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Reactor Malfunction Diagnosis using Noise Analysis

Keywords: 

Appareillages de mesure utilisés dans les réacteurs nucléaires.

Objectif général :

Le bon fonctionnement des ensembles de sécurité et de contrôle neutronique des réacteurs implique que certaines caractéristiques particulières des composants entrant dans la composition de ces ensembles de mesure soient respectées. Il s1 agit par exemple du potentiel de microclaquage, de la porosité des isolants, etc* En général, les essais après que les composants aient été soumis aux contraintes ne comportent pas de mesures de la modification de ces caractéristiques. Il importe donc de développer les méthodes permettant de combler cette lacune.

Objectifs particuliers :

Avant 1 1 application aux composants des conditions d*environnement de 1Taccident de référence, il faut faire subir à ces derniers un vieillissement accéléré simulant le vieillissement normal en ambiance de centrale pendant 30 à 40 ans. La méthode de vieillis sement accéléré.pour être valable devra correspondre à une altération des caractéristiques spécifiques déterminées par rapport à la fonction que le composant doit assurer. Suivant 1 Utilisation qui en est fait, le ou les critères de vieillissement d'un élément peuvent être très variés : Par exemple, le critère déterminant la durée de vie d'un câble d'alimentation ne peut pas être le même que celui d'un câble véhiculant les impulsions issues dfun détecteur. Dans cette action,on se propose de travailler en collaboration avec les équipes chargées des études de vieillissement accéléré et des irradiations pour examiner si les méthodes proposées seront valables pour les matériels entrant dans le contrôle neutronique et la sécurité des réacteurs. On établira des méthodes d 1essais après vieillissement accéléré. En dehors des mesures classiques (tenue mécanique, rigidité diélectrique, etc.) effectués sur certains composants soumis à lfADR, il importe, en particulier pour les câbles, de faire des mesures particulières pour ceux entrant dans la composition des ensembles de sécurité. Ces mesures font appel à des techniques spéciales ignorées pour les applications classiques. Il s'agit par exemple de mesurer dans les isolants l'apparition de microdécharges dont l'amplitude est de l'ordre de 10"^C et qui peuvent être prises en compte au même titre que les impulsions dues aux neutrons venant du détecteur. Le vieillissement des alliages entrant dans la composition du blindage des câbles doit également être contrôlé (mesure d'impédance de transfert) etc. Des appareillages permettant d'effectuer les essais doivent être développés et les méthodes de mesure étudiées et mises au point.

Documents de référence :

"Méthode de mesure de l'immunité aux parasites d'un ensemble de mesure neutronlque", J.BUISSON -Note SES/interne/SAl -76/152. "Méthode d'essais et de mesure de la sensibilité aux perturbations des chaînes de contrôle neutronique et de détection de rupture de gaine", J. BUISSON -Note SES/inteme/SAI -76/263. "Contrôle de la susceptibilité aux perturbations des ensembles de démarrage de Fessenheim", J. BUISSON The comparison of a hardwired and a computerized protection system was completed as far as purely safety related actions are concerned. The comparison proceeded with not entirely safety related actions. Some preliminary calculations have been made, but no significant results were obtained so far.

Essential Results

(a) (b)

The comparison of the two protection systems showed,that present state hardwired systems are in view of safety advantageous compared with com puterized ones, but it seems to be feasible to bring computerized systems to an equally high safety level.

It is in general not sufficient to evaluate a program's reliability only out of the results gained by a supervision of the conventional testing procedure or some operating experience in the plant.

Some formulae for taking into account different failure detection times for some hardware failures were derived. Data depending failure detection at least in some cases seems to be a valuable detection tool for dealing with component faults. The comparison of computerized and hardwired protection systems will continue. Protection measures which are not purely safety related and common mode failures will be considered.

It will be investigated, how far the methods used to verify self super vision programs for the 3rc^ computer generation's hardware can be em ployed for micro processors.

Some aspects of statistical verification of program correctness will be summarized, taking into account corresponding results of program ana lysis .

The safety-oriented work concerning protection limiting computer systems in development for PWRs will be intensified.

Relation with Other Projects

The project is related to the following activities:

Project Nuclear Safety (GfK) Project Fast Breeder Reactor (GfK, IA)

Project Process Control with DP-Systems (GfK)

Halden Reactor Project (OECD) -CNEN (Italy). boundary conditions.

The major components plus test samples which are necessary for conducting the test are available and will be modified to meet the specific test requirements. The necessary quantities of steam and pressurized water are also available.

5.

Progress Results of the blowdown tests with regard to pressure build-up in the relief tank dome and the relief tank itself have been verified by the computer codes "DOMFREI'1 and "ABTAN".The compu ter program "ABTAN" is based on a calculational model which is identical to that used for the computer program "ABTAN" which is used for the relief tank design.

Results

Comparison of measured and calculated data show that the design pressure of the blowdown dome determined by the computer code "DOMFREI", is in relatively good agreement with the measured data.

Next Steps

Completion of the schedule of the test arrangement. Construc tion and manufacture of loop components, modification of suppor ting structure to valve test facility requirements. Ordering material and components from suppliers (tubing, flange connec tions, valves, insulation, compressor). Assembly of test arrangement.

A computer program of the pressure build-up in the relief tank which provides an improved analysis of the conditions present in the relief tank, will be developed.

Relation with Other Pro.iects

Degree of Availability

Title 1 (Original language)

Sistema di controllo di reattori con barre bifasi Reactivity control is obtained by density variation of a two-phase mixture (borated water and oxygen) flowing in vertical U-tubes through the reactor core.

Experimental facilities and programme

3.1. Experimental facilitj.es -BB2; out of pile facility simulating one control rod.

-BB3: facility having two control rods operating in RB 3 reactor (Montecuccolino -Bologna, CNEN)

Programme

~ Tests for determining steady state features of two-phase rod system.

-Dynamic behaviour of the two-phase control system in open loop operation.

-Overall tests of the control system in an actual reactor (at zero power).

-Codes development for predicting purposes,

Project status

The overall programme has been completed. The feasibility of the new control system has been shown and the design features have been enhanced.

6. Reference documents 1) M. Luminari, G. Masini, F.A. Tacconi " Sviluppo del sistema a fluido bifase per la regolazione rapida della potenza neutronica del reattore prototipo CIRENE: impianto fuori pila BB-2" CISE R-300, 1970.

2) C.A. Marchiondelli, G. Masini, M. Perego, F.A. Tacconi, r Sistema delle Barre Bifasi: impianto prototipo BB-3 per le prove di controllo di un reattore a potenza zero" CISE R-337, 1973.

3) F.A. Tacconi "Il programma BUANA f74 per la simulazione del sistema Barre Bifasi" CISE R-350, 1974 4) R. Granzini, G. Masini, A. Vanossi, A. Venturi P ' S: Zappellini "Prove di regolazione del reattore RB 3 col sistema delle barre Bifasi. Analisi dei risultati della seconda campagna sperimentale" CISE R-385, Die. 1976. C o rrect perform ance of in-core and ex-core instrum entation for safety monitoring and early detection of abnormal operating conditions and/or malfunctions.

2. P a rtic u la r objectives 2 .1 . Experim ental determination of nuclear re acto r kinetic p aram eters and control of multiplying assem b lies that must be kept su b critical.

2 .2 . D esign and realization of special instrumentation: Stochastic Indi cato r M eters.

Experim ental fa cilitie s

Ligh t-w ater re a c to rs (RANA, RITMO, TRIGA) and a copper-reflected # hi ghly-enriched-uranium fast reactor (TAPIRO).

P ro jec t statu s

Stochastic Indicator M eters for digital sign als have been developed and will be operated within the end of 1977.

5. Next step s 5 .1 . Instrumentation for (1) m easuring tim e constants and dynamic ch aracte r is t ic s of reacto r sy stem s; (2) a sse ssin g correct operation and diagnosing expected o r unexpected malfunctions in m easuring apparati. 5 .2 . Self-checking instrumentation for nuclear p article detection apparati.

.3 . A Stochastic Indicator

Meter for analog sign als will be realized within 1977. the pressurizer was designed.

For the support of the steam generators heat resistent elastomeric bearings, and an adhesive for the steel armor were chosen.

The concept for the reactor building was redesigned in order to get more room for the fracture protection cylinders.

Results

The RPV is fixed in the fracture protection system by 32 necked-down bolts (1100 mm long, 300 mm broad, 250 mm high), which swing into their position by pneumatic zylinders. The top faces are cylindrical, the adjacent bearings have the surface of a hollow cylinder with a radius of 1100 mm. The cladding must be hardened steel.

The fracture protection cylinders of the steam generator are designed for a tolerable stress of 0,7 • S' g in the case of fracture.

The fracture protection for the pressurizer can be construc ted analogous to the steam generator. A problem is the change of the heater-elements.

The experimental tests with the heat resistant elastomeric bearings showed that VITON was not suited for the steam generator set-up. Pressure tests at a temperature of 150°C showed that the elastomere layers are destroyed in a rather short time. Silicone and EPDM caouchuc were much better, the long time behaviour is expected to be sufficient.

Development of improved self-powered-detectors and investigation of their signal components due to neutron and gamma fluxes. Systematic investigations of the space dependent neutron flux fluctua tions in the boiling water reactor Lingen (KWL), using different types of SPN-detectors, which could be inserted in a tube of the TIP-system and moved at any axial position in the core.

Computer analysis of the recorded stochastic signals and evaluation with respect to the identification of noise sources which might be relevant for safe reactor operation.

Experimental Facilities, Computer Codes

The data acquisition system consists of several axially and/or radially distributed in-core self-powered-detectors, connected to differential wide band amplifiers, analog frequency filters and an analog magnetic tape station.

In the KWO-PWR several instrumentation tubes, each with six Co-SPN-Detectors, are available.

For measurements in the KWL-BWR a three SPN-detector assembly was manufactured and inserted into a dry thimble of the TIP-System. This assembly could be vertically positioned in the core as desired. Flux distribution measurements have been performed by using the DCcomponent of the detector signals while suppression of the stationary value and further amplification yields the fluctuating part which had been recorded on magnetic tape. The collected data were processed later on to a digital computer via special frequency filters and analog-to-digital converter (ADC).

A sophisticated program system was developed for computer analysis of the stored signals in time and frequency domain. Systematic measurements of neutron flux distribution and space dependent noise phenomena were carried out at the boiling water reactor Lingen (KWL), using a three-detector arrangement with Hafnium and Gadolinium detectors.

The data were stored on magnetic tape and prepared for an extensive computer analysis program.

Results

A large amount of data was obtained from the KWO-mueasurements in 4 different radial core positions and 6 vertical planes. The results of the computer analysis show remarkable structures in the neutron noise spectra, depending upon radial and vertical position of the detector, power distribution and thermohydraulic parameters. Up to 14 resonances could be found in the frequency range from 0 to 120 Hz. Vibration and accelerometer signals of sensors attached from outside to the surface of the pressurized system, dynamic pressure signals in the pipes and neutron noise of incore and out-of-core ionisation chambers have been already proved as appropriate information carriers for moni toring systems.

As far as reactor vibrations are concerned the development of suited theoretical models describing the coupled multi-mass system of the mech anical structures and their exciting forces is the most important task.

Identification methods and modern filter algorithms are applicated for optimal estimations of model parameters. The verification of the struc ture vibration models is gained by extensive vibration measurements dur ing hot functional tests without and with the core performed in close collaboration with the industry. During these preoperational measure ments also the correlations of component vibrations inside and outside the pressure vessel are determined empirically. The measured data are used as a reference state of the reactor for the on-line monitoring.

A proto-type vibration monitoring system and a loose parts monitoring system have been installed in the NECKARWESTHEIM PWR (GKN). Extensive reference measurements were performed during hot functional tests and during power operation.

Control of reactor vibrations and detection of loose parts is the aim of a monitoring system which has been realized using accelerometers at the BRUNSBUTTEL BWR (KKB). A number of calibration, reference and oper ational measurements has been performed in this year.

Special attention was paid to the improvement of the theoretical models developed so far and the detailed interpretation of the experimental data, the PSDs and coherences of the available noise and vibration sig nals mentioned above. 

Essential Results

The interpretation and identification of relevant signal sources in the available information carriers could be essentially improved. As a con sequence of the experimental results in GKN the vibration behaviour of the loops including the pendular eigenfrequencies of the steam genera tors and main coolant pumps has to be considered when interpreting the PSDs of the lid screw absolute displacements. Peak-"triples" belong to differences in the stiffnes (lengths) of the three loops. In the same frequency coherence peaks of the GKN neutron noise which are additional to the well-known core barrel attenuation noise could be re lated to bending modes of the fuel elements. Investigations of in-core neutron noise of the STADE reactor confirmed these results.

Typical pattern of continous and burst-type sound signals of a BWR at various operational conditions have been studied and evaluated at KKB.

Sound propagation phenomena were investigated from artificial and operational impacts. A paper about operational experiences with the loose parts monitoring system has been prepared for the Reaktortagung optimal estimation of the system parameters is documented in /7/.

Next Steps

With the proto-type vibration monitoring system at GKN long time behav iour, normal operational influences and signal variations during the first fuel cycle will be investigated systematically (e.g. increasing of the neutron noise PSDs corresponding to the increasing operation time). Studies are planned for the processing of the data and deriving of alarm criteria indicating an abnormal reactor state or malfunctions inside the primary system. It will be investigated whether methods of pattern recognition and learning codes for the reference functions can be involved to solve these problems. The experience in internal vibra tion monitoring as gained at PWRs will be applicated also to BWRs. In this sense the installed external accelerometers at the BRUNSBÜTTEL BWR will be used for loose parts detection as well as for longtime vibration control in the low frequency range. Accompanying model development will be done using finite element codes.

The work performed on the KNK facility will be continued with the aim to develop diagnostic systems for the SNR fast breeder reactor.

Relation with Other Projects

See annual report 1974. 

Particular Objectives

Basing upon the experience in application of statistical analysis methods in power reactors (RS 68A), an on-line system is to be developed, that allows an early detection of certain faults during reactor opera tion and may support the operators to avoid dangerous operating con ditions .

Performance of this project and construction of the system is planned in a way, that at a later point of time a combined acquisition and evalua tion of neutron vibration and body-sound measurements should be possible.

Research Program

Development of a data acquisition system, using an analog magnetic tape Combination of all devices to a complex data collection and processing system.

Adjustment of the electronics and first tests with respect to the special requirements.

Development of a driver for the ADC.

Project Status

The researchers have developed a correlation based on all world data for sub-cooled, vertical, 37-element bundles which predicts CHF with an RMS deviation of ± 4.3%. The data has been taken from experiments covering a wide variety of conditions; the correlation can thus account for element clearance, heated perimeter, radial flux depression, sub-cooling, mass velocity and pressure.

In progress now is the extension of the correlation to treat horizontal channels, via the Froude number, and to assess the effects of heated length, bundle junctions and non-uniform axial heat flux. The correlation is also to be tested further against more recent experimental data.

Reference Documents

Sadeghlou, M . , "CHF in 37-Element Bundle Fuel" Master's Degree Project Report Carleton University, Ottawa, 1976. The investigation of the interaction and mixing effects between adjacent subchannels of a fuel rod bundle cooled oy boiling water is aimed at providing experimental data on the local distribution of mass-flow, enthalpy and void-fraction so as to achieve a better thermohydraulic description and more precise DNB margin for a BWR core. Furthermore, studies in steady-state conditions are a neces sary preliminary to studies of the mixing process in transient con ditions such as those occurring during power transients or blow down. Therefore, the first phase of the programme will be devoted to steady-state and the transient conditions will be studied later.

Particular objectives

The mixing programme was started in the frame of collaboration contracts between CNEN (Rome) and BMFT (Bonn) on the one side and Euratom on the other. These contracts involved the studies of the boiling mixing phenomena using two different test sections: A two-channel test section for fundamental studies (pressure up to 150 bars; high-pressure water loop PRIL) and a 16-rod cluster test section with BWR geometry (pressure 70 bars; high-pressure water loop BOWAL). Later, the BOWAL studies will be extended to a pressure of 160 bars using PWR geometries. After first operational tests with the two-channel test section in the PRIL loop at the beginning of 1974, this part of the programme was interrupted and effort was concentrated on various preparations for the 16-rod bundle tests in BOWAL.

Research programme Experimental investigation of subchannel interactions in two-phase flow conditions (mixing).

The original programme provided the following studies:

-Steady state measurements of the subchannel interaction in twophase flow conditions with a two-channel test section of diffe rent geometries for fundamental studies and with a 16-rod bundle test-section in BWR-geometry -Investigation of the mixing phenomena in transient conditions for partial depressurization with the above mentioned testsections. Due to personnel reasons in the JRC Ispra the fundamental studies with the two-channel test-section have to be postponed and a new programme has been set up concentrating on the investigations with 16-rod clusters. The fundamental studies will be resumed only in case of necessity for the interpretation of the test results with the bundle experiments. The actual programme covers: -steady state measurement of mixing effect with a 16-rod cluster in BWR-geometries (70 bar) -mixing studies in transient conditions with 16-rod clusters in BWR-(70 bar) and PWR-geometries (160 bar).

A . Experimental facilities

The high-pressure water loop BOWAL (3.6 MW power input) to be used for the boiling mixing experiments with the 16-rod cluster testsections in BWR-and PWR-geometry and the high-pressure water loop PRIL (0.6 MW power input) to be used for the fundamental mixing studies and for calibration tests with void-meters have been described in detail in /~1 7 and / ~2J and are schematically shown in figures 1 and 2.

Progress to date and results

The activity in 1976 has been concentrated on the completion of the modifications for BOWAL and PRIL and the operational tests for the mixing experiments with the 16-rod cluster test-section in BWR-geo metry (70 bars). These operational tests have shown that different modifications, especially for the measurement device, are necessary The heat-exchanger for the secondary water flow of the condensers (see Fig. 1, supplementary heat-exchanger) showed a higher cooling performance than expected and hence a bypass with a regulation valve has been installed. The preliminary tests with the isokinetic measurement technique f ~3 7 at the outlet of the test-section yielded a sufficient seniitiveness of the BARTON-cells to be used for the "zero-measurement of the static pressures in the outlet cross-section (¿.1 mm W.G. are reached by supplementary calibration in confront to the guaran teed values of the furnisher of i 5 mmW.G.). The profile indicators foreseen for the signals from the pressure transducers, however, have to be replaced by more precise digital instruments. Further more, the motor regulation valves in the sampling pipes from the subchannels of the test-section were less sensitive than expected and the regulation spindles had to be replaced after different ca libration tests (Fig. 3). The mean outlet temperatures at the primary and secondary side of the condensers for the heat-balance measurements (for outletenthalpy determination in the sampled subchannels) showed remarkable deviations (about ± 5%). By means of the installation of appropria tely developed flow mixing devices (Fig. 4) the deviations could be decreased to a value of about ± 1% corresponding to the tole rances of the thermocouples used. These thermocouples are embedded in silver crosses as described in /~2 7 and /~3 7 to equilibrate temperature variations and fluctuations in the connection tubes of the condensers. As these silver crosses are manufactured by a castprocess small cavities (Fig. 5) caused tightness-troubles and had to be eliminated.

During 1976 the installation of the calibration device in PRIL loop (Fig. 2) has been completed and now an installation is avail able for the necessary continuous control and calibration of the X-ray void meters under real pressure and temperature conditions (up to 160 bars and 347°C). By means of two preheater tubes (300 lc-W power-input, each) and with an appropriate mixing chamber different qualities and flow-patterns of the steam-water mixture are adjustable. In a pressure housing after this mixing chamber the annular probe voidmeter /~4 7 £°r the qualitative determination of the flow pattern will be tested. In this probe at the outlet a mixing device is incorporated providing an homogeneously distribut ed two-phase mixture over the tube cross-section (i.d. 16mm).

After this device the X-ray voidmeters /"5 7 are controlled and calibrated with the same arrangement used Tn the sampling pipes of BOWAL /~3 7* Due to administrative difficulties the originally foreseen X-ray tubes of TUBIX, Paris (30 kV 600 W) can not be used for the boiling mixing studies and new types (Siemens, Karlsruhe with an energy up to 60 kV and a power of 3000 W) have been ordered and have to be tested and calibrated. 

Particular objectives

Measurements of CHF data on BWR 16 rod test sections, 12 ft long, having different heat flux distributions,

Experimental facilities and programme

The experiments have been dene in the CISE IETI-3 and IETI-4 loops of 8 MW, in the following range of parameters: pressure 70 ata, specific flowrate G = 12-200 g/cm2 sec.

4. Project status 4.1. Progress_to_date

The measurements have been completed for radial power distribution: data for 6 different test sections were obtained. Measurements on a bundle having a cosine flux distribution are in progress and will be completed in mid 1977.

Essentialresults

Critical quality-boiling length parameter correlates well the data on a bundle parameters basis and a new calculation procedure, named ACHAB method, has been developed to predict the CHF margin in terms of power ratio.

The method, based on rod centered subchannel analysis predicts-quite satisfactorily the influence of radial power distribution.

Next steps

It has been recognized the necessity of obtaining new round CHF data in order to optimize the rod-bundle CHF correlation. These CHF tests on round tubes, having the same heated diameters as the rod bundle subchannels, are now under way on the CISE IETI-1 facility. 

Particular objectives

Obtaining CHF experimental data by a test section Simulating as close as possible the actual 8x8 fuel element as far as 4 geometry, spacers, local and axial peaking pattern are concerned

Experimental facilities and programme

The experiments will be carried out on the CISE IETI-4 loop in the following ranges of conditions: pressure 40 -100 bar , specific mass flowrate 50 -2000 Kg/m s.

Two local peaking patterns will be tested.

Project status

At present the 8x8 test section is under construction.

Next steps

The experiments are planned in the 19 78 second half. The analysis completion is scheduled in June 1979. f -™ ■ " ■ ■ ' ■ ■ " Title 1 (Original language) Classification Esperienze di dryout con sezioni di pro va 8x8 tipo BWR/6 10.3

Relation with other projects

These experiments follow a previous dryout programme carried out by a 4x4 rod bundle.

Results will be strictly related to a following programme, concerning operational and LOCA transient conditions, which is now under definition.

Void fraction measurements will be carried out in the same test section. 

4.2.

Essential results: Defined information has been obtained as far as the minimum flowrate is allowed for a stable operation and the procedure to be followed during steam reduction phase.

7. Degree of availability: to a limited extent.

3.1.

General aim

Verification and development of design void fraction correla tions applicable to steady state and transient analysis.

2• Particular objectives

Obtaining experimental data by a test section Simulating as close as possible the actual 8x8 fuel element as far as yeometry, spacers, local and axial peaking pattern are concerned.

3• Experimental facilities and programme

The experiments will be carried out in the CISE IETI-4 loop using the quick-closing valve technique.

The following test conditions will be investigated:

pressure 40-100 bar, specific mass flowrate 50 -2000 Kg/m s/ outlet quality from 5% up to critical quality. Two local peaking patterns will be tested.

Project status

At present the 8x8 test section is under construction.

Next steps

The experiments are planned in the 19 78 second half. The analysis completion is scheduled in June 1979.

1 - ----------------------------------■ - Tiile 1 (Originai language) Classification
Esperienze di frazione di vuoto in sezio ni di prova 8x8 tipo BWR/6 10.3

Relation with other projects

These experiments follow a previous void fraction programme carried out by a 4x4 rod bundle .

Results will be strictly related to a following programme concerning operational and LOCA transient conditions which is now under definition. Dryout experiments will be carried out in the same test sec tion.

Reference documents

None ® • Degree of availability

Proprietary

Particular objectives

Experimental study of the influence of the position of the supporting grids on the value of the burnout-flux and the place where the burnout occurs.

Experimental facilities and program

A testloop for pressures up to 100 bar is available and the power supply of 700 kW gives the opportunity of the high heat fluxes needed for the burnout investiga tions. As burnout detection method, the Wheatstone bridge principle is used.

Project status

The burnout flux of the central rod of a 9-rod bundle is determined at a pressure of 70 bar as a function of a massflow rate, in the range of 700 -1800 kg/m2 sec, the heatflux from the outer rods and as function of the position of (58,126 and 240 mm) of the supporting grids with respect to the outlet side of the bundle. The project concerns experiments performed in a bundle with an axial uniform heat flux distribution, whereas the radical heat flux distribution can be varied. 

Next steps

Completion

General aim

Experimental investigation of the mixing phenomena in a bundle geometry.

Particular objectives

Experimental study of the heat and mass exchange between the subchannels in a bundle in which a nonhomogeneous heat distribution is generated.

Experimental facilities and program

Testloop for low-pressure experiments.

Projct status

A 6x6 bundle is provided with a length of 6 heating rods in special positions.

At this moment at two axial positions in the bundle the temperature of the flowing liquid is measured by a number of thermocouples over the cross-section of the bundle in order to investigate the heat exchange between the subchannels

X.

~ 

General Aim

To control the conditions for a boiling-type reactor so that dryout is sufficiently unlikely to occur; this implies a knowledge of the consequences of dryout.

Particular Qb.iectives

To observe dryout in an out-of-pile rig under conditions representative of the reactor.

3« Experimental Facilities

The 9 MW electrically heated rig capable of taking a full-sized bundle.

Project Status

Dryout has been studied as a function of the bundle geometry, flow etc.

5* Next Steps

Further measurements to study the effect of power distribution and bundle geometry, and the effect of a continuously-running spray, and heat transfer coefficients in post-dryout regime.

Reference Documents

Internal documents. Classification: 10.4 

Obertelli and

General aim

The object of this project is the detection of impending damage to the core components and in the primary circuit of the cooling system at an early stage. An essential feature of this measuring system is that the transducers are located outside of the reactor pressure vessel and the remaining cooling system, and that information can thus be obtained on the behaviour of the core components and the primary circuit during ope rating, with simultaneous monitoring thereof.

Particular objectives

The particular objectives and main emphasis of the work are: 

Research program

The research program for the study of parameters for the leak monitoring system embraces a total of eighty experiments: 

Experimental facilities

For the study of parameters, the Kraftwerk Union Erlangen has made available an experimental loop, which made it possible to simulate leaks under specific reactor conditions.

. 2 Computer codes'

The Loose Parts Monitoring System was enlarged by a computer code, which ^omputs the ranges of the sources of the burst-signals after input of the delay times between the different measuring points.

For analysing the nois of leakages, the power spectra arc calculated, which are issued via display or X-Y recorder and are also stored on discs for subsequent recall.

Progress to date

In cooperation with the Kraftwerk Union Erlangen and the Battelle-Institut Frankfurt, the research program on leaks was implemented. The noises of different types of leakages were recorded on magnetic tapes an were then analysed in off-line procedure. During the course of the tests, television recordings were also made on magnetic video tapes for opti cal documentation of the water or steam jet.

Results

The analyses have not yet been completed.

Next steps

In the coming weeks, the still pending analyses will be carried out.

Above all, the practicability of the triangulation of leakages using correlation analysis will be investigated.

Relation with other projects

Battelle-Institut Frankfurt:

"Pre-Experiments for Leak Monitoring by means of Acoustic Emission Analysis". 

------------------------- ------------------------ W LAJlCI IUI IUI

Daterverclichtung Hydroelastische Ähnlichkeit

IZZZ]----

General Aim

The project consists oi' investigations of the effect of higher fluid velocities a'c the pump outlet on the vibration behaviour of RPV internals in the BWR core inlet plenum, in which the advanced internal BWR coolant recirculation pump has been installed.

Particular Objectives

Protection by experimental means of the currently constructed control rod guide tubes and in-core instrumentation tubes considering their vibrational behaviour. These measurements will be recorded on a magnetic tape, and the frequencies occurring will then be analysed. 

3* Research

Degree of Availability

Optimization of fuel bundles for HWRs in order to minimize fretting corrosion damages,

Particular objectives

Reduction of the vibrational amplitude of fuel strings under coolant flow,

. Experimental facilities and programme

The experimental facility consists of a full scale adiabatic loop* The experi mental programme consists in the analysis of the vibrational behaviour of fuel strings and of the fretting corrosion marks both on the bundles and on the pressure tubes. The experimental results will be useful also to qualify mathematical models developed in order to simulate the fuel strings behaviour.

. Project status

A few preliminary results showagood vibrational behaviour of the fuel string and few minor fretting-corrosion marks. The above mentioned encouraging goal is expecially due to the improvements obtained in the assembling of the fuel bundle s •

. Next steps

One more test in the adiabatic loop will be carried out.

In pile experiments are planned.

. Relation to other projects

Optimization of mechanical design of fuel bundles for HWR. 

Particular objectives

Dynamic behaviour of a BWR.

Experimental facilities

Dcdewaard nuclear power plant.

Project status

Still in progress.

Next steps

Net applicable.

Relation with other projects

Sane investigation at Borssele nuclear power plant by E. Turkman.

Reference documents

None.

Degree of availability

Through the organizations KEMA and RCN. -VENUS critical facility for study of local power peaking effects w i t h simulated axial gaps.

MATERIAL AND MECHANICAL PROBLEMS

« Fuel assemblies irradiated in BR~3, SENA, DODEWAARD, GARIGLIANO, etc...

Project status

Progress to date : VENUS tests, irradiations in BR -2, BR-3 and SENA.

Essential results : Power peaking effects, burnable poison effects, fuel-clad interaction, fission products.

5.

Next steps : -

6.

Relation with other projects : -

7.

Reference documents : -

8.

Degree of availability : Proprietary. Etat de l fétude :

1) Avancement à ce jour :

Préparation des irradiations en cours.

2) Résultats essentiels :

N é a n t .

Prochaines étapes 2

Irradiation du premier crayon en février 1977.

Relation avec d'autres études :

Etude des limitations de fonctionnement des réacteurs à eau à combustibles CARAMEL.

Ulaasitlcacion : -, . Etat de l'étude :

1) Avancement à ce jour :

-De nombreuses difficultés de mise au point du dispositif ont retardé les programmes. Des essais ont été réalisés dans de bonnes conditions, avec des flux thermiques superficiels, sur la gaine, étagés entre 140 et 180 W/cm2.

2) Résultats essentiels :

Les essais n'ont pas montré, contrairement à ce que l'on pouvait penser, qu'il se produisait une détérioration rapide de la gaine par attaque hydrurante lorsque le crayon fonctionnait avec une rupture de gaine ouverte.

Prochaines étapes :

Vérification, par examen en cellule chaude, des conditions dans lesquelles se développent les couches d'oxyde à l'intérieur des gaines en zircaloy, et la répartition des hydrures aussi bien à l'intérieur qu'à l'extérieur.

Relation avec d'autres études :

Etude des limitations des conditions de fonctionnement des centrales de puissance. interactions betw e e n the oxide fuel and fission products, on the one hand, and the Zry-cladding material, on the other hand, on the mechanical properties of Zry-4 at elevated temperatures.

Documents

Particular Objectives

Influence exerted b y the oxygen potential (O/U-ratio) of U 0 2 on the strain and rupture behavior of short Zry-4-cladding tubes under LOCA-conditions.

U 0 2/Zry-reaction experiments under PCM-(power cooling mismatch) conditions. Study of the chemical interactions between fission products and Zry.

Experimental Facilities

The burst tests with Zry-cladding tubes were performed in a tube furnace under cover gas.

The U O ^/ Z ry-reaction experiments were carried out in a high pressure autoclave system.

Project Status

Progress_to_Date

The tubular specimens were introduced in a furnace kept at a steady-state temperature of 1100 and 1200°C, respectively. The inner prepressure at r o o m temperature varied between 1 and 60 bar. The temperature rise and pressure bu i l d up in the specimens was measured continuously. Partly, the strain rate of the Zry cladding tubes was also measured by an optical method.

The UO^/Zry-reaction experiments are performed at temperatures up to 1400°C. The IK^/Zry-contact pressures varied between 0 and 70 bar.

The studies have been carried on relating to the chemical interaction b etween the fission products and Zry. 

Experimental Facilities

The test fuel rods have been or are still being preirradiated in the O brigheim and Würgassen power stations for 1 -3 cycles.

In the pool-side-facility of the HFR Petten power ramps will be carried out up to linear heat rates q 1 620 W/c m with ramp rates q' £ 100 W / c m min, and heat rate increases A q ' ~ 350 W/cm. The test capsules will be instrumented with inductive elongation de tectors in order to measure changes of the fuel rod length. The tests w ill be performed as a Joint project of KFA Jtilich and Kraft w e r k Union.

The following parameters will be varied: Several test fuel rods were ramped in in-situ and start-up ramp tests; the linear heat rates were increased from 300 W /cm to 460 -608 W/cm w ith different ramp rates.

Finally the fuel rods were investigated by neutronradiography, / -scanning and eddy current tests. The diameter was measured.

2 not irradiated fuel rods were transported to Petten, 49 segments preirradiated in KWO were transported from Obrigheim to the hot cells in Karlstein. The transport of 10 ramped fuel rods from Petten to Karlstein was prepared.

The evaluation of the first results was started.

Project Status/ Essential Results

No fuel rod defects were detected (no fission products were found in the coolant of the irradiation c a p s u l e ) during the slow or fast start-up ramps. The eddy current inspection h o w e v e r analysed some influences of the ramps. The signals indicated circumferential ridges of the cladding tubes. No signals were found, w hich were due to cladding defects.

Only during the in-situ ramp IS 5 water has p e n e t r a t e d through th* cladding and has filled half the bottom plenum.

The neutronradiography showed that at h i g h heat rates the dishings of the IK^-pellets have nearly been closed and that some cracks existed in the pellets.

The Y -scanning (La-140) indicated that during the ramp tests more t han 60 % of the active rod length have been in the ramp of 90 % -100 % ma x i m u m load.

The length of the fuel rods was about 0,2 -0,3 o/oo higher after the ramp test than before ramping. The v isuell inspection showed no failures, but on some fuel rods deposits caused by surface boiling were found. The diameter of the test fuel rods was not essentially changed, but circumferential ridges up to 4^um height were found, which were concentrated on the p e ll et-pellet interfaces. Some ridges were placed near pellet cracks.

The start-up ramps up to 530 W/cm caused larger ridges than the in-situ ramps up to 460 W/cm. -■772 -

Relation with Other Projects

The prelrradiation of 34 segmented UOg-and U02/Pu02~fuel rods was sponsored by the BMFT (AtT 7384 and 7704). The aim of the experimental program is to study the effect of the different parameters (linear heath rating, cold gap, power cycling, etc.) on the gap conductance.

Experimental facilities

The irradiation has been performed utilizing instrumented rigs capables to measure diréctly the power generated in the fuel as well as the fuel and cladding temperatures (1).

Reactor utilized: Avogadro, Siloè, Essor.

Project status

À first series of irradiation concerning the thermal behaviotxr of different fuel types has been completed (2).

. Next steps

An experimental program is in p r o g r e s s 'i n order to improve the knowledge of tne effects of the axial load, power cycling and cold gap on the gap conauctance. The irradiation will be performed in Essor and Siloè.

Relation to other projects

Preliminary studies to the ASCOT program.

Reference documents

The most important documents are: f" -------------------------------------------' ... .... The personnel involved is 4 men for about 2 years.

Additional information

The results on gap conductance are utilized to calculate the stored energy in the fuel pin at the beginning of the LOCA accident. 

R eference docum ents

Internal rep orts.

D egree of availability

To a lim ited extent. 

^Experimental facilities

The cladding sample will be placed in a CHOUCA Device in which the temperature is constant (+ 1°C): the sample elongation is measured continuously by means of a resonant chamber system. The irradiation will be performed at Siloè Reactor.

Project status

The sample fabrication is in progress; the irradiation will take place at the beginning of July.

4. The next step will be to set-up an experimental program in order to investigate the behaviour of the cladding of a fuel pin under irradiation.

Relation to the other projects

Connection to the program performed by NUCIITAL.

Reference documents

The most important reference documents are: 

Budget, personnel involved

The cost of the experiment will be about 50 ML for 2000h o f .irradiation.

The personnel involved is one man/year.

Additional information

The results will be utilized to calculate the permanent deformation of the cladding under internal pressure. The Stress-strain behaviors of the zircaloy cladding tubes under a wide range of strain rate and under cyclic loading conditions are measured.

In the phase I of the program, the experimental apparatus were installed, and some experiments under rather narrow range of parameter were conducted so far.

Essential Results

Results will be discussed after the completion of more experiments.

Projection

In the Phase-II of the program, experiments will be continued to obtain data under a wide range of parameter, and the internal pressure creep experiment will be started.

