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1 Introduction 
The Nuclear Safety Research Department was 
created at the major reorganization of the re
search departments at Risø in March 1990. The 
department has three sections: The Health Phy
sics Seaion, the Reactor Physics Section (with 
the reactor DRl) and the Waste Management 
Seaion. 

The objective of this constellation was to con
centrate in one department most of Rise's com
mitments in the nuclear field and the research 
needed to fulfil them. The commitments include 
the maintenance and further development of 
scientific and technical knowledge within the 

2 Health Physics 
The work in the Health Physics Section includes 
modelling of atmospheric dispersion of radioac
tive substances, operation of the Danish system 
for monitoring potential radioactive contamina
tion, development of software for the handling 
and presentation of radiation monitoring data, 
research and development in dosimetry and in
strumentation, as well as radon research. The 
seaion also takes care of personnel dosimetry 
and service on health physics instruments at Riso 
and contributes to the emergency planning and 
preparedness. 

2.1 Modelling of Atmospheric 
Dispersion 
The main project in 1991 concerned develop
ment of on-line models in close co-operation 
with the Meteorology and Wind Energy Depart
ment and other national and international 
groups. The main co-operation partners are: 
Danish Meteorological Institute (DMI), Kern-
forschungscentrum Karlsruhe (KfK), Naval 
Postgraduate School, Monterey, CA (NPS), La-
boratoire de Mecanique des Transferts Turbu-
lents et Diphasiques, Nantes (LMTTD) and Cen
tral Research Institute for Physics, Budapest 
(CRIP). The work mainly aims at improving the 
models in respect to their application in emer
gency preparedness both for conventional and 
nuclear releases. 

fields of radiation protection, reactor safety and 
radioactive waste management as a basis for Ri
se's consultative services to Danish authorities 
and others. The waste management plant is re
sponsible for the safe handling and storage of 
radioactive waste from Riso as well as from other 
Danish users of radioactive materials. 

This report describes the work of the Nuclear 
Safety Research Department in 1991. Lists of 
staff and publications are included together with 
a summary of the staffs participation in interna
tional working groups etc. 

The on-line dispersion model RIMPUFF 
(Risø Mesoscale PUFF-model), was enhanced 
with a sophisticated new model for plume rise 
based on the model developed by the air pollu
tion laboratory of the Danish National Environ
mental Research Institute. Development of a fast 
model for calculating gamma doses from puffs 
started as a co-operation project between Riso 
and CRIP. Computer programs were developed 
for graphical presentation of the output from the 
RIMPUFF. This work was done under a contract 
with the CEC concerning the implementation of 
RIMPUFF into a coming European system for 
real-time calculation of the consequences of nu
clear accidents (RESYS). RIMPUFF will consti
tute a mesoscale atmospheric dispersion module 
in RESYS. 

Using data from LIDAR measurements, it has 
been proven that RIMPUFF realistically can si
mulate short-time concentration fluctuations. 

Aujeszky's disease is a serious problem for 
Danish farmers and considerable effort is made 
to prevent the spread of this disease. Thus, a 
combination was established between a meteoro
logical station and the on-line model in order to 
permit an on-line risk evaluation of this mainly 
wind-dispersed disease. 

As a part of a contract with the Spanish compa
ny AMBIO, the consequences were evaluated of 
different choices of stack heights for power 
plants at the Canary Islands. In this project a 
combination of RIMPUFF and a new version of 
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the flow model LIN'COM was used. 
Capacity to model chemically reacting species 

(first-order processes) was incorporated in RIM 
PUFF. 

2.2 Assistance to the Danish 
Civil Defence Agency 
Rise operates the Danish system for monitoring 
potential radioactive contamination. Data are 
coileaed from 11 measuring stations distributed 
across the country and transmitted to a computer 
at Riso as well as to a computer at a Civil Defence 
location. Software for handling and presenting 
the data was developed at Risø during 1990 and 
1991. 

The monitoring system has shown good gener
al stability, but a few poinis still require some 
attention. 

In March Riso participated in a major Swed
ish-Danish Barseback emergency exercise »KSI« 
assuming filtered venting through the FILTRA 
plant. As a result of this exercise, some modifica
tions were made in the ARGOS system, which is 
a computerized system for communicating, pre
senting and storing monitoring data. In Novem
ber Risø participated in a minor Swedish-Danish 
Barseback emergency exercise dealing with a fire 
in a building with radioactive waste. 

2.3 Participation in Nordic 
Co-operation 
Under the Nordic Nuclear Safety Programme 
1990-1993, the health physics section is entrusted 
with the management of the BER-3 project 
titled: Evaluation and Harmonization of the 
Planning of Countermeasures and the Use of In
tervention Levels. 

A working group has analysed the use of inter
ventions under the scenario for the emergency 
drill »Exercise Sievert/Gotland«. The scenario as
sumes a Chernobyl-like accident giving a large 
release, resulting in doses from plume passage 
over and deposition on the Swedish island of 
Gotland. 

Two methods were applied in the analysis of 
the radiation protection consequences: Cost-
benefit analysis and multi-attribute analysis. As a 
parameter in the analysts, three a-values were ap
plied in the calculations: 100, 20 000, and 
100 000 $/manSv. The results will be published 
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in a BER-3.2 report. 
The BER-3 project was presented at the »Inter

national Seminar on Intervention Levels and 
Countermeasures for Nuclear Accidents«, 7-11 
October 1991 at Cadarache, France, organized by 
theCEC. 

