, A

+ Using point kinetics and the definition of o, the Mean neutron
generation time, A, can be derived.

dn(t)  p(O)—Peff

PP \ n(t) + Yo, Aici (1), 1 dn
a =

de;(t) P (O — R, 1= 1.6 + n(t) dt
At —An — NG , L=1,...,
a:p_Aﬁeff <

y
A== P Pers >A:'Beff
@ a
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Mean Neutron Generation Time, A

Bers
a

Ber :0.00657 + 0.00009

At delayed critical: A =

Using the experimental uncertainty for a.

a :1.1061 + 0.0079 pst
A=5.94 £ 0.092 nsec (derived measurement)
(Compared with derived GODIVA A = 6 nsec)

Benchmark model for A same as for «a

Using the benchmark uncertainty (including bias unc.) for a.:
a:1.1061 + 0.229 pst
A=5.94 +1.24 nsec

22
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Sample Calculation for a and A

- MCNP5-1.60 and ENDF/B-VII.O

Kes 1.00141
Best 0.00647
A (ns) 5.72499

+= 0.00002
+= 0.00003
+= 0.00297

Benchmark o (us)  -1.1061 = 0.2296 ||
Calculated o (us) -0.8842 = 0.0902
(C — E)/E® 20%

(a) “E” 1s the expected or benchmark value. “C” is the calculated value.

* @ calculated within 1o (20%) of benchmark value
(and within 3o of calculation uncertainty)

— If ~0.14% calculation bias in K. IS ignored then a calculates within
2% of the benchmark value (1.1301 us™)

- A calculates 3.6% below the benchmark value of 5.94 + 1.24 nsec

23
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Completion of Evaluation

* The final evaluation will be published in the 2015 Edition of the
International Handbook of Reactor Physics Benchmark Experiments

— The full evaluation should be used for reference due to errors in
the published transactions for this meeting

\)
O.I-I S GBHD - ’a All translations of the English word ‘Question’ were
performed by GoogleTranslate. Any errors should be blamed
on them. ©

24
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B.:;: — Other Method

 Time Correlation Measurements

— Californium-252 Source

— 0.00602 + 0.00008

— Low compared to GODIVA 1- 0.0066

Californium
chamber

Discriminator

Amplifier

Scaler

Spiral fission
counter

Amplifier

—m\— Discriminator

\/

Time analyzer

“The low value of the effective
delayed neutron fraction may
have been the result of an
improper theoretical
formulation for correcting point

kinetics for spatial effects.”
(Mihalczo)

Delay

cable

Scaler

13-WHT03-51
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Central Void Worth Evaluation

Uncertainty ¢ Uncertainty ¢
Experiment Method + 0.0230 | ¥*U Abundance + 0.0010
Fission Fraction Values + 0.0010 | ¥°U Abundance + 0.0020
Treatment of 2341 and 235U = (0.0088 | +*5U Abundance = 0.0010
Delayed Neutron Parameter @ = (0.1210 | Small Sphere Diameter =+ 0.0010
Small Sphere Mass + 0.0010

Total +=0.123¢

(a) This 1s the svstematic component of the delaved neutron parameter uncertainty. The

random component 1s included in the experiment method uncertaintv (see Section
2.4.1).

- No additional bias or bias uncertainty in benchmark model

- Benchmark Central Void Worth: 9.165 £ 0.123 ¢

Ap(Ak)
Bers =" /Ap($)(.