Report

The report will appear soon.

Progress

which were cut into eight octants of cylindrical shape before inserting into the cladding.

Progress

The post-irradiation examinations in the hot cell w e r e completed, and results were analyzed. The examinations include visual examinations, profilometry, length measurement, and metallographic examination of crack pattern and restructuring of pellets. The analysis includes the estimation of temperature and stresses in pellets during irradiation.

Essential Results

The crack pattern in pellets appears to be explained from stresses in the pellets calculated by the thermo-elastic finite element method.

The size of segments in the cracked pellets appears to have a minimum size which is closely near to the short devided pellets (L/D=0.2). The meaured ridges on the profilometry recordings are attributed not only to the hourglass shaping of the pellets but also to the zigzagging of pellet stack.

Projection

The Program completed.

Reports

Final Report on "Effect of Pellet Geometry on the Thermal (3) JMTR irradiation

Irradiations were successfully finished on four fuel rods (73F-6A, -8A, -9A and -11 A) . Afterwards, for both 73F-8A and -1 1 A post i rradi ation tests on density measurement and metal l o g r a p h y in pr e -a n d postirradiations have been conducted. While, irradiations w ill be carried out in JMTR on three fuel rods (76F-1A, -2A and -3A) for the study of relocation behavior.

Essential Results

From metallographic data, both grain size and pore size d i stribution were measured.

Analysis of PCI behavior was conducted from IFA-411 and 411 data.

Influence of several essential factors on PCI was st u d i e d against fuel rod parameters and operational conditions.

Projection

All of the post irradiation tests in H B W R and J M T R are continued.

Three rods diametral rigs will be irradiated in 1977. Also, three capsules for relocation study will be irradiated in 1977.

(Continued from the preceding page.)

-785 - -786 - The dimensions of the assembly are those of PW R except axial length.

The burst experiment of the assembly in steam a t mosphere started. In comparing with the equal weight gain, the ductility loss of the specimens oxidized at low temperature was less than that at high temperature.

Essential

2) The ma x i m u m circumferential strain of s ham fuel rods was related to the burst temperature, and influence of the pre-oxidized film produced under a normal reactor operation and atmosphere become apparent. The average wall thickness of cladding varying with the deformation depends on the heating m e thod and atmosphere. The average wall thickness of fuel rods by induction heating was smaller oxide layer on the ineer surface of the tube w as thicker than that of the outer when amount of the supplied st e a m to the inner surface of the tube wall was less and the repture opening size was small.

The thicker coarse inner oxide layer consists of m o n oclinic and tetragonal zirconia, while the thinner outer oxide layer is of monoclinic zirconia alone. The longitudinal inner surface oxidation was observed within 76mm from the center of rupture opening.

3) Though the weight gain of the specimen reacted w i t h stagnant steam is less than that reacted w ith flowing steam for the equal temperature and time, the ductility loss is upside down.

r

The weight gain and the ductility of the specimen oxidized i v : l o w i n g m ixed gas containing hydrogen of less than 20% (by volume) are almost the same as those oxidized in pure flowing steam. At about 20% of hydrogen, the value of the weight gain is scattered, and the weight gain and the ductility are decreased in the m i x e d gas cantaining h y drogen of higher than 20%.

Considerable amount of hydrogen is absorbed in the specimens with less ductility in both experiments. Description :

Great attention is paid during consideration of LOCA incidents to the increase in internal fuel rods gas pressures with risk of subsequent ballooning, rupture and propagation. However, little is known of the possible contribution to internal pressures of volatile fission pro ducts other than Kr and Xe.

In this project, intact irradiated fuel rods are heated in a furnace to various temperatures and the possible release of volatile fission products sich as ie, I and Cs to the gas plenum is followed by means of gamma spectrometry. Study of the short-lived nuclides (such as Te and I) is made possible by re-irradiating the rods for a few days in the R2 reactor and performing the experiments shortly after removal from the reactor. Initially, fuel and clad temperatures have been restricted to 8 0 0 °C and lower and under these circumstances no traces of volatile fission products have b een detected in the fuel rod gas plenum. In a second stage, temperatures up to 1 2 0 0 °C will be examined.

PROJECT TITLE : The objective is to study the behaviour of zircaloy-2 fuel pin cladding under simulated BWR LOCA conditions. The studies are concentrated on a hypotetical LOCA obtained in a BWR with external circulation pumps.

As the LOCA temperature transient in a BWR with external circulation pumps is relatively slow the uptake of oxygen will reduce the creep rate. Thus the oxidation, the change in mechanical properties and the types of de f o r m a tion of unirradiated zircaloy-2 cladding in studied. A part of these studies have been done but more information is needed about the creep behaviour of zircaloy-2 under temperature transient conditions. These data will be used to verify actual fuel cladding behaviour models, which are under study and to complete input data to codes, which are of interest.

Single pin tests were performed in steam atmosphere under transient condi tions. The temperature transient put on the test specimens was a computer calculated BWR LOCA temperature transient of the hottest pins in a fuel bundle. Resistance heating and high frequence heating was used and the pins were pressurized. The internal pressure was varied b etween 0.53 and 0.88 MPa at 1 204 °C and the pressure was either constant or increasing wit h the tem perature transient. This increasing pressure was obtained in prepressurized tight-welded specimens.

The following observations and conclusions has been made.

Uniform expansion along the constant temperature length was 10 -20 % before the specimens ruptured. Almost no or very little localized deformation was observed at the rupture area except for specimens run at constant internal pressures at and above 0.78 MPa. These specimens deformed locally and the local deformation was about 70 %.

Variations were observed in the oxidation parameter Fw , w hich is the ratio of transformed g-phase remaining to as-oxidized wall thickness. To secure acceptable core conditions following a loss-of-pressure accident (LWR) and SGHWR.

2* Particular Objectives

To discover whether internal pressure across Zircaloy clad pins causes deformation which obstructs further cooling.

Experimental Facilities and Programme

Fuel bundles up to 2 m length are heated in a furnace, through defined temperature and pressure suequences. The bundles are dismantled and distortions measured.

k.

Project Status

Many such tests have been performed. Extended blockage' can be produced particularly by low temperature (850°C) sequences.

A k m directly heated rig is under construction.

Reference Documents SNI Report SNI/1/14 Oct 1973 

OECD N U C L E A R E N E R G Y AGENCY -

Particular Objectives

To define limits of temperature and stress for which the Zircaloy can will not creep significantly.

3* Experimental Facilities and Programme

Short lengths of fuel can are taken through a defined sequence of tem perature and internal pressure. The deformation of the can is measured throughout the transient.

Project Status

Many tests have been performed with Zircaloy cladding, originally with inert gas atmosphere, currently with a steam atmosphere as this signi ficantly affects the results. The test is specific to the reactor temperature transient, so the tests are repeated from time to time as changes are made to the reactor design. Irradiated cladding has been examined. 1.

Reference

General aim: Development of embrittlement criteria for Zircaloy fuel sheaths during LOCA.

2.

Particular objectives: Determination of stress-strain and impact , properties of Zircaloy as functions of temperature, oxygen content, oxygen gradient, and microstructure in both uniaxial and biaxial stress. Ovalization and average creepdown vary from point to point along the axis of the ~ fuel rod , as does the orientation of the major axis of the ovalization. Gnerally, the ovalization is greatest and the average creepdown is the least at the top and bottom of the fuel rod, while the reverse is true in the central region. PROJECT LEA D E R : S.J. CRUTZEN Description : 1. GENERAL AIM Among the actual non-destructive testing techniques o n n uclear reactors components, ultrasounds and radiography are p r i n c i p a l l y used. T h e expe rience however teaches that often dutfous results ar e obtained w h e n NDT techniques are applied. Development and assesment o f ultrasonic inpection methods require more precision, resolution and reproductibility. Besides global detection and localization methods, sizing techniques are required. Classical ultrasonic testing could give better re l i a b i l i t y if known correctly in its parameters. Therefore, characte r i s a t i o n studies lea ding to simple methods to be used or on the spot o r in maintenance labora tories or in research laboratory are proposed. 2. PARTICULAR OBJECTIVES 1. Critical analysis of the transfer function of standard ultrasonic tes ting chain in order to assess the influence of the-various components and of the operational conditions, on t?he overall reliability. c) Identification of the failed fuel pins in an irradiated B W R fuel bundle using ultrasonic without any dismantling of the bundle. This activity was initiated in the frame of the Technical Support to Power Stations Programme and will be performed in collaboration with CNEN-ENEL on the practical case of the GARIGLIANO-CAORSO fuel bundles (with the already received agreement from the ACPM). d) In the frame of a collaboration contract (EUR-CEA-CNEN-2 0 3 / 7 5/PIHOIP) included in the Safety Programme, some work yill be persued for the quantitative direction of cracks (in quantity and in depth), in sodium ducts submitted to thermal shocks. The feasibility study demonstrated the re liabi l i t y of the X-ray techniques combined wit h the use of well defined reference defects and of a densitometer.

PROJECT STATUS

Thi s study is in fact the partial continuation of a study initiated u n der the name "Quality Control" in the frame of the "Technical Support to Power Statinns" Programme of the CEC. Laboratories are well equiped for:

-rather fundamental studies and results are available for what concern characterisation of transducers and materials -systematic characterisation of ultrasonic equipment -Scliieren bench (high resolution) -point b y point precise examination -correction of transducers -liquid crystal characterisation bench -fabrication of w»ii shaped and reproducible reference defects us i n g -punch method -electric discharge method. 2. Particular Objectives Determine the effect of UC>2 pellet physical characteristics on fission induced fuel densification.

S. Experimental Facilities

A special rig containing 12 fuel rods, each rod having a fuel stack elongation detector which is monitored continuously to measure fuel stack length changes as a function of power and exposure.

The experiment has been initiated.

The twelve fuel rods have reached a maximum burn-up of 17,000 MWd/t UC>2 . Seven rods continue to give reliable information, showing that stack length has either been stabilized or reached a minimum. Swelling appears to be occurring in two high density rods. Continue irradiation to measure fission product swelling of the fuel.

Sixteenth Annual Report, OECD Halden Reactor Project, 1975, page 31. Upon request from the Nuclear Energy7 Agency. 

Project

G E NERAL AIM

To generate basic experimental data and knowledge on materials and components as well as their behaviour in light-water cooled nuclear steam supply systems. The main emphasis is on pressure vessel steels, stainless steels and Ni-base,alloys.

PARTICULAR OBJECTIVES

PROJECT STATUS

Detailed fracture analysis have been performed on Cr-Mo-V pressure vessel steel base material, the analysis of the main butt weld is under way.

The critical heat treatment parameters of Cr-Mo-V, .

R E F E R E N C E DOCUMENTS

Reactor Materials Research reports (partly confidential), conference'papers etc.

D E G R E E OF A V A I L ABILITY

Upon request from the Technical Research Centre of Finland. 

. Program

To provide a broad spectrum of experiences and guaranteed objectivity to a large degree it was decided to proceed as follows. 

By order of the

. Experimental Facilities, Computer Codes

Not relevant.

Progress to Date

Drafts of Volume II (Collection of data and information) and Volume III

(HSST-Program) were finished.

-829 -

. Results

Volume III has been printed. The editing board has reviewed Volume II.

. Next Steps

Preparing printing of Volume II. 

. Relation with other

. R E S E A R C H P R O G R A M

The 

. E X P E R IM E N T A L F A C IL IT IE S , C O M P U T E R C O D E S

not necessary for the s p e c ific a tio n . 

P R O G R E S S TO

. N E X T S T E P S

not a p p lic a b le , as project has been com pleted.

. R E L A T IO N W ITH OTHER PR O JEC TS

S ee Annual Report A 7 5 . This research is concerning with extending understanding of (i) incremen tal collapse phenomena, with progressively increasing deflections, and (ii) plastic fatigue phenomena in stainless steel piping components subjected tc variable repeated loads.

. R E F E R E N C E

Loads will be determined that produce (i) permanent strains and deforma tions in excess of the design limits and (ii) plastic fatigue ruptures in T branched pipes fixed at their flanged ends and loaded in two sections by variable repeated loads. The reference is to "emergency" and "faulted" lo,ad conditions as they are defined in' ASME III Code.

| The models are fabricated by stainless steel pipe and simulate some pri mary circuit piping components. The models will be tested using an existing experimental rig.

Experimental incremental collapse results will be compared with calcula ted ones by an existing computer program based on finite element technique. The program takes into account the effects of material strain hardening, where Section III of the ASME Code is based primarily on a limit analysis approach, that is on an elastic-perfectly plastic behaviour of the material.

One important objective of the research is to determine material and weld (of flanges) qualification parameters to be used for obtaining the best results by the calculus. Some researches on plastic behaviour of carbon and stainless steel pipes were just performed at "Istituto di Impianti Nucleari" and at "Istituto di Ingegneria Meccanica" of Florence University/1,2,3,4,5/.

The results of the present research will be entirely published. The research will be performed under a contract with CNEN. -temperature (mainly comprised between 430and 650°C) -imposed strain (ranging from 0,5 to 21) -hold time (from 0 to 30 min and over).

A particular effort has been performed at properly characterizing the specimens and related manufacturing technology.

Up to now have been tested butt welded pipe segments with flanged ends, 500 mm long and with 60,3 mm outer diameter. At present we are working on an experimental research with the aim to evaluate the behaviour, by using linear and elasto-plastic fracture mechanics concepts, of cylindrical vessels with axial or circumferential throughwall, or partial-through, cracks.

Vessels will be loaded with internal pressure and/or bending moment. Facilities used are a pressurization system with an electric/manual pump for bursting tests at room temperature and a frame for bending tests.

Relation to other projects

Research outlined is strictly selected to joint experimental programs developed by CSM (Centro Sperimentafe Metallurgico), Palermo University Laboratory and CNEN.

Title 1 (Original language) Classification

Sull'inizio di propagazione di una rottu ra in un recipiente in pressione costrui. 11.2 to con materiale duttile. or not, and to study the behavior of hot water or steam jet and the pipe whipping by pipe reaction following blowdown using the piping models of primary coolant system of Light Water Reactors.

Project Status

Test facilities are now being constructed for these tests.

Essential Results

None

Projection

The Fatigue Test Facility (PRPC-1) will be completed in August 1977 and the Pipe Rupture Test Facility (PRPC-2) will be completed in January 1978. The tests will be immdeiately started after the completion of these test facilities. -843 -

Report

None

Next steps

The next steps will be the testing of flat plate test pieces using the bi-axial loading bench and the publishing of the final technical reports.

Relation with other projects

Results of this project will be used within the "EPOSS" project.

Reference documents

A series of about 50 technical and progress reports have been prepared. Nearly all these reports are written in the Dutch language.

Degree o f a v a i l a b i l i t y

The 1.

General Aim:

To provide a complete characterization of crack arrest as related to the primary system of LWR's and especially to the RPV's. This includes critical experiments to validate arrest theory and to verify dynamic analyses; development of a standard testing procedure, including specimen design; acquisition of an arrest toughness data based on RPV steels; and analyses using these data to assure safe operation of LWR's. 

Particular

Doric ri r > t ion :

Objective:

To study aspects of materials corrosion relevant to the lông-term safety of reactors, namely stress-corrosion cracking of steels, and the corrosion behaviour of zirconium alloys before and after irradiation.

proposed Investigations:

1) The mechanism 'of stress-corrosion cracking of nuclear grade steels, including ferritic and stainless grades of interest for pressure vessels, and high strength steels.

2) The effect of reactor radiation on the corrosion of zirconium alloys in* "vault gas" environment. > 1 . 7 

Dbgcription :

Objectives :

1)

To provide information necessary for the eventual application of Australian steels in nuclear reactors.

2)

To understand the fracture behaviour of steels in relation to performance and safety of primary circuit and core components.

Proposed Investigations :

1)

The effects of neutron irradiation on the transition temperature of Australian ferritic steels and on the yield parameters of low carbon and structural steels are being studied.

2)

The relationships between microstructure and fracture behaviour of pressure vessel steel sections will be studied by fracture mechanics and fractographic techniques.

14.560 

Porteri ration :

Objective :

To investigate the relationship between structure and properties in reactor materials and the effect of neutron irradiation on this relationship.

Proposed Investigation:

The damage produced by neutron irradiation of zirconium and its alloys has been investigated using transmission electron microscopy. This will be continued to provide a complete picture of the damage process in zirconium.

Future work will be concentrated on radiation damage in pressure vessel steels and the effect of irradiation on embrittlement. 2) Les mesures de KIC ont été effectuées sur matériaux non irradiés. Un dispositif pour l'irradiation de grosses éprouvettes est en cours de réalisation.

3) Les premiers essais ont permis de préciser la cinétique de restauration et d'examiner les équivalences temps* température.

Prochaines étapes :

1) Mesure de KIC sur grosses éprouvettes irradiées.

2) Vérification des équivalences temps -température.

3) Détermination des courbes de transition de KID. Définition de la méthode et mesures de JIC. 

General Aim

For the collection of safety criteria with respect to the fracture due to elastic-plastic material behaviour the steel 22 NiMoCr 37 was investigated by the methods of fracture mechanics.

Particular Objectives

With the COD-concept, the J-Integral concept and the concept of resistance curves the methods of the linear elastic fracture mechanics were tried to be extended on the elastic-plastic mate rial behaviour.

Research Program and 4. Test Facilities

In continuation of the research program RS 90 tests were carried out with big plates which were loaded until fracture. The experi mental data were compared with analytical calculations in order to refine the calculation methods.

Progress to Date

The plates with a hole In the center got a mechanical crack, which was prolonged by oszlllatlon technique. When the plates were instrumented the tests began at room temperature. Strain, COD, acoustic emission and forces were measured.

The results were evaluated.

Results

The evaluation of the results is still under work. The determi nation of the fracture force by the concept of resistance curves has shown good agreement with the results of the tests on small specimens.

Next Steps

Vork has been completed. The bore hole method was extended from 5 mm depth to 25 mm. Several methods were tested to get a smooth calibration function.

Relation with

Results

First attempts were made to approximate the calibration curves of the extended bore hole method with analytic functions of second or third order. There were inconstancies however from one kernel to another. Therefore Fourier-approximations will be used.

7« Next Steps

The Fourier-method will be tested on austenitic cladding materials. 

Relation with

. R E S E A R C H PR O G R A M

The 4 .

E X P E R IM E N T A L F A C IL IT IE S , C O M P U T E R C O D E S

S ee Annual Report IR S -F -2 4 .

P R O G R E S S TO DATE

The -873 -

. R E S U L T S

S e e Annual Report A 75. The mechanical tests were conducted in the Hot Cells of the GKSS.

Progress to Date

All specimens have been irradiated, some were postirradiation annealed and the folio-' wing mechanical tests were carried out in the Hot Laboratory:

Impact test at the whole transition region and determination of the transition-temperature, shear fracture, lateral expansion.

-Tensile test (tensile strength, yield strength, elongation, reduction of area.)

-Fracture toughness test. The lateral expansion of 0,9 mm was reached at 50 °C.

The shift of the NDTT for longitudinal specimens is A NDTT = 20 °C (41 J) " = 8 °C (50 % fibrous fracture).

The lateral expansion of 0,9 mm was reached at 34 °C.

Tensile_tests • 2 7
Increase of the tensile strength at room temperature from 617 N/mm to 632 N/mm .

2

Increase of the yield strength from 458 N/mm to 489 N/mm . Increase of aux from 617 N/mm to 766 N/mm The experimental work has been finished and the results will be evaluated.

Next_ste£s

A final report will be prepared. 

1• General Aim

The research program is aimed at evaluating the gas-shielded arcwelding process of Narrow-Gap welding for joining of heavy sections of the fine-grained low-alloyed pressure vessel steel 22 NiMoCr 3 7* The investigations are primarily designed to obtain information re garding the applicability of this newly developed welding process for one-sided welding of thick sections up to 300 mm, and specifically to determine the mechanical and metallurgical properties of welded joints produced in forged sections of the nominated reactor construction steel.

Particular Objectives

Until the conception of this research project, a welding machine of this type and a welding process of this nature had not been investi gated in Europe. To begin the research program it was therefore necessary to set up a laboratory facility and to install the equipment necessary to conduct such an investigation. Following this preparatory work, the welding tests could begin.

Using a range of welding consumables and various w e l d i n g conditions, preliminary investigations were carried out o n 100 nun r o l l e d sections to establish the optimum parameters and electrode compositions for the main tests. Welds were then made in 200 and 300 mm forgings, whereby emphasis was not only placed on the weld a b i l i t y and functionability of the machine but also on the comparison of the mechanical and m e tallurgical properties of the welded joints in various heat-treated conditions with those properties established for the base material. The welding tests were conducted mainly in the flat position. As a result of increasing interest in the site-welding of heavy sections in the horizontal-vertical position, a preliminary investigation was also done in the three-o'clock position on 50 mm rolled plate. Other special investigations include the measurement of the temperature distribution and thermal cycles in th e heat affected zone and welding with non-metallic backing strips to produce a suitable root geometry for supplementary cladding processes.

Research Pr o g r a m

The research p r o g r a m was initially drawn up to include welding tests on the steel 20 MnNoNi 5 5 as well as the steel 22 NiMoCr 3 7. As a result of difficulties in procuring the steel 20 MnMoNi 5 5 in small quantities and in sizes required for these welding tests, the in vestigations on this base material could not be carried out as part of this research program. It was also planned to produce welded ¿joints using other welding processes such as electro-slag, submerged-arc and MMA-processes for the purpose of comparing the results.

However, after considering the state-of-the-art and with the wealth of knowledge w h i c h already existed with respect to the conventionally applied welding processes, it was decided to restrict this research progr am to w e l ding tests using only the Narrow-Gap process and to concentrate on the determination of the influence of the welding con ditions on the mechanical and metallurgical properties of the joints.

Of partic ul a r interest was the effect of preheating and post-weld heat treatment on the w e l d metal and HAZ properties.

Experimental Facilities

The Narrow-Gap w elding machine was originally conceived to permit one-sided welding of section thicknesses up to 23Q mm. Following the successful completion of the welding tests on 200 m m thick forged sections, modifications were made to the welding torch assemblies and to the work holding system to permit the tests on heavier sections to be done. Fig. 1 shows the welding head arranged for welding of 300 m m thick forgings. Further modification of the machine and the holding system enabled orientation welding tests on 50 mm thick plate in the horizontal-vertical p o s i t i o n to be carried out. Fig. 2 shows the arrangement of the test faci l i t y for these welding investigations. that in the as-welded condition the Narrow-Gap w eld metal exhibits comparable mechanical porperties to the base material in the forged condition m e a n t that this test condition could not be excluded for the welding tests on 300 m m sections.

Results

The non-destructive testing of these joints could not be conducted successfully on full-thickness specimens, so that the x -ray examinat ions were carried out on smaller segments of the joints. 500 mm thick sections. As a result of an excessive allowance for shrink age, the weld seam is not uniformly parallel but despite the gap width of 12 mm near the top of the weld, a satisfactory seam geometry with adequate side-wall and centre-line fusion resulted. The tested tensile specimens from the section thickness reveal th^t in both the as-welded and the stress-relief heat-treated condition, the welded zone is not the critical region with respect to tensile strength. Tensile testing of mini-tensile specimens extracted from the small heat affected zone revealed tensile strengths (0,2-proof stresses) in the HAZ of approxi-2 mately 660 N/mm in the as-welded condition and between 4-74-and 620 In Fig. 4 is a cross-section of a Narrow-Gap weld seam produced in the horizontal-vertical position. tests on section thicknesses from 50 to 300 mm using a one-sided welding technique it is to be expected that this work will be continued. How ever, the financing of a continuation project must be met jointly by the industry as well as governmental authorities such as the BMFT.

Following discussions with several representatives of companies in volved in pressure vessel construction, the main interest seems to be directed to the evaluation of the Narrow-Gap welding process for welding of girth seams in heavy sections of the pressure vessel steel 20 MnMoNi 5 5 in the three-o'clock position. These investigations would simulate the present welding problem arising as a result of on-site construction and assembly of large pressure vessels for both pressurized water reactors and boiling water reactors.

8. The general aim is to study the fracture properties of part-through cracks in nuclear reactor components with experimental methods, based on the concepts of fracture n»chanics.

2.-Particular Objectives

The extension of part-through cracks in thick-walled plates and tubes under fatigue loading has been investigated. Growth characteristics have been deter

mined by analysing the fracture surfaces. The crack extension in the direction of the semi axes as well as the crack growth along the whole front has been eval uated and interpreted in terms of the parameters: initial crack geometry,bound ary conditions and type of loading.

3.-Research Program

To show the propagation characteristics, artificial markings were induced on the fracture surfaces during a fatigue test by an overload technique. In order to establish the test conditions, a calibration curve da/dN versus A K measured on compact specimens is used. 

Results

A careful evaluation of these fracture surfaces shows the following results (Fig. 2):

1. For small crack depths (a), i.e. (a/d < 0 . 5 ) crack growth in thickness (d) direction predominates over crack growth in the width direction -as ex pected from analytical calculations.

2. For large crack depths (0.6 < a/d < 1) the converse behaviour occursin contradiction to the analysis of the investigated case.

When the relative growth A L / A a -A L being the crack growth at the polar angle y? of a crack front; A a the crack growth at = 90° -is plotted versus the polar angle , it can be demonstrated that the maximum crack growth is shifted from the centre of the crack front at 90° to smaller angles as the crack depth increases (Fig. 3,4).

In order to explain these results a simple model will be discussed. This takes into account the variable crack resistance along the crack front which arises due to changes in the stress state. The interaction between stress state and material response is again affected by geometry as well as by the degree and nature of loading, the loading rate and temperature.

Next Steps

The project is completed . Final report is forthcoming.
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.-Relation with other projects

This project is closely related to RS 102-12, RS 102-13 and RS 90. investigations showed, that the different stages of crack propagation in an arrest experiment (i.e.

initiation at an overload, acceleration and subsequent deceleration) could be related to charac teristic changes in the crack surface appearance (ductile dimple fracture, followed predominantly by cleavage fracture and then distinct ductile fracture behaviour again).

Next Steps

The model experiments are completed; some supplementary steel experiments are carried out. The final report is in progress.

Relation with Other Projects

This project is closely related to RS 102-11, -13 and -14. 

General aim

The general aim is to improve the knowledge on the assessment of safety for components of a reactor plant, in which cracks or cricklike defects have to be assumed.

Particular objectives

The particular objective is the assessment of the fracture behavior of compo nents by measuring the crack opening displacement as a function of geometry and load parameters and comparing it to the material specific values C0Dc/C0Sc . 

Experimental Facilities

Servo-hydraulic testing system, mechano-electrical, photoelectrical and photo graphical equipment for the measurement of COD, scanning electron microscope for the investigation of fracture mechanismes.

Progress to Date

The crack tip opening displacement COS and the J-integral have been determined

experimentally for increasing loads for series of C-specimens and SEN-specimens with different crack langths and thicknesses at room temperature. Critical val ues of COS, G and J of the material at fracture have been deduced and their correlations have been examined. Taking that into account by a blunting line intersecting the resistance curve changed the critical values only within the existing scatter band.

A linear relationship is shown to exist between consistantly determined values of COS and J for situations even beyond onset of stable crack growth. The term of proportionality is material dependent and includes the yield stress and a plastic constraint factor which amounts to 1.5 ± 0.2 and 1.1 ± 0.2 for the two steel modifications.

Next steps

The project is completed.

Relation with other projects

This project is closely related to RS 102-11, RS 102-12 and RS 90. In addition to static or quasistatic and thermal loading of reactor pressure vessels and components -which are very well investigated -extremely dynamic loading conditions (shock waves) may occur, for example by impinging fragments or projectiles, by internal explosions or -after certain cases of partial failure -by impact of the accelerated reactor pressure vessel against the containment. The investigation of damage in these dynamic cases is general aim of this work.

2.-Particular Objectives

The particular objective is the investigation of (1) the distribution of the produced dynamic stress fields (shock waves), ( 2) the interaction of these shock waves with the material,and (3) the initiation of damage in the material. Shock profiles are measured successfully by using the method of voltage generation at a bimetallic junction during pressure loading. From these measurements the stress distribution at the damaged plane inside the specimen can be extrapolated with a higher accuracy than before.

The conclusion which can be made at this status of the investigations is that the effective tensile stress at the damage plane in our experiments does not reach the value of the impact pressure. The reason is the finite risetime of the shockwave (e.g. 0.5 microseconds for an impact pressure of 45 kbar in a 22 Ni Mo Cr 3 7 sample of 6 mm thickness. That means that the material es pecially at lower impact velocities, where the risetime increases, will be damaged at even lower stresses than reported above.

Next Steps

The work has been finished. The final report is available.

Relation with Other Projects

This work is related to the investigations 11, 12 and 13 within the project The influence of neutron irradiation on the strength and relaxa tion of materials for core structure connections of light water reactors h ad to be investigated.

Research Program

For three characteristic materials and two heat-treatment condi tions of each quantitative experimental results were expected:

1. Steel Nr. 1.4550, representative for austenitic steel as used in LWR's.

2. Inconel-X-750, representative for connection material (frequently used in USA).

3. Steel Nr. 1.4980 (USA: A 286) with lower tendency towards selective corrosion and lower thermal expansion coefficient compared with Inconel-X-750.
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Experimental Facilities

Irradiation in special irradiation channels in the Obrigheim Power Reactor (KWO). Post irradiation testing in the hot cell facility of KWU, Erlangen. Testing of unirradiated samples in the materials testing laboratory of KWU, Erlangen. Machines used for this programs Tensile testing machine and high-frequency pulsator (Fatique tester).

Progress to Date

The evaluation of the irradiated and unirradiated samples was continued.

The possibility of determining the modulus of elasticity from irradiated tension samples was investigated. Theoretically the influence of the irradiation on the modulus of elasticity was studied in order to find out, whether for the conversion of tension-data to fatique curves (Larger-Manson-Coffin-model) the E-module after irradiation was necessary.

Results

The measured values of the modulus of elasticity (unirradiated)

were within + 6 % in the range of the producers data.

The monitor evaluations showed that a mean neutron fluence of 20 -2

3»9 • 10 cm (E > 1 MeV) had been in the middle of the channel 2 0

-P and 5|1 or 3»0 • 10 cm for the samples, directed to the core or in the opposite direction.

Next Steps

The work has been completed. Completed 31. 12. 76

1. General Aim Some materials (austenitic, ferritic and martensitic steels and Ni-alloys) which are used in the nuclear steam generating system were to be investigated, whether they could be attacked by selective corrosion under certain conditions. As a first step a literature study has been conducted on the behaviour of some selected materials.

Particular Objectives

In order to raise the safety of operating reactors and to get more information about the risks of longtime effects the kno w ledge of the behaviour of primary materials ha d to be extended over the limits of the usual operation lifetime data.

Research Program

I n the f i r s t step the fo l l o w i n g det a i l s w i l l be s t u d i e d f r o m t he l i t e r a t u r e :

-corrosion under RFV-cladding, caused by material failures -influence of the corrosion on the failure behaviour and the crack growth -hydrogen induced corrosion -determination of the corrosion limits of materials containing Ni -influence of gaps and different material combinations -electrochemical investigations on the corrosion mechanism.

Experimental Facilities

No experimental facilities necessary.

Progress to Date

The literature study was continued, regarding Ni-Cr-Fe alloys in the FWR primary circuit and in the BWR.

The intercristalline corrosion was studied -under imperfection of the RPV cladding -for different material combinations in pure hot water -on the influence of special mechanisms, investigated b y electrochemical methods.

Results

The published data on the behaviour of austenitic Ni-Cr-Fe alloys with respect to intercristalline corrosion, caused by Cr-pauperisation of the grain boundaries, allow a theoreti cal calculation of the attack on Ni-base-alloys after diffe rent heat conditions.

The contact of Inconel 600 with C-and low alloyed steel or stainless steel does not increase the intercristalline corrosion in pure hot water. Austenitic Cr-Ni-steel however increases the perforation-corrosion of KPV-steel in BWR-water.

RPV steel will be perforated in pure hot water. The velocity however was not defined quantitatively.Some publications show that the deepest holes have an asymtotic statistic and with the aid of the Gumbel-statistic the perforation probabilities and perforation times can be determined.

Next Steps

The work has been completed.

Relation with Other Projects

References Degree of Availability

General Aim

The aim of this investigation is reduction of radiation dose to mainte nance and repair personnel in nuclear power reactors. 

Particular Objectives

Research Program

The influence of the water chemistry was examined in several steps started with pure water. The program will be finalized in 1977 with all additional components in the water.

Experimental Facilities

The protective gold plating applied on the inner side of the autoclave system I had to be renewed after investigation of the metal loss rate 1. 5. 76 30. 9. 79

Status:

Last Updating (Date):

Continuing 31. 12. 76

1.

General Aim

Reduction of contamination of the NSSS by products of corrosion and wear, which together with the coolant pass through the reactor core and thereby become activated. 

Test Facilities

The required test facilities have either been used in previous tests or have recently been developed (hydraulic apparatus for RT tests; stand for high-temperature wear tests at 3 0 0 °C with simultaneous influence of corrosion; static and refreshing autoclaves for long term corrosion tests) and are available for the above described tests.

Progress to Date

A literature search has been made to select suitable, commercia FeCrC alloys. Well-known manufacturers have also been contacted in order to discuss the possibilities of fabricating suitable plating materials and their willingness to do so. Comparative tests, performed by the manufacturers, showed that the friction and wear behaviour of these steels at RT is fairly good. Additional tests are required on: corrosion b e haviour, friction and wear behaviour under defined conditions at r t and 3 0 0 °C and the temperature stability of platings of these materials.

Results
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c) Tribaloy

According to the manufacturers, the discussed alloy T 700 can be applied by shielded arc welding. Unfortunately, the material shows low ductility. While temperature stability seems to be guaranteed, friction wear and corrosion behaviour have still to be evaluated. As a first step, samples of cast material w i l l be carefully pre-tested.

Next Steps

According to the current task matrix, the next steps w i l l be as follows :

-establishment of a material list -acquisition of test material

At the same time a literature survey w i l l be made on "Plasma sprayed layers". PROJECT LEADER :

T. Kodaira Description :

1. Objective

The investigations have been done in order to clarify the behavior of neutron irradiation embrittlement on the currently used heavy section steels and other higher strength steels such as ASTM A542 or A543, and to ensure the structural integrity of reactor pressure vessels. b) The post-irradiation tests of several pressure vessel steels with the different strength level will be performed in forthcoming period.

c) The neutron irradiation test will be done in this year in order to obtain the fracture toughness of domestic heavy section pressure vessel steels. 1. Objectives The objectives are to investigate experimentally the interaction between fatigue and creep of AISI type 304 and 316 stainless steels and ASTM type 2#Cr-1Mo steel and to study experimentally anrf theo retically the thermal and mechanical ratcheting.

Project Status

The tests of the interaction between fatigue and creep of three materials have been performed at 350, 450, 550 and 650°C to study the effects of strain rate, holding time and temperature on the /fatigue life of their base metals and weld metals.

Three bar models and cylinders have been used to investigate ex perimentally and theoretically the thermal and mechanical ratcheting.

Essential Results

It is clarified that the fatigue life of three materials is shor tened when higher the testing temperature is and longer the holding time is.

The loading conditions in which thermal of mechanical ratcheting occurs are obtained by three bar models and cylindrical models.

Projection

This project had been completed in July, 1976. An experimental work is under progress.

In the above code method, two design constants are used. One of them is related to the cyclic stressstrain exponent. A series of cyclic stress-strain experiments had been performed, and the conservatism of the design constant had been proved.

Experiments are in the progress to discuss the second design constant.

Investigation is scheduled at elevated temperatures.

Informal report to MITI and to Prof. Iida of Tokyo Univ. The present research project is destinated to the study of the following items, which are of the most importance in safety eval uation of nuclear pressure vessels and pipe circuits:

31.719
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1) Fatigue crack propagation from single or multiple flaws un der axial tension, simple bending and general combined tensi le and bending loads 2) Application of numerical methods and photoelasticity on the analysis of stress intensity factor of surface and internal cracks 3) Micro-fractography on crack propagation and crack coalesce nce under cyclic fatigue loadings 4) Examination and improvement of safety evaluation analysis procedures presented in ASME Boiler and Pressure Vessel Code, Section XI

The program of research contains: basic mechanical tests of sp ecimen materials, A533B steel and SUS 304 steel, fatigue crack propagation tests under various flaw shape condetions and loading conditions in plates and cylinders, analysis of stress intensity factor both in numerical methods and 3-dimensional photoelastici ty, micro-fractography by scanning electron microscope and a lar ge-scale model test to confirm the validity of analysis in the final year of research. 

