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(Received August 12, 2013)

This annual report shows the last year’s R&D activities of currently-reorganized FBR

Plant Engineering Center, which was established on April 1, 2009.

FBR Safety Technology Center was founded on April 1, 2013 by the consolidation of
both the activities of ‘former FBR Plant Engineering Center’ and a portion of ‘FBR Safety
Evaluation Unit, Advanced Nuclear System Research and Development Directorate’,

especially concentrating on safety evaluations and analyses for severe accidents.

As for FBR safety technology, it is necessary to continuously make an effort for
compliance with new safety regulations in preparation for “Monju” to restart, for safety
enhancement evaluation and for safety technology upgrading . In this context, the new
organization was founded in order to reinforce the safety evaluation capability, which
will surely and steadily promote FBR safety-technology related activities. As a result,
FBR Plant Engineering Center was abolished.

This report summarizes the R&D activities at the former FBR Plant Engineering
Center, aiming at contributing to the commercialization by using operation experiences
and technology development results derived from the actual reactor “Monju”. The
activities are divided into five areas of operation-and-maintenance engineering, sodium
engineering, reactor-core-and-fuel engineering , plant engineering, and safety

engineering.
This annual report is intended for a report of the activities of individual researcher in
the center rather than that of the progress of the center as a whole. This will clarify the

individual themes, progresses and problems of each researcher, which will, hopefully ,

facilitate communication with the outside researchers.

Keywords : FBR Plant Engineering Center, Annual Report
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Experimental Measurements Using Eddy Current Testing Covered with Sodium
for Steam Generator Tubes

Toshihiko YAMAGUCHI

25
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Abstract

In the prototype sodium cooled Fast Breeder Reactor “Monju”, the steam generator
(SG) heat exchanger tubes isolate the low pressure sodium from the high pressure
water-steam. In-service inspection (ISI) is an important measure to assure the SG tubes
integrity. During ISI, sodium is first drained and then SG tubes are cooled down to room
temperature. After sodium draining, residual sodium adheres to SG tubes and SG tube
support plates in thin layers. The high electrical conductivity of sodium adhering to outer
SG tubes surface changes the ECT signal depending on the sodium layer thickness or
sodium deposits located on the outer SG tubes surface.

The paper describes the experimental conditions and the ECT results for SG tubes by
comparing the defects and SG support plates signals before and after draining of sodium.
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3D Simulations and Validations for ISI of FBR Steam Generator Tubes Using
Large Scale ECT Simulations
Ovidiu Mihalache
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Abstract
The paper presents numerical simulations and validations of eddy current testing (ECT)
inspection used during In-Service Inspection (ISI) of ferromagnetic steam generator (SG)
tubes of Fast Breeder Reactors (FBR) as in Monju FBR. A 3D finite element (FEM) code,
developed and parallelized in our laboratory uses up to 1024 CPU in JAEA supercomputers to
simulate ISI. Validations of the simulations are confirmed with experimental measurements
from a small sodium tank mock-up with SG tubes. Validations are focussed on the ECT signal

of support plates (SP) and defects localized in helical SG tubes.

1. BIR B/

The purpose of the research was to validate the electromagnetic 3D FEM code developed in our
laboratory to simulate the ISI of FBR SG tubes using eddy currents when modeling complex
geometry with helical SG tubes and multiple tubes attached to a larger support plate.

2. M\ E

The soundness of SG tubes of FBR is one of the utmost importance in ISI in order to assure that
there is no contact between the high pressure water flowing inside of tubes and the low pressure
sodium flowing in the vessel containing SGs. During ISI of magnetic SG tubes made of
2.25%Cr-1%Mo alloy, RF-ECT probes inserted inside of tube check for defects located on both inner
and outer tube surface. In the reactor, tubes have a helical shape and they are connected to large SP.
Until now, numerical simulations of ISI were mainly concerned with straight SG tubes where also 2D
approximations could be easily adapted for a fast understanding of the electromagnetic field around
SG structures. However, in a simulation of ISI of helical SG tubes using ECT we cannot simplify the
geometry to a 2D model and it requires a full 3D analysis.