Within the framework of another project 
BER-1.1: Real-time Dispersion Modelling, Riso 
and the Swedish Meteorological and Hydrologi-
cal Institute (SMHI) are coupling the Risø me-
soscale puff model (RIMPUFF) to the SMHI 
long range dispersion model RAM. Methods for 
connecting the HIRLAM flow model to RIM
PUFF are being investigated by the Danish Me
teorological Institute (DMI) and Riso. The aim 
of this work is to establish an integrated system 
for calculating the dispersion of toxic materials 
over long (1000 km) and medium ranges. HIR
LAM and RAM are used for calculating the 
long-range dispersion, while RIMPUFF, using 
the windfield data from HIRLAM, shall calculate 
the dispersion on local/medium scales (100 km). 

The co-operation with the Swedish National 
Institute of Radiation Protection concerning 
emergency preparedness planning was conti
nued. Four KASSANDRA-programs were pro
duced for the Swedish reactor sites Ringhals, 
Forsmark, Oskarshamn, and Barseback compris
ing all twelve nuclear power units in Sweden. For 
a given release and under given weather condi
tions, doses and dose rates can be shown on a 
map of the surroundings of the plants. 

For the Swedish nuclear power plant Ringhals 
1, the importance of the iodine filter was evalua
ted. A reduction in efficiency of the filter from 
99% to 96% caused a less than 15% increase in 
doses in the surroundings. 

2.4 Dosimetry 
2.4.1 Personnel Dosimetry 

Rise's personnel dosimetry service covers the in
dividual monitoring of the personnel at Risø and 
at the Niels Bohr Institute Tandem Accelerator. 
Only persons actually involved in radiation work 
are equipped with a personal dosemeter. For con
trolling the radiation levels in areas where the 
use of personal dosemeters is not required, an 
extensive area-monitoring programme using TL 
dosemeters has been established. 

In 1991 approximately 800 persons were mon
itored. Of these, 176 persons received doses 
above the registration level for external doses of 
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0.2 m$v. The total dose (collective dose equiva
lent) registered to the monitored personnel was 
0.29 man sievert which is nearly the same total 
dose as that registered in 1990. 59 persons re
ceived internal doses caused by intake of tritiated 
water. The contribution to the total dose from 
internal doses was 0.016 man sievert. For 1990 
the total internal dose was 0.008 man sievert. 
Figure 2.1. shows the distribution of the regis
tered doses for 1991. 

Results from an •Inter-comparison Pro
gramme for Individual Monitoring« were evalua
ted. For the Riso personnel dosemeter, the re
sults were in good agreement with the expected 
values. The programme is co-ordinated by the 
IAEA and carried out under a research agree
ment. 

2.4.2 CEC Technical Recommendations on 
Indrvidnal Monitoring 

Together with other laboratories, the dosimetry 
group assisted the CEC in preparing a document 
on technical recommendations for monitoring 
the exposure of individuals to external radiation. 

The final document has been prepared and will 
be published in 1992. 

Furthermore, a programme has been carried 
out for testing the performance of three different 
dosimetry systems in order to prove the adequacy 
of the recommendations prescribed in the docu
ment. The results of the study were reported at 
the Third International Conference on Radiation 
Protection Dosimetry, Orlando, 21-24 Oct. 1991. 
The results of the programme have proven the 
adequacy of the recommendations given in the 
documeni. Further evaluation of the results will 
take place and be published in 1992. 

2.4 J Dosimetry of Beta and Low-Energy 
Photon Radiations 

In collaboration with six European laboratories, 
the group participates in a joint CEC research 
project aiming at improving the dosimetry of 
weakly penetrating radiations. The dosimetry 
group at Rise concentrated on charaaerizing the 
beta radiation field from a IMRu/IMRh source 
using an extrapolation chamber. Funbermore 
the dosimetric characteristics of the highly sensi-

Fifure 2.1. Distribution ofiahotebody doses (effective doses) in 1991 for the Riso personnel. 
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live LiF:Mg.CuJ* TL phosphor were studied 
with a view to using this material for preparing 
thin detectors for weakly penetrating radiations. 

Within the framework of EURADOS-CEN 
DOS, studies continued on the determination of 
dose rates from low-energy beta sources. Mea
surements were made at four different laborator
ies of the dose rates from equal 147Pm sources. 
The results were compared and various uncer
tainty sources identified. Results from this study 
were reported at the Workshop on Skin Dosi
metry, Dublin, IMS May 1991. 

2.4.4 Control of Irradiated Spices 

I* collaboration with the National Food Agency 
of Denmark, the group participated in an inter-
coiapanson programme for identification of irra
diated spices using the TL measurement method. 
The results showed that the TL method is ade
quate for this purpose. 

Figmrr 2.2. Cms-secnomel VUB of the radon ust structure. 

2.5 Radon Research 
2.5.1 Radon Transport and Entry 

A previously developed two-dimensional, finite-
difference model for studying soil-gas transport 
has been extended to include radon transport. 
The model solves the equations for steady-state 
soil-gas and radon transport, including radon 
emanation, decay, diffusion, advection, and par
titioning of radon between gas and liquid phases. 
The model is flexible, and problems related to 
houses, to our test structure, or to soil probes can 
be modelled in detail. 

A test structure for experimental studies of ra
don transport under field conditions has been 
established at Riso. A cross-sectional view of the 
structure is shown in Figure 2.2. It consists of a 
40 litre, stainless-steel cylinder placed in a 0.52 m 
deep quadratic excavation with a side length of 
2.4 m. The excavation is lined with an airtight 
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membrane, and soil gas enters the cylinder 
through a changeable interface in the bottom 
The (de)pressurization of the cylinder is con
trolled by a mass-flow controller, and various 
parameters are logged onto a personal computer 
every 10 minutes. 

Steady-state experiments have been conducted 
at the test structure. Four aspects were investiga
ted: total flow resistance, pressure couplings, and 
radon concentrations under diffusive and advec-
tivc conditions. Pressure couplings and radon 
concentrations were measured in 19 probes loca
ted in the soil surrounding the structure. 

