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(C. 0. Slater)

2-4 Analysis of the JASPER fission gas plenujm experiment (C. 0. Slater)

2-5 Results of the analysis of the axial shield experiment(C.0.Slater)
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slabs(R. R. Spencer) '
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(J.V.Pace IID)
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U,S.-JAPAN INFORMAL JASPER MEETING
APRIL 23-24, 1992
BUILDING 6025 CONFERENCE ROOM
OAK RIDGE NATIONAL LABORATORY
OAK RIDGE, TENNESSEE
AGENDA

THURSDAY, 23 APRIL 1992

- 0900 Coffee/Sweet Rolls

- 0910 Welcame

- 0925 Presentation of Ongoing
Measurements

~ 0945 Program Plan for Remaining
Experiments

- 1000 Special Materials Experiment Plans

- 1010 Introduction of Japanese Analyses

- 1040 Shielding Deslgn Study in Japan

1100 Japanese Post Analysis of the Radial "~
. Shield Attenuation Experiment

- 1130 U.8, Post Analysis of the Radial
Shisld Attenuation Experiment

- 1200 Radigl Shield Attenuation Experiment
Discussion :

- 1300 Catered Lunch

- 1320 Japanese Post Analysis of the Fission

Gas Plenum Expariment

- 1340 U.8. Post Analysis of the Flssion Gas
Plenumn Experiment

- 1400 Fission Gas Plenum Experiment
Digcussion

US (ORNL-DTI)

US (ORNL-FIM)
US (ORNL-JVP)

Japan (PNC-AY)
Japan (FNC-AY)
Japan (PNG-AY)

Japan {KHI-YS)
US (ORNL-C0S)

Japan, US

Japan (MAPI-KT)
Us (ORNL-GCOS)

Japan, US
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1400 - 1530
1530 - 1550
1550 - 1600
1600 - 1700
0830 - 0900
090G - 0940
0940 - 1000
1000 - 1045
1045 - 1100
1100 - 1200
1200 - 1300
1300 - 1560

U.5.-JAPAN INFORMAL JASPER MEETING AGENDA (cont'd)

Japanese Post Analysis of the axial
Shield Experiment

1400 - 1420 ° Homogeneous Shield
Mockup

1420 - 1440 Centrsl Blockags
Shield Mockup

1440 - 1500  Rod Bundle Shield
Mockup

1500 - 1530 Central Sodium Channel
Moclkup

G.8. Post Analysis of the Axial
Shield Experiment

Measurement of Water Content in
Concrete Shields

Axial Shield Experiment Discussion

FRIDAY, 24 APRIL 1992

Coffee/Bweet Rolls

Japan
(PNC-AY)
(KHI-YS)
(HEC-HH)
(MRI-HT)
US (ORNL-COS)
US (ORNL-RRS)

Japan, US

Japanesge Post Analysiz of the "~ Japan

In-Vessel Fuel Starage Experiment

0200 - 0920 Spectrum Modifier
(8M-2)

0920 ~ Q940 Shield Mockup
(Confipg.II-M,N,0)

U.5. Post Analysis of the
In-Veasal Fuel Storage Experiment

In-Vessel Fuel Storage Experiment
biscuszszion

Improvement of shielding Analysis
Method

General Discussion
Lunch

Tour of the Tower Shielding Facility

(MRI-~HT)

(HEC-HH)
US {(ORNL-JAB)
Japan, US
Japan (KHL-YS)

Japan, US$

Japan, U$
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HEC-HH

KHI-YS

MAPI-KT

MRI-HT

ORNL-COS
ORNL-DTI
ORNL-FJIM
ORNL-JAB
ORNL-JVP
ORNL-RRS

BNG-AY

U.S.-JAPAN INFORMAL JASPER MEETING AGENDA (cont'd)

Alpahbetical Listing of Acronyms

Hitachi Engineering, Co.,
Ltd.

Kawasaki Heavy Industries,
Ltd,

Mitaubishi Atomic Power
Industry, Ine.

Mitsubishi Research
Institute, Inc.

Oak Ridge National Laboratory
Oak Ridge National Laboratory
Oak Ridge National Laboratory
Oak Ridge National Laboratory
Oak Ridge National Laboratory
Gak Ridge National Laboratory
Power Reactor & Nulecear Fuel

Development Corp, 0O-arai Engr
Center

Hiroyuki Handa
Yasuyuki Shimizu
Kelko Tada
Hirckazu Tsunoda

Charles 0, Slatex

Dan T. Ingersoll

F.J. (Buzz) Muckenthaler
Jim A, Bucholz

Jos V. Pace III

R.R. (Boh) Spencer

Akih@go Yoshida
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Program Plan For Remaining JASPER Experiments

J.V. Pace 1l

US-JAPAN INFORMAL JASPER MEETING
ORNL, Oak Ridge, TN
April 23-24, 1992
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Preliminary Mrag

JABLE 1. Summary Program Plan For Flu.. Jonitor Experiment

Measurements™
Configuration” Spectra Bonner Ball Fission Counter
% BB Centerline Traverse Traverse In void
I. Spectrum Modifier and Removable Radial
Shield (RRS} Mockups
A. SM (10cm Fe + 9cm Al + 2.54cm boral + X
20cm Radial Blanket) ,
-8, I.A + 1.3cm Al + 15cm 55 X X X X
€. I.B + 1.3cm Al + 10cm C + 5¢m SS + X X b4 X
1.3cm Al + 10cm C + 5cm SS
II. RRS plus 15cm-dia Neutron Guide (Tank Type)
A. I.C + 13.05cm B4C with aluminum guide X X X
B. II.A + 30cm void + 30cm C X X X X
C. I1.A + 30cm void + 15cm BAC X
D. I1.A + 30cm void + 15cm B4C + 20cm C X .
E. II.A + 30cm void + Thick IVFS Mockup X X X
F. II.E + 30cm C X X X X
G. II.E + 15cm BAC X
H. II.E + 15cm B4C + 20cm C X
IIT. RRS plus 15cm-dia Neutron Guide (Loop Type)
A. 1.B + Axial Shield with aluminum center X X X X
B. ITI.A + 30cm void + 15cm B4C X
C. TII.A + 30cm void + 15¢m B4C + 20c¢m C X X X X
D. ITI.A + 30cm void + Thick IVFS Mockup X X X
E. TII.D + 15cm B4C X
F. T11.D + 15¢cm B4C + 20cm C X X x X

¥00-26 0096NL ONd

Nominal Dimensions
- Spectra & BB: NE-213/Benjamin spectrometer measurements on beam centerline as close as feasible
and 3-, 5-, and 10-in Bonner balls at same location.

BB Centerline: bare, Cd-covered, 3-, 5-, 8-, and 10-in. Bonner bail measurements on centerline at
30cm and at 150cm.

BB Traverse: 5-in. Bonner ball traverse at 30cm behind the shield mockups.
Fission Counter Traverse: U-235 fission chamber in horizontal traverse at 30cm behind mockup.
Fission Counter in Void: U-235 fission chamber traverse along beam centerline in void.

Preliminary Draft B
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TABLE 1. Summary Program Plan For Flux Monitor Experiment {Rev. 1)

¥00-26 0096NL ONd

Measurements™”
Bonner Fission Hornyak
Ball Counter Button
Configuration” Spectra Center- Tra- Tra- In Tra- in
& BB line verse verse Void verse VYoid
III. RRS plus 15cm-dia Neutron Guide (Loop Type)
A. I.B 4 Axial Shield with hexagonal Al X X X X
center

B. III.A + 30cm void + 15cm BAC X
C. ITI.A + 30cm void + 15cm B4C + 20cm C X X X X
B. TII.A + 30cm void + Thick IVFS Mockup X X X
E. III.D + 15cm B4C X
F. II11.D + 15cm B4C + 20cm C X X X X

*

Nominal Dimensions

Spectra & BB: NE-213/Benjamin spectrometer measurements on beam centerline as close as feasible
and 3-, 5-, and 10-in Bonner balls at same location.

BB Centerline: bare, Cd-covered, 3-, 5-, 8-, and 10-in. Bonner ball measurements on centerline at
30cm and at 150cm.

BB Traverse: 5-in. Bonmer ball traverse at 3Ccm behind the shield mockups.

Fission Counter Traverse: U-235 fission chamber in horizontal traverse at 30cm behind mockup.

Fission Counter in Void: U-235 fission chamber traverse along beam centerline in void. )

Hornyak Bufton Traverse: Hornyak Button in horizontal traverse as close as feasible behind mockup.

Hornyak Button In Void: Hornyak Button in horizontal traverse in the void.

L

Preliminary Draff :



Preliminary Draft

04/22/92
TABLE 1. Summary Program Plan For Flux Monitor Experiment (Rev. 2)
Measurements™”
Bonner tission Hornyak
Ball Counter Button
Configuration” Spectra  Center- Tra- Tra- In Tra- In
, & BB line verse verse Void verse Void
I. Spectrum Medifier and Removable Radial
Shield (RRS) Mockups
A. SM (l0cm Fe + 9cm Al + 2.54cm boral + X
20cm Radial Blanket)
B. I.A + 1.3cm Al + 15cm SS X X X X
IT. RRS plus 15cm-dia Neutron Guide {Loop Type)
A. 1.B + Axial Shield with hexagonal Al X X X X ?
center .

B. III.A + 30cm void + 1l5cm B4C X ? ?
C. III.A + 30cm void + 15cm B4C + 20cm C X X X X ?
D. IIL.A + 30cm void + Thick IVFS Mockup X X X ?
E. II1.D + 15cm B4C X ? ?
F. II1.D + 15cm B4C + 20cm € X X X X ?

Nominal Dimensions

** Spectra & BB: NE-213/Benjamin spectrometer measurements on beam centerline as close as feasibie

and 3-, 5-, and 10-in Bonner balls at same location.
BB Centerline: bare, Cd-covered, 3-, 5-, 8-, and 10-in. Bonner ball measurements on centerline at
30cm and at 150cm.
BB Traverse: 5-in. Bonner ball traverse at 30cm behind the shield mockups.
Fission Counter Traverse: U-235 fission chamber in horizontal traverse at 3Ccm behind mockup.
Fission Counter in Void: U-235 fission chamber traverse along beam centerline in void.
Hornyak Button Traverse: Hornyak Button in horizontal traverse as close as feasible behind mockup.
Hornyak Button In Void: Hornyak Button in horizontal traverse in the void.

Preliminary Draft
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Preliminary Draft
. ' 04/22/92
TABLE 1. Summary Program Plan For Re-Measurement™ of a Subset of the Axial Shield Experiment (Rev. 1)

wrdrdr

o Measurements
Configuration Specira Bonner Ball Hornyak
& BB Centerline Traverse Button

I. Neutron Spectrum Modifier (SM-1)
A. SM-1 (10cm Fe + 9cm Al + 2.5cm boral + X
20cm Radial Blanket)

Il Homogeneoué Shield Mockup
A. T.A + 7 B,C homogeneous type X X X X
assemblies

I1I. Rod Bundie Shield Mockup
A. I.A + 6 B,C homogeneous type X X X X
hexagonal assemblies around 1
B,C rod bundle type
hexagonal assembly

Using reformed Axial Shield configuration
Nominal Dimensions
*** Spectra & BB: NE- -213/Benjamin spectrometer measurements on beam center11ne as close as feasible

and 3-, 5-, and 10-in Bonner balls at same location.
BB Center11ne 3-, 4-, 5-, 8-, 10-, and 12-in. Bonner ball measurements on centerline at 30 & 150cm.

BB Traverse: 3-, 5~, and 8-in Bonner ball traverses at 30cm behind the shield mockups.
Hornyak Button: Hornyak button (0.25-in-diameter) traverse as close as feasible behind shield mockup.

k.2

Preliminary Draft
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ON-GOING MEASUREMENTS FOR THE JASPER PROGRAM

F. J. Muckenthaler .
Oak Ridge National Laboratory

Paper to Presented at the
US-JAPAN Informal JASPER Meeting
ORNL, Oak Ridge, TN
April 23-24, 1992

*The submitted manuscript has been authored by a contractor of the U.S. Government under contract DE-
AC05-840R21400, Accordingly, the U.S. Government retains a nonexclusive, royalty-free license to publish
or repraduce the published form of this cantribution, or allow others to da so , for U.S. Government purposes.”

*Managed by Martin Marietta Energy Systems, Inc. under Contract No. DE-AC05-840R21400 for the U.S. Department of

Energy.
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[. EXPERIMENTAL PROGRAMS

Program

Radial Shield Attenuation Experiment
Fission Gas Plenum Experiment

Axial Shieild Experiment

In-Vessel Fuel Storage Experiment
Intermediate Heat Exchanger Experiment
Gap Streaming Experiment

Flux Monitor Experiment

Special Materials Experiment

Status
Completed, Reported
Completed, Reported
Completed, Reported
Completed, Reported
Compileted, First Drait

In Progress
Scheduled for May

Scheduled for August

700-26 0096N.L ONd



Purpose:

Mockups:

Detectors:

ll. GAP STREAMING EYTERIMENT

The experiment is designed to study the magnitude and shape of
the neutron distribution streaming in narrow voids that are typical of
gaps anticipated in the design of enclosure systems for the LMRs.

The mockups that are being studied contain cylindrical voids, both
straight and with single offsets that vary in width and location. The
cylindrical sleeves used to form the voids contain either iron or
concrete enclosed in iron shells. Concrete is the primary shield
material within the vessel. A similar vessel of solid concrete is also
included to provide a study of just concrete.

The fast neutron spectra were measured using an NE-213 liquid
scintillator whose response has a low energy cutoff at about 0.8
MeV. The low-energy neutron spectra 50 keV to about 1.5 MeV,

were measured with a series of hydrogen-filled proton recoil

detectors with different gas pressures.

The Bonner ball detector contains '°B enriched BF, gas that can be
surrounded by different thicknesses of polyethylene whose
responses are sensitive to different neutron energy ranges. These
response functions provide a method for converting the calcuiated
specitra to flux values for comparison with the measured values.

The Hornyak button is a 0.635-cm-diameter, 0.158-cm-thick mixture
of lucite and zinc sulfide, mounted on a photomultiplier tube. lis
small size provides a means for determining the shape of the
neutron flux leaving smali voids.

700-¢6 0096NL ONd



. SUMMARY PROGRAM PLAN FOR GAP STREAMING EXPERIMENT

Measurements
, . * Bonner Ball
Configuration Spectra _ Hornyak
& BB Centerline Traverse Button

[. Neutron Spectrum Modifier
A. SM-2 (10cmFe + 9cm Al + 25 X X
cm boral + 180 cm Na

ll. Bare Beam + Mockups

A. 100 cm concrete slab X X X X
B. 1 cm straight annular slit ' X X X
C. 3 cm straight annular slit X X - X X
D. 2 cm slit, 4 cm offset X X X
E. 2 cm slit, 8 cm offset X X X
F. No slits X X
ill. SM-2 + Mockups

A. 100 cm concrete X X X
B. 1 cm straight annular slit X X X
C. 3 cm straight annular siit X X X
D. IL.C +5¢cmSS X X X
E. H.C +10cm SS X X X
F. 2 cm slit, 4 cm offset X X X
G. 2 cm slit, 8 cm offset X X X
H. No slits X X

Nommaf Dimensions

“Spectra & BB: NE-21 3/Benjamin spectrometer measurements on beam centerline as close as
feasible and 3-, 5-, and 10-in Bonner balls at same location.

BB Centerline: 3-, 5-, and 8-in Bonner ball measurements on centerline at 150 cm.

BB Traverse: 3-, 5-, and 8-in Bonner ball traverses at 30 cm behind the shield mockups.
Hornyak Button: Hornyak button {0.25-in-diameter) traverse as close as feasibie behind shield
mockup and at 30 cm.

700-2¢6 0096NL ONd
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Hl. SUMMARY PROGRAM PLAN FOR GAP STREAMING EXPERIMENT

Measurements
Bonner Ball
. Spectra ) Hornyak
Status Configuration & BB Centerline Traverse Button
[. Neutron Spectrum Modifier
Completed A.SM-2 (10cm Fe + 9cm Al + 2.5 cm X X
' boral + 180 cm Na
Il. Bare Beam + Mockups

Completed A. 100 cm concrete slab X X X X
Completed B. 1 cm straight annular slit X X X
Completed C. 3 cm straight annular slit X X X X
Completed D. 2 cm slit, 4 cm offset X X X
Completed E. 2 cm slit, 8 cm offset X X X

F. No slits X X

lll. SM-2 + Mockups

Completed A. 100 cm concrete X X X
B. 1 cm straight annular slit X X X
Completed C. 3 cm straight annular slit X X X
Completed D.lILC + 5cm SS X X X
Completed E.lll.C + 10 cm SS X X X
F. 2 cm slit, 4 cm offset X X X
G. 2 cm slit, 8 cm offset X X X

H. No slits X X

* . . .
*Nommal Dimensions

*Sgectra & BB: NE-213/Benjamin spectrometer measurements on beam centerline as close as feasible and 3-, 5-,

and 10-in Bonner balls at same location. i
BB Centerline: 3-, 5-, and 8-in Bonner ball measurements on ceriterline at 150 cm.

BB Traverse: 3-, 5-, and 8-in Bonner ball traverses at 30 cm behind the shield mockups.
Hornyak Button: Hornyak button (0.25-in-diameter) traverse as close as feasible behind shield mockup and at

30 cm.

700-26 0096N.L ONd
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Analysis of the JASPER Program Radial Shield Attenuation Experiment
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ABSTRACT

The results of the analysis of the JASPER Program Radial Shield Attenuation
Experiment are presented. The experiment was performed in 1986 at the ORNL Tower
Shielding Facility. It is the first of six experiments in this cooperative Japanese and
American program in support of shielding designs for advanced sodium-cooled reactors.
Six different shielding configurations and subconfigurations thereof were studied. The
configurations were calculated with the DOT-IV two-dimensional discrete ordinates
radiation transport computer code using the R-Z geometry option, a symmetric Sy,
quadrature (96 directions), and cross sections froz&@;ﬁ/ﬁ%mm V In either a
51- or 61-group structure. Auxiliary codes were to compute detector responses and
prepare cross sections and source input for the DOT-IV calculations. Calculated detector
responses were compared with measured responses and the agreement was good to
excellent in many cases. However, the agreement for configurations having thick steel or
B,C regions or for some very large configurations was fair lo poor. The disagreement was
attributed to cross-section data, broad-group structure, or high background in the
measurements. In particular, it is shown that two cross-section sets for 11, give very
different results for neutron transmission through the thick B,C regions used in one set of
experimental configurations. Implications for design calculations are given.
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Figure 3. Calculated versus measured E > 0.05 MeV neutron spectra on
centerline 178.8 cm behind Configuration I.A.
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Table 3. Comparison of Calculated and Measured Bonner Ball
Count Rates (s~!-W~!) at the Spectrum Measurement Locations

Detector

Configuration 3-in. BB 4-in. BB 5-in. BB 10-in. BB
LA

Calculated 6.44(+1)° 3.03(42 1.02(4-2

Measured 6.86(+1 3.13(+2 1.20(+2

C/E} 0.94 0.97 0.85
iL.D

Calculated 4.58(-3 3.26(-2 1.77(-2

Measured 6.68(-3 4.10(-2 2.07(-2

C/E 0.69 0.80 0.86
IvV.C .

Calculated 2.61(-2 1.44(-1 5.50(-2

Measured 3.36(-2 1.76(-1 6.95(-2

C/E 0.78 0.82 0.85
VLA

Calculated 2.04(4+2) 2.25(+2) 4.42(+1

Measured 2.56(+2) 2.82(+42) 6.00(+1

C/E 0.80 0.80 0.74
VIiF

Calculated 3.34(-3) 1.80(-2 9.54(-3

Measured 4.51(-3 2.22(-2 1.12(-2

C/E 0.714 0.81 0.85

®Read as 6.44 x 101!,

Calculation-to-experiment ratio.
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Table 4. Comparison of Calculated and Measured@re BF; -
Detector Count Rates (s7!-W~!) Close Behind Conﬂguratlons

Distance Scm)
behin

Configuration configuration Calculated Measured C/E*®
LA 30 7.73(-5) 1.30&-3) 0.06
V.A 30 4. ?95-{-0) 5.98(40) 0.80
V.B 30 1.25(+0) 1.61(+0) 0.78
V.C 30 7.46(-1 9.37(-1 0.80
v.D 30 3.41 -li 4.12 -li 0.83
V.E 30 2.27(-3 1.09(-2 0.21
V.F 30 6.14(-3 1.33(- 0.46
V.G 30 3.64?33 8.53(- 0.43
V.H 30 5.53(-4) 3.77(- 035
V.1 30 1.62 -3; 3.79(- } 0.43
v.J 30 1.41(-3 3.11(- 0.45
VI.A(3-5) 30 2.41(41) 2.87(+1) 0.84
VLB 30 7.65(+1 8.40(+1 0.91
VI.C 30 9.70(+1 1.19(+2 0.82
VLD 30 8.76(+1 1.13(+2 0.78
VLE 30 6.63(+1 9.70(+1 0.68
VLF(3-5) 30 4.50(+1) 7.52E+1) 0.60
VILD 30 3.785-3) 1.01(-2) 0.37

*Calculation-to-experiment ratio,
’Read as 7.73 x 1075,
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Table 5. Comparison of Calculated and Measured Cd Covered/
BF; Detector Count Rates (s~!-W~!) Close Behind Configurations

Distance (gcm)
behin
Configuration configuration Calculated Measured C/E®
LA 30 4.285-5)” 1. 53 -4) 0.28
V.A 30 2.73(+0) 2.92 +0; 0.93
V.B 30 9.97(-1 1.11{(4-0 - 0.90
v.C 30 4.72(-1 _ 5.23(- 0.90
v.D 30 2.01(-1 2.21(- 0.91
V.E 30 2.22(-3 4.32(- 0.51
V.F 30 3.20(-3 4.91(- 0.65
V.G 30 2.38(-3 3.49(- 0.68
V.H 30 5.12(-4 1.02(- 0.50
V.I 30 9.35 -4} 1. 18 0.79
V.J 30 8.73(-4 9.23 4 0.95
VI.A(3-5) 30 9.28(+0) 1.25 +1) 0.74
VI.B 30 9.93(+0 1.30(+1 0.76
VI.C 30 5.68(+4-0 7.42(+0 0.77
VLD 30 2.44( 40 3.09(+0 0.79
VLE 30 8.61(-1 1.08(+0 0.80
VLF(3-5) 30 2.65(-1 3.39 -1; 0.78
VILD 30 2.19(-3 4.00(-3 0.55

“Calculation-to-experiment ratio.
’Read as 4.28 x 1075,
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Table 6. Comparison of Calculated and Measured 3.in Boaner Ball
Count Rates (8. W) Close Behind Configurations ——

Distance (cm) Behing

Configuration Configuration Calculated Measured cE
1A 30 6.06(+2)° 5.92(+2) -1.02
ILA* 30 191(+2) . 2.00(+2) 0.96
ILA¢ 10 1.79%(+2) 200(+2) 0.90
LB 30 3.86(+0) 435(+0) 0.89
nc 30 141(-1) 1.78(-1) 0.79
IL.D(3-5) k1) 6.19(-3) 1.03(-2) - 0.60
nE 320 3.10(-3) 5.20(-3) 0.60
oA 30 3.22(+2) 288(+2) 112
LB 30 7.00(+1) 7.26(+1) 0.97
m.c 30 144(+2) 1.55(+2) 0.93
nLD 30 3.10(+1) 14%(+1) 0.89
nLE 30 9.10(+0) 1.07(+1) 0.85
IVA 30 9.65(+1) 1.06(+2) 0.91
IVB 30 215(+1) 240(+1) 0.90
IV.C{3-5) 30 4.54(-2) 5.09(-2) 0.89
Iv.D 30 283(-2) 3.11(-2) 091
IV.E 30 1.80(-2) 1.91(-2) 0.94
IV.F 30 4.51(-3) 543-3) 0.83
ivF T4 2.08(-3) 2.41(-3) 0.86
vG 30 1.68(4) 1.26{-3) 0.61
V.G’ 53.6 4.65(4) 6.67(-4) 0.70
IVH 30 2.84(4) 1.15(-4) 0.40
IVH 52.1 1.78(-4) 2.95(-4) 0.60
i 0 1.20(4) 5.07(4) 0.24
v 495 8.17(-5) 1.52(4) 0.54
V.A 30 384 +1) 3.44(+1) 112
V.3 30 133(+1) 1.25(+1) 1.06
v.C 30 3.52(+0) 5.42(+0) 1.02
VD 20 2.13(+0) 1.97(+0) 1.08
YE W 2.25(-1) 1.99(-1) .13
VF 30 1.32(-1) 1.27(-1) 1.04
V.G 30 6.85(-2) 633)(-2) 1.08
VH 3 6.38(-2) 5.43(-2) 117
Vi 0 4.26(-2) 3.40(-2) 125
S | 30 246(-2) 1.34(-2) 1.84
VLA(3-5) 30 1.89(+2) 201(+2) 0.94
VLB 30 125(+2) 1.35(+2) 0.93
VLC 30 5.70{+1) 6.30(+1) 0.50
viD 30 211(+1) 2.23(+1) 0.95
VIE 30 6.74{+0) 7.44(+0) 051
VLF(3-5) 30 1.93( +0) 2.10(+0) 0.9
VLA 30 582(+1) 657(+1) 0.89
VILB 30 157(+1) 1.92(+1) 082
VILC 30 231(-1) 3.04(-1) 0.76
VILD 30 125(-1) 152(-1) 0.82

*Calcuiation-to-experiment ratio.