Project Status

A computer code calculating localized elastic-plastic stresses has been made by using a finite element method. The accuracy of this code has been checked with some experimental results. The code is being improved to analize cracked pipes. A basic experimental study of cracked pipe is also in progress.

No.2 working group of 5SS (1975 year) and 6SS (1976 year) subco mmittees consists of more than twenty members from universities and industries which have been conducting joint researches. They have conducted high temperature water SCO tests on Types 304, 304L, 321 and 347 sensitized under conditions of various combination of heat ing periods and temperatures. In addition, intergranular tests were carried out for the above-mentioned materials.

Temperature history and residual stress were measured for auto matically and manually welded joints of 4" x Sch 80 Type 304 tubes to evaluate the relationship between the above-mentioned factors as Cl" and dissolved oxygen concentration on SCO of Type 304 were also investigated.

Essential Results

(1) Local stresses can be calculated by good accuracy using the the computer code developted in this project.

(2) When sensitized between 550~800*C for 6~600 minutes, Types 304 and 304L suffer from high temperature high purity water SCC at higher temperatures for shorter periods and at lower tempera tures for longer periods, though 304L is much less susceptible to SCC than 304.

(3) Stabilized 321 and 347 is further superior to 304L in SCC re sistance in the same environment as above. (4) Above-mentioned results were obtained consistently both by the double U bend method and by the constant strain rate method.

Projection

The project of second year is to be completed in March, 1977. The project of third year is in the planing stage.

Correlation between furnace sensitization and weld sensitization will be investigated. Measured residual stress values will be com pared with calculated ones for both 4" and 14" Type 304 tubes. 

Essential Results

None

. Projection

In the practical study, it is scheduled to investigate the dynamic fracture toughness of nuclear pressure vessel steels and to evaluate the effect of dynamic loading conditions. PROJECT LEADER : E. Fujii Description :

.1. Objective The objective of this project is to investigate the brittle fracture strength of the pressure vessel models including some cracks under internal pressure, and to find the correlation between the flat plate and the vessels, and scale effect on the brittle fracture characteristics. ( Continued from preceding page )

Essential Results

The brittle fracture characteristics of model vessel steel and brittle fracture behaviors of model vessels were obtained.

Projection

Test data obtained in these tests w i l l be analyzed to evaluate brittle fracture strength and failure analysis of pressure vessel. (1) Influence of Environment on Fatigue crackgrowth.

Reports None

(2) Influence of aging on fracture related material properties.

PROJECT LEADER :

Van Rongen 

General aim

To improve the understanding of material behaviour during lifetime of nuclear vessels and other pressurized components as influenced by aquous environment and aging effects. A "state of the art" report will be submitted.

Particular objectives

To review the knowledge in the areas . influence of reactor coolant on fatigue crackgrowth in LWR pressure vessels, with particular attention to chemical composition of the coolant, type of pressure vessel steel, frequency, amplitude and theshold phenomena. Interpretation will be in fracture mechanics terminology. . phenomena which deteriorate the fatigue and fracture related material para meters of nuclear grade pressure vessel steels, such as thermal aging and high strain aging. 

General aim

This particular survey is a preliminary study of effects to be included in an extensive study which will be initiated in the future and which can be character ized as follows: "Evaluation of the practical application of Acoustical Emission (AE) techniques during construction, testing and operation of welded constructions, in particular pressurized components to be used in the energy and process industry in order to improve safety, reliability and economic construction of components* Description :

1. General aim

The objective of this research-project is to study and evaluate acoustic emission phenomena initiated by deformation of structural and reactor steels.

The connection between fracture mechanics and acoustic emission (AE) will be investigated to evaluate the structural safety of p r e s s urised components.

Particular objectives

2.1 To correlate and optimize AE-measurements b y employing the following techniques: ringdown counting, energy, amplitude distribution, frequency analysis. The study will also consider the influence of specimen-form on the character of AE.

2.2 Identification of the types of acoustic signals emitted from various sources and relationship between the kinetics of deformation in metals and detected AE from:

-plastic deformation and local yielding -crack initiation and propagation -brittle cracking and ductile tearing 2.3 AE measurements on fracture toughness specimens during cyclic and tensile loading. This analysis will show the intensity of A E and crack growth rate and connection to the stress intensity factor.

Experimental programme

This programme consists of two parts.

First -the basic study (points 2.1, 2.2, 2.3) Second-the practical applications of AE-method on source location and classification of defects on pressure vessel models.

OECD 
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relationship will be derived for predicting the shape of crack fronts propagating through a structure. In order to utilise the results for a real component, a simple model will be discussed.

Experimental facilities

The 

Essential results to date

The pretests with CT and plate specimens are almost completed.

A preliminary report will be prepared,in which the tests are described in detail. The plate specimens were gripped in the test machine using clamping jaws. No distinct change in the polar angle of the maximum crack growth (^f = 90°) was observed as the crack depth increased. The semi-elliptical shape of the crack was retained.
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Next steps

Further investigations of:

-methods for experimental determination of crack propagation rate (AC potential technique and eventually acoustic emission);

-influence of load interactions;

-deep flaw stress intensity magnification factors;

-correlations between one-and two-dimensional growth;

-comparisons with tests of axially aligned cracks in tubes and other crack configurations;

-low-cycle fatigue and elastic-plastic fracture (failure) para meters ;

-alternative steels, temperatures and environments;

-unstable crack growth and arrest phenomena. 

1* General Aim

To apply fracture mechanics concepts for assessing structural integrity of pressure retaining components.

Particular Objectives

i.

to investigate relationships between small scale fracture toughness tests and full scale experimental pressure vessel tests.

ii. to assess the applicability of COD and J data at temperatures where LEFM methods are invalid.

iii. to determine the effect on fatigue crack growth rate of mixed mode (I/II) loading. iv. to develop a laboratory test to examine factors influencing crack initiation (and arrest) under thermally induced shock loading.

3« Experimental Facilities

Equipment for failure tests on 1*5 m dia x 36.5 m long x 75 mm thick pressure vessels. Laboratory test equipment of up to 1000 KN (static)/ 500 KN (dynamic) capacity.

Pro.ject Status

i. tests on 1.5 m dia pressure vessels containing partial thickness and full thickness defects have been completed. Fracture toughness data from small scale fracture mechanics test pieces are being compared with vessel failure data.

ii. the influence of test piece geometry (bend vs tension) on COD and J has been assessed using HY130 steel. The programme is being repeated using A533B steel. Particular attention is focussed on measurement of initiation toughness and its relevance to plant operation in the upper shelf regime.

iii. tests are in progress .using angle notched centre cracked plates and modified compact tension test pieces to establish the influence of shear 1.

General Aim

To recognise and assess modes of failure of nuclear reactor pressure vessels.

Particular Objectives

To measure the deformation in a thick cracked plate up to the point of fracture.

Experimental Facilities and Programmes

A rig has been constructed in which a high pressure (circa 3000 bar) may be applied within a crack in the plate.

The use of internal pressurisation means that fracture criteria in thick section material can be studied under well defined boundary conditions. Direct surface strain measurement around the crack tip will be done and fractography employed to stress fracture development prior to fast fracture propagation.

Reference Documents Internal documents.

OECD General Aim

To recognise and assess modes of failure of nuclear reactor pressure vessels and other circuit components.

Particular Objectives

To examine the possibility of component defects growing to a critical size sis a result of reactor transients.

3• Experimental Facilities and Programme

A number of special purpose machines have been assembled, which permit specimens of about 1 in section to be stress cycled and thermally cycled under well-controlled conditions. *f. Project Status a) Crack growth under thermal shock loading. Crack propagation from short initial surface defects has been monitored in specimens which undergo repeated surface cooling shocks of between 100°C and 250°C. The crack growth rates and varying degrees of crack penetration into the material have been analysed using the basic elastic and elastic-plastic crack growth data derived under simple push-pull conditions in an earlier part of the programme. The tests are being carried out on types 30*f and 3 1 6 stainless steel. The information from these tests is being used to assess the growth of under-clad cracks as a result of service transients and the behaviour of defects in reactor circuits. Further tests will examine the growth of cracks in combined thermal and mechanical loading situations and a new rig will impose heating shocks on to cracked specimens. In addition to crack growth studies, information is being collected on the conditions for crack initiation on thermally shocked surfaces.

b)

Fatigue crack growth in pressure vessel steel. This work programme has now been extended to examine the growth of fatigue cracks at low frequency in A533-B steel in a simulated reactor water environment. Current tests are contd... 1.

OECD N U C
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General Aim

To recognise and assess modes of failure of nuclear reactor pressure vessels*

Particular Objectives

To develop a way of producing a sharp crack in a component, to enable the critical crack length to be measured.

Experimental Facilities and Programme

A high pressure technology exists at Springfields; steady pressures of 100,000 psi (6000bar) may be employed and cycles of about half that magnitude. This has been applied to locally fatigue crack the base of a notch and thus produce well-defined crack starter conditions.

Reference Documents

Internal documents.
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General Aim

To quantify critical crack length for use in decisions arising in inspection*

Particular Objectives

To compare KjC and COD correlations for failure of intermediate-size pressure vessels above valid K j q critical temperatures.

Experimental Facilities and Programme

The test vessels are 5* <*ia and 12'long. Thicknesses to date, 1" and 3". Currently defects (partial and full thickness) are placed in the membrane regions.

*t. Project Status

Investigation of the factors governing cyclic crack growth and fracture in pressure vessel steels is continuing. Three tests have been com pleted in a series on a 3tf thick x 5* dia vessel to investigate the effect of plate thickness. The tests were made at temperatures of . 8*t and 10°C corresponding to the whole of the ductile/brittle transition range. Relationships between small scale fracture toughness test pieces cut from the vessels and vessel failure conditions are being investigated.

Reference Documents

Internal documents.
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c. Birefringent Coating Applications

Utilize this testing method to evaluate steel specimens, and to learn of any differences between plastic and steel specimen mechanics. Develop the necessary high speed photographic systems required of this method. Use this method as early as possible on the three tentative standard test specimens, in spite of the recognized problem from side grooves.

d. Thermal Stress Simulation

Develop a mechanical simulation of thermally induced stresses in a ring. Perform crack initiation and arrest studies in this geometry, studying the dynamics, and ascertaining whether a static analysis would correctly or conservatively predict the extent of crack penetration. Report the results.

e.

Weld Line Simulation

The influence of the adhesive line in duplex specimens may closely model the weld line in a structure. Complete the investi gation of the effects of adhesive toughness and thickness to arrive at a meaningful analysis methodology of a running crack entering and going through a weld. This is imperative to an understanding of duplex specimens, and to the HSST test of ITV-7C, so these results must be closely coordinated with the other participants and the HSST program.

f. Two-Dimensional Dynamic Analysis * Develop a numerical code for crack propagation along a straightline path in a two-dimensional body.

g. Consultation

Provide consultation services, particularly of Dr. Irwin, to the NRC as required. Experimental work on the flexibility of short radius flanged pipe bends, to study the effect of the flanges, is complemented by theoretical shell analysis and use of finite element codes. Progress has been made on the formulation and numerical determination of the decay of self-equilibrating end-load systems in the unflanged pipe, which will be utilised for the overall system analysis to provide engineering data on in plane bending of flanged oipe bends. Description :

Experimental Facilities and

1. General Aim 1) To assess the degree of conservatism in heat exchanger designs when non-symmetric thermal loads are more rigorously examined 2) To develop a more realistic numerical analysis technique for the treatment of non-symmetric stresses in heat exchanger design 3. Experimental Facilities and Programme 1) Carry out an experimental stress analysis on a nuclear heat exchanger tube sheet and channel cover subjected to non-symmetric thermal loading. 2) Compare measured values of strains, deflections and rotations with results obtained by numerical analysis of the experimental models. 3) Evaluate the simplifying assumptions used in standard calculations to indicate if assumptions provide a good approximation to real stresses. 4) Develop more realistic assumptions or correction factors which will enable better designs.

Project Status

The results of an experimental stress analysis on the tube sheet of a nuclear heat exchanger were compared with the predictions of models in which axisymmetric conditions were assumed. As a result, an assessment of the effect of the non-axisymmetric stresses was possible enabling the models to be modified to permit a more accurate simulation of the observed behavior. The theoretical and experimental phases of the project were completed in the third quarter of 1976. The final report was received and approved in the first quarter of 1977. This project is now complete. 1. General Aim

To develop analytical and experimental techniques of assessing the rate of growth of cracks that propogate from pre-existing flaws in pipe-to-pipe intersections subjected to various loading and environmental conditions.

Experimental Facilities and Programme

i) Extend existing stress-strain analyses to additional types of pipeto-pipe intersections and to validate these analyses by comparison with experimental results, ii) Derive crack tip stress intensity factors via these stress-strain analyses and to correlate the results with measured crack growth data. iii) Determine the effect of load frequency, size and location; flaw location and size; and environment on the rate of crack growth in piping tees.

Project Status

The experimental work has concerned itself with the measurement of crack propagation rates in pipe-tees (designed to ASME Section III, Class I requirements but with artificial internal flaws) subjected to cyclic internal pressure and/or bending at temperatures near 260 C. The pressurizing medium is Dowtherm A, requiring a parallel investigation of the effect of Dowtherm A vs. water on crack growth rates. The flaws are introduced at locations near the weld at the pipe juncture which have been shown to have high stress levels by an experimental strain analysis. Results to date indicate that these pipe tees are quite tolerant to internal flaws (expected cycling under reactor service conditions would not lead to failure). All failures to date have demonstrated the "leak before break" safety criterion.

The theoretical work initially attempted to develop three-dimensional stress analyses using classical analytical techniques. These have met with only limited success. Solutions have been developed for less complex intersections and checked experimentally but the pipe-to-pipe tee has not Both theoretical and experimental programs are now dovetailing into a study of the stress near the crack tip and the determination of stress intensity factors leading to a correlation of these with crack growth rates. Early results of comparative Dowtherm A and water crack growth rates indicate that the Dowtherm rates are higher. Consequently, endurance figures determined during the Dowtherm tests should be conservative. 8. Degree of availability A limited amount of the results m a y be freely a v a i l able. The main emphasis is# on the quality assurance for the design, construction .and installation of mechanical components.

PROJECT STATUS

The audits of the quality assurance systems for power companies have been performed. Application of acoustic emission in research work and in-service inspection has been evaluated. Investigation of the ultresonrc inspection method and its applicability to austenitic welds apd'castings is under way.

REFERENCE DOCUM E N T S

Reactor Materials Research reports (partly confidential1, conference papers e tc.

DEGREE OF AVA I L A B I L I T Y

Upon request from the Technical Research Centre of Finland. The eddy current method was to be qualified for the examination of cracks on the surface of cladded reactor pressure vessels. Appropriate conditions, detectors and procedures of registration for this method were developed. The limits for detecting flaws on sections under water have been investigated.

Research Program and 4. Experimental Facilities

The program was devided into two main parts:

In a pre-program first tests were carried out with existing detectors and evaluation equipment concerning the detection of flaws depth, considering thereby possible interference effects (detectorsurface distance, material inhomogenities). The pre program showed which detectors and equipment were the most appropriate. In the main program appropriate detectors and evaluation equipment were developed according to the know-how obtained in the pre-program. With this prototype experiments were carried out under defined conditions. Data registration -958and processing were equally developed, as well as a system for carrying the detectors.

5.

Progress to Date and 6. Results

The documentation of the results has been completed. The measuring technique was improved, visual inspection device and simple recording were not sufficient for rational in spections. Automation will be necessary.

Next Steps

The work has been completed. 

Particular Objectives

The acoustical holography can help to determine the exact size and locus of flaws in thick-walled vessels. V e are working at two kinds of application:

-testing of the basic material, the cladding and the interface bet ween austenitic and ferritic junctions of reactor pressure vessels;

-testing of thick-walled components both in laboratory tests and in situ.

Research Program

The experiments can be devided into the following points: 

Results

Ultrasonic holography has shown itself to be the most promising area of testing thick walls. In all cases of experimental results the reso lution capability of holography has been demonstrated.

Next Steps

A potential development lies in the replacement of the optical pro cessing by a numerical processing scheme (fig. 8). With a numerical reconstruction the inspection data is not presented as a negative but fed into the core store of a computer via an analog-digital converter.

The reconstruction then takes place numerically using a fast Fourier transformation and presented on a monitor or a print out. First ( ------------. ---------------- 

Essential results obtained

Kncw-hcw and kncw^why regarding the technique based on acoustic emission

monitoring for defect location in pressure vessels during hydrotests. 

Next steps Additional extensive tests of acoustic emission instrumentation in various

Degree of availability

Various means of cooperation may be envisaged: for ~63fcanple, Italian participa tion in research programs carried out by partner countries, cost sharing, etc. The objective of this project is to evaluate the strructural safety of nuclear pressure vessels by acoustic emission measuring method. In the practical applications of acoustic emission method, the detailed technical rules are considered to be necessary. This study aims to obtain the basic characteristics of acoustic emission from defected parts of small specimens and pressure vessel models.

Project Status

This program consists of two parts, the basic sjtudy and the practical study, in the period 1973 to 1978.

In the basic study during the period 1973 to 1975, the acuostic emission source energy of brittle weld crack was estimated relating to the crack area, comparing with the standard acoustic emission souce, in which the acoustic emission of dropped steel ball was adopted as a standard acoustic emission. The characteristics of acoustic emission of dropped steel ball were investigated. The propagation of acoustic emission signals in steel plates, the occurrences of acoustic emission in the crack growth during low cycle fatigue bend test of mild steel were also investigated.

In the practical study starting 1975, the model test of acoustic emission was undertaken, making the spherical pressure vessel model and the acoustic emission monitering system.

Essential Result

The characteristics of frequency and amplitude of the standard acoustic emission, concerning to rebound height of dropped steel ball, were experimentally and theoretically analysed. The. linear (To be continued on the next page) relation between the acoustic emission energy, which was estimated comparing with the standard acoustic emission, and the crack areas was obtained.

The characteristics of acoustic emission propagation in steel plates, 5mm, 25mm.and 80mm thick, were experimentally analysed. Acoustic emission signals, which propagated as the fastest group, attenuated as spherical wave, and that of latter group attenuated in complex modes.

During the fatigue bend test, acoustic emission occurrences above 200^ v at the preamplifier input were hardly observed from growing crack of the mild steel.

During the hydro-static test of the spherical pressure vessel model, acoustic emission occurrences above lOO^v at the preamplifier input were hardly observed from the artificial surface notch9 about 200mm in length, about 7mm in depth, in the test part (plate thicckness; 10mm)9 and then this vessel was fractured from the surface notch. ( Material ; SM 50 ) 4. Projection

In the pratical study, it is scheduled to investigate the acoustic emission signals from the growing cracks in the large model of pressure vessels during cyclic load testing, refering to the acoustic emission characteristics obtained by the material tests. A ll experimental work had been done using artificial flaws introduced in 150 mm thick steel plate.

2 Progress

A ll experimental and analytical work had been completed.

3« Essential Results

The flaw size may be determined by acoustical holography when appropriate parameters are selected, and the error is appro ximately t 30% of the size.

Projection

Further experimental programs are undergoing to estimate fati gue crack size and to apply acoustical holography to safe-end welds. 

Report

Final report of this program had been submitted to

.Progress

All experimental work had been completed and analytical work is undergoing.

-1 -

Essential Results

(1) Fatigue crack sise may be estimated by acoustical holography as well as artificially introduced slit.

(2) Artificial flaw size introduced in safe-end weld could not be estimated by conventional ultrasonic examination. However» it may be estimated by acoustical holography.

Detailed results are not discussed yet.

Projection

Further experimental programs are to be planned.

Report

In course of preparation. 

Project status

Tests are being performed during shut-down February 1976.

Next steps

The main devices to carry the inspection equipment will not be removed and will be used for the next inspection period.

Relations with other projects

Not applicable.

Reference documents

Not applicable.

Degree of availability

Through the organization KEMA.

-988 -PROJECT TITLE s PROJECT LEADER :

D J V MARTIN Description : General Aim
To determine from measurements made during a non-destructive pressure test whether a vessel has a significant crack.

To evaluate strain by laser speckle photography.

Particular Objectives

To characterise holograms of typical vessel regions junction, nozzle, etc -with and without cracks.

membrane,

To holographically inspect regions of a reactor pressure vessel.

Experimental Facilities

The photographic equipment -including a pulsed laser -is being assembled. 1.

General Aim:

To assess the capability of the three-dimensional ultrasonic testing system developed during FY 1976 to accurately characterize typical discontinuities with respect to size, shape and orientation within the allowable limits set by the ASME boiler and pressure vessel code Section XI. To develop interactive display techniques and assess change detection testing. To ensure early transfer of this technology to,field service by providing consultation and evaluation services for development of a field prototype version of the University of Michigan high resolution UT system and implementation and evaluation of tech niques to provide a higher rate of data acquisition.

2.

Particular Objectives: a.

Complete the evaluation of typical discontinuities in reactor pressure vessel base materials, welds, cladding, and austenitic stainless steel piping using the three-dimensional system developed in FY 1976. Emphasis will be placed on naturally occurring and artificially induced discontinuities.

b.

Obtain conventional ultrasonic test results of the same test samples as above in accordance with ASME code Section XI procedures.

c.

Obtain destructive examination results of the same test samples as above for the true discontinuity sizes, shapes and orientations.

d. Prepare a topical report comparing the results of the above three tasks and assessing the capabilities and limitations of the proto type three-dimensional system as compared to conventional ultra sonic inspection techniques. Included will be a description of modifications necessary for field implementation and the effects of such modifications on system performance.

e. Develop software for real time display of three-dimensional system data including conventional A-scan, B-scan and C-scan formats.

Begin to incorporate the capability for interactive display of dis continuities from different perspectives. Develop initial software for interactive image enhancement.

f. Perform three-dimensional imaging of fatigue crack samples at successive stages of propagation. Determine the sensitivity of the technique to repositioning errors, the use of substitute transducers and changes in surface finish.

g. Develop software for the interactive display of change detection data. Determine to what extent interactive display techniques may be used to compensate for positioning errors.

h. Prepare a topical report on the capabilities of the prototype system to perform change detection testing and assess its applica bility to field implementation.

i. Continue cooperative effort with EG&G initiated during late FY 1976 (with Aerojet Nuclear Company) to employ the techniques . of high resolution imaging on the LOFT reactor facility. This will include consultation on system implementation and processing of initial inspection data at the University of Michigan facility during late FY 1977.

j.

Provide information on the developed techniques and methods for field implementation to inspection agencies, utilities and manu facturers to encourage early transfer to field application.

k.

Provide technical assistance and specifications during the design phase of a field prototype system.

1.

Provide research support at the University of Michigan for evaluation of critical parameters peculiar to the method of field implementation. This will most likely include the method of transducer coupling to the extent that it is feasible with existing facilities.

m. Assist in evaluating system performance and provide consultation on techniques for improving operational performance. This task may include transfer of test data on magnetic tape media for evaluation at the University of Michigan. 

Experimental Facilities and Program:

Facilities: Computer-automated, synthetic transducer array inspection facility.

Program: See item 2 above.

Project Status:

a.

Results to date: Demonstrated feasibility of phase-sensitive synthetic array to improve location and resolution of flaws.

b. Essential results: Improved lateral and longitudinal resolution.

5.

Next Steps: Complete evaluation of new UT system; build a prototype system to be used in production inspections.

6.

Relation to Other Projects: To assist improvement in non-destructive inspection of stainless steel welds and PV steels. 2. Particular objectives: Testing of experi m e n t a l vessels p a rticularly under gas pressure in order to facilitate the testing at diffe r e n t temperatures.

Experimental facilities and programme:

T h e aim is to provide a facility for fracture mechanics and acoustic e m i ssion e x p e r iments on vessels.

4. Project status: Designing is in progress. Reasurements of crack depths were performed by sampling and statistical approaches.

Experimental facilities and programme

The tests have been performed in TNO and KEMA laboratories.

The programme consisted of:

- (3) Dimensional study of ANSI standard pipe fittings.

(4) Flexibility factor for branch connection.

(5) Experimental determination of plastic collapse loads for piping elbows.

( General Aim:

To produce effective in-service inspection devices for early detection of flaws in nuclear reactor components; to improve the sensitivity and flaw discrimination of ultrasonic pulse echoes; to conduct theoretical analyses of the interaction of ultrasonic radiation with materials as a basis for the development of novel field instruments.

2.

Particular Objectives:

a. Concentrate efforts on further development of techniques to improve the signal-to-random noise ratio of ultrasonic signals and apply these to practical problems encountered in nuclear reactor monitoring.

Complete the high-speed signal averaging device and increase the pulse compression ratio of the ultrasonic chirp radar system. The combined signal averaging and pulse compression system will be applied to detection of flaws in high-attenuating materials used in nuclear reactor components. Samples to be studied will include PV steels, austenitic stainless steel piping material, heavy sections of attenuating material, and weldments. Both natural and machined flaws will be investigated. Defect location and characterization wll be quantified.

b. Construct a prototype high power insonification system. The maxi mum power employed is to be dictated by the power handling capacity of the transducer elements. Another area to be explored is power concentration in the material by the use of an electronicallyfocused concentric annular array. This approach would also have the additional advantage of improving lateral resolution. Finally, sensitivity enhancement by use of acoustic matching elements between the transducer and material will be investigated. The prototype device will incorporate all those components of ultrahigh sensitivity systems which the investigation shows to be useful.

c. Prepare a topcial report to include (a) systems and components description and (b) quantitative capabilities for defect location, characterization and detection by the developed high-sensitivity techniques and systems. Essential results: none reported yet.

5.

Next Steps: See Item 2 above.

6.

Relation to Other Projects: This program is being coordinated by NRC with EPRI, NBS, the Belgian, British, and Italian governments.

7.

Reference Documents: Quarterly progress and topical reports when issped.

8. Degree of Availability: Available from NTIS when published.

b. TASK G

(1) Write a topical report incorporating all the results through FY 76; make judgment relative to success of correlating DOS with IGSCC and decision for development of a field test for weld qualification.

(2) The constant load and constant extension rate stress corrosion cracking tests on the ten heats of welded Type 304 and 304L stainless steel pipe will be completed. The electrochemical method for measuring the degree of sensiti zation of welded stainless steel piping and for stainless steel with simulated weld thermal cycles will be optimized by conducting a number of parametric studies to obtain the greatest sensitivity possible. The Parametric studies will include variations in KSCN additions to the electrolyte (Grain Boundary Activator), time-at-passivating potential, temperature of electrolyte, reactivation sweep rate, sample surface finish, passivating potential, and normalization of the electrochemical data to sample grain boundary area.

* ( 3) The DOS will be measured in ten heats of welded piping material (seven type 304 and three type 304L) and then correlated with IGSCC results obtained by both constant load and constant extension rate (CXR, rapid screening test) tests in the accelerated BWR coolant environment.

The DOS measurements will be obtained at OD and ID regions of the weld haz's at two azimuths of each pipe. Also each weld haz will be profiled for maximum sensitization charac terization using a sequential polishing and measurement Technique. Finally, all welded pipe samples will be tested for IGSCC using the CXR method, and these data compared to electrochemical measurements. Data will be analyzed to determine if a correlation exists relating DOS measured'on the OD of a pipe weld to predictable IGSCC behavior on the ID.

(4) Design and construct an electrochemical cell for measuring the degree of sensitization of welded 304 stainless steel pipe for field application. Consider methods for and attempt obtaining the electrochemical measurements directly on the ID surfaces of piping. Develop procedures and techniques in the laboratory on welded pipe sections. The procedures and techniques will be adaptable for use in the field. Capability of the cell for detection of IGSCC susceptibilty will be evaluated.

(5) A topical report will be prepared and summarize all findings and data relative to the DOS and IGSCC resistance of multiple tests.

Of type 304 welds, including the effects of low carbon levels. Included in the report will be (1) procedures for conducting IGSCC tests in an accelerated BWR coolant environment using both constant load and constant extension rate methods, (2) a set of specifications for the fabrication of any eletrochemical cell field unit, (3) procedures for conducting the field test, (4) recommendations relative to assessment of DOS measurements in terms of acceptable IGSCC resistance substantiated with data developed during the program. General Aim:

To develop an analytical method or methods for calculating the magnitude, direction, and distribution of residual stresses at Girth-Butt welds in pressure vessels and pipes.

2.

Particular Objectives:

a.

Review of literature and current programs.

Complete the literature survey and review current programs of a related nature. Report these review results and include in the final report.

b.

Residual stress data for developing and verifying the mathematical model.

Perform Girth-Butt weld experiments, taking temperature data and evaluating residual stress magnitude, direction and distribution.

At least three such tests must be performed, one with two weTd passes, one with approximately six passes and one with many passes. From task 2.a., obtain as much applicable data as possible on other programs, such as those at ANL and GE.

c. Mathematical Models.

Utilize the data and information from tasks 2.a. and 2.b. to develop, and then simplify, the methods used to obtain temperature profiles and the resultant residual stress fields.

Prepare a final report, including a documented computer program. Show typical example of usage, as well as comparisons of the analy tical results with the experimental results.

d.

Residual stresses in weld repair regions.

Evaluate the applicability of the currently available methods to analyze the residual stress fields in repair welds in heavy section steel. This should be coordinated with the HSST program, and the results compared with the experimental results from pro longation weld repairs. To be most useful, this task must be performed expeditiously for two ITV's will be tested near the end of FY 77, and in one, the results are critical. b. 'Essential results: See progress reports.

5.

Next Steps: See Item 2 above.

6.

Relation to other projects: This is part of a coordinated effort by NRC to assure the safety of nuclear power reactors.

7.

Reference documents: Quarterly progress and topical reports. General Aim:

a. Carry out a selected number of burst and collapse tests on baseline and artificially defected tubes representative of the tubes presently installed in PWR steam generators, such tests conducted-in environ ments similar to those found in in-service.

b.

Carefully control the creation of the defects to be similar to , those found in PWR steam generators and fully characterize them by use of replication and EDDY current and/or other nondestructive testing methodology.

c. Develop methodology (technique) for correlating the results of field inspection defect determination with the results of laboratory burst and collapse testing of flawed tubes.

d.

Develop burst and collapse pressure margins of safety as a function of flaw geometry and tube type and operating conditions.

e. Develop criteria to be applied to the evaluation of remaining life of tubes in which flaws are found during in-service ins'pections of PWR steam generators. i.

Determine the availability of in-service defected tubes and develop procedure for the testing and evaluation of same.

j.

Carry out analysis of test results, defining margin of safety for artificially defected tubes in simulated in-service environment.

k.

Carry out study to establish method of inducing cracks and wastage in tubing by means of corrosion and/or corrosion-fatigue under accelerated time conditions; such cracks and wastage to be similar to that found in tubes' in-service. Conventional concrete reactor pressure vessels have a cold liner covered by a thermal insulation. Such a liner can hardly be inspected and repaired. To fully utilise the safety potential of prestressed concrete vessels for nuclear installations, a concept was elaborated based on a hot liner in direct contact with the reactor coolant.

To demonstrate the feasibility of its concept, a large scale (12 m high, 4 m 0) model vessel for loo bar internal pressure and a liner temperature of 3oo°C was built at the Austrian Research Center Seibersdorf. An extensive testing programme to prove the reliability of the system for reactor pressure vessels of HTR, LWR and GCFBR power stations is being executed. ----------------------------------------------m i e . l (Qriginal.language) Programma di Classification ricerca sul comportamento del calcestruzzo per contenitori di reattori 11.3.1 nucleari Sonic methods have mainly been used with equipment for measuring propagation velocity of costant-frequency signals.

O E C D N U C L E A R E N E R G Y A G E N C Y -38, B o u l e v a
A large number of specimens have been subjected to thermal treatment »at temperatures o f 90 and 120 C, both in dry and in moist ambients; m oreover, they have been subjected to thermal cycling and to continuous treatment. The effects of thermal treatment on the bending and com pression strength and on Young*s modulus (static and dynamic) have been determined. The installation of automatic load control equipment at the Niguarda Laboratory, with the possibility of subjecting concrete prism atic and cylindrical specimens up to a max load of 100 tons, makes it possible to start systematic ; research in order to determine the specific surface of creep and to study the influence exerted on concrete creep by various factors, such as the shape and size of the specimens subjected to loads which are kept constant with time.

b. Development of novel techniques (optical holography) for determining the state of strain and early stage of fissuring in concrete.

Relation to other Projects

Development of advance solutions for pre-stressed concrete pressure vessels (thin-wall solutions) (11. San Francisco (1977).

Degree of availability Project information restricted.

T i t l e 1 (Original language) sviluppo di s o l u zioni avanzate per i recipienti in pres sione in calcestruzzo precompresso (so luzioni a Dareti sottili). 

General Aim

To develop advanced econom ical and safe solutions for PCPVs by better exploiting the resistance of triaxially stressed concrete.

Partlcular*Objectlves

Reduction of the wall thickness of current PCPVs by applying novel d e sign philosophies and tendon layouts.

Development of a pre^s-t^ess^ed concrete top lid and of a closure-andsealing system sim ilar to tho^e adopted for steel pressure vessels.

Experimental Facilities and Programme

The proposed solutions are investigated by means of suitable design tools, such as physical and mathematical models of the structure and rheological models of the material (concrete).

Most of the tests are carried out at the ISMES Laboratory at Borgamo. Sophisticated sm all-scale physical models (scale 1:10, 1:20) have been developed, built and tested to cover the entire range of structural beha viour up to collapse.

In order to obtain additional information on the deformation states of the physical models a new approach, based on holographic techniques will be tried.

Project Status a. P rogress to date

The following models have been built and tested up to collapse: -One thick-and three thin-wall models (scale 1:20) for a 300-MWe HTR.

• One thin-wall "continuous" model (scale 1:10) for a 1000-MWe BWR.

-Two thin and one "super-thin" models of the top lid (scale 1:10) for : a 1000 MWe BWR.

-One integral mode] (main structure plus removable lid) scale 1:10for a 1000 MWe BWR. Use has been made of mathematical models for the selection of the optimal geom etrical solutions by means of an interactive type of man-machine analysis.

A computer program was developed to take into account also the f r ic tional interaction between the lid and the main cylindrical 8tructiJr*e.

T i t l e 1 (Original language) Sviluppo di solu zioni avanzate per i recipienti in pres sione in calcestruzzo precompresso (so luzioni a pareti sottili). The proposed thin-waJÎ solution can lead to a reduction in the PCPV weight from about 37,000 tons to 14, 000 tons for a 300-MWe HTH^ and from 8000 to 4000 tons for a 1000 MWe BWR* SHIRT -Conference on structural mechanics in reactor technology.

r-------------------Title 1 (Original language) Sviluppo d i so lu z io n i avanzate per i r e c ip ie n t i in pres sio n e in c a lc e s t r u z z o precom presso (s o lu z io n i a p a r e t i s o t t i l i ) . Last Updating (Date):

Cont i n u i n g December 31st, 1976

General Aim

The influence of coolant channel blockages upon the cooling effect during the r e f lood phase of a loss of coolant accidents is investigated.

. Par t i c u l a r Objectives

The objective of the program is to investigate the influence of size and shape'of coolant channel blockages on the flow and the heat transfer conditions in the vicinity of the blockages. Not considered is the interaction between d e f o r m a t i o n and cooling conditions.

R e s e a r c h Pro g r a m

The i n vestigations will be done with a single rod, a row of 5 rods, and a bundle of 5 x 5 rods. The used indirect electrically heated rods have the same geom e t r y like the fuel rods and a stepwise cosine shaped axial power profile.

The experiments are performed in three major steps concerning the shape of blockages: The cladding temperatures and the pressure drops are measured. At three axial levels high speed movies are taken which serve as an important tool for the inpretation of the two phase flow.

Experimental Facilities, Computer Codes

The main components of the test rig are:

-water tank, -p u m p , -throttle valve, -lower plenum, -test section with electrically heated rods, -upper plen u m with pressure-regulating valve, -thyristor controlled power supply, -digital data acquisition system, -high speed film camera with a flash light equipment.

An available computer code was improved and adjusted for. the calculation of the heat transfer coefficient using the me a s u r e d clad temperatures.

Progress to Date

After the shake-down period of the test loop and the data acquisition system the experiments with a row of 5 heater rods were started.

