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SUMMARY 

The research and development activities for the safety of Light 

Water Power Reactors carried out 1979 at the Swiss Federal In

stitute for Reactor Research are described. Considerations con

cerning the necessity, objectives and size of the Safety Research 

Project are presented, followed by a detained discussion of the 

activities in the five tasks of the program, covering fracture 

mechanics and nondestructive testing, thermal-hydraulics, reactor 

noise analysis and pressure vessel steel surveillance. 

ZUSAMMENFASSUNG 

Die für die Sicherheit von Leichtwasserreaktoren ... Eidgenössi

schen Institut für Reaktorforschung in 1979 durchgeführten For-

schungs- und Entwicklungsarbeiten werden beschrieben. Nach Ueber-

legungen betreffend die Notwendigkeit, Zielsetzungen und Umfang 

des Sicherheitsforschungsprojektes wird eine eingehende Darstel

lung der Forschungsarbeiten in den fünf Vorhaben des Programmes 

gegeben, welche die Gebiete Bruchmechanik und zerstörungsfreie 

Komponentenprüfung, Thermohydraulik, Reaktorrauschanalyse und 

Strukturmaterialprüfur.g umfassen. 
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1. The Light Water Reactor Safety Research Project of the Swiss 

Federal Institute for Reactor Research (EIR) 

Since the middle of the Seventies research and development ac

tivities are being performed at EIR in the field of safety of 

Light Water Power Reactors. By the beginning of 1978 these ac

tivities were coordinated and composed to the LWR Safety Research 

Project of the Institute. 

The superior objectives of the project are 

- to obtain the present state of science and technology in se

lected areas of unclear* safety, 

- to develop the scientific and technological means and know-

how for a competent accomplishment of research contracts for 

the Swiss regulatory and licensing authorities. 

This does not mean, however, that the research activities in 

LWR-Safety carried out all over the world today represent a ne

cessity for the licensing of LWR power plants. Safety research 

is not a proof either that the present knowledge would be insuf

ficient in this field. They should rather enable an improved assess

ment of the safety margins required by the existing adequate 

rules and regulations of the licensing authorities. 

Safety research serves to a further diminishing of the risks 

connected with the operation of nuclear power plants. 

The particular objectives of the project are: 

- experimentally verified analytical prediction of the behaviour 

of nuclear reactors during normal operation and under acciden

tal conditions, 

- increasing the reliability of realtor components and safety 

systems, 
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- improving the plant control and supervision, 

- improving of quality assurance tests and quality control, 

* scientific assessment of nuclear risks. 

The expenditures for the program amount to 

M| 2,3 including 25 nanyears in 1978 

M* 3,3 " 38 in 1979 
N| 3,7 " *»1 " planned for 1980 

Five tasks are incorporated in the project: 

1. Fracture mechanics and nondestructive testing of components. 

2. Loss of coolant and emergency core cooling analysis. 

3* Experimental work in LWR thermohydraulics. Reflood and core 

uncovery tests and experimental methods development. 

4. Reactor noise analysis and correlation for inpile and out-of-

pile (experimental) application. 

5. Structural material testing (surveillance program for pressure 

vessel steels). 

Links to international safety research programs and activities 

have been established in 1979 within the framework of the Inter

national Energy Agency (IEA). EIR cooperates with the following 

USNRC sponsored research programs: 

• Heavy Section Steel Technology Program (HSST), Oak Ridge Ten. 

in fracture mechanics and 

- Loss of Fluid Test (LOFT), Idaho Falls, Id. in emergency core 

cooling analysis and experiments. 

A participation in the Heissdampfreaktor (HDR) research program 

of the Federal Republic of Germany is being prepared. 
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The participation in these large safety research projects is 

•aintained by relevant complementary experimental and analy

tical investigations at EIR rather than by monetary contribu

tions. The EIR reflood experiment NEPTUN for example represents 

an essential complementary program to LOFT. 

As a reaction to the accident in Three Mile Island in March 1979 

an extension of the safety research program of EIR is planned: 

- In the NEPTUN test facility core uncovery (boil off) tests will 

be carried out in 1980 which will deliver data characterising 

the behaviour of the LOFT test facility and of large PWR cores 

during a small break loss of coolant. 

- The construction and operation of a PWR primary circuit simu

lator facility is considered in order to investigate the ther

mal-hydraulic behaviour of the circuit in case of loss of pres

sure, loss of forced circulation and in presence of nonconden-

sable gases. The facility should also serve for operator trai

ning purposes. The feasibility and modelling characteristics of 

such a loop will thoroughly investigated by mid 1980. 

In the following sections a description of the activities in the 

five tasks of the project during 1979 is presented. 
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?. Fracture Mechanics and nondestructive Testing of Components. 

(Task leader: M. Prodan) 

2.1 Two-dimensional Growth of Cracks 

Within this task the growth of surface cracks under cyclic loading 

is examined. It is intended to use the results for a more realis

tic assessment of the behaviour of defects in pressure vessels and 

other components. 

The aim is to develop a computation model, which accounts for the 

aost important parameters influencing the crack growth process. 

As a first step a computer programme was written based on simple 

model conceptions, i.e. the equations of Paris and Irwin in their 

local application. This allows a direct graphical representation 

of the results. Although developed for the evaluation of experi

ments, analysis of real structures is also possible. One of the 

investigated questions was, whether or not the stress intensity 

factor K is the principal parameter for describing two-dimensional 

fatigue crack growth in air at room temperature, relatively low 

stress levels and constant load amplitudes for homogeneous and 

isotropic materials (e.g. fine-grain reactor steels). The work 

done on this topic contained several computer programs that cal

culate the stress intensity factor K for a semi-elliptical crack 

and determine experimental parameters that reproduce the growth 

of K with crack length "a" in a Compact Tension (CT) specimen. 

For further investigations one may use the results of this com

putational work to determine whether K is the principal parameter 

influencing fatigue crack growth and the Paris equation is too 

simple and requires additional corrective terms. Perhaps the Paris 

equation is adequate to describe the growth of the crack shape 

(Figure 1) but not the cycle numbers associated with that growth. 
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Figure 1: Predictions of growth of crack shape: 

a) calculated and 
b) experimental. 
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Some fatigue tests with tensile plate specimens wê ê performed 

in air at room temperature. Tests with compact tension (CT) spe

cimens were prepared. The experiments were carried oat at the 

Swiss Federal Laboratories for Materials Testing (EMPA), Düben

dorf. 

Circular segment slots were machined into tensile plate specimens. 

During propagation of these starting defects, crack depths were 

measured using an electrical potential technique. A load change ; 

technique was used to periodically mark the crack shape. Contacts 

to national and international working groups supplied much in

formation which complemented our own results. 