*Read as 6.06 x 10,

“Calculated result obtained using 51 groups.
dCalculated result obtained using 61 groups.
“The measured result has background subtracted,
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Tabte 7. Comparison of Cakulated and Measured 5-in, Bonnet
Ball Count Rates (5! - W) Close Behind Configurations

Distance (cm) behind

Configuration configuration Calculated Measured CE*
1A 30 294(+3) 286(+3) 1.08
IA® 3 7.64(+2) 831(+2) 092
IL.A¢ 30 7.50(+2) 831(+2) 0.50
LB 0 2.18(+1) 2.64(+1) 0.83
ic 30 8.65(-1) 1.26(+0) 0.69
I.D{3-5) 30 4.20(-2) 7.16{-2) 059
n.E k'] 1.47(-2) 2.47(-2) 0.60
A k1] 132(+3) 1.33(+3) 0.99
LB 30 3.76{+2) 4.12(+2) 091
m.c 30 S5%+2) 6.26(+2) 0.89
mpD 30 1.68(+2) 2.02(+2) 0.83
IML.E 30 507(+1) 6.13(+1) 0.83
IVA 30 2.18(+2) 2.45(+2) 0.89
IV.B 30 3.81(+1) 4.42(+1) 0.86
IV.C(3-5) 30 2.61(-1) 298(-1) 0.88
VD 30 1.44(-1) 1.64(-1) 0.88
IVE K!i} 4.45(-2) 4.93(-2) 0.90
IVF 0 8.55(-3) 1.08(-2) 0.79
IV.F 724 397(3) 4.72(-3) 0.84
V.G 30 130{-3) 2.20¢{-3) 059
v.Ge 53.6 7.98(-4) 1.14(-3) 0.70
IVH 30 5.42(-4) 1.32(-3) 0.41
IVH 521 3.44(-4) 5.57(-4) 0.62
I\A | 30 208(-4) 8.95(4) 0.3
wvr 495 1.42(4) 291(4) 0.49
VA 30 6.04(+1) 5.61(+1) 108
V.B 30 208(+1) 2.03(+1) 1.02
\'Z 30 197(+0) 7.66(+0) 1.04
v.D 30 2.88(+0) 268(+0) 1.07
VE 30 1.03(+0) 9.02(-1) 1.14
VF 30 4.16{-1) 3.91(-1) 1.06
V.G 30 1.65(-1) 1.50(-1) 1.13
V.H 30 3371 2.83(-1) 1.19
vi 30 1.47(-1) 1.19(-1) 124
vi 30 631(-2) 4.94(-2) 128
VLA(3-5) 30 4.58{+2) 5.15(+2) 0.89
viB 30 2.16{+2) 2.46(+2) 0.88
v1C W 8.23{+1) 9.45(+1) 0.87
ViD 30 271(+1) 297(+1) 091
VIE 30 8.00{+0) 9.04{+0) 0388
VLF(3-5) 30 219(+0) 242(+0) 0.90
VILA 30 213(+2) 261(+2) 082
VILB 30 5.59(+1) 7.69(+1) 0.73
VILC 30 1.20{+0) 1.61(+0) 0.75
VILD 30 4.36(-1) 5.46(-1) 050

"Cakulation-to-experiment ratio.

*Read &5 2.94 x 10*2,

“Calculated result obtalned using 51 groups.
“Calculated result obiained using 61 groups.
*The measured resull bas background subtracted.



PNC TN9600 92-004

Table 8. Comparison of Cakulated and Measured 8-in. Boaner
Bail Count Rates (s « W) Close Behind Configurations

Distance” (cm) behind

Configuration " configuration Calculated Measured CE*
LA 30 26i(+3)° 2.10(+3) 0.96
ILA® 30 495(+2) $.68(+2) 087
HW 30 502(+2) 5.68(+2) 088
LB 30 162(+1) . 2.04(+1) 6.79
nc 30 6.94(-1) 1.02(+0) 0.68
IL.D(3-5) 30 3.73(-2) 6.68(-2) . 056
ILE 30 1.08(-2) 1.85(-2) 058
HIA 30 8.65(+2) 9.17(+2) 0.94
I1L.B 30 271(+2) 3.17(+2) 085
ui.c 30 3.60(+2) 4.24(+2) .0.85
In.p 30 1.18(+2) 1.47(+2) 0.80
HIL.E 30 3.61(+1) 457(+1) 0.79
VA 30 1.06(+2) 1.25(+2) 0385
VB 30 1.60(+1) 1.87(+1) 0.86
IV.C(3-5) 30 2.03(-1) 2.35(-1) 0.94
vD 30 1.06(-1) 121(-1) 0.88
IVE 30 2.34(-2) 2.64(-2) 089
IV.F 30 3.86(-3) 4.8(-3) 0.80
VA o 724 1.82(-3) 2.20(-3) 0.83
V.G 30 5.52(-4) 934(4) 059
IV.G* 536 244(4) 4.90(4) 0.70
IVH 30 2.52(4) $.83(4) _ 0.43
VH® 521 1.63(<4) 2.48(-4) 0.65
VI 30 8.67(-5) 3.73(4) on
Vi 495 6.03(-5) 1.20(-4) 0.50
VA 30 220(+1) 2.12(+1) 104
VB 30 7.86(+0) 7.94(+0) 099
v.C 30 2.85(+0) 2.79(+0) 1.02
vD 30 9.88(-1) 937(-1) 1.05
VE 30 7.06(-1) 5.93(-1) 119
V.F 30 235(-1) 2.12(-1) 1.1
V.G 20 8.16(-2) 7.20(-2) 113
VH 30 258(-1) 2.11(-1) 1.2
vi 30 9.01(-2) 7.18(-2) 125
vi 30 3.2(-2) 252(-2) 128
VLA(3-5) 30 225(+2) 2.61(+2) 0.86
V1B 30 8.76(+1) 1.03(+2) 085
V1C 30 3.03(+1) 3.62(+1) 0.84
V1D 30 9.46(+0) 1.05(+1) 089 -
VIE 30 2.72(+0) 3.08(+0) 0.88
VLF(3-5) 30 T.44(-1) 8.44(-1) 088
VILA 30 134(+2) 169(+2) 0.79
VILB 30 338(+1) 4.64(+1) 073
VILC 30 1.50(-1) 1.08(+0) 0.73
VILD 30 237(-1) 341(-1) 0.76
3Calculatlon-to-experiment ratio.,

*Read as 201 = 10*,

“Calculated result obtained using 51 groups.
SCalculated result cbiained using 61 groups.
“The measured result has background subiracted.
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Table 9. Comparison of Caiculated and Measured 10-in. Bonner
Ball Count Rates (57 - W) Close Behind Configurations

Distance (cm) behind

Configuration configuration Calculated Measured C/E?
TA 30 1.00(+3)° 1.13(+3) 0.59
ILA® 30 237(+2) 271(+2) 0.87
1.A¢ 30 244+2) 27(+2) 0.9
B o 8.23(+0) 107(+1) 0.77
nc 30 3.75(-1) 5.76(-1) 0.65
I.D(3-5) 3 217(:2) 3.89(-2) 0.56
ILE 20 5.76(-3) 9.63(-3) 0.60
A 30 4,18(+2) 45%(+2) 091
118} 30 1.35(+2) 1.63(+2) 0.83
m.C 30 1.71(+2) 213(+2) 0.80
LD 30 5.68(+1) 7.36(+1) 0.77
MLE 30 175(+1) 237(+1) 0.74
IVA 30 459(+1) 5.42(+1) 0.85
IV.B 30 6.64(+0) 7.94(+0) 0.84
Iv.C(3-5) 30 1.09(-1) 1.16(-1) 0.94
VD 20 5.48(-2) 635(-2) 0.86
VE 30 1.07(-2) 1.20(-2) 0.89
IVF 30 1.61(-3) 2.10(-3) 0.80
IV.Fe 724 7.97(4) 9.41(~4) 0.85
VG 30 236(<4) 3.95(4) 0.60
IvV.G* 536 1.49(<4) 2.03(4) 0.73
IVH 30 1.11(4) 2.48(4) 0.45
IVH 521 7.26(-5) 1.04(-4) 0.70
VI K] 3.60(-5) 1.55(-4) 0.23
VI 495 253(-5) 4.70(-5) 0.54
VA 30 8.67(+0) 8.24(+0) 1.05
VB 30 3.19(+0) 3.20(+0) 1.00
v.C 30 1.13(+0) 1.09(+0) 1.04
v.D 30 3.86(-1) 3.65(-1) 1.06
VE 30 3.57(-1) 2.98(-1) 1.20
VF 30 1.05(-1) 9.76(-2) 1.12
V.G 30 3.54(-2) 3.13(-2) 113
VH k") 1.39(-1) 1.14(-1) L2
\'A | 30 438(-2) 151(-2) 1.25
vJ 20 1.44(-2) 1.16(-2) 124
VLA{3-5) 30 9.66{+1) L10(+2) 0.88
VIB 30 357(+1) 425(+1) 0.84
VIC 30 121(+1) 147(+1) 0.82
VLD 30 3.78(+0) 432 +0) 0.88
VLE 30 1.10{+0) 125(+0) 0.88
VLF(3-5) 30 3.07¢-1) 3.58(-1) 0.86
VILA 30 6.21(+1) 1.77(+1) 0.80
VILB 30 150+1) 213(+1) 0.71
VIC 30 1.62(-1) 5.03(-1) 1% 7)
VILD 30 L.00(-1) 137(-1) 0.73

*Calculation-to-experiment ratio,

*Read as 1.00 x 10*%, :

“Calculated resull obtained using 51 groups.
%Calculated result obtained using 61 groups.

“The measured result has background subtracted.
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Table 10. Comparison of Calculated and Measured Bare BF® Detector Count Rates (s « W)

Behind Configurations at Large Distances from the TSR-II Core Center

Distance (cm)

—

from TSR-II
Configuration core center Calculated Measured CGE*
1A 304.8 8.23(-5)° 3.80(-4) 022
V.A 5013 7.10(-1) 9.40(-1) 0.76
V.B 501.3 1.75(-1) 2.32(-1) 0.75
v.C 501.3 1.71(-1) 1.94(-1) 0.88
v.D 501.3 1.07{-1) 1.45(-1) 0.74
V.E 501.3 5.00(-4) 3.70(-3) 0.14
V.F 5013 2.12(-3) 3.70(-3) 0.57
V.G 501.3 1.51(-3) 3.21(-3) 0.47
V.H 501.3 1.53(4) 1.66(-3) 0.09
VI 501.3 5.87(4) 9.40(-4) 0.62
\A} 501.3 6.94(-4) 9.00(-4) 0.77
VI.A(3-5) 304.8 3.94(+0) 4.98(+0) 0.79
VLB 3048 1.51(+1) 1.69(+1) 0.89
VLC 34.8 2.12(+1) 2.75(+1) 0.76
ViD 304.8 2.19(+1) 3.07(+1) 0.71
VIE 304.8 1.93(+1) 3.10(+1) 0.62
VI1.F(3-5) 3048 1.55(+1) 287(+1) 0.54
VILD 3048 3.00(-3) 6.44(-3) 0.47

“Calculation-to-experiment ratio.

*Read as 8.23 x 107,
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Table 11. Comparison of Calculated and Measured Cd-Covered BF® Detector

Count Rates (s - W) Behind Configurations at Large Distances
from the TSR-II Core Cenler '

Distance (cm)

from TSR-II
Configuration core center Calculated Measured C/E*
LA 3048 3.95(-5) 8.30(-5) 0.48
V.A 5013 3.53(-1) 4.34(-1) 0.81
V.B 501.3 1.32(-1) 1.58(-1) 0.84
v.C 501.3 8.91(-2) 1.13(-1) 0.79
v.D 501.3 5.80(-2) 7.14(-2) 0.81
V.E 501.3 3.60(4) 1.20(-3) 0.30
V.F 501.3 8.34(-4) 1.40(-3) 0.60
V.G 501.3 8.41(-4) 1.34(-3) 0.63
V.H 501.3 9.79(-5) 3.85(4) 0.25
Vi 501.3 2.61(-4) 3.56(4) 0.73
\A 501.3 3.51(4) 3.65(4) 0.96
VLA(3-5) 304.8 1.49(+0) 2.27(+0) 0.66
VLB 304.8 1.90(+0) 2.72(+0) 0.70
YI.C 304.8 1.23(+0) 1.79(+0) 0.69
VLD 304.8 6.06(-1) 8.48(-1) 0.
YLE 304.8 2.50(-1) 3.51(-1) 0N
VLF(3-5) 304.8 9.11(-2) 1.27(-1) 0.72
VILD 3048 1.64(-3) 2.77(-3) 0.59

Calculation-to-experiment ratio.
*Read as 3.95 x 10°.
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Table 12. Comparison of Calcutated and Measured 3-In. Bonner Ball Count Rates (s + W)
Behind Configurations at Large Distances from the TSR-II Core Cenler

Distance (cm) behind ‘
Configuration configuration Calculated Measured C/E'

LA 304.8 7.39(+1) TII(+1) 1.04
LA " 4572 215(+1) 2.12(+1) 1.01
ILA® 304.8 2.94(+1) 3.25(+1) 0.90
LAY 3048 277(+ 1) 3.25(+1) 0.85
ILB 304.8 1.95(-1) 9.80(-1) 0.81
I.c 304.8 3.90(-2) 5.35(-2) 073
I1.D(3-5) 304.8 2.47(-3) 4.26(-3) 0.58
ILE 304.8 2.43(-3) 3.53(-3) 0.69
LA 304.8 4.84(+1) 4.34(+1) 112
HILB 304.8 1.20{+1) 1.26(+1) 0.95
HLC 304.8 241(+1) 264(+1) 0.91
I.D 304.8 5.88(+0) 6.92(+0) 0.85

i IILE 304.8 1.87(+0) 2.26(+0) 0.83
IvV.A - 304.8 1.72(+1) 207(+1) 0.83
IV.B 304.8 4.74(+0) 6.00(+0) 0.79
IV.C(3-5) 304.8 1.45(-2) 1.81(-2) 0.82
V.C(3-5) 457.2 2.65(-3) 3.72(-3) 071
IV.D 4512 1.75(-3) 2.36(-3) 0.74
IVE 457.2 1.31(-3) 1.68(-3) 0.78
IVF 457.2 3.92(4) 5.06(-4) 0.77
V.A 5013 4.71(+0) 5.00{+0) 0.95
V.B 501.3 L72(+0) 1.76(+0) 098
V.C 5013 1.02(+0) 112(+0) 0.91
V.D 5013 6.09(-1) 6.22(-1) 0.98
V.E 501.3 3.11(-2) 3.52(-2) 0.88
V.F 5013 2.71(-2) 3.08(-2) 0.50
V.G 5013 221(-2) 224(-2) 0.99
V.H 5013 9.61(-3) 1.11(-2) 0.87
v.I 501.3 9.48(-3) 8.50(-3) .12
\'A | 501.3 8.76(-3) 6.86(-3) 1.28
VLA(3-5) 304.8 3.01(+1) 368(+1) . 082
VLB 304.8 237(+1) 2.78(+1) 0.85
VIC 304.8 1.23(+1) 1.50(+1) 0.82
VLD 304.8 5.26(+0) 6.05(+0) 0.87
VLE 304.8 1.96(+0) 2.38(+0) 0.82
VLE(3-5) 304.8 6.65(-1) 1.92(-1) 0.84
VILA 3048 L15(+1) 1.37(+1) 0.84
VILB 304.8 3.81(+0) 5.11(+0) 0.75
VIL.C 304.8 197(-2) O L18(-1) 0.68
VILD 304.8 8.44(-2) 1.01{-1) 0.84

*Calculation-to-experiment ratio.

*Read as 7.39 x 10*!, _
“Calculated result obtained using 51 groups.
“Calculated result obtained using 61 groups.
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Table 13. Comparison of Calculated and Measured 5-in. Bonner Ball Count Rates
(' x W) Behind Configurations at Large Distances from the TSR-I1 Core Center

Distance (cm) behind

Configuration configuration Calculated Measured C/E
LA 30438 3.48(+2) 3.63(+2) 0.96
LA 457.2 9.99(+1) 113(+2) 0.88

LA 304.8 1.15(+2) 1.35(+2) . 0.85
ILA 3048 1.13(+2) 1.35(+2) 0.84
ILB 304.8 4.38(+0) 5.94(+0) 074
ILC 304.8 2.41(-1) 3.8i(-1) 0.63

ILD(3-5) 3048 1.68(-2) 2.98(-2) 0.56
ILE 304.8 1.16(-2) 1.74(-2) 0.67

A 304.8 1.83(+2) 1.93(+2) 0.95
IILB 304.8 5.96(+1) 115(+1) 0.83
I.c 304.8 8.88(+1) 1.08(+2) 0.82
LD 3048 3.03(+1) 3.90(+1) 0.78
IILE 304.8 102(+1) 1.36(+1) 0.75
VA 304.8 3.84(+1) 4.85(+1) 0.79
IV.B 304.8 8.40(+0) 1.10(+1) 0.76

IV.C(3-5) 304.8 8.66(-2) 1.07(-1) 0.81
IV.C(3-5) 4572 1.51(-2) 2.21(-2) 0.68

v.D 4572 8.79(-3) 1.23(-2) 0.7
IVE 4572 3.20(-3) 4.26(-3) 0.75
IVF 457.2 7.39(-4) 1.07(-3) 0.69
V.A 501.3 137(+0) 8.18(+0) 0.50
V.B 5013 2.67(+0) 2.75(+0) 0.97
v.C 501.3 1.45(+0) 1.61(+0) 0.50
v.D 501.3 8.18(-1) 8.17(-1) 1.00
VE 5013 1.43(-1) 1.46(-1) 0.98
V.F 501.3 8.46(-2) 871(-2) 0.97
V.G 501.3 5.36(-2) 5.15(-2) 1.04
VH 5013 5.08(-2) 5.05(-2) 1.01
v.I 5013 3.19(-2) 2.93(-2) 1.09
vJ 5013 2.20(-2) 1.79(-2) 1.23

VLA(3-5) 3048 133(+1) 9.29(+1) 0.79

VLB 304.8 4.09(+1) 5.10(+1) 0.80
VLC 304.8 L78(+1) 2.24(+1) 0.79
VLD 304.8 6.76(+0) 7.94(+0) 0.85
VIE 3048 2.34(+0) 2.89(+0) 0.81

VLF(3-5) 304.8 7.54(-1) 9.70(-1) 0.78

ViLA 3048 4.10(+1) 5.48(+1) 0.75

VILB 304.8 1.35(+1) 2.00(+1) 0.68

VILC 304.8 4.19(-1) 6.07(-1) 0.69

VILD 3048 2.95(-1) 3.64(-1) 081

*Calculation-to-experiment ratio.

