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Development and Present Status of NPP's in the FRG 

Development 

The year 1955 marked a historical cornerstone: In this year the f i rs t 
United Nations International Conference in Geneva on the Peaceful Use 
of Nuclear Energy took place and the FRG signed the Paris T rea ty , ta ­
king on the obligation to use nuclear energy only for peaceful purpo­
ses. It is the year where f i r s t preparations in the FRG started for 
the ut i l izat ion of nuclear energy. Five years afterwards the Atomic 
Energy Act of the FRG became effect ive (January 1960) and the f i rs t 
commercial nuclear power plant was commissioned at Kahl in 1960. Thus, 
e lectr ic i ty has been produced in the FRG by nuclear energy for more 
than 25 years. 

The development of commercial l ight-water cooled nuclear power plants 
began wi th the construct ion under licenses of U.S. vendors. Very soon 
independent German developments were established. The result was the 
rapid introduct ion of l ight-water reactors, both BWRs and PVVRs, of 
German design. 

In th is context, i t is worth mentioning that only large ut i l i t ies in 
the FRG operate or bear responsibi l i ty for operation of NPP's thus 
prov id ing the necessary resources, expertise and in f ras t ruc ture . Also, 
essentially all nuclear power plants in the FRG are turnkey projects. 
The state of design and planning is usually highly advanced before 
construct ion begins. It is furthermore important to note that licenses 
are usually granted both to the u t i l i t y and the vendor. The vendor 
operates dur ing commissioning the plant on its own responsibi l i ty 
from f i r s t cr i t ica l i ty via various power steps up to fu l l power 
before commercial operation and take-over by the u t i l i t y . There is 
- wi th one exception - only one vendor. Both vendors have shown their 
capacity in efficient construct ion and operation of NPP's. 

Nuclear power plants have seen substantial development and consider­
able maturing process. The size of the plants was increased and the 
safety concept was adapted to the advancing state of science and 
technology. 

Worth mentioning are the following steps: the 300 MWe-, and (600-900) 
MWe PWR and BWR classes in 1966-1968, and 1972-1979, respect ively, the 
1300 MWe Biblis PWR class in 1974-1978, the 1300 MWe BWR class in 
1984-1985, and the 1300 MWe Preconvoi-PWR class in 1981-1984. 

. Status 

Considerable efforts for standardizat ion, close cooperation and acce­
leration of licensing have been taken in the FRG. To this end , the 
Konvoi-project has been established in 1982. This project is realized 
in three Konvoi plants which are cur rent ly under construct ion. The 
construct ion period has been reduced by about 20 % relative to the 
Prekonvoi power p lants. Commissioning and erection on site is well on 
or ahead of schedule. A t two of the three plants s t ructura l work on 
the buildings is f inished and the pressure and leak rate tests for 
the primary containment vessel were successfully conducted. The 
pressure testing of their primary systems will be completed this 
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sp r i ng . The time dif ference of the th i rd Konvoi plant w i th respect 
to both other Konvoi plants wil l be half or one year . Two of the 
Konvoi plants wil l s ta r t commercial operation presumably in 1988, 
the th i rd plant in 1989. 

Al together , 21 units are presently in operation wi th an installed 
total net electrical power capacity of about 19 000 MW. 4 uni ts are 
under construct ion wi th an additional net capacity of about 4000 MWe. 
Including plants under construct ion the share of BWRs and PWR is about 
30 % and 67 %, respect ively, showing that other reactor types l ike gas 
cooled reactors or the fast breeder consti tute only a minor fract ion 
of the total nuclear capacity. The nuclear energy's share of e lectr ic i ty 
generation in the FRG wil l increase from sl ighly more than 30 % today 
up to about 40 % in 1990. Whether or not new nuclear power plant 
projects will be realized in the fu ture cannot be foreseen at the 
moment. 

Five demonstration plants already in operation were shut down part ia l ly 
after 20 years or even 25 years of successful operat ion. They are 
in var ious steps of decommissioning. For one plant license for total 
dismantl ing has been granted recent ly. 

Fig. 1 shows sites of nuclear fuel cycle facilit ies in the FRG. A com­
pilation of NPP's in the FRG can be found in Table 1 . 

Performance 

Nuclear power plant performance is very satisfactory from an economi­
cal point of view. FRG units have been ranked constantly amongst the 
worldwide top level power plants in recent years. 

3 FRG nuclear units produced each more than 10 Mio kWh in 1984 and 
1985, and 2 units each in 1986, respect ively. The good performance 
is f u r the r demonstrated by the average capacity factors of 82,8 %, 
83,4 % and 80,4 % in the last 3 years , 1984, 1985 and 1986. The FRG 
had 12 of its 19 units running above 80 % capacity in 1986, and in 
the preceding years 14 out of 18 (1985) and 9 out of 17 (1984). Only 
one u n i t , a demonstration plant performing specific tes ts , was be­
low 50 % capacity in the last 3 years. The high availabil i t ies of 
the BWRs have been reached only recently after extensive backf i t t ing 
measures have been terminated (exchange of most of the pr imary p ipes) . 

Non-avail iabil i t ies of capacity due to unplanned outage times are on 
the average less than 3 % in the last 3 years , an appreciable fract ion 
of the units are below 1 %. More than 70 % of these forced outages 
in LWR plants have been caused by steam generator problems and con­
ventional equipment such as turb ine generators, main heat removal 
systems, feedwater and condenser systems. The outages caused by nuclear 
components failures have been less s igni f icant. 

The t rend towards improved operating performance is f u r the r demon­
strated by the relative small number of reactor scrams . The plants 
have reached a level of about 1.5 scrams (on the average) per plant 
and per year in the last f ive years. 
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Operating Experience 

Reporting System 

The availabi l i ty of information on the national level is mainly 
assured by a formalized repor t ing system. Already about 10 years 
ago the competent authori t ies agreed to install a centralized re ­
por t ing office in the FRG which was subsequently established within 
the Gesellschaft fü r Reaktorsicherheit (GRS), mbH. Licensees are 
required to report abnormal occurrences according to a set of well 
defined report ing c r i t e r ia . According to their safety relevance and 
requi red urgency of administrat ive action the occurrences are grouped 
into d i f ferent categories: 

Category S (S=sofort=immediate) Abnormal occurrences requi r ing 
immediate steps of the competent au thor i t y . These 
occurrences include those events which show acute 
safety relevant deficiencies. 

Category E (E=eil ig=urgent) Abnormal occurrences for which the 
causes must be clar i f ied and abolished in due time. 
These are e . g . occurrences of potential safety s ign i ­
ficance wi thout , however, requir ing immediate actions. 

Category N (N=normal) These are events of general interest about 
which the author i ty must be informed. As a ru le , these 
are events without being immediatly or potentially 
signif icant from the safety point of view which, how­
ever , go beyond normal operation. 

Category V (V=Vorsorge=precaution) These are events which occurred 
dur ing the construct ion period of the plant before 
commissioning and about which the competent authori ty 
must be informed in view of the subsequent operating 
phase of the plant . 

The classification of an event is done according to an (prel iminary) 
assessment at its occurrence. 

Depending on the category the abnormal event must be reported 
from immediately to two weeks after its occurrence. The storage of all 
events is done by a data bank. Current ly the data bank contains 
about 2500 documents. 

Experience from abroad is made available by part icipation in 
international cooperations. The FRG participates in the IAEA-
IRS through the NEA-iRS. Besides, bilateral arrangements exist 
wi th a number of countr ies. 

Exposures 

From a safety point of view operating experience wi th nuclear 
power plants in the FRG is posit ive. No accidents resul t ing in a 
hazard for plant safety , personnel or environment have occurred 
wi th in the last ten years. Also, none of the reported abnormal 
occurrences could be considered alarming from the point of view 
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of safety in the way that a loss of essential safety features 
had been experienced. Within the last six years only one event 
had to be classified as potent ial ly radiologically s igni f icant 
belonging to the highest report ing category. Here, the admitted 
daily release had been exceeded. However, the total ly released 
annual act iv i ty was far below licensed values. Control measurements 
in the surroundings of the plant showed no increased radiation 
exposure. 

Moreover, it is noteworthy that maximal doses to the public even 
from abnormal events which have occurred so far in the FRG have 
never exceeded limits set for normal operational releases (see 
append ix ) , thus being smaller than the variat ion of the natural 
background radiation. 

Operational releases of radionuclides via gaseous and l iquid ef f ­
luents have continuously been reduced for the indiv idual p lants. 
Al though the nominal electrical power output and the number of 
operat ing nuclear power plants has been increased considerably, the 
accumulated releases are fa i r ly constant over the years showing 
thus a signif icant reduction per produced electrical energy . Doses 
to the public due to routine emissions have been calculated 
using pessimistic assumptions. The doses are negligible and far 
below admissible values. Typical calculated committed annual doses 
in most unfavorable cases are 1,0 uSv and less. These doses const i tute 
an insignif icant fraction (less than 0,1 %) of the annual natural 
background radiat ion. 

Statistics of abnormal occurrences and trends 

On the average, 1 0 - 2 0 abnormal occurrences requ i r ing repor t ing 
were recorded in recent years per year and per p lant . Typ ica l l y , 
most of the events fall in the lowest report ing category (t, 80 %). 
About one f i f th of the reported events fall into the middle repor t ing 
category. No event fall ing into the highest class has been reported 
in the last 3 years, 1 event in the last 6 years. 

The majority of the events did not cause a restr ict ion of the power 
product ion (70 % and more), a vast part of them was discovered 
dur ing routine inspection, dur ing maintenance or repair works . 
About 30 % are typical ly caused by component fa i lures. The same 
number holds for faulty repai r , maintenance, operat ing modes or 
operat ing conditions. Design or manufacture faults const i tute a 
s l ight ly smaller fraction (~ 20 % a l t oge the r ) . 

The overwhelming number of fai lures is , corrected by repair works 
and only to a lesser extent by modif ications, showing that in most 
cases the cause is just normal wear and not construct ive def ic iency. 

Evaluation and feed-back 

The effectiveness of the feedback obviously depends on the technical 
details released by the ut i l i t ies and on the ef for t spent on the 
evaluation of the experience. Our experience is that suf f ic ient 
manpower of high qualif ication has to be devoted continuously to this 
task. In the FRG the evaluation is done on the federal level by GRS 
on behalf of the Ministry of Environment, Natural Protection and 
Reactor Safety. I t is important to point out that the licensees 



_ 6 _ 

also need adequate analytical capacity to make use of information 
on operat ing experience from other plants. 

A tho rough evaluation is also a prerequisi te for the preparation of 
a meaningful input for the international cooperation. In the FRG, 
GRS evaluates German as well as foreign experience and prepares 
repor ts for international exchange. 

The d is t r ibu t ion of information on national and international 
level is done by periodic and ad hoc repor ts . All authorities 
concerned with nuclear safety, their advisory bodies, the ut i l i t ies, 
the p lant vendors , expert organizations and component manufacturers 
( i f concerned) are included in the information exchange. For 
in ternat ional exchange, reports are submitted to international 
Incident Reporting Systems. Moreover a direct information exchange 
takes place with a number of countr ies. 

The most essential part of the feedback of course is , that appro­
pr iate actions are taken as a consequence of experience. It is our 
view tha t permanent attention to operating experience and an on­
going technical discussion are more important than formal regulations. 
In the FRG, a large number of improvements were introduced as a 
consequence of operational experience. 

. Back f i t t i ng 

In the Federal Republic of Germany, backf i t t ing practice may be 
conceived as a pragmatic improvement of the actual state of the plant. 
Decisions are usually taken case-by-case paying due respect to all 
re levant aspects. By consideration of operating experience and 
insights of R+D-results, the safety of the plants is continuously 
improved. Here, also experience in foreign plants resulted in 
actions in German plants. 

The overwhelming number of these backf i t t ing measures was implemented 
vo lun ta r i l y by the uti l i t ies after discussions in the sienti f ic-
technical area. One has always succeded this far to convince the 
ut i l i t ies of the necessity of such measures. Also, very often the 
ut i l i t ies have proposed backf i t t ing measures as a result of their own 
invest igat ions. The uti l i t ies fi led the applications which had to 
be l icensed. 

An in i t ia t ive of the uti l i t ies in the implementation of new safety 
related f indings is to be welcomed. I t leads to faster results than 
would be the case wi th imposed provisions. 

A large number of plant alterations have been implemented. Typical 
examples are : 

- Inspections in BWR's revealed deficiencies on the main-steam and 
feedwater pipes. Also, compared to the construct ion per iod, 
h igher-grade material characteristics and optimized manufacturing 
techniques became available in recent years. A large number of 
main-steam and feedwater pipes has been exchanged in German 
BWR's. 
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- In recent years , spatial redundancy of systems and the inde­
pendence of redundant systems for the control of external events 
received greater at tent ion. Most of the older PWR's have been 
re t ro f i t ted wi th a bunkered emergency system. 

- In an older PWR, operating experience showed that radiat ion 
embritt lement of the reactor pressure vessel might be higher at 
the end of its operating period than demanded by present requ i re ­
ments. Operating modes have been changed as countermeasures against 
radiat ion embritt lement. Moreover, the high pressure injection 
system has been modified to preclude br i t t le fat igue in the event 
of cold water t ransients. 

- Backleakage of nitrogen from the accumulators th rough leaking 
check valves resulted in fai lure of a safety injection pump 
to operate dur ing a test. The piping arrangement was changed in 
several plants. 

- Diverse pilot valves for pilot operated safety and rel ief valves 
were installed based on experiences with common cause effects 
in German and foreign plants. 

- I t has become evident that steam generator tube fai lures are not 
ve ry rare events. Contaminated steam would be released to the 
environment via rel ief valves in the event of tube fai lures and 
loss of the main heat s ink. Several measures have been carr ied 
ou t , e . g . increase of set points of the secondary side rel ief 
valves and modifications of the operators procedures, to reduce 
possible releases of radioactive nuclides to the environment. 

Safety Concept 

. General aspects 

Nuclear power plants are designed against disturbances and incidents 
in order to assure the safe shutdown, the coolabil i ty of the reactor 
core, the residual heat removal and the retention of fission products. 
The reactor safety concept in the FRG is basically the same as in 
other countr ies. It is based on physical bar r ie rs to retain the 
hazardous radioactive materials and on the concept of defense- in-
depth to protect the integr i ty of the barr iers against consequences 
of incidents and accidents. 

Compared to other countries there are , however, some peculiarit ies 
in the FRG. 

Inherent feedback-characteristics of the p lant , redundancy and - i f 
possible - d ivers i ty and especially physical separation of safety 
related equipment are vital elements in our safety concept. Also, 
the h igh degree of automation and the s ingle- fa i lure and repair -
cr i ter ion are important issues in this respect. 



Redundancy and automation 

Safety-related subsystems are redundant and are not only functionally 
separated but also physical ly and are construct ional ly protected. In 
our concept, interlacing between redundant subsystems, including 
thei r aux i l ia ry devices like automatic control and power supply , is 
avoided as far as possible. Because of the single-fai lure concept 
and the additional postulation of a repair job on another redundancy, 
there are two more redundancies than are needed to cope with an 
incident ("n+2"-system layout) . 

These are valuable design tools to combat common-mode fai lures. 
Also, in-service inspections of individual trains can be carried 
out on a t r a i n -by - t r a i n basis in greater dep th , without in ter­
ference wi th necessary automatic safety measures. 

Redundant safety control systems are provided which are separated 
from other systems. These control systems control all safety-related 
funct ions. Pr ior i ty c i rcui ts ensure that the signals of the safety 
control systems take pr io r i t y over other signals, part icular ly over 
the operat ing controls and manual actions. 

Manual measures to cope with incidents are only required after a 
period of 30 minutes. The necessary safety measures are automatically 
ini t iated at least du r ing the f i r s t 30 minutes following an incident. 
The power plant is automatically t ransferred to a safe follow-up 
state. The effectivness of manual measures are indicated in the 
control room. Also, whenever such actions are requ i red , the respective 
signals occur in the control room and appear on the main control 
desk, the system control desk, the reactor protection panel and on 
the computer annunciation un i ts . 

As a resul t of the far- react ing automation concept, the major task of 
the responsible control room personnel is monitoring the state 
of the p lant . Such a layout helps to avoid human e r r o r s , part icular ly 
in s t ressfu l ! s i tuat ions. It is a step forward towards an e r ro r -
tolerant reactor. 

Progressive limitation and protection by control systems 

Moreover, to reduce the actions of the safety control systems and the 
workload of the operators, a concept of defense-in-depth has been 
applied wi th respect to reactor protection. This concept is charac­
terized by a hierachical s t ruc ture of automatic operating controls, 
l imitation systems and the protection system. 

The f i r s t level of defense is automatic contro l . The major process 
variables are contro l led, with the inclusion of dead bands, so that 
they remain constant or at given values dictated by the load concerned. 

The next line of defense is realized by so-called limitation systems. 
There are two d i f ferent types: Condition limitation and protection 
l imitat ion. The f i r s t ensures that process values do not exceed the 
limits specified in safety analysis. The other is designed for protective 
countermeasures for specified events. Limitation measures take pr ior i ty 
over operating controls and preceed the protect ive actions of the 
safety systems. 
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The protect ive actions of the safety systems const i tute the t h i r d 
level in this progressive concept. These actions are in i t iated in 
cases which are not coped with by operating controls or l imitation 
uni ts. Actions at this level overr ide actions at preceding levels. 

With this hierarchical concept a more appropriate and f lexible response 
to disturbances and incidents is achieved. 

The low number of reactor scrams and spurious init iat ions of safety 
systems demonstrate the effectiveness of this concept as a whole. 

In spite of t h i s , the shif t personnel has operating procedures 
available to ensure that incidents can be manually cont ro l led . The 
staff is g iven t ra in ing and periodic re t ra in ing . Here, as a back -up , 
also f lexible use of safety features in the plant are given due 
weight to halt accidents in case of unpredictable event sequences 
or sequences which have not been previously considered in the des ign. 
This ut i l izat ion of safety margins which is hidden in the present design 
is part of the German safety philosophy. 

Incident and accident prevention 

The German safety concept gives pr io r i t y to measures for incident 
and accident prevent ions, supplemented by additional measures for 
accident mit igat ion. 

Typical ly German PWR's are thus equipped wi th a spherical fu l l -p ressure 
(dry) containment of steel which can withstand the pressure bu i ld -up 
after loss-of-coolant accidents. Spray systems to limit the containment 
pressure in the event of a total mass and energy discharge of the 
primary loop are not necessary. Connections of the containment to the 
outside are secured by redundant isolating devices. The containment 
is surrounded by a concrete shel l , with a wall thickness up to about 
two meters. Leakages from the containment into the annulus between 
the steel and the concrete shell can be exhausted and f i l tered for 
controlled emission through the stack. The concrete shell protects 
also against hypothetical external events like ai rcraf t crashes and 
shock waves from chemical explosions. Crash loads from a fas t f ly ing 
je t - f ighter including induced vibrations are used as design basis. 

Systems necessary to assure decay heat removal, reactor shutdown, and 
long-term subcr i t ical i ty are located in a separate bui ld ing which is 
also protected against external impacts. Stored coolant and available 
energy supply are suff icient to keep the plant in a safe state for 
at least 10 hours without manual actions. 

In this bunkered system an emergency control room is integrated 
which gives fu l l control of the shut down systems and the residual 
heat removal system in case the main control room is not available 
due to external events. 

Moreover, due to ve ry str ingent requirements in the FRG also to protect 
nuclear power plants against external events, v i ta l system functions 
like emergency power and emergency feedwater supply are installed 
with higher redundancy and higher d ivers i ty than compared to other 
countr ies. So, in addit ion to the main feedwater system an auxi l iary 
feedwater system which can operate on emergency power has been i n -
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sta l led. Fur thermore, a complete independent emergency feedwater 
system does exist with four t ra ins , both physical ly and functionally 
separated, each with autonomous water and power supp ly , and each 
being dedicated to d i f ferent steam generators. In this way not only 
the re l iab i l i ty of the heat removal via secondary-side systems was 
increased to cope with external events but also in view of small 
leaks and operational t ransients. 

Another typical example of the prevention pr incip le is the concept of 
"basic safety" which has been developed to avoid loss of coolant 
accidents. This concept is based on high-grade material characterist ics, 
par t i cu la r ly by limitation of the contents of metal impurities and 
trace elements, and by application of optimized manufacturing 
techniques. A lso, the number of welding seams are minimized and welding 
seams are localized outside areas of increased stress. This concept 
aims at high toughness and duct i l i ty of the pressure retaining 
boundary supplemented by increased testabi l i ty and resistance of 
the p ip ing against un l ike ly , yet undiscovered, cracks. 

The basic safety concept includes not only the primary coolant and 
connected systems, but also the pressure retaining walls of pipes, 
f i t t i n g s , va lves, pressurizers and pumps of external systems with 
importance to safety. 

The improvement due to the basic safety concept permitted a modification 
of the LOCA-phi losophy: 10 % of the main coolant pipe cross section 
( 0 . 1 A) could be defined as a representative design break-size with 
respect to reaction and jet forces on walls, pipes and components. 

This approach resulted in the deletion of unnecessary pipe whip re ­
s t ra in ts , which hindered recurrent inspection. Radiation exposure of 
personnel has signif icant ly be reduced for this type of work. 

On the other hand, especially to maintain the independence of safety 
ba r r i e r s , the double-ended break postulate (2A) was kept as design 
basis for the effectiveness of the ECC-Systems and , furthermore, to 
demonstrate that the containment and its retention devices suff iciently 
limit the release of radioactive materials under the pressure and 
temperature conditions prevail ing also in the event of additional 
fuel rod cladding damage. 

Use of probabi l ist ic methods and r isk oriented safety goals 

PRA in licensing and decision making 

Today, the probabil ist ic approach to reactor safety is more widely 
accepted. The methods are used worldwide to assess the technical 
safety supplemental to the tradit ional safety analysis. 

In the FRG, the probabil istic methodology is within licensing an 
established and wel l -proven, however, informal and pragmatic tool. 
The probabi l ist ic assessments are restr ic ted to specific items 
concerning design basis events and safety functions to cope with 
these events , mostly with regard to core coolabil i ty and to a lesser 
extent to containment isolation. 
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No formal guidelines or quanti tat ive safety targets have yet been 
established. Quanti tat ive f igures evolve as a matter of pract ice. 
These f igures are used for orientation purposes. An assessement of the 
quant i tat ive results is not the main object ive. Rather, weak point 
identif ication and optimization in view of a balanced safety concept 
are pr imary issues. 

Given the uncertaint ies of analytical probabi l is t ic methods extremely 
low frequencies are always to be looked at w i th great caut ion. This 
is always the case when very remote accident scenarios have to be 
considered. 

Many experts express the view that in such situations a fundamental 
limitation of the probabil ist ic approach becomes ev ident , which 
to a large extent - has its roots in a gap of knowledge. 

PRA are thus used in a process in which conventional approaches retain 
their dominant and continuing value. 

. Full-scope r isk studies 

It is an independent aspect, however, that severe accidents beyond the 
design l imit were and are st i l l being investigated in in-depth research 
programs. In th is context complete r isk studies are performed in the 
FRG. Also, plant-specif ic probabil istic studies which are confined to 
selected issues have been completed or are underway. 

The results are careful ly analyzed by i n d u s t r y , authori t ies and legal 
bodies. As a matter of fact , changes in the design or operation were 
and wi l l be s t ipu lated. 

In the FRG, accident management measures are investigated and internal 
emergency response actions as a back-up of design provisions which 
ful ly uti l ize the safety margins in present des ign, par t icu lar ly 
the avoidance of a large scale coremelt under unfavourable condit ions 
and the fission product retention facil it ies of the containment. A lso , 
specific measures in the event of core melt accidents for control led 
f i l tered depressurization of the containment for LWR are considered. 

The results of the Phase B of the German Risk Study wil l help us 
in decision making. 

Risk studies are thus used in an operational way to improve and 
optimize the safety of nuclear power plants. 

. Safety goals 

By r i sk oriented safety goals a set of quant i tat ive cr i ter ia is 
meant against which the safety level of a plant can be j udged , 
using probabi l ist ic methodologies. It is a subject of con t ro ­
versial discussions which would be the appropriate form and how these 
cr i ter ia should be set. 

Different approaches have been considered so far . The proposals 
are st i l l being debated. We are in the FRG not as close as other 
countries to formulate a safety goal pol icy. 
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Outlook and fu tu re prospects 

The t h i r d decade of the peaceful use of nuclear energy in the 
Federal Republic of Germany has seen a phase of consolidation 
and a considerable maturing process. Operating experience in the 
FRG is posi t ive. The methods of reactor safety have proven to be 
sat is factory . Therefore , the basic safety principles in the 
FRG can be expected to remain in i ts present form for an extended 
per iod . 

Nevertheless, safety engineering wi l l not stand s t i l l . In the FRG, 
there is a basic requirement to cont inuously adapt nuclear safety to 
the advancing state of science and technology. 

A t present there are concrete plants to expand the safety concept 
to include severe accidents. Measures are discussed aiming at 
in tervent ion du r ing the course of an accident even beyond the design 
basis. 

In the FRG, those measures should be taken in a pragmatic way i f , 
wi th acceptable e f fo r t , a substantial reduction of the already 
small residual r i sk may be accomplished. 

In this con tex t , the following cases can be dist inguished 

to assure that design limits of the core are not exceeded 
al though the state of the plant has already passed the 
design limit as a whole 

to assure complete and long-term coolability also in 
si tuat ions wi th core heat-up and severe core damage 

to assure emergency containment isolation with increased 
internal pressure 

to f u r t he r diminish the threat of containment fai lure 
due to hydrogen combustion in LWR's 

to fu r the r mitigate the consequences of hypothetical 
nuclear core melt accidents by controlled f i l tered 
depressurizat ion of the containment of PWR's. 

In August 1986 the Reactor Safety Commission has requested plant 
vendors and operators of all German NPP's for an information on 
plant specific items. Preliminary results of the deliberations 
have been set forward end of 1986. The complex should be terminated 
essentially about end of 1987. 

The basic philosophy is to f lex ib ly use exist ing safety and 
operational systems with due consideration of new findings in 
nuclear safety research. 

In the decison making, the information presented in the course of 
the evaluation of the Tschernobyl accident and the investigations 
of core-melt phenomenology in the context of the German Risk Study 
Phase B , as well as preliminary r isk s tudy results concerning other 
p lants, played a substantial role. 
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First decisions have been taken. One nuclear power plant is a l ready 
equipped wi th facil it ies of controlled containment depressur izat ion. 
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SITES OF NUCLEAR POWER PLANTS AND 
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T a b l e I : 

Nuclear Power Plants in the F .R.G. (Dec. 1986) 

1 . PWR's 

Obr ighe im 
Stade 
B ib l i s A 
B ib l i s B 
Neckarwesthe im 1 
Unte rweser 
G r a f e n r h e i n f e l d 
Grohnde 
P h i l i p p s b u r g 
Mü lhe im-Kar l 
B r o k d o r f 
Isar 2 
Emsland 

2 
ich 

Neckarwesthe im 2 

2. BWR's 

Würgassen 
B r u n s b ü t t e l 
Isar 1 
P h i l i p p s b u r g 
Krümmel 
Gundremming 
Gundremming 

3. HTGR's 

Jü l i ch 
U e n t r o p 

4 . LMFBR's 

Ka r l s ruhe 
Ka lka r 

1 

en B 
en C 

(KWO) 
(KKS) 

(GKN 1) 
( K K U ) 
(KKG) 
(KWG) 
(KKP 2) 
(KMK) 
( K B R ) 
( K K I 2) 
(KKE) 
(GKN 2) 

(KWW) 
( K K B ) 
( K K I 1) 
( K K P 1) 
( K K K ) 
(KRB B) 
(KRB C) 

( A V R ) 

Net 
pow 

Net 

e lec t r i ca l 
er (MW) 

340 
640 

1146 
1240 

795 
1230 
1235 
1300 
1268 
1227 
1307 
1285 
1242 
1230 

e lec t r i ca l 
power (MW) 

Net 

640 
771 
870 
864 

1260 
1244 
1244 

e l e c t r i c a l 
power (MW) 

(THTR-300 ) 

(KNK I I ) 
(SNR-300 

Net 

13 
296 

e lec t r i ca l 
power (MW) 

) 
17 

295 

Sta 
cia 

r t o f 
opé ra i 

1968 
1972 
1974 
1976 
1976 
1978 
1981 
1984 
1984 
1986 
1986 
1988 
1988 
1989 

S t a r t of 
c ia l 

commer-
ion 

* ) 
* ) 
* ) 

commer-
opera t ion 

1972 
1976 
1977 
1979 
1983 
1984 
1985 

S t a r t of 
c ial 

1966 
1986 

S t a r t o f 
c ial opera t 

1978 

commer -
o p e r a t i o n 

commer -
on 

1986 * ) 

*) under construction 
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FILTERED VENTING OF SWEDISH REACTOR CONTAINMENTS 

1 

INTRODUCTION AND SUMMARY 

Sweden has 12 operating light water reactor nuclear power units -

9 ASEA-ATOM BWR's and 3 Westinghouse PWR's. The BWR's have 

pressure suppression containments and the PWR's have large, dry 

containments. Sweden is in a unique position of heavily depending on 

nuclear power in the near-term (approximately 50 % of total gene­

ration) while having decided by public referendum (in 1980) and 

government decision to abandon it in the long-term. The Swedish 

government has decided that nuclear power is to be phased out in 

Sweden by the year 2010. 

After the accident at Three Mile Island in 1979 the Swedish Govern­

ment appointed a Reactor Safety Commission to re-evaluate the 

risks of nuclear power and to investigate what actions should be 

taken to enhance safety at Swedish nuclear power plants. The 

Commission in its recommendations emphasized the importance of 

continued work to prevent accidents. However, the Commission 

also suggested that further investigations be made to mitigate the 

consequence of core-melt accidents involving loss of containment 

function. In this context the reduction of land contamination was 

mentioned specifically. Atmospheric venting of the LWR contain­

ments via filter systems appeared to the Commission to offer the 

potential of reducing appreciably the releases considered, and a 

feasibility study on vent-filtered containment concepts was recom­

mended (1). 