2.2 Elasto - plastic Methods 

The latest developments in testing methods and computational tech

niques were currently reviewed. Some specific problems were stu

died more deeply. One of these problems concerned the crack ope

ning displacement (COD) concept. A testing programme was formulated 

and started in order to improve the correlations between experi

mental specimen results and real structures (Fig. 2). 

The most common flaws in structures are part-through surface or 

internal cracks of elliptical shape. Due to the three dimensional 

nature their analysis with elasto-plastic fracture parameters is 

more complicated than that of plane problems, e.g. through-thick

ness cracks. For elliptical cracks there are many solutions for 

the stress intensity factor K.. From truly elasto-plastic con

siderations, which provide the crack opening displacement or the 

J-contour integral, there are relatively few solutions. Our work 

deals with an experimental investigation of the craek tip opening 

displacement on semi-elliptic*! surface cracks in tensile plates. 
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One of the aore successful elasto-olastic concepts of fracture 

mechanic» is that using the crack tip opening displacement as 

a parameter. This epverns the onset of stable crack growth and 

possibly also the attainment of crack instability. This pars—-

ter is Measured with standard bend or compact tension specimen*. 

Assuaing at least approxiaate independence of sise and crack 

as well as loading configuration, it is then applied to large 

scale structures. In order to do this, a relationship is requi

red between the crack opening displacement t and tbr global pa-

raa«ters of the structural problem naaely the dimensions, the 

crack site, shape and the load. 

Such relationships Bust be based on tiae ccnsuaing and expensive 

elasto-plastic analysis. Therefore, the practising engineer nor

mally uses the well-known formulae of linear elastic fracture 

mechanics to convert measured critical values of COD into cri

tical values of the stress intensity factor. 

This procedure iz justified in the case of first stable crack 

growth which is usually observed in very ductile asterials after 

limited plaaticity. If large plastic aones are involved in the 

speciaen and in the structure, it looses its justification. In 

the very special ease of a plate with a through-crack, the Dugdale 

crack model may be applied to demonstrate che progressively gro

wing discrepancy between a "pseudo"-«lasto-plastic and a small 

scale yield solution. 

The intention of our experimental investigation was to make a con

tribution to the existing incomplete knowledge in this field. 

The aain purpose was to derive a ralationship between COD at the 

crack leading edge and the load for a speciaen representing a 

simple strucutre. Additionally COD critical /or onset of stable 

crack growth was measured. It will be compared to that value 

evaluated from CT-specimens of the same material using identical 

measurement techniques. 



Figure 2: Elasto-plastic fracture mechanics tests with a tensile plate and corresponding CT specimens, 

using a specially developed COD-meter (clip gauges). - Specimen to structure correlation. 
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At fracture the gross stress was approximately equalled the 

yield stress. This is incidental, because the stress strain 

curve of the material showed hardening and the stress state in 

the plates was, due to bending effects, quite different from 

uniformely distributed uniaxial tension. Experiments using wider 

plates (W/2c at least equal to 5) would be necessary to avoid 

this effect up to high deformations. Because of this, care must 

be taken when applying, the present results to structures of 

different sizes. It is intended next to analyse the loading con

dition (remote stress distribution) of the tested plates. 

Investigations similar to the one described here should be re

peated for other relevant materials and different crack sizes 

together with larger pla^e dimensions. 

In the case of part-through cracks no extrapolation formula 

exists (although one could derive a formula-as with the CT spe-

cimen-which would be valid in the central region of a surface 

crack and account for the plastic part of the crack *ip opening 

displacement). Therefore the developed and successfully applied 

experimental technique currently provides the only possibility 

to measure COD. 

2.3 Acoustic Emission 

2.3.1 Introduction 

The use of acoustic emission (AE) to characterize ard evaluate 

a material or engineering structure behaviour under load is ex

citing much interest in the scientific and engineering communi

ties. It is one of the first nondestructive testing (NDT) me

thods to provide means of evaluating structural integrity by 

the detection of active flaws that may ultimately cause failure 



of the material or structure. Sources of AE which generate 

elastic waves in material include local dynamic movements, such 

as the initiation and propagation of cracks, twinning, slip or 

plastic deformation, bubble formation during boiling, or mar-

tensitic phase transformation. 

One of the most common uses of AE is to monitor pressure vessels 

during a proof pressure test. This is an excellent way to eva

luate base material, the weld joint, and the fabrication process. 

A significant number of nuclear reactor pressure vessels and 

related piping systems have been monitored using AE during hy-

drotests in pre-service or periodic in-service inspection. No 

wide experience exists in the continuous monitoring of operating 

nuclear plants today and the use of AE for permanent i» stallation 

in nuclear plants requires special treatment. Generally, for 

assessing the integrity of a nuclear component, AE multi-channels 

(32-64) systems are necessary. 

The aim of our research and experimental work in the LWR-Safety 

research project consists of the investigation of possible sources 

of AE (like plastic deformation, micro-crack generation, crack 

initiation and growth), interpretation and classification of the 

recorded signal concerning the safety of the components. 

2.3.2 Exgerimental_Investigations 

2.3.2.1 Influence_of_Strain_Rate_on_AE 

The kinetics of deformation processes in motals can readily be 

detected by AE measurements. A typical example of inhomogeneous 

deformation (which occurs successively in small regions of the 

specimens) is Lüders strain, which is known from carbon steels. 

It has been observed that a metal gives the highest AE when 
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strain levels are close to yielding. 

The results in Figure 3 show the influence of the strain rate 

(£) on AE which has been investigated on the tensile specimen 

consisting of a low alloy carbon steel 20MnMoNi55 which is used 

for the construction of nuclear reactor pressure vessels. It is 

known that the growth of plastic zone or cracks in components 

is accompanied by complex stress relaxation or by obstruction 

of the flow processes. Figure 3 shows the summation of AE energy 

as a function of strain at three different e. 

2.3.2.2 Fracture_Analy.sis_bX_Use_of_AE 

The application of AE to the detection of fatigue crack propaga

tion in reactor steel 20MnMoNi55 is being investigated. The 

purpose of our research work is to show that a characteristic 

relationship between crack growth rate, stress intensity factor 

K, and observed AE exists. 

In the first part of experimental investigation we concentrated 

our measurements on the crack growth on flawed specimens using 

the potential method (FRACTOMAT). The first results demonstrate 

a satisfactory application of this method under cycling loading. 

Crack growth rates of less than 0,01mm/cycle could be defected. 

Recent AE works on high cycle fatigue have tried to separate 

the AE into two typesj those occurring near the peak load of 

the cycle and those occurring near the minimum load. This separation 

can be achieved by a voltage controlled gate to count emissions 

only at the requisite part of the cycle. The AE near the peak 

load have been attributed to the fatigue crack growth process, 

while those near the minimum load are thought to arise from 

contact between the crack faces (crack closure processes). The 
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first results of laboratory measurements show that qualitative, 

and partly also quantitative analysis of energy release during 

dynamic processes, like plastic deformation, crack initiation 

and crack growth is achievable using AE. 

