JNC TN1340 2002-002 ISSN 1344-4239

12 BIBER

JNC Technical Review
No.16 2002.9

Eg 9K
. f SRR
%% S EERD Y ) — b
= ;llﬂ A Au/itE A Au/ER
||l p ® Co/itE @ Co/=j
z_ & Ni/FE & Ni/EH
; A
i3 i R ST e
—
|
. . © Aa
i
| D S > m
= — | /
h
4 [z
s b —=| 2% 1E-21 B9 =T IEEE
K L A / RHE (1/s60)
7
&

[ 5T A I TOBEHMESEIC & DL BRI TE B SR AT B D L& 5



YA O RBHRER

No.16 20024:9H

H &
B ofli WS
SIS A VL OERBIBERAR 71— LMD 2001 EERP s 1
W % IF % BT
RERICEEORE S0 MR e
75 RS OENEEEEADR LTS NEADBERYE (TSX TOUTR) o 13

RBEMFDOIO—TRY I ARNEERRICH VT DRIERBERAMFEFE
_/—J—\_)[/ }\‘T\y %;(EC/Z;—A (HMOS) @Fﬂ%%_ ............................................................. 27

EL AR BB T 5 AEBBREIIIE oo 37
WE W ke Mz HZ B

ARSI 5 — (2513 DI OBEICETHEAREE 51
—RAEVEBRUES (Ve S ERILIC—
T R T

T A BB DB IEBOIDDBEHEBEME oo 63
(s RN BGL BIE WS KR R e e

PR FHEERIC 51 B EPIRREARDEEMEERM] oo 73
WHOUE LM KB B

i xR B &

HAB—BERERITICLDBEFT S FORFHMBEHEBIDE 81
SECOPA MR M- MR KB

FBRY A & )V BRICRIT DR A MRIMIIEDBIRE oo 93
e Rty EA 0 BH B NF W

SYUBHEERUNERT N DLICEMAFEDTT oo 105
ERUGES'E SN S il

BI5E 1T VIR IEE T T — S MERMTBIRE o 17
R R OB RE B

RS M A MAROIEBTRBORSMICET DEBIIPIT oo 125
Ve ik

R TR BV R8I 351 B KU BDRER & T AREN R — VDIRES oo 137

EEORWR OME W =R Mt T EH



CONTENTS

HHAEOHBEREDERLZTEMICDINT —RBREEIITE S R T Lo o 149
A R

HEBNFLEDEEER 7O R EMIBERICETDE 1 [OMATIBIRITIREEE oo 155
L2 1]

ﬂAE”??jJﬁ: (CEA) t@iiﬁﬁ%&ﬁ?ﬁt:ﬁﬁ?é%1 1 @'E%&&@%ﬁ ........................................................... 1 58
LU =i

KEZEZEEDOMEBIFIEICH D D200 2FE BRI TTRERIREE S - cvvvvrerrrremae et 160
[EENEE I e

B R SR I CRE T B LA/ T A T B T J— oot 169

SEIBFEFT A IV DMFEREFE

ERIBFEREEUE [ A 0] DFFFTETFE oo erermre e et ettt 173

ERIEFEIEH A 2 JUERREEEBEIHZERITE oot 178

B RIEBEIR DR TURTTER oo ov e v e e e 181

B o (= g ST 1o -1 P 186

R BT FR R BB AL IR FE T ODBIFTRRITE oo ov v emem e e e e e e et e e e 188
BB REEY DB D M I RE T DEFTRRTTR oo c v erereom ettt et 189
BRIKAEIR R EE LR FE T ODRIFTRRETE - ov v v ovememm e e e o e et et e e e 195
11> SE 198
SRR - T BRI M ODREIR e 203
el T DYt - 204
TP EE IR ERGTRILEIITIE v v v e e om oo e ettt e et e e 207
el = 12 208
ERSE, SBNRE - B2, TEHEAOKRD, ERBABE, RUEBBETIL N ZDLIMSHT 211
BEFEERETIREESED]) oo vone e e et 213
GRERFETR  oovvv e emmn ettt 214
IEMTIEEREETE, IBER T/ AT La v oveermemm ettt et et 220
KA DIFTRTT, FEPIABRBIRIITE oo ovovermmm e et 221
Bffitns - BB, BREEMONE - BE, HRREOMRA, ERRMHBATFE 226
L ] P 228
TRIAFE KRFEFHREERMAREBERICHETOMAET —VORRIERICDINT oo 231
FRRISEE [BITEBTETE] (S DUNTODTIRIA v overe ettt 232
BUBHAEATIAREE (RFR) A B L oo v ettt ettt et e 233
B e a1 = == T PP 234
g et s e T o T B = P 235