Early in 1980 the Swedish Institute of Radiation Protection 

presented a report titled "More Effective Emergency Planning" in 

which the consequences of core-melt accidents were studied. Re­

commendations on improved emergency planning were made, 

relating to different levels of ambition. The report focused atten­

tion on the long-term consequences of a major accident in a nuclear 

power plant. It was sceptical towards the use of probabilistic 

estimates of accident risks as a basis for policy decisions; thus 

greater emphasis on mitigating the consequences was implied (2). 
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The Swedish nuclear industry was responsive to the recommenda­

tions of the Reactor Safety Commission. Work on vent-filtered 

containment concepts for possible implementation in operating 

plants commenced in February 1980 in the form of the FILTRA 

project. It was sponsored by the Nuclear Power Inspectorate and 

the Swedish nuclear utilities. The main part of research and deve­

lopment work was carried out by ASEA-ATOM (design concepts) and 

Studsvik Energiteknik (coremelt phenomena). 

A phase-1 progress report on FILTRA was issued in March 1981 (3). 

It indicated that the risk-reduction potential of vent-filter concepts 

is promising and that practical design solutions can be found. 

However, further experimental and modelling work was deemed 

necessary as a prerequisite for decision-making. 

The Government did not wait for further research. In February 1981, 

they ordered a filter system to be installed in the Barseback plant 

by 1985. As a consequence of this decision, work on filtered venting 

accelerated and focused on implementation at the two 570 MWe 

BWR units at Barseback. 

The FILTRA system for Barseback is shown in Figure 1. Briefly, 

pressure-relief ducts are connected to the the wetwell of each con­

tainment and are conducted to a large filter chamber, common to 

both units. The filter consists of a concrete structure filled with 

about 10,000 m3 gravel. 

Upon a core-melt accident resulting in containment overpressuriza-

tion beyond design pressure, a rupture disk located close to the con­

tainment wall in the relief duct will break. Steam, gases, and arero-

sols will pass through the water pool of the wetwell which acts as a 

prefilter for iodine and some other fission products. Remaining 

amounts of the volatile products of the core melt will be discharged 

to the gravel bed. This unit acts as a condenser for steam and, ac­

cording to large-scale experiments, will retain close to 100 percent 

of all fission products except the noble gases. The latter, however, 

will be delayed substantially before eventual release through the 

stack. 
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In their 1981 decision, the Government singled out Barseback for 

implementation of FILTRA because of its nearness to population 

centres (Malmo, Sweden and Copenhagen, Denmark). However, the 

Government also required that measures providing an equivalent 

level of safety be taken in the other 10 plants and that those 

measures be carried out before 1989. 

Since 1981, the regulatory bodies (SKI/SSI) and the utilities have 

continued their joint research within the framework of the RAMA 

project (Reactor Accident Mitigation Analysis). The work aimed at 

improving the understanding of core melt phenomen a and was 

characterized by much interaction with similar work in other 

countries. The continued work established filtered venting of the 

containments as a major accident mitigating measure. It also 

provided a basis for a modified filter design involving a water pool 

of moderate size rather than the very voluminous gravel bed of the 

FILTRA project in Barseback. Aerosols and elemental iodine 

released upon severe fuel damage are absorbed in the pool water. 

The driving pressure from the containment forces the contaminated 

steam and gases to flow through a system of venturi nozzles located 

in the pool. The water droplet formation in the Venturis greatly 

enhances absorption of particles. Thiosulfate addition to the pool 

water enhances iodine filtration. The entire filter volume is 300-

400 cubic meter, including a gravel moisture separator located bet­

ween the scrubber and the stack. 

The containment venting and filtering projects are now implemented 

by the utilities (SSPB and OKG AB). The filter contracts were 

awarded to ASEA-ATOM and FLAKT INDUSTRI who developed the 

specific design. The filters are called FILTRA-MVSS (Multi Venturi 

Scrubber System). Filters of the type described will be attached to 

the three PWR containments as well as to the seven BWR units. 

The total upgrading of measures to mitigate the effects of severe 

core accidents in these reactors includes the following:-

- containment relief and filtering as described above 

- improved reliability of the containment spray 

- procedures for containment flooding (to the top of the core). 
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The Swedish authorities and utilities see the current round of modi­

fications as the major step in severe accident backfits. The 

vent/filter systems in particular are an important safety feature for 

these plants. The utilities consider the nuclear power plants are 

safe, reliable and economical power producers which could techni­

cally continue operation beyond 2010. 

The next section of this paper outlines the Swedish regulatory 

criteria and requirements for mitigation of severe accidents. Then, 

the applications to the BWRs and PWRs are described, including 

design bases for the equipment to be installed. A brief description of 

the Multi Venturi Scrubber System is given. Finally, the main con­

clusions of the current projects are summarized. 

2 

REGULATORY CRITERA AND REQUIREMENTS 

The regulatory bodies involved in the licensing of nuclear power 

plants and radiation protection are the Swedish Nuclear Power 

Inspectorate (SKI) and the National Institute of Radiation Protection 

(SSI), respectively. In their task to interpret the Government 

decision on vent-filter systems, they arrived at the following 

general safety criteria:-

1. A degraded core accident shall not lead to any acute radiation 

fatality. 

2. Emphasis is put on measures that prevent land contamination 

that would impede land usage. 

3. The requirements with respect to limiting the release of radio­

active substances should be equal for all plants regardless of site 

location. 

4. The requirements arising from these criteria are not applicable 

to scenarios which are extremely improbable (such as a cata­

strophic rupture of the reactor pressure vessel). 



- 22 -

These criteria were subsequently interpreted to mean that no more 

than 0.1 % of the core inventory of radioactive matter (excluding 

noble gases and organic compounds of iodine) be released. 

The authorities in their comments to the general criteria in 1985 re-

emphasized the importance of accident prevention, emergency pre­

paredness and preservation of containment integrity. They pointed 

out the benefit of measures that ensure that containment over­

pressure can be relieved and indicated that filling the containment 

with water to the top of the reactor core will improve containment 

cooling and can provide a means of core cooling and achievement of 

stable post-accident conditions. It was noted that a particular case 

exists for pressure suppression containments, in so far as a LOCA in 

combination with the loss of the suppression function will lead to 

rapid overpressurization. The relief of this overpressure direct to 

the atmosphere might not lead to excessive exposure, since the 

released steam should be fairly clean. 

These guidelines and observations were partly based on analysis and 

alternative design approaches presented by the utilities. 

The authorities also provided specific guidelines with respect to 

automation versus operator action, need for instrumentation to 

monitor release, and other tentative requirements. The measures 

finally decided upon should be completed by the end of 1988. 

3 

APPLICATIONS 

In the analytical work done within the RAMA project it was soon 

discovered that accident mitigating measures would have to be 

specific to the individual plants. The utilities readily embarked on 

plant-specific studies which led to the designs now being 

implemented. The analysis was supported by comprehensive calcu­

lations using several containment response codes and source term 

codes. In particular, the MAAP program was used extensively (4). 
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3.1 

Common design principles 

Some design principles are common to all the ten plants considered, 

although they depart slightlyfrom those applied in the Barseback 

case. 

All the plants will be equipped with pressure-relieving devices con­

nected to MVSS filters. Oskarshamn 1 and 2 will share one filter 

unit; all the other units will have their individual filter, see figure 2. 

The main design criteria include the following items:-

1) Maximum release of 0.1 % of core inventory (excl. noble gases 

and organic iodine compounds). 

2) No operator action may be credited within 8 hours following an 

accident. 

3) Protect against hydrogen explosion is required. 

4) The single failure criterion for active components shall be ful­

filled. A rupture disk is not considered to need redundancy. Other 

exceptions may materialize. 

5) New structures and equipment shall be designed to maintain their 

safety functions during an earthquake corresponding to 0.15 g 

ground acceleration. 

6) A defined set of accident sequences including loss of all AC power 

shall be covered for each plant. The defined sets should constitute 

envelopes over all credible scenarios. 

7) Pressure relief of the containment shall be provided by automatic 

means as well as by manually initiated actions. 

8) Means to fill the containment with water up to the top of the core 

shall be provided. 

9) The reliability of the containment spray shall be upgraded. 
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10) Instrumentation to monitor important process and system para­

meters as well as the amount of radioactivity released shall be 

provided. 

The principle of the pressure relief and filtering system is shown in 

figure 3. The vent line is opened automatically through a rupture 

disk upon containment overpressure (slightly above design pressure) 

and open isolation valves. The steam and non-condensing gases pass 

to the scrubber where heat is dissipated, steam is condensed and 

radioactive substances are absorbed. A parallel line can be opened 

by manual initiation for controlled pressure relief. 

As mentioned above, the event sequences include loss of all AC 

power (blackout) including loss of the on-site diesel generator sets. 

In order to preserve the capability to inject spray water into the 

containment in this scenario, extra piping will be connected to the 

containment spray nozzle system. Water to the extra spray lines 

may be provided from the fire water system which can be driven by 

on-site pumps as well as by the fire brigade. The latter alternative 

cannot however be credited until some time after the accident has 

occurred. 

The spray system should thus be reliable enough to ensure contain­

ment spray which is essential for the following purposes:-

- to reduce containment pressure 

- to cool the containment atmosphere 

to wash out radioactive substances from the containment atmos­

phere 

- to fill water into the containment up to the top of the core. 

The spray function is associated with a decontamination factor of at 

least 10 with respect to airborne radioactivity. 
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3.2 

Pressurized water reactors (PWR) 

There are three PWR units at Ringhals with large dry containments 

(figure 4). The design principles given in the preceeding section 

cover most of the items specific for these PWRs. 

The accident sequence that the arrangements are designed to miti­

gate is loss of all AC-power and loss of the turbine driven auxiliary 

feedwater pump. This will be an envelope covering most other 

possible sequences. Such sequences, which are subject to further 

study, include loss of reactor shutdown and those involving stuck-

open relief valves. 

Figure 5 illustrates containment pressure history in the blackout 

sequence with containment spray start at two different points in 

time. 

3.3 

Boiling water reactors (BWR) 

There are three BWR units at Oskarshamn, the first two of which 

will share one MVSS filter, and the third unit will be equipped with 

its own filter unit. There is one BWR at Ringhals and three units at 

Forsmark - all with individual filters. The Ringhals 1 and Oskars­

hamn 1 and 2 BWRs have external recirculation loops and the other 

units have internal pumps. 

All units have pressure suppression containments similar to the U.S. 

Mark II type. In the older units with external pumps (figure 6) the 

pressure suppression pool covers the entire bottom area of the con­

tainment, whereas the pool forms an annular region in the internal 

pump plants (figure 7). 

The BWR accident sequences considered to cover credible scenarios 

include 

- loss of all AC-power (blackout) 

- LOCA in combination with degraded pressure suppression function. 
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The blackout sequence leads to core melt . In order to protect the 

floor of the lower drywell and containment penetrations in this area 

in the internal pump plants, arrangements are made to fill this,space 

with water from the suppression pool. The transfer of water may be 

initiated automatically or by manual means upon information 

available to the operator, indicating that a severe accident may be 

imminent. 

The LOCA and loss of pressure suppression sequence (AD in the 

WASH 1400 denotation) may - if no countermeasure is taken -

precede a core melt, since the containment integrity is jeopardized. 

The approach pursued in this case involves the assumption that 

pressure suppression is degraded due to a leak in the drywell-

wetwell boundary. The maximum leak considered corresponds to the 

circumferential break of one downcomer pipe to the suppression 

pool. The postulated LOCA then leads to rapid overpressurization. 

This event is counteracted by furnishing a wide (600 mm diameter) 

relief channel from the top of the containment equipped with a 

rupture disk (figure 8). Since the LOCA is assumed to start from 

normal operating conditions, the steam to be relieved is not sub­

stantially contaminated. Therefore, this containment rupture disk 

is allowed to open direct to the outside atmosphere. It will open at 

a fairly high pressure (above design pressure) in order not to be 

actuated inadvertently. After pressure relief, the line is reclosed by 

valves in the open pipe. The resulting dose to persons off-site is 

calculated not to exceed the annual dose permissible during normal 

plant operation. 

ATWS-sequences sequences are not included in the scenarios con­

sidered, since dual function control rod insertion, pump runback, and 

manually initiated boron injection systems render the reactor shut­

down function extremely reliable. 

Figure 9 illustrates a typical containment pressure history following 

the blackout sequence. 
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4 

FILTER DESIGN 

The FILTRA-MVSS concept (Multi Venturi Scrubber System) is de­

signed and optimized into a compact unit which may be located in 

close vicinity of each reactor containment. In order to serve as a 

protection device against overpressurization of the containment a 

suitable pressure relief system also is included. The concept has 

been designed by ASE A-ATO M and FLAKT INDUSTRI who 

developed the specific scrubber system. 

The FILTRA-MVSS concept comprises the following main process 

steps: 

o A pressure relief system 

o A venturi scrubber system 

o A pool for iodine separation 

o A moisture separation system 

o A service system 

o A concrete pressure vessel 

The pressure relief system is directly connected to the multi venturi 

scrubber system. The gas and/or the steam from the containment is 

directed to the distribution chamber inside the pressure vessel. 

From this chamber the medium is distributed into a number of 

venturi nozzles (see figure 10). 

The distribution system passively and automatically engages the 

relevant number of venturi nozzles in correspondence with the 

actual pressure in the reactor containment. The whole system is 

designd to be fully selfcontrolled and independent of any type of 

active control unit or auxiliary power. 

The FILTRA-MVSS building is made of concrete. The inside of the 

pressure vessel is provided with a stainless steel liner. The concrete 

vessel could either be designed as a conventional reinforced con­

crete vessel or in the form of a prestressed concrete vessel de­

pending on the relevant design criteria. 

The pressure relief system is located in a room in the upper part of 

the building. This room will contain both the equipment for the 

pressure relief system and the moisture separation system. 
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The FILTRA-MVSS unit can also be combined with a number of 

back-up functions, e.g. to drain the vessel and to fill it up with 

water, to heat or cool the poolwater and to take out samples of the 

pool water. All the valves for such functions will have to be 

operated from behind a radiation protection shield. 

The FILTRA-MVSS concept can accommodate also the effects of 

hydrogen combustion without any major design alterations. 

The venturi nozzle provides a key mechanism for the removal of 

particles and elemental iodine. Water is sucked into the gas stream 

at the nozzles, and water droplets of suitable size and velocity are 

formed. The water/particle interaction is grately amplified by this 

design, and several physical phenomena contribute to a high absorp­

tion rate. Iodine retention is further increased by adding thiosulfate 

solution to the pool water. 

Since a total decontamination factor of 1000 is required for the 

source term, and the containment spray function (cf section 3) ac­

counts for a factor 10, the multi venturi scrubber should be designed 

to yield a decontamination factor of 100. In the PWR case, 

however, there are some sequences in which the containment spray 

may be unavailable for a few hours. This circumstance is com­

pensated for by requiring a MVSS decontamination factor of 500 in 

the PWR applications. 

5 

CONCLUSIONS 

The new Swedish regulations effectively amount to consider 

degraded core accidents - including a core melt - to be design basis 

events. The measures now implemented in all Swedish nuclear 

power plants are designed to mitigate the consequences of these 

accidents in such a way that no acute fatality and no severe land 

contamination would occur. The main mitigating measures consist 

of venting containment overpressure through filters, improved 

reliability of containment spray, and procedures for containment 

flooding to the top of the reactor core. 
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METHOD OF INVESTIGATING ACCIDENT PROCESSES 
AT NUCLEAR POWER PLANTS (NPP) 

V.B. Nestorenko, G.A. Sharovarov, A.G. Shashkov 

(Byelorussian Soviet Socialist Republic) 

At present studies of accident" processes are increasingly done by 

means of computer simulation. Complexity of mathematical description of 

spatially conjugated neutron-physical processes, heat exchange, hydrodynamics 

taking into account possible destruction of individual elements makes it 

impossible to solve these tasks in general for NPP even with the help of 

modern technical means. 

Therefore increasingly applied are studies of accident processes of 

individual elements of NPP. In this context initial and boundary conditions, 

generally, are assumed to be independent of operation of a given element in 

a circuit system [1-5]. 

The present report suggests a method of investigating accidents at NTP 

which is based on dividing the process by separate stages. The results 

obtained at each stage represent initial and boundary conditions for the 

successive stage. For each stage specific mathematical models are built. 

Fig.l shows stages studies of NPP accident processes. Mathematical 

modeling is based on a generalized transport equation which in non-dimen sionn 1 

form looks as follows: 

- - d/i/ c H/& -h ¿¿%, c%% + £ J - ¿Cr oé/t/f/iS j 9 ^ ' <-"--*••-'«•*•>« ~„~y^, ( I ) 

where C - substance, generalized characteristic, which defines energy, 

density, momentum etc. 

KBH, K, Km - corresponding scaling criteria; 

Ws - relative velocity of restricting surface; 

JBH - relative specific volumetric power of external source; 

J - relative specific volumetric power of internal source; 

JH - relative flow of substances owing to molecular processes. 
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At the. first stage, a mode of possible, operation of NPP is being 

determined. A mode of possible operation - is a range, of NPP operating 

regimes, where, parameters do not exceed permissible limits. For this given 

mode, one should determine, optimal in a particular se.nce regimes of NPP 

operation. 

To this end a universal method of investigation has been developed for a 

wide range of tasks. The. method is based on an assumption that any 

installation works as a system consisting of the following standard elements: 

reactor, turbines, regenerators, condensers,mixers, pumps and a bulk of 

termo-physical properties of coolant. By selecting the above mentioned 

elements one can obtain practically any technological diagram of a facility. 

Characteristics of elements are described mathematically in such a way that 

they do not depend on a specific type of elements,which allows their multiple 

use. while calculating variable, operating regimes. This approach to the 

description of installation permitted to develop an algorithm of a code, for 

digital computer [6]. 

For calculation the following initial data is needed: 

1) technological diagram and the. sequence of elements'connections ; 

2) pressure, temperature, coolant flowrate. relevant to calculated regime, 

which is obtained from a calculation of thermodynamic cycle; 

3) surfaces and geometry of reactor, regenerator and condenser; 

4) values of through put among units for variable operating regimes. 

As a result of a facility's calculation for variable, operating regimes 

it is possible to obtain the. following information for different modes of 

operation: 

1) effective coefficients, which are. the. initial data for determination 

of power efficiency of a facility; 

2) temperatures, pressures and coolant flowrate. in all units of a facility; 

3) temperature, of fuel element cladding along the channel; 



- 42 -

5) reactivity variations as a result of temperature and density effects; 

6) level of coolant, superheating at the regenerator outlet; 

7) level of coolant, dryness at. the turbine inlet; 

8) level of liquid coolant overcooling at the pump inlet. 

On the basis of variable operating regimes obtained different programmes of 

a possible operating mode is selected. Fig. 2 shows a possible operating 

mode of NPP with dissociating coolant. Technological diagram of such NPP is 

also shown on the figure. From the condenser liquid coolant is supplied to 

a full flow regenerator where it. is evaporated and superheated and then fed 

to a reactor. From the. reactor coolant flows to a high pressure turbine, 

regenerator, low pressure turbine and to a condenser. Then the thermodynamic cycle 

becomes closed. Minimal level of steam superheating at the reactor inlet, maximum 

coolant pressure and temperature, at the reactor outlet, are considered as 

limiting factors. 

The operating regime which provides maximum value of the power efficiency 

is considered to be optimal regime. This factor represents a ratio between 

useful power and consumed power for a specific period of time and takes into 

account the operation time of NPP in different regimes. 

If**' 
Thus, the investigation on the first stage should result in defining initial 

conditions for initial state before an accident and in assessing margins for 

limiting parameters. 

At the second stage the dynamics of accident process in the NPP circuit 

are studied taking into account operation control and instrumentation system. 

For this purpose a one- dimensional mathematical model of a fuel channel is 

used. The need to take into account the effects of the elements conjugated 

PM 
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with coolant is met by the criterion: 

which defines heat fraction, taken by the channel. In this equation 

C - thermal capacity of the element, M - its mass, Ste - temperature variation, 

T - time constant, Q - thermal power of the. unit. Mathematical model of 

the second stage, is presented in the. following way. Main equations of this 

model look like: 

/^44_l y / /¿J¿, í I / y . 

/ # / / - ^ / ^& , ; ^ , / % % / ^ ^ - (5) 

The mathematical model gives a possibility to conduct studies on leakages 

at various points of the technological diagram, on loss of power, failures of 

control and instrumention and other accident situations. 

Analysis of -# criterion for different elements shows that vessels, 

conchoidal tubes, moderate, length pipelines do not have, significant influence 

(7) 
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on the coolant temperature. Moreover with the increase, of NPP regimes of 

operation their influence diminishes.As a result of these studies we obtain changes 

in the parameters in the accident unit for example, in the reactor, boundary 

conditions by coolant parameters for the accident unit owing to the influence of 

NPP circuit and control and instrumentation, boundary conditions for branch 

pipes, covers, vessels and other components. The results obtained may have 

influence on the changes in the programme of variable regimes and initial 

condition i.e. on the results of the first stage. 

On the. third stage dynamics of a unit and of individual components is 

studied in detail. For the unit more detailed spatial mathematical models is 

being used which takes into account the interaction of channels and temperature 

fields of fuel elements. The. method of finite elements is used to determine 

the temperature fields in branch pipes, vessels, covers and other elements of 

any configuration. Density, heat conductivity coefficient, thermal capacity, 

internal source and temperature are assumed to have, mean values in volume [ 7 ]. 

The results obtained may clarify the assumptions with respect to accident 

unit and elements which were made while modeling NPP, i.e. clarify the results 

of the second stage. On the basis of proposed method the following data is 

obtained: 

1. Dynamics of accident processes development. 

2. The most vulnarable places in accident units and elements. 

3. Time of reaching critical values of parameters. 

4. Parameters on which an emergency protection of the reactor should be 

based. 

5. Guidelines on the programmes of regulation, units'design and materials. 

6. Emergency protection algorithms. 
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The data obtained represent also the initial conditions for investigating 

accident process causing destruction. 

Fig.3 shows, as an illustration, the. results obtained with respect of the 

accident with 100% load loss at the turbogenerator. As is seen from the. given 

data the facility turns to a new equilibrium regime, while pressure in the 

condensor increases due. to additional heat dumping. Fig.4 shows the. results on 

dynamics of changes in pressure, coolant flow rate, and temperature at the reactor 

inlet during NPP complete loss of power. In this case, pump's runout has not been 

taken into account. After 6 sec. coolant flowrate still maintained at 50% of 

the nominal owing to coolant accumulation. 

Bearing in mind that on the one hand, results of investigating accident 

regimes have major effect on safety and, on the. other hand, these studies are based 

in various countries on different methods it would be advisable to develop uniform 

international guidance for NPP accident regime studies which would determine 

necessary scope of accident processes studies, recommended mathematical models, 

methods and programmes, common physical and thermophysical properties of NPP 

coolants and materials. 
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Fig.2. Technological diagram and mode of possible operation of NPP. 
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Fig.4. Changes in coolant flow rate, pressure and temperature at the 

reactor inlet during NPP loss of power. 
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ACCIDENT PROCESS DYNAMICS AT NUCLEAR POWER PLANTS 
WITH DISSOCIATING COOLANT 

V.B. Nestorenko, G.A. Sharovarov, A.G. Shashkov 

(Byelorussian Soviet Socialist Republic) 

NPP with dissociating coolant has in comparison with other NPP's a number 

of substantial differences affecting accident process dynamics. Above all 

they are related to its technological layout and thermodynamic cycle. 

The technological layout is presented in Fig. 1. Liquid coolant is fed from 

a condenser into a full flow regenerator and then is supplied as a steam into 

reactor where additional superheating takes place. The superheated steam 

feeds high-pressure turbine and then the regenerator where heat transfer to 

cold coolant occurs. Steam from the regenerator is fed to the low-pressure 

turbine and them to the condenser. The main feature of this technological 

layout is a combination of gas-cooled reactor and gas-liquid thermodynamic 

cycle in a single-loop plant. Such combination is impossible in case of using 

water steam since its vapourization requires much heat and full-flow 

regeneration is impossible. 

The use of gas-liquid cycle results in generation of large amounts of 

liquid coolant in a technological loop with maximum pressure in cycle. It 

creates favourable prerequisites for maintaining continuous circulation 

through the core in case of electric cutoff mode of NPP due to passive flow of 

coolant from high pressure volume into low-pressure volume, i.e. condenser. 

This feature is essential for gas-cooled reactors since heat accumulating 

capacity of coolant in core is small and time constant is of the order of 

fractions of second. One should also mention low values of fuel rod time 
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constants (1,5 - 2 s). Therefore the main task for providing safety in NPP 

with gas-cooled reactors is to maintain continuous coolant circulation through 

the core. 

In simulating accident processes a question of applicability of static 

heat transfer coefficients for calculating dynamic processes arises. Based on 

theoretical and experimental research it was shown that for the majority of 

non-stationary processes with dissociating coolant the dynamic error does not 

exceed 10-15%. Fig. 2 shows dependence of non-stationary heat transfer 

coefficient on the rate of fuel rod cladding temperature change for ideal and 

dissociating coolant. 

To model turbines in the NPP loop the calculated or experimental static 

dependences or simplified relationship like Frugel equations [1] are generally 

used. However for specific conditions the use of static dependences can result 

in errors. Fig. 3 shows the change of relative pressure drop in turbine and 

G\ff~ 
relative temperature at the turbine output for the constant value of •• with 

20% temperature change in 10 seconds. Shown are the data for turbines with 

various number of stages. These data demonstrate that heat accumulation can 

substantially influence the dynamics of accident processes. Therefore static 

dependencies can be used only after the evaluation of dynamic error. 

Let us consider the accident process of dynamics caused be the 

interruption of coolant circulation through the core. Fig. 4 shows variation 

of temperature in the center of fuel and at the cladding surface following 

spontaneous loss of coolant circulation and actuation of safety system 1 sec. 
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thereafter. Due to low coolant heat accumulating capacity the temperature in 

channels quickly increases. Cladding temperature initially increases much 

faster because of heat transfer from fuel rod center to cladding and because 

of practically zero heat removal from cladding. As can be seen from data 

shown urgent restoration of coolant circulation is nessessary since the fuel 

rod can be damaged in about 2 minutes. 

The study of accident processes following leakage has shown that in case 

of main loop leakage after turbine (Fig. 5) gradual reduction of coolant flow 

starting from nominal value occurs. Pressure reduction rate is 2,2 bar/sec. 

Coolant flow rate in 20 seconds after start of leakage is reduced to 50% of 

nominal value [2]. 

In case of rupture of one of six main steam lines at the reactor outlet 

an abrupt increase of coolant flow rate occurs with subsequent fast reduction 

in time. Even in this case coolant flow safe in 20 seconds is 50% of nominal 

value. However in an emergency considered, the pressure drop between upper 

and lower reactor chambers increases substantially. Such a pressure drop can 

lead to deformation and destruction of reactor structural elements as well as 

to compression of fuel elements caused by bending of fuel assembly's casing. 

To eliminate the above mentioned phenomena in a steam pipeline at the out­

let of the reactor it is advisable to install flow rate limiters. Fig. 5 

shows time dependence of coolant flow data through the core with the flow rate 

limiters. As the data demonstrate the initial coolant flow rate through the 

core is substantially reduced and is followed by more gradual decrease in 

time. 
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Ruptures of the main circuit pipelines at the reactor inlet are the most 

dangerous, becouse in this case the rate of coolant flow rate through the core 

drops down rapidly and its reverse circulation appears practically at the same 

moment. More over large fluctuations of pressure take place in the reactor. 

In order to prevent reverse circulation of coolant through the reactor it is 

necessary to increase the number of feeding pipelines. They should be as many 

as it is necessary so that the break-down of one of them would not lead to the 

reverse circulation and to inadmissible decrease of the flowrate. 

Thus, in case of ruptures of the main circuit pipelines the constant 

circulation in the circuit maintains for a long period of time, which enables 

to take measures for reactor shutdown and for connection of emergency cooling 

systems. The reserve of coolant in the circuit is provided by use of gas -

liquid thermodynamic cycle and a large drop between maximal and minimal 

pressures in the circuit provides driving forces for natural flow of coolant. 

The rate of pressure increase at gas - liquid cycle with dissociating coolant 

is approximately 70 at pressure drop up to 160 bars for NPP with fast 

reactors. These values are considerably lower for other coolants and two-loop 

circuits. 

These features create favourable conditions for natural coolant flow in 

case of power loss of the main circulating pump and the whole NPP. 

Fig. 6 shows the nature of temperature changes for such an accident. 

Shown here is a change of coolant temperature at the reactor inlet and changes 

of fuel and cladding temperatures. The temperature of coolant at the reactor 

inlet decreases because of the pressure decrease at the part of the circuit 
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between the pumps and the reactor and because of sharp decrease of heating in 

the regenerator die to decrease of flow rate on the heating side. First 

the temperatures of fuel and cladding decrease sharply due to the increase of 

flow rate and then they begin to grow. 

The analysis of emergency situations with gas-cooled reactors shows that 

it is necessary to provide for the continuity of coolant circulation in the 

core for all accident conditions. 

In this connection an Emergency Cooling System (ECS) should meet the 

following main requirements: 

- maintaining continuity of coolant circulation whem shifting to cooling 

with ECS; 

- removal of residual heat and cooling down at permissible rates; 

localization of fission products in case of leaking fuel elements. 

Fig. 7 shows the diagram of ECS, which meets the above given 

requirements. During normal operation of a NPP the system is heated and 

remains in a stand-by regime. In case of emergency situation the fast 

operating valve 5 is opened by the emergency protection signal and cutt-off 

valves 2,9 of the main circuit are closed. The coolant accumulated in the 

regenerator-evaporator 4 flows through the reactor 1 due to a difference of 

pressures and flows down through the valve 5 into the reservoir in the main 

circuit with lower pressure, for instance into the condenser. Similarly the 

maintenance of the continuity of coolant circulation in the reactor is 

provided at the moment of shifting to ECS cooling. During passive flow of 
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coolant the pump 7 starts up, the condenser 6 is brought into operation and 

after that the valve 5 is closed down. The cooling system changes into 

gas-liquid cycle. The coolant circulates in closed circuit (pump-regenerator-

condenser-pump) . When the temperature of the reactor components comes down to 

the values, at which thermal shocks are impossible, the coolant is pressed out 

from the regenerator-evaporator 4 into the circuit (not given on Fig. 7) and 

cooling is provided by natural circulation in a liquid phase. 

Fig. 8 shows possible ECS operation at supercritical pressure and 

residual heat energy of 0,5-5% Nnom. 

The restrictions are: maximal possible temperature, maximal flow rate of 

coolant after air flushing and minimal superheating of coolant in the 

regenerator. 

At the mode of possible operation the following control criteria have 

been examined: constant pressure of coolant; constant temperature of coolant 

at the reactor outlet; constant flow rate of coolant. 

Fig. 8 also shows the change of main parameters of cooling system for 

these control criteria. As is shown by the data, the simplest mode of control 

criterion is the maintenance of constant flow rate of coolant in the circuit. 

