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1. General Introduction 

The work of the Department of Reactor Technology is described 

in cnapter 2 to 7 of this paper for each of the six sections of the 

department: Reactor Engireermg, Reactor Physics, Heat Transfer and 

Hydraulics, Experimental Heat Transfer, Dynamics, and the Danish 

Reactor No. 1. The jobs which were placed at Risa by customers out

side, and which in general involved work from several sections of 

the department or from several departments, are described in chapter 

o 
u • 

In the beginning of the year a reactor project study based on 

a BWR 6 in Europe was planned, and a good part of the academic man

power of the department was expected to go into a co-operative effort 

with the Danish utility group ELSAK. However, the utility cancelled 

their efforts on the reactor project study due to the oil crisis, 

and instead of the stuily they took up, in a strictly limited period 

of time, a comparative evaluation of the CANDU reactor and the BWR. 

The department took part in this as a consultant to the utility, and 

due to the burden of this job, and a number of other tasks mentioned 

below, the BWR 6 reactor project study had to be abandoned. 

The Danish Parliamentary "Committee on Research" issued a 

request for a review of the broad outlines of the most common power 

reactors, their safety aspects, and the trends in the development. 

The request was fulfilled. Furthermore, a number of questions from 

the Parliamentary "Committee of Energy" was answered. 

In the early autumn it was decided by the Danish Atomic Energy 

Commission to embark on a study of the economics of nuclear power 

in Denmark. A team was formed with professor Bjarke Fog, the Copen

hagen School oi' Economics, as the head, and with staff members from 

the DAEC. This department has supplied the team with staff members and 

rode.'-.. 

In the second half of 1975 the Danish "Inspectorate of N'uclt-ar 

installations" was formed as a body independent of the Risø Research 

Establishment. The Inspectorate and Risø took up during 197'+ a dis

cussion, in 'i number of study groups, of the fields to be covered in 

a safety evaluation, and members of the department were involved in 

most oi the groups. 

Staff members have participated in the final work on the first 

series of international containment experiments in the Marviken 
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facility in Sweden. Furthermore, we have participated in the planning 

of a new international co-operation on containment response tests 

(MXII CRT), which are expected to start up in the beginning of 1975« 

Mc-t of the work within accident analysis is made as a part of 

a Nordic collaboration "NORHAV", where the department's section of 

heat transfer and hydraulics is working upon models and computer 

codes for a detailed description of core blow down, core heat up and 

emergency core cooling. 

Finally, it should be mentioned that co-operative work has begun, 

or is being discussed 

- on the subject of probabilistic fracture mechanics with 

reactor vendors or consultants in Europe and USA. 

- on reliability and emergency core cooling models with reactor 

vendors and universities in USA, 

- within the field of reactor physics with a reactor vendor in 

Europe. 
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2. The Section of Reactor Engineering 

2.0 Introduction 

Th; main object of work in the "Section of Reactor Engineering" 

is to establish and maintain competence in over all nuclear power plant 

design and evaluation. 

In addition the section conducts or participates in activities 

on ore specific topics in partial support of the main theme. Col

laboration takes place with other sections in the Department of Re

actor Technology, with the other departments at Rise and with outside 

bcdies, commercial as well as others. Specific topics under active 

development at present are reliability analysis, analysis of pressure 

vessel safety, fuel elemant development, and prediction of radiation 

doses to personnel in nuclear power plants. 

The competence and know-how established in the group is intended 

for application in safety evaluations and similar kinds of investi

gations aimed at analysing nuclear power plants in areas of interest 

to governmental bodies, authorities, the utilities,or the community 

as a whole. It is also aimed at disseminating knowledge of various 

aspects of nuclear power both to specialist groups of professionals, 

students and the public. 

2.1 Steel (Pressure Vessel) Research 

The purpose of the work is to collect sufficient knowledge to 

judge fabrication, performance and reliability of steel components 

used in Light Water Reactors. Within this scope the work is mainly 

concentrated on the following two areas: 

A. The development of methods for estimating the reliability 

of steel components, especially the pressure vessel (Prob

abilistic fracture mechanics) 

B. Follow up of the development in oteel pressure vessel 

technology, and code requirements for such components. 

The assessment of the reliability of the pressure vessel is 

based on probabilistic fracture mechanics. The calculation of the 

failure probability is performed by two computer codes which utilise 

the Monte Carlo method. The first code PFM 690 calculates the crack 

growth as a function of time on basis of an initial crack distribution, 
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crack growth caracteristics and stress transients. This code utilises 

simple Monte Carlo. The second code PEP 706 (a new version of PFH 683) 

calculates the probability of failure based on a stress-strength »odel 

and uses Monte Carlo with importance sampling. 

The first application of the method has been on the belt line 

of a BUS pressure vessel and has been based on Linear Elastic Fracture 

Mechanics. The results show a failure probability in the order of 
_g 

10 when the vessel is taken into operation,and a crack growth which 

is minimal. 

New data on crack growth caracteristics from the HSST-program 

have been tested with an improved version of PFM 690. The crack 

growth turns out to be quite excessivet if the initial crack is large 

enough. This fact demands a much better statistical basis for the 

crack growth data. 

The new code PEP 706 is a FORTRAN IV version of PFM 683. The 

possible types of importance sampling functions have been extended 

and "splitting" has been added as an option. Furthermore a special 

version of PEP 706 for the NEUCC, IBM 370/165 computer has been 

developed. The gain in speed amounts to a factor of ^-5« Thu 

extension of the possible types of importance sampling functions 

has uncovered some inherent problems in the use of importance 

sampling. These problems seem to make a variational analysis 

necessary to decide on the allowable and hopefully most efficient 

importance sampling procedure. 

Discussions with the Danish Welding Institute concerning 

the initial crack distribution has resulted in a statistical analysis 

of 3̂ 7 radiographs of buttwelds in plates of thicknens between 10 

and kO mm. The analysis indicates that the length of slag inclusions 

follows a log-normal diatribution. The analysis has been reported 

in a joint report to IIW. 

After preliminary discussions with Mr. Barthclomé KWU, 

Er langen at the 2. SMIB.T, Berlin 1 )?3 »concerning a cooperative 

effort on pressure vessel reliability, a contract has been signed, 

which states that KWU will supply the necessary data while AEK will 

make the failure calculations. 

Furthermore we have been contacted by Babcock and Wilcox, 

U.S.A. concerning the possibility of having some Kind of collaboration 

on probabilistic fracture mechanics. 
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The work on probabilistic fracture mechanics has been presented 

at the 5th meeting of the CEC-NEA Experts Group on Mechanical and 

Material problems relating to the Safety Aspects of Water-cooled 

Reactors- June 197*» in Brussels. 

A very preliminary draft about the use of probabilistic methods 

for evaluating the reliability of the Pre-s: essed Concrete Reactor 

Vessel design of the Nordic PCRV development project has been presented 

to the committee for safety and systems analysis of that project. 