*Read as 3.48 x 10*2,

‘Calculated result obtained using 51 groups.
- “Calculated result obtained using 61 groups.
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Table 14. Comparison of Calculated and Measured 8-In. Bonner Ball Count Rales
(s -+ W) Behind Configuratfons at Large Distances (rom the TSR-II Core Center

Distance (cm) behind

Configuration conflguration Calculated Measured CE*
LA 3048 2.36(+2) 264(+2) 0.89
LA 4572 6.68(+1) 8.05(+1) 0.81
ILA® 304.8 7.38(+1) 9.18(+1) 0.80

ILA? 304.8 7.49(+1) 9.18(+1) 0.82
iLB 304.8 3.30(+0) 4.61(+0) 0.72
Inc 304.8 1.98(-1) 3.17(-1) 0.62
ILD(3-5) 304.8 1.53(-2) 2.84(-2) 0.54
ILE 304.8 '8.92(-3) 1.32(-2) 0.68
LA 304.8 1.18(+2) 1.36(+2) 0.87
LB 30438 427(+1) 5.46(+1) 0.78
ILC 304.8 5.67(+1) 7.35(+1) 0.77
IILD 304.8 2.13(+1) 2.94(+1) 0.72
ILE 304.8 7.31(+0) 1.00(+1) 073
VA 304.8 1.87(+1) 245(+1) 0.76
IvV.B 304.8 3.57(+0) 4.72(+0) 0.76
IV.C(3-5) 304.8 6.94(-2) 7.91(-2) 0.88
IV.C(3-5) 457.2 1.19(-2) 1.67(-2) 0.71
VD 457.2 6.52(-3) 9.40{-3) 0.69
IVE 457.2 1.70(-3) 2.35(-3) 0.72
IV.F 457.2 337(-4) 4.72(-4) 0.71
V.A 501.3 2.68(+0) 3.10(+0) 0.86
VB 501.3 1.01(+0) 1.10(+0) 0.92
vV.C 5013 5.20¢{-1) 3.86(-1) 0.89
V.D 501.3 2.82(-1) 2.92(-1) 097
V.E 501.3 1.01(-1) 9.90(-2) 1.02
V.F 5013 4.85(-2) 494(2) 098
V.G 5013 2.63(-2) 2.55(-2) 1.03
VH 501.3 4.00(-2) 3.81(-2) 1.05
A | 501.3 1.98(-2) 1.79(-2) 111
vJ 5013 1.13(-2) 9.50(-3) 1.19
VLA(3-5) 304.8 3.65(+1) 4.81(+1) 0.76
VIB 304.8 1.68(+1) 215(+1) 0.78
VLC 3048 6.61(+0) 8.65(+0) 0.76
VLD 304.8 2.39(+0) 2.93(+0) 0.82
VLE 304.8 8.08(-1) 1.00{+0) 0.81
VLF(3-5) 304.8 2.61(-1) 3.18(-1) 0.82
VILA 304.8 2.55(+1) 3.50(+1) 0.73
VILB 304.8 8.23(+0) 1.25(+1) 0.66
VILC 3048 2.83(-1) 4.16(-1) 0.68
VILD 304.8 1.65(-1) 2.05(-1) 0.80

*Calculation-to-experiment ratio.

*Read as 2.36 x 10*%

“Calculated result obtained using 51 groups.
‘Calculated result obtalned using 61 groups.
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Table 15. Comparison of Calculated and Measured 10-in. Bonner Ball Count Rates
(s - W) Behind Configurations at Large Distances from the TSR-II Core Center

Distance (cm) behind

Configuration configuration Calculated Measured C/E*
LA 304.8 LI17(+2)F 1.32(+2) 0.89
LA 457.2 3.29(+1) 4.08(+1) 0.81

ILA* 304.8 3.53(+1) 4.39(+1) 0.80
ILA® 304.8 3.64(+1) 4.39(+1) 083
ILB 304.8 1.70(+0) 2.44(+0) 0.70
ILC 304.8 1.05(-1) 1.81(-1) 0.60
1.D(3-5) 304.8 9.07(-3) 1.65(-2) 0.55
ILE 304.8 4.96(-3) 6.88(-3) 072
A 304.8 5.71(+1) 6.91(+1) 0.83
HLB 304.8 2.15(+1) 2.69(+1) 0.80
lLC 304.8 2.69(+1) 3.63(+1) 0.74
IILD 304.3 1.04(+1) 1.44(+1) 0.72
HLE 304.8 3.59(+0) 5.27(+0) 0.68
VA 304.8 8.18(+0) 1.05(+1) 0.78
IV.B 304:8 1.49(+0) 1.97({+0) 0.76
IV.C(3-5) 304.8 3.79(-2) 4.35(-2) 0.87
IvV.C(3-5) 457.2 6.45(-3) 9.12(-3) 0.71
Iv.D 4572 3.41(-3) 4.94(-3) 0.69
IVE 457.2 7.82(-4) 1.05(-3) - 0.74
IV.F 4572 1.48(4) 1.94(4) 0.76
VA 501.3 1.05(+0) 1.18(+0) 0.89
V.B 5013 4.14(-1) 4.42(-1) 0.94
v.C 501.3 2.08(-1) 2.29(-1) 0.91
\'A») 5013 L11(-1) CL17(C-1) 095
V.E 501.3 5.23(-2) 4.99(-2) 1.05
V.F 5013 2.30(-2) 2.28(-2) 1.01
V.G 5013 1.16(-2) 1.10(-2) 1.05
V.H 501.3 2.23(-2) 2.08(-2) 1.07
VI 501.3 9.90(-3) 8.85(-3) 112
\'2] 501.3 5.17(-3) 4.33(-3) 119
VLA@3-5) 304.8 1.59(+1) 2.09(+1) 0.76
VLB 304.8 6.89(+0) 8.92(+0) 0.77
VILC 304.8 267(+0) 3.45(+0) 0.77
VLD 304.8 9.67(-1) 1.17(+0) 0.83
VLE 304.8 3.31(-1) 4.02(-1) 0.82
VLF(3-5) 304.8 L10(-1) 1.34(-1) 0.82
VILA 304.8 119(+1) 1.65(+1) 0.74
VILB 304.8 3.74(+0) 5.63(+0) 0.66
VILC 304.8 L31(-1) | L98(-1) 0.65
VILD 304.8 7.14(-2) 9.03(-2) 0.79

*Calculation-to-experiment ratio.

*Read as 1.17 x 10*2,

“Calculated result obtained using 51 groups.
“Calculated result obtained using 61 groups.
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Table 16, Comparison of Calculated and Measured Bonner Ball Count Rates
(s + W) in the Shielded Void Region of Several Configurations [V

Configuration
Detector IV.IA vJ IVK IVL - IV.M
‘Bare BF 3
Calculated 3.28(-5) 1.59(-2) 6.84(-6) 2.90(-6) 1.24(-6)
Measured 6.54(-5) 2.92(-5) 1.38(-5) 6.18(-6} 3,00(-6)
CGE 0.50 0.54 0.50 0.47 0.41
Cd-cov. BF 3
Calculated 1.95(-5) 8.54(-6) 3.56(-6) 1.45(-6) 6.07(-T)
Measured 2.85(-5) 1.12(-5) 4.85(-6) 1.92(-6) 1.34(-7)
GE 0.68 0.76 073 0.76 0.83
3-in. BB
Calculated 2.50(-4) 1.02(-4) 4.02(-5) 1.54(-5) 6.08(-6)
Measured 3.12(-4) 1.14(-4) 4.83(-5) 1.76(-5) 6.50(-6)
CE 0.80 0.89 0.83 0.88 0.92
5-in. BB
Calculated 4.24(-4) 1.59(4) 5.85(-5) 2.12(-5) 7.88{-6)
Measured 5.40(-49) 1.82(4) 7.04(-5) 2.51(-5) 8.50(-6)
CE 0.79 0.87 0.83 084 093
8-in. BB
Calculated 1.71{-4) 5.98(-3) 2.08(-5) 7.21(-6) 2.59(-6)
Measured 211(4) 6.60(-5) 2.40(-3) 8.20(-6) 2.66{-6)
CGE 0.81 0.91 0.87 0.88 097
10-in. BB
Calculated 6.93(-5) 2.35(-5) 8.01(-6) 2.75(-6) 9.83(-7)
Measured 8.82(-5) 2.48(-5) 934(-6) 3.12(-6) 1.04(-6)
CE 079 0.95 0.86 0.88 0.95

*Read as 3.28 x 10°.

*Calculation-to-experiment ratio.

‘Bonner ball.
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Comparison of calculated and measured 5-in. Bonner ball
count rates for a horizontal traverse 30 cm behind Configuration I.A (C/E
range: 0.74-1.06).
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Figure 11. Comparison of calculated and measured 5-1in. Bonner ball

count rates for a horizontal traverse 30 cm behind Configuration II.D (G/E
range: 0.28-0,58).
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Figure 25. Comparison of calculated and measured 5-in. Bonner ball

count rates for a horizontal traverse 30 cm behind Configuration VI.A (C/E
range: 0.72-0.87).
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Comparison of calculated and measured 5-in. Bonner ball

count rates for a horizontal traverse 30 cm behind Configuration VI.F (C/E
range: 0.80-0.89).
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4.0 CONCLUSIONS 57

>

Measured data from the Radial Shield Attenuation Experiment have been analyzed.
Calculations were performed with the ‘DOT-1V two-dimensional discrete ordinates
radiation transport code for each of thé-expérimental configurations of the Radial Shield
Attenuation Experiment and calculated results were compared with measured results. In
general, the calculated results were in good agreement with the measured results. Some
cases of disagreement were attributed to a high background contribution 10 the measured
results. However, in other cases, the data appeared 10 be facking. Configurations
containing large amounts of B,C gave low calculated results because of over-attenuation
by the ENDF/B versions IV and V !B data set. A LENDL set, which differed from the
ENDF set mainly at high energies, gave much improved results but substantiatly
overpredicled portions of the neutron spectra and substantially underpredicted others. It
is preferable 1o the ENDF set, but the need for better high-energy cross-section definition
for this set is indicated by the resulls obtained even with a fine-group structure, The
broad-group structure was found to be partially responsible for the underprediction of
radiation transmission through graphite. The integrated fast-neutron spectrum obtained
using a fine- group structure indicated much better agreement with the measured
spectrum for a configuration with much graphite. Detector responses for configurations
having B,C preceding sodium tended to be overpredicted. Finally, detector responses for
Configurations VII (with 30 to 45 cm stainless steel) were slightly underpredicted. Larger
differences than those seen here were noted between fine-group and broad-group results
when the 61-group library was tested using 1-D mockups containing slabs of steel and
sodium’. Thus, this slight underprediction is attributed to the broad-group structure.

The results of this analysis have a few implications for shield design analyses.

(1) Analyses using the ENDF *'B cross section set will probably underpredict
neutron transmission through B4C shiclds. Though not perfect, the LENDL B set is
preferableto the ENDF set.

(2) Analyses of B,C shields in deep sodium are likely to overpredict neutron
transmission through the B,C and the sodium that follows.

(3) Fine group calculations may be required for accurate calculation of neutro
transmission through thick steel or graphite shields. ‘
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ABSTRACT

The results of the analysis of the Fission Gas Plenum Experiment are presented.
This experiment is the second in a series of several experiments comprising a joint
U.5. DOE-Japan PNC Shielding Research Program (JASPER). The four Fission
Gas Plenum Experiment configurations, designed for the measurement of neutron
streaming through the fission gas plenum region, were analyzed using Monte Carlo
and two-dimensional discrete ordinates methods. Calculated results compared
well with measured results in many cases, although results were consistently
underpredicted for the shorter plenum configurations. Like the measured data,
the calculated results indicated no significant streaming when results from the
heterogeneous mockups were compared to those from the homogeneous mockups.
An explanation is given as to why little streaming was observed. The Hornyak
button dose rates were overpredicted because of a normalization problem with the
response function but yielded horizontal traverse curves whose shapes agreed well -
with the measured shapes to the same extent as did those for the other integral
detectors.
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Table 2. Calculated vs. Measured Detector Responses 30 cm
Behind Fission Gas Plenum Experiment Configurations

5,

\

N - GConfipguracion ®
Detector S u )7 1 ? vt e ve
3-in. Bonner ball ( 7 d ' ,1
Calc. 4,73(+2) 3.25(+2) 4.73(+2) 3.25(+2) 4.81(+2) 3.35(+2)
Meas. 5.85(+2) 3.07(+2)  5.89{+2) 3.10(+2) 5.89(+2) 3.10(+2)
c/e® 0.81 1.06 0.80 1.05 0.82 1.08

S5-in. Bonner ball

Cale. 1.97(+1) 1.14(+3) 1.97(+3) 1.14(+3) 2.00{+3) 1.18(+3)
Meas. L 2.21(+3) 1,09(+3) 2.19(+3) 1.09(+3) 2.19(+3) 1.09(+3)
C/E 0.89 1.05 0.90 1.05 0.90 1.08
8-in. Bonner ball
Cale. 1.34(+3) 7.49(+3) 1.34(+13) 7.47(+2) 1.36(+3) 7.73(+3)
Heas. 1.41¢+3}  6.98(+2) 1.50(+3) 7.12{+2) 1.50(+3) 7.12(+2)
C/E 0.95 1.07 0.8% 1.05 0.91 1.09
1¢-in. Bonner ball
Cale, 6.83(+2) 3.78(+2) 6.82(+2) 3.17(+2) 6.90(+2) 3.90(+2)
Meas . 7.23(+2) 3.53(+2) 7,33(+2)  3.61(+2) 7.33(+2) 3.61(+2)
. C/E 0.94 1.07 0.93 1.04 0.9 1.08
12-in. Bonner ball
Cale. 3.22(+2) 1.78¢+2) 3.21{+2) 1.27(+) 3.24(+2) 1.82(+2)
Meas. 3.58(+2} 1.724(+2) 3.4%(+2) 1.73(+2) 3.49(+2) 1.73(+2)
C/E 0.90 1.02 6.92 1.02 0.93 1.05
Hovnyak Button
(270 keV cutoff)
Calc. 2.40(-1) 1.31(-1) 2.49(-1}y 1.30¢-1) 2.50(-1) 1.34(-1)
Heas. 1.50¢-1) 7.36(-2) 1.46(-1) 6.88(-2) 1.46(-1) 6.88(-2)
C/E 1.60 1.78 1.71 1.89 1.71 1.95
2 Configurations:
II — 8-cm-thick homogeneous plenum mockup.
III - 20-cm-thick homogeneous plenum mockup.
IV - 8-cm-thick heterogeneous plenum mockup.
V - 20-cm-thick heterogeneous plenum mockup.
l'Comparis::ms with DORT-calculated results (no streaming correction). ,
€Comparisons with streaming-corrected DORT-calculated results. 2R
dRead as 4.73 x 102,
®Ratio of calculated result to measure result. S s



PNC TN9600 92-004

Table 3. Calculated vs, Measured Bonner Ball Count Rates
Behind Fission Gas Plenum Experiment Configurations

at 304.8 cm from the TSR-II Core Center

Configuration

Detector 11 111 Iv v
3-in. Bonmer ball a

Cale. 6.86(+1) 4.75(+1) 6.86(+1) 4.75(+1)

Meag. 9,14 (+1) 3.87(+1) B.64(+1) 4.06(+1)

C/E 0.75 1.23 g.79 1.17
5-in, Bonner ball

Calc. 2.36(+2) 1.32(+2) 2.36(+2) 1.32(+2)

Meas. 2.82(+2) 1.24(42) . 2.83(+2) 1.29(+2)

C/E 0.84 1.06 0.83 1.02
8-in. Bonner ball

Cale. 1.49(+2) 7.97(+1) 1.49(+2) 7.96(+1)

Meas. 1.70(+2) 8.15¢(+1) 1.77(+2) 8.22(+1)

C/E 0.88 0.98 0.84 0.97
10-in. Bonner ball

Cale. 7.46(+1) 4.00{(+1) 7.46(+1) 3.99(+1)

Meas. 8.82(+1) 4.18(+1) 8.53(+1) 4.33(+1)

C/E 0.85 0.9¢& 0.87 0.92
12-in. Bonner ball

Cale. 3.51(+1) 1.90(+1) 3.51(+) 1.90¢+1)

Meas, 4,30(+1) 2.10(+1) 4,19(+1) 2.13(+1)

C/E 0.82 0.90 0.84 0.89

3Read as 6.86 x 101,

b
Ratio of calculated result to measured result.



PNC TN9600 92-004

OBRNL-DWG 89-11924

i
1:'!;;“‘;':7':7""_.
i
t‘-!
? 3 14.8 Hev -
e (I‘i’(E}dE
x
" ] .00 Wev ! cake _
FY) hew, T l02
£ v ( I¢(E)dE)
E 08 MeV meas
vy
o) :
3 Measured .‘
oy T Calc-~DORT-—61G .
n": r
>0? W e -
ENERCY (Me¥)
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Fig. 8. Calculated versus measured E > 0.05 MeV neutron
spectrum behind Conflguration V (with streaming correction).

3.4.6 Hornyak Button Dose Rate Horizgntal Traverse

Hornyak button horizontal traverse measurements were made as close as feasible
behind the configurations in order to try to detect significant changes in the
response across the empty tubes with the heterogeneous cases and to establish
baseline responses with the homogeneous cases. Since earlier results showed a large
overprediction of the Hornyak button response, the cutoff for the response function
was adjusted until there was agreement between the calculated and measured results
on centerline for Configuration V. This was achieved by retaining the response
function values for groups 1-16 of the 61-group structure and 0.535 times the
response function for group 17 (see Table A6). Assuming a 1/E distribution of the
flux in group 17, this effectively represents & 0.82 MeV cutoff of the response function
compared to the 0.27 MeV cutoff used to obtain the results in Table 2. In reality,
the response function for each group should be reduced in proportion to the proton-
recoil-generated pulse heights with energies below the instrument bias setting. The
conversion from count rate to dose rate introduces additional complications. The
horizontal traverses obtained with the modified response function are shown in
Figs. 13-16 for Configurations II-V, respectively. The calculated and measured
curve shapes are in excellent agreement. The C/E ratio ranges are 0.84-0.94, 0.94-
1.13, 0.86-0.96, and 1.00-1.19 for Configurations I1-V, respectively. These ratios are
comparable to the 5-in. Bonner ball count rate ratios for horizontal traverses.
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Table 4. Comparison of Calculated and Measured Bonner Ball
Count Rates at the Spectrum Measurement Locations Behind
Configurations IIT and V

Count Rate (S-1 w-1) Ratio: Calculated (C/E)
Detector Calculated Measured Measured

Configuration III

3-in. 2.43+2% 2.3442 1.04
5-in. 8.06+2 7.9242 1.02
10-in. 2.65+2 2.58+2 1.03

Configuration V
{Homogeneous Calculational Model)

3-in. 2.4342 2.,40+42 1.01
5-1in. 8.05+2 8.23+2 0.98
10-in. 2.64+42 2.57+42 1.03
Configuration V
(Heterogeneous Calculational Model)
3-in, 2.52+42 2.40+42 1.05
5-1in. 8.38+2 8.23+42 1.02
10-1in. 2.7442 2.57+2 1.07

8Read as 2.43 x 102,
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Fig. 15. Calculated versus mesasured dose rates {erg/g.h.W) for a
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4. SUMMARY

The Fission Gas Plenum Experiment was analyzed using Monte Carlo and two-
dimensional discrete ordinates methods. Calculated results were in reasonably good
agreement with the measured results in most instances. The calculated results, like
the measured results, showed very small streaming effects for the plenum mockups.
The streaming issue was analyzed and a possible explanation was given for the
insignificant streaming observed from the measurements. The results of both the
analysis and the experiment reinforce Boulette’s conclusion that the fission gas
plenum region can be treated as homogeneous and calculated results can be used
without streaming correction provided the fuel rods are small enough and the
material fractions are nearly the same as those for the reference design.
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Bonner Ball Count Rates on Centerline Behind
Axial Shield Experiment Configuration I.A

At 30 cm
Calculated
Detector Meas. Self-Shielded UO, C/E Std. Witd. UO, C/E
3" BB 6.0042° 6.70+2 1.12 5.6942 0.95
4” BB 2.0943 2.274+3 1.09 2.12+3 1.0
5 BB 3.0343 3.21+3 1.06 3.124-3 1.03
8” BB 21743 2.2943 1.06 2.3443 1.08
10” BB 1.1443 11843 1.04 1.23+43 1.08
12” BB 5.4542 5.6542 1.04 5.9542 1.09
At 150 cm
Calculated .
Detector Meas. Self-Shielded UQ, C/E Std. Wtd. UO, C/E
3" BB 8.924-1 1.0142 1.13 8.65+1 1.03
4" BB 3.11+42 3.35+2 1.08 3.1442 1.01
5" BB 4.55+4+2 4.704+2 1.03 4.58+2 1.01
3" BB 3.284-2 3.35+2 /102 3.4542 1.05
16” BB 1.7242 1.75+2 { 1.02 1.83+2 1.06
12” BB 8.29+41 B.4T7+1 ) 9.00+1 1.09

“Read as 6.02 x 102,

102
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Bonner Ball Count Rates and Fluxes at Spectrum Measurement
Location Behind JASPER Axial Shield
Experiment Configuration I.A

Calculated
Detector Meas. Self-Shielded UQ, C/E  Sid. Wtd. UQ, C/E
3” BB 6.494-1° 7.39+1 1.14 6.33+1 0.98
5" BB 3.37+2 3.4542 1.02 3.364+2 1.60
10” BB 1.2742 1.284-2 1.01 1.344-2 1.06
f}:i} > 0.0865 MeV 1.325+5 1.283+5 0.97 1.4054-5 1.06
ux
j]'-il“ > 0.0525 MeV 1.685+5 1.560+5 0.98 1.71245 1.08
ux

%Read as 6.49 x 10.
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Calc vs Meas Spectra for JASPER Ax Shld Expt Config 1A
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Measurement of Wt% H, 0 in Axial Shields
and Fission Gas Plenum Concrete Slabs

Chemical analyses of concrete samples for hydrogen content usually
assume that this element is bound as water and typically the weight percent
of H,O determined in the analysis (2-3%) is oo low to account for the
observed neutron slowing down properties of the concrete. As a result, a
nuclear technique for hydrogen (water) content has been suggested.! This
method consists of placement of a strong neutron source at the center of
the large concrete sample and detection of the relative intensities of the
2.223 MeV hydrogen capture gamma ray and 1.942 MeV Ca capture
gamma ray with an Nal detector. It is assumed that the neutron captures
take place primarily at thermal energies and therefore the known®? spectral
intensities of Ca gamma rays and the ratio of thermal capture cross sections
of hydrogen and Ca can be used in the analysis. Justification for this

assumption will be given (see Appendix 1).

In the present measurements, 1-in-diameter holes were drilled in the
concrete slabs so that insertion of a 4-in-long x 1-in-diameter lead shadow
shield would allow the 2.1 x 10”n/s 252Cf source to be positioned next to the
lead and approximately at the center of the slab. A 5-in x 5-in Nal detector
was then positioned some distance away with a 5-ft x 5-ft boral sheet placed
between it and the concrete slab. This geometry is shown schematically in
Figure 1 for the Axial Shield slab. The boral sheet reduced the neutron
activation of the iodine in the detector and improved the measurement
significantly. in addition to the Nal, the detection system consisted of a
Tennelec TC-145 pre-amp and Nuclear Data ND-581 ADC interfaced to an
IBM PS/2 Model 80 computer through a National Instruments MC-D10-32 I/O
board. The linearity of this system was checked with a pulser and with
gamma rays of 0.511 MeV, 1.17 MeV, 1.275 MeV, 1.33 MeV, and 4.43 MeV
in addition to the Ca and hydrogen capture gammas and was found to be
quite linear. Energy calibration of the system for the measurements was
carried out with the 0.511 and 1.275 MeV gamma rays from a Na-22 source.