The first test series without blockages has been completed. It serves as baseline experiments.

Tests with a grid plate to simulate coolant channel blockages have been started. In the first step which has been completed the reduction in the coolant channel cross section area was 62 %.

Results

The analysis of the experiments was started. A comparison between the tests with free coolant subchannels and those with subchannels partially blocked by a grid plate show that at the same mass flow rate the heat transfer was always better behind the blockages. However, in front of the grid plate the heat transfer was nearly uninfluenced. That result is not relevant for rod bundles in which only a part of the subchannels is blocked. For other types of subchannel blockages the result is not a p plicable without modifications.

Next Steps

The tests wi t h a row of 5 heater rods and a grid plate simulating coolant channel blockages are continued. In the next step the influence of b a l loons attached to the outer surface of the rods is investigated. Tests w ith a 5 x 5 rod array are prepared. 

General Aim

Investigation on the effect of ballooned fuel claddings during a LOCA on the emergency cooling of a BWR.

Particular Objectives

Based on the measured heat transfer rates in the blocked region, the influence of the flow distribution on the heat transfer will be evaluated upsteam and downstream of the blocked -region as a function of the geometry of the blockage. 

Test Facilities

The BWR tests will be performed in a double-bundle test facility which was installed within the scope of Task RS 36. During test performance, the cooling channels of one "bundle will partly he blocked by sheets. The second, parallel bundle remains unblocked.

The following parameters will be investigated: initial temperature, pressure, power, coolant mass-flow and degree of blockage.

Progress to Date

The -BETULLA: facility located in CCR Euratom at Ispra including a pressure vessel (with nearly CIRENE dimensions) for explosion containment. -Gathering information on explosion stresses in reactor structural components.

Next steps

Programme item 3.2.4. Mise au point dfun système de surveillance des paramètres importants pour la sûreté à base de micro-processeurs.

Objectif particulier :

Les calculateurs classiques n*étant pas fiables pour un système de protection, on est donc conduit à appliquer la technique de redondance en utilisant une configuration à plusieurs calculateurs qui conserve un fonctionnement correct même en cas de panne dfun ou plusieurs éléments. La configuration retenue utilise 3 calculateurs associés à un organe de décision en 2/3. Les calculateurs possèdent un système de contrôle en marche de son bon fonctionnement, lorsqufil détectera une défaillance susceptible de mettre en cause l'accomplissement d*une fonction de protections, ce système met le calculateur hors service, en panne sûre, et transmet les informations relatives à la défaillance et aux actions entreprises pour en limiter les conséquences. Participation à un programme européen de contrôle de tôles de forte épaisseur du programme HSST, mises à disposition par les USA.

Objectifs particuliers :

Détection des défauts volontairement introduits dans les tôles en utilisant la technique des traducteurs focalisés et éventuel lement l'holographie acoustique. Un tel essai devrait constituer une base pour la qualification de la méthode mise au point au CEA, puisqu'il sera suivi de la découpe des tôles et d'une corrélation entre examen ultrasonore et macroou micrographies.

Installations expérimentales et programme :

Les installations sont celles actuellement disponibles à la section des techniques lancées (STA).

-Cuve de contrôle par immersion (locale ou non).

-Pantographe -Appareils et traducteurs à ultrasons.

Etat de l'étude :

Avancement à ce jour

Les types de contrôles sont définis. Les tôles doivent être mises à disposition du 28 février au 30 juin 1977. Objectifs particuliers :

Il s'agit d'étudier, sur éprouvettes de traction représentatives (forte épaisseur), l'influence du champ de compression sur la détectabilité de défauts connus (décelés par ultrasons en l'absence de contrainte) et d'apprécier comment varie le dimensionnement de ces défauts en fonction de la contrainte appliquée.

Prochaines étapes :

-Détection de défauts réels introduits volontairement dans des éprouvettes de traction. -Etude de l'évolution de ces défauts au cours d'essais de fatigue par traction-compression. -Dimensionnement pendant les phases de traction puis compression.

Relation avec d'autres études :

Etude probabiliste de la rupture d'une cuve de réacteur nucléaire. Objectif général î Le but de ce programme est d'effectuer des essais de contrôle par neutronographie de composants de réacteurs. Le mini-réacteur pour neutronographie MIRENE, mis en service en 1976, permettra de mener à bien cette action. L'installation est équipée de 2 . faisceaux collimatés de neutrons qui serviront à effectuer les essais d'examens de pièces.

Objectifs particuliers :

Valeur du procédé pour : 1) L'examen de pièces épaisses en acier.

2) L'examen d'éléments combustibles de réacteurs à eau.

3) L'examen de matériels divers (ensembles colles).

Installations expérimentales et programme :

Réacteur pour neutronographie MIRENE.

Etat de l'étude :

1) Avancement à ce jour :

Le réacteur MIRENE a divergé en novembre 1976 et sera disponible pour des examens de pièces à partir de décembre 1976.

2) Résultats essentiels :

Les essais d'examens effectués antérieurement sur une installation semblable à MIRENE ont donné les résultats essentiels suivants : Ce type de réacteur installé près de deux réacteurs de puissance> ^PHENIX et RAPSODIE, permet un contrôle neutronographique satisfai sant du combustible nucléaire. Des essais effectués avec cette même installation ont montré qu'il était possible de contrôler des pièces en acier de 5 cm d'épaisseur. The hardness values determined and first investigations on the heat-treated specimens showed that the materials did not meet the usual requirements with respect to mechanical parameters. For this reason some specimens with the structure of 100 per cent low temperature bainite were subsequently subjected to an additional heat treatment in order to achieve higher tough ness values.

Design and construction of a special chucking device without pin joints (Fig. l) to avoid the friction noise caused by the pins of usual chucking devices for compact tension (CT) speci mens .

Ad 3.2: Evaluation of methods for the exact calibration of AE trans ducers, using two different procedures. A broad-band trans ducer made of lithium sulfate hydrate was calibrated in an under-water sound-field which was measured by a calibrated hydrophone and by the reciprocity method (cf. 4.). Routine calibration of a large number of narrow-and broad-band transducers consisted in comparing these transducers with the above-mentioned broad-band one.

During the fracture toughness experiments the AE signals were measured by narrow-and broad-band transducers and partly stored on magnetic tape. The AE count rate was directly recorded with coarse amplitude distribution analysis, while the magnetic tapes were evaluated subsequently. Some experi ments also included source location measurements, measure ments of the amplitude distribution and frequency spectra, Figs. 2 and3 show the sensitivity values of various commer cial broad-band transducers (Fig. 2) and of several Battelledeveloped and commercial narrow-band transducers (Fig. 3)* Comparing the results achieved by calibrating broad-band and narrow-band transducers of various manufacturers shows that -all these transducers are considerably less sensitive than stated by the manufacturers, -the sensitivity decreases with increasing frequencies also in the case of broad-band transducers -the resonant transducers designed by Battelle-Frankfurt, which have a natural frequency of 70 and 140 kHz, are by far the most sensitive ones.

It should be noted, however, that this calibration relates only to longitudinal waves. 

. Results

Acoustic emission was found to be a sensitive method for the detection of leaks.

All leaks with leakage rates from about 20 kg/h to 250 kg/h were indicated in spite of the background noise of the experimental facility.

As can be extrapolated from the results, the detection limit of AE, N 2 to 6 kg/h, is markedly below the leakage rates examined. 5.2. The micro-structure of the ES-welded joints was mainly hetero geneous due to the high heat input involved during ES-welding (fig. 1). The base material is well tempered martensite. In the outer regions, the heat affected zone contains pearlite and ferrite in a lamellar constellation. Closer to the weld seam, the propagation of pearlite and upper bainite increases. The region of the HAZ next to the seam has coarse grain. It consists ex clusively of upper bainite with rather large stripes of cementite inside the ferrite grains. Also the weld zone itself is purely upper bainite, but this has a crystallized dendritic structure.

From measurements of hardness it can be expected that the region next to the base material is the weakest. The coarse grain region next to the weld is sensitive to cleavage fracture.

In a tension test on a CT specimen we have generally two maxima of AE energy rate:

-a first peak is due to friction of crack flanks and depending on their roughness (fig. 2 for a welded joint with friction and fig. 3 without friction); the AE signals can be characterized by the distribution of energy per event given in picture 4a (specimen of base material).

-a second peak is due to plastic deformation, micro-crack format ion and macroscopic crack growth. These AE signals can be characterized by the distribution of energy per event given in picture 4b (specimen of base material).

By means of frequency and pulse area analysis, different groups of signals were detected. According to the time of their appearance they were correlated to plastic deformation, microvoid formation, macroscopic crack growth and friction (fig. 5) .

Samples having the fatigue crack in different regions of the weld seam and in the HAZ all showed cleavage fracture at room temperate ure. At 60 °C, shear lips with a thickness of a few ram appeared. 5.4. The volume of the plastical zone in front of the crack tip is given by an expression 4 6 V . = a"K + acK pi 4 6 This expression is calculated by taking account of the plane strain and plane stress conditions in the materials. The coefficients a^ and a^ are dependent on the thickness of the CT specimen and the yield point of the material. For a specimen of thickness 50 mm we shall always see a dependence of on K with 4th power but for smaller specimens (e.g. thickness = 7 mm) and lower yield point there should be an influence of both parts of the above expression. 5.5. For the pressure vessel we have to assume that the major AE sources are near to the inner surface of the vessel wall because the stresses are highest at the inner side. In general the acoustic emission signals are detected at the outer surface of the vessel wall. For this geometry we have done experiments which are described in picture 6. The results are to be seen in picture 7.

We see that the amplitude of the surface wave is dependent on the roughness of the outer surface of the vessel wall. Large-scale experiments are mainly done in the frequency range of 100 -300 kHz, i.e. with wavelengths of cm. So we cannot assume for reactor pressure vessels that the surface wave is important for the pro pagation of acoustic emission signals.

5.6. vVe have simulated an acoustic emission source with a laser heating up the surface of a steel or aluminium plate. The generated acoustic pulse has a short duration (<500 ns) and the directivity pattern given in picture 8. 2: Ring-down-count and load against crack-opening for CT specimen (welded joint); rough surface of the crack. Among-other things the macerial constants of steels are structuredependent. Therefore the determination of the structure of steels is an essential task and has to cover the whole volume, especially for big components like reactor pressure vessels. Under this category the structure of welds is to regard, too, and the evaluation has to be done in a ndt way. Ndt methods for these requirements are not yet technical standard, but in an andvanced stage of development.

Another important point of interest is the detection of defects -Doth real and latent -as flaws in the presence of a high coherent noise level, the accumulation of impurities in certain material areas and the proof of inner tensions.

Particular Objective

Measurements of scattered ultrasound can be used for qualitative and quantitative determination of metal structures (grain size, impurity distribution). Compared to attenuation measurements, they present e.g. the following advantages:

-no need of plane-parallel, polished test specimens, -evaluation of the structure inside the material, -quantitative separation of absorption and scattering coefficient from attenuation coefficient, -quantitative grain-size determination, independent of other methods.

The included impurities, generally differing in size from the grains, become detectable when measuring scattered ultrasound at appropriate frequencies.

Inner tensions cause changes of the elastic constants of the material, which lead to changes of the velocity of elastic waves. For that reason, velocity measurements are done using the pulse echo overlap method.

The reduction of the coherent noise level e.g. at the US examination of coarse-grained materials and cladded reactor pressure vessels, is possible when using signal averaging methods. In this respect several averaging methods (variation of probe position, excitation frequency of beam angle) are under consideration.

Research Program

In 1976, there were the following points of special interest: a) test of the new device for scattering measurements in an application test with about 2oo steel specimens; b) determination of the impurities in several reactor pressure vessel specimens; c) measurements on austenitic materials and welds for better understanding of the steel structures and for obtaining a better signal-to-noise level in ultrasound examinations; d) measurements with several averaging methods applying the basic laws of the US scattering and the results of the measurements mentioned under c).

Experimental Facilities, Computer Codes

-For v.ery accurate measurements of ultrasound velocities and attenuation an experimental device (MATEC) is used.

-Scattering measurements are made with two apparatus:

-at first a device built by Koppelmann ', recording the analog scattering signal on a XY recorder. -A second apparatus was built in the institute, marked especially by an analog-digital converter (100 MHz sample rate) and the on-line evaluation of the scattering measurement in a computer.

-For the averaging measurements the US pulse generating system differs from that one of the second apparatus (see above); the signal processing system is the same.

Progress to Date

The application test has been performed completely in 1976; the qualitative evaluation of the scattering curves allows to determine whether the structure is homogeneous or inhomogeneous; from measure ments on austenitic materials there could be developed several averaging methods to improve the signal-to-noise ratio.

Results

-In the application test about 200 steel specimens are examined. The scattering curves were evaluated and the scattering coefficient and the grain size were determined from the attenuation coeffi cient. The error bonds are plus minus half an ASTM grain size class.

-The determination of impurity areas within the specimen was done by evaluating the scattering curves only in a qualitative manner.

If there are any inclusions the sound reflexions outside this area are superposed to the scattering curve.

-To improve the signal-to-noise ratio when testing coarse-grained materials, especially austenites and its welded joints several averaging methods were applied. By varying the probe position, the excitation frequency or the beam angle, the interference pattern with respect to its maximum-minimum distribution over the time axis is varied, too. If there is any signal from a defect it will stay with nearly the same amplitude at the same place in the pattern. By the superposition of several interference structures, the useful signal grows more than the noise whereby the signal-to-noise ratio is improved.

When applying the basic laws of the US scattering theory, the averaging curves can be interpreted in a quantitative manner; the flaw size of the defects can be determined by using the DGS method after Krautkrämer.

Next Steps

Beside a further examination of the several averaging methods there will be a main effort in improving the local resolving power when examining welded joints by means of focusing probes. In 1977 the project will be finished.

Relation with Other Projects

No essential relations with other projects are present, only the work concerning austenitic steels in RS 102-16/1 and RS 143 are tuned together. 

General aim

In the field of the electrical, magnetic and electromagnetic test methods the project has the general aim -to transfer the status of knowledge into the concepts of techniques and devices, -to expand the foundations in mathematics and physics as much as necessary,

-to establish rules and models for interpretation of measurement results,

-to adjust the techniques to the specific problems in reactor testing.

Based on the research results, special developments orientated towards application are to follow as individual projects.

1. Eddy Current Test Method

Particular Objectives and Research Program

We are working at two kinds of application: a) testing of installed heat exchanger tubes, b) testing of the claddig, the basic material, the weld and austenitic/ ferritic junctions of the reactor pressure vessel for location of cracks near the surface.

In both cases a great number of parameters give measuring effects. The signals of defects which generally are the relevant parameters can be superimposed by signals of other parameters, so that the presence of the defects cannot be recognized or the indication of the defect depth can be falsified. Therefore the signals from the disturbing parameters must be suppressed and only the signals from the defects must be given out with the indication of the defect depth.

To solve this task the multi frequency method is to apply where is worked with several frequencies simultaneously. This method is to develop further with regard to the practical application and to test in several test situations which are simulated by models. 

Results

The project has been finished. In laboratory tests it could be demon strated that the multifrequency method is adequate to solve the diffi cult problems in testing heat exchangers and other components of nuclear plants. A test device exists, which is the starting point for the construction of a prototype suited for the "in-situ" application.

Just so there is a computer code which can be used to optimize the test equipment (frequency, design of the coils, etc.) for several test situations.

• ^ • Relations With Other Projects

Concerning the testing of claddings and welded joints there is a relation to project RS 89.

Final report, in preparation. 

Electrical

Progress Today

First numerical results.

Results

The first iterative solution shows the influence of crack width in the distance of the local extremas in the vertical magnetic flux component.

Next Steps

The plan is the non-destructive testing of welded joints in reactor containments with magnetography-leakage-flux method. For this applicat ion a signal processor must be built. The contactless electrodynamic excitation shall also be used for free ultrasonic waves in order to develop an angle probe for austenitic specimens.
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Experimental Facilities

The equipment for tube testing has been in essential the same as in 1975 with the difference that the transducer coils are shortened to improve the local resolution of flaw echoes. For the excitation of free ultrasonic waves a pulse magnetization technique was developed which allows the generation of a high short-time magnetization power in electromagnets of small size. Since the dispersion of guided waves generated in thin-walled tubes is very small in the frequency range of interest, short transducer coils with large spatial bandwidth could be developed in order to improve the axial local resolution of flaw echoes.

For the contactless electrodynamic generation of free ultrasonic waves meander-transducers with their fitting electromagnets were developed to be used as angle probes for ferritic specimens, the angle of incidence of the ultrasonic waves being adjustable by electronic frequency change.

To suppress the side lobes in the radiation patterns some tapering techniques were tested.

Essential Results

Concerning tube waves the axial resolution of flaw echoes could be trebled. Concerning the contactless electrodynamic generation of free ultrasonic waves a dynamic range of 60 dB could be reached at an angle of incidence of 45°. By frequency change it was possible to vary the angle of incidence from about 25° to 50°. A Dolph-Chebychev-tapering involved a suppression of the side lobes of about 15 to 25 dB in the radiation patterns.

Next Steps

The development of a method for tube testing by guided waves is carried on in another project. The dynamic range of free ultrasonic waves generated by contactless electrodynamic transducers shall be improved in order to be available for austenitic specimens, too. During the production of reactor pressure vessels both, the basic materi als and the single components undergo a nondestructive and fully volu metric test. After the completion of the reactor a basic test is made, and then, at certain intervals, fully automatic in-service inspections take place under more complicated conditions. This is to locate and eva luate defects. Evaluation is effected in a computer after the reconstruc tion of a threedimensional flaw picture dependent upon the different testing methods. These flaw pictures are compared with the specifications and standards.

Particular Objectives

The aim of the investigations is the reconstruction of flaw pictures true as to locus and geometry. Only such reconstructions allow the application of fracture mechanical criteria or empirical rules for the evaluation of nondestructively detected flaws.

Research Program

The following steps have to be carried out:

-utilization of information included in echo-dynamics (local curve of transit time, local curve of amplitudes), -utilization of information included in phase and amplitude of the signal,

-adjustment of reconstruction models to natural defects must be better than the former one (for example finite cylinder, infinite cylinder, sphere, ellipse, circle), -consideration of subliminal connexions of defects by means of neigh bouring relations, -considerations, respectively suppression of transfer fluctuations, coupling failures, form echoes, and redisturbances;

-the results are to be made available in a compressed manner and for all testing techniques simultaneously, i.e.as threedimensional flaw picture, which allows sections in any direction.

Experimental Facilities, Computer Codes

For the realization of this concept it is necessary to work with probes, which have a high sensibility and dynamic range. Moreover, the test systems have to work with different ultrasonic test methods as, i.e., tandem, pulse-echo, V-transmission, focus-tandem, focus-pulse-echo, etc.

An ultrasonic hardware has to be available, which allows the transfer of the necessary signals (for example, echo-amplitude + echo transit time, resp. the envelope of an echo-signal and, if necessary, the complete high-frequency signal) to the computer. This work is done by IzfP as well as the experimental data recording at artificial and natural defects.

The software, necessary for data processing has to be developed by the associated institute IPW in Freiburg.

5./6. Progress to Date and Results

For the reconstruction of flaws in the far-field of piston diaphragms mathematical models have been developed which use the signal locus curves for evaluation. These models are able to consider simultaneously the in dications of different ultrasonic test methods, as for example tandem and pulse-echo. By that means the distinction between plane and volumi nous defects is possible. For plane defects the mathematical model has been expanded already so much that defect size and inclination can be -1135 -By this method the object-plate system is decoupled fr,om movements of the light source.

First experiments were made with simple models. In this case, the object with the holografic plate, was put on a normal tripod standing directly on the floor. The system was disturbed by the normal vibrations. A steel sheet which was vibrating in natural modes was then holographed. 

Results

Investigations in taking holograms without vibration isolation.

In order to conduct measurements directly at the reactor, it was necessary to investigate and refine the methods of taking holograms without the need for vibration isolation.

The following methods gave good results with respect to the taking of holograms and the making of interferometrical measurements: During measurements on the pressure vessel, the holografic equipment is stiffly connected to the object. In this case the relative movements between the pressure vessel and the measuring equip ment are small.

.2

Deformation measurements with a flawed tensile test specimen.

The evaluation of the double-exposured holograms showed that when the crack in the middel of The only method known today of determining the absolute value of residual stresses in metallic materials by non-destructive means is the x-ray diffraction stress measuring procedure. The aim of the work in progress is to clarify to what extent it is possible to incorporate the measurable residual stresses in the surface or in the surface-adjacent zones of wel ded joints into theoretical reflections on strength factors, and to per fect measuring methods and apparatus in such manner as to facilitate their ambulant application in respect of reactor components.

Particular objectives

The work is divided into two sections: a) Investigations into the evolution of surface stresses and stress gradients in and in the vicinity of submerged arc welded joints.

b)

Reconstruction of the x-ray diffraction measuring equipment for ambulant use.

Experimental facilities

For the x-ray diffraction measuring on specimen welds, two centre-point free x-ray goniometers of Messrs. Siemens were available. For the ambulant measurements on major components, a newly developed goniometer was used.

Progress to date

Determination of the distribution of welding residual stresses laterally to the welded joint and the stress gradients dependent on the depth in submerged arc specimen welds has been completed. On the basis of model conceptions, endeavours were made to discuss the formation of welding residual stresses in the weld material and the heat-affected zone.

The new design and construction of a mobile goniometer has been comple ted and the first test measurements carried out (Fig. 1).

Fig. 1 :

Results

The fundamental question of the work in hand, namely to what extent it is possible to employ x-ray diffraction measuring in determining residual stresses in weld seams, can be answered in the affirmative. In untreated weld seams, the maximum stress peaks occur in the weld seam surfaces, the stress gradient being dependent on the depth whilst in surface-adjacent zones it is almost nil or very low. Thus, in spite of the shallow pene tration depth of the x-rays, material zones are reached, whose residual stress state ist characteristic for the weld seam to be measured. In mechanically treated weld seams, electrolytical removal of a maximum of o,3 mm suffices to also penetrate into zones, which are unaffected by the treatment and reveal the characteristic residual stress state of the original weld seam.

The newly developed x-ray goniometer for mobile use shown in Fig. 1 permits easy application of the x-ray welding residual stress measuring procedure on components of any geometry down to a curvature radius of 15o mm. By virtue of the rigid connection between component and measuring equipment, it is possible for the first time to quantitatively employ the x-ray measuring method on major objects.

The test measurements conducted also yielded new data and information on the formation of welding residual stresses in weld material and heataffected zones.

For the newly developed goniometer, patent (No. 2633144.6) and registered design (No. 762344.5) have been applied for at the German Office of Pa tents in Munich.

The work is completed and concluded.

Christian H. , Elfinger F., Klug W. : Ein Rôntgengoniometer für den mobilen Einsatz. Materialprüfung 18 (1976) Nr. 1o, S. 388 -39o

1. Basic studies of ultrasonic inspection methods and optimization of detection and analysing techniques. 4. Onward development of components and methods to improve data logging, data processing and display/printout systems.

Research Programme

The research programme embraces the following work:

General

The general aim of the research programme is to make further progress in the development of ultrasonic inspection techniques with a view to increasing the probability of fault detection and improving the interpretation of the inspection results. This includes research into techniques for the analysis of indications, e.g., focus technology or line holography, and preparations for practical application. The tasks call for extensive theoretical and experimental research.

Inspection_Systems_

Special inspection systems must be developed for the inspection of close-to-surface zones and of lugs and supports welded to the inside and outside of the reactor pressure vessel. The task involves testing a method of monitoring the stability of the probes during the course of inspection work. The task also includes the development of a probe with adjustable sound beam parameters for special inspection applications, e.g., for inspecting the ligaments in areas of penetration holes for control rods.

Manipulators

New manipulators are being developed and current manipulators are being improved for remote-controlled inspection of the following areas of reactor pressure vessels:

-Ligaments in areas of control rod penetration holes in the bottom closure and closure head -External inspection of transition weld between cylindrical area of vessel and spherical bottom (BWR) -Inspection of inner radii of small nozzles -External inspection of flange at bottom of vessel and at closure head -Extended external inspection of cylindrical area of vessel with automatic transfer of inspection car from one longitudinal rail to another. Motions under computer control.

5 §ta__Logging

For processing the data of automatic ultrasonic inspection the capacity of data logging equipment must be increased to accommodate the increased flow of data. Existing programmes are being increased to improve software and the interpretation quality of display and printouts.

Experimental Facilities, Computer Codes

The research programme envisages laboratory tests to establish the capability of inspection equipment for individual in spection techniques as well as the provision of working models of manipulator components. Various computer codes are used to establish the best parameters of inspection systems. The task includes the provision of further computer codes for evaluation and display/printouts of the data obtained during inspection.

Progress to Date

Actual test results from a large vessel wall specimen are available for a closer examination of perhaps significant indications with the aid of special methods of analysis. The following four methods of analysis were tested:

Single-probe dual-frequency echo dynamics Tandem echo dynamics Tandem echo dynamics with focus head Line holography

Conceptual data and designs are available on the inspection systems to be developed for the individual areas. Prototypes are being built to test the capabilities of these systems.

For the probe with adjustable sound parameters there are certain dimensional limitations because the probe is also proposed to be used in areas of restricted space.

Conceptual designs have been prepared for the various manipulators. Detailed designwDrk has been started.

For data logging and data display/printouts, work has com menced on the further development of software for on-line data processing and on increasing the data flow to all measuring channels.

Results

Most of the work is still in progress and no detailed results

are as yet available.

The tests on the methods of analysis have shown that ac cording to present knowledge focus technology and line holo graphy appear to be particularly suitable methods for the analysis of indications. Computer codes are available for calculating the three-dimensional tandem echo dynamics.

Next Steps

Work under this programme will be continued in all areas with special emphasis on:

-Testing of new inspection systems on test specimens -Study of various parameters as to the quality of indications for focus technology -Testing of working models of new manipulator elements -Onward development and testing of improved data display/ printout methods.

Relation with Other Projects

Reference is made to what has been said in Report A 74 with regard to RS 2702.

During the period under review the following summarized reports have been issued in the German language: Production can be started following clarification of the definite extension steps on the prototype.

Next Steps

-Synchronisation with research plan RS 102-17 and start of the layout works for the construction of the prototype.

-Construction of the prototype -Investigations for noise suppression at the prototype of multiple wire systems. The project has the aim of building up a prototype for the inspection by means of the multifraquency eddy current method. Starting from the results of RS 102-18, section "eddy current", the equipment shall be applicable to the inspection in production lines as well as to the recurrent inspection of reactor components of the type BWR, PWR and FSR. The concept of the equipment shall harmonize with the conditions of the large application field. Over all, great importance must be spended upon safety against disturbances and upon easy handling.

Particular Objectives

The equipment consists of 2 parts:

-the transmitter-receiver-unit:

The frequencies are given after multiplexing each after the other into the coil. The switching is so fast, that an inspection velocity of 3 m/s with a local resolution of 1 mm is achieved. The advantage of this proceeding compared with the simultaneous method is the small electronic expense and the flexibility concerning the quantity of frequencies and the frequency range.

Respectively, in one of 3 ranges the frequencies can be tuned con tinuously and in any combination: range 1: 10 kHz -600 kHz range 2: 1 kHz -60 kHz range 3: 0.1 kHz -6 kHz

Besides the oscillators the transmitter-receiver unit consists of the coil driver, the amplitude-phase-meter, the compensation network and the display to figure the test information (impedance of the coil).

The coil is driven over a cable, which has a length of up to 30 m and can be an absolute or a differential type. In both cases the compensation is made in an automatical manner.

-the evaluation unit: This performs the separation of the parameters and produces the read out value, which is settled of the disturbing signals and is only a function of one parameter to be chosen. The evaluation is realized by means of digital computer circuits and allows the simultaneous deter mination of several read-out values coordinated to different parammeters.

Research Program

The electronic circuits and components are to develop and to integrate within the prototype described in 2.

Progress to Date and Results

The block diagram of the equipment is worked out upon the experiences with the laboratory test device, which is arisen in the preceeding project RS 102-18. The building up of the transmitter-receiver unit is short of conclusion, b. Next Steps Construction of the evaluation unit will be started and connection of the both units will be realized. The experiences gained by the investigations of the engineered safety features control system were summarized.

For different electronic modules investigations were performed in order to find out the various failure modes and to evaluate the associated failure rates.

The computer programs to calculate the reliability data for complex systems were further developed and are described in special reports /2 , 10, 12/.

A report with critical comments on the Reactor Safety Study WASH-1400 was finished /6/.

Essential Results

The 

General Aim

The general aim of the project is the assessment of the structural reliability of a PWR which may be subjected to internal and exter nal load conditions, i.e. hazards. The structural reliability, as defined here, is the probability of survival of the structure within its design life.

Particular Objectives

Based on the probability of occurrence of various load conditions and the utilization of stochastic processes the reliability for each particular external load case i.e. earthquake, airplane crash, external pressure wave will be determined on one hand and on the other hand the reliability, given an internal load condition, is to be sought. Particular emphasis will be given the determination of the joint probability of occurrence of the earthquake together with other failure events. Stochastic models for the prediction of these joint probabilities will be developed. The scale parameter for the combi nations of the particular load intensities is the reliability which needs not to be higher than that for each separate load case. 

Research Program

Essentially the investigation consists of seven problem areas: c) The complete procedure will be used for the design of the FtfR engineered safety features.

Relation to other projects

The digital programs for the LOCA analysis described in.the other project ("Development of a 'chain of digital programs for the LOGA analysis of a FVJR) will be utilized. 

Particular objectives

The first stage of the program consists of:

-making an inventory of the general available methods of reliability analysis and ' 'data banks" on failure rates -establishing a standard procedure to collect data on failures in nuclear power stations in The Netherlands -developing procedures to evaluate the reliability of reactor systems for specific cases applicable to Dutch power reactors.

Experimental facilities: None

Project status:

Updating theoretical knowledge and evaluation and updating of existing computer codes

Next steps

The next step is to create a balanced code to do the following: a. Constructing the logical fault tree b. To determine the MCS c. To calculate the availability of components and system d. To rank components and MCS according to their importance with respect to the stop event in a certain measure. After creating the code, a test run has to be made of a reactor safety device. 6. Relations with other projects: 7.

Reference documents: "

Degree of availability

The reports will be written in the English language. They will be submitted to the Ministry of Social Affairs, Postbus 69, Voorburg. To assess the probability distribution of loads acting on the reactor primary circuit,

Methodology and application

The presented method consists in a combined probabilistic-de terministic approach. This approach is probabilistic in the sense that for each combination of system stated a probability figure is determined by means of a fault-tree analysis. It is deterministic in the sense that the corresponding consequence (e.g. magnitude of overpressure or over temperature) for each combination of states is computed by deterministic codes.

The approach has already been applied to Pv/R overpressures in the frame of the collaboration contract no. III-73-PIPGF CCR Suratom-Framatome. The same approach will be applied to the temperature transients at a defined point of the primary circuit of the fast reactor pEC in the frame of the collaboration contract no. 144-75 PIPG/RN 163 CCR Euratom-CNEN. -1229 -

Project status

Experimental Facilities

No experimental facilities necessary.

Progress to Date

Comparative tests with diapositive-projectors with higher power were performed. Tests were started with super-8 and 16 mm films. The quality of the pictures was compared.

Some production examples were created for group schooling purposes. The time sequences were optimized.

An information program for the staff of power plants was deve loped.

The special training (detail work on systems and functions of a special power station) was considered during the start-up phase on the base of one day per week.

. Results

The diapositive projectors were not well suited for special purposes. The tests with super-8 and 16 mm films showed that the super-8-film needed higher effort for illumination and had a lower quality of the pictures compared with the 16 mm film. of the behavior of their components on waste treatment and soli dification and estimation of waste production rates in compari son to liquid decontamination chemicals followed by the develop ment of a application technique in thin layers for the paste.

Basically the same experiments are carried out with molten salts.

Optimization experiments are to be started for better cleansing effectiveness with a liquid cleanser and decontamination che micals .

Experimental Facilities

No special experimental facilities are necessary. Standard la boratory equipment is used for the experiments.

5.

Progress to Date

Development of cleansing pastes and application of molten salts for the decontamination of metal surfaces

Cleansing pastes have been prepared by mixing combinations of HF, HNO^ and HC1 with a HF resistent, highly dispersed baryte type material. The effectiveness of these pastes has been proved with samples taken from power stations.

KHP04 and sodium peroxide powder have been applied as deconta minants by coating metal surfaces to be decontaminated. Both melts are very effective, as could been shown by decontaminating power station samples.

The development of technical equipment for the application of pastes and molten salt to surfaces in thin layers is finished and the components in question are ordered.

Optimization of a liquid cleanser

Base material for a liquid cleanser have been selected by DT analysis with respect to their thermal stability. With the most stable types cleansers have been mixed with foam regulating agents. To this basic mixtures complexing agents have been added

-124-3and the decontamination effectiveness was tested.

Optimization of the Decontamination of Components

A selection of chemicals currently used for decontamination and applicated in dipping techniques have been tested for their ef fectiveness with respect to working temperature and concentration.

Further experiments are on the way. Out of others HNO^, HNO^/HF, alcaline KM04 solution, citric acid and oxalic acid are tested.

6. Results

Development of cleansing pastes and application of molten salts for decontamination of metal surfaces

Baryte material based pastes show in all experiments and appli cation tests the better effectiveness than pastes on polyethelenetitanium-oxide-mixtures. Pastes without hydrochloric acid, have a similar effectiveness than those containing hydrochloric acid, but the decontamination time is longer, about twice as much. Because of the absence of the polyethelene powder the thermal stability of the paste is higher and difficulties in the transportation of the waste waters caused by this powder are eliminated.

It could be demonstrated, that KHPO^ as decontamination agent is very efficient in decontaminating primary circuit samples from PWRs. Activities of 0.5 to 1.5 pCi/cm prior to decontamination are removed up to between 1% and 5% residual activity.

Regarding the technical equipment for coating contaminated sur faces it has been demonstrated that pastes can be applied in thin layers. Only current type technical components are necessary. Compatibility problems are solved by selection of special surface protection coatings for all those parts which come in contact with the chemical agents. 

Optimization of a Liquid Cleanser

In case a composition of the cleanser can be found the effective ness of which is comparable with that of Papan-Dekopan for the isotopes selected, the range of application of the cleanser will be extended to glass and plastic surfaces.

Optimization of the Decontamination of Components

The experiments mentioned are continued aimed at optimal concen tration with respect to decontamination effectiveness. In this the use of other application techniques is included.

-1245 -

Relation with Other Projects

There is a cooperation with KAH company in the development of decontamination agent application equipment. The report is available at the authors. The investigations relating to 3*1 through 3*3 were performed and terminated within the period of reporting.

General Analysis:

The studies relating to 3 ^ and 3*5 were performed and terminated.

Points 3*6 through 3*9 were treated although not terminated within the period of reporting. U and thorium including homogeneous poisons have been computed. Further cal culations have been performed for plutoniumtributyl phosphate mixtures and plutonium-polyethylene systems. The separation and reflection ef fects of various concrete reflectors with and without nuclear absorbers have been investigated in a series of calculations by Monte-Carlo tech nique. For all cases slab geometry has been assumed. Similar calcula tions for storage assemblies of plutonium nitrate cylinders in concrete vaults are under way. A study for use of boron or hafnium plates as nu clear poison has been done for an extraction column in the first cycle of an oxide fuel reprocessing plant. Overview calculations have been performed for the storage of spent PWR fuel bundles in poisoned casks.

Results

Conditioning

In the field of risk analysis of the nuclear fuel cycle a theoretical analysis to predict the power and time dependence of criticality acci dents has been issued. Further implementations in the computer code RADCA for calculation of the consequences of criticality accidents have been incorporated.

Essential Results

A new supplement has been issued to the Criticality Handbook.

Next Steps

Completion of our Criticality Handbook. A safety study is under way for plutonium recycle in LWR, especially for fuel manufacturing of uranium elements and U-Pu-mixed oxide fuel. 

1.

Water would not leak in form the closure head seal to ballance the pressures inside and outside of the specimen at higher pressure.

2.

Pressure equalizer was found to function satisfactorily. 

4) Projection

Specific Project_4000^_Earthguake__Studies

Vibration-studies serve to improve and correct the basic knowledge about the safe design of building structures and pipe-systems with respect to the effects of earthquake. This implies the following ob jectives:

-Verification and optimization of available analytic methods -Influence of material and soil characteristics and design conditions -Testing of experimental techniques -Advancement of analytical procedures for the non-linear range.