The process of cooling can be designed in such a way that the rate of 

temperature change of reactor components will not be higher than permissible 

values. ECS can be operated for a long period of time in gas-liquid cycle 

without shifting to liquid coolant. 
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Fig. 2. Non-stationary heat transfer coefficient versus fuel rod cladding 

temperature change rate: 1 - noble gases, 2 - dissociating coolant. 
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Fig. 3. Relative total pressure reduction rate (a) and relative output 

temperature versus linear in put temperature change: 1 - z = 6; 2, 5-8; 

3, 4 - z = 10; 6 - according to statistical relationships. 
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Fig. 4. Variation of temperature in the center of fuel and at the cladding 

surface following complete loss of coolant circulation. 
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Fig. 5. Time dependence of relative coolant flow rate following reactor 

outlet pipeline rupture: 
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Fig. 6. Changes of temperatures for cladding, fuel and coolant at reactor 

input. 

1 - reactor flow rate without flow rate limiter; 

2 - leakage flow rate without flow rate limiter; 

3 - reactor flow rate without flow rate limiter; 

4 - reactor flow rate with ruptured pipeline after turbines. 



Fig. 7. The block-diagram of the Emergency cooling system: 1 - reactor; 

2 , 9 - cut-off valves of the main circuit; 3 , 8 - cut-off valves of 

the system; 4 - regenerator-evaporator; 5 - fast operating valve; 

6 - condenser; 7 - pump. 
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Fig. 8. The mode of possible operation of the Emergency cooling syctem: 

I - maximal temperature of coolant in the system; II - minimal rate of 

superheating of coolant; III - constant pressure. I - 3 - constant 

temperature of coolant, I - = 0,894; 2 - 0,761; 3 - 0,628. 
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1 . INTRODUCTION 

This r e p o r t d e s c r i b e s , i n t h e l i g h t of t h e law g o v e r n i n g t h e c r e a t i o n of t h e 
Nuc lea r S a f e t y C o u n c i l (.15/80) o f 22 A p r i l and t h e r e g u l a t i o n s g o v e r n i n g n u c l e a r 
and r a d i a t i o n - c o n t a i n i n g f a c i l i t i e s (Dec ree 28b9 /72) of 21 J u l y , t h e l e g a l 
framework and l i c e n s i n g p r o c e s s p e r t a i n i n g t o n u c l e a r power p l a n t s , t o g e t h e r w i t h 
t h e mechanisms , r e s p o n s i b i l i t i e s and f u n c t i o n s of t h e N u c l e a r S a f e t y C o u n c i l (CSN; 
i n e n s u r i n g t h e c o n s t r u c t i o n and s a f e o p e r a t i o n of t h e power p l a n t s m e n t i o n e d . 

A second a s p e c t d e a l t w i t h i s t h e t e c h n i c a l and l e g a l s t a t u s of d i f f e r e n t 
Span ish power p l a n t s , w i t h a b r i e f d e s c r i p t i o n of t h e s t a g e t h e y h a v e r e a c h e d , 
t h e i r pe r fo rmance d u r i n g o p e r a t i o n and t h e r e a s s e s s m e n t p r o c e s s e s which t h e y h a v e 
undergone i n a p p l i c a b l e c a s e s . 

2 . LEGAL FRAMEWORK 

I n Spa in n u c l e a r a c t i v i t i e s a r e s t r u c t u r e d from t h e s t a n d p o i n t of t h e 
a d m i n i s t r a t i v e p r o c e s s and o f n u c l e a r s a f e t y w i t h i n a l e g a l f ramework d e f i n e d b y 
four b a s i c laws and d e c r e e s : 

- Law g o v e r n i n g n u c l e a r ene rgy ( 2 5 / 6 4 ) of 29 A p r i l ; 

- R e g u l a t i o n s g o v e r n i n g n u c l e a r and r a d i a t i o n - c o n t a i n i n g f a c i l i t i e s ; 
D e c r e e 2869/72 of 21 J u l y (RINR) ; 

- Law on t h e c r e a t i o n of t h e N u c l e a r Sa fe ty C o u n c i l C15/8U; of '¿.L A p r i l ; 

- S t a t u t e of t h e N u c l e a r S a f e t y C o u n c i l : D e c r e e 1157/bZ of j(J A p r i l . 

The N u c l e a r Energy Law made t h e M i n i s t r y of I n d u s t r y l a t p r e s e n t t h e M i n i s t r y 
of I n d u s t r y and Energy) r e s p o n s i b l e fo r t h e a d m i n i s t r a t i v e p r o c e s s f o r l i c e n s i n g 
n u c l e a r and r a d i a t i o n - c o n t a i n i n g f a c i l i t i e s . At t h a t t i m e t h e t e c h n i c a l bouy 
r e s p o n s i b l e for e v a l u a t i o n was t h e N u c l e a r Energy Board I JEN), wh ich comes u n d e r 
t h e M i n i s t r y of I n d u s t r y . The law on t h e c r e a t i o n o f t h e N u c l e a r S a f e t y C o u n c i l 
i n t r o d u c e s i m p o r t a n t changes i n t o t h e p r o c e s s fo r l i c e n s i n g n u c l e a r and 
r a d i a t i o n - c o n t a i n i n g f a c i l i t i e s , among which a r e t h e f o l l o w i n g : 

- The CSN i s d e s i g n a t e d a s an i n d e p e n d e n t o r g a n i z a t i o n of t h e c e n t r a l 
a d m i n i s t r a t i o n of t h e S t a t e ; 

- S a f e t y a n a l y s i s f a l l s w i t h i n t h e s o l e competence of t h e CSN and t h e 
l i c e n s i n g r e p o r t s of t h e l a t t e r a r e m a n d a t o r y w i t h t h e f o r c e of r e f u s a l or 
c o n d i t i o n a l a c c e p t a n c e ; 

- The a d m i n i s t r a t i v e l i c e n s i n g p r o c e s s for t h e n u c l e a r and 
r a d i a t i o n - c o n t a i n i n g f a c i l i t i e s , which i s r e g u l a t e d by t h e RINR, comes 
under t h e M i n i s t r y of I n d u s t r y and E n e r g y , which h a s t o s e n d t h e CSN a 
r e q u e s t f o r t h e e v a l u a t i o n of s a f e t y - r e l a t e d m a t t e r s . 

3 . NUCLEAR POWER PLANT LICENSING PROCESS 

The a d m i n i s t r a t i v e l i c e n s i n g p r o c e s s for n u c l e a r and r a d i a t i o n - c o n t a i n i n g 
f a c i l i t i e s i s d e f i n e d i n t h e R e g u l a t i o n s g o v e r n i n g n u c l e a r and r a d i a t i o n - c o n t a i n i n g 
f a c i l i t i e s of 1972, which a r e now a t a v e r y advanced s t a g e o f r e v i s i o n . The new 
v e r s i o n , which i s due to b e p u b l i s h e d t h i s y e a r , w i l l t a k e i n t o a c c o u n t t h e 
d i r e c t i v e s of t h e European Communi t ies and t h e r e c e n t S p a n i s h l e g i s l a t i o n on 
a d o p t i o n and s t a n d a r d i z a t i o n , a s w e l l as c o v e r i n g r e g u l a t i o n of t h e a c t i v i t i e s of 
t h e f i rms o f f e r i n g s e r v i c e s and t e c h n i c a l a s s i s t a n c e t h a t t h e a p p l i c a n t may r e s o r t 
t o in s u p p o r t of t h e a p p l i c a t i o n fo r each l i c e n c e . 
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According to the RINR, the fol lowing are the l i c ences or permits r equ i red by a 
n u c l e a r power p l a n t : 

P r e l im ina ry l i c e n c e ; 

Cons t ruc t ion ; 

- P r e - o p e r a t i o n a l i n s p e c t i o n ; 

I n t e r i m s to r age of nuc lear m a t e r i a l s ; 

- P r o v i s i o n a l ope ra t ion or s t a r t - u p ; 

- A l t e r a t i o n (where a p p l i c a b l e ) ; 

F i n a l o p e r a t i o n ; 

- Shut-down. 

Fur thermore , l i kewise in accordance with the RINR, t h e r e must be a l i cence for 
the manufacture of d i f f e r e n t s a f e t y - r e l a t e d components of the power p l a n t , and 
c e r t a i n p l a n t personnel ( those in charge of s h i f t s and con t ro l room ope ra to r s as 
we l l as t h e head of the r a d i a t i o n p r o t e c t i o n s e r v i c e ) must possess the a p p r o p r i a t e 
l i c e n c e i s sued by JEN (now the CSN). 

The p rocess to be followed for ob t a in ing t h e d i f f e r e n t l i cences can be summed 
up in the form of the following flow c h a r t s : 
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4. STATUS AND CHARACTERISTICS OF THE NUCLEAR POWER PLANTS 

The s e t o f n u c l e a r power p l a n t s p r e s e n t l y a t t h e o p e r a t i o n a l or c o n s t r u c t i o n 
s t a g e r e p r e s e n t s t h r e e g e n e r a t i o n s t h a t a r e d i f f e r e n t i a t e d w i t h i n t h e n u c l e a r 
programme: 

F i r s t g e n e r a t i o n : Power p l a n t s p l a n n e d i n t h e 1 9 6 0 s , t h e c o n s t r u c t i o n of 
which was c o m p l e t e by t h e end of t h a t decade or t h e 
b e g i n n i n g o f t h e 1 9 7 0 s . Th i s g e n e r a t i o n i n c l u d e s t h e 
" J o s é C a b r e r a " p l a n t , which began o p e r a t i o n i n 19by; t h e 
" S a n t a M a r i a de Ga roña" , which s t a r t e d up i n 1 9 7 1 , and t h e 
" V a n d e l l ó s I " p l a n t which commenced o p e r a t i o n i n 1 9 7 / . 

Second g e n e r a t i o n : Power p l a n t s p l a n n e d a t t h e b e g i n n i n g o£ t h e 197Us, t h e 
c o n s t r u c t i o n of which began d u r i n g t h e same p e r i o d and 
which were s c h e d u l e d t o be pu t i n t o o p e r a t i o n by t h e end 
of t h e d e c a d e . De lays in t he c o n s t r u c t i o n p r o c e s s meant 
t h a t t h e f i r s t of t h e s e d i d n o t go i n t o commerc ia l 
o p e r a t i o n u n t i l 1981 . Th i s g e n e r a t i o n i n c l u d e s t h e 
"Almaraz I and I I " n u c l e a r power p l a n t s , which were put 
i n t o o p e r a t i o n i n 1981 and 1983, r e s p e c t i v e l y , the "Asco 1 
and I I " p l a n t s , which were s t a r t e d up i n 1982 and 1985, 
and t h e " C o f r e n t e s " , which began o p e r a t i o n i n 1984. 
C o n s t r u c t i o n of t h e "Lemoniz I and I I " u n i t s , which a l s o 
b e l o n g t o t h i s g e n e r a t i o n , h a s been s t o p p e d . 

T h i r d g e n e r a t i o n : N u c l e a r power p l a n t s whose c o n s t r u c t i o n was l i c e n s e d a f t e r 
a p p r o v a l of t h e N a t i o n a l Energy P l a n i n J u l y 1979 ; t h e y 
were p l a n n e d a t t h e end of t h e 19 70s and c o n s t r u c t i o n was 
begun i n 1979. T h i s g e n e r a t i o n i n c l u d e s t h e " T r i l l o I " 
and " V a n d e l l ó s I I " p l a n t s , which a r e s c h e d u l e d t o b e g i n 
o p e r a t i o n e a r l y i n 1988 , and t h e " V a l d e c a b a l l e r o s I and 
I I " and t h e " T r i l l o I I " p l a n t s , on which c o n s t r u c t i o n h a s 
b e e n s t o p p e d . 

The t e c h n i c a l c h a r a c t e r i s t i c s of t h e s e power p l a n t s a r e shown i n t h e a t t a c h e d 
t a b l e . 
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5 . SAFETY OF THE NUCLEAR POWER PLANTS 

The u n i n t e r r u p t e d deve lopment of s a f e t y r e q u i r e m e n t s i s t h e r e s u l t of 
e v a l u a t i o n and c o n s t a n t a p p r a i s a l of t h e c r i t e r i a and p r o c e d u r e s employed t o e n s u r e 
t h e s a f e o p e r a t i o n of t h e n u c l e a r power p l a n t s . A d e t e r m i n a t i o n of w h a t i s n e e d e d 
t o improve t h e s a f e t y of a f a c i l i t y i s made on t h e b a s i s of r e s u l t s f rom: 

- Nuclear sa fe ty r e s e a r c h ; 

- Opera t iona l experience a t both domestic and foreign f a c i l i t i e s ; 

- Eva lua t ion of f a c i l i t i e s in terms of the cu r r en t s t anda rds a p p l i e d by 
advanced c o u n t r i e s ; 

- Appra i sa l of f a c i l i t i e s based on the use of new techniques o f f e r i n g 
d i f f e r e n t s t andpo in t s wi th regard to f a c i l i t y s a f e t y . 

I t i s important to po in t out t h a t t h e CSN i s pursuing a c t i v i t i e s in t h e four 
areas mentioned above by p a r t i c i p a t i n g in i n t e r n a t i o n a l r e s e a r c h programmes* and in 
the promotion of r e sea rch a t n a t i o n a l l e v e l , c o l l a b o r a t i o n wi th bodies a n a l y s i n g 
events occu r r ing a t power p l a n t s abroad and a n a l y s i s of events a t Spanish 
f a c i l i t i e s , eva lua t i on of f a c i l i t i e s wi th s eve ra l years of o p e r a t i o n in terms of 
the s t andards c u r r e n t l y app l ied in advanced c o u n t r i e s , and the employment, for 
example of p r o b a b i l i s t i c s a f e ty a n a l y s i s . 

In t h i s r e spec t we should po in t out t h a t some of t h e more s i g n i f i c a n t changes 
which have occurred in Spanish nuc lea r power p l a n t s have r e s u l t e d from a c t i v i t i e s 
involv ing e v a l u a t i o n of t h e f a c i l i t i e s in terms of t h e p r e s e n t n u c l e a r s a f e t y 
s tandards (genera l a l t e r a t i o n s a t t he José Cabrera p l a n t ) , our own o p e r a t i n g 
exper ience (replacement of t h e r e c i r c u l a t i o n system a t t he Santa toaría de GaroñaJ, 
and the use of new techn iques , such as p r o b a b i l i s t i c s a fe ty a n a l y s i s . 

There can be no doubt t h a t an e x c e p t i o n a l l y important source for l e a r n i n g and 
improving mat t e r s i s domestic and fore ign o p e r a t i o n a l expe r i ence , de r ived no t only 
from events t h a t have g r e a t l y in f luenced p u b l i c op in ion , but a l s o rrom those t h a t 
have had l i t t l e or no impact but which a re i n d i c a t i v e of sa fe ty problems t h a t were 
not considered b e f o r e . 

The o p e r a t i o n a l s p e c i f i c a t i o n s for nuc lear power p lan t s r e q u i r e the CSN t o be 
informed of any inc iden t s t h a t occur , so t h a t no t only the o p e r a t o r can make an 
a n a l y s i s of t h e impl ica t ions of them, bu t a l s o so t h a t t he CSN can review those 
t h a t a re most s i g n i f i c a n t . 

The CSN i s a member of such i n t e r n a t i o n a l o rgan iza t ions as t h e Inc iden t 
Report ing System (1RS) of the OECD and the IAEA. In a d d i t i o n , i t has s igned 
c o - o p e r a t i o n agreements and main ta ins c l o s e contac t with bodies in o the r c o u n t r i e s 
t h a t have the same du t i e s and r e s p o n s i b i l i t i e s . 

The o p e r a t o r s of Spanish nuc lear power p l an t s p a r t i c i p a t e in t h e work of 
o rgan i za t i ons such as the American I n s t i t u t e of Nuclear Power Opera t ions (INPO), 
which permits the exchange of s p e c i f i c exper ience between power p l a n t s in d i f f e r e n t 

* Some of t h e i n t e r n a t i o n a l programmes in which the CSN i s t ak ing p a r t a r e : 

PISC - Programme for I n s p e c t i o n of S t ee l Components 
IPIRG - I n t e r n a t i o n a l P ip ing I n t e g r i t y Research Group 
LACE - Light Water Reactor Aerosol Containment Experiments 
LOFT - Loss of Fluid Test 
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c o u n t r i e s . Experience i s a l s o exchanged by means of such o r g a n i z a t i o n s as the 
I n t e r n a t i o n a l Union of Producers and D i s t r i b u t o r s of E l e c t r i c a l Energy (UNÍPEDE) 
and in the form of d i r e c t c o n t a c t s between e n t e r p r i s e s . 

In a d d i t i o n to the a n a l y s i s of o p e r a t i o n a l experience on a permanent bas i s 
t h e r e i s need for more d e t a i l e d examinat ion of se r ious i n c i d e n t s s i nce the number 
and importance of the l essons to be learned in such cases i s c o n s i d e r a b l e . 

This type of a n a l y s i s has a l r e a d y been made in the p a s t , a c l ea r example being 
t h e Three Mile I s l and-2 acc iden t in 1979. I t i s important to poin t ou t , however, 
t h a t a l though many improvements have been made in the l i g h t of the l e s sons learned 
from t h a t a c c i d e n t , t h e r e a r e s t i l l t op ics on which no f i n a l conclus ion has been 
r eached , given the complexity of the r equ i r ed analyses and the importance or 
ensur ing t h a t the g r e a t e s t e f f o r t i s deployed in areas where the b e n e f i t s tor 
s a f e t y would be g r e a t e s t . 

A number of l essons have a l s o been learned from the Chernobyl acc ident in the 
a reas of nuc l ea r s a f e t y , r a d i a t i o n p r o t e c t i o n and emergency p lann ing , in which 
t h e r e i s need to delve deeper in order to a s c e r t a i n whether any changes need to be 
made in any of those th ree f i e l d s . 

Within t h i s context the f i r s t - g e n e r a t i o n power p l an t s - José Cabrera and 
Santa Maria de Garoña - have begun and a re a l r eady about to complete a process of 
r e a p p r a i s a l and modi f ica t ion t h a t has taken in to account: 

- Spanish o p e r a t i o n a l expe r i ence and the s p e c i f i c f ea tu re s of the power 
p l a n t ; 

- The top ic s analysed in the Systematic Evaluat ion Programme (SEP) put i n t o 
e f f e c t by the f i r s t - g e n e r a t i o n power p l an t s of the United S t a t e s ; 

The po in t s emerging from the TMI a c c i d e n t . 

This programme has led to impor tant changes such as the improvements to the 
ECCS and i n t e r n a l power system of t h e José Cabrera nuclear p l a n t , or the changes in 
the conta inment , f i r e - f i g h t i n g and power a t the Santa Maria de Garoña p l a n t . 

The Vandellós I s t a r t e d a programme of r e - e v a l u a t i o n and improvement in the 
s p r i n g of 1986, due to l a s t u n t i l the end of 1989, which w i l l take i n t o account 
both Spanish opera t ing exper ience and t h a t of the re fe rence power p l a n t , m t h i s 
case the French p lan t a t S t . Laurent des baux, as well as the r e l e v a n t top ics of 
t h e SEP programmes and those based on the TMI acc iden t . 

In the case of the second-genera t ion power p lan t s t h a t a r e now in o p e r a t i o n , 
they w i l l a l l be obl iged to send the CSN, every s i x months, a s t a t u s r e p o r t showing 
t o what e x t e n t the requirements of the r e g u l a t o r y body of the country o r i g i n a t i n g 
the p r o j e c t ( in the given case the USNRC) for power p lan t s of s i m i l a r design have 
been met. Wherever necessary the a p p r o p r i a t e changes have been made or are in 
process of be ing made. This has been the case with the a l t e r a t i o n s de r iv ing from 
the TMI a c c i d e n t , the improvements to the ATWS m i t i g a t i o n system, or the changes 
n e c e s s a r y t o avoid H2 explosions in the containment. 

The CSN follows the ope ra t i on of t h e power p lan t s by means of t h e information 
submit ted by the opera to rs in accordance with what i s s t i p u l a t e d in the ope ra t i ona l 
s p e c i f i c a t i o n s , as well as through s p e c i a l i z e d i n spec t i ons r e l a t e d to s e t m a t t e r s . 
The i n s p e c t i o n s a re stepped up dur ing the t r i a l period of the nuc lea r t e s t 
p r e - o p e r a t i o n a l phase or during outages for r e load ing or maintenance. In a d d i t i o n , 
t he re i s an o n - s i t e r e s i d e n t i n s p e c t o r a t a l l the second-genera t ion p l a n t s and a t 
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some of the f i r s t - g e n e r a t i o n p l a n t s . I t i s t he CSN's i n t e n t i o n t h a t dur ing the 
present year 1987 a l l power p l an t s in ope ra t ion should have a nuc lea r s a fe ty and 
r a d i a t i o n p r o t e c t i o n o f f i ce r on the spot a t a l l times to check t h a t t he l i m i t s and 
condi t ions s e t by t h e CSN a r e be ing met . 

The a t t ached t a b l e s summarize the most impor tant o p e r a t i o n a l da ta for the 
Spanish power p l a n t s during 1986, t oge the r with the development of t h e Nuclear 
Safety Council in terms of i t s r e sources and a c t i v i t i e s . 
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NUCLEAR SAFETY IN AUSTRIA 

Gerald Sonneck 
Deputy Head of the Institute for Reactor Safety 
Austrian Research Centre Seibersdorf (OFZS) 

(Austria) 

Nuclear safety in Austria? In a country which renounces 
nuclear energy? We feel, however, that nuclear safety is an 
important issue for each country which wants to protect the 
health of its citizens - not only for those who have nuclear 
power plants in operation. 

In the following I would like to show an example how a small 
country with very limited resources can develop its own 
competent expertise in this field. 

As a neutral country situated geographically between East 
and West, Austria feels a special obligation for promoting 
international collaboration. For a small country this colla­
boration is also indispensable. Collaboration means not only 
taking from the international community - it means also 
giving. Some countries sometimes tend to overlook the lat­
ter. Support might be a good thing but collaboration is much 
better and much more efficient. It will function properly, 
however, only when everybody is willing to participate acti­
vely. 

The IAEA, of course, is an important focus of international 
cooperation and we feel that the tremendous amount of work 
done there has been most beneficial to nuclear safety. 

For us also the Committee for the Safety of Nuclear Instal­
lations (CSNI) of the OECD and bilateral agreements are 
important, as will be shown later. 

The goal of health protection needs general nuclear safety 
experience with a special emphasis on dosimetry and reactor 
safety. So in Austria the Austrian Research Center Seibers­
dorf (OFZS) together with a number of other institutions is 
active in the following fields of nuclear safety. 

Dosimetry 
Within the IAEA/WHO Network of Secondary Standard Dosi­
metry Laboratories (SSDLs) dosimetry systems are develop-
ped and manufactured. 
For the 14000 radiation workers in Austria a Personnel 
Monitoring Service using automated TLD systems is provi­
ded. 
The control of food samples etc. for radioactivity inclu­
ded more than 70000 samples after the Chernobyl accident. 
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Reactor Safety 
To provide expert opinion - especially for the government 
but also for the information of the public - in the safe­
ty of nuclear power plants of different designs and of 
reprocessing plants work in reactor safety research is 
necessary. 

This is done in the frame of the IAEA and the Committee 
for the Safety of Nuclear Installations (CSNI) of the 
OECD together with a number of bilateral cooperations 
with countries such as the USA, Federal Republic of Ger­
many, Hungary, Israel, and the People's Republic of 
China. 

So Austria is a member of the IAEA Technical Committee on 
Thermal Reactor Safety Research and collaborates in the 
IAEA guidebooks and training courses. 

It contributes to the Network of Analytical Laboratories 
of the IAEA Department of Safeguards and provided the 
first impulse 'for the IAEA Regional Project for Europe 
and the Middle East on Computer-Aided Safety Analysis. 

It played an important role in the first IAEA Standard 
Problem Exercise both in two-phase instrumentation and in 
the exercise itself. This provided a possibility to become 
familiar with the safety of WWER-440 type reactors, some 
of which stand near the Austrian border. 

We have, of course, experience with the safety of boiling 
water reactors because of the licensing work we did for 
the Austrian nuclear power plant GKT, whose pitiable fate 
is well known. 

Last but not least we are actively involved in the 
OECD-LOFT experimental program in Idaho Falls, USA, which 
made us familiar with the safety of pressurized water 
reactors. 

I wanted to show how Austria can serve as an example how a 
small country can become competent in nuclear safety and how 
it can try to become a respected member of the international 
community. I also wanted to show that Austria can be a 
partner both within the frame of the IAEA and in bilateral 
agreements. While Austria is certainly not playing the first 
violin in the international nuclear safety orchestra it does 
its best to be an esteemed member of the - let say -
viola group. 
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RADIATION RISK ASSESSMENT: CURRENT STATE AND FUTURE DIRECTIONS 

R.G. Cuddihy, B.B. Boecker, F.F. Hahn, B.A. Muggenburg and R.O. McClellan 
Lovelace Inhalation Toxicology Research Institute 

P.O. Box 5890, Albuquerque, NM 87185 

(United States of America) 

INTRODUCTION 

In the context of this report, risk assessment is the process of 

characterizing and quantifying potential adverse health effects that may 

result from exposures to harmful physical or chemical agents in the 

environment. The concept of risk assessment is not new; it has been a factor 

in life faced by all living things since time immemorial. At earlier times, 

judgements of risk for an individual were relatively easy to make and 

qualitative in nature. This is because the magnitudes of most risks and their 

consequences were so great that they were easy to perceive and avoid. It is 

now becoming apparent that a totally safe or risk free society is not 

attainable. Everyone accepts some degree of risk as a normal part of our 

daily activities. Consistent with this view, legislation and executive orders 

have increasingly called for balancing of risks, costs and benefits rather 

than striving for absolute safety. This approach now requires quantitative 

rather than qualitative risk assessments. 

The increased emphasis given to balancing risk, costs and benefits in 

developing regulations for factors that may influence human health has 

provided impetus for developing a more formalized approach to risk 

assessment. A U. S. National Academy of Sciences/National Research Council 

committee has recently reviewed risk assessment in government and offered 

recommendations on management of the process. ' The approach recommended 

is illustrated in Figure 1. Here, risk assessment plays a central role in 

identifying the most important health risks that may require some degree of 

management and information gaps that should receive priority research 

consideration. The interactions between epidemiology, field measurements, 

assessments, risk characterization, decisions and actions are indicated. 

Research performed under U.S. Department of Energy Contract No. 
DE-AC04-76EV01013. 
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This report is concerned only with risk assessment and leaves risk 

management and the details of scientific research to other presentations at 

this conference. The approach taken here in reviewing risk assessment focuses 

mainly on radiation exposures resulting from releases of radioactive 

substances to the environment where they may be inhaled or ingested by 

people. The risk assessment process involves the series of steps illustrated 

in Figure 2. In the first step, the source of radioactive material must be 

characterized in terms of its magnitude, its potential for release, and its 

many physical-chemical parameters that determine its dispersion through the 

environment. In the second step, environmental dispersion must be projected 

to predict the concentrations and physical-chemical forms of radionuclides to 

which people may be exposed and the size of the exposed population. Thirdly, 

dosimetry models are used to estimate the amounts of radionuclides taken up 

from the environment, their accumulation in body organs, and the resulting 

radiation doses to tissues at risk. Lastly, dose-effect relationships are 

needed to estimate health risks to individuals and the total population. Each 

step of a risk assessment should be accomplished using the best scientific 

judgements. That is, calculational models should use values of parameters 

that can be justified on a scientific basis rather than values that result in 

conservative or overestimated projections of risk. Conservatism may be 

introduced in a later phase of risk management where the degree of 

conservatism can be clearly stated and recognized as a matter of judgement. 

Perhaps the most desirable qualities of a risk assessment are that the 

methodology be credible and easily understood. To be scientifically credible, 

every opportunity should be taken to validate each step of the risk assessment 

calculations using previous measurements on the same or similar materials as 
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they moved through the environment and were taken up by people. These data 

may come from studies of accidents, environmental tests, or laboratory 

investigations. To be credible for decision makers and the public, the risk 

assessment must be developed in a manner that can be communicated to 

scientists and nonscientists alike and be recognized as consistent with common 

knowledge about similar events. This is often the most difficult hurdle for 

scientists and the public, and one that can render scientifically valid 

efforts ineffective for accomplishing their goals. 

NEED FOR RISK ASSESSMENTS 

There are many applications for risk assessment in evaluating issues 

related to the development of nuclear technology today. These include 

(a) development of radiation exposure control guidelines, (b) development of 

health and environmental impact statements, (c) guidance for mitigating risk, 

(d) decision making in litigation, and (e) identification of research needs. 

The first two applications are prospective in that no injuries have yet 

resulted from applying the results of a risk assessment. The next two 

applications are generally retrospective in that risk assessment is used as a 

basis for decisions concerning risks that have or may have occurred in the 

past. It is easy to surmize that prospective risk assessments are generally 

less controversial and more likely to be successful in accomplishing their 

goals than retrospective risk assessments. The controversies often point to 

the need for developing acceptable criteria for performing risk assessments, 

especially in very controversial situations where timely decisions must be 

made. 
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The most successful uses of risk assessment have been in developing 

radiation exposure control guidelines for people in workplaces or the general 

environment. Clear examples of these are seen in the limits for exposure to 

ionizing radiation developed by the International Commission on Radiological 

Protection (ICRP)/ /' ' These prospective guidelines apply to individuals 

and populations, and their objectives are clearly aimed at preventing injury 

to people who may be exposed to radiation or radioactive sources used by 

existing industries. 

Risk assessments have also been used successfully in developing health 

and environmental impact statements. These may be for single facilities and 

events, or in a more generic sense, for newly developing technologies. 

Because these assessments are also prospective, there is a tendency for 

optimism when selecting values of risk parameters to be used for the required 

calculations. If the optimism is not warranted, it will soon be challenged, 

especially if a perception develops that there is unequal sharing of risks and 

benefits over the whole of the population at risk, or if an untoward accident 

occurs that was not properly evaluated by the original assessment. 

Risk assessments have also been used for developing guidance in attempts 

to mitigate natural or man-made hazards. Recent examples are the evaluation 

of techniques for reducing exposures to radon in indoor environments and for , 

cleaning up large areas of radioactively contaminated land. Such assessments 

can be used to direct the available resources toward actions to address first 

the most significant factors causing risk to individuals or populations. 