EEABY A 2 AR S ST rT INDEIBELTDUNT < v eee ettt 236



YA O RERH

No.16 200249H

RIBODERTT A 2 LEBH

EERTTAUNE, VA IIEBICEDIBRER] 24 A—2LEEHEDTY,
BRB(LAZN2)ZERELLeRIE, [T IIBBICHITDMIEEEST] Z2RELALEDTT,

RIBOE B
[ Al TOREHEEIC & 2 REHERREE & BT ED LLERFIDR

MBERIRE ST AFEBRRCIE, BER T RICEITDRELEEED

EREBE LT, FLBENEORIMLBE MY 270, Binrh L —
ICHBNT, ERERED V2 — b ORAIC S BEOKRELEE . \ -

BHEFHREL, PHFREEZIML TLVS, = —
HEEFBRE LI, CNODOBEMEEZRIRLTILY =D A (|~ IS /
BRHEBCHHCEZANEL LS, AEBBEERENRS — @9 # FOR B

Liczeno, ftFREREZH DN LOBRITICK Y, iBEL <ET

.
MCEDT ENRATEL, L I
COBMFREEEL L, FOBEHSORSLEERET  SLAME Yy e .
BT ElEY, ARNBRISE, FIREEE L, BIMEZEOR
< BRI ERY T LB OERICEIT S, ity o
& 7

T 5T A ) TOBEHE 1= & B T b B8 i L AR A E 0D L 851

BET DRIITERE S A ML ST AREFROREIEBED-HDIRSH L BT
MR PG © BRI 5 \F A FE I

ARERONYIFUN—DABEZRBY A VIVBEERBEA 57—y P R—LR—IRIC
BEHELTWHET,

(7 RL-Z]  http://www.jnc.go.jp/siryou/gihou/main.html

AEDEHRII—HEES - BR - BHIDIBSIE, RERTRASBNEHLELESZY,

BRI A D )VERREME RRERE iR
T 319-1184 RIFEIWER BRI 4-49
OMHT 1 VI BFEKE 2002

Inquiries about copyright and reproduction should be addressed to:

Technical Cooperation Section, Technical Management Division,
Japan Nuclear Cycle Development Institute

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki 319-1184, Japan
©2002 JAPAN NUCLEAR CYCLE DEVELOPMENT INSTITUTE



ooooomoo

Jodbtobtdbtobtobtoboobobd
ooy odo

oooooooooooobooooobooo
oooooooooOoOoOoOoOOoOoODO
0000000000FBROOOOOOOOO

Results of FY 2001 Feasibility Studies on Commercialized Fast Reactor Cycle System Phase U
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0 Feasibility Studies on Commercialized Fast Reactor(FR) Cycle System Phase- [ were commenced on April 1, 2001,
in order to select a few promising candidate concepts for commercialization from the candidate concepts of the FR
system and fuel cycle system which were screened in Phase- [0 , and to present an outline plan for Phase- 0 onward. In
FY 2001, which was the first year of Phase- O , the results of Phase- 0 and the plan for Phase- 0 were evaluated as
appropriate by The R&D Project Evaluation Committee. With regard to the sodium-cooled medium-scale modular
reactor and lead-bismuth cooled modular reactor, economical targets are expected to be achieved. In terms of the gas-
cooled reactor, the helium gas-cooled reactor (coated particle fuel type and dispersion fuel type) was screened as a
candidate concept. For the reprocessing system, a feasibility of the process for the crystallization method on the
advanced aqueous method was confirmed. With regard to the oxide electrowinning method, the technological feasibility
of MOX electrowinning co-precipitation was confirmed. In terms of the metal electrowinning method, the possibility of
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[

system rationalization was confirmed by Pu recovery testing at liquid Cd cathode. For the fuel fabrication system, in
terms of the pelletizing method, the ease of remote-controlled fabrication of low-decontamination TRU fuels was
confirmed, and in terms of the vibration compaction method, the packing density is expected to be satisfied as regards
the design requirement. With regard to the casting method, the operation parameters of the injection casting technology,
which were satisfied to slug specification requirements, were grasped by engineering- scale testing.
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Study on Applicability of Clay—Based Grout I n j ection in the Excawvatadi&hmione around the Plug (TSX

project)