Large-scale 3D simulations are validated by comparison with experimental measurements
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conducted in a mock-up test in our laboratory and in the absence of liquid sodium. The simulated
setup includes RF-ECT sensors and a large SP with three helical SG tubes and various defects located
near SP. State of the art 3D parallel numerical simulations using the 3D RF-ECT code based on a
hybrid OpenMP-MPI approach for very large FEM models are conducted using up to 1024 CPUs in
Fujitsu BX900 supercomputer for validations of the code simulation results with experimental
measurements.

In order to validate the 3D simulations from large SP with helical SG tube, experimental
measurements were performed for a large SP with 3 SG tubes (Figure 1a-b). Full circumferential outer
defect (OD) 20%tw (tube wall thickness depth), 10 mm wide and partial OD 30%tw, 10 mm wide
with a 90° degree span in circumferential direction were machined on helical SG tube with tube
curvature of 250 mm.

The full 3D FEM model, including the air surrounding tubes and SP has 5,100,000 tetrahedra and
7,000,000 nodes and is illustrated in Figure 2. Various air layers were added in order to slightly
increase the size of the mesh towards the edge of the FEM domain, 250 mm far from tubes in all X, Y
and Z directions.

The large scale 3D FEM simulation resulting from the above model generates a sparse FEM matrix
with 41.9 millions degree of freedom (DOF) and 1.25 billion non-zero values in the matrix (using 2nd
order tetrahedra). For a model with 5,100,000 2nd order tetrahedra solution of 90 FEM problems is
achieved in 17 hours when using a PC with 8 cores and 50 GB of memory. Using 1024 cores on
BX900 Fujitsu supercomputer, we could solve the same problem in 5 minutes but with 2500 GB of
memory. The distribution of the amplitude of the magnetic vector potential (all three X, Y or Z
components) is shown in Figure 3a around the location of the coil exciter. The image presents a cut
through the middle of SG tube while the zoom area in Figure 3b-c illustrate the simulations using

either 1st order and 2nd order tetrahedra.

(2011)

a) b)

Figure 1. a) View of the large SP model with 3 SG helical tube; b) FEM model using tetrahedral linear or

quadratic tetrahedron elements
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Figure 2. FEM mesh using up to 5,100,000 elements of the all volumes (air SGs, SP)

a) c)

Figure 3. a) Validation of the simulated magnetic vector field distribution in the upper SG tube using:

b) Ist order tetrahedra: c) 2nd order tetrahedra

ECT signal due to SP and defect was simulated in 90 points, each point representing a
different position of RF-ECT sensor as it scanned and passed over SP and defect. The
RF-ECT system consisted in a double exciter coil model with detection coils located at the
middle zone between exciting coil system. All next simulations and experimental
measurements, at each frequency were calibrated using a test SG tube with calibrated inner
(ID) and OD defects.

Figure 4 shows validations of measurements of SP signal when there is an outer groove
0D20% located between tube and SP in the ring area. In all cases it can be seen that small
features of the experimental signal due to either SP or the defect under SP are also present in
a similar way in the FEM simulation. Figure 5 shows an example of the distribution of
magnetic vector potential near SP and the effect of the SG tube curvature. The red area
represents the location of the two exciters in the RF-ECT sensor located inside of tube. Due to
the SG tube curvature there is a slightly decrease of the electromagnetic field in the tube area
corresponding to the larger tube curvature where in the area with smaller tube curvature it
was observed an increased field. Only a complete 3D simulation can account for maximum

variation in the defect signal due to this effect.
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Figure 5. Magnetic vector field distribution when ECT sensors scan upper SG helical tube

3. FHm#ER

Recent progress and advancement in computational technology makes it now possible to validate
large 3D scale electromagnetic models. The availability of large 3D models offers new insights into
the ISI of large SG structures in FBR using ECT, where electromagnetic interference can also appear
due to close proximity of multiple tubes or intricate geometries. While enough precise knowledge of

3D geometry can be achieved, it is essential to have also a good model of electromagnetic properties

of materials involved in order to validate with high precision simulations with measurements.