Resolution of certain litigations may also depend upon risk 

assessments. This is most likely when dealing with radiation exposures that 

cause diseases that are not uniquely different in kind from spontaneous 
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diseases or diseases that may be caused either by radiation or by exposures to 

other toxic agents in the environment. Then it becomes necessary to postulate 

the probable cause among several possible causes of the disease. In other 

cases, risk assessment has been used to determine if property was damaged in a 

manner that resulted in losses to current or potential future users of the 

property. Such debates frequently occur when radioactive substances have been 

released to the environment and contaminate nearby areas. Under these 

retrospective circumstances, every aspect of a risk assessment may be 

questioned and projections of risk by the contending parties are likely to 

differ by orders of magnitude. This situation has led many fact-finding 

officials to doubt seriously the scientific merit of approaches frequently 

used in risk assessment. 

Finally, risk assessments are used to identify information gaps and 

determine their relative importance to societal concerns as a basis for 

establishing research priorities. This is an important application that links 

many aspects of risk management and decision making back to research as 

illustrated in Figure 1. Although this should not be the only basis for 

establishing research priorities in the health and environmental sciences, it 

provides one means of ranking research priorities that are aimed at very 

applied risk-related topics. 

RADIATION EXPOSURE ASSESSMENTS 

Procedures used to estimate the magnitudes of radiation exposures to 

people depend upon the modes of exposure and the places at which the exposures 

occur. As exposures become more complex and occur at more distant locations 



- 87 -

from the sources of radiation, the uncertainties in estimating exposure and 

dose usually increase. For exposures that occur in workplaces, external 

radiation monitors provide for accurate assessments of radiation dose. If the 

exposures include internally deposited radionuclides, then measurements of 

radioactivity in bioassay samples combined with mathematical models are needed 

to project the time pattern of dose accumulation following the exposure/ ; 

For exposures to the public that occur at distant locations from the sources 

of radiation and in uncontrolled and unmonitored areas, exposure assessments 

require more extensive use of environmental dispersion and dosimetry 

modeling. These techniques and the uncertainties involved are reviewed by 

(4-6} 
other reports/ ' 

A schematic representation of the process of estimating environmental 

dispersion, uptake and dose to body organs of exposed people is shown in 

Figure 3. This includes external irradiation and internally deposited 

radionuclides and has a rapidly rising acute exposure phase and a protracted 

exposure phase that may last for many years following the initial accidental 

release. The product of the exposure-dose assessment should result in 

estimates of the effective doses to the specific tissues and organs at risk. 

It is these organ doses, not the exposures, that are best related to health 

risk in the next step of the risk assessment. This is because dose-effect 

relationships are derived from previous exposures of other human populations 

and may involve significantly different exposure modes. However, it is 

critical that the doses to people for which the risk assessment is done are 

equivalent to the doses used in developing the dose-effect relationship. 
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DOSE-EFFECT RELATIONSHIPS 

A central feature of risk assessments for exposures to ionizing 

radiation is the development of appropriate dose-effect relationships. For 

the purposes of this discussion, the effects of exposures to ionizing 

radiation can be grouped into three general categories; early effects, cancer, 

and genetic effects. Very high levels of acute exposure result in extensive 

damage to body tissues and may lead to loss of organ function and early 

death. These are most likely to result from external radiation exposures, but 

they may also involve significant internal radionuclide deposition, especially 

through inhalation. For example, this type of exposure occurred for people 

who were near the Chernobyl nuclear reactor accident and probably contributed 

significantly to the injuries sustained by some individuals/ ' At present, 

dose-effect relationships for combined exposures to external irradiation and 

internally deposited radionuclides must be derived from laboratory studies 

using animals.() 

For radiation exposures that are not large enough to cause acute 

injuries and death, cancer is the most significant long-term somatic health 

risk. The types of cancers caused by ionizing radiaton are the same as those 

that occur spontaneously or as a result of exposure to chemical carcinogens. 

Thus, individual radiation-induced cancers cannot be identified explicitly; 

they can only be identified by measuring an increased incidence in a large 

population of irradiated individuals. This can represent a difficult task 

considering that total cancer mortality in most countries now exceeds 20% and 

some of the most common types of cancer are those considered to be sensitive 

to induction by ionizing radiation. Thus, for specific individuals who 

develop radiogenic cancers, it is only possible to estimate what portion of 
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the individual's total calculated risk should be assigned to the radiation 

exposure and what portion should be assigned to other causes. This is often 

the subject of great controversy. 

Genetic injury results from damage to reproductive cells that is not 

fatal to the cells or their reproductive potential. The damaged cells may 

produce offspring that have inherited diseases which again are similar in kind 

to those occurring spontaneously or as a result of exposure to chemically 

toxic agents. Claims of genetic injury rarely occur in radiation injury 

litigation even though the risk factors for predicting their occurrence are 

similar in magnitude to those for radiation-induced cancers. 

The major sources of scientific information concerning the health 

effects of ionizing radiation in people are derived from studies of 

(a) populations exposed to nuclear weapons explosions or fallout, (b) medical 

patients that received radiation therapy, and (c) radiation workers/ ' ^ 

It is important to note that these populations include many thousands of 

individuals, but few excess cancer deaths have actually been observed. For 

example, among 109,000 Japanese in the life-span study cohort of the Radiation 

Effects Research Foundation of Japan, only 250 excess cancer deaths were 

estimated to occur between 1950 and 1978 out of a total of 4756 cancer 

deaths.^^ Up to 1978, the total number of deaths was 23,502. Mortality 

from individual cancer types is shown in Table 1. 

Also, in studies of over 20,000 uranium miners in the United States and 

Canada, only about 300 lung cancers were observed prior to 1980 while 100 

(91 
spontaneous lung cancers were expected/ ' Thus, few excess cancer deaths 

attributable to radiation have occurred in these study populations, making it 

difficult or impossible to derive site specific risk factors or take into 
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account modifying factors such as age at exposure, age at death, radiation 

type, genetic susceptibility, or exposures to chemical agents such as 

cigarette smoke. 

Different types of mathematical models are applied in describing the 

acute effects and long-term cancer risk from exposure to ionizing radiation. 

Acute radiation injuries result from high doses delivered over short periods 

of time, and the effects are frequently seen within days or weeks. They 

include widespread destruction of blood-forming cells in bone marrow, cells 

lining the gastrointestinal tract, and cells comprising the lung, liver 

thyroid, and skin. The exposures causing these injuries are easy to identify 

because they only occur in severe accident situations. These injuries are 

often referred to as nonstochastic because they result from widespread cell 

destruction and the radiation doses must exceed a threshold level after which 

the severity and frequency of the effects increase with dose. The threshold 

type of relationship is illustrated in Figure 4. 

In contrast, cancer and genetic effects of radiation are termed 

stochastic effects. This is because they can be initiated by injury to single 

cells or small groups of cells in a probabilistic sense even at very low 

doses. After they occur, the severity of the effect is not related to dose. 

Two general mathematical models are most frequently used to represent 

radiation-induced cancer risk; the absolute risk model and the relative risk 

model (Figure 5). The absolute risk model assumes that the increased cancer 

risk for a given exposure (excess cases per year) begins after a latent period 

and continues at a constant or variable level for duration of the expression 

time. The latent period is the time that elapses between initiation of the 

cancer by the radiation dose and its clinical appearance in an individual. 
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The expression period is the time between the first and last appearances of 

cancers that are induced by any radiation dose. These concepts are also 

illustrated in Figure 6. The relative risk model assumes that after the 

latent period, excess cancer risk is a multiple of the spontaneous cancer rate 

over the expression time. These models are arithmetically consistent with 

each other when applied to a single set of epidemiologic data over the same 

period of observation. Both models must account for the same number of excess 

cancers over the study period and both will predict the same excess risk for 

another population if irradiated in a similar manner and studied for the same 

time period. However, the two model predictions may differ markedly beyond 

the period of time covered by their epidemiologic data base as shown by the 

dashed lines in Figure 5. It has not been determined which, if either, model 

is more appropriate. Because most cancer risks increase markedly in old age, 

the relative risk model often predicts 3 to 4 times more cancers will occur 

(Q) 

than the absolute risk model when lifetime projections are made/ ' This 

problem is especially significant in projecting risks for in utero irradiation 

which is thought to be even higher per unit dose than risks from exposures to 

adults. It is not known how long the higher risks of in. utero radiation may 

continue during a person's lifetime. 

Quantitative differences between the predictions of the absolute and 

relative risk models disappear when the appropriate cancer latent periods, 

expression times, and age sensitivity relationships become known. For 

leukemia and bone cancers, the latent period lasts for 2 to 5 years and the 
f g\ 

expression time lasts for about 30 years after irradiation/ ' Less is 

known about other cancer types which may have latent periods of 20 years or 

more and expression times well beyond 30 years. 
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One additional important difference between the relative and absolute 

risk models is in their predicted patterns of excess cancer risk. The 

relative risk model predicts that the largest portion of radiation-induced 

cancers will occur in people with the highest cancer risk aside from cancers 

caused by the irradiation. The high risk category includes people with more 

than average genetic susceptibility to cancer, cigarette smokers and those who 

are exposed to other carcinogenic agents. The absolute risk model suggests a 

uniform pattern of excess cancer risk in an irradiated population regardless 

of other risk-modifying factors. These important differences between the 

relative and absolute risk models can and should be investigated with further 

laboratory and epidemiologic studies. 

Coupled with the use of an absolute or relative radiation cancer risk 

model is a mathematical dose-effect relationship. This relates the excess 

risk of developing a cancer to the amount of radiation dose received. Several 

examples of different mathematical relationships that have been used to relate 

dose to the probability of effects are also shown in Figure 4; the most common 

forms used are the linear and sublinear relationships. Within the dose range 

of any set of observations (epidemiology or laboratory animal studies), there 

is little or no difference between the numbers of cancers represented by each 

mathematical expression. However, important differences occur in the model 

predictions of cancer risks outside of the dose range represented by the 

original data. This is especially important in the low-dose region. Here, 

the linear function predicts a higher risk and the sublinear function predicts 

a lower risk. The linear function is used most frequently because it is less 

likely to underestimate cancer risk at low doses. It also seems to be most 

appropriate for high-LET radiations for which more data are available in the 
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low dose region. Sublinear functions (i.e., linear-quadratic functions) are 

gaining in acceptance because they are more flexible for fitting dose-effect 

information over all dose ranges and the fitting process automatically adjusts 

for the relative importance of the linear and nonlinear components. For 

mixtures of low- and high-LET radiations, the linear and nonlinear functions 

may be combined in several ways to project the increased cancer risk. 

In rare situations, the number of cancers produced per unit of dose may 

(12 13) 
actually decrease with increasing dose/ ' ' This can be due to life-span 

shortening from diseases other than cancer, or "wasted dose" that results from 

cell killing, or continued accumulation of dose beyond the point at which 

cancer has been initiated. In any event, the dose-effect relationship may 

appear supralinear as shown in Figure 4. 

EXTENDING THE LIMITED HUMAN DATA BASE 

To this point, the discussion has focused on dose-effect relationships 

derived from studies of human populations. These provide the most direct 

information for evaluating other human exposures involving the same or very 

similar agents and exposure modes. Adequate human risk information is 

available for evaluating acute external exposures to penetrating low-LET 

radiation (i.e., gamma and x rays), alpha irradiation of the central 

respiratory airways, bone and liver, and beta-gamma irradiation of the thyroid 

from deposited radioiodine. 

For other important types of exposures, human dose-effect information is 

lacking. These include inhaled alpha-emitting actinides and 

beta-gamma-emitting fission products, acute and protracted external exposures 

to neutrons and protracted external exposures to low-LET penetrating 
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radiations. Until recently, it was thought that the exposures to the Japanese 

atomic bomb survivors involved a significant neutron component for which a 

(91 
dose-effect relationship could be developed/ ' However, it is now believed 

that the neutron exposure was likely to have been too small a part of the 

total exposure to be useful for this purpose. Hence, there are no generally 

accepted dose-effect relationships for neutron exposures based upon studies in 

humans at the present time. However, there are many laboratory studies on the 

effects of neutron exposures to animals, cells and subcellular systems. Thus, 

for neutrons and some other types and modes of radiation exposure, developing 

dose-effect relationships will depend upon combining results of human, animal 

and i_n vitro laboratory studies as suggested in Figure 7. 

It is important to note that there can be significant differences 

between external radiation exposures and exposures that result from internally 

deposited radionuclides. Differences in the rates at which the dose may be 

delivered are illustrated in Figure 8. Here, external irradiation refers to a 

single acute exposure during which dose is delivered at a high rate over a 

very short period of time. With internally deposited radionuclides, the 

exposure may be brief or chronic, but the dose is almost always protracted 

when the biological and physical halftimes for retention are long. Because 

there are differences in the effectiveness of radiation for producing health 

effects that depend upon total dose, dose rate, age at exposure, age at death 

and other modifying factors, dose-effect relationships developed from 

information on acute radiation exposures must be modified to account for dose 

protraction when evaluating risk from such exposures. This can be 

accomplished using information derived from laboratory studies. 
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Whole animal studies, cell toxicity, chromosome damage and DNA 

transformations have also been used to determine the relative biological 

effectiveness (RBE) of different types of radiation. High-LET alpha radiation 

and neutrons were determined to be ten to twenty times more effective in 

producing this damage than low-LET beta and gamma radiation. In a sense, RBE 

is a toxicity ratio and the use of this information led to the formulation of 

a related system of radiation quality factors (Q) to be used for regulatory 

(2) 
purposes when dealing with different types of radiation/ ' These are used 

as multipliers of the measured or calculated high-LET dose in order to obtain 

a new and higher effective dose that was equal in effect to the same amount of 

low-LET radiation. This effective dose may then be applied with low-LET 

dose-effect relationships to predict risk from high-LET radiations. 

A second type of toxicity ratio was developed from studies in laboratory 

animals and people to account for differences in radiation dose distribution 

of radionuclides deposit in bone. In this case, toxicity ratios for bone 

cancer were developed by comparing the risk for radionuclides that deposited 

on bone surfaces with that for radionuclides that deposited throughout the , 

bone volume. Because plutonium deposits mainly on bone surfaces near to the 

cells at risk, it showed a greater effectiveness in producing bone cancers 

than radium which deposits throughout the bone volume. This led to the use of 

a dose distribution factor (N) which is a multiplier for the calculated bone 

dose for alpha-emitting radionuclies other than radium. This effective dose 

is used with the dose-effect relationships developed for humans exposed to 

radium to predict bone cancer risk for other alpha-emitting radionuclides. 

Laboratory studies using whole animals provide a means for developing 

dose-effect relationships for diseases such as cancer, but there are also 
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important differences between animals and people. The most important 

differences are in (a) life span, (b) physiological characteristics that 

influence radionuclide uptake, (c) metabolic characteristics that influence 

clearance, and (d) sensitivity to radiation-induced cancer. Other important 

considerations may arise from the experimental conditions, especially if the 

levels of exposure used in the laboratory studies are substantially higher 

than those involving people. 

To account for some of these differences, useful arrays of toxicity 

information can be constructed by combining results from laboratory and 

epidemiologic studies. ' These may include information on the specific 

substance being evaluated and on related substances with similar biologic 

actions. The latter are referred to as surrogate substances or physical 

agents. Table 2 shows a sample array of data for evaluating lung cancer risk 

to people from inhaled particles containing alpha- or beta-gamma-emitting 

radionuclides. The upper row is derived from epidemiologic studies and is 

given in terms of the number of lung cancers expected during the lifetime of a 

population that received a collective radiation dose of one million rad. 

Radiation lung cancer risks have been measured only in people who were exposed 

to external x-rays, to atomic weapons explosions, and to radon and its 

progeny. Many studies have used laboratory animals to estimate the unknown 

cancer risk factors for people. The example shown in Table 2 includes studies 

in dogs and rats. 

The lung cancer risk for people exposed to inhaled radioactive particles 

can be estimated from each element of the array if we know (a) the relative 

potency of alpha or beta radiation, compared to the other types of radiation 

exposures, when inhaled in particles, and (b) the relative sensitivity of 
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people, compared to rats and dogs, to radiation-induced lung cancer. The 

relative potencies of the different radiation exposures can be estimated as 

the average ratio of elements in the first or second column of the array to 

those in any other column. Likewise, the relative sensitivity of people 

compared to laboratory animals can be estimated by the average ratio of 

elements in the top row of the array to the elements in any other row. 

Each element of the array can then be used to provide an estimate of the 

human lung cancer risk from inhaled radioactive particles by multiplying it by 

the appropriate relative potency and relative sensitivity factors. Using this 

procedure, the median lifetime human lung cancer risk factor for inhaled 

particles containing alpha-emitting radionuclides was estimated to be 3200 

lung cancers per million rad. The highest individual value is almost 7000 

lung cancers per million rad, about twice the median value. Reversing the 

first two columns in Table 2 and repeating the calculation for beta-emitting 

radionuclides gives a median lifetime risk factor of 430 lung cancers per 

million rad, with the highest value again being about twice the median value. 

Distributions of these risk factors are shown in Figure 9. Further details of 

this use of laboratory studies are given elsewhere along with an example of 

(14) 
its application to carcinogenic chemical exposures/ ' 

APPORTIONING OF RISK FOR INDIVIDUALS 

The above discussion is not intended to be a detailed treatment of 

dose-effect relationships used in radiation risk assessment; it is intended 

only to illustrate some of the complexities in evaluating risk to exposed 

populations. Additional difficulties arise when moving from evaluations of 

large populations to evaluations for individuals. Individuals have unique 
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characteristics that may modify their risk from exposure to radiation or that 

may contribute to competing risks and effectively lower the probability that 

the radiation risk will be expressed. Perhaps the best developed example of 

this is the impact of cigarette smoking on the risk of radiation-induced lung 

cancer from inhaled radon progeny. ^ 

The mathematical expression developed by Whittemore and McMillan for 

predicting lung cancer risk is shown in Figure 10. It employs the relative or 

multiplicative risk model and contains a term accounting for radiation 

exposure from inhaled radon progeny in units of working level months (WLM) and 

a term accounting for exposure to cigarette smoke in units of packs smoked 

over a lifetime. In the sample calculation shown in Figure 10, smoking is 

estimated to increase the lung cancer risk 4.7 times and exposure to radon 

progeny multiplies the risk 2.5 times. Even though the assumed radiation 

exposure would more than double the risk in a smoking miner, it only accounts 

for about 20% of the total risk. The cigarette smoke exposure alone accounts 

for about 40% of the total risk, so that the remaining 40% of the risk is 

related to interactive factors. It is difficult to recommend how this type of 

information should be used to apportion risk among smoking and radiation; 

however, this is a question of policy rather than of science. 

In the Orphan Drug Act of 1983, the U. S. Congress requested the 

Secretary of Health and Human Services to publish tables of information to 

estimate the likelihood that cancers developed by people were caused by a 

previous radiation exposure. ' The original concern focused on thyroid 

cancers developed by people exposed to radioiodine in nuclear weapons fallout, 

but the mandate extends beyond this to other radiation-induced cancers. 

Similar calculations have been used in radiation-injury litigations where it 
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was necessary to present testimony on whether a cancer developed by an 

individual was, more likely than not, caused by a previous exposure to 

radiation. This application is now commonly referred to as a calculation of 

the assigned share of causation attributable to radiation. 

The assigned share attributable to radiation has been estimated by using 

either the absolute or relative risk model calculations. Using the absolute 

model, the assigned share attributable to the radiation exposure is expressed 

as; 

Excess Cancers per 
Unit Population per x Dose 

Radiation Assigned Share - Unit Dose 

Expected Cancers Excess Cancers per 
per Unit Population t Unit Population per x Dose 

Unit Dose 

The expected cancer risk should include all lifestyle factors that contribute 

to the development of cancer in an individual, although many such factors are 

already accounted for in an average sense by the epidemiological data bases. 

Special consideration should be given to hereditary factors, exposures to 

medical radiation and other carcinogenic agents, age, location of residence, 

smoking and dietary factors. Using the relative cancer risk model, fractional 

causation is expressed as; 

Fractional Increase x Q 0 S e 

Radiation Assigned Share = in Risk per Unit Dose 
I + Fractional Increase x Dose 

in Risk per Unit Dose 
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This model assumes that radiation simply multiplies an individual's risk of 

developing a cancer due to all other causes whatever they may be. When the 

assigned share from radiation exceeds 0.5, using either model calculation, it 

may be argued that the cancer was, more likely than not, attributable to the 

radiation exposure. 

The radiation cancer risk tables recently provided to Congress by the 

Secretary of Health and Human Services recommend use of the relative 

(multiplicative) risk model calculation in evaluating all situations except 

for lung cancer developed by smokers/ However, the absolute risk model 

calculation is difficult to use for this purpose because its use requires 

specific lifestyle information for an exposed individual which does not lend 

itself to presentation in simple tables. The relative risk model calculation 

is simpler to use but it has not been demonstrated that it can be applied to 

radiation risk calculations regardless of an individual's previous exposure to 

other carcinogenic agents. It is also unclear as to how cancer risks from 

multiple agents might be incorporated into the relationships for calculating 

assigned share. Even if the assumptions of the relative risk model can be 

demonstrated, people who have lifestyle factors that increase their 

spontaneous risk of developing cancer are contributing to the increased 

probability that a cancer will actually occur. As a consequence of the 

assigned share approach, employers might well avoid placing smokers, women and 

individuals over 40 years of age in jobs that involve exposures to radiation. 

Such a policy might have a major impact on employment practices with 

little or no scientific justification. It might also constitute a new way of 

establishing de facto occupational radiation exposure controls, because 

employers could avoid litigations over radiation-induced cancers by not 
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allowing their employees to accumulate more dose than could be conceived of as 

doubling the spontaneous risk of developing the most radiation sensitive types 

of cancer. Unfortunately, the basic uncertainty in estimating radiation 

cancer risk is considerable, and the whole process of calculating the assigned 

share of the cancer risk attributable to radiation may be too imprecise to be 

used in resolving most litigations. 

The approach using assigned share was subsequently reviewed by a 

committee of the U. S. National Research Council/ ; They expressed 

concern that the calculation of assigned shares for radiation sensitive 

cancers was complex and not clear for all situations. They also pointed to 

the need for developing estimates of uncertainty related to the assigned 

shares because this may place clear limitations on their use in resolving 

radiation injury litigations. 

FUTURE DIRECTIONS IN RISK ASSESSMENT 

Several important information gaps must be filled in the near future if 

risk assessment is to play a more significant role in resolving public 

concerns and debates over issues of radiation risk. These include the 

development of new information in the areas of: 

1. Projecting human health risks from exposures to neutrons and a 

wider range of internally deposited radionuclides, 

2. Projecting interactions between different types of exposures to 

ionizing radiations and combinations of ionizing radiations and 

chemically toxic substances. 

3. Validating appropriate mathematical models for projecting health 

risks from acute and chronic exposures to radiation, and 
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4. Developing generally acceptable guidelines for performing risk 

assessments and estimating assigned shares for radiation as a cause 

of cancer. 

Although this report focused mainly on problems associated with 

performing risk assessments for accidental or potential exposures to 

radiation, and it might appear to be a very difficult or impossible task to 

perform in a scientifically defensible manner, the alternatives to risk 

assessment are unappealing. Scientists and politicians should generally 

recognize the strengths and weaknesses of such approaches, and then agree on a 

reasonable set of criteria that would be acceptable for applying risk 

assessment in each of the areas described at the beginning of this report. 
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Table 1 

Summary of Cancer Deaths by Site Between 1950 and 1978 
in Japanese Extended Life-Span Study Sample Conducted 

by the Radiation Effects Research Foundational) 

Cancer Type Total Deaths Excess Deaths 

Leukemia 180 91 (50)a 

All cancers except 
leukemia 

Esophagus 

Stomach 

Colon 

Other digestive 

Lung 

Breast (female) 

Urinary tract 

Mutliple myeloma 

4576 

156 

1754 

157 

595 

459 

128 

104 

20 

160 

8 

42 

16 

24 

32 

15 

8 

6 

(3.5) 

(5.1) 

(2.4) 

(10) 

(4.0) 

(7.0) 

(12) 

(7.7) 

(30) 

All Causes 23502 

^Figures in parentheses are the excess cancer deaths 
expressed as percentages of the total cancer deaths by site. 
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Table 2 

Summary of Lifetime Lung Cancer Risks in People and Laboratory Animals 
Exposed to External Radiation and Inhaled Radioactivity 

Lung Cancers per Million Rad 

People 

Rats 

Dogs 

Inhaled 
Alpha 

?a 

1750 

631 

Parti des 
Beta 

? 

220 

80 

External 
X-ravs 

140 (100)b 

130 

60 

Radon and 
Daughters 

1000 

1500 

60 

^Unknown value to be estimated from other elements in the 
Table, as described in text. 

^Number in parentheses refers to Japanese atomic bomb 
survivors exposed mainly to gamma radiation. 
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FIGURE TITLES 

Figure 1. Schematic representation of the relationships between scientific 

research, risk assessment and risk management. Adapted from a 

report of the U. S. National Academy of Sciences/National Research 

Council.(1) 

Figure 2. Outline of steps used in assessing human exposures, radiation 

doses and health risks resulting from releases of radioactive 

materials to the environment. 

Figure 3. Time relationships relating levels of radioactivity in the 

_ environment, uptake or external exposures to people, dose to 

tissues at risk, and potential health effects. Adapted from 

McClellan et al_.(20) 

Figure 4. Comparison of different mathematical forms of dose-effect 

relationships emphasizing extrapolations from the high dose region 

where effects information is available to the low dose region 

where no information may be available. 

Figure 5. Patterns of excess cancer risk predicted for exposures to ionizing 

radiation using the constant risk, absolute and relative risk 

models. 
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Figure 6. Illustration of the time relationship between cancer induction, 

latent period, and cancer expression. Also shown is the level of 

biological change as the health effect progresses. 

Figure 7. Multiple sources of information are often required in performing 

risk assessments. Illustration reproduced from McClellan/ ' 

Figure 8. Summary of time relationships between exposure, dose and age for 

acute external irradiation and internally deposited 

radionuclides. The majority of data on human health effects are 

derived from studies involving external irradiation, and very 

little data is available for internal radionuclides. 

Figure 9. Distribution of calculated lung cancer risk factors for people who 

inhale particles containing alpha- and beta-gamma-emitting 

radionuclides. Calculation involves data shown in Table 2. 

Figure 10. Sample lung cancer risk calculation for a cigarette smoker who is 

also exposed to inhaled radon progeny. Calculation uses the 

equation of Whittemore and McMillan/^) 
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RESEARCH AND DEVELOPMENT AT THE INSTITUTE OF RADIOLOGICAL PROTECTION AND 
THE ENVIRONMENT (PRYMA INSTITUTE) OF THE CENTRE FOR ENVIRONMENTAL AND 

TECHNOLOGICAL ENERGY RESEARCH (CIEMAT) 

(Spain) 

Introduction 

The PRYMA Institute is responsible within CIEMAT for a programme in the area 
of energy-environment interaction. 

The basic objective of this programme is to optimize the compatibility space 
between industrial activity and environmental quality or, in simpler terms, between 
productivity and regulation. 

The emphasis of the programme is on facilitating better compliance by nuclear 
installations with the environmental regulations affecting them. This should, as a 
matter of course, lead to greater protection of the public ana its environment. 

Regulatory compliance is supported through activities aimed at optimizing 
standards and operations, promoting a better understanding of the environment and 
the way it responds to disturbances, making available effective measurement 
methods, preparing for accident situations, and contributing to personnel training. 

Lines of action 

The work programme of the PRYMA Institute is organized around five lines of 
action: 

- Environmental behaviour of long-lived radionuclides; 

- Environmental impact of nuclear energy; 

Internal radiological protection; 

- Atmospheric physico-chemistry and the effects of contaminants; 

- Biological effects of environmental aggressors. 

The first three lines together represent a radiological protection 
subprogramme, while the last two are concerned with subjects relating to 
conventional contaminants, without excluding those of a radioactive nature. 

The various lines are discussed below. 

Environmental behaviour of long-lived radionuclides 

The activities of this project pursue two objectives: on the one hand, to 
gain a better understanding of the environmental behaviour of radionuclides that, 
because of their long life and toxicity, are of importance with regard to the 
management of radioactive waste, and on the other, to meet the national social 
requirements for radioactive monitoring in zones in which certain of these 
radionuclides are located. Both objectives are complementary, the effect of the 
studies being to produce better monitoring. In addition, this line includes the 
question of the strategies to be followed for the reclamation of agricultural areas 
following radionuclide contamination. 
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This line of work is structured around three subprojects: 

Radiological follow-up and monitoring of the transuranic contamination at 
Palomares (Almería), which involves the study of the behaviour of plutonium 
and americium in a land environment, with the co-operation of the 
United States Department of Energy (DOE) and a number of American 
laboratories and in conjunction with the CSN in Spain; 

- Behaviour of plutonium and americium in a marine environment within the 
framework of the European Economic Community's radiological protection 
R and D programme ; 

- Strategies for the recovery of agricultural soil after radioactive 
contamination, in the wake of the Chernobil accident and in co-operation 
with various European laboratories (RIS0 of Denmark, RIVh of the 
Netherlands, CEA of France) under the auspices of the EEC. 

Environmental impact of nuclear energy 

This line covers all the environmental subjects in the area of radiological 
protection having to do with better mission compliance on the part of the nuclear 
fuel cycle installations of the related organizations - ENUbA, CC NN, LNRESA ana 
CSN. It also involves collaboration with regional and local authorities and m 
monitoring and specific studies. 

This line of work is structured around three subprojects: 

- Radiological impact in the final disposal of high-activity radioactive 
waste; modelling problems, determination of parameters and scenarios, 
criteria analysis and international follow-up of the subject; all of this 
as support for the management of ENRESA; 

Radiological monitoring plans and studies, designs and data evaluation in 
support of operations for all fuel cycle installations and in support of 
the authorities; 

Preparation for emergencies through the development and adaptation of 
ad hoc procedures, with specific reference to the operation of mobile 
facilities. 

Internal radiological protection 

This line includes the subjects of operational radiological protection and 
protection of exposed personnel, according to the following main subprojects: 

- Radiological protection methodology in the operation, dismantling and 
shutting down of installations, where in addition to the support provided 
for on-stream installations particular attention is directed to the 
acquisition of experience in the work of dismantling, taking advantage for 
this purpose of the experience gained in the reconversion and closure of a 
number of CIEMAT installations; 

- Studies on indoor radiological protection and on external and internal 
personal dosimetry. 
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Atmospheric physico-chemistry and contamination effects 

Although this project is generally concerned with energy generation and 
consumption, it also covers atmospheric studies at radioactive nuclear 
installations. 