2.3.3 The_Use_of_AE_ir._3ervice 

In addition to the research work we have also been engaged in 

such investigation where we draw attention to the possible error 

sources and give some quantitative indication of the disfortion 

of the signal. However, before embarking upon the interpretation 

of the measured data, we should like to consider the magnitude 

of various effects which can influence the measured values, for 

example signal characteristics, source identification, sensor 

calibration, influence of frequency etc. Except for this study 

of important parameters influencing the AE-signal we apply AE 

in service with contracts from internal and external organisa

tions on the topic of quality control or process monitoring 

in relation to the safety and reliability of the components. 

The measurements at the swimming pool reactor SAPHIR (with 2 

resonance transducers 200kHz) concerning the early detection 

of boiling arising out of an increase of power or from cooling 

disturbances have shown that the detection of the onset of boi

ling with AE is possible. The results of this investigation are 

highly dependent on the signal noise ratio and the application 

of AE during operates must be investigated in connection with 

the noise level of the cooling pumps. 
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2.4 Solid Mechanics 

The properties of the boundary layers in elastic Dodies containing 

cracks were investigated and described with the aid of an ear

lier developed computation model (EIR-report Nr. 320). Further 

preparations were made for the measurements of three dimensional 

stress fields which are necessary to verify the theory. Attention 

was paid to the significance of the predominantly plastic incom-

pressibility for developing a clear description of the fracture 

behaviour of finite bodies. This kind of consideration pre»ides 

a starting point for the combination of continuummechanical and 

microstructural aspects. 

2.5 Remarks 

The Agreement on co-operation between the Heavy Section Steel 

Technology (HSST) of the ÜSNRC and the Fracture Mechanics Pro

ject of the EIR r.as been signed. 

The collaboration with the Component Group of the Swiss Nuclear 

Safety Division (ASK) has again concentrated upon formulation 

of specifications and guidelines for testing. The results of 

the research project in the year covered by this progress report 

were published in a total of 9 papers and articles 
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3. Loss of Coolant Accident (LOCA) and Emergeacy Core Cooling 

(ECC) Analysis. 

(Task leader: S.N. Aksan) 

3.1 Introduction 

Loss of coolant accident (LOCA) after a break in the primary system 

piping in light water reactors (LWR) is the most serious acci

dent that is considered to have some slight chance of occuring. 

In the interest of the safety of the public as well as the safety 

of the power plant, protection of the nuclear reactor core against 

melting even in the case of a LOCA is considered to be a crite

rion in the design and licensing of nuclear power plants. In 

order to mitigate the consequence' of a LOCA, LWRs are provided 

with emergency core cooling systems (ECCS). 

The primary aim of the task is in general, to investigate, tc 

review and analyze the thermal-hydraulic transient problems du

ring a loss of coolant accident (e.g. double ended rupture, in

termediate and small breaks) and resulting emergency core cooling. 

The main points to concentrate and work on, within the primary 

aim of the project, are: 

- To gain insight in merits of the LOCA analysis codes currently 

used for licensing. 

- Critical review of the models in the relevant computer codes. 

- Compare the main codes with well defined experimental results 

(e.g. CSNI-Standard problems) to demonstrate their abilities 

to predict real situations. 

- Theoretical back-up of the transient experiments at EIR. 

- Detailed studies on the existing emergency core cooling safety 

philosophies and systems of PV/Rs and BWRs and consulting 

work for the licensing of Swiss LWRs with respect to ECCS. 
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The work on LOCA analysis of LKP.s have continued in 1979 • The 

emphasis was on the following points: 

- Preparing a package of computer programs for the evaluation 

and analysis of NEPTUN reflooding experiments, 

- Theoretical investigations on NEPTUN heater element design 

problems, 

- Calculating rerlcoding phase of LOCA by participating in CSNI*-

Standard problem exercises, 

- Delegation of the task-leader to OECD-NEA Nuclear Safety Divi

sion as consultant in emergency core cooling problems, for 

about one month, 

- Theorectical and calculational investigations on depressurization 

and critical two-phase flow in horizontal pipes. 

3.2 Development and Modification of Computer Programs for the 

Analysis of Reflooding Experiments at EIR. 

In order to be able to analyse and evaluate the results of EIR 

reflooding experiments in NEPTUN facility, the work has continued 

on modifications of existing computer programs and en development 

of new codes. 

A two dimensio.ial transient heat conduction computer program cal

led SPAGETI have been adapted to CDC computer at RZETH and modi

fications and improvements were done. This code performs cal

culations on the temperature distributions in a heater rod in 

radial and axial directions. The rod can be subdivided into zones 

of radial and axial directions with different physical properties. 

* CSNI: OECD-Nuclear Energy Agency (NEA), Committee on the Safety 

of Nuclear Installation. 
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It is also possible to vary the area in axial direction. 

Computer program THETA 1-B, which is developed by INEL, USA, 

for studying the thermal response characteristics of a nuclear 

fuel rod subjected to LOCA environment, have been modified in 

order to carry out calculations for NEPTUN heater rods under 

reflooding conditions. Sample calculations using FLECHT (Full 

Length Emergency Cooling Heat Transfer) test data have been 

performed and new options in the code were tested. 

A computer program called FUCON have been developed, at EIR, for 

the computation of non-linear inverse heat conduction problem in 

heater rods. Local heat transfer coefficient variation during 

a reflooding experiment can be calculated with this code by 

using a known temperature history at a point in the heater element. 

The operation of the code have been tested by using FLECHT ex

perimental data and by using assumed reflooding conditions for 

the NEPTUN bundle experimerts. 

Since, the overall objective of the NEPTUN tests is to provide 

separate effects electric rod data for evaluating capability 

of both licensing and best-estimate computer models for predic

ting LOCA response of the LOFT nuclear tests, RELAPVMod 6 com

puter program will be used for the analysis of reflooding pheno

mena in NEPTUN experiments.. 

3.3 NEPTUN Electrical Heater Element Design Calculations. 

Some theoretical studies have been conducted to bring an over

view for thermal capacitance and temperature development be

haviour of the NEPTUN heater. Comparison of these characteris

tics with those of a LOFT type nuclear fuel element have been 

performed under the same idealized boundary conditions and du-
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ring the heat-up phase. Following comperative investigations 

were carried out for the assumed heat-up phase of NEPTUN heater 

and LOFT fuel elements: 

I ) Comparisons of thermal capacities at common surface temperatures, 

II ) Comparisons of temperature development at a common node, 

III) Comparisons of axial and radial temperature distributions, 

IV ) Effect of axial heat conduction in the electric lead material 

copper due to its high thermal conductivity 

V ) Effect of gap conductance on the axial temperature distribu

tion (gaps between layers of the heater element were assumed 

to be formed during manufacturing or during cycling in the 

experiments), 

VI ) Effect of Kanthal (heat producing material) centre line eccen

tricity (which could be formed during manufacturing) on the 

axial temperature distribution, 

VII) Effect of boron nitrid density change on the axial temperature 

distribution. 