Specific_ProiectJ5000£_Leak_Rate_Studies

These studies serve to determine the previously unsettled parameters with the aim to standardize the leak rate procedure andv.tbe in-ser vice studies of nuclear power stations.

This involves the following objectives:

-Leak behavior of a cold plant.

-Leak behavior of a plant at operating temperature.

-Verification and optimization of existing analytical procedures.
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The last few highly radioactively contaminated components were removed from the plant and most of the work associated with the modification for experimental operation was finished. The test loop with an electric boiler to simulate conditions close to the operating conditions (310°C, 110 bar) was installed. In addition, a central measured data acquisi tion system for 450 fast and 150 slow measuring stations has been ordered.

Specific_Pr22ect_lOOO£_N2n-destructive_Tests

To assess the actual state of the components under study in an accu rate way, a first fully volumetric automatic ultrasonic test of the RPV was carried out with a special type of manipulator built for this purpose. Areas specially selected of the RPV pipe connections, top lid, welds, defect areas, transitions and parts of the piping system were additionally tested manually (manual ultrasonic test, manual tandem test, radiography). In a pressure test (143 bar, 50° C) sound emission measurement was used on the RPV and the piping system. It furnished various noise readings whose evaluation, however, indicates that leakages and other defect noises had been detected and that there had not been any changes in the RPV.

Specific Project 2000: RPV and Piping _Studies

The first materials data and the structural conditions were determined in material studies and metallographic examinations of drill cores taken from the pressure vessel and of specimens of the piping system. It turned out that the strength and ductility properties of the mate rials in the base material and the welds satisfied the requirements as specified and did not show any weakening defects. An experimental stress analysis carried out on the pressure vessel in the "cold" pressure test (143 bar, 50° C) revealed peak stresses and stress distributions on the RPV and certain regions of the piping system. A first comparison between measurement and calculation of the stresses determined on a large RPV-nozzle showed good agreement.

Project Status

Sgecific_Project_3000£ Blowdown_Exgerintents Preliminary calculations performed as a basis for the experiments were carried out on the RPV with respect to the following criteria: -Development of pressure relief waves under various boundary condi tions.

-Load acting upon the internals as a function of the length and dia meter of the pipe connections. -Influence of the initial pressure and temperature distributions upon the load forces. For the containment, the factors calculated were -the differential pressure loads acting upon the structures, -the pressure and temperature development to be expected. Fabrication of the test components, especially of the RPV internals and the valves, was continued. The extensive measuring gear is being purchased.
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The experiments carried out with low excitation and various types of excitation, i.e., -shaker, snapback, explosion were evaluated. A first comparison with vibration calculations showed differences between the measurement and calculation, both in the eigenfrequencies determined and in the amplitudes. Extensive calculations of the vibration behavior under the impact of low excitation compared with measurements have been initiated by various institutions.

In the period April/May/June 1976 leak rate measurements were carried out on the cold plant. Especially the influence of the sequence of pressure steps, the action of the air trapped in the concrete and the critical swelling pressure were investigated. suits The first automatic ultrasonic test of the RPV, the additional manual ultrasonic tests and the material studies indicated that the pressure vessel and the piping system of the HDR did not show any sizable de fects or cracks before the start of the blowdown experiments. A de 

  and guidelines for the construction of safe process computer systems and for the verification of desired safety or reliability general concept for computerized inspection of engi neered safety systems, in order to improve failure detection and local ization with respect to time conditions and overall performance. In vestigation of the capability of new methods for on-line analysis of plant disturbances. Development of methods to implement new concepts for incipient failure detection using process computers. (b) Investigation of hardware and software structures for safety related com puter applications in nuclear power plants. Reliability and availability evaluation of such systems in comparison with hardwired solutions. Devel opment of guidelines for the design, construction and implementation of computer systems with safety related applications; providing methods for the verification of their reliability or their correct performance. 3. Experimental Facilities and Program (b) For the tests performed on a computerized reactor protection system for BWRs an AEG 60-10 computer has been installed at the Laboratory. been deferred in favour of more time-critical subjects. (b) A contribution was made to the VDI/VDE guidelines number 3553 on "Fail ure Detection and Localization in Process Computer Systems". The public interest in recommendations for the construction of safety related user programs / 1 , 2/ proved to be quite high. Concerning the computerized protection system for the Brunsbiittel power plant (KKB) more than 105 additional test runs had been performed. It turned out that with regard to some points an obsolete version of the -654specification had been used and that the employed reaction mode for reactor pressure changes worked differently to a normal two out of three selection. The computer self supervision programs were improved, now providing a better computer availability. Other investigations helped to clarify the causes of faults which occurred intermittently in the com puters installed at the plant. ADCs of that system were remeasured, faults in the W T (process interface) and concerning the IBM type writer must be corrected. Theoretical investigations dealt with the treatment of several hardware failure modes differing in the associated failure detection times. Addi tionally data depending failure detection methods were considered with respect to their effectiveness. In the software field redundant and di verse programming methods were investigated and the effects of common data areas on possibly distant program parts in operating systems were looked at. Statistical software verification dealt with the accuracy of fixing of boundaries, the use of supervising a program's test procedure and the results obtainable by test during plant operation.

  to Date Detailed planning of the test sequence for test of pilot valves at the Erlangen valve test facility has been initiated. Hydrau lic design calculations covering the planned test circuit are being performed. Discussions of technical details pertaining to the functional behaviour of the safety valves have been held with the manufacturer of the test valves, Messrs. Sempell. Pre paratory work covering selection and ordering of the test components continues.

  aim: development of a new control system for pressure tube reactors.

5 .

 5 Progress to Date Four in-core probes for the KWO Pressurized Water Reactor have been installed in Juli 1976. Each probe contains 6 Cobalt-SPN-Detectors. Manufacture of 18 detectors and instrumentation of three assemblies was performed by the Institut für Kerntechnik during the first months of 1976. The 4th probe was instrumented with commercial detector types. The detector signals have been recorded and analysed with respect to flux distributions and local and global reactivity feedback effects.

  For in-core measurements in the boiling water reactor Lingen a new detector type with Gadolinium emitter and two Hafnium detectors were applied. Because of the special design of the Hf-detectors extremly high neutron signals could be measured with an excellent spatial resolution of only 2,2 %. Also the Gd-SPN had the expected high signal level of similar magnitude. Neutron flux distribution and reactor noise measurements were performed in 30 vertical core positions.7. Next Steps Analysis and evaluation of the last experiments as well as comparisonwith earlier measurements at both Boiling Water and Pressurized Water Reactors will be completed in the next months. Experimental results and corresponding theoretical investigations are to be published in the final nroject report. the last years on several nuclear power plants verified the original concept that indirect measuring methods can be or have to be, respectively, used for reactor on-line monitoring systems surveying the vibrational behaviour of reactor internals and diagnosing anomalies or malfunctions within the primary system (loose parts, cavi tation, leackage, blockage). Safety reasons and the inaccessibility of the inside of the pressurized system for additional detectors require efforts to gain the relevant information from sensors outside the vessel and pipes or via secondary effects in other physical parameters being already measured (e.g. internal vibrations in neutron or pressure noise signals). To solve the main problems of indirect measuring methods, that means identification and separation of the signal components (sources) being representative for the individual internal vibrations or reactor malfunctions, correlation techniques are applicated.

  Similar investigations, i.e. data interpretation and model development have been performed for the sodium cooled test reactor KNK-I. In pre paring the KNK-II test program the vibration behaviour of instrumen tation tubes has been precalculated using the finite element program SAP IV. With the aim of improved signal interpretation the program STAMPO has been developed. It determines the complex transfer matrix of a struc ture model from the given mass-, stiffness-and damping matrices of the mechanical system and calculates the PSDs und CPSDs of the vibration signals from this transfer matrix and the PSD matrix of the exciting functions. In contrary to deterministic programs one is able now to vary the degrees of the coherence of the exciting functions at the different structure components. Further on as an important point in the principle of the control, (i.e. for the interpretation of deviations of the actual pattern from the reference pattern) in an advanced version of STAMPO sensitivity studies of model parameters can be performed.

  1977. At the same meeting also a paper about the state of the develop ments concerning vibration monitoring systems for PWRs will be presen ted. Publications about the systems and the experimental results are listed in refs. /1 -6; 8/. The application of the identification program SYSIFA to the pendulum model and the tape-stored measuring signals of the PWR BIBLIS A which resulted in a verification of the model and a

  , consijting of in-core sensors (fission chambers, self-powered detectors), self-compensating low-noise amplifiers (developed at the Institut fur Kerntechnik), signal distribution and multiplexing unit and analog magnet tape recorder with 14 tracks.

  FIG. A Flow mixing chamber and silver cross for the mean out let temperatures of the condensers for the heat-balance measurements ( outer diameter about 30mm, 4 turnround sheets.)

  the nonhomogeneous heatflux distribution due to the heat production by only 6 rods of the total of 36. Measurements have been carried out with and with out a supporting grid positioned between the two temperature measuring planes.Next stepsThe obtained data show that for low mass flows mixing does not increase when a supporting gris is installed. A report of the measurement-

  expérimentales ont été surmontées. De nombreuses et longues mises au point ont été nécessaires.

  on an experimental loop for a Leak Detection and Monitoring System based on acoustic emission. b) Development of an enlarged Loose Parts Monitoring System (LMPS), with which loose and loosened parts can be detected and located.

2 )

 2 of availability of the reports Al] reports specified under 9 are available at the "Institut für Reak torsicherheit", Glockengasse 2, 5000 Cologne 1. information concerning the best way of laying out a mechanical structure to reduce or eliminate vibrations. Under real conditions the flow pat tern itself and the geometry defined by the mechanical structure are very complicated. It therefore remains for the experimental engineer to explain the relationship between the movement of the mechanical structure and the excitation caused by the flow. For a systematic investigation in the planning stage experiments making use of models can also be carried out complementary to measurements taken at the plant itself. Model technology is justified theoretically in mechanics of similarity. II. Particular objectives Under investigation are the flow-induced vibrations of the core compo nents in the reactor pressure vessel of PWR caused by the flow of the main coolant. The measurements are taken of pressure vessel models (scale ~1:10) of normal construction (4-loop-plant) .The main goal is tc obtain criteria for a safe design of core compo nents and to test if model experiments in the project stage of new plants are suited to predict damages coused by flow-induced vibrations.To solve this problem it is necessary to know the response of the structure according to the dynamical load caused by the main coolant flow. For a safe design of a mechanical structure it is important to be sure that there is no dominant feedback-mechanism (fluid-resonant, fluid-dynamic, fluid-elastic) in the flow field; the effect of feedback ist always a selective amplification of the load energy about dominant frequency bands associated with an increase of spatial correlation.Without feedback-mechanism the load energy in a turbulent flow, which causes the mechanical structure to vibrate, has a statistical distri bution being unable to excite the structure systematically.III. Research ProgramFigure 1 gives a diagrammatic representation of the investigation pro gram: Using only the hydrodynamic analogy of the flow, the structure of the model should be rigid, because it does not correspond in its elastic properties to the actual installation. There are dimensionsless numbers enabling a transfer of measurement values taken at the model to the actual reactor-pressure-vessel. In this model it is possible to investigate fluid-dynamic and fluid-resonant feedback -whenever they exist in the hydrodynamic system. If one takes into account not only the hydrodynamics but also the kinetics of the core components one obtains a hydroelastic similar model. This model allows the investigation of fluid-elastic feedback between structure and fluid. The difficulty of this model ist that six dimensionsless numbers and the boundary conditions of the flow and the structure must be fulfilled. It is provided that the measurements taken at the model will be compared with those of the original reactor. IV. Experimental facilities; computer codes A. ) Experiments conducted_on_the_hYdrodYnamicallY_similar_model A geometric scale-model of the pressure vessel with core components is constructed. The experiments are conducted in open circuit with air as flow medium. The points at which measurements are taken are where the flow medium enters and leaves the model, in the ring gap between the pressure vessel and the core barrel, on the lower core support and on the control rod guide assemblies. Dependent on various parameters the pressure fluctuations on the core components are measured by means of pressure transducers. B.) Exgeriments_conducted_on_the_hYdroelasticallY_similar model This model corresponds not just in its hydrodynamic similarity but even in its elastic features to the actual installation. The expe riments conducted in this model are carried out in closed circula tion with water as the flow medium. Three main groups of variables will be measured: 1) vibrations, i.e. displacements and accelerations, of core compo nents 2) strains of the structure due to vibrations and 3) pulsations of the hydrodynamic pressure, which induce core compo nent vibrations. C .) Computer_codes 1) Computerprogram for the analysis of stochastic signals (FORTRAN IV) Computerprogram based on the "lumped-mass" technique for the simulation of the dynamic behaviour of reactor internals by means of beam structures. (FORTRAN IV) 3) Finite element program (SAP IV, FORTRAN IV) V. Progress to date a) Experimental setup of the hydro-elastic model to investigate the coupling between structure and fluid. The flow medium being water. b) Completion of the core assembly and experiments with the hydrodynamic model. The flow medium being air. c) Analysis of original data from a nuclear power station. d) Theoretical work in the field of flow-induced structural vibrations. VI. Results Essential results of the experiments with the hydrodynamic model will be published comprehensively in 19 77. Figure 2, for example, shows typical power spectra of dimensionsless pressure pulsations (y), which were measured in different positions in the ring gap between core barrel and pressure vessel. All spectra thus measured show a more or less pronounced concentration of the energy around the some dominant frequencies. Since the frequency content varies only slightly when changing the volume flow, the geo metry and the flow medium obviously are the essential parameters as shown in figure 3, which shows a spectrum where the geometry of the gap between core barrel and pressure vessel has been changed by a ram ledge (Stauleiste). It is obvious that this variation has a great influence on the frequency content of the pressure signals. During 19 76 the core barrel and the pressure vessel with which the hydro-elastic model is to be carried out has been completed. In manu facturing the core assembly of the model very detailed designung of the components was necessary. The instrumentation has been initiated. VII. Next steps a) Preliminary conclusion of the experiments with air as the flow medium b) Experimental determination of the mechanical properties of the hydro elastic model, i.e. eigenfrequencies, damping etc. c) Measurements with the hydro-elastic model. d) Development of a semi-empirical model to calculate the flow induced vibrations of the core components of PWR. VIII. Relation with other projects See this report for 1974 IX. References Annual reports for the IRS/BMFT (German)

  model test facility 1 : 5 scale was modified and furnished with a complete set of measurement points and the additionally prepared control rod guide tubes. Due to the delayed delivery of the pressure taps necessary for the fluctuation measurements, the model could not yet be placed in operation. Presently the pressure taps are being installed and calibrated in the control rod guide tubes. In addition, the outlet pressure-regulating valves of the control rod guide tubes are being adjusted to the distributions in the reactor. Results No results on velocity distribution and pressure fluctuation in the final model version have been obtained up to date due to the preparatory work. Measurements are scheduled for early

  study the effects of temperature, neutron irradiation and stress on z irconium alloys and steels used for structural purposes in reactors. Proposed Investigations : The p r o g ramme consists of systematic studies of the effects of creep and fatigue stressing on various alloys. Particular attention will be given to fracture behaviour and the conditions required to induce unstable crack growth under static and cyclic stress conditions. OECD N U C L E A R ENERGY AGENCY -, B o u l e v a r d ¿juchât, lALT; T e l e x : 63OG68 AEN NEA -Tul : 5?4 tC-'v > T h e r m o -m e c h a n i c a l analysis of nucüear plant e a r c h into the modelling and optical numerical solution of linear and non-linear problems of thermal and mechanical response of nuclear power plant components and structures. The p r oject is of a theoretical nature. The programme for 1977 is a contunuaticn of work on the response of fuel elements to pressure pulse loading. The w o r k involves interaction wi c.h AAEC engineers, and r e ceives some support from the Australian Institute of Nuclear Science & Engineering. pti on : O b j e c t i v e : To study the Zircaloy-Steam reaction under conditions relevant to loss >f-coolant conditions in water-c o o l e d reactors, including the effects of deformation on the reaction. R e s u l t s : o The effect of deformation before and during the Zii iloy-steam reaction at 1060 C has be e n investigated. The reaction was also studied during simulated thermal transients, up to 1300°C. The results indicate Lhat an allowance for deformatione nhanced o x i d ation should be included in loss-of-coolant-accident analysis where Zircaloy-2 cladding is involved.. P u b l i c a t i o n s : 1. "The Effects of Deformation on the High Temperature Strain Oxidation of Z i r c a l o y -2 " , D.H. Bradhurst and P.M. Heuer, J. Nucl. Mater. 55 of Deformation on the High Temperature Oxidation of Zirconium' Alloys'1, D.H. Bradhurst and P.M. Heuer, Paper 6-4, 6th. Int. Cong.Met. Corrosion, Sydney, Dec.3-9, (1975).
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 4 5 6 0 OECD N U C L E A R E N E R G Y AGENCY -Boulevard Suchet, 75016 PARIS T elex : 630668 AEN NEA -Tel : 524 8P-ixed oxide fuel element behaviour under irradiation. Post-irradiation examination. densification study and evaluation of the q u a litative and q u a n titative effects (e.g. neutronic point-of-view, physical mechanisms, attempt to deduce empirical correlations for predetermination calculations) ; b) Fuel behaviour under accidental conditions ; c) Power ramp capabilities ; d) Surveillance of statistical behaviour of Pu fuel in BWR and PWR power plants. 3. Experimental facilities and programme -In-pile (BR-2 reactor) and out-of-pile tests for m i x e d oxide fuels. Neutron radiography.

  de référence : "Examen irradiation de BOUFFON 08", ,PTECH-SECS, Compte-Rendu d'examen N° 45. --"Examen après irradiation de BOUFFON 09", Note Technique SECS/SEECRE-704. "Emission de produits de fission par un crayon présentant une rupture en fabrication -BOUFFON 09J49", Compte-Rendu DMG 35/76. T i t l e 1 ( O r i g i n a l L a n g u a g e ) : C O U N T R Y : B R D Untersuchungen zum Einfluß des Oxidbrennstoffes und von Spalt produkten auf die mechanischen Eigenschaften von Zry-Hüll-

4. 2

 2 Essenti § l_Results Whereas at low internal pressures hyperstoichiometric U 0 2 causes a Zry cladding strengthening due to the oxygen uptake, at high internal pressures (> 15 bar) the influence of the oxygen potential of the U 0 2 (0/U-ratio) on the strain and rupture behavior of the Zry cladding tubes is clearly reduced. At large differential pressures the heating rate and the pressure plot have practically no influence on the burst temperature of the cladding tubes. In accordance with data from the literature the burst strains of the tubular specimens vary in argon atmosphere b e t w e e n 20 and 130% and show a m i nimum in the two-phase region of Zry at about 930°C. Initial U 0 2/Zry-reaction experiments performed under PCM-conditions show that the chemical interactions depend on the contact pressure at the IK^/Zry -p h a s e boundary. Under good contact conditions U 0 2 is reduced obove 1000°C b y Zry wit h the simultaneous formation of a-Zr(O), uranium and a (U,Zr)-alloy. Compatibility investigations of fission products and Zry up to 1200°C showed that only tellurium, iodine and cesium carbonate react with Zry. 5. Next Steps Continuation of the experiments with short LWR fuel rod simulators under LOCA-typical temperature and pressure conditions. Continuous d e t e r m i n a t i o n of the strain rate of the cladding tubes. Influence of fission products and thin oxide layers on the chemical interactions of U 0 2 and Zry under PCM-conditions. Isothermal and transient studies relating to stress corrosion c racking of Z r y-cladding tubes due to iodine and other volatile fission products. D etermination of reaction products occuring as a result of the chemical interactions of the fission products and Zry.

  nuation of the specified irradiation program and post-irradia ti on-examination of the ramped test fuel rods. Retran s f e r of 10 irradiated test fuel rods from Petten to Karlstein for post -i r r a d i a t i o n examination. Intermediate inspection of 28 preirradiated test fuel rods in hot cells at Karlstein. Transport of 28 preirradiated test fuel rods to Petten. Co nt inuation of the evaluation of results. P re pa ration of a publication of the first results.

7 .

 7 Budget, P e r s o n n e l. in v o lv e d 8 p erson s.

  External pressure creep experiments creep deformation of fully annealed and stress relieved zircaloy cladding tubes is measured by profilometry after exposure to external pressures at high temperatures for various time periods. Some of the specimens used contain stainless steel pellets which simulate the hourglass deformation of UO^ pellets to examine the effect of internal supports during creep down. (b) Plastic deformetion study

( 2 )

 2 R2 irradiation Progress of the Inter Ramp Project will b e pu b l i s h e d by the Project.

1 ) 2 ) 4 ) 5 )

 1245 To evaluate the oxidation for cladding, the reaction between zircaloy-4 and steam, and then the related embrittlement for cladding are examined. To estimate the ballooning, perforation and inner surface oxidation of cladding, sham fuel rods are inductively or externally heated in steam atomosphere under a simulated L O C A condition, 3) To simulate inside oxidation, zircaloy-4 tubes are oxidized in stagnant steam and flowing hydrogen/steam m ixed gases, and t1 : related embrittlement of tubes is studied. To develop sufficient information on the ductilities of zircaioy oxidized in a LOCA condition, zircaloy-4 tubes are oxidized in oxygen atomosphere to produce various oxygen concentration (gradients). The effects of oxygen on embrittlement for cladding are examined. To evaluate the interference with emergency c ooling effectiveness, fuel assemblies are heated in steam under a simulated LOCA condition.

3 )

 3 Zircaloy tubes were oxidized in stagnant st e a m and flowing hydrogen/ steam m i xed gas at temperatures between 950 and 1200°C. The ductility of the reacted specimens were m e a s u r e d by the ring compression test at 100°C. 4) Zircaloy-4 tubes were prepared up to 11700 p p m (chemically analyzed) in oxygen atmosphere at 800°C and annealed in v a c u u m at 850°C to produce various oxygen concentration ( g r a d i e n t s ) . Rin g compression tests at temperatures between 100 and 700°C and m e t a l l o g r a p h i c observations were performed. 5) An assembly was designed, which consists of 7*7 rods, each of w hich contains a center line heater, Al^O^ pellets and pr e s s u r i z e d Ar gas.

4 )

 4 The growth of the rrystal grains in the o x y g e n -e n r i c h e d specimens corresponds with the penetration of oxygen diffusion. A ductility minimum appeared for t;he specimens containing 30 0 0 p p m of o xygen at 100°C. It occured for the specimens containing o v e r 5 for inner surface o x i d a t i o n w i l l finish by May 1977. Assembly test will continue till 1980. 5. Reports 1) S. Kawasaki, T. Furuta and M. Hashimoto : " Z i r c a l o y -S t e a m R e a ction under a Simulated Loss-of-Coolant Accident", J A E R I -M -6 1 8 1 (July 1975) (in Japanese). 2) T. Furuta, M. Hashimoto and S. Kawasaki : "Effect of O x y g e n Content and Distribution on Embrittlement for the Zirca l o y Cladding", JAERI-M-6182 (July 1975) (in Japanese) 3) T. Furuta, M. Hashimoto, T. Otomo, S. Kawasaki and K. H omma : "Deformation and Inner Oxidation of the Fuel Rod in a L o s s -o f-Coolant Accident Condition", JAERI-M-6339 (Dec. 1975) (in Japanese) 4) T. Furuta, S. Kawasaki, M. Hashimoto and T. Otomo : "Factors Influencing Deformation and Wall Thickness of Fuel Rods un d e r a L o ss-of-Coolant Accident", JAERI-M-6542 (May 1976) (in Japanese) 5) K. Homma, M. Hashimoto, T. Furuta, T. Otomo and S. K a w a s a k i : "Behaviour of Inner Surface Oxidation of Z ircaloy C l a d d i n g during a Loss-of-Coolant Accident", JAERI-M-6602 (July 1976) (in Japanese) 6) T. Furuta, S. Kawasaki, M. Hashimoto and T. Otomo : "Z i r c a l o y -S t e a m Reaction and Related Embrittlement for Zircaloy C l a d d i n g under a simulated Loss-of-Coolant Accident", J A E R I -M-6601 (July 1976) (in Japanese) (Revised edition of JAERI-M-6181)
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 2 Study of the correlations between U.S. signals and reference artificial defects. This study will involve the use of the N D T Techniques, destruc tive techniques and the fabrication of well de f i n e d reproducible arti ficial defects. 3. Tractical applications a) characterisation of ultrasonic apparatus (in partic u l a r transducers) to be u s e d for quality control or in service inspection, Up to now, requests were received from : ENEL (Lab.Centrale,Piacenza) C N E N , C E A-Cadarache, IRSID, NERATQM,, BREDA-, DÛBL Reactor,. NUKEM*-. CollaiJsr,aiiii<m is foreseen with : AERE-Harwel 1, CEA(Saclay an d F o n t e n a y -a u x -R o ses) NUKEM, DANISH WELDING INSTITUTE, ASSOCIATION V INCOTTE and transducer manufacturers (up to now: AERJDTECH, BALTEAU, NUKEM, CEA, ISTITUTO CORBINO) b) HSSTP (PlSC).Ispra will receive the test p i e c e s in Summer 1977 and ' fril try to answer the specifications but also t a k e the o p p o r t u n i t y to de monstrate the necessity of characterisation techniques for u l t rasonic transducers, for reproducibility in defects d e t e c t i o n and.localisation A collaboration will be set-up between ENEL(Lab.Cen t r a l e di Piacenza) arid EURATOM (NDT Section) as the final report has to be u n i q u e for Italy. Ispra will take care mainly of what c oncerns c h a r a c t erisation and calibration as well as original methods o t her t han the one's OEC D N U C L E A R E N E R G Y A G E N C Y -38, B o u l e v a r d S u c h e t , the ASME XI (focal probes).

3 .

 3 Adapta t i o n of the knowhow of the p unch and electric discharge techniques for the fabrication of reference defects in the frame of Inservice Inspection of reactor pressure Vessels. Ut i l i s a t i o n of forming and brazing techniques for fabri cation of reference defects in reference blocks. 4.4. Characterisation of the: Ultrasonic equipments of ENEL (Laboratorio Centrale di Piacenza) Characterisation of some probes for NERATOOM.4.5. participation at the HSST(Pisc)programme (Sptember-October 77 4.6. Definition and fabrication of the p r o t o t y p e _apparatus for identification of the failed fuel pins in the GARIGLIANO BWR irradiated fuel bundles (CNEN-ENEL-ALCI) 4.7. Definition of the resolution of the x-rays-densitometry method for the quantitative (depth) detection of cracks in sodium tubing submitted to thermal shocks. 5. REFERENCE DOCUMENTS (1) Proceedings of "Information Meeting on Characterisation of Ultrasonic Equipment" S.Crutzen and all, Ispra, Novembre 25th and 26th, 1976 Euratom J.R.C.-Ispra NDT Section (to be issued) (2) E.E.BORLOO, P. JEHENSON Caractérisation des transducteurs ultrasonores. St.Erienne (France) 30 Novembre et 1er Décembre, 1976 Société Française de Métallurgie. Colloque sur les progrès dans les méthodes d'investigations des mfeaux. (3) R. DENIS . a Characterisation of ultrasonic transducers u sing Choleste ric Liquid Crystals. -,J.R.C.-Ispra, Materials Division NDT Section EUR 571O.e, 1976 (4) S.CRUTZEN, R.DEBEIR,B.JEHENSON, and F. LUCHTMANS jHC-Ispva, Italy A. BAROSI, L. ROSAI, T.A. GIORGI, Saes-Getters,Milan,Italy Use of neutron Radiography for quantitative measurement of sorbed Hydrogen in Getters and quality control of nuclear fuel pins -IAEA/SR-7-21 ,Qslo, M a y 1976.-(5) J.R.C. -ISPRA , Biannual Report 1974-1975 EUR 55 5 To generate experimental data on U 02 fuel densification.

  is to investigate the crack closure effect when fatigue cracks are prorogated under narrow band random loading.Stresses associated wii>h accjstically excited vibrations in reactors can cause fatigue crack?-to grow, and such stresses are often of a predominately narrow band random nature.A small testing machine has been built, capable of applying in-plane sinusoid-'1 and narrow band random loads on sheet specimens
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 12 ft^.560 OECD NUCLEAR ENERGY AGENCY -38. Boulevard Suchet, 75016 PARIS Telex : 63O668 AEN NEA -Tel * . 524 82Analyse détaillée de la fermeture d fune cuve PWR 900 -Instabilité plastique des composants : vérification des coefficients de sécurité. -Validité de la LEFM pour des structures et changements complexes. de défauts dans les cuves de reacteur. Rassembler les données sur le comportement des matériaux. Définir les conditions de fonctionnement programmées et accidentelles. Valider les lois de la mécanique des ruptures. Valider les lois de propagation des fissures. Valider les critères de rupture. Etablir un code général à partir d 1histogrammes. Etudier la propagation des fissures dans des conditions particulières (défauts réels, de calcul des coefficients d fintensité de contrainte. Recherche sur les résultats publiés de ruptures fragiles sur éprouvettes. Recherche bibliographique sur les lois de propa gation des fissures. Analyse des données statistiques sur les ruptures de récipients conventionnels. Analyse des différentes méthodes d'évaluation probabiliste de ruptures de cuves. Recueil de données sur la propagation de défauts dans des récipients conventionnels en cours d 1exploitation. Définition des principales situations auxquelles est soumise la cuve. Modification du code COVAL (EURATOM Ispra) pour tenir compte du degré " de corrélation de plusieurs variables. Résultats essentiels : La formule de calcul du coefficient d fintensité de contrainte établie par Shah et Kobayaski est pessimiste de 15 %. La dispersion des résultats concernant l'évaluation de la probabilité de rupture d'une cuve de réacteur à eau", J.DUFRESNE -Rapport DSN 94. "Etude probabiliste de la rupture de cuve de chaudière nucléaire à eau ordinaire, premier rapport d'avancement,15-3To show the latest status of the technical development to the Federal Republic of Germany with respect to design, fabrication, test and examination of reactor pressure vessels (RPV) for light water reac tors fabricated by means of rolling construction or forged steel con struction by pointing out the principal aspects for the safety assess ment. To set up a resarch program for the extension of the basis of the RPV safety assessment and for an improvement of the techniques of design,

Federal

  will consist of three volumes. Volume I will contain all results in concentric form. Starting from the state of RPV-technique at the end of 1973 positive as well as nega tive knowledge aspects will be shown. As the status report will essen tially serve for setting up substantiated priorities for research acti vities the concise form of volume I will concentrate partly strongly on the gaps of knowledge. Volume II will consist of text and figures of the data-and information collection. Here the status of RPV-technique will be layed down as found out by the authors of the special reports and as coordinated subsequent ly in detail. Volume III will give a summary of the HSST Program presently running in the USA. For each of the 12 topics of this program information will be given as regards objective, research program, project status and essen tial results.

  be able to w o rk on th is research program "S tru ctu ral In te g rity of C om ponents" w ith largest po ssible e ffic ie n c y it has been planned to d iv id e the program into subsequent p hases. For the firs t p h ase, w hich w ill last approx. 4 y e a rs , a rough s p e c ific a tio n had to be worked out and in add itio n to the firs t year a d e ta ile d s p e c ific a tio n .

  be c la s s ifie d in regard to basic proceedings including test setup, test perfo rm an ce, test t im e , tem poral operating sequence and costs.

  DATE W o rkin g -ou t of the sp e cifica tio n which consists of a rough s p e cifica tio n for the com plete project of the firs t phase and of a d etailed spe cifica tio n for the firs t test year. Prepara tion of the structure of targ e ts , structures of p ro je cts, network plans and lis ts of costs.