This line is philosophically based on the importance of mesometeorological 
phenomena decisively influenced by local conditions. This concept is essential for 
the modernization of the atmospheric dispersion approximations that have thus far 
been used in the nuclear field and whose validity is more than doubtful. 

Biological effects of environmental aggressors 

This line also is generally concerned with all the aggressors, but includes 
radiobiology. It specifically includes the effects on the haematopoietic system 
with particular attention to two phenomena: 

- The existence of radio-induced humoral factors that modify the dynamics of 
the system; 

- The existence of glucopeptides that modify the response of the system to 
irradiation, with the hope that they will make possible preventive or 
corrective interventions. 

In addition, the subject is considered at the molecular level through a study 
of mutagenesis and genetic expression. 
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RADIATION PROTECTION IN BRAZIL 

L.C. de Freitas and R.N. Alves 
Comissao Nacional de Energía Nuclear 

(Brazil) 

INTRODUCTION 

As presented in the first session of Committee II, Brazil has 

chosen to prepare for nuclear power generation because of its 

future electrical needs and availability of large uranium reserves. 

The success of a nuclear programme depends not only on the master­

ing of technology but mainly on safety assurance. Brazil also 

makes extensive use of nuclear energy in medicine and industry, as 

described yesterday in the third session of Committee II. There­

fore, a Radiation Protection Programme has been created within the 

field of nuclear safety. 

Such programme branches out into two, as follows: 

- a regulatory system, coherent with international 

recommendations and regulations such as those from ICRP, IAEA, 

ISO, etc, and 

- an adequate technical and scientific structure to 

support it. 

The first system has, at its top, the country's regu­

latory body for nuclear energy, the Comissao Nacional de Energía 

Nuclear (CNEN), Its workings on this field will be presented on 

Tuesday, during the sixth session of Committee II. The second 

branch is mainly represented by the activities of the Instituto de 

Radioproteçâo e Dosimetría ÍIRD) of CNEN. IRD is responsible for 

radiation protection of man and the environment with strong 

support fxomjonising radiation metrology. The latter assures that 

radiation measurements are reliable and uniform throughout the 

country and that they are traceable to the international metrolo-

gical system. 

IRD belongs to the Secondary Standard Dosimetry Labo­

ratory (SSDL) network of IAEA-WHO and its metrology department is 
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in the last stages towards being officially recognised as the 

National Laboratory for Ionising Radiation Metrology. The SSDL/ 

Rio de Janeiro supervises two other regional laboratories with 

whose help it meets the country's demand for calibration. An 

extensive quality control programme, involving internal, national 

and international intercomparisons, has been implemented to assure 

the accuracy of calibration factors, radiation exposures and the 

activity of reference radionuclide sources furnished to users. 

Since a complete report on radiation protection 

activities would be far too long, only a few examples will be 

discussed. 

ENVIRONMENTAL PROTECTION 

Within the licensing process of nuclear power plants 

and fuel cycle industrial installations, the applicant must 

present an environmental programme which has to be carried out in 

the pre-operational phase and then, routinely, during the opera­

tional phase. Simultaneously, CNEN performs an independent check 

programme through IRD. 

The IRD/CNEN pre-operational environmental monitoring 

programme for the Angra NPP site, started in September 1979, will 

be presented as an example. 

Figure 1 shows the location of the NPP site and the 

distribution of the thermoluminescent dosimeter and ionisation 

chamber measuring stations, which were used to measure radiation 

directly. Results are presented in figures 2 to 4. 

The concentration levels of natural and artificial 

radionuclides were determined in primary media like air, surface 

and sea water, in accumulators such as soil, sand and sediments, 

in indicators such as grass and seaweed, and in the main local 

produce which includes marine produce (fish, shellfish and shrimps), 

milk, bananas, manioc and oranges. Sampling points are shown in 

figure 5. The measurements included gross alpha and beta activity 

measurements and gamma spectrometry. Specific techniques were 

used for the measurement of the activity concentration of tritium 
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Fig. i: Geographical location of the Angra Nuclear Power Plant Site and 

distribution of TLD (a) and ionization chamber (•) measurement 
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131 
in sea water and surface water and of I in air and milk. 

Although the minimum detection limits for the measu­

rement of fission and activation products by gamma spectrometry 

were continuously improved during the operational period, the only 
137 

detectable artificial radionuclide was Cs whose presence in 

milk, pasture, fish and manioc can be attributed to worldwide 

fallout. On the other hand, the direct radiation levels did not 

differ from those observed during the pre-operational period. 

Therefore, it is concluded that the operation of ANGRA NPP Unit 1 

did not result in any radiological impact on the environment. The 

data presented come from studies during the monitoring period 

1982-1984. 

QUALITY CONTROL IN DENTAL RADIOLOGY 
. . . . , . , .1. • i—n — _ • • • .. ... — — . | | | . — . . . • • M . . . . — — - » . . I — | | I • I. •! • ••!•• IL II I 

This will be presented as an example of IRD's 

efforts towards exposure reduction and calculation of population 

dose. 

Since dental radiology and miniature photofluoro-

graphy are responsible for 15 x 10° and 12 x 10" radiographs per 

year in Brazil respectively, they represent large sources of 

population exposure. Postal kits were developed for both techni­

ques in orderu to enable large surveys to be carried out. The 

postal system for dental radiology which will be presented has the 

following objectives; 

- to normalise skin entrance exposures for cental 

exam i nazi ons; 

- to access the quality of processing of intraoral 

radiographs in the dental clinics; and 

- to collect data for evaluation of population dose 

in oral radiology. 

Two postal kits have been designed, one to evaluate 

the quality of processing and another, described below, which 

evaluates field size, entrance exposure and half-value layer of 

the beam. The postal kit (fig. 6) is made up of six cardboard 
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1 - Front cover 

2 - Two TLDs 

3 - 3 mm Al filter 

4 - Two TLDs 

5 - Radiographic film 

6 - Back cover 

Fig. 6 - The postal dosimetry card for oral radiology 
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EXPOSURE ( *¡¡ ) 

Fig. 7 - Skin entrance exposure distribution for upper molar 

region examination as determined with postal kit. 
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layers of 10 cm x 12 cm where are found: front cover, two TLDs, 

a 3 mm Al filter, another two TLDs, a radiographic film and a 

back cover. Dentists receive the card, fill in a questionnaire 

with technical details of equipment, irradiate the kit as if 

they were taking a radiograph of the upper molar region and 

return the kit to IRD, where the film is developed and the TLDs 

are read. 

Results of a survey of nearly 800 X-ray tubes show 

that: 

- entrance exposure varied from 200 mR to 4000 mR, 

the mean value being 1300 mR (fig. 7), and 

- beam field size at entrance varied from 4.5 cm 

to 11 cm, when standard field size should be 6 cm. 

This programme is helping dentists to identify and 

correct problems with their equipment and technique, consequently 

reducing exposure to patients. 

RADIATION MEASUREMENTS DUE TO CHERNOBYL 

a - Monitoring of planes and ships coming from 

the Northern hemisphere 

Monitoring of the contamination levels of ships and 

airplanes coming from the Northern hemisphere was carried out from 

May 1986, making up a total of 25 international and 19 national 

flights. Smears and defrost water samples from the body of 

commercial planes were collected. For ships, smears of a 1 m2 

area were made of the external wall of ventilation towers, and 

cargo was examined. 
95 99 103 

The radioisotopes detected were: Zr, Mo, Ru, 
1 0 6RU, 1 3 1 I , 1 3 2Te, 1 3 4cs, 1 3 7cs, 14°Ba, 1 4 1Ce and 1 4 4Ce. The 

131 
highest activity measured was 52 5 Bq/1 of I in defrost water 

from planes. 

Coal and sulphur brought as cargo aboard two ships 

which were at the port of Gdansk, Poland, at the time of the 

accident, were also analysed. Coal was contaminated with Ru 
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(2.2 Bq/kg) ,1J1I (1.7 Bq/kg) and 13/Cs (0.9 Bq/kg) and sulphur 

was contaminated with X° Ru (1.0 Bq/kg), i 3 1I (0.3 Bq/kg), 134Cs 

(0.3 Bq/kg) and 137Cs (0.5 Bq/kg). 

So far, no contamination has been detected in the 

Southern hemisphere. Detection limits are compatible with those 

of usual radiochemical techniques for environmental control. 

b - Individual monitoring 

Brazilian citizens who were travelling through 

Eastern and Western Europe at and shortly after the time of the 

accident were monitored at IRD's whole body counter by one 8 in 

by 4 in Nal (Ti) detector (whole body chair geometry) and by one 

phoswich detector placed over the thyroid. The intake of some 

fission products ( I, I and 'Os) was observed in about 

sixty persons monitored until July 1986. Personal belongings 

were also examined. The analysis of urine samples confirmed the 

results obtained with the whole body counter. The individual 

effective dose equivalent due to such intake varied from 0 to 3.4 

x iO""5 sv (3.4 mrem) . These results were presented last year at 

the 31 s t Annual Meeting of the Health Physics Society in USA. 

c - Analysis of iir.oorted foodstuff 

After the Chernobyl accident, the Ministry of Agri­

culture has requested that all imported foodstuffs have to be moni­

tored and more than 6GO food samples were analysed at IRD last year. 

The data presented in the table cover the period from May 1986 to 

March 19 57. These data are now being used in a study cf the impace 

cf ingesting such foodstuff on population dose. 
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RESEARCH, EDUCATION AND TRAINING IN RADIATION PROTECTION IN BELGIUM 

Rapporteur: R. Kirchmann, CEN/SCK, Mol 

(Belgium) 

I n t r o d u c t i o n 

The genera l r e p o r t (1) p re sen ted by Belgium pointed out t h a t t h e development 
of nuc l ea r energy for peaceful purposes in Belgium i s accompanied by cons tant 
a t t e n t i o n to keeping c o n t r o l over p o s s i b l e harmful e f f e c t s in order to l i m i t , as 
far as p o s s i b l e , adverse consequences for the h e a l t h of the popula t ion and for the 
environment . 

P r o t e c t i o n of the popula t ion and workers aga ins t the hazards of i on i z ing 
r a d i a t i o n i s a l so covered by genera l r e g u l a t i o n s fixed by Royal Decree ( 2 ) . 
V e r i f i c a t i o n of the a p p l i c a t i o n of t h e general r e g u l a t i o n s i s the p r i n c i p a l task of 
the Ion iz ing Radia t ion P r o t e c t i o n Service (SPRI) e s t a b l i s h e d wi th in the Publ ic 
Hygiene Department of the Min i s t ry of Publ ic Health and the Family. I t i s a l so 
incumbent on the phys ica l moni tor ing s e r v i c e s of the f a c i l i t i e s to ensure the 
a p p l i c a t i o n of the a f o r e s a i d r e g u l a t o r y p rov i s ions in f a c i l i t i e s in 
c l a s s e s I - I I I , depending on t h e i r n a t u r e . The physical moni tor ing se rv i ce in 
such f a c i l i t i e s i s run by approved expe r t s who f u l f i l the cond i t ions se t out in the 
genera l r e g u l a t i o n s . 

Belgium r e l i e s h e a v i l y on nuc lea r power for the genera t ion of e l e c t r i c i t y and 
t h i s s i t u a t i o n w i l l remain unchanged in the coming decades . Since r a d i a t i o n 
p r o t e c t i o n in nuc lea r p l a n t s i s one of the important a spec t s of personnel s a f e t y , 
i t i s l o g i c a l tha t p l an t o p e r a t o r s should focus a t t e n t i o n on personnel t r a i n i n g in 
t h i s a r e a . 

F i n a l l y , t h e development of nuc lea r energy r e q u i r e s c o n t i n u i t y in the e f f o r t 
no t only in moni to r ing , bu t a l s o in r e s e a r c h , r ad iob io logy and radioecology in 
p a r t i c u l a r , in order to a r r i v e a t a c o r r e c t eva lua t ion of t h e dose l e v e l r e s u l t i n g 
from exposure to i on i z ing r a d i a t i o n and to hand on the know-how gained. 

I . TRAINING/EDUCATION 

1.1 U n i v e r s i t i e s 

(a) There a r e r a d i a t i o n p r o t e c t i o n courses in the b a s i c s tudy programmes for 
medical s t u d e n t s wishing t o s p e c i a l i z e . However, i n s t r u c t i o n in r a d i a t i o n 
p r o t e c t i o n i s no t given to some c a t e g o r i e s of medical p r a c t i t i o n e r s and i t i s 
planned to extend e x i s t i n g r a d i a t i o n p r o t e c t i o n t r a i n i n g to cover a l l those working 
in medicine and d e n t i s t r y who use i o n i z i n g r a d i a t i o n and r a d i o i s o t o p e s . A campaign 
to provide information about r a d i a t i o n p r o t e c t i o n for paramedical personnel and 
a s s i s t a n t s t a f f who have not had u n i v e r s i t y educat ion i s a l s o recommended. 

(b) Pos t -g radua te courses 

Some u n i v e r s i t i e s teach the knowledge necessary for the use of nuc lea r 
techniques and for expe r t t r a i n i n g in medical and phys ica l r a d i a t i o n p r o t e c t i o n . 
This r e p o r t i s not designed to g ive a l i s t of such pos t -g radua te c o u r s e s . We s h a l l 
merely no te t h a t the s u b j e c t s taught inc lude no t ions of atomic and nuc lea r physics 
and r a d i a t i o n , as well as t h e fundamentals of r a d i a t i o n p r o t e c t i o n , r a d i a t i o n 
pathology and rad iob io logy (hea l th and r a d i a t i o n p r o t e c t i o n ) . 



- 137 -

Fur thermore, a pos t -g radua te i n t e r - u n i v e r s i t y course in r a d i a t i o n p r o t e c t i o n 
as appl ied to the environment i s be ing p repa red . 

1.2 Radia t ion p r o t e c t i o n t r a i n i n g a t nuc l ea r power p l a n t s 

1 .2 .1 In t roduc t ion 

Radiation protection in nuclear power plants is an important aspect of 
personnel safety. 

Personnel training is one of the topics that must be tackled because it is a 
special field which, apart from specialized studies, is not covered in schools. 

1.2.2 Personnel ca t ego r i e s 

The personnel to be t r a i n e d can be s p l i t up in to two main groups; 

- Personne l belonging to the company ope ra t ing the p l a n t ; 

Personnel from ou t s ide e n t e r p r i s e s . 

(a) Personnel employed by the o p e r a t o r ; 

There a r e s eve ra l d i f f e r e n t c a t e g o r i e s : 

- Engineers in the "Monitoring" s e r v i c e r e spons ib l e for r a d i a t i o n p r o t e c t i o n , 
among o ther t h i n g s ; 

- Engineers in the "Product ion" s e r v i c e s r e s p o n s i b l e for running t h e u n i t s ; 

- Engineers in the "Maintenance" s e r v i c e s who deal wi th equipment maintenance; 

- Rad ia t ion p ro t ec t i on personnel ("Monitoring" s e r v i c e s ) r e s p o n s i b l e for 
d a i l y moni tor ing; 

- Personnel in the "Product ion" and "Maintenance" s e r v i c e s who run and 
main ta in the f a c i l i t i e s r e s p e c t i v e l y . 

The r a d i a t i o n p ro t ec t i on t r a i n i n g of t h e s e va r ious ca t ego r i e s must be t a i l o r e d 
to t h e i r s p e c i f i c r e s p o n s i b i l i t i e s and o c c u p a t i o n s . 

(b) Personnel from ou t s ide e n t e r p r i s e s : 

These people are involved e i t h e r on a "permanent" b a s i s ( e . g . c l ean ing 
s e r v i c e s ) or dur ing u n i t ove rhau l . They need to r e c e i v e a modicum of in format ion 
about r a d i a t i o n p r o t e c t i o n . 

1.2.3 Radia t ion p r o t e c t i o n t r a i n i n g 

(a ) P l an t personnel : 

Here i s a b r i e f o u t l i n e of t h e types of t r a i n i n g provided for each ca tegory of 
pe r sonne l . 
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- "Monitoring" e n g i n e e r s : 

These a r e c i v i l eng inee r s ( u n i v e r s i t y g r a d u a t e s ) . Unless t h e i r study or 
previous exper ience in the nuc lea r f i e l d i s c o n s i d e r a b l e , they must spend 
an a d d i t i o n a l year s tudying nuc lea r energy a t one of t h e Belgian 
u n i v e r s i t i e s . This s p e c i a l i z e d study covers r a d i a t i o n p ro t ec t ion in d e t a i l 
and t h e paper they w r i t e a t t h e end of the course i s gene ra l ly concerned 
with t h i s a r ea . 

In a d d i t i o n , t h e r e a r e courses provided by E l e c t r i c i t é de France (two 
weeks) or the p l an t i t s e l f (one week) to supplement t h e i r t r a i n i n g in 
"power p l a n t " a p p l i c a t i o n s . 

F i n a l l y , t h e r e a r e t e c h n i c a l t r a i n i n g courses to enable them to improve 
t h e i r t r a i n i n g fu r the r on a p r a c t i c a l l eve l and/or to take r e f r e s h e r 
c o u r s e s . 

- "Production" engineers: 

Basic t r a i n i n g i s provided a t t he p l a n t by the o p e r a t o r ' s s p e c i a l i z e d 
e n g i n e e r s . Courses provided by E l e c t r i c i t é de F rance , i d e n t i c a l to those 
given to "moni tor ing" e n g i n e e r s , a r e compulsory. 

"Maintenance" e n g i n e e r s ; 

T ra in ing i d e n t i c a l to t h a t given to "product ion" e n g i n e e r s . 

- Radiation protection personnel; 

In a d d i t i o n to b a s i c t r a i n i n g provided for a l l personnel (see following 
pa rag raph) , t he re a re more advanced i n t e r n a l courses and p r a c t i c a l t r a i n i n g 
for i n s t r u c t i n g such personnel and updat ing t h e i r knowledge. 

Personnel in o ther s e r v i c e s : 

The b a s i c t r a i n i n g i s provided by an approved body. There a r e r egu l a r 
r e f r e s h e r cou r se s , of which a p a r t i c u l a r fea ture i s t ime spent on 
i n s t r u c t i o n s i t e s . 

(b) Personnel from o u t s i d e e n t e r p r i s e s : 

The persons concerned a r e given t r a i n i n g by t h e i r employers . However, a video 
system exp la in ing the s p e c i a l f ea tu re s of the Tihange s i t e ( en t ry to and e x i t from 
the c o n t r o l l e d zone, d r e s s i n g / u n d r e s s i n g , i r r a d i a t i o n / c o n t a m i n a t i o n , s p e c i a l s i t e s , 
dose m e t e r s , pos t ing of s i g n s , a larm s i g n a l s , e t c . ) i s shown to a l l employees - in 
small groups - followed by q u e s t i o n s and answers . This takes place before they a re 
al lowed access to the f a c i l i t i e s . 

1.3 Basic courses and f u r t h e r t r a i n i n g 

The t ak ing on of t r a i n e e s by r e sea rch l a b o r a t o r i e s and e n t e r p r i s e s , toge the r 
wi th the o rgan iza t ion of s p e c i a l i z e d t r a i n i n g periods (phys i ca l moni tor ing , 
r a d i o b i o l o g y , r ad ioeco logy , nuc l ea r metrology, e t c . ) o f f e r s another way of 
f u r t h e r i n g the development of r a d i a t i o n p r o t e c t i o n techniques and the t r a n s f e r of 
knowledge. 

By way of example, dur ing t h e per iod 1985-1986, 156 t r a i n e e s from 34 coun t r i e s 
worked a t t he CEN/SCK l a b o r a t o r i e s and, of t h e s e , 22 t r a i n e e s from 12 coun t r i es 
took p a r t in work concerned wi th r a d i a t i o n p r o t e c t i o n . 
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I I . RESEARCH 

The r e s e a r c h programme c a r r i e d ou t in Belgium in the f i e l d of r a d i a t i o n 
p r o t e c t i o n inc ludes b i o l o g i c a l p r o j e c t s (somatic and gene t i c e f f e c t s of i o n i z i n g 
r a d i a t i o n ) and programmes concerning t h e behaviour of r a d i o n u c l i d e s in the 
environment ( d i s p e r s i o n , mig ra t i on , t r a n s f e r ) , as wel l as the development of 
nuc lea r metrology and dos imetry . I t should b e noted t h a t r e s e a r c h i n t o 
r ad iob io logy and rad ioecology needs t o be backed up by s p e c i a l a r r angemen t s , such 
as the b r eed ing of l abo ra to ry animals and l a r g e r spec ies ( expe r imen ta l farm), as 
we l l as by the c u l t i v a t i o n of p l a n t s under g l a s s and in t e s t p l o t s . 

With r e g a r d to the worrying problem of c o n t i n u i t y in t h e f i e l d of r a d i a t i o n 
p r o t e c t i o n and, more p a r t i c u l a r l y , r a d i o b i o l o g y and r a d i o e c o l o g y , the c o n t i n u a t i o n 
of c e r t a i n h i g h - l e v e l r e sea rch a c t i v i t i e s makes i t p o s s i b l e to promote and t e s t t h e 
p o t e n t i a l of young r e s e a r c h e r s . 

2 .1 Transfer and d i spe r s ion - ecosystems 

The purpose of these a c t i v i t i e s i s to ma in ta in the knowledge gained i n t h e 
area of a tmospher ic d i s p e r s i o n , p a r t i c l e pathways and dose e v a l u a t i o n . This 
o b j e c t i v e i s a s i n e qua non for r a p i d response in the event of an a c c i d e n t and the 
a b i l i t y to a s s e s s the s i t u a t i o n . Various s t u d i e s a re in progress*, they a r e 
p r i n c i p a l l y covered by con t r ac t s wi th the Commission of t h e European Communities 
and are t h e r e f o r e co-ord ina ted and i n t e g r a t e d throughout Europe. 

Research i n t o the metabolism of r a d i o n u c l i d e s p re sen t i n wastes from n u c l e a r 
f a c i l i t i e s dea l s wi th the b i o l o g i c a l behaviour of technet ium and the t r a n s u r a n i c 
elements and the t r a n s f e r of t r i t i u m ( i n e lementa l and o rgan i c form) and carbon-14 
to mammals. This r e sea rch r ece ive s f i n a n c i a l suppor t from t h e Commission of t h e 
European Communities. 

2.2 Somatic e f f e c t s of i o n i z i n g r a d i a t i o n 

This head ing inc ludes r e sea r ch in to s t o c h a s t i c and the n o n - s t o c h a s t i c e f f e c t s 
(occur r ing above a c e r t a i n t h r e s h o l d ) . 

Research in s t o c h a s t i c e f f e c t s covers t h r e e a s p e c t s : i n d u c t i o n of leukaemia 
and osteosarcoma by r a d i a t i o n ; e f f e c t s of exposure to gamma rays and neu t rons on 
the induc t ion of l i v e r cancers ; in f luence of age on the i n d u c t i o n of cancer by 
r a d i a t i o n , whether or not i t i s combined with a chemical c a r c i n o g e n . 

Research i n t o non-s tochas t i c e f f e c t s involves comparing damage done by 
i n t e r n a l exposure t o r a d i a t i o n on the haematopo ie t i c and s t romal s y s t e m s ; delayed 
e f f e c t s of p r e - n a t a l exposure to r a d i a t i o n on t h e c e n t r a l nervous sys tem; e a r l y 
and l a t e e f f e c t s of p e r i n a t a l or a d u l t exposure t o r a d i a t i o n on t h e haema topo ie t i c 
and immunological systems; e f f e c t s of r a d i a t i o n on p l a n t s . 

This r e s e a r c h i s covered by c o n t r a c t s wi th the Commission of the European 
Communities - and t he re fo re forms p a r t of a co -o rd ina t ed and i n t e g r a t e d system - or 
by a c o n t r a c t wi th the S c i e n t i f i c Medical Research Fund (FRSM). 

2 .3 Genet ic e f f e c t s of i o n i z i n g r a d i a t i o n 

The aim of r e sea rch in to the gene t i c e f f e c t s of i o n i z i n g r a d i a t i o n i s to h e l p 
improve knowledge in var ious f i e l d s : e v a l u a t i o n of the inc idence of chromosome 
a b e r r a t i o n induced in lymphocytes in the b loods t ream fol lowing exposure to low 
doses of X - r a y s ; r a d i a t i o n - i n d u c e d s t r u c t u r a l a b e r r a t i o n of the chromosomes in t h e 
somatic c e l l s of mammals, and morphological and cy togene t i c s t u d i e s of embryonic 
s e n s i t i v i t y to low r a d i a t i o n doses . 
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This r e s e a r c h r e c e i v e s the f i n a n c i a l support of the Commission of the European 
Communities. 

2 .4 Rad ia t ion exposure - dos imetry 

The aim of the s t u d i e s and r e s e a r c h i s to eva lua te the dose r e s u l t i n g from 
exposure of the Belgium popu la t ion t o r a d i a t i o n of n a t u r a l and/or a r t i f i c i a l 
o r i g i n . There i s a s p e c i f i c programme of r a d i o l o g i c a l moni to r ing around nuclear 
f a c i l i t i e s , under a c o n t r a c t between the Min i s t ry of Pub l i c Heal th ( I o n i z i n g 
R a d i a t i o n P r o t e c t i o n Serv ice - SPRI), and the CEN/SCK-IRE. 

Conclus ions 

A s u b s t a n t i a l e f f o r t i s be ing made in the f i e l d of r a d i a t i o n p r o t e c t i o n , which 
i s j u s t i f i e d by the s i z e of the Belgian nuc lea r programme. 

The u n i v e r s i t i e s have an important p a r t t o p l ay , no t only in the f i e l d of 
e d u c a t i o n , b u t a l s o in informing the p u b l i c . I t should be s t r e s s e d t h a t , i f 
e d u c a t i o n i s to be u s e f u l , i t cannot be d i s s o c i a t e d from r e s e a r c h . Research can 
a l s o be u s e f u l for the s u b j e c t of r a d i a t i o n p r o t e c t i o n by encouraging young 
r e s e a r c h e r s and thus ensu r ing t h e neces sa ry c o n t i n u i t y of i n t e r e s t . 
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Annex 1 

GENERAL TRAINING PROGRAMME FOR PERSONNEL WORKING IN RADIATION 
PROTECTION AT TIHANGE NUCLEAR POWER PLANT 

O u t l i n e o f t h e r a d i o a c t i v e r i s k a t t h e p l a n t . 

P u r p o s e o f r a d i a t i o n p r o t e c t i o n and a t t i t u d e o f w o r k e r s t o t h e r i s k s . 

R a d i o a c t i v i t y , d e c a y , h a l f - l i f e . 

N a t u r e o f r a d i a t i o n . 

E f f e c t on m a t t e r : i o n i z a t i o n , a b s o r p t i o n . 

C o n c e p t s of d o s e and d o s e r a t e . 

Mechanism u n d e r l y i n g i r r a d i a t i o n . 

S u r f a c e and a t m o s p h e r i c c o n t a m i n a t i o n . 

E f f e c t s o f r a d i a t i o n on man, s t a n d a r d s f o r p r o t e c t i o n . 

R i s k e v a l u a t i o n . 

Measu remen t and i n t e r p r e t a t i o n . 

P r o t e c t i o n e q u i p m e n t . 

T h e s e c o u r s e s a r e g i v e n by a s p e c i a l i z e d e n g i n e e r from an approved b o d y . 
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Annex 2 

SUPPLEMENTARY TRAINING PROGRAMME FOR PERSONNEL WORKING IN 
RADIATION PROTECTION AT THE TIHANGE NUCLEAR POWER PLANT 

1. Basics of mathematics . 

2 . Basics of nuc l ea r phys i c s . 

3. General p r i n c i p l e s of r a d i a t i o n d e t e c t i o n . 

4 . Radia t ion d e t e c t i o n . 

5. Various types of d e t e c t o r s . 

6. I o n i z a t i o n chambers, p r o p o r t i o n a l c o u n t e r s . 

7. Geiger-MUller counters for use dur ing exposure to r a d i a t i o n and con tamina t ion . 

8. Alpha, be t a and gamma measuring t e c h n i q u e s . 

9. Radiobiology. 

10. Shielding. 

11. Dose units and dose rates. 

12. Design of the controlled zone. 

13. Origin of radioactive products. 

14. Controlled zone exits. 

15. Gamma radiography at the plant. 

16. Site marking. 

17. Performance of radiation protection instruments and practical exercises. 

18. Body decontamination, action in the event of an accident (three hours). 

N.B. These courses are given by engineers and experts in the station (specialized 
personnel) with the support of the medical service (doctor and nurses) and 
outside instructors (principally design consultants). 
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Annex 3 

SUPPLEMENTARY TRAINING PROGRAMME FOR ENGINEERS 
AT THE TIHANGE NUCLEAR POWER PLANT 

1. Fundamentals of nuclear physics. Basic elements of radioactivity. 

2. Origin of irradiation and contamination sources in a nuclear power plant. 

3. Biological effects of ionizing radiation. 

4. Interaction of radiation with matter. Introduction to the theory of 
radioactivity measurement. 

5. Radioactivity measurement: principles and techniques, site instruments, 
practical work. 

6. Radioactivity measurement: fixed system. 

7. Personnel dosimetry: external dosimetry, whole body gamma radiography. 

8. Legislation and standards for radiation protection. 

9. Radioactive effluents: exploitation, legal provisions. 

10. Prevention and policy in radiation protection: ALARA principle, special 
materials and tools. 

11. Role of industrial medicine in a nuclear power plant. 

12. Transport of radioactive materials. 

13. Radiation protection instructions. General principles underlying individual 
and collective protection. 

14. Reaction in the event of a radiation accident affecting a person. 

15. Body decontamination techniques. Inspection of a decontamination area. 

16. Emergency plan in the event of a radiation accident. Simulated exercises with 
accidental releases and calculations. 

N.B. These courses were given by: 

Engineers from the plant specializing in the areas involved; 

- Doctors from the medical service; 

- An EDF medical specialist; 

Engineers from an approved body; 

- Representative of the Ministry of Public Health. 
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"ARGOS": A COMPUTER TOOL FOR RAPID DECISION-MAKING 
IN CASE OF NUCLEAR EMERGENCIES 

Ole Walmod-Larsen and J. Lippert 
RisjS National Laboratory, Roskilde, and 

J. Jensen, Danish Environmental Protection Agency, Copenhagen 

(Denmark) 

In the event of a nuclear emergency, time is one of the most crucial 
factors. 

The emergency preparedness experts need time to evaluate the often 
scarce information available at the beginning of the emergency. The monitoring 
teams need time for taking proper measurements of radioactivity and radiation 
levels if any - a zero reading is also of importance. 

Time is needed for the transfer of those readings from the monitoring 
teams to the technical evaluation centre. And time is here needed for trans­
forming the readings to an understandable background for evaluation. 

