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TTICO02 134.3 7.0E+20 3.2E+21
TTICO3 43.7 2.4E+20 1.1E+21
TTIC04 30.0 3.0E+20 1.4E+21
TTICO5 69.3 6.1E+20 2.8E+21
TTICO06 120.8 1.2E+21 5.4E+21
TTJCO7 216.4 1.9E+21 8.6E+21
TTICO8 93.2 7.8E+20 3.5E+21

HFE=TE > X (0.75X0.75X 1) X 70cm=865.90(cm)
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1997 Symposium on Nuclear Data
November 27, 1997

Neutron Intensity of
Spent Fast Reactor Fuel

Misao TAKAMATSU

Experimental Reactor Division

Oarai Engineering Center,
Power Reactor and Nuclear Fuel Development Corporation

Objective

R — A lation of High Vector Pu
MOXfuel ceumuiation o rinor Actinides
High Bumup | == :sp’cémajnsc;b;i.s;fsissiﬂ

[Fast Reactor] Hon

Shielding Design and Dose Evaluation of the Reprocessing Plant
and Transportation of Spent Fuel

\

Lack of Experimental Data

\

Improve the Accuracy of Burnup Calculation

Core Management
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Neutron Detector
(B-10 Proportional

4

5.83cps/nv

Sensitivity
0.78cps/nv
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Table Calculation of Neutron Source
Intensity and Neutron Flux

Item MAGI ORIGEN2
Cross Section JES-3-J2 O.RIGEN*ZI
Library
Geometry 3D Hex-Z |1 Point Approx.
Energy Group 7 1
Flux Calculation Diffusion e
Burnup Matrix Matrix
Calculation Exponential Exponential

Note

*1 . Assumed FFTF core center spectrum

Fig. Schematic Diagram of Measurement System

*2 . Total neutron flux calculated by MAGI was input to ORIGENZ2
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Table Analysis Method for Detector Response

Calculation Code

MCNP-4A

Cross Section

FSXLIB(JENDL-3.2)

Neutron Source

Spontaneous Fission

Watt Type

(244Cm)
(MCNP-4A Manual)

Spectrum («+ n) Reaction
Evaluated by Matsunobu,Naito and
Iijima (JAERI 1324 (1992))
(a-ray Energy: 5.5MeV)
History 5,000,000
FSD Less than 1% for Detector Responses

—-110—

Neutron Source : Node j

mij : Detector Response

Measurement Point : Node i
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Fig. Comparison of 243Am(n, y ) Reaction Rate
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Table Measured Am Isotope Ratio by Mass Spectroscopy
Distance from pu |Isotopic Ratio of Americium nuclide
Core Bottom (BGL;;H(;I/% Content (at%)
(mm) (atom%) 241 Am 242m Am 243 Am
5.9~11.9 19.2 27.82 98.25 0.61 1.14
33.9~39.5 20.2 27.51 98.56 0.55 0.89
110.3~115.6] 23.0 27.67 98.66 0.56 0.77
133.9~138.5{ 23.8 27.47 98.64 0.58 0.78
211.3~216.3] 25.8 27.55 98.58 0.61 0.81
272.2~278.3] 26.2 27.53 98.55 0.62 0.82
344.5~349.8| 249 27.49 98.64 0.59 0.77
418.6~423.6] 21.9 27.64 98.80 0.52 0.68
429.2~434.0{ 21.3 27.54 98.83 0.51 0.66
514.4~519.3] 16.7 27.62 99.04 0.41 0.56
540.7~545.2y 15.2 27.66 99.02 0.40 0.58
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Summary
(1) The measured neutron source intensity per spent fuel subassembly was
about 2.4 X 100 n/s.

(2) The ratios of calculated neutron source intensity by ORIGEN2 (C) to
measurement (E) ranged 0.57~1.18.