29
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Central Void Worth Calculation

Sn transport theory extrapolation to infinite order

Calculated by experimenter
ONEDANT and XSDRNPM
Hansen-Roach and ENDF/B-VI cross sections

6.02 + 0.01 x 104 Ak,

Repeated calculation with XSDRNPM (J.D. Bess)
ENDF/B-V.0, -VI.0, and VII.O
Average result 6.04 x 10
Uncertainty in calculation increased to 0.4 pcm (bounding)

v
Ap(AK)
Bery =" /Ap($)

30
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Alternative derivation of B

* By Was calculated using HEU button worth measurements

2:27"=0.00657 = 0.00009 bR
Given Worth P%Eﬂ E.EE :,SJFSEME

T e
16.0.635-em-thick Uranium | 404 . 7968 (2862 = 00028 | 8085 = 066 | 2.0
Buttons on Sphere Surface
F, S 5 2 T 2

4. 0.3175-em-thick Uranium | ¢« 405 & 01167 | 043 = 00028 | 7.005 = 048 | 0.76
Buttons on Sphere Surface
3. 0.3175-om-thick Urantum | 5 g6 . 31274 | 054 = 00028 | 6.80 = 038 | 0.60

Buttons in Socket Hole
(a) Thizratio ofthe difference ofthe calculated Pe from the given pes over the sum of the two uncertainties

given an idea of the agreement between the two PBesvalues.

« All results within 3o but...

+ Large uncertainty makes result useless
— Large calculation uncertainty
— Measurement uncertainty

31
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Derived B

« By = 0.00657 % 0.00009
~ Ap($)=0.09165 + 0.00123 $
~ Ap(AK)=6.02 + 0.01 X104 Ak

* Repeated Worth Calculation with various codes and cross sections:

) Sef,r—Sf}?ﬂ .

Code Servon p(AK) pect® Togralt
Given (Ref. 3) 0.000602 = | 0.000002 | 0.00657 | = / 0.00009 :
MCNESE ENDF/B-VIL.0 | OU006IE | £ CUUUT ] DUG S £ f UL T ‘ 128
MCNP5®) JEFF-3.1| 0.00065 < 0.00003 | 0.00706 0.00033 48
MCNP5®) JENDL-33 | 0.00058 | = 0.00003 | 0.00632 0.00032 0.77
MONK® JEFF-3.1| 0.00056 = 0.00000 | 0.00611 000090 0,46
MONK® ENDF/B-VILO | 0.00053 | = 0.00009 | 0.00578 0.0009¢ 10.79
XSDRNPM@ ENDF/B-VI1.0-238g | 0.000605 < |  10¢ | 0.00661 @ £\  0.00009 102
XSDRNPM® ENDF BVI.0-238¢ | 0.000608 | = 104 | 000664 | = n_nnung/ {82
XSDRNPM® ENDF/B-V.0-238¢ | 0.000605 =  10° | 0.00660 | = \ 0.00009 0.68

~—




COMPARISON OF SELECT U AND U DELAYED NEUTRON PARAMETERS

Bradwv and England / ENDF/B-VIL.E/
Keepin, et al. [3.4] ENDF/B-VII.1[4.10,11,12]. CENDL- ENDF/B-VILO0 [§]
3.1[16]. TENDL-2012 [17]*
JJEU JSSU JS:"U JJE.U JJEU JJE.U
Group | A o 5 o Ay o 5 o 5 o 5 o
1 0.0127 0.038 00132 0013 | 0.0133 0035 00136 00139 | 0.0125 0032 00125 0.0103
2 00317 0213 00321 0137 00327 01807 00313 01128 | 00318 0.1664 00303 01148
3 0115 0188 0139 0162 | 01208 01723 01233 0.131 01094 01613 01129 0.1278
4 0311 0407 0358 0388 | 03028 03868 03237 03851 0317 04596 03415 04518
3 140 0128 141 0225 08495 0.1586 0.906 0.254 1354 01335 13186 02335
& 387 0026 402 0075 2853 00664 30487 0.1031 | 86364 00472 90979 00617
JENDL-33/JENDL-4.0[14,13] TENDL-2013 [18]
. . . JJEU JJSU JJEU JJSU
Variation In Gow| &«  k  u | k& k a
De I ay ed N e u t r O n 1 0.0124 00330 00132 0.0130 | 0.0125 0.0340 00136 0.0084
2 0.0305 02190 00321 0.1370 | 0.0283 0.1501 0.0313 0.1040
Param eters 3 0.1114 01960  0.1386 0.1620 | 0.0425 00992 0.1233 0.0375
4 0.3014 03950 03591 0.38%0 | 0.1330 020001 0.3237 0.1370
5 1.1360  0.1150  1.4150 0.2250 | 0.2925 03122 0.9060 0.2940
6 3.0140  0.0420  4.0300 0.0750 | 0.6665 0.0932 3.0487 0.1980
Spriggs. et al_ [8] ABBN / JEFF-3.1[6.13]
) JSEU JJEU ) 134U JJEU JJW JJEU
Group i v o H o o o o
1 0.0125 0.034 0.008 0.0125 0.05485 0.03278 0.02449 0.0084
2 0.0283 0.150 0.104 00283 015660 0.15391 0.09797 0.1040
3 0.0425 0.099  0.038 0.0425  0.10476  0.09135  0.10797  0.0375
4 0.1330 0200  0.137 01330  0.18230  0.19688  0.12696  0.1370
5 02923 0312 0.294 02923 033473 0.33079 040988 0.2940
6 0.6663 0.093 0.198 06663 008300 0.09025 0.13696 0.1980
7 1.6348 0.087 0.128 1.6348 0.04618 008115 0.08747 0.1280
8 3.5546 0.025 0.093 35546 0.01736 0.02289 0.00830 0.0931 33
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Effect on B