Further, time is needed by the decision-makers to choose which measures 
are to be decided upon: 

(i) The public must be informed as soon as ever possible - but 
about what? 

(ii) Any protection measure such as: an order to shelter the 
population in a certain region, or an order to evacuate all 
people in a certain region, has to be based on the best amount 
of information. 

One fact is obvious: time is of the utmost importance in all these 
complicated areas having enormous, both national and international, consequences. 

We have, in Denmark, developed a computer tool which we find useful especially 
when the concern is : 

(i) saving time; and 

(ii) presenting observations; 

in the most easily understandable way for the decision-makers. 

Our base for developing the ARGOS-system was the Danish emergency planning 
for the Swedish Barseback Nuclear Power Plant, 20 km from the coastline of 
Copenhagen, the capital of Denmark. Two boiling water reactors, each of 
600 megawatts of electricity, are situated north of the Swedish city of Malmo. 
In the event of an alarm, many monitoring teams are immediately despatched both 
in Denmark and in Sweden. 

From Denmark, a helicopter is also immediately despatched for measurements 
at distances upto 5 km from the plant. Permission for this flight is immediately 
sought from the Swedish authorities. 
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In order to save time, we have developed a computer system which elimi­
nates many of the sources of errors and misunderstandings in a communication 
system which otherwise consists of: 

(i) writing down measurements; 

(ii) oral message transfer by telephone or radio; 

(ill) writing down the message; 

(iv) eventually another transfer, orally and written; 

(v) transfer by hand to wallmaps of figures and plotting of curves; 

(vi) evaluation on the basis of hand-drawn sketches. 

We cannot yet eliminate (i) and (ii) , but it will be possible for us to 
do so in the very near future. 

We have now eliminated (iii) , (iv) and (v) by means of the introduction 
of four terminals connected to the computer system for direct transfer of data 
from four places. (vi) can now be made on the basis of iso-intensity curves 
drawn on a relevant map by the computer. 

Two identical computers are placed: (i) at the Copenhagen Emergency 
Co-ordination Centre; and (ii) at the Ris?5 Technical Evaluation Centre. One 
terminal is placed in Hiller?Sd and another with the Swedish authorities in the 
city of Malmo. Isodose pictures can be combined with the population distri­
bution and the system can compute the collective dose to be expected in the 
exposed area at chosen times. 

Now, after the Chernobyl accident, it has been decided that a nationwide 
Nuclear Emergency Preparedness Plan be put into effect by 1 January 1988. 

Although Denmark has no nuclear power plants itself, it is surrounded by 
several plants in neighbouring countries: Sweden, German Democratic Republic 
and the Federal Republic of Germany. 

We are now in the process of creating ten permanent early warning stations 
with the task of detecting even small releases of man-made radioactivity. 
These will be connected to an on-line computer which will be installed at the 
Research Centre, Ris{5. In the event of an alert situation - which will only 
be declared after evaluation of the situation by qualified experts - the system 
will communicate into the ARGOS-system which will then present the nationwide 
situation for evaluation. International communication of the situation to 
other authorities will then be possible from the ARGOS system. 
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THE SAFETY OF WATER REACTORS: THE FRENCH APPROACH 

M. Queniart 
Institut Protection et Sûreté Nucléaire (IPSN) 

(France) 

This report provides an outline of the French "philosophy" of safety and the 
resulting approach to the technical analysis of problems related to the safety of 
pressurized water reactors (PWRs). 

It should be recalled that the French nuclear power programme is based on the 
design, construction and operation of series of standardized units, the only 
adjustments being those due to the sites selected for the various units of the same 
series. After the two Fessenheim units and the four Bugey units, the experience 
gained has made it possible to plan, in succession, the series of 90U MW(e) units 
(CP1 followed by CP2), the series of 1,300 MW(e) units (P4 followed by P'4), and 
the series of 1,400 MW(e) units IN4). 

The first units were modelled on American facilities under construction 
(Beaver Valley for Fessenheim, North Anna for Bugey J. at that stage, ED (J 
(Electricité de France) and the authorities responsible for safety relied 
extensively, with modifications to suit French conditions, on the American 
regulations (10 CFR5U and regulatory guides; in matters relating to the safety or 
safety analysis of the French units. 

This initial approach was gradually broadened further by the development of 
probabilistic approaches and by taking into consideration serious accidents. The 
various aspects which will be described in greater detail below have greatly 
benefited from the standardization of the units, which ensures, in particular, that 
feedback from experience gained can be extensively used in improving their safety. 

Accident prevention is based primarily on a deterministic approach, the aim of 
which is to prove that, in the various situations regarded as foreseeable (normal 
operation, incident situations and accident situations), adequate containment of 
radioactive materials is assured. This containment is achieved through "barriers", 
and the situations concerned arise from the application of a concept of "defence in 
depth". 

Maintenance of the containment of the radioactive products is based on the 
interposition of "barriers" between those products and workers or members of the 
public. In the pressurized water reactors built in France, a systematic 
distinction is drawn between three basic "barriers": the cans containing the fuel, 
the shell of the primary pressurized circuit and the containment of the nuclear 
steam supply system. The behaviour of the "barriers" is examined under all 
conditions corresponding to the normal operation of the plant and to the incident 
and accident situations regarded as foreseeable. A release of radioactive products 
can only occur in the event of a loss of leaktightness affecting all the barriers. 
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The concept of "defence in depth" used in defining situations regarded as 
foreseeable covers: 

Planning, construction and operation of facilities to ensure that the plant is 
inherently resistant; 

Installation of control or protection systems capable of returning the plant 
to its normal mode of operation in any foreseeable cases of transients and 
incidents ; 

Due provision for accidents which might occur despite the preventive measures 
adopted under the two previous points, and planning of protection systems 
capable of limiting the consequences of such accidents. 

As far as the application of this concept is concerned, the following points 
should be noted. 

(1) The fact of designing a component or a system for a given situation does 
not rule out the possibility that it will break down in that situation. If the 
consequences of such a breakdown are considered unacceptable, additional measures 
must be taken to limit or prevent them. Accordingly, every precaution is taken to 
ensure that the pressurized circuits can withstand the maximum stresses to which 
they may be subjected; at the same time, their rupture is taken into account in 
accident research. Exceptions to this rule can only be made if the preventive 
aspect is sufficiently "reinforced": the sudden rupture of the vessel in 
pressurized water reactors is thus ruled out, by virtue of the precautions taken in 
design, manufacture and inspection throughout the life of the plant, so that 
defects which might lead to more serious breakdowns can be detected in time kthis 
point is also subject to specific regulations which are particularly closely 
scrutinized by the authorities J. 

(2) Since it is not possible to examine all accident situations regarded as 
foreseeable, the operator and safety authorities have agreed to examine a limited 
list of accident situations drawn up so that they are representative of the hazards 
involved; each situation is selected and studied in such a way that its 
consequences are greater than those of the comparable events which it is supposed 
to represent (the "accident envelope" approach). 

(3) The failures which might call into question both the measures taken to 
prevent accidents and the means for limiting their consequences must be 
identified; measures have been adopted to ensure that failure does not give rise 
to unacceptable consequences. Accordingly, the total breakdown of the external and 
internal electricity supply is liable to cause the loss of primary coolant (leakage 
from the joints of the primary pumps), while the protection systems (without 
benefit of current) would be unable to operate in such conditions. Similarly, a 
fire would act as a cause of "common mode" failure. 

The problem which then arises is of knowing "how far to go" and of 
ascertaining what accident situations should be borne in mind when designing the 
plant. Generally speaking, as mentioned above, the deterministic approach allows 
for a conventional list of situations classified according to frequency and the 
consequences of those situations must, in each category, still be lower than values 
which are all the higher when the situations are less likely. 

At this stage, it should be emphasized that French regulations require, for 
each site, licences for the discharge of gaseous and liquid radioactive wastes; 
these licences specify, on a case-by-case basis, the maximum overall activity for 
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which the d ischarge i s a u t h o r i z e d , with s p e c i f i c a c t i v i t y l i m i t s for c e r t a i n 
r a d i o a c t i v e subs t ances . On the o ther hand, French r e g u l a t i o n s do no t spec i fy 
l i m i t s for dose equ iva len t s l i k e l y to be de l ive red to members of the p u b l i c in 
acc ident s i t u a t i o n s ; t h e r a d i a t i o n consequences of such s i t u a t i o n s ( conven t iona l 
opera t ing condi t ions and s i t u a t i o n s a r i s i n g from o u t s i d e even ts ) a re c a l c u l a t e d 
without re fe rence to l i m i t dose e q u i v a l e n t s , but a r e submit ted and regarded as 
acceptable in the course of s p e c i f i c l i c e n s i n g procedures a t each p l a n t in which 
the Minis t ry r e s p o n s i b l e for pub l i c h e a l t h plays a r o l e . 

For the design of i t s f a c i l i t i e s EDF has fixed the fol lowing l i m i t s , which 
have been accepted by the sa fe ty a u t h o r i t i e s : 

Frequency category Estimated frequency Maximum consequences in 
(per year) in terms of r a d i a t i o n 

1 1 Limited by l i c e n c e s to r 
r a d i o a c t i v e e f f l u e n t 

2 2u~2 - 1 d i scha rges 

0.5 rem (whole body) 
3 10-4 _ l t r 2 

1.5 rem ( t h y r o i d ) 

15 rem (whole body) 
4 10"6 - 10-4 

45 rem (thyroid) 

The annex contains the conventional list of operating conditions selected for 
the 1300 MW(e) units. 

i f vV •>'.-

The o r i g i n a l d e t e r m i n i s t i c approach has been added to by the development of 
p r o b a b i l i s t i c approaches . H i s t o r i c a l l y speaking, an approach of t h i s kind was 
f i r s t introduced to deal with the measures adopted wi th regard to o f f - s i t e events 
in order to b r ing t h e s i t u a t i o n s a r i s i n g out of t h e design events s e l e c t e d n e a r e r 
to the conventional l i s t of o n - s i t e a c c i d e n t a l s i t u a t i o n s . 

To give an i l l u s t r a t i o n - i t was on the bas i s of s tudy of t h e p r o b a b i l i t y of 
a i r c r a f t c rashing onto PWR nuclear power p l an t s t h a t the French s a f e t y a u t h o r i t i e s 
accepted the fac t t h a t d i f f e r e n t s e r i e s of u n i t s could be designed in a manner t h a t 
allowed for the idea of only a crash by "gene ra l " a i r c r a f t ( t ak ing i n t o 
cons ide ra t ion a "hard" p r o j e c t i l e r ep resen ted by a CESSNA 210 p lane weighing 
1.5 tons and a " so f t " p r o j e c t i l e r ep resen ted by a LEAR JET 23 weighing 5.7 t o n s ) , 
and excluded m i l i t a r y and commercial a i r c r a f t ; t h i s led to t h e r e j e c t i o n of 
c e r t a i n s i t e s . 

Never the less , in 1977 when the major t e c h n i c a l op t ions for the 1300 MW(e) 
un i t s were being s t u d i e d , the French sa fe ty a u t h o r i t i e s f ixed an o v e r a l l 
p r o b a b i l i s t i c t a r g e t in those te rms: 

"General ly speaking, t h e design of f a c i l i t i e s for a u n i t comprising a 
p ressur ized water r e a c t o r should be such t h a t the o v e r a l l p r o b a b i l i t y of the u n i t 
giving r i s e to unacceptable consequences should not exceed 10~" per y e a r . 
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"Consequent ly , when a p r o b a b i l i s t i c approach i s used to es t imate whether a s e t 
of even t s should be taken i n t o account for the design of such a u n i t , i t has to be 
cons idered t h a t those events should in fac t be considered i f the p r o b a b i l i t y t h a t 
they might lead to unacceptable consequences i s more than 1 0 - ' per year , wi th 
t h i s v a l u e no t being exceeded in the case of the given se t of events unless i t i s 
p o s s i b l e to prove t h a t the p r o b a b i l i t y c a l c u l a t i o n s made are r a t h e r p e s s i m i s t i c . 

"Moreover, i t appears necessary for E l e c t r i c i t é de France to continue i t s 
e f f o r t s aimed a t the use of p r o b a b i l i s t i c approaches for the g r e a t e s t poss ib le 
number of events as soon as p o s s i b l e . 

" I n app ly ing t h e a f o r e s a i d E l e c t r i c i t é de France should in each ind iv idua l 
c a s e s tudy whether the s imultaneous f a i l u r e of redundancies in s a f e t y - r e l a t e d 
systems should be taken i n t o account in the design of u n i t s comprising a 
p r e s s u r i z e d water r e a c t o r . . . For such s t u d i e s use could be made of r e a l i s t i c 
hypo theses and c a l c u l a t i o n methods". 

This t e x t c a l l s for seve ra l comments: 

(1 ) The o v e r a l l t a r g e t i s fixed in terms of "unacceptable consequences"; 
a c c o r d i n g l y , i t i s s t a t e d above tha t these "unacceptable consequences" are not 
def ined by any l e g i s l a t i v e or r e g u l a t o r y document - they must in rac t be assessed 
in p o l i t i c a l t e rms , with a l lowance, i f neces sa ry , to r the e f f e c t s assoc ia ted witn 
s i t e s and the p o s s i b i l i t i e s for ac t ion to p r o t e c t t he popu la t ion . 

(2) The p r o b a b i l i t y of 10-fe per year i s a " t a r g e t " va lue tor a uni t and hüh' 
i s not r e q u i r e d to prove t h a t the t a r g e t has been reached; the " t a r g e t " has 
n e v e r t h e l e s s been cons idered r e a s o n a b l e , bear ing in mind the r e s u l t s published in 
the WASH 1400 r e p o r t and the improvements made to the design of French un i t s 
compared with the p r e s s u r i z e d water r e a c t o r p l an t s t ud i ed in the r e p o r t . 
J u s t i f i c a t i o n of the design f ea tu re s s e l ec t ed to avoid any unacceptable hazard i s 
s t i l l , a t t he o u t s e t , based on d e t e r m i n i s t i c s t u d i e s and not on an ove ra l l 
p r o b a b i l i s t i c a n a l y s i s . 

In a l e t t e r con t a in ing comments addressed to EOF in 1978 on t h i s sub j ec t , t he 
s a f e t y a u t h o r i t i e s c l e a r l y s t i p u l a t e d the framework for p r o b a b i l i s t i c s t u d i e s 
r e q u i r e d from EDF: 

" I would l i k e to s t r e s s . . . t h a t my wish to ensure the use of a p r o b a b i l i s t i c 
approach for the g r e a t e s t p o s s i b l e number of s e t s of events does not involve the 
d i r e c t u s e of t h e s e methods for design of u n i t s con ta in ing a p ressu r i zed water 
r e a c t o r . P r o b a b i l i s t i c v e r i f i c a t i o n s can be e a s i l y c a r r i e d out a p o s t e r i o r i t o 
show the soundness of t h e measures foreseen and such s t u d i e s can, furthermore, 
improve the d e f i n i t i o n of the d e t e r m i n i s t i c c r i t e r i a used, should such be 
n e c e s s a r y , for des ign ing l a t e r u n i t s . 

"The terms of my l e t t e r . . . (of 1977) . . . do not mean, e i t h e r , t h a t the sa fe ty 
of a p r e s s u r i z e d water r e a c t o r u n i t should now be proved by an exhaust ive 
p r o b a b i l i s t i c a n a l y s i s . On the o ther hand, t h e use of p r o b a b i l i s t i c approaches 
should make for b e t t e r j u s t i f i c a t i o n , i . e . improvement, of the d e f i n i t i o n and 
c l a s s i f i c a t i o n of s i t u a t i o n s considered when des igning a un i t of tha t k ind . " 

(3) The va lue 10~' per year is used more d i r e c t l y in the ope ra t iona l sense 
and the approach r e f e r r e d to above for o f f - s i t e events app l i e s t h i s value when 
c o n s i d e r i n g , for example, s e v e r a l s e t s of events for a i r c r a s h e s : the p r o b a b i l i t y 
of a " g e n e r a l " a i r c r a f t c rash ing on a power p l a n t i s in France such tha t 
p r e s s u r i z e d water r e a c t o r p l a n t s adopt sys temat ic p r o t e c t i o n measures aga ins t a 
c rash of t h a t k ind , wherever the s i t e ; on the o the r hand, the p r o b a b i l i t y of a 
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commercial a i r c r a s h on a power p l a n t i s r a t h e r low in France , excluding the a r e a s 
around a i r p o r t s , so t h a t t h e r e i s no need to adopt such measures in t h a t r ega rd ; 
as far as m i l i t a r y a i r c r a f t a re concerned, the mat ter i s examined for each s i t e 
proposed so as to be sure t h a t t h e s i t e i s r e a l l y a c c e p t a b l e . The v a l u e 10"? per 
year a l so makes i t p o s s i b l e to deal with the problems of combinations of o f f - s i t e 
events and convent ional ope ra t ing c o n d i t i o n s . 

I t should be pointed ou t , however, t h a t the va lue 10" ' per year i s no t 
considered a "cu t -of f" value above which design fea tu res must d e f i n i t e l y be 
adopted. How to t e l l whether such f ea tu re s should be in fac t adopted i s cons idered 
in each ind iv idua l case by means of a c r i t i c a l study of t h e assumptions made and by 
bear ing two important aspects in mind: 

(a) The o v e r a l l t a r g e t for r i s k : for example, in order to s t ay w i t h i n the 
area of ou t s ide events i t i s p o s s i b l e to accept a h igher degree of v u l n e r a b i l i t y 
with regard , say, t o a i r c rashes in view of a l e s s s e r degree of v u l n e r a b i l i t y to 
exp los ions ; one has to bear in mind the number of s e t s of events for which the 
p r o b a b i l i t y of t h e i r leading to unacceptable consequences i s g r e a t e r than lO"? 
per year; 

(b) The cos t of t h e measures to be implemented as a g a i n s t t he b e n e f i t 
expected from the s a f e t y s t a n d p o i n t ; 

(4) As opposed to the convent iona l d e t e r m i n i s t i c approach, for which s t u d i e s 
are made on the b a s i s of the p e s s i m i s t i c assumptions and c a l c u l a t i o n s , t h e 
p r o b a b i l i s t i c approach, i f i t i s to be fu l ly success fu l and permit g r e a t e r 
consis tency in the measures adopted to prevent any unaccep tab le r i s k , i s based on 
values as r e a l i s t i c as p o s s i b l e both for a s se s s ing p r o b a b i l i t i e s and for eva lua t i ng 
consequences. 

The use of p r o b a b i l i s t i c approaches has enabled us to show the neeo for 
a d d i t i o n a l measures aimed a t a s a t i s f a c t o r y l e v e l of s a fe ty in c e r t a i n s i t u a t i o n s 
t h a t do not f igu re in the convent iona l l i s t of ope ra t ing c o n d i t i o n s . The l e t t e r of 
1977 quoted above requested EDF to give p a r t i c u l a r a t t e n t i o n to the p r o b a b i l i t i e s 
and consequences of: 

(a) F a i l u r e of the scram system during t r a n s i e n t s c a l l i n g for the a c t u a t i o n 
of t ha t system; 

(b) F a i l u r e of one of t h e systems for removing hea t produced by t h e r e a c t o r 
to the "cold source" or from the "cold source" ; 

(c) Simultaneous f a i l u r e of t h e e n t i r e power supply. 

As a r e s u l t of these s t u d i e s a d d i t i o n a l measures were in fac t put i n t o e f f e c t 
on the d i f f e r e n t s e r i e s of u n i t s , c o n s i d e r a t i o n being given to the s t a t e of 
cons t ruc t ion of them. This po in t can be i l l u s t r a t e d by the case of s imul taneous 
f a i l u r e of t h e power systems. 

E l e c t r i c a l power i s supp l ied to p re s su r i zed water r e a c t o r p l a n t s by four 
independent s o u r c e s : two o u t s i d e sources based on the EDF d i s t r i b u t i o n g r i d , and 
two ins ide sources each c o n s i s t i n g of a genera tor working on d i e s e l o i l ; t h e r e is 
in add i t i on a p o s s i b i l i t y of swi tch ing over the t u rbo -gene ra to r s so t h a t they power 
t h e i r own a u x i l i a r y sys tems. 

These power sources feed t h e two independent power d i s t r i b u t i o n l i n e s l i m e A 
and l i n e B) for the sa fe ty and p r o t e c t i o n equipment by means of two c o n t r o l panels 
known as "back-up pane l s" (b.bkV LHA and LHB); one genera tor u n i t i s ass igned to 
l i n e A and the o ther to l i n e B. 
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When the s t u d i e s mentioned above were made i t became c l e a r that in the case of 
t h e 900 MW(e) u n i t s s imultaneous f a i l u r e of a l l the e l e c t r i c power systems could 
r a p i d l y lead t o s e r ious consequences. This kind of f a i l u r e involves breakdown of 
the i n j e c t i o n of water i n t o the primary pump j o i n t s , which means loss of i n t e g r i t y 
in the primary c i r c u i t w i th in a per iod of about t h r e e h o u r s . The corresponding 
p r o b a b i l i t y i s of t h e order of 2 x 10"-' per yea r , t ak ing i n t o account the va r ious 
i n i t i a l s t a t e s pos s ib l e in the u n i t : h a l f of t h i s p r o b a b i l i t y stems from f a i l u r e 
of t h e power sources in the t r ue sense , and the other ha l f comes from the f a i l u r e 
of the two c o n t r o l panels LHA and LHB. 

This s i t u a t i o n led EDF t o examine va r ious a d d i t i o n a l measures by which to 
reduce the p r o b a b i l i t y of a s e r ious a c c i d e n t . In t h i s way, use of a gas tu rb ine 
i n s t a l l e d a t t h e s i t e and the implementation of methods for r e - e n e r g i z m g a t>.b kV 
c o n t r o l pane l by means of a genera tor be longing to a neighbouring un i t make i t 
p o s s i b l e to reduce cons iderab ly the p r o b a b i l i t y of a s e r ious accident r e s u l t i n g 
from t h e s imul taneous f a i l u r e of power sources ( to about 1 0 - ' per yea r ) . The 
p r o b a b i l i t y of a s e r ious acc iden t r e s u l t i n g from the simultaneous f a i l u r e of a i l 
the power systems i s , however, reduced only by a fac tor of about 2, s ince the 
r e p a i r of t h e back-up panels assumed to have f a i l e d cannot normally be made q u i c k l y . 

To i n c r e a s e the time a v a i l a b l e to the opera to r in such a case one has to 
ensu re the i n j e c t i o n of water in to the primary pump j o i n t s so as to avoid the loss 
of i n t e g r i t y in the primary c i r c u i t u n t i l the shutdown s t a g e where the i n j e c t i o n i s 
no longer n e c e s s a r y . I t was found t h a t t h i s could be done by an ex i s t i ng pump 
( t e s t pump) provided i t was coupled to a t u rbo -gene ra to r u n i t suppl ied with steam 
from t h e steam g e n e r a t o r s . 

The s e t of devices r equ i r ed to put i n t o e f fec t t he measures described above i s 
be ing in t roduced for the 900 MW(e) u n i t s (procedure H3); in t h i s way the 
p r o b a b i l i t y of a s e r i ous acc iden t i s not more than 5 x 10 - ° per year , the 
dominant sequence corresponding to a s imultaneous f a i l u r e of the back-up c o n t r o l 
pane l s l a s t i n g longer than the wa te r -ho ld ing capac i ty of the steam generator 
emergency feed system, t h e water serv ing t o remove the r e s i d u a l h e a t . 

To reduce the p r o b a b i l i t y of a s e r i o u s acc iden t s t i l l more, a l l tha t i s needed 
i s to have a way of supplying water to the steam g e n e r a t o r s . This supply should be 
p o s s i b l e by g r a v i t y feeding of the emergency steam genera tor supply tank and use of 
a condensor e x t r a c t i o n pump. Serious acc iden t p r o b a b i l i t y i s then reduced to about 
1 0 - ' per y e a r . 

One can see from t h i s example how r e f l e c t i o n s based on a p r o b a b i l i s t i c 
approach have enabled us to reduce the r i s k a s soc i a t ed with simultaneous f a i l u r e of 
the power supp l i e s of a 900 MW(e) u n i t to an accep tab le va lue without fundamentally 
changing the i n i t i a l des ign based on a convent ional l i s t of opera t ing c o n d i t i o n s . 

Obviously , t h e data from these s t u d i e s were borne in mind during t h e des igning 
of the 1300 MW(e) and N4 u n i t s without any need to amend the conventional l i s t of 
o p e r a t i o n a l c o n d i t i o n s . This i s why, for these s t andard ized u n i t s , t he s e t of 
measures desc r ibed above ( inc lud ing g r a v i t y backfeeding of water to the emergency 
steam genera to r feed tank) has been incorpora ted i n t o the design of the 
cor responding u n i t s and the p r o b a b i l i t y of a s e r i ous acc iden t r e s u l t i n g in the case 
of a 1300 MW(e) u n i t from the simultaneous f a i l u r e of a l l the power feed systems 
has t h e r e f o r e not r i s e n above about 1 0 - ' per year s ince t h e i r commissioning; for 
the N4 s e r i e s some new improvements a re now being s t u d i e d . 
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Speaking more g e n e r a l l y , the s t u d i e s on p r o b a b i l i t i e s and consequences of the 
t o t a l f a i l u r e of redundant s a f e t y - r e l a t e d systems have shown t h a t i n order to 
a t t a i n the o v e r a l l safe ty goal i t has been necessary to adopt measures in a d d i t i o n 
to the automatic systems a l r eady fea tured in the i n i t i a l de s ign . 

For example, s p e c i a l o p e r a t i o n a l procedures have been worked out and defined 
t h a t a re known as H procedures (H s tanding for "beyond the design b a s i s " , but i t 
would be more c o r r e c t to say " a t the design b a s i s l i m i t " ) . The H3 procedure has 
been descr ibed above, but i t should be made c l ea r he re t h a t t h e r e a r e in a l l f i ve 
H procedures : 

HI: l o s s of ou t s ide cold source ; 

H2: t o t a l f a i l u r e of systems supplying water to the steam g e n e r a t o r s (normal 
and emergency supp ly ) ; 

H3: t o t a l f a i l u r e of power sources (ou t s ide and i n s i d e ) ; 

H4: r e c i p r o c a l emergency a c t i o n by the systems for spray ing the conta inment , 
and emergency low p r e s s u r e i n j e c t i o n during t h e r e c y c l i n g phase ; 

H5: p r o t e c t i o n of r i v e r bank s i t e s aga ins t f looding t h a t exceeds the 
reference flood (thousand year r e c u r r e n c e ) . 

A supplementary procedure - Ul - is designed to improve s t i l l more the 
prevent ion of core melt acc iden t s by an approach involving t h e s t a t e of t h e coo l ing 
system for the steam supply dur ing an acc iden t when the re i s no idea of the 
sequence of events t h a t lead up to t h a t s i t u a t i o n . 

However, d e s p i t e a l l the precaut ions mentioned above for avoiding core 
degrada t ion we cannot a b s o l u t e l y r u l e out the p o s s i b i l i t y of s e r i o u s acc iden t s 
involving core melt and p a r t i a l or s u b s t a n t i a l l o s s , a f t e r some de lay , of the 
containment of r a d i o a c t i v e m a t e r i a l in the v e s s e l . In t h i s r e s p e c t , for a given 
scena r io we can almost always imagine another scena r io which would be worse by 
assuming an a d d i t i o n a l f a i l u r e ; i t i s q u i t e c l ea r t h a t as one p r o g r e s s i v e l y 
considers more and more se r ious scena r ios the p r o b a b i l i t y t h a t they may occur tends 
to z e r o . So where should one s top? I s i t necessa ry , for purposes of p r o t e c t i n g 
the populat ion and adopt ing measures to t h a t e f f e c t , to f i x a new p r o b a b i l i t y 
threshold and determine the maximum r a d i o a c t i v i t y r e l e a s e s corresponding t o i t ? 

Two po in t s of c r i t i c i s m can be made wi th regard to t h i s approach; 

(1) The more improbable t h e events a r e , t he g r e a t e r the u n c e r t a i n t y of t h e 
c a l c u l a t i o n of t h e i r p r o b a b i l i t y , so t h a t the c a l c u l a t i o n i t s e l f does not have much 
s i g n i f i c a n c e ; 

(2) Above a l l , c a l c u l a t i o n of the source terms during such acc iden t s 
circumvents the major problem of s tudying the con t ro l of the course of these 
acc iden ts by a s e r i e s of a p p r o p r i a t e a c t i o n s . 

In the French approach to s e r i ous acc iden t s no a t tempt is made to c l a s s i r y the 
se r ious acc idents in any p r e c i s e manner and use i s made of the express ion "source 
term" in a r e s t r i c t e d sense : a "source term" is a t y p i c a l r e l e a s e c h a r a c t e r i s t i c 
of a c l a s s of a c c i d e n t s ; i t i s taken in to cons ide ra t ion in order to de f ine t h e 
a c t i o n to be foreseen with regard to t h i s c l a s s of a c c i d e n t , for the purpose of the 
u l t i m a t e p r o t e c t i o n of the popu la t i on , as pa r t of the p r e p a r a t i o n of emergency 
plans ( o n - s i t e emergency plan for the power p l an t and s p e c i a l plan of a c t i o n 
o f f - s i t e ) . 
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As a r e s u l t of s t u d i e s c a r r i e d out with French-designed water r e a c t o r s , th ree 
r e fe rence source terms have been i d e n t i f i e d corresponding to three major ca t egor i e s 
of a c c i d e n t s , a l l of which cover a complete core melt-down. They are in order of 
descending s e r i o u s n e s s : 

Source term S^ for acc iden t s invo lv ing ea r l y r u p t u r e of the containment 
( s e v e r a l hours a f t e r the a c c i d e n t s t a r t s ) ; a t y p i c a l example of such 
a c c i d e n t s i s the -X mode accord ing to the terminology of the WAbh 14UU 
r e p o r t ; 

- Source term S2 for acc iden t s l ead ing to r e l e a s e s outs ide the 
containment d i r e c t l y i n t o the atmosphere as a r e s u l t of a delayed loss of 
l e a k t i g h t n e s s , a f t e r a per iod of one or seve ra l days (.example: mode 5 ) ; 

- Source term S3 for acc iden ts l ead ing to i n d i r e c t r e l e a s e s because of 
the ex i s t ence of pathways of t r a n s f e r with r e t e n t i o n between the 
containment and the ou t s i de a i r (example: mode £ ) . 