[1] Ovidiu Mihalache, Toshihiko Yamaguchi, Masashi Ueda, "Large Scale 3D FEM Electromagnetic
Simulations and Validations for FBR Steam Generator Tubes", The 17th International Workshop On
Electromagnetic Nondestructive Evaluation (ENDE 2012), Rio de Janeiro, 29th July-1st August,

Brazil, 2012.
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Study on Repair Technologies with Cold Spray and Laser Welding
Hiroki YADA
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Abstract
In this study, a novel repair technology using a combination of cold spray and laser
welding was developed. Test specimens with artificial defect were repaired using this
repair technology and evaluated on tensile strength. Our results show that this
technology can recover the strength of damaged specimens to nearly the same level as
that of the base metal.
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Structural Health Monitoring System Using Heat-Resistant Fiber Bragg Gratings for
Fast Reactor: Strain Measurement Performance of Heat-Resistant FBGs
Koichi SARUTA
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Abstract
To employ Fiber Bragg Gratings (FBG) as strain sensors for health monitoring system
of fast reactors, we have developed heat-resistant FBGs by means of femtosecond laser
processing. The developed FBGs were compared to commercial gratings in order to
evaluate the strain measurement performance. The experimental results have shown
that the heat-resistant FBGs can measure strain with accuracy comparable to that of
conventional FBGs.
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[1] R. Arai et al., Proc. SPIE 4920, pp.62-72 (2002).
[2] K. M. Davis et al., Opt. Lett. 21, pp.1729-1731 (1996).
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Development of a 3D Shell FEM Model for
Structural Analysis of Monju Reactor Core Support Structures
Daniel Garcia-Rodriguez
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Abstract

One of the yet unsolved challenges for In Service Inspection (ISI) of Liquid Metal cooled
Fast Breeder Reactors (LMFBR) remains the examination under liquid metal. For that
reason, key safety components such as Monju’s reactor core support structures were designed
and manufactured as “maintenance-free”, with safety margins considerably greater than
common engineering practices. In this work, in order to reconfirm that assessment, we
developed a new 3D shell FEM model to evaluate their integrity well beyond their respective
design basis. In particular, the worst case scenario was judged to be that of a circumferential

crack cutting through the core support mount.

1. Introduction
At the present time, under sodium viewing (USV) technology has yet to be developed to the

extent that it can fulfill the requirements of typical visual inspection standards as specified
by Light Water Reactor (LWR) codes. Furthermore, early plant designs did hardly
accommodate the accessibility needs for future ISI developments in that field.

That is the case of the core support structures in Monju FBR which, as for all of its
contemporary LMFBR, were designed following a “maintenance-free” philosophy, assuming
USV technology would not be ready during the lifespan of the plant.

Following IAEA’s recommended practices [3], when a component is not accessible for
inspection, detailed analysis under conservative hypothesis should be provided for it to be
exempted from ISI requirements. To that aim, we developed a 3D shell FEM model for
structural analysis of Monju’s core support structures under extreme hypothesis, such as the
existence of several meters long cracks. The FINAS [2] model was elaborated mainly through
FEMAP [1].

2. Model
Although the model seen in Fig. 1 is obviously multipurpose, it was designed to enable
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structural integrity analysis of the core support structures in the event of a through-wall

crack progressing in the mount along the circumferential direction. Such possibility, albeit

unrealistic in light of separate fatigue crack-propagation calculations, is considered to be the

worst case scenario in terms of undetectable functional loss of the target structures.

The model itself was designed for static
analysis, complementing another one
developed by the maker for dynamic
analysis. The main focus was to deliver the
reliable stress/strain and deformation
values, necessary to evaluate the integrity
margins in the event of a large earthquake,
the worst loading scenario.

Particular attention was given to the
core mount model, which we fitted to
reproduce the behavior of a newly
developed solid 3D version. An example of
the fitting procedure can be seen in Fig. 2,
where stress levels for both shell and solid

models are compared.

 E=ZWANERE
3RIT )L
EEENASEENNE ETIL

Fig. 1: Final 3D shell model for structural integrity

evaluation of Monju’s reactor core support

structures

The final shell model so developed can flexibly accommodate:

- Different cracks on different parts of the structure.
- Different loading patters, which can easily be adjusted based on individual

components.