- The derived B4 varied drastically with the delayed neutron parameters.

« The MCNP5-1.60 did not show the same variation with variation of
Cross section set.

Calc. MCNP
Delaved Neutron Parameter Source Peg Pz
Keepin, Wimett, and Zeigler [3.4] 0.00657 -
Spriggs. Campbell, and Piksaikin 0.00640 (-2.59%) i

[10]

Brady and England. ENDE/B-VL.S, s r1e nro -
ENDE/B-VII.1[4.11.12.9] 0.00756 (15.07%) 0.00650 (-1.04%)

ABBN, -
: 43 (-2 139
JEFF-3.1 [6.13] 0.00643 (213%) 4 00649 (-1.19%)

ENDF/B-VILO [8] 0.00771(17.35%)  0.00650 (-1.04%)
JENDL-3 3, 0.00649 (-1.19%)

JENDL-4.0[14,15]
CENDL-3.1[16]

TENDL-2012 [17]
TENDL-2013 [18]

0.00645 (-1.83%)

0.00758 (15.37%)
0.00756 (15.07%)
0.00643 (-2.13%)

0.00636 (-3.17%)
0.00643 (-2.11%)
0.00650 (-1.04%)
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Results

Simpler calculation assumes approximates 3.4 for entire system using
the same average effectiveness

MCNP method analyses entire system when resolving the point
kinetics model with more realistic weighting of the delayed neutron
parameters

Origin of discrepancies between derived and calculated B4 and the
variation of results with delayed neutron parameters warrants further
Investigation
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Simple
Benchmark
Model
Sample
Results

\f-.