Facilities

  this research program is to evaluate the possibility of using linear elastic fracture mechanics concepts to forecast the starting of crack propagation in a ductile material. In the first phase it was developed a theoretical work to evaluate the elastic stress field around the tip of the crack (Ref. 1.2). After, seve ral cylindrical pressure vessels with axial through thickness cracks, w£ re bursted by internal pressure (Ref. 3.4.5). The results of this experi mental work demonstrated the possibility of using cylindrical pressure vessels, like those above mentioned, to determine the critical parameters (K or COD) of the material. Now an experimental work is completed to evaluate size effect on the determination of the critical parameter with the method above indicated (Ref. 6).

  to investigate the behavior of crack initiation and propagation of single or plural cracks by cyclic loading at room temperature, to study whether cracks grow to the size of critical length

  J-integral values by the finite element method for 2-dimensio nal configurations, ranging from simple test specimens to uniaxially loaded plates with cracks emanating from a central hole; * Computation of J-integral values by the finite element method for some 3-dimen sional configurations, viz. -bars with a quarter-circular edge crack -uniaxially loaded plates with quarter-circular cracks emanating from a hole -flat plates with a central nozzle and a crack at the nozzle corner * Evaluation of the applicability of simplified approximation procedures to determine directed towards the development of efficient computation methods to calculate the crack extension behaviour for complicated configura tions, such as nozzle corner cracks, using advanced analytical and finite ele ment techniques, -experimental investigations of crack extension behaviour in uni-axial and bi-axial loaded cracked nozzle-on-flat-plate models, manufactured mainly from nuclear grade pressure vessel steel (ASTM A508 Cl.2), -determination of fatigue and fracture (elastic and elastic-plastic) related material parameters for A508 material, -research on the applicability of Acoustic Emission techniques to detect, locate and characterize crack extension in the material of concern, -the main test facility to be used is a bi-axial loading bench, of nozzle-on-flat-plate models has been uni-axially fatigue loaded and, after sufficient crack growth, fractured by overload. -Computer programs have been completed. -Acoustic Emission testing has been completed -Fatigue and fracture (Jic~) tests on standard specimens are in progress. -The bi-axial loading bench is under construction.

  reports have been submitted to the Ministry of Economical Affairs, Laan van Nieuw-Oost Indie 123, The Hague. Requests for obtaining copies should be sent to this address. of cracks in reactor pressure vessels has been restricted by the lack of valid fracture toughness data at tempera tures above room temperature. This project aims to derive fracture toughness data between room tempera ture and 350°C for pressure vessel steel A 533-B. The work is concentrated arounf the J-integral approach. Methods have been developed to detect the onset of stable crackgrowth e.g. the point on the test record where the fracture toughness should be calculated. Different methods to detect initial cracks have been developed and tested. The best results have been obtained by measuring the potential drop over the crack, where a direct current is flowing through the rod. Three point bend specimens ranging in thickness from 25 to 100 mm have been tested at RT, 100°C and 300°C. No influence of thickness has been observed.In the temperature region around 250°C a decrease in ftacture toughness has been observed. The temperature at minimum fracture toughness is influenced of strain rate.The testing is continued at very low strain rate. OECD NUCLEAR ENERGY AGENCY -38, Boulevard Suchet, 75316 PARIS Telex : 63O668 AEN NEÂ -Tel : 524-82-00 PROJECT TITLE: Critical Experiments, Measurements, and Analyses to Establish a Crack Arrest Methodo logy for Nuclear Pressure Vessel
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 124567121 General aim: To develop fracture mechanics approaches to evaluate crack propagation in inhomogenous ' steel in which the fracture toughness varies along the path of the crack. Particular objectives: Welded connections in steel structures con stitute areas within which the fracture toughness varies considerably. Welded connections are furthermore the most likely sites for defects able to cause failure of the steel structure. A particular aim of this project is to evaluate the critical size of a brittle volume as related to the general fracture toughness of the base metal. 3. Experimental f a c i l i t â t and programme: Tensile testing, fast bending and instrumented impact testing machines are available. A mathematical analysis has been made and an experimental investigation has been finished using duplex DCB test pieces of a type comparable to those used by G. Hahn, et.al., Battelle, Columbus, USA. Project status: Danish reports on the above mentioned activities have been worked out and English versions are under way. More experiments are needed before significant conclusions can be drawn. Next steps: Experiments to be continued. Relation with other projects: Experiments will be designed to be carried out in the facility resulting from the project Pressure Testing Facility. Reference documents: RIS0-M-1842. Carsten Engel: "Energetiske og kinetiske overvejelser vedr0rende revners bevaegelse over fasegr^enser ". RIS0-M-1897. C.P. Debel: "Dynamisk Brudmekanik. Licentiat-rapport". 8. Degree of availability: No limitations. devra essentiellement permettre d'apprécier la validité des arguments présentés quant au bon fonctionnement de ces organes en condition normale et en condition accidentelle. Prochaines étapes : Essais préliminaires d'un couple siège-corps (fin 77) Calcul 5lynamique-plastique du comportement (fin 78pour but d 1 étudier le comportement des tuyauteries en cas de rupture (eau pressurisée). Il concerne essentiellement les tuyauteries de petit diamètre appartenant aux circuits auxiliaires : RCV, RIS, ANG, ASG. Les essais sont réalisés dans des conditions proches de l féchelle réelle. Objectifs particuliers : Le programme comporte essentiellement, outre la mise au point du dispositif expérimental : -La détermination des critères de fouettement. -La mesure des efforts de réaction. -La prise en compte des interactions possibles. -Le dimensionnement des supportages et autres limiteurs de débattement. -La tenue des organes d Tisolement. de démarrage : x/oi/76 Date prévue d'achèvement *31/12/80 Avancement à ce jour : Les essais effectués ont permis de préciser le comportement en fatigue des aciers pour cuve (acier Creusot-Loire type A 508 classe 3) et des alliages austénitiques en milieu FWR. Résultats essentiels : -Pour l facier type A 508 classe 3, la courbe de fatigue du Code ASME section III est acceptable. -Pour les aciers austénitiques, la courbe de fatigue du Code ASME section III est trop optimiste et devrait être réajustée. pour but de déterminer les lois de propagation des fissures de fatigue sur les matériaux de structure irradiés. Objectifs particuliers : Les essais sont plus spécialement orientés sur les aciers pour cuves de réacteurs à eau sous pression PWR. Etat de l fétude : 1) Avancement à ce jour : La machine de fatigue a été montée en cellule chaude et est actuellement opérationnelle. Par ailleurs les essais d 'irradiation sont en cours. Evolution des caractéristiques de fragilité sous irradiation. Les essais ont porté sur des échantillons prélevés dans les viroles de coeur des 5 premières cuves du programme français. Les irradiations ont été menées à 290 degrés C et flux intégré de 4 X 10*9 NVT. Le déplacement de la température de transition est faible pour le métal de base et plus important pour les soudures.
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 5 protect the inner surface of reactor pressure vessels against corrosion, band or strip welding procedure is used for cladding the ferritic vessel with austenitic stainless steel. During cladding high residual stresses occur in thick-walled components. In addition, the different thermal expansion coeffi cients of stainless steel and ferritic steel induce further resi dual stresses. These stresses cause under-clad-cracks during postweld heat treatment. Therefore, the knowledge of the magni tude and of the distribution of residual stresses after welding and after postweld heat treatment are of special interest. 3. Research Program and 4. Experimental Facilities Cladding was made on A 508. The dimension of the plates was about 125 mm thick, 240 mm wide and 300 mm long. The thickness of the austenitic cladding was about 5 mm. The following measurement method was used: strain gauges were placed on the surface of the ferritic side of the plate and the cladded, opposite side was machined in steps. The strain response to the removal of the material was measured using strain gauges. These strains are used for compensating the stress distribution in cladding direc tion of the plate in dépendance of the plate thickness. Progress to Date On a specimen with the bore hole method residual stresses were measured. The weld material, heat influence zone and basic material were studied. The instrumentation was specially arranged in order to measure the stress parallel and vertical to the connection weld.

  rm in a tio n of po ssib le c ritica l conditions in w elding seam s (strength seam s) and th e ir e ffec t on strength or safety against fracture w ith the o b jec tive of o p tim izin g the m a te ria l choice and the param eters during wel ding and heat treatm en t (llo g ra p h ic as w ell as electron m icroscopic in vestigatio ns have confirm ed that in te rc ry s ta llin e m icro cracks can develop in the coarse grain zone of weldings (strength s e a m s ) in the m aterial 22 N iM o C r 3 7 (A 508 Cl 2 ) during heat treatm ent after w eldin g -e s p e c ia lly during s tre s s -re lie f heat trea tm en t. W h ile the reason for crack form ation can be e xp lain ed by the relaxation e m b rittle m e n t in the range of the stressrel ief heat treatm en t tem p eratu re, the question is , how much such coarse grain zones can influence the strength and toughness of the structural com ponent. The Urgent Program 2 2 N iM o C r 3 7 is supposed to com pile the necessary docum ents for a safety a n a ly s is for reactor pressure vessels in accordance w ith the s p ecific m a te ria l crack c ond itio n s. A s a way towards solutions param eter studies have been considered, which can be divid ed in te s ts w ith s m a ll and large specim ens as w ell as "component te s ts 'M n addition to the conventional s im u lated w elding tre a tm e n ts , w hich can only be carried out on s m all sp e cim en s , s im u la te d tests on large specim ens have been m ad e. E lectro n beam w elding has been used for the creation of g e o m e tric a lly defined H A Z s . P a ra lle l to the experim ental tes ts it is triad to determ in e tem perature fie ld s and heat stresses th e o re tic a lly .

  research program has been c la s s ifie d in the follo w in g nine p artia l pro jects: a ) in term ed iate vessels (Z B 1) b) w elding of discs into reactor pressure vessel ring ( S -U P -R o ) c ) s im u la te d specim ens -tests on the w elding s im u la to r ( S i -S S i ) d) s im u la te d specim ens -annealing heat treatm ent and re lax a tio n tes ts ( S i -G testing of large specim ens (10 000 M p P ro je c t)

  projects Z B 1, S -U P -R o , S i -S S i , S i -G / R , S i -E b e a m , S -U P -R N , S -U P -L N , and V B M have been c o m p le te d by composing the third Technical R eport. 10 000 M p P roject C om pletio n of further s m all p arts , construction and production of a u x ilia ry d evices and fa c ilitie s for the m a ch in e , planning of the in s ta lla tio n . C onstruction w orks for the testing h all (R S 101 A ) have been started.

  the programme is t<^ promote coordinated research in the field of irra diation embrittlement of reactor pressure vessel steels, at an international level.The results obtained will give a possibility for a more precise interpretation of in dividual surveillance' results.2. Particular ObjectivesEight institutes in seven nations are participating in this programme whose basic goal is to establish that the bases for describing embrittlement, measurement of the neu tron spectrum and fluence on mechanical properties (on a typical-standard referenceplate of steel) were sufficiently standardized to permit direct inter comparison among international programmes and to compare embrittlement sensitivity of national steels with the standard steel.3. Research programmeSamplesof the pressure vessel steel ASTM A533 B Class 1 (Plate 03 of the HSST-Programme) were irradiated and different materials tests were carried out, to study the influence of neutron dosis and irradiation temperature on the mechanical properties. 4. Experimental Facilities Further Charpy-V-notch and tensile specimens were neutron i r r a d i a t e d in several cap -375sules in the Material Test Reactor FRG-2 in Geesthacht: a) Irradiation of Cv-and tensile specimens at a temperature of 290 °C to a dose of 4,0 . 1018nvt, E> IMeV. b) Irradiation of Cv-and tensile specimens at temperatures between 40 °C and 75 °C IQ IQ OH to doses of 2,9 . 10 ; 1,6 . 10 and 1,0 . 10 nvt. c) Irradiation of fracture mechanics specimens W0L-1X at 290 °C and to doses of 2,2 . 1019 and 8,5 . 1019 nvt.

1

 1 Irradiations at 290 °C and 4,0 . 1018nvt i®E §££_i£sts The shift of the NDT-Temperature for transverse specimens is A NDTT = 22 °C (41 J -criterium) "= 20 °C (50 % filsons fracture)
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 2 Irradiations between 40 °C and 75 °C a) Dose of 2,9 . l O ^n v t Imj>act_tests A NDTT * 60 °C (transverse specimen)

  temperature shift A FMTT reaches values of 54 °C and 70 °C for the two neutron doses

  reports in the series IRS-Forschungsberichte RS85, (in German), b) F.J. Schmitt, Zeitschrift für Werkstofftechnik, 7, (1976), 241-247 (in German) 10.Availabi1itx_of_the_Re2orts a) is available from the GRS, Cologne, Germany b) is available from the Verlag Chemie, GmbH.

Fig. 1 :

 1 Fig. 1 : General view of the Narrow-Gap welding hea d and J00 m m thick test pieces prepared for welding.

Fig;. 2 :

 2 Fig;. 2 : Narrow-Gap welding of 50 m m test pieces of the steel 22 NiMoCr 3 7 in the three-o'clock position

  Fig. 3 -Section of a Narrow-Gap weld seam in 300 mm thick forgings of the steel 22 NiMoCr 3 7 w ith t ested round tensile specimens in the as-welded (LHS) and stressrelief heat-treated conditions (RHS)

pN

  /mm in the heat-treated condition. The base material 22 NiMoCr 3 7 p has in comparison a yield strength of 478 to 550 N/mm at room temperature.

Fig. 4 -

 4 Fig. 4-: Section of a Narrow-Gap weld in 50 mm thick plate produced in the three-o1 clock position

  4.-Experimental Facilities, Computer CodesThe fatigue tests were performed on a 1.6 MN servohydraulic machine with an -8 8 7 -O internal pressure device giving up to 150 N/mm and the calibration tests on a 0.25 MN servohydraulic machine.Progress to DateGrowth characteristics have been determined for the extension of part-through cracks under fatigue loading. The part-through cracks were located in plates and tubes of the reactor steel 22 Ni Mo Cr 3 7 (Fig.1). Markings on the frac ture surfaces introduced by an dverload technique were used to locate the crack front at specified time intervals and hence to evaluate the crack growth. The loading was confined to mode-I and was applied by either simple tension or internal pressure.
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 112 Fig. 1 :

  crack opening displacement COD along the full crack length for Compact (C) and Single -Edge -Notched (SEN) specimens with different thick nesses and crack lengths up to fracture. The load displacement curves are also evaluated in terms of the energy integral J. Two modifications of the steel 22 Ni Mo Cr 3 7 are investigated.
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 1263 For the material, geometry and loading conditions investigated values of COS were determined in an exact and reproducible way by direct optical measurement at the specimen surface. At the same time these values could be inferred from a single clip gage displacement measurement at the open end of the specimen on the basis of a plastic hinge mechanism with a load dependent center of rotation. As compared to other existing models a description is achieved which is the same and conservative over the wohle load range for all thicknesses and crack lengths of one type of specimen. Critical values C0Sjc=0.26-0.05 mm and 0.39 i 0.05 mm, respectively, were determined for the two materials at the onset of stable crack extension (see next paragraph).6 . -values were determined from C-specimen tests using the compliance method ofBegley and Landes (1972) and the single specimen procedure of Rice, Paris and Merkle(1973). For these two methods a close correspondence was found only if a variable factor of proportionality 2 .3^N 2 1.9 for relative cracklengths 0 . 4 7 ^ a/W -0.70 could be assumed (seeSumpter and Turner (1975) and Kuna (1976)). The method of interrupted loading with heat tinting and the electrical potential method were used to generate crack resistance (J -A a) curves allowing the determination of the onset of stable crack extension as a safe limit prior to attainment of maximum load and complete fracture. From extrapolations Aa-»o critical values of the J-integral Jjc= 0.20 + 0.04 MN/m and 0.28 ± 0.06 MN/m, respectively, were determined. A possible dependence on the crack length is indicated only for the 75 mm specimens but together with a change in fracture mechanism. Adetailed scanning electron microscope study of the fracture surfaces showed that first stable crack growth was preceded -at still lower J-values -by a blunting of the crack tip region through formation of a stretch zone. This lo calized tearing process is strongly influenced by microstructural inhomogenities (e.g. the flat rolled Mn-sulphides in the less tough of the two materials).
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 61 plane shock waves are produced by impinging a target with a flat impactor in a gas gun. Reflected shock waves cause tension fields in the target by which microcracks are nucleated and subsequently activated to grow further, thus leading to internal damage in the material. Crack initiation thresholds and crack growing should be a function of material structure, history and tem perature. The research program therefore consists of: Investigation of materials with different crack nuclei and of the influence of material structure {texture), heat treatment and temperature during loading on crack initiation. Measurement of the change in conventional material strength properties for such materials, containing damaged regions which are produced by impact. Measurement and/or calculation of stress pulse profiles in order to understand their interaction with the material. Experimental Facilities, Computer Codes Stress pulses are produced by the IFKM gas gun and target temperature ( insitu -heating) by a RF heat generator. The loaded specimens are investigated by common metallographic methods including scanning electron microscopy. Shock wave shapes are measured by a new method using the pressure dependent voltage generation in bimetallic junctions. A one dimensional wave propagation code (PUFF + ) is available for the calculation of stress distributions in an im pacted specimen. Progress to Date Several series.of impact experiments and subsequent metallographic studies have been carried out to investigate 5.1 the nature and the behaviour of crack nuclei, the influences of texture, annealing, and temperature on the initiation threshold which indicates the sensitivity against shock loading, especially for the commonly used steel 22 Ni Mo Cr 3 7 . 5.2 In tensile experiments the strength of shock loaded (i.e. damaged) material has been measured in various directionswith respect to the damaged zones. 5.3 A new method has been applied for measuring the shape of the shock pulses at the rear surface in order to get a better knowledge of the stress distri bution at the instant of damage. The wave propagation code has been adjusted to the local UNIVAC computer. Difficulties were encountered because of the lower accuracy of this machine. For steel, in particular the reactor pressure vessel steel 22 Ni Mo Cr 3 7, + developed by Stanford Research Institute, Menlo Park, California , U.S.A. the following results on the nucleation and growth of microcracks were found: Damage occured by exceeding a shock wave pressure threshold of approximately 25-26 kbar ( » 120 m/s impact velocity at 25°C and about 20-22 kbar at 300°). The exact value depends slightly on texture and annealing. Two main types of crack nuclei were found: impurities (sulphides and oxides) and ferrite precipi tations, latter are less important for the reactor vessel steel. Microcracks were nucleated either by brittle cleavage of grains o t brittle cracking of grain boundaries. Ductile extension and coalescence of microcracks lead to macroscopic fracture, by which the integrity of the vessel or component may be endangered severely. Tensile specimens were machined from the damaged zone of the targets impacted with different velocities. Especially because of cracks nucleated at flat inclusions parallel to the rolling plane the tensile strength perpendicular to the rolling plane decreases linearly by about 50 % by increasing impact load from 30 to 60 kbar. Controversely the tensile strength parallel to the rolling or the transverse direction decreases only by less than 10 % of the strength of the unloaded material.

  of the metal loss rate of the INCOLOY 800 steam generator material at 342 °C and 150 bar with oxygen contents in the pressurized waters of 0,05 mg/kg, extending over twice oxygen content in deionate through noble gas sweeping which is much more effective than chemical reduction by hydrazine was improved in combination with the autoclave system I. It appeared that the minimum oxygen content of 0,05 mg/kg required for primary loop water of pressurized water reactors can still be underrun by Extension of the Use of Cobalt-Free Materials for Resistance of Friction, We a r and Corrosion in the Nuclear Steam Su d d Iv System (NSSS) of LWRs

  and (eventually in cooperation with the m a n u f a c t u rers) development of Co-free plating materials, w hich can also be exposed to impact stress conditions and which can be wor k e d more easily than Everit 55. Investigations of the b e h a viour of these materials und conditions of sliding, impact and corrosion. b) Selection and evaluation of plasma-sprayed materials w ith satisfactory corrosion and wear properties u n d e r PWR and BWR c o n d i t i o n s . c) Selection and evaluation of stainless steels w h i c h are e x pected to show better friction and wear behaviour than material No. 1.4550.

  Literature searches gave the following results: a) There are very few suitable FeCrC alloys available on the m a r k e t .b) MPantanax 25/0 Mo", a TEW-made FeCrC alloy, presently not available for commercial use, is expected to be a suitable material for the planned tests.c) In addition to the FeCrC alloys (high-crome cast-iron), overlay welding materials ("Nitronic"; Ni-based alloys) should also be tested.Discussion with the manufacturers led to the following results: a) FeCrC alloys Co-free plating materials showing the required combination of characteristics have not yet been studied. The major problem here is the temperature requirement (approx. 320 -350°C) during long term operation (40 years), which requires extensive work in order to investigate the suitability of just one FeCrC alloy. Therefore ist was agreed to proceed step by step. A TTT diagram will be made of Pantanax 25/0 Mo-G to provide a basis for speci fic development. b) Nitronic steels

  materials and protective layers with respect to their behaviour in water-cooled nuclear power plants final report R & D task RB 72 I/S 11, KWU, Aug. 1973.

  now in progress. The first is surveillance test program on the pressure vessel of nuclear power plants under operation, and the second is neutron irradiation research program based on transi tion temperature and fracture mechanics approaches for the assessment of integrity of the pressure vessel and for the development of advanced steels. Ther following programs were conducted. a) The 1st surveillance test of Shimane reactor (BWR) and 5th surveillance test of Tsuruga reactor. b) The neutron irradiation and post-irradiation tests of several pressure vessel steels with different strangth level. c ) Jj-ç fracture toughness tests of currently used heavy section steels at pre-irradiaf»on state. 3. Essential Results a) The structural integrity was established in the pressure vessels of Shimane and Tsuruga reactors. b) Interim results have been obtained. (Continued from the preceding page.) c) Jjç fracture toughness of non-irradiated steels was successfully obtained using small specimens. 4. Projection a) Two surverillance tests of currently operated BWR reactors will be carried out in this year.

  and K. Ishimoto, ' 'Surveillance Test of Light-VJater Power Reactors, Parti, Practice and Items of the Tests*', JAERI-

  OECD NUCLEAR ENERGY AGENCY -38, Boulevard Suchet, 75016 PARIS Telex : 630668 AEN NEA -Tel : 524 82-to investigate the phenomena of Intergranular Stress Corrosion Cracking (IGSCC) in Nuclear piping system from the viewpoints of : (1) localized stresses, (2) material conditions, and (3) environmental conditions.

  fatigue tests with tension plates are performed on a 1000 kN hydraulic machine. The tests with CT specimens are made on a 100 kN mechanical high frequency pulsator and on a 60 kN hydrau lic pulsator. The nominal (gross) stresses in the plates are 2 by mode-1 crack stress field 250 ... 300 N/mm . of the usability of the existing ' ' l e a k before break" criteria; -Statement of the programme of experimental work (project plan); -Pretests with BH 43 W steel plates, thickness 20 mm; -Procurement of 20 MnNoNi 55 steel plates, thickness 30, 50 and 70 mm; -Electronbeam welding of the plate specimens.

  crack growth rates. Test specimens are 12.5 and 25 mm thick low alloy pressure vessel steel. iv. the essential features of thermal shock induced crack initiation and arrest are being studied by applying a known thermal shock to statically loaded three point bend test pieces. Preliminary calculations have been made and a series of test pieces are being prepared.
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  ., Hamerski, B. and Bazergui, A. Etude Experimentale des Contraintes Thermique d'une Plaque a Tubes" Rapport Technique EP-76-R-25, Ecole Polytechnique de Montreal, Sept. 1976.
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  analysed. Present work indicates that finite element techniques for the area near the crack superimposed on a general analytical solution of the pipe-tee may be the most promising method.

3 . 6 .

 36 Dimensional Analysis of an Elastic Plate-Cylinder Intersection by the Boundary-Point-Least-Squares Technique' 1, ASME Journal of Press. Vess. Tech. Paper No. 76-PVP-34. Redekop, D. "Three-Dimensional Elastic Analysis of an Intersection of a Spherical Shell with a Cylindrical Shell", Int. Jour, of Pressure Vessels and Pipings, to be published. Spek, E.J. "Low Cycle Fatigue of ASTM A106B STEEL, in Silicone Oil at Elevated Temperature and Pressure, Master' s Thesis, University of Waterlooprimary steel c omponents: A c o mparison between calculated and measured stress and strain in a BWR main circulation pump nozzle. aim. The purpose of the project is to establish the accuracy, which can be o b t a i n e d by stress analysis of a complicated pressure vessel component and to determine the degree of sophisti c a t i o n , required in such calculations. 2. P a rticular objectives. The pump nozzle in a BWR-steel pressure vessel has been chosen as obje c t for this investigation. The nozzle is located in the transition zone between the spherical bottom hea d and the cylindrical vessel part. The n o z zle axis is parallel to the centerline of the vessel. Experimental facilities and programme. During the manufacturers hydrotest of the vessel, strain measurements has been perfo r m e d on the pump nozzle. 4. P roject status 4.1. Progress to date A 3-dimensional finite element model of the nozzle has been generated, and 3 load cases run: hydrotest, stresses due to stationary temperatures, and stresses during normal operation conditions. Besides, the experimental program, i.e. strain measurements, has been performed. 4_.2.^Essential results The stresses and strains d ue to the internal pressure has been obtained, and both calculated and measured values are shown to be in good accordance with each other. Besides, the results from simplified calcula-tions (2 D) has been compared to the 3D-a n d e x p e r imental results. Relations with other projects The work is re l a t e d to 1) Ris0 investigations o f the validation o f s tructural compu t e r codes 2) Ris0 work on the safety of p rimary pressure system. 7. Reference documents [1] S.I. Andersen, J. Reynen, P. Engbaek: "Stress Analysis of a Main circulation Pump Nozzle". of a MCP Pressure Vessel Nozzle". Paper G 8/d to be published at the 4th Int. Conf. on Structural Mech. in Reactor Tech., San Franc i s c o 1977.

7 .

 7 Reference documents: RIS0-M-1896. Arved Nielsen "AE surveillance Methods.^AE as a supplementary tool for inspection of reactor pressure components". 8. Degree of availability: As d ecided by the sponsors (European Coal and Steel Community, Danish T e k n o l o g i r â d e t ) .

-

  Quality assurance audits of utilities and contractors -New non-destructive testing methods -Quality assurance plans, manuals, instructions and procedures
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  flaws is necessary to determine the influence of such areas on the stability or safety of reactor pressure vessels. The acoustical holography links the conventional method of pulse-echo with the attitudes of optical holography and allows a non-destructive testing and a geometrically identical projection of flaws concerning either the basical testing or the repetitional testing. In the near future9 testing procedures with the aid of acoustical holography should belong to the technical standard.

Fig. 1 5 .

 15 Fig. 1 shows the principe. A point source in the surface is emitting a spherical wave and detects the reflected ultrasound, too. To conservate the information of the phase, there is a second wave, the reference wave with an inclination angle. This method has been realized in the holographic equipment holscan 200 of Holosonics, Inc., shown in fig. 2. On the left the tank filled with water containing the material to be examined. Above the mechanical scanner which moves a focal probe in a grid pattern. The ultrasonic signals converted into electronic signals are processed in the electronic processor. To enable the retention not only of the amplitude but also of phase a coherent phase-shifted refer ence signal is superimposed on the flaw signal. Thus a diffraction, the hologram, is formed which can be made visible on a viewing screen. In the optical processor on the right of the picture the negative produced by the screen is illuminated by a laser beam. The image of the flaws appears in the monitor where it can be measured.

Fig. 1 :Fig. 2 :

 12 Fig. 1 : Principle of US-holographie

Fig. 3 :Fig. 9 :Fig, 3 :Fig. 4 :Fig. 5 ;Fig. 6 ;Fig

 393456 Fig. 3: T e s t s p e c i m e n w i t h f l a t b o t t o m h o l e s

  of a two channel instrumentation system prototype on the BWR Caorso pressure vessel to be completed within next May 1977.

(

  Continued from the proceding page.)

  5. Reports A.Kanno and M.Sakaki Correlation between Acoustic Emission and Crack Size calibrated by Standard Acoustic Emission Source generated by dropped Steel Ball1 1 The second Acoustic Emission Symposium, Tokyo, September, 1974>(English), Journal of Non-Destructive Inspection, 23(7) 1974^( Japanese). A.Kanno and M.Sakaki a Study on Acoustic Emission Wave Propagation in Steel Plates'* Journal of Non-Destructive Inspection, 24(2) 1975f(Japanese). A.Kanno, M.Sakaki and M.Shimada *Acoustic Emission Occurrences during Crack Propagation in Bending Fatigue Test of Mild Steel' Journal of Non-Destructive Inspection, 25(2) 1976, (Japanese).

5 .

 5 Next steps: Construction. 6. Relation to other projects: The facility s hould be available for the projects Dynamic Fracture Mechanics and Acoustic Emission. 7. Reference documents: None so far. 8. Degree of availability: In principle no limitations.

  the testpieces after the tests, measurements of cracky d e p t h s , statistical approaches.

4 .

 4 Project status Completed end 19 75. It was shown that undercladding cracks grow very little in the base material and no indications were found that the cracks will grow through the cladding. 5. Next steps N o n e .

6 .

 6 Relations with other projectsThrough TNO with similar projects (TNO, Breda7. Reference documentsA serie of about 30 technical and progress reports have been prepared. All these reports are written in Dutch.8. Degree of availabilityThrough the organization KEMA.

5 .

 5 Next steps. a.. Study of concrete creep.

1 .

 1 r l o a d beha v i o u r and ultimate load capacity of P C R V -closures for BWR-plants. General aim. To study the overload behaviour, failure model a n d ultimate load capacity of PCRV-closures for a Nordic BWR-PCRV reference design.2. P a r t i c u l a r objectives. To investigate the influence from different de sign parameters, such as depth-to-span ratio, reinforcement a n d supporting flange geometry, etc., and to propose an optimized closure design. 3. E x p e rimental facilities and programme. The test facility, situated at Ris0, includes a steel pressure vessel, in which model specimens in scale 1:11 of the reference vessel closure can be p r e s s urized to a max. hydraulic pressure of 450 bars. The prog r a m m e included tests on 9 different closure models and a series of comparative calculations by means of a finite element computer programme P-479, w hich has been developed by Ris0 for the analysis for PCRV-structures, taking into account the effects of concrete creep, plasticity and cracking together with steel plasticity. A high degree o f experimental veri fication of the programme has been achieved from these tests.

4 . 5 . 6 .

 456 Proj e c t status. 9 closure models have been tested, an d good agreement between calculations and experimental data has been obtained, p r o v i d e d the plasti c i t y a n d cracking of the concrete an d plasticity of the steel parts -1054-are taken into account. A n e w failure criteria an d a prop o s a l for a c onsti tutive model for concrete are used b y the finite e l e m e n t program. Next steps. None. Relations with other projects. The programme is p a r t o f a joint Nordic development work on a PCRV for BWR application. 3, 2. Int. Conf. on Struct. Mech. in R e a c t o r T e c h n o l o g i s h e d in 1977 in Journal of the En g i n e e r i n g M e c hanics D i v i sion, Proceedings of the American Society of C i vil Engineers. Structural Failure of Thick-Walled Concrete Elements. N.S. Ottosen, S.I* Andersen. Paper H 3/d, 4. Int. Conf. on Structural Mech. in R e a c t o r Technology.

  and theoretical verification of the designs. t>. Recycling of the results of the physical model tests to the mathema tical model. c. Testing of the final solution of the thin-walled PCPV by means of one or more physical models (scale 1:10). d. Application of thin walled concept to Gas Cooled Fast Breeder Reactors. 6. Relation to Other Projects • a. Research Program on concrete for nuclear reactor v e s s e ls '1 (11. 3.1) b. EN E L-A.B. Atomenergy Agreement concerning ''Collaboration for the Development of PCPV for LWRs' \ 7. Reference Documents F. Scotto, hTriaxial State of Stress of Thin-Walled PCPVe for HTGRs; Comparison with a Conventional Thick Solution". IABSE Seminar on Con crete Structures Subjected to Triaxial Stresses, Bergam o, 17-19 May, .1974. • M. Fanelli et a l., "Finite-Element Analysis of Prestreseed -Concrete Pressure V essels1*. IABSE Seminar, 17-19 May, 1974. -E. Fumagalli and G. Verdelli, "Small-Scale Models of PCPVs for Iligh-Temperature Gas Reactors. Modelling Criteria and Typical Results" . IABSE Seminar. 17-19 May 1974. -F. Scotto, "Thin Walled" Concept and a new top lid applied to the Scan dinavian PCRV for a boiling reactor. Paper (H3/4) presented at III SMIRT*-London, September 1 -5, 1975. -R. Riccioni, G. Robutti and F. Scotto, "Finite Element Structural Ana lysis o f a P. C. P. V. for a BWR. Paper (H2/7) presented at III SMIRT*-London -September 1 -5, 1975. -E. Fumagalli, G. Verdelli, H P-^earch on PCPV for BWR"-Phycicid model as design tool -Main Results. Paper (H3/5) preuenteJat III SM1RT London -September 1 -5, 1975.

  a) without blockages (reference tests), b) grid plate, The free cross section for the coolant is varied by different diameters of the boreholes in the center of the coolant subchannels, c) exchangeable balloons attached to the outer rod surface, The outer diameter, the l e n g t h 5and the axial profile of the balloons are varied. The mass flow of the flooding water and the back p r e ssure at the outlet of the test section are kept constant for each test. The rod power is following the ANS-Standard for decay heat, where the level is a p a r a meter. Test parameters are: a) initial rod temperature, b) mass flow of the flooding water, c) temperature of the flooding water, d) back pressure at the outlet of the test section, e) level of the decay heat.

3. Research Program 3 . 1

 31 Planning and preparation of blockage tests 3.2 Modification of the test facility for BWR geometry blockage tests 3.3 Assembly of the bundle in the rod bundle container 3.4 Pre-tests of mass distribution measurement techniques in the core

  tests will be performed on the 2nd BWR double bundle under the scope of R & D Task RS 36 C. The double bundle was prepared for the installation of blockage sheets and the type of blockage to be used was determined. The blockage provides for local

  stress wave emissions (SWE) arising from specific deformation and fracture events in materials and structures in an attempt to improve the usefulness of SWE as a non-destructive testing tool. d*une étude analytique associée à des essais de labora toire, destinés à démontrer la faisabilité dfune méthode de dimensionnement fine des défauts décelés par ultrasons« Objectiis particuliers : Montrer analytiquement et vérifier expérimentalement que les dimensions dfun défaut peuvent être atteintes par mesure des temps de parcours de lfonde ultrasonore au cours du balayage du défaut par le traducteur ultrasonore. Date de démarrage : 1/1/75 Date prévue d*achèvement : 1/1/79 Etat actuel : Etude en cours Dernière mise à jour : 21/12

  des règles peur la programmation dfun tel système.Elles doivent contenir et la modularisation stricte des programmes à utiliser et une liste des éléments de programmation à ne pas utiliser à cause de la fiabilité des programmes. b) Programmation des autotests des calculateurs . Elle doit être effectuée en étudiant et optimisant lfefficacité de la détection des défaillances. Pouvoir vérifier si toutes les défaillances simples peuvent être détectées avec ce programme de test, elles doivent être simulées ou provoquées au niveau du matériel. c) Etudes sur la fiabilité des modules et composants à utiliser et surtout sur la sécurité et disponibilité du système entier choisi. Ces études montreront sans doute encore des points faibles dans le système qui doivent être éliminés par la suite et ils devront fournir la preuve de la capacité du système à remplir les exigences demandées. d) Un prototype du système entier informatique doit être réalisé et entièrement testé à lvaide dfun dispositif de test, par exemple un calculateur hybride (3) qui permettrait d1 effectuer, en prin cipe toutes les combinaisons des valeurs dfentrée, mais en fait, à cause du grand nombre des combinaisons ( 10*") seulement une petite partie de ces possibilités. e) Statistique des défaillances déjà apparues qui permettrait ensemble avec une étude des défaillances (arbres de défaillance, ambiguïté des défaillances, probabilité d*occurence des défaillances parti culières, etc...) dfencore améliorer le système entier. Documents de référence : "Propositions d*un système de protection utilisant des calculateurs. Applications au contrôle des réacteurs nucléaires11, -Note Technique LETl/MCTE N° 1206, HD.MAIER, P.DARIER.

  : 01/01/73 Date prévue d'achèvement : 31/12/7$ Etat actuel : Ëtude en cours Dernière mise à jour : 08/11/76 Scientifiques :

  Essais d'examen de pièces test en acier et de pièces diverses de réacteur électrogène, susceptibles d'être démontées et transportées pour le contrôle dans une installation du type MIRENE.Relation avec d'autres études :Comparaison avec les autres méthodes de contrôle non destructif, en ce qui concerne l'examen de composants de réacteur et l'examen d'objets et de matériels divers.Documents de référence :"Source utilisant la bouffée de neutrons produite par un saut de réactivité dans un réacteur", M.HOUELLE -supplément au Bulletin d'information de l'ATEN N° 90(juillet -août 1971). "Radiography with Neutrons", M.HOUELLE, C.MERCIER, H.REVOL -British Nuclear Energy Society -Conference at the University of Birmingham 10/11 September 1973. with polished surface and with the dimensions 1800 x 900 x 80 mm has been prepared; in addition, a large vessel is available for the experiments.

  Transmission of confined transversal and longitudinal wave pulses of the frequency of 1 , 2 and k MHz from an oblique end surface of the test plate (cf. drawing below)transducer sensitivity(in dB resp. 1 V^ubar).

Ad 3 * 3 : 1 :Fig. 2 :Fig. 3 :Fig. 8 :- 2

 3312382 Figs. 6 and 7 depict the AE count rate recorded at four respectively two different discriminator thresholds and the COD during rupture of a brittle specimen (corresponding to Fig.5, curve a) and a tough specimen (corresponding to Fig.5, curve b). Two regions in which AE occurs can be clearly distinguished. These two regions are separated at the upper load Pq during cyclic loading. AE in the lower load region, which has its maximum at about the medium load P , is defim nitely caused by friction between the crack surfaces. The increase in AE above Pq , which increases until fracture occurs, is attributed to micro-cracking processes at the crack

For 5 .

 5 the borehole-type leak that at constant pressure and tem perature conditions the higher frequency components become more inten sive with decreasing diameter of the borehole (the borehole-type leak that at constant pressure and tem perature conditions the higher frequency components become more inten sive with decreasing diameter of the borehole (Optimization of fracture mechanic models to the geometries and materials used in these experiments.4.6. Measurements for determining the propagation of ultrasonic pulses in 100 mm thick plates and smaller specimens including welds.4.7. Simulation of AE pulses with a laser.5. Essential Results5.1. In fatigue of CT specimens with large& 1500 N/mm3^2 (K = stress intensity) we have mainly acoustic emission from friction of the crack flanks. For smaller values of 700 N/mm3^2 there is no more AE of friction.

Hardmss 300 Fig. 1 :

 3001 Fig. 1: photo-micrograph and hardness of a welded joint.
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 34 Fig. 3: Ring-down-count and load against crack-opening for CT specimen (welded joint); smooth surface of the crack

1. 2 .

 2 Experimental Facilities and Computer Codes a) Evaluation and application of computer programs to determine the impedance of the test coil as a function of the electrical, magnetic and geometrical properties of the specimen, as well as a function of the dimensions of the coil; the specimen can be a tube, a rod or a slab consisting of several layers. b) Construction of a laboratory test device which works simultaneously with up to 4 frequencies in the range of 10 -500 kHz. c) Application of this device for the above mentioned test situations and optimization of the evaluation method to obtain the read-out value. 1.3. Progress Today a) Improvement of the test device (in 1.2.b) concerning stability and handling. d ) Continuation of the experiments with tubes, claddings and welded joints. c) Completion of the computer program in 1.2.a).

5 . 1 . 2

 512 , the field of deformations of workpiece surfaces is registered by interferometric comparison of two states stored in a hologram. The appearing interference fringe system yields quantitative informations about the deformation in three axes. To produce the two stages the unloaded object has to be holographed, consequently it is subjected to the normal load and holo graphed again. The field of deformation, obtained in this manner, can be used for calculation of the states of stress even of geometrically complicated workpieces. Furthermore by qualitative and quantitative evalua tion weak points become evident. In fracture mechanical tests informations about the stress intensity could be obtained from experimentally determined plastic zones, and thus about the influence are the conditions for critical stresses to be determined from the holografic fringe system? during the taking of a hologram is that for the period of the exposure of the hologram, the relation of the two lightways with respect to the object and to the reference beam is only allowed to change by less than one tenth of the light wave length; use this method requires that the mean dislocation of the object from a reference position (not necessarily the rest position) decays with time. A hologram can be taken by expo sing the photografic plate only while the object is in the reference position. To do this the posi tion of the object must be exactly determined and when in the reference position, the laser light should be switched on. This type of exposure is in effect "stroboscope-like". For the experiments a cw -Ar-laser with an acousto-optic output coupler inside the resonator was used. The laser is equipped with highly reflecting mirrors, so that without a signal the energy is stored in the resonator. A standing acoustical wave in the modulator deflects the beam according to a control signal and in this way the stored energy of the resonator is discharged in a pulse. For determining the reference position of the object an acceleration gauge with low mass was fixed to the object and the signal processed by a special newly developed electronic equipment. When the acceleration signal (or respectively the derived path signal) reaches a lim it which is variable depending on the application of the system, the modulation signal and subsequently the laser is switched off. By the aid of this device the holografic plate is only exposured while the object is in a region of 0.1 around the reference position. This technique was demonstrated by taking a hologram from a ship propellor without using vibration isolation. Coupling of the light wave fiels by a stiff connection between the object and the holografic plate. It is easier to get a constant phase difference between the reference and the wave at the location of the holografic plate, when the object and the hologram are rigidly connected together. Addi tionally of the object is illuminated through the photo-plate, the illumination wave isboth the reference beam and the object beam after the reflection on the object.