2.2 Reliability Analysis 

In accordance with the schedule for 197^/75, Reliability 

Analysis has comprised three subjects: 

A. Reliability Analysis of Alternative Feedpump Systems for 

I/S IFV 

B. General Reliability Techniques 

C. Probabilistic Fracture Mechanics.(See chapter 2.1 above) 

A. Reliability Analysis of Alternative Feedpump Systems for I/S IFV 

In continuation of the analysis of the feedpump system in the 

Vestkraft power station in 1973. a reliability analysis for I/S Ise-

fjordværket was performed in cooperation with the Electronics Depart

ment of Eisa. 

The reliability analysis was made as a part of the design work for 

two alternative designs of the booster pump system for the feedpumps 

in block 5 of the ASNÆS power station. Furthermore an economic com

parison was made between the two alternatives taking into account tte 

annual outage costs due to failure of the booster pump system. 

The result of the analysis was that the proposal consisting 

of three 50% units, one of which is a standby, i% the most economic 

solution. For this proposal the annual outage costs are smaller than 

for the alternative, and in addition the investment costs are smaller, 

since th* standby pump ran be utilised in another circuit during stand

by periods. 

The plant was designed in accordance with the results of tie 

analysis. 



B. General Reliability Techniques 

A new computer programme BSDIS has been developed. The pro

gramme is written in FORTHAN and it is of the Nonte Carlo type, based 

upon direct simulation (no va-iance reduction applied). 

The prograome represents in several respects a progress com

pared with the previous RELY ki 

a. The programme uan be run on both the B 6700 and on the 

NEUCC IBM computer, and only very few cards have to be 

exchanged, when changing between these computers. By 

running the programme on NBUCC the computer time has been 

reduced by a factor of 11. 

b. More details can be taken into account. Dependent failures, 

cascade failures and failures, for which the data are 

defined not by single values, but by distribution functions, 

can be treated. A new feature is that activation faults 

can be considered for cases, where the probability of 

failure is a function of the number of activations, which 

in many cases seems to be the most realistic failure model. 

The programme computes in addition to reliability and un

availability of a system, also the cut sets, the outage 

time for each of these, and the average outage time per sys

tem failure. In addition the average time to first system 

failure is calculated, and the distribution function for this 

parameter can also be obtained. Fig. 2.1 shows the distri

bution function for the time to first system failure for 

the feedpumps in Vestkraft, calculated by REDI3. This 

shows, that the entire system is equivalent tc H single 

component with a constant failure rate. 

e. For standby systems various tests car* be considered, i r.clud Lr.r 

routine switching between the operating and the standby 

units. Various kinds of failures can be taken into con

sideration such as failures during operation ar.d three-

different kinds of failures during the standby condition. 

d. The programme is made with particular emphasis on possibilities 

for extensions, where necessary. 
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The REDIS programme has been tested on several ii fferer.t 

systems, for instance or, the feedpump systems for Vestkraft and IFV, 

and all the results agreed with calculations by other methods. 

The REDIS pr jgramæe nas beer, discussed with colleagues from 

a number of organizations, and interest in cooperation on this method 

• as expressed by members of tr.e Carnegie-Mellon University, Aerojet 

Nuclear Company, and Vestinghouse. 

.j fuel Element Development 

The work is part of a programme carried out by the Metallurgy 

Department, the Engineering Department, and the Department of Reactor 

Technology. 

The Department of Reactor Technology generally takes care of 

the design of fuel elements and of that part of post irradiation 

expiration *hi en deals with mechanical interaction between UO.,-

peiiets and cladding. 

Fabrication of four fuel elements for the German reactor Kabl 

'PWK) has been completed. The elements were assembled in the DR ,-

reactor building. Aisc here the final leak test and packing for 

' r.-»n.-.p-rt were- curried out. After all the paperwork concerning the 

transportation to Kahl h=»d been completed the four elements were 

transferred to the Kahl reactor at the er;d of March. Two represen

tative« from Rise were present .it Rahl during unpacking and final check 

ot the elements. No damage was observed. Finally the elements were 

p'aoed ,r. the fuel element storage rig. 

. . •* fiadint ion Do set-- in Nuclear Power P.ar.ts 

T.k. is pro.iec* „as fiturted up in February '<?h witn the aim to 

proviie a rrathesat i<-»l model for calculation of the radiation field« 

rit vnri<".;s locations in a nuclear power plant and the radiation doses 

receivel ty the personnel of the plant. A power plant with a BWR 

realtor wis chosen for the study. 

(, ra'her .rTpnrive Ii'erat-jre nurvey has beer, carried out in. 

.- i»T *:: examine method« now being used in the area of interest, and 

to ge* cpernt ional experience for coaparison w.th the calculation« to 

; »• perf-'-rsed. 

?*.;» csic-ilut ior. of radiation fields has beer, subdivided into 

two 8!»ir. part«: calculation of source strength«, and calculation of 
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the attenuation of the radiation during passage through the various 

layers of shielding. 

Radiation sources are grouped into three categories: fission 

products, activated corrosion products, and radioactive isotopes re

sulting from activation of the coolant (water). Models for the prod

uction, release, transport and deposition of these sources have been 

set up and programmed for the B-6700 computer in FORTRAN-language. 

During this work some difficulties were met in the numerical solution 

of the rather large systems of differential equations describing the 

fission products, and these equations turned out to demand relatively 

much computer time. However, the problems now seem to have been overcome 

in a satisfactory manner. 

At the end of the year the work on shielding calculations started. 

These should be able tc deal with volume sources of various shapes 

corresponding to the components of the coolant-circuit, but on the 

other hand they ought not tc be too time-consuming on the computer. 

Therefore a simple approach is chosen, representing the components of 

the coolant circuit by simple geometries such as cylinders, and using 

a point-kernel method with build-up for the attenuation calculation. 

In the future work where the radiation doses received by per

sonnel are to be determined, it will be necessary to make an estimate 

of the duration and frequency of various works to be performed at places 

with radiation. This estimate will be based on operational experience, 

but it is probably going to be quite an uncertain figure, and it may 

therefore be a major contributor to the overall error of the calculations. 
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3. The Section of Reactor Physics 

3.0 Introduction 

The work in the section of reactor physics has essentially to 

do with the description of the part of the reactor behaviour, which 

is directly coupled to the interaction of the reactor materials with 

neutrons e.g. reactivity, power distribution, and burn up. 

The programme .system developed for this purpose has been de

signed for use on light water reactors, but during the year modifi

cations have been developed that with some success have been applied 

to heavy water reactors of the Canadian type. 

The work may roughly be subdivided in the following categories 

1. Cross section processing 

2. Development of a HWR lattice code 

3. Burnable poison administration 

k. Development of codes for calculation of overall neutron 

and power distribution. 

5. BWR- and PVR-simulators 

6. Fuel management 

7. Reactor calculations. 

Reactor calculations include internal service jobs, a 

certain amount of external consultant work, and calcula

tion projects which serves as a check of the programme 

system. As such it will have a bearing on most of the other 

items quoted above. 