As an example for these calculations, only the comparisons of 

axial temperature distribution and thermal capacities at common 

surface temperatures for LOFT fuel and NEPTUN heater elements are 

presented in Figures k and 5, respectively. 

Some initial reflooding experiment were carried out for two different 

reflooding rates at atmospheric pressure in NEPTUN tube test sec

tions. These experimental results were also reported in 1978 Pro

gress report on LWR Safety Research Project at EIR (EIR-report 

Nr. 371, section *\A). In order to obtain a better quantitative un

derstanding of the experimental results, calculations using refloo

ding options of RELAP4/Mod 6 computer code were performed. In a 

paper presented at European Two Phase Flow Meeting held in Ispra 

1979 an evaluation of the initial results of single tube NEPTUN 

reflooding experiments were made. 
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Figur* 6 shows comparison of experimental and calculated re

sults for MI« of che cases. 

A survey work have been conducted on the properties of Materials 

for use in the analysis of LVR nuclear fuel rods and their elec

trical simulators, (e.g. LOFT, KEPTUN). The data were assembled 

in order to have uniformity in the use of physical properties 

for the computer program* used in the safety analysis of LWRs. 

3.* CSHI-LOCA Standard Problems in 1979 

3.4.1 Introduction 

The participation in CSMI-LOCA standard problen calculations and 

comparisons has continued. These exercises internded to: 

- improve engineering understanding of the postulated LOCA event 

and the interaction of the ECC systems, 

- compare best-estimate computer code calculations with experimen

tal data under controlled conditions, 

- evaluate the ability of computer codes to adequately predict 

the consequences of postulated LwCA events, 

- provide participating countries with information enabling them 

to quantify the safety margins in LOCA analysis relative to 

their current licensing criteria, 

- provide a unique opportunity for code users to verify their me

thods of applying codes on the basis of experimental measure

ments. 

As far as code verification or validation are concerned, the stand

ard problem activity can be considered as supplementary. Code 

verification is primarily a task for institutions developing 

codes; it requires considerable fiiianciai resources for performing 
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a large number of calculations and comparing relevant experi

mental results with calculated ones. 

In 1979, calculations on two more CSNI-LOCA standard problems 

have been ^rformed. Tube reflooding experiment in ERSEC test 

loop and Semiscaie S-06-3 experiment as integral test were the 

basis of standard problems 7 and 8. 

3.4.2 CSNI;Standard_Problem_J. 

Standard problem 7 was based on a single tube reflooding experi

ment in the ERSEC loop at the Grenoble Nuclear Centre, France. 

This experiment was a separate effects type experiment and the 

calculations were performed as "blind" type calculation. For 

the first time, the subject of standard problems was the refloo-

ding phase of the LOCA. The calculations were performed by using 

RELAP^/Mod 6 computer program. In these calculations, the test 

section has been modelled in three main control volumes and 

heat conduction in the tube walls was modelled by using "moving 

mesh" model which concentrates the increased heat slab detail 

in the vicinity of the quench front throughout reflood. 

These calculations and comparisons helped to identify the physi

cal phenomena and modelling that still need further detailed 

studies. In this regard, it was apparent that the following areas 

require additional study: the thermal non-equilibrium of reflood; 

the characterisation of quench front propagation; and entrainment 

phenomenon. 

3.4.3 CSNI:Standard_Problem_8: 

CSNI-Standard problem 8 was an "open" ca." :ulation of Semiscaie 
tes t S-06-3 (counterpart to LOPT-L2-4 experiment at INEL, USA). 
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The selected test consisted of a blowdown, refill and reflood 

of an electrically heated core in the Semiscale MOD-1 system. 

The break configuration presented a 200* double-ended offset 

shear cole leg break. 

The Semiscale nodalization scheme which is used for the calcu

lations of CSNI-standard problem 8 at EIR are shown in figure 7. 

The model consists of 35 volumes, 39 junctions, and 12 core and 

3 steam generator heat slabs. Modelling of the several physical 

components and the system of semiscale was tried to be done 

with close correspondence to the actual system. The calculations 

have been performed by using RELAP^/Nod 6 computer program. Under 

the sponsorship of USNRC, the Idaho National Engineering Labora

tory (INEL) had made the comparisons of the results submitted 

for CSNI-standard problem 8 and the experimental results. Com

parisons of calculations performed at EIR, with the experiments 

are shown in figures 8 and 9 for pressure history in the upper 

plenum and temperature history on the high power rod at mid-hight 

(70cm). 

The conclusions reached from the comparisons were that the 

hydraulic behaviour during the blowdown portion of the transient 

was well predicted, and the peak clad temperature predictions 

were within or close to the designated error bands. Modelling 

for the reflooding phase was not adequate and it was also not 

possible to perform a continuous blowdown, refill and reflood 

calculation with any available computer code. 

3.4.4 Puture_CSNI;Standard^Problems 

Two more CSNI-LOCA standard problems will be calculated in 1980. 

Standard problem 9 is based on LCPT-L3-1 small break (2.5*) 

test. In the light of Three Mile Island aceider.t, L0FT-L3-1 test 
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is considered to be important, since it is a small break LOCA 

experiment. Standard problem 10 is based on a PKL (Primärkreis

läufe, KWU Erlangen) facility reflooding experiment. The PKL 

experiment (K9) will provide opportunity to exercise computer 

code capability in predicting system reflooding. 

3.5 Developments on RELAP4/Mod 6 Computer Program 

After adapting and introducing some modifications, EIR version 

of RELAP4/Mod 6 has been sent to NEA Data Bank at Soclay. This 

version of RELAP4 is now in use by three institutes, and one 

institute have requested the code. These institutes are the 

State Institute for Technical Research Reactor Laboratory, 

Otaniemi, Pinnland; Institute für Kernenergetik Universität 

Stuttgart (BRD); Reactor Centrum Nederland, Petten and T.Ü.V. 

Bayern, München (BRD). 

3.6 Theoretical Investigations on Depressurization and Critical 

Two-phase Flow in Horizontal Pipes. 

Detailed investigations and calculations have been initiated on 

using different calculatioral methods and critical two-phase flow 

models for depressurization tests performed in horizontal pipes. 

The initial results of these investigations indicate that the 

critical two-phase flow models which are build in RELAP^/Mod 6 

are adequate for blowdown calculations. Further studies are con

tinuing on this subject. 
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H. Experimental Work in LWR Thermal-Hydraulics Reflood Experi

ments . 