Figure 2 shows the Nal spectrum obtained for the Axial Shield slab.
The no-source background was negligible in this region. The peaks
correspond to the 1.942 MeV Ca and 2.223 MeV hydrogen capture gamma
rays. However, neither peak is totally monochromatic. From references 2
and 3, which are the result of high resolution Ge{Li) detector studies of
thermal neutron capture on many targets, it may be seen that for Ca capture
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there are several less intense lines in the neighborhood of the strong 1.942
MeV gamma ray and also there are several Ca lines in the vicinity of the
2.223 hydrogen gamma ray. The Nal peaks of Figure 3 are approximately
100 keV wide (FWHM). If one chooses to integrate over a region of
approximately + 100 keV from each peak, which covers the wings well, then
reference 3 gives a total strength for Ca gamma rays of approximately
93.32/100 captures in this region around 1.942 MeV and 14.17/100 captures
in the + 100 keV region around the 2.223 MeV line. Thus one must correct
the integral under the 2.223 peak in the Nal spectrum by subtracting
approximately 14.17/93.32 or 0.1518 of the area under the 1.942 MeV peak.
An average background was subtracted from each channel under both
peaks by simply using a straight line across the wings of each peak as
indicated in Figure 3. In this way, the ratio of strength of the hydrogen
capture gamma to the Ca capture gammas was found 1o be

108630 - 0.1518 x 85860

85860 = 1.1134

93.93

100 = 1.0458

and the neutron capture rate ratio = R, = 1.134 x

i.e. the hydrogen capture gamma has a strength of 100/100 captures.

These estimates neglect the relatively small effects of any difference
in Nal efficiency and any difference in gamma-ray aitenuation by concrete
for the two energies.

Also if

0.(Ca)

5, (H)

R, = Avg. Capture Cross Section Ratio = 1.3
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Then,

n, (atoms/barn) N .

ng, (atoms/barn) c
and,

Wt% HO  (Mol. WtH0) _
(1) Wt% Ca (Mol WiCay2 ° "

0.22474 A, - R,

From Table 14 in ORNL/TM-11839:

100-Wt% H,0
Wt% Ca = 2008 3506 . o Hi0)

@) £6.079 95.085

[i§

0.2782 (100 - Wt% H,0)

Solving Egs. (1) and {2):
‘ (.2782)(.22474)(100) R, - A,
1 + (2782)(.22474) R, - R,

Wt% H,0 =

Axial Shield:

R, = 1.0458 - Wi% H,0 = 7.83



PNC TN9600 92-004

260880

20000

16088

10000

[-1:4-1-]

B:EIN\B8B6BNAI.DAT

LY MV  2.22 MeV

l

! | 1 1 1 ] L

2925861

zee

268 326 - 380 440

CHANNEL NUMBER
Fie. 3

£00




PNC TN9600 92-004

APPENDIX 1

The average capture cross-section for Ca and H was determined as
follows. A spherical concrete model, 18 inches in radius, was set up with
the I-D ANISN code. Two concrete compositions were used, as shown in
Table 1. Additionally there were two H cross-section sets on the VELM
Library which was used in the codes. The source was a 2%2Cf neutron
spectrum, which was placed at the center of the sphere. Runs were made
using both H sets and the number densities as shown in Table 2. The
H & Ca capture cross sections were used in the 1-D calculations to
calculate the average capture cross sections as follows:

o [[60.dEQV
[[¢ dEav

where ® = the energy-spatial dependent flux
o, = the energy-spatial dependent capture cross sections
E = the energy variable
V = the volume variable

Table 1 shows the results from the calculations. Although the capture
cross section changes depending an the H,0 content, the ratio is nearly the
same. Only the different H Mat numbers produce different ratios.



Table 1. Averaged Capture Cross Sections Calculated from 1-D ANISN Runs

% H,0 in Cell H Mat Number o (H) o.(Ca) o.(Ca)/o(H)
3.462 9301 1.0838-1 1.5027-1 1.3870+0
3.462 930101 1.1396-1 1.4824-1 1.3061+0

9.0 9301 1.58072-1 2.18484-1 1.3822+0
9.0 930101 1.65848-1 2.15606-1 1.3000+0

For comparison, the thermal neutron capture cross section ratio is

0,(Ca)lo,(H) = gaua = 1.295

NIoc

In addition it was found in the ANISN runs that over 99% of the captures occurred below 100 eV
neutron energy. Thus use of the thermal cross section ratio and the thermal capture gamma ray
strengths for Ca are justified.

700-¢6 0096NL ONd
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CONFIGURATION DESCRIFTIONS

The modified axial shield configuration with no B,C around the axial shield
assemblies. The calculational geometry for this configuration is shown in Fig. 1.

The modified axial shield configuration with a 10-cm-thick layer of B,C around the
axjal shield assemblies. The calculational geometry for this configuration is shown in
Fig. 2.

The modified axial shield configuration with a 20-cm-thick layer of B,C around the
axial shield assemblies. The calculational geometry for this configuration is shown in
Fig. 3. '

The modified axial shield conﬁguratten w1th no B,C around the axial shield assemblies
and with a 10.16-cm-thick lihiate H_‘Q’_r_afi' ayer precedmg the axial shield concrete.
The calculational geometry for nfiguration is shown in Flg 4.

The modified axial shield configuration with no B,C around the axlal shield assemblies
and with a 10.16-cm-thick borated polyethylene layer preceding the axial shieid
concrete. The calculational geometry for this configuration is shown in Fig. 4.

The modified axial shield configuration with no B,C around the axial shield assemblies
and with a 10.16-cm-thick lithiated paraffin layer following the axial shield concrete.
The calculational geometry for this configuration is shown in Fig. 5. ‘

The modified axial shield configuration with no B,C around the axial shield assemblies
and with a 10.16-cm-thick borated polyethylene layer following the axial shield
concrete. The calculational geometry for this configuration is shown in Fig. 5.

The modified axjal -shield configuration with no B,C around the axial shicld
assemblies, with 4. gure absorbeg (,=10.0 cm ™) replacing the axial shield concrete,
and with a 10.16-cm thick lithiated paraffin layer following the pure absorber region.
The calculational geometry for this configuration is shown in Fig. 5.

The modified axial shield configuration with no B,C around the axial shield
assemblies, with a pure absorber (Z,=10.0 cm™!) replacing the axal shield concrete,
and with a 10.16-cm-thick borated polyethylene layer following the pure absorber
region. The calculational geometry for this configuration is shown in Fig. 5.

The modified axial shield configuration with a 20-cm-thick B,C layer around the axial
shield assemblies and with a 10.16-cm-thick lithiated paraffin layer preceding the axial
shield concrete. The calculational geometry for this configuration is shown in Fig. 6.

The modified axial shield configuration with a 20-cm-thick B,C layer around the axial

shield assemblies and with a 10.16-cm-thick lithiated paraffin layer following the axial
shield concrete. The calculational geometry for this configuration is shown in Fig. 7.

—893-
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Fig. 1. Axial Shield Experiment 2-D Calculational Geometry Model for Case 1.
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(16) The modified axial shield configuration with a 5-cm-thick layer of B,C around the
axial shield assemblies. The calculational geometry for this configuration is showh in
Fig. 8. .

{17}  The modified axial shield configuration with a 5-cm-thick B,C layer around the axial
shield assemblies and with a 10.16-cm-thick lithiated paraffin layer precedmg the axial
shield concrete. The calculational geometry for this configuration is shown in Fig. 9.

(18)  The modified axial shield configuration with a 5-cm-thick B,C layer around the axial
shield assemblies and with a 10.16-cm-thick lithiated paraffin layerfprecedmg the axial
shield concrete. The calculational geometry for this configuration is s 6wn in Fig. 10.

J Hm,ufwj’

Note that in all coni' gurallons the amal shield concrete has been offset 10.16 cm axially in order 0
accomodate th- te and to avoid the introduction of effects due to
differences in lPNC TN9600 92 004 . —-...|d components. Also, all configurations contain the
homogeneous B,C “axial shield assembly mockup In addition, it should be noted that the cases skip
from 9 to 14 due to [our intervening cases dealing with the Gap Streaming Experiment (i.e. I still

have most of my marbles).
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Fig. 2. Axial Shield Experiment 2-D Calculational Geometry Model for Case 2
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Tuble 1. Bare and Cd-Covered BF, Delector Count Rates (min~! o W™!) Behind the Axial Shickding Experiment
Configuration Having All Homogeneous B,C Assemblies

Distance (cm) From the End of the Configuration

Case 0 l 30 150
Bare BF, Detector

1 4.174+1% 1.0644-3 3.557+2
2 9.809+0 559342 1.772+2
3 4.051+0 2.925+2 1.585+2
4 7.266+0 1.25042 3.987+1
5 6.640+0 1.111+2 3552+1
6 3.623+1 6.307+1 2.953+1
7 2.232+1 5.102+1 2.820+1
8 200540 9.453-1 17551
9 1.489+0 5912-1 9,703-2
14 1.0574+0 1.574+1 8.531+0
15 7.92240 1.757+1 2381+1
16 1.709+1 7.679+2 229342

- 17 244440 6.308+1 1.539+1
18 797540 1.881+1 2579+1

Cd-Covered BF, Detector

1 2.612+0 2044+1 742040

2 1.565+0 1.008+1 2.110+0
3 1.420+0 5.541+0 1.881+0
4 1.288+0 4.715+0 1.859+0
5 1.236+0 4.429+0 1.755+0
6 593240 4.957+0 7.581--1
7 507340 4.237+0 6.402—1
8 1.2284-0 43031 7.205-2
9 1.175+0 3.907-t 5.843-2
14 9.140—1 748561 1.569—1
15 3.881+0 2.110+0 5,114--1
16 1.7314-0 1.383+1 3.712+0
17 9.784-1 2471+0 59971
18 3.9274+0 2.05840 5.129-1

®*Read as 4.174 x 10%.
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Configuration Having Homogeneous B,C Asscmblics.

Table 2. 5- and 6-in. Bonner Ball Count Ratcs min"l-W“')BchindthchialShicldthtpeﬁmmt

Distance (cm) From the End of the Configuration

Case 0 | 30 I 150
5-in, Bonner Ball .
1 1.590+3% 7.356+2 1.689+2
2 1.549+3 615942 1112+2
3 1.513+3 575742 111942
4 1.018+3 328042 6.004+1
5 9.785+2 3.12842 5.691+1
6 1.706+3 5.104+2 3.412+1
7 1.686+3 4.979+2 3.184+1
8 832842 1.545+2 5.406+0
9 8.299+2 1.536+2 5.153+0
14 1.011+3 2.804+2 3.934+1
15 1.635+3 4.679+2 3.197+1
16 1.561+3 - 6.51042 127542
17 1.008+3 296242 4.462+1
18 1.670+3 4.615+2 3.024+1
6-in. Bonner Ball
1 177143 7.375+2 1.568+2
2 1.736+3 6.609+2 123342
3 1.697+3 639942 1.275+2
4 1.136+3 3.44542 5.691+1
5 109143 3.287+2 5.39i+1
6 1.876+3 S.447+2 3.451+1
7 1.857+3 533342 323841
8 930042 1.739+2 5.440+0
9 9.269+2 1.729+2 5.215+0
14 1.136+3 3.198+2 4.688+1
15 1.81243 ' 523042 3.471+1
16 1.748+3 6.801+2 1.303+2
17 1.130+3 3.24542 4.804+1
18 1.850+3 5.120+2 320741

*Read as 1.5%0 x 10°,

-100-
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Tabie 3. 10-in. Bonoer Ball Count Rates (min~! ¢« W—1) Behind (be Axial Shickling Bxperiment Configuration
Having All Homopeneous B,C Asscmblies.
- Distance (cm) From the End of the Configuration

Case 0 3 150
1 8.437+2° 3.255+2 6.494+1
2 8.369+2 3.274+2 7.137+1
3 8.188+2 3347+2 7931+1
4 542442, 1.606+2 2310+1
5 5.210+2 1.533+2 2.181+1
6 8.757+2 2.591+2 1658+1
7 8.688+2 2.551+2 1.568+1
8 3.487+2 9.127+1 226440
9 4.475+2 5.083+1 2.186+0
14 551742 171742 3.004+1
15 B576+2 2.734+32 2047+1
16 840242 322342 6.415+1
17 545142 : 1.626+2 2475+1
18 8.731+2 2.600+2 171341

Read as 8.437 x 102,

-101-
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: 4
Table 4. Fractions of Bonpér Ball Count Rates Due to Neutron Leakae From the Axial
Shicld Mockup (Region 1) and the Surrounding Shielding (Rlegion_Z).,
30 cm From Configuration 150 cm From Configuration
Bonner Ball Reg. 1 Fraction | Reg. 2 Fraction | Reg. 1 Fraction | Reg. 2 Fraction

Case 4

3.in. 0.963 0.037 0.247 : 0.753

5-in. 0.987 0.013 0.433 0.567

10-in. 0.999 0.001 0.522 0.478
Case 6

3-in. 0.984 0.016 0.530 0.470

5-in. 0.992 0.008 0.700 0.300

. 10-in. 0.997 0.003 - 0.700 0.300
Case 16

3-in. 0.856 0.144 0.067 0.933

5-in. 0.954 0.046 0.208 0.792

10-in. 0.996 0.004 o 0.313 0.687
Case 17

3-in. 0.948 0.052 0.197 0.803

5-in. 098 0.014 0.418 0.582

10-in. 0.999 0.001 6.520 0.480
Case 18

3iin. 0.977 0.023 0.438 0.562

S5-in. 0.991 0.009 0.679 0.321

10-in. 0.997 ' 0.003 0.709 0.291

—-102-—
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Case 16 — 5 cm B4C and Concrete Around' Test Sect.
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- THE JASPER IN-VESSEL FUEL STORAGE
(IVFS) EXPERIMENTS

by
J. A. Buchoiz

OAK RIDGE NATEONAL LABORATORY
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PARTIAL

LIST QOF HANDOUTS TAKEN FROM IVFS REPORT, ORNL/TM-11989:

PARTIAL

Pages 31-40: IVFS program plan, describing all experiments.

Page 104: Spectral modifier Config I.A
Page 105: Spectral modifier Config I.B
Page 107: Spectral modifier Config I.C

Page 110: thick IVFS mockup (Japanese experiments only)
Pape 111: heterogeneous IVFS mockup (for US experiments)
Page 112: homogeneous IVFS mockup (for US experiments)

Pages showing the removable radial shield configurations
used only for the Japanese experiments:

"119 120 123 126 127 128 131 134 135 136

137 138 139 140 143 146 147 148 149

(for US experiments)
(for US experiments)
(for US experiments)
(for US experiments)
(for US experiments)
(for US experiments)

Page 150: Config III,
Page 151: Config III.
Page 152: Config III.
Page 153: Config III.
Page 154: Config III.
Page 155: Config TII.

ROl -Nel. N2

LIST OF HANDOUTS TAKEN FROM VELM61 REPORT, ORNL/TM-10302:

Fig 13 from page 21: flux thru sodium when x-sects not weighted
Fig 15 from page 25: flux thru sodium when x-sects properly weighted

Table 5 from page 35: materials in VELM61 library that have been
specially weighted for use in LMFBR Na-Fe shielding calculations
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TENTATIVE TIMETABLE FOR IVFS ANALYSES (U.S. EXPERIMENTS ONLY):

Preliminary Work ..., uu.iiiiiiiiiniininnnnnnnnnnnnn, March and April 1992

Port VELM x-sects to workstation

Port BSPREP & DISKTRAN to workstation

Establish number densities for all materials

Run GIP to pet reference macro x-sects

Finish scoping out all 2-D models & fix dimensions
Run BSPREP to get boundary source

Complete first cut at 2-D analyses
for Configs ¥.A, I.B, and I.C .............. late Apr --> mid/late May 92

Complete first cut at 2-D analyses

for Configs III.B, €, D, E & F;

run DISKTRAN; and compare against :

eXperiments . ... .. ..t uiriinin it mid-May --> end of June 92

Convert DOTTOR code to workstation

and-run it to get 3-D boundary flux;

also: start setting up 3-D TORT model

for Config IIT.A (and maybe III.B) .................. by end of July 1992

Finish up 3-D TORT analyses for US ‘
experiments (Config ITI.A) ........v'iiiiinunennnnn.. by end of Aug 1992

Complete first draft of report ............coouuvun.. by end of Sept 1992
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INTERESTING EXPERIMENTAL OBSERVATIONS:

(L

Results for Config III.D (with B4C slab downstream of IVFS)

can be compared with results for Config TIL.B (with nothing
downstrean of IVFS) to see how much attenuation is afforded

by the B4C slab

Bonner Balls
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INTERESTING EXPERIMENTAL OBSERVATIONS (CONT):

(2)

Config III.E {(with B4C slab upstream of IVFS) should be, and is,
a more effective shield than Config III.D (where the B4C slab is -

dowmstream of the IVFS)

Bonner Balls
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INTERESTING EXPERIMENTAL OBSERVATIONS (CONT):

(3

Results for Config III.F next to IVFS (with B4C slab further

downstream) can be compared with results for Config IIL.B next to
IVFS (with nothing downstream) to see how much the backscatter &
reflection from the B4C slab will increase the flux next to IVFS
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INTERESTING EXPERIMENTAL OBSERVATIONS ({CONT):

(4) Results for Config IXI.A (with 3-region, heterogeneous IVFS) may
be compared with results for Config III.B (with homogeneous IVFS)
to see effect on fluxes downstream of the IVFS

Bonney Balls 30 cm downstream _ Bonmer Balls 150 cm downstream
3" SII 10" 12ll 3" 5" 10" 12“
ITI.B (hom) 5.72-0 1.9641 9.83-0 5.54-0 9.91-1 2.87-0 1.32-0 7.30-1

IIT.A (het) 8.86-0 2.28+1 8,71+0 4.78+0 1.47-0 3.44-0 1.19-0 6.24-1

Homog mockup yields thermal fluxes that are 1.55 times lower than heterog mockup
Homog mockup yields fast fluxes that are 1.16 times higher than heterog mockup

Suggests that credible results can probably be obtained with far simpler and
less costly (homogeneous) 2-D analytic models if one is willing to apply these
reasonable modest streaming correction factors.

l I Dumensians

ll I Diumansianas

In Ceplimaters in Centimeters

ias ra 1 I 1 -
[ N n
e - alf -g? & rn a)f g?
F1) ¥ §n' AL 3 Bas
B TS YRR £ Y] § B
A S Py a: At ; i; a
Hor el H [=2-3 M1 [ Boral can
H
™ BLC e oL
+ — [ —
Ha P Na H
ba = a ¥la ny ha = - ;3- LT}
H : -
3 1
=¥ 13
o} l}n
Na L] Ha e
pe o 1af’ o o 11
rou N &
Na ‘ . Ne
Ppo.o 1 bo o L3
ra Twar Na awx
ocnorete aepnre
bioak blachk
FEW- Y salumn . aa & [ celumn
Na T MNa
pes s el be.a "
.y .

HETERO®, o . Horos. —

~118-



PNC TN9600 92-004

TECHNICAL CONCERNS/CONSIDERATIONS IN MODELING THESE EXPERIMENTS:

e II1.A (heterogeneous IVFS) will require 3-D TORT analysis;
I11.B (homogeneous IVFS) may require 3-D TORT analysis

-- These are needed to get flux traverses across face
-- We will get boundary source from 2-D DORT analysis of III.B

-« We may use DOTTOR code to translate boundary source or may
have to write mew DORT/TORT coupling code

o There is some concern about the modeling of streaming thru the
9 to 10 cm long fission gas plenum in the top of the SPERT fuel
rods. This concern applies to all IVFS calcs.

e There is some concern over resonance self-shielding in the fuel rods.
We have decided not to worry about this for now, and to simply use
the VEIM61 library "as is" to see how well that IMFBR shielding library
does with no additional resonance self-shielding. (4fter all, that is
one of the US objectives.} :

® Attenuation through the 2 meters of sodium may require use of specially
weiphted Na cross sections in the VEIM61 library. We plan to use these.
(Pre-experimental analyses without any special weighting of the Na cross
sections overestimated the flux downstream of the thick sodium spectral
modifier by a factor of 3 according to Slater.) '

e Bulging of the Na tanks (and the large 4 to 7 cm void between Na in
adjacent tanks near the edges of the tanks) may significantly increase
the transverse leakage of neutrons frém the spectral modifier to the
surrounding lithiated paraffin. To avoid overestimating the flux
downstream of the spectral modifier, this transverse leakage must be

represented correctly.
e Analytic results 150 cm downstream of the experimental configuration:
-- should be calculated using the DISKTRAN code to integrate the
boundary flux, thereby avoiding ray effects that might otherwise

be present in the DORT results this far downstream in a veid

-- should only be compared against experimentally measured fluxes
where the background radiation has been adequately shielded out;
this may be difficult to do
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2-D RZ MODEL OF HoMOGENEOWS JVFS SLAB
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Fig. 13. Comparison of 4-in. Bommer ball responses caleulated using
fine-group cross sections and 61-group neutron cross sections collapsed
using three different zone-averaged weighting functions.