3.1 Cross Section Processing 

The cress section processing system for light water reactors, 

which has been developed and essentially completed during the prece

ding four years has gone through a process of up-dating and modifi

cation according to new demands, which have appeared during the year. 

The up-dating has mainly been initiated by the appearance of 

new - and presumably better - data in the 1973 version of the UKNDI. 

cross section library and the UKFPL fission product library. 

New data for the nuclides ^Th, ^ P a / ^ U , "' U, ^Pu, 

Pu, ' Pu, and " Pu have ^een added, in the form of ?6-group 

standard cross sections to the SIGMA master tape by use of the SIGMA 
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processing progrimme. The first four nuclides in particular were 

necessary in order to carry out a study of the thorium fuel cycle 

performed in connection with the CANDU study, - see chapter 8. The 

development of the HWR lattice code used in the study necessitated a 

modification of the RESOREX subroutine, which calculates temperature 

dependent self-shielded cross sections in the resonance region for 

fissile and fertile nuclides. In the new version of RESOREX it is 

possible to specify a fuel containing a mixture of U with U, 
235 239 232 

^U and Pu, or a mixture of Th with the same three fissile 

nuclides. 

The availability of new fission products data initiated the 

development of an improved treatment of fission product poisoning. 

Data for the 192 fission products on UKFPL were transferred by SIGMA 

to 76 group cross sections on a special FP-master tape. A modified 

version of the processing programme CRS was developed which reads 

both the SIGMA- and the FP-master tape. By use of the spectrum cal

culated in CRS an effective pseudo fission product cross section is 

produced in any group structure, the group boundaries of which, is a 

subset of the group boundaries of the standard 76 group set. This is 

actually a merging of CRS with the FIPO programme, which earlier could 

only work in a fixed 10-group set.Through input in the new CRS version 

the character and number of fission product decay chains may be speci

fied. 

3.2 Development of a HWR lattice code 

As a consequence of a utility interest in the CANDU type reac

tor, some of our programme?! have been modified to facilitate calcula

tions on this reactor. Essentially, the CRS and CEB were merged 

together in the CCC programme, thus enabling 76 groups spectrum cal

culations on single rods for cross section condensation, and fewer 

groups (10, usually) cluster cell burn up calculations. 

The CCC programme contains options for: Recalculation of spec

trum and cross sections at any burn up level, Pu-recycling, Th-U233 

recycling, ,<uid change of power level fcr the study of xenon override 

problems. 

The programme has been tested against Canadian calculated 

(and experimentally verified.) results and gives satisfactory agree

ment as regards reactivity, but .-.ome discrepancy as regards the 
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relative pin power distribution. At the end of the year the Th-U233 

cycle was implemented in the program and some calculations on this 

subject will be repeated soon. 

3.3 Absorber Management 

Absorber management deals with the addition to the reactor fuel 

of parasitic neutron capturing elements, so-called burnable poisons, 

which become transmuted by neutron capture to elements with low 

capture cross sections, an effect which helps to compensate for reac

tivity losses due to fuel depletion and formation of fission products. 

Some of the advantages which may be obtained through the use 

of burnable poisons are: 

1) extension of reactor fuel life, 

2) improved core performance, 

3) in some cases a reduction of the control rod system and an 

improved reactivity temperature coefficient. 

A method for the distribution of burnable poison in a two-

dimensional reactor core has been developed. The method consists of 

two steps: 

1) A calculation with the SELMA2 programme (see 3-6) of a 

time-dependent macroscopic thermal poison cross section 

which retains a given power shape during the reactor period. 

2) A calculation of the distribution in a fuel box of the 

burnable poison, in this case gedolineum, which gives the 

same time-dependent macroscopic thermal poison cross sec

tion as calculated in 1. 

The program ANDYCAP (see chapter 6) has been changed so that it 

is possible to calculated the time-dependent macroscopic thermal cross 

section in three dimensions. However, the method still converges too 

f.lowly and has to be improved. 

?.'+ Development of Codes for Calculation of Overall Neutron and Power 

Distribution 

A program, FE, using a higher order difference approximation to 

the diffusion theory equations, has been developed, but it has not-

been tested sufficiently yet. 
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The programme is intended as a reference program, especially 

for the calculation of overall, three dimensional power distributions 

in case of BWRs, where our ordinary referenceprogram, DC4, is too 

slow to give the accuracy needed in a reasonable time. 

5.5 BWR- and PWR-simulators 

During the preceding year it. was realised that it would be 

necessary to replace the flux synthesis method used in the SYNTRON-

VOID program for the calculation of the three dimension-.l flux dis

tribution by another method. 

Experience with the dynamics BWR-simulator ANDYCAP (chapter 6) 

based on nodal theory has shown that this theory is well suited for 

representing the coupling between thermohydraulics and neutronics. 

ANDYCAP can now handle a detailed description of the core both as 

regards hydraulics and neutronics and was chosen as base for a new 

steady state simulator. 

In addition to speeding up the steady state hydraulic calcula

tions, subroutines for treating burn up of fuel and for handling 

cross sections have be'_n added. The program will thus be able to use 

standard cross sections produced by the reactor physics program 

system. The programming phase is concluded, but testing is still to 

be carried out. 

The development of a simple model for the hydraulics of a PWR 

core has been started. The aim has not been to calculate the detailed 

picture of the thermohydraulic state, but to give a sufficiently good 

representation to be able to predict its influence on the power dis

tribution reasonably well. The influence of the hydraulics is expected 

to be small since boiling in the coolant only takes place to a very 

limited extent and thus the density variation throughout the core of 

the moderator is small. The model is based on a very simplified sub

channel model which will be incorporated in the BWR-simulator SYNTRON 

VOID as an option to the BWR hydraulics. The flux synthesis used in 

SYNTRON VOID is expected to be adequate for a PWR. At present the 

programming phase is almost completed for the hydraulic model. But 

it has still to be incorporated in SYNTRON VOID. A thorough testing 

of the complex also remains. 
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5.6 Fuel Management 

A. Detailed Fuel Shuffling Optimization 

During the year the IBU2 - SELMA2 fuel management system has 

been completed. The scope of the work was to optimize the performance 

of a nuclear reactor core with regard to power peaking factors and 

burn up of the discharged fuel. 

The IBU2 code calculates an ideal k -distribution that has 

certain desired properties, e.g. a limited power form factor. The 

results from IBU2 are used in the SELMA2 code for separation of the 

multi-stage refuelling decisions into external and internal decisions. 

The external decisions are assumed given, the internal decisions are 

all taken by the SELMA2 program. The external decisions are: choice of 

IBU2 calculation, reload enrichment and cycle time. The internal de

cisions are: number of fresh fuel elements, which fuel elements to be 

discharged, and fuel element allocation. 

The internal decision? are all determined by the SELMA2 

programme on the basis of the external decisions. The discharge and 

loading of elements depend on the reload enrichment and the cycle 

time in connection with results obtained by the IBU2 calculation. 