(Task leader: F. S t i e r l i ) 

4.1 Introduction 

An experimental facility called NEPTUN has been designed and is 

under construction at EIR for bundle reflooding experiments. This 

project is carried cut within the framework of an agreement bet

ween U.S. Nuclear Regulatory Commission (NRC) and Swiss Federal 

Office of Energy as participation in International Energy Agency 

(1EA) safety research projects and is partly sponsored by Swiss 

National Energie-Forschungs-Fond (NEFF). NEPTUN experiments are 

aimed to be the full length emergency cooling heat transfer tests 

for LOFT (Loss of Fluid Tests). Therefore, NEPTUN heater bundle 

with 33 electrical heater elements and 4 guide tubes simulates 

a section of LOFT nuclear core. The general objective of the NEP

TUN tests is to contribute to the understanding of thermal-hydrau

lic and heat trasfer behaviour during the reflood phase of a loss 

of coolant accident (LOCA) in a pressurized water reactor (PWR). 

4.2 Test Objectives 

The following specific objectives are aimed with NEPTUN tests re

lated to LOFT data needs: 

1. To obtain electric rod reflood data applicable to LOFT for 

assessing reflood licensing models which utilize heat trans

fer and fluid carry-over correlations. 

2. To obtain electric rod reflood data for assessing best-esti

mate computer code models and the ability of electric rod 

data to simulate nuclear core response. 

3. To obtain data characterizing LOFT core uncovery response 

during a small-break loss-of-coolant experiment (LOCE). 
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To evaluate the accuracy and selective cooling effects of 

cladding surface thermocouples under reflood and small-break 

core uncovery conditions. 

Gravity feed experiments (will be performed in the second 

phase of experiments). 

One of the experiments which will be ca. ried out in NEPTUN 

facility have been proposed a3 a CSNI-LOCA Standard problem. 

1.3 Description of the NEPTUN Test Facility. 

A simplified flow diagram of the NEPTUN facility is shown in 

figure 10. 

The NEPTUN facility consists of three main system parts: 

I . Main test loop: 

- The test section in which NEPxUN test bundle (33 heater 

rods and 4 unheated guide tubes, figure 11) is placed. 

- Measuring systems for the carry-over rate and for the 

steam expelled during the experiment and 

- backpressure control system. 

The test section with steam water separator and carry-over 

tank is shown in figure 12. 

II . Water loop which will bring the water to the initial re-

flooding conditions. 

III. Auxiliary systems to maintain normal operating conditions 

such as: 

- compressed air supply system, 

- nitrogen supply system, 

- water quality control system and 

- fresh steam supply system. 

The main characteristics of the facility are given in Table 1. 
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TABLE 1; NEPTUN Facility Characteristics 

Max. bundle power: 

Max. coolant flow: 

Flooding rate: 

Flooding water temp.: 

System pressure: 

Initial cladding temperature: 

76 kW 

0.65 kg/sec 

2 to 15 cm/sec 

20° to 147 °C 

1 to 5 bar 

up to 900 °C 

- Heated length 

- Outer diameter 

- Power distribution 

- Rod power (max.) 

- Average heat flux 

- Peak heat flux 

- Peak linear heat rating 

- Axial peaking factor 

- Rod arrangement: square pitch 

1680 

10.72 

chopped 

2.3 
4.02 

6.35 

21.4 

1.58 

IH.3 

mm 
mm 

cosine 

kW 

W/cm2 

W/cm2 

W/cm 

mm 

Guide_tubes 

- Outer diameter 13.87 mm 

Bundle 

- Cross sectional flow area 43.5 cm' 

Detailled in formation on description, instrumentation of the NEPTUN 

facility and on the experimental procedure can be found in EIR-

Report 386. 
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4-.1» The Simple Geometry Teat Sections 

As supplement to the NEPTUN bundle reflooding tests, further 

reflooding experiments in simple geometry (e.g. tube or single 

rod) test sections are also underway at EIR. A single rod test 

section provides possibility for visual and photographic ob

servations and it is also possible to test separatly the func

tioning of the NEPTUN bundle heater elements under certain re

flooding conditions. These experiments will also serve for bet

ter understanding of the physical phenomena such as entrainment 

and its interrelation with heat transfer. Figure 13 shows the 

temperature hystory of a heater rod surface with corresponding 

photographs for the fluid flow, which have been obtained in 

single rod glass test section. 

4.5 Progress of Work 

The contruction of the test facility is just before completion. 

Some of the components have been manufactured and some of them 

are in fabrication. The water loop is now operationel and ready 

for the testing phase. Initial tests in the NEPTUN-Facility are 

expected during the second half of the calendar year 1980. The 

actual tests will start at the beginning of 1981. 

As a response to TMI the core uncovery (boil off) experiments will 

be carried out prior to the reflood test series. The aim of these 

tests is to deliver data characterising the behaviour of the 

LOFT test facility and of large PWRs during small break loss 

of coolant leading to unoovery of the fuel. 

A view of the NEPTUN test station in its present state is given 

in figure 14. 
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5. Reactor Noise Analysis 

(Task leader: Dr. K. Behringer) 

5.1 Introduction 

In the field of reactor noise analysis, the main activity was 

concentrated Oi. work continuing in the investigation of noise 

methods for understanding two-phase flow characteristics in 

Boiling Water Reactors (BWR's). In addition to this work, new 

application possibilities of noise analysis were examined, such 

as the early detection of the onset of boiling and the measure

ment of the xenon poisoning at the swimming pool realtor SAPHIR. 

In the past year, works were concerned with the following sub

jects: 

- Comparisional studies of measured fluid velocity profiles 

in a fuel bundle of the Mühleberg BWR with thermal hydraulic 

subchannel analysis results. 

- Further development of transient analysis methods for measuring 

instationary fluid velocities. 

- A first examination of noise methods for an early detection of 

the onset of nuclear boiling at the reactor SAPHIR. 

- Measurement of the xenon poisoning at the reactor SAPHIR by 

means of neutron noise analysis. 

- Extension of the Fast Fourier Transform Analyzer by a disc 

operating and data storage system. 

The main results and the status of the works are briefly reported 

in the following sections. 
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5.2 Evaluation of New Coolant Velocity Profile Measurements at 

the Mühleberg BWR 

New coolant velocity measurements were performed at the end of 

1978 in a central channel of the Mühleberg BWR by correlating 

the high frequency neutron noise (f > 4 Hz) of axially-placed 

in-core detectors. Earlier investigations support the assumption 

that the measured velocities may be identified with the axial 

propagation velocity of the steam. A more extensive mapping of 

the coolant velocities for the entire core height was made and 

this velocity profile was compared with results of two-phase 

COBRA computer calculation to more clearly define the nature of 

the measured velocities. 