Yutaka SUGITA

Waste Isolation Research Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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[0 JNC has joined the international joint project, the TSX project, with AECL at the Underground Research Laboratory

0 URLOin Canada. Full-scale sealing technologies are applied to an underground tunnel in the TSX project. Regarding
clay grouting, which supports the performance of the clay plug, a grouting experiment in the Excavated Damaged Zone
around the tunnel was performed in the TSX project. A pre-injection test was the trial for the development of the
grouting procedure, and the injection test was to evaluate the grouting effectiveness of the grouting in the EDZ around
the tunnel. The results of the experiments showed the efficiency injection concentration of the grout slurry was between
4.0 and 6.0wt%. Grouted EDZ had lower hydraulic conductivity than that before grouting.
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Dewvelopment of Safeguard Technology for Plutonium I nventory Verification in a Glove Box
during Facility Maintenance
— Dewvelopment of Holdup Monitor System (HMOS) —

Hironobu NAKAMURA [ Takashi HOSOMAL [ Izumi TANAKA
Reprocessing Division, Tokai Reprocessing Center, Tokai Works
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O In MOX facilities in INC, Pu & U residue in the glove bokl called* Holdup”[has been measured and verified by an
inspector by setting large neutron detectors beside the glove bokl GBI However, it is difficult to apply such methods
during plant maintenance, because the contamination control area is set up around the GB. JNC developed the

“ Holdup Monitor Systentl HMOS[T to enable sensitive monitoring instead of measurement. It has *He detectors up and
down the GB and counts the total neutron rate. The detectors are shielded from neutrons by the background and the
sensitivity is 30§ o (for Pu in the middle of GB. From 1998, this system was used for inspection for about one year. As
a result, a linear increase in count rate, fluctuationl + 2%[due to humidity in a room and sensitive change of count rate
occurred by movement of Pu material in the GB were obtained.

ooooo
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Glove Box, MOX, Holdup, Verification, Facility Maintenance, Neutron, Continuous Monitoring System, Safeguard,
Inspection, Plutonium, C/$] Containment and Surveillance
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Planning of Low- Level Radioactive Waste Management Program

Teruo YAMASHITAD 0 Masayuki YONEYAD 0 Tsutomu TANABE
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Waste Management Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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O In order to treat and dispose of the low level radioactive waste generated from JNC sites safely and rationally, a
comprehensive plan managing the generation, treatment, storage and disposal of waste, was formulated. The plan is
called” Low Level Radioactive Waste Management Program.”

[ Taking into consideration an institutionalization of disposal and based on an investigation of waste properties] type,
amount, activity concentrationl] the appropriate treatment method for disposal was studied, and a fundamental plan
for conducting the Low Level Radioactive Waste Management Program was presented.

[0 To achieve disposal of low level radioactive waste, concrete measures will be taken according to the Low Level
Radioactive Wastes Management Program.

O The plan will be improved suitably by the result of technical development, and will be reconsidered flexibly after
institutionalization by the government.
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0 The JNC conducted R&D projects on uranium exploration in Japan from 1956 to 1987. Several mine facilities, such
as waste rock yards and a mill tailing pond, were retained around Ningye Toge after the projects ended. Thus, JNC’ s
Ningye Toge Environmental Engineering Center proposed a reclamation plan for these facilities with fundamental
policy, an example of safety analysis and timetables. Although the plan is primarily based on the Japanese Mine Safety
Law, it also refers to ICRP recommendations, IAEA reports, measures implemented overseas, etc. because this is the
first such case in Japan.

O This plan was evaluated and validated from the technological viewpoint by the Technological Advisory Board on the
Reclamation of the Ningye Toge uranium mining and milling facilities, in the 4th Meeting on April 11, 2002. The
Board was established on January 29, 2001 and composes 10 experts regarding nuclear energy, radiology, mining, civil
engineering, etc.; its chairperson is Dr. M. Nakano, a professor emeritus of Univ. of Tokyo.

0 This report illustrates the reclamation plan mainly concerning waste rock yards and a mill tailing pond.
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Waste Rock, Mill Tailings, Pile, Mine, Reclamation Plan, Uranium, Ningyo-Toge, Safety, Environment
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E\wvaluation of Activated Nuclides for Fugen Nuclear Power Station * s Decommissioning

Yoshitake SHIRATORD 0 Shinji KAWAGOE (1] Yuji MATSUI” [0 Norikazu HIGASHIURA [T Seiji IWASAKI~*

Planning Division, Tsuruga Head Officell 0 00 0 O
“ Fugen Nuclear Power Station, Tsuruga Head Office
"INuclear Energy System Ind 0000000000
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0 The density and amount of radioactive nuclides in equipment or concrete including the reactor core need to be
evaluated for the decommissioning of the Fugen Nuclear Power Station. To prepare for decommissioning, measurement
and evaluation of the neutron flux density have been executed mainly during the reactor operation, because neutron flux
density is measured under that condition.