The fuel element shuffling is determined by requiring that the resul

ting k^-distribution fits the ideal k^-distribution as closely as 

possible. The core is described in X-Y geometry giving the advantage 

that a single ruei clement can be followed in the fuel element re

distribution. 

Several methods have been investigated during the year for 

fitting the actus* fuel element distribution to the ideal fuel element 

distribution, but the results indicate either that the best fit is 

not yet found, or that the method is unsuitable for use in two dimen

sions. 

The results of the study have been presented in a Risø Report. 

B. Mult i-eyelus Fuel Hanagement 

The work on a fuel management system which should optimize 

the fuel change over several cycles taking several variable external 
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conditions into account has mainly been concentrated on obtaining an 

relation between the burn up distribution as represented by only one 

parameter, the k. „ of the fuel, and the power distribution, 
m f 

Two dimensional calculations on several different, totally 

reflected fuel configurations has led to an empirical relation suf

ficiently simple to be built into a zero-dimensional burn up routine 

for s fuel region containing fuel of different enrichments and burn up. 

5«? Reactor Calculations 

A number of calculations on high pressure, fuel irradiation 

rigs (HP-rigs) in DR 3 has been performed for the metallurgy depart

ment in order to establish the ratio between the fast dose in the 

cladding and the burn up in the fuel of the fuel pin irradiated in 

the rig. 

A project in cooperation with a reactor vendor aiming at a 

comparison between calculations and experiments on a BWR has been 

initiated. Calculations on the reactor data have started. 

A study of the curn up behaviour of a CANDU-reactor has been 

carried out. In the CANDU-reactor the refuelling is performed daily 

in such a way that a very favourable power distribution is obtained. 

This process has been simulated by means of the SYNTRON-VOID program, 

but without, hydraulics. The core was burned up until the discharged 

fuel had an average burn up of around 9000 MWd/tU. The results showed 

gooi agreement with Canadian information. 
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k. The Section of Heat Transfer and Hydraulics 

^.0 Introduction 

The objective of the section is to gather know-how and to 

develop models for thermodynamic and thermohydraulic phenomena in 

connection with the use of nuclear energy. 

The main working ar„-as have been: 

1. Steady State Thermohydraulics 

2. Accident Analysis 

3. Containment Analysis 

4. Participation in International Accident Experiments 

h.1 Steady State Thermohydraulics 

The work is directed towards the development of physical 

models and computer programmes for the description of heat transfer 

and flow related processes in nuclear power plants. The main effort 

is directed towards the prediction of core void distribution and the 

determination, of burnout limits. 

A. The Scandinavian Subchannel Analysis Project 

The SDS-project has been terminated and the final reporting 

distributed to the participants by the summer of this year. The 

object of the project was to develop a computer programme for the 

calculation of the 3-dimensional temperature-, flow- and void-

distributions plus burnout limits for BWR and PWR fuel elements. 

The code development work was backed up by experiments in 7-rod, 

9-rod and annulus geometries. 

The r.f'Xt step, consisting of a verification of the programme 

by comparison with existing experimental data, has only to a limited 

extent be^n possible within the project framework. However, some 

calculations for the 7-rod experiments (Kjell er) and 9-rod experiments 

(Studsvik) have been reported, while calculations and comparisons 

with th<-- large amount of data available from General Electric and 

other sources arc- under way at Risø. 
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As a supplement to these efforts a study of a number of 

related problems has been undertaken, including spacer reversible 

pressure drop, hot wall friction effects, 2-phase fri'-tion, burnout 

correlations and void correlations. A study of void correlations 

and their applicability to horizontal flow (CANDU) is a thesis 

subject for a student from the Danish Technical Highschool (DtH). 

B. Film-flow 

Further development of the film-flow model is studied in a 

thesis work by a student from DtH. The object of the work is to 

study and correlate all available data on film-flow in annular 

geometries and to extend the existing film-flow model to cover this 

type of geometry. The resulting model should be able to predict 

burnout, in annuli and will represent a first step towards the pre

diction of burnout in more complex geometries (bundles). 

4.2 Accident Analysis 

''.'he accident analysis studies the physical phenomena involved 

in a losr,-of-coolant accident. The objectives of the work in this 

section are the development of physical models describing the 

thermodynamic and hydraulic parts of these phenomena, and the devel

opment of computer codes in order to calculate the consequences of 

postulated accidents. 

Mos-t of the section's work in this field is done within the 

framework of the "Norhav-project" in co-operation with Finland, 

Norway and Sweden. The Dani.sh and Norwegian contributions have con

sisted of development work on blow down and core heat-up computer 

programmes, while the Swedish and Finnish contributions have con

sisted of modifications of the RELAP III blow down code to bring 

it in accordance with the USAEC criteria. A further Swedish contri

bution, i:, the form of :ore cooling experiments with a single rod and 

n t;t-rod nlui-T-r, is ::?ill at the planning stage. 

A. ;;.OK down 

Tho Dan-s:, co:. t r i r. , t Lor. to tne joint Nordic effort on blow 

down ::od"f' is primarily dire"ted towards the development of a dynamic 

r.utchanr.ei. programme TINA, capable of analyzing BWft and PWFi cores, 

daring t:,f> • low dowr, phasf. Th«1 program is essentially a dettiled 
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numerical model for the physical processes associated with the 

reactor core. It involves a fully three-dimensional, hydraulic model, 

a model for thermal and mechanical behaviour of the fuel, and a reactor 

point kinetic model. TINA can accept as boundary condition any flow 

condition at the top and bottom of the core that are physically 

conceivable. The Norwegian (IFA) blow down programme will supply the 

necessary boundary conditions for blow down analysis. In addition 

to being a core model, TINA may be considered a very general two-

phase hydraulic flow analyzer. It could, for example, be used to 

predict the performance of hydraulic test loops. 

The theoretical foundation for the hydraulic part of the pro

gramme (partial differential equations and auxiliary relationships) 

has been formulated (NORHAV-D-001 and NORHAV-D-005). A sufficiently 

stable implicit scheme for the numerical solution of the one-

dimensional, two-phase equations has been developed and programmed 

(program TPD3). Predictions obtained with this program have been 

compared with a number of experiments for static and transient 

conditions. A report describing TPDJ in detail and also giving com

parisons of predictions with experiments is being prepared. 

A difference scheme has been set up for the integration of 

the hydraulic subchannel differential equations (NORHAV-D-009). The 

.scheme was developed and tested by means of the single-phase (water) 

form of the equations. This simplification of the model system was 

done in order to facilitate the development of a method capable of 

handling the important basic couplings of the subchannel equations. 

The resulting scheme is believed to form a good basis for the 

solution <~ f the special problems which are faced in the general 

two-phnre situation. Especially the terms describing the thermal 

non-quilibriurn effects are expected to cause trouble as far as 

numerical stability is concerned. 