- Adjusting of plate thickness for individual components.

Lo

V. Misses > 1

YYIEETIL

[TIVM & A [MIVM & A
SIILETIL

I)LETIL
[BIVM & H

Fig. 2: Detailed analysis of Monju’s cracked core support mount (25% of full circumference). Von
Misses stress comparison between solid and adjusted shell (Top[T], Middle[M], and Bottom

[B] ) models.
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3. Main results
Analysis based on the aforementioned model showed that the extraordinary large design
margin available for Monju’s reactor core support structures, and contribute to justify for

them to be exempted of periodic visual examinations such as those required for similar
components in LWR.

4. References

[1] Finite Element Modeling And Post-processing, FEMAP v. 10.1.1
[2] Finite Element Nonlinear structural Analysis System, FINAS v.20
[

3] TAEA SSR-2/1 Safety of Nuclear Power Plants: Design Specific Safety Requirements
(5.47).
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Study of the Impurity Effect on Wetting Property by Liquid Sodium
Munemichi KAWAGUCHI

E25
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FHALIZIZ Na & USV 2o VOB MO m ERVETH S, imEITERENICI D IRE S
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it L7, W1®IC Na F O RASMM) OIS & 2 AR DHEE L, RIZ Na DX R DEE
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Abstract

It is difficult to perform the optical visual inspection in the reactor vessel of the sodium-cooled fast
reactor (SFR). The Under Sodium Viewer (USV), which uses supersonic waves for the visual and
volumetric inspection in sodium, is regarded as a promising device for the SFR. In the practical use
of the USV, it is necessary to improve the wetting of the USV sensor with sodium. The surface
tension of sodium including metal particles was discussed considering its dependence of the wetting
property in this study. The solubility of metal impurities in sodium and the change of the surface
tension calculated from the activity of the metal impurities were very small; the maximum change of
surface tension was less than 0.5% in the case of Ag impurity.

1. RE=

SFR Tt D Na 1ZmEM E LTEEDO AT » ER3BHLHHOD, NalZREHTH D729,
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A Model of Sodium-Concrete Reaction in the CONTAIN/LMR Code
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Abstract
The sodium-concrete reaction model (SLAM) is implemented in the CONTAIN/LMR
computer code which is an integrated analysis tool used for predicting severe accident
phenomena inside an LMFBR containment facility. The purpose of this study is to review
the SLAM model and to preliminary analyze the sodium-concrete reaction for the

improvement of the current SLAM model.
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THZLENTE D,
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3. TR L-av ) — b RISEHERD F wEEHT

ASBTELTHNDF MY L -3 ) R
— MRERBRICH LT SLAM I & 5 TR o 1%
BradfLi, -2 TlRay s U — hRBRIE  pou 1”&
(%0 50kg) O LECRIGMAREL, S 202 e 1
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4. F&SH
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U — M OREA 2 EHBRES T H Z SITER LT, TR TA - a7 U — MNEPKE
THZ RO A%ITTFT N A - 3y U — NSO e IR O fEBR T T
RO OEN, a7 ) — MOKIEIOKRZEDOBIT, ThI U AT —LEar s
U— b &DORISTEICEBT DERD OHEFE & Vo T B O THRFTL, T RY DA - 3
7V — NSRTET VOGS ELEZED D TETH D,

S5

[1] A. J. Suo-Anttila, “SLAM — A Sodium-Limestone Concrete Ablation Model”, NUREG/CR-3379
SANDS&3-7114, 1983.
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3. fFLs o REHRFEREAR Gr.