The corresponding r e l e a s e l e v e l s have been evaluated on the bas i s of 
informat ion conta ined in the WASH 1400 r e p o r t . For these t h r e e source te rms , they 
a r e , r e s p e c t i v e l y , a few tens of per c e n t , s eve ra l per cent and severa l per m i l l e 
of the f i s s i o n product content of the core for v o l a t i l e p roduc t s , apar t from the 
r a r e gases r e l e a s e d almost e n t i r e l y in a l l t h r e e c a s e s . 

Source terms and f r a c t i o n s of a c t i v i t y r e l eased from core 

Type of containment f a i l u r e S^ S2 S3 

Ear ly Delayed Late 

Rare gases 

Organic 

Non-organic 

Cs 

Sr 

With regard to acc iden t s e n t a i l i n g source term S^, the French approach seeks 
to show t h a t for French r e a c t o r s with l a r g e containment systems these a c c i d e n t s can 
be r u l e d out e i t h e r for phys ica l r easons ( i m p o s s i b i l i t y of desc r ib ing a t r a i n of 
events on a r e a l i s t i c b a s i s ) or e l s e because they a re too improbable: t h i s r e l a t e s 
to ex. and -f modes for r u p t u r e of t h e containment following on a steam explos ion and 
a hydrogen exp lo s ion , r e s p e c t i v e l y . 

Fur thermore , s p e c i a l emergency a c t i o n p lans of t h e publ ic a u t h o r i t i e s have 
been worked out in France a f t e r c o n s i d e r a t i o n of reasonable chances for evacuat ion 
and containment of t h e popu la t ion . This idea had led to envisaging the p o s s i b i l i t y 
of the fol lowing a c t i o n : p o t e n t i a l evacuat ion of the populat ion to a d i s t a n c e of 
5 km and containment of o ther persons up to 10 km wi th in a period of 12-24 hours 
fol lowing the s t a r t of the a c c i d e n t . 

I 

80 % 

0.b% 

60 % 

40 % 

5 % 

75 % 

0.55% 

2 . 7 % 

5 .5 % 

0 . 6 % 

75 % 

U.55/o 

0 . 3U% 

U.35% 

0.04% 
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Comparison of the scope of t h e s e measures wi th t h e assumed l e v e l of the 
r a d i o a c t i v e r e l e a s e s i n d i c a t e s t h a t they a re compatible i f t h e r e l e a s e s do no t 
exceed the c h a r a c t e r i s t i c s of source term 82-

I t now remained to deal wi th the case of a cc iden t s t h a t could lead t o r e l e a s e s 
through the above-ground p a r t of t h e containment a f t e r a delay of t h e order of, or 
g r e a t e r than, a day. t h i s a p p l i e s p a r t i c u l a r l y to a p re s su re i n c r e a s e above t h e 
des ign value in the containment (mode&), or se r ious leakage from t h e l a t t e r 
(mode(3). For t h i s purpose measures have been s tud ied for improving the l a s t 
containment b a r r i e r ; t h e s e a r e emergency procedures , known as U, by means of 
which, using simple dev i ce s , the consequences of acc iden t s can be l i m i t e d 
i r r e s p e c t i v e of t h e i r cause . 

To be more exac t , procedure U2 s t i p u l a t e s the a c t i o n to be taken i f a f a u l t in 
the i n s u l a t i o n of the containment i s de tec ted during an a c c i d e n t . 

Procedure U4 aims a t avoid ing any d i r e c t r e l e a s e of r a d i o a c t i v e products 
•through the drainage devices placed ins ide the concre te r a f t under the v e s s e l w e l l , 
and procedure U5 permits monitored and f i l t e r e d r e l e a s e s through a s p e c i a l 
f i l t r a t i o n system with a gain on the a e r o s o l r e l e a s e s of the order of a f a c t o r 
of 10 ( l e v e l l i n g of t h e containment p r e s s u r e ) . Hence the source term S2 can be 
reduced to the l e v e l of the source term S3. 

The s e t of measures descr ibed above enables us to deal wi th the q u e s t i o n of 
s e r i o u s acc idents from the s t a n d p o i n t of t h e a c c e p t a b i l i t y of t h e i r consequences . 
Since the Chernobyl acc iden t t h i n k i n g on the t o p i c of managing an a c c i d e n t and the 
p o s t - a c c i d e n t s i t u a t i o n has con t inued . 

The s e t of a c t i o n s desc r ibed above i s aimed a t improving, from a conven t iona l 
d e t e r m i n i s t i c approach, the cons i s t ency of a l l measures adopted to ensure the 
s a f e ty of f a c i l i t i e s . Overal l p r o b a b i l i s t i c eva lua t ions a r e under way so t h a t we 
can b e t t e r assess the s t r e n g t h s and weaknesses, i f any, of t h e 900 MW(e) and 
1300 MW(e) u n i t s . 

In any event , moni tor ing remains impera t ive in order to d e t e c t any d e v i a t i o n 
of the sa fe ty l e v e l of f a c i l i t i e s . A s p e c i a l e f f o r t , which i s not d e a l t wi th 
e x p l i c i t l y in t h i s paper , i s thus devoted to s tudying feed-back in order to d e r i v e 
from i t v a l i d informat ion, more e s p e c i a l l y , to d e t e c t events foreshadowing s e r i o u s 
a c c i d e n t s . 
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Annex 

CONVENTIONAL LIST OF OPERATIONAL CONDITIONS 
SELECTED FOR 1300 MW(e) UNITS 

A v e r a g e f r e q u e n c y i n c i d e n t s t h e c o n s e q u e n c e s of which shou ld r e m a i n e x t r e m e l y 
l i m i t e d : 

U n c o n t r o l l e d w i t h d r a w a l of t h e c o n t r o l r o d s of a s u b c r i t i c a l r e a c t o r 

U n c o n t r o l l e d r emova l o f r e a c t o r c o n t r o l r o d g roup o p e r a t i n g a t power 

Wrong p o s i t i o n i n g , f a l l o f a r o d o r g r o u p o f r o d s 

U n c o n t r o l l e d b o r i c a c i d d i l u t i o n 

P a r t i a l l o s s of p r i m a r y f low 

S t a r t - u p of an i n a c t i v e l o o p 

T o t a l l o s s of l o a d - t u r b i n e t r i p 

Loss o f no rma l f e e d w a t e r 

Wrong f u n c t i o n i n g o f normal f e e d w a t e r 

Loss o f e x t e r n a l power s u p p l y 

E x c e s s i v e l o a d i n c r e a s e 

Open ing o f a p r e s s u r i z e r v a l v e a t t h e wrong t i m e (momentary d e p r e s s u r i z a t i o n 
of p r i m a r y c i r c u i t ) 

Opening o f a s e c o n d a r y c i r c u i t v a l v e a t t h e wrong t i m e 

S t a r t - u p a t t h e wrong t ime o f a s a f e t y i n j e c t i o n or b o r a t i o n . 

Very i n f r e q u e n t a c c i d e n t s t h e c o n s e q u e n c e s of which shou ld be f a i r l y l i m i t e d : 

Loss of p r i m a r y c o o l a n t ( s m a l l r u p t u r e s ) 

Open ing a t t h e wrong t i m e of a p r e s s u r i z e r v a l v e ( p r o l o n g e d d e p r e s s u r i z a t i o n 
of t h e p r i m a r y c i r c u i t ) 

S l i g h t r u p t u r e of t h e s e c o n d a r y - c i r c u i t p i p i n g 

T o t a l l o s s of p r i m a r y flow 

Wrong p o s i t i o n i n g of a f u e l a s s e m b l y i n t h e r e a c t o r 

Removal o f a c o n t r o l r o d g roup a t f u l l power 

R u p t u r e o f t h e c h e m i c a l and volume m o n i t o r i n g c i r c u i t t a n k 

R u p t u r e of t h e s t o r a g e t ank of t h e g a s e o u s e f f l u e n t t r e a t m e n t c i r c u i t . 
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Serious and h y p o t h e t i c a l a c c i d e n t s the consequences of which should s t i l l be 
a c c e p t a b l e : 

Fuel handl ing acc ident 

S izable r u p t u r e of t h e secondary c i r c u i t (steam or water) 

Blocked r o t o r of a primary motor pump 

Ejec t ion of a r e g u l a t i n g rod group 

Feas ib l e loss of primary coolant 

Complete r u p t u r e of a s team-genera tor p i p e . 
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ONTARIO HYDRO'S SYSTEMS APPROACH TO 
RADIOACTIVE MATERIALS MANAGEMENT 

T.J. Carter* and P.K.M. Rao** 
Ontario Hydro, Toronto, Ontario 

(Canada) 

INTRODUCTION 

Ontario Hydro is a large provincial utility serving Canada's most heavily 
industrialized province, Ontario. In a system of 80 hydraulic, fossil 
and nuclear generating stations, Ontario Hydro operates 13 CANDO 
(CANadian Deuterium uranium) nuclear units at two major multi-unit 
station site complexes (Pig. 1). Seven more nuclear units are under 
construction, including four at a third multi-unit site at Darlington. 
Ontario Hydro uses a systems approach in the development of its 
'cradle-to-grave' management practices and facilities for radioactive 
materials arisings. The approach meets broad policy objectives set by 
Ontario Hydro with regard to management of radioactive materials to 
ensure an acceptable standard of health and safety for its employees and 
the public, and minimize the need for present and future commitments of 
human and materiel resources. With the prime objective of supply of 
electricity at the lowest feasible cost consistent with high safety and 
quality of service standards, a sound decision making approach in 
radioactive materials management is considered pivotal in the life cycle 
management of the materials, arising from its 14300 MWe (committed net 
electrical) nuclear generation program. 

* Radioactive Materials Management Engineer, Ontario Hydro, 
700 University Avenue, Toronto, Ontario M5G 1X6, Canada. 

** Senior Design Specialist, Nuclear Materials Management Department, 
Ontario Hydro, 700 University Avenue, Toronto, Ontario M5G 1X6, 
Canada. 
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Fig. 1. Pickering Generating Stations A and B (Eight CANDU Units) 

NATURE OF RADIOACTIVE MATERIALS 

The radioactive materials generated from Ontario Hydro's CANDU nuclear 
generation program are diverse, both in physical character and 
radioactive hazard: 

(a) High Level Material*: The largest quantity (99.9 percent) of 
radioactivity produced in the nuclear stations are contained 
within the irradiated fuel, generated as a result of the fission 
process. A typical four-unit CANDU station such as the one at 
Pickering Generating Station (GS) A discharges approximately 
350 tonnes of irradiated fuel each year. 
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Routine Reactor Wastes: These include process system wastes and 
contaminated housekeeping wastes from areas of the station where 
radioactivity is present. Although only a portion of the waste 
is actually contaminated with radioactivity, it is easier to 
treat all such wastes as radioactive. These wastes belong to 
two basic categories: low and intermediate. 

Low level wastes comprise 95 percent by volume of all 
miscellaneous reactor wastes and include housekeeping materials 
such as paper and plastic sheeting, temporary floor coverings, 
used protective clothing (rubber gloves and plastic suits), 
mopheads, rags and other cleaning materials. 

The more hazardous intermediate level wastes originate from the 
reactor process systems, and consist of impurities and particles 
in fluids passing through the reactor which have become 
radioactive. Organic ion exchange resins and filters are used 
to clean fluids in the reactor process systems, and require 
routine replacement. Metal parts, such as piping, valves and 
other hardware, and solidified liquid wastes, may fall into 
either low or intermediate level categories. 

The volume of these wastes is relatively small compared to other 
typical industrial waste volumes. For example, a station the 
size of Pickering GS A (2060__MWe) .produces about 1,000 cubic 
metres annually. 

Non-routine Wastes: These include reactivity control and flux 
measuring devices, such as liquid zone control rods, shutoff 
rods and flux detectors. These are extremely radioactive. 

Byproduct Wastes: These are wastes produced from the byproduct 
recovery operations. Ontario Hydro is the world's largest 
producer of Cobalt-60, a radioisotope widely used in cancer 
therapy and sterilization of medical supplies and agricultural 
produce. Although Cobalt-60 is the only byproduct currently 
marketed, systems are being developed for recovery of other 
marketable byproducts such as tritium and carbon-14. Wastes 
derived from the byproduct production will consist of highly 
tritiated solid wastes such as molecular sieves, charcoal 
filters and aqueous wastes such as electrolyzer fluid, pump oils 
as well as Co-60 and carbon-14 contaminated wastes. 

Irradiated Fuel Channel Components and Decontamination Wastes: 
Two units at Pickering GS A are currently under rehabilitation, 
which involves replacement of all fuel channels in the two 
cores. Each unit will discharge 390 sets of irradiated fuel 
channel components which include pressure tubes and fuel channel 
end-fittings. These components are highly radioactive at unit 
shutdown due to contributions from several short-lived 
radionuclides (Zr-95, Nb-95, Pe-55) and require interim 
management at the station sites. The retubing of the reactors 
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is done after extensive decontamination, which generates 
significant quantities of intermediate level decontamination 
wastes, such as CANDECON (CANadian DECONtamination) resin 
(Co-60) wastes. 

(f) Decommissioning Wastes: Although none of Ontario Hydro reactors 
will be decommissioned for many decades, the future dismantling 
of the nuclear structures is expected to produce significant 
quantities of irradiated components, decontamination wastes and 
low level contaminated structural materials. 

SYSTEMS APPROACH IN RADIOACTIVE MATERIALS MANAGEMENT 

The management systems for all the above materials have been evolving for 
the last fifteen years at Ontario Hydro. While most activities related 
to interim management such as waste characterization, collection and 
classification, processing and storage and transportation have already 
been developed, plans for long-term management of the irradiated fuel and 
the various wastes are being researched such that the Corporation's 
ultimate responsibilities for these materials can be discharged. 

At every phase of development, detailed studies have been carried out, 
alternatives have been researched, lessons from previous experience have 
been reviewed and assimilated and decisions taken for new system 
components (e.g., facilities, processes and procedures). In this 
context, Systems Approach implies a thorough and systematic simulation of 
the identified alternatives at each decision point, allowing a 
comprehensive evaluation of all available optional courses of action and 
selection of the most appropriate option, considering cost, safety and 
various associated impacts. The policy objective of minimizing resource 
requirements and assuring acceptable health and safety impacts from 
radioactive materials management is thereby adequately assured in 
practice. The Systems Approach has not only left us a trail of sound 
decisions in radioactive materials management but also has provided a 
database consisting of a body of interrelated decision-support studies 
involving: nuclear generation experience and operating practices; 
collection, treatment, segregation, packaging and transportation; 
processing, volume reduction and interim storage; facility construction 
and operation; and disposal system requirements. The database is proving 
itself to be of immense value in the advancement of decision modelling to 
meet future requirements. 

This approach has provided major directions to radioactive materials 
management over the last 15 years, from 1971 when Ontario Hydro, during 
the commissioning of Pickering GS A, established a centralized waste 
management facility at the Bruce Nuclear Power Development (BNPD) site 
(Fig. 2), and now includes a comprehensive program of facility/systems 
analysis and design; safety assessments and licensing; environmental and 
social assessments; siting and transportation routing assessments; and 
public/community studies, often carried out in cooperation with Atomic 
Energy of Canada Ltd, the universities and the private sector. 
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Fig. 2. Radioactive Waste Operations Site at the 
Bruce Nuclear Power Development 

In the current socio-political climate regarding waste management, the 
balancing of technical and safety considerations with social and 
political needs is best achieved via this integrated approach. 

SYSTEMS APPROACH METHODOLOGY 

Although systems approach, from a nuclear technology transfer standpoint, 
has a number of areas that need to be tailored to a host country's 
specific requirements such as in the regulatory, infrastructure, 
industrial and socio-political contexts, the approach is largely generic. 
The methodology involves in a broad context an iterative process (Fig. 3) 
consisting of: 
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(a) Systems Analysis: evaluation and selection of alternatives, 
taking into consideration all activities and processes, 
interrelated from the point of view of feasibility, safety and 
environmental protection, etc.; 

(b) Siting: evaluation and selection of sites and transportation 
routes from geological, material flow, technical and 
social/environmental standpoints, and; 

(c) Facilities Engineering: evaluation and development of 
engineering and project related information for acquisition of 
systems. 

Systems Analysis 

Systems Analysis is a logical evaluation of management alternatives based 
on information on the waste arisings and forecasts, character of the 
wastes, processing alternatives, safety and licensing implications, and 
economic, siting and other constraints on the life cycle management of 
the wastes. It is an ongoing process and supports decision makers in the 
inception of programs and thereafter in identifying opportunities for 
improvement and reduction of costs. 

A typical iterative stepwise process for the systems analysis of a 
radioactive materials management facility could be as follows: 

(a) Forecasts and needs. Predictions of near-term and future waste 
arisings are somewhat difficult due to the uncertainties in 
generation growth, uncertainties in the station operations (such 
as outages, system upsets etc.) and the improvements generally 
incorporated at the stations in waste segregation, in-station 
handling and management of wastes. Nonetheless, predictions 
need to be revised on an ongoing basis to identify facility 
requirements, in-service dates and the throughput data for the 
design of the facilities. Some of the station operating 
conditions could have indirect effects on a wide range of waste 
parameters, (e.g., fuel defect rates impact on operations and 
maintenance waste quantity and activity levels). Throughput of 

different waste types could influence queueing requirements for 
transportation vehicles and the use of personnel for waste 
handling and processing. This part of the systems analysis is 
often termed "forecasts and needs assessments" and is often 
approached with detailed computational techniques. The 
forecasts and needs assessments are then used to generate 
overall material flow assessments which form the bases for study 
of alternative strategies, facility designs, transportation 
options, etc., and their interrelationships. 
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Fig. 3. Systems Approach 

An example of a sophisticated tool for such systems analysis 
developed in Ontario Hydro is in the area of simulation and 
costing of irradiated fuel management strategies. By 1992 
Ontario Hydro's nuclear generating program will consist of 
20 units producing over 14,000 MW(e). Over 1,700,000 irradiated 
fuel bundles will have been generated by the year 2000. A 
computerized code called SCOFF*2) (System Costing of used Fuel 
Facilities) has been developed to provide a tool to model the" 
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numerous irradiated fuel management strategies and parameters 
that are possible. SCUFF allows evaluation of possible 
variations to the nuclear generation program and to the storage, 
transport, and disposal phases. Major output from SCUFF include 
predictions of: irradiated fuel production; storage inventories 
and fuel flows; storage, transport, and disposal schedules and 
requirements; and detailed cost breakdowns for each phase. 

In support of such computational simulations, detailed research 
and development, statistical and operational data are often 
assembled in database systems. One such system, referred to as 
¿rradiated Fuel Management Data Centre (IFMDC) is in operation 
in the Nuclear Materials Management Department at Ontario Hydro. 

Safety/Environmental Assessment and Licensing. Identification 
of radioactive materials throughputs and their characterization 
provides the quantitative 'source term' information for systems 
analysis of safety and licensing aspects. These assessments 
include identification of all potential pathways of radioactive 
material to workers and the public and review of assessed dose 
and risks vis-a-vis regulatory limits and Ontario Hydro's 
radiation protection targets. The radiological pathways from 
the facility to humans is often complicated because of the 
numerous direct airborne and groundwater borne exposure 
pathways. The assessments not only include risks associated 
with life cycle management of the radioactive materials at the 
facility itself, but also include all associated 'systems' 
activities such as collection, segregation, packaging and 
transportation of wastes to and from the facility. Several 
state-of-the-art computer pathway models, acquired, as well as 
developed in-house, are now available for simulating the 
radiological pathways. 

Environmental evaluations of the systems are concerned with 
potential impacts from construction and operation of the 
facility as well as associated activities such as 
transportation. The environmental effects are reviewed against 
criteria based on regulatory guidelines for environmental 
protection. These criteria cover a large number of areas such 
as air quality; water quality; protection of aquatic life; 
protection of vegetation and wildlife; protection of natural and 
historic features; land use/capability, effects on non-renewable 
resources; etc. A number of social impact factors are also 
assessed, such as in the areas of demography and economy, 
effects on the social environment, public services, local and 
regional planning and in general, the overall effects of the 
facilities on the community and the public. 
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(c) Economic. Detailed economic analysis of alternatives are 
carried out to screen the financially preferred alternatives. 
The alternatives need to be described with: 

(1) Material flows, i.e., quantities and types to be dealt with 
as a function of time. 

(2) Development of schedules for construction/operation/ 
retirement of facilities to match the material flows. 

(3) Development of logistics of transportation options. 

(4) Identification of all remaining resources necessary for 
bringing an alternative into service. 

It is also necessary to optimize each alternative for cost 
reduction by minimizing idle capacities, timing of expenditures 
and optimizing the various construction/operation/closure 
activities for economic efficiency. 

The financial characteristics of the alternatives are assessed 
in Ontario Hydro against four major financial criteria: 

Internal Economic Efficiency 
Affordability 

- Corporate Impact 
Uncertainty 

Internal Economic Efficiency is measured by the Net Present 
Value (NPV) of each alternative expenditure. The lower the NPV, 
the greater the contribution to the internal economic efficiency. 

Affordability is measured by the financial resources required in 
the short-term over those in the long-term and is important, 
especially at times of economic constraint. The lower the 
short-term resources required, the more affordable the 
alternative. 

Corporate Impact is measured by the revenue requirements (i.e., 
impact on bulk power rates), initial budget requirements for 
development of new initiatives, changes required to the 
Corporation's financial statements and impacts on financial 
objectives (debt/equity ratio), policies and strategies. 

Uncertainty evaluation takes into consideration the variability 
in the economic assessment due to a number of potential factors 
such as lack of reliable estimates, potential changes in 
technology, regulations, etc. 
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In summary, Systems Analysis provides on the one hand, a comprehensive 
database in which alternatives are assessed from technical, economic and 
safety/environmental/social ' perspectives and on the other, a powerful 
decision modelling tool for major management decisions. 

Siting 

The next "program centre" in Systems Analysis is Siting. The siting of 
radioactive materials management facilities is an increasingly complex 
process because of the increasing desire for public/community involvement 
in decision making processes. 

The Bruce Nuclear Power Development (BNPD) Site was a natural choice for 
the siting in 1971 of the centralized waste management site because of 
its proximity to the (then future) Bruce generating stations thus taking 
advantage of resources associated with the stations such as construction 
infrastructure, a pool of trained manpower skilled in the handling of 
radioactive wastes, health physics programs, and environmental radiation 
monitoring programs. These features contribute to minimum costs for both 
waste operations and overall system transportation. The site has various 
other favourable characteristics such as land availability for future 
development, distance from large centres of population, distance from 
sources of water used by, or accessible to the general public, low 
seismic activity, functional and controlled year round access, and a good 

hydrogeologic setting. 

For new siting programs such as those that may be required for hosting 
future facilities, capabilities are available for the development of 
siting methodology, environmental assessment, hydrogeological 
characterization and site specific safety and licensing studies. 

(a) Siting Methodology. Site selection will likely be the most 
difficult and controversial component of planning for a facility 
because of the public's negative attitude against hosting it in 
their community (Not-in-my-backyard syndrome). Due to the 
contentious nature of siting a facility, it will be necessary, 
at some appropriate point, to open up the siting process to 
public and regulatory review. Therefore, the process followed 
must be well-thought-out, logical, flexible enough to 
incorporate new data/concerns, and readily défendable from 
public inquiry at any level of detail. Technically, the process 
used to select a site for a facility must consider the total 
waste management system, including transportation, processing/ 
conditioning, storage, caretaking, safeguards, (security) 
monitoring and the operating life of the facility and facility 
retirement. It must also emphasize overall objectives of 
minimizing program costs, minimizing potential public health 
hazards, while maximizing environmental protection. 

The site selection approach which has evolved from generating 
station and transmission line siting generally follows a 
procedure of study area screening and evaluation utilizing a 
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series of techno-economic, environmental and social criteria. 
More detailed criteria and data are utilized at each successive 
stage of screening. 

The process (Fig. 4) involves: 

(1) Identifying a Candidate Region. 

(2) Identifying Candidate Areas within that Region. 

(3) Identifying Candidate Sites within Candidate Areas. 

(4) Evaluating Candidate Sites to identify Preferred Site(s). 

(5) Evaluation of Preferred Site(s) for hosting facility 
Concept Alternative(s). 

In the initial stages of the process, criteria will involve 
broader issues such as transportation, hydrogeology, exclusion 
from built-up areas and dedicated lands (Indian reserves, 
national parks etc). As the screening progresses, more detailed 
criteria in techno-economic, social/community, natural 
environment, land use and transportation areas are brought to 
bear. 

tlla/Cawe—t a * * * * W 

S,l«* —(Concaol BJ 

Pig.4. Site Selection Approach 
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Environmental Assessment. The Environment Assessment Act of 
Ontario (referred to as EA Act) requires proponents of proposed 
undertakings to submit an environmental assessment to the 
Minister of the Environment. In the siting of new facilities, 
Ontario Hydro is subject to this Act. 

The objectives of the EA process'3' are: 

(1) To identify and evaluate all potentially significant 
environmental effects of proposed undertakings at a stage 
when alternative solutions, including remedial measures and 
the alternative of not proceeding, are available to the 
decision-makers; and 

(2) To ensure the proponent of an undertaking, and Governments 
and agencies required to approve the undertaking, give due 
consideration to the means of avoiding or mitigating any 
adverse environmental effects prior to granting approval to 
proceed with the undertaking. 

In addition the Act imposes other requirements. One of the most 
important requirements is public involvement. Formal provisions 
of the statute require: 

Provision of adequate public notice for major events 
in the process prior to the events taking place; 

Access to information by maintenance of a Public 
Record file containing all pertinent information in 
relation to the undertaking and the government review; 

Provision for formal hearings which can be requested 
by any member of the public. 

Although not required by statute, the Ministry of the 
Environment (MOE) also encourages proponents prior to EA 
submission, to participate in a "presubmission consultation 
review" where affected government ministries/aaencies as well as 
the public provide assistance in scoping the EA document, in 
identifying areas of interest or concern, identifying mitigation 
alternatives and if possible, directly contributing to project 
decision-making (e.g. siting, selection of alternatives etc). 
Experience confirms that most major problems or differences that 
can be resolved, are best dealt with during the EA presubmission 
consultation. This may avoid hearings or lessen the atmosphere 
of confrontation common to hearings. 
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(c) Geological/Hydroqeoloqical. The site selection process would go 
through a series of geological/hydrogeological investigation 
stages which progressively eliminates less favourable sites and 
focus on the sites that are considered most suitable. As the 
investigations progress through each stage the activities evolve 
from collecting preliminary and descriptive data to activities 
which collect more specific and quantitative data. During the 
final site confirmation stage the hydrogeologic site 
investigation activities would be very detailed. The results 
would be used to develop engineering specifications and detailed 
cost estimates for the final design of the facility. 

Site confirmation would not end with field investigations but 
would continue throughout the construction and operation, 
shutdown, sealing and surveillance of the facility. For 
instance during the excavation work for the facility, 
observations of the soil or rock would be made to determine the 
accuracy of earlier site investigations, and design changes 
would be made accordingly. In some cases it may be advantageous 
to perform in situ investigations as the soil or rock is exposed 
during excavation. Following the closure of the facility, there 
would be a period of monitoring to assess facility performance 
and provide final confirmation that the appropriate site and 
facility design have been chosen. 

In the geological screening of the sites, criteria are 
established in the areas of ground/surface water 
characteristics, geochemical properties, geomechanlcs and 
tectonics, etc. The geological criteria become particularly 
important for facilities that rely on geological barriers as the 
mainstay of safety. 

Ontario has superior bedrock groups, Paleozoic and Pre-cambrian 
in age and surficial geology which includes till plains and 
moraine regions consisting of cohesive soil types. Over the 
years, a detailed database and a collective expertise has been 
acquired with the support of University of Waterloo Department 
of Earth Sciences. 

Ontario Hydro has researched'4' a range of site investigation 
techniques over the past several years not only in support of 
the waste operations site at BNPD, but in general, in support of 
various generation and transmission activities of the utility. 
These techniques include (a) soil sampling techniques to define 
stratigraphy, (b) hydraulic head and conductivity measurements 
with piezometers, (c) analysis of groundwater samples for major 
ions, trace elements and for naturally occurring isotopes to 
determine groundwater age and origin, (d) regional hydraulic 
tests by well-pumping techniques, (e) tracer tests to estimate 
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in-situ values of dispersion and Kd of radionuclides in the 
soil, (f) laboratory batch Kd measurements to complement 
tracer studies, and (g) laboratory studies to quantify 
hydrogeochemical processes affecting radionuclide midgration in 
the geomedia. This experience is continuing to lend support for 
on-going site investigations at the Bruce waste management site 
as well as for acquisition of a generic database on Ontario 
geology. 

(d) Site-Specific Safety Modelling 

The performance assessment modelling using site specific 
geologic and hydrologie data is an important element in the 
evaluation of sites/facilities especially those that involve 
geologic storage and disposal. Computer models which use finite 
element techniques are often used in the performance assessment 
of concepts. These mathematical models allow evaluation of the 
relative importance of various site specific hydrogeological and 
engineering parameters which affect the release and migration of 
radionuclides from the waste. 

The groundwater pathway often receives much attention during 
performance assessment modelling studies. The mobilization of 
radionuclides by water and the subsequent release to the 
groundwater environment has a significant probability of 
occurring relative to other release scenarios. To predict 
radionuclide migration through the subsurface, site specific 
mathematical models must be employed which simulate the 
advective, dispersive and geochemical processes acting on the 
radionuclides. In order to use these models, groundwater 
velocity distributions and data describing the dispersive and 
sorptive characteristics of the geologic material obtained from 
hydrogeological characterization are input into the models. 

Facilities Engineering 

Facilities Engineering makes use of the information generated in Systems 
Analysis and Siting studies and generates design alternatives for the 
facilities and processes. Manufacturing support and consulting 
assistance from leading firms in the private sector, such as London 
Nuclear, the proponents of CANDECON decontamination technology, is called 
upon as required. Operability/constructability, public and worker 
safety, licensability, commitment to ALARA, and economics require an 
iterative approach in the design process. Corporate requirements on 
financial evaluations, quality, budgeting and resourcing have to be taken 
into account. Generally, design of systems as 'modular' units, 
repeatable as required, reduces one-time cash requirements and improves 
affordability. 
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When the study of alternatives is completed and decisions for acquisition 
of systems are taken, preliminary engineering and detailed design of the 
recommended alternative is taken up. This process includes, to the 
degree warranted, the preparation of: 

(a) Project performance specifications containing system 
requirements and plant performance specifications; 

(b) Safety design guides outlining the safety design procedure for 
the facility; 

(c) Project environmental requirements, identifying environmental 
design criteria to be followed, based on environmental 
regulations and on any other conditions imposed arising from the 
environmental assessment process by government ministries based 
on their analysis of environmental assessment and reported 
public concerns; 

(d) Project reliability and maintainability requirements; 

(e) Design requirements and descriptions, quality engineering plans; 
and 

(f) Detailed design. 