The method finally arrived at, a 1 ine=ir i ::ed , implicit type 

me*hod, has the following properties; 

- thf difference systt-, is linear in the dependent variables, 
# 
i.e. rr.e solution of non-linear algebraic systems 1:1 avoided, 

- the .•••lability properties are (?ood. No limitations have beer, 

found in practice i u: r.: ngi ̂-priase) , 

- 'he ecr.eir.e is accurate to the first order 
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The method is capable of handling opposite flow directions in 

different sub-channels and in individual subchannels as well. 

The lew accuracy of the method may be of sone concern. A different, 

more accurate method was considered for a while. This method did, however, 

under cert-Tin circumstances (e.g. small velocities) produce slowly 

damped oscillations in the numerical solution. As stability is considered 

a most essential property, this second order method was abandoned in 

favour of the first order method. 

The general, two-phase equations ^hydraulic part of TINA) have now-

bet r. prcsrrarr.rr.ed and the testing is to star' . 

In addition to the development of the integration method an 

algorithm which, operates only on the non-zero matrix entries has 

reduced *h» computation times for problems of ever, modest size oy an 

order of magnitude. 

The theoretical basis for computing the thermal behaviour of 

the fuel has been treated in the report SHH-Memo-14. The equations have 

been programmed (subroutine RODTEMF; and the programme has been tested. 

A detailed report on RODTEKP is presently being prepared. 

A piir.t kinetic model is being programmed and is expected 

to tf finished shortly. 

'•: . F;ej Cladding .-'allure 

A literature survey for references on fuel rod cladding failures 

dur -. •* i'. .sr-o f-ooo 1 an * accident conditions in light water reactors has 

:>»<•>•: carried ou*. The study -overs roughly the period from 1970 until 

fhe \ r-f- .re, i rig of 'YJ'-t. f.-firenc-s or. experimental work are emphasized, 

tut -i, EO c.fner papers are included e.g. papers or. correlations, criteria, 

anai y * i -ai. • .«ct.:. i iue;-, scipi:.^ calculations, et'.). 

Ih" at."-v- worn has re<T. foilow»j up and :ompi fiser: t--d during the 

year ir. a lh»s;s by a »studer.* from JtK. Existing; models for Ciaddini? 

f a i , ,re hav r>--n i -. vesr .g'<* ed and prediction of tr.c amount compared. 

ir. ftddit ior. a firs*, simple version of r» cladding failure model for 

•h<- " ; SA programs!-"' re*. ntove has D*'er. programmed. 
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to the heat transfer phenomena. The differences between rewetting 

by top spray and by reflooding are only apparent, but in the re-

flooding it is necessary to distinguish between tne Leidenfrost 

phenomenon, which is connected with the cooling of a hot surface 

by droplets and the sputtering phenomenon, whi^h is connected with 

the formation of the water film on the hot surface. The rewetting 

by droplets starts at a higher temperature, the Leidenfrost tempe

rature, than the sputtering. The area between the two temperatures 

is called the transition boiling area. The extension of this area 

is larger in reflooding and is therefore of more importance here. 

The heat conduction across the fuel cladding gap in reactor 

fuel rods is an important parameter in accident analysis because it 

can greatly influence the stored energy in fuel. An American computer 

programme GAPCON-THERMAL has been transferred to the computer at 

Risø and a study of the influence of different parameters upon the 

stored energy is for the time being made as a master thesis. 

The problems connected with core melt-down is the thesis 

subject of a student from DtH. 

One member of the section has been attached to General 

Electric in San José, USA, from July 1971* working on emergency core 

cooling problems. 

k ,J> Containment Analysis 

The objective of the containment analysis is to predict the 

response of a containment to a loss-of-coolant. accident in connec

tion with design and safety evaluation of nuclear power plants. 

Various computer codes are available, which can be used for 

the calculation of pressures and temperatures under accident con

ditions, where steam and water is discharged into the containment. 

In addition to the Danish two-node programme, CONTAC, and the 

American CONTEMPT-programme, a number of multi-node programmes are 

available, which were obtained as part of the international co

operation in the Marviken project MX I. These programmes can be 

applied to pressure suppression containments as well as to dry 

containments• 

The work with development and verification of the computer 

codec has been strongly limited due to participation in the Marviken 

project. Furthermore, the extent of code work within that project 
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was reduced, due to problems with the time schedule. Within the 

project it was decided to perform test calculations only for three 

selected blow down tests out of a total of sixteen tests. Our part 

of this work was performed by the end of 19?*+. Further calcula

tions for the rest of the Marviken blow down tests will be done 

outside the pioject framework. 

In view of the early stage of the verification work, which 

is planned to continue in 1975, it i s too early to draw extensive 

conclusions regarding the capability of the computer codes. Gener

ally, however, the codes produced results, which agreed fairly well 

with the measurements with a tendency towards overprediction of 

pressures in the containment. The deviations could usually be ex

plained by specific well known limitations in the models. It should 

be emphasized, however, that the user of a computer code has great 

influence on the computations, since his skill in preparing input 

data is directly reflected in the results. It should be mentioned 

in this connec.'on that no personal experience with running the 

multi-node programmes is gained at Rises as yet. 

As part of the Marviken reporting, a new and more detailed 

description of the CONTAC-code has been produced. In connection 

with this work some minor alternations have been introduced into 

the code. This includes the introduction of a new plotter routine, 

DGPL(~>T, of a very flexible and general nature, which should make it 

easy to use this routine in connection with other programmes. 

A purvey of the small pressure oscillations, which were ob

served in the Marviken containment during MX I, has been reported 

(SHH-Memo-13)• These oscillations are not yet understood in detail. 

They cannot be analyzed by means of existing computer codes. All 

the programmes available are based on qu^si-static equations and 

do not describe in detail the phenomena ,' round the vent pipe out

lets in the condensation pool, where the oscillations obviously are 

generated. 

•*.k Participation . in International Accident experiments 

Reactor accident analysis is based on a combination of basic 

.'generally small cr^lei experimen i r,, physical models incorporated 

in large and complicated "omputer programmes, and engineering 
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experiments, that are rather large scale experiments where a combina

tion of effects may be studied. Large scale engineering experiments 

are very expensive both as concerns hardware and manpower. In order 

to econimize, it has become quite common for this last type of 

experiments to be undertaken by a group of organizations or countries. 

Further advantages are gained by the pooling of the knowledge brought 

to the project by the various participants. 

"The Marviken Full Scale Containment Experiments" (MXI) 

performed in the Marviken reactor station (Sweden), was concerned 

with containment response to a loss-of-coolant accident. The project 

was international with participation from USA, Sweden, Denmark, 

Finland, Norway, the Federal Republic of Germany, France and Japan. 

The experimental work was finished in April 1973» while the reporting, 

comprising about 50 reports, has been practically completed by the 

end of 19?'*- The project covered: 

- containment pressure- and temperature response to a loss-

of-coolant accident, 

- fission product (J + Xe) transport in the containment under 

accident conditions, 

- leakage and fission product transport through the contain

ment walls 

- a number of component tests. 