123.0

0.0 PNC TN9600

T

92-004

75.0
w 0.0
o
z
& 230
e
e
a
-
&
i -1s0-
[
&
~%0.04 — Stondord Weight 61 Group with reapect to 74 Group ¥
meeemes 1=3—-2 Flux Weight 61 Group with respect to 174 Group ¥
=75.0 1 w——— 1/EST-$-1/EST Weight 61 Group with respect to 174 Group 4
~100.0- . R
s.s.| [ Na No ! Na l Na I c.s. l '_m
-1220 r T r Y T v Y T Y r ;
00 300 WOD G0 2000 2500 3000 300 4000 4500 5000 5500 6000 6500

DISTANCE (cm)
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fine-group cross sections and 6l-group neutron cross sections collapsed
using three final weighting functions.
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Tabla 5. Materials in the VELM61 and VELM22 Libraries used
in the Na-Fe Calculations

‘Material ID 1D Description
{AMPX) {ANISN)

(Standard Weighting, Self-Shielded)

Fe 132611 501-506 %
cr 132411 507-512 Constituents of $5-304
Ni 132811 513-518
Mn-55- 132511  519-524 _
Fe 132617 525-530 Constituents of Al v
__ Al-27 131311 531-536
H-1 9311 -
0-16 127611 543-548
Na-23 131111 549-554 Constituents of Na /
Ca 132011 . 555-560
_K 115011 561-566 .
TFe T T 132613 567-572 Y
Mn-55 132512 573-578 Constituents of Carbon Steel
_c 130611  579-584
H-1 9312 585-590 Y
Li-6 130311 591-596 Constituents of LiH
Li-7 139711 597-602
(Na-Fe Interval-Flux Weighting)a
Fe 132621 603-608
Cr 132421 609-614 Flux 3.8-cm into §5-304 v
Ni 132821 615-620
Mn-55 132521  621-626
Mo 132121 627-632
—Na T3TTZT 633-638 Flux 76.2-cm into Na .
Na 131122, 639-644  Flux 228.6-cm into Na
Na 131123  645-650 Flux 381.0-cm into Na A
Fe 132622 651-656 Flux 15.2-cm into Carbon Steel ' ,
_Fe _ 132623 657-662  Flux 45.7-cm into Carbon Steel !
(1/EZ, Weighting)
Fe 132631 663-668
Cr 132431  669-674 e
Ni. 132831 675-680 1/E2:(SS-304)
Mn-55 132531 681-686
Mo ' 132131 687-692
- Fe 132632 593-578 1/EEt {(Carbon Steel)

aDesignat:ed as the 1-3-2 flux weighting in Section I1I.4.
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PARTIAL LIST OF HANDOUTS TAKEN FROM IVFS REPORT, ORNL/TM-11989;

PARTIAL

Pages 31-40: IVFS program plan, describing all experiments

Page
Page
Page

Page
Page
Page

104: Spectral modifier Config 1.A
105: Spectral modifier Config I.B
107: Spectral modifier Config I.C

110: thick IVFS mockup (Japanese experiments only)
11): heterogeneous IVFS mockup (for US experiments)
112: homogeneous IVFS mockup (for US experiments)

Pages showing the removable radial shield configurations

used

119
137

Page
Page
Page
Page
Page
Page

LIST

only for the Japanese experiments:

120 123 126 127 128 131 134 135 136
138 139 140 143 146 147 148 149

150: Config III1.A (for US experiments)
151: Config III.B (for US experiments)
152: Config III.C (for US experiments)
153: Config III.D (for US experiments)
154: Config III1.E (for US experiments)
155: Config III.F (for US experiments)

OO

OF HANDOUTS TAKEN FROM VELM61 REPORT, ORNL/TM-10302:

Fig 13 from page 21: flux thru sodium when x-sects not weighted
Fig 15 from page 25: flux thru sodium when x-sects properly weighted

Table 5 from page 35: materials in VELM61 library that have been
specially weighted for use in LMFBR Na-Fe shielding calculations
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IL

APPENDIX A

EXPERIMENTAL PROGRAM PLAN FOR THE

JASPER IN-VESSEL FUEL STORAGE (IVFS) EXPERIMENT

Spectrum Modifier (SM-0)
A SM-0 (10 cm Fe + 9 cm Al + 2.54 cm boral).
1. NE 213 and hydrogen counter speciral measurements on centerline
as close as feasible behind shield mockup
2, 3-, 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements
3 3., 4-, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
4. S5 fission chamber (bare and Cd-covered) on centerline:

B.

C.

a. 30 cm behind shield mockup A
b. 150 cm behind shield mockup (foreground and background)

SM-1 (10 cm Fe + 9 cm Al + 2.54 cm boral + 20 cm radial blanket slabs)

1.

2.

3.

NE 213 and hydrogen counter spectral measurements on centerline
as close as feasible behind shield mockup

3., 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements

3-, 4, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup

b. 150 cm behind shield mockup (foreground and background)
25U fission chamber (bare and Cd-covered) on centerline:

a. 30 cm behind shield mockup

b. 150 cm behind shield mockup (foreground and background)

SM-2 (10 cm Fe + 9 cm Al + 2.54 cm boral + 180 cm Na)

1.

2,

3.

NE 213 and hydrogen counter spectral measurements on centerline

as close as feasible behind shield mockup

3-, 5-, and 10-in Bonner ball measurements on centerline at location

of NE 213 measuremenis

3-, 4-, 5-, 8, 10-, and 12-in Booner ball measurements on centerline:

a. 30 cm behind shield mockup

b. 150 cm behind shield mockup (foreground and background)

B3( fission chamber on centerline: -

a. 0.7, 30, and 150 c¢m behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

C. bare detector with cadmium hut, 0.7 and 30 cm

Removable Radial Shield
SM-1+13cm Al +15emSS+13ecm Al + 10ecm C + S5cm S8

A

i.

3-, 4-, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
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b. 150 em behind shield mockup (foreground and background)
2. B3 fission chamber on centerline:
a. 30 cm behind shield mockup (bare and Cd-covered detector)
b. 150 cm behind shield mockup (foreground and background),
(bare and Cd-covered detector)
c. bare detector at 150 cm, cadmium over face of shield mockup
B. SM-1+13cmAl +15cmSS +13cm Al + 10cm C+ 5¢cm SS + 1.3 cm
Al+10cmC+5cm SS + 1.3cm Al + 25¢cm SS

1. NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup (also background if
necessary)

2. 3-, 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements

3 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup '

4, B30 fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b, Cd-covered detector
c. bare detector, cadmium over face of shield mockup

5. 3-, 4, 5-, 8, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)

6. B5Y fission chamber measurements on centerline:
a. - 30 and 150 cm behind shield mockup (bare and Cd-covered
detector)
b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

C. SM—l+1.3cmAl+15cmSS+I.3cmAl+10cmC+5cmSS+1.3cm
Al+ 10cm C +5cm 8S + 1.3 cm Al + 2.5 cm SS + 18.3 cm thick IVFS

vessel

1. NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup (also background if
necessary)

2. 3-, 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements (also background if necessary)

3. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup

4, B5U fission chamber horizontal traverses at 30 c¢m behind shield
mockup
a. bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup

S. 3-, 4, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup

b. 150 cm behind shield mockup (foreground and background)
6. #%U fission chamber measurements on centerline:

a. 30 and 150 cm behind shield mockup (bare and Cd-covered
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detector)
b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup
D. SM-1413ecm Al +15emSS+13ecm Al +10cmC 4+ 5cmSS + 13 cem
Al +10em C + Scm SS + 1.3 cm Al + 2.5cm SS + 16.8 cm heterogeneous

IVFS slab

1. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup

2. 35U fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b. Cd-covered detector
C. bare detector, cadmium over face of shield mockup

3 3-, 4-, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
4. B5U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup "

c. bare detector inside cadmium hut, 0.7 and 30 cm

d. 0.7 cm, bare detector with cadmium wrapped around cylinder

housing the detector _
E SM-1+13cmAl+15cmSS+13cmAl+10ecmC +5cm SS + 13 cm
Al +10em C + 5cm SS + 1.3 cm Al + 2.5 cm SS + 16.15 cnt homogeneous

IVFS slab

1. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup

2. B5U fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup

3. 3-, 4, 5-, 8, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 ¢m behind shield mockup (foreground and background)
4. U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield .
mockup
c. bare detector inside cadmium hut, 0.7 and 30 em

F. SM-1413cmAl+15cmSS+13cm Al +10ecm C+ 5Scm SS + 13 ¢em
Al+10cm C+5cm SS + 13cm Al + 5¢m B,.C + 25 cm SS

1. NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup
2 3., 5-, and 10-in Bonner ball measvrements on centerline at location
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of NE 213 measurements

3. 3-, 4-, 5-, 8-, 10, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)

4, B3V fission chamber measurements on centerline:
a, 30 and 150 cm behind shield mockup (bare and Cd-covered
detector)
b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

G. SM-1+13cmAl+15cmSS+13cmAl+ 10emC+5cm SS + 1.3 ¢cm
Al+ 10cmC+5cmSS+13cmAl+5cm B.C +25cm SS + 183 em

thick IVFES slab

1. NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup )

2 3., 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements

3. 3-, 4, 5-, 8, 10-, and 12-in Bonner ball measurements oo centerfine:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background))

4. 35U fission chamber measurements on centerline:
a. 30 and 150 cm behind shield mockup (bare and Cd-covered
detector)
b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup :

H SM-14+13cmAl+15cmSS +13cmAl+ 10cm C+5cm SS + 1.3 c¢m
Al +10ecm C+5cm SS + 13 ¢cm Al + 15cm B,C + 25 cm SS
i. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup
2. B fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b.  Cd-covered detector
. c. bare detector, cadmium over face of shield mockup
3, 3-, 4-, 5-, 8-, 10, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
4. 33U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b, bare detector at 30 and 150 cm, cadmium over face of shield
mockup ' .
c. 0.7 and 30 cm, bare detector with cadmium wrapped around

cylinder housing the detector A
L SM-1+13cmAl+15cmSS+13cmAl + 10cm C+ 5cm SS + 1.3 cm
Al+ 10cmC+5cmSS+13cm Al + 15cm B,C + 25¢cm SS + 183 cm

thick IVFS slab
1. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup
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2. 35U fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup
3. 3-, 4-, 5-, 8-, 10-, and 12-in Boaner ball measurements on centerline:
a 30 cm behind shield mockup
b. 150 ¢m behind shield mockup (foreground and background)
4, B3Y fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b, bare detectior at 30 and 150 cm, cadmium over face of shield
mockup

c. 0.7 cm, bare detector with cadmium wrapped around cylinder
housing the detector

d. 0.7 and 30 cm, bare detector inside cadmium hut

5. Remove lithiated paraffin blocks from around fuel pins
' a. Repeat 3 and 4 above
L SM-1+13cm Al +15cmS88 +13cm Al +10ecm C + 5cem SS + 1.3 cm
Al+10cmC+5 cmSS+13cm Al +15em B,C + 25cm 8§ + 168cm
heterogeneous IVFS slab
1. 3- and 10-in Boaner ball horizontal traverses at 3¢ cm behind shield
mockup
2. BSU fission chamber horizontal traverses at 30 cm behind shield
mockup :
a bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup
3 3-, 4., 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
4, B3 fission chamber measurements on centerline:
a 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector) '

b. bare deiector at 30 and 150 cm, cadmium over face of shield
mockup
c 0.7 and 30 cm, bare detector inside cadmium hut

K SM-1+13cmAl+15cmSS + 13ecm Al + 10ecm C+ 5cm SS + 1.3 cm
Al+10cmC+5cmSS+13cm Al +15cmB,C+25cm SS + 16.15cm
homogeneous IVFS slab
1. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield

mockup
2. B5U fission chamber horizontal traverses at 30 cm behind shield
mockup :
a bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup
3. 3-, 4, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
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4.

a 30 ¢m behind shield mockup

b. 150 cm behind shield mockup (foreground and background)

23U fission chamber measurements on centerline:

a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b, bare detector at 30 and 150 cm, cadmium over face of shield
mockup
c. 0.7 and 30 cm, bare detector inside cadmium hut

L. SM-1+13cmAl+15cmSS+ 13 cm Al + 10cm C + 5cm SS + 1.3 em
Al+10cmC+5cmSS+13cm Al + 15cm B.C +25cm SS + 10 cm
radial blanket

1.

2

3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup

B5U fission chamber horizontal traverses at 30 c¢m behind shield
mockup

a. bare detector

b. Cd-covered detector

c. bare detector, cadmium over face of shield mockup

3-, 4-, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup

b. 150 cm behind shield mockup (foreground and background)

35U fission chamber measurements on centerline:

a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector) '

b. bare detector at 30 and 150 c¢m, cadmium over face of shield
mockup

c. 0.7 ¢cm, bare detector with cadmium wrapped around cylinder
housing the detector

d. 0.7 and 30 cm, bare detector inside cadmium hut

M. SM-1 + 13cm Al + 15cm SS + 1.3 ¢m Al + 15cm B,C + 25 cm SS +
1.3 cm Al + 15 cm B,C + 1.3 cm Al + 15 cm B,C (Loop-type mockup)

1.

35U fission chamber horizontal traverses at 30 cm behind shield

mockup

a. bare detector

b. Cd-covered detector

c. bare detector, cadmium over face of shield mockup

3-, 4-, 5, 8-, 10-, and 12-in Bonner ball measurements on centerline:

a 30 cm behind shield mockup _

b. 150 cm behind shield mockup (foreground and background)

33U fission chamber measurements on centerline:

a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup ‘
c. 0.7 cm, bare detector with cadmium wrapped around cylinder

- housing the detector
d 0.7 and 30 cm, bare detector inside cadmium hut

N. SM-1 + 13cm Al + 15cm SS + 13 cm Al + 15 cm B,C + 254 ¢cm SS +
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1.3c¢cm Al + 15cm B,C + 1.3 cm Al + 15 ¢cm B,C + 18.3-cm-thick I'VFS slab
(Loop-type mockup)
NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup (also background if
necessary)
2. 3., 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measurements.
3 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup.
4, B5 fission chamber horizontal traverses at 30 cm behind shield
mockup
a. bare detector
b. Cd-covered detector
C. bare detector, cadmium over face of shield mockup
3. 3-, 4-, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
6. 35U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

c. 0.7 cm, bare detector with cadmium wrapped around cylinder
housing the detector

d. 0.7 and 30 cm, bare detector inside cadmium hut

0. SM-1+13cm Al + 15cm SS + 1.3 cm Al + 15 ecm B,C + 2.54 cm SS +
: 13cm Al + 15cm B,C + 13 cm Al + 15cm B,C + 16. 8 cm heterogeneous

IVFS slab (Loop-type mockup)

1. NE 213 and hydrogen counter spectrum measurements on centerline
as close as feasible behind shield mockup (also background if
necessary)

2. 3-, 5-, and 10-in Bonner ball measurements on centerline at location
of NE 213 measuremeats.

3. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockup.

4, 5 fission chamber horizontal traverses at 30 cm behind shield
mockup
a bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup

5. 3., 4, 5-, B, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup -

b. 150 cm behind shield mockup (foreground and background)

6. B5U fission chamber measurements on centerline:

a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup
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C. 0.7 cm, bare detector with cadmium wrapped around cylinder

_ housing the detector
d. 0.7 and 30 cm, bare detector inside cadmijum hut

SM-1+13cmAl+ 15cmSS +13cm Al + 10cm C + Scm SS + 1.3 cm
Al + 10cm C+ 5cm 8S + 1.3 cm Al + 15 ecm B,C + 25 cm SS +
18.3-cm-thick IVFS slab + void + 2.5 cm Al + 5 cm SS + 20 cm B,C
1. 3-, 4, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
2. 25U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

c. 0.7 cm, bare detector with cadmium wrapped around cylinder
housing the detector

d. 0.7 and 30 cm, bare detector inside cadmium hut

3. U fission chamber measurements on centerline in the void:

a. bare detector

b. Cd-covered detector

c. bare detector with cadmium wrapped around the detector's

cylindrical housing :
SM-1+13cmAl+15cmSS +13cm Al + 10emC + 5ecm SS + 1.3 cm
Al+ 10cm C+ 5cm SS + 13 cm Al + 15 e¢m B,C + 25 cm SS +
18.3-cm-thick IVFS slab + void + 25cm Al + 5cm SS + 1.3cm Al + 10 cm
C+5cmSS+13cmAl+10ecmC+5cmSS +13cmAl +10cm C +
5cm S8 ' :
1. 3-, 4, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
2. B5U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and Cd-
covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

¢ 0.7 cm, bare detector with cadmium wrapped around cylinder
housing the detector

d. 0.7 and 30 cm, bare detector inside cadmium hut

3 3% fission chamber measurements on centerline in the void: -

a. bare detector

b. Cd-covered detector .

c. bare detector, with cadmium wrapped around the detector’s

cylindrical housing

.  Above-Core (ALMR)

A

SM-2 + 16.8 cm heterogeneous IVFS slab -
1. 3-, 4-, 5-, 8, 10-, and 12-in Bonner ball measurements on centerline:
a. 30 cm behind shield mockup
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b. 150 cm behind shield mockup (foreground and background)

2. 3- and 10-in Bonner ball horizoantal traverses at 30 cm behind shield
mockup
3. B5J fission chamber measurements on centerline:

a. 0.7, 30, and 150 cm behind shield mockup (bare and
Cd-covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

c. 0.7 and 30 cm, bare detector inside Cd hut

4, B350 fission chamber horizontal traverses at 30 cm behind shield
mockup:
a. bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup

B. SM-2 + 16.15 cm homogeneous IVFS slab
1. 3., 4+, 5-, 8-, 10-, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
2. 3- and 10-in Bonner ball horizontal traverses at 30 cm behind shield
mockups
3. 35U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and
Cd-covered detector)

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup

c. 0.7 and 30 ¢m, bare detector inside Cd hut

4 B5U fission chamber horizontal traverses at 30 c¢cm behind shield
mockup:
a. bare detector
b. Cd-covered detector
c. bare detector, cadmium over face of shield mockup

C. SM-2 + 10 cm radial blanket
1. 3-, 4-, 5-, 8, 10, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
2 %Y fission chamber measurements on centerline:
a. 07, 30, and 150 cm behind shield mockup (bare and
Cd-covered detector)

b. bare detector at 36 and 150 cm, cadmium over face of shield
mockup
c. 0.7 and 30 cm, bare detector inside Cd hut
D. SM-2 + 16.15 cm homogeneous IVFS slab + 5 cm B,C
' 1. 3-, 4-, 5-, 8-, 10, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup -
b. 150 cm behind shield mockup (foreground and background)
2. B5U fission chamber measurements on centerline;
a. - 07, 30, and 150 cm behind shield mockup (bare and
Cd-covered detector)
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b. bare detector at 30 and 150 ¢m, cadmium over face of shield
mockup
C. 0.7 and 30 cm, bare detector inside Cd hut
E. SM-2 + 5 cm B,C + 16.15 cm homogeneous IVFS slab
1. 3-, 4, 5-, 8-, 10, and 12-in Bonner ball measurements on centerline:

a. 30 cm behind shield mockup
b. 150 cm behind shield mockup (foreground and background)
2. U fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and
Cd-covered detector)
b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup
c. 0.7 and 30 cm, bare detector inside Cd hut
F. SM-2 + 16.15 cm homogeneous IVFS slab + void + 2.5 cm SS + 5.15 cm
B,C + 25cm Al
1. 3-, 4-, 5-, 8-, 10-, and 12-in Bonner ball measuremenis on centerline:
a. 30 cm behind shield mockup '
b. 150 cm behind shield mockup (foreground and background)
2. B3 fission chamber measurements on centerline:
a. 0.7, 30, and 150 cm behind shield mockup (bare and
Cd-—covered detector) ’

b. bare detector at 30 and 150 cm, cadmium over face of shield
mockup '
. 0.7 and 30 cm, bare detector inside Cd hut
3. B3 fission chamber measurements on centerline in the void:
a. bare detector
b. Cd-covered detector
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Figure 34, Schematic of SM-1 plus shield configuration for Item IIJ.
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Figure 38. Schematic of SM-1 plus shield configuration for Item IIN plus lead.
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Table 5. Materials in the VELM6) and VELM22 Libraries used
in the Na-Fe Calculations

Material ID D Description
(AMPX) (ANISN)

(Standard Weighting, Self-Shielded)

Fe 132611  501-506 Y
Cr 132411 507-512 Constituents of $S-304
Ni 132811  513-518 ' '
Mn-55. 132511 519-524 o
~ Fe 132617 525-530 Constituents of Al v
__A1-27 131311 531-536 .
H-1 T 9311 T S53I7-S4Z
0-16 127611  543-548
Na-23 131111 549-554 Constituents of KNa /
Ca 132011  555-560
K 115011  561-566 .
TFe T 77 132613 567-5712 g
Mn-55 132512 573-578 Constituents of Carbon Steel
- 130611  579-584 .
H-1 9312 585-590
Li-6 130317 591-596 Constituents of LiH o
Li-7 139711 597-602
(Na-Fe Interval-Flux Weighting)?
Fe 132621  603-608
Cr 132421  609-614 Flux 3.8-cm into §S-304 v
Ni 132821  615-620
Mn-55 132521  621-626
Ho 132121  627-632
N3 I3ITTT 633-638 Flux 76.2-cm into Na ;
Na 131122_ 639-644 Flux 228.6-cm into Na
Na 131123 645-650 Flux 381.0-cm into Na 4
Fe 132822 651-656 Flux 15.2-c¢m into Carbon Steel '
_Fe _ 132623  657-662  Flux 45.7-cm into Carbon Steel |
(l/EEt Weighting)
Fe 132631  663-668 .
Cr 132431  669-674 S
Ni- 132831  675-680  1/EE _(SS-304)
Mn-55 132531 681-686
Mo 132131  687-692
-~ Fm 132632 6Y3-5898 l/EEt (Carbon Steel)

aDesignated as the 1-3-2 flux weighting in Section II1.4.
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B4C SHIELDING DESIGN STUDY FOR THE JOYO

REACTOR

"A. Yoshida, K. Chatani, S.Suzuki and K.Kinjo

O-arai Engineering Center,
Power Reactor and Muclear Fuel Development Corporation,
4002, O-arai-machi, Iparaki-ken, 311-13, JAPAN
3-011-81-0292-67-4141

ABSTRACT

oy

In Experimental Fast Reactor "JOYO", an In-Vessel Storage
{LVS} system using cooling pols is applied to remove the decay heat of
the spent fuel subassemblies(S/A) during one duty cycle operation.
Thus, the fuel handling procedure in the reactor vessel is complicated.
To simplify the fuel handling procedure and save refueling time, it is
necessary to enhance the radial shieid performance in order to reduce
heat generation in the spent fuel of the IVS rack cansed by fission
from core-leakage neutrons. To achieve the above objectives, a
shiclding design study of a system using boron carbide (B4C) as a
removable radial shield was performed. The result of this study
showed that simplification of refueling could be achieved by replacing
the cuter two layers of stainless steel(SS) reflectors with BAC shields.
Also, a detailed shielding analysis of the JOYO shielding design was
conducted and the adequacy of the shielding design for the new higher-

power core, which is called Mk-111, is assured.

INTRODUCTION
Experimental Fast Reactor "JOYO" Is the first sodium cooled
fast reactor constructed in Japan, and it achieved its initial criticality in

April 1977 as a breeder core(Mk-I core). Next, the first core was

replaced and JOYO became an irradiation bed core(Mk-1I core) in March

1983 10 perform irradiation tests for FBR fuels and materials
development. The Mk-II core consists of 67 uranium-platonium
mixed oxide(MOX) fuel $/As, 6 control rods, and 239 8§ reflectors,
including some material irradiation reflectors surrounding the core.