3-1 y BREE A B RE L TR A REGHR AT L OB
T T
Development of Versatile Nuclear Heating Calculation System
Taira HAZAMA

BE
EEE DFEBAGHE U AT Lk y MEHEARREZ B 0 THAEEE L, e v BRUTEE T 2 588
Rtz — BRI EEE TRl CE 2R A RBGHR U AT A2 Lz, ¥ 7 AGHEICIY
TERTFE T OIEBGEAMHE IR Y 0.6%1EB KFH Td 5 Z & v Bk R & VSR TORR
FHEEADHI 2% T2 2 & Zmeal LT,

Abstract
A versatile nuclear heating calculation system has been developed. The system
provides an accurate heating calculation tool considering the incident energy dependent
Q-values and the spatial transport of gamma rays. A sample calculation confirmed that
the neglect of the incident energy dependence in the conventional method causes an
overestimation of 0.6 % for the total heating. Heat carried away by gamma rays results

in a decrease in heating by 2 % in the fuel for a fuel sub-assembly.
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Ty AR EOE P FOSE OIS VI TH DA, T Ol LB R F 72
EDOHPETFHEM DR S LTV, HEGHRIZOWTIEL, Kihd 720 ORET —
2 (QHE) DZRLX—KFEWEEZEE L TR, AFZETIE, BEGESS y EE s 2T
L EFEFEEPO LAWCEEAET S X OISk BE L, FiET. v BRUCEET D R EVERE & R
DFIEIE S & R E TR CE 2RAREAGHR VAT A& 5,

2. RV AT L

2. 1. VRTLIERK

RNT S AT ML, FEE TSRS & OB I LV B Lz, [RIEFS CRAZE R O PLAFY
Hlo— Ky 27 5 MARBLE ([Z%E E v BENENOFHFEEEZ AN 2 18 TR L 7= (X
1), Mitkfe L bHEMADOFE T (7 F Y (UFKLIB & UFGLIB & #7) % JENDL-4.0 72
EOT —2 7 7 A NS L, W EHCE FE 7R R R WmiE L A s b s 2 b
12 & o CTHENBTIIFE &y BRAERKBNIFE 2 (BT 5, T IRE DREIC LY ZRENn T
LR L yVEREESD, v A E L UFGLIB IS STz y BOGT — 4 %
Wy BFLEHRZITV, vy R E v BRIC X D HEEEZG5,
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[0] Hazama, T. et al., “Development of versatile nuclear heating calculation system in MARBLE”,
Journal of Nuclear Science and Technology, Vol. 50, No. 5, pp.525—533 (2013).
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Evaluation of Feedback Reactivity in Monju System Start-Up Test in 2010
Akihiro KITANO
=25

2010 FDOIF LERRFABRIZ I W T REZALICHE D BURE T 4 — RNy VRt 2 gl 3 5 7
. 74— KN 7 SR RRER 3 S X s, AR TIE, 74— KNy 7 KSEEM 2
Oy (RFEAESAMRER Y. RFEH T (RBCRFRYEFtigs (WRM) §5)
f%5y) TRLRTE D ERE L, KR DB 21T o 72, #RBRRF O %R IR EE 70 A7 %5 & FH5H
(A U 7= AT & P S < BRI & 2 bbi L, WD —87 5 2 L 2R L,

Abstract
The feedback reactivity measurement was conducted in Monju System Start-up test in
2010. The total feedback reactivity was evaluated together with its two reactivity
components related either to power or to the core inlet coolant temperature. The
separated coefficients were evaluated by simulating temperature distribution in the core
under experimental conditions of the power and the inlet coolant temperature. The
calculated and measured values of the feedback reactivity showed a reasonable

agreement.
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[0] Kitano, A. et al., “Evaluation of Feedback Reactivity in Monju start-up test”,
International Conference on Fast Reactors and Related Fuel Cycles: Safe
Technologies and Sustainable Scenarios (FR13) , Paris, France 2013.
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Benchmark Calculations on Control Rod Withdrawal Tests in
PHENIX End-of-Life Experiments
Kazuya TAKANO

B2E
(LD EEIEHE)FAE Phenix @ End-of-Life #RBRIZIS W THEfE S vz THIEIFES [ Ht5 |
X402 IAEA/CRP (GL[E#f5E 7 n v =7 ) & LT 8RS (CEA, ANL, IGCAR, IPPE,
IRSN., JAEA., KIT, PSI) OO TRy F~— 7 RN S -, JAEA Ot Fik
IR 1T DT FIE E R EOREAZB L WD Z L 2R L,