Tbe experimental results have been compared 
with results of model calculations based on mea
sured soil parameters. Measurements of gas pei-
mcability, soil moisture and radon emanation 
were made by the Department of Ekcirophysks, 
the Technical University of Denmark, whereas 
measurements of soil density and porosity were 
made by Ris«. 

For most of the probe locations, reasonable 
agreement was found between tbe measured and 
calculated values of the pressure couplings, the 
normalized radon concentration fields under dif
fusive and advective conditions, and the degree 
of radon depletion. However, discrepancies were 
found between measured and calculated absolute 
values of soil-gas entry rates and radon concen
trations. The discrepancies indicate a need for 
further investigations concerning how detailed 
the soil characterization and modelling need to 
be in order to account for soil inhomogen«ties. 

2.52 Seasonal Variations 

Seasonal variations of indoor radon concentra
tions have been studied in 70 single-family 
bouses selected according to the type of substruc
ture and the type of soil underneath the house. 
Five categories of substructure were included: 
Slab on grade, crawlspace, basement, and combi
nations of basement with slab on grade or crawl 
space. Half of the houses are located on clayey till 
and the other half on glaciofluvial gravel. In each 
house, radon was measured in a living-room and 
a bedroom, in the basement if present, and in the 
crawl space if present and accessible. The mea
surements were made with track detectors on a 
quarterly basis throughout a year. 

For living-rooms and bedrooms, the seasonal 
variations ranged from being highly significant 
for the slab-on-grade houses to being insignifi
cant for the crawl-space houses. For basements 

and crawl spaces, the geometric mean radon con
centrations did not show significant seasonal var
iations. 

For the distributions of the ratios of the seaso
nal to annual average radon concentrations, the 
standard deviations were found to be lower for 
the spring and autumn than for the summer and 
winter periods. This indicates that (for Danish 
climatic conditions) spring and autumn are the 
best seasons for earning out screening measure
ments (say, of a few months duration) of radon in 
dwellings. 

2.6 Development of Instruments 
and Methods 
2.6.1 Optically Stimulated Lawrncsccnee 
(OSL) 

In Optically Stimulated Luminescence (OSL), 
die research work continued with tbe develop
ment of a new OSL unit based on a simple halo
gen lamp light source for stimulation of quartz 
samples. The tight from the halogen lamp is 
strongly filtered resulting in a green stimulation 
wavelength band which is necessary for OSL 
measurements of quanz samples. The green light 
scattered during the illumination of samples is 
discriminated by an ultraviolet detection filter 
pack placed in front of the photo detector ca
thode. In addition to tbe halogen lamp light 
source, the OSL unit incorporates an infrared 
diode array for measuring infrared stimulated lu
minescence (IRSL) from feldspar samples and for 
screening the purity of quartz. The new OSL 
unit can be fitted directly onto the automated 
Risø TL dating apparatus and thus permit com
bined infrared/green OSL and TL measurements 
to be performed by the same PM tube. Tbe sti
mulation spectrum from the halogen lamp deli
vers about 16 mW/cm1 at the sample. The new 
unit has successfully been used to date both ar
chaeological and geological quaru samples with a 
significantly higher accuracy than previously ob
tained using the TL method. Another big ad
vantage of OSL over TL is that much less sample 
material is needed for an age determination. A 
schematic diagram of the new OSL unit is shown 
in Figure 2.3. 

In 1991 Risø delivered combined TL/OSL sys
tems to (he following research laboratories: Uni
versity of Helsinki, Finland; University of Aber
ystwyth, Wales; University of Oxford, UK; Uni
versity of Catania, Italy; University of Adelaide, 

Rist-R-625(EN) 9 



OCTECTBK 

nun p*ac 

OJMKR VACUUM 
IKTERFACE 

tuucesi 
LAMP 

EJCIlAlKHf 
FILTER P J C K 

VJBCTWOHK 
SKUTTER 

FOCUSDCC 
LEKS 

SAMPLE - 4 - * I - - HEATER STRIP 

Fipm2.3.Sckiwiåtkdkfimm€fihttimikmJgnmamiåifrmtdOSLmmam 

Australia; University of Melbourne, Australia; 
The Australian National University, Canberra 
(two pieces); University of Woliongong, Austra
lia; Office of Nuclear Research for Peace, Bang
kok; Rathgen Research Laboratory, Berlin; and 
Institute for Social Medicine, Berlin. 

1 6 J The Measurement of Environmental 
Gamma Radiation 

The instrument group continued the co-ordina
tion of a CEC research proiect aimed at testing 
different detector types for environmental 
photon radiation and establishment of practical 
calibration procedures. Monte Carlo calculations 
were carried out to determine the scattered air 
kerma rates in free-field and shadow-shield cali
bration geometries using different cenificated 
gamma sources. Four European laboratories par
ticipated in the intercomparison protect. 

2-6-3 Low-level Ben Murbcouaters 

Development work continued on gas-flow anti
coincidence multkounter systems for tow-level 
ben counting applications by changing the 
mechanical counter geometry. The total height 
of the counter unit was halved resulting in an 
improved shielding effect. In 100 mm lead 
shielding and in a normal ambient radiation le
vel, the background was reduced from 0.20 cpm 
to approximately 0.14 cpm implying a significant 
improvement. The new counter construction was 
further tested ir the ultra-low radiation environ
ment in the Asse salt mine. The ambient back
ground in 1000 m depth is less than 1 nGy/h and 
thus a hundred times less than that on the sur
face. The counter background was reduced to 
about 0.03 cpm, i.e. by a factor of about five. The 
remaining signal reflects the inherent counter 
background and is due to impurities of the con
struction materials. 