In JOYOQ, a spent fuel S/A is stuffed in a cooling pot and
stored in the IVS rack during one duty cycle(70 days) operation to

remove decay heat. As a spent fuel S/A in the IVS rack also generates

" heat by fission due to neutrons leaking from the core during high

power operaiion, the cooling pot has a coolant entrance hele to cool
down the spent fuel, When a fuel S/A is moved to the outside of the
reactor vessel, it must be transterred from a cooling pot to a sodium-
filled transfer pot that has no coolant entrance hole. Therefore, this
fuel handling procedure is complicated and extends the refueling
periods. To simplify the function of the IVS and thus shorten the .
refueling period, the heat generation of spent fuet $/A's in the IVS
rack should be decreased to a level less than that for which the heat can
be removed by nataral convection of coolant in a transfer pot. For this
purpose, the replacement of the cuter 88 reflectors by B4C shields,
which are considered as in-vessel shields in the demonstration
FBR(DFBR) in Japan, is now under investigation.This paper
summarizes the results of shiclding analysis around JOYO core.
Furthermore, this study has been carried out as a part of a series of
design efforts for the Mk-HI program, The main core paramelers of the
MK-III core and the core matrix are shown in Table 1 and Fig.1,
respectively.
Table 1. Main Core Parameters of MK-IIi Core

Reactor Output Mt j L]

FRIMARY Coolant Flow Bate t/h 2,700

Reactor Iniet Temperature °C 350

Reactor Outlet Temperature 500

Number of fuei 5/ 85

Nusher of contrel Rods L]

Core Stack Length cn 50

Core Diamater em 82

Core Volume{mat. } 2 250

Fuel Pin Dlameter [ 5.5

Puls/ {Puls +U0: ) W/o - 30

35y Enrichzent w0 ~ 1D{nner Core}
~ 16{Cuter Core)

Neutron Flux{eax.} n/eat -sec 5.5 » 10t
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Fig. 1. Core configuration of JOYO

2. METHOD OF SHIELDING ANALYSIS
(1) Design Goal

The first step in the analysis was the determination of the
maximum allowable thermal power level of a fuel $/A in the IVS
vack. A fuel /A generates heat not only by fission due 10 neutrons
leaking from the core, but also by gamma-heat and decay heat. From
the results of the evaluation of the clad lemperature of IVS fuel, it was
shown that the maximumm clad temperature reaches the design limit
when & fuel $/A has a thermal power level of 65kW. Taking into
account the design margin and uncettainties in the heat generation, the

limit on heating in the 1VS fuel was conservatively setat SOkW.

(2} Caiculational Method

The calculational scheme invalved several computer codes.
F.irst, the "RADHEAT-v3"1) code systemn was used 10 prepare a
coupled 100-neutron and 20-gamma-ray group cross section library.

The basic cross section data were obtained from the shielding nuciear
data library JSDJ2{JFTJ2,which is based on the Japanese Evaluated
Nuclear Data Library Version 2 (JENDL-2)2), "New POPOF4"
(gamma production cross sections), and "GAMLEG-N" (gamma
transport cross sections). Second, as the first stage of the design, the
neutron flux distributions in the radial direction were calculated
parametrically with the one-dimensional{i-D} discrete ordinates (Sm)
code "ANISN-W"3) 10 investigate basic specifications of B4C shield
(such as radial thickness or B4C volume content in the /A ) which
satisfy the design goal. '

According to the decided basic specifications of the B4C
shields, the 1-D calculations were carried out from the core center to
the biological shield in the radial direction and from the bottem of the
core support Lo the rotating pump in the axial direction using multi-
group crass sections, The multi-group cross sections were collapsed
1o a region-dependent broad-group structure consisting of 21 neutron

and 7 gamma-ray groups using the spectra obtained from ANISN-W. -
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In addition, the neutron source distribution that was used for both the
1-D calculation and two-dimensional(2-D} calculations was oblained
from the 7 neutron energy groups, 2-D R-Z calculation performed with
the diffusion theory code "CITATION"® using the fssion spectrum of
239,

Lastly, the 2-D Sn code "DOT3.5"5) was used in an R-Z

geometry, to perform detailed design analyses and abtain results such

shielding design was totally evalnated. _

The schematic flow diagram of shielding analyses employed
in this study is shown in Fig 2. The calculational conditions are
shown in Table.2. The analylic accuracy using the system has been
evaluated and verified through the analyses of experimental results
from the Japanese-American shielding Program of Experimental
Research (JASPER programﬁ)) being performed at the Oak Ridge

National Laboratory(ORNL). The system has been utilized in the
design analyses of the prototype FBR, "MONIUY, and DFBR,

as (1) the thermal power of a spent fuel 8/A, (2) the response of the
ex-vessel neutron instrumentation system(NIS). In  addition, the

Table 2, Paramelers of Calculation by DOT 3.5

2 R-Z

2-D XY
Step I Step 2

Cylinder Cylinder Plane

R: 2.5 Meters from Core Center | H: 2.8 Meters from Graphite X: 3.25 deters from Core Center

Gepmetry to Graphite Shild Shield to Biologocal Shield to Biological Shield

Z: 7.3 Meters from Bottom of Z: 7.3 tleters from Botton of Y: 3.25 Meters from Core Center
Core Support to Rotating Plug Core Support to Retating Plug to Biological Shield

Number of Mesh Intervals R: 96 : 69 X: 107
Z: 200 Z: 200 Y: 197

Order of Scattering Py Pa Py

Number of Angles Sae Soc S0

Number of Energy Groups Neutron ZlGroups.Gammﬁ-ray TGroups

Left&Bottom : Reflection
Right&Top : Vacum

Boundary Conditions Left t Reflection | Left : Boundary Source(STEP1)
Botton& Right & Top : Yacum Boltom&Right&Top : Vacum

Acceleration Techoique Space Dependent Scaling{HWESOL})

e< 0.01

Flux Caleulation Model

Heighted Difference

3. BASIC SPECIFICATIONS OF THE B,C SHIELD S/A
Considering the shieldiﬁg characteristics of B4C, we chose a
radial shielding armangement with the $$ reflectors loaded outside of
the core and the B4C shields loaded in the outermost region. To
decide the basic specifications of the B4C shield, a survey calculation
of the thermal power level of an IVS fue! was carried out by using
ANISN-W. The design parameters were the number of B4C shicld
S/As, the B4C volume content in the S/A, and the B enrichment,
The thermal power level of a fuel $/A is evaluated from the fission
rate calculated by ANISN-W, and to increase reliability, it is correcled
by applying the bias factor(C/E) that is evaluated through the analysis
of the reaction rate distribution measurement in the JOYO Mk-II core,
(the core is swrounded by S8 refleciors only). '

The relationship between the thermal power level of a fuel

S/A and the B4C velume content in a S/A when SS reflectors are
loaded in the 6~8th rows and B4C shields are foaded in the 9~10th
rows is shown in Fig. 3. Also, the relationship between the thermal
power of a fuel $/A and the 1B enrichment of the B4C shieids lcaded
in the 10th row, when the B4C volume conlent of all B4C shields is
4(%, is shown in Fig. 4, As a result of this survey, it is shown that
increasing the B4C volume content in a S/A more effectively

decreases the thermal power of an IVS fuel $/A than does increasing
the 10B ensichment of the B4C shields loaded in the 10th row. The

analysis leads to the following specifications:
» 96 B4C shicld S/A's are loaded in the outermost 2 rows of

" the core matrix
+ the B4C volume content in a S/A is 45%

« the 198 enrichment is 20% (natural boron),
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4, RESUL.TS OF THE DETAILED CALCULATION
According to the basic specifications decided in the section 3,
detailed design analyses were performed with the 2-D Sn code
"DOT3.5" in R-Z geometry. The calculational region is shown in
Fig. 5. First , an $30-P3 calculation was performed as Step 1 from
the core center to the inside of graphite shicld region in the radial
direction, and from the bottom of the core support lo the rotaling plug
in the axial direction, Next, by applying the "boot-strapping
technique”, an 596-P3 calcnlation was performed as Step 2 from the
reactor vessel to the biological shielding concrete region in the radial
direction. In the calculation of step 2, the number of angular quadraturg
directions is increased to 96 in order (o take into account the effect of
neutron streaming in the nitrogen gas region.
The followings are shielding characteristics that have been
evaluated throngh this work.
(1) The heat generation of an IVS fuel
In JOYO, 30 1VS racks are located at the outside of the
reflector-shield region (R=56cm fram core center), and each IVS rack is
isolaled from the others. To evaluate the heat generation of an IVS
fuel, it is required that the nentron multipfication effect of the isolated
fuel /A be considered. )
First, we calculated the neutron flux at the IVS rack using
two R-Z models. One had a fuel region at the location of IVS and the
other had a sodium region({no fuel). In the calculation for the former

e g T
1 \
5
"g 1o 1 10%
—t “"“‘-u.-.
g i, [fuel 1n 18
1 LI (I
g i zed |Laow
g o ® np foel ln 1¥5 [ormmrreesen, ]
B shield 3 8 N
core Rettestor | [ ivs Sodiva §§ ¥
1w i
SKID"‘ ﬁ "@ ]‘5'5 fg"g 30

Radial dislance Fren core copter (co)

Fig. 6. Radial traverse of fast neuirin flux
case, the neutron source in the core was fixed but outer iterations were

required 1o converge the fission source in the fuel region in the IVS.

The comparisons of total and fast (E>0.1Mev} neutron flux
for the lwo models at the core midptane are shown in Fig.6 and Fig.7,
respectively,  Taking into account the IVS fuels increases the total
neatren flux at the IVS by ~10%, affecting the evaluation of fission
rate of IVS fuel. Asin the R-Z model, the fuel region at the IVS was
homogenized and modeled as a ring, the calculated results might

overestimate the neutron multiplication effect . In order to verify the
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Fig. 7. Radial traverse of fast newtrin flux
calculated results on neutron multiplication effect of the isolated fuel
S/A in the VS rack precisely, calculations with DOT3.5 in X-Y

geometry were also carried oul for a quarter of the core with the
fotlowing 5 medels that had VS fuel in certain patterns (see Fig.8).
Case O : Equivalent to the R-Z model (same as the
homogenized model of Case 2).
Case 1: No fuel in IVS.
Case 2: All IVSs are filled with fuel. -
Case 3 ; One half of IVSs are filled with fuel.
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Case 4 : Allemate 1VSs are filled with fuel.

Case 5: One IVS is filled with fuel.
The thermal powers of the IVS fuel §/A's evatuated from the

calculated neutron flex for each case are summarized in Table 3. From
the results, the following are made clear;
» The change of thermal power caused by the homogenizing
is less than 1%.
» The thermal power decreasas with the increase of fuel
5/A's in the closer TVS racks.
* The thermal power of a spent fuel $/A loaded alone{Case
5) was higher than that for a fuel S/A loaded as a
ring(Case 0 : same as R-Z model) by a factor of 1.09,

Considering the factor 1.09 to the thermal power evaluated
from the result of the R-Z calculalion, the maximum thermal power of
the 1VS fuel is expected lo be 45k'W, which is lower than the design
goal (50kW).

Thus, it is recognized that she arrangement of S8 reflectors
and B4C shields, decided in section 3, salisfies the design goat. )
(2) The response of the NIS

In JOYQ, the change of neutron flux or reactivity is
monitored by the response of the ex-\"essel NIS. As the response of
the NIS must be decreased by introducing the B4C shields, we
evaluated the change of the response of the NIS from the resulis of the
shielding analyses.

Two systems utilizing a fission chamber are located in the
graphite region(R=290cm) in JOYO. The response of the NI§ is
evalualed as a fission rate of 235U, which is calculated from the
neutron flux at the location of the NIS and the fission cross section of
235y, From the result of the 2-D R-Z calculation, Lhe response of

the NIS of the MK-III core with the B4C shields decreases by half
compared with that of MK-II core. Next we evaluated the effect of the
fuels in the IVS racks on the response of the NIS from the results of
2-D X-Y calculation. The comparison of the total neutron flux
distribution of typical examples, such as Cases 1, 2,and 5, are shown
in Fig. 9. It is shown from Fig.9 that the tolal neutron fAux at the
Iocation of the NIS increases in proportion io the increase in the
number of IVS fuels. Table 4 shows the fission rate of 235U at the
tocation of the NIS for all the ealculational cases. As the ratio of
response of Case 1 for which fuel S/As are loaded in a#l IVS racks, to
that of Case 2, for which no fuel is loaded in the IVS racks is .65, at
- least 65% of the NIS response for Case 1 is caused by the neutrons
leaking from the core region for any case.
As a result, it was made clear Lhat the NIS in JOYO has a
high enough response to allow monitoring the core newtronics, even
when the B4C shields are loaded.

Equlvalent to the R-Z model
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Fig. 8. Models for the 2D X-Y calculations by DOT3.5
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Table 3. Thermal Power of Fuel S/A in IVS

Case © Case 2 Case 3 Case 4 Case 5
Thermal Power 45.2 4.7 ' 43.1 48.6 49.4
(&) (46.8)"
Ratin 1.00 0.89 0.95 1.08 1.69
{1.04)"

# ¢ VYalue of the S/A that IVS on one side is filled with
fuel S/A and another is filled with sodium

AL DISTANE {c) .

Table 4. 233U Fission Rate at the Location of NIS

Case Reaction Rate(n/cec.s} Ratio
1 7.17 x 10 -1 1.00
Case 1
2 1.05 x 10 —*° 1.46
3 8.89 x 10 ! .24
4 9.10 x 10 -1 1.27
5 7.78 x 10 ~!! 1.09
B
5. SUMMARY _ %
The results obiained from the shielding study of the JOYO g
design with B4C are summarized as follows: )
s The basic specifications and arrangements of B4C shield
SfA’s were decided.
. The radiation distribution inside and outside the reactor

i)
BAAL DISTANCE (e}

Case 2

vessel containing a small FBR core with S§ reflectors and B4C
shicld S8/A’s was analyzed in detail.
L] With the resulis of 2-D R-Z and 2-D X-Y calculations, the

effects of isolated nentron sources located outside the core could =

be evaluated guantitatively. N
. By considering the effect of an isolated neutron sousce, it
was confirmed that the maximam thermal power of an IVS fuel
S/A satisfies the design limitation,
. It was shown that althoug}a the response of the NIS

AXIAL DISTRXE (e}

decreases by approximately 1/2 with B4C shields, it is stili
high enough to monitor the core nentronics from the point of

view of safe reactor operation.

0.0
DI DISTANE (2}

Case 5

# : Location of the NIS

Fig. 9. Total Neutron Flux Distributions calculated for
2D X-Y models
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6. CONCLUSIONS

In this study, we investigated a JOYO shielding design
having B4C shields that are expected to be the in-vessel shield of
futare FBRs. A key result of this study is that when the outermost
two layers of S§ reflectors are replaced by two layers of B4C shields,
the heat generation in ar IVS fuel due to core-leakage neutron-induced
fission decreased, and the refueling procedure could be simplified by the
elimination of fuel transfer between 1wo types of coolant pots at
refueling,

Finally, when the response of ex-vessel NIS and the neutron
fluence at the in-vessel structure were evaluated using resuits from the
detailed calculation of radiation distributicn, it was shown that on the
whole the shielding characteristics of B4C shield satisfied the destgn

requirements even when the reactor power was increased by 40%,
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ABSTRACT

Power Reactor and Nuclear Fuel Development Corporation
(PNC) and United States Department of Energy started the
cooperative  shielding experiments program designated JASPER
(Japanese-American Shiclding Program for Experimental Rescarch)
in 1985. The second and third JASPER experiments, the Fission
Gas Plenum Experiment** and the Axial Shield Experiment*+*
were conducted to improve the prediction accuracy of the
shielding analysis for the neutron streaming along the fission gas
plenum of the fuel elements and along the sodium channel of
fuel subassembly. This is imporani in order to evaluate the fast
neutron fluence on the core support plate and the activation of
the secondary sodium contained within the Intermediate Heat
Exchanger (JTHX).

The Fission Gas Plenum expariment indicated that the
neslron streaming was not an important consideration in the
fission gas plenum region. The measurement data for axial
shiclds, which consisted of boron carbide or stainless steel, were
also provided 1o evaluale the ncutron streaming in the axial
shiclding region. Comparisons of the experimenial resulis with
the two dimensional analylic results obtained using the shiclding
analysis sysiem for Fast Breecder Reactor (FBR) indicated that
streaming can be predicled within five porcent accuracy in this
case,

1. INTRODUCTION

PNC has developed and verificd the shiclding analysis
system [or the FBR through mcasuremenls and analyses on
cxperimental fast reactor JOYO in Japan and ihrough the
international information exchange. The FBR analysis system has

been used for the shiclding design of the prolotype fast breeder
reacior MONJU and demonstration FBR (DFBR) as the standard
shiclding method of Japan.

The JASPER program 1% 2. % was planned and performed
o improve the prediction accuracy, vsing the shielding analysis
system, (o study the nuclear characteristics of the boron carbide
{B4C) and graphile and o0 develop the new shielding materials
such as zirconium hydride. The f{irst JASPER experiment
provided the ncutron aticnuation data for the removable radial
shield which consisted of the B4C, graphile and stainless steel
(55). Analysis of this experiment provided the data useful for
impovement of the prediction accuracy. This paper summarizes
the Fission Gas Plcnum Experiment and the Axial Shicld
Experiment is focused on the analysis of the ncutron streaming
in an FBR fuel subassembly.

2. DESCRIPTION OF THE EXPERIMENTS
2.1 FISSION GAS PLENUM EXPERIMENT

The Fission Gas Plenum Experiment as the sccond JASPER
experiment was conducled from January through February of 1987
to investipate the ncutron strcaming in the gas plenum region of
DFBR fuel clements, The cxpc".rimcma! mockups consisted of a
61 cm in diamcler gas plenum rcgion and the concrete
surroynding the gas plenum region as shown in Fig. 1,

The gas plenum rcgion was made of S5 and aluminum{Al)
which was used as a substituic for the sodium(Na)., The volume
fractions for 85, Al and aic were 15% 18% and 67%
respectively, The mockups were cither homegencous or
helerogencous. The helcrogencous mockups consisted of a total
of 512 SS wbes with an outer diameicr(OD) of 7.93 mm. This

* H. Tsvnoda of Mitsubishi Rescarch lInstitule participaled in the caleulations and analyses of this work.
** Experiment conducted at the Tower Shiclding Facility by F. J. Muckenthaler {chiel experimentalist), B. D. Rooncy, and J. D,
Drischler of Oak Ridge Mational Laboratory {ORNL) and N. Ohtani of Power Reactor and Nuclear Fucl Devclopment

Corporation (PNC),

=#*Experiment conducied at the Tower Shiclding Facility by F. I, Muckenthaler (chicl cxperimeawalisy), R. R. Spencer, and H, T,

Hamilion of ORNL and A. Shono of PNC.
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Schematic of homogencous fission gas plenums

Fig. 1 Experimental Mockups of the Fission Gas Plenum

Expcriment

heterogencous region was 22 em in dizneter,  Axiaf lengihs of
20 cm and 8cm were wsed. Newwon stvaming was detcrnined
by mcasuring the ncutron Nux with the Boancr ball or the
Homyak button. B

Comypurisons of the hetcrogencous o homogencaus
memsurement resells showed there was o significant  streaming
for cither of  axial plosem leagths (20 c¢m and 8 em).  The
neulren sauice  entcring the mockups had a nearly isauapic
distribution because the mockups were preceded by U0, slabs
representing the  qadial  blankel In the actwal reagtor, the
neutron flux cotering the gas plenum region is more isatcopic
than in this cxperiment Therefore, it i not neccssary o consider
RCULON SUTHNINE.

As 3 result of the caperiment, it was confirmed duil the
ordinury calculational modeling in the FBR shiclding design, in
which the calculagional regian is homogenized according to the
valeme fraction of cach structurd materizl, s adequate.

22 AXJAL SHIELD EXPERIMENT

The Axial Shicld Experiment was the. thind JASPER experi-
ment performed from August through December of 1950, The
purpose was o evaluate the ncuwon atlenuation characteristic of
and the neutron streaming through the different axiaf shielding
designs consisting of the different shiclding materials, as well as
1o improve the analysis accuracy, for regions beyond the [ission
gas plenum regioa. .

The 45-cm-long experimental mockups were fabricated in
the form of a cenwal hexagon surrounded by six hexagons
measuring 15 ¢m from flal edge o flat edge, The experimental
mockups were surrounded by ByC and concrele as shown in Fig.2,

B.C oar S5

Centrl MNa Channel Type Rod Bundle Type

Fig. 2 Expwrimcaul Assembly of the Axial Shicld Experiment

The shiclding naerials were B,C and S5, The mockup designs
consisted of a contral blockage type, 2 rod bundle type, a centrat
Na channel type, and their corresponding  homogencous  (ygws.
The volume [fractions for 88, Al and B4C woe 11%, 29% amd
60% for the B4C hexagon asscmbly. For the §S5 hemagon
assembly, the volume fractions for S5 and Al were 71% and 29
%.  Nearon swcaming was evaluated by measuring with the
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Bonaer ball or the Hornyak button detectors. As the evaluation of
the fast ncutron flux is important in the FBR shiclding design,
the results of the Homyak button and the Boaner ball delectors,
which arc scnsilive to [ast ncutron cnergy, arc rather important.

The strcaming factor defined as the Homyak bullor
heterogencous-to-homogencous measurcment ratio is shown in Fig.
3 for the ceatral Na channel type.

1.8 1 T g
16 F ==&~ 0,C cenisal sodium channel config. N
—C— S5 central ssdiem channel cenfig.
&
2 14r b
g
E
5
Bz 8
& 0/0)3
GQ{ M
10} e——e0Og0Y B ., . A
08 1 _ 1 1
-100 -50 0 50 100
South Radial Dislance {cm}) Horthy

Fig. 3 Radial distribution of sweaming factor derived from
measurcd Horayak buton data.

The railial distribution of the measured streaming factors is very
similar for the B4C subassembly and the SS subassembly. As
stated the above, the data were used to evaluate the magnitude of
neutron streaming which is necessary for analyzing the FBR
shielding design.