Abstract
The TAEA launched a Coordinated Research Project (CRP) devoted to benchmark
calculation on “Control Rod Withdrawal Tests Performed during the PHENIX End-of-Life
Experiments”. The CRP was performed by experts coming from CEA, ANL, IGCAR, IPPE,
IRSN, JAEA, KIT and PSI. Based on the results, the accuracy of JAEA’s calculation
system 1s confirmed to be comparable to or better than that of the other calculation

systems.
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VD) MNEMES N, ERHARFICRT HHlE (LT TCRI &V 9H) OIERFRfEA/SI
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~+12.1% D TH 5,
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# 1 THEES HEER) 123810 %5 CRALE (mm)

Reference Step 1 Step 2 Step 3
state

CR #1 558.3 608.5 848.4 848.4
CR#2 557.4 608.6 567.7 523.6
CR#3 558.0 606.6 571.0 523.4
CR #4 557.4 340.8 340.6 523.4
CR #5 557.4 608.5 566.3 523.5
CR #6 557.6 607.8 573.5 523.5

3. MEBRUVFE

PRI

Linket

[ 3 A

PLiE

7Ty b

A

1 Phenix #7.0ECE X

FATIE R L, THRSUWE GERISOSE) |, TCRAfME ], Mhtkrosfil, THAo4m) Th %,
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IZ XD BAGERER T —4% 747 7Y : JENDL-3.3, =x/L
XF—REEL 0 70g, 3 WKIL TritZ) #X—R & L, FHEHTET AHIE (X v afiiE, Bkl
IE, ERGBERTIE) 256 U CREBARFE S E 2 157, e Rk LM D Alc D\l
PIEGIRALE D O O TH D . FHEEHTET VHIEONRIT/ NS NWEBZ bND Z &
6 FERFREFERZ H 2, CR WIARTEIRIC K 2 BV RHEIZIX, EFEOREHES K 6 1K
BEEZELTL WKL) v TETFME LTI A— =B L EF LS IEHE BT (1]
Ze T JE P OBREHE AR & IR R & O RGP AF T 5 OS2 EI A 1715 (Reaction
Rate Ratio Preservation Method (RRRP %)) [2][3]%#H L7z,
BB DFRAT FIE & DERZ R 2 1ITHKIT D,

2 BB T D BT FIAE

.. Nuclear Energetic Cell Cell Control Rod
T Library Structure Code Treatment Treatment Cait weihed
IPPE ABBN-93 299 CONSYST Het 3D Het 3D MMKKENO Ng’“l‘e'
arlo
JAEA | JENDL-33 70 SLAROM-UF Het 1D Het 1D DIF3D Diffusion
+super cell model+RRRP method +correction
CEA ERALIB-1 33 ECCO Het 2D Het 2D . ERANOS Transport
+2D SN transport calculation
IRSN ERALIB-1 33 ECCO Het 2D Het 2D . ERANOS Transport
+2D SN transport calculation
IGCAR(1) ERALIB-1 33 ECCO Het 2D Het 2D . ERANOS Diffusion
+ 2D SN transport calculation
IGCAR(2) ABBN-93 26 CONSYST Het 1D Het 2D without correction FARCOB Diffusion
PSI ERALIB-1 33 ECCO Het 2D Het 2D without correction ERANOS Transport
KIT KFKINR-26 11 SIMMER-1V Homogeneous Homogeneous without correction SIMMER-1V [ Transport
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Operation of the Distributed Monju Monitoring and Diagnosis System
Kyoichi OKUSA
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Abstract
In order to detect an anomaly in Monju as early as possible, the Distributed Monju
Monitoring and Diagnosis System (dMOni) which displays diversified information for
plant operation has been developed and operated. In 2012 fiscal year, unexpected system
troubles occurred frequently in April. So, system operation was stopped temporarily, the
cause of the troubles was investigated, identified and the program of this system was

repaired. Then, operation of the system was resumed.
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Evaluation of MONJU Core Damage Risk due to Control Rod Function Failure
Masutake SOTSU
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Abstract

In general, the important equipment and systems in nuclear power plant are designed
to have multiplicity. When a single train of normal equipment system fails, it causes
multiplicity reduction in normal operation system. Alternatively, single failure of safety
system or its support system leads to reduce safety functions at the time of the accident
directly or indirectly.