Two beta multicounter systems were delivered 
to the National Institute of Radiation Protection, 
Reykjavik, Iceland, and to the Alfred Wegener 
Institute, Bremerhaven, Germany. 
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\ Reactor Physics 
i» the Reactor Physics Section, work is done in 
lie following are«: 

) Reactor physics research 
) Nuclear safety investigations 
) Activities at the DR 1 reactor 

LI Reactor Physics 
a the field of reactor physics, some further deve-
jpment work has been carried out on the system 
f LWR codes, which is the result of many years 
fwork. 

A model for reconstruction of detailed fuel 
pin powers from coarse mesh core simulator 
calculations has been developed and tested 
(3.1.1). 
A new method for calculation of flux distri
butions in LWR fuel assemblies, based on 
collision probabilities and interface currents, 
is under development and an excerpt of the 
theory presented in (3.1.2). 
The Nodal Expansion Method, which is used 
for large node reactor calculations in 3 di
mensions, has been written in a 2-dimension-
al version and used in an international bench
mark calculation (3.1.3). 
Four of the most used reactor physics codes 
are written in ALGOL, which by the end of 
1992 becomes an obsolete language at Risø. 
Therefore the work of transferring them into 
FORTRAN has been undertaken and is well 
underway (3.1.4). 
Our neutron cross section libraiy is of a ra
ther old date. Work is going on to replace it 
with the new JEF-2 file f">m the NEA Data 
Bank (31.5). 
Calculations of the reactivity worths of stain
less-steel absorbers have been made for the 
DR 3 reactor. Also the construction of a new 
facility for storage of spent fuel elements has 
required extensive safety documentation cal
culations (3.1.6). 

.1.1 Pin Power Reconstruction 

lore simulators are codes used for calculations of 
tower distributions in reactor cores during 
Deration. They are typically coarse mesh codes 
tilizing neutron cross sections calculated by se-
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Figure 3.1. A node (S) with its eight neighbours. 

parate support codes. 
They are well suited for calculating 'he average 

powers in the coarse meshes, which may often be 
sections of whole fuel assemblies. Thus, there is a 
need to develop some methodology to estimate 
the detailed fuel pin powers from the assembly 
averages. 

Such a method has been developed and imple
mented in the COSIMA core simulator code. 

The method utilizes the fact that in addition to 
the average node fluxes, also the average node 
surface fluxes are known. 

This makes it possible to find an expression of 
the flux inside a node (in the x-y plane) with 5 
terms: 

«p(x>y) = 2 aijX'y' 
i,j = 0,l,2 

with the additional restriction that either i or i be 
0. 

This is now done for a node (5) and its eight 
neighbouring nodes (Figure 3.1). 

The flux in corner point A of node 5 can then 
be expressed as the mean of Cj, D2, A5, B4 and 
similarly for the other three corners of 5. Forcing 
the flux in node 5 to attain these new values in 
the corners provide 4 new equations, such that 
the full 9 terms expansion 

<p(x,y) = 2 aiixiy' 

i,» = 0,1,2 

can be n.ade. 
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The final flux and power distribution in the indi
vidual pins are then constructed as a superposi
tion of the ip(x,y) as found above and the detailed 
pin-flux distribution from the cross section gen
erating support program, in our case the LE-
WARDcode. 

3.1.2 Nodal Collision Probability Theory 

Detailed neutron energy spectra may be calcula
ted locally in a reactor in the form of multigroup 
flux solutions of the integral transport equation. 
The classical solution method using collision 
probabilities to describe the interaction between 
regions is suitable for small systems such as a 
unit cell consisting of a cladded fuel pin or con
trol rod with surrounding water, but is inade
quate due to excessive computing times for larger 
systems such as a whole fuel assembly. The ad
vent of nodal solution techniques has brought 
such problems within reach for practical applica
tions. 

In the nodal method, the coupling between 
cells (or nodes) is established by the so-called 
interface current technique, thus eliminating all 
non-neighbour connections, while the collision 
probability method is maintained for the flux 
distribution within each cell. 

The nodal method is implemented in a new 
BWR fuel assembly code under development. 
Collision, escape, and transmission probabilities 
are calculated by three subroutines modelling pin 
cells, control-blade rods, and fuel box boundary 
cells (water gaps). Fluxes and interface currents 
are calculated by traditional iterative methods. A 
few preliminary tests have been run to see that 
things »look reasonable«. 

Work is now in progress to improve the 
above-mentioned subroutines with respect to 
geometric resolution and efficiency of the num
erical integration techniques. Furthermore, a 
new method to improve the solution efficiency of 
the equation system has been proposed as de
scribed in an internal report. Basically, the me
thod employs Gaussian elimination of the fluxes, 
leaving only a reduced set of interface current 
equations in terms of multiple flight transmis
sion probabilities to be solved iteratively, and the 
convergence has been proven to be good. 

3.1.3 2-Dimensional NEM Code 

In the Nodal Expansion Method the flux inside a 
homogeneous node is expanded in polynomials. 

This is an improvement compared to ordinary 
diffusion codes, where the flux in a node is as
sumed constant. Therefore, one should expect 
better results from a NEM code. At the same 
time, it lends itself to a more flexible boundary 
condiiior specification than do the diffusion 
codes. 

When a NEACRP benchmark exercise on 
PWR fuel assemblies required checker-board 
boundary conditions, it was decided to modify 
our 3-dimensional NEM code into a 2-dimen-
sional code, which was subsequently used for the 
benchmark. The results from the other partici
pants in the benchmark are not yet available. 

The speed of the code is somewhat slower than 
the diffusion codes, but has been found to be very 
sensitive to the choice of convergence para
meters. 

3.1.4 Computer Code Conversion 

At the end of 1992 the ALGOL based computer 
at Risø will be closed. Most of the reactor physics 
programmes developed at Risø during the last 
twenty years have been implemented on the ma
chine in the programme language ALGOL. This 
language cannot be applied on modern compu
ters, therefore a programme conversion from AL
GOL to FORTRAN has been initiated. 