The neutron signals were obtained from either the local power 

range monitors (LPRM's) and the movable detector (TIP - traversing 

in-core probe) in various combinations to obtain transit time 

measurements along the entire height of the core. Several of the 

auto-power spectral densities from the TIP detector at different 

axial positions are shown in Figure 15. The signals are high-pas

sed filtered at 4 Hz as seen in the decrease in the amplitude be

low this frequency. 

Some of the interesting features of the neutron spectra can be 

recognized in this figure. It appears as if there are two competing 

phenomena in the spectra. The first, below about 10-12 Hz, is 

relatively uniform throughout the core height, and the second, at 

higher frequencies, increases with increasing core height until 

it dominates the spectra in the upper core regions. One explana

tion for these phenomena is to assign the information in the lower 

frequencies (below 10-12 Hz) to the u-term contribution of the 

neutron field. The second component comes therefore from the 

local A-term contribution which increases with increasing void 

fraction and is not seen in the lower regions of the core where 

the void fraction is very small. 
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It was found in earli?r investigations at the Mühleberg BWR 

t.̂ at in the upper regions of the core a second transit time 

is observed at frequencies above 30 Hz. This effect limits 

the validity of a phase line measurement. For this reason, 

the determination of the first transit time was made from a 

linear least-square fit of the phase line of the cross-power 

spectral density in the region between 10-20 Hz. Prom the 

measured data points, it is possible to construct a continuous 

transit-time curve by fitting the points to a polynomial. 

Figure 16 displays the velocity profile obtained from the data 

fit and its differentiation as compared with calculated averaged 

steam and water velocities for the four bundles adjacent to 

the instrument tube. Two bundles have nearly the same power and 

flow while the other bundles have about 5-10? different condi

tions as seen in the figure. The results represented 5n this 

figure refer to the same radial core position where the earlier 

measurements have been performed. In these new ireasurements 

the thermal hydraulic conditions were different and had a chan

nel power increased bv about 30%. 

The small sensitive volume of the A-term, on the other hand, 

suggests that a neutron detector located between the four bun

dles may not view the total bundle area, but rather the corner 

of the bundles closest to the detector. This consideration is 

an important poin4, in such cases, where an appreciable variation 

of the fluid velocities across the cross-section of a bundle can 

be expected. Figure 17 shows results from a subchannel analysis, 

where again the measured velocity curve of Figure 16 (first tran

sit time) is plotted, but together with calculated fluid veloci

ties in the four corner subchannels closest to the instrument 

tube. These subchannels will have the greatest effect on the 

neutron signals. On the other hand, the fluid velocity values 



- 43 -

0 45.7 

BUNDLE 
(UM)-113.12) 311.« 

art 

A* 

,%x* * * * * : 
M«V oo^ 

228.6 320.1 
CORE HEIGHT [CM] 

Fig. 16. Measured and calculated bundle averaged 

velocity profiles and typical void fraction 

profile. 



- 44 -

BUNDLE 

(13-14) 

(11-12) 

(11-14)03-12) 
(13-14)- (11-12) 

228.6 
CORE 

320.1 r , 
HEIGHT [CMJ 

Fig. 17. Measured and calculated corner subchannel 

velocity profiles. 



- 45 -

in a corner subchannel are the lowest in a bundle and represent 

lower limit velocity profiles. Comparing the results represented 

in Figures 16 and 17 one sees that in a region between 20J and 

60} void fraction the measured velocity is approximately between 

the bundle averaged steam velocities and the steam velocities 

in the subchannels closest to the instrument tube. 

These findings permit the preliminary conclusion, that the spa

tial range of the X-term is apparently so local, that the velo

cities measured by neutron noise techniques are radial averages 

dominated by the steam velocities prevailing in the corner parts 

of the four adjacent bundles. 

Looking again at Figure 17 it is seen that in the upper regions 

of the core, the measured velocity becomes decreasingly less 

than the calculated corner subchannel velocities. It is expec

ted that in the upper regions of the core a certain kind of annu

lar flow should be present. It is in annular flow that the question 

of the nature of the propagating phenomenon is the most uncertain. 

It should be noted, that in two-phase flow models, the region 

of high void fraction (and also the region of subcooled boiling 

with low void fraction) is an area where models are most suspect. 

It is known that for annular flow, droplet entrainment exists 

due to bubble spray at the steam-water interface and redeposition 

occurs due to the large quantity of droplets in ;he annulus im

pacting the water film. The velocity of the steam phase must be 

influenced by the distribution of the liquid that it is trans

porting. In a recent study at EIR, assuming that the velocity 

measured by neutron noise techniques corresponds to the velocity 

of droplets entrained in the steam phase, the relative velocity 

between a droplet and the steam phase was calculated. For the 

calculation, a droplet of a given size with a velocity associated 
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with the water phase, is introduced into the steam flow, and 

then the final slip velocity and the distance to reach this 

velocity are calculated. Por droplets within a size predicted 

by the Weber criterion (up to 0.9 nun diameter), the final slip 

is on the order of 0.5-0.7 m/sec and the droplets reach this 

velocity within 30-35 cm. 

The velocity profile of the second perturbation as shewn in 

Figure 16 is based on only a few measuring points. The error 

is expected to be large and this velocity can be considered 

nearly constant with a value of about 5*5 a/sec. The explanation 

for the existence of this phenomenon is not clear. A study of 

noise signatures measured in a two-phase flow test loop (water 

and air) by means of two laser light beams and photo-diode 

detectors demonstrated the existence of two kinds of propagating 

perturbations in the annular flow regime. The two transit times 

are associated with different noise sources: The first perturba

tion which has the higher velocity, comes from water droplets 

entrained in the gas core. The second perturbation, leading to 

the appearance of a sec >nd transit time, was identified as due 

to fluctuations of the water-air interface. Another possible 

explanation of the second transit tire phenomenon was followed 

in a EIR study of last year. The two-phase flow in the annular 

flow regime is a very dynamic process. The fluid velocity fluc

tuates around an upper velocity level which is retarded stochasti

cally from time to time to a lower velocity level due to the 

formation of water bridges between the fuel pins. A model cal

culation based on this picture with typical fluid velocity values 

found in a BWR revealed that by using the long time averaging 

procedures of noise signature measurements, a cross-power spec

tral density and a coherence function very similar to the actual 

noise pattern observed at BWR's can be produced. In the phase 

plot of the cross-power spectral density, two well-separated 

phase lines belonging to different transit times can be recognized. 
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Further in-core and ex-core investigations combined with theoreti

cal considerations are required to obtain a better understan

ding of the noise signatures encountered in two-phase flow trans

port phenomena. 