The limiting conditions of operation are defined in the safety regulations for MONJU.
If a function failure is found in a control rod of the main reactor shutdown system,
certain measures and its allowed outage time are required by the safety regulations.
Main reactor shutdown system control rod has also multiplicity, and then reactor
shutdown function is not inhibited if one rod stuck is observed. However, it is considered
that such plant state is a symptom leading to loss of reactor shutdown function.
Therefore, it is possible to suppress the loss of the safety function potential by limiting
the time to continue such operation is allowed.

The necessary measures, the completion time has been established, and then the
continuous operation of the reactor that time is allowed. As the evaluation results core
damage risk entailed in this measure, the timeframe defined in the present safety
regulations was concluded to be appropriate.
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[0] M. Sotsu and K. Kurisaka, “Evaluation of MONJU Core Damage Risk due to Control Rod
Function Failure,” Journal of Power and Energy System, 2012
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[1] US Nuclear Regulatory Commission, “An Approach for Plant-Specific, Risk-Informed
Decision making : Technical Specifications,” RG1.177, 2002
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Improvement of the Analytical Model of Air Cooler in Ex-Vessel Fuel Storage System
Takero MORI
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Abstract

If Station blackout occurs in Ex-Vessel Fuel Storage System, the decay heat removal by natural
circulation is required. The pressure losses of air flow path are very important factors for evaluating
the cooling capability by natural circulation. Therefore, the analytical model, which calculates the
pressure drop characteristic more accurately, was developed in this study. The improved model
calculates the pressure drop of each resistance factor individually, while the original model calculates
over-all pressure drop as one resistance factor. It was confirmed that the improved model can
accurately predict the actual pressure drop characteristics by comparing the test result with the

calculation.
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Multidimensional Thermal-Hydraulic Analysis on Internal Ex-Vessel Fuel Storage Tank
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Abstract

The severe accident evaluation on the Ex-Vessel fuel Storage Tank (EVST) of MONJU
has ever been performed by one-dimensional flow network code “Super-COPD”. However,
it is difficult to predict thermal-hydraulics in the EVST accurately because the fluid in
the EVST is driven by natural circulation. Thus we have performed multidimensional
thermal-hydraulic analysis in order to clarify the thermal-hydraulic behavior and
evaluate the appropriateness of the flow network model. As a result, it was suggested
that the multidimensionality in the EVST was small enough and the flow network model

would be almost appropriate under rated power and flow conditions.
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-Comprehensive and Consistent Interpretation of Local Fault Experiments and Application to
Hypothetical Local Overpower Accident in Monju-
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Abstract
Comprehensive and consistent interpretations of in-pile and out-of pile experiments
in terms of (1)the failure thresholds of the fuel pin, (2)molten fuel ejection, (3)fuel sweep-out
behavior after molten fuel ejection, and (4)pin-to-pin failure propagation were arrived at in
this study based on broad-ranging review and data analysis on experiments related to local
fault. Based on these comprehensive and consistent interpretations, it was clarified that the
safety evaluation of the hypothetical local overpower accident in the Monju licensing was

sufficiently conservative.
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Evaluation on the Loss of Large-Diameter Piping Integrity Event at the Primary Heat Transport
System in “MONJU” by Using the System Start-up Tests Data.
Fumiaki YAMADA
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Abstract

An as-built basis analysis on the loss of large-diameter piping integrity event at the primary
heat transport system in “MONJU” has been carried out, by using the measured System Start-up Test
data of the primary main pump coast-down curve, which includes the effect of the rotational inertia
induced by the variable-speed motor-fluid-coupling generator set, etc.  As a result, it turned out that
the secondary peak temperatures of the fuel cladding and sodium coolant will be increased, compared
with the original analysis, due to the actually measured pump coast-down curve, while the initial peak
temperatures will not be changed. However it was also clarified that the sodium coolant will not be
boiled and the fuel cladding failure ratio was evaluated not to exceed the value of the original

evaluation.
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