During 1991 two programmes have been con
verted to FORTRAN, that is the simulator of DR 
3, DR3SIM, and another important code for reac
tor physics calculations for DR 3 called DIFF2D. 
The work will continue in 1992 with two other 
important reactor physics codes. 

3.1.5 Neutron Cross-Sections 

Work is in progress on replacing the old 
UKNDL cross-section library (from 1970) with 
the Joint Evaluated File (JEF) data from the Nu
clear Energy Agency (NEA). The NJOY program 
system with updates for processing nuclear data 
in the ENDF/B-VI format has been implemented 
and tested on the VAX-8700. The international 
co-operation on benchmark testing of the JEF 
data continued to the end of the year, and so we 
are awaiting the release of the first version 2.2 of 
theJEF-file. 
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3.1.6 DR 3 - Reactor Physics 

The research reactor DR 3 at Riso is going to 
have a new intermediate storage facility for spent 
fuel elements. For that purpose criticality calcu
lations have been performed on different fuel 
storage configurations and accident scenarios. 

The results show that even if the storage facil
ity is flooded with water the configuration is still 
well subcritical. 

In future the DR 3 reactor will utilize stainless 
steel absorbers to compensate for part of the ur
anium burnup. The benefit from this is a more 
constant axial flux distribution due to less use of 
the coarse control arms. 

A model of the stainless steel absorbers has 
been implemented in the simulator DR3SIM and 
the results tested against measurements. 

3.2 Safety-Related Work 
The safety-related work consists of 

- Studies of aerosol behaviour and of hydrogen 
phenomena in containments (3.2.1) 

works in the framework of the SIK projects in
itiated by the Nordic Committee on Safety Re
search (NKS) 

- SIK-2, on »Severe accidents« (3.2.2) 
- SIK-3, on »Safety-related data for neighbour 

reactors« (3.2.3) 

the EEC project 

- ENTOREL, which examines the reliability of 
robots, (3.2.4) and the Risø Study Group for 
Nuclear Preparedness, which has been deal
ing mainly with initial studies of 

- Advanced reactors (3.2.5) 

3.2,1 Aerosol Behaviour and Hydrogen 
Phenomena in Containments 

A thermal-hydraulic code, CORAN, for Con
tainment Response ANalysis, was obtained from 
the NEA Data Bank. It has now been installed on 
a PC. In parallel with this, the code was also 
installed on Rise's Vax 8700. During installation, 
a number of problems were encountered. The 
roost important one is an instability in the cho
sen (explicit) integration procedures. Imroduc-
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tion of an implicit scheme was not successful, but 
subdivision of the original fixed-length timestep 
proved efficient. 

Hydrogen Deflagration 

A Ph.D.-project was initiated on the subject of 
hydrogen deflagration in relation to reactor acci
dents. The experimental part of the project has 
benefitted from the hospitality of the Battelle In
stitute in Frankfurt am Main, Germany, and of 
the Whiteshell Laboratories in Pinawa, Canada. 
Presently, the experimental work is concentrated 
around multiple ignition. These experiments are 
being performed at Whiteshell. 

3.2.2 SIK-2, Severe Accidents 

SIK-2.6, Assessment of Aerosol Modelling, is 
one of the tasks in the Nordic SIK-2 project on 
Nuclear Reactor Accident Analysis. 

In the middle of 1991, permission from the 
USNRC was obtained, so that work on some of 
the proprietary codes could commence. Through 
the hospitality of VTT, Finland, access to some 
of the source texts and to a number of otherwise 
inaccessible manuals was obtained. The codes 
considered are primary system codes. Reporting 
is underway. 

3.2.3 SIK-3, Safety Related Data for Neighbou. 
Reactors 

The objective of the SIK-3 project is to collect, 
systematize and evaluate safety related data of 
nuclear installations within and close to the Nor
dic borders. The data include design features and 
operational practices significant for the plant 
safety. The data collected and the expertise 
gained in the project have two main applications: 

- On basis of the data, the safety authorities can 
respond to general safety related questions 
concerning a particular design. Such ques
tions can come from politicians, the public, 
or the media. 

- In case of an emergency situation in a plant 
located in a neigbouring country, the data can 
help the Nordic safety authorities to deter
mine the severity and course of the accident, 
potential external consequences and neces
sary emergency response actions. 
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The data are presented in reports consisting of 
about 100 pages for each nuclear power plant or 
installation. 

Riso has the project management of SIK-3, 
which was started in 1990 and will continue until 
the end of 1993. 

Reports on the following nuclear installations 
have been finished: 

- Greifswald I-VIII 
- Leningrad I-IV 
- Ignalina MI 
- Ship reactors 

3.2.4 ENTOREL 

ENTOREL (ENvironmenial TOlerance and RE-
Liability) is pan of an EEC cost shared action 
programme named TELEMAN. The objective of 
this programme is to develop remote operated 
robots to be used in nuclear power plants, repro
cessing facilities etc. 

ENTOREL is headed by the Risk Analysis 
Group and is conducted in collaboration with 
CEN, Belgium, Harwell, UK, and Interatom, 
Germany. 

Data on radiation damage in components are 
collected and organized in a database. All the 
other partners in the Teleman-project will have 
access to this database. Furthermore a general 
reliability model of a gantry crane robot was set 
up based on identified top events, fault trees and 
FMEA (Failure Modes and Effects Analysis). 

3.2.5 Studies of Advanced Reactor Concepts 

In the Study Group established in 1987 with the 
purpose of gathering the people in Denmark pos
sessing knowledge in the nuclear-technological 
field, the work up to the middle of 1991 has been 
concentrated on collecting data and information 
concerning reactors in the neighbour countries 
to Denmark, i.e. Sweden and Germany. This 
work has resulted in several reports on the speci
fic power plants ant is now finished apart from a 
continuous minor updating effort. 