O Activation evaluation is mainly executed by the calculation method, and the results are checked by the sampling
measurements. All of the equipments is divided into three parts, inner core part, shielding part, outer shielding part.
The neutron flux distribution of two former parts can be evaluated by calculation, but the last part cannot; it is
evaluated by measuring the activation foil for many points. These evaluation methods are checked by a small humber
of sampling measurements.
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Fugen Nuclear Power Station, Decommissioning, Radioactive Nuclide Density, Activation Analysis, Neutron Flux
Density, Activation Foil, Low Level Radioactive Waste, Clearance Level, Cobalt 60, Concrete
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Evaluation of Room Scattered Neutrons at the JNC Tokai Neutron Reference Field
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O Neutron reference fields for calibrating neutron-measuring devices in JNC Tokai Works are produced by using
radionuclide neutron sources, **Am Be and *°Cf sources. The reference field for calibration includes scattered neutrons
from the material surrounding sources, wall, floor and ceiling of the irradiation room. It is, therefore, necessary to
evaluate the scattered neutrons contribution and their energy spectra at reference points. Spectral measurements were
performed with a set of Bonner multi sphere spectrometers and the reference fields were characterized in terms of
spectral composition and the fractions of room-scattered neutrons.

O In addition, two techniques stated in ISO 10647, the shadow cone method and the polynomial fit method, for
correcting the contributions from the room-scattered neutrons to the readings of neutron survey instruments were
compared. It was found that the two methods gave an equivalent result within a deviation of 3.3% at a source-to-
detector distance from 50cm to 500cm.
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Neutron Reference Field, Neutron Survey Instruments, Room-Scattered Neutrons, Shadow Cone Technique,
Polynomial Fit Method[] Neutron Spectra, Calibration] Bonner Sphere Spectrometer, *?CfJ**Am Be
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Mitigation Method of Thermal Transient Stress by a Total Analysis
of Thermal Hydraulic and Structural Phenomena
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0 This study proposes a mitigation method of thermal transient loads in fast reactor components by utilizing
relationships among plant system parameters and resulting thermal stresses. Conventional design procedure against
thermal transient loads has two independent steps: thermal hydraulic analysis to determine conservative thermal
transient conditions considering variation of the system parameters and structural analysis to check structural
integrity under given conditions. On the other hand, a total analysis procedure of thermal hydraulic and structural
phenomena can grasp the relationship among system parameters and thermal stresses. It enables the mitigation of
thermal transient loads by adjusting system parameters.
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Dewvelopment of the CosBenefit Analysis Methodology for FR Cycle Research and Dewvelopment
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[0 A cost benefit analysis system for Fast Reactor(] FR cycle research and development] R&D[ has been developed.

The benefits derived from FR cycle research and development, which are compared with the cost for the FR cycle R&D
in the system, are environmental burden reduction, risk reduction, contribution to energy security and resource import
reduction, as well as power generation cost reduction. Cost benefit analyses for a typical FR cycle R&D and the
sensitivity analyses for some parameters have confirmed the validity of the system and the effects of the parameters.

Different cost benefit ratios were obtained from the analyses on the R&Ds for six FR cycle concepts in the first phase of
the Feasibility Studies on commercialized FR cycle system. Those analyses showed that several fold benefit will be
derived from FR cycle R&D investment but there remains uncertainty of the parameters on future society.
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Study of Raman Spectroscopic Analysis Method for Sodium Compounds at High Temperature