EREN -
C—E®
ke + '] I
E
Ben " ol Case 1 1.0031 =+ 0.0007 -
Case 2 0.9066 + 0.0007
ENDF/B- Casa 1 1.00441 + 0.00002 0.18%
CWNP5@E
M > VILO Case 2 0.90826 + 0.00002 0.17%
Case 1 1.00088 =+ 0.00002 -0.17%
MCNP5& JEFF-3.1
> Case 2 0.90477 + 0.00002 -0.18%
Case 1 1.00744 =+ 0.00002 0.49%
MCNP5& JENDL-33
> Case 2 1.00139 + 0.00002 0.49%
ENDF/B- Case 1 1.00416 + 0.00002 0.16%
EKENO-V a®
Y.3 VII.O-CE Case 2 090803 + 0.00002 0.13%
ENDF/B- Case 1 1.00548 + 0.00002 0.29%
EKENO-V a®
Y.3 VII.0-238g Case 2 0.90032 + 0.00002 0.28%
ENDF/B- Case 1 1.0044 + 0.0001 0.20%
MONE®
VII.O Case 2 0.0086 + 0.0001 0.21%
Case 1 1.0013 + 0.0001 -0.13%
MONE® JEFF-3.1
Casa 2 00052 + 0.0001 -0.13%;
ENDF/B- Case 1 1.00575 + - 0.32%
XSDENPM@
VIL.O-238g Case 2 090060 + - 0.31%
ENDF/B- Case 1 1.00760 + - 0.50%
XSDENPM@
WVIL.O-27n19g | Case 2 1.00145 + - 0.49%
ENDF/B- Case 1 1.00167 + - -0.09%
XSDENPME
WI.8-238g Case 2 099553 + - -0.10%
ENDF/B- Case 1 1.00184 + - -0.07%
XSDENPM@
WV.2-238g Case 2 099573 + - -0.08%
ENDFE/B- Case 1 1.00404 + 0.00003 0.19%
COG11.1®
VII.1 Case 2 099873 + 0.00003 0.21%
Casa 1 1.00136 + 0.00004 -0.17%
COG11.1® JEFF-3.12
Case 2 009521 + 0.00003 -0.14%
Casa 1 1.00281 + 000004 -0.03%
COG11.1® JENDL-4
Case 2 0.99677 + 0.00003 0.02%

| Laboratory
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Detalled
Benchmark
Model
Sample
Results
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m ldaho National Laboratory:

c—E"™
ke + v i
E
2
Benchmark Model Case 1 1.0026 = 0.0007
Case 2 0.9963 = 0.0007
<o | ENDFB- | Casel 1.00385 = 0.00002 0.13%
MENPSE VILO Case 2 0.99821 = 0.00002 0.17%
Case 1 1.00039 = 0.00002 -0.22%
MCNPs® | JEFF-3.1
’ Case 2 0.99472 = 0.00002 -0.18%
Case 1 1.00692 = 0.00002 0.43%
MCNP5® | JENDL-3.3
’ Case 2 1.00133 = 0.00002 0.48%
. | ENDF/B- | Casel 1.00495 = 0.00002 0.24%
KENO-VI®
VILO-CE | Case? 0.99947 = 0.00002 0.29%
, | ENDF/B- | Casel 1.00495 = 0.00002 0.24%
KENO-VI®
VIL.0-238g | Case? 0.99947 = 0.00002 0.29%
. | ENDE/B- | Casel 1.0034 = 0.0001 0.08%
MONK®
VILO Case 2 0.9983 + 0.0001 0.20%
Case 1 0.9997 = 0.0001 -0.29%
MONK® | JEFF-3.1
Case 2 0.9951 = 0.0001 -0.14%
- 47 o
cocly 1@ | ENDFB- | Casel 1.00421 n 0.00008 0.17%
VIL1 Case 2 0.99793 = 0.00003 0.14%
‘ Case 1 1.00054 = 0.00009 -0.20%
COG11.1@ | JEFF-3.1.2
Case 2 0.99439 = 0.00003 -0.22%
‘ Case 1 1.00193 = 0.00009 -0.06%
COG11.1@ | JENDL-4
Case 2 0.99598 = 0.00005 -0.06%
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Central Void Worth Measured

43 measurements of stable reactor period with and without the central
void present

I . -
ph = -+ 3 LD pS = 3,
Requires delayed neutron parameters a and A.

Independent of 3. Assumes B = B«

Experimenter used Keepin, Wimmet, and Zeigler Delayed Neutron
Parameters

Experimental Central Void Worth: 9165 + 023 ¢
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Conclusion

Benchmark 3. value for ORSphere evaluated and found to be
acceptable

0.00657 £ 0.00009

Benchmark value used Keepin et. al. delayed neutron parameter

A variety of delayed neutron parameters yield a large spread of B
values

Parameters based on Brady and England data and ENDF/B-VII.O
gave largest variation from benchmark model

Additionally, the wide spread of B+ was not present when MCNP was
used to calculate value regardless of the cross section set used.

Observed discrepancies warrant further investigation.
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