As a new study object we have chosen the new 
concepts for advanced reactors. Three types have 
been selected for further examinations, the 
PWR-types, the BWR-types, and the fast reactor 
types. 

Among the PWRs, the types PIUS, SIR, and 
AP600 have been looked at. In the BWR category 
the SBWR and the ABWR are candidates, and as 
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the fast reactor the IFR/PRISM concept has been 
chosen. 

When these 6 types have been evaluated, a fi
nal choice for further detailed studies of one or 
more concepts will be made. 

3.3 Danish Reactor DR 1 
The reactor has been used almost exclusively for 
educational purposes. 54 high school classes have 
carried out one-day or half-a-day experiments at 
the reactor. The to:al number of students has 
been more than 900. 

Some of the experiments were: 

- Determination of the reactor's temperature-, 
power-, and bubble coefficients 

- Neutron activation analysis 
- Measurements of neutron cross sections 

A number of students from the Technical Uni
versity of Denmark have carried out experiments 
at the reactor over a period of three weeks. 

Bit Errors in Computer Memories 

A Danish software house has experienced prob
lems with bit errors in small computers. The 
computers are used on long distance passenger 
flights and the errors in the SRAM's (Static Ran
dom Access Memory) were observed after 150 -
300 hours of flying. A series of tests was conduc
ted to rule out »conventional« causes like vibra
tions, extreme temperatures etc. 

An initial exposure to a neutron source avail
able at DR 1 resulted in the same bit errors. An
other test with gamma radiation showed no ef
fects after a dose of 0.5 Gy. 

Fast neutrons are encountered at flight alti
tudes. The neutrons are produced when cosmic 
rays interact with oxygen and nitrogen. Subsequ
ently, the fast neutrons react with silicon in the 
memory chips producing a-particles and protons. 
These particles ionize part of the chip resulting 
in a shift in the memory (a bit error or a single 
event upset). 

A number of tests were conducted with a spe
cial check program loaded into the computer. 
The program records the time and location of the 
error (and resets the error). The mean time be
tween failures ranged between 6 and 8 hours, and 
the time between failures followed an exponen
tial distribution. The neutron flux in the test was 
a factor of 200 higher than the one actually en-
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Figure 3.2. Verification of the exponential distribution of the time between failures. 

countered during flights. 
In Figure 3.2 the exponential distribution of 

the time between errors is demonstrated. The ex
pected values have been plotted against the ob
served values. The points should then fall on a 
straight line. 
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4 Waste Management 
The Waste Management Section takes care of 
collection, purification, conditioning and storage 
of radioactive and/or chemically toxic waste ma
terials arising in connection with the nuclear in
stallations or other laboratory work at Riso. The 
facilities are also used as a centre for management 
of radioactive waste recieved from other Danish 
users of radioactive substances (laboratories, hos
pitals and industry). It is not planned to dispose 
of the radioactive waste packages stored at Risø 
within the nearer future, but the Waste Manage
ment Section contributes to the international re
search efforts concerned with documentation of 
safe storage and disposal of radioactive waste. Ex
perimental work is carried out on long-term pro
perties of bituminized or cementitious materials. 
Some work on soil chemistry is also carried out. 

4.1 Waste Management 
The radioactive waste water purification plant, 
the bituminization plant and the compaction sys
tem for low-level solid waste were operated as in 
previous years. The total release with purified 
water (excluding tritium) was -182 MBq, partly 
in form of B ,J. This is more than three times the 
amount released last year but still only about 2% 
of the permitted releases. Further details are gi
ven in [1]. 

Some new measurement methods employed on 
the off-gas from the bituminization plant indica
ted a considerable release of 14C in fonn of car
bon dioxide when used ion exchange resins from 
DR3 are treated in the plant. A change in proce
dure is under consideration. 

A total of 119 drums with conditioned low-le
vel waste was produced and put in ad hoc storage 
awaiting transfer to a new storage facility under 
construction. The building will be ready for use 
medio 1992. External radiation levels from the 
existing storage facility (Betonrorslageret) for 
older drums with low-level waste were remea-
sured and evaluated due to some concern expres
sed by employees at the new National Environ
mental Research Institute laboratory situated 
near the storage area. The results were in good 
agreement with previous estimates of the external 
radiation and well below any reasonable level of 
concern. During the next 2 to 3 years the waste 
units will be moved from the old storage area to 
the new building under construction. This is 

done to upgrade the storage conditions for the 
waste units and to obtain greater planning flex
ibility for use of the area north of the facility 
where the old drums are placed now. 

Decommisioning work at the Rise Hot Cells 
continued during 1991 and resulted in further 
transfer of samples of irradiated fuel and pack
aged a-contaminated equipment to the storage 
facility for these types of waste (Centralvejslager-
et). 

The inactive waste-water purification plant 
and the collection sy.»em for inactive chemically 
toxic wastes were operated as usutal. 

Some further documentation Lave been pre
pared as background for the application for a per
mit to dispc .c of sludges from the waste water 
purification plant outside Risø. The sludge is an 
example of materials where it have to be defined 
whether the slight content of radioisotopes is be
low regulatory concern. Presently and as a gener
al question this is of considerable interest to ra
diation-protection authorities also international-
iy-

This and many other aspects of radioactive 
waste management are discussed within the EC 
system by the ACPM for the Plan of Action con
cerned with management of radioactive waste 
within the European Communities. Risø partici
pates together with representatives of the Danish 
nuclear regulatory authorities in the committee 
and in working groups under the committee. In 
1991 considerable efforts have been spent on as
sisting in formulation of the 3rd CEC report on 
»Radioactive Waste Management in the Eur
opean Community, Present Situation and Out
look.« 

4.2 Waste Material Properties 
Research 
The research efforts of the Waste Management 
Section are concentrated within three main 
areas: 

- Properties of cementitious materials. 
- Our previous CEC contract work on cemen

ted waste and concrete used as a barrier ma
terial was published [2,3,4] and used as back
ground for a paper (to be published in 'Waste 
Management') describing experiments with 
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and modelling of hygroscopic water uptake in 
cemented waste containing easily soluble 
salts. The matter is of some concern in case of 
near-surface disposal. 