5 . 1 . 3 7 .

 137 Coupling of the object and the reference beam by a phase mirror.In another method one can use a reference mirror fixed to the object in order to diminish the phase difference between the object wave and reference wave caused by the movement of a non vibration isolated object during the time of exposure / 6 / .If the light source impinging on the object and the reference beam are the same, the phase d if ferences related to vibration movements will theoretically disappear.This was proved with two interesting examples; firstly, the deviation of the working table of anelectron beam welding machine under tensile load was investigated. To do this, the mirror of the reference beam was put onto the table. Then the table was moved and the interference fringe system was regarded in real-tim e. Furthermore, the deformation of a welded sample was measured in a Testatron tensile test machine. Although it was necessary to expose the holograms for about 10 s, the good quality of the holo grams proved the efficiency of the method. The sample was chosen in such a way as to allow a comparison of the experi mental values with those of theoretical predictions from fracture mechanics. The dimensions of o the specimen were 30 x 120 x 520 mm , and the dimension B = 30 mm corresponds to the thick ness of the HDR. The experiments should show, whether defects could be detected by holografic interferometry, and whether the danger of the defects could be quantified with the aid of fracture mechanics. to simulate conditions prevailing in practice are in the order of l M N . Testing machines with such high loading were not available in IfaM at the time of the planning of these experiments. Therefore a hydraulic testing system was designed and built in IfaM . It consists of three (= 14 N/mm related to the undamaged cross section) up to a load of 0 .5 M N = 2 140 N/mm . This load approximates to that on the material in the HDR at a test pressure of 100 bar. The holografic-interferometric measurements were made using the double exposure method.

  is moving around a test position, it seems to be possible with these methods to compensate nearly all vibrations. But in all cases the techniques require more refinement before practical application is possible. Furthermore, the investigations as part of this research work have shown, that it should be pos sible to measure deformations on reactor components by the means of holografic interferometry.

2 .

 2 Conceptual design of inspection systems to improve the probability of fault detection in different inspection areas : 3. Development, fabrication and trials of internal and external inspection manipulators with a view to achieving the goal of complete volumetric inspection of the reactor pressure vessel by automated equipment.

  these two points had to be deferred because of details demanding clarification before starting on the definite construction of the electronic system, such as number of channels and possibly integration of modules and/or drafts of the research plan RS 102-17.5. ResultsAll electronical modules, especially needed for this electronic evaluation system have bee developped and tested as function sample. The demands to be met on function, exactitude, and stability of the modules have been fulfilled. While carrying on construction and development of the general aim the following principal requirements were satisfied: a) Maximum number of channels: 60 b) Maximum speed the manipulating system can realize: 100 mm/s c) Scanning rate: 1 test per mm d; All-automatic and permanently effective control of function and stability. e) Maximum stability tolerance permissible of + 1.5 dB. The aims set in respect of function and stability have been reached.

  Fig. 1: A m p l i t u d e of the echo from the bo r e in the s p e c i m e n as a f u n c t i o n of the w e i g h t i n g f a c t o r for d i f f e r e n t p r o b e v e l o c i t i e s . Shear waves k MHz.

  to perform functional tests on different types of switches, used for initiating protective actions in case of tube breaks or leakages in a reactor containment or in a turbine building and to perform check of computing methods, for estimating the pressure build-up and temperature distribution under transient conditions in the the engineered safety features needed to control the design basis accident "Large LOCA" were finished. Very detailed sensitivity studies and discussions of the results were done, including common-mode failures. The reliability analysis of the reactor control rod scram systems for different transients was also completed by a discussion of common-mode failures. A reliability analysis was carried out for the reactor coolant system safety and relief valves needed to cope with the ATWS "Loss of Normal Power".

  results of the studies for the engineered safety features were discussed in papers /5,7,12,17,20,2V. From these results it can be seen that very detailed analyses of the systems are necessary. System analysis of the engineered safety features of a German PWR plant has been finished. The experiences gained during this work will now be used for the risk study of a German PWR plant dynamic behaviour of plant in the case of transient events are done within other sections of the LRA. These investigations are taken as the basis for the reliability analysis.

Furthermore

  the problem of the stochastic treatment of the fracture of shell structures, with reference the probabilities of failure of those structures, is investigated. Load effects are determined by static and dynamic structural analysis. The concept to be developed during course of this research project will be applied to the containment of the powerplant BIBLIS B.

3. 1 1

 11 Determination of the various failure events or failure paths of the system which are to be taken into account, considering the origina ting events inside and outside of the plant. This, of course, with reference to the containment. 3.2 Determination of the types of loads to be expected acting on the containment and their characteristic values based on the statisti cally distributed failure events as a result of 3Given a LOCA the ZOCO-Program is used to evaluate the load conditions due to the resulting pressure-and temperature increase.

4 5 Furthermore

 45 failure event all systems, the reactor pro tection system, etc. are checked during the failure event sequence with respect to their functioning or non functioning. It is there fore intended to determine for each possible failure sequence the resulting survival probability. For calculating the pressure values with the Program ZOCO the following input data have The evaluation of the results reported at the conference in Boston indicates in the case of high rates of loading on unreinforced concrete a decrease of the coefficient of variation of the ulti mate strength and shows an increase of the meanvalue of the ulti mate strength.The sensitivity analysis shows the strong influence of the statistic dispersion of the strength of the material on the probability of failure. Under certain circumstances the safety intervall, chosen at conventional calculation* has not the on^Y The calculation of the load effects for the given internal pressure-and temperature values will be continued using linear elastic and non linear analysis respectively. Parallel to that, the pipewhipping problem is modeled by a finite element code. For this purpose the force-time relation will be determined using specification. Therefore it is necessary to compile the generally accessible references and to compare them with one another. In doing this, it is important to give special consideration to data from German nuclear power plants. results of the deterministic programs will be coupled with the results of the probabilistic programs.

  the system is the domain of local functions which express, for all normal and abnormal operating conditions, the flovj variables (i.e. the variables characterizing transfers of fluid, load, heat, electrical current, etc.) or which express the constitutive variables (i.e. the variables describing ruptudamage, blockage, etc.). The consideration of a number of ad ditional virtual domains also allows to make explicit external influences (e.g. human operators, maintenance, fires, missiles, etc.) in terms of variables. The local functions are interrela ted through transfer matrices. Localized transfer matrices are pieced together to form the Approximate Descriptive Model (ADM) of the system. Then, steps towards the generation of an isomor phic fault tree are : i) Definition of the top event, ii) Numbe ring process • Numbers are assigned to certain points of flow sheets in a certain canonical manner, iii) Translation process, iv) Free reduction process. These steps will be implemented by computer program I-SYNFT (Interactive Synthesis of'Fault Tree). started to do the "Risk analysis of the fuel cycle in the Netherlands" (FASIN-study) which was finished in June probability of failure of systems on basis of possible failure modes and component reliability, taking into account accidental as well as sys tematic failures due to external causes or inherent faults of components.

  to evaluate the accident risks and the environmental consequences of an accident in a Swedish BWR plant in relation to the Rasmussen Reactor safety study WASH 1400 and the Swedish SOU report 1974:56 about urban siting of nuclear power plants. GECD ITUCLEAK EI^RGY AGENCY -*8, Boulevard Suchet, 75016 x'Alt IS Telex : 63^668 AEN NEA -Tel : 524 82

3 • 1 Title 1

 11 Progress p r o j e c t a i m s to the c o n s t r u c t i o n o f a t r a i n i n g s i m u l a t o r f o r a M W P W R n u c l e a r p o w e r p l a n t o f the L o v i i s a type. OECD NUCLEAR ENERGY AGENCY -3S, Boulevard Suchet, 750 Telex : 630668 AEN NEA -Tel : 524-82-00

6. 2 1

 21 Optimization of a Liquid CleanserThe above mentioned mixtures show a definitely better thermal stability in comparison to currently used liquid decontamination cleansers. Up to now the decontamination results compared with those of the Papan-Dekopan cleanser are better with respect to Ru-106, practically the same with respect to Cs-137, and poorer with re spect to Co-60.6.3 Optimization of the Decontamination of ComponentsExperimental results show that decontamination results are better at a working temperature of 80°C. With respect to effectiveness and amount of waste generated 4 m nitric acid is the best choice. HNO^/HF 4 concentration can be reduced by a factor of 2, leaving the effectiveness unchanged. The same result is found for the concentration of alkaline KMnO^ solution• the removal of Ru-106 with it is excellent. Regarding organic acids, the 1% oxalic acid and the 0.2 m citric acid/0.3 m oxalic acid mixture are the most effectiveDevelopment of cleansing pastes and application of molten salts for decontamination of metal surfaces After a technical demonstration of the coating equipment these developments are finished.

  classifying criterias has been created. Several classifying systems had been tested with respect to appli cability for classification of dismantling waste. The classi fication of dismantling rad waste follows the recommendations of the IAEA.

  criticality data for homogeneous mixtures of

  studies it is possible to measure radial stresses of reactor pressure vessel internals, containment structures and full scale valves by means of reactor typical impulse and mass-flow excita tions in their realistic dimensions. The studies comprise the follow ing objectives: -Stress behavior of the reactor pressure vessel internals and con tainment structures -Behavior of full scale valves under mass-flow excitation. -Testing and further development of the various fluid and structural dynamic computer codes.

  of assessment of 4 -6 hours is not sufficient to allow the in-and outgassing effects in the concrete to be neglected. Also after the end of the transient time there may well be in-and outgassing effects accompanying major changes in the absolute IEA -SLT -ERD -Expert Group on Reactor Safety "Safety Investigations in the Decommissioned HDR-Plant, " April 1975 (in English) Paper: HDR Safety Program -General Program -Status as of December 1975 Gesellschaft für Kernforschung (in English) -Quarterly reports: in the IRS-Research Report series (in German) Reports 1RS -F -21, 23, 25 -27 -Annual report: 1RS -F -24 (in English).

Title 1 (Originai language)

  

			Classification
	Comportamento termoidraulico di un canale di		
	potenza del reattore CIRENE nella fase di		
	avviamento			10.3
	Title 2 (English)		Country	* • :	ITAI ITALY
	Thermohydraulic behaviour of a CIRENE power channel during reactor start-up	Sponsor Organisation : CISE . CNEN
	Date initiated	June 1975	Project Leader
	Date completed December 1976		
			UTM (CISE)
	Last updating	1977		

1. General aim: Thenrohydraulic behaviour of a boiling power channel at positive inlet quality in the low total flowrate range both in steady state and tran sient conditions. 3. Experimental facilities and programme -CIRCE: large scale facility simulating in a closed circuit 2 full-scale power channels; water flowrate: 22 kg/s, steam flowrate 3 kg/s; test section maximum pcwer 12,5 MW (d.c.). 3.2. Programs 3.2.1. Steady state tests with positive quality at inlet to determine two-phase flow patterns and to measure critical power. 3.2.2. Transient tests by reducing inlet steam flowrate from the'steady, state value to zero: measurements of flowrate, pressure, pressure drops, mass transients in the circuit.. » 4. Project status 4.1. P£22£ § §s_to_date£ the experiniental programme has been completed.

Ori gi nal UEN AA Übersicht: Forschungsvorhaben RS 66 Model /mäßi ge Behandlung d. Schwingungen v. Memeinbauten i Druckwasserreaktoren RS 66 AU. A

  

	Modell | Original Struktur-mechanisches Modell oder Eigenfrequenz Eigenformen Mathematisches Modell____ Gronausführung COUNTRY: BRD SPONSOR: BMET ORGANIZATION; KWU, Karlstein Project Leader: Model l I Classification: 10. 4 Title 1 (Original Language): Experimentelle Untersuchungen zur Absicherung von Druckbehältereinbauten gegen strömungsinduzierte Schwingungen beim Siedewasserreaktor (RS 218 -II. 4.1, Jahresbericht A 76) Title 2 (English): Dr. Simon

Experimental Investigation of Protection of Pressure Vessel Internals Against Elow-Induced Vibrations in

  

	BWRn	
	Initiated (Date):	Completed (Date):
	1. 9. 76	31. 5. 77
	Status:	Last Updating (Date):

Continuing 3 1 . 1 2 . 76 I ......... i 1 .

7 • Reference documents -G. Lelli "Computer modelling of the dynamics of a string of fuel bundles in

  

axial flow. Part B : response to a generalized forcing function and further developments" . July 1975. CRNL-1339.

Country ITALY Sponsor CNEN O rgan isation CNEN Date initiated 1968 Date com pleted progress L ast updating A p ril 1077 P r o jec t L ead er A . N obili 1. General Aim

  

	T itle 1 (Original language) Studio della conduttanza dell'intercape	C la ssific a tio n
	dine combustibile/guaina in barre di combustibile BWR	11.1*
	T itle 2 (English)	r
				Sponsor	u " -"
	Gap conductance in BWR fuel rods	Organisation	CHE!!
	Date initiated	«January 1C73	Project Leader
	Date completed	1576
	Last updating	December 1976	G.P. CALI'
	1. General ain	
		Mechanical properties of irradiated cladding under rupture conditions.
	2. Particular objectives
		Measurement of 1) Ultimate burst strength 2) Hall thinning at fracture
		3) Total circunpherential elongation in irradiated cladding internally
		pressurized up to rupture conditions.
	3. Experimental facilities and nrograrene •
	*	Riso and Studsvik Laboratories
	4. Project status	
		Burst tests have been completed within the following range of conditions:
		temperature: 280°C and room temperature; burn-up: 1.500 to 24.000 Ml'D/T;
		integrated fast neutron dose: 6t30xl0	20	o n/cnr; cladding diameter and type
		T5.06 mm ext.dia.(VDM), 14.26 mm ext.dia (Kolwerin).
	5. Next steps	
		None	
	6. Relation with other projects
		None	
	7. Reference documents
		Internal reports	
	8. Degree of availability
		Open	

pellet-clad interaction situations in the core of a power reactor by means of a i absolute elongation of the fuel rods or whole assemblies b change in time constant for heat transfer of the fission heat to the coolant 3. Experimental facilities Dciewaard nuclear power plant«

  

	(Continued from the preceding page.)	
	8) M. Suzuki, S. Kawasaki, T. Furuta : "Zircaloy-Steam Reaction and N.V. KEMA À m h e m , 25 februari 1976
	Embrittlement of the Oxidized Zircaloy Tube under Postulated Loss
	of Coolant Accident Conditions. (Oxidation Kinetics and Embrittlement
	of Zircaloy above 1200°C)", JAERI-M-6879 (Jan. 1977) Classification 11«1
	Title 1 S p l i jtstofverlenging tijdens bedrijf	Countrv The Netherlands
		Organi zation KEMA
	Title 2 Fuel elongation during power rating	Scientists W.R. van Engen J. Hoekstra W. Siegers
	1. General aim	
	Pellet-clad interactions.	
	2. Particular objectives	
	To detect possible 4. Project status	
	Still in progress.	
	5. Next steps	
	To ccrne to an	
	7) S. Kawasaki, T. Furuta, K. Homma : "Inner Surface O x i d a t i o n of a Fuel
	cladding for LWR under a LOCA", CSNI Specialist M e e t i n g at Spatind,
	(Sept. 1976)	

additional method for incore measurements to have better knowledge over actual core conditions.

  

	6. Relations with other projects
	M e a s u r i n g

technique is based on the Halden incore instrumentation experience with differential tramsformers.

  

		-791 -792 -	
	PROJECT TITLE :		CSÎII IITDEX ITUK3ER :
	7. Reference documents PROJECT TITLE : Fission Product volatility in intact fuel rods	CSNI INDEX NUl-iBER : 11.1
	None. 8. Degree of availability Deformation and rupture of zircaloy cladding owing to LOCA SPONSORING COUNTRY : SPONSORING COUNTRY : Sweden	ORGANISATION 11.1 ORGANISATION : AB Atomenergi
	Through the organization KEMA. Sweden DATE INITIATED : 1974-07-01	A B Atomenergi PROJECT LEADER
	DATE INITIATED : DATE COMPLETED : 1977-06-30 1976-12-29	PROJECT LEADER : Ronald S Forsyth
	DATE COMPLETED :	1978-02-01	Pe e t e r Tark p e a
	Dbécription :		
	The objective of the project is to investigate and
	evaluate the creep characteristics of zircaloy cladding
	material in oxidizing atmosphere and to develop and
	verify models for deformation and rupture of zircaloy
	cladding in oxidizing atmosphere u n d e r LOCA conditions.
	OECD NUCLEAR E N E R G Y AGENCY -38, Boulevard Suchet, 75016 PARIS Telex : 63O668 AEN NE A -Tel : 524 82-00
	14.560		

Title 1 (Originai language) Ricerca sperimentale sull'accumulo delle deformazioni e sulle rotture Classification per fatica di tubazioni soggette a carichi varia 11.2 bili ripetuti. 2. -A. DEL PUGLIA, G. NERLI "Experimental Research on Elastoplastic Behaviour and Collapse Load of Statically Indetermined Space Tubular Beams" 2nd Int. Conf. on Structural Mechanics in Reactor Technology, Berlin, Sept. 1973.

  

3. -P. CITTÌ, A. DEL PUGLIA, G.

NERLI "Experimental Study on the Effect of Variable Repeated Loads on Steel Piping Components" 3rd Int. Conf. on Structural Mechanics in Reactor Technology, London, Sept. 1975.

  

4. -• P. CITTÌ, A. DEL PUGLIA, G. NERLI "Esperienze su tubazioni soggette a carichi variabili ripetuti" 3rd Convegno Nazionale AIAS, Bologna, Oct. 1975. 5. -P. CITTÌ, P. RISSONE "Calcolo e verifica sperimentale della deformata di una travatura in campo elastico-incrudente" IV Convegno Nazionale AIAS, Roma, Set.

1976. Title 1 (Original language) Classification Fatica ad alta temperatura di elementi struttu rali H . 2 Title 2 (English) High Temperature Fatigue on Structural Elements Country ITALY Sponsor CNEN Organisation U n iversity of PISA Date initiated 1976 Date completed 1980 Last updating Mav 1977 Pro.iect Leader A. DEL PUGLIA Description: Research program: to gather experimental information on the High Tempera ture Low Cycle Fatigue behaviour of simple tubular welded structures in AISI 304, 316 and other materials. The load conditions are characterized by:

  

2. CARMIGNANI C., CELLA A. Elasticg£nalysis of Cracked Thin Shells by thè Finite Element Method. *Proc. 1S SMIRT, Berlin, 1971, v o U 5 pp. 57* 76. 3. CARMIGNANI C. Ricerca teorica e sperimentale sulla propagazione delle rotture nei recipienti in pressione. Atti del Convegno Nucleare di Pisa, voi. 1, CNEN, 1971, pp.279* 319. 4. CARMIGNANI C., REALE S. Elaborazione dei risultati della ricerca sperimentale sulla propaga, zione(felle rotture nei recipienti in pressione. Atti Istituto di Impianti Nucleari

  

-Univ. Pisa. RP 153(73), 1973. 5. CARMIGNANI C., CIBECCHINI P., REALE S. Caratterizzazione di un acciaio al Nichel per impieghi a bassa tempe ratura ggn i criteri della meccanica della frattura. Proc. 5 Int. Conf. on Exp. Stress Analysis, Udine, 1974,

paper 18 pp. 2.5 t 2.12, . 6. CARMIGNANI C., REALE S • Valutazione dell'effetto scala nella determinazione del parametro cri, ticocfel materiale, mediante prove di scoppio di modelli cilindrici fessurati. ■ Atti del IV Convegno Nazionale AIAS, Roma, Sept. 1976.

  

  7B, with a flaw in the HAZ of the repair weld, sized similar to those in ITV-7 and 7A, and at the same temperature. Current thoughts are that this should be a hydraulic test, but with a boot similar to that used in ITV-7A. Report the results. Qualify a partial thickness gouge weld repair with vertical part and gouge orientation, the gouge residing in a stress relieved, submerged ARC weldment. Repair a similar gouge put into the longitudinal weld on ITV-8 with the weld repair done in the same manner. Current thoughts are that the depth of the gouge will be approxi mately 2/3 of the vessel thickness. The residual stresses must be very carefully evaluated on the qualification piece of prolongation. After analysis before test, plan and execute a transition temperature test, ITV-8, with flaw in the HAZ of the repair weld. Consideration should be given to a similar flaw located in the plate material.
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	PROJECT TITLE: WiOJECT TITLE : Corrosion Problems in Reactor Materials	CSNI INDEX NUMBER : INDEX NUMBER: ll.a.l
	c. d. Round Robin Testing For Arrest Fracture Toughness Standard Test Practice -Unirradiated Steels Develop a standardized test practice for the measurement of (arrest fracture toughness) and submit to the ASTM on March 22, 1977. Complete the SEN experiments and evaluate the variables of crack jump length and side grooves. Determine crack arrest specimen measurement capability by testing specimens at thicknesses at least four inches thick. Standard Test Practice -Irradiated Steels Develop a standardized test practice for the measurement of K j ^ (arrest fracture toughness) with due consideration to size limitations imposed by surveillance capsules in operating LWR's, Initiate, monitor, and manage a round robin testing program for unirradiated crack arrest toughness using the three standard test practices as submitted to the ASTM. The material will be supplied by NRC, and current plans are for at least seven participants. Per form preliminary tests to assure that the crack arrest toughness data obtained will be at levels of practical interest (well above NDT). Experimental Facilities and Program: g. a. Testing laboratories at Battel 1 e-Columbus. b. Program: See item 2 above. Project Status: a. Results to date: Crack arrest methodology and standard specimens proposed. Irradiation effects program started. HEAVY SECTION STEEL TECHNOLOGY PROGRAM 3. 4. 11.2 SPONSORING COUNTRY: USA ORGANIZATION: OAK RIDGE NATIONAL LAB. DATE INITIATED: lg65 DATE COMPLETED: CONTINUING STATUS AS OF: PROJECT LEADER: G. D. WHITMAN Description: 1. General Aim: To provide a thorough, quantitative assessment of heavy section reactor vessel fracture characteristics including a realistic evaluation of fracture potential and development of fracture prevention criteria. b. e. g. Task VII: Foreign Research Task V: ITV Testing Fatigue and Crack Propagation Fatigue crack growth rate and LWR crack growth analyses -continue to develop fatigue crack growth rate data including the effects of material, LWR water chemistry, temperature, R-ratio, irradiation, cyclic rate, hold time, loading rate, etc., compatible with design transient loadings. Submit a conservative upper bound relationship between da/dN and AK to NRC to update the current code data. Issue a topical report on updated crack growth analyses on LWR pressure vessels, contingent on the data that are developed. c. Task III: Irradiation Effects Plan, analyze, and test up to ten small model experiments related to the FY 78 run-arrest experiment on ITV-7C, and report the results. Qualify a through-the-thickness weld repair with vertical vessel and weld repair region orientation, and perform a weld repair per ASME XI procedures. Plan, analyze, and execute a ductile shelf on reviews, identify the validity and usefulness of the foreign research to NRC for application to safety and licensing of LWR's. Recommend by letter to WRSR on a timely basis, the application of pertinent, well-founded research results. 3. Experimental Facilities and Program: a. Facilities: Testing laboratories and facilities, both at Oak Ridge, Tennessee and at subcontractors locations, such as Westinghouse Research and Development Laboratories, and Hanford Engineering Development Laboratory. b.' Program: See Item 2 above. 11.2.1. Material properties test, ITV-Report the results. Systematically collect, maintain and review foreign research SrOilCOKIllG COUNTRY : OÜGAî-î I S AT IOII : Australian Atomic Energy (papers, results, reports, etc.) applicable to safety of LWR Australia Commission, Private Muil Bag primary systems in the areas of fracture mechanics, metallurgy, welding and structures fabrication. Perform travel to foreign countries as necessary, especially western Europe and Japan and Sutherland,.NSW. 2232 _..... DATE INITIATED : l. July 1974 . PROJECT LEADER : within NRC funding to assist in obtaining and evaluating research data. Travel plans to be approved by NRC in advance. Summarize research and provide up-date in quarterly progress reports. Based 2. July 1972 Dr. D.H. Bradhurst DATE COMPLETED : continuing Materials Division
	4.	f. Project Status: Task VI: PCRV Tendon Corrosion
	2.	Particular Objectives: Simultaneously test multiple wires under stress conditions (70%UTS) identical to those employed in prestressed concrete structures. Wires a. Results to date: see Progress Reports for details.
	5.	a. b. Next Steps: Essentially as noted in Item 2, above, with special Program Management, Fracture Mechanics and Analysis Efficiently manage HSST program, monitor subcontracts, procure special materials and equipment, issue progress and topical reports and organize and conduct program review and planning committee meetings. Participate ' in ASME, and PVRC meetings as required. Complete the evaluation of equivalent energy and COD methods-of will be individually loaded ASTM A421 grade BA wire, and the center Essential results: to provide materials property data and analysis wire from a 7 wire strand tendon (ASTM A416 grade 270). Each wire methods to assure the safe operation of nuclear power reactors. is to be exposed to an environment, at about 70°F, containing a controlled quantity of contaminant amounting to 50, 200, and 500 PPM of nitrate contaminates and 200, 2000, and 20,000 PPM of sulfate contaminates for a period of about one year. Electrochemical potential to be monitored. emphasis on irradiation experiments, thermal shock ductile shelf testing practices, and repair weld evaluation.
		f.	Cooperative Program with The University of Illinois Monitor and repor the accomplishments on the dynamic analysis of DCB, SEN, and cracked ring geometries, on K of a rapidly running crack approaching a free surface, and on measurements of Kjd . This task must be completed in FY 1977. elastic-plastic fracture analysis and prepare topical report. The tensioned wires are to periodically be examined by microscopic Continue evaluation of J-integral method and report results. inspection while under tension. The carrier solution containing Perform fracture toughness testing to verify the analytical the contaminants will be circulated and periodically analyzed so methods. Provide analytical support for the thermal shock and that adjustments can be made to maintain the desired contaminant the ITV test programs, prepare significance reports on intermediate vessel testing on complex geometries and inside surface flaws to include simplified methods of analysis. Issue report on ITV-7A. Complete the photoelastic evaluation of nozzle corner cracks. Perform concurrent finite element analyses of the photoelastic nozzle corner crack experiments and if results correlate well, use finite element method to evaluate cracked feedwater nozzles subjected to pressure, force, moment, and thermal loadings typical composition. Report the results. Perform a similar experiment, TSE-4, using TSV-2. This must be planned, analyzed and conducted as an initiation and arrest Based on the results of microscopic examinations, and other tests experiment, and must be done in close cooperation with BCL. deemed necessary, recommend allowable maximum limits on nitrates Report the results. Evaluate the use of LN2 to perform a meaningful thermal shock experiment to verify the beneficial and sulfates in grease, grout or concrete used as corrosion inhi bitors on prestressing elements forming part of nuclear containment effects of warm prestressing. structure that might be located on land or in an ocean environment.
			of operation. Report of these photoelastic and finite element
			efforts on nozzle corner cracks. Conduct crack growth analysis of the nozzle corner region. Use these data to recommend test
			parameters for ITV-10.

Results: a. Program Administration Efficiently manage the program, monitor subcontracts, procure special materials and equipment and issue progress and topical reports. Assure communication of technical details among the participants in the NRC/EPRI crack arrest program on a continuing basis and participate in NRC/EPRI crack arrest meetings, participate in ASTM and other technical society meetings as required. b. Dynamic Fracture Mechanics Analyses Complete a two-dimensional analysis of crack propagation and arrest in a pressurized cyclinder subjected to thermal shock. Compare results from this effort with the HSST experiments at ORNL and experiments in the laboratory and report results. Provide computer analysis for load/thermal shock combinations achievable in the laboratory for reduction of data from SEN specimens, both ordinary and duplex. Analyze the run/arrest behavior of a crack that has branched. as well as the required measurement capacity. Complete the effort on compound specimen development, and report the advantages, dis advantages, limitations, etc., of the method. Develop the special instrumentation, equipment, and techniques required for remotehandling, crack propagation and arrest experiments. e. Development of Crack Arrest Toughness Data Base Develop an unirradiated crack arrest toughness data base for RPV steels using the method(s) developed in Task 2.c., and at toughness levels of practical interest (well above NDT). Obtain one or more full curves of dynamic fracture toughness, KjD , versus velocity, a, for characterization. Plate, forging, weldment, and HSST thermal shock material must be included in the data base. Consideration will be given, depending upon availability, of substitution of weldment for the plate and forging material. Initiate the irradiation of weldment specimens as developed in Task 2.d., to develop limited crack arrest toughness data. This task is expected to be completed in FY 1978. The specifics of the irradiation level will be provided by NRC. Approximately five specimens are envisioned. b. . Essential results: See item 1 above. 5. Next Steps: See item 2 above. 6. Relation To Other Projects: Part of NRC/EPRI Program on Crack Arrest and closely coordinated with the HSST program. 7. Reference Documents: Quarterly Progress Reports and Topical Reports. 8. Degree of Availability: All available through NTIS. Especially included are the effects of irradiation; flaw growth mechanisms; significance of thermal shock, considering warm prestressing, crack propagation and arrest; the significance of cracks residing in weld repair regions, in the transition and upper shelf toughness regimes; and crack arrest characterization from model and intermediate vessel tests. Complete the irradiation of the low ductile shelf weld material. Check out the methods to be used for obtaining data on ductile shelf testing of the irradiated specimens. Determine the ductile shelf toughness of each weld, starting with the smallest specimens, building up to the largest and performing the minimum number of tests. Each test on larger specimens must have NRC concurrence on test conditions prior to the test. NRC concurrence is also required for the initial tests on small specimens. Evaluate the correlation between the ductile shelf toughness and the C shelf energy. Publish a final report on the methods used to evaluate high levels of fracture toughness from small specimens. Report the results of this second 4T-CTS irradiation program. Perform another similar irradiation program on material that will be supplied. d. Task IV: Thermal Shock Complete verification of the method of analysis used to predict crack propagation and arrest in a reactor vessel subjected to ECCS operation following LOCA. Analyze and report on the signi ficance of the thermal shock analyses and experiments as rekited to reactor vessel safety.

Carefully analyze experiment TSE-3, using arrest toughness as characterized by BCL, on the basis of a run-arrest experiment. The shape of the crack front as it progressed radially and the effect of the plug holes on initia tion and propagation must be evaluated. Report these results.

6. Relation to other projects: This is part of a coordinated effort of research activities to assure the safety of nuclear power reactors.

7.

Reference documents: Quarterly Progress Reports and Topical Reports.

8. Degree of availability: All available through NTIS.

1 9 OECD NWCLIî/Ui EHERGY AGENCY -36, Boulevard Suchot, 75016 PARIS
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	PROJECT TITLE :		CSNI INDEX NUMBER :
	Deformation and Fracture Behaviour	11.2,1
	of Reactor Materials		
	SPONSORING COUNTRY :	ORGANISATION :
			Australian Atomic Energy
	Australia		Commission, Private Mail Bag,
			.2232________
	DATE INITIATED : .	July 1970	PROJECT LEADER :
	DATE COMPLETED :	Continuing	Dr. K.U. Snowden Materials Division
	Description :		
	Objective :		
	Tu'Iqk : OjOGt.O iUSM HEA -Tel : 524 8P-00

To study the effects of temperature, neutron irradiation and stress on zirconium alloys and steels used for structural purposes in reactors. Proposed Investigations : The programme consists of systematic studies of the effects of creep and fatigue stressing on various alloys. Particular attention will be given to fracture behaviour and the conditions required to induce unstable crack growth under static and cyclic stress conditions. 14.560 OECD NUCLEAR ENERGY AGENCY -30» Boulevard Suchet, 75016 PARIS Telex : 630668 AEN NEA -Tel : 524 8P-00 Fracture Behaviour and Irradiation Embrittlement of Steels CSNI INDEX NUMBER : 11.2.1 SPONSORING COUNTRY :

  

		ORGANISATION :
		Australian Atomic Energy
	Australia	Commission, Private Mail
		Baer, Sutherland. NSW. 2232
	DATE INITIATED I I. January 1969	PROJECT LEADER :
	2. July 1974	Dr. K. Brown
	DATE COMPLETED : continuing	Materials Division

OECD NUCLEAR ENERGY AGENCY -38, Boulevard Suchet, 75016 PARIS Telex : 63O668 AEN NEA -Tel : 524 82-00 PROJECT TITLE : Radiation Damage in Reactor Materials Colli IIÍDÜX líUliÜEl; : 11.2.1 SPONSORING COUNTRY : Australia ORGANISATION :

  

		Australian Atomic Energy
		Commission, Private Mail Bag
		Sutherland. ^S W ^.,2232_______
	DATE INITIATED : July 1970	PROJECT LEADER :
		Dr. P.M. Kelly,
	DATE COMPLETED : Continuing	Materials Division

4) Définition du programme AIEA. Dr. Klausnitzer Prof. Detert Determination of Fracture Mechanical Safety Criteria for Elastic-Plastic Behaviour of Materials

  

	1 . 1 . 76	31. 12. 76

I n i t i a t e d (

Date): C o m p l e t e d (Date): S t a t u s : L a s t U p d a t i n g ( D a t e ) : Completed 31. 12. 76 1.

  Relation with Other ProjectsAssociated with the Reactor Safety Program there have been no additio nal projects approved which relate to Narrow-Gap welding. However, several developments related to this subject are worth reporting:a. During a visit to Japan in September 1976 it was shown that considerable emphasis is being placed on the development and application of narrow gap welding techniques for thick section welding.

	Henderson, I.D. H.-D. Steffens Title 1 (Original Language): Fracture toughness of Narrow-Gap welded joints in the nuclear pressure vessel steel 22 NiMoCr 3 7 COUNTRY:
	BRD Nuclear Engineering and Design Vol. 36, No. 2, Febr. 1976, S. 273-285 Bruchverhalten von teilweise durchgehenden Rissen (RS 102-11 -II.2, Jahresbericht A 76) SPONSOR: BMFT
	Henderson, I.D. A. Ducrot	ORGANIZATION: Narrow-Gap welding of heavy section pressure vessel steel IFKM Freiburg
	Title 2 (English):	Paper 16-6-1, IIW-1976-MTC, 23.-27.Aug. 1976, Sydney Project Leader:
	Henderson, I.D. Fracture Properties of Part-Through Cracks Temperaturfeldmessungen b e i m Engspaltschweißen Dr. E. Sommer S. Klingauf Dipl-Ing.H.Kordisch des Reaktorbaustahls 22 NiMoCr 3 7 H.-D. Steffens Schweißen u. Schneiden, Jahrgang 28, Nov. 1976, Initiated (Date): Completed (Date): Heft 11. May 1973 Oct. 30, 1976
	Status:	Last Updating (Date):
	Finished	December 1976
	b. In Italy, a major construction firm is developing a
	narrow gap welding process for joining of heavy section
	austenitic and ferritic steels for nuclear applications.
	c. Following a FhG-Seminar in IFAM on 14.6.76 several firms
	in Germany have shown interest in supporting a continuation
	project to further evaluate the Narrow-Gap welding tech
	nique.	
	d. The committee of the, DVS-Working Group UG 30-1 is presently
	considering ways and means of promoting this research work.
	9. References	
	Henderson, I.D. K. Seifert	Untersuchung verschiedener Badsicherungen beim Engspaltschweißen eines Reaktorbau stahls.