3. CALCULATIONAL METHOD

The calculations were performed using the shiclding
analysis system for the FBRs shown in Figd. This analysis
system, which Is based on the calculational method used for the
MONIU shielding design, is the standard shielding analysis
system in Japan. The 100 nuclear group comstanis employed in
the calculations were preparcd from the JENDL-2%) file, and
were changed to effective cross section by the RADHEAT code
syswms). The effeclive cross sections were collapsed o 21
nuclear group constants using the one-dimensional discrele
ordinates radiation transport code AMISN-WS), The sclection of
nuclear group constants were detcrmined from experience wilh
MONJU shielding design. The two dimensional calculations werce
conducted using the two-dimensional discrete ordinates compuler

code DOT 3.57) and DORTS), Bonner bait TESPONSES  Were

calculated with the SPACETRAN code?),

Gamma Cross-seclion MNeutron Cross-section

e
Sall-Shaldng
Faclor
JETim
JETI2

2-D Productian ol
Coro Cole. Group Constarits
[CITATION atc) (RACHEAT-VI}

yProduction
Cross-soclion

MNaulran

Scurca
Distribution

1-D
Transpart Calc.
[ANISM)

olapred
ross.soctio
026G
y: 1G1

3D 2-0
Dataded Cale |....] Transport Cake
{MORSE, TORT) {D0T1.5 DORT)
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{ [ ] K }
Meulron Fluence) Generalion of Detaclor
for Struclural Dose Rata Radiation Response
Matarial {Rem, Sv) Souwrces
[Fast nvt, daa) (*Ma, " He, CP, PP} | (NIS Response)

Fig. 4 Schemalic Flow Diagram for the Shiclding Analysis
FBR Design

4. EXPERIMENTAL ANALYSIS

41 ANALYSIS OF THE FISSION GAS PLENUM EXPERIMENT

Because measured results indicated no steaming along the
gas plenum region, a series of the two-dimensional calculations
were performed for the homogeneous conligurations only o
estimate the accuracy of the calculational system mentioned
above.

For the spectrum modifier configuration, calculated Bonner
ball responses on cenierline axis showed good agreement wilh the
measured responses. Calculated-to-measured ratio (C/E) values
were in the range of 1.0 to 1.1 for five types of Bonner ball
responses, For the 8 cm length fission gas plenum configuration,
C/E values were in the range of 1.1 to 1.2, For the 20 cm
fength configuration, C/E values were in the range of 12 10 1.3.

"These results indicated that with an increase in the length of the -

cxperimental test slab, the C/E values increase also, One of the
main reasons of this tendemcy was the inconsistency between
compositions used for the calculation and the real compositons,
especially the water conteat in (he concrete region which
sumunded the gas plenum,

42 ANALYSIS OF THE AXIAL SI-[[ELD EXPERIMENT

One of the main objectives of this. experimental analysis is
the estimation of the calculational system accuracy employed for
the FBR shiclding design when it is applied to configurations
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where neulron streaming dominates.  So, convenlional (wo-
demensional Sn calculations were performed and compared o the
measured results,

Preliminary results showed uncertain ties in the concrcte
compositions of the test slab might cause Benner ball responscs
for the homogencous model (o be overcstimated not only for the
B4C conligumtion but also for the 5SS confliguration. Since more
cerain compositions arc not ycl available, an cstimale of the
composition was temporadly deteemincd [rom survey calculations
by varying the waler conteat. In ihe calculation using (his
determined composition, radial C/E distribulions were flat,

For the homogenoous asscmbly medel, C/E values of
Bonner bal} responses were in the range of 1.1 1o 1.3 for the
B4C configuration and 10 1o 1.1 for the S5 conliguration. For
the hctcrogencous assembly model, comparisons with measured
and caleulated responses were performed for the cenwal sodium
channcl conligurations. Calculated responses using symmetric 96

Table 1. Calculated to measured ratios (C/E) for B4C central
sodium channel configuration

Bonner ball | ITomogeneous | Heterogencous

Detectors Configuration | Configuration

*1 3-in BB 1.08 1.10
4-in BB 1.10 i.10
5-in BB 1.10 1,07
8-in BB 117 1.i2
10-in BB 1.21 1.18
12-in BB .29 i.26

*2 3-in BB 1.69 1.66
4-in BB 1.36 1.38
5-in BB .26 1.26
8-in BB [.32 1.33
10-in BB 1.48 1.50
i2-in BB 1,58 L.70

*1) 30 ¢m behind shield mockup
*2) 150 cm behind shield mockup

Table 2. Calculated to measured ratos (C/E) for SS central
sodium channel configuration

Bonner ball | Homogeneous | Heterogencous
Detectors Configuration { Configuration
*1 3-in BB 1.06 L12
4-in BB 1.00 1.05
5-in BB 1.00 1.04
8-in BB 1.03 1.07
10-in BB 1.07 1.05
12-in BB 1.10 1.13
*2 3-in BB 1.3 1.10
4-in BB 0.97 0.98
5-in BB 093 0.94
8-in BB 0.97 0.98
. 10-in BB 1.09 1.06
12-in BB 1.27 .24

*1} 30 cm behind shield mockup
*2) 150 cm behind shield mockup

dircction angular quadrature underestimated measured  responses
aboul 20.10 30 % for ceonwcrline delection points.  Thus, the
calculations for such configurations where nculrom  sircaming
dominates were  perfommed using'biascd 100 direction angular
quadratwe.  The results are - shown in Table 1 for the B4C
configuration and Table 2 for the $5 configurlion aleng with
the corcsponding homogencous confliguration resulis.

In this casc, a streaming [actor was defined as the ratio of
heterogencous 1o homogeneous DBoaner -ball responscs.
Comparisons of thesc measured and calculaied [lactors are shown
in Table 3 for the ByC and Table 4 for the $§, mspectively.
Caloulatcd and mcasured streaming factor agreed with cach other
within five percent for almost all Bonner ball detectors,

Table 3, Mcasurcd and calculated streaming f[actors (SI) derived
from Bonner rsponse for B4C ceniral sodium channci

conliguration
Boaper balk Measured Caluculated
Detectors Sr's (B) 50 (C) (B
O 3.in BB 1.28 1.30 0.01
4.in BB £.29 1,30 0.00
5-in BB 1.26 122 -0.03
8-in BB 114 1.69 -0.04
10-in BB 1.07 1.04 -0.03
12in88 |~ 105 1.02 -0.03
2 3.in BB 119 117 002
4.in BB 119 1.21 0.02
5-in BB 1.20 1.21 .08
3-in BB 113 114 0.0
10-in BB 1.09 T 0.0
12:in BB 1.1 1.08 0.07

*1) 30 cm behind shield mockup
*2) 150 em behind shield mockup

Table 4. Measured and calculated sireaming factors ($f) derived
from Bonner ball response for SS central sodium
channe! configuration

Bonner ball Measured Caluculated
Deicctors St's (E) S5 (C) (C-E)E
* 3-in BB 1.37 Lt 0.05
4-in BB 1.32 .38 0.05
5-in BB 1.28 [.}4 0.04
8-in BB E17 1.21 0.04
10-in BB 1.18 1.16 -0.01
12-in BB 1.10 1.13 0.03
2 3-inBB 1.35 131 -0.02
4.in BB 1.29 1.3t 0.1
3-in BB 1.27 1.28 0.01
8-in BB L9 1.20 n.of
1¢-in BB .18 1.15 -0.03
12-in BB [ BE] 112 - -0.02

*1) 30 em behind shield mockup
*2) 150 cm behind shiclt mackup

From the analyses, the accuracy of the calculationai system
to predict e neutron streaming factors along the assembly axial
direction was estimated to be about five percent for the encegy
integrated flux.

—186-—



PNC TN9600 92-004

5. CONCLUSIONS

To estimate the accuracy of predicion of neuwron leakage
from the FBR fuel assembly, analyses of the JASPER
experiments were performed using the standard shielding analysis
system used in Japan. Major conclusions from the analyses are
the following:

1) The Fission Gas Plenum Experiment showed that it is not
necessary 10 consider neutron streaming along the gas plenum
region, Thus, it is assurcd that the conventional treatment of
homogenizing the region based on the volume fraction of each
material is adequale for calculating neutron transport through the
region.

2) From the Axial Shield Experiment, various streaming factors
were cobtained from measured detector respenses These factors
may be used o calculze C/E comection factors by considering
the differences between the design and experimental
configurations,

3) From the analyses of Axial Shield Experiment, the accuracy
of the calculational system to predict a neutron streaming elfect
along the fugl subassembly was estimated to be about five
percent for the energy intcgrated fux.

4) Analyses of the Fisston Gas Plenum Expedment and the Axial
Shield Experiment produced calculated detocctor responses that
were in good agresment with measured deteclor responses.
Information about accuracy of the shielding analysis system will
be reflected in the large FBR shiclding design.
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B4C Shielding Design Study for the JOYO Core

Akihiro Yoshida

O-ara1 Enginnering Center

Power Reactor and Nuclear Fuel Development Corporation
JAPAN
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Table Key Parameters of JOYO Core

Plant availability factor

e
Items MK-1I MK-III
Reactor Output - 100 140
Primary Coolant Flow Rate 2,200 2,700
Reactor Inlet Temperature 370 350
Reactor Outlet Temperature 500 500
Fuel Stack Length 55 50
Core Volume (max.) 230 260
Fuel MOX MOX
Fast Neutron Flux (max.) n/cm? sec 3.0x10" 4.1x10°
(>0.1MeV)
Max. Burn-up(pin av.) MWd/t 75,000 ~90,000
~40% ~60%

700-2¢6 0096NL ONd
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OBJECTIVE

Simplifying the
IVS System

¥l

Reduction of

Improvement |
the Refueling Period ] | : of the Plant Availability

the Neutron Flux at the IVS

Reduction of

U

" The replacement
of the SS Reflectors
by the B4C Shields

¥00-26 0096NL ONd
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O &

v Transfer pot
with no hole

MK -

l 50 100

(em)
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(to cool down the fuel in the pot)

@
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‘!’ sl . *?"
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Take out

| 50 100

MEK-III Core

Fig. Refueling Procedure
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Design of the B4C Shields

Evaluation of the

Thermal Power of the IVS Fuel

—  Shielding Calc. Decay Heat

o Neutron flux ~ Fission rate

oy Heating

Calc.
o Decay Heat

{1

Correction

Design Margin

- o Neutron multiplication
. effect by isolated IVS

o Bias factor (E/C)

and —

—

\&

Evaluation of the
Fuel Clad Temp. in IVS

__ Thermal Hydraurics Calc. —

° Coolant Flow rate
o Natural conductivity
o Sub Channel Analysis

\ _

J

Satisfy |
the Design Criteria

~/
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Gamma Cross-section Neutron Cross-section

v Production v Transport Infinite Dilute Self-Shielding
Cross—-section Cross-section ’ i Factor

(New POPOP4) | (GaLEG-N) (JSDJ2) (JFTJ2)

{

Production of
Multi Gr Cross-sections
(RADHEAT-V3)

¥ $ ! 4 }

I I
1?5 Parameter Survey

] l | L

Selection of
B4C Shield Specification

4

—
Coarse Gr.
Cross-sections
n :2iGr
#—7’6;
- 2-D
Transport Calc
(DOT3. 5)
_ | -

1 | I ]
Neutron Fluence |- Generation of Detector
for Structural Dose Rate Radiation Response
Material Sources (NIS Response)
(Fast nvt.) (Na)

Fig. 2. Schematic Flow Diagram of Shielding Design

-194-



100 T r T y T v T v 100
9th row 10th row
B«C content parameter parancter
— '*B earichrent | 18% natural boron | 19% natural boron
i —
g 2
N -
v . e B
' design criteria o
< 50 [=~]
5 Ly
z w
S 5
A oo
I - —
w© b [
@ D
=
w = ﬁ
I
0 2 i i 4 v , 1 i 1 A 0

1 7 T v 1 M L)

Sth row 10th row
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Fig. 3.  Relationship between the thermal  Fig. 4.
power of S/A in IVS and the B.C
volume content in B4C shield S/A

20 30 40 50 60
1'B enrichment of elements in the
B.C shield at the 10th row

Relationship between the thermal
power of S/A in IVS and the B
enrichment of B«C element
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The specifications of the B4C shield
e 96 B4C shield S/A's in the outermost 2 rows.

o The B4C volume content in a S/A: 45%.

» The 10B enrichment : . 20%
(natural boron)

700-26 0096NL ONd
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concreie  thield
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0y 1ydeay
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B4C shictd —.] |
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LIVS\-Sm‘IIum
X-Y Model
EE:J%E—\_\\
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H o
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= | | g
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HE ) | S 2 =
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Geometry modelings for 2-dimensional calculations
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Table

Parameters of Calculation by DOT3.5

"DR-Z
[tems Step 1 Step 2 2D X-Y
| The neutron
o In-Vessel Ex-Vessel T
Objective of Calc. radiation radiation rer%?;gf ]13103'[1011
distribution distribution ‘solate dyIVS fuels
| R: 96 R: 69 X: 107
Number of Mesh 7200 7- 200 7.107
PL SN P3S30 P3 S96 P3 S30
2D Diff. ‘ 2D Diff.
- t. Bound
Neutron Source Calc. (7 Gr.) SE?II‘CE %%Itlai?fg d Calc.(7 Gr.)
Calc. :
(CITATION) | ™ >tepl (CITATION)
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~
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Geometry modeling for X-Y calculations
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Correction for the Calculation

1 Neutron multiplication effect by Isolated
IVS fuel

2 E/C factor (Design Margin)
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>
|
|

Bias Factor before

JASPER Analysis

(Uncertalnty of +20% per)
Bias Factor after One-decade Decrease

- JASPER Analysis 7
]

I I I O
L1 ) 11}

I

Y
o

lJIllll

4y ]

Na
////// % / ////// | |
20 40 60 80 100 120

SS

Bias Factor (Experiment-to-Calculation Ratio, E/C)

o
=

o

Penetration Depth (cm)

Fig.7 Comparison of Calculation Uncertainty between
before and after JASPER Analysis

Japanese-American Shielding Program
of Experimental Research (JASPER)

Attenuation rate (3 SS Ref. + 2 B4C Shield) _ _1
Attenuation rate (5 SS Ref.) 5
| 3

Uncertainty of Calc. = 7%
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| Table

'The maximum Clad Temp. of TVS Fuel

Thermal Power of IVS Fuel
Fission Y Decay heat
35.8kW 1.5kW 3 9kW
Calc. -
DOT3.5 2D-R-Z (N:21Gr, v :7Gr) ORIGEN
Isolated effect = 1.07 | Uncertainty
Corr. E/C from MK-II meas. =1.10 OflC?E)l})C.-
E/C from JASPER = 1.07 o
45.1kW 1.9kW 5.1kW
Total
52.1kW

Max Clad Temp. = 631.9°C (Hot Spot) < 675°C(Design Criteria)

700-26 0096N.L ONd
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SUMMARY

° The basic specifications and arrangements of
B4C shields were decided. |

° The effects of isolated nemmn sources could
be evaluated from R-Z and X-Y calculations.

o The bias factor was evaluated from the

results of the JOYO Reaction Rate Distribution
Meas. Test and the JASPER program.

e It was confirmed that the max. thermal

power of am IVS fuel satisfies the design
criteria. |

700-26 0096N.L ONd
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CONCLUSIONS

o By replacing two layers of SS reflectors by
- B4C shields, the heat generation of IVS fuel
due to core-leakad meutron decreased, and the
refueling procedure could be simplified.

700-¢6 0096NL ONd
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To be presented at‘the_ ANS Topical Meeting on
New Horizons in Radiation Protection and Shielding

April 26-May 1,1992
Pasco, Washington, USA

EXPERIMENT AND ANALYSIS OF NEUTRON
STREAMING THROUGH AN AXIAL SHIELD IN A FBR
FUEL SUBASSEMBLY

K. CHATANI, A. SHONO, S. SUZUKI,
K. KINJO (PNC,Japan)
H. TSUNODA (MRLJapan)
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“Table Objectives of JASPER Experiments
Experiments Objectives Remarks
1. Penetration Weight and volume Experiment;
Experiment for reduction of the shielding Ah:}::].,ls?:go(;t.,wse
FBR Radial Shield | structure around the core Com};r)leléd
2. Fission Gas Shorten the axjal shield | Experiment;

Plenum Experiment

length in a fuel

Jan.,1987~Feb.,1987

5. IHX Activation
Experiment

level around the secondary
cooling system

Analysis;
subassembly Com);’)leted
3. Axial Shield Same as above E:per%r’%%nté) 1000
. ug., ~LIEC,,
Experiment Analysis;
Almost completed
4. In-Vessel Fuel Optimization of the radial | Experiment;
Storage Experiment| shielding structure in :ebi19.9l'~8ep.,1991
reactor vessel pl;?ﬂiség;npleted
Reduction of the radiation | Experiment;

Oct.,1991~Feb.,1992

6. Gap Streaming
Experiment

Simplification of the
shield around the roof slab

Experiment;
Mar., 1992~

7. Flux Monitor
Experiment

Optimization of the NIS
location

8. Special Material
Experiment

Confirmation of the
characteristics of the
innovative shielding
concept

—208-—
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Schematic of Spectrum Modifier And F

Gas Plenum Mockup

ission

Fig.



PNC TN9600 92-004

. @w H OANL-OWG 1027

| § —ss304
10.119 In.)
10.302 ¢m)

0,125 In,
(10,3175 ¢m)
6061=6T Al ]

Al SPACER
0.5 In. L= 55304

{L2TemoOD) - (e.19in}
0.398 In, {0.302cm)

H.0lem ID) =

d'i\. 1

'mmm’ Tl

- oszamnIzemt | orisinlLezem)

T T.e05 im - N Eie
119.825 cm) {7 sssml

Homogeneous Gas Plenum Inserts

o

OANL-DeC AF-82E

0,312 n. DIAM VYOI [0.795¢m) - \w;l
's"

55 TUBING 0342 n, 0D (0.793 cm]
10.020 la. WALL THICRNESSIOQ.0308 £}

——
_—
—_—
—
=
—
—_—
—_—
—_—
f—]
—
I——

from—

i———

I

s |

I L] o |
<« SPACER
-y
Q i !l . I/
Tl EARBRERRB AL, 557, "
ZEHunxaranzal THes  HaEX
g krs ryamuy [0853cm] oy 1w
0 ENAXEXETEX] wox
g MXNIXT XD 3 TR T2 oo
= MBEAXIXLE A SN o 0
£ ¢ amniniyeaEwy 51 M
£e SEANExe e oy
55: PEErEPreT s
- EXERENXRKY
b l‘E B azzxd XEN SPACCR

fott— . |

= 1
SPACER
/Iﬂ SIA.Onr\
ll ar tml

asremt
1 .. . el -
Illllll]llllllllll r|1lll - ssaovi g™ -\_-__/_/

10633 ¢m - Q528 In. (0.M74 cm}
808116 Al

Jr————

T 156G s,
49215 em) us- m~)

Heterogeneous Gas Plenum Inserts

Fig. Shematics of Fission Gas Plenums

—-210-



11%8-

Hornyak Button Response (erg/g/hr/W)

-t
(=]
o

-
<

-t
<

Y
S

T

T T T Y T T

® Homogeneous Mockup
O Heterogeneous Mockup

mztcoco ole¥s)
Ly
Heterpgenecus
e Rei}.‘m Qe
oC )
e,
.80 -60  -40 '-20! o 20 40 50 80
Radial Distance from Centerline (cm)

Fig. Dose Rate Profile for Hornyak Button

Measurements along Horizontal Traverse
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HEUTRON FLUX {N/CH2/SECZUNIT LETHRRGY )

COMPARISON OF EXPERIMENT AND DESIGN SITUATION |

EXPERIMENT DESIGN

VOLUME FRACTIONS SS8/Na/Void=16/33/51 S$S/Na/Void=20/45/35
(16Vol% Al) ,
LENGTH OF PLENUM 8 and 20 cm Upper Plenum ; about 20 cm

Lower Plenum ; about 100 cm

----------------------------------------------------

Incident Angular Flux Distribution

) !
—@&—5 Gr. Exp. Config.

10 1=

1.10 L—""©* § Gr. Design Config,

——10 Gr, Exp. Config.

-+&- 10 Gr. Design Config.

—

o
I
p ///s///g
o) B i ]
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T T T Angular Distribution of Incident Neuiron Flux to Fission Guas Plenum Region
’ NEUTRON ENERGY (EV) ‘ 5 Gr.: 742keV - 1.22MeV

18 Gr.: 24.8keV - 67.4keV
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METHOD of CALCULATION

STANDARD SHIELDING ANALYSIS SYSTEM FOR FBR DESIGN IN JAPAN

- Start With 100 Group Cross Sections Generated From JENDL-2
- 1D Calculation for Cross Section Collapsing from 100 to 21 Gr.
- 2D Calculation for Comparison with Measured Data

- Numerical Approximations Emplyoed for DOT3.5 or DORT Calculation:
P3 Scattering Anisotopy
S100 Asymmetric Angular Quadrature Set
S96 Isotropic Angular Quadrature Set for Homogeneous Configurations

700-26 0096NL ONd
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Table 1.

Calculated to Measured Ratios (C/E) for B4C Central

Sodlum Channel Configuration

Bonner Ball Homogeneous | Heterogeneous |
Detectors Configuration Configuration
. 3-inch BB 1.06 1.10
1 4-inch BB 1.08 1.10
5-inch BB 1.06 1.07
8-inch BB 1.13 1.12
10-inch BB 1.15 1.18
12-inch BB 1.24 1.26
. 3-inch BB 1.83 1,66
2 4-inch BB 151 1.38
5-inch BB 1.40 1.26
8-inch BB 1.44 1.33
10-inch BB 1.60 1.50
12-inch BB 1.69 1.70

*1)

30 cm behind shield mockup
*2) 150 cm behind shield mockup

¥00-26 0096NL ONd
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Table 3. Measured and Calculated Streaming Factors (Sf) Derived

from Bonner Ball Response for B4C Central Sodium
Channel Configuration

Bonner Ball Measured Calculated (C-E)/E
Detectors St's(E) Sf's(C)
R} 3-inch BB 1.28 1.33 0.04
o 4-inch BB 1.29 1.32 0.02
5-inch BB 1.26 1.27 0.01
8-inch BB 1.14 1.13 -0.01
10-inch BB 1.07 1.09 0.02
12-inch BB 1.05 1.07 0.01
. 3-inch BB 1.19 1.08 ‘0.09
2 4-inch BB 1.19 1.09 - -0.09
5-inch BB 1.20 1.08 -0.10
8-inch BB 1.13 1.05 - -0.07
10-inch BB 1.09 1.03 -0.06
-12-inch BB 1.01 1.02 0.01

1\'1)

30 cm behind shield mockup
*2) 150 cm behind shield mockup

¥00-26 0096NL ONd
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C/E

C/E Distributions of 5 inch Bonner Ball Response for B4C Type Axial Shield Conﬁgurations
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Items to Consider the Diffevence
between Exp. and Desiqn

) Homoqeneous Type Assembly
is Net Homogeneous Model" used
for Dest'%w Caleulation
( Mulk-layer Stvuctura )

) Substitute Material (Al) 4o Na
3) BaC Theeretical DencH}« ( BeC Type Assewu;j
4) Size and S‘iﬂape.

5) S(fa(vl-[/ Diﬁgmn‘”‘t‘ de'rovt Field
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- CONCLUSIONS

1. FISSION GAS PLENUM EXPERIMENT

- Neutron Streaming Can't Detected.