- The work was also used in connection with 
an invited rewiev article on pore structure in 
cementitious materials presented [S] at the 
15th Int. Symp. on the Scientific Basis for 
Nuclear Waste Management, arranged by E-
MRS in Strasbourg in November 1991 (to be 
published in Cement and Concrete Research). 
The paper describes the pore structure within 
the frame of percolation theory and with re
ference to the many methods used for charac
terization. The pore structure is very complex 
involving at least two 1)1)65 of porosity. The 
study is valuable as background for SANS 
measurements on cement paste (see below). 

Considerable modelling work has also been 
done in connection with these two papers and on 
general cement chemistry in preparation for fu
ture work. 

Experimental work under a new CEC contract 
on cement was initiated, and the first annual re
port May-Dec 1991 is available. The studies are 
carried out in co-operaticn with AEA Techno
logy, Harwell. 

The main topic is crack closure in concrete 
due to deposition of calcium carbonate from a 
flow of bicarbonate-containing groundwater. 
Actual closure of cracks as well as deposition of 
more or less impervious layers on the crack sur
faces are of importance for safety assessments. 
The first is a positive feature because flow is pre
vented, but the second is negative, preventing 
access to the buffering alkalinity present in a ce
mentitious backfill material. Studies on material 
relocation in (granulated) cementitious products 
due to a flow of C02-free water are also carried 
out. 

Work on characterization of the micro-struc
ture of degrading cement using SANS (Small 
Angle Neutron Scattering) was continued also 
under this contract. The improved experimental 
facility and the more advanced data-handling 
and curve-fitting procedures appear to give in
teresting results (co-operations with the Chemi
stry Section and the Solid State Physics Depart
ment). 

- Properties of bituminized waste materials. 
Our previous CEC contract work on bitumi
nized waste is presented in [3,4]. A concept

ual model for water uptake in bituminized 
waste containing easily soluble salts is presen
ted in [3] and has been utilized in formula
ting a dynamic computer model of the pheno
menon. It runs on a PC but is not yet fin
ished. A description is in preparation. 

- A new CEC contract within the area (in co
operation with CEN Cadarache, France, and 
CEN/SCK. Mol, Belgium) has been accepted, 
but the formal signatures were delayed. There 
are therefore no new experimental results 
available. The proposed studies are of direct 
relevance for the type of bituminized waste 
produced at Risø. 

- Radioactive contaminated soil may arise in 
connection with accidents or may be found 
during decommissioning of nuclear installa
tions. Some research projects may also pro
duce relatively large quantities of contamina
ted soil. 

Cement solidification of radioactive contamina
ted soil is difficult, but may be possible using a 
special additive available from the Danish firm 
Geodur A/S. The process has been studied since 
1989 and some results are presented in [6]. How
ever, they should be seen in connection with fur
ther work made under the KAN2 project, which 
is one of the Nordic co-operative efforts. The 
work on the Geodur part of the KAN2 project 
has been finalized, and a preliminary version [7] 
of the final report is available. The conclusion is 
that cement solidification is of rather doubtful 
value for the retention of cesium and strontium 
within contaminated soil. However, there may 
well be very good effects on heavy metals and 
a-emitters. 

The participation in the KAN2 project conti
nues, partly in support of the scenario formula
tions concerned with waste from large accidents, 
and partly as an experimental study of some in
teresting interaction effects between contamina
ted soil and concrete used as barrier material in a 
disposal facility. 

4.3 Soil Chemistry 
Soil chemistry or geochemistry is of very great 
importance for the safety of waste disposal and 
for the general understanding of the behaviour of 
pollutants in the underground as well as in sur
face soil. For historical reasons the migration of 
radionuclides etc. in the underground has mainly 
been the concern of the Chemistry Section, while 
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the Waste Management Section has taken an in
terest in soil chemistry and hydrology of the un
saturated surface layers. 

In previous years this was done in (he form of 
a project combining field studies in forests (per
formed by the Danish Forest Research Institute 
and the National Environmental Research Insti
tute) with laboratory studies and modelling using 
the ECCES model (the Waste Management Sec
tion in co-operation with the Systems Analysis 
Department). It has now been thought worth
while to turn the soil chemistry part of this mod
el into a more simple and flexiblt unit. This 
smaller model SAMUS (Single Area Model for 
Unsaturated Soil) is written in Pascal in a PC 
version. It is operational, but some obvious im
provements remain to be made, including calcu
lation checks and the writing of a description of 
the model. Use of the SAMUS model is proposed 
for some future co-operation projects with the 
Danish Forest Research Institute. 

List of Publications and Presentations 

Brodersen, K., Carugati, S., Driftsrapport for Be-
handlingsstationen med tilhørende lagre. Per
ioden 1/1 til 31/12-1991 (in Danish). 

Atabek, R., Billon, A., Vitorge, P., Brodersen K., 
Ewart, F.T., Haworth, A., Ramsay, J.D.F., 
»Characteristics of buffer materials and radio
nuclide behaviour in cementitious and clay bar
riers.« In: Radioactive Waste Management and 
Disposal. Proceedings of 3rd European Com

munity conference on radioactive waste man
agement and disposal, Luxembourg 1990, L-
Cecille, ed. (Elsevier Appl. Sci. London 1991), 
EUR 13389, pp. 363-377. 