To give an idea of the efforts involved in an engineering 

experiment of this type, it may be mentioned that the project costed 

10 M.Skr., while the project staff at its maximum was about bO 

persons, the project period being about 3 years. 

The final reports have not yet been released, BO that no 

detailed conclusions may be drawn here. It is at least certain that 

fhe project has generated a large amount of data of importance for 

the verification and further development of containment computer 

codes. One important result was the observation of pressure oscilla

tions in the containment during the blow down period. A5 this phenom

enon could not be studied in detail using the instrumentation 

available, a new project, KXTI-CRT, has been suggested having the 

study of pressure ofici ilat ionc as its main object. 

The new Marviken project (MXII-CRT) is scheduled to start 

early in 19V'' and will probably include participation from The 

Germ.-jn Federal Republic, France, The United States of America, 
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Japan, and the Scandinavian countries. The present budget amounts 

to about 15 million Swedish kroner. 

The EEC research center, Ispra, has recently started a broad 

research programme on reactor safety. This programme includes a 

large out of pile blow down experimental facility. The first series 

of blow down experiments sponsored by the German Federal Government 

will be of a commercial nature. The second series will be available, 

under certain conditions, to all members of Éuratom. As part of 

this project some analytical preparatory work has been done at Risø 

during the year. 

Another international large scale blow down and emergency 

core cooling experiment is in the planning stage in Sweden. The idea 

is to use the Marviken station for the experiment, which is to use 

a five times 64-rod geometry. No decision has as yet been taken 

concerning Danish participation. 
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5. Section of Experimental Heat Transfer (SEHT) 

5.0 Introduction 

The work of the section is mainly directed towards experimen

tal research in the field of heat transfer problems of nuclear power 

plants. 

The experimental work is carried out in close cooperation 

with the Section of Heat Transfer and Hydraulics in order to support 

the theoretical work of the department. The new facility for carrying 

out such experiments, the high-pressure water loop, is installed in 

the experimental hall. 

5.1 High-Pressure Water Loop 

The high pressure water loop has been erected. Due to a 9 

month delay of the delivery of the main regulating valve the system 

was not ready for pressure test before December 7^- The auxiliary 

systems, cooling tower and power supply, are finished. The control 

system is under construction in the Electronics Department and will 

be installed in the control room in January 75? immediately to be 

followed by the pump performance test and complete loop commissioning 

tests. 

The equipment for the annulus experiments has been modified 

to fit into the loop. 

A data aquisition system, a fast scanner combined with a PDP-

11 minicomputer, is installed in the control room for use in the 

experiments. The computer system has already been used in some minor 

experiments. 
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6. The Section of Dynamics 

6.0 Introduction 

The airr. of the work of the dynamics section is to produce, 

obtain, and maintain dynamic models of power plants, reactors, and 

control systems, and to study transients by means of such models. 

This means that the members of the group must have a broad knowledge 

in fields like reactor physics, heat transmission, power conversion, 

system engineering, control theory, and simulation technique. Due to 

the wide scope of these fields the group must necessarily rely heavily 

on the knowledge of other members of the department. 

The group has concentrated the work in the following subjects: 

1. A 3-dimensional dynamic mode!1 of a boiling water reactor 

2. A 1-dimensional dynamic model of a PWR power plant 

3. A 1-dimensional dynamic model of a BWR power plant 

*+. Self-organizing control systems 

5. Rod ejection transient in a BWR 

6.1 The 3-Dimensional BWR Simulator ANDYCAP 

The improvement of the code in order to reduce the computer 

costs has been continued and has resulted in a code with considerably 

increased calculation speed. The code has been used in a study of a 

transient in a BWR initiated by a breakage of a recirculation loop. 

As this breakage infers critical flow which cannot be handled by 

ANDYCAP, the outflow was determined by the BRUCH-S code and used as 

initiating perturbation -in ANDYCAP ( DY'i-,'-?1*; . 

;r. many problems the description of the system is too coarse 

if the original maximum number of noden (/OOOj and hydraulic channels 

(10" are used. There f'-re a new version in made in which these numbers 

may be chosen adequately for the problem, high numbers giving long 

computer time, of course. The main idea is to use disk files, if 

ne-ens.-iry, in r'ead of arrays. As a new feature, this code is able to 

pof-it ion the neutron: ' channels between th^ hydraulic in the cal-

'•ul .-i* i onal procedure, in order to group the neutronic channels with 

similar power.-, in the r-arne hydraulic channel. (There are normally 

P.-re neutrorn-' channels than hydraulic:. Thin feature which really 

ir very cheap in corrputer time saver: a lot. of manpower, which hither

to his ief-r, used in por, i * loning the neutroni c '-hannels manually. 



- 31 -

A special feature of this version of the code is the feasibility 

to run it directly on other type of computers as no tricks have been 

used which are specific to fl-6700. In practice this has been shown 

by testing the program at NEUCC. 

(,.?. The POT Power Plant Simulator 

The development work for the basic version of the simulator 

has leen finished. Ir is now in a state ready for use for investiga

tions of transient characteristic:-, of automatic control system per

formance, and for calculation of specific abnormal transients. 

The work during the year comprises: 

Finishing the static program for the calculation of a set of 

start data for the dynamic model. 

Development and test of the steam load and electrical load 

circui t. 

Adjustments of the individual routines for cooperation in the 

complete plant simulator and final testing. 

Programming of a routine for communication with the static 

program. 

Programming of input-output routines for storing of and re

calling initial condition data, and logging of main variables 

in a steady state condition. 

A grea^ effort, has been done in trimming all routines to speed 

up the digital, calculations and save analog equipment. For a further 

deveiop-ner.' about 10$ of the fixed cyclus time of 0.1 sec. is in 

reserve, while nearly fill analog units are in use. 

The l-'WR dynamic simulation system now comprises: 

"he real time power plan"; model. 

A fuel model for detailed investigation of transients in the 

fuel temperature distribution. 

A p r f • • -.; •u: •; v. e r m c 1 e 1 

A steam generator mode! :'->r detailed investigation of transient 

charn-.'ter ist i es t ased on -i space dependent description. 

The three , r-.de pen :er, t ro-i'-lr of separate components are im-

piemen'ed ty ligitai pr grammes, while the plant model is set up on 

i hvbr: 1 computer. 

http://r-.de
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To facilitate the use of the simulator and future improvements 

or modifications, a detailed description and documentation is now 

being prepared in two reportr, which are in the printing stage. Ris? 

report no. ?1 o' give?: the basic description of the plant model as well 

as the independent models, and a Risa-M-report will give all the 

detail.-: for a test example based on the SHRRY-1 power station. 

An example of a transien;: calculation is shown on figure 6.1. 