5.3 Development of Transient Analysis Methods for Measuring In-

stationary Fluid Velocities 

The application of cross-correlation techniques to transient velo

city measurements requires an analysis procedure which evaluates 

a velocity point in the shortest time possible. The selection of 

an adequate evaluation method is a compromise of two effects, 

that of obtaining sufficient temporal resolution within acceptable 

statistical accuracy. Significant progress can be noted in the 

development of transient analysis methods at EIR. It is believed 

that these will contribute to achieve a better picture of the 

transport phenomena encountered in the neutron noise signatures 

of BWR's. They can also be used for two-phase flow safety experi

ments by ex-core test lopps (e.g. reflooding experiment NEPTUN). 

The analysis of neutron noise signals, recorded on magnetic tape 

during a scheduled test program at the Mühleberg reactor of a 

power change from 100% to 90?, demonstrated the practical appli

cability of the newly developed transient analysis in the case 

of nonstationary reactor operation. Figure 18 shows the calculated 

time evolution of the fluid velocity in the upper third of the 

reactor core during the time of the power decrease and the following 

power increase. The reactor power in a BWR is controlled via the 

total core flow which is adjusted by the jet jumps. The results, 

represented in Figure 18 show very well this change in the fluid 

velocity. The fluid velocity decreases, at first, by about 10%. 

Toward the end of the measurement, the velocity reaches nearly the 

initial value again. 
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As noted in the last annual progress report, work was started 

to develop a light pipe detector for time-dependent fluid velo

city measurements in two-phase flow (e.g. at the reflooding ex

periment NEPTUN). Investigations on a completely revised two-

phase flow loop (water and air, loop PREDLI) have shown very 

encouraging results, suggesting that this light pipe detector 

may be suitable for use in steel tubes under the actual tempera

ture and pressure conditions encountered in LOFT experiments. 

Further develooment work is mainly concerned with material pro

blems for such conditions. 

5.4 Analysis of the Neutronic Sigr als Produced by the Onset of 

Boiling in SAPHIR. 

With regard to the intended increase of power operation of the 

swimming pool reactor SAPH.TR (up to 10 MW), it is desired to 

develop a detection system which will alarm to indicate the 

onset of boiling to allow operator action to correct the situa

tion. This type of detection system requires sensitive early re

cognition of the anomalous boiling conditions without producing 

spurious false alarms from normal operational reactivity changes. 

Such a surveillance system, provided for the increase of safe 

reactor operation, need not be able to localize the onset of 

boiling. 

Two noise methods were considered to obtain information about 

the response of the reactor to the onset of controlled local 

boiling. The use of ultra-sound emission from collapsing bubbles 

seems to be possible, but suffers from background noise problems. 

The preliminary results obtained by this method from an experi

ment performed at SAPHIR will be reported in section 2.3. The on

set of boiling in the neutronic noise can easily be recognized pro

vided that sufficiently efficient detectors are used. 
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The identification of the boiling was made, with the reactor 

at 3.125 MW and one coolant pump operating, from the signals 

of two neutron chambers located outside the core. The boiling 

can be seen as large pulses occurring simultaneously in both 

neutron chamber time signals. Comparison of the cross-power 

spectral density (CPSD) between the two detectors shows a nearly 

uniform increase of 10 db for frequencies up to about 12 Hz. 

The response of the reactor to the boiling is understandable 

from simple reactor noise theory. The increased magnitude of 

the CPSD can be related to the shape of the pulse produced by 

the reactivity effect of the collapsing bubbles during the 

boiling. 

One of the results of the investigation is that a detection 

system utilizing the neutronic signals is best designed for 

operation in the time domain where the boiling is appearing 

in short signal pulses. The frequency domain response to the 

boiling is a broad spectrum effect without indication of any 

particular resonance frequency. 

5.5 Measurement of the Xenon Poisoning by Means of Neutron 

Noise Analysis. 

The on-line reactivity meter developed at EIR, based on the neu

tron noise techniques of the so-called zero-crossing correlation 

method, has been used for measuring the time-evolution of the 

xenon poisoning peak in the reactor SAPHIR during a shutdown 

which followed a long time of equilibrium power operation. It is 

the first time in reactor history that such a measurement was 

performed on an on-line basis. Figure 19 displays the measured 

change in xenon poisoning as a function of time after the reactor 

shutdown. From fitting the data points with the theoretical shape 
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of the time-dependent xenon poisoning reactivity worth, the prompt 

neutron decay constant at delayed critical, the xenon saturation 

poisoning and the core averaged power flux at the time of shut

down were determined. The latter quantity is relevant in safety 

considerations for power operation. Also, this procedure can be 

noted as a neutron noise methol for measuring the average power 

flux. The evaluated data agreed with calculated ones within about 

10X. 

The measurement was performed with both detectors located in the 

reflector zone near to the core boundary. Por the evaluation 

the point reactor model was used. According to earlier experimen

tal findings with ex-core detector locations, the functional depen

dence of the meter display for weak subcritical reactivity values 

was found to follow approximately as predicted by the point model. 

This was confirmed by a comprehensive theoretical study, in which 

the space dependence of the neutron count-rate cross-power spec

tral density was investigated as a function of the detector lo

cation, core size and reactivity based on a simple light water 

reflected and moderated reactor model. The treatment is based on 

an approach using two group diffusion theory and through the 

use of Langevin techniques with a noise equivalent source for the 

fission process. Numerical examples with nuclear data typical for 

the reactor SAPHIR have shown that significant space effects can 

appear in the CPSD, generally in the higher frequency range (above 

the break frequency of the point kinetic reactivity transfer func

tion). The zero-crossing correlation method when used for measuring 

subcritical reactivities makes use of a part of this higher fre

quency range. By calculating cross-correlation functions from pro

perly band-pass filtered detector signals using values from the 

experimental set-up, the deviation of the meter display from the 

point kinetic prediction was found to be neglegible in the reac

tivity range encountered in this experiment. 
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5.6 Extension of the Noise Analysis System 

New applications for analyzing stochastic data require a flexible 

noise analysis system capable of implementation of new computa

tional techniques. The existing Past Fourier Transform Analyzer 

(FPT-analyzer) is a hard-wired device with the capability of 

computing standard analysis functions with good speed but with 

no flexibility for new concepts. 

A new analysis system was created from th-? existing system through 

the addition of a disc storage system which now includes the 

fallowing features: 

1. dual disc storage capability, one fixed and one movable, which 

includes a disc operating system for creation of programs in 

both Portran and Basic, 

2. development of assembly language programs for remote operation 

of the PPT analyzer via computer control. These programs pro

vide individual subroutines for data transfer, PPT analyzer 

control and plotting, and 

3. special Fortran programs, written to provide application of 

new analysis techniques and for data storage combining the 

previous two features. 
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6. Light Water Reactor Safety Surveillance Program for Pressure 

Vessel Steels 

(TasK leader: G. Ullrich) 

6.1 Structural Materials Testing; Surveillance Program for pres

sure vessel steels of Swiss - Power Reactors. 