- It is Not Necessary to Change the Calculational Treatment of Homogening the

‘Region Based on Volume Fractions of Each Materials.

2. AXTAL SHIELD EXPERIMENT

- Various Streaming Factors are Obtained from Measured Detector Responses.

- By Considering the Difference Between Shielding Design and Experiment, These
Streaming Factors will be Used for DFBR Design Study in Japan.

3. ANALYSIS OF AXIAL SHIELD EXPERIMENT

- Japanese Analysis System of Shielding Design Can Predict Neutron Streaming
Effect with Acceptable Level by Two-dimensional Model.

700-26 0096NL ONd -
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TECHNICAL PROGRAM

‘Monday Morning, April 27, 1992
, Plenary
 Bronze/Silver Rooms

Chair: W, Ruff (Westinghodse Hanford Company)

8:15 Welcome/Introductions

H. To-ffer, Manager
Reactor Physics and Special Studies
Westinghouse Hanford

W. Ruff, Deputy Director
~ Facility Operations Division
Westinghouse Hanford

J. D. Wagoner, Manager
U.S. Department of Energy
Richland Field Office

8:30 Biomarkers and Théir' Potential Use in Radiation
Protection. John Johnsan (PNL)

9:00 The Horizons for Advanced Reactor Shielding
Technology: Sunrise or Sunset? Dan Ingersoll (ORNL)

9:30 Instrumentation for a Secure Nuclear Future. Arthur
Lucas (Victoreen, Inc.)

10:00 New AQuantities for Use in Radiation Protection.
Charles Meinhald (NCRP) '

10:30 Beyond the Horizon in Radiation Shielding: A
Stochastic World. John Butier {AEA-Winfrith)

11:00 Open Discussion
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2:00

2:20

2:40

3:00

3:20

3:40

4:00

4:20

4:40

Monday Afternoon, April 27, 1992
Advanced Computer Applications
Bronze Room

Chair: R. T. Primm {Il {ORNL)

The Impact of Advances in Computer Technology on
Particle Transport Monte Carfo. William R. Martin (Univ
of Michigan)}, James A. Rathkopf (LLNL}, Forrest B.
Brown (KAPL)

Massively. Parallel Monte Carlo Calculations with
Workstations. L. L. Carter, K. E. Hillesland
(Westinghouse Hanford) :

Implementation of the Monte Carlo Charged Particle
Transport.Code EGS4 on the Hypercube. Bernadette L.
Kirk, Yousry Y. Azmy, T. A. Gabriel, C. Y. Fu (ORNL)

Porting of Radiation Shielding Codes to Personal

Computers. Thomas M. Jordan (Experimental and
Mathematical Physics Consultants)

Break

Development of a Multi-Dimensional Coupled Neutron-
Gamma Shielding Package for an Entry Level
Workstation. Donald E. Paimrose, Theodore A. Parish
(Texas A&M)

Graphical Debugging of Combinational Geometry.
Thomas J. Burns, Mark S. Smith {ORNL) '

Graphical Post-Processor Created-for the Origen2 Code.
R. A. Schwarz, J. H. Lu, N. Shrivastava (Westinghouse
Hanford)

‘Chernolit---Chernob vl Bibliographic Search System. R.

L. Hill, R. A. Kennedy, F. Carr, J. A. Mahaffey (PNL)
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Monday Afternoon, April 27, 1992
Medical Applications
Silver Room

Chair: J. C. McDoanald (PNL)

2:00 Radiation Physics Aspects of Boron Neutron Capture
Therapy. David W. Nigg, Floyd J. Wheeler, Daniel E..
Wessol, Carol A. Atkinson (INEL, EG&G idaho)

2:20 Boron Neutron Capture Supplementation of Fast
Neutron Beam Therapy. P. Wootton, S. Brossard, J.
Livesey, R. Risler, G. Laramore, T. Griffin (Univ. of
Wash.)

2:40 Monte Carlo Analysis of an Accelerator Epithermal
Neutron Irradiation Facility (AENIF) for Boron Neutron
Capture Therapy. T.E. Blue, T.-X. B. Qu, N. Gupta, R.
A. Gahbauer (Ohio State)

3:00 WNeutron Beam Energy Transport Calculations by
Combining Monte Carlo and Convolution Techniques.
Michael F. Moyers (Loma Linda Univ)

3:20 Break

3:40 Fast Neutron Kerma Factors---Recent Determinations
Below 700 MeV. P. M. Deluca, Jr., C. L. Hartmann,
D. W. Pearson (Univ of Wisconsin - Madison)

4:00 Comparison of Bonner Sphere Measurements with
Shield Calculations for 46 MeV Be(p,xn} Neutron
Sources. James Smathers (UCLA), Nolan Hertel (Univ-
of Texas at Austin), Lee Myers (UCLA)

4:20 K-Fluorescence X-ray Apparatus for the Calibration of

Radiation Measuring Instruments. R. A. Fox, J. C.
McDonald, C. D. Hooker, K. K. Large (PNL)

—235~



PNC TN9600 92-004

4:40 A Radioisotope Production Cyclotron Designed to

Minimize Dose. F. F. Szlavik, L. E. Moritz (TRIUMF--
Canada) :

~ 6:00 Vendor Show Open House
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8:30

- 8:50 .

9:10

9:30

9:50

10:10

10:30

10:50

Tuesday Morning, April 28, 1992
Radiation Effects and Analyses
Bronze Room

Chair: K. Ueki (Ship Resch Inst--Japan)

Preview---a Fast Kernel-Based Program for Calcula tion
of Pressure Vessel Irradiation. Frej Wasastjerna
{Technical Research Centre--Finland)

Fast Flux Test Facility Irradiation Surveillance
Assembly HMO13: Dosimetry Analysis. R. L. Simons,
R. H. Webb {Westinghouse Hanford)

SP-100 Reactor Cell Activation. A. D. Wilcox

{(Westinghouse Hanford)

Neutron Shielding Ability of KRAFTON N2-Manan-
KRAFTON N2 Sandwich-type Material and Others. K.
Ueki, A. Ohashi {Ship Reschlnst--Japan) Y. Anayama
(Sanoya Industry--Japan) ,

SP-100 Inert Gas Activation. A. _D. Wilcox

(Westinghouse Hanford)

Break

Development of Neutron Shield Materials for Transport
Packaging. K. Tsuda, |. lida, F. Matsuda (Kobe Steel--
Japan), M. Nakazawa, T. Iguchi, Sjafruddm (Univ of
Tokyo--Japan)

Soil Density and Mass Attenuation Coefficients for
Use in Shielding Calculations at the Hanford Waste
Vitrification Plant. Roger C. Brown {Westinghouse
Hanford)

-237-



PNC TN9600 92-004

11:10

11:30

Tank 101-SY Gamma Scan Evaluations Using Monte
Carlo Techniques. R. D. Crowe (Westinghouse

Hanford)

Effective Materials and Optimal Design for Radiation
Shields. Y. Karni (NRCN - Israel), E. Greenspan (Univ
of California-- Berkeley}, J. Bendahan, T. Gozani

(SAIC)

—238-



PNC TN9600 92-004

8:30

8:50

9:10

9:30

9:50

10:10

10:30

Tuesday Morning, April 28, 1992
Radiation in Space
Silver Room

Chair: E. Normand (Boeing)

Natural Radiation Environment Fluence and Dose

- Predictions for Missions to the Moon and Mars. J. E.

Nealy, L. C. Simonsen, S. A, Strlepe (NASA Langley

- Research Center)

lmproved Radiation Environment Evaluation
Technique: Application to the Redesigned Space
Station. M. H. Appleby {Boeing), M. J. Gollghtly, A.
C. Hardy (NASA)

Numerical Methods for High Energy Nucleon
Transport. S. L. Lamkin, G. S. Khandelwal (Oid
Dominion Univ}, J. L. Shinn, J. W Wilson (NASA
Langley Research Center)

Computationally Efficient Space Radiation Transport

Codes. J. L. Shinn, J. W. Wilson, L. W. Townsend,

F. A. Cucinotta (NASA Langley Research Center), S.
Y. Chun (Old Dominion Univ), F. F. Badavi
{Christopher Newport Coliege)

Multi-Generation Transport Theory as an Analytical
Heavy-lon Transport Model. M. R. Shavers, J. Miller,
W. Schimmerling (LBL), J. W. Wilson, L. W,
Townsend {NASA) ' |

Break

RTG Analysis Using MCNP 4/PC. Thomas M. Jordan
(E.M.P. Consultants), Matthew T. Wallace (Jet
Propulsion Lab)
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10:50 New Direction in Heavy lon Shielding. J. W. Wilson
(NASA Langley Research Center), F. F. Badavi
(Christopher Newport College) |

11:10 Time Analysis of the October 1989 Proton Flare Using
‘ Computerized Anatomical Models. Lisa C. Simonsen,
Francis A. Cucinotta (NASA Langley Research Center),
William Atwell {(Rockwell International), John E. Nealy

(NASA Langley Research Center)

11:30 Potential Threat of Solar Proton Events to Missions in
Space. M. A. Shea, D. F. Smart (Hanscom AFB)

11:50 Use of Tissue Equivalent Proportional Counters to

Characterize Radiation Quality on the Space Shuttle.

L. A. Braby, T. J. Conroy, D. C. Elegy, L. W,
Brackenbush (PNL)
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2:00

- 2:20

2:40

3:00

3:20

3:40

Tuesday Afternoon, April 28, 1992
Monte Carlo Methods and Applications
Bronze Room

Chair: M. B. Emmett (ORNL)

MOCAL, A Monte Carlo Albedo Code. Robert J.
Morford, Leland L. Carter, Edward R. Siciliano
(Westinghouse Hanford)

CASCADE--- The Systemn of Computer Codes for Monte
Carlo Calculations of Electromagnetic Showers. A. M.
Kolchuzhkin, I. 'S. Tropin, S. A. Vorobyev, V. N.
Zabaev, D. E. Chernov (Tomsk Polytechnical Univ)

Analysis of the Fall-1989 Two-Meter Box Test Bed
Experiments Performed at the Army Pulse Radiation
Facility (APRF). J. Q. Johnson, J. D. Drischler, J. M.
Barnes (ORNL)

Development of Morse-AZA Code for Radiation
Shielding Dose Calculation Using Albedo Monte Carlo
Method. T. Matsumura, K. Ishida (CRIEPI--Japan), M.
Suzuki, M. Tsuji (Toyo Engineering--Japan)

Nuclear Vulnerability of the U.S. M60A1 in an Initial
Radiation Environment: MASH Code System Analysis.

J. 0. Johnson, J. M. Barnes, T. J. Burns, J D.

Drischler (ORNL)

Monte Carlo Calculations of Neutron Doses to Reactor

Pressure Vessels. A.F. Avery (AEA Technology--UK)
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2:00

2:20

2:40

3:00

3:20

3:40

6:00

7:00

Tuesday Afternoon, April 28, 1992
Fast Reactor Shielding
Silver Room

Chair: D. T. Ingersoll (ORNL)

The Role of the Janus Experimental Shielding
Programme in the Assessment of the Shielding
Methods Employed for EFR. 1. J. Curl (AEA Reactor
Services--UK), D. Calamand (CEA-CEN Cadarache--

France), K. Muller (Siemens/KWU--FRG)

Experiment and Analysis of Neutron Streaming through
an Axial Shield in an FBR Fuel Subassembly. K.
Chatani, H. Tsunoda, A. Shono, S. Suzuki, K. Kinjo
(PNC--Japan)

B,C Shielding Design Study for the Joyo Reactor. A.
Yoshida, K. Chatani, S. Suzuki, K. Kinjo (PNC--Japan}

French Contribution to the Analysis of the European
Janus Experimental Programme for the Validation of
New Shielding Concepts. D. Calamand (CEA/CEN
Cadarache--France)

Current Status of JASPER:  Japanese-American
Shielding Program of Experimental Research. J. V.
Pace Il (ORNL), A. Shono {PNC--Japan)

Benchmark Calculation for FFTF Iinner Radial Shield
Damage Rates. A. H. Lu, R. A, Schwarz, R. L. Simons
(Westinghouse Hanford)

Social Hour

Banquet
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8:30

8:50

3:10

Wednesday Morning, April 238, 1992
- Radiation Protection
Bronze Room

Chairs:- J. M. Selby (PNL)/K. L. Swinth (PNL)

BREMCALC---A Computer Program for Calculating
Electron and Positron Bremsstrahlung. Paul D.
Rittmann {(Westinghouse Hanford)

Radiation Protection Factor Calculations Using the VPF
Computer Code. F. J. Lemay, T. J. Jamieson (SAIC--
Canada), T. Cousins (Defence Research Establishment--
Canada)

HESYRL Radiation Protection System Control and Data

~ Acquisition. Yuxiong Li, Juexin Li, Xinquan Ning, Can

9:30

9:50

10:10

Wu (USTC--PRC)

Neutron and Gamma Boundary Radiation Monitoring at
Continuous Electron Beam Accelerator Facility. R. J.
Letizia, S. Pandey, E. M. Pollock (Nuclear Research
Corp.), G. Stapleton (Southern Univ. Research Assoc.)

Break

Aircraft Radiation Environment

Chair: K. O’Brien (Northern Ariiona Univ)

The Distribution of Galactic Cosmic Rays and Solar
Particle to Aircraft Altitudes. D. F. Smart, M. A. Shea
(Hanscom AFB) .
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10:30

10:50

11:10

12:00

Extraterrestrial Radiation Exposure of Aircraft Crews.
Keran O’Brien (Northern Arizona Univ), Wallace
Friedberg, Frances E. Duke, Lorrenza Snyder (FAA},
Edgar B. Darden, Jr. (Qak Ridge Associated
Universities), Herbert H. Sauer (NOAA)

Model and Data Base for Background Radiation
Exposure of High-Altitude Aircraft. J. W. Wilson, J. E.

‘Nealy (NASA Langley Research Center)

Instruments to Measure Radiation Dose to Aircraft
Crews and Passengers. . W. Brackenbush, L. A.
Braby, R. |. Scherpelz (PNL)

Luncheon
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8:30

8:50

9:10

9:30

9:50

10:10

10:30

10:50

11:10

Wednesday Morning, April 29, 1992
Evaluated Nuclear Data
Silver Room

Chair: R. C. Little (LANL)

Validation of Beryllium Neutron Multiplication Cross

- Sections for ENDF/B-V. Richard S. Hartley (Air Force

Inst of Technology), Nolan E. Hertel (Univ of Texas at
Austin), John Wiley Davidson (LANL) %

FSXLIB-J3: MCNP Continuous Cross Section Library
Based on JENDL-3. K. Kosako, Y. Oyama, H.
Maekawa (JAERI)

Integral Test of Cross Sections in JENDL-3 by Monte
Carlo Analysis of Benchmark Experiments. K. Ueki, A.
Ohashi (Ship Resch Inst--Japan), M. Kawai (Toshiba--
Japan)

Key Changes in Nuclear Data in the Transition from
ENDF/B-V to ENDF/B-VI.

P. G. Young (LANL]}

Break

The ENDF/B-VI Photon Interaction Library. Dermott E.
Cullen, Sterrett T. Perkins, Ernest F. Plechaty (LLNL)

Phase Il Testing of ENDF/B-VI Shielding Data. D. T.
Ingersoll, R. Q. Wright, C. O. Slater {ORNL)

Cross Sections from'ENDF/B- VI for MCNP. R. C. Little
and R. E. Seamon (LANL)

NEANSC Working Group on International Evaluation

Cooperation. D. C. Larson (ORNL), Claes Nordborg
{(NEA Data Bank--France), C. L. Dunford (BNL)
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2:00

2:20

2:40

3:00

3:20

3:40

Wednesday Aftembon, April 29, 1992
Computer Codes and Methods
Silver Room

Chair: D. K. Trubey (Private Consultant)

Simple  Estimation Formula for Radiation Duct
Streaming. Kazuo Shin (Kyoto Univ), Y. Seki, H.
Takatsu {JAERI--Japan)

Verification of Broder’s Formula Using One-Dimensional
Discrete Ordinates Transport (ANISN) and Goldstein’s
Effective Z Methods. Madeline Anne Feltus (Penn
State) %

Transport Calculations Using STREAM. F. J. Lemay,
T. J. Jamieson {SAIC--Canada)

Gamma Ray Exposure Buildup Factors in Polynomial
Form for QADYA, a Point Kernel Shielding Code.
Andrew D. Hodgdon (YAEC)

The Behavior of Gamma-Ray Buildup Factors in
Stratified Shields. Y. Harima (Tokyo Inst of
Technology--Japan), H. Hirayama (National Lab for
High Energy Physics--Japan), M. Sugiyama (CRC
Research Inst --Japan), S. Tanaka (JAERI--Japan)

Online Calculation of the Decay Heat of Assemblies at
the Fast Flux Test Facility. R. A. Schwarz, L. L. Carter,
F. A. Schmittroth (Westinghouse Hanford), L. B. Brown
{Consultant)

Y Best Paper Nominee
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2:00

2:20

2:40

3:00

3:20

3:40

4:00

Wednesday Afternoon, April 29, 1992
Accelerator Sources and Shielding--I
' Bronze Room

Chair: T. Nakamura (Tohoko University)

Radiation Shielding for the Superconducting Super
Collider.  Jeffrey S. Bull (Superconducting Super
Collider Laboratory) %

Using the EGS4 Computer Code to Determine Radiation
Sources Along Beam Lines at Electron Accelerators. S.
Mao, J. Liu, W. R. Neison {Stanford Linear Accelerator
Center)

Particle Production Models in HETC88 in the Energy
Range 3 to 30 GeV. R. G. Alsmiller, Jr., F. S.
Alsmiller, C. Y. Fu (ORNL)

The Use of Delay Times in the Intranuclear Cascade
Model of High-Energy (>~ 5 GeVJ Hadron-Nucleus
Collisions. F. S. Alsmiller, R. G. Alsmlller Jr., 0. W,
Hermann (ORNL) :

Transport Calculations of Radiation Streaming Through
Shielding Penetrations for a Free-Electron Laser
Accelerator Facility. T. W. Armstrong (SAIC), D. L.
Johnson (Boeing)

Radiological Shielding Calculations for an Airborne Free-
Electron Laser. William C. Sallor J. W|Iey Davidson
(LANL)

Predictions of Induced Radioactivity in a Free-Electron
Laser Wiggler Due to 80- and 180-MeV Electron Beam
Losses. T.W. Armstrong, B. L. Colborn (SAIC), D. L.
Johnson (Boemg) .
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4:20 Measurement on Electron Linac Prompt Radiation Field
by Alanine/ESR Dosimetry. Yuxiong Li (USTC--PRC),
Renyou Liang (Academia Sinica-- PRC), Juexin Li
(USTC--PRC}, Yunhua Xu (Academia Sinica--PRC)

5:45 Winery Tour and Dinner

% Best Paper Nominee
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8:30

8:50

9:10

9:30

9:50

10:10

10:30

10:50

Thursday Morning, April 30, 1992
Radiation Sources and Dosimetry
Silver Room

Chair: N. E. Hertel {(Univ of Texas at Austin)

Adjustment Method for Neutron Energy Spectra
Produced by (a,n) Reactions from Light Elements.
Naoki Yamano {Sumitomo--Japan)

Radiation Spectra for a #*®Pu Heat Source. H. J.
Goldberg (Westinghouse Hanford) '

Methods for Calculating Dose Rates from Large Nuclear
Reactor Fuel Arrays. R. A. Schwarz, J. S. Lan
{(Westinghouse Hanford)

Dose Calculations for Nuclear Criticality Accidents
Shielded by Large Amounts of Water. K. N.
Schwinkendorf, A. D. Wilcox, S. P. Roblyer, H. Toffer
(Westinghouse Hanford) %

Development of Real Time Personal Neutron Dosimeter
with Two Silicon Detectors. T. Nakamura, N.
Tsujimura (Tohoku Univ-- Japan), T. Yamano (Fuji
Electric--Japan) - |

Break

Determination of Radionuclide Contents of an EBR-II
Spent-Fuel Storage Cask. R. I. Scherpelz, D. L.
Haggard, R. D. Stewart (PNL)

Shielding Data and Methods for Evaluating 1-cm Depth
Dose Equivalent of Photons, B-Rays (Electrons), and
Neutrons Based on ICRP-26 Recommendation. Shun-
ichi Tanaka, Hiroshi Kotegawa, Tomoo Suzuki, Akira
Hasegawa {JAERI)
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11:10 Monte Carlo Calculations of Detector Responses Due to
Plutonium-Oxide Sources. L. L. Carter, R. F. Eggers, T.
J. Samuel (Westinghouse Hanford}, T. L. Williams

(DOE)

% Best Paper Nominee

-250-



PNC TN9600 92-004

8:30

8:50

9:10

9:30

9:50

10:10

10:30

Thursday Morning, April 30, 1992
Fusion Nucleonics and Shielding
Bronze Room

Chair: D. Dudziak (North Carolina State Univ)

A Review of Shielding Experiments for Fusion Reactor
at FNS/JAERI. Hiroshi Maekawa, Yukio Oyama, Shun-
ichi Tanaka (JAERI) .

Integral Fusion Neutronics Experiments and Analysis.
Anil Kumar, Mohamed A. Abdou (Univ California-—-Los
Angeles), Jean Pierre Schneeberger (Ecole
Polytechnique--Lausanne)

Nuclear Déta for Fusion Blanket Nucleonics and
Shielding. E. T. Cheng (TS! Research)

Fusion Neutron Streaming Benchmark Experiment at
Oktavian. Y. Oka (Univ of Tokyo--Japan), K. Shin
(Kyoto Univ--Japan), J. Yamamoto, A. Takahashi
(Osaka Univ--Japan)

Shielding Considerations for ITER: Current Status and
Future Directions. L. A. El-Guebaly, M. E. Sawan (Univ
of Wisconsin-Madison)

Break

Accelerator Sources and Shielding--1i

Chair: W. Davidson (LANL)

Thick Target Neutron Yield for Charged Particles.
Kazuo Shin, Kagetomo Miyahara (Kyoto Univ),
Yoshitomo Uwamino (Univ of Tokyo)
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10:50 Shielding and Radiation Protection at the SSRL 3 GeV
Injector. N. E. lpe, J. C. Liu (Stanford Linear

Accelerator Center)

11:10 Neutron Skyshine from End Stations of the Continuous
Electron Bearmn Accelerator Facility. Rai-Ko S. Sun
{LBL)

11:30 Measurement and Calculation of Neutron Leakage
Through a Labyrinth from a 40 MeV Proton Cyclotron
Room. Takashi Nakamura (Tohoku Univ--Japan),
Toshio Ishikawa (Fujita Corp--Japan)
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