A fast load reduction from 100 to ^0% has teen simulated with regis

tration of the followir.p variables: Steam pressure P , outlet tempera-
ss 

ture from the steam generator T ,, and from the reactor T , and fi-
° pr* c 

nally the reactor power N. During the transient the regulating rod 

position is unchanged, i.e. the reactor power decrease is caused by 

the natural feedback mechanisms only. The transients can only be 

followed for about yO sec. as some variables runs out of their working 

range for such a great pertubation. The example is a typical illustra

tion of the post- ibi '. i t i es of the simulator. 

c-. 3 A i-Dimensional BWR Plant Dynamic Model 

When the proje-t "A t'WR Plant Dynamic Model" was started 2 

year:; ago i'. was dec; .-• i in the first place to concentrate upon the 

•" hernial parts of the plan* such as the turbine, reheater, moisture 

separator, o-.rs ler. ccr, feedwater pump ar.d feedwater heater. The reason 

was a lack jn the programme complex at the Department of Reactor 

Technology within tr.is field. Fur'hermose the results from the ron-

ven'.onal power p'ar.'s can oot be used directly because of the prob

lems with 'he we' s.'earn i r. nuclear power plants. 

Jherofore a no iel of a 'ursine was set. up lirs' . This model 

.r --r,"-:i :mensi or.a'. and is tare! upon trie cor.t irrii ty equa'ior. and upon 

'•:ua. velocities, of steam arvi water, ifie fact that the velocity of the 

we- par* of tr.i* s'eum ; o ; wer truii, the dry part is compensated for 

*h.--ugh the i'"';:sen; i"'; of the fu:vine. A very detailed knowledge of 

• r.f ge >rret ri ."-a. part of toe turhsr," is needcu for the programme, 

flspp'-.-,;'. y '.'..•' angles r-'weer. *he i 1 ales and the nozzles must be known. 

The resilf of the aicui.' '- o. -• r. \- ar. er:* ropy-enthal py diagram, 

•r K .li'-r :.'!>T!i!f., :.:,:w.r..- t:," expanr: or. of * he ntcus tr.rougs trie 

• urt ise. 

i r a . i u a l l y ' h e t r o g r a " was » -x ten ied * . f h models, of o t n e r p a r t s 

•f ' ' . " pi <»•"'- r . ' t , as s ' - r . ea*er , m o . s ' u r " s e p a r a t o r ar. i f f ^ d w a t ' - r 
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heaters. In the final version, of the program it is now possible to 

study e.g. the consequences of extraction for district heating purpose. 

In the final version of the programme called "TUBBPLANT" 

the following specifications are needed: The geometrical data of the 

plant, the enthalpy at inlet to the high pressure turbine, the reheat 

temperature before inlet to the low pressure turbine (if it is a 

reheat plant), the condenser pressure, and thermal- or electrical 

power. Also the positions of the extraction points to feedwater heaters 

are needed for the stages with internal water separation. 

The program has been tested against results from Obrigbeim 

nuclear power plant and fairly good agreement has been found. On the 

two following figures 6.? and 6.3 the results of these tests are 

shown. Fig. 6.2 shows a flow chart with pressure, temperature and 

massflow distributions calculated by the programme for 300 KW gross 

electrical power. Fig. i-.l shows a Kollier diagram for the expansion 

through the turbine. 

The programme can also handle part load conditions such as 

50g or 25* power. 

Parameter studies have been performed, and among the interesting 

results can be mentioned, that th* overall plant efficiency for nuclear 

power plants ir> not as sensitive to lead reduction as for conventional 

power plants. Calculations have also shown that the produced electri

cal power is very sensitive with respect to the pressure drop between 

the hi?h pressure- and low pressure turbine. Further the pressure in 

the condenser appears to be of great importance for the produced 

electrical power. The program has also been used to calculate the 

optimal reheat temperature and the optimal feedwater temperature for 

a given power plant. 

Finally the program has demonstrated the great increase in 

overall plant efficiency which can be obtained with extraction for 

district heating purpose. E.g. the overall plant efficiency for a 

»>00 MVte nuclear power plant is increased from 0.3.5 to 0.*»8 if 300 Wé 

thermal power is extracted for district heating and the extraction 

point is placed At the lew pressure turbine stage whar' the pressure 

is about 2 car.(The overall plant efficiency means here the ratio 

between the electrical power » district besting power and total 

thermal power,'. The corresponding reduction in eleetrical power is 

only ^O m. 
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6.5 BWR - Control Hod Ejection Accident Analysis 

A project was started at February with the title "Control Rod 

Ejection in a BWR". The purpose is to estimate the consequences of an 

accident, where a control rod housing breaks causing the control rod 

to be pressed out of the core by reactor pressur*. 

A literature study revealed that the -od-ejection accident ir 

very often mentioned in connection with BWR's, but few facts have 

been found. In safety reports (and in WASH-1400) it is stated that 

this accident is unlikely at General Electrics reactors because of 

the control rod housing support system. 

The power calculation is performed with a programme called 

RODEJECTION, which is a modification of ANDYCAP. The major difference 

between the two programmes is that RODEJECTION calculates the control 

rod velocity during the transient. This calculation is based on 

critical two-phase flow in the control rod guide tube, and it takes 

into account interfering systems as for instance the control rod 

velocity limiter. A fully inserted control rod is completely removed 

from the core in approximately 500 msec. 

RODEJECTION is a rather time consuming programme and the com

puter time increases very fast with reactor size. The code has so far 

only been used on a mini reactor with 60 fuel boxes. The calculations 

showod a power peak after approximately 250 msec, then the reactor 

was shut down primarily due to the Doppler feedback mechanism. The 

maximum average fuel temperature for one box was 2400 C. It is be

lieved that some of the fuel rods will rupture due to a high U0_-

steam pressure and may cause steam explosions when molten U0_ reacts 

with water. 

The scram system is far too slow to have any influence on the 

power during the ansient. 
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7. The Danish Reactor No. 1 

7.0 Introduction 

The reactor has been in routine use for neutron radiography, 

and teaching and training purposes. 

7-1 Courses 

The reactor and accompanying facilities were used for teaching 

and training purposes in the following courses: 

10 January - 1 February for 30 students, Danish Technical Highschool 

6 - 7 May for 5 students, Technical Highschool in Lund, Sweden 

8 - 9 May for k students, Technical Highschool in Lund, Sweden 

22 and 29 April for 6 students, Boyal Veterinary and Agriculture University 

7.2 Neutron Radiography 

A shielding facility where a 2 m long irradiated fuel pin can 

be radiographed has been built at the south side of the reactor. Two 

radiographs with a width of 10 cm can be obtained simultaneously. 

The irradiation time for a Dysprosium foil is about half an hour when 

used with a normal X-ray film. 

In this way 5 fuel pins from a power reactor with a total 

length of 15 m have been radiographed from two angles. Outside the 

reactor hall a d?j.rkroom has been built and equipped with used equip

ment from the metallurgy department. 

Two neutron collimators have been made of graphite and are 

designed to give the best possible resolution for fuel pins. 