The wall of the reactor's pressure vessel, near to the nuclear 

core is subjected to neutron irradiation, which can cause a de

terioration in the walls* mechanical properties, for example 

loss in ductility. Although much is known about this effect it 

is necessary to define the extent of the effect on each material 

used. To facilite this, material ti3t pieces for example KK Bez-

nau (Figure 20a) contained in capsules were incorporated inside 

the Swiss commercial reactors; these being removed periodically 

for testing. Tests were carried out in the "HOT LAB" in respon

sibility of the Metallurgy Departement of the EIR and since the 

irradiation is more intense at the location of the capsules than 

at the wall, it is possible to estimate, with a good time advan

tage, the actual condition of the wall material. 

The work for last year, in the plan of "Structural Materie "'s Tes

ting" extended into the evaluation of the test capsules for 

the atomic power stations of Mühleberg and Beznau II. To date, 

a large part of the equipment necessary for testing the Gösgen-

Däniken materials has been prepared. 

5?ü5!s!i!§rß-Sü£i§§£-E2SSr-§£§£i2D (KKM) 

The first surveillance capsule (from a total of 3), having been 

irradiated for * 7 years (5.4xl017 nvt E £ 1 MeV), has been eva

luated. Additionally, identical un-irradiated materiel has also 

been tested; the material has different conditions including two 
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different welding methods namely automatic and manuel. The EIR 

test report PB-ME-79/11 was delivered to the operators at the 

end of 1979 and already further studies on the automatic weld 

materials have begun. 

^£i®§£_?°wer_Station_Beznau_I_and_II (KKBI/II) 

The second surveillance capsule (R) from Beznau II after *> 2000 

days irradiation had approximately the same neutron dosis (̂  1.7x 

1019 nvt) as that of the third surveillance capsule 15) from Bez

nau I/R. This arose due to a change in the originally intended re

moval plan. The transportation of the KKB/II capsule was retarded 

somewhat since the necessary equipment had to be modified. Even

tually, after approx. 6 months delay, the testing could be started. 

At the end of 1979 the evaluation of the Charpy, tensile and frac

ture mechanics characteristics were completed and an interim re

port (PB-ME-79/12) concerned with the materials' toughness by a 

neutron dosis of 1.2xt019 nvt (E ̂  1 MeV) was delivered to both 

the operator and the Swiss Nuclear Safety Authority (ASK). 

^H£i£§E-£2£S£-§£§£i22_S5§S§2l2i2i£e.2 (KKG) 

In Switzerland, an even more discerning test, over and above the 

American standard provided by the NRC (Nuclear Regulatory Commis

sion) for reactor pressure vessel surveillance has been inplemented 

for the KKG, namely 3 Point-Bend-Specimens for COD-tests and the 

pre fatique cracked Charpy-Specimensj normal Charpy tests will be 

carried out using an instrumented Charpy machine and this has neces

sitated radical changes to the existing machine. A large choice of 

test temperatures (-60°C to ^ + 350°C) are available, facilitated 

by a totally new heating-cooling device. 

The testing preliminaries, inclusive of calibration and test spe

cifications, through EIR, following recommended ASK practices were 

practically finished by the end of 1979. 
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6.2 Annealing Experiments 

The first annealing programme using Beznau I and II material 

irradiated to ^ 3x10*' nvt (E _> 1 MeV) has been completed. Micro 

tensile tests (Fig. 20b) as well as Meyer-hardness tests have 

been performed. Of particular note was that virtually identical 

results were obtained using the micro-tensile specimens as had 

been obtained with the standard size surveillance specimens, 

(see Table 2). 

An aim of the work is to test whether the material responds to 

heat treatments suggested within the ASTM E509/74 framework. 

Temperatures of 350°C-400°C and times of up to 400 hours seem 

to be necessary to change the tensile properties, (see also Fig. 

22b in EIR-Report Nr. 371 p. 63. (Figure 21). The originally ob

served tendency for both materials (Beznau I and II) to increase 

slightly in hardness after initially softening seems to have the 

same tendency but less so in material irradiated to % 1,2x10*' nvt 

(Figure 22). Further studies on how the heat treatments influence 

the mechanical properties of the material will be undertaken. 

Preliminary results indicate that th3 annealing behaviour of the 

two Beznau steels is quite different. 

To date, the automatically deposited weld material and the parent 

(or base) plate have been Meyer hardness tested (in both un-irra

diated and irradiated conditions). Some preliminary results dea

ling with the hardness parameters of these two materials are al

ready available. 
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TABLE 2: Tensile characteristics of Un-Irradiated and Irradiated Pressure Vessel Steels from Beznau I and II 

1 •' — — • — — ^ — — ^ — — ^ — — — — — — — — — 

f UN-IRRADIATED 

j 

t " 
i 

1 

Ö
EZ

N
A

U 
I 

»—I 

< 

TENSILE DATA FROM ORIGINAL 

MATERIAL 

Rp3,2 

N/mm2 

^6,U 

-

-70,7 

Rn 

N/mm2 

632,7 

630,6 

i 

623,2 

Ag 

% 

13,2 

A 

20,6 

22,5 

23,1 

Ep 

% 

9,9 

Z 

65,3 

63,3 

66,3 

IRRADIATED % 3x101' nvt (E 2 1 MeV) 

TENSl^ DATA FROM SURVEILLANCE CAPSU

LES (STANDARD SIZE SPECIMENS) 

Rp0,2 

N/mm2 

527,6 

553,2 

N/mm2 

693,6 

661,2 

Ag 

% 

11,7 

A 

% 

20,U 

2U,2 

Ep 

% 

12,5 

Z 

* 

62,2 

66,1 

__^_ 

TENSILE DATA FROM MICRO SIZE 

SPECIMENS 

Rp0,2 

N/nan2 
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520,0 

565,5 

517,5 

551,7 

517,U8 

U93,U 

Rm 

N/mm2 

675,0 

686,7 

69U.3 
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661,3 

61*7,6 

Ag 

7,3 

7,3 

5,5 
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A 

% 
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17,1 

1U ,6 
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17,6 

19, k 

17,1 

Ep 

% 
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9.8 

9,1 

12,6 

9,6 

11.U 

10,2 

Z 

% 

68,7 

65,8 

66,8 

72,5 

67,9 

69,0 

71,2 

l63hxUoo°C 

210hxl*00°C 

li»9hxUoo°C 

210hxU00°C 

Rp0,2 - 0,2% Proof Stress N/rar.2 A - Total elongation % 

Rm - Tensile strength N/rar,2 Ep - Non-Uniform elongation % 

Ag - Uniform elongation % Z Reduction in area at fracture point % 

T 
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