TWO CASE STUDIES OF SYSTEMS APPROACH 

Two cases where Ontario Hydro carried out in-depth studies using a 
Systems Approach can now be described. These are the (1) irradiated fuel 
storage siting study and the (2) irradiated components management systems 
study. 

Irradiated Fuel Storage Siting 

The irradiated fuel discharged from Ontario Hydro's nuclear generating 
stations is presently stored in waterfilled pools at the stations. This 
method of storage is used worldwide and has proven to be safe, economic, 
and reliable. Eventually, the irradiated fuel will either be disposed of 
directly as a waste or be reprocessed to recover the fissile material 
remaining in the fuel. A decision on whether or not to reprocess the 
irradiated fuel has not yet been made in Canada. The disposal concept, 
presently being studied in Canada is to immobilize either the irradiated 
fuel or the high level radioactive waste from reprocessing in durable 
containers and emplace them in a mined cavity 1000 metres below the 
surface in plutonio rock of Precambrian origin. Until disposal, the 
irradiated fuel will continue to accumulate and additional storage 
facilities will be required. Storage of irradiated fuel in waterpools 
offers an excellent management method for many decades. 

A detailed systems study'5' evaluated the options available to Ontario 
Hydro, in the interim period, for the siting of the irradiated fuel 
storage facilities. 
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The major siting options considered were: 

(a) Extending the storage of irradiated fuel at the station sites. 

(b) Storage of irradiated fuel at a central site, the facility 
located at: 

(1) An independent site, 

(2) An existing site, such as the Bruce Nuclear Power 
Development (BNPD) site. 

(3) The disposal site. 

The study reviewed in depth the following: 

(a) Reference designs for the required facilities. 

(b) Material flows between the places of origin (generating 
stations), storage pools and the final destination 
(repository): development of a strategy for transportation of 
irradiated fuel between facilities. 

(c) Feasibility of siting of the facilities and engineering of the 
scenarios: assessment of the impact of the scenarios on Ontario 
Hydro's existing facilities in terms of constructability and 
interfacing with operating facilities. 

(d) Effect of the scenarios on public safety, occupational safety, 
environmental quality and communities. 

(e) Difference in costs between scenarios. 

The study recommended that Ontario Hydro plan to continue storing the 
irradiated fuel on-site (i.e., at the stations) until the decision on 
whether or not to reprocess the irradiated fuel has been made; if it is 
decided not to reprocess the irradiated fuel then it should continue to 
be stored at the station site until the disposal facility becomes 
available. 

The systems studies are continuing to assess a number of avenues for cost 
reduction and long-term advantages; these include various modular dry 
storage techniques and integrated systems for once-through handling of 
fuel from storage to disposal. No decisions, however have been arrived 
at for changing course either from on-site storage to centralized systems 
or from waterpool concepts to dry concepts for storage of fuel. However, 
it is recognized that the cost of providing an irradiated fuel/fuel waste 
immobilization, packaging and disposal facility is high and the economic 
studies show that the total irradiated fuel management costs including 
extended storage and transportation components, continue to significantly 
decrease by deferring disposal to at least the year 2050. It is also 
recognized that centralized extended storage is as viable as continued 
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on-site storage at the various nuclear station sites and has advantages 
from optimization of a central facility design and from elimination of 
caretaking and construction impacts imposed on stations. 

Irradiated Components Management Systems 

What do you do with 7 metre long irradiated fuel channel assemblies 
having dose rates of up to 150 Sv/h (15,000 R/h) after they are removed 
from the reactor? The Unit 1 and 2 fuel channel replacement program for 
Pickering GS A will generate 780 of these assemblies along with 780, 
2 metre long irradiated end fittings during the period 1985 to 1987. 
Prior to undertaking this replacement program, Ontario Hydro facilities 
for transporting and storing these materials were assessed to be 
inadequate because of the high activity, physical dimensions and total 
overall volume of the assemblies. Existing Pickering irradiated fuel 
bays could possibly have been used to store the assemblies, but besides 
creating conflicts with the normal day to day operation, storage in the 
bays would only have been feasible until the early 1990's at which time 
all the remaining space in the pools would have been needed for storage 
of irradiated fuel. Delays in the retubing program would further shorten 
the available storage time in the bays. 

New facilities, therefore, were required to transport, handle, process 
and store the assemblies. Several different irradiated component 
management scenarios were considered taking into account, among others, 
the following factors: 

(a) Occupational and public safety 

(b) Compatibility with existing Ontario Hydro practices 

(c) Compatibility with Ontario Hydro Waste Management Policies 

(d) Man-rem expenditure targets 

(e) Compatibility with the overall replacement program 

(f) Cost 

(g) Flexibility to cater to future changes in regulations affecting 
storage 

(h) Developmental problems 

(i) Other benefits not directly related to cost 

The management scenarios included seven on-site and off-site storage 
options with and without volume reduction. Storage methods included new 
on-site waterpools, a new horizontal bunker type facility and a vertical 
storage type facility similar to that used for storing ion exchange 
resins at BNPD, and use of existing pools such as the irradiated fuel 
bays and the fuelling machine maintenance bays. 
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Large shielded concrete bunkers called 'Dry Storage Modules' (DSM's) were 
finally selected as the optimum storage method, with a temporary on-site 
storage strategy. The system'6' includes a fuel channel flask for 
handling the assemblies from reactor face to a transfer station and dry 
storage modules, each a 153 Mg concrete and steel 
transferrable/transportable shielded container (Fig. 5) designed for 
once-through handling of the irradiated components through various phases 
(storage to disposal) in the management of these materials. 

A REVIEW OF THE DECISION TRAIL IN 
ONTARIO HYDRO'S RADIOACTIVE WASTE MANAGEMENT 

Some of the major decisions and resulting facilities in the long trail of 
Ontario Hydro's radioactive waste management can now be summarized at 
least in two major areas not discussed earlier: 

Solid Wastes 

For solid wastes other than irradiated fuel, mostly low level maintenance 
wastes, studies identified a major need for effective volume reduction; a 
centralized processing and storage facility was therefore assessed to be 
the most economic. A prototype incinerator for processing more than half 
the bulk waste was introduced in 1977 along with a compactor/baler system 
for the remaining compactable wastes. The wastes, currently amounting to 
about 5000 m3/a, are transported by road to the central waste 
management facilities using Ontario Hydro LSA, Type A and Type B 
packages, developed specially to match waste characteristics. 

These facilities located at the Bruce site have been effective in keeping 
our total waste quantities to manageable levels; these wastes are stored 
in in-ground and above-ground engineered storage facilities. Ongoing 
studies are also in progress for further reducing these volumes by 
supercompaction and by declassification, i.e. better sorting systems to 
segregate wastes that could be disposed as non-radioactive. 

Systems studies are currently pointing to a need for reorientation of the 
radioactive waste management program towards disposal in the years to 
come. This is to improve the economy of radioactive waste management in 
the face of the maturing nuclear generation program and also to meet 
corporate responsibilities with respect to long-term management of 
radioactive wastes. 

Facilities currently in operation are perhaps the most 'visible' area of 
Ontario Hydro radioactive waste management, and are considered the 
forerunners for 'turn-key' projects involving technology transfer. These 
systems and facilities have evolved from an ongoing systems approach to 
decision making. 

The major facilities include: a volume reduction facility, consisting of 
a large pyrolysis type starved air incinerator (Fig. 6), a compactor and 
a baler; in-ground facilities such as concrete trenches and tile holes 
for low and intermediate level wastes (Fig. 7); storage buildings 
(Fig. 8) used for above-ground storage of low level wastes; "Quadricells" 
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for above-ground storage of highly radioactive waste components such as 
resins (Fig. 9); dry storage modules (DSM's) which are transferable/ 
transportable concrete containers for highly radioactive reactor core 
retubing wastes which were discussed earlier in the case study; and 
custom-made on-site and off-site transport packages, meeting national and 
IAEA transportation regulations where applicable. 

The design philosophy for these facilities has evolved over a period of 
fifteen years'7', owing largely to the reviews based on a systems 
approach at each stage of acquisition of new facilities and operational 
experience feedback into this process over the years. 

Several new storage and processing facilities have also been brought into 
service in the recent past. Among these are (i) the in-ground storage 
containers, which provide storage capacity for intermediate level wastes 
and are developed to minimize the excavation and concreting required to 
construct the facility, utilizing vertical borehole augering techniques 
(Fig. 10); and (ii) Radblocks, another flexible intermediate level waste 
management concept (Fig. 11) under prototype development; Radblock is a 
portable, pre-cast reinforced concrete structure provided with four or 
five internal cavities in which waste components are placed. The 
concrete provides radiation shielding and provides engineered containment 
to the waste, while the package is used for storage, transport and 
disposal. 

Tritium 

Another area where a centralized system of management has been preferred 
is tritium removal. It happens that Canada is also a major producer of 
tritium'8'. This isotope of hydrogen is produced in the Ontario Hydro 
nuclear reactors by the bombardment of the deuterium in heavy water by 
neutrons. Tritium is radioactive and its concentration builds up with 
time in the moderator and coolant systems and contributes to the 
radiation dose of station workers. 

Technologies have been developed to remove tritium from these reactor 
systems, but what is a nuisance to station operators is also a fusion 
fuel, and offers a possibility for commercial development. CANDO's will 
never produce enough tritium to fuel commercial fusion reactors; these 
reactors will manufacture their own. However tritium will be required in 
substantial amounts for advanced fusion experimental reactors and for the 
startup of commercial fusion reactors when they are built. 

The complex systems (catalytic exchange/cryogenic distillation) required 
for tritium removal (Fig. 12) justified the decision for a centralized 
tritium removal facility, now under construction at Darlington GS. 
Tritium from this facility will be marketed as a fuel for fusion research 
and other peaceful commercial applications. The tritium byproduct will 
be produced in a solid form bound as a metal tritide in unit sizes up to 
500,000 Ci. 
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CONCLUSIONS 

Ontario Hydro has enjoyed considerable success during the development of 
its radioactive materials management systems based on the use of "Systems 
Approach" in decision making. 

Highly resourced programs are now in place to take the utility through 
the challenges of developing new facilities to meet the needs of a 
14300 MWe nuclear generation program. 

The major strength of the Systems Approach is its ability to provide 
proper decision support, often in the face of a host of diverse 
alternatives. 

In a large system such as a nuclear-oriented utility's radioactive 
materials management system, a System Approach requires (i) an ongoing 
review of accumulated experience, (ii) a research and development 
database to lend support to informed decision-making and most importantly 
(iii) an iterative process of Systems Analysis, Siting and Facilities 
Engineering such that optimum decisions emerge, compatible with the 
technical and social environments. 
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BASIC PRINCIPLES ON THE LIMITATION OF RADIATION DOSES 
SUPERVISION AND WARNING SYSTEMS 

Peter Vychytil, Ph.D. 
Ministry of Health and Environmental Protection, Vienna 

(Austria) 

Due to the recommendations of the International Commission on 
Radiological Protection (ICRP - Publ. No. 26/1977) and the International 
Atomic Energy Agency (Basic Safety Standards for Radiation Protection, 
Edition 1982) and the further development in this field, it is obligatory 
for all states, in the case of handling with sources of ionizing radiation, 
as e.g. X-ray equipment, radioactive substances, fissionable materials, 
nuclear reactor plants, installations for the storage of nuclear waste, 
reprocessing plants, waste conditioning plants and underground plants 
for final radioactive waste disposal, particle accelerators, etc., to have 
a rigorous legislation for licensing in the field of radiation protection 
and to supervise with adequate institutions, personnel, methods and 
instruments: 

(a) the quality of all radiation sources; 

(b) the extent and dose rates of radiation fields from diagnostic 
and therapeutic medical equipment concerning the radiation 
doses of patients and workers; 

(c) the extent and dose rates of radiation fields from non­
medical X-ray and gamma-ray equipment concerning the 
radiation doses of workers; 

(d) the laboratories dealing with radioactive substances; 

(e) nuclear plant projects prior to and during construction 
including controls of all safety aspects of the site, 
building constructions, all systems and documents for 
safe operation, the aspects of physical protection and the 
concepts for storage, conditioning and final disposal of 
radioactive waste and for dismantling, storage and final 
disposal of contaminated and activated radioactive components 
of these plants, and, last but not least, the quality of 
personnel; 

(f) the concepts concerning early notification and protection 
measures in the event of accidents; 

(g) the external dose rate including the natural background level, 
nuclide specific radioactivity in air, water, soil, food and 
agricultural products in the neighbourhood of nuclear plants 
and in a supervision-network distributed over the whole state; 

(h) the function of all safety systems in the plant and warning 
systems in the plants and in their neighbourhoods; 

(i) all aspects of safe operation including the quality of personnel; 
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(j) the dose equivalents and the committed effective dose 
equivalents by external radiation and external contamination 
by inhalation and by ingestion of radioactive substances 
concerning: 

(i) personnel for operation, maintenance, training, 
auxiliary and emergency action and office staff; 

(ii) individual members of the public and critical groups 
of the population; and 

(iii) the whole population of a state; 

(k) the conditions for the safe transport of radioactive substances, 
physical protection measures in the case of fissionable material 
transport and in the case of transport of components which can be 
used for the construction and the application of critical fission 
assemblies; 

(1) that all fissionable materials are always really under 
safeguards control by the IAEA. 

In trying to get more benefits for one's state by the use of ionizing 
radiation, one has to consider that risks to people will rise. 

The use of ionizing radiation seems tolerable if the benefits for 
a certain population group are higher than the risks (also for this group) 
and if other methods with lower risks for the same purpose do not exist. 
But this philosophy is only true to a certain extent because one cannot 
tolerate higher and higher risks to get higher and higher benefits. Therefore, 
one has to set limits not only for the nonstochastic but also for the 
stochastic effects in the population or in critical groups, e.g. for the 
group of occupationally exposed persons, concerning somatic and genetic 
effects. 

In this connection, it is necessary to keep in mind that it is not 
only radiation risks which exist but also, after a decision to build up for 
example some nuclear plants, financial, economic, social, cultural risks 
and risks of various kinds of dependence can arise. Therefore, it should be 
considered: 

(a) whether the benefits are really greater than all these risks; 
and 

(b) whether these risks are not too high. 
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As far as radiatipn risks and radiation dose control are concerned, 
it is necessary to limit the sum*/ of; 

(a) the dose equivalents or whole body doses or effective dose 
equivalents by external radiation; 

(b) the doses correlated by the activity intakes of radioactive 
substances via the gastrointestinal tract (oral intake); 
and 

(c) the doses correlated by the activity intakes of radioactive 
substances via the respiratory tract (inhalation intake). 

The tolerable amounts for oral intake, inhalation and external 
radiation doses including radiation influences after nuclear accidents 
are correlated due to the following formula for members of the public: 

H v ' — A i " A 
wb dose equiv. X i, oral \ n, inhal S_ ' 
5 millisievert / 1/100 ALI. , / 1/100 ALI ~~ * 

¿ í.oral * n.mhal 

IH 

I 
wb dose equiv. the sum of all during one year 

received whole body dose equivalents 
in parts of millisievert ; 

i sum of quotients concerning the 
different toxic radioisotopes related 
to ingestion 

i,oral sum of activity intakes during one 
year by ingestion, concerning the i 
radioisotope 
unit: Becquerel 

i, oral annual activity limit on intake by 
ingestion concerning the i radioisotope 
for occupational workers 
unit : Becquerel 

E 
n sum of quotients concerning the 

different toxic radioisotopes related 
to inhalation 

*/ After the Chernobyl accident, it seems no longer correct to set 
limits only in connection with point (b). 
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sum of activity intakes during one 
year by inhalation concerning the 
n radioisotope 
unit: Becquerel 

annual activity limit on intake by 
inhalation concerning the n radio­
isotope for occupational workers 
unit: Becquerel 

Concerning oral intake and inhalation of radionuclides, account must 
be taken of differences in organ size and metabolic characteristics of 
infants and children. 

Influences on the skin and via the skin should be regarded independently 
from the above-mentioned formula. 

For occupational workers, lower values for annual dose limits than 
those which are presently recommended should be considered (about one-fifth 
or three-fifths of the present values). 

In 1978, Austria decided against the production of electricity by 
nuclear power reactors; three research reactors, however, are in operation. 

Austria has at its disposal a modern monitoring system to measure, 
permanently, external radiation dose rates. 

A telecommunication system brings these data on-line to central units 
where the information is registered. 

Many institutes of the universities, hospitals and industries are 
working with radioactive substances, X-rays, gamma-ray equipment and 
accelerators in medical and non-medical fields. 

Austria has a lot of experience in medical and technical applications 
of ionizing radiation and will be pleased to submit this knowledge to 
other states on request. 

n, inhal 

ALI . . 1 n, inhal 
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RADIATION PROTECTION IN SWEDEN: PRINCIPLES AND PRACTICE 

Jan Olof Snihs 
National Institute of Radiation Protection, Stockholm 

(Sweden) 

The radiation protection act 

The present act concerning protection against radiation was 
passed in 1958 and replaced the act from 1941. It regulates 
possession of and work with radioactive substances and x-ray 
equipment or other technical devices designed to emit 
ionizing radiation, work at nuclear installations and trade 
with and transfer of radioactive substances. The provisions 
of the act can also wholly or in part apply to non-ionizing 
radiation. 

The present Swedish radiation protection act is mainly 
intended for protection of workers. In 1987 it is expected 
that the parliament will decide on a new act for radiation 
protection that will more clearly cover all areas of 
radiation protection e g protection of patients and 
protection of the environment. 

Assignment of responsible parts 

The radiation protection authority appointed by the 
government is the National Institute of Radiation Protection 
(NIRP) in Stockholm. It issues licences, gives regulations, 
makes inspections, measures occupational exposures and makes 
environmental measurements. So it has the double role of 
giving conditions and rules and supervise the observance of 
them. However, the main emphasis is on self-supervision i e 
each license-holder depending on the size of the 
establishment and the circumstances has to organize and 
perform an own appropriate supervision by education, 
measurements etc in combination with a system for reporting 
results, significant divergences from normal conditions, 
incidences, and accidents to the radiation protection 
authority. The authority gives general rules, makes sample 
tests, examines reports and makes irregular inspections. 
This casting of the parts implies a mutual confidence and 
has worked out very well in Sweden. 
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Radiation protection matters are mainly handled by one 
authority, NIRP, even though it cooperates with other 
authorities e g the Swedish Nuclear Power Inspectorate, the 
National Board of Health and Welfare, the National 
Environment Protection Board, the National Board of 
Occupational Safety and Health etc in the area of mutual 
interest. In the board of NIRP there are representatives of 
these authorities, employees' organizations as well as 
active politicians to get a broad social anchorage of 
decisions taken on policies and important affairs. 

The principles of radiation protection 

The principles of radiation protection in Sweden are based 
on ICRP's main recommendations, which means: 

- Justification. No practice shall be adopted unless its 
introduction produces a positive net benefit 

- Optimization. All exposures shall be kept as low as 
reasonably achievable, economic and social factors being 
taken into account 

- Dose limits. The dose equivalent to individuals shall not 
exceed the limits recommended for the appropriate 
circumstances by the Commission. 

Assessment of the gross benefit can only be made in a broad 
social perspective. In certain cases these assessments are 
basically of political nature and they must be made at a 
higher level than radiation protection authority. This is 
the case for example in case of nuclear power. In other 
cases it is necessary to consult a governmental authority or 
other expert body with competence in the field of interest. 
When assessing the justification of medical exposure it is 
the responsibility of medical authority or the individual 
doctor. In case of research projects it is necesssary to 
consult the granting scientific council. 

The justification process should include all negative and 
positive parts of a planned operation. This means e g that 
any possible waste disposal problem should be included. This 
has not always been the case in the past. 

Optimization of radiation protection means that the 
protection should be improved below the limits until further 
improvements are no longer reasonable. 

Optimization is the most important radiation protection 
principle. It should be used by authorities as well as users 
of radiation. However, a strict optimization procedure is 
not always so easily made. Therefore in practical radiation 
work it is often necessary to apply simple rules of thumb 
based on the authority's optimization deliberations. 

There are various methods to optimize. A common method is 
called differential cost-benefit analysis which means a 
comparison of cost of protection and cost of detriment i e 



- 189 -

the radiation dose to man. This means that the detriment 
should be expressed in monetary units which presupposes 
political considerations. How much it is worth investing to 
prevent a particular addition to the radiation dose, is at 
the end determined by the total resources of the society and 
its level of ambition in the field of radiation protection. 
If the dose is expressed as collective dose in units of 
mansievert the monetary "value" of a mansievert as applied 
in various countries varies from about 1000 to 20 000 US$. 
What is paid in practice to save a mansievert varies in 
different occupations. It is lower in hospitals as regards 
protection of patients than in e g the nuclear industry, 
which in Sweden as in other countries has a very high 
ambition level of protection. In Sweden it is recommended 
that a value of 20 000 US$ per mansievert would be 
appropriate for optimization of radiation protection. 

The limits used in Sweden are those given by ICRP e g 50 mSv 
per yearfor workers and 1 mSv per year for the public 
(5 mSv a in a single year). 

For the planning of the radiation protection in various 
practices that can irradiate the public by direct exposure 
from the practice, e g the use of consumer products, or 
indirectly by releases from the practice, e g releases from 
nuclear power, it is important that only a small fraction of 
the total limit of 1 mSv is used, e g 0.1 mSv from nuclear 
power. Doing so, exposures above 1 mSv because of addition 
of several exposures can be avoided. The real exposure of 
workers is often much lower than 50 mSv, of the order of 
5 mSv per year. The irradiation of the public by releases of 
radioactive materials from e g nuclear power installations 
is also very small, a factor of more than 10-100 less than 
1 mSv per year. 

Practical application and problems 

Medicine 

The medical exposure in Sweden is the second highest 
exposure of people, about 1 mSv per year. The natural 
exposure is about four times higher. Because of the 
significance of medical exposure the priorities at hospitals 
are given to the protection of patients before protection of 
workers, the doses of which nevertheless are low. 

Gynaecological radiology with radium needles still is a 
problem because of relatively high occupational exposures, 
particularly on hands. After-loading technique using other 
nuclides is pursued. In case of young patients with 
insertion or injection the parents are allowed to stay with 
the child that would result in doses to the parents of the 
order of a few millisievert. 

Hospital physicists are responsible for the radiation 
protection of the workers and the medical doctor is 
responsible for the protection, examination and treatment of 
the patient although with due help of the physicist. New 
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methods and nuclides in nuclear medicine are always first 
examined and approved by a special hospital committee 
composed of physicians, health physicists and pharmacists. 

The justification of using radiation is usually judged by 
the physician. However, the justification of large 
examinations like mass-screening examinations using 
mammography are judged by central authorities. 

Optimization in medicine means an adjustment between the 
medical outcome, the dose to the patient, the cost of 
treatment with and without use of radiation and the cost of 
protection. That is not an easy exercise and not merely 
optimization of protection. This can sometimes lead to the 
dose to the patient being increased e g to achieve a better 
quality of an x-ray picture, all for the benefit of the 
patient. Nevertheless by improving the technique the average 
dose per image has in general decreased in x-ray diagnostic 
examinations. 

Research 

The radiological work at research institutes is often 
characterized by great flexibility and variations. The 
radiation protection is sometimes based on the competence 
and judgement of the scientists, but this is not always so. 
The scientists may also underestimate or ignore the 
radiation protection problems. At large research 
institutions there are specially appointed groups and 
officers, who are responsible for the radiation protection. 
The justification of particular research work can hardly be 
made by a central radiation protection authority but will be 
decided by the granting scientific council or the 
responsible professor. The potential risk of internal 
contamination at many research institutions and laboratories 
has to be recognized and considered. 

Industry (except nuclear power) 

Four areas of applications can be mentioned: 

1 Stationary and fixed apparatus with moderate activity 
(10 - 10 Bq). In this case the radiological safety is 
inherent i e there are such technical requirements on source 
and equipment that no particular competence is needed to use 
the apparatus in a safe way. Normal exposures are reduced to 
a minimum by automatization, distance and shielding. Service 
and source-replacements are made by qualified experts 
normally from the contractor. The various types of apparatus 
are inspected at NIRP and the manufacturer is charged for 
the inspection. If the user wants to do his own service or 
there is a more complicated application there are special 
courses to improve the competence. Examples of apparatus 
mentioned are thickness-gauges and level-indicators with 
Kr-85 and Co-60 sources respectively. 

2 Gamma radiography equipment with high activity 
(10 - 10 Bq). Some of these are stationary and used in a 
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special laboratory with thick shielding walls and an 
automatic fail-safe equipment. However, many of them are 
moved to various working places for gamma radiographic 
examinations and great requirements are made upon the 
competence and organization of the radiation protection 
work. The potential risk of accidents is great but 
fortunately no serious accident has yet occurred in Sweden 
even though there have been incidences and accidents with 
high overexposure of hands. 

3 Gamma emitting sources for sterilization.of medical 
instruments. Very high activity is used (10 - 10 Bq). The 
necessary extraordinary safety requirements means a high 
degree of automatization and there is no occupational 
exposure. NIRP makes special inspections and investigations 
at the time of source-change and other changes of the 
equipment. 

4 Trace element investigation using low activity of 
shortlived nuclides like Na-24 for leakage investigations, 
tracing of industrial processes etc. There are requirements 
on very small concentration of impurities that can be 
activated in a reactor to other nuclides than the one of 
interest, that system for food production and for drinking 
water must not be affected and the general public should not 
otherwise be exposed by the investigation. 

Consumer products 

In Sweden the use of radioactive consumer products is 
restricted. The justification must be well verified, the 
activity should be low, the source and design should be 
inherently safe and there should not be any non-radioactive 
alternative (like batteries) that is competitive. On these 
conditions a large number of smoke-detectors containing 
small amounts of Am-241 are used in Sweden. After use they 
can be disposed of like inactive waste in the public garbage 
system. Other uses of radioactive consumer products are very 
limited. 

Nuclear power 

The 12 nuclear power reactors in Sweden are located at 4 
sites, Forsmark 3, Ringhals 4, Barsebâck 2 and Simpevarp 3 
all together about 9 GW installed. At each site there is 
special organization for radiation protection planning and 
control by the company itself. In principle this 
organization should be separated from the commercial and 
production organization. One or several named persons are 
responsible for the radiation protection at each reactor 
site and are also the contacts to NIRP. There are high 
requirements on their competence. General regulations are 
given by NIRP and the company has to give more detailed 
instructions for the normal daily operation. On a regular 
basis (month or quarter) the companies send reports to NIRP 
on measured occupational exposures and radioactive releases. 
In case of doses exceeding given values (10 mSv in a month) 
or release rates exceeding given values the company shall 
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inform NIRP as soon as possible. By comparisons and tests 
the dosimetry and control systems of the company are checked 
occasionally. 

NIRP has given a level of ambition for the occupational 
exposure expressed as the total annual collective dose per 
GW installed electric power which is 2 mansievert per GW 
installed. The real occupational exposure at Swedish nuclear 
power plants is very close to that level of ambition. 

The company makes its own optimization of the radiation 
protection. However, if there is a special work where the 
expected collective dose exceeds 0.1 mansievert NIRP should 
be informed for discussion of the practical problems and 
possible improvements. 

Optimization procedures have been used in the choice of 
systems for reduction of radioactive airborne releases. An 
optimum is found by differential cost benefit analysis to be 
a decay tank in combination with recombinators. The doses to 
the critical group of the public should be lower than 
0.1 mSv a per site irrespective of number of reactors. In 
practice the real doses are one to three orders of magnitude 
less. The releases into air and water are continuously 
measured. 

The environment is controlled by sampling milk, plants, fish 
and water on a regular basis once per month to once per half 
a year. The samples are taken by NIRP or by radioecologists 
at the National Environment Protection Board. They are 
measured by the company and checks are made by the 
authorities. 

At each community that has a nuclear power site, there is a 
safety board consisting of local politicians with the 
obligation and right to get information from the company and 
from supervising authorities about the safety and radiation 
protection matters of the plant. 

The radioactive waste produced at nuclear power plants is 
taken care of by the companies concerned. Low active waste 
is burned or buried (shallow land burial) at the site in 
such small amounts and concentrations that the environmental 
impact from the burial is only a fraction of that caused by 
normal releases from the nuclear power reactors and no 
institutional control should be necessary after 100 years. 
The intermediate and high level waste will be buried deep in 
the rock, geological disposal. Some of the criteria for the 
radiation protection for this are the following: 

the assessment of radiological consequences should 
include all people irrespective of time and location 

they should include all doses irrespective of magnitude 

the efforts to avoid doses should be the same 
irrespective of when and where they occur 
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- the dose to critical group should be only a small 
fraction of 1 millisievert per year 

- doses and consequences after 10 000 years are difficult 
to assess because of unknown environment and the assessment 
might have little value. However, a minimum requirement is 
that the doses and consequences would be acceptable assuming 
an unchanged environment 

- a basis for judgement might be achieved by comparison 
with the flow of natural radioactive elements through the 
environment by weathering of the rock, transport by water 
into the biosphere and eventually ending in the sea. 

The present emergency planning and preparedness is as 
follows: 

- Mainly planned for nuclear accidents at Swedish nuclear 
power plants 

- The emergency planning area around the nuclear power 
plant is divided into different zones with special emergency 
planning. The central alert zone extends to 5-10 km, the 
emergency zone 12-15 km and the radiation measurement zone 
to around 50 km from the plant 

- In the radiation measurement zone there is preparedness 
for measurements by mobile instruments, information to 
farmers 

- In the emergency zone furthermore there is (1) a network 
of permanent measurement sites with TLD, (2) iodine tablets 
in advance to each family, (3) an alert system for telephone 
alarm signals, (4) an information brochure to each family, 
(5) plans for evacuation 

- In the central alert zone furthermore a permanent system 
with sirens for outdoors alarms 

- The respective county administration authority is 
responsible for the local planning and actions taken in an 
accident situation. An advisory group at NIRP in Stockholm 
with specialists, to get information, collect data, 
calculate consequences and trends and give advice to the 
county administration authority 

- Training and exercises on regular basis for the personnel 
concerned (e g a large exercise each 4 years for every 
site). 

After the Chernobyl accident changes will be made to the 
emergency preparedness mainly in the way that all counties 
that have no nuclear power plant will also have some kind of 
preparedness to be able to handle long distance dispersion 
of accidental releases and subsequent ground contamination. 
Improvements of measurement systems, education and 
communication systems are being carried out. 