7.3 Germanium Detector 

The detector has been in routine use measuring absolute ac

tivities of both weak and strong gamma sources. It has taken over the 

work formerly done by the ionisation chamber in the Hot Cell. 

A computer program MCA from Austin university, U.SrA. has been 

adapted to the burroughs computer and to the Nuclear Data multichan

nel analyzer at DR 1, The program analyzes the speetruei and cal

culates the photopeak areas. With the help of a prograwsed reference 

list the isotopes that causes the measured photopeaks are identified. 
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The program includes procedures to read paper tape and to plot the 

spectrum. 

l.k Pile Oscillator 

The mechanical part of the equipment has had to be moved to 

make room for the neutron radiography installation. The new elec

tronic equipment is now ready and is expected to be deliYered from 

the electronic department during the spring of 1975-

7.5 MSssbauer effect 

During the whole period the velocity spectrometer has been 

used to measure absorbers from the chemistry department. The equip

ment has now been partly dismantled but can be re-aseembled in a 

short time. 
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8. Studies and tasks 

8.0 Introduction 

This chapter describes, a little more in details than in the 

General Introduction (chapter l), some of the major tasks placed in 

the department by customers outside Rise. As the customer has the 

exclusive rights to the results or answers, the results are not 

described. 

8.1 CANDU Investigations 

Upon request from the Danish utility ELSAM some studies were 

performed covering various aspects of the feasibility of the CANDO 

reactor type under Danish conditions. The fields studied were: 

A. Evaluation of the safety after a loss of coolant accident 

B. Load following properties of CANDU versus BWR 

C. Possibility of in service inspection of a CANDU reactor 

D. Plutonium recycling and use of thorium in CANDU 

A. Loss of coclant accident 

The safety of the CANDU reactor after a loss of coolant 

accident has been critically evaluated. The first findings have been 

reported to ELSAM. A study of the transient heat flux on the outside 

of the calandria tubes under certain accident conditions has been 

reported. A member of the department has furthermore participated as 

a consultant on safety matters on a utility fact-finding trip to 

AECL, AECB and Ontario Hydro in Canada. 

B. Load following properties of CANDU versus BWR 

The existing CANDU reactorB are mainly used as base load plants 

but due to the relative small power grid in Denmark it is not at

tractive to run a nuclear power plant in this way. Therefore an atomic 

power station must be able to follow the load changes at least to a 

certain degree, and so a comparison was carried out between a BWR and 

a CANDU in the following respects: the influence of xenon poisoning 

on daily and weekly load changes, and liBitations of the rate of 

change of power due to the fuel and cladding. 
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C. Possibility of in service inspection of a CANDII reactor 

Th.? possibilities of performing in service inspections of a 

CANDU reactor according to the ASKE sec. XI code have been evaluated. 

Also, considerations have been made regarding possible alternatives 

to this code. In this respect support has been rendered by the 

Metallurgical Department of Risø and by the Danish Melding Institute 

(SV'J). 

D. Plutonium recycling and use of thorium in CANDU 

The CAND'J reactors are normally operated on natural uranium 

fuel. When such fuel has been used it contains some amounts of 

fissile Pu which might conceivably be reused as an enriching com

ponent for fresh natural uranium. The obtainable energy production 

and new Pu contents for several such cycles have been calculated. 

Thorium is a fertile material transforming into the fissile 

U2J3 by neutron capture. It is about as abundant as uranium and 

behaves in many reactor technological aspects like uranium. At the 

time of reporting to ELSAH only qualified guessing could be offered, 

as the calculational basis only recently has been established. 

8.2 Reporting on: Reactor Types, Safety Aspects, and Trends in 

Reactor Technology 

A request from the Parliamentary "Committee on Research" for 

a short review of: 

existing reactor types for atomic power stations 

safety aspects 

trends in the development of reactor technology, 

led to H short, intensive drafting of a report combining the knowl

edge present at the moment of the request. Several staff members took 

part in the exercise. The outcome, - and here particularly the 

description of safety aspects, - was influenced by the fact that the 

penetration into the problems for a given reactor type was not the 

same for all the reactors mentioned. Furthermore, for some of the 

reactors the problems have only been dealt with in their hose country, 

ar.1 only little has been revealed to the outside world. 

The drafting of this report was an expedient job, but the story fro« 
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the first draft to the finally accepted version was long. (See the 

publication list). 

8.3 Economics of Nuclear Power 

Due to the complexity and the size of the problem under in

vestigation and the urgent need for some results it was decided to 

subdivide the study in phases. 

In phase I an economic comparison is made between the 3 types 

of base load plants, which could be contenplated for an early l^oO'ies 

extension of the system of existing power plants; the 3 types are 

15 a 900 MW(e) LWR, 2) a 600 Mtf(e) CANDU, 3) a 600 (W(e) coal/oil 

fired plant. The power plants are each treated on their own, i.e. the 

existing system and the need for reserve capacity is not taken into 

account. The assumed date for start of coarøercial operation is 1st 

July 1982. The data used contain a large degree of uncertainty, and 

a sensitivity sturh- is ineiefore an integrated part of the investiga

tion. 

This phase t has been completed, k paper containing results 

and some very basic conclusions have been forwarded to the Ministry 

of Trade. Informations on the results are therefore not to be 

released at the moment. 

In the following phase II the study is to be extended from 

dealing with single plants to treating the complete system as it stands 

in 196,?. Other plants on the grid are taken into account and reserve 

capacity c nines in (worked out on the basis on requested security of 

supply and collaboration agreements with neighbouring partners). 

Furthermore, the economic consequences of an unexpected poor perform

ance of the power plant, <r of an electricity demand different from 

the one assumed at the planning stage, has to he investigated. 

Phase III is phase II enlarged to take into account future 

extensions to the system of power plants. This investigation is of 

interest for two reasons: 1) it gives an idea of future outlays 

on electricity production, 2) an inprovesient to the results from 

phape II ie introduced, taking into account that the optimal choice 

of power plant in a static situation is not necessarily also the 

optiffial choice in a dynair.i- one. In connection with phase III it 

is intended to study the possibility for an extended uøe of the waste 

heat froæ power plants. 
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In later phases it has been proposed to extend the scope signifi

cantly with: 1) a cost-benefit analysis, 2) a study of financing, 

3) an appraisal of industrial participation and benefits. 
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9« Education and Public Information 

A series of lectures on reactor technology, reactor types, 

reactor design, and reactor physics, has been given at the Danish 

Technical Highschool (DtH) and the Roskilde University Center. 

As a part of public information given by Folkeuniversitetet, 

lectures on atomic power stations have been given at different places. 

Also,assistance has been given to planning and production of a TV-

programme about atomic energy. 

The department has several post graduate students working on 

Ph.D studies or as post graduate candidates within the fields of 

reactor physics, heat transfer and hydraulics, and reactor engineer

ing (at present 5)- Furthermore, quite a number of students from DtH 

make their master thesis at the department, predominantly within 

reactor physics, heat transfer and hydraulics (at present 8 students.) 
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