0 Fumiyoshi UENOO [ Norikazu OHTORI"

Advanced Technology Division, Oarai Engineering Center
" Visiting Research Fellow, Advanced Technology Division, Oarai Engineering Center(]
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0 High temperature sodium on exposure to air produces a corrosive melt including Na.O, Na.O. and NaOH after
reaction with oxygen and moisture. If the melt contacts steel, several sodium iron complex oxides will be produced by the
the corrosion reaction. To contribute to elucidation of the corrosion mechanism, the Raman spectroscopic technique for
analysis of strongly corrosive sodium compounds was developed and the behavior of corrosive chemical species in the
compounds was investigated. Several Raman spectra of a series of typical sodium compounds such as Na.O. were
measured in the range from room temperature to 1,073K. Subsequently, a simulated corrosive mixture of molten sodium
hydroxide with peroxide was investigated, and peroxide ion was detected up to 823K. Thus, peroxide ion can be a
corrosive chemical species in the melt at high temperature. Moreover, Raman spectra obtained for several sodium iron
complex oxides, e.g. Na:FeOs, indicate that each oxide can be identified up to 573K.
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Raman Spectroscopy, High Temperature, Sodium Compounds, Melt, Peroxide, Hydroxide, lon, Corrosion,
Sodium Iron Complex Oxide
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Dewvelopment of the Measurement Technique for Nuclear Data with Prompt GamiRay Spectroscopy
Shoji NAKAMURAD 0 Kazuyoshi FURUTAKAL O Hideo HARADA
Advanced Fuel Recycle Technology Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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[ To obtain the thermal neutron capture cross sections of radioactive fission product nuclides as the basic data on
transmutation study, a measurement technique with prompt gamma ray spectroscopy was developed.
O When daughter nuclides after neutron irradiations are stable, measuring the neutron capture cross sections is
impossible. Therefore, a new technique was developed to investigate these. With this, the level schemes from the
information of the prompt y- rays emitted during neutron irradiation are constructed, and the cross section is deduced
with the emission probabilities of prompt y- rays. The measurement system for this technique was developed, and was
effective. The system enables obtaining information on the cascade y- rays necessary for constructing the level scheme.
By measuring "™Pd, the partial level scheme was constructed, and two new levels at 1906 keV and 2400 keV were
identified.

By using this technique, the neutron capture cross sections of nuclides that can't be measured by an activation method
can be measured.
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Prompt y - Ray Spectroscopy, y - y Coincidence Measurement, y - Ray Emission Probability, Level Scheme, Long Lived
Fission Product, Zirconium, Paradium, Nuclear Transmutation Study, Neutron Capture Cross Section, Nuclear Data
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Fundamental Study on Anisotropy of Diffusion and Migration Pathway in Compacted Bentonite

Haruo SATO

Innovative Research Promotion Office, Head Office
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[0 SEM observations for micropore structure in compacted bentonite and through-diffusion experiments for non-sorptive
tritiated water (HTO) were conducted to evaluate the anisotropy of diffusive pathway in compacted bentonite used as a
buffer material in the geological disposal of high-level radioactive waste. The SEM observations and through-diffusion
experiments were conducted for axial and perpendicular directions to the compacted direction of bentonite as a function
of bentonite's dry density. Two types of Na-bentonites, Kunigel-V1® and Kunipia-F® with different smectite contents were
used in both experiments. No orientation of clay particles was found for low-smectite content Kunigel-V1®, while layers
of clay particles orientated in the perpendicular direction to compacted direction were observed for Kunipia-F® with
approximately 100wt% smectite content. This tendency is in good agreement with that for HTO's effective diffusivities
obtained from diffusion experiments, indicating that smectite content in bentonite affects the orientation properties of
clay particles and diffusive pathway.
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High level Radioactive Waste, Geological Disposal, Buffer Material, Bentonite, Dry Density, Anisotropy, Smectite
Content, Diffusion, Effective Diffusivity, Tritium
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E><amination of Groundwater Flow Scales and Results of Water Balance
Observsation in the Regional Hydrogeological Study Pro j ect Field -

Tomoya MIYAHARAC [0 Kaoru INABAT [0 Hiromitsu SAEGUSAC [ Shinji TAKEUCHI

Tono Geoscience Center
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[0 The Tono Geoscience center has been continuing water balance observation since fiscal 1998, and examining
groundwater recharge into the basement rock. This report analyzes water balance at seven catchments in the regional
hydrogeological study project field, and the applicability of area precipitation, an important item of water balance
analysis, is examined.

O The result of the examination is shown below. Values of groundwater recharge in the small-scale catchments, such as
upstream and downstream of the Shobagawa, are influenced by the local groundwater flow system. But, those in the
Shobagawa catchment are influenced by the larger groundwater flow system.

The plane distribution of groundwater recharge matches the result of the distribution of groundwater flow analysis.

gooao
gbobooboobooooobobooobooooooooboooboobboobooooboboboobooo

Water Balance Observation, Groundwater Recharge, Area Precipitation, Groundwater Flow Analysis, Scale of
Groundwater Flow System, Runoff, Evape Transpiration, Precipitation.
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