Schweißen u.Schneiden, Jg.28, Aug.76

, H . 8 10. Degree of Availability of the Reports All reports about this research project are unclassified. 1 .-General Aim

9. Kalthoff, J .F .; Winkler, S.; Beinert, J. "Dynamic Stress Intensity Factors for Arresting Cracks in DCB Specimens", Int. Journ. of Fracture, ]2 (1976) 317 ff. Kalthoff, J .F .; Beinert, J.; Winkler, S. "Auswirkung dynamischer Effekte auf Rißarrest-Sicher- heitsanalysen", Reaktortagung 1976 des Deutschen Atomforms e . V ., Düsseldorf, 3 0 .3 .- 2.4.1976 Kalthoff, J .F .; Beinert, J.; Winkler, S. "Einfluß dynamischer Effekte auf die Bestimmung von Rißarrestzähigkeiten und auf die Anwendung von Rißarrestsicherheitsanalysen", 8. Sitzung des Arbeitskreises Bruchvorgänge im DVM, 6 ./7 .1 0 .1 9 7 6 , Köln. 10. Degree of Availability The reports can be ordered from Gesellschaft für Reaktorsicherheit, Glockengasse 2, 5 Köln 1. ftg* Initiation and arrest considerations for a crack in the wall of a pressure vessel ^*9» 2* Consequences of dynamic corrections for crack arrest safety analyses

  

	Classification: 11.2.1		
	Title 1 (Original Language):			COUNTRY:	
	Rißaufweitung (COD) zur Beurteilung der Bruchgefährdung	BRD	
	von Bauteilen			SPONSOR: BMFT	
	(RS 102-13 -II.2, Jahresbericht A 76)		ORGANIZATION;	
			IFKM Freiburg	
	Title 2 (English):			Project Leader:	
	The Use of COD/COS Fracture Criteria in the Assessment	Dr. J.G. Blauel	
	of Component Strength			T. Hollstein	
	Initiated (Date):	Completed (Date)		
	May 1973	June 30, 1976			
	Status:	Last Updating (Date):		
	completed	December 1976	APPLIED K	NO ARREST	1 J
	1.				
			Assumptions		
			» dynamic effects in laboratory test	
			specimen negligable	
			(K|"-determination )	
			► dynamic effects in real structural	
			component of importance	
			(K| -determination)	
			CRACK PENETRATION	
				ARREST	
			Assumptions :	
			• dynamic effects in laboratory test	
			specimen of importance	
			(K|a -determination)	
			• dynamic effects in real structural	
			component negligable	
			( K| -determination)	
			CRACK PENETRATION	

5 .

 5 Reports Y. Ando, "Research on Local Structural Behavior and Safty Analy sis of Nuclear Piping System", JWES, 5SS (OCt. 1976) (Japanese)
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	PROJEC TITLE :	CSNI INDEX NUKBER :
	Study on dynamic Fracture Toughness	
	of Nucleare Pressure Vessel Steel	11.2.1 . & 11.2.4.
	SPONSORING COUNTRY :	ORGANISATION :
	Japan	Ship Research Institute
		Ministry of Transport
	DATE INITIATED : April, 1976	PROJECT LEADER :
	DATE COMPLETED : Progressing	E. Fujii
	( March, 1977 )	
	Description ;	
	1 . Objective	
	The objective of this project is to experimentally investi
	gate and realize the dynamic fracture toughness of structural
	steels and to find the relations between some other notch-
	toughness tests.	
	2. Project Status	
	2.1.Program Description	
	In this program, dynamic brittle fracture tests are schedul
	ed under some variable test conditions of applying load velocity,
	type and size of specimens and load condition ( tension or bend
	ing )•	
	2.2 Progress	
	Test facility using in this program is under construction.
	OE C D NUCLEAR ENERGY AGENCY -38, Bou l e v a r d Suchet, 7 5 0 1 6 PARIS T e l e x : 630668 AEU NEA -Tel : 524 82-00
	31.719	

9. Budget The estimate cost of this R&D program is about 200 millions lire per year.

  

	PROJECT TITLE :	CSNI INDEX NUMBER:
	Study on Evaluation of Structural Safety
	for Nuclear Pressure Vessels by Acoustic	11. 2. 3
	Emission Method
	SPONSORING COUNTRY:	ORGANISATION:
	Japan		Ship Research Institute, Ministry of Transport
	DATE INITIATED:April, 1973	PROJECT LEADER:
	DATA COMPLETED:Progressing (March, 1977)	A.Kanno
	.	Description ;
	1. Objectives

  To develop the techniques for continuous monitoring of welding of nuclear components, such as pressure vessels and piping by acoustic emission; to prove the feasibility of the technique under shop conditions and validate the acoustic emission findings by currently accepted NDE techniques; to provide data for ASME code acceptance of the inspection practice; to develop, build and validate prototype monitors for "no-hands" service in shops for nuclear pipe and pressure vessel welding.

	PROJECT TITLE: Inspection of Nuclear Reactor Welding by Acoustic Emission	INDEX NUMBER: 11.2.3
	SPONSORING COUNTRY: USA 4. Project Status: a. Title: Results to date: Demonstrated flaw detection by acoustic ORGANIZATION: General American Research C o u n t r y : Divi «¡inn DATE INITIATED: PROJECT LEADER: emission during welding a variety of piping and in pressure DENMARK Trykpr0vningsfacilitet vessel steel in commercial welding shops. 10/74 DATE COMPLETED: Continuing S p o n s o r : D. Prine STATUS AS OF: b. Essential results: Establishment of positive correlation Res. E s t a b l . Ristf between acoustically-detected flaws metallography and other NDE results. Title: O r g a n i z a t i o n :
	Description: 5. Next Steps: Test a pressure vessel weld monitor in long production Pressure Testing Facility Res. Establ. Ris0 runs. Quantify detection of flaws during pipe and pressure vessel welding. S c i e n t i s t s :
	1. Initiated date: 1977 6. Relation With Other Projects: Studies being conducted in commercial C. Debel piping and pressure vessel welding shops, not in research labs. A. Nielsen General Aim: Completed date: 1978
	7.		Reference Documents: Quarterly progress reports, "Inspection of Nuclear Reactor Welding by Acoustic Emission."
	8.		Degree of Availability: NTIS.
	2.	Particular Objectives:
		a.	Perform additional laboratory testing to aid in determination
			of AE flaw detectability and flaw type discrimination.
		b.	Develop correlation between acoustic emission and flaw size by analyzing AE data and cross validating of flaws with other NDE
			techniques as well as quantitative metallography.
		c.	Construct a prototype vessel weld monitor and prove under shop
			conditions.
	7.	d. Reference Documents: Annual Report. Complete shop evaluation of both the piping and pressure vessel AE monitors.
	d.	Availability: NTIS. e. Analyze all the data and experience generated during this program
			to present a case for NRC acceptance of acoustic emission in-process weld monitoring of nuclear components.
	3.	Experimental Facilities and Program:
		a.	Facilities: Testing set-up at several pipe fabrication shops.
		b.	Program: See item 2 above.

Status: In progress 1. General aim: To provide a facility for te s t i n g to failure of i nter mediate size vessels under controlled conditions.

  ) Finite element analysis parameter study of reinforced nozzle attached to cylindrical shell under force moment loadings.

	PROJECT TITLE: Development of High Sensitivity Ultrasonic Techniques for In-Service Inspection of	INDEX NUMBER: 11.2.4
	Nuclear Reactors
	SPONSORING COUNTRY: USA	ORGANIZATION: National Bureau of Stan dards Washinaton. D.C.
	DATE INITIATED: 1975	PROJECT LEADER:
	DATE COMPLETED: Continuing	M. Linzer
	STATUS AS OF:
		c. Description: Isolated and Closely-Spaced Interacting Nozzles in Cylindrical Pressure Vessels.
	1.		Conduct Finite element analyses of geometries having two and
			three interacting nozzles. Issue reports as noted in Tasks 2.a.,
			and 2.b., and document the computer programs. Continue code rules development for single and close-spaced nozzles.
		d.	Elbow End Effects.
			Continue the development of stress indices, flexibility factors, , and proposed code rules for piping elbow end effects.
		e.	Code Efforts.
			Continue close association with PVRC and codes and standards groups,
			including management of PVRC subcommittee activities, to aid in and
			to facilitate the implementations of proposed rules and revisions.
	3.	Experimental Facilities and Program:
		a.	Facilities: Testing laboratories and facilities at Oak Ridge, Tennessee and subcontractor locations.
		b.	Program: See Item 2 above.
	4.	Project Status:
		a.	Results to date: See progress reports for details.
		b.	Essential results: To develop analysis methods for piping
			systems and nozzles and to develop design rules and data for codes and standards.
	5.	Next Steps: Essentially as noted in Item 2 above.

3.2. Programme 3.2.1. Preliminary burst tests to individuate most relevant plant parameters. 3.2.2. Burst tests in full height scale with a dummy explosion tube (full length rupture). 3.2.3. Burst tests as in 3.2.2. with explosion tube and adjacent target channel simulating in full scale (dimensions and structural materials) the CIRENE power channel. 3-2. h. Numerical simulation with existing computer codes of the transient triggered by explosion. Remark Burst tests for determination of the consequences of a hypothetical pressure tube rupture due to hot spot have been canceled.

  

	U . Project status
	^. 1. P^ogress_to_date
	-(3 .2 .1 .)	completed
	-(3 .2 .2 . )	crmpleted
	-(3.2.3.)	c omplet ed
	-(3.2.1*. )	in the initial stage
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	131-31-l0a/4111-10	-1 082 -	Classification	12-3
	Titre Titre		Pays : Pays :	
			FRANCE FRANCE	
	Détectabilité par ultrasons des défauts en		
	Etude de l'influence des divers revêtements sur le compression.	Organisme directeur : Organisme directeur :
	contrôle ultrasonore par l'extérieur des circuits primaires de réacteurs.	CEA/DSN CEA/DSN	
	Titre (anglais) Titre (anglais)		Organisme exécuteur : Organisme exécuteur :
	Ultrasonic detectability of flaws under compression.	CEA/DTECH-STA CEA/DTECH-STA	
	Study on the effect of coatings on the ultrasonic testing of primary circuits of nuclear reactors from the outside.	Responsable : Responsable : A.C.PROT (DSN-SETSSR) A.C.PROT (DSN-SETSSR)
	Date de démarrage : 01/01/77 Date prévue d'achèvement :31/12/78 Etat actuel : A lancer Dernière mise à jour : 23/11/76 Date de démarrage : 01/07/77 Date prévue d'achèvement 31/12/73 Etat actuel : a lancer Dernière mise à jour : 23/11/76	Scientifiques : Scientifiques : F.DUBOIS (STA) R.SAGLI0 (STA)	
	Objectif général : Objectif général :			
	Etude de l'influence du champ de contraintes sur la détectabilité Il s'agit d'évaluer l'influence des peintures actuellement utilisées pour la protection des cuves de réacteur, sur les des défauts lors d'un contrôle par ultrasons.
	possibilités de contrôle par ultrasons.		
	Objectifs particuliers :			
	-Il est nécessaire d'évaluer les modifications introduites par	
	l'environnement (température, irradiation) sur les qualités	
	d'adhérence et de résistance à l'abrasion de peintures afin de	
	connaître l'influence possible sur le couplage des traducteurs	
	ultrasonores.			
	-Eventuellement cette étude peut déboucher sur un ' hneilleur choix'1.
	Prochaines étapes :			
	-Réalisation d'éprouvettes métalliques représentatives.	
	-Essais ultrasonores avant influence de l'environnement.	
	-Essais en température et sous irradiation.		
	-Essais ultrasonores comparatifs.		
	(Mise en route du programme fin 1977)		

  The normalized voltage U/UQ measured above the crack is only a function of the depth of the crack while UQ is the voltage in the undisturbed case. The theoretical formulation of the problem leads to a Neumann boundary value problem.

	3.3.2. A FORTRAN IV program for iterative solution of integral equation
	is implemented.
	Resistance Probe Method 2.2. Particular Objective The method is used for crack-depth measurements of surface cracks in metallic materials. By contacting the body with potential probes an electrical flaw field is impressed. The associated potential field, measured on the surface is a function -of the electrical conductivity, -of the distance of the potential probes and -of the surface geometry. Every surface crack disturbes this geometry and therefore the potential 2.3.1. Numerical solution of two-dimensional electrical potential field problems. 2.3.2. Experimental tests of the numerically computed crack-depth functions for real reactor components. 2.4. Experimental Facilities, Computer Codes ¿.4.1. Implementation of a finite-element FORTRAN IV program for numerical solution of Neumann boundary value problems. 2.j . Progress Today The finite element program was improved, it allows the solution of potential problems for two-dimensional geometries with arbitrary boundar ies and variable sources of the field. 2.6. Results Application of the program on surface crack geometry in screw bolts of reactor pressure vessel yields to good agreements with model measure ments. For CT-standard test specimens of fracture mechanics the form and manner of the electrical sources could be optimized for studying crack growth measurements. 2.7. Next Steps The treatment of surface cracks in claddings and welded joints at a nozzel in reactor pressure vessel. Development of a finite element program for three-dimensional geometries distribution. 2.3. Research Program 2.8. Relation with Other Projects: none

Title 1 (Original Language): COUNTRY: BRD Studie über die Anwendung des Wirbelstromimpulsverfah- rens zur Qualitätssicherung von Kernkraftwerkskomponen ten (RS 229 -II.3.2, Jahresbericht A 76) SPONSOR: BMFT ORGANIZATION; BAM, Berlin Title 2 (English): Project Leader: Study on the application of pulsed eddy current methods to quality control of nuclear power plant components Dr. G. Wittig 1

  

	Title 1 (Original Language) :		COUNTRY:	
	Mehrfrequenz-Wirbelstromprüfung	BRD	
	Phase 1: Aufbau eines Mehrfrequenz-Geräteprototyps	SPONSOR: BMFT	
	(RS 231 -II.3.2, Jahresbericht A 76)	Fraunhofer-Ges., ORGANIZATION:	
			IzfP, Saarbr.	
	Title 2 (English):		Project Leader:	
	Multifrequency -eddy current testing		
	Phase 1: Construction of a multifrequency prototype	Dipl.-Phys.	
	Initiated (Date): Initiated (Date):	Completed (Date): Completed (Date):	R. Becker	
	1.10.76 1.9.1976	31.12.1977 29.2.1977		
	Status: Continuing Status: Continuing	Last Updating (Date): December 1976 Last Updating (Date): December 1976	j	1 1
	^• General Aim			
	1. General Aim			
	Study of the possibilities of applications of the pulsed eddy current	
	mothod to nondestructive testing of nuclear reactor components0 The	
	evaluation of the signals generated by tne test system has to deliver	
	informations about present defects with a high degree of statement power	
	in a simple manner. The obtained results shall permit a critical evalua	
	tion if experimental investigations will result in successful solutions	
	of detailed testing problems.			
	2. Particular Objectivs			
	Ascertainment of the state of knowledge about the theoretical foundations
	and the foundations in the field of technical applications. Critical	
	examination of the evaluation of test and investigation results from	
	practical use of the method. Obtaining of statements about possibilities	
	of application of the pulsed eddy current method for important test prob
	lems in the field of nuclear reactor components.		

7. Reference Documents /I/ H. Hörtner, E. Dressier, E. Nieckau, H. Spindler Kernkraftwerk Biblis, Block A. Zuverlässigkeitsuntersuchung der für die Beherrschung des Auslegungsstörfalls "Bruch einer kalten Hauptkühlmitte1- leitung" erforderlichen Sicherheitssysteme, Teil I. Vertraulicher Be

  

	/8/
	S. Goßner, S. Steindl
	Experimentelle Ausfalleffektanalyse an dem Rechengerät TZA 20 (H&B).
	Vertraulicher Bericht
	MRR-V-16, Mai 1976
	/9/
	W. Bastl
	CSNI Task Force
	richt
	MRR-V-9, November 1975

on Problems of Rare Events in the Reliability Analysis of Nuclear Power Plants Ispra, June 1976 / 10/ S. Goßner Experimentelle Ausfalleffektanalyse an dem CMR-Meßumformer ETU 120 (H&B) Vertraulicher Bericht MRR-V-17, Juni 1976 /II/ R. Daugherty, L. Schlösser CRESSEX -Beschreibung eines Zuverlässigkeitsrechenprogramms zur Er mittlung wichtiger Kenngrößen von komplexen Systemen. Programmbeschrei bung MRR-P-23, September 1976 /1 2 / W. Ullrich, W. Frisch Untersuchungen von Betriebsstörungen bei Versagen der Reaktorschnellab- schaltung (ATWS) und anderer ausgewählter Sicherheitseinrichtungen MRR 163, IRS-W-22, September 1976 /1 3/ E. Dressier Theoretische Grundlagen zum Programmsystem SAFTL und CRESS zur Berech nung der Zuverlässigkeit von Systemen MRR 164, September 1976 Classification: 1 4 Title 1 (Original Language): COUNTRY: BRD Zuverlässigkeitsbeurteilung für den Sicherheits einschluß (SE) am Beispiel des Druckwasserreaktors (RS 201 -1.1.8, Jahresbericht A 76)

  

			SPONSOR: BMFT
			ORGANIZATION:
			Tech.Univ.Munich
	Title 2 (English):		Project Leader:
	Reliability Assessment of the Secondary Containment	Prof.H. Kupfer
	of a PWR	
	Initiated (Date):	Completed (Date):
	June 1,1976	May 31,197g
	Status:	Last Updating (Date):
	Continuing	Dec. 1976
	1.	

Etudier et exécuter les enceintes pour la réalisation d'ambiances

.[START_REF]Individual Tasks 2.1 Studies on the conditioning of large reactor components[END_REF] 
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(Continued from the preceding page.)

11.2.Steel pressure vessel« pressure vessel internals and primary circuit

1 . 7 1 9

[START_REF]Individual Tasks 2.1 Studies on the conditioning of large reactor components[END_REF] 

Prochaines étapes : -Fatigue sous sollicitation biaxiale (fin 77) -Essais sur récipients : corrélation avec les essais sur éprouvettes (1980) Documents de référence : "Low Cycle Fatigue of Austenitic Alloys in Hot Water" C.GARNIER, R. ROCHE, B.BARRACHIN. Smirt L 6/7 Londres 1975 "Low Cycle Fatigue of Steels for Nuclear Pressure Vessels in Hot Water" C.GABNIER, G.KOWALCZUK, R.ROCHE, B.BARRACHIN. Smirt L 8/h San Francisco 15 -19 août 1977.

. Relation to Other Projects: Part of NRC/EPRI Program on Crack Arrest.

. Degree of Availability: From NRL and NTIS.

11.2.2.Stress-strain analysis

4 . 5 6 0 

. Degree of Availability: Documents will be available from NTIS.

11.2.4. Destructive testin g

11.3*4-•Destructive testing (no entries)

11.4. Containment (no entries) 

12.2 Fabrication methods(no entries)

Prochaines étapes :

Prochaines étapes :Contrôle des 3 tôles HSST (2ème semestre 1977).

'•Résultats de fiabilité du fichier d'incidents de la centrale de Saint-Laurent des Eaux". A.BLIN-Rapport SETS 27, octobre 1973. "Données de fiabilité des vannes de la centrale de Saint-Laurent des Eaux", C.VILLEROUX -Rapport SETS 40, novembre 1975.

14.S60

Classification:15.2

(no entries)

16.1. Preparation for emergencies (no entries)

ContinuingDecember 31, 1976

9-Literature G.W. Köhler, J. Weppner, H. Salaske, W. Hennhöfer, Studienentwürfe für eine Anlage zur Konditionierung schwerer aktiver Reaktorkomponenten, Trenn-und Zerlegemethoden sowie ferngesteuerte Arbeitsgeräte. July 1976 (not published) J. Wepnner, G.W. Köhler, Die Konditionierung von Reaktor-Großkomponenten -Ein Überblick -December 1976 (not published) 10. Availability of Reports

1 04 5 -11.4.1. Concrete structures (no entries)

2 . Particular Objectives and Research Program

This work is done especially for applications on the reactor pressure vessels. The herein used materials are 22 NiMoCr 3.7, 20 MnMoNi 55 and austenitic steels, mainly X6 CrNi 18.11. Base metals as well as welded joints are to be investigated. The work shall be done in three steps:

-laboratory tests on modified CT and SEN specimens, -laboratory tests on specimens with production defects, -application of the developed methods and models to large scale tests.

Organisme exécuteur i CEA/DRIS-LCRI Responsable : M. BOUTEILLER (LCRI) Date de démarrage : 01/01/75 Date prévue d1 a c h è v e m e n t î 31/12/78 Etat actuel : en cours Dernière mise à jour : 15/02/77 Scientifiques : Objectif général : PWR sous ambiance de rayonnement gamma Project Leader F. LUCCHINI (NUCLITAL) Project Leader G. LELLI 1. General aim .. --. . . .

Automation on the laboratory scale of the atomic absorption spectroscopy essentially resulted in making shorter the handling and evaluation period and in a higher accuracy of analytics.

Next Steps

Three autoclave systems will be available to continue the investigations.

The discontinuous metal loss rate observed calls for further investi gations. They will relate to the chemico-physical partial processes of transport of the metal and metal oxide content released in the pressurized water and of the determination of the solid content, classified by size.

Relation with Other Projects

The physico-chemical analysis of the corrosion layers is performed by Dornier System, Friedrichshafen. 1.

General Aim:

a.

Characterize AE from a limited range of defects and material property conditions recognized as being of primary concern to reactor pressure vessel integrity.

b.

Characterize AE from innocuous sources (including defects) which can be reasonably expected to exist in a pressure vessel.

c. Develop criteria for distinguishing significant defects from innocuous AE sources.

d.

Develop an AE-material property-flaw damage model to establish a basis for relating in-service AE to pressure vessel integrity.

2.

Particular Objectives:

a.

Procure test material and fabricate specimens.

b.

Complete test instrumentation and establish calibration of complete mechanical-electronic test system.

c. Start development of AE signatures for A533B steel for:

(1) Deformation and cracking under uniaxial load in base metal and in weld metal. [START_REF]Individual Tasks 2.1 Studies on the conditioning of large reactor components[END_REF] Fatigue crack growth in base metal and in weld metal.

(3) Oxide deformation and cracking. (4) Innocuous slag inclusion under cyclic load.

d.

Investigate characteristics of kaiser effect in crack growth through plastically deformed material. 1.

NUCLEAR SAFETY RESEARCH INDEX

General Aim:

To evaluate all significant research on piping systems, to correlate that research with current design practices, and to quantify the piping used in nuclear power plants in terms of reliability. b. Initiate a concurrent task on the quantification of the reliability of safety related piping systems. The result will be primary recommendations to improve piping system reliability by providing answers to questions such as (a) where is a failure most likely to occur? (b) Will the failure be a leak or a break? (c) What deterministic steps can be taken to improve the reliability? and (d) Where should future efforts be directed to improve the reliability To conduct integrated experimental and analytical stress analysis studies of piping system components and isolated and closely-spaced pressure vessel nozzles to confirm and/or improve the adequacy of structural design criteria and analytical methods used to assure the safe design and operation of nuclear power plants.

2.

Particular Objectives:

a. Publish Reports on the Subjects Listed Below:

(1) Finite element analysis parameter study of a reinforced nozzle attached to a cylindrical shell under internal pressure.

(2) Experimental stress analysis of mechanized 10-inch diameter pipe elbows with specified geometric distortions.

(3) Test report on the cyclic internal pressure fatigue test' of an out-of-round machined 10-inch diameter elbow -ORNL model no. ME-2.

(4) Interpretive report on the experimental elastic-response and fatigue-to-failure tests of five 12-inch nominal size ANSI standard B16.9 TEES.

b.

Complete Effort and Publish Reports on the Subjects Listed Below:

(1) Finite element analysis of two closely-spaced nozzles in a cylindrical pressure vessel under internal pressure.

(2) Finite element analysis of two closely-spaced nozzles in a cylindrical pressure vessel with in-phase force and moment loads.

6.

Relation To Other Projects: This is part of a coordinated effort to assure the safety of nuclear power reactors.

7.

Reference Documents: Quaterly progress reports and topical reports, when issued. (2) The environmental-fatigue crack growth tests begun in FY 76 will be completed. Several additional tests at other fre quencies and mean stress levels will be conducted as shown in Attachment III, "Proposed Task K. Test Matrix," of the revised analysis-before-test submitted 8/23/76.

(3) Electrochemical potential measurements will be made concurrent with the tests of Item 2.a.( 2).

(4) Selected specimens will be metallographically examined to attempt to correlate fracture surface characteristics with macroscopic crack growth behavior.

(5) A topical report summarizing the results of Items 2.a.( 2), (3), and (4) in terms of the effects of frequency and mean stress on crack growth behavior of primary piping materials in a BWR primary water environment will be issued.

-1028 - 1-General Aim Determination of concrete properties to provide data for prediction of vessel behaviour,

Particular Objectives

Systematic investigation on the behaviour of concrete subjected to multiaxial stresses.

Determination of concrete strength after wet and dry thermal treatments

Study of concrete creep.

Experimental Facilities ad Programme

All the tests are carried out both at ENEL -. Niguarda Laboratory (Milan) and at ISMES Laboratory (Bergamo). These investigations are carried out in the framework of a joint research program with CEGB -CERL.

P roject Status

Systematic tests have been carried out on concrete specim ens (cubical and cylindrical) subjected to bi-and triaxial stress® with an aim at determi ning the !lrupture surface11.

Investigations have been carried out on the mechanics of onset and propagal ion of m icro-cracks to gather information on the possibility of defining the limit of concrete elastic behaviour under multiaxial stress conditions. 

General Aim

In a study the present state of the quality assurance system for design, manufacturing and examination, procurement, shaping erection and commissioning of the components (NDES) including nuclear auxiliary and ancillary components and the containment will be described.

Particular Objectives

All components were considered, which are used in the nuclear steam generating system. The progress report was revised and discussed with members of the IRS. The revised version was completed.

Research

Next Step

The work has been completed. -1099 -Classification : 12.3 

Relation with Other Projects

Degree of Availability

Experimental Facilities

-hydraulic testing machines modified for low noise, -special grips for SEN and CT specimens without frictioning parts, -analog and digital devices for signal analysis in the frequency range from 0.1 to 2 MHz, -computer for signal analysis (especially frequency analysis) and determination of statistical distributions. For ferromagnetic materials which are flowed through by means of direct magnetic field produced by a yoke or by means of a magnetic field of a direct current, the magnetic leakage flux measured with Hall elements over and near a surface crack is a function of the permeability and of the geometry of the crack. The magnetography method allows documentation and signal processing of the leakage flux signals.

Research Program

3.2.1. The development of a magnetography signal measure and interpretat ion unit.

3.2.2. Theoretical examinations about the influence of surface crack parameters as crack-length, -depth and width and of the permea bility by solving numerically a Fredholm's integral equation. Concerning the ultrasonic testing electronic (hardware), the logarithmic amplifier, the multiplexer, the filters and the transmitter are comple ted and tested both, with bursts and with original ultrasonic signals.

Moreover, the time synthesizer and the peak detector are finished and tested with bursts.

Next Steps

The ultrasonic hardware components will be completed and built up. Hard ware and software will be tested with real and natural signals andif necessary -improved.

Relations with Other Projects

This programme is partly based on the results of the reactor safety research RS 27/1 and RS 27/2 and will be carried through in coordination with the still running projects RS 2703 and RS 169. -Testing the interplay between the modules developped.

-Projection works with regard to the construction of the prototype.

-Construction of the prototype.

-Investigations for noise suppression at the prototype of multiple wire systems. The project is aimed at investigating whether it is possible in ultrasonic testing to improve the signal-to-noise ratio by applica tion of the signal averaging technique.

Particular Objectives

It is to be investigated whether signal averaging can improve the signal-to-noise ratio of the echoes from flaws close to claddings (e.g. in reactor pressure vessels and primary pipe systems).

3• Research Program

The investigations were carried out on a clad specimen with a bore (diameter 5 mm) near the cladding and on a large vessel wall test specimen with two cracks originating directly below the cladding (crack depth 7«2 mm and 1^.7 mm).

Experimental Facilities, Computer Codes

A commercial materials testing instrument and an averaging computer were used for the investigations. The exponential average value is computed by the following algorithm: 

Progress to Date

The radio-tracer tests of radioactive corrosion products were continued, using added corrosion products from KWO and KWB-A.

Samples were taken at the entrance and the outlet of the electromagnetic filter, the Fe content and the distribution of radio-tracers were investigated.

The backwashing of the corrosion products, which were deposited at high temperatures, was tested several times.

The influence of boric acid on the deposition of particles was tested at a boron content of 2000 ppm.

The activity distribution was measured on the electromagnetic balls and the pipe walls when the electromagnetic filter was switched off.

. Results

The radio-tracer tests needed a long time, because the activity was rather low. The result was that only a rather low deposi tion rate was recognized.

The presence of boric acid has no influence on the deposition of particles on the electromagnetic filter.

Next Steps

The work has been completed. 

. Relation with

The aim of the study is the clear presentation of* thü characteristic properties of various pressure vessels and a comparison of these pressure vessels on the br>3is of general comparative criteria. With the aid of a technological assessment, the most suitable pressure vessel concept for a possible back-up solution for the thick-walled steel pressure vessel is to be ascertained.

Particular Objectives 3« Research Program

The study will be carried out essentially in two steps.

3•1• Collection of the Necessary Data

The information necessary for comparison will be collected by a literature survey. It will be supplemented by data obtained in interviews and discussions with manufacturers and consultants.

3«2. Technological AssessmeW: of the Individual Concepts

The individual concepts will be assessed by utility value analysis.

-1171k. Experimental Facilities, Computer Codes

5• Progress to Date

The following work was performed in the report period:

- The safety potential of the underground siting of nuclear power plants is being investigated.

Two alternatives are, at present, under investigation: a rock cavity plant, completely underground, in a hill side and the cut-and-fill concept for a LWR nuclear island.

Emphasis is given also to civil engineering works and to geotechnical problems. (ii) To recommend appropriate risk criteria for regulatory purposes. 

OECD NUCLEAR ENERGY AGENCY

Experimental Facilities and

Project Status

To date the bulk of the effort has been focussed on the gathering of large amounts of accident and fatality data from the nuclear, fossil fuel and metal mining industries and on gathering information on environmental and health effects. Very detailed reports on this data have been received over the life of the project but synthesis of this information into a comprehensible picture of comparative risk is less complete. A report entitled "Risks of Nuclear and Non-Nuclear Sources11, which comprises Section 3 of the general report, was submitted. This section compares the industrial and public health (but not environmental) effects of the energy alternatives.

This section concludes that hazards from coal generated electricity (in terms of fatalities, injuries and impaired health) are substantially higher than those of nuclear based energy. 1

OECD NUCLEAR ENERGY AGENCY

. General Aim

To study the process of risk assessment in the field of nuclear energy production, in Canada, the United States, and the United Kingdom. The study is to be descriptive rather than prescriptive and will attempt to describe the processes whereby risks are assessed and the use of such assessment information.

It will not make any actual assessment of the risks or propose how these risks should be assessed.

Experimental Facilities and Programme

Preparation of questionnaires to determine what has been the process of risk assessment in policy decisions at the national, provincial and municipal levels.

Random sample interviews with members of the public and interviews with officials at the national, provincial, and municipal levels. Several applications of this method are written in the Dutch and the English language.

International comparison of information and preparation of consolidated report by the US researcher, Clark University, "Risk Assessment in Rare

Degree of availability

Through the organization KEMA. Decontamination processes for the decontamination of metal surfaces are optimized and new processes aimed at high decontamination ef ficiency and a minimum production of decontamination wastes. The processes are intended to be applied in a facility for conditioning nuclear components after incidents and for final disposal. The chemical agents used are compatible with the treatment and solidi fication processes for the radioactive liquids. In case selected chemicals can undergo special treatment to avoid disturbance in the before mentioned processes.

Particular objectives

Particular objectives are the reduction of waste volumes containing big loads of chemicals, compatibility of the decontamination agents with waste treatment and solidification processes, and the appli cation of the decontamination processes, by remote working tech niques .

Research Program

The essential experiments are the preparation of contaminated standard samples, variation of decontamination paste composition, study of the paste effectiveness in relation to composition and Classification: 17.3 

General Aim

The radioactive waste from dismantling of nuclear power plants causes several problems. In order to solve these problems, it is necessary to analyse the radioactive waste. The results will allow to specify the requirements for hand ling, transport or burrial of the waste.

Particular Objectives

Within the framework of an overall project in the view of conditioning heavy reactor-components from the dismantling of nuclear power plants, this study should deliver the ne cessary data about the quantity and quality of the waste.

A longterm summary analysis will be carried out for the BRD. The waste shall be classified considering different points of views. Waste quantities as function of time are to be determined. Risks and consequences of criticality accidents for the environment and personnel will be evaluated.

.

Particular Objectives

Special problems *of neutron interaction and isolation will be treated. The influence of concrete structures of hot cells on neutron reflection will be considered. Problems of homogeneous and heterogeneous neutron poisoning are investigated especially for reprocessing facilities. As sessments of radiological consequences of criticality accidents or other severe accidents in plutonium and uranium fabrication facilities are in cluded.
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Objective

The purpose of this study is to obtain fundamental data for assessing fire safety of spent fuel shipping casks, through thermal test of cask models.

Project Status

Thermal tests were conducted to obtain the transient temperature distribution in a cask model, 1/8 scale of 80 ton cylindrical prototype cask, in a fire-simulated furnace and under actual open fire conditions.

Essential Results

The temperatures in the cask model went up less in the open fire tests than in the furnace tests, because of low emissivity of flame.

Projection

A comparison and evaluation of thermal test methods will be made, to establish a thermal test equivalent to actual fires. The effect of a minute gap between a outer shell and a lead layer of the cask on its fire resistance will be investigated. 1 Objectives:

The purpose of this study is to make a reliable calculation code which is able to estimate the intensities of the radiation sources contained in the spent fuels and the radiation level on and around a cask.

Project Status:

The ORIGEN code developed in ORNL is equiped for the computer TOSBAC-5600/120 of Ship Research Institute so that we are able to calculate the amount of radioactive materials contained in spent fuels and intensities of radiation sources.

The shielding effects of cooling fins equiped on a cask has been estimated by detecting gamma-rays transmitted through a cylindrical ircm shell with cooling fins. The gamma-ray source is a 60co. The amount of radioactive materials contained in spent fuels, and intensities and energy spectra of photons and neutrons in it are tabulated with the ORIGEN code as a function of reactor type, enrichment, specific power, and cooling times.

The cooling fins of casks are expected to reduce the gemma-ray dosefievfel on and around the cask. The shielding effects of the fins depend upon the radiation source, configulation and material of the fins, and distance from the cask to the detector.

Projection:

A reliable calculation method will be established for evaluation of radiation dose level on and around a cask by taking account of the experimental results on the shielding effects of the fins and the results of the ORIGEN calculations. The unrestricted availability of this reactor for investigations con cerning safety technology offers the rare possibility to check on a complete plant, the validity of engineering theories, applied design methods and the results achieved in current research projects up to the actual limits of stress bearing capacity of specific reactor com ponents.

Particular Objectives

The HDR safety program is divided into five Specific Projects (SP) :

« 1286 -These five Specific Projects were determined due to the main objectives presently pursued under the Reactor Safety Research Program of the Ministry after harmonization with the involved authorities.

Experimental Facilities and program 3.1 Experimental Facilities

The HDR with 100 MWth power was built to demonstrate the possibility of nuclear superheating. Typewise, it largely corresponds to the German water boiling reactor designed around 1967/1968. The main data can be seen from Table 1. Particular importance is attached to a fully pressure containment and the reactor pressure vessel. No nuclear ope ration is envisaged for the experiments. The experimental conditions will be obtained with an electrically heated boiler.

3.2 Program 3.2.1 Sgecif ic_Proiect_l000 s._Non-destructive_Test ings Non-destructive testings serve for controlling the reactor pressure vessel and the piping under pressure tests and blowdown-tests and for testing in-service inspection systems under development. The following objectives will be investigated:

-Assessment of record of the initial conditions -Detection of failure generation and failure propagation -Testing of inspection methods? proof of the suitability of new test methods -Comparative evaluation of non-destructive testing systems, such as ultrasonic impulse testing, magnetic particle testing, penetration testing, eddy current method, ultrasonic scattering, acoustic emission, acoustic holography, radiography.

Specifiç_Proiect_2000£_Pressure_Vessel_andJPi£ing_Studies

Studies of pressure vessel and piping should be a further step of intensifying and securing the basic knowledge of their safe design.

The most important aspect is a study of the effective safety margin above the design ratings of components. The following objectives are pursued:

-Material properties at the beginning of the experiments.

-Component behavior under special loading conditions, e.g., operating conditions, blowdown, thermoshock, earthquake.