As a result of this study, it was found that the accuracy of calculating

minor actinides as 2*4Cm is important to evaluate neutron source
intensity. |

Future Plan

- To investigate the change of neutron source intensity with respects
to burnup and cooling time

- To verify core management code system and burnup calculation.
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Objectives of the Development

HAFM: Helium Accumulation Fluence Monitor

1. Improvement of the reliability of fast reactor

dosimetry with the addition of a HAFM method

2. Direct measurement of helium production structural

component materials used for fast reactors
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Method
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Vanadium
S Capsule
= '
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ol ' .
Y, &  Sensor Material e
(B, Be etc.) Helium Atoms
HAFM Number
Irradiation Condition -------------------- »l
- Records of Reactor Operation
- Sensor Material Weight Helium Production
Reaction Rate
Chamber 3He dhe
Vécuum ioafé):: PN T™MP VN @—__—>
Sauge E 4
] | T v
X < )
EZ VERY, -—M——» Mass EQ ?
> PN Furnace N Spectrometer
X
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Block Diagram of HAFM Measurement System
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HAFM Measurement System
Caliblation

of HAFM Measurement System

As to accuracy of measuring helium atoms by the

HAFM measurement system, previous study using

helium ions implanted samples shows that this system

could measure helium atoms within 5 % error.
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Relation between Measured and Implanted Helium Afoms

Confirmation of Measurement Accuracy
of Helium Production

In order to confirm the measurement accuracy of
helium production during irradiation in the fast reactor,
the HAFM samples were irradiated in the standard fast
neutron spectrum field of the Fast Neutron Source
Reactor "YAYOI" at University of Tokyo. Irradiated
samples were measured by the HAFM measurement
system and the Helium Atoms Measurement System
(HAMS) at Kyushu University, and the measured values
were compared with the calculated helium productions.
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The HAFM samples such as 93 % enriched boron
were irradiated at the reactor core center (Glory hole:
Gy), under the leakage neutron field from the reactor
core (Fast column: FC) and at an experimental hole
through the blanket surrounding the core (BLK) to total
fluences of 10” ~ 10" n/cm’. At BLK, the beryllium
samples were also 1rradiated for fast neutron monitoring.
Helium production was calculated with the neutron flux
evaluated by the foil activation method and °B(n, « ) or
"Be helium production cross sections processed from the
JENDL-3.2 cross section library.
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Neutron Flux (Normalized for total = 1)

Specifications of HAFMs and Irradiation Condition

Specifications of HAFMs Irradiation Condition
Chemical | Isotope Integrated |Total Neutron
Sensor Material | Purity | Abundance| Irradiation Field |Reactor Power| Fluence
[wt %] [a %] [kWh] [10" n/cm’]
Glory Hole
‘ Gy) 192 313
y
, 1mg| 98.19 | B 93.01
Enriched Fast Column
239 ~ 269 |2.08 ~ 2.54
Boron (FCO)
40mg| 98.19 5 93 04 Experimental Hole 032 337 ~ 53.9
through
Beryllium 9999 | *Be 100 the Blanket
. e —_
100 mg (BLK) 193 72.9 — 102
107! _ - ' ’,-—? 100 _
10°2 f S P s 10! I 9Be at BLK
10°3 L= A Nl e A
1074 I I ios Tt ¥C | | | :
10 L 1T A { g 107 ! : TR
10°6 Ll A | = 0 1°B at BLK / \/\L
10-7 ‘ : _!_-"If;r : g 10‘5 . : : _ //ioB ﬁt GV ‘S \\1
10'8 I .jf{ : Z’ 10°6 .!'08 at lFC iﬁ"f i ' .” A]l
-10 P ' . v : ; N
;g il A | :I{;EK i | § 108 —'—‘——/ | 105 4 BTLK *Be aiBLK
o2 — R B w e g ool 1 | ! _ .
10310~1ol 10 100 107 10° 10° 105 105 107

Neutron Energy [eV]

Neutron Spectra at "YAYOI"

Neutron Energy [eV]
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Helium Production Reaction Rate Spectra
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Measured and Calculated Helium Production from
Beryllium at the Experimental Hole through the Blancket

Comparison of Measured Helium Atoms (M)
and Caluclated Helium Production (C)

[M/C]
Meol | Feld | PNC | U
Gy 1.03£0.03 | 1.05%£0.05
B FC 0.98+£0.05 | 1.06+0.07
BLK 1.00+£0.05 | 0.95%0.07
Be BLK 0.96x0.05
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Summary

1. The helium production could be measured less than
the experimental error of 5 % by the HAFM methd .

2. The differences of the measured values between the
HAFM system and HAMS were less than the
experimental errors.

As a result of this study, it was found that the HAFM
method meets the accuracy required for the fast reactor
dosimetry. |
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