Brodersen, K., Berghman, K., Glasser, F., Long-
omazino, N., Nomine, J.C., Wang, J., »Chemi
cal and thermal stability of waste products.« 
Ibid, pp 242-256. 

Brodersen, K. and Nilsson, K. (1991). »Mechan
isms and interaction phenomena influencing 
releases in low- and medium-level disposal sys
tems.« Task 3: Characterization of radioactive 
waste forms. A series of final reports (1985-89), 
No. 31. EUR 13662. 92 p. (Also available as 
Risø-M-2908). 

Brodersen, K. and Nilsson, K., »Pores and cracks 
in cemented waste and concrete«. Paper presen
ted at the XV Int. Symp. on the Scientific Basis 
for Nucl. Waste Management, E-MRS 1991 fall 
meeting, Strasbourg, Nov. 1991. Symposium D: 
Chemistry of cements for nuclear applications. 

Brodersen, K., Hjelmar, O. and Mortensen, K., 
»Cement conditioning of waste materials and 
polluted soil using the Geodur process.« In: 
»Hazardous, Radioactive and Mixed Wastes. 
Vol. 2« Proceedings of the ASTM symposium , 
Williamsburg, US 1990. Gilliam/Wiles eds. 
ASTM sip 1123 (January 1992). 

Brodersen, K., »Cement solidification and inter
action between cement and radioactive conta
minated soil«. Preliminary report to the KAN2 
project. KAN2(91)1. (August 1991). 
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Appendix 1 
STAFF of the Department 1991 

Department Management 

Benny Majborn (head from 1991.12.01) 
Frits Heikel Vinther (acting head 
1991.11.30) 

Lis Rasmussen 

Herskh Physics Section 

Frits Heikel Vinther (head) 
Claus Erik Andersen (Ph.D.student) 
Lars Bøtter-Jensen 
Poul Christensen 
Sandor Demé (guest scientist) 
Geoff A.T. Duller (guest scientist) 
H.L. Gjørup (consultant) 
Jørgen Lippert 
Benny Majborn 
Domingos Nicolli (guest scientist) 
Flemming K. Nielsen 
L.A.R Da Rosa (guest scientist) 
Søren Thykier-Nielsen 
OleWalmod-Larsen 
Mette Øhlenschlæger (temporary) 

Birthe Berg 
Per Brøns 
H.E. Christiansen 
Lissi Sture Hansen 
Jørgen Jakobsen 
Nina Jensen 
Johannes Jepsen 
Finn Jørgensen 
Berit Kornerup 
Ingrid Kristensen 
Margit Nielsen 
Finn Pedersen 
Lis Sørensen 
Michael Thomsen (temporary) 
Finn Willumsen 

Reactor Physics Section 

CF. Hojerup (head) 
until P.E. Becher 

A. Bujor(Ph-D.studeni) 
Peter Bille Fynbo 
Erik Nonbol 
Jørgen Olsen 
Knud Ladekarl Thomsen 

Inge Blyitgen 

Waste Management Section 

Knud Brodersen (head) 
Thorkild Lundgaard 
Massimo S. Carugati 

Birthe Andersen 
Winnie Andersen 
Erling Christensen 
Birthe Hansen 
Signe Hansen 
Ole Soiling Hansen 
Sven Jensen 
Gitte Larsen 
Jørgen Larsen 
Knud Larsen 
Bent Nielsen 
Palle Olsson 
Jesper Bohn Rasmussen 
Nina Thomsen 
Bent Willumsen 
Arne Vinther 
Ruth Aagesen 
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Appendix 2 
Participation in International 
Working Groups, etc. 
IAEA, The International Atomic Energy 
Afency 

Co-ordinated Research Programme on Intercom-
parison for Individual Monitoring (Christensen). 

ICRP, International Commission on 
Radiological Protection 

Committee 4, Application of the Recommenda
tions (Gjerup). 

OECD, Nncicar Energy Agency 

CSNI, Steering Committee (Hejerup). 
CSNI, PWG4, Confinement of Accidental Radio
active Releases (Fynbo). 
CSNI-PWG4, Subgroup of Experts on Accident 
Consequences (Thykier-Nielsen). 
NEA-Databank, Steering Committee (Hejerup). 
NEA-CRP, Committee on Reactor Physics (Non-
bel). 

CEC, Commission of the European 
Communities 

Article 37 Group of Experts (Walmod-Larsen). 
CGC 6 Nudear Fuel Cycle (Brodersen). 
ACPM for Plan of Action (Brodersen). 
Task 3 of the Waste Research Programme (Bro
dersen). 
Working Party on Criteria for Recycling Mater

ials from the Dismantling of Nuclear Installa
tions (Heikel Vintner1 

Working Group on Reactor Dosimetry (Olsen). 
Group of National Experts on Assistance in the 
Event of a Nuclear Accident or Radiological 
Emergency (Heikel Vinther). 
Expert Group on Environmental Gamma Mon
itor* (Better-Jensen). 
Expert Group on Transfrontier Emergency Plan
ning (Walmod-Larsen). 
Group of Technical Experts on Radiation Protec
tion Dosimetry (Christensen). 
EURADOS-CENDOS, Skin Dosimetry (Christ
ensen, chairman). 
EURADOS-CENDOS, Criticality Accident Do
simetry (Majborn). 

EAES, European Atomic Energy Society 

Public Relations Correspondents Group (Wal
mod-Larsen). 

Nordic Cooperation 

Steering Committee for NKS Proiects (Heikel 
Vintner). 
Reference Group on KAN Proiects (Brodersen). 

Editorial Boards 

Radiation Protection Dosimetry (Better-